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PETROLEUM OILS AND OIL EMULSIONS AS
*'TNSECfICIDES, AND THEIR USE AGAINST
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0- INTRODUCTIONW 

C/": The kerosene fraction of petroleum oils was apparently the firstused for insecticidal purposes, probably because of its general availability. As early as 1871 a kerosene emulsion was recommended asan insecticide and was rapidly adopted for general use (95,96).8 It 
1 Resigned ;rune 30. 1929.
• Credit Js duc C. H. Alden. who conducted work on this project from 1922 to 1926.The results of a small portion of Mr. Alden's work are reported in this bulletin.• Italic numbers in parentheses reter to Literature Cited, p. 42.
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',,',!as IJter discover~d, how~veJ:,:~~"t~le less v?lat~le o~ls were con
§1!l~I:~~J.Y'~lJ.3:o.~t9X'lc,"'a~d~ijg,!l,t.;,t9i~tt~rt:l~''lubncatmg'oils. 'and' crude 
p~tro~eum 011 were recpmhl;~h!;le([·J:)y· y~~~~us workers from 1903 to 
1910 (60;,67, 68, 87, 88)~ VolbJt:'(:t11;~p:"6) stated in 1903 that O'il 
distillates l;v~gpe~we~n th~)~!}:iO'~eJ?~,~n<1 the ,lubri!;ating-oil groups 

.. were then commO'ruy'usedlli CahforD,l!\. . 
, ,The use O'f oil sprays against scale insects was checked during this 

pemod""by,·the,.sudden· ;popul.a~ity:,of,.l~e~s~lphur solutiO'n. This 
product was used as an msectlClde m Cahforma as early as 1886, but 
wa:;;1}-ott;rjeq ;O'ut. i:p, the easte~n ,part of t4e. United States until 1893. 
ThiN~xpefimerits; at that ·tiiD.e did' riot appear to be very successful, 
and"liIpe-sqlp}mr' :did, nqt :co~e. into general us~ until about 1900. 
FrO'mthen-..m.~il1922)t 'w~ the mqst PO'Pularspray for use against 
scale insects; and :was ctiJisidel:ed:very ,e:ffective~ 

Jarvis (67), who wO'rk~d -qpon O'il sprll.Ys as early as 1907, stated 
that russatisfactiO'n with lime-sulphur was' caused by its undesirable 
h~nflling qual~ties rat~er t\lan by t}le superiority O'f ~il as an insect~
Clde. Parrott,.Htidgkiss, and Slrrme ,(85) reported m1906 that 011 
sprays were nO't so effective as thp, sulphur washes. 

In 1910 Jones (68) reported that lubricating and crude-O'il emul
sions were much mO're effective than lime-sulphur against the Euro
pean fruit lecanium and the pear scale. In 1911 Yothers (120) 
reported excellent results with similar O'ils against the white fly O'n 
citrus. Ackerman (3) reported in 1923 that the lubricating-O'il 
emulsions as used by YO'thers were much more effective than hme
sulphur for the contrO'l of the San Jose scale on apples. Other work

,'ers -I, (4,83, 55) immediately tried these emulsions and came to the 
ssa,me conclusion. 
, Oil sprays have now largely supplanted lime-sulphur as an insecti
cide for the dormant spray and have been recommended for the 
control O'f many othec insects (16). In the last few years they have 
also been recommended as summer sprays fO'r codling-moth eggs 

, (92). 
In view of the recent importance O'f O'il sprays, ~, discussion of the 

chemical and physical properties of petrO'leum O'ils and of the prin
ciples O'f emulsification and the various factors influencing toxicity 
to insects and plants are given in this bulletin. The experimental 
:work herein rnported was cO'nducted at the peach-insect laboratory 

"of the Bureau O'f Entomology, Fort Valley, Ga., where work upon 
this prO'ject has been in progress since 1922. As a report was given 
in 1925 by Alden (4), this bulletin deals almost entirely with results 
O'btained since that time. 

CRUDE PETROLEUM OILS 

O~IGIN OF PETROLEUM 

Numerous theories have been advanced as to' the O'rigin of petro
'leuiri oils (47, 48). These may be roughly divided into inorganic 
and organic: ' 

According to' the inO'rganic theories, the variO'us hydrO'carbO'ns in 
,crq.de O'ils were formed by the action of water 0'1' superheated steam 

'I,:!!llBY, R. W•• nnd HAnltlS, ;T. A. TIn: DonMANT RPItAY-OIT, E~llJr,RIONS AND SULPHUR 
SPRAYS. N. C. Agr•.Expt. Stn. Dlv. Ent. ren~h Inije~t :13'.11. :to. [Mimeographed.] 

-If! 
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;~lPETROri.l!l~5I}mS''AlNIl OJ:!,.,.E~~ION;$ :AS,mSEC~CD>ES 

:'u~vatiqus 'wetaHic;,cl.ltbides;in theinterinr,n£, the ea'rth:; orjby;th~ 
'lletiQ~~'o£; ~bbnic'abi'd'mpohvarious 'alkali metals,fonnirig 'acetyi
J~er:lWhicll,fuYireduction ana,p?l~eriZation ~the presence'of ,metQ~ 

, 'lie: C8taly,s~Jed;!to ,the formatron of theval'1ous hydrocarbons pres:
entilI'crudeipetroleum'oils. ' .. ; " . " ' 
.,;HEhe' ollgamc:the'ory 'is; briefly, that fatJ3, waxes, and other' ' stable 
:1B.t:sOlubl~i materi'a;ls have ,accumulated nom plant and animal're'~ 
mains; and under the influence of pressure, heat, and variouscotr:. 
tact cat~lysts present fu,~he el:\.r~h these have beeL\ ~adually. trans~ 

, formed mto petroleum oils. This theory best expbms the mtrogen 
cOn~!lt'{)f'petrOleU!noils; their optical activity; ahd the fact that they 
a.r;e atways,,:found in,seclimentary rock formations. " 

, ~ I ., ~ f 

PRINcmALCONSTlTUENTS AND GENERAL PROPERTIES OF CRUDE
,'" , '," ,". , , ,PETROLEUM OILS ,. 

,',.Ct~ae petroleum oils are complex mixtures of a large number. of 
,compounds (~?', 48, 63, 72), principally hydrocarbons. The nature 
i1na'rel~tive quantities of the various compounds present vary greatly 
from one oil field to another and considerably lietween wells in the 
slmefietd.. In commercial practice crude oils ~re claSsified. according 
to their bases as paraffin, asphaltic' (or naphthene), or mixed if con
taining both asphalt and, paraffin. This system is based upon the 
residue left after distillation (in the absence of cracking). From a 
chemic&! standpoint, only arbitrary classification is possible, owing 
·.t~.the complexity of the compounds present. in anyone crude oil . 
.F;oIt practicalpurposes, however, the main constituents may be consid
eredas,hydrocarbons of the paraffin, naphthene, and, aromatic series, 
unsaWrat~d hydrocarbons, and asphaltic materiaL 

Crude oils contain members of the above groups in varying quat;t
tities.Pennsy1rania oils, usually classed as paraffin oils, ~ntain 
both paraffin and naphthene hydrocarbons. Gulf coast oils, !mown 
commercially as asphaltic oils, contain naphthene hydrocarbons in 
addition to the. asphaltic material. Mid-continental crudes contain
ing paraffin, naphthene, and asphaltic groups are naturally classed 
asmixed.-bllse oils in commercial practice. 

GENERAL PROPERTIES OF GROUPS OF COlUPOUNDS PRESENT IN 
, . . '- PETROLEUM: 

THE HYDROCARBONS 

. , The compOlmds containing one or more double bonds between 
atoms are classed as unsaturated hydrocarbons. They consist largely 
of members of the olefine, acetylene, and partly hydrogenated cyclic 
hydrocarbon (e. g. terpene) groups. Tliey are chemi0ally active, 
forming additive compounds with halogens, ap;d concentrated sul
'~htIric acid ;~re easily oxidized j and' have a tendency to polymerize, 
espeda:lly in the presence of various catalysts (e. g. sulphuric acid, 
aluminum chloride, fuller's earth, and: also charcoal, and other 
'porouS· substances). 

, 111 View of the activity of these compounds and their great tend~ 
eney to polymerize, only very small quantities of unsaturated com



,,~CHli:ioAti:..BULLETm 253, U.~~ DEI'T~ OF AGRICULTURE 
, 	 , 

.phundswould'heefpected in crude p~troleumsirice during"its; forma,. 
tion an:a;accunriIl~tion ccinditions were favorable. for longpe;riodsof 
,tlme.};();, ~olymeriz~tiona~d the.formatiC:Q .of sat}lrated grmlpingl'l. 
,Gonslderable,cheIIilcaleVldelicels :also available III support of the 
statement (47,p. $0) that onlysmall quantities of tmsaturateCLhydro~ 
carboil$;ftre present in, cl'ude oils. Destructive distillation (crack
.ingl;,ho:w~v;er,results in.the formation of a considerable quantit)--:: of 
~th~se coinpOlinds.' ", t: 

• " ~ ABOMATIC HYDBOCABBONB . , 

" ' '''', , 

,itlthtiugh double bonds ara present in aromatic hydrocarbons, these 
compounds are c~asse~ separ~tely from ~he above .unsaturatecl com
pounds as they ,differ III cheIll1cal propertIes. They are usually pres
'entm"onlyYery small quantities, except in California crudes. Ben:. 
zene, toluene, xylene, naphthalene, and others hav~ been reported i 
·from.vanOul:! oils. It is unknown whether they occur as such in the 
'¢rllde oil or are split off from unstable compounds by mild cracking 
d1J.dng distillation. They do not react with concentrated sulphuri~ 
apid ,buh can be made to react with fuming sulphuric acid. They 
,can P0 m~de to take, up bromine and chlorine under proper conditi(1)s 
but do nqt t!J,ke up iodine directly. 

N.Al'RTHENE HyDROC.AIl.BONS 

'The iiaphthene hydrocarbons have the general formula O,JI2n. 
They are ring compounds, beh~ving as saturated hydrocarbons and 
:may be regarded as hydrides of the benzene series. They can be 
made to form substitution products, the halogens replacing hydrogen 
atoms, and may be nitrated or oxidized under propel" conditions. 
They have higher viscosities and relatively low boiling points. They 
ate not affected by concentrated sulphuric acid while cold; but when 
heated, or when 'fuming sulphuric acid is used, oxidation occurs. 

PA.R.AJi'mN HYDROCARBONS! 

The parai~in hydrocarbOi'iS have the general formula OJI2n+2 and 
belong to 'Lhe methane series. The higher members of this series are 
solids and are known commercially .as paraffin wax. They are 
saturated chain compounds and are practically chemically inert. ~. 
They may be made to form substitution products with halogens under 
proper conditions and are not affected by either diluted or concen
trated acids at ordinary temperatures. Sulphuric acid, while hot, 
exerts a charring action, and hot concentrated nitric acid slightly 
decomposes the molecules. Fuming sulphuric acid absorbs sniall 
quantities of the higher members of this series. 

ORDER OF OHEMIOAL AorIVlTY 

In decreasing order of chemical activity, the foregoing hydrocarbon 
, 	 c(>I!stituents are:" Unsaturateds," aromatics, naphthenes~ and paraf

fins. Th~ last three are much less active than the first, but increase 
in the size of the molecule, and the attachment of methyl groups, and 
~ide chains greatly augments their capacity for reaction. Those of 
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, l}igl1,molecular weight, and especially those with long side,;ch~ins,are eaSily nitrated, sulphonated, or oxidized. :' " , if, .'.'. 

OTHER COMPOUNDS 


"
',~ fidditionto the hyarocarbonsthat have. bMn discuss~(j, oth~F(!pmpounds tmd':metallic salts are to be foundin th(l crude~petroleumOilS1~ 't:tIass. will be considered under th~ headings' OfOxygeD) stil'phur, .Rr..d mtrogen compounqs and metallIC salts. . . . " . , 

O~GEN COMPOUNDS 

, Amon_~the vxygen compounds present are naphthenic acids. These~~··feebI;r·acid and with alkalis fo:m salts resembling those ~f fattyaCIds. These salts are good emulsIfiers and are used to some extent.~ the manufacture of cheap soap. They are slightly solublein con- cimtrated sulphuric acid. '... There are also present some asphaltic substances, which are oxygen. containing and sometimes SUlphur-containing compounds. Theynave the property of drying readily and find use as road-surfacingmaterials. Resins are present in small quantities. 

SllLPHUB COMPOUNDS 

The sulphur content of oirs is usually smaU, and is retained largelyin the hig~er distillates. Sulphur appears to be present as thiophenesand sulphIdes. 
NITROGEN COAfPOUNDS 

The nitrogen content of oils is also small. It is present as basiccompounds, p'robably tetrahydropyridine and quinoline derivatives.They are easIly removed by diluted sulphuric acid. 

METAL SALTS 

A large number of metal's have been found in traces in the ash ofvarious crude petroleums. They occur principally as salts of thenaphthenic acids. 
LUBRICATING OILS 

COMMERCIAL PREPARATION OF LUBRICATING OILS FROM CRUDE
PETROLEUM 


Commercial refining of crude oil for the production of variouslubricating oils consists mainly in distillation for the removal ofthe more volatile compounds and subsequent chemical treatment toremove various other objectionable materials. These processes,which are treated fully in other works .(47, 48, 63), will be onlybriefly described here. 
DISTILLATION 

'!'he crude oil is allowed to stand in settling tanks to allow' the.water ind other suspended matter to settle, often being slightlywarmed to facilitate this. In case the water and oil have formed anemulsion, more drastic heating may be necessary. Separation' mayalso be effected by centrifuging or by various electrical means. 
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',-The10ills then r"uIiinto large' stills and heated directly,by:fire,;ol' 
by $uperheated steam, or both. TM method: mos(i'coIUmohly; em" 
ployed is the application of direct heat to the exterior of the, stili 
and of superheated steam throughperIotated pipes in the bottom 
~~t4e's~il1.. As the ~te!1Jlll:ises th!ougp. the oil, it causes rap~'lf~vapo
i!J.t~~:p. ,RJ;ldconseqll.e:p.tly distillation' at a' lower, ~riJ.p~rature' tlillu, 
would 'be ,ne~es~a~:y 'with the .use of direct, h.eat alc;me; "Tw,:~.largely, 
prevents cracking, and produces a mU(lh better, grade ,of :011. The 
temperature and quantity of steam are gradually increased' during 
the course of distillation. , , 

The various fractions are" cut" according to gravities. The first 
distillate is the naphtha, Or, benzine., Whep, the specific gr!ltvity 
reache13 from '.0.76 to 0.78; the distillate is deflected into the keI:oseIl~ 
~nk; The distillation is stopped wp,en the gravity reaches .f:roDl; 
O.S4; tp 0,8f), or occasionally lower., " " 

The thick~ tarry residue is then treated for the pl:oduction ,o~ IURri-, 
eating oilE!. The whole is distilled, yielding a light distillate of)ow 
viscosity. and lea;ving a residue of coke in the still.' , ' ' ' 
" This distillate is waShed consecutively with acid;and ,SQdai,chilled: 
and pressed to remove the paraffin,. and then fractionally distilled 
into heavy burning oils and various grades of lubricating oils. 

CBEIDCAL TREATMENT 

ACID REFINING 

Acid refining is carried on in large iron containers provided with 
conical bottoms to facilitate the drawing off of the acid sludge. The 
rurtount of. concentrated (93-98 per cent) sulphuric acid required 
varies with different oils and with the degree of refining required.in 
the finished oil. The acid and oil are vigorously mixed, usually by 
agitation with compressed air. After a sufficiently long reaction 
~riod, which is determined by trial, water is added and the sludge 
allowed to settle. The oil may then be again washed with acid, or 
treated with alkali. . 

