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STUDIES ON TOXICITY OF FLUORINE
COMPOUNDS

By
S. MARCOVITCH

INTRODUCTORY

The increasing demand for arsenicals, coupled with a severe out-
break of the cotton worm (Alabama argillacea) and a heavy boll weevil
infestation, was sufficient to deplete the available supply of ar-
senical poisons in 1928. Many fields of cotton were lost because of the
shortage of arsenicals, for which substitutes were unavailable. The
importance of the cotton crop and the increasing number of crop
pests warrant further search for effective, economical stomach poi-
sons that may be substituted for the arsenicals.

The most promising materials that possess the necessary quali-
fications seem to be the fluosilicates, which the writer used success-
fully in 1924 against the Mexican bean beetle (Epilachna corrupta).
It is therefore imperative that further studies be made upon these
fluorine compounds. There are various questions to be considered,
among which are mode of action, effect on man and the higher ani-
mals, plant tolerance, comparative toxicity, effectiveness against
diverse insects, and commercial availability.

_This bulletin is based on 4 years’ field and laboratory study, the
major portion of which was carried out at the Agricultural Experi-
m'ent Station, at Knoxville. The effect of fluorine compounds on
higher animals was determined in the Department of Pharmacology
of 'the University of Minnesota. The experimental work with poison
baits for cutworms and grasshoppers was performed by the Assist-
ant Entomologist, Mr. W. W. Stanley.

HISTORICAL

2 A careful search of scientific literature failed to disclose any
erence to the use of the fluosilicates as protective agents against
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the ravages of phytophagous insects. In 1925 the attentiop of
writer was called to an obscure British patent, No. 8236, takep
by C. H. Higbee in 1896, entitled, “An Improved Compositio“T
Material for Destroying Insects.” This appears to be one of
earliest references to the insecticidal properties of the fluorjpe o
pounds. In his patent Higbee states that he considers fluoring g,
pounds to be effective against such insects as the Colorado Doty
beetle (Leptinotarsa decemlineata) and roaches. He believeq tht
Paris green and phosphorus were dangerous compounds to use, by
that the fluorine compounds might be applied to edible plant
vegetables without risk of poisoning. The compounds employed |y
Higbee were fluorides of sodium and iron, the silico-fluorides of the
same bases, hydrofluosilicic acid, and the borofluosilicates, eithe i
a 1 per cent solution or a solution of 1 part in 500 parts of wafy
For roaches in buildings and on vessels, finely pulverized sodiy
fluoride and sodium silico-fluoride were advocated. Although f
fluorine compounds were lost sight of as possible plant insecticide;
‘they continued to be used as the principal ingredients in roach p.
ders.

Marlatt (1915) recommends sodium fluoride as the most effecti
simple means of ridding premises of roaches.

Schafer (1915) first pointed out how sodium fluoride kill
roaches. When a roach runs through sodium fluoride a little of th
powder adheres to the lower part of the body and to the antems
and legs. The adhering powder irritates the antennae and legs, ai
the insect draws them through its mouth in the process of cleanin
itself. Enough of the powder is thus taken in to cause death,

Gibson (1916) controlled the common carpenter ant (Camjfon:
tus pennsylvanicus and Cremastogaster lineolata) by dusting with sodin
fluoride. ;
Bishopp and Wood (1917) reported that a single application o
sodium fluoride was an effective insecticide for destroying poultry
lice.

Cobenzl (1921) mentions sodium fluosilicate as a common i
gredient of rat and roach poisons.

Sodium fluoride was successfully used by Fulton (1923) as fi
active ingredient in poison baits against the European earwig (fir
ficula auricularia) ; it was found to be as toxic as arsenious oxide o
more so, and to act more rapidly. 7

Hargraves (1924), working in India, reported on several fluorineé
compounds, including barium fluoride, calcium fluoride, sodiun fli-
oride, and sodium fluosilicate. These materials were used asa 1}’"
cent emulsion against Spilosoma lubricipeda. The results with sodiun
fluosilicate were not especially favorable, and were not diSCUs®
Attention was called, however, to the possible value of fluorspit #
an insecticide, and to the high toxicity of both barium fluoride &
calcium fluoride. N

In South Africa, Ripley (1924) also used sodium fluozide
poison baits against locusts and cutworms.
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Because of the known efficiency of fluorine in the control of
the writer, in 1923, focused his attention on the flu-
orine compounds as of possible contrtol value against the Mexican
bean beetle. Practical field tests with sodium fluosilicate diluted
with 9 parts, by volume, of hydrated lime, gave good results. For-
tunately, the bean beetle has the habit of drawing its feet through
it mouth, and is therefore affected by such other fluorine compounds
as calcium fluosilicate and cryolite. Cage tests made by the writer in
1924 showed that sodium fluosilicate diluted with hydrated lime was
effective against the cucumber beetle (Diabrotica wvittata), the bean
leaf beetle (Ceratoma trifurcata), the potato beetle (Leptinotarsa de-
cemlineata), the tobacco hornworm (Protoparce quinquemaculata), and
the boll weevil (Anthonomus grandis), as well as chicken lice and

certain pests,

roaches.

Tattersfield and Gimingham (1925) soon afterward showed that
Selenia tetralunaria succumbed to both sodium and potassium:fluosil-
icate when shoots of hazel were sprayed with 0.75 per cent and
with 1 per cent suspensions of these compounds, and that there was
no foliage injury. In Arkansas, Baerg (1925) found that blister
beetles, which had not been successfully controlled by arsenicals,
vielded to the fluosilicates without noticeable foliage injury.

Insecticidal value was claimed for various fluorides by R. C.
Roark (1925), in Patent No. 1,524,884, Barium {fluoride, with a
solubility of 1.63 grams in 1000 ce. of water, was said to be injurious
to foliage. Roark claimed, however, that calcium fluoride, lead
fluoride, magnesium fluoride, nickel fluoride, and strontium fluoride
—all less soluble than barium fluoride—are effective as insecticides
and safe on foliage.

Ripley (1925) found that a 2 per cent solution of sodium fluoride
gave excellent results against cutworms in South Africa because the
fluoride was not repellent. Neither Paris green nor arsenite of soda
was readily eaten.

Ninety per cent of the larvae of the sugar cane borer (Diatrea
saccharalis) were killed with sodium fluosilicate in tests conducted in
Alabama by Hinds (1925). No foliage injury is reported. Calcium
arsenate failed to kill any large proportion of the borers.

Herrick (1926) obtained excellent control of the striped cucum-
ber.beeﬂe in New York State by making 4 or 5 weekly dustings of
sodium-fluosilicate-lime (1-9) at the rate of 30-35 pounds to the
atllcre. He states that sodium fluosilicate kills and also repels the bee-

es.

” Genter (1926) found that the mint fleabeetle (Longitarsus men-
ae) can be controlled in Michigan by the “calcium fluosilicate com-

pound” when used at the rate of 40 pounds per acre.
Waé: tegts against the boll weevil, Mills (1926), of the Chemical
poundsre ervice, foupd that be.si.des calcium arsenate, 8 fluorine com-
s e’f fna:'ndy, sodium fluosilicate, cryolite, and »barium fluoride,
fis t}fc ive. .Osburn (1926) found sodium fluosilicate more ef-
an calcium arsenate against the boll weevil in North Caro-
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lina. An average control of 80 per cent was attained in 2y,
while with calcium arsenate 48 hours were necessary fopr 5 o
of 69 per cent.

Baerg (1926) obtained good results against the striped cyy
beetle with sodium fluosilicate as well as ‘“calcium fluosilicaty ,
pound,” because, as he states, the beetles were actually killeq. Yo
shall (1926) also reports good control in Canada.

“In a series of tests by Langford (1926) in Colorado, with By
green, white arsenic, sodium arsenite, sodium fluoride, ang Soty
fluosilicate, as poisons in grasshopper baits, the last was foung i
most effective.

Ingram (1926) reports that sodium fluosilicate at the rate gy
pounds per acre gave practically 100 per cent control against iy
beetles in southwestern Louisiana.

Lyle (1927) found Paris green more effective than sodiumf
osilicate for the following species of cutworms: Laphyma Frugiu
Prodenia ornithogally, and A. ypsilon.

Eyer (1927) found that as a contact spray sodium fluosiliest}
Bordeaux mixture killed the nymphs of the grape leaf hopper (T
locyba comes). A dust composed of sodium fluosilicate and lime y
superior to arsenicals and nicotine in reducing the percentag
wormy fruit by the oriental fruit moth (Laspeyresia molesta),

Eleven per cent foliage injury is reported by Jewett (192)q
beans in Kentucky when sodium fluosilicate was used with 2 pa
of hydrated lime.

A progress report of the Chemical Warfare Service holl wel

investigations, by Walker and Mills (1927), points out that sodis

" fluosilicate on a volume basis is more toxic to the holl weevil tha
calcium arsenate.

In tests against the Japanese beetle (Popillia japonica), Flenin
(1927) found that the fluosilicates of barium, potassium, and sodi
were of the same order of toxicity as acid lead arsenate, and sue
what injurious to foliage.

Downes (1927) recommends, for control of the strawhemy
weevil (Brachyrinus ovatus), the use of poisoned bait consisting of &
ple waste. This is the most recently advocated method. Amongf
various poisons tried out, such as magnesium arsenate, calcium
senate, sodium fluoride, and sodium fluosilicate, the last named g
the most satisfactory results.

A special fluosilicate made at Edgewood arsenal, mentionedbf
Gehauf and Walker (1927), contains about 80 per cent sodium fhuosl
cate and 20 per cent silica. It proved to be at least as effective ot
pound-per-pound basis, as calcium arsenate, and with no apl“ec“‘]’%l
plant injury. This light sodium fluosilicate is made by passings
con tetrafluoride into a solution of sodium carbonate.

In Arkansas, Isley (1927) found sodium fluosilicate more €
tive than “calcium fluosilicate compound” against the striped it
ber beetle. The fluosilicates are reported to be more effective
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arsenicals because the beetles are actually killed rather than re-
e
927) also noted the high toxicity of sodium fluosilicate

elled.
Eddy (1 e barium fluosilicate was found somewhat

or the bean beetle, whil

toxic than the sodium. ; : { : 3
In Alabama, field tests with a special light sodium fluosilicate

(80 per cent) showed a difference of 290 pounds ois‘ seed cotton per

o between the sodium fluosilicate plot and the calcium a'rsenate pl?t
f;crf vor of the former. Under conditions of heavy rainfall as in
Frllon'iia, the better adhering calcium arsenate was slightly more ef-
tective than the sodium fluosilicate (Walker, 1928),

Snapp (1928) found sodium fluosilicate both as a dust and at the
Late of 2 pounds to 50 gallons of water more toxic than the arsen-
cals to the plum curculio (Comotrachelus nenuphar.) The sodium fluo-
<ilicate was also toxic to peach foliage and fruit.

Howard (1928) obtained better control of the bean beetle with
arsenicals than with fluosilicates, the physical properties of which he
found to be poor. When the insects themselves were dusted the
sodium fluosilicate killed a higher percentage than the arsenicals.

ess

PROPERTIES AND REACTIONS OF THE FLUOSILICATES

Solubility.—The fluosilicates. in general are soluble in water.
Barium fluosilicate is the most difficult to dissolve; 1 gram dissolving
in 3,750 cc. of water at 17°C. The fluosilicates of copper, calcium,
magnesium, lead, and ammonium are very readily soluble, as indi-
cated in table 1.

ApLe 1—Titration of 1 cc. of saturated solutions of fluosilicates with 1/10 N
NaOH and phenolpthalein, and calculated solubilities

Fluosilicate 1/10 N Known Calculated
compound l NaOE | ® | solubility | solubility Soare
I ce. \
.05 8.4 0] 5 1=8 75 0 R MRS Grasselli
‘ A28 4.8 ) i1 bR R N Eimer & Amend
1.40 8161 | =1 54 S e e Grasselli
| 1.80 e 3% 1-118 British Drug Houses
| 42.00 4, 1-5 Eimer & Amend
50.00 1-4.3 Central Scientific Co.
56.00 2, 1-3.8 Eimer & Amend
72.00 1-2.9 Jungmann Company
88.00 1-2.4 Jungmann Company.

Sodium Fluosilicate

Chemical properties.— In water, hydrolysis is thought to take
place according to the following equation:

Na,SiF ;+2H,0—2NaF +4HF-}-Si0,

; One mol of sodium fluosilicate requires 4 mols of sodium hy-
\Iro();lde for neutralization. Twenty-one cubic centimeters of normal
NaOH, or nearly 1 gram, is required to neutralize 1 gram of sodium

fluosilicate according to the following equation, phenolpthalein being
used as an indicator:
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Na, SiF ;+-4NaOH—6NaF-Si(OH) ,.

According to the above equa;tion, 1000 ce. of norma]

Nag
equivalent to 47.07 grams of Na,SiF. I

With calcium carbonate, the following reaction takes Dlage
Na2SiFG+2Ca003:2NaF+2CaF2+Si02—}—2002,

A saturated solution of sodium fuosilicate shows a pH Val
3.6, and never goes lower than 3, indicating a buffer actio,
shown in Fig. 2.

Physical properties.—Sodium fluosilicate is an acid salt, b
a solubility of 1 gram in 154 cc. of water at 17.5°C., but is )
in alecohol. It forms hexagonal crystals, and possesses a ratherhjd
specific gravity. The particles of some of the commercial grade
large (100 microns), and not suitable for dusting. The Darticl ¢
the commercial form produced by the Grasselli Chemical Compy
average about 10 microns, and when mixed with a suitable g
will dust satisfactorily. In order to dust well, the particles shod
be from 2 to 4 microns in diameter, such as are found in a gy
grade of commercial calcium arsenate.

