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PURPOSE OF INVESTIGATION. 

A study of the chemical, physical, and insecticidal properties of 
arsenicals on the market was undertaken in order to gain a better 
understanding of them, to be able, if possible, to improve them, and 
to produce new arsenicals for insecticidal purposes. The results of 
this investigation, which was conducted by the Bureau of Chemistry 
and the Bureau of Entomology of the United- States Department of 
Agriculture, are here reported. | 

ARSENICALS STUDIED. 

Paris green and lead arsenate, which have been standardized and 
found.reliable for many years, have constituted the principal in- 
secticides used against external chewing insects. However, during 
the past few years, the use of calcium arsenate has steadily in- 
creased, owing in part to the discovery that it is effective in combating 
the boll weevil. The manufacture of calcium arsenate, although well 
beyond the experimental stage in most factories, probably will not 
be completely standardized for several years. Because of the im- 
portance and recent large-scale production of calcium arsenate, many 
of the results in this bulletin deal with comparisons of calcium 
arsenate and acid lead arsenate. 

1 The following assisted in this work: R. Elmer, W. A. Gersdorff, R. Jinkins, B. Neuhausen, and A. 
Schultz, Junior Chemists, Insecticide and Fungicide Laboratory, Bureau of Chemistry, and W. A. Hoff- 
man. Scientific Assistant, and W. B. Wood, Entomological Assistant, Bureau of Entomology. 

27476°—23—Bull. 1147——1 
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The arsenicals analyzed in this investigation, many of which were 
used in the entomological tests (pp. 26-50), were obtained on the 
market in 1916. The samples were used as purchased, with the 
exception of the paste products which were dried before being used. 
Samples of the following arsenicals were studied: Arsenious oxid 
(4 samples), arsenic oxid (2 samples), acid lead arsenate (18 samples), 
basic lead arsenate (2 samples), calclum arsenate (9 samples), zinc 
arsenite (2 samples), Paris green (2 samples), mixture of calcium 
and lead arsenates (2 samples), sodium arsenate (2 samples), potas- 
sium arsenate (1 sample), London purple (1 sample), and mag- 
nesium arsenate (1 sample). Several samples of acid and basic 
lead arsenate and of calcium arsenate, and one of barium arsenate, one 
of aluminum arsenate, and one of copper barium arsenate mixture 
were prepared in the laboratory, analyzed, and tested on insects. 

Various names are applied to the arsenicals here designated as 
(az) acid lead arsenate, (6) basic lead arsenate, (c) arsenious oxid, 
and (d) arsenic oxid. Some of these names are incorrect because 
they are based on erroneous analyses or interpretations of composi- 
tion, for example, ‘‘neutral lead arsenate’’ for a basic lead arsenate. 
Some are considered not to be in good usage, according to modern 
chemical writing, for example, ‘‘arsenious acid’’ for arsenious oxid. 
Arsenious oxid dissolved in water forms arsenious acid. The same 
relation exists between arsenic oxid and arsenic acid. Other names, 
although correct, are unnecessarily involved, for example, ‘‘hydroxy- 
lead arsenate’’ for basic lead arsenate. The terms selected for use in 
this bulletin are both scientifically correct and commonly applied to 
arsenicals. Their names, with the synonyms, are as follows: 

(a) Acid lead arsenate (PbHAsO,). (6) Basic lead arsenate—Continued. 
Ordinary lead arsenate. Trilead arsenate.” 
Hydrogen lead arsenate. Nonacid lead arsenate. 
Diplumbic arsenate. Hydroxy-lead arsenate. 
Dilead arsenate. Lead ortho arsenate.” 
Diplumbic hydrogen arsenate. (c) Arsenious oxid (As,O3). 
Bibasic arsenate. Arsenic. 

(6) Basic lead arsenate (Pb,(PbOH) White arsenic. 
(AsO,)3. H,O). Arsenious anhydrid. 

Triplumbic arsenate (T. P. arsen- (d) Arsenic oxid (As,O;). 
ate).? Arsenic pentoxid. 

Neutral lead arsenate.? Arsenic anhydrid. 

CHEMICAL PROPERTIES OF ARSENICALS. 

OXIDS OF ARSENIC. 

Arsenious oxid (As,O,), commonly called white arsenic or simply 
arsenic, is the basis for the manufacture of all arsenicals. In the 
United States arsenious oxid is a by-product from the smelting of 
lead, copper, silver, and gold ores, being recovered from the flue dust 
and fumes. The arsenious oxid first sublimed is impure, owing to the 
presence of carbon and sometimes of sand. The impure oxid may 
then be resublimed to give a relatively pure oxid, consisting of 
approximately 99 per cent of arsenious oxid and a trace of arsenic 
oxid (As,O;). Between 11,000 and 12,000 tons of arsenious oxid were 
produced in the United States in 1920, more than half of which was 

2 These names are incorrect, having been used when basic lead arsenate was considered to be trilead 
arsenic. 
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used for insecticide purposes. Canada, Mexico, England, Germany, 
France, Japan, and Portugal produce large quantities of arsenious 
oxid. 

There are three forms of arseniousoxid: (a) The amorphous, vitreous, 
or glassy form; (b) the ordinary crystalline (‘‘ octahedral”) form; and 
(c) the orthorhombic crystalline form. The amorphous form changes 
spontaneously into the crystalline form on standing. The trade 
usually recognizes two grades of arsenious oxid, the light and the 
heavy forms, although they are the same chemically. 

The literature contains conflicting statements concerning the 
solubility of arsenious oxid in water. Because of the slowness with 
which arsenious oxid goes into solution, many weeks being required 
to dissolve even a small sample of the solid, it is probable that in 
all of the reported results equilibrium had not been reached. The 
varying percentages of crystalline and amorphous material present 
in the samples tested, the amorphous form being more soluble than 
the crystalline forms, may possibly help to account for these dis- 
crepancies. 

With the exception of Paris green, the arsenites are prepared by 
combining arsenious oxid and the base. 

As a rule, arsenates are made by the direct action of arsenic acid 
in solution on a metallic oxid. The arsenic acid used for this purpose 
is manufactured from arsenious oxid by oxidation, usually by means 
of nitric acid, but sometimes by other oxidizing agents. 

The analytical results here reported are based on the weights of 
the original samples. The methods of analyses used were in general 
those of the Association of Official Agricultural Chemists (/).3 

Table 1 gives the analytical results on the six samples of arsenious 
and arsenic oxids selected to represent the arsenical materials used 
in the manufacture of arsenicals. 

TABLE 1.—Composition of arsenious oxid (As,03) and arsenic oxid (As,0;) used in manu- 
facturing arsenicals. 

Water- | Water- 

Sample ia amneae SOMO) | Subuells 
P Material analyzed. Moisture.| - : mya arsen- arsenic 
0. ious oxid| oxid TGS ORIG) Foi 

(As203). | (AS205)- |(45905).1| (As20s).2 

Per cent. | Per cent.| Per cent.| Per cent.| Per cent. 
9°} Laboratory arsenious OXId-.-...2.2.....0... : QORR0 i ue secees BU AC 1 Noes RAL 

19 | Commercial arsenious OXid................. -99 SOS OTe eee ee ZA SGU t ee 
PH ees Wei Recreate silk GO 2a ces SS OOP ee es 
BY (an ees rene ic Ca eT NT Me Lo bles QO 2D | eaten apenas 3 MOO fee aeeine 
10 eeaboratonyiarsenic oxid (Solid’arseni@acid) e522. 22k eee We 27 ees eee eat 
16 | Commercial arsenic oxid«(dissolved arsenic 

ERA KG L) Se Sei eM ce ACA GSS Se 66510) Eee aes 66. 10 

1 Determined by the A. O. A. C. method for Paris green. 

Attention is called to the wide variation in the data obtained for 
water-soluble arsenious oxid in the different samples of arsenious oxid. 
This is undoubtedly due to differences in the size and structure of 
the crystals present in the samples tested. 

Traces of arsenious oxid (0.008 per cent) and nitric acid (0.02 per 
cent) were found in the commercial sample of arsenic acid (No. 16). 

8 Italic numbers in parentheses refer to literature cited. 
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All samples of commercial arsenic acid are likely to contain traces 
of arsenious oxid and nitric acid. Arsenic acid solutions containing 
from 56 to 66 per cent of arsenic oxid have a specific gravity of from 
1.8 to 2. Solid arsenic acid containing from 75 to 80 per cent of 
arsenic oxid has recently been placed on the market. 

BASES USED IN PREPARING ARSENICALS. 

The oxids of lead, zinc, calcium, and magnesium are the bases 
most used in manufacturing arsenicals. Litharge is the commercial 
lead oxid and lime the commercial calcium oxid. Zine oxid (ZnO) 
and lead oxid (PbO), ordinarily employed in the manufacture of zine 
arsenite and lead arsenate, are more expensive than calcium oxid 
(CaO) (Gn the form of lime) and magnesium oxid (MgO) used in manu- 
facturing calcium arsenate and magnesium arsenate. ‘Table 2 gives 
the results of the analyses of the five bases and the copper oxid 
(CuO) and barium hydroxid (Ba(OH),) which were used in this 
investigation. 

TABLE 2.—Composition of bases in arsenicals. 

| Undeter- 
ae jel ‘ } | Carbon | mined 
N oe Material analyzed. | Moisture. Oxid. | dioxid | material, 
neal | | (COs). | by dif- 

| | ference. 
| 

| Per cent. Per cent. | Per cent. | Per cent. 
410) ame Ga boratony) host. Sele get 8 rae 6.54 | 84.00 (CaQO).....- 9. 02 0. 44 
d2 |) uead oxid' Gaboratony) =. 5.0: =) ee ee -00 | 99.13 (PbO)..... Trace. 87 
20) aead oxid (commercial) 23 2) 2 ek ee .02 | 97.88 (PbO)..... 1.64 2 
Zou Zine oxd (commercials... ae i ce Pel -17 | 100.00 (ZnO).... 200: ) 2: ote 
63 | Magnesium oxid (laboratory)-..........-..--- | -99 | 77.16 (MgO)-...- PA lps! eee wee eS 
65 | Copper oxid (laboratory)................--..- -00 | 98.75 (CuO)... Pm | 1.15 
67 | Barium hydroxid (laboratory).............--- 14, 58 | 66.73 (BaO)..... 14,91 3. 78 

ACID LEAD ARSENATES. 

F. C. Moulton, chemist for the Massachusetts gypsy moth com- 
mittee, is credited with the discovery in 1892 of the insecticidal 
properties of lead arsenate. The use of arsenate of lead as an in- 
secticide, first recommended in October, 1893 (21), has greatly 
increased during the past few years. Thirty-one United States 
patents for its Lea eae have been issued. 

The principal lead arsenate is acid lead arsenate (PbHAsO,), an 
acid salt, so-called because of the presence of hydrogen (H) in its 
molecule. It has the following theoretical composition, As,O; 
(33.13 per cent), PbO (64.29 per cent), and water of constitution 
(2.58 per cent). 

In the early procedure for preparing acid lead arsenate, solutions of 
lead acetate or of lead nitrate were precipitated by sodium hydrogen 
arsenate (Na,HAsO,). The tendency is to produce acid lead arsenate 
when lead nitrate is used and the more basic form when the acetate 
is used. McDonnell and Smith (27) obtained acid lead arsenate of 
practically theoretical composition by precipitating lead nitrate or 
lead acetate by an excess of monopotassium arsenate. A method 
frequently employed in manufacturing this arsenate is to mix arsenic 
acid (H,AsO,) and litharge (PbO) in the presence of a small amount 
of nitric acid. Other processes, however, are used. The fact that 
acid lead arsenate is a comparatively stable compound and is but 
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slightly soluble in water, offers an explanation as to why it burns 
foliage only very slightly when properly applied. McDonnell and 
Graham (26) found that long-continued exposure to constantly 
changing water brings about decomposition, both lead and arsenic 
being dissolved, the arsenic, however, at a relatively greater rate, 
leaving the residue more basic than the original acid lead arsenate. 
According to McDonnell and Smith (27), the specific gravity of acid 
lead arsenate crystals is 6.05. 

The chemical data on 10 samples of powdered lead arsenates and 
on 9 samples of paste lead arsenate, the latter being dried in the 
laboratory before analysis, are reported in Table 3. Of the powdered 
arsenate samples 1 apparently was a basic lead arsenate and 9 were 
acid lead arsenates. Of the paste lead arsenate samples, 1 appar- 
ently was a basic lead arsenate and 8 were acid lead arsenates. These 
samples, which were obtained from various manufacturers in this 
country, include most of the leading brands. The results of the 
analyses, therefore, are representative of the composition of the 
commercial lead arsenates on the market in 1916. 