ALKALI JlEFI!'ING 

Following th~ acid refining, the "sour" oil is drawn off into 
another agItator, and washed with alkali. A 10 to 25 per cent 
sOdium hydroxide solution is usually used, the manneI: of application 
and the quantity varying greatly. The oil and alkali are generally 
heated by steam during treatment. The alkali wash water is then 
With~rawn! and. the oil was~ed. thoroughly w~th ":!lter and dried ,~y: 
~low~g wlth a~r. The maJorIty of reel epgme OIls sold fo!' ~se .a!;l 
msecbCldes recelve no further treatment, although some are subJect~d 
to redistillation. . .,' 

REFINING BY ADSORPTION 

Of the compounds present in oils, the asphalts and resins, which 
give color to oils and ar(\ otherwise detrimental, are the most strongly 
adsorbed by various adsorbents; therefore adsorption is used ill ),'e
fu.iing, e~pecially in the productionof white oils. Naphthenic actids, 
Il).tx:ogeh and sulphur compounds, unsaturated hydrocarbons;ar6~ 
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n.rlltics,and naphthenes are adsorbed 'in:(lecreasihg'orderof rapidity. 
PatafiUig are but- feebly adsorbed .. Molecular. weig~t has 'great 
:iilflu~nce on this proces.s; the hi~he.r the;InQleClll~t weight~ tl1e. mQf;¢ 
readily are the stibstancesadsoroed. .. '.; ,:;, 

The;·adsotbents ·used are ,fuller's' .Barth,.· silica gel, . and various 
~harcoals. The oil maybe allowed to filter slowly thtoligh beds of 
th~ materials, 01:. thea4sor~ent ma:y: be ltdcleil; directly to 'the oil; 
and filtered off after agItatIOn. ThIS process IS capable of coJ:Ji~ 
pletelydecolodzing oils. It is usually customary; however, in the 
production of white or colorless oils to first drastically refine with 
sulphuric acid and then treat with adsorbents. • 

·EFFECT OF VARIOUS REFINING METHODS. lJJ!ONCRUDI~ OlLS 

! 
)'J?FECT OF DISTI.LLATIO]! 

Distillation is always accompanied by more or less decomposit,ion 
of the compounds of. high molecular weight. The higher the te'm
perature and ~~e longer the ~ime required for distillation, the ~reater 
the decomposItIOn (or cracking). The use of steam greatly reduces 
this tendency to' decompose by reducing the temperature necess~ry 
for distillation. Lubricating oils that have undergone such de'com
position have lower viscositIes and lower flash points. The larger 
and more complex the molecules, the more readily decomposition 
occurs. 

The weight and complexity of the molecules in the distillate gradu
ally increase with increase In temperature required for distillation. 
The lubricating fractions therefore contain mixtures of the more 
complex compounds of high molecular weight. " 

The paraffins are largely concentrated in the low~boiling frllc~ 
tions; with rising boiling point, the olefines, naphthenes, and aror 
matics begin to predominate. There is an increase in the quantity 
of olefines (unsaturated hydrocarbons) due to cracking during 
distillation. 

EFFECT OF ACID REFINING 

The action of concentrated sulphuric acid on petroleum distillates 
is very complicated and as yet imperfectly understood. Its effect 
upon the principal groups of compounds present will be brililfly 
summarized: . 

Unsaturated hydroearbons are attacked by suiplmric acid dqripg refining, 
resulting in: (1) Formation of acid esters (if sulphuric acid Or 'of neutral 
esters by the addition of acid to the double linkage; (2) polymerization. 

The acid and neutral esters .pass mostly into the acid sludge, bht a small 
portion of each remains dissolyed in Ule refined ojl. The tendency of olefines, 
which mRke up the greater part of the unsaturated hydrocarbons, to poly
~eri~e increases with" increase in molecular. weight. As these products lof 

• polymerIzation, although 	unsaturated,remaln 'for the greater part in tile oil~ 
it is evident that a considerable portion of the olefines is not removlld, by 
:sulphurlc acid. In fact, it may be concluded (.rr, p. 123) that all bu:!: the 
·olefines of low m()lectJlar weight remainchlefiy in the oil either llnatta'cked· or 

" ;us polymers. 
Aromatic hydrocarbons,. though not atta,<;ked'a.t low temperatures, may"be

SUlphonated and removed in ,the acid sludge if .the temperature is'. allowed 
to rise.' If 

. ~ \ \ 
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A.. small portion of the naphthenic acids is removed by the. acid, but the 

greater part relllains ill, the oil. Sulphur compounds are partially removed, 

but other methods of refining are necessary for petroleums rich in sulphur.

Nitrogren compounds pass completely into the acid sludge,as they are of basic 

nature. 

. . ;Paraffil13 andnaphthenes are not usually attacked at Qrdin'ary temperatures, 

but. considerable quantities may be dissolved out by the acid sludge in some 

cases. As stated before, the high molecular members of even these groups of 

hydrocarbons may be sulphonated to some extent if combined with more reactive 

sIde chains. . 


Resins and asphaltic materials are polymerized by sulphuric acid and react ~i 
with the acid, ev:>lving SUlphur dioxide, and arc largely precipitated or 
dissolved. . 

EFFECT OF .ALKALI REFINING 

The sour oil from sulphuric acid refining contains, as detrimentai 

impurities, the greater part of the original naphthenic acids, sul

phuric aCid esters, and sulphonic acids formed during acid treat

ment, as well as a considerable quantity of free acid in suspension. 

The oil is treated 'With caustic soda solution to remove these impuri

ties, the organic acids. being removed as sodium soaps. As these 


. soaps are excellent emulsifiers, emulsions are often formed upon the 
addition of the soda wash. These are usually broken by prolonged 
steaming and settling. . 

COMPOSITION OF THE REFINED LUBRICATING OILS 

Owing to their complexity and to the great number of different 

com.pounds :present, comparatively little is definitely known as to 

the compositIOn of lubricating oils. The mass of evidence (4'1, f. 1358) 

t~nds to support the belief that the chief constituents of lubrIcating 

oils are saturated cyclic hydrocarbons of the naphthene and poly

naphthene groups. A. considerable quantity of paraffIn may be 

present in oils from certain crudes. No evidence exists (4"/, p. 1356) 

for the presence of aromatic hydrocarbons in lubricating fractions, 

although they may be present in small quanttl:.ies or as side chains. 


The quantity of olefines or unsaturated hydrocarbons present would 

appear to be small. Reports of the presence of large quantities are 

usually based upon iodine absorption, sulphuric acid absorption, or 

upon the formolite test. It has been shown that a large portion of 

the iodine forms substitution products with compounds other than 

olefines. The action of sulphuric acid has already been discussed, 

it being sufficient here to restate that, as has been stated by Gruse 

(47, p. £56), a large portion of the compounds absorbed by sulphuric 

acid from lubricating fractions are high-molecular branched-chain 

compounds and not necessarily olefines. The formolite test has been 

shown (48, p. 71) to be given only by aromatic hydrocarbons and 

therefore is not a measure of the unsaturated compounds present. 


CHEMICAL AND PHYSICAL PROPERTIES OF LUBRICATING OILS', L..: 

. The significance of the most important properties which are de

termined by analysis and the analytical methods used will be briefly 

described. More extended discussions will be found in the United 

States Government specifications for lubricatiI!.~ oils (10,9) und in 

the writing_s of Gruse (47), Gurwitsch (48), Haslam and Frolich 

(56), and Hurst (63). 
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P]lTROLEUM: OILS' AND OIL EMuLsIONS AS INSECTICIDES 

OXIDATION 

A~llubricating oils are acted .upon by the ox:yg:en of the air,h,e
commg yellow and turbId, deposltmg flocky precIpItates, and acquIr
ing an acid reaction. When these oils become completely oxidized 
by any means, thefinaI products are carbon dioxide and water. The 
rate of oxidation is accelerated by sunlight, or the presence of char
coal, alkalis, 01' copper, and to some extent by other metals. Acid 
refinIng greatly decreases the rate of oxidation by removal of the 
inore reactive compounds. 

Oils are also oxidized by many bacteria. SOhngen (106) found 
that at 28° C. on exposed surfaces of 2 sq. m., an average of 15 mg. 
of kerosene and 8 mg. of paraffin were completely oxidIzed by bac
teria in 24; hours. He stated that the intermediate products were 
probably fatty acids, the final products carbon dioxide and water . 

..~ De Ong (23) has suggested that the rate of oxidation of oils, with 
the production of acids, may be of importance in explaining foliage 
injury to citrus. He has suggested a modification of Sligh's method 
(105) for the evaluation of this factor. This consists of subjecting 
a definite weight of oil to the action of pure oxygen in a flask at 
3000 C. for a definite period. The acidity developed is measured by 
titration. The value of this character in oils is still unsettled. 

UNSULPHONATED RESIDUE 

A number of methods for the determination of the unsulphonated 
residue have been suggested (17, 40, 41). All consist essentially in 
shaking the oil with concentrated sulphuric acid and determining the 
volume which is not absorbed (unsulphonated) by the acid. 

The exact nature of the compounds which are dissolved (or 
"sulphonated l~) is unknown. A number of writers state that the 
olefine:;; Or unsaturated hydrocarbons are the only compounds ab
sorbed. As has been stated previously, a large portion of the com
pounds absorbed by concentrated sulphuric acid are high-molecular 
branched-chain compounds, not olefines; also, evidence exists indi
cating that only those olefines of low molecular weight are removed 
by acid, toe hIgher members being polymerized and remaining in 
the oil. 

It is probably more accurate merely to state that the sulphuric 
acid removes the most active compounds present. The unsulphonated 
residue gives a measure of the degree of refining which an oil has 
undergone; the higher the unsulphonated residue, the more drastic 
th~ refining. For ordinary red engine oils the unsulphonated residue 
usually ranges from 50 to 70 per cent; for white oils, from 95 to 98 
per cent. . 

Graham's method (39) was used for the determinations of the 
unsulphonated residues listed in Table 1, which shows the results 
of analyses made by the Bureau of Chemistry and Soils of a large 
humber of the more common lubricating oils used for the manu
facture of emulsions. These are classified as paraffin, intermediate, 
or naphthene base crude oils. 

55047°-31-2 



.TECHNICAL BULLE-TIN 253, tU. S.1)EPT•. OF AGRICULTUREfiO
< . 

TABLE 1.-Analyses 1 of a series 'Of'l.ubricatinf, vas of the type used, a8 

1-nscctioiiles 


. ; . \ i : ' Density at 200 (j, 
. ,,:vjSc6sitYI_~________J .VolatU. Unsui' I

1.ty «(our pbonl\tli '"Flash Fh-e
~;~Sa~~olt,l ~__,;.;_ Inter: Napb.dondition~t-5° C. 	 hours at residue' , 

, 
"'lint point


105° 0.)
"looo'F.) .......b.=M mediate tl:iene' 

I ~ bnse' bRSll 

,-,-.,-',-'-.--.-.-.-I"'..---I-~--L·-------:
--·I-----------

Gram8 Grams Gra11»
per cubic per cubic per. cubic

centi- centi..; centi· 
. Per cent Per cent OF. OF.

mder meter meter 	 4. 18 74&com13 0. 847 .•_.~__ •• _ ••_.___ ._••••••••_._____ •__..___ 276 aro47 '1 	 L 50 68.8 325 365
\6. : ' ' .873 •••---•••.---_---.-' Solid••_._.___ •__._. .04 642' 	 0. Sl\2 .._____.._____ • __ ._.•_._____ .__ 345 395
78	 62:f 79 •____ .____. '.SS7 ••• _••.__• Liql1ld.. __ ••._•••_.. .93 349 414

4i SO. ______ •.__ .879 ._________ Flows slowly_______ .92 ________ -'_ 326 378
5 .879: _______ ••__~.____.__ Liquid..___.._______ .75 f,5 349 387

6 102 _.________ •__ .______ 0.920 _______._____________ 312 346
85 	 175 59 
11 .883 _____ •____ . ______ .__ Flows slowlY_._____ :1.92 •____ . ___ • 417

)04:~, 	 314.6
8 105: .~ ________ ._ ._"_______ Solid_. _______ ._____ •. 60 64.8 365 420


",9: , 113 _....______ .886 __ •___________.do______________ .57 63 374 428

10 , lift .SS5 __ "______________~_.: Doesnottlow_______ .40 64 345 395


'11 124 • SS9 _______ .__ _________ Rolid_______________ 1.21 CO 365 412

12 137 __ ._______ __________ .924 __ ...__ •_____ ._______ .. 08 59 325 360

13 	 .922 Liquid_____________ 1.20 60.8 325 365138 _________ . _______.._ 	 f,614 147 .890 _________• __________ Solid ___________ .___ .10 390 435

15 • S94 . __ ••••••_ ....__do_____________ .20 61.2 380 435

16 ' 156 __________ .892 _______________do______ . ______. .08 60 

385 435158.

17 168 • 895 . __ ~___________do._____________ .60 61 404 451.

18 186 __________ .898 •________ . ____ .:lo_.____________ .35 None. 387 4.49

19 187 .892 __ ._.___._ . ____________do._________ ._.. .20 68 405 4'0

20 200 .895 _. ____• ____ • ________ •__ ._do__ ~__ ••_______ .22 62 422 474

21 216 .896 ________ -- Flows slowly_______ .16 __________ 398 451

22 218. .:921 _________~ __ • __do______________ .89, __________ 313 385

,23 

220 •919 •______~.~ ••_••do_••_.____•___• .08 • ____••_•• 347 401

24 220' .920 __________ Solid._ ••••__ •••____ .11 60 428 495

25 	 3eo 4.03

,.26 	 :g~ ~ 405 475
27 ~ :==~===== :~ ::====::: ~~a~~:::=:=:====:= .28 46 406239 .896 _••.______ . ______________do______________ 	 466
28 242 __________ .890 ••______ ._ Flows slowly_______ .11 ____ ••

58
___ • 2fO.6 4rO'"

29 Zio .S99 ____ •_____ . _________ , Solid __ .____________ .09 428 493
30: 433 4il

31 _~___~~::_ -----~OO2- ========= =====~~======:======= :~g :51 

430 496

32 i~~ .004 __________ . ______________ do______________ .06 440 495:\OS33 

I Ana1~SI)S were made by tbe U. S. Bureau of CbcIuistry nnd Soils. 

DENSITY 

Density here is e:tpressed as the weight in grams of 1 cubic centi


meter of oil, and was determined at 20° C. by use of a 50-cubic
.centimeter r:fcnometer; . . 

'of''rhe denSIties .of crude OIls range from 0.65 to 1.06 gram per CUbIC 

centimeters. Lubricatin&"-oil fractions have a minimum density of 

,0.84 or 0.85 gm. per cublC centimeter, lighter fractions falling into 


tlie kElrosene group. The density, as a rule, rises with increase in 


molecular weight, boiling ).Joint, and viscosity; it also varies with the 


base of the crude from wlllch the lubricating oil fraction WM derived. 


(Table 1.) Comparing. lubricating .fractions of nearly the same vis

.cosity, those from It naphthene-basecrude are much denser than those 


from a paraffin crude. Aromatic hydrocarbons are denser than naph


thenes, hut, occur in only small quantities in all except a few oils 


froID,the Oalifomia. field and OCCUI; there along with naphthenes. 

This offers a method for the sepuration of lubricating oils into classes 

based upon the crude oil :from which they were docived. 