Various methods have been proposed by means of which a lgf
fluffy sodium fluosilicate may be produced. In 1924 the writer n
a light sodium fluosilicate by using sodium silicate as a peptiiy
agent. Calcium silicate may also be used. This consists of flusii
acid with the addition of about 10 per cent of a calcium salt, s
as calcium carbonate or chloride. The addition of enough sodium
icate and sodium chloride forms a mixture of calcium silicate ul
sodium fluosilicate, which is very much lighter than the commer:
fluosilicates. : Gehauf and Walker (1927) proposed a method of mliy
a light material by passing the by-product gases of silicon fein
fluoride into a solution of sodium carbonate. This forms a gel it
upon- drying is said to have a specific gravity as low as .2 and o
tains 79.5 per cent sodium fluosilicate."

A sample of a special light sodium fluosilicate was submittel®
the writer by the Bowker Chemical Company. Their produc ¢
tains 80 per cent sodium fluosilicate with 20 per cent silica, ani
cupies 80 cubic inches to the pound. This special light sodium i
silicate is much superior in dusting qualities to any of the comu
cial fluosilicates now on the market.

The J. C. Wiarda Company are marketing a light ﬂuosilicaft
which contains about 65 to 70 per cent sodium fluosilicate. T
material is sold under the name “Eborex.”

Calcium Fluosilicate

The properties of calcium fluosilicate have not been studiedlt'
any considerable extent. Statements may be found in the chem
literature regarding the insolubility of calcium fluosilicate. Sk
sequent study has shown that this compound forms monoelinic ¥
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nd is very soluble. In water, hydrolysis proceeds rapidly, with
i .a «ation of much free acid, and a precipitate of.calcium fluoride
e m-)ﬁlz The formation of the precipitate is apt to be misleading
and:l I;Ofubi1ity, The large amount of acid liberated is indicated
o t}(;e T value, which may be as low as 1.5, or less. A gram of
bfn.e calI;ium ﬁﬂosilicate will require 180 cc. of 1/10 N sodium hydrox-
ilzie for neutralization.

In the making of calcium fluosilicate, precaution has to be taken
to keep the compound from going over to calcium fluoride. The
Jatter material will usually be formed unless one is careful to use
neutral salts for the calcium base, and to dry the compound at room
Most of the calcium fluosilicate samples submitted

temperature. L5 L , !
have been found to be principally calcium fluoride as shown in table
2,
Tapis —Titration of 1 gram of salts of fluosilicic acid with 1/10 N NaOH
=
2 1/10 N NaOH 1/10 N NaOH

Compound with methyl with phenol- Source
orange phthalein

o | ce. ce.
Sodium fluosilicate, C. P..... 15 218 Baker
Calcium fluosilicate. .. 65 180 Jungmann

" ” : 25 45 Eimer & Amend

s % o e e R G O 5 Smith

1 B S i e 5 ¢ British Drug Houses
Caleium fluosilicate compound|  ...... 8 Victor
Magnesium fluosilicate, C. P.. 20 188 Eimer & Amend
Barium fluosilicate, C. P.....|  ...... 110 Eimer & Amend

“Calcium Fluosilicate Compound”

This material is a by-product residue obtained in the manufac-
ture of phosphoric acid from phosphate rock by the volatilization
method. As phosphate rock contains calcium fluoride, there is reason
to believe that the fluorine in the “compound” exists in the form of
caleium fluoride, and not in the form of a fluosilicate, which is
readily decomposed by heat. Its measure of toxicity is low, and
more like that of calcium fluoride, so that the name “calcium fluosil-
icate compound” is misleading. Pure calcium fluosilicate is very
soluble and very toxic.

COMMERCIAL AVAILABILITY

Phosphate rock contains about 3 per cent calcium fluoride. The
Iarg.e.amoun’c of this rock used in the making of acid phosphate for
fertilizer purposes insures an adequate supply of by-product fluorine
compounds,

5 '11;]}2; ;:?nufacture of acid phosphate is one of the largest chem-
el mixilzs.' More thgn 2,000,000 tons of phosphate rock are an-
e ﬂue in the United States. It is thus possible to recover
gl orine to make over 50,000 tons of sodium fluosilicate—
e enough tolsupply our domestic needs for years to come.

€€ amounts of sodium fluosilicate are also imported from Europe.
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When sulphuric acid is added to phosphate rock for the Dhoi
tion of acid phosphate, fumes are liberated. Formerly these fuk
were allowed to escape, but as they were very injurious to Vegs
tion, laws were enacted requiring that the gases be confined,

The gases are now conducted into towers, where silicoy fefn
fluoride reacts with dripping water to form a weak solution of fiy
silicic acid. In most cases this acid is not saved but ig alloye]
drain away. In the production of sodium fluosilicate, sodium chlory
is added to the fluosilicic acid, and sodium fluosilicate Drecipi,
out. The commercial material is fairly pure, containing ahout 98 1o
cent sodium fluosilicate. An analysis submitted by the Ving
Carolina Chemical Company of their product is as follows:

Per cent
SodiumiEtlucsilica e e S S 98.55
SodiumpichloridefsS=satie Sevs il il i .60
Moisturesrsia s S aie i Biatis Ssdie . i 10
Free silica and undetermined ________________ 75
Sodium@ZzGarbonater=s Lus stiiaas seoifng. - S None

The presence of silica and flourine in phosphate rock, fogd
with the great affinity they have for each other, insures the ex
* sive and cheap production of fluosilicates. Sodium fluosilicate g
now be purchased in bulk for 4% cents per pound. The fluori
are made from the by-product sodium fluosilicate, and are theri
relatively more expensive.

The reaction which takes place in the manufacture of acid i
phate may be represented thus:

CaF,+H,50,=2HF{-CaS0,
4HF4-Si0,=SiF +2H,0
3SiF,42H,0=2H,SiF ,+8i0,
H,SiF ;{-2NaCl=Na, SiF ; +-2HCl

NATURE OF POISONING BY FLUORINE COMPOUNDS

Effect on insects.—Marlatt (1915) states that it is not definiéf
known whether sodium fluoride acts through the breathing Jis
or as a stomach poison. Shafer (1915), in his bulletin, “How (&
tact Insecticides Kill,” reports that sodium fluoride is primaly ¢
stomach poison, and, being non-volatile, does not act t;hroughf]xe
spiracles. As sodium fluoride is soluble, it produces an i’n'itatl?l
which causes a roach to draw its feet and antennae through"f’
mouth. Shafer observed that sodium fluoride may Ikill roachs®
from 5 to 22 hours, even when none of the material is swalloweh
that “some of the powder is moistened or dissolved in the exudatii
about the bases of the legs and on the thinner portions of the O‘fw
integument.” Sodium fluoride is more rapid as a stomach postt
than as a contact insecticide. The irritation, as the result of sumE
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/ . . . . .
of chemical reaction caused by fluorides, is distinguished by

d Davis (1926) from cleanliness as a natural tendency

he part of insects to clean any powdered material from the
gt eTI;ese authors consider that because of the natural “clean-
l?ody];p” habit of certain insects, dusts are more effective than sprays.
g Dew in its relation to the effect of du‘sts.—The impqrtance of
taking advantage of the “cleaning-up” habit of the Mexican bean
heetle was strikingly shown in cage tests where ?he beetles could
be observed. Some of the plants were Waterd. to sm.lulate devs.r,‘and
the upper side of the foliage was dusted with sodium fluos?hcate
mixed with 3 parts of sulphur. Other plants were dusted without

sort
Mote, Wilcox an

heing watered.

Where the plants were not watered the beetles became uneasy
and attempted to fly away. After 48 hours, no feeding was observed,
and 50 per cent of the beetles succumbed. In the cage simulating
dew the beetles began to feed at once, and within 40 hours destroyed
large areas of the leaves and showed 25 per cent mortality.

In our field tests the dusts were always applied after the dew
was off the plants, and good control was obtained. Prior to dusting,
95 beetles to the rcw were counted in one of the plots. Four hours
after the dust was applied only 5 beetles to the row were present.

By taking advantage of the “cleaning-up” habit of the adult -
Mexican bean beetle, it is possible to drive them away or destroy
them. Since they crawl over the tops of the plants, the dust may be
directed to the sides of the plants so that the tops of the leaves as
well ag parts of the lower surfaces will be covered. This results in
a great economy of time, as the operation of applying the dusts to
the underside of the leaves is very laborious, and discourages many
farmers in their fight against the bean beetle.

Further confirmation of the value of dusts is given by Walker
and Mills (1927) in the report of their work with the boll weevil.
They observed that a weevil ingests the poison by accidentally pick-
ing up particles of the dust on its moist snout. Walker and Mills
state that a dust “must not stick so tightly to the plant that it can
not be readily picked up by the weevil.”

: Effects of fluorine compounds on vertebrates.—The manner of
action of fluorine compounds on vertebrates and other organisms has
been studied by various investigators. In the pharmacological liter-
ature, fluorides are classed as protoplasmic poisons, and often refer-
1"ed to as caleium precipitants, because they remove calcium from the
tlssues.. Wieland and Kurtzahn (1923), in their study of the action
(;'fug‘?om?e, came to the conclusion that sodium fluosilicate liberates
bline :‘it}llontsﬁ and tf)x1c .effects are manifest because these ions com-
e e f:al?lum in the tissues. The poisonous character of
: rottuoric acid is due to the “intact hydrofluoric acid molecules”
which penetrate cells readily.

Importance of calci

um.—The im i
of other salts, portance of calecium, as well as

was investigated by Ringer (1880), who noted that
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the contractions of the excised heart were not normal in pure 0t
chloride solution isotonic with blood serum. This solution Was;:
satisfactory, for after a few minutes the heart stopped beating, Wi
traces of calcium and potassium were added, the heart beat becsy
normal. This phenomenon was also investigated by Loeh (15
who found that a pure sodium chloride solution is g strong
for many marine organisms. The poisonons quality may Be 15,
tralized or antagonized by a trace of calcium choride, in the i,
of one mol of calcium to 200 mols of sodium. Other bivaley ing
such as barium, cobalt, zine, magnesium, and lead, may he Substituu
for the calcium. Similarly, the importance of magnesium anq caltiny

in a certain ratio was determined for the larvae of the barnag

Having ascertained the significance of the ratio of % andNL

Loeb concluded that the “salts with univalent ions are injuring
if their concentration exceeds a certain limit, and this njurioy
action is diminished by a trace of a salt with a bivalent cation? b
“physiologically balanced salt solutions” we mean that in the g
(and in the blood or lymph) the salts exist in such ratio that thy
mutually antagonize the injurious action which one or several of i
would have if they were alone in solution.

The same law of mutual antagonism, according to Oster
(1914), seems to hold in the plant kingdom as well.

Loeb (1901) also investigated a number of salts whose anis
are liable to form insoluble calcium salts, as sodium fluoride, sodi
carbonate, sodium phosphate, sodium oxalate, sodium citrate, uf
sodium tartrate. Fresh frog muscle that was placed in solutions
the above salts (1 gram molecule in 10 liters of water) performels
series of powerful contractions when removed into the air [
phenomenon, Loeb termed “contact reaction.” Addition of caltin
chloride to the solutions stopped the contact reaction. When i
nerve alone was placed in the salt solutions, the muscle hegant
twitch in 5 minutes and finally went into tetanus. These st
therefore increase the irritability of the mnerve as well, through i
withdrawal of calcium.

Many of the salts mentioned are used as saline catharis
MacCallum (1903) showed that 10-cc. doses of sodium citrate, *
phate, or tartrate produced pronounced purgation with copious st
tion in the intestine when injected subcutaneously in rabbits. ¥
intensity of the action followed this order: Barium chloride, sodi
citrate, sodium fluoride, sodium sulphate, sodium tartrate, sodi
oxalate, and sodium phosphate. Applications of calcium chloride'ol
magnesium chloride inhibited these effects. It seems that the S?D
ulating action of the purgative salts is due to displacement of cﬂlﬂ?’
and consequent irritability. This does not appear to be the case il
barium, which, however, may displace calcium in a way unkiov ¢
present, ]

The exact relationship of magnesium and calcium in the a"mﬂ
body is obscure, but the question has recently been lluminate
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1k of Mathews and Austin (1927). These authors have shown
the Wo eatal dose of magnesium sulphate for intravenous injections
t.hat t}.1e s 0.23 to 0.28 gram per kilo. Dogs with hypercalcemia toler-
in dogsg(; gr;m whereas hypocalcemic dogs were killed by 0.14 to 0.19
at;(in . e evi dent that the toxicity of magnesium sulphate is closely
ilatéd to the calcium content of the blood.

Relation of calcium to permeability.—The total amount of bl'ood
calcium in 2 rabbit weighing 2 kilos is probab.Iy around 10 1‘ng. Smc.e
200 mg. per kilo of sodium fluoride injected 1ntravgn9usly is fatal, it
is evident that all of the calcium might be preapl'tsjtted out. fl‘he
Jack of caleium is considered to increase the permeability for soShum
chloride and water, which then act as a poison. Loeb (1905) believed
that calcium in some way forms a precipitate whereby the membrane
becomes less readily permeable.