TABLE 3.—Composition of powdered and paste commercial lead and calcium arsenates. 

(As205). oes constitu- 
‘ arbon | tion and 

Same Material analyzed. ree Oxid. dioxid | impuri- 
: Ware (COz2). | ties by 

Total. connie differ- 
: ence.! 

Per cent. | Per cent. | Per cent. Per cent. Per cent. | Per cent. 
1 | Powdered acid lead arsenate... -- 0.32 30. 86 0.31 64.88 (PbO) 0. 54 3.40 
Dale nee KCRG Yh ncter eer eae es 2 1.43 31555 24 62.95 (PbO) Bale} 3. 92 

HS a 2 Ge Pienaar ea ht Sk St ear SPAL 32, 29 E32 62 239CE DOr ee ane By97 
TAs fe Goss hae x Epp vs ones 5 Py | ales 32. 00 -30 6354212 DO) giae eee 4.41 
SOW eee CO SSE ERS Rima are 2 ae oR aati se .30 31.24 ~38 64559). (DO) Fle eee 4,11 
343) |HeP sa? (Olopate ne Ditew See ee Serr Pes pt4 32. 47 ~45 64529) CE DO) aes tee 3.10 
Bt eee ORE eee are 2 Se tN ei oe .20 32.93 .67 632920@E DO) essere 2.95 
Zip Eee OSE AAt BSE APES) REIN So 2.06 | 32.76 ay P6870 CP bO)-|L | 1. 48 
10 |i nee Pe Een ce a Re Sa ee | -45| 31.59 22 11 -63,005¢PbO)) |. fo care 4.96 
28 | Powdered basic lead arsenate... 38%) 24. 80 43 + PRGAS (12) XO) alae aes 2.62 
3 | Paste acid lead arsenate, dried... -10 31.95 384] 64.57 (PbO) | Trace. 3.38 
rN pe ae CO ee rae a 8 542, 32. 30 542564550) (2 DO) haeeee eee 3.08 

20} 2 2 Ok Se NS 19 30. 38 aus} 6552 (PbO) | Sees 4,22 
AS ee k= ga kis sree bos pet Sibi 32. 07 aint 655017 RDO) hie 2.81 
AA aoe FDS, ge a lig er sili 33.17 a2 G35621 0 DO) eae oe 2.90 

sy 17 oa aot SOR Ee ese es es RE sala 32.51 22 62676 DO) |S ee ee Pe TAL 
CN ee ae CL et oon 33.09 67 63541 GE DO) so. 2 oe . 3.28 
49°} :5.45 ors atstinsta kts SPS 8 Si} 32.98 YB! 63513) (2 bDO) Fie 3.77 
21 | Paste basic lead arsenate, dried. salt 23. 00 -50 733 99iGRbO)T |e aes 2.90 
6 | Paste calcium arsenate, dried.. 28 43.35 -70} 38.86 (CaO) 2. 74 14.77 
7 | Powdered calcium arsenate....- 1.58 43.35 -38 44.08 (CaO) 1.83 9.16 

AS Pee oe Qe eee ye 133 49, 40 2. 74 40.57 (CaO) -98 Wie 
On feet Qe eens mre ee ase eS 31 41. 82 22 42.61 (CaO) 1.64 13.62 
S4alis 3 LO ae et Bln ts 9. 56 38.16 1.92 37.38 (CaO) 4, 34 10. 56 
Dos se TOSSES Bene ae ee ee eo elena Visit 39.19 255 42.79 (CaO) 4, 04 6.27 
Oe eet TOE Ree RES Lo Ne Sie OSS Be 11.30 40. 49 -08 44,03 (CaO) 1.05 3.13 
CCT, ae Ta aR y ale ST eee 99 47, 83 SFE 46.16 (CaO) 1.70 3.32 
SOS aie Oe ee SEI oo 6. 07 45. 37 2. 32 41.48 (CaO) 2. 43 4.65 

The results in Table 3 show that in most cases the chemical com- 
position of the commercial samples of acid lead arsenates closely 
approaches the theoretical composition. The manufacture of lead 
arsenate has become standardized to such an extent that different 
batches, or ‘‘runs,”’ of the product vary but little from the theoretical 
figures. Acid lead arsenates are sold in both dry and paste form, the 
paste containing usually from 45 to 50 per cent of water. 
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The two most important determinations to be made on lead ar- 
senates are the total arsenic oxid and the water-soluble arsenic oxid. 
The total arsenic oxid of an acid lead arsenate usually varies from 
31 to 33 per cent, and the water-soluble arsenic oxid is less than 0.3 
per cent in a good grade of commercial acid lead arsenate. 

Robinson and Tartar (37) reported analytical results on commercial 
lead arsenates and described various tests used to determine the 
forms in which the lead and the arsenic are combined, as well as the 
extent to which these forms exist in such substances. 

In acid lead arsenate the ratio by weight of arsenic oxid to lead 
oxid is theoretically 1 to 1.94. According to the results of the 
analysis (Table 3), however, this ratio is somewhat higher in com- 
mercial lead arsenates, showing that a slight excess of lead oxid 
(litharge) had been used in their manufacture in order to make sure 
that no uncombined arsenic acid would be left in the product. A 
small amount of carbon dioxid, which had been introduced in the 
litharge, was found in the acid lead arsenates tested. This is of no 
practical significance. In all but three of the powdered samples the 
moisture content was less than 0.35 per cent. The water of consti- 
tution of acid lead arsenates is theoretically 2.58 per cent. The 
results by difference show differences slightly greater than the theo- 
retical figures, but in no case are they of any magnitude. The per- 
centages of arsenic oxid and lead oxid, together with the low per- 
centage of water-soluble arsenic oxid, indicate that the commercial 
acid lead arsenates examined were good and stable products. 

BASIC LEAD ARSENATE. 

The early investigators recognized ‘‘basic,” or “sub,” arsenate of 
lead and applied the term ‘‘neutral lead arsenate” to PbHAsO,, 
which is the present commercial acid lead arsenate. They also ap- 
plied the term ‘“‘neutral lead arsenates”’ to lead pyroarsenates, which 
are not commercial products, and therefore will not be discussed here. 
McDonnell and Smith have printed a report on pyroarsenates (27). 
‘As a result of another investigation on basic lead arsenates, these 
authors (28) report the existence of a basic arsenate having optical 
and crystallographic properties similar to those of mimetite, from the 
analytical data apparently hydroxy mimetite, containing one mole- 
cule of water of crystallization. One or two manufacturers of in- 
secticides sell, generally on special order, what is commercially called 
“T. P.” arsenate. 

Basic lead arsenate may be prepared as follows: Produce basic lead 
acetate by the action of acetic acid on lead or lead oxid, usually 
litharge. Then mix it with arsenic acid, thus forming basic lead ar- 
senate. Basic lead arsenate may also be made by the reaction of 
sodium arsenate, litharge, and nitric acid, or by the action of ammonia 
on acid lead arsenate. It has the following theoretical composition: 
As,O; (23.2 per cent), PbO (75 per cent), and water of constitution and 
crystallization (1.8 per cent). The specific gravity of this substance 
was found by McDonnell and Smith (28) to be 6.86. 

Only two samples (Table 3, Nos. 28 and 21) of commercial basic 
lead arsenate (a powder and a paste) were secured on the market. 
While these showed somewhat greater variations from the theoretical 
than did the acid lead arsenates, both are relatively pure compounds. 
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They have essentially the same composition except for the presence 
of water in the paste. 

CALCIUM ARSENATES. 

It is not known who made the first sample of calcium arsenate. 
Pickering (31) in 1907 stated that calcium arsenate had already been 
used in the United States as an insecticide. He gave the proportions 
of a calcium salt and an arsenate to be united in preparing calcium 
arsenate, recommending the use of an excess of lime in order to pro- 
duce a calcium arsenate with all the arsenic precipitated and there- 
fore containing no appreciable amount of water-soluble arsenic. 

As many of the early commercial samples of calcium arsenate 
contained excessive amounts of water-soluble arsenic, frequent 
scorching of foliage resulted from its use, thus retarding its general 
introduction. Since 1907, many experiments to devise a method 
for making a commercial calcium arsenate have been performed. 
It is now being produced by many American manufacturers and its 
sale is constantly increasing. The quality of the commercial pro- 
duct has been much improved during the past few years, but its 
course of manufacture has not yet been standardized as has that of 
lead arsenate. 

Dicalcium arsenate (CaHAsO,(H,O)) contains theoretically 28.3 
per cent of calcium oxid and 58 per cent of arsenic oxid. It breaks 
down easily in water, yielding a large quantity of water-soluble 
arsenic and is not suitable for commercial spraying purposes. 

Calcium meta-arsenate (Ca(AsO,),) was prepared according to 
directions obtained from C. M. Smith, of the insecticide and fungicide 
laboratory. Because of its extreme insolubility, it can nat be used 
for insecticidal purposes. 

All the commercial calcium arsenates are made more basic than 
tricalcium arsenate; that is, the molecular ratio of calcium oxid to 
arsenic oxid is 4 to 1, rather than 3 to 1. The additional lime is 
used in their manufacture in order to produce compounds relatively 
free from water-soluble arsenic. 

The following simple method of preparing calcium arsenate com- 
mercially, as outlined by Haywood and Smith (18), calls for the 
direct mixing of calcium hydroxid and arsenic acid, the only 
by-product being water: Slake the lime to a smooth paste by using 
from 3 to 34 times as much warm water (by weight) as lime, and 
allow it to stand until the lime is completely slaked. Then mix it, 
add the cold arsenic-acid solution at room temperature as rapidly 
as possible, and stir the mixture well until the liquid becomes alka- 
line to phenolphthalein. Lastly, filter, dry, and grind the resulting 
compound. 

The lime and arsenic acid should be mixed in such proportion 
that the actual weight of calcium oxid used will be equivalent to 
that of the arsenic oxid employed. This method produces a reason- 
ably light (bulky) material, which is easily pulverized. The finished 
product should contain approximately 44 per cent of calcium oxid, 
from 40 to 42 per cent of arsenic oxid, and from 14 to 16 per cent of 
water and impurities, which approaches the ratio, 4 CaO: 1 As,O;. 
The excess of lime is used to keep any soluble calcium arsenate from 
remaining in the product. 
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The analytical results on nine samples of calcium arsenate aro 
recorded in Table 3. Samples 6, 24, and 34 were not strictly com- 
mercial products, but were made by the manufacturers as an experi- 
ment. Sample 24 contains a higher percentage of arsenic than the 
strictly commercial samples. Samples 6, 24, and 34 have a lower 
lime content than the six commercial samples analyzed, and it is 
probable that a portion of their arsenate is in the form of dicalcium 
arsenate. The somewhat large amount of carbon dioxid found in 
all of the samples of calcium arsenate comes from the lime, which 
is always carbonated to a certain extent. The water of the calcium 
arsenates varies more than that of the lead arsenates. Analyses of 
samples 56 and 57 showed, respectively, 11.75 per cent and 12.35 
per cent loss on ignition, 0.35 and 0.5 per cent of ferric oxid and 
aluminum oxid, 0.51 per cent and 0.74 per cent of magnesium 
oxid, and 0.62 per cent and 0.51 per cent of sodium oxid. Sample 
56 contained 0.35 per cent of antimony oxid. 

Lovett (23) in 1918 reported a high water-soluble arsenic content 
in samples of commercial calcium arsenate. Since then the amount 
of water-soluble arsenic in commercial calcium arsenate has been 
reduced, as shown in Table 3. Lovett (24) in 1920 published graphs 
showing the chemical features of calcium arsenate, apparently based 
on the percentages of lime or on the ratio of lime to arsenic oxid 
in the calcium arsenates. No consideration seems to have been 
given to the percentages of total and water-soluble arsenic oxid 
which are the generally recognized criteria for judging the quality of 
calcium arsenates chemically. 