'",;.t, ,,; t"·;',·,, i YISGO~IT,Y 
,,.f···"":'\:'~tt"'~-:¥i·"'~<' ~":.' : ''t... " ",_ : ".'
'.' 'VisCQ~ft:{o,f it liguidillfl,Y be defined as resistance to fluid motion. 
~~W~~~et~?Iewn,ir}p.ustry no~ 1l1)solu~ viscosity but '!' re]ated'l?ro
,m:rff·,.~s W~ll:si!r~d. (~, e~t!1!e tune req!l1.red for a defi.lllte vol?l!le . .of 
,f?1f,),o,tP~1!:~hto~gp ,a ,stiL,ndard opelllng under defilllte conditIoils). 
A: nbm!jer . of dIfferent. kinds of ,apparatus have beeh uSed for the 
deti3'riiihiation of this factor; The values given by different ihstru~ 
ments bear no simple relationship to each other or to true viscositY, 
a!ld £ather complicated conversion tables (59) must be used for tlie 
bonvei'sioh'of·:one into'another. The values given in Tabl~ 1 'Were 
secured:-by't~eu.seof a Saybol~ universal vis?osimeter (1097 p~~) 
anda~ethe time In seconds reqmred f.or the delIvery of 60 CUbIC centI
meters of oil from the standard openIng at a constant temperature of 
100°F~: ' Sl1bseeJtIentreferences to· viscosity refer to that determined 
inthis'manriel'. 
':'Viscosity idecreiises 'With increasing temperatme' and increases with 
increase mpressure. Ina homologous series it increases with ill!.. 
crease in molecular weight, boiling point, and density. Gruse (41, 
p. ~60) concluded from a survey ofihe literature that it seemed likely 
,.that tb.e.yisco,us portionso~ petroleum oils are composed ~f hydrocar
bons built lIP. o:t' ,five or SIX membered polymethylene rIngs {IlilI:-h,
thenes), probably bearing many side chains, some of aromatic or 
unsaturated nature. Gurwitsch (48, p. 140) also concluded that 
the naphthenes are mainly responsible for the viscosity of a refined 
lubricating oil. The relative viscosities of the other. groups are 
as follows, in decreasing order: Al'omatics, paraffins, olefines, and 
diolefines.. ' ' 

FLASH POINT AND FIRE POINT 

; The flash p<>int is the temperature at which an oil evaporates so 
intensively that its vap<ll', in an open cup of specified dimensions, or 
in a closed ves~l to which air is admitted at specified intervals, 
forms !tn exploi5ive mixture with air and ignites on the approach of. 
:1, small fiame .. 
. ;The fire. point is the temperature at which evaporation is such that 
the vapors not only flash, but continue to burn. 

These" two properties are more or less connected with the initial 
boilin$ point. In a general :way, the flash and fire points increase 
:with Increase ill viscosity, but numerous exceptions. may be noted 
in Table 1. A low flash point is an indication of the presence of 
mote vol Mile compounds ill an oil. These tests are of yalue in deter
mining-the suitability of an oil for use in internal-combustion engines 
on where there is a.. fire , hazard. They are of doubtful value ill the 
evaluation, of an oil for insecticidal use. , 
" "The flash and fire points (Table. 1) were determined by means of the 
·Cleyeland 'open-cup method (J09, p. 66). , 
,t· • 

, ,.' ~.;, 

VOLATILITY . 

Volatility, as r~ported in this bulletin, was. determined according 
to the following method: 
;'PI~ce 20'grams of oil !n a3~-in;h crystallfzing dl!:;b, and heat at 105° O. 

i'Gr! dour hours in an electric oven, ReweIgh, and report loss in weIght at! 
per cent volatillty. 
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- De Ong (f33) has suggested a slightly different method for the de
~eJ,'wip.at~o!?: .of v()httility, His ~ethod con~ist~ in rl~ing a definite 
Wl,llg1}.t:,of (nt upon asbestos strIps and weIghing perIOdically. . 
, _Thefirstmethqd, used by the United ~tates Bureau of Chemistr-y
aildSoilr;;, mei'tily indicates the relative' quantities of more volatile 
,~o~~itu~nts p~ese.n.t. The method of De Ong gives Ii mOJ.'6d~finite 
U.,.~.i51~tion of the permanence of the oil film and is r.orrelated with 
VISCoSIty, . ~.' 
• . , CONDITION AT ':""5° C. 

·The condition of an oii at _50 C. is a modification of the" cold 

test.!'. .A..$lample of oil is cooled to -0, 50 C. and note made as to 

.whetlier,it is liquid, solid, or sp-misolid. Solidification is often. ta.ken 

as -an indication that paraffi~ i~ p:es~nt aI?-d that ,th~ oil is, fro!ll.,a 

~araffin-biLse crude. If the 011 IS liqUld, thIS may mdlcate that It- IS 

from 3. naphthene-base crude, or merely that thp, paraffin has been 

:p~eviously r:enioved by chilling and pressi~g dur~g r~fi!ling.· . T~e 

.value of tlus test for. evaluatIOn or an oil for msectltadal use IS 

questionable. 


COLOR 

In general; the more highly refined the oil, the lighter' the color. 

Wl~ite oils are so ,highly refined as to lose entirely thelr red 01' brown 

~olor, but not theIr fluorescence. 


EMULSIFICATION 

HISTORY 

Petroleum oils were originally applied undiluted to plants for 
the control of insects, but owing to the. frequent severe mjur'y fol
:lowing. such .applications" methods of applying th~m d~luted with 
water were sought. As, o¥ and water .can not ,be llllxed .It w~s n~c
~ssary to emulSIfy the 011 In water, whlCh consIsts essentIally In dis
persing it throughout water in the form of very small droplets. . 

The e!1rliest emulsio~s were ~nst~bilized ,mechanical mixtures pro~ 
duced eIther by the Violent agitatIOn of 011 and water, Or' by forc
ing a small jet of oil and a large stream of water simultaneously 
through the spray nozzles, These methods were unsatisfactory ow
iIi~r to 'mechanical imperfections of the equipment used, and severe 
'inJury often resulted, which stimulated interest in the produC't,ion 
of stabilized emulsions. ' 

~oa'p, fresh milk, conden~d milk (9..5, 96), lime, a~d flour (67) 
were-among the first emulSIfiers used In the preparatIOn of stable 
emulsions. Emulsions of soap and kerosene, which were only tem~ 
porary, were recommended as early as 1871 (95, p. 183), but a stable 
soap.:oil emulsion was first prepared in 1882 (96). Milk as an 
emulsifier was first suggested in 1878 (95). These emulsions were 
usually prepared by pumping the oil, water, and emulsifier together 
under pressure through a spray nozzle. 

THEORIES OF EMULSIFICATION 

, An emulsion consists essentially of a suspension of small droplets 

of one liquid in another. If a smaUquantity of oil and a slightly 
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:latger·.quantitY'of:waterare. shaken. together in. 8r te&t tube; 8; :te$po~
rllwemulsionis formed;, consisting of relatively large globules of 
oil. ~pended in water; The oil droplets rapidly rise and· coalesce, 
fofuninga'layer':above the water.. If a small quantity of l,tydratett 
lime is added to the water before adding the oil and the mixture 
shaken. moderately, large globules of oil are:- again suspended in the 
w,ater. These xise to. the surface; but now each globule. may ·,M 
oDserved to he surrounded, by a film of hYdrated lime, which,Koops 
the -droplets 'of oilirom touching one another and cOalescing ... It 
the tube is now shaken very vigorously, theoil is found fo be dis.
persed ,in rather fine globules, which remain suspended uniformly 
throughout the water for .a long period; and occasional'detached 
globules of oil may be Seen on the sides of the tube above the emul
sion, each surrounded by a white layer of lime. . '.. 

This experiment demonstrates the essential :features of the forma.,. 
tion 6foil-in-water emulsions. . They consist merely in the breaking 
up of the oil into glubules sufficiently small to remain suspended 
uniformly throughout the water for a reasonable time, and the; addi
tion of. a stabilizer, or emulsifier, which forms aprotectiv:e film 
around the dispersed oil droplets, thus preventing their coalescence. 
These oil droplets carry a negative electrical charge (46; 48, P: 147), 
and. this is probably largely responsible for their remaming UnIformly 
suspended throughout the emulsion . 

. With the use of a different stabilizer, an emulsion of water sus
pended in oil may be formed. A number of theories have bee~ 
advan~d to explain why some emulsifiers tend to' cause the forma
tion of oil-in-water emulsions, while others lead to the suspension o~ 
wateI: in oil. These will be briefly n:.~Jntioned. . 

.. EASE OF WETTING" THEORY 

According to Bancroft's rule, emulsifiers more easily wetted by 
water favor the formation of oil-in-water emulsions, whereas thOse 
more easily wetted by oil favor tl!e formation of the water-in-oil 
type. To act as an emulsifier, the. material must collect on the infer" 
face between the tW? l~quids. Th~s ~eans ~hat the material m~ 
be wetted by both hqUlds. The hqUld havmg the greater affinity 
for the emulsifier ana wetting it the more rapidly will therefore 
tend to form the outer or continuous phase of the emulsion (3~). 

ORIENTED-WEDGE THEORY 

;Wh,en a soap emulsifier is used, it has been believed· that the s!l~R 
forms a ~ approximately onemolec~le thick between the oil and 
:water (43, 44). It has also been clauned that themolecule~ are 
d~fi¢~ely ori,ented, the hyd~ocarbon chain being turned towp.rd 
tQ~ romeral 011 and the metallIc end of the soap molecule toward th~ 
water, the general rule being that each end of the moleculefa,ces 
the lj:quid whichit most closely resembles. As the cross section. .~f the 
sodiumor potassium atom of the soap is much greater than the crosS 
$e.ction of the hydrocarbon chain, the geometric shape of the~ap 
molE,lcule approximates a wedge. Since the larger end (of soap!,! Q£ 
ino~Q.valent. metals) is the one soluble in water, oil would. bl;lCOUl6 the 

. inner or dispersed phase, yielding an oil-in-water type of emulsion. 
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m;the 'case ol soaps' pftheibivaleIit,metals,! suoh~:;ag;,caltimnQr:':mag": 
nesi~;s~aps, one 'a~m; Of"tlie.n;teta.l i&'C,9~bined'~hl?-:'~wo:!hyqr~"
carbon ;'eh'ams~ . Consequently"m:: thIS case the' h~drocaroon.~nd of 
th~ 'wedge is the larger, and this would tend to 'tihe'Jfo.rmatiQn,o:t a 

'. water~in~oi1, or reversed type.' of :emu~sioil :(13, 3~;i51,60,·711)~; ;,: i 
:,;Tllls ·t~eory does no~o:fferan' e:q>llt~ation ~ of.t. those;.e~1fulsiorls 
f()r~ed:WIthmett emUlsIfiers oSuch as kaohn,bentomte, and:charcoal, 
a~dhas:'beenobjectedto upon 9th~rgrounds'(,103j 107,; uOS) • ."ITlie 
'tease--of .;wetting " theory offers la,' more 'generallY. a pplicab1euexpla., 
naiion~ ,Ubwever, -it may bewell:.to'recal1 herel thefact,;generally 
k,llowrito alLthose who liave made or attempted to make· emulsions, 
tl.tat,th~type of emul~ion ~elJure~ dependsvery'largeIY:'!lpon:tqema.;,
mpulatmn of the varmus mgredients. A potash !ish-OIL soaptrr;:ade 
by the cold-stirred method: (93) may-make, an excellent reversed. 'or 
water~in;.oil .emulsion,unless directions are clQselyfQUQwed. l,:'l'he 
MissQurf ca.lcium-caseinate·fQrmula (7,8), asmanykno:W;iwill; give 
either· type 'oremulsiQn, depending,' upon ,the sequence' in which, the 
irrgredients are mixed. ,; , " ,; '! i,' " ,~ ,;, 
'.;rt has ,been repQrted(l00) thatasphaJ.1rbase Qils wetemQre!easily. 
enlltlsified than those £rQma, paraffin base. No. such',differell:(!e,cQuld
he, aeteyted in -the oils ~se(l in these experi~ents. ~ ~'j "t ' 

VARIOUS EMULSIFIERS USED 

, As'the oil-in-water: type Qf emulsion is the' Qnly' kind' nsell',a:;; 
an. ii;tsectipide, subsequent references to. ~mtils~oI\s'Y'iU refer Qnli :tQ 
~hi:;; type. A large number Qtemulslfiers hav,e beeTh used] ",nd 
these will be briefly mentiQned. FQr convenience these WIlL 00 
divided into SQap and nQnsQap emulsifiers. ' ' n ," 

SOAP EMULSIFIERS 

'As a general rule PQtassium soaps il,re nsed,as they JfJfm~oft !: 
EjQaPS that are ,easy to. handle (JB) and appear to make amorepe,r:' 
manent ,emulsiQn. Sodium soaps are also used to SQme 'ex~en~" 
~p,~cially as emulsifiers fQr miscible Qils. , ' . " . , . ,'.' 
. A number of animarQils have been repoi'tediriliterature !J,S ~ui~., 
able .fQr' the manufacture Qf sQap emulsifiers. TJ,ie.lllQst coinnwn, 
asw~ll as the cheapes~, is fishoil,which~as ;reeo~nm~nded ({5.6J.~~
early' as 1906. Red 011 (86) and whale 011 (1~0) were also. recom- '9 
mended. Vegetable oils have beell tried and were consideredunsatis
factory b Penny (86), and satisfactory by Chandler, Flint, l\nd 
H:uber (9: SQ~ium. and potassium salt~ of stearic, palmitic;';linQ,~ 
lelc, and mQlemcaClds (60, 65) have gIven good results~' I1 
, -During the course Qf the present investigation a nnmber,of ;Vege
table 'oils were tested in the labQratory bQth in 'regard to theiradapt,
abilltyfQr sQap making and to the emulsifying power of·the sbaps 
ID!ide with them. The sapQhificationnllmbers Q:fthe oils 'wete de'" 
rerinined, and their SQaps were prepared by boiling them 'with· the 
ret}uirea quantities Qf caustil! PQtash. ' " .' . " 
'>ThesaponificatiQn numbers, that is the number Qf milligra'ffis '~'f 
p~tassium hydroxide requ~red to. sapQI,lif'y 1 gram o~ ~~e oil" ~bttti'Iled . 
by ;;th~, 'offiCIal, met~od of ~he AssocIatlOn ofOfficllt~' :Agrrcultur8JI,
ChemIsts for the QIls used III the tests, are as' fQllQWs::" '. "",,1 
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·55~~~~-=~~=-=~~~~~2~~~:1
Crude red oiL________________________________________________________ '202 

Crude' itaIm oil_-~-------"-:.~-..:.c.,.o_.;.-.:.r:.-..:~.,,·--,,--~--+-,:.'"'.,...,--::_.+-'..,:i.:.F_;''';: 245Crudel!anila coconut oil ___________________________________ _________ 255~ 

:C~conut oil, ,peanut oil; -soybean .oil,' corn oil;' and, fua less eXtent, 
palm oil were hard to' saponify comple~ly, as'they'requiredlongboil~ 
in~. Coconut and palm oils have: the additional~isadvanta;ge.of 
berng solid a,tordinal'Y tem:;,~rattites' and are 'therefore harder.rto 
handle. . '.'.. ... . 

Cottonseed oil, olive-oiI foots~ and 'red oil made good soaps. The 
cotto~seed-oilsoap proved to be the best emulsifier ~d'\Vas,egual{to 
fish-OIl soap, both for use by the Government's. standar,d boIled for
m,ul"a and for the making of cold-stirred emulsions .. Its emulsify,ing 
~ower is reduced when a la~ge excess of potassium, hY?r0xid~ .(more
than 1 pound excess to 10 poun¢; 0,£ cottonseed .oil) IS usedm the 
saponification. This soap was also tried out successfully on 'a com
:plercial scale for the' manufacture. of emulsions accqrdingtp the 
Gov.ernment's standard boiled formula. ' 

'The red-oil boiled soa].> was only a fair emulsifier. It was found, 
however; that a soap which was an excellent emulsifier could be made 
by stirrrng this oil with potassium hydroxide Without the use of 
heat. The use of an excess of potassium hydroxide and long~con
tinued boiling practically destroyed its emulsifying power. This ma.y 
have been due to the splitting of the molecule in the presence of 
alkali, as it is well known that oleic acid may be oxidized. by fusion 
with caustic potash to palmitic and acetic acids, both of which are 
poor emulsifiers. .01' it may have been due merely to the complete 
saponification of all the fatty acids present, as it has been shown that 
the presence of free fatty acids aids in emulsification (70). It may 
be well here to call attention, to the observation of Mead and McCoy 
(73) that sodium-oleate solutions "age" markedly and may then 
:form a reversed, or water-in-oil emulsion, instead of the usual type. 
They believed the change due to reaction with some atmospheric 
constituent. 