In order to account for the change in permeability, Clowes (1916)
suggested the emulsion structure of the superficial layer in cells. The
sodium salts tend to produce an emulsion of oil in water. TUnder
normal conditions both types of emulsions exist in the surface mem-
branes. A lack of calcium would shift the emulsion structure to one
of oil in water and thus alter the permeability for water-soluble sub-
stances.

Hirsehfelder and Serles (1926) have used Clowes’ hypothesis to
account for the antagonistic action of magnesium and calcium. They
found that in olive oil emulsions, magnesium salts tend to increase
the water-in-oil phase more than do calcium salts, owing to the much
greater solubility of magnesium oleate in oil. The injection of mag-
nesium salts into the body should therefore tend to diminish the
oil-in-water phase of a balanced emulsion; and the injection of cal-
cium salts tends to restore it to the normal physiological balance.

Although Clowes’ view of the emulsion structure of the cell
membrane is useful, it is not adequate to account for all the facts.
Weiser (1926) proposes that the cell membrane be considered as a more
or less rigid semi-permeable pellicle, comparable in certain respects to
a copper ferrocyanide membrane consisting of myriads of minute par-
ticles analogous to a colloidal sol. The space between the particles is
more or less occupied by adsorbed water and the film capable of re-
versible coagulation. Below a certain concentration the salts will
pass through a copper ferrocyanide membrane and sugar will not,
wbile at higher salt concentrations both will pass through; the salts
being soluble in the water layer and passing through the membrane.
Sugar molecules can not pass through because of the strong negative
a.dSOI'Ption. When the salt concentration reaches the critical coagula-
tion value, the result is an agglomeration of the particles, which
car.ry with them their film of adsorbed water, leaving cracks through
‘Vh‘q‘ .the sugar can pass. Reversing the coagulation by adding a
I’?Ptlzlng agent re-forms the semi-permeable film, and the sugar
will no longer pass through. The membrane of the living cell is
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therefore likened to a colloidal sol that can undergo reversiblg
ulation, thus altering the permeability with reference to the acty
salt pairs.

Fisher (1921) suggests that calcium and magnesium glohy
when robbed of their bases, tend to precipitate “globulinie
with an increased hydration capacity and diffusibility of the alhug
type of proteins.

Influence of calcium on electrical conductivity.—The Dropery
semi-permeability is associated with a high degree of electrica] e
ance. All conditions that increase general permeability, such g
action of cytolytic substances, unbalanced salt solutions, qp Do
high temperature, or other lethal agents, also increase electricalc;
ductivity (Osterhaut, 1922; Lillie, 1923). When two salts are pregayy
appropriate proportions (20NaCl+4-1CaCl,) conductivity is unalag

Calcium appears to be necessary for the intimate union betyes
the nerve end-plate and muscle cell or for the normal propertis
the synaptic junctions. In pure isotonic solution, calcium salts yeys
muscle resistant to stimulation, while magnesium salts have 3 stron
anti-stimulating, or narcotic, action. The semi-permeable partitin
or surface films, of cells seem to be intimately connected with e]ec;
trical sensitivity of living protoplasm.

Fluorides as enzyme poisons.—Loevenhart and Pierce (1906) ks
shown that sodium fluoride has a marked inhibiting action on lijs
Pancreatic esterase is injured by sodium fluoride in dilutions less iy

~ 1-80,000. Waksman and Davison (1926) found that pepsin and fik
sin are apparently not affected. In the insects, Shafer (1915) fou
sodium fluoride detrimental to the catalases.

Symptoms of poisoning by fluorides in animals.—According
Robertson (1911, 1924), small doses of such calcium precipitants#
citrates, oxalates, fluorides, tartrates, oleates, and other soaps,ad#
cathartics on mammals. Larger doses produce peripheral twitchin
succeeded by convulsive movements and marked disturbances of e
librium. The forelegs are extended and the head is thrown back. (i
vulsive effects may be produced by the injection of minute dose®
the white matter of the cerebellum, but not to the gray matter ai

Tappeiner (1839) noted the systemic effects of sodium fluors
on mammals to be salivation, gastroenteritis, dyspnea, muscular wedk:
ness, and tremors, with fall of arterial pressure and stoppage ¢
respiration and heart.

Siegfried (1901) observed that the intestinal epithelium is &
stroyed, even though the poison may be introduced through other chat
nels.

Schultz (1889) found that subcutaneous injections of sodium f*
oride produced a paralysis of the brain and spinal cord, profuse fle
of saliva, and hemorrhage from the gastric mucosa.

Dose of fluorine compounds fatal to higher animals.—-It.iS o
erally believed that fluorides are not as toxic as the arsem
man and the higher animals, but the available data are meage:
lethal dose of sodium fluoride by mouth for mammals is consit®

Al
e
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Tappeiner (1889) to be 0.5 gram per kilo. Wieland and Kurt.zahn
e St e between 0.1 and 0.2 gram per kilo for rabbits. Ripley
(o that 1 gram of sodium fluoride is reported to have killed
(1924) Saﬂsdo‘g in 4 days. For intravenous injections, Schultz (1889)
3.20-p%u; to 0.4 gram for rabbits, and 0.3 gram for dogs. Blaizot
%i;;sé) ;)btaine.d 2 lethal effect intravenously against rabbits with only

(.1 gram per kilo. :

In regard to sodium fluosilicate, comparatively little information
is available. For rabbits, Wieland and Kurtzahn (1923) s‘tate that
the lethal dose by mouth is between 74 and 149 mg. per kilo. When
subcutaneously injected, Siegfried (1901) state%, the fatal _dose for
hedgehog is between 1.43 and 2.14 grams per kilo. A cat glven‘0.98
gram per kilo did not die. It is evident, fI:'Ol’ll the high doses given,
that impure compounds were used by Siegfried, as well as by many of
the other early workers.

Experiments with rabbits.—In order to arrive at more exact in-
formation as to lethal doses, the writer used chemically pure fluorine
compounds in a series of experiments with rabbits. The lethal dose of
sodium fluoride by mouth seems to be between 192 and 475 mg. per
kilo. Of sodium fluosilicate, 125 mg. per kilo is fatal, but 100 mg. is
not (table 8). The lethal dose of potassium arsenite, as given by

Taprs 3—Lethal doses of flworine compounds for rabbits

No. | Weight l Compound Doieﬂoper Effect on life
| | |
| Grams | | me.
1 | 2100 | Sodium fluoride per Os............. | .125 Not fatal
2 l 2,600 | 2 i & e i G G I 5 | 192 Not fatal
3 2,100 z 2y R e S | 475 | Lived 1 hour
4 2,000 Sodium fluosilicate per O3 | 100 Not fatal
5 . 2,000 2 23 ul | 125 Lived 5 days
6 1,550 2 2 .| 2560 Lived 30 minutes
T 1580054 o 2 2 <o 275 Lived 1 hour
8 1 2,500 I % S ki 400 Lived 45 minutes
R L2008 | 22 (intravenously) ... | 10 Lived 2 minutes

Sollman (1924), is from 5 to 15 mg. per kilo. The soluble arsenicals
seem to be, therefore, considerably more toxic than sodium fluosili-
cate when given by mouth (Fig. 1). Even the insoluble calcium arsen-
ate is reported to be more toxic than sodium fluosilicate. The lethal
<1f)se of sodium fluosilicate is 2% for rabbits and 4 for dogs when cal-
clum arsenate is 1. Of barium fluoride, the lethal dose is 4 for rabbits
and 14 for dogs (Walker and Mills, 1927).
i .Intravenously, 10 mg. per kilo of sodium fluosilicate was fatal in
= minutes. One rabbit was given 5 mg. per kilo, which was not fatal.
Eo}iilsagle animal }vas given 2.5 mg. at intervals of 15 minutes, a
a0 12,5 mg. in all, and did not succumb. The lethal dose of
II‘):tt:ssmgx arse‘nite. 'is ziven as 7 mg. per kilo within 2 days. At this
muc,hso ium f1u'051.11ca.te is almost as toxic as the arsenite, and very
more rapid in its action, when injected intravenously.
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Continued feeding of small amounts of arsenic and. flygy,
The question of safety in the eating of fruits and vegetableg thatha:
been sprayed or dusted with poisonous materials, such ag the arse;
icals, is assuming widespread significance. American apples aye ey
barred from England because of the high arsenical Tesidueg, T
quantity allowed by the Royal Commission on Arsenica] Poisony
1903 was 1.429 mg. per kg. of foodstuffs.

Grams
30

Sodjum| Hibrid]

26

22 ol

Sodim | Hudlsilicd

odyum Ursehite

Fig. 1. The relative toxicities of arsenicals and fluorine compounds to man

Recently Hartzell and Wilcoxon (1927) analyzed 47 apples fron
sprayed trees, and found an average of 0.173 mg. of arsenie triok
per kilo of fruit, with a maximum of 0.704 mg. per kilo. This isc
siderably below the British tolerance, but indicates that sml
amounts of arsenic are present on sprayed fruit. As many peok
are accustomed to eating an apple a day, the question arises & i
the effect on the public health of the continued ingestion of smil
doses of arsenic. The meager evidence available has been obfai
through experiment with rabbits, guinea pigs, and rats.

O’Kane (1917) fed guinea pigs with various amounts of Il
arsenate. Daily doses of from 1.7 mg. to 11.9 mg. were no iat:d
over a period of 30 days. A daily dose of 13.6 mg. was fatal witl:
22 days. Since the therapeutic dose of arsenic to humans is 21
O’Kane concludes that sprayed apples “offer very slight danger, '
vided rains have intervened after spraying.” Reeves (1925) rt‘:cofdf
that horses and cattle fed from 20 to 30 grams of arsenic trioxit
for a period of 18 months showed no evidence of injury. Sheep i
mentioned as requiring only 4 to 8 grams daily.

Sollman (1921) continved his feeding experiments for I
periods of time (9 to 24 weeks) with albino rats, and obtained S
remarkable results. Daily doses of as little as .00005 to .0005 ms-of
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de per kilo produced a distinct retardation of growth.
A marked loss of weight ogcurred when doses of .0015 1130 .005 mg. per
kilo were given. These daily doses are only 1/800 to % of the. WS,
! therapeutic dose of 2 mg. The evidence from these experiments
‘P;.ould indicate that extremely small amounts of arsenie, such as are
tound on sprayed fruit, may impair the health of the individual if
pdministered over a period of about six mont.hs. MOI:e data on the
cumulative action of arsenic over extended periods of time are neces-
sary if safe conclusions are to be drawn.'

On the other hand, as far as fluorides are concerned, Sollman
(1924) found that when sodium fluoride doses of 8 mg. per kilo are
administered daily to rats mo deleterious effect on growth or food
consumption occurred within 9 weeks. When 15 to 150 mg. per kilo
were fed, a progressive impairment of growth and food consumption
resulted, but with little mortality and no histological lesions.

Christiani and Chausse (1927) continued their experiments over
a period of several years. They found that daily doses of 50 mg. of
codium fluoride were fatal to guinea pigs within 2 or 3 months.
Doses of 10 mg. were followed by apparent good health for 10 months,
yet impairment of health may appear after 2 or 3 years. With so-
dium fluosilicate, daily doses of 50 mg. per kilo caused death in 18
days. Fourteen mg. per kilo caused death in 51 days; 8 to 10 mg.
per kilo was harmless to one of the animals, but the other died in
233 days. %

From the above data on the continued administration of arsenic
and fluorine compounds in small quantities, sodium fluoride seems
very much safer than arsenic. Sodium fluosilicate, although much
more toxic than sodium fluoride, seems to be safer than arsenic.
Under practical conditions sodium fluosilicate, because of its soluble
nature, would readily dissolve in the dews or be washed away by
rains so that the residue left on sprayed fruit or foliage would tend
to be .insignificant. The soluble nature of most fluorides and fluo-
silicates, on the other hand, renders the problem of obtaining a com-
patible mixture with fungicides extremely difficult.

Preliminary tests with a copper fluoride complex indicate that
tl.1is material gives promise of being a good fungicide as well as insec-
ticide for spraying purposes.

: Effect of fluorine compounds on man.— Baldwin (1889) summa-
rized the literature up to 1889, and experimented upon himself. He
}'ecords a case in which 26 grams of the sodium fluoride were used
mSteafi of baking powder in making 26 wheat cakes. Assuming the
r?aterlal to have been thoroughly mixed, the amount taken by several
i:f)ler:nt persons was 9, 6, and 5 grams each, respectively. Severe
;"ecose(::zis oiz) hausea, cramps, and vo?niting were experienced, but all
Baltert 1 ne of the persons required 4 weel_{s for tot.al'rec.overy.
e Ooz;mself swallowed 0‘.03 gram ?f sodium fluoride with no
nause:a {n zgrar'n produced a little salivation, and 0.25 gram produced

minutes. This gradually increased in severity for 20

mi ute-. The nausea conti i :
nir S 3 t
: : nued he fOllOWlng d Y,

arsenic triox1
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Vallee (1920) reports that 0.228 to 0.456 gram of sodium lun
were taken by different individuals when the material Was ug
pastry through mistake for sodium bicarbonate. Considerable nay
and vomiting was experienced for 36 hours, but all recovered, y,
Nally (1928) records 4 deaths from sodium fluoride. One Woman
4.5 to 5 grams as a laxative, through mistake, and died 4 hours |y,

A fatal case of poisoning by sodium fluosilicate was recentlym‘
ported in the Journal of Industrial and Engineering Chemistyy, 1
3, No. 22, 1925 (news edition). Sodium fluosilicate was taken ingfey
of sodium bicarbonate for a mild stomach ailment, and death eng
after 10 hours. The poisonous properties of the soluble fluoring (g,
pounds are evidently greater than are generally recognized, They
are sufficiently dangerous to warrant the use of poison labels, ¢
pecially in view of their increasing use as insecticides ang the fre
quent cases of death reported from fluorides being taken throug
mistake.