Robinson (35), who tested the solubility of calcium arsenates 
in water containing lime, reported that the lime prevents the arsenic 
oxid from becoming soluble. He also studied the action of carbon 
dioxid on calcium arsenates and found that carbonic acid has a 
solvent action upon the calcium arsenates. Patten and O’Meara 

. (30) made a series of tests on the amount of soluble arsenic oxid 
obtained from calcium arsenate in water containing carbon dioxid 
and in water free from carbon dioxid. From their results, which 
showed a great increase of soluble arsenic oxid when carbon dioxid 
was present, they concluded that the burning of foliage, when 
calcium arsenate is applied, is due to the arsenic made soluble by 
the carbon dioxid of the air. 

The commercial calcium arsenates contain approximately one- 
third more lime than is required by tricalcium arsenate. They con- 
tain a higher percentage of total arsenic oxid than the lead arsenates, 
but they should be manufactured more cheaply per unit of arsenic 
oxid because of the low cost of the base (CaO). 

Coad and Cassidy (10) have recommended that calcium arsenate 
for dusting cotton should contain not less than 40 per cent of arsenic 
oxid and not more than 0.75 per cent of water-soluble arsenic oxid, 
and vee it should occupy a volume of from 80 to 100 cubic inches a 
pound. | 

PARIS GREEN. 

Paris green, originally used as a paint pigment, is said to have first 
served as an insecticide in the western United States. It is a com- 
pound of arsenic, acetic acid, and copper, known as aceto-arsenite of 
copper. The theoretical composition of Paris green is copper oxid 
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(31.39 per cent), arsenious oxid (58.55 per cent), and acetic anhydrid 
(10.06 per cent). 
The manufacture of Paris green,* which has become standardized, 

may be briefly described thus: Solutions of soda ash (commercial 
anhydrous sodium carbonate) and arsenious oxid are first heated 
together, forming sodium arsenite. Crystalline copper sulphate is dis- 
Salsed in warm water in a separate container. The sodium arsenite 
mixture is poured into a mixing tank, the copper sulphate solution is 
added, and the mixture is stirred. Acetic acid is added, and after a 
little stirring the olive-colored mixture becomes green. The Paris 
green is washed with water, after which it is allowed to settle and all 
the water that can be drained off isso removed. This washing should 
be repeated as often as necessary to remove practically all the sodium 
sulphate. The Paris greenis then dried. The dried product is passed 
through a “breaker” and finally through a fine sieve or a bolting 
machine. The “tailings” are mixed with the next batch of Paris 
ereen. The finely divided Paris green is now ready to be placed in 
containers. 

The color of Paris green varies with the details of manufacture and 
the degree of fineness of the product. The composition of Paris green 
on the market ranges from 54 to 57 per cent of total arsenious oxid, 
from 1.5 to 4.5 per cent of water-soluble arsenious oxid, and from 
29 to 30 per cent of copper oxid. 
Haywood (17) stated that the impurities in Paris green include 

small amounts of sand, sodium sulphate, and arsenious oxid, and 
also that the soluble arsenic in Paris green produces scorching of 
foliage. 
Se green, when of a high grade, breaks down to some extent when 

water is added, but when it has been improperly prepared much more 
soluble arsenic is yielded on treatment with water. Avery and Beans 
(2) found that high-grade Paris green was slowly attacked by water 
and that the rate of decomposition was increased by grinding to a very 
fine powder and suspending in water. They also found that the pres- 
ence of carbon dioxid in the water increased the rate of decomposi- 
tion. There are two sources of the soluble arsenic in Paris green, (a) 
the soluble arsenic originally present in the sample, and (b) the 
arsenic made soluble by water and carbon dioxid after the material 
has been applied. The admixture of lime with Paris green when used 
as a spray lessens its scorching properties. Analysis of a typical 
Paris green (sample 64) is given in Table 4. 

MISCELLANEOUS COMMERCIAL ARSENICALS. 

Analyses of samples of several miscellaneous arsenicals which were 
tested against insects are given in Table 4. 

petals of the manufacture of Paris green are given in 45 Ann. Rept. Sec. Mass. State Board Agr. (1897), 
p- 357. 

27476°—23——Bull. 1147-2 
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Zine arsenite is made by heating together arsenious oxid, zinc 
oxid, and water. It is sold only as a powder. The arsenious oxid 
content of the two samples (Nos. 23 and 33) analyzed is approxi- 
mately the same as the average arsenic oxid content of the calcium 
arsenates on the market. ‘The water-soluble arsenious oxid figures 
are a little higher than the results for the best grade of lead or calcium 

TABLE 4.—Composition of miscellaneous arsenicals. 

Total Total eae 

Save Material analyzed. Moisture. rere? dt Srsentons 
(As203). ee: (As203). 

: Per cent.| Per cent Per cent. Per cent 
23 | Commercial zine arsenites. cs. cee t a duwe sobs 0.15 ANQAG ih args es 2 0. 52 
Sot eseee Oss fon sans Saracen se See ce eters dance eee - 06 CDA A RE Ce -85 
647) Contmercialibarisiercen sc. ea seeaceseesacecres - 53 99209 | assess 1.94 
36 | Commercial calcium and lead arsenates......... Soe tid | See eee od 46 AA sce eee eee 
8 | Commercial calcium and lead arsenates plus 

Cale CAEDONALCS- cease soee eeeeecene ceases 1 ES fa (es eh ee 21 OSF REL E RL ees 
62 | Commercial magnesium arsenate............--- PIAL OY Nesiaps ene alee 30: 60t 2 ea 
71 | Laboratory barium arsenate..................-- 20 |b eeee sees SOF 93d sae eee 
74 | Laboratory copper and barium arsenate.-......- ES We Fy. sem ee WA SGglan2 os. soe 
73 | Laboratory aluminum arsenate...............-- HOS29 2 oe cee 31 GD aCe earns 
31 | Commercial sodium arsenate.................--- S AOR e Gee 45S1GC |S: es Oe 
Ae) 45-5. 02 suis oh wt Seren was om o oc Hoh ae Res coee ae Shey) | |Peasa a sose 59-80 Wine se ee 
25 | Laboratory sodium arsenate..............--..-- Bei a) Reese SESOO Nhe de ee 
26 | Laboratory potassium arsenate............-.---- Do. CEE eee 59-39 422. 2.5: 3383 
90 | Commercial London purple..........-...-.----- 6. 41 31.10 25 1. 41 

| 

wit soluble Carbon |,- 
Sample Material analyzed. arsenic Oxid. dioxid | © nce 

INO. oxid (COz). mined. 

| (As205). | 

| Per cent. Per cent. Per cent. | Per cent. 
2d OOMMerclal ZING ATSCHILe se tee eee ee eee eee ee pene eeeee UBS CATO) | Bae ane Bere 2. 06 
SE Saas OSs ho Se. SE se ee 5 Reso Bed Benson snee me (eno Gsaaecceee 94 

F ; : uO) 
645)" CommercialoParis greenjstess oss h.€ Sh ee Pe devatadan { 47 (Cad) \ adage 35. 92 

: : 5.98 (PbO) 
36 | Commercial calcium and lead arsenates........-. 1.14 37.45 (CaO) \ 1.50 Deke 

8 | Commercial calcium and lead arsenates plus 
Galcinm:-carbonates tessss5- 232th tee ee -53 na of (peo \ 23. 23 5.31 

62 | Commercial magnesium arsenate.-..............- 1.56 | 34.32. (MgO) -55 28. 57 
71, | Laboratory bariumiarsenate:--. 2-4-5. 2--e---2- -21| 64.96 (BaO) 1.33 2.49 

74 | Laboratory copper and barium arsenate-.-.-...... - 90 { an; ie {BAO} 13 25. 08 

73 | Laboratory aluminum arsenate................- of2 > 16584 (AlsO3) "lees ee 35. 22 
31 | Commercial sodium arsenate...........-.....--- 45.16.| 45.76 CNasQ) |... oc 5.- 5.68 
ATG ohare GON sc eeennc tes ote ec cen coeee oe Ee Sees 59.80 | 27.66 (NacO) |.......... 6. 22 
25 | Laboratory sodium arsenate.......---------.-..- 37.99'| 19.35 (NasO) |... 22-282. 5.12 
26 | Laboratory potassium arsenate-...-..--.---...- 59.39 | 36.00 (KeO) }.....-..2- 4. 26 
90 | Commercial London purple......--....-.------- -25 | 34.88 (CaO) 4.37 22.99 

arsenates. For more detailed information, the publication of Schoene 
(44) on zine arsenite should be consulted. 

Magnesium arsenates.—It is theoretically possible to prepare 
ortho, meta, and pyroarsenates of magnesium in the same manner 
as the corresponding arsenates of lead. Practically twice as much 
magnesium, calculated as magnesium oxid, was found in the sample 
analyzed as is needed to combine with the arsenic oxid present. 
Patten and O’Meara (30) give analytical results on a magnesium 
arsenate containing 32.13 per cent of arsenic oxid and 1.25 per cent 
of water-soluble arsenic oxid. They found 41.7 per cent of the 
total arsenic to be soluble in water containing carbon dioxid. A 
commercial magnesium pyroarsenate analyzed by them had a low 
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solubility in water and yielded only 3.01 per cent of arsenic oxid 
soluble in water saturated with carbon dioxid. 

London purple, originally a by-product in the manufacture of 
aniline dyes, is now made directly to a limited extent. It consists 
of arsenite of lime and arsenate of lime, with the addition of a dye. 
Table 4 gives the composition of the material used in the investigation. 
The analyses of four additional samples showed the following varia- 
tions: Arsenious oxid, 18.30 to 29.38 per cent; arsenic oxid, 0.07 to 
11.49 per cent; water-soluble arsenious oxid, 0.48 to 5.30 percent; and 
water-soluble arsenic oxid, 0.07 to 2.46 per cent. One sample showed 
24.91 per cent of calcium oxid, 2.70 per cent of magnesium oxid, and 
11.25 per cent of ferric oxid and silicon dioxid. London purple, 
therefore, is of uncertain composition and contains varying amounts 
of water-soluble arsenious oxid and arsenic oxid. On account of its 
variable character and its tendency to burn foliage, the addition of 
lime is recommended when it 1s used as a spray. 

Calcium and lead arsenates combined (samples 36 and 8) were 
analyzed and tested on insects. The demand for a mixed calcium 
and lead arsenate is limited. It is held by some that lead arsenate 
adheres to foliage better than calcium arsenate, so that the presence 
of a little lead arsenate in the mixture increases the adhesive prop- 
erties. The use of calcium carbonate in the mixture reduces the 
percentage of arsenic present and permits the product to be sold 
more cheaply. 

Sodium arsenate was formerly on the market in two grades, a 45 
per cent and a 65 per cent arsenic oxid product. During the past 
three or four years it has been difficult to obtain sodium arsenate 
in commercial quantities. In preparing sodium arsenate contain- 
ing 45 per cent of arsenic oxid, nitrate of soda (Na,NO,), arsenious 
oxid (As,O,), sodium carbonate (Na,CO,), and salt (NaCl) are 
roasted together. In preparing the 65 per cent grade the salt is 
omitted. The two commercial samples (Nos. 31 and 41) correspond 
to these two grades, although sample 41 contains about 60 per cent 
of arsenic oxid. Sample 31 contains 28.44 per cent of sodium 
chlorid, sample 41, 6.14 per cent, and sample 25, 0.096 per cent. 
Calculating the results for these two samples and for sample 25 
(prepared in the laboratory) to a moisture-free basis, sample 25 
contains 60 per cent, sample 31 about 47 per cent, and sample 41 
about 64. per cent of arsenic oxid. All the arsenic present in sodium 
arsenate 1s water soluble. Sodium arsenate is sometimes added to 
Bordeaux mixture to produce a combined fungicide and insecticide. 
The excess lime of Bordeaux combines with the arsenic oxid of the 
sodium arsenate, forming insoluble calcium arsenate. The amount 
of sodium arsenate added and the amount of the excess lime of the 
Bordeaux are the factors which determine whether all of the soluble 
sodium arsenate is converted into the insoluble calcium arsenate. 

Potassvum arsenate-—Sample 26 is a laboratory product contain- 
ing 59.39 per cent of arsenic oxid, all of which is soluble in water. 
No commercial samples of potassium arsenate are now available. 

MISCELLANEOUS EXPERIMENTAL ARSENICALS. 

The analytical results on three samples of lead arsenates and four 
samples of calcium arsenates made in the laboratory are given in 
Table 5. 
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TaBLE 5.—Composition of lead and calcwum arsenates prepared in the laboratory. 