'The soap from QTeen olive-oil foots was inferior to fish-oil soap 
as an emulsifier, aithough it could be used. Probably other grades 
of this oil would prove much more satisfactory. 

NONSOAP EMULS~IERS 

Salts of the naphthenic acids resemble soaps and make good emulsi
fiers(48, P.146). Salts of the sulphonic acids and their derivatives 
are also good emulsifiers and are used to some extent for this purpose 
(60;83,p.769;1~). . 

Milk was used as an emulsifier as early as 1878 (94, 95). Lime, 
plaster of Paris, flour, precipitated chalk, silica, alum,ina, Bordeaux 
mixture, ferrous sulphate and lime mixture; glue, egg albumin, sa
ponin, basic sUlphates of iron, copper, and ruckel, ferrous hydroxide. 
copper carbonate, calcium carbona.te, calcium arsenate, lead arsenate; 
and fine clays were listed by Pickering (90) as early as 1907. 
Among the fine clnys, kaolin (123) and fUller's earth have been spe

http:carbona.te
http:additional~isadvanta;ge.of
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ciJic~y recommended, and bentonite (~) has been tested. A mix
~ of casein and lime, commonly called. "calcium caseinate,'1 was 
re~ommeilded (7, 8) in 1923, and has.become probably the mosL 
wldely used of any of the nonsoap emulsdiers. . 

>, 

:;TYP;ES OF EMULSIONS AND METHODS OF MANUFACTURE 

..:For convenience in discussion, emulsions will be divided into 
grou'ps based upon the method used in their manufacture. Ac
cordin~ to this scheme, they will be divided as follows: Hot-pumped, 
cold-stIrred, and cold-pumped emulsions and miscible oils. 

HOT·PUMPED, OR BOILED, EMULSIONS 

Soa,P emulsifiers are used for making hot-pumped, or boiled, 
emulsIOns. The emulsion. made by the standard Government for
mula is an example of this type. Practically all these formulae 
recommend the use of 1 pound of soap to each gallon of oil, but 
where the water to be used in spra.ying is very soft, half this quan
tity of soap is sufficient. The method of-manufacture consists in 
mixing the oil with approximately half its volume of combined soap 
and water, bringin~ the mixture to a boil by the application of 
heat, and pumping It while still hot 'throu~h fine nozzles at a pres
sure of nom 200 to 400 pounds. The mIXture is heated directly 
over the fire in the case of small batches; and by the use of steam in 
the case of large batches. :Thesteam heat is applied either in closed 
coils around the jacketed cooking vessel or by allowing the live 
steam to dse through the mixture from perforated pipes in the bot
tom of the kettle. In the latter case less water is initially added 
to the batch. 

These emulsions have the advantage of practically never failing 
to "make," and of remaining stable for relatively long periods (ap
proximately one year). T~eir disadvantag~s lie in ~heir higher c~st 
due to the neceSSIty of heatmg and to the hIgher prIce of the eqUIp
ment necessary for their manufacture. 

COLD·STIRRED EMULSIONS 

Cold-stirrecl emulsions are also formed by using soap as an emul
sifier. They differ from the hot-pumped emulsions only in the 
method of manufacture which requires neither unusual heat nor 
pumping. They were first used by Hubbard (95), and later de
scribed by Yothers (1~O). The method was recommended in a mod

,. Hied form by Whitcomb (115) and Richardson and Griffin (93). 
The method of manufacture consists in repeatedly adding small 

quantities of oil to the soap, and thoroughly stIrring in each addition 
of oil before the next is added. 

After the required quantity of oil is thus worked in (usually 1 
gallon of oil to each pound of soap), a stiff jellylike mixture is 
formed. Water is then slowly added, with constant stirring, till 
the finished emulsion contains 66% per cent of oil by volume. This 
is the standard oil content for commercial emulsions. If a good 
soap has been used, and the mixture thoroughly stirred, this emul
sion is nearly as stable as one made by the hot-pumped formula. 
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Its advantages lie mainly in the cheapness of the equipment re

quired fQ!'" man,lfacture and in the fact that the use of heat may be 
pra1!tically dispensed with. There are, however, a number· of 
disadvantages. . 

The dispersion of the oil droplets here depends upon the attraction 
between the soap and oil, and upon the shearing action due to stirring. 
TIus shearing action in turn depends upon t.he viscosity of the soap 
used. Too thin or too viscous a soap will not make this type of 
emulsion. Factors influencing the viscosity of the soap will therefore 
influence the qualit.y of the emulsion secured. The main factors 
influencing the viscosity of the soap made from anyone oil are the 
moisture content, the quantity and kind of caustic used to saponify 
the oil, and the temperature. These will be briefly discussed. 

Soda soaps are as a rule too stiff to make this type of emulsion at 
all, though some make it very poorly. Potash soaps are used almost 
entirely. The use of an excess of caustic potash above that required 
for saponification results in a much stiffer soap, and in case such 
an excess is used the soap should have a higher moisture content. 
This is illustrated by the series of tests, reported in Table 2, with 
the use of a cold-stirred soap-oil emulsion (93). Results with a, 
soap-cresol (93) emulsifier are also shown for comparison. A soap 
made with only a slight excess of caustic potash and haying a mois
ture content of from 60 to 75 per cent was found to make the best 
emulsion. .A. very large c-'{cessof potassium hydroxide (2 pounds 
excess to 10 potmds oil) largely destroyed the emulsifying power o.f 
fish-oiL soap for this type of emulsion. 

TABLE 2.-Etrects Of moisturc and exccss potassium, l~ydroa:idc in potash fi·sh-oil 
110ap upon Us valu.e for '/1laTo;inu cold-sUrred e11wlsiolls. Temperature ijO' p. 

'-~ 

Type oC emulsion secured· when moisture content oC soap was
, 

50 per cent 75 per cent 85 per cent 
Emulsion 

No excess of Excess oC Noel:~sof Excess o( No excess o( E:<cess oC 
g0tassium potassium ~tassium potassium gotasSium potassium

;vdroxide hydroxine I ydrorlde hydroxide 1 ydroxide hydro.Iide I 

soap-OiL_________) Yery good :FaUed______ Good emul- :Flliled_______j Good emul- emul-Goad 
emulsion. slon. slon. sian.Soap-cresol oil _________ do ______ Very !load _____do______: Very lload I Fair emul

emulsIOn. ! emulsion. i slon. 
Do. 

More tban 1 pound excess potassium hydroxide to 10 pounds o( fish oil. 

Temperature has a. great influence upon the viscosity of the soap, 
and a soap which will make an excellent cold-stirred emulsion at 
a temperature. of 60Q F. may be too stiff and fail completely at 40° 
or lower. A stiff soap may be made sufficiently fluid by the addi
tion of small quantities of water or by heating. The additioll of 
small quantities of water does no harm, but larger qnantities re
sult in the production of an unstable emulsion. Heating a stiff 
soap to approximately 125 0 was found to be the best method of 
rendering it sufficiently fluid readily to emulsify the oil. 

55047°-31-3 
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EV'en with a fluid soap, difficulty was' often expemenced in mak
ingthe emulsion at temperatures below 40°. Apparently the at
traction between the oil and soap is insufIicient at low temperatures 
for the soap to properly coat tIie oil particles. In such cases emul

.) sions could be made after heating the soap to approximately 125°. 
Very thorough stirring is essential to the production of a stable 

emul~lOn by thIS method, as is shown in Table 3. 

'.' TABL!l3.-Effect of stirring upon the- 8ize of oi~ droplets in a cola-stirrett e1JtulsWn 

Size 01 oil droplets 	 I 
I StabilityDegree of stirring -

Range Mode Average 

Micrcrm MICTcrm "'[icTal!.!on completely stirred in alter each addltioD.. _________________ 2 to 60 12 20 Unstable. 
on completely stirred In and stirring continued until ma",i
'~mum stiffness was secured after each addition of oIL_______ 2 to 15 7 7 Stable. 

Occasionally a cold-stirred emulsion will not only fail to " make," 
but will form a l'eversedemulsion. In such cases, Richardson and 
Griffin (93) state that it is necessary to start over again, using half 
the original quantity of emulsifier and stirring in the reversed emul
sion in the same manner as the original oil. 

With the use of the proper soap, and at temperatures between 50° 
and 80° F., very good cold-stirred emulsions may be manufactured. 
The use of "stabilizers" with the soap will greatly increase the 
stability of the resulting emulsion and the ease with which it can be 
made. These stabilizers are added directly to the soap, with con· 
stant stirrings, just before the oil is added; and appear to act by 
rendering the soap somewhat more fluid and to some extent as a 
mutual solvent for soap and oil, thus bringing the two into more 
intimate contact. 

Amyl alcohol was recommended by Whitcomb (115) for this pur
pose and crude cresylic acid, cresol, and cyclohexanol by Richardson 
and Griffin (93). 

The writers made a series of laboratory tests of alcohols, ethereal 
oils, fatty acids, phenols, and miscellaneous compounds as stabilizers. 
Of these, methyl and ethyl alcohol appeared of slight benefit for use 
with stiff soaps; butyl alcohol (both normal and tertiary) proved 
equal to either amyl alcohol or cresylic acid. 

Oleic acid, or red oil, greatly improved the emulsion if the fish
oil soap contained an excess of caustic, but was worthless in the 
absence of free alkali. Other materials tested were of no yalue. 
Exp~rimen~s with red oil ipdicated ~hat tlus m~terial acteel by 
formmg WIth. the free alkalI a cold-stIrred potassmm oleate soap. 
The fish-oil soap was therefore omittedl and the rt'el oil added directly 
to a solution of caustic potash and stu'l'ed until a uniform consist
ency was obtained. The lubricating oil was then aelded, the mix
ture being stirred the meanwhile as describecl above. This was 
found to form a very good emulsion, approximately equal in stability 
to that made by the Government's standn.rd boiled formula. Direc
tions for making this emulsion are as follows: 

http:standn.rd
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Red.oil emulsion.-To 3 pints of water, add one-third pound elf caustic potash.Wli~n 'dissolved, add 1 quart of red oil (oleic acid) and stir the mixturethoroughly until the soap formed is of uniform consistency. Add the lubricating011 Slowly at intervals, until a total of 10 gallons has been emulsified, no uddition being greater tban one·third, and preferably only one-fourth, the volumeof the mixture to which added. Stir thoroughly after each addition until maxi~mum sti1'Eness has been secured. After aU the oil has been worked in, diluteSlowly: with water, stirring constantly, till the total volume equals 15 gallons.
The advantages of this emulsion are its cheapness and the fact thatboiled soap is not required, thus doin~ away entirely with the needof heat for producing the emulsion. J.t has the same disadvantagesas the other cold-stirred emulsions. 

COLD-PUMPED EMULSIONS 

As a, rule, nonsoap emulsifiers are used in preparing cold-pumpedemulsions, although soaps have been used (120). '1'his method ofmaking emulsions for insecticidal purposes is apparently amongthe earliest used (94-). It consists simply of adding the emulsifierto the water, then adding the oil, and pumping the mixture underpressure out through a fine opening. It is usually repumped once
01' twice. The most common emulsifier used is calcilUn caseinate,the use of which has been noted by many writers (4-, 7, 8, 9, 26, 57,76)5; Bordeaux mixture (49) and kaolin (126) are also used to alesser extent. Other emulsifiers have been previously listed (p.15). These emulsions are cheap and are easily made on the farmwith the ordinary power spray outfit. The mixture is emulsifiedby pumping three times through the spray rods at a pressure offrom 150 to 275 pounds. This gives an emulsion which will holdup for from several days to several weeks, depending upon the presSUre employed. By the use of higher pressure5 and the addition of apreservative, where protein or: fermentable emulsifiers are used,emulsions may be produc~d equal in stability to the Government'sstandard boiled emulsion. Homogenizers using pressures of over1,000 pounds per square inch, and colloid mills have also been employed for the commercial production of emulsions of this type.The calcium caseinate emulsifier is formed by mixing casein andhydrated lime in the approximate proportion of 1 to 4. Casein isthe active emulsifier, tlie lime bejng added merely to make the cassein soluble in water, as it is soluble in an alkaline solution, but insoluble in a neutral one. Occasionally an old sample of calcium caseinate will fail to emulsify the oil. It has been found that this isbecause the lime has been converted into calcium carbonate bythe carbon dioxide in the air, and its alkalinity thus destroyed.After the addition of fresh hydrated lime, no further difficulty isexperienced. 

MISCIBLB OILS 

Miscible oils differ from the previously described emulsions in thatthe emulsifier is dissolved in the oil and that they contain only a relatively small quantity of water (usually less than 10 per cent).They have the appearance of a clear or slightly cloudy oil, but whenwater is added and the mixture agitated a whIte emulsion is formed. 
• LEIBY, R. W./ nnd HAnRlS, J. A. op. clt. (See footnote 4.) 
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The active ingredient, as well as the principal one, in miscible 
oils is mineral oil. The following classes of emUlsifiers may be used 
(6,62) : 

(1) Saponified rosin, oleic acid, or other fatty acids with more or less 
alcohol. 

(2) Sulphonated mineral oil with an alkall. 
(3) Sulphonated animal or vegetable oils and an alkali, with or without 

alcohol. 
(4) Soaps dissolved in phenols. 

4- small quantity of alcohol is usually added to make the hydrated 
soap dissolve readily in the oil. This usually results in a cloudy 
mixture, and just sufficient oleic add is then added to clear the solu
tion. Increasing beyond this the quantity of oleic acic1 decreases the 
stability of the emulsion which results upon dilution with water. It 
would appear likely that this method might be used to decrease the 
permanency of miscible-oil emulsions and thus increase their toxicity 
to insects. 

The advantages of miscible oils are their low water content, which 
reduces freight and drayage charges, and their resistance to low 
temperatures. Their main disadvantage is their considerably higher 
cost as compared with oil emulsions, which is due to the kind and 
quantities of emulsifiers necessary for their production. 

A large number of formulas for miscible oils (18,66',67, '14,76,86, 
87, 88) and several general discussions of the principles involved 
in their manufacture (5f3,73) have been published. A discussion 'of 
sulphonated oils has been given by Wennstrom (114). 

METHODS OF ANALYSIS OF OIL EMULSIONS 

As oil is the active ingredient in emulsions, methods for its de
termination are necessary foT.' the proper evaluation of various com
mercial preparations. The oil content is expressed as the percentage 
of oil by volume. While no definite temperature has been adopted, 
this is generally supposed to be determined at room temperature 
(approximately 20° 0.). 

Methods for the determination of the oil content of emulsions 
have been suggested by Graham (39) and by Griffin and Richardson 
(45). The methods used were brIefly as follows: 

Water was removed and determined by distillation, the soap by 
extraction with alcohol, and the mineral oil found by difference. 
This was checked by recovery of the oil from au alcohol-ether extract. 

The emulsions with soap emulsifiers were broken by shaking with 
dilute acid, and the separated oil measured directly. 

Emulsions with gum emulsifiers were broken by shaldng with 
alcohol and sodium carbonate. 

As these methods are unsatisfactory for some types of emulsions, 
certain other methods which proved of value at this laboratory are 
given. 