ATTRACTIVENESS OF FLUORINE COMPOUNDS T0 INSECT

Evidence is accumulating that certain insects are repelled by
arsenicals and will not consume a lethal dose. Ripley (1925) callsy
tention to the fact that in South Africa cutworms are repelled by
arsenicals in poison baits, and are not readily poisoned. In hig e
perimental work with individual cutworms under laboratory conditio
he found that sodium fluoride, although not as toxic as the arsenits
gave much better control because the bait was more readily consime

Since Mr. W. W. Stanley, the Assistant Entomologist at ft
Tennessee Station, is engaged in a study of cutworms, an atten
has been made to repeat Ripley’s findings by using the more o
sedium fluesilicate rather than sodium fluoride.

* For the sake of uniformity in feeding, the larvae of Felfia i
were starved about 24 hours and individual specimens placed in suil
tin boxes, together with poisoned bait and chopped lettuce.  The g
food was used with the bait in order to give the worms a choice !
food. Any repellent effect, it was thought, would thus be revealed. T
baits were made up and used according to the methods given in
section describing the tests of baits against Melanoplus femur-nibi
Sodium arsenite is of the same order of toxicity to insects as s
fluosilicate and should give, theoretically, about the same kil T
tests with over 100 individual cutworms showed a mortality, a i
end of 72 hours, of 88 per cent for the sodium fluosilicate, a i
rate of 1-56, while the sodium arsenite gave 57 per cent kill. Int#
experiment with 10 larvae, white arsenic gave a mortality of 41
cent, at the same strength. Sodium fluoride showed about the s
order of toxicity as sodium fluosilicate.

Our preliminary work thus confirms the findings of Ripley, i
indicates that the arsenites are strongly repellent to cutworms
as Feltia ducens, whereas fluorine compounds are more readily &
and give much better control. In another season it is hOPEdﬂu
these experiments may be repeated with other species of cutworn
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Ingram (1926) also noted that calcium arsenate and Paris green,
i f their repellent action, would not control blister beetles,
because Zodium fluosilicate gave practically 100 per cent control.
wherﬁalse (1927:') working with Laphyma frugiperda, Prodenia ornitho-
i an A. ypsilon, obtained better control with Paris green than
gu‘}l{ odium fluosilicate. In our tests we used the sodium fluosilicate
T'ﬂt lfltion in order to get a more uniform bait. This may explain the
]:I:;::riority of the sodium fluosilicate in the tests with Feltia ducens.

ATTRACTIVENESS OF FLUORINE COMPOUNDS TO
VERTEBRATES

To higher animals, Higbee (1926) found that fluorine compounds
seem to be distinctly distasteful. In experiments by the writer,
chickens refused to eat bran containing sodium fluosilicate in the pro-
portion of 10 parts of bran to 1 of the fluosilicate. Small chicks, ‘a

. few weeks old, ate the mixture and died after 3 days of continuous

feeding. It is well known that chickens will eat cutworm baits con-
taining Paris green. Guinea pigs also refused to eat meal containing
sodium fluosilicate. In an experiment with a wild mouse, the mixture
was not eaten, although Cobenzyl (1921) states that rats and mice
readily eat sodium or potassium fluosilicate mixed in the proprotion of
1 part to 10 parts of meal. When the mouse was placed in a cage with
sodium fluosilicate dusted over the floor, considerable uneasiness was
manifested. Within 36 hours the animal succumbed.

PLANT TOLERANCE OF FLUOSILICATES

Character of foliage injury.—During several years of dusting or
spraying beans or apples, defoliation has never been observed as a
result of the use of sodium fluosilicate. In the presence of moisture,
the burning that results is usually local in character. The injury is
frequently seen at the edges of the leaves, which at first lose their
turgidity, then become limp, and after a few days turn brownish and
shrivel. Most commonly, injured spots become translucent and thinner
than the surrounding areas. :

In an attempt to estimate the degree of injury the following scale
was used:

Very slight—Smallest amount of injury visible
Slight—Up to % of the area of the leaf killed
Moderate—% to 14 of the leaf killed
Severe—Y% to nearly the whole of the leaf killed
; Of all the plants tested, cotton tolerates sodium fluosilicate best,
being but very slightly injured, if at all, by the pure material. Walker
and Mills (1927) applied 13 dustings of 80 per cent sodium fluosilicate
EESCtOttt}?n, over a period of 25 days, without foliage injury. Used as a
appl’e beeﬂuosﬂlcates of barium or sodium do not injure the foliage of
peciafl tarll; and peach to any marked extent. The Solanaceae, es-
i fhag Salcco‘, are more or Iess‘ readily injured. - Fleming (1927)
S lastins martweed Is very 1'ea(%11y injured, and therefore used it as
Plant for studying foliage injury by fluosilicates.
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In order to study the tolerance of plants to arsenicals ang flury
compounds, the writer dusted potato plants with sodium arsenits af
sodium fluosilicate—both being soluble compounds. Those plants {hy
were dusted with sodium arsenite were killed, whereas the P
dusted with sodium fluosilicate received only slight to moderate infuy
Swingle, Morris, and Burke (1923) obtained severe injury o ﬂDDi
with potassium arsenite at the rate of 1 gram to 2000 cc. of yuy
In Tennessee, sodium fluosilicate at the rate of 1 pound to 200 pou
of water showed but very slight injury. In Illinois, Anderson ()
applied on peach 6 sprays of sodium fluosilicate at the rate )
pounds to 50 gallons of water, with no foliage injury. Some of 1
fruit, however, had an insipid taste.

One of the principal factors causing foliage injury was foury
be. moisture, as was also noted by Fleming (1927). Humidity by
self does not seem to be important, as shown in several tests. Ba
plants were kept in an atmosphere of 95 to 98 per cent humidify,al
yet were not injured by dusts of sodium fluosilicate. As soon as
moisture was applied, foliage injury usually followed. The pracis
of applying fluosilicates in the early morning hours; when dey &
present, may, therefore, be the cause of injury to foliage.

Effect of various carriers on foliage injury.—Hydrated lime yu
used in 1924 as a carrier for sodium fluosilicate, in order to i
better distribution of the material. At the rate of 1 part, by volu
of commercial sodium fluosilicate to 9 parts of hydrated lime, noinjuy
was noted. The dusts were applied about nine o’clock in the momig
after the dew had disappeared. The dry summers of 1924 and 193
also aided in preventing foliage injury.

TasLe 4—Effect on foliage of warious carriers when used with sodinnt
silicate at the rate of 2 to 1. Foliage sprinkled with water before i
applied

Material Carrier EoliaEe nuLY Notes
Cucumbers Beans
Sodium fluosilicate. . . [Hydrated lime. .. Moderate...... Moderate. . ...
R 2 ...[Hydrated lime. .. .Slight......... Slightie o o0 Foliage not Wit
% i . ..|Calcium carbonat¢Moderate. ... ..Slight.... ;
2% A e Dale i e it ool Slight. . JVery sligh
S 3% .../Barium carbonate Slight. . JSlight. ...
g S SR o, | B D G0 00 J[None: ../ oo
2, o AR S ...|Very slight....
Hydrated lime, C. P... S OV E s s sioreioi| N ONE s vaa/ores elste
Hydrated lime, Comm.None............ Moderate...... None.......os
Sodium fluosilicate. . . [Hydrated lime....Slight......... Very slight. .../Humidity %% ®
no free moisit

Subsequent study has revealed the fact that in the preseic i
moisture, when lime is not used to excess, severe foliage injury 1l
result. As shown in table 4, when potted bean plants were lﬁf"
watered to simulate dew, and then dusted with sodium fluosilie
mixed with 2 parts of lime, the plants were purned, This L
strikingly shown with chemically pure lime (plate 1). A small anos*
of lime with sodium fluosilicate will probably react as follows:

Na,SiF ;+Ca(OH),—CaSiF;+NaF-+8i0,+Hp0
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b mixture in the presénce of water will give the following

rea e SiFy +20a (OH),=2CaF , +2NaF+8i0,+2H,0

With an excess of lime: :
Na2SiF6+3ca(0H)2:3caF2+2NaOH+Slo_2+2H2O

According to the above equation, the formation of the soluble
caleium fluosilicate and sodium ﬁuor.ide may explain the cause f’f the
foliage injury when hydrated lime is not used to excess, and in the
resence of moisture, as when dew is present. Theoretically, 2 parts
of hydrated lime should completel).r convert the sodium fluosilicate to
caleium fluoride, but in poorly mixed dust it‘ is probable that only
enough lime may be present to give the undesirable soluble products.
Hydrated lime is one of the few carriers that are everywhere available,
and was used on that account. It is possible, however, to avoid foliage
injury on beans with sodium fluosilicate when used 1-9, by volume,
and to make the application after the dew has disappeared.

Other carriers, such as tale, sulphur, calcium carbonate, barium
carbonate, and flour, were also tried out. In the presence of moisture,
caleium carbonate and barium carbonate produced only slight injury
on beans when used at the rate of 2 parts to 1 of sodium fluosilicate
(table 4). The sulphur and tale mixtures produced very little or no
injury, while flour seemed to be the best (plate 2). A dust composed
of sulphur—about 3 parts by weight or 6 parts by volume—should
be satisfactory from the standpoint of preventing foliage injury on
beans. The sulphur has also the advantage of being repellent to the
bean beetle, and may aid in the control of the bean leaf hopper
(Empoasca mali).

During the course of the investigations on foliage injury, hydrated
lime only was used on cucumbers. In the presence of moisture, mod-
erate foliage injury resulted. - With chemically pure lime, severe
foliage injury was produced, as shown in plate 1. It seems that hy-
drated lime when first applied, and in the presence of moisture such
as dew, is caustic to cucumber foliage. If lime is applied after the
dew is off the plants, a coating of the insoluble carbonate will be
formed after a few hours, with no apparent injury. This is but an-
other example of the harmful effects of certain dust insecticides ap-
plied when dew or moisture is present on the foliage.

Buffer action of sodium fluosilicate.—It is possible that the com-
paratively high degree of tolerance shown by plants for sodium flu-
osilicate can be explained by its buffer action. A saturated solution
of s.odium fluosilicate (1-200) has a pH value of 3.6, whereas the same
equwe’llent of hydrofluosilicic acid has a pH of 1.6. The sodium, there-
fore, increases the pH value (decreases the intensity of acidity) and;
fOEether with the silica, seems to act as a buffer (tables 5, 6, 7). This
Is better shown by the dilution and titration curves in Figs. 2 and 3.
The pH falls to 8 when the solution is diluted to 1-2000, and remains
:Fdﬂ}ls value even when the dilution is as high as 1-20,000. Con-
Siderable acidity is indicated at 1-80,000%, with a pH value of 3.8. In

*1-80,000 is equal to -00037 N.
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Plate 1.. Left——Cl_lcumber leaf injti_refl by hydrated lime alone, in the presence of
moisture. ng!lt—Bean leaf m_lured. by sodium fluosilicate plus 2 parts of
hydrated lime, in the presence of moisture.

tests with acids and acid salts, a pH of 1.9 or less appears injurioysi

foliage. A tenth normal solution of sulphuric acid or sodium higl

phate (pH 1.5) gave considerable injury to bean and potato folis

(table 8). The fact that the pH of sodium fluosilicate never g

below 3 may account for its comparative safety on plants.