Arsenic oxid Water of 
(As205). ; constitu- 

Lead | Calcium] Carbon | tion and 
Sample Material anal yzed. oxid oxid dioxid | impuri- 
No. ture. water. | (PPO). | (CaO). | (CO2). | ties, by 

3 ence. 

Per cent.| Per cent.| Per cent.| Per cent.) Per cent.| Per cent.| Per cent. 
17 | Acid lead arsenate............ 0. 02 33. 09 0.19 GSS S04 ee eases Seer 3. 09 
6Sueeeee (CKO ERE HAC ON 6 Ae eiars e -10 33. 25 - 00 63: 67 Bee se 2 | See 2.98 
18 | Basic lead arsenate........... - 06 23. 40 SONY C4800 5 ok re eee ee 1.88 
45 | Calcium meta-arsenate.-...... - 03 49563) “Draces tases ee 18. 45 0. 00 1.89 
46 | Monocalcium arsenate........ . 23 69. 09 GUSG Meee 19. 92 -10 10. 66 
42 | Tricalecium arsenate.......... 1. 06 52.05 shui lpesicce cee 40. 07 - 96 5. 86 
69);|-enee (00 sete a SR ta BS HE EE oe 2.30 42. 84 SAG Ee SEE ee 44.89 | - 5.73 4, 24 

Lead arsenates—The two samples of acid lead arsenate (Nos. 
17 and 68) contained percentages of arsenic oxid very close to the 
theoretical (33.11). They were prepared by mixing lead nitrate 
and arsenic acid, according to the procedure of McDonnell and Smith 
(27). The percentage of lead oxid in the two samples is a little lower 
than the theoretical. Basic lead arsenate (sample 18) was prepared 
by the action of ammonia on acid lead arsenate. ‘There is slightly 
more arsenic oxid and slightly less lead oxid in this sample than is 
called for by the theoretical figures. Both the acid and basic lead 
arsenates were made from pure lead oxid and crystallized arsenic 
acid; consequently they are extremely pure. 

Calccum arsenates.—A calcium meta-arsenate (Ca(AsO,),) (sample 
45) was prepared according to directions obtained from C. M. Smith 
of the insecticide and fungicide laboratory. The theoretical per- 
centage of arsenic oxid for such a product is 80. No moisture or 
carbon dioxid was present in the sample, as the product had been 
ignited. Although high in arsenic oxid, the product is so insoluble 
that its insecticidal properties would undoubtedly be low. A mono- 
calcium arsenate (CaH,(AsO,),) (sample 46) was also prepared - 
according to Smith’s directions. Its theoretical composition is as 
follows: Arsenic oxid (71.4 per cent), calcium oxid (17.41 per 
cent), and water of crystallization and water of constitution (11.19 
per cent). This compound is very soluble in water and can not be 
considered a commercial possibility as an insecticide. Two samples 
of tricalcium arsenate were prepared. The composition of sample 
42 approached the theoretical composition of tricalcium arsenate 
(Ca,(AsO,),.2H,O) as determined by Robinson (35), 38.7 per cent of 
calcium oxid, 53 per cent of arsenic oxid, and 9.3 per cent of mois- 
ture and water of constitution. Sample 69 was prepared by using 
equal weights of lime and arsenic oxid, which gave a compound with an 
excess of lime, having slightly more than 4 equivalent parts of calcium 
oxid to 1 part of arsenic oxid, and containing but 0.17 per cent 
of water-soluble arsenic oxid. Calcium arsenate of this composition 
was recommended by Haywood and Smith (18) as suitable for com- 
mercial manufacture. 

Barium arsenate seems to have been used first by Kirkland (20) in 
1896. The next year Kirkland and Burgess (21) tested barium arse- 
nate against certain insects. Smith (48) in 1907 also used a barium 
arsenate. Its preparation is not described by any of these investi- 
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gators. A sample of barium arsenate (sample 71, Table 4) was pre- 
ared by adding a solution of arsenic acid to a solution of barium 

hadeorid with constant stirrmg. The details were as follows: 
Dissolve 546 grams of barium hydroxid (Ba(OH),.8H,O), containmg 
240 grams of barium, in 3 liters of water to which 300 cubic centi- 
meters of commercial arsenic acid, containing 0.4 gram of arsenic 
oxid per 1 cubic centimeter, has been added. After this mixture has 
been thoroughly stirred, the precipitated barium arsenate soon settles. 
Then wash the precipitate several times by decantation, filter it on 
a Bichner filter, dry and pulverize it, and finally pass it through 
a 100-mesh sieve. The theoretical composition ae tribarium or- 
thoarsenate (Ba,As,O,) is as follows: Barium (59.7 per cent) and 
arsenic oxid (33.32 per cent); that is, the ratio of arsenic oxid to 
barium is 1 to 1.8. The ratio for the sample made in the laboratory 
was 1 to 1.9, showing the presence of a slight excess of barium. Its 
msecticidal value is discussed on page 38. 

Copper barium arsenate mixture (sample 74, Table 4) was made as 
follows: A solution containing 360 grams of copper sulphate was mixed 
with 275 grams of arsenic oxid. No precipitate resulted. A dilute 
solution of barium chlorid was added and then barium hydroxid un- 
til the solution was but slightly acid. The mixture of copper and 
barium arsenate and barium sulphate was then thoroughly stirred 
and allowed to settle. The precipitate was washed several times by 
decantation and then was separated by filtering on a Buchner filter. 
The precipitate was finally dried, ground, and passed through a 100- 
mesh sieve. Its adhesive and fungicidal properties have not been 
tested, but its insecticidal powers are discussed on pages 38 to 46. 
Aluminum arsenate (sample 73, Table 4) was prepared by mixing 

a solution of aluminum sulphate with arsenic acid. The precipitate 
was washed, filtered, and dried. The insecticidal results of this 
product are discussed on pages 38 to 42. 

Copper arsenate was prepared by mixing a solution of copper sul- 
phate with arsenic id and then adding ammonia. The percentage 
of water-soluble arsenic oxid in this product was so high that no ad- 
ditional tests were made with the sample. . 

Zine arsenate has been Ly ace by several investigators. The 
sample prepared in this study was made by mixing a solution of zinc 
chlorid with arsenic acid. Its physical properties did not seem to 
warrant further study. | 

COMBINATIONS OF ARSENICALS WITH FUNGICIDES AND OTHER MATERIALS. 

In order to reduce the cost of spraying, various combinations of 
arsenicals with fungicides are frequently made. The arsenicals are 
also mixed with other substances, like glue and casein, to increase the 
length of time the arsenicals will adhere to the foliage or fruit. 

While some of these combinations are frequently made, very little 
exact knowledge as to the chemical changes which take place in them 
is available. Accordingly, an investigation was undertaken to 
obtain information on the changes which occur in some of the im- 
portant combinations involving arsenicals. One pound of powdered 
acid lead arsenate per 50 gallons of water is recommended as satis- 
factory for most commerical spraying. Acid lead arsenate at 
this rate and other arsenicals in corresponding amounts, depending 
on their arsenious or arsenic oxid contents, were used in the tests. 
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Thus amounts of the arsenicals containing equivalent percentages of 
arsenious or arsenic oxid were taken in each case. 

In all the tests the mixtures of the arsenicals and other material 
were agitated in flasks by rotating in a water bath which was main- 
tained at a constant temperature of 35° C. All were made in trip- 
licate, but only the average figures are reported in the tables. The 
soluble arsenic (that found in the filtrates) was determined by the 
modified Gutzeit test (47) or by the Gooch-Browning method (7). 

ARSENATES AND LIME-SULPHUR. 

Ruth (38) made a study of the chemical changes resulting when 
acid lead arsenate and lime-sulphur were mixed. He found (a) a 
decrease of lime and sulphur in the solution, (6) an increase of 
thiosulphate sulphur in the solution and in the residue, (c) an increase 
of sulphite in the solution, (d) formation of lead sulphid, and (e) the 
formation of a compound containing arsenic and sulphur, but in- 
soluble in the lime-sulphur solution. Robinson (35), after agitating 
mixtures of lead arsenate and lime-sulphur for three days, allowed 
them to settle and then poured off the clear liquid. He found that 
25 per cent of the lime and more than 35 per cent of the sulphur had 
been precipitated and that 5 per cent of the arsenic had become 
soluble. Robinson and Tartar (37) tested mixtures of lme-sulphur 
and lead arsenates (4.8 grams of arsenate per 1,000 cubic centimeters 
of lime-sulphur, diluted 1 to 30). When basic lead arsenate was 
used little change occurred, but when acid lead arsenate was used an 
increase of soluble arsenic and a decrease of total soluble sulphur 
and polysulphid sulphur resulted. They concluded that the efficiency 
of the lime-sulphur had been reduced 25 per cent, and that the 
arsenic rendered soluble might injure foliage. Fields and Elliott 
(15) present data showing that less than five parts per million of 
arsenic oxid by weight was made soluble when solutions of lime- 
sulphur were mixed with either acid or basic lead arsenates. 

In the present investigation standard commercial lime-sulphur 
solution was diluted (1 to 30) with recently boiled and cooled distilled 
water. Control flasks (500 cubic centimeters volume), completely 
filled with this diluted solution, were securely closed with stoppers 
and paraffin and agitated for 1-hour and 91-hour periods. Other 
flasks, filled with the diluted solution of lime-sulphur, to each of 
which 1.2 grams of powdered acid lead arsenate (sample 39) had been 
added, were similarly treated. Series of three flasks were removed, 
and the solutions were filtered immediately on removal from the bath. 
The results obtained with lead arsenate are given in Table 6. 
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TaBLE 6.—Composition of lime-sulphur solution and of the filtrates from mixtures of 
lead arsenate or calcium arsenute and lime-sulphur solution. 

Composition (grams per 500 cubic centimeters). 

ee 
aving 

Bavenaranslyzed. peen | Total | Total | Sulphid | 120. | | sutphate| Arsenic 
5 et lime | sulphur | sulphur uae hu; | Sulphur | oxid 

(CaO). (S). (8). (8). (S). | (As20s). 

SERIES I: 
A * fhours see 1, 9680 4, 9430 4,5190 0. 1960 0. 0035 0. 0002 

Lime-sulphur solution... . {oi hours...| 2.0520| 4.9290 | 4.5060 203 0069 ‘0002 
Milcrates from mixtures of hour! 1. 8050 4, 4770 4, 1620 . 2020 . 0029 . 0270 
lead arsenatevand lime- 1 OU OUTS ee eee ee 4, 2670 4, 0450 . 1990 . 0055 . 0205 

: ASNOULSHee eee eee 4, 2560 3. 9080 1980 0036 0199 
esate solution........ 91 hours 178030} 4.2790] 3.7110 1970 0076 0200 

SERIES 2: 
our. 2: 1. 9800 5.2500 4, 7800 3200 0089 0002 

Lime-sulphur solution. ... at hauts A A 9900 2 Bro i 70 : ao : sg : au 
5 days...-- . 0400 . 2000 : . 3300 . 0077 : 

Wilates from mixtures of pou je cf aun 5. 1000 4, 1300 5 3200 s ie : eos 
calcium arsenate an ours... . 0600 5. 0500 4, 6800 . 3300 . 008 5 
lime-sulphur solution... .| (5 days..... 1. 9600 5. 1000 4, 7000 . 3600 - 0108 . 0010 

Using the analytical data on the lime-sulphur solution as controls, 
the analytical results on filtrates from a mixture of lead arsenate and 
lime-sulphur solution show the following: (a) The total lime in 
solution was reduced 10 per cent after having been shaken for either 
1 hour or 91 hours; (6) the total sulphur in solution was reduced 9.5 
per cent after 1 hour and 14 per cent after 19, after 43, and after 91 
hours; (c) the sulphid sulphur was reduced 8 per cent after 1 hour and 
18 pe cent after 91 hours; (d) the thiosulphate sulphur remained 
unchanged after each period; (e) the sulphate sulphur increased 
slightly, although the same increase was observed in the control; and 
( ) 5.2 per cent of the total arsenic oxid of the lead arsenate used was 
rendered soluble. From these results, it is apparent that chemical 
changes have occurred. The mixture is therefore chemically in- 
compatible.« Some of the sulphur in lhme-sulphur solution probably 
united with the lead of the lead arsenate and produced lead sulphid, 
which could be seen as black particles in the mixture. The arsenic 
oxid group, liberated by the decomposition of the lead arsenate, was 
then free to combine with the lime in the lime-sulphur solution, 
probably forming calcium sulph-arsenate. The formation of in- 
soluble tricalcium arsenate took place only to a limited degree. 