The calcium-caseinate emulsion may be analyzed for oil as follows: 
Add an equal volume of ether. and approximately half that quantity 
of 20 per cent sodium hydroxide to 10 c. c. of the emulsion in a 
separatory funnel. Shake vigorously and allow to stand till the 
layers separate; the oil will be dissolved in the ether. Separate the 
layers and evaporate away the ether on a hot-water bath. Measure 
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. the oil in a 10-c. c.graduate, having O~l-c. c. subdivisions. Usuallyone extraction with ether is sufficient to remove all the oil.Othereniulsions may be broken by repeated ether extractions; bythe application of heat, followed upon cooling by ether extraction;
Or by ~haking with a combination of ether and acid or alkali. Inthe latter case, where acid is used, a correction must be applied forfatty acids if the emulsifier was a soap. 

FREEZING POINTS OF OIL EMULSIONS 

As has been stated, miscible oils are very resistant to freezingowing to the small quant.ity of water present. As ordinary oilemulsions 'contain over 30 per cent of water they are much moreliable to injury by freezing. Apparently no data exist in the literature upon this subject, and statements as to the freezing point oftfi~. Government's standard formula emulsion vary from 150 F. (3,63) to " only a little below that of water" (91). Experiments wereconducted on a series of oil emulsions to determine the point towhich they could be undercooled and also their true freezing points.All tho ordinary precautions were observed which are used III freezing-point determinations. The undercooling point was taken asthe' lowest temperature to which the emulsion could be cooled,without stirring and in the absence of ice crystals, before freezingbegan. The true freezill~ point was determined upon new samples,crystallization being inauced by seeding with an ice crystal atthe approximate freezing point in one sample and by vigorousstirring in another.
The following list shows the true freezing points determined fora number of emulsions, all of which contained 66% per cent of oilby volume, all the soap used containing 67.07 per cent of moisture:

Type of emulsion
Commercial boiled emulsion, Government standard formula, sample No. L 

OF. 
31. 3Commercial boiled emUlsion, Government standard formula, sample No. 2_ 31.1Cold-stirred emulsion, 1 pound soap to 1 gallon oil.viscosity ___________________________________________________________ 30.9

Cold-stirred emulsion, 1 pound soai;> to 1 gallon oil. 

Oil of 125 seconds 

viscosity ___________________________________________________________ 30.9Oil of 220 seconds 
Cold·stirred emulsion, one-balf pound soap to 1 gallon oiL________________ 31. 5Cold-stirred emulsion,. 2 pounds sonp to 1 gallon oil • ____________________ 29.7Cold-stirred soap-cresol (1)3) _______________________________. _________ 30. <1Cold-stirred amyl alcohol-soap (115)"________________________________ 30.0Cold-stirred butyl alcohol-soap________________________________________ 29.5Cold-stirred red-oil____________________________________________________ 31. 8Cold-pumped calcium-caseinate formula (7) ___________________________ 31.8Soap solution; 1 pound soap diluted to one-half gallon with water______ 30.9Water used in above emu!sions_______________________________________ 32.0

The true freezing point, as here shown, is the average of threedeterminations in none of which the emulsion was allowed to undercool more than 10 F. Apparently the ordinary oil emulsions cannot be undercooled below 170 or 180 F. before freezing begins. Thetrue freezing point is, as stated by Porter (91) only slightly belowthat of water. Apparently the freezing point of an emulsion depends entirely upon the kind of emulsifier used, and upon its concentration. The viscosity of the oil had no effect between the limits 
• Could be undercooled to 17.0° F. Other emulsions eQuId be undercooled only to 18.3° F. 
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ordinarily. occurring in oils used in the making of lubricating-oil 
emulsions. 

Samples of oil emulsions were frozen solid, without being stirred, 
and allowed to sit undisturbed till completely thawed out. The 
emulsions were not broken down Or deteriorated in any manner by 
tms treatment. If stirred vigorously while freezing or thawing, 
a considerable quantity of oil was freed. A.pparently the best thing 
to do with a frozen emulsion is to leave it undisturbed until it is 
completely thawed o~t, as is ordinarily recommended. 

EFFECT OF HARD WATERS ON VARIOUS EMULSIONS 

1'he great majority of commercially manufactured emulsions con
tain a sodium or potassium soap as an emulsifier.. These soaps 
react with calcium or magnesium in hard water, giving a calcium 
or magnesium soap which is insoluble in water, whereupon the 
emulf:ion may be broken down and the oil liberated. The liberated 
oil rises to the surface of the water in the spray tank, and the last 
trees sprayed are likely to receive an application of pure oil, causing 
severe injury, whereas other trees receive too little oil for effective
ness against insects. 

Though few waters in central Georgia are sufficiently hard to 
break down an emulsion completely within the short time necessary 
to spray out the tank of diluted emulsion (approximately one and 
one-half to two hours) , nevertheless considerable annoyance is caused 
by the insoluble soap plugging the nozzles. It was found that the 
ViOlent agitation taking place in the spray tank speeded up the 
reaction between the hard water and soap and also by its churning 
action caused the insoluble soap particles to conglomerate into lumps. 
Hy removing the agitator chain on the spray outfit trouble of this +, 
kind was greatly reduced or entirely eliminated when the Govern
ment-formula soap-oil emulsion was used with water having a hard- ... 
ness equivalent to 175 or 180 parts of calcium carbonate per million 
parts of water. Sufficient agitation is secured from the vibration of 
the engine and pumps and from the· movement of the spray outfit 
through the orchard to keep the ordinary diluted emulsion umformly 
distributed throughout the spray tank. This was shown by testing 
the oil content of the spray collected from spray_ rods when the tank 
was full and again just before it was empty. The data of this test 
are given in Table 4. 

TABLE 4.-Homogcneity of oa e1nulsion 1 8Pm,11 in tank 1~'itlb uilta 1vit1Kmt the fl.88 

of an auita.tor 


011 content of spray col. 
lected {rom sproy rods-

Treatment of emulsion 
When tankWhen tank was nearlyWlIS full empty I 

Per cent bV Ptr unt bv 
volume volume 

3.15 3.17 
3.10 3.30 

I Government's standard boiled emulsion. 
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,An emulsion resistant to hard water mll,y fie made by using· art 
excess of soap (122), or a soap containing an excess of free alkali. 
This free alkali appears to act by reducing .the ionization of the 
soap (43, 77), and probably also that of the calcium or magnesium 
salt contained in the hard water. 

Yothers and Winston (125) recommend the use of the following 
materials for the stabilization of soap-oil emulsions mixed with 
hard water: Oaustic soda, glue, milk, skim-milk powder, gdatin, corn 
meal, casein, whettt flour, cornstarch, and laundry starch. The last 
t.hree should be boiled before being added to the emulsion. These 
stabilizers should be added to the concentrated emulsion, just before 
dilution in the spray tank, in the approximate proportion of 1 
pound to each 3 gallo!'!3. 

The non~oap emulsifiers, with the possible except~on ~f the sodiu~ 
and potaSSIUm salts of the naphthemc and sulphomc aCIds and theIr 
derivatives, are generally considered resistant to hard wa.ters. 
Where very hard waters must be used in spraying, the emulsifiers 
commonly used are calcium caseinate, ka.olin, Bordeaux lnixture, 
and starch or dextrin. The casein-lime mixture, or calcium casein
ate, is the one most generally used. 

In this connection Eyer and Robinson (31) have reported that the 
calcium-caseinate emulsion is unstable in the presence of magnesium 
SUlphate and that oil may be freed. 

The presence of sulphur (53) has been reported as preventing 
emulsification of ari oil with Bordeaux mixture. 

EFFECT OF MINERAL OILS UPON INSECTS 

Oonsiderable study has been made of the manner in which mineral 
oils kill insects, although most of it has been merely of a preliminary 
o~ fragmentary nature. A brief summary of this work will be 
gIven. 

Scheifele (101) stated that it is known that oils do not act upon 
insects through the respiratory system. This conclusion is the 
direct opposite of that of all others whose work was reviewed. 

Shafer (104) studied the action of kerosene and gasoline llpon 
several insects and came to the conclusion that though both pene
trated a short distance into the larger tracheae death was caused by 
the toxicity of their gases which apparently prevented the absorp
tion of OA-ygen by the tissues. He decided, however, that death 
was not caused by suffocation, since the insects died more rapidly 
than when immersed in water or in an atmosphere of pure hydrogen. 
He also found that both m.-ygen and carbon dioxide could pass 
throuO'h a thin layer of kerosene. 

Vickery (110) also concluded that the toxicity of petroleum oils 
was due to the vapor or gases given off. He reported that these 
vapors greatly stimulated the production of oxidizing enzymes 
by the oenocytes, which are ductless glands in contact with the 
tracheae, and that this increased the rate of oxidation within the 
insect to such an extent as to cause death. 

Moore (78) immersed larvae ,of the wax moth in oils, and upon 
removal found that the tracheae were blocked and concluded that 
death resulted from suffocation. In another paper he and Graham 
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,(80) concluded that lubricating oils l)enetrated the tracheae for 
short distances. ' 

The effect of. highly refined lu~ricating oil upon IJ:.lealy bugs and 
scales was studIed by De Oug, Krught, and Chamberlin (~6). 'I'hey 
found that oils and oil emulsions completely filled the tracheae when 
the insects were immersed in these fluids. Kerosenes penetrated the 
tracheae, but were sufficiently .fluid to be expelled by the scale; and, 
after their eA-pulsion, the insect was able to prevent further entrance 
:for a considerable per~Dd. LUbricating oils were not expelled, 
probably owing to their hig-her viscosities. They also found that 
mealybugs died more rapidly when immersed in water than when 
immersed in oil. As a result of these studies they concluded that 
the death of scale insects throu~h the action of at least refined 
lubricating oils was due to suffocation. English (939) also con
clu4ed that the lubricating oils produce death by suffocation. 

Nelson (8f!) found that kerosene penetrated throughout the 
tracheal system.; and, upon long exposures, into the muscles and 
nerve ganglia. 

Parker (84) studied to a small extent the action of oils- upon 
insect eggs and concluded that they caused gradual disintegration 
of the chitinous covering and coagUlation of the embryonic 
protoplasm. 

Oils have also been reported (53, 54, 98) to be of some value as 
repellents for certain insects, preventing egg deposition. 

CHEMICAL AND PHYSICAL PROPERTIES REPORTED AS 
INFLUENCING THE TOXICI1.'~ OF OILS TO INSECTS 

Viscosity has been considered probably the best index to toxicity 
of any of the properties of un oil (133, 25, B6, 29) by the majority, 
but not by all workers (493, 101) ullon this subject. 

Specific gravity has been reported as a fairly reliable index of 
toxicity (41). 

Volatility (rate of evaporation) is considered of great importance 
as influencing the permanency of the oil film. 'rhis property is 
related inversely to viscosity. 

The effect of the degree of refining, as measured by the sulphona
tion test, ig unsettled. An oil with a low lllisulphonated residue 
was considered somewhat more toxic to scales by De Ong, Knight, 
and Chamberlin (g6) and English (939), while the latter considered 
it of minor importance in toxicity to aphids. 

The nature of the crude-oil base from which the oil was derived 
was considered of importance by D. D. Penny (89), who found those 
from a paraffin base more toxic to leaf-roller eggs than those from 
an asphalt (naphthene) base. Green (493) and Neller (81) found 
those from both sources of equal toxicity to the San Jose scale and 
to leaf rollers. 

DETERMINATION OF THE EFFECTIVENESS OF A SPRAY 
AGAINST THE SAN JOSE SCALE 

The method most commonly employed in determining the toxicity 
of oil spl'Ilys to the San Jose scale is to compare the percentage dead 
upon a sprayeu plat and an unsprayed check one month after treat

y 

If: 

~ 
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ment of the former. 7 Davis (14-) and Abbott (93) have suggestedthat these results may be further checked by subsequent counts orthe number of new scales on a given length of new twig growth thefollowing spring, and of the nUmber or infested fruits at harvest(14-). By using these additional checks Abbott (93) concluded thatmortality records made 30 days afier treatment were accurate.The interval of one month between the time of application andnoting the results introduces more or less error into the method,owing to deaths from natural causes. Theoretically, this is takencare of by the use of unsprayed checks, but practically, it is usuallynot possible to have sufficiently large sprayed and check plats forthe checks to representli.0cur::.tcly the sprayed plats. The error introduced, however, is apparently not large. 

SELECTION OF PLATS AND TREES AND l\IETHO:OS OF MAKINGTHE TESTS 

A brief description will be given of the methods used in thisstudy for the selection of plats and count trees, and those used intaking the results. .
Peach orchards throughout the central Georgia peach belt wereinspected for the presence of San Jose scale, and one was selectedfor use which had an average of at least 1 tree in every 10 heavilyinfested. As a rule, trees sufficiently infested for use as count L-reesare not more common than this. It was necessary, therefore, to useapproximately 50 trees for each plat. Heavily encrusted or otherwise severely devitalized trees were not used, as they were likely todie before the close of the experiment. The block of trees selectedwas gone over, each tree examined and mapped, and those with sufficient infestation to be used as count trees indicated. This map wasthen divided into plats, each plat containing at least 5, or possiblymore, infested trees. Five trees in each plat having the heaviestinfestation of live scales were then selected as count trees from whichrecords 'were to be taken.
Sa.mples of infested twigs, each about 1 foot long, were then takenfrom the count trees. These were tagged with their respective munbers and taken into the laboratory, where counts were made. Unsprayed check trees were located at random throughout the plats.A.lI counts, both before and after spraying, were made by thesame man to eliminate the personal equation. Two hundrecl scaleswere counted at random upon each twig over a linear distance of approximately 8 inches where possible. Care was taken to see that thetwigs and scales were dry before being examined (61). These countswere made under a binocular, each scale covering being removed andthose dead recorded. This gave a total of 1,000 scales examinedfor each plat.
AIl count trees upon which less than 40 or 50 per cent of thescales were alive were discarded as record trees and others substituted where possible. This was done since, if only a small numberof scales are alive at the beginning of the experiment, undue wei~htwill be given in percentage control because of the few which, owmg 

7 LEIBY, It. W., alJd liARIUS, J. A. Op. cit. (See footlJote 4.) 
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to resistance to, Or protection ftom, the spray applied, remain alive 
through the tteatment. .' 

All trees in each plat, with. the exception of the checks, were 
thorougJ;1ly spra.yed the day following that upon ,!hich these counts 
were firushed. One month later samples were agam taken from the 
same trees, and counts madeexa.ctly as before. -

METHODS USED IN COhiPUTATION OF PERCENTAGE CONTROL 

The following formula was recommended by Abbott (1) for the 
computation of percentage control: 

11!-11
Percentage control=-W X 100. 

when w:=percentage living in the check. 
y=percentage living in the treated pluto 

This formula is rather generally used, but is objectionable for the 
reason that it is practically impossible under ordinary conditions 
to have plats large enough for the checks to represent accurately 
conditions throughout the experimental plats. Great variation also 
in the percentage alive occurs from tree to tree and from plat to 
plat at the beginning or the experiment. 

In some cases the following formula gives more accurate results, 
as it compensates for this variation: 

{C-Z
Percentage control=-.v-X1OO. 

when a;=percentage alive in the plat before treatment. 
z=pereentllge alive in the plat after treatment. 

In the case of scale experiments, however, where the percentage 
alive is determined one month after treatment, this second formula 
often does not give accurate results becuuse of a high natural mor
tality due to predators, parasites, low temperatures, and other fac
tors, and because of the production of young scales by any females 
left alive. 

To compensate for het.;:ll'(lgeneity, Im' natural mortality, and for 
natural increase, the Toll()\'Iing formula has been adopted: 

a::c-z
Percentage control=-----u:;- X 100. 

where a.=percentage nliyc in ehecl{s nt the close of tIle experiment 
divided by percentage alive in checks at the beginning 
of the experiment. 

a;=percentage alive jn plats before treatment. 
z=percentage alive ill plats aftel' treatment. 