The more readily soluble sodium fluoride, magnesium fluosilicse
and pure calcium fluosilicate, espcially the last, are injurious to fil-
age. “Calcium flvosilicate compound,” being insoluble, is qu'te sfe

Plate 2—Potted bean plant dusted when wet, with sodium fluosilicate and 2 P
of tale, showing no foliage injury :
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TABLE 5 The pH valies of various fluosilicates as affected by dilution
ABLE 0—

////;/,/
NaSiFs CaSiFs MgSiFg BaSiFs NaHSO,

Dilution
e =

- 100°
1- 200
1- 1000
1- 2000
1- 4000
1- 6000
1- 10,000
1- 20,000
1- 30,000
1- 40,000
1- 50,000
1- 60,000
1- 80,000
1-100,000

1-200,000 e (- ol i e

BRI

D wmosm o
- hivoocooooe-

3.b
3.4
3.4
3.4
3.4
3.5
3.6

Dol wowcamweeometo
« =3 OOTWNNNDNOoOON D
Dol 0000000 00000 0NN
s e OHOINOOOOOO

1e
1}
2.
2.
3.
3
3
3.
4.
4

C > OO ©: Mo

L s
Qi

Tape 6—The pH values of 10 ce. (1-200) of warious fluosilicates as affected
by titration with 1/10 N sodium hydroxide

e —————p

1/10 N Na,SiFg

NaHSO, (HCI (1-180)
NaOH

CaSiFg l MgSiFg BaSiFg

1.0

3.5

None %

40

[

‘43
5.8
SRt

7
8
9
9
T
1
2
7
6

B

D Ooiooia sl Bl 00000 o
:+:m—tozp~1m: No:, co=am; ©

Dt o amoions] o

oo ow] ® Nl Do
B S C R s

fhooih v R RbRO &
D GGtk e oow o Nl o NN

,.
o0
TS CUOUTTOTTNT s i e A 20

Tase —The pH wvalues of 10 cc. of a 1-200 solution of sodium fluosilicate
as affected by titration with 1/30 N Ca(OH),

1/30 N CaOH | pH 1/30 N CaOH | pH Notes
e i
one 3.5 | 10 ce. 4.3
4 drops 8.5 12 cc. 43
12 drops 8.6 14 ce 43
24 drops 3.7 16 ce 44
&St 3.9 20 cc 45 Solution becoming turbid
1 S0 3.9 25 cc 4.5
5 S 4.0 28 ce 5.9 Turbidity more pronounced
6 oo 4.1 29 ce 6.0
7 cc. 4.1 30 cc. 6.0
8 co. 4.1 31 ce. 6.0
5 4.1 40 ce 7.4 Calcium fluosilicate neutral-
e I ized to calcium fluoride.
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pH
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N ‘\_,\ J \\\ T
T == ETen] = I
34 / L2 = I
420‘, S [ | i
dehali = latdl | N
g
a8 4/58/% ! P"]
+- J
ILUTIONIIN WATEIR
2000 10,000 20000 50000 7000 ——__?J

Fig. 2. Relation between dilution and hydrogen-ion concentration of fluosilicafs
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Fig. 3. Titration curve of 10 cc. of a 1-200 solution



TOXICITY OF FLUOSILICATES 25

TABLE Foliage tests with solutions of known pH, and per cent of injury
ABLE 8—
:,/_:,_,,/’/_’_’"

. Per cent Per cent
2 1it: foliage foliage
Material Normality pH T on Rt
beans potatoes
L R R i e eeie \ Severe........ Severe
5u]p,]'ml'lc d'c'ld::“ } b 1.30 Moderate. ... .. Moderate
i ” .01 2.07 Slighti e Slight
e e .005 B:33 888 [ Nones it None
D R b OB oA | .001 l 3.28 | None
i i ek eia o OD DRI 1 1.51 Moderate
5"‘*!5"" blsuh)’!la e e .02 1.97 None
" B LA .01 2.15 e
” T e .005 2.41 - None
i fluosilicate (1-200)...... } .08 3.60 Very slight. ..| Very sl}ght
io:gl:’ex;ium fluosilicate (1-200) .. .08 2.90 Very slight... | Very slight
Fluosilicic acid ...ceocovenenens | T 1.60 Moderate
Fluosilicic acid ......coevvn.... | .05 1.90 | Very slighr

on various types of foliage. Barium fluosilicate with a solubility of
1.3,750 also seems to be safe on foliage. When the latter was used
as a spray with fish-oil soap or Kayso, slight injury was seen. This
may have been due to the formation of calcium fluosilicate.

Fluorine as a stimulant for plants.—Gautier and Clausman (1915,
1919) studied the effect of calcium fluoride as a fertilizer or stimulant.
These investigators report a stimulating action on wheat, oats, carrots,
potatoes, peas, beans, cabbage, poppy, and hemp. No influence could
be demonstrated with rye, barley, buckwheat, or mustard, while beets
and turnips grew to a less extent.

Voelcker (1921) applied fluorine in small amounts to wheat grown
in pots. The yield of untreated wheat is given as 100. Calcium
fluoride and caleium fluosilicate were applied at the rate of 500 pounds
to the acre, and gave yields of 43 and 191, respectively. The yields
from the fluorides of potassium and sodium, applied at the rate of
0.05 per cent fluorine, are given as 340 and 460, respectively. When
sodium fluoride was applied to the extent of 0.1 per cent fluorine, it
prevented germination and produced a caking effect on the soil. This
did not take place with the potassium fluoride, which at the same rate
showed a yield of 453. These results indicate a moderate stimulation

él‘om caleium fluosilicate and a fourfold increase from potassium
uoride. !

EXPERIMENTAL

_ Determination of comparative toxic values.—For the determina-
;“{n of Comparati?ze: toxicities of various inorganic chemicals, the
a}\*ae of the Culicidae proved especially well adapted, since they
ilci libun((liz?lrxt, easily (.)btained or bred, and live in a medium that lends
b;ll (1;(:;;61 ¥ to chemical changes. of any desired concentration. Camp-
S y~fe) dllve'cently succeede-zd' in* making quantitative toxicological
While his :m“]’;g known quantities of s.oluble arsenicals to caterpillars.
few Chemicalr g .be exact, his investigations are limited to a
can be deter o Comparative values of a large number of chemicals

etermined better and in a shorter time by the use of mosquito
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larvae. It is thus possible to obtain comparative data Which ¢
significant, especially when compared with results of work g, 0:;
insects.

Methods.—The mosquito larvae were collected from rapy e
and brought to the laboratory. The most common species during g,
greater part of the summer is Culex quinquefasciatus. Occasiopg
other species of Culex were present in the same receptacle, Althougi
there seems to be little difference in resistance among the difiy
species of Culex, the following method was later adopted to Tnse
a pure culture of a single species: A single egg mass was placed iy,
jar, to which was added dried blood, a well-known fertilizer, Ty
material proved satisfactory for raising the larvae to maturity, T
larvae grew very well, also, on a diet of yeast, but frequently
water became contaminated with dense growths, which proved g
mental. Dried blood was therefore adopted.

Ten or more larvae were placed in 50-cc. tumblers containing i
chemical in solution or suspension. Observations were made at houry
intervals, when possible; and in many cases were continued for 7
hours. The time when cessation of movement was observed was tika
as the measure of toxicity. The percentage of the larvae that s
cumbed was calculated according to the number present. Due fo ik
variation in resistance among the individuals of the same species,fi
time in which 50 per cent mortality occurred was later adopted I
the discussion that follows, the word “toxic” is used synonomoul
with the word “lethal.”

The acids and bases tested were of corresponding normalif
whereas molar solutions were used for the salts. In a few cass!
gram of the material was used with varying amounts of distild
water. Conductivity water, free from carbon dioxide, was used
testing bases. LaMotte standards were adopted in making hydrog:
ion determinations.

Manner in which mosquito larvae succumb.—It is evident that
mortality of mosquito larvae in solutions may occur by penetratic
of the lethal agent through the chitinous membranes covering the er
terior of the body, or through the stomach walls after ingestion of the
material by mouth. With inorganic chemicals, the oral method seent
to be the principal one in which poisoning takes place, for it is possite
to kill Culex larvae readily by insoluble stomach poisons, such ag el
arsenate in suspension. Bodine (1923) also points out that Pl
which are known not to eat, are very much more resistant to acids t@
larvae. According to Chidester (1916), the pupae of Culex pi*
can withstand a concentration of 40 per cent of sea water. On
other hand, many organic chemicals, and especially those that &
volatile, kill rapidly. This is presumed to be because they e
through the thinner portions of the body wall and breathing fube.

. . . . ik
Species studied.—The common rain-barrel mosqultoeS—C“l” {
quefasciatus, C. salinarius, and C. restuans—were used in the
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be but slight differences in susceptibility among the

species. Tests were also made with Orthopodomia signifer, the
threehblp mosquito. This species was found to be very much more
tre?_t:n(: than the larvae of Culex. A few tests were also conducted
i‘:!lstl}? o punctipennis. The larvae of .Anopheles seem to be as
usceptible as Culex to non-volatile chemicals, and, being surface
o ast resistant to volatile chemicals floating on the surface

There seem t0

feeders, le
of the water.
e minete = =
(] B J}“
et 5
el s
50
It
10
9
A
7 2 ite —=al
() —_—
5
4 =
3 |
2 // Sodium| Apsendfe | | |
J // //:/T:: Hludrid.e!
=T |
20 005 0l Molar

Fig. 4. Velocity of fatality. Culex quinquefasciatus

Discussion.—Since sodium fluosilicate acts as a stomach poison,
a comparison with the arsenicals would be desirable. At 0.02
molar, or 1 part in 266 parts of water, it killed the larvae of O. signifer
in 8% hours. With sodium arsenite, 0.02 molar, about the same time
was required to produce a lethal effect (table 10).

Sodium fluosilicate at 0.01 molar (1-532) concentration produced

30 per cent mortality of the larvae of Cules quinquefasciatus within 55
minutes, whereas at the same concentration sodium arsenite required
13.5 minutes, sodium arsenate 390 minutes, and sodium fluoride 420
minutes. A parallel series of survival times was secured with con-
cgntrations of 0.005 molar, as indicated in table 9. An inspection of
Fig, 4, where the concentration is plotted against the reciprocal of
the surviv.al time (the velocity of fatality), reveals a curve similar
tCO the action of lead nitrate on Leuciscus phoxinus as worked out by
arp;:nter (2). This curve appears to correspond to the equation
k= Tlogﬁnc. Where t—=survival time and K a constant expressing
anlll{mg;cal zf:llue of toxicity. With such an equation we get a value
e 4so ium ﬂqosﬂmate of 34.5, sodium arsenite 18.1, sodium
e 48, and sodium fluoride 4. Sodium fluosilicate is therefore 8
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TaBLe 9—Toxicity studies on Culex quinguefasciatus, showing Strsiyy

: s 1 3t
of 50 per cent mortality. K—— 108 ————. Temperatury (i
s Reciprocal
Molar | Survival Val Averag,
Compound Cone. J time 1000 ofagf%* valuee cd“h
Minutes t of K, it
_ o I | 1 1 N
Sodium fluosilicate ..... ‘ .01 | 55 | 18.10 | 36. 2) «
| | | aus | [
| 005 | 70 14300 | 2.0 (i l
| 0005 | 120 | BisR e | i
[ | |
Scdium arsenite ....... .01 135 ]l 7.40 148 jl”
13.1
.005 180 | 5.55 11:5 } l I
.0005 | 1260 | 9. L.
| i
Sodium arsenate ....... .01 390 2.56 5.1) | Um
4.8
.005 510 | 1.96 4.5}‘[ ; (47!
.0005 2880 | .34 .
Sodium fluoride ...... S0l 420 2.38 4.7 ]l }J;m
[ 40
.005 660 1.51 3.4} l {3
.0005 2880 3.40 e s ] !
*Calculated as 1(100 to avoid fractions.
N =z
A7) LT |
N :9/ ==
v - e
N ERN ARy == e
N 70 1000) 1=
)
1) // / ///
A" | —1
50 // / -
e
= / | ==
/ / |
30
20 4 7
10 S
0 / 200 3370 mr,

Fig. 5. Velocity of fatality. Culex salinarius in sodium ﬂuosiligate solutions

times more toxic than sodium fluoride. Other curves showing s
vival time and velocity of fatality are given in figures 5, 6, and

Of the organc acids at 0.02 N, salicylic was the most toxicfol
quinguefasciatus, followed by oxalic, formic, and acetic acids, 15
tively (table 13). Similar results were obtained by Bodine (1623
Salicylic and oxalic acids appear even more toxic than hydroﬂuorlcof
corresponding normality. Similar results were obtained against [
signifer. With the latter, benzoic acid showed some toxicity at002\
but tartarie, citric, lactic, acetic, gallic, and boric acids Were i
tically inert.

In a comparison of a series of metals, mercury was foundr?;:
the most toxic to O. signifer, which succumbed to 0.02 molar mé .
bichloride in 1 hour. The larvae of Culex were more. senslthe
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ITIlnvf'ﬂ ———T1— ]
2101 ———
| locitty 4 [alify Liry 1000
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Fig. 6. Toxicity of ‘sodium fluosilicate to Culem salinarius

Tapie 10—Toxicity studies wilh Orthopodomia signifer. Temperature T0°F.

.0002 M.
Per cent dead 2 h.
L il A DL o P
Oombodnt }11/3‘.' hi. ll hrs.| hrs. hrs.|| hrs.| hrs.| hrs. | hrs.| hrs.|hrs.| hrs.
ili : % 1|| ........ tl| 55}100|....
Sodium fluosilicate ............ [ ey e e
002 M. -
Sodium fluosilicate ........... B B i o oo o 100}1\]|| 65 |1
Mercuric chloride .. ...\....|....‘....175 90 o o) DG |.1'0'0'....:‘.'.
Salicy]ica;id... ‘I | l
Oxalic acid ..... % 3 2
Rormic aCiam e e et e s o |+ saie | e et e e e | 50 | 7
02 M.
Sodium fluosilicate ............ B ol o e R PR 5 R0 } ........
Caleium fluosilicate . 50: [-100: ) ia s o e sl e ae 20|100
Load fluosilieateBatEaiie o ol | |....|....|....|20
Magnesium fluosilicate e ey § | 5
Sodium arsenite .............. gl | 50 | 65 | P
Sodium arsenate | o
Sodium cyanide .. | .1.0.0.
Sodium bisulphate 5o 100 e
Sodium bisulphite | Al
Sodium  fluoride A o ’ o
Sodium silicate .. x 0
Sodium chloride X
Sedium oxalate . ... 0=
Sodium hydroxide .. | ' o
Mercuric chloride ............. | 16 100 meete | et S 5 sieisls
Chromium fluoride ............ Vi ol e s [eisie: | 100
Antimony acid ............... (o el AR SR (B allegdnlsdonllsobs | 100
Arsenious acid ................ J e A e ... 100 |
Hydrofluorie acid ..:..........| ... J ........ | 30 | 40 | 60 | R
Salieylic acid . | e i
Oxalic acid .., | ) ST
Formic acid ... < e
Benwlc BCId S 5 deselavve|sesc]e
Phosphoric acid : oo a0k
Tartaric acid ..., ... ... 3 2 0 0 0.
CltricTaeid s e s =0 R 3 5 0 0 0.
Lactic acid ...... . . (i 3 0 0 (RS0
Acetic acid .., . 100 ' 0RIEN0EEE 0 2
Gallie |aciqzaiidn: ! 0 0 0=
SR ol U R N o 0N on (e
Hydrochlorie acid ", . s B Rl 50 (6500
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log #ime
7
|
|

20 =0
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Fig. 7. Sedium fluosilicate. Log survival time plotted against log concentratip

Tasre 11—Toxicity studies with Orthopodomia signifer. Temperature i
2 M.