Robinson (34) in examining mixtures of calcium arsenates and 
lime-sulphur found that no reaction took place in such mixtures. 
His tests with “dry lime-sulphur” mixed with calcium arsenate 
showed the presence of no soluble arsenic, but those with ‘soluble 
sulphur” mixed with calctum arsenate showed that it was present. 
Lovett (24) also reported that no changes take place when calcium 
arsenate is mixed with lime-sulphur solution. 

Experiments similar to the lead arsenate tests were performed, 
using calcium arsenate (sample 57) in place of the acid lead arsenate. 
A series of 500 cubic centimeter flasks were filled with lime-sulphur 
solution diluted 1 to 30. Nine of the flasks were used as controls; 
to each of the others 1 gram of calcium arsenate was added. The 
solutions were agitated for periods of 1 hour, 21 hours, and 5 days. 
They were immediately filtered and the filtrates were tested. 

5 The term ‘“‘compatible’’ is here used only in the chemical sense. 
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The data given in Table 6 (series 2) show that no detectable changes 
took place when calcium arsenate and lime-sulphur were mixed. 
The small amount of arsenic found in the filtrates was the water- 
soluble arsenic originally present in the calcium arsenate and 
amounted to 0.2 per cent of the total arsenic oxid in the calcium 
arsenate. 

In brief, it is evident that chemical changes take place when acid 
lead arsenate and lime-sulphur are mixed. This mixture is therefore 
incompatible chemically. When calcium arsenate is mixed with 
lime-sulphur no soluble arsenic is formed in the case of high-grade 
products. Therefore this arsenate, when mixed with lime-sulphur, 
would seem to be a satisfactory insecticide. Field experience, how- 
ever, shows that it often injures the foliage sprayed. 

Such a mixture is chemically compatible and has been recommended 
by Quaintance and Siegler (32), Sanders (40), and others, who, how- 
ever, do not claim that it is always free from burning properties. 

No experiments with basic lead arsenate and lme-sulphur were 
performed. Bradley (5), in 1909, used basic lead arsenate in com- 
bination with lime-sulphur, and found 0.28 and 0.43 per cent of 
soluble arsenic. He considered that there was no danger of the 
formation of excessive amounts of soluble arsenic in such mixtures. 
Bradley and Tartar (6), who used both acid and basic lead arsenates 
in combination with lime-sulphur, found eight times more soluble 
arsenic with acid lead arsenate than with basic lead arsenate. Both 
forms of lead arsenate were more soluble in saline water than in pure 
water. Alkaline carbonates exerted a decomposing action, especially 
on acid lead arsenate. 

ARSENATES AND BORDEAUX MIXTURE. 

Fields and Elliott (75) stated that very little soluble arsenic is 
present when Bordeaux mixture is combined with lead arsenate. 
They found in both the acid and the basic lead arsenates only from 
1 to 3 parts of soluble arsenic per million. 

Since combinations of arsenicals with Bordeaux mixture are fre- 
quently made, it was considered important to determine whether or 
not chemical changes take place in these combinations. ‘Tests were 
therefore conducted in which 4—3.67—50 Bordeaux mixture was pre- 
pared, dried, and passed through a 100-mesh sieve. Four-gram sam- 
ples of the dry Bordeaux were placed in each of a series of 300 cubic 
centimeter flasks and to each flask were added portions of one of the 
four arsenicals in the following amounts: 0.8 gram of acid lead arse- 
nate (sample 39); 0.667 gram of calcium arsenate (sample 57); 0.69 
gram of sodium arsenate (sample 25); and 0.47 gram of Paris green 
(sample 64). Mixtures of the various arsenicals alone and of Bor- 
deaux alone in distilled water were prepared and tested under the 
same conditions as the mixtures of the arsenicals and Bordeaux. The 
flasks were agitated at a temperature of 35° C. for periods of 1 hour, 
1 day, and 3 days. The mixtures were filtered immediately and the 
filtrates were tested for copper by the colorimetric test with potas- 
sium ferrocyanid (/2) and for lead by the lead sulphid color test as 
used by W. D. Lynch, of the insecticide and fungicide laboratory. 
The analytical data are given in Table 7. 

No copper was found in any of the filtrates. The filtrates from the 
acid lead arsenate Bordeaux mixtures contained the following per- 
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centages of the total lead present in the sample: For the one-hour 
period, 3 per cent; for the one-day period, 7 per cent; and for the 
three-day period, 7.6 per cent. The results for water-soluble ar- 
senic in the combinations are lower than those for water-soluble ar- 
senic in the arsenicals alone. It is evident that the excess lime of the 
Bordeaux combined with part of the soluble arsenic present in the 
arsenates, forming insoluble calcium arsenate. 

The results show that Bordeaux mixture and the arsenates of lead 
and calcium, as well as Paris green, are compatible, that a soluble ar- 
senate, such as sodium arsenate, may be used in quantities large 
enough to act as an insecticide in combination with ordinary Bordeaux 
mixture, and that the excess lime of the Bordeaux will combine with 
the soluble arsenic to form insoluble calcium arsenate. 

ARSENATES AND KEROSENE EMULSION. 

As kerosene emulsion is occasionally used in combination with acid 
lead arsenate and may be used with calcium arsenate, a series of 
experiments was undertaken to determine whether detectable chemical 
changes take place in these combinations. 
A kerosene emulsion was prepared according to the following direc- 

tions:® One liter of commercial kerosene oil and 1 ounce of sodium 
fish-oil soap in water were mixed, and the resulting emulsion was 
diluted to 10 liters. 
A series of 300 cubic centimeter flasks were filled with this emulsion 

and 0.8 gram of acid lead arsenate (sample 39) or 0.667 gram of cal- 
cium arsenate (sample 57) was added to each of the flasks, with the 
exception of the control flasks. Mixtures of the arsenates alone 
and of the emulsions alone were used for controls. The mixtures 
were agitated at 35° C. for periods of one hour, one day, and three 
days. They were filtered immediately and the filtrates were tested 
for arsenic. The average figures only are recorded in Table 7. 

TaBLE 7.—Soluble arsenic in filtrates from combinations of arsenicals with Bordeaux 
mixture and with kerosene emulsion. 

Soluble arsenic (As) found Percentage of total ar- 
Total ar- after standing for— senic (As) found soluble 

J ie (As after standing for— 
oops Materialanalyzed. ee anni » : 

taken. 
lhour. | lday. | 3days. | lhour. | lday. | 3 days. 

; Grams. | Grams. | Grams. | Grams. |Per cent.) Per cent.| Per cent. 
25 | Sodium arsenate..........-- ONFOS Gos eisEi tt Ee O21G50 <j] NAG IoI 8 Nee 96. 55 
641  Parisrarecn--2 sce ac hs. 252i. SIO38clOFAicisal SLES VO06G! “i S220 Hs OPS 3. 41 
57 | Calcium arsenate.........._. {A75S poosciscieec ie) Gade te ral U2: 34 eaaeee es a iare] Pea 0. 20 
39 | Acid lead arsenate......._.. SEOOM sateen oe lice See BOOZ S ioe ose eae 2. 81 
im ELMO AIEN MI EILO tr ee aa lc oe cai] ne cence SMOG 2] 2 oats cin [aos merge sl eee 
— | Sodium arsenate (25) plus 

Bordeaux (Ol)... os | . 1709 | 0.00095 | 0.00001 | .00001 0. 56 0. 00 . 00 
— | Paris green (64) plus Bor- 

edie (Gh). fF. sieeet) a es . 1938 00113 | .00053 | .00046 58 27 24 
— | Calcium arsenate (57) plus 

Bordeaux (61)............ -1753 | .00003 | .00005 | .00000 - 02 -03 . 00 
— | Acid lead arsenate (39) plus 

BS ofdeatike i 22 -1709 | .00051 | .00030 | .00018 - 30 18 oul 
— | Calcium arsenate (57) plus | ~ | 

kerosene emulsion........ 1753 | .0018 . 0095 -0122 1.03 5, 42 6. 96 
| Acid lead arsenate (39) plus 
— kerosene emulsion........ -1709 | .0332 -0768 | .0740 19, 43 44, 94 43.30 

6 Taken from U. S. Dept. Agr. Farmers’ Bull. 958, p. 28. 

27476°—23—Bull. 1147 =) 
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The amount of arsenic made soluble was much larger when acid 
lead arsenate was combined with kerosene emulsion than when eal- 
clum arsenate was combined with it. The same amount of arsenic 
was rendered soluble in one day as in three days in the case of the 
acid lead arsenate. When calcium arsenate was used, 1.5 per cent 
more of the total arsenic was made soluble the third day than the 
first day. It is evident that the lead and the lime of the arsenates 
combined with the fatty acids to produce soaps, leaving the corre- 
sponding amounts of arsenic in a soluble condition. The results show 
that less decomposition occurred in the case of calcium arsenate 
mixed with kerosene emulsion than in the case of acid lead arsenate 
and kerosene emulsion. Both mixtures are chemically incompatible. 

ARSENATES AND FISH-OIL SOAP. 

Combinations of acid lead arsenate with fish-oil soap are sometimes 
made. Because of the large quantity of calcium arsenate now being 
manufactured, it seemed advisable to test combinations of calcium 
arsenate and of acid lead arsenate with fish-oil soap in order to deter- 
mine how much arsenic might be made soluble. 

Fish-oil soap solutions of two strengths, 1 and 2 pounds of soap 
per 50 gallons, were prepared. The fish-oil soap was the same kind 
as that used in making the kerosene emulsion. A series of 300 cubic 
centimeter flasks were filled with the soap solution. No arsenical 
was added to some of the flasks which were used as controls, but 0.8 
gram of acid lead arsenate (sample 39) or 0.667 gram of calcium 
arsenate (sample 57) was added to the others. A one-day period 
was taken for agitating the solutions, because the results with kero- 
sene emulsion showed that in one day the reactions were practically 
complete for the lead arsenate and much retarded in the case of the 
calcium arsenate. 

TABLE 8.—Arsenic rendered soluble on combining lead or calcium arsenates with fish-oil 
soap. 

Arsenic F 
Arsenic (As) rendered 

Sample Material analyzed. (As)present} "soluble after standing 
0. in sample for 1 day 

taken. ‘ 

Grams Grams. Per cent. 
bys} Caletumiarsenate 1... ..2 22. doch. Sh Ss ss Se eee 0.1753 . 0003 : 
Oo PeACIG JCAQAISCNAtG 2. < oc. ode so oe ceeeset ones aoe ee ee oes Ahi . 0032 1.86 
— | Calcium arsenate plus fish-oil soap (1 pound to 50 gallons). . 1753 . 0503 28. 69 
— | Acid lead arsenate plus fish-oil soap (1 pound to 50 gallons). . SELE . 1475 85.90 
— | Calcium arsenate plus fish-oil soap (2 pounds to 50 gallons). - .1753 . 0667 38. 05 
— | Acid lead arsenate plus fish-oil soap (2 pounds to 50 gallons). =a fi7 . 1703 99.18 

1 Calcium arsenate at the rate of 0.93 pound per 50 gallons. 
2 Lead arsenate at the rate of 1.11 pounds per 50 gallons. 

The results obtained (Table 8) follow the trend of the results 
secured with kerosene emulsion (Table 7) in that they show that 
more arsenic was rendered soluble when acid lead arsenate was used 
than when calcium arsenate was used. They also show that the 
greater the quantity of fish-oil soap used the larger the amount of 
soluble arsenic formed. All of the arsenic was made soluble when 
acid lead arsenate was mixed with the soap at the rate of 2 pounds 
per 50 gallons. The lead soaps are more readily formed than the 
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lime soaps, for which reason more arsenic was left in a free or soluble 
form when acid lead arsenate was used than when calcium arsenate 
was used. Based on the results of chemical analyses, both of these 
mixtures are incompatible. 

ACID LEAD OR CALCIUM ARSENATES AND NICOTINE SULPHATE SOLUTIONS. 