This would perhaps tend to give a low value, as the number of scales 
killed by predators is propably. larger on the unsprayed checks than 
on the treated plats. It 1S beheved, however, that the last formula 
should be the most accurate of those given, and by its use closely 
agreeing results were secured in. spray experiments over a 3-year 
period. In its application the probable error w~s determined by 
the Bessel :formula. 
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,RESuLTS OF FIELD ,EXPERIMENTS AGAINST THE SA.J.~. ,. 'JOSE SCALE 

TYPE OF EMULSION 'USED IN EXPERIMENTS 

The Bicbardson-Griffin (93) cold-stirred soa,p-oil emulsion wasused throughout these tests, as this type is easily made up in small~litches and is practically identical with the Govermnent's standard~ormula for boiled emulsions. One pound of potash fish-oil soap['with moistul'.e content of 67 per cent was used as an emulsifier toeach gallon of oil. By stirring after each addition of oil untilmaximum stiffness was attained, fairly uniform emulsions weresecured throughout the range of viscosIties used. The size of thedroplets ranged from 1 to 17p., with modes of from 6 to 7, and averages of from 4 to 6p.. 

RELATION OF' PHYSICAL AND CHEMICAL PROPERTIES OF OILS TO TOXICITY 

Analyses of various oils and the results of field tests over a 3-yearperiod are given in Table 5. 

TABLE 5.-E:cperfments on. tM toa:icity ot '!Xl.rWU8 oils 1 to tM San J08e 8cale onpeach tree8, Fort Valley, Ga., 1926-1929 ' 

U Vola· Per eent control obtained by diluV~co- n- tilitySlty Densi- tions o£. sul- (four SeasonOil (Say- ty at Flash Fl~e. pho- hours Apparent baseNo. bolt, 200 C point POlOt nated at of
Il.Iperiat 100°' resi- 1050F.) 1 per cent 2 per cent 3 per cent mentdue C.) 

--------:- ----1·----1----1----1·----1---
Gram

J:c
centi


Sees, meter OF. OF. P.c. P.ct.

1 47 0.847 276 300 74. 0 4.18 Paraffin_____ ____________ ___________ 0.0 1927-28
2 76 .873 32.; 365 68.8 1.50 _____do ______________________________ 96. 33:1:0. 52 1926--273 78 .882 345 395 &to .04 Intermediate _______________________ 96. 1l±3. 3 1927-284 79 .887 349 414 62.0 .93 _____ do __________________ 91, 4±2. 7 ____________ 1928-29
7 102 .920 312 346 W.O 1.75 Naphthene_________________________ 97. 16±0. 95 1927-289 105 .884 365 420 64.8 .60 Paraffin___________________________ 96. 88±1. 84 1926--27

10 113 .886 374 428 63.0 .57 Intermediate ____________ 92,2±2.4 ____________ 1928-2912 124 .889 365 412 60.0 1. 21 Paraffin _________________ 93. 8±1. 0 99,25=1:0.40 1928-2913 137 .924 325 360 59.0 .08 Naphthene______________ •__________ 99.12:1:0, 34 1927-2815 147 .890 390 435 66.0 ,10 Paraffin _____ 74. 94±4. 29 ___________ 99. 40==0. 2 1926-2718 168 .895 404 451 61.0 .60 Intermediate ____________ 94. 57±3, 2 ____ _______ 19'..&-2919 186 .898 387 449 0.0 .35 _____do__________________ 96.. 50±1, 0 99.25:1:0.23 19'..&-2920 187 .892 405 450 68.0 .20 Paraffin ____________________________ 99, 26±0. 24 1926--27
21 200 .895 422 474 62.0 .22 _____ do_________________.. 97, iO±O, 3 ___________ 1928-29
25 220 .920 428 495 60.0 .II Intermediate ____________ 96, 06±0. 9 __ ._________ 1928-2933 308 ( .904 440 495 51.0 .06 Paraffin ___________________________ 99. 55±0, 22 1926--27 

1 All analyses oC these oils were made by the U. S, Bureau oC Chemistry anu Soils. 

The viscosity of an oil appears to be the most accurate measureof its toxicity when used as a dormant spray for the control ofthe Sail .rose scale. When used at a per cent strength, the coefficient .of correlation between viscosity and toxicity is +0.929 for arange in viscosity of from 79 to 220 ser;onds. At a 3 percentstrength, in the range of 76 to 124 seconds, the coefficient of correlation is +0.974; but oils of higher viscosity showed no ,further increase in toxicity within the range of from 124 to 308 seconds. Anoil of 47 seconds' viscosity gave no control. 
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.···For commercia;! spraying, 'where 3 per cent. spray is. ordinarily 
used, an oil having a viscosity (SaylJolt at 100° F.) of less than ap
proximately 125 seconds is therefore not recolllmended. It will be 
noted (53,91) that workers farther north have found oils with vis
cosities as low as 90 seconds quite. effective. As viscosity decreases 
with increase in temperature, the warmer winter climate in middle 
Georgia may be resJ?onsible for the higher viscosity required here. 
The .dormant spraymg is usually done here during .December and 
January. .The average of the mean monthly temperatures of these 
months, . for the 3-year period during which these investigations 
were conducted, was 49.3° }i'. 

Volatility (loss during four hours at 105° C.) up'to 1.75 per cent 
is apparently no measure of toxicity. when oils of sufficiently high 
Viscosity are used. (Table 6.) OIls of low viscosity (below 50 
seconds) are more highly volatile and are less toxic. 

The unsulphonated residue may vary widely without indicating 
.differences in toxicity, as is shown in Table T. The same control was 
given by oils having no unsulphonated residues and those with resi
dues of 68 per cent. 

The base from which the crude oil was derived apparently has no 
valu.e as a measure of toxicity, as is shown in Table 8. Flash and 
fire points also offer no indication as to toxicity. Density can not be 
used as a measure of toxicity; however, the density of oils of the 
same base appears to give sOme indication of toxicity. 

TAllLl!l 6.-Relation of vola.u,uty of OUB to co1ttro~ of the San Jose scale on peach 
trees at Fort Valley, Ga. 

Volutility Viscosity Strength 
OlllS'o. (4 hours at (Saybolt, o( dilu- Control 

105° C.) at 100· F.) tion 

2________________________________________________________ _ Per rl'''lt &conds Per cent Per cent 
3______________________ . _________________________________ _ t.50 76 3 00.3:1:0.5 
7________________________________________________________ _ .04 78 3 96.1:1:3.3 
9_________ .___________• __________________________________ _ 1.75 102 3 97.2:1:0.9 
12 _______________________________________________________ _ .60 105 3 00.9:1:1.8 
13____________________________________________ •__________ _ 1.21 	 124 3 99.2:1:0.4 

.08 137 3 99,1:1:0.3 

TABLE 7.-Retation of 'IIhMulphona'tefi resid.ue Of ous to (Jontro~ of t1w Sa.n Jose 
scale on peach,. trees at Fort VaHey, Ga. 

Unsu!- Viscosity Dilution 
Oil No. 	 phopated (Saybo!t. III spray Control 

re!l1due nt 100· F.) 

19___________________________________________________________ _ ;"~r cent Seconds Per cent Per cent 
33______ .-__________________ _____ .__ • _______________________ _ 0.0 186 3 00.3:1:0.2 
13_____________________________ . ___ • _________________________ _ 51.0 308 3 00.5::\:.2 
7________________ "______________ • ____________________________ _ 59.0 137 3 00.1:1:.3 
21 ______________ • _. ____________________________ • _____________ _ 59.0 102 3 97.2:1:.9 
4_____________ •___ • _____________________ •________________ • ___ _ 62.0 200 2 97.7:1:.6 
20 __ -.________________________________________________________ _ 62.0 79 2 91.4::\:2.7 
2______ • _______________________________ ______________________ 68.0 187 3 99.3:1:.2

~ 

68.8 76 3 00.3:1:.5 

http:resid.ue
http:S.DEPlj!.6F
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TABLE R-Relatkm ~tween base Of crude oil a'iuL cantroZ of San Jose 80ale onpeach. trees at Fort VaUey, Ga. 

on 	 Viscosity
No. Base of crude oil 	 (Saybolt Control

at 1000 F.) 

7 Naphthene or asphalt- _________________________•____________________ • ______ _ &CfJnrh Percent13 _____do_._______________________________________________________•______. __ _ 	 102 9i.2±O.99 ParalIin ___________ ••..__________ . ________._._._____________. _________________ _ 13; 99.1::.312 _____do____ . __________ •_______. ____________..___ . _______ . _______________________ 	 105 96.9%1.815 _____do________. ___________________________________________ •____________. _______ 	 124 99.3::.4
Hi 99.4±. 2 

CONCENlfRATION OF OIL REQUIRED FOR THE. CONTROL OF THE. SAN JOSE SCALE 

Tests with various concentrations of oil emulsions have been conducted at the Fort Valley, Ga., laboratorr on a semicommercialscale since 1922. The average of four years results against the SanJose scale are given below. All oils used had a viscosity of over 1'75seconds. 
Oil In emulsion Per cent control1 per cent___________________________________________________________ 
1~ per cent_________________________________________________________ 

91.0
96.9

2 per cent___________________________________________________________3 per cent___________________________________________________________ 96.1
99.1 

Owing to the rapid reproduction of the San Jose scale in theSouth severe injury may result to the tree and fruit unless practically100 per cent control is obtained. For this reason, only the 3 per centdilution is recommended for commercial use. When the trees areheavily encrusted, two applications of a 3 per cent oil spray areusually necessary to clean up the infestation successfully. As a fewscales always escape destruction, peach trees, especially those under6 years of age, should be sprayed yearly as insurance against severeinjury.
Old orchards adjoining young orchards must also be sprayed asa protection to the latter. The necessity for this is shown by thefollowing experience gained in 192'7: Each tree in a 2-year-oldorchard adjoining an old lillsprayed orchard "as thoroughly examined for scale in the fall, and none could be found. Neitherorchard was sprayed that "inter. Before the following fall theyoung trees became heavily encrusted, and 25 per cent of them wereentirely killed, apparently having become infested from the oldorchard adjoining.
Unfavorable results occasionally followed the use of an oil emulsion in Georgia within the first few years after it was recommendedto growers. The mil In reason for this was found to lie in the factthat many commercially manufactured emulsions contained considerably less oil than was implied by the label. The directionsgiven usually stated that 9 gallons of the concentrated emulsionshould be added to 1f!1 gallons of water to secure a 3 per cent spray.To give this strength at this dilution, the stock emulsion must contain 66% per cent of oil by volum.e. 
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Tests made of numerous brands in 1926 showed that the oil content 
of the stocK: emulsions ranged from 40.4 to 67.2 per cent, the average 
being approximately 60 per cent. This resulted in the use of sprays 
usually containing too little oil for effective results. The oil content 
of emulsions used in Georgia has now been officially set at not less 
than 66 per cent oiIby volume. 

It. has been reported by Frost (34.) that if the same strength spray 
was used, a heavy. ap~lication ~ve good, and lighter application 
poorer control of aphid eggs. This undoubtedly also holds good 
for other insects; and as the application usually made by experi
mental workers may safely be classed as heavy, whereas those made 
by ,growers are. gtlnerally much li~hter, this may also e~lain why 
poorer control IS oftell secured by the latter. 

EFFECT OF RAIN AFTER APPLICATION 
,. 

Jarvis (67) stated that if rain occurred before the water in the 
emulsion on the trees evaporated, respraying would be necessary. 

In 1926, 0.76 inch of rain fell less than six hours after the sprltylng 
was completed~ but no reduction in the control resulted. Practically 
the same conditions were experienced . on several other occasions. 
After the water has evaporated and the oil has been deposited upon 
t.ho tree, subsequent rains appear to be without influence upon tox
icity, and respraying is then apparently unnecessary. 

QIDCK-BREAKING VERSUS PERIUANENT El\IULSIONS 

The first emulsions used were mechanical mixtures made by dis
cha,rging a stream of oil and a stream of water simultaneously 
through the same nozzle. As these often injured the trees, " perma
nent" oil emulsions were devised (66, 67, 86, .96), and these <have 
proven the most satisfactory up to the present time. 

In 1903 Volck (111) stated that mechanical mixtures of oil and 
water were replacin~ the permanent emulsions in California. He 
claimed that as the former gave up their oil quickly upon reaching 
the tree they were much more effective and seemed to spread out over 
a relatively greater surface. He also reported trying out the 
application of oil by the use of an air blast. 

In 1909 Jones (68) used a mechanical or "quick-breaking" emul
sion, temporarily emulsified with caustic soda, upon several scale 
insects and found that it gave poorer control than the more perma
nent emulsion made with fish-oil soap. 

In 1927 De Ong, Knight, and Chamberlain (fa6) recommended 
the use of a quick-breaking emulsion made with a casein-lime emulsi
fier. They made the same claims for it as Volck had previously 
made for the quick-breaking type, and were able to show that more 
oil was retained by trees when sprayed with this type of emulsion 
than when sprayed with the more stable emulsions ordinarily used. 
By the use of this type of emulsion. a lower oil content could be 
used in the spray with equal effectiveness. They recommended a 
2 per cent strength. 

An unstable or quick-breaking emulsion differs from the more 
stable types in that less emulsifier is used, the oil droplets are much 
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larger, and oil se'paratesfrom the emulsion much more readily. Theemulsion theoretICally "breaks" and frees the oil immediately uponbeing applied to the trees. As oil is the active -principle in an emulsion, it therefore becomes immediately available as an insecticide.This, and the fact that much less oil is lost in the drip, or " run-off,"from trees is supposed to make this type of emulsion much moreenective. .Griffin, Richardson, and Burdette (46) concluded that the 'size ofthe oil droplets in an emulsion influenced toxicity to aphids, thosewith the larger droplets being more toxic. They also found thatmore oil was retained by plants when the oil droplets were Jargetlum when they were small. This they explained by the assumptionthat plant surfaces tend to repel oil droplets, as both have a negativeelectrical charge; for, since electrical charge is a siu'face phenomenon, a small droplet carries a greater charge than a large dropletin comparison to its volume, and the latter would consequently havea much greater chance of adhering to the plant.

English ('29) also claimeel that a quick-breaking emulsion was themore toxic and that large droplets are an indication of an unstableemulsion, and small droplets of a stable emulsion.
Ginsburg (36) reporteel that emulsions and miscible oils which,when diluted, gradually liberated oil upon the surface of the liquid,were the most toxic to red-mite eggs. Permanent emulsions gavepoorer control, whereas those releasing oil quickly upon dilution wereleast toxic.
Quick-breaking emulsions can be made, using smaller quantitiesof any of the previously mentioned emulsifiers than are ordinarilyused, this resulting in a less stable emulsion with larger oil droplets.As the size of the oil globules in various emulsions is considered ofsome importance, tIns was measured in the more common types.(Table 9.)
Dayey (1;3) has suggested that the avera~e size of the oil dropletsin a permanent emulsion can be measured oy the area spread uponthe surface of clean water in a manner similar to that used byLangmuir in measuring molecular (limensions. This method wouldbe accurate only upon the assumption that all droplets remainedupon the surface of the water' in a layer only one droplet deep.Griffin (44), and Griffin, Richardson,.and Burdette (46) measuredthe droplets directly upon a slide under a microscope. This methodwas adopted by the present writei-s because it was simple and reasonably accurate. Each emulsion was diluted to spray strength, mixeelthoroughly, a sample placed in a drop of water upon a slide, and.spread out into a thin film. Fifty droplets were measured undera microscope upon various portions of the slide and their sizesrecorded. Each emulsion was again shaken and a sample taken.This was repeated until a total of 200 droplets had been measuredfor each emulsion. The sizes of the oil droplets in various types ofemulsions and miscible oils are given in Table 9. 
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Diameter of 011 droplets 

Type ot enmlslon I I 
------------------1- ~~ ~~ A;-erage Mode 

j\rraoMl jlEcr01l8 l'"Iicr01l8 i\IiCT01l8 
Government standard boiled soap-oil emulsion, sample L______ 8 : 2 4. 4. 
Government standard boiled soap-oil emulsion, sample 2_______ 9 '2 3 2 
Oo;-ernment standard bolled soap-oil emulsion, sample 3_______ 11 • 2 5 5 

Cold-stirred, 1 pound of soap to 1 gallon of oil (125 seconds
vCscoslty) ___________________________________________________ 

17 4. 6 

Cold-stirred, 1 pound of soap to 1 gallon of 011 (220 seconds
viscosity) __________________________________________ -________ _ 

11 1 6 7 

Cold-stirred" J7 pound of soap to 1 gallon of 011 (125 seconds
• \iscosity) ______________________________________ --________ --  25 1 5 10 

Cold-stirred, 2 pounds ot soap to 1 gallon of oil (125 seconds
viscosity) ___________________________________________________ 

13 1 -l 6Cold-stirred cresol·soap emulsion ______________________________ i{ (1) 1 1
Cold-stirred amyl alcohol-soap emulsion ______________________ 1 (1) 2(I) (I) 2Cold-stirred butyl alcohol-soap emulsion _______________________ S 1Cold-stirred red 011 emulsion___________________________________ 15 1 2 2 
Cold-pumped calcium caseinate (Missouri formuIa) ____________ 29 3 9 11Commercial miscible 011, sample L ____________________________ 7 (1) 2.5 1.5Commerclal miscible oil, sample 2____________________________ _ 3 (I) 1 1
Callfornia "quIck·breaking" emulsion , _______________________ _ 70 2.5 15 :!O 

1 Too small tor measurement under high power or microscope. 

I Less than 11'-

I Sample taken as it left the sl>ray rods. 