Per cent dead

APt \ lie] ‘
Compound * 1 155] %52 | 8|4 | 5|16 .| (THIEES
| i rs.| hrs.| hrs.| hrs.| hrs.|hrs.| hrs

Hydrofluosilicic aeid ..........
Hydrofluorieacids - iata it &
Hydrochloric acid ............
Sodium hydroxide .............
Sodium i silicate SIS s s e
Sodium bisulphate ............
Sodium bicarbonate ...........
Sodium chloride ..............
Sodium Sfluoridediti st TN
Chromium fluoride
Potassium iodide ....
Potassium chlorate SadilEs
Sodium bromide ..............

Sodium = fluoridesit it oll
Sodiim@silicateRRueiiar it
Sodium chloride .............. (e,
Potassium chloride
Sodium bicarbonate
Ferrous sulphate .............

Sodium chloride
Sodium fluoride
Sodium silicate
Ferrous sulphate




et

qalts of zinc
Considering t

parium chloride.

———————

Compound

insects is Very. sma
fluosilicate 18 severa

When the halogen sa}lts
toxic'ty was noted: Chlorid
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16, 1926

Per cent dead

and lead than to those of barium or copper (table 14).
e known properties of barium, its degree of toxicity to
1. Judging from the concentrations used, sodium
1 hundred times more toxic to C. salinarius than
Sodium silicate also showed little toxicity.

were compared, the following order of
e<bromide<iodide <fluoride.

TapiE 12 Toxicity studies with Culex salinarius. Temperature 82°F. June
ABLE 12—1 0x1C11}

| |

| 4

7

|
& 1] 2
| hr. |

[ | o A b a6 v
hr. | hrs.| hrs.| hrs.| hrs.] hrs.| hrs.|hrs.|

Rl o
8 | 16 | 24 | 48 | 72
hrs.| hrs. | hrs.| hrs.

Sodium fluosilicate
(1-200)
(1-500)
(1-1000)
(1-3000)
(1-5000)
(1-10,000)
(1-20,000)
(1-40,000)
(1-80,000)
(1-150,000)
(1-300,000)

Barium fluosilicate
(1-3750)

Sodium arsenite
(1-200)
(1-40,000)

Sodium fluoride
(1-200)

(1-1000)
(1-5000)

Acid phosphate (commercial) |

(17-2000)
(17-10,000)
(17-100,000)

[ o e e

[ ol el )

[ 40 | 90 [100 [ eefee.
10000 e

80

| 35 | 75
3514”
20

e
\

25‘50

60

65

!
| 156 | 80 llOO’....

90

15
95

.1.0‘0.

93"
45

Tavte 13—Toxicity studies with Culex quinquefasciatus. Temperature 75°
September 24, 1926

.01 N

Per cent dead

Compound

Sulphuric acid

Hydrochloric  acid
Nitric acid ........
Hydrofluosilicie acid
Hyd_roﬂuoric acid ..,
Sodlpm hydroxide
Calcium hydroxide .
Am{nonium hydroxid
@Aum hydroxide

s Bss | 95
OB a5 D
1130 | 40 | 85 | 95 | 95

... 16 | 15 | 95 [1100]. ...

Oxalic acid
Formic aciq .
Salicylic acid .
Acetic acid
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Tasre 14—Toxicity studies zwith Culex salinarius. Temperature 80°F !
6, 1926 '

.05 M.
Per cent dead

Sodium chloride. . .
Barium chloride i B e Fe ] [ el L e L e

| el | |
Compound |%‘1(2'3{4!5|6|7I8l16124|4872
| hr.| hr.| hrs.| hrs.| hrs.| hrs.|hrs.| hrs.| hrs.| hrs.| hrs, hrs.| hes
Sodium acetate. ... ‘ S 20 | 25

Barium acetate ..|....[.
Zinc acetate
Lead acetate ..
Potassium iodid

0 te
75 1100},

Sodium chloride |....[....|....
Barium chloride |....

Barium acetate .
Zine chloride ...
Copper acetate

Lead acetate ....[....
001 N.

: S Rkl l | | ‘ | ‘ [l | ’ | ¢
Hydrochloriciacidilse |t e oo e et RSBl s Joie oo ] oo S1D RN
Sodium' Thydroxide|. .. |.uocloee foce ot et e e R et s e e ORI

.002 N.
Hydrochloric acid I‘ I| ! I ] II ] I II ! \l 40 || 70 l V 5
h{ 31 U 5 (oot D e O e O 0 i R K e o) o o | 4 S0
Pkl .

Hydrochloric acid !.
Sodium hydroxide |....|...

TasLE 15—Toxicity studies with Culex quinquefasciatus. Temperatueil
July 15, 1926

.002 M.
Per cent dead

Compound B 1 2 3 4 5
hr.| hr.| hrs.| hrs.| hrs.| hrs.

Sodium fluoride .......... e e e e
Sodium oxalate ..
Sodium silicate ....
Chromium fluoride ..... el
Control (distilled water) ..|....|....|...
Oxalic acid
Formic acid ...
Salieylic acid

|

Sodium fluoride .......... } ........

Sodium acid fluoride
SodiumEoxalate s i ] et el st ol oo e [
SodiunaSsilicate iRty ers ety i LeE IS ety It (5
Sodium bisulphate ........ s oo ool o o
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i that the toxicity studies confirmed, in

e iﬁteT;Iiiffx?eigszi series: SO4>CI>B‘>N03>.I>SCN for
many, Cases, deM >Li>Na>K for the cations. Potassium f'luonde
the amons .anh gsodium fluoride, while the latter is more toxic than
e goﬁfigeanAmmonium sulphate is much less toxic than am-

: 0 ; :
barﬂ}”:n sulphocyanide (table 16). : o
o e are in the habit of feeding on organic ma :

o lar;ra ntainers. It is therefore possible to use }nsoluble
e bqttomfo ’:(;)xicity studies. The fluorides and other insoluble
matepals 01'e used at the rate of 1 gram to 100 cc. of wa}:er. Cal-
chemwal? werium and strontium fluoride showed low toxic valpes,
e ngniZIcix;m fluosilicate compound (table 16).. The ﬁ.uorldes
a: dISp:rSan barium killed in 6 and 8 hours, respectively, while lead
of co

Papie 16—Toxicity studics with Culex quinquefasciatus. Time in which 50
ABLE v1cut)

27
per cent mortality occurred. Temperature 80°F. July 27, 1927

Notes
Compound Strength Hours
: 1-100 6 | Washes
Copper fluoride.....ovvevnnenn. . 114 pH 4.4
Lead ﬂ“"?ge Satuga%gg Sol 6" | Strength about 1-2000
Lead fluoride i-- 1-100 6
Aluminum fluosilicate 1.100 214 pH 4.5
Cryolite (synffhetlc) ..... 1‘ 100 ek
Caleium fluoride. 1'1 00 54
Magnesium ﬂuo'rlde. 1' 100 55
Strontium fluoride ‘) 1'100 29
“Calcium ﬂuqsxhcate compound | 1-100 3 pH 5.2
Barium fluoride ...............| Satur;te 4 Sol 6 Strength about 1-600
Barium ﬂuox;xde 50 1.100 4 Washed
Lead arsenate, , . 7
Cﬂ:dl"ﬂ 9“9"“:9' 1‘%88 lé Remained in water 3 days be-
Calcium arsenate.............. = e testing
1:100 ) R:&gined in water 10 days
.............. = befm(.ie testing
- 3 ‘Washe
.................... 1-100 ol
"""""""" 1-100 Leeip: Filtrate only tesftted e
Calcium arsenate. , 1-100 1 Fﬁt!&a{f feptediiatar
Sodium fluoride. , . }-iggg ) Do S IIDHET
Sodium fluoride =
s - g pH 3.5
Hydrochloric acid 01 N ) I|
fotiun frorias G
Sodium hydroxide aN ) |
Potassium fluoride. .02 M 3% |
Sodium fluoride. .02 M 5 !
Ammonium fluoride, .02 M 4
Sodium phosphate (primary). .. .02 M 317 pH 5.6
ium phosphate (secondary) . ‘ .02 M 35 pH 8.3
ium phosphate (Tertiary). . . .02 M 10
Sodium fluoride ) [ ( .02 M )
plus 3P -+ 3:1/6
Sodium carbonate ; 8 LSV J
Sodium carbonate. ..., ... ... gt 11 9 :
Sodium phosphate (Meta). ... 02 My L Non-toxic
UM pyrophosphate. . . . . ... . <02 VI SR oREes s
Sodium hypophosphite. . 02, M. BEAEEe il
Sodium phosphite. , . . .02 M Sl et 2 3
Ammonium sulphate. .. .05 M [ e gt
Ammonium sulphocyanide. . . .05 M 5
Barium fluoride, ., ... ) 1-1000 6%
sodium fluoride. .. | 1-1000 2
Sodium fluosilicate | 1-200 2/3 |
Sodium fluosilicate ) 1-200 )| |
. Dlus | 7 |
Caleium hydroxide b1 1-100 f |
— ondeglges s )|
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fluoride required only 1% hours for a lethal effect. Among e
soluble arsenicals, Paris green, lead arsenate, and caleium gy y
killed in 13, 4, and 11 hours, respectively. The interestingpﬁ-m
here is that lead arsenate proved more toxic than calcium, While
field conditions the reverse is true. If the calcium arsenaty j;;
lowed to remain in the water 8 days, a greater toxicity is manifeyy
It is probable that the carbon dioxide in the water partially decomp,
the calcium arsenate into a more soluble form. Further eviden ,
this point is furnished by Walker and Mills (1927). They also fyy
that a coating of calcium carbonate may appear on the outer sy
of each particle after 5 days or more, thus rendering the arses
more or less inaccessible and ineffective. Calcium arsenate, th
fore, is comparatively less toxic when first dusted on plants; hew,
more toxic under the action of carbon dioxide; and finally, when
over with calcium carbonate, is again less toxiec.

The role of acidity.—A series of 0.01 N acids were compareq
a series of 0.01 N bases. Hydrofluoric acid was most toxic, the lam
of Culex having succumbed in 8 hours. Hydrofluosilicic was almost
toxic, followed by sulphuric, hydrochloric and nitric. With the la
only 55 per cent of the larvae were dead at the end of 8§ hours, (x
the other hand, the bases exhibited comparatively little toxic actins
At the end of 8 hours, 5 per cent of the Culex larvae had suceunt
to the sodium hydroxide, 15 per cent to barium hydroxide, and 4
cent to ammonium hydroxide; while a few still lived even afterle
3 days.

Similar results were secured with O. signifer. At 0.02 N hydr-
chloric acid showed a toxicity of 50 per cent in 24 hours, wher
sodium hydroxide was entirely ineffective even after 3 days (tablell]
A concentrat'on of 0.2 N sodium hydroxide was necessary hefoe?

42
Sod 1| Hliols

130

120

110 L
100 | ||
90 [ RlRl
8o : J R
70 e d | flonde : ||
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Fig. 8. The relative toxicities of arsenicals and fluorine compounds t0
Culex quinquefasciatus
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as obtained. In New Jersey, Headlee (1921) had to use
dium hydroxide in 1000 cc. of tap water, equivalent to
the amount necessary for a 0.5 N ‘solut'lon, in order to get a kﬂlmg
dose against A. cantor and A. sollicitans 1n‘2 dz.lys. These prehmmary
observations indicate th.aF th.e hydrogen' ion is more toxic than the
hydroxyl ion, or that acidity is a factor in toxicity. :

The influence of acidity was studied .from another angle. Sodium
fuoride is neutral or slightly alkaline w1th‘ a pH of 7.5 at a concen-
tration of 0.5 molar. With a 1-1009 .solutlon, 50 per cent mo;r*tallt.y
occurred within 5% hours. The addition of 0.01 N hydrochloric acid
caused the larvae to succumb in 3 hours, whereas the same amount
of 0.01 N sodium hydroxide added to the sodium fluoride prolonged the
life of the larvae to 7 hours. In the same way acidified sodium arsenite
was found more toxic than when made alkaline. Sodium fluosilicate
also has an acid reaction, and proved to be about 8 times more toxic
than sodium fluoride (table 9). Pure calcium fluosilicate has a
greater hydrogen-ion concentration than sodium fluosilicate, and was
correspondingly more toxic.

Patterson (1925) found the hydrogen-ion concentration to be an
important factor in the development of the larvae. She found calcium
superphosphate in concentrations of 17-2000 and 17-10,000, having,
respectively, pH values of 3 and 3.4, toxic to Culer fatigans and Theo-
baldia longiareolata within 72 hours. These results were duplicated at
Knoxville with C. quinquefasciatus. Patterson claims even relatively
weak solutions of superphosphate of lime (17-1,000,000) to be toxic.
The writer, however, was unable to get any killing with such low
concentrations. No effects on the larvae were observed when these
chemicals were added to the natural breeding waters at the rate of
17-1,000,000.