Mixtures of acid lead arsenate and of calcium arsenate with a 
solution of nicotine sulphate were prepared and analyzed. A 1-800 
dilution of a 40 per cent solution of nicotine sulphate was made. In 
the first series 500 cubic centimeter flasks were filled with this dilute 
nicotine sulphate solution and 1.2 grams of acid lead arsenate (sample 
39) or 1 gram of calcium arsenate (sample 57), containing 13 per cent 
of free calcium oxid, was added to he of the flasks, with the ex- 
ception of the controls. Results of the analyses of the lead and cal- 
cium arsenates used are given in Table 3. After agitating the differ- 
ent solutions for periods of one hour, one day, and three days they 
were immediately filtered and the filtrates were analyzed for arsenic 
and nicotine. Nicotine was determined by the official silicotungstic 
acid method (1). A second series of tests, using two commercial 
calcium arsenate samples (Nos. 32 and 59) and a pure tricalcium 
arsenate prepared by C. M. Smith, was made. Sample 32 contained 
9.99 per cent, sample 59, 5.23 per cent, and sample 464 no free calcium 
oxid. In this series 0.6 gram of the calcium arsenate was placed in 
each of a series of 300 cubic centimeter flasks, which were made to 
volume with the dilute nicotine sulphate solution. These solutions 
were agitated for one hour and for three days. 

TABLE 9.—Resulis of combining acid lead arsenate or calcium arsenate with nicotine- 
sulphate solutions. 

Soluble nicotine after agi- Soluble arsenic oxid (As2Q3) 
tating for— after agitating for— 

Material analyzed. 

| 1 hour. 1 day. 3days. | lhour. | 1 day. 3 days. 
| | 

500 cubic centimeter volume tests: Grams. | Grams. | Grems. | Per cent. | Per cent. | Per cent. 
Nicotine-sulphate solution............ OS2(ASUE a2 2 aos 0. 2820 0300 ss25-2235- 0.00 
Acid lead arsenate (39) plus nicotine 

SHiphitet< Soskt. Asset A . 2748 0. 2789 . 2763 45 0.34 . 60 
Calcium arsenate (57) plus nicotine 

SUL Ee eee ee ee ee et -2778 . 2815 . 2815 44 ae 00 
Acid lead arsenate (39)..............-- . 0000 . 0000 . 0000 Ae 1g |S ER DERE E) ee eee 
Calcium arsenate (57)............--.--- . 0000 . 0000 . 0000 -30) ons ssmduscleas squares 

300 cubic centimeter volume tests: 
Nicotine-sulphate solution............ ig: LCS) ae ee Fe AR Sy gt Ee Si) eee ss 8 -00 
Calcium arsenate (32) plus nicotine 

NHIPRALCE . eee fas ees. Soot sities ha £5 Va) (oe at fea SC SS $id |S Fo 1.09 
Calcium arsenate (59) plus nicotine 

2 FTE: Greece ae adie i Geel Pi is 1 papel fh lS Cite eee 11.50 
Calcium arsenate (464) plus nicotine 

STA DHS oes © as ee oc asada. ase 140 bi. eee ba ee 10539 Uae oes 11. 86 
PCM SONAGON ODI). coe tees ee ecoe eed. RSs. Ma eg yf fe eee seh R ec (27 
REMI RCHHLG, (99) t Acs csesce sea Search lesen os eenlsct eel aes 2:09; |Saks ew ace | 2. 22 
et H PET RESCHACO AAD) oe so eee oN ter inaie = 6 | acne a ele a oe eimraete S334 |S aes 2E8T/ 

The results (Table 9) show that acid lead arsenate (sample 39) 
when combined with nicotine sulphate gives no increase of soluble 
arsenic and that the amount of soluble nicotine is not altered. This 
mixture is therefore chemically compatible. 
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When calcium arsenates are combined with nicotine sulphate 
solutions, soluble arsenic oxid may be produced, dependig on the 
sample of calcium arsenate used and on the quantity of nicotine 
sulphate present in the mixture. The percentage of soluble arsenic 
oxid will be low if there is encugh excess lime in the calcium arsenate 
to combine with the SO, of the nicotine sulphate. If sufficient excess 
lime is not present, the SO, combines with some of the CaO of the 
calcium arsenate, liberating soluble arsenic oxid. Calcium arsenate 
(sample 57) contained 13.16 per cent of free calcium oxid, and when 
combined with nicotine sulphate only 0.5 per cent of free arsenic 
oxid was found. Calcium arsenate (sample 32) contained 9.99 per 
cent of free calcium oxid, and when combined with nicotine sulphate 
1.15 per cent of soluble arsenic oxid was found. 
When the free lime in the calcium arsenates was low or absent 

entirely there was a marked rise in the percentage of soluble arsenic 
oxid. For example, sample 59, containing 5.23 per cent of free cal- 
clum oxid, and sample 464, containing no free calcium oxid, gave 
practically 12 per cent of soluble arsenic oxid. Sample 6 (8.68 per 
cent free caicilum oxid) and sample 58 (9.06 per cent free calcium 
oxid) gave, respectively, 6.67 and 2.28 per cent of soluble arsenic 
oxid after being agitated for 1 hour with nicotine sulphate solution 
in the proportions given. ‘These mixtures, therefore, are chemically 
incompatible, and the only way that such a combination should be 
made is to use a high-grade calcium arsenate containing at least 10 
per cent of excess calcium oxid and using a proportion of nicotine 
sulphate no higher than that used in these tests. 

The lime of calcium arsenate decomposes the nicotine sulphate, 
leaving free nicotine, but does not change the amount of nicotine 
present. The results given in Table 9 show that the percentage of 
soluble nicotine was not altered by the presence of calcium arsenates. 
A few tests made in the insecticide and fungicide laboratory in 

which free nicotine solution was mixed with acid lead arsenate or 
with calcium arsenate showed that these combinations were chemi- 
cally compatible. Results cbtamed on combining nicotine sulphate 
solutions with Bordeaux mixture were reported ‘by Safro (89) and 
Wilson (52), who claimed that such mixtures were compatible. 

PHYSICAL PROPERTIES OF ARSENICALS. 

A commercial calcium arsenate and a commercial acid lead arsenate 
were selected for a series of tests on the adhesive properties of these 
substances on sprayed foliage, which was extended over three seasons 
(1917, 1918, and 1919). For each 50 gallons of water 1 pound of 
powdered acid lead arsenate or an equivalent amount of calcium 
arsenate, based on the arsenic oxid content, was used. The sprays 
were applied to potato and apple leaves with a power sprayer. At 
various periods after the sprays had been applied leaves were gath- 
ered for analysis. The leaves were dried and samples of approxi- 
mately 5 grams each were digested with nitric and sulphuric acids 
and analyzed for arsenic by the modified Gutzeit (47) method. The 
results (Table 10) by this method do not warrant im all cases the ex- 
pression to the degree of accuracy which the figures may imply, but 
this is the common way of expressing results where small amounts of 
a substance are present. : 

PE —— eT 
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TaBLE 10.—Arsenic on potato and apple leaves sprayed with lead or calcium arsenates. 

Arsenic (As) found. 

vanes = 
: number er 

Year and locality. Spray used. of square | on ar 

samples.| meter | ;,.2. y 
of leaf = 
surface. 

1917. POTATO LEAVES. Milli- | Parts per 
c grams. | million. 

Washington! D.C... 2Po22. Acid lead arsenate:: < 22: 2:222222s224550555 7 5 140 
DOr ee ae ere Calcium) arsenate: +=: ::2ss222020525552 e! 8 3 50 

iPresuer isle, Mee: sates. Acid lead arsenate. -.....::.-22s:+s+---+-- 2 80 1, 460 
O55 3e ee SAE Caleium-arsenate::=:22:5--22-22sa.220522 2 56 1,270 

Gres wood) isot<22.. 122-25. Acid lead arsenate: .:=<:22:52:ss5ss2s25255< 2 16 50 
130, SRE BR oe eae ea Caleium: arsenate: «+2552: s2225s2-2-2e252255: 2 19 70 

1918. 

Washington, D. C..........-. Acid lead arsenate. .-....-.2-...-.6s--5+- SHEE Peis 170 
LE. SEN SF SPR te Caleium: arsenate: - .222225:220-225--25 028: San. BO ss 60 

Greenwood, Va...........--- Acid lead- arsenate: -- 22222225 22225-52752: 4 eR cael 180 
1D. Se ee ee @alelumMuarsenates =a. eee ae meena eee Dale ee nae 270 

1919 

FATHN STON Va-.ses00c050—. 5 - PNCIG leAGeALSeCnaAbes. 528 << 5 se awe Sa ese (ipl ate eee ae 260 
Ry epee lg cn 5 = ie Caleiumiarsenate se sass ese ees eee hl eeite cae 210 

1917. APPLE LEAVES. 

Greenwood, Va.......2..-.-- Agidsaend arsenate. .=* 3s 3 23st 2.2 ype ress 2 40 510 
BD ees ee ast a Calcrumiyarsenaiesse ses. ees ee ee eee 2 9 120 

1918 

Greenwood, Va. ............- Acridlead arsenater..¢- 22:55 J24. 56242 tLe. Aas teehee 130 
LG. got See ee eee eae Calectumiarsenatete 2 ste oo sete 22 ee Ce eg Sepa 260 

The results of the tests for all three years show an average of 286 
parts per million of arsenic on the dry leaves receiving the lead 
arsenate spray and an average of 219 parts per million of arsenic on 
the dry leaves receiving the calcium arsenate spray. The 1917 and 
1919 results show that a larger percentage of arsenic of acid lead 
arsenate adhered to the leaves than of the arsenic of the calcium 
arsenate. The 1918 results are practically the same for the two 
arsenates. 

Lime was used with certain of the arsenates in some of the 1918 
tests (Table 11). Potato vines were sprayed with a commercial 
calcium arsenate and a commercial acid !ead arsenate alone and with 
the addition of lime to each. Zinc arsenite and calctum meta- 
arsenate were used without the addition of lime. Two calcium 
arsenates, one with a molecular ratio of 3 CaO to 1 As,O, and the 
other with one of 4 to 1, were tested, with and without the addition 
of lime. In these two cases both 2 ounces and 4 ounces of lime per 
10 gallons of spray were used. ‘The arsenious or arsenic oxid con- 
tents of the sprays were made the same in all cases, with the exception 
of calcium meta-arsenate. Krom the data in Table 11 it is evident 
that the lime was of no advantage in increasing the amount of arsenic 
adhering to the leaves. 
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TABLE 11.—Arsenic on potato leaves sprayed with arsenicals with and without the addition 
of lime.* 

Total 
Q ; ape eee Tava 
ample : Oxi use Ss 
Wo. Material used. (AsoO;) | per 10 | on dry 

in dry | gallons. | leaves. 
arsenical. ; 

Parts per 
Per cent.| Ounces. | million. 

2A CalGhimi arsenate. is. cesses akicean cone oes co coe ne ee eee 49. 40 2 240 
24Ay | Sample 24 plusdime (2-ounces) ote 222 5. hasan aes Beers 49. 40 2 340 

40) “Acidtlead- arsenate. sc -is<.022 cocci Sasso cuee ERE ene eee 32. 76 34 530 
40/Ae | Sample40 plusdime (2 ounces) =... 22-2. son. soa See eee 32. 76 3t 580 

255|P Zin Gersenitest 2225 Feiss Fa Sate pee. SASL Pes ei eee eee 241.49 23 540 
865) .Caleiumymeta-arsenate asso shes cee ese eee see eee ee 79. 60 4 830 

Tal AC OLCIUEINIATSOM ALON S: Gist ec Wie cS SE a Netter mace ates ee eter tne 55. 00 2 290 
SCAMS AED LELS (alta S lim © (2; OUNCES) eee ee ee eat roe vane epee 55. 00 2 270 
S25) ample Si plus lime (4 Gunes) ~— <> 2 ones hee ee ee enone 55. 00 2 290 

S87) Calciumrarsenates 2.4 53 Stoel ak Do ere ee eee a ae ee 42. 80 24 360 
Se Aq | samplerss plusiime (2 ounces) a2 -acs5 ao oes ba eS eee eee 42. 80 24 280 
S8Bui Samplesss plusdame:(4ounces)'s-2s5 + ~ o-ce oe Nee ene eee eee 42. 80 24 380 

U ecm percentages of As2O3 and As2Os were used for all the sprays. 
2 AsoOs. 

During the season of 1920 potato plants were sprayed at Arlington, 
Va., using (a) dry acid lead arsenate, (6) dry ‘‘suspender” ” acid lead 
arsenate, (c) zinc arsenite, and (d) Paris green. The sprays were 
made to contain the same pereentage of arsenious or arsenic oxid and 
were applied four times during the season, using a power sprayer. 
Nine duplicate sets of 50 leaves each were collected on the same days 
throughout the season from each plot of the various sprayed vines. 
These leaves (900 in ali from each plot receiving a different spray) 
were analyzed for arsenic, with the following average results, ex- 
pressed as parts of arsenic per millon of dried potato leaves: Paris 
ereen, 155; ‘‘suspender” acid lead arsenate, 195; zine arsenite, 203; 
and acid lead arsenate, 210. 