For the cold-stirred emulsions a good soap was used, and they wero 
stirred very thoroughly. This procedure gave appro::..-imately the 
smallest droplets that could be secured in cold-stirred emulsions. 
The use of a· poor soap or lE'sS stirring resulted in less stable emul
sions with larger droplets. Samples 1 and 3 of the Government's 
standard emulsion were pumped at a pressure of from 300 to 325 
pounds, whereas sample 2 was pumped at a pressure of 350 to 375 
pounds. The :Missouri emulsion was made at the pressure ordinarily 
used of 175 to 200 pounds. 

The viscosity of the oil apparently may range from 125 to 220 
seconds practically without influence upon the Slze of the oil drop
lets. According to Huber (62) a reduction in the quantity of emUl
sifier increases the size of the oil droplets and decreases the stability 
of the emulsion. 

When cresol or amyl or butyl alcohols are used with soap in the 
production of coleI-stirred emulsions, the size of the oil particles is 
approximately the same as that of miscible oils. 

RESULTS OF TESTS WITH QUICK-BREAKING AND PERMANENT EMULSIONS 

In Table 10 are given the results of tests with a nl,unber of emul
sions having oil dioplets of varying sizes. Emulsions the uYerage 
sizes of whose oil droplets ranged from Ip. to 9p. showed little differ
ence in tmdcity in field tests. A quick-breaking type of emulsion 
where the oil droplets had an average size of l5p. was somewhat 
more effective than the much more stable red-oil emulsion. 
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T.ABLIII10.-Size 01 oU globules in various (1)~ul810118 ana ejJtciency in control 

Diameter of oU
droplets Vlscoslty ControlType of emulsion EmuIsl1ler ofoU obtained at

(Saybolt 2 per cent
Range Average at 100· F~) strength 

Government standard___ Potash lIsh-oil soap_____________ .A-ficrom 3Iicrom &cond& Per centCold·stlrred_____________ 2 -8 4 220 00.7:::1.3
Missouri cOld·pumped___ g=":1y;:re::~=:=:==:==::::===:: 1 -4 1 220 93. 7:::1.5Cold·stlrred_____________ 3 -29 9 200 94.9% .4 
Sulek.breaklng---------- ~:!rn~ir~~~~~_~:_~~~~~~~:::: 1 -15 2 137 92.2%2. 7old-stlrred_____________ Potash f!~h-oil soap_____________ 2. 5-40 15 137 96. 7:::1.3
California quiek·break· Caseln·liine ,___•________________ 1

(3)
-17 6 186 96. 5:1::1.0

Ing. 29 186 89.2%2.5 

I Used In the proportion of 4 ounces per gallon of 011., Used In the proportion of 1.5 ounces per gallon of oil.

I Ranges from droplets 2 p In diameter to qnantlties oUree oil present due to inefficient agitator on spray
~~ . 
The California quick-breaking emulsion (926) was tested, but wasfound tG be insufficiently stable for use with the ordinary sv.ray Gut-·fit, the amount of agitation being insufficient to keep the 011 emulsified. As a result, trees sprayed while the tank was full received toodilute a spray, whereas those sprayed when the tank was nearlyempty received too much oil.
The oil content of the spray from a quick-breaking erimlsioll,taken from the spray rods of an outfit having as efficient an agitatoras any outfit used in central Georgia, was tested at intervals andthe results are given in Table 11. The maximum quantity ofcasein-lime reconmlended (926) was used as the emulsifier. Appar
ently an insufficient quantity of emulsifier was recommended for
use with the ordinary type of outfit; for when the tank was full
the concentration of oil applied was too low for efficient results,
whereas the last material to pass through the spray rods containedsufficient oil to injure even dormant trees. Where outfits with lessefficient agitators were used, results were even worse. In one caseabout half the oil remained unemulsified and would have caused
severe injury if the tank had been completely sprayed out. In the
table there is also shown for comparison the oil content of the spray
at the same points from the Government standard boiled emulsion. 


TABLE ll.-Dil content Of 8pray tleUvcred from 8prUI/I rods by an outfit having a
very efllcient agitatar, with, tt/)(J types of (1)~ltl8ioIl8 eack containing 2 per cent
Of aU by volume, Fort Valley, Ga.. 

Ollin sprny I when tnnk contalned- OUln last
Type of emulsion material to

come
290 gallons 20 gallons 5 gallons through

rods 

California quick-breaking emulsion ,___________________ Per crnt Per cent Per cent Per cm
Government standard boiled emulslon _________•_______ 1.3 1.4 4.4 64.01.9 2.0 2.0 2.0 

I Samples collected from spray rods.
_ • Emulsified with caseIn·lime used In the proportion of 1.5 ounces per gallon of oil. 
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The control secured with a quick-breaking emulsion was slightly 

be~r than that secured with emulsions of the very stable type, 

but no better than the average results obtained over a 7-year }?eriod 

'Y.i~11 the Government standard boiled emulsion of the same oil con

centrlltion. 

SUMMER VERSUS WINTER APPLICATIONS FOR SAN JOSE SCALE
CONTROL 

Summer applications of oil emulsions upon deciduous trees for the 


control of the San Jose scale have been tried by a number of work


ers (3 4, 15). They have proven uniformly much less successful 


than the winter applications and have not been recommended (194) 


except in cases where it is necessary to hold the scale in check till 


the dormant treatment can be applied. This reduction of effective


ness is apparently due to the too rapid evaporation of the oil at 

summer temperature, and to the presence of foliage which makes it 

nwch . more difficult to secure uniform coverage of the tree with 

the spray. On citrus trees, better results are reported (11B) from 

f!dl ~han ~rom spring spraying with oil emulsions. 

USE OF VARIOUS MATERULS TO INCREASE THE TOXICITY OF OIL 
.. . EMULSIONS 

.AB it has been shown that oils, free, and in the form of emulsions, 

penetrate the tracheae of insects, they would appear as ideal vehi

cles for the carrying of respiratory poisons into the tracheae where 

they would be most effective. .As eady as 1891, Gillette (35) found 

that dry pyrethrum added directly to a kerosene emulsion greatly
In 1928, Deincreased the toxicity of the latter to various insects. 


Ong (~1, ~~, ~4) recommended that free nicotine be dissolved in oil 


and then emulsified, claiming that toxicity to insects was greatly in


creased thereby. Hammond (50) has reported that nicotine sul


phate added to the diluted emulsion did not increase toxicity to 

aPThIh'ds.. h . d I . d IT 1Ub"r'ICatmg 01
'1

. e wrIters ave trie an emu slOn rna e om a 
in which paradichlorobenzene was dissolved, with somewhat prom

ising results against the San .Tose scale. 
The most promising field for the use of this type of oil insecticide 

would appear to be against various feeding and suckin~ insects dur

ing t~~ sU!Dmer, as temp~ratures R;re 1;hen st~fficiently lugh fpr rapid 

volatihzatIon of the active materIal Incorporated m the oil. 

EFFECT OF MINERAL OILS UPON PLANTS 

EFFECT OF FREEZING TEMPERATURES AFTER SPRAYING 

Oil sprays have been widely uS8(l for a number of years upon 

dormant fruit trees without injury exceJ.lting under certain condi

tions. Wakeland (11~) reported that inJury occurred upon his ex

perimental plats when the temperature fell to 18° F. on the day 

following tb.e application of the oil spray. Porter (91) cited n. case 

in which injury occurred when the oil sprays were av.plied during 

a snowstorm. Others (30, 1~1) have also stated that 011 sprays were 
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likely! to injure fdorm:itnt .tr~es 'if. freezing .temperatules}followed ,1m,. 
m~diately a,iter the application,. although Isely; (6~) anruotheci (118~) 
havereported:(that no injm:yoccurred :to deciduQUSltl'ees ui:tder4hes~ 
Coilditions when.a 2'to 4 percent spray was used<.It,is",hQ~vevel:"lip,~ 
partmtly! safer 'to Iollow the commonly recommended prac'tioo\lof 
spraying only when the temperature is above 40,0 Fr' ' , ,. _ • 

EFFECT Of smUIE~ .t\.PPL}CATIONS . <;, 

" . summer allplications of oil sprays are much 1110re liJce1y t~ .c!tuke 
i.nlq.ry" e~p'ecJally to the !oliage and !rui~. Voick., (1,11, Ib,15,l foqp<l 
~hi1t tOXICIty to p'lants Increased Wlth mcrease m Elpepi(ic. grltV!lty,~ 
QrilY and.De ami (J,.1) also found this to be the case, but pe Opg, 
With :Kriight and Chambm;lain (26), 4ter reported that toxkity'w~ 
more nearly related to viscosity than to specific gravity. E~~Ii 
(29) stated that the hi~her the viscosity and the lower the volat~ty, 
the.1ll0r~ likely an oil IS to injure plants. Moore and Grah~m .('If)). 
~ound the oils with lower bolling points more toxic t9 pl~~s .th~ 
high-boiling oils. . ., 

Gray and De ang (ft), and De ang (19) found that the d~gree 
of refining of an oil, as measured by the sulphonation test, greatly 
influenced the toxicity of an oil to foliage; the higher the unsul
phonated residue, the safer the oil was for use on plants~ This ,con
~lusion has als.o been reached by others (23,29, .36) . This fa(!t;<)r has 
bee,n reported to be without influence upon toxicity to dormant 
trees (99). 

The ease of oxidation of an oil (1J3) has also been suggested as a 
factor intiqencing injury. ' 

.Ev~n when highly refined oils are used upon trees or plants during 
their active season, considerable injury has been reported to result. 
Through the use of oil sprays blossominO' mar be delayed, or 
occ~ionally advanced (6, 58); premature. clropplllf; of.leaves M.d 
frUIt may occur (J,., 96, '27, 36,116) ; coloratlOn and ripelling Of£1")llt 
may be retarded (6, '26, 116, 111, 1i21J) ; and the greasy residua left 
may occasionally be objectionable on ornamentals (113). Lack of 
su~l~ght seemed to h.ave influenced the amount of injury caus'ed by 
an 011 spray on. certam ornamental plants (10). 
'it staining method for the study of the penetration of oil sprays 
into plant tissue has been described by Knight (69). 

E;FFECT OF 'OIL EMULSIONS UPON PEACH TREES 

CON.CENTRATION OF LUBRICATING OIL TOXIC TO PEACH TREES 

Oil sprays applied to peach trees practically never contain over 3 
per cent of oil by volume. N.o case of injury to the trees by this 
strength has been observed by or reported to the writers over ,the 10:.
year peri?d in which oil ~mulsions hav~ been used ass.. dormant sp~ay 
:m GeorgIa. In several Instances an 011 spray of:9 per cent strength 
has been used commercially without injury. A series of spraysr~ngf 
ing in, oil content from 3 to 66% per cent were applied.: to the, same 
pe~cPtrees. each year for three year,s, starting when the trees were 
1 ,j~r old. ·When. applied while the trees were dorlllant no injury 
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waSca~ed,by co!lcentrationsbe~ow 25 per cent. The 2{)~ ~erceilt 
spray killed the bps o~ a few tWIgS, the 40 per cent spray killed the 
Ujjngtwigs down to the main branch, and the 66% per cent spray 

: edtwigsand branches down to the trunk. Entire trees were not 
killed by any of these concentrations. The unsulphonated content 
of an oil up to 95.2 per cent did not influence the toxicity todor:rp.ant 
trees. 

When the oil sprays were applied after the buds had burst and the 
blossoms and leaves had., started growth, the 3 per cent and 6 per cent 
~ra! burned leaves and blossoms slightly; the 12 per cent spray 
lillled practically all the buds which had burst; and the 25 per cent 
and' 40 per cent sprays killed the tips of the twigs. A white oil 
{plate 1tcaused much less injury when applied at this stage than did 
a red 011•• (Plate 2.) Apparently It high unsulphonated residue 
indicates low toxicity: to leaves and blossoms. 
, Red lubricating oIls caused severe defoliation and twig injrtry at 
a concentration as low as 1.5 per cent when used as, a summer spray. 
White oils caused only slight injury to leaves at 3 per cent strength. 
These results agree with those previously reported (36,37,41). 

DESCRIPTION OF. INJURY 

Twigs injured by oil sprays applied during the winter begin to die 
from the tips downward. The bark and cambium present a brown, 
water'-soaked a'ppearance and have a sour smell. The twi~ later, 
shrivels and drIes up. Small, round, brown spots bordered With red 
are formed upon green growing twigs and leaves by the applica
tion of red lubricating oil sprays during the summer. These spots 
resemble arsenical injury but are usually smaller and more numerous. 

EFFECT OF TIME OF APPLICATION UPON BLOOMING PERIOD 

, The blooming period of fruit trees has been reported to be both 
d~layed and advanced by the use of oil sprays (6,68). De Ong (130) 
reported that spraying while the tree was entirely dormant was with
out effect; whereas applications made either just before dormancy 
began in the fall, or just after it was broken in the spring, retarded 
blossoming. While no such effects had been noticed by the writers 
in Georgia peach orchards over a series of years, the following experi
ments were conducted to secure more accurate data upon this point. 

,Three blocks of Elberta trees were s'prayed with a 3 per cent oil 
to determine the effect of time of applIcatIOn upon blooming. One 
block was sprayed in November while a few green leaves still 
remained upon the trees, another was sprayed in the middle of De
cember when the trees were entirely dormant, and the third was 
sprayed in Februn.ry just after the buds had begun to brealr. The 
trees in all three blocks bloomed at the same tIme, and no differ
ences could be detected. 

No evidences of later blossomiD~ have been observed even when a 
25 per cent spray was applied whIle trees were dormant. The only 
time oil-sprayed trees were found to bloom later than unsprayed 
trees was when 12, 25, and 40 per cent oil spmys were applied when 
tlle earliest buds were in the pink stage. These early buds were 
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EFFECT OF OIL-EMULSION SPRAYS ON PEACH TREES 

These trees were sprnyctl with ellllJ)swn~ or 11 \\'hUl' oil tunsulphonllh'll rt':.:ldu(' !)5.2 per ('ent) after 
the burls hod begun to burst. .\, .\t 12 J)er cent strength; 11, at :l5 per cent strt>ngth; and (', 
llt ·[0 per c~nt. 
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I-

EFFECT OF OIL-EMULSION SPRAYS ON PEACH TREES 

The~(' ln~(lc; Wl'rc ,.prnYI,'1I with (1nJlll... lnn~ Ilr n'd Iln~itw nil CUI1!"tllphonul,t'd n·~idlJl· flU prr cent) nfll'r 
1.11(1 huds hart lWJ!:lIll to bul':--t. ~\, >\ L J:! ))I'r l"lllL toll'pugt h; H, nL~;; Ill'r ct!nt :;treng.lh; alld (', nt 
·10 1nir elm t. 
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, Ildn~d by theoll., ,alid consequently .. the trees appeared .-to. hlQOIfi 
• 0 .slightlyla~r thq,n unSprayed ones. 