Although Culex larvae are intolerant of slightly acid waters, re-
latively large amounts of acid-producing chemicals must be employed
under practical conditions. A 1-10,000 solution of sodium fluosilicate
is toxic to larvae in distilled water. Little effect, however, was ob-
served when the powder was added at the same rate to natural breed-
ing waters charged with large amounts of organic matter. At the
rate of 1-2000, sodium fluosilicate killed all the larvae within 16 hours,
while at 1-4000 some killing was evident after 1 day and all were dead
in 2 days. Sodium bisulphate, or nitre cake, was ineffective when
added at the rate of 1-1000. At this rate Headlee (1921) was barely
able to kill ¢, pipiens, in New Jersey, within 2 days, and he recom-
men.ds that for best control the nitre cake be used at the rate of 1-100.
So.dlum fluosilicate is thus much more toxic than nitre cake when ap-
plied to water heavily contaminated with organic matter and dust.

Studizgebeﬁ?\zt of changes in the hydrogen-ion concentration was also
e ey ta‘chregor (1921.). 'He ol?served that Finlaya geniculata,
T WIL:H tﬁee'h"le mosquito, inhabits waters with a pH value of
oH of 82? ! Zse Iarvae' were transferred to alkaline water, with a
Jenn: :1 2 i they failed to develop. On the other hand, 4. maculi-

S 4. bifurcatus, and Ochleretatus nemorosus, which inhabit alkaline

Jethal effect W
90 grams of s
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water, failed to develop in water made acid with acetic acig ang'y
a pH of 4.4. The larvae developed, however, in water made 4
with sodium hydroxide showing a pH of 9.6.

Larvae of O. signifer, which is classed as a tree-hole mygy;
were found at Knoxville to breed in a concrete basin designeg fy
manure pit. The water was alkaline and showed a pH valye

Laboratory experiments with Anopheles punctipennis p;
green is now being used as a larvicide against various species of|
opheles (King, 1926). Among some of the chemicals tested af
ville, crude naphthalene gave very good results against Anophels
not against Culex. When crude naphthalene was dusted Lightly g
water in battery jars, the larvae succumbed in from 1 to § fy
(table 17). Paris green, under similar conditions, acted much
slowly. Considering cost, and the fact that it may be dusted,
naphthalene is worthy of further trials under practical condition,

Field tests against the Colorado potato beetle and other inse-
The larvae of the potato beetle easily succumb to sodium fluosilius

TaBLE 17—T oxicity studies with Anopheles pun
June 25, 1926

Per cent dead

ctipennis. Temperature &

|

Compound 4

2
.| hrs.| hrs.| hrs.| hrs.

|
| TS
| hrs.| h

TS,

|
|SS68[ 6
hrs.

Dinitrobenzene
Paris green
Sodium fluosilicate (1-200)
Crude naphthalene
Dinitrobenzene
Paris green
Paris green

2 [100]-

TasLE 18—Cage tests of insecticides, used as dusts at the rate of 2 il

per -acre, against the Colorado poiato beetle.
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Per cent dead
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Copper oxalate ..
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859% plus 2 parts of lime
Magnesium ' fluoride
Strontium fluoride
Lead fluoride*
Zinc fluoride
Lithium fluoride
Sodium oxalate
Iron oxalate
Magnesium oxalate
Aluminum fluosilicate
Sodium bisulphate
Barium carbonate
Barium oxalate
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full-grown larvae may be killed in from‘2. to 4.hou.rs. This may
A ibuted to the fact that the sodium fluosilicate is slightly soluble.
i attrthu insoluble arsenate of lead was used the large larvae were
e b ered to enter the ground before a lethal dose was consumed.
A 3 MecIndoo (1923) state that 90 per cent of the arsenic eaten
gogkb::n voided by the silkworm before death ensued. A material
31ich kills rapidly is valuable during showery weather, when dusts
i washed off the plants before a toxic dose is consumed.
% The larvae of the potato beetle may be readily killed by sodium
fuosilicate diluted with 9 parts, by volume, of hydrated lin.ae. Mag-
nesium fluoride, with a solubility of 1-11,500, WE?.S not _tox1c against
the larvae of the potato beetle. Strontium fluoride, being almos.t as
soluble (1-8547), gave a kill of 25 per cent in 24 hours, w?th little
better results after 72 hours (table 18). Lead fluoride killed the
larvae in 8 hours.

Chemically pure arsenious acid, or white arsenic, gave no kill
and no foliage injury. A commercial white arsenic gave a kill of only
95 per cent in 24 hours, and showed foliage injury (table 19). Swingle,
Morris, and Burke (1923) state that one of the most striking facts
brought out in their work is that arsenic trioxide may be applied with
very little foliage injury. White arsenic is known to be very slowly
soluble, and exists in several forms, which may account for its variable

Tanie 19—Cage tests of insecticides, used as dusts at the rate of 20 pounds
per acre, against the Colorado potato beetle. Larvae nearly full-grown

£ Do [ Per cent dead Injury
L:ztnf;loﬂulngr aleica-’ 2| 4] 8124 \ 32 | 48 | 56 | 72 L9 ot
tion |hrs. | hrs.|hrs.| hrs.|hrs. | hrs.| hrs.| hrs.| foliage
Iron formate ....May25|....‘.,..l 0 o seallosas ’ ........ None
Chromium fluoride e ST R BRSSO vl o oo o sl amee o
Iron fluoride ....| ,% 60 | B St s Al e It Shgwer after 8
| | | | | ours
Lead fluosilicate ..| » \....\65|....\85|....|....|....l|....| Severe
Picric acid ...... < 0 N [sebolfedonllans ol oots None
“Caleium fluosili- 1 ‘
cate compound” .| May 20 |....| 15 | 50 | 80 |....|ceei]eue]unns G
Bnm_lm chloride .| May 26 |....[.... 0. |F4 08| RS e e 22
OXS‘IIC'BCId. ...... e hb e W O S 0TS o il ol oo ol oo Severe
Salieylic acid ....| ” 5 o foees B | S 0| el ool il iolfo o | Slight
Barium fuosilicalel BRI 40~ | 60 | 75-| 955k THIESES AN E leiaith stics
Arsenious acid C.P.| June 3 |....|....| 0 | 15 |[|1] None |
Areenions acid | ¥ | | | | | | | | |
;.(G]"bf) ........ [N ] oo 16%- |
(60% Wiarda) ..| » |.... ' | 5%
Barium fluoatiy | e i ol
M?e' 21bs. to 50 ) |
L e o A 22 A
Sodium fluosilicate| » |l 90 | ; Nl(:)r:; || 80% in 1% hr.
Sodium fluoride .| » 60 | 20 A 40 = 1% h i
“Caleium fluosili- \ | g SR
cate compound” .| *
arls green ....,. 22 ‘]1‘ o gﬁnit
ium arsenite v 60 & VGEY
Arsenic acid S/l R |‘ 30 \‘ | i?::;e
Dinitroh | I {3gevors
Enzene ~--ll [ ..| Slight | Acts as a
Paranitrochloro- et
5 nzene ... .... » B
opper i I : :
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action. Schwartze (1922) showed that a finely divideq 1o
arsenious oxide was 5 times more toxic to rats than a coarse]
form.

With Culicid larvae, oxalic acid and the oxalates showeq piy
toxicity, but against the potato beetle the oxalates were iney (tay
18). Theoretically, the soluble oxalates should be very toxic Detas
of the highly insoluble nature of calcium oxalate, but it ig Dol
that the oxalates are burned to CO,, before a fatal dose ig consug
Oxalic acid was very effective against adult bean beetles, byt gy
kill of only 25 per cent in 24 hours against potato beetles, ang bung
foliage severely.

The barium compounds—barium carbonate and barium hydvage.
were inert. A 2 per cent solution of barium chloride had ng eff
but pure barium chloride dusted on the vines gave a kill of 40 Der e
in 24 hours (table 19).

The fluosilicates are not only effective as stomach poisons b
are also very useful against certain mandibulate insects herefy
not controlled by arsenicals.

Epicauta sp. and Macrobasis unicolor—Through the use of flus)
cates Baerg (1925), in Arkansas, and Ingram (1926), successfully e
trolled blister beetles, which are not susceptible to control hy an
cals. Sodium fluosilicate, diluted with an equal quantity of hydt
lime, was used with safety on soybeans.

Diabrotica vittata.—In the past the control of this well-known pe:
has been far from perfect, because of the repellent effect of arsei
on the species. However, as a result of its habit of drawing ifsfe
through its mouth, the adult beetle readily succumbs to the flu-
silicates. Excellent control has been obtained, therefore, in Tennes
by Baerg (1926) and Isely (1927) in Arkansas; by Marshall (10
in Canada; and by Herrick (1926) in New York.

Menopon biseriatum.—Bishopp and Wood (1917) have used sodim
fluoride successfully against poultry lice. Sodium fluosilicate
found by the writer to be superior to sodium fluoride in that it p&
vents reinfestation. Better control was also obtained against the i
louse (Lipeurus variabilis).

Ectobia germanica and Blatta orientalis—These pests are now i
monly controlled by sodium fluoride. Equally good results have b
obtained in Knoxville with sodium fluosilicate. :

Tinea pellionelle—A very severe infestation of the clothes molt
upon rugs was observed in a home during the summer of 1927, 'ﬂﬁ
rugs were thoroughly wetted on both sides with a 2 per cent sol?tlm
of sodium fluosilicate, and within a week or two the larvae disar
peared. Upholstered furniture infested with the tow bug (Lasiode®
serricorne) was also treated with a solution of sodium fluosilicate, &
equally good results were obtained.

Laboratory experiments with clothes moth larvae shoWed'tw
they readily succumbed when fed on raw wool which had been dippe!
in a 1-200 solution of sodium fluosilicate. Larvae allowed to (&
over the powder were not affected. To produce mortality the pov
must be eaten.

m
y diig
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prietary clothes-moth remedy known as “.Larvex” is s.old
on the market at five dollars per gfﬂlon. parvex is simply a §olu1‘:10n
. fuosilicate. A gallon of it contains about 1 ounce of sodium
of so.d }urr;e worth less than 1 cent. An effective home-made “larvex”
:fattltzap;oduged by dissolving 1 ounce of sodium fluosilicate in 1
gallo]n[ 3:,,‘2’;5?; ; fenmr-rubrz,l7;1,,__Grasshoppers were selected in the
"‘.tt’ studies because the materials they feed upon can be sub-
Fo.\;:(li );o experimental control. The difficulties in the way of obtain-
iﬁ; exact data with most chewing inseFt§ may be largely overcome .by
the use of poison baits. In order to eliminate the factor of variability
resulting from the feeding of some grasshoppers and the apparent
indifference to food of other individuals, they Were.starved 24 hou.rs,
after which time they showed considerable uniformity in their desire
to eat. Soluble compounds were prepared in definite proportions to
moisten the bran. Enough of the solution was used to saturate the
bran thoroughly, thus making sure that all the bran flakes were
equally moistened. The results were surprisingly uniform, and sub-
stantiated those obtained with mosquito larvae.

All the experiments were performed in an outdoor insectary, at
temperatures ranging from 70°F. to 80°F. For cages, large glass
cylinders, 10 inches in diameter, were placed over garden soil in
benches. The bran mixed with the insecticide was scattered over the
damp soil in the cages, and 10 hoppers were released at 8:30 a. m.
The bait was removed at 4:30 p. m. and the hoppers were placed in
cages with grass. The baits consisted of 28 grams of bran and 75
ce, of insecticide.

For the insecticides, a strength of 1 gram in 150 cc. was em-
ployed. Thus 75 cc. of a solution of the insecticide gave a final
strength of 1 gram of poison to 55 grams of bran. Insoluble materialg
were mixed according to the dry method.

The bulk of the experiments were carried out with the two
soluble materials, sodium fluosilicate and sodium arsenite. In a 48-
hour period 100 per cent mortality was produced by the sodium fluo-

A pro

TABLE 0—Swmmary of tests of insecticides wsed as poison baits against
Melanoplus femaur-rubrum

— o AR

£ Strength St th| No. of Per cent dead
Material s Ol;eﬁfit Experi- |Temperature| 7 | 24 | 31 [ 48 | 55
SN Holution ment hrs.|hrs. | hrs.| hrs.| hrs.
» X I VREE
sﬁ:m Z:OSII}cate codgll ARl 1-56 4 70°-75°F. | 13 | 41 | 83 [100]....
s greeilemte ...... 1-150 | 11-56 l 3 T0°-75°F. 12 | 38 | 73 | 89 [ 100
Tt Ve T e B eer el e -150 | 1 | 70°-75°F. | 32 | 50 | 84 | 84 [....
Sod'.fﬁnaﬁesﬁi;héié """ || G | i?o |25 70°-75°F. | 20 | 40 | 80 [ 100 ]....
¢ AL = -18 1 T0°-75°F. 1l 10 | 10 | 20 | 20
Sodium ﬂl;)ol?ll;mate 1-150 1-56 ' ) { 0 ‘ } {
Sodium arsenite ... 1-150 | 1-56 ’ f ; Lol l) Sl e
ium ﬂ\:]olilshcate 1-150 1-56 | ) | ‘ l
Sodium fluopg el 70°-75°F. 208181008 st e e
diom fluoride. ... 1150 | 156 |} | |! [
|

70°-75°F.,

0
0
0 | 100
0 | 100
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silicate, while sodium arsenite showed but 89 per cent (table
Only one experiment was performed with Paris green apg wh‘wi
arsenic, and these showed a toxicity similar to that of sodium arsery
Langford (1926), in Colorado, also found sodium fluosilicats Dwn'
toxic than sodium fluoride, sodium arsenite, Paris green, apg Wiy
arsenic. The repellent effect which might be obtained with ff
senicals in the presence of food was not studied as with the cutwong
but it is hoped that this point may be taken up at another fing g
evidence is accumulating that the arsenites are repellent to logs

Temperature and toxicity of fluosilicates.—The fluosilicates
first tried out in cages under field conditions in the summer of {13
An unusually rapid kill was obtained in several instances iyith
cium fluosilicate compound.” Similar results were obtained during
hot months of 1926, but could not be duplicated in the insectary, Ty
influence of temperature was suspected. For further study of fis
factor, a series of experiments were initiated in constant-temperau
cabinets in the summer of 1927. Bean plants were dusted with soiin
flucsilicate mixed with 3 parts of sulphur. At 80°F. 40 per cenfofi
beetles succumbed in 24 hours. Very little difference could be mis
at 91°F., but at 108°F. 100 per cent mortality occurred overgh
(table 21). Even sulphur alone caused the same mortality at 1087
During the hot summer months of 1925 air temperatures of 90°F,
102°F. were common, while soil temperatures often reached 127
In cages the bean beetles frequently attempted to fly away, and lan
on the ground, which was dusted. Under such conditions, it is el
possible to obtain a much more rapid kill during hot sunshine than#
cool and cloudy weather. Corresponding results were secured v
sodium arsenite, and sodium fluosilicate for Culex larvae. A 150
solution of sodium fluosilicate caused no mortality in 1 hour af e
peratures of 47°F. to 82°F. At 91°F. 20 per cent succumbed, i
at 107°F. there was a mortal'ty of 50 per cent (table 22).