The physical properties of arsenicals have been studied to some 
extent since the time they were first prepared, but no complete study 
has been reported. This may be due in part’ to the difficulties 
encountered in measuring those physical properties which contribute 
toward making a satisfactory product for dusting or spraying. 
Wilson (53) in 1919 gave data on the burning, suspensibility, and 
adhesiveness of Paris green, zinc arsenite, acid and basic lead arse- 
nates, and calcium arsenate. 
A series of tests was performed, using commercial powdered arsen- 

icals (Table 12), to obtain comparative data on the apparent density 
and suspensibility of these products. The apparent density of a 
powder here described is based on the number of grams occupying 
a volume of 1,000 cubic centimeters and the suspensibility on the 
volumetric readings of 30 grams of powder which had settled after 
having been shaken for one minute with approximately 500 cubic 
centimeters of water and having stood for 10 and for 60 minutes. | 

7 “¢Suspender’’ lead arsenate is a trade name applied to a powdered lead arsenate containing some added 
organic substance for the purpose of keeping the arsenate in suspension when mixed with water. 

———s 
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TaBLE 12.—Physical properties of commercial powdered caleitum and lead arsenates and 
: zine arsenite. 

Suspension proper- 
Total eS alter stand- 

arsenic ing for 
s ample Material examined. oxid App arent 

: (As2O5) in y- 
powders. 10 60 

minutes. | minutes 

f Cubic Cubic 
centi- centi- 

Percent.| Grams. | meters. meters. 
3 Sa scrte Ce oe carey TE eecetene cin fare eae 45. ag 254 ee 200 
DSEE zoe Of SL EL? SssEAS SS BB TN EE REE ee EN ELS Qn 47.8 257 18 115 
eA eee Koy. diel ie 3 SE OR ele ea 2 ee Cbs, ae Ae a eee ae 40. 38 364 365 145 
9g) Ps: Ok, SPAM NU ISs OG as SETA. ees | 41. 40 365 380 120 
Dart gare Ox 52 ced a sete Bs tee, BD ca pdese are woman Sh eo 49. 40 422 170 140 
Laps CO Oh ear Deel ie a cle teal sitimrtear Qernean eat dee Lad ent 40. 49 532 245 57 
56 esis LOS Pes SURE P gL Ue teehee eee ne rays we: 39.19 567 170 71 
Be Acid lead arsenate ee eS Be at ‘ se aa 236 io 

ABBE Oana eee ee Soe ee ee ae a oe ne late . 24 27 
83}. 2222 COete pisses. . ket Cheb oe das i Aeepisg eee ech cocic 31.50 284 110 123 
S4elbe se CON ee Ree Rene oo Sra aine ee oe ec cee 32.90 306 265 135 
aS) | ses e2 OnE sess Le EA Le eee... Brae 32. 47 369 146 90 
Boa ee Verh ate eS REE ee lee OY BD er 3 Sic es 32.75 747 88 60 
POM AZ ATIC OTSOM UL OSs at eee ee ee Ny aca en Meare 341.49 355 165 77 

1 Weight of powder occupying a volume of 1,000 cc. without being jarred. 
2 Based on volumetric readings of 30 grams of powder, shaken with 500 cc. of waterand allowed tostand. 
8 Arsenious oxid (As2Q3). 

In Table 12 the calcium and acid lead arsenates are arranged 
according to their apparent densities, the lightest ones first. The 
lightest powders usually remained suspended for the longest time 
(60-minute test) and the heavy powders settled most rapidly. More 
than 90 per cent of all the arsenicals tested passed a 40-mesh sieve 
after having been shaken for five minutes. These results are of no 
value and therefore are not given. It is believed that the fineness 
of powdered arsenicals, which are generally amorphous, can not be 
correctly determined by this test, since fine powders pack in a 40- 
mesh sieve. The fineness of relatively coarse arsenicals, such as 
arsenious oxid, can be determined by sieving. 

Microscopical examinations of the various arsenicals were made. 
A large number of samples of powdered calcium and acid lead arse- 
nates and one of zinc arsenite were blown from a dust gun. These 
dusts, collected on six or more microscopic slides placed at varying 
distances from the dust gun, were photographed. Then, using a 
high-power lens of the microscope, drawings were made by the aid 
of the camera lucida which made possible the determination of 
slight differences in the size of particles but did not give satisfactory 
information on the dusting or spraying properties of these products. 

Several samples of powdered lead arsenate and Paris green, 
examined under a magnification of 100 diameters, appeared to be 
amorphous. The samples of calcium arsenate contained a few 
small crystals, altHotietl the samples on the whole appeared to be 
largely without crystalline shapes. Four samples of arsenious oxid 
were examined under the microscope. Samples 19 and 27 consisted 
chiefly of small octahedral crystals; sample 37 contained somewhat 
larger erystals. 
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COMPARATIVE TOXICITY OF ARSENICALS. 

RESULTS OF PREVIOUS INVESTIGATIONS. 

CALCIUM ARSENATE. 

Bedford and Pickering (5) and Smith (48) appear to have been 
the first to use calcium arsenate as an insecticide. In 1907 all three 
of these men tried it as a substitute for lead arsenate. Bedford and 
Pickering found it practically as efficient as acid lead arsenate on 
fruit trees in England. Against the army worm in New Jersey, 
however, Smith did not find it satisfactory. 

Between 1907 and 1912, calcium arsenate apparently was not 
further tested as an insecticide, but during the seasons of 1912, 1913, 
and 1914, the office of fruit insect investigations of the Bureau of 
Entomology, United States Department of Agriculture, began to 
test it, as a result of which a commercial calcium arsenate was put 
on the market. Since 1915 the use of this arsenate in the field has 
steadily increased. In 1914 a commercial calcium arsenate in com- 
bination with lime-sulphur gave very satisfactory control of the 
codling moth (45). 

_ Seott (46), who, during the seasons of 1913 and 1914, used calcium 
arsenate, states that for spraying apple and shade trees, it may be 
used with the same degree of efficiency and safety as acid lead ar- 
senate. 

Sanders (40), using acid lead and calcium arsenates of equal ar- 
senic contents, found the lead salt slightly superior in killing power, 
but the calcium salt more desirable for use with sulphid sprays. 

Sanders and Kelsall (42) state that when calcium arsenate is 
used alone it may under some conditions burn foliage, but that when 
used in combination sprays with Bordeaux mixture or lime-sulphur, 
it is as safe as any known arsenical. In sodium sulphid sprays it 
is much the safest of all arsenicals. It adheres fairly well to foliage 
and remains in suspension. 

Coad (9) used various arsenicals, as dusts, against cotton boll 
weevils. He found acid lead arsenate much more toxic than basic 
lead arsenate and a high-grade calcium arsenate still more effective. 
Coad and Cassidy (10 and 11) recommend a high-grade calcium 
arsenate above all other arsenicals for controlling the cotton boll 
weevil, and they enumerate some of the physical and chemical prop- 
erties that such an arsenical should have. 

Ricker (33), testing poison baits against grasshoppers, determined 
that calcium arsenate, used in direct competition with Paris green 
and crude arsenious oxid, gave equally good results. 

BARIUM ARSENATE. 

Barium arsenate seems to have been used first by Kirkland (20), 
who tested it in Massachusetts against the larve of the gypsy moth, 
fall webworm, and Datana ministra, securing satisfactory results in 
each case. Kirkland and Burgess (2/) say: 

The experiments with barium arsenate in 1896 gave so good results that we were 
hopeful that this insecticide would prove superior to lead arsenate. Its killing effects 
on larve in confinement are certainly superior to those of arsenate of lead. In the 
field spraying operations it was found that the poison did not adhere to the foliage 
for a sufficiently long time to kill the larve. 
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Smith (48) did not find barium arsenate satisfactory against one 
species of army worm. 

Brittain and Good (7) used barium arsenate in 1917 against the 
apple maggot, but did not recommend it because of its tendency to 
burn the foliage. 

MISCELLANEOUS SPRAY MIXTURES. 

Kirkland and Burgess (2/) determined in field experiments on the 
gypsy moth that acid lead arsenate is slightly better than basic lead 
arsenate. | 

Wilson (41) reported that zine arsenite killed tent caterpillars 
(Malacosoma erosa and M. pluvialis) more quickly and stayed in sus- 
pension better than the basic lead arsenate. The basic lead arsenate, 
while slow in its action, finally killed the insects. The same arsenic 
content was not used for both sprays. Lime-sulphur mixed with 
arsenicals retarded the action of the arsenicals. Lime-sulphur used 
alone was not of much value as a stomach poison. 

Robinson and Tartar (36) conducted tests with tent caterpillars 
(M. pluvialis) on sprayed foliage in an open part of an insectary, 
using an equal arsenic content. The acid lead arsenate killed more 
qealy than did the basic lead arsenate which, however, although 
slow, proved satisfactory because it killed all the caterpillars tested. 

Tartar and Wilson (50), also using tent caterpillars, determined 
that acid lead arsenate (2-200) was more efficient than the basic 
form (2-100). The acid lead arsenate had an arsenic content of 
about 33 per cent, while the basic form had one of only 25 per cent. 

Sanders and Brittain (4/1), reporting tests on the toxic value of 
certain arsenicals, both alone and in combination with fungicides, 
against the brown tail moth, tent caterpillar, cankerworm, tussock 
moth, and fall webworm in the field, report that calcitum arsenate 
is inferior to both acid and basic lead arsenates, and that barium 
arsenate is still more inferior. Basic lead arsenate is inferior to 
acid lead arsenate in all combinations except with Bordeaux mix- 
ture. They think that Bordeaux mixture does not inhibit the 
action of the basic form as much as it does that of the other ar- 
senicals used. 

Lovett and Robinson (24 and 25) used the tent caterpillar (J/. 
pluvialis) throughout their experiments to determine the toxic 
values and killing efficiency of the arsenates. Instead of examining 
all the larve daily to determine the exact number dead, they counted 
the dead ones that dropped daily from the sprayed foliage in the 
laboratory. These men also carried on preliminary field experi- 
ments with calcium arsenate. They summarize their results as 
follows: 

Lead hydrogen [acid lead] arsenate has a higher killing efficiency at a given dilu- 
tion than either calcium or basic lead arsenate. It requires a longer period of time 
to kill the nearly mature caterpillars than the small forms. All of the arsenic devoured 
by the insects in feeding upon sprayed foliage is not assimilated, but a portion passes 
through the intestinal tract in the excrement. The percentage amount of the arsenic 
assimilated depends upon the arsenate used; lead hydrogen arsenate was assimilated 
readily and most of the arsenic was retained in the tissues while much of the basic 
lead arsenate was found in the excrement. It requires approximately 0.1595 milli- 
gram of arsenic pentoxid to kill 1,000 small tent caterpillars, and approximately 
1.84 milligram of arsenic pentoxid to kill 1,000 nearly mature tent caterpillars, irre- 
spective of the particular arsenate used asa spray. 

27476°—23—Bull. 1147-4 
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Howard (19), experimenting with the spotted cucumber beetle 
in the field, used equal amounts (by weight) of several arsenicals. 
The average mortality on the fifth day, Baal upon the results of 
two seasons’ work, is as follows: Zine arsenite, 24 per cent; acid 
lead arsenate, 17 per cent; Paris green, 16 per cent; Bordeaux- 
lead arsenate, 14 per cent; and calcium arsenate, 1 per cent. 

Sanders and Kelsall (43) give comparative figures for the toxicity 
of several arsenicals. On the basis of one-half pound of metallic 
arsenic to 100 gallons of liquid, they obtaimed the following percent- 
ages of dead fall webworms on the eighth day: Sodium arsenate, 52; 
Paris green, 72; acid lead arsenate, 36; zinc arsenite, 60; calcium 
arsenate, 44; and white arsenic (As,O,), 60. On the same arsenic- 
content basis, but with the addition of Bordeaux mixture (10—10-100) 
to the spray materials, they obtained the following percentages of 
dead tussock-moth caterpillars on the eighth day: Sodium arsenate, 
60; Paris green, 64; calcium arsenate, 48; and white arsenic, 60. 