CUMULATIVE INJURY 

As has been- pointed out previously, lubricating oils are oxidized 
rather readily by the oxygen of the air, and rapidly by microorgan
is.ms~ with the final p~oduction !Jf. water-soluble. acids or of. carbon 
dio~de aIld water. Smce the oil IS spread out m a very thin 12,yer 
over the surface of the tree, conditions would be very favorable 
for such oxidation, and an oil film w.ould hardly be expected to 
remain upon a tree for any great length of time. Cumulative 
inj1lrY would therefore not ordmarily be expected to occur. 

Since practically no data were available upon this point, the 
results of the following experiments conducted by the writers are 
given. All sprays were applied while the trees were dormant: 

'Xwo .hundred peach trees were sprayed ench year for eight years with a 
3 	per cent 011 spray. No injUry to the trees could be detected. 

Trees sprayoo for three years with n 12 per eent oil spray were uninjured. 
Trees sprayed for three yeal's with It 25 per cent oil spray showed Iio greater 

injury the third year tllan they did the first. 

It may be concluded from the foregoing experiments that there 
is practically no danger from cumulative injury when the oil appli
cations are made approximately one year apart. 

There is, however, possibility of danger from more frequent appli
cations. Two or more applications o:f a 3 per cent oil spray are 
often necessary for the proper control of scales upon encrusted trees, 
and these must be applied within the dormant period of approxi
mately three months. Table 12 gives the results of a number of 
e:\.-perlments made to determine the effect of repeated applications of 
oil sprays of different strengt.h. 

TAllLil 12.-Test8 for C''ImMaatil)C injury from oiL 8prayS on dormant peaoh. tree3, 
Fort VaUey, Ga., 1928 

Interval 
011 content of spray (per cent) )\g~~' between Injury

applicntions 

Numbtr
3______________________________ 2 1 month_______ None.6______________________________ 1 _______________ Do. 
6______________________________6__ .---------------------------- 32 _____ 1 week________do________ Do.Do. 

4 _____do________ KlIIed tips of one twig.' No other injury.6_______________________________6_______________________________ '5 _____do________ No Injury. 

6_______________________________ '6 _____do________ Killed tips ofseveraltwlgs. No other InJury. 


I TNe 1 year old; 3-year-<lld trees were uninjured. 
, All trees sprayed 5 Bnd 6 times were 3 YCllrs old. 

Three weekly applications of oil spray containing 6 per cent oil 
were made without injury to trees only 1 year old; and five weekly 
ap~lications were made to 3-year-old trees without causing injury. 
It 15 evident from these results that there is little danger of injury 
from several applications of a 3 per cent oil spray during one season. 
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lJHE~ WE'P.rING' OR SPREADING; POWER'OF'·SFRA¥S iAND 
THE RELATIVE COVERING 'POWER; OF VA:BIOtrS.'J)OR:· 
MANT SPRAYS 

l.. COlli.li.de!abl~ ~tte~ti~n h;as beeTh gi,:"ell by a~1lillbe~. of worker~ to 
methodS. of comparmg the "spreadmg" or '''wettmg'', Dower of 
va~o'Us \sptay:imiteri~1s. " . ;. ..+. ',: . 
,.. '~oor«(alid Urahain '('80) stated that the degree of sptea~g Of it 
spn:'Y\itipon.. a 's~rface depen~ed ~pon the relative streIigths of 'the 
'forces ~6f adhesIOn and of cohesIOn (and consequently of surface 
tenSion).' ,They suggested th!j.t the distance 2, spray penetriited into 
'tHe tl"lit!hMe of an insect should be taken as a measure of'its spreading 
power on chitin~ . .' . . ,,' , ,." . 
. i Robinson <OJ), whHeagreeing' that low surfa.ce teni;ionwas an 

·iiilliclitio'n. ot O"oo~ spI:eading power, was unable to establisH any 
proportional rclationshlp between the two. Cooper ahd Nuttall (11) 
:concluded that the interfacial tension between the liquid and the 
solid :upon which it spread was a better indication of, its sprea~in;g 
'p'~)"w~r, than s~tface tension. As. the interfacial ten,sion between. a 
liquId and. sohd can not be readily measured, and as leaves,fl'mt, 
and. young twigs are usually covered with a waxy material, they 
~et~pnin~~ the interfacial tension between the spray soJtition and 
paraffin: 011. • , , " ' 
. 1Voqdman(l1B) determined the weight of a spraysolutionwbich 
would' cling, to a glass slide or leaf under definite' conditions and 
rouIid this soniewhat rclated to spreading. " , 
"English (9JB) tried measuring the angle of contact (11,. 48,p. MB, 
NO,t~'tet IlB). bet,,:"een ad~'op of spnty an~ t~e 1?lu.nt sjurface and 
,adopted amodlficatlOn of tIlls method as an mdicution of the spread. 
iug power of a liquid spray. He found that emulsifiers Of. high 
wetting ability ;produced emulsions of greatest toxicity' to aphids, 
other thin~s bemg equal, ~~lt was una~le to find any, correlation 
between this factor and tOXICIty to scale msects, 

It would appear that a spray with high spreading power should 
cover a greater surface than one with much less spreading power. 
On the basis of this reasoning Jarvis (66) stated that 1 gallon of an 
oil spray would cover as much tree surface as 11/2 gallons of lime
sulphur. Experimentalrwodcel's in general have accepted this as true. 
Chandler, Flint, and Huber (9) reported, however, that 1 gallon of 
lime-sulphur covered as much tree sm'face as 1% gallons of oil spray. 
Since their experiments were published numerous conflicting claims 
ha;ve been made as to the covering power of the various dormant 

.spi'ays. . 
In Table 13 is given the number of gallons of various dormant 

sprays required to cover 100 tr¢es. These figures are based ll.l?on 
t~e results :f!.'om. spraying approximatel.y 3,090 ,trees ,with oi,l emul

l§ilOllijj 700 'Wlthhme.sulphur, and 500 With l111SCIble ~lls. . 

. , 
., 

:_ .f, 
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T,ABI..]u :13~,...,...Relative·covering power of 'VarwWJitormant. ilprall& a!1.te8~~ :in 
(lCDlIeriment8a.t Fort Vaney, G(J<. '" ""1 

Quantity required to cover 100 tteeg 

Series of on emulsion with soap on emulsion witho 

y'ear :tn"{;i emulsifier CSSIlin-lime emulsifier 
 Line Miseible 

No. sulphur oils 
(1-8) (1-15)

2 pe~ncent 3 pe~ncont 2 pe~lfnt 3 pe~ncent 

Gallom Gal/ml8 GaUom Gal/ml8 Galltm GiIllimI 
11 ___________ 98_ l~ ::::::::::=:::::::::::: ~' ---'-----~ 

132 194 194 172 203~:..=============== { 2 145 245 230 232 __ __________________ _~_~

19"..4____..______ { 1 238 
133 134 143 153 _.______~___2 	 132 


172

1925______"_______ 

11 ____________ 1~ ________:~:_________:~_________~~_ -----'-~--83 
}921L _______________ { 2 ____________ 125 ____________ ____________ ___________ 119 

3 ____________ 147 ____________1____________ ------------ 139 

, I Trees were fairly uniform in size thrOughOl\t the plats within each series, but varied greatly rrom Series 
to sedes. . 

Small variatinns in Table 13 are of no significance as the to~~l 
surface ,0'£ the different series of trees varied considerably. It isevi
dent that there is no practical difference between the covering power 
of oil emulsions, lime-sulphur, and miscible oils; none between Qil 
emulsions with soap for an emulsifier and those with calcium cal:\ein
ate for an emulsifier; and none between oil sprays containing 2 per 
cent and those containing 3 per cent of oil. .. 

The covering power of a spray under orchard conditions, when 
applied with a pressure of 250 pounds or more; seems to depen~l 
largely upon the size of the disk opening used III the spray rods_ 
The quantity of spray require(l may be reduced one-fourth or mor.e 
by the use of disks with very small openings, and this also usually 
results in better ('overing. 

It is of course possible that the effectiveness of oil emulsions might 
be increased by the addition of materials to cause better spreading 
and penetration (38), although Melander (75) noted that a casein
ate spreader decreased the effectiveness of oil sprays for the S2iri 
Jose scale and for leaf-roller eggs. ' 

COMPATIBILITY OF OIL EMULSIONS WITH VMUOUS' 
INSECTICIDES AND FUNGICIDES 

Emulsions made with soaps of monovalent alkDli metals are- not 
compatible with lead arsenate, and probably not with the fluosili
cates, as these, chemicals decompose in an alkaline solution. They 
also are not compatible with arsenates of calcium, magnesium,or 
barium or lime-sulphur, as these compounds will react to foqn m~ 
soluble soaps, thus freeing the oil; but by the addition to, these 
emulsions of various stabilizers, as recommended by Yothers and 
Winston (1'/35), these reactions may often be retarded sufficiently 
to enable a combination of oil emulsion and lime-sulphur tQ be 
applied without injury to the plant. Such emulsions are compatible 
with Bordeaux miXture, the latter also often being added to· haz:d 
water to stabilize them (55). 

." 
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,The<inert emulsifiers without soap 'are, as a rule, compatible with 
practically all insectiCides or fungicides, although the casein-lime 
emulsion has been shown to be somewhat unstable in solutions con
taining magnesium sulphate (31). Where emulsions must be used 
with various insecticides or fungicides it is generally much safer 
to use one of the inert emulsifiers that does not contain soap. 

SUMMARY 

In this bulletin crude petroleum oils are discussed with regard to 
their origin, principal constituents, and chemical and physical 
properti¢s. 

The various methods used in the production of lubricating oils 
from crude oils are given. The composition and chemical and 
p'hy~cal'pro:per~ies of the oils have beenbriefl~ revi~we~ and the.ir 
'~glllficance mdlCated. The methods of analysIs ordmanly used m 
the evaluation of oils l1ave been mentioned, various theories of 
emulsification hav~ been discussed, and a list of emulsifiers which 
have previously been used or recommended is given. 

A number of vegetable oils were tested for the production of soap 
emulsifiers, cottonseed oil proving as effective as fi.sh oil for this 
purpose. Red oil, or oleic acid (an animal product), was found to 
make a good cold-stirred soap. The saponification numbers of the 
oils tested are given . 
. The principles involved in the manufacture of various types of 

erimlsions and miscible oils are discussed and the advantages of each 
type given. . 

The manufacture of both the boiled and cold-stirred types of 
emulsion was studied, and the results are reported. The viscosity 
of the soap was found to influence greatly the quality of the emulsion 
ol;>taiJied by the cold-stirred method of manufacture. This was in 
turn found to depend upon the moisture content, the kind and quan
tity of caustic used in its production, and the temperature. A soap 
made with ,only a slight excess of caustic potash and having a mois
ture content of from 60 to 75 per cent was found to make the best 
emulsion. If the temperature of the oil and ~oap was below 40° F. 
it was found preferable to first heat the soap to approximately 
125° before stirring in the oil. The oil must b~l added slowly and. 
very thoroughly stirred in to secure a stable emulsion by this method. 
Butyl alcohol was found of value as a stabilizer for these emulsions, 
being approximately as good as the amyl alcohoJ. or cresylic acid 
preViously recommended. A cold-stirred red oil, or oleic acid, soap 
proved a good emulsifier for cold-stirred emulsions, and a formula 
for this is given. 

It was found that old casein-lime mixtures which failed to emulsi
fy 'oils could be made to do so by the addition of fresh hydrated 
liIn~ . 
, Methods of analysis of oil emulsions previously described, and 
,those'used at the Fort Valley, Ga., laboratory are briefly mentioned. 
, .The freezing points of the more common emulsions were deter
mined and are found to range from 29.7° to 31.8° F. The emulsions, 
'however, could be undercooled for short periods to 17° or 18° before 
freezing began if undisturbed. If stirred while either freezing or 

\ 
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thawing; the emulsions were broken down, whereas if left undis
turbed, they practically always thawed out without breaking; . 
It was found that· much of the trouble from the use of soap-oil 

emulsions with moderately hard water could be eliminated by dis
connecting the agitator upon the sprav outfit. 

Previous work on the effect of mineral oils upon insects is re
viewed, the evidence indicating that the death of scale insects from 
the action of lubricating oils is due to suffocation. 

The methods employed in testing the toxicity of oil sprays in 
the field against the San .Tose scale and a revised method for the 
computation of percentag-e of control and compensating for hetero
geneity have been described. Viscosity, density, volatility, and the 
degree of refining, as measured by the sulphonation test, are dis
cussed as influencing toxicity to insects. 

From the results of field tests, viscosity appeared to give the 
best indication of the toxidty of an. oil as a dormant spray for the 
San .Tose scale. Density was It considerably poorer indication. 
For most effective results in the South a mineral oil should have a 
viscosity (Saybolt, at 1000 F.) of not less than 125 seconds and a 
volatility (loss for four hours at 1050 0.) of not more than 1.15 per 
cent, and should be used at a 3 per cent strength. Volatility had 
no weakening effect. up to 1.15 'per cent when .oils of sufficiently high 
viscosity were used. One od tested which had a viscosity below 50 
seconds was more highly votatile, and showed no toxicity at a 3 per 
cent concentration. The ~nsulphonate(l residue, the nature of the 
base of the crude oil, and t,he flash and fire points were apparently 
without effect upon to::\.-icity. . 

The average percentages of control of the San .Tose scale given by 
oil sprays over a 4:-year period were as follows: .A 1 per cent spray 
gave 91.0 per cent control, 1% per cent gave 96.9 per cent, 2 per cent 
gave 96.1 per cent, and 3 per cent ~ave 99.1 per cent control. Only 
a 3 per cent spray is recommended tor commercial use. 

Rain falling aiter the water in the oil spray on the trees has 
eval?orated does not affect the toxicity of the spray. 

'Ihe sizes of the oil droplets in the ruore common emulSIOns were' 
measured, and the diameters are given in Table 9. 

At a 2 per cent strength, the more unstable emulsions were found 
to be slightly more toxic than the more permanent ones. The differ
ence, however, was slight. The California" quick-breaking" emul
sion, when emulsified according to directions, was found to be in
sufficiently stable for use with the ordinary spray outfit. 

The effect of mineral oils upon plants is discussed. Oil sprays 
containing 25 per cent, or more, of oil injured dormant peach trees. 
Lower concentrations were without effect. The percentage of un-: 
sulphonated residue of an oil did not affect the toxicity of the oil 
to the trees when used as a c1()r~allt spray, but a high unsulphonated 
residue indicates that the oil is safer for use on peach trees in foli
age than an oil with a low residue. Oil sprays did not retard or 
advance the blooming periocl of peaches. No .evidence of cumula~ 
tive injury could be detected from the use of yearly applications 
of oil sprays. When applied weekly, three applications of a 6 per 
cent oil spray could be made upon one-year-old dormant peach trees 
without injury. Older trees were able to stand even more 
applications. 



• No;,differences could be detected in the covering power .of lime
sulphur, oil..emulsion, and miscible-oil sprays under orchard con
diti.ons; also none between oil emulsions having soap and casein
liriie "as emulsifiers, and none between oil sprays containing 2 and 
3 per cent of oil. 
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