These experiments indicate that temperature is an impor!
factor in toxicity, especially above 100°F.

T L 21—Effect of temperaiure and moisture on toxicity of sodiun fli
cate against the adult Mexican bean beetle. Ten beetles used i

cage
3 Per cent dead
Material Temperature| Moisture 6 | 24 | 48 Notes
hrs.| hrs.| hrs,
| | | | | |
Sodium fluosilicate with | | | | | |
3 parts sulphur. 108°F. | Dry | 80 |100]....]|
_ Control o 108°F. | 2 | 0] 0] 0]
Sulphur e T0R R 2 | 0]100]....|
Sodium fluosilicate with | . | | | [ | i
3 parts sulphur....... | 80°F. | 2 | 20 | 40 | 50 | Beetles 0
Sodium fluosilicate with | | | | | | felitt
3 parts sulphur........ (EES g oom Wt i) Beetlea e od
Controll 2o e o % | 0 Plant_dest
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TABLE 22 Effect of temperature on toxicity to the larvae of Culex quinque- '
ABLE 26—

fasciatus
Per cent dead
s Temperature TT1%] 2 (2% 41 6
Material °F. hr. | hrs.|hrs. | hrs.| hrs.| hrs,
: |
i 47 0| 015 |....] 35|60
Sodium fluosilicate 66 o olml.folw
: i o 0|40 | 60
% o 2
5 % 100
- - 107
107
Con;rol coenaneee : 5000) o |
Sod'lhum nrse,x:ute (1-5( y
= 91
4 100
.. 5 o0

EFFECT OF FLUORINE COMPOUNDS ON DIFFERENT TYPES
OF ORGANISMS

Bacteria.—The fluosilicates possess marked antiseptic properties,
and are considered superior to either the fluorides or corrosive sub-
limate in certain medical practices. A 23 per cent solution of am-
monium bifluoride is considered useful for the treatment of pyorrhea
alveolaris, and for the disintegration of the tartar.

Anderson (1927) found that sprays of sodium fluosilicate (2
pounds to 50 gallons of water) on peach gave excellent control against
bacterial spot (Bacterium pruni). This disease, considered the most
serious disease of the peach in Illinois, is not controlled by the or-
dinary fungicides, nor by arsenicals now in use. Dr. Anderson noted
that sodium fluosilicate in dilutions ranging from 1-4000 to 1-4500
would always produce sterility when the solutions were inoculated with
Bacterium prumi. :

Protozoa.—Several tests performed by the writer with protozoa
indicate that fluorine compounds are highly toxic. A solution of sodium
fluosilicate (1-10,000) is fatal to full-grown Paramoecium caudatum
almost instantaneously. At the same strength, quinine sulphate re-
quired 18 minutes to stop movement; sodium fluoride (1-1000) required
60 minutes; and sodium arsenite seemed to be non-toxic. Sodium
fluoride (1-200) required about 20 minutes to kill, whereas sodium
arsenite (1-200) required 35 minutes. Somewhat similar results were
secured with Euglena sp. The high toxicity of fluorine compounds for
protozoa suggests their usefulness against pathogenic protozoa. For

this p}n‘p?se, one would have to use organic fluorides, the chemistry
of which is but little understood.

usedAtr;“fihfa._-The common earthW(.)rm (Lumbricus terrestris) .was
in genera? e'r;nme the effect of fluorine compounds on the annelidae
mercuric }‘11 4 Stren{?ths of 1_'10,000, both sodium fluosilicate and
23). Thc olrlde required 25 minutes to produce a lethal effect (table
S thay;no5 }Il‘equlred 55 minutes, while with potassium ecyanide

ours were necessary. In a comparison of sodium
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“ TasLe 23—Towicity studies with Lumbricus terrestris, showing fiy, o
utes when movements ceased. Temperature 10°F,

Material 1-200 1-1000 1-10,000
= |
Sodium fluosilicate 20 | 35
Sodium fluoride 40 180

Sodium arsenite .... 2407 B
Potassium cyanide 30 3004
Mercuric chloride 10 25
Mzl b etianoo o oo an0 s 0000 i 55

0il of chenopodium ............ 80 | ST b
Quinine sulphate ... L. o 5% 120 0 L R e
Magnesium fluosilicate 26/ R e ;

fluosilicate, sodium fluoride, oil of chenopodium, quinine sulphate,
sodium arsenite (1-1000), 20, 40, 80, 120, and 240 minutes, Tesp.
tively, were required to obtain a kill.

Ascaris lumbricoides—Thymol (1-1000) killed Ascaris in7 minfg
while from 8 to 40 minutes were necessary with sodium fluosilius
In strengths of 1-10,000, mercuric chloride, thymol, and sodium fu
silicate required. 1%, 5, and 2 to 6 hours, respectively, for a i
effect. With “calcium fluosilicate compound” (1-500) in a 1 peres
salt solution, the worms lived about 24 hours.

Pisces.—The toxicity studies with fish were made on the commy
shiner Notropis antherinoides. Potassium cyanide (1-200) was
most toxie, requiring but 3 minutes to stop movement. At the sm
strength, bichloride of mercury required 10 minutes, sodium fluos
cate 15 minutes, and sodium arsenate 36 minutes. With sodin
fluosilicate, 1 part in 1,000,000 was fatal within 10 hours.

CONCLUSION

As the white rat is a standard for pharmacological studie ¢
the mosquito may be employed for insect toxicology. For insectsa
lower organisms, sodium fluosilicate is more toxic than sodiie
arsenite. Since fluorine seems to affect the precipitation of essenti)
calcium from the tissues, the meager calcium content of the o
organisms may account for their susceptibility to fluorine compounis

1

By the aid of the formula K= L log —=_ , a numerical toxif
t cone

value of 34.5 was obtained for sodium fluosilicate, 13.1 for soii®
arsenite, 4.8 for sodium arsenate, and 4 for sodium fluoride. On f
other hand, to man and the higher animals the arsenicals are at lu;ﬂ
9 times more toxic than sodium fluosilicate, and 30 times more i
than sodium fluoride. .
Data as to the consequences of the continued daily adminis®
tion of minute quantities of arsenic are too fragmentary and &
fiicting to furnish dependable conclusions. As the basis f18
estimate of the effects of small daily doses of arsenic on mali®
reliable results may be obtained with the omnivorous rat than
herbivorous animals. Sollman’s work with the rat shows that

= 8
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senic trioxide of only 1/800 to % of the U. S. P. therapeutic

o 72 g. did produce a distinet retardation in growth within 9 to

dose of 2 M.
24 weeks.

SUMMARY

The ﬁx;osilicates appear to be the .best available su.'b-stitutes for

rsenicals as agents for the protection of plants against phytoph-
E insects. Although sodium fluosilicate was described in a
:55:; as ;arly as 1896, its insecticidal value remained in obscurity
untllTlhiz;liluosilicates have been effective against the following insects:
Mexican bean beetle (Epilachna corrupta), cu‘cumber beetle (Digbrotica
sittata), potato beetle (Leptinotarsa def:emlmeata), boll weevil (An-
thonomus grandis), blister beetles (Epicauta sp.), sugar cane borer
(Dinetrea saccharalis), cutworms (Feltia ducens), various flea beetles,
l;iting lice, and grasshoppers.

Many insects, when they come into contact with powdered fluor-
ides, clean themselves by drawing their antennae or feet through the
mouth. In this way a lethal dose of poison may be consumed. Dusts
also stimulate the “cleaning-up” habit of insects.

Dry dusts of sodium fluosilicate and sulphur were found to he
more effective than dusts in the presence of moisture against adult
bean beetles. Dew seems to interfere with the efficiency of dusts for
the bean beetle, by causing the powder to stick to the plants.

The fluorine compounds are protoplasmic poisons, and their
systemic action seems to be produced by the withdrawal from the
tissues of calcium—the element that is essential for proper permea-
bility—and its precipitation as calcium fluoride.

Minimum fatal doses of various substances by mouth for mam-
mals are about as follows: Sodium fluoride, 0.5 gram per kilo; sodium
fluosilicate, 0.12 gram; and potassium arsenite, only 14 mg. At
these rates the following amounts would be lethal to man: Sodium
fluoride, 30 grams; sodium fluosilicate, 7.2 grams; potassium arsenite,
084 gram, As little as 4.5 grams of sodium fluoride has been fatal.

Intravenously, 10 mg. per kilo of sodium fluosilicate wwas fatal to
rabbits in 2 minutes.

Sollman (1921) found that the continued daily administration for
24 weeks of .0005-.0015 mg. of arsenic trioxide to albino rats produced
2marked loss of weight. Christiani and Chausse (1927) reported that
= mg. of sodium fluosilicate fed daily to guinea pigs caused death in
233 days, although 10 mg. of sodium fluoride fed 10 months caused
10 apparent harm,
therel(;gi?l?z compounds do not seem to‘be repellent to .insects, and are
with the,cut many cases, more effective than arsenicals, especially
R Riias Suc}:‘mrmb_(-’:elim ducens). On the_other hand, for higher
tastefu]’in = as b11.'ds and mammals, fluorine compounds are dis-

Plants}; 1son aits.
Free moisturo erate soluble ﬂuosi?ica:tes better than soluble arsenicals.

€ seems to be the principal agency responsible for foliage
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injury by fluosilicates. Dusting when dew is on plantg: shoi
avoided.

~ In the presence of moisture, hydrated lime, when useq 3840
for sodium fluosilicate, may be the cause of foliage injury, § i
or flour was found to be safer than lime as a carrier, When gy
the rate of 2 parts to 1 of sodium fluosilicate. In the Dresey
moisture, hydrated lime alone is capable of causing foliage injuy
cucumbers.

For quantitative toxicological tests, mosquito larvae Were f;
to be well suited. Sodium fluosilicate, 0.01 molar, is more toxig
sodium arsenite, and much more toxic than sodium arsenate,
insoluble fluorides of calcium, magnesium, and strontium shoy 4
order of toxicity.

Of the organic acids, salicylic was the most toxice, folloy
oxalic, formie, benzoic, and acetic. :

Of the metals, mercury was the most toxic. Barium, leg 5
and copper showed some toxicity, although small in compariso,i 4
that of fluorine.

Against Orthopodomia signifer 0.02 N hydrochloric acd haf
lethal effect, though none was observed with 0.02 N sodium hydros

Scdium fluosilicate is at least 8 times more toxic than g
fluoride to mosquito larvae. Two acid fluorides, chromium as
timony, were found more toxic than the slightly alkaline s
fluoride.

A solution of sodium fluosilicate (1-10,000) is toxic to Ctler i
quefasciatus in distilled water. Under practical conditions, in
breeding waters, heavily charged with organic matter, it requid
enough of the powder to equal 1-4000 to produce a lethal effect i}
days. Sodium fluosilicate proved to be much more toxic than ‘i
cake”. :

Crude naphthalene, when used as a dust on the surface of &
water, was capable of destroying Anopheles punctipennis withinal
hours. ;

Oxalates, barium carbonate, and a 2 per cent solution of b
chloride, in field tests, were ineffective against the Colorado i
beetle.

Grasshoppers also proved to be well adapted for toxieity st
Sodium fluosilicate in poison baits is slightly more toxic than si®
arsenite.

The arsenicals and fluorine compounds are much more it
under high temperatures, especially above 100°F. J

The fluosilicates possess marked antiseptic properties, ﬂ“_dv“
highly toxic to protozoa. A 1-10,000 solution of sodium ﬁuoslll?’
is almost instantaneously fatal to Paramoecium caudatuin. S.Ud]F'
fluoride (1-1000) required 60 minutes for a lethal effect, i
same strength of sodium arsenite was harmless. )

Against the earthworm (Lumbricus terrestris) a 1-10,000 S?W
of sodium fluosilicate was fatal within 25 minutes; thymol, 55 i
potassium cyanide, 5 hours.
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