Wilson (53), using five arsenicals against the potato beetle in the 
field and laboratory, presents their rates of toxicity graphically as 
follows: Paris green, 80 per cent; zine arsenite, 65 per cent; acid lead 
arsenate, 60 per cent; calcium arsenate, 50 per cent; and basic lead 
arsenate, 20 per cent. He did not use the same arsenic content 
in any two of them. 

EXPERIMENTAL WORK. 

In comparing the toxicities of the various arsenicals, fed to several 
species of insects, equal percentages of the two oxids of arsenic 
(As,O, and As,O,) were used in the spray mixtures. 

PREPARATION OF SPRAY MIXTURES. 

Suspensions or solutions of each of the arsenicals used were pre- 
pared on the basis of the presence of 0.076 gram of arsenious or 
arsenic oxid per 100 cubic centimeters of distilled water. This 
proportion is at the rate of 1 pound of or 2 pounds of paste acid 
lead arsenate to 50 gallons of water, it being assumed that 32 per 
cent is the average arsenic oxid content of a dry acid lead arsenate. 
On the basis of equal percentage, the mixtures made by using arseni- 
ous oxid contained 16.2 per cent more metallic arsenic than did those 
containing arsenic oxid. Each mixture, however, had either an 
arsenious or arsenic oxid content of 0.076 percent. All the laboratory 
samples used in 1919 and 1920 were pulverized and passed through a 
100-mesh sieve before being mixed with water, but the commercial 
samples were used as purchased. When properly prepared, the 
arsenical mixtures were placed in clean mason jars having rubbers 
and tops. Each jar was then thoroughly shaken to dissolve, if 
possible, and to distribute the arsenical, and subsequently the mix- 
tures were sprayed on foliage which was eaten by insects. 

APPLICATION OF SPRAY MIXTURES. 

In all, seven species of insects were tested: Silkworms (Bombyz 
mor L.), two species of fall webworms (Hyphantria cunea Dru. and 
H. textor Harr.), and tent caterpillars (VWalacosoma americana Fab.), 
belonging to Lepidoptera; the Colorado potato-beetle larvae (Lepti- 
notarsa decemlineata Say), belonging to Coleoptera; grasshoppers 
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(mostly Melanoplus femur-rubrum De G.), nelonging to Orthoptera; 
and honeybees bie mellifica L.), belonging to Hymenoptera. An 
atomizer was used in all the spraying experiments. 
Silkworms.—Silkworm larve were fed leaves treated as follows: 

Mulberry leaves were sprayed with the various mixtures, the con- 
trol leaves being sprayed with tap water only. After having been 
dried in the air the leaves were cut into small strips which were then 
placed in small wire-screen cages. An effort was made to put ap- 
proximately the same quantity of food in each cage, so that a rough 
comparative estimate of that consumed could be made. In 1919 
about 50 normal silkworms in the second instar (varying in length 
from 7 to 12 millimeters, with an average of 10 millimeters, and not 
ready to molt) were put in each cage, but in 1920 silkworms in the 
third instar (18 to 30 millimeters long, average 25 millimeters) were 
employed. Counts were made daily except on Sundays, the cages 
being cleaned and treated food being renewed at the same time. No 
disease was noticed among these larve. . 

Webworms.—The webs were collected in the fields from a variety of 
plants on Monday. At the laboratory these webs containing web- 
worms were kept in large cages with a small amount of food until 
Tuesday noon, when the larve, which were then very hungry, were 
well mixed according to size (all instars but first one). Tuesday 
morning approximately the same quantity of mulberry folage was 
a in each of several wide-mouthed bottles containing water. 
t was then sprayed, and, when dry, a bottle with contents was placed 

in a large battery jar, 8 inches in diameter by 12 inches high. Tuesday 
afternoon approximately the same number of webworms were placed 
in each jar, and thereafter the sprayed food was renewed daily. 
Thus by starting each set of experiments on the same day of the week, 
the days (Sundays) on which no records were taken always fell on 
the fifth, twelfth, and nineteenth days of the tests. Very little 
disease or parasitism was noticed among these larve. 

Tent caterprllars.—The tents, collected in the fields on wild cherry 
trees, were handled in the same manner as the webs of webworms. 
Sprayed wild cherry foliage was placed in the jars daily and counts 
were made daily. Owing to the prevalence of the “wilt,” or polyhe- 
dral disease, it was necessary to test these larvee while in the earliest 
instars. 

Potato-beetle larve.—Collected on potato plants, these larve were 
placed in cheesecloth cages, 9 inches square by 12 inches high. They 
were so well mixed before being placed in the cages that each cage 
contained about the same number in the various instars. Sprayed 
potato-plant foliage was given to them daily. Parasitism was com- 
mon only in the last instar. 

Grasshoppers.—The fourth, fifth, and sixth (adults) instars caught 
in the fields were tested in the cheesecloth cages. Having been 
unable to use the foregoing spray mixtures, bran mash, mixed with 
some of the same powdered arsenicals, served as food. Using Paris 
green (sample 64, containing 55.09 per cent As,O,) as a standard, 
and the regular formula ® as a basis, a modified formula was derived, 
whereby a pint of poisoned bran mash containing each arsenical to 

. § Bran, 25 pounds; Paris green, 1 pound; lemons or oranges, 6; molasses, 2 quarts; and water, from 
2 to 4 gallons, 
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be tested was prepared. A temporary preservative was added to 
the mash. The poisoned mash was so prepared that each pint had 

- an arsenic content of 1.08 per cent. The grasshoppers were fed daily. 
- Parasitism was common, causing a high daily mortality among the 
controls. The temporary preservative in the control food seems to 
have increased the mortality about 4 per cent. 

Honeybees.—To obtain bees of practically the same age for insec- 
ticidal purposes, the brood chamber of a hive was moved 30 feet from 
the old stand. On the following day all the old bees had returned 
to the old stand, leaving only young workers (nurse bees and wax 
generators), the brood, and the queen in the brood chamber. Fifty 
of these young workers were placed in each of Many screen-wire 
experimental cases and were fed the spray mixtures, diluted twenty 
times, in the following manner: One cubic centimeter of a diluted 
mixture was thoroughly mixed with 4 cubic centimeters of honey in 
a small feeder which was so covered with wire that the bees could not 
waste thefood. The 50 bees were given 0.038 milligram of arsenic or 
arsenious oxid. If all consumed equal quantities, each one ate 0.0005 
milligram of metallic arsenic when the arsenic oxid form was used, 
or 0.00057 milligram when the arsenious oxid form was employed. 
After the bees had eaten the poisoned honey they were given queen 
cage candy. The number found dead was recorded daily. Great 
care was taken to see that the bees always had plenty of food. 

STATEMENT OF RESULTS. 

Amount of food consumed.—Not haying had time to calculate accu- 
rately the amount of food consumed during all of these tests, an effort 
was made to estimate it, but this was found possible only with the 
food eaten by the webworms and tent caterpillars. The amount 
consumed of the foliage placed daily in each jar of larve was estimated 
in tenths and fractional parts of tenths, if necessary. On the twen- 
tieth day the experiments were ended and the total amount of food 
eaten during this period was used in calculating the amount consumed 
per larva, counting one-hundredth of each daily feeding as a unit. 

Criteria of toxicity.—In order to judge the value of these methods, 
so that the results obtained by using them can be properly inter- 
preted, the following uncontrollable factors should be mentioned: 
(a) The insects always varied more or less in age and size. (6) The 
immature insects molted irregularly, causing an irregularity in feed- 
ing, as insects do not eat during the molting period, which may last 
from one to three days. (c¢) Disease and parasitism were often dis- 
covered several days after the experiments had been started. 
(d) The temperature often varied, causing the caterpillars, which are 
chiefly night “‘feeders,’’ to eat less on cool nights than on warm nights. 
(¢) Some insects die soon after eating a dose of poison, while others 
he “‘sick” for several days before dying, which causes a great variation 
in their mortality record. (f) The sensitiveness of insects to poisons 
varies. (g) In applying the spray mixtures it was impossible to 
spray two bunches of foliage in such a manner that equal amounts of 
arsenicals adhered to all the leaves. Moreover, the metallic arsenic 
in the arsenites and arsenates varied slightly. No two arsenicals ad- 
here equally well to leaves, and all of them have a tendency to collect 
in drops, causing an unequal distribution of the poison. Neverthe- 
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less, this spraying was done more thoroughly than is possible in prac- 
tical spraying. th) It was often difficult to separate the dead insects 
from those apparently dead. This was accomplished in a fairly satis- 
factory manner by placing these insects almost against the globe of an 
electric light. If they exhibited no signs of life after being subjected 
for five minutes to the heat from this light they were considered 
dead. (2) In these experiments it was impossible to feed definite 
amounts of the arsenicals to individual insects. In a very limited 
way it would be possible to feed insects singly, but it is almost impos- 

_ sible to make them eat definite amounts of poisons. It would be 
possible to feed definite amounts of arsenicals to individual bees. If 
they remain isolated singly in cages, however, they live for only a 
few hours, although when 50 or more are confined in one case they 
freely feed one another and usually live for 9 or 10 days. 

Because of these uncontrollable factors, a large number of insects 
were used for each individual experiment and the experiments were 
repeated several times, if possible. The results thus obtained are 
only comparative and are based on the average time required to kill 
the insects tested rather than on the absolute single lethal doses 
required to kill them. It was assumed that the insects ate equal 
amounts of the poisons, although this may never have been true. 
Tn the light of these probable errors it is easy to explain the delayed 
deaths of many of the insects poisoned and the great variation in 
their daily mortality. 

PRELIMINARY TESTS. . 

During the summers of 1917 and 1918, many preliminary tests 
were performed on silkworms, tent caterpillars, and fall webworms. 
While no conclusive data were obtained, the following indications 
may be given. 

The 14 commercial acid lead arsenates (samples 1, 2, 3, 4, 13, 14, 
29, 38, 39, 40, 44, 47, 48, and 49) used showed no important differ- 
ences in insecticidal properties. All proved efficient. The two basic 
lead arsenates (samples 21 and 28) did not kill as quickly as did the 
acid lead arsenates. Only two of the five commercial calcium 
arsenates (samples 5, 6, 7, 24, and 34) tested proved efficient. The 
insoluble calcium meta-arsenate (sample 45) prepared in the labor- 
atory had no effect, while the laboratory sample of water-soluble 
monocalcium arsenate (No. 46) killed quickly. The arsenious oxid 
samples (Nos. 9, 19, 27, and 37), arsenic oxids (samples 10 and 16), 
sodium arsenates (samples 25, 31, and 41), potassium arsenate 
(sample 26), and zinc arsenites (samples 23, 30, and 33) were usually 
efficient. One of these with a high percentage of water-soluble 
arsenic, however, was not necessarily more toxic than another with 
a lower percentage of water-soluble arsenic. The bases—lead oxid, 
(samples 12 and 20), calcium oxid (sample 11), and zinc oxid (sample 
22)—had little effect when used alone. From the insecticidal 
viewpoint, there seems to be no advantage in combining calcium 
arsenate and lead arsenate (sample 8). When lime was added to the 

_ laboratory sample of calcium arsenate (No. 42) the toxicity seemed 
to be decreased. 
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RELATIVE TOXICITY OF Oren LEAD AND CALCIUM ARSENATES. = 

Since the preliminary experiments indicated that the commercial 
acid lead arsenates do not differ greatly in toxicity, sample 39, one 
of those first used, was selected as a standard by which to judge the 
relative toxicity of other spray materials, because its arsenic oxid 
content (32.93 per cent) approaches most nearly the theoretical 
content (33.11 per cent). 

In order to obtain comparable percentages of toxicity for the three 
arsenates tested against five species of insects, it was first necessary 
to place all the daily percentages of mortalities on the same basis. 
This was accomplished by subtracting the daily mortalities of the 
control insects fed nonpoisoned food from the daily mortalities of 
the insects fed sprayed food. Since the daily mortalities on any 
given day vary too much to serve as a fair percentage of toxicity, 
the average of the mortalities on the third, sixth, and tenth days 
have been taken. The records given in Table 13 under the twentieth 
day show whether or not the insecticides used were efficient. To 
test the effect of starvation on the insects, other controls without 
food were used also. 

The results reported in Tables 13 to 21 are comparable only when 
the same combination of data and the same number of sets of insects 
have been used. Data on the number of sets tested and the varia- 
tion and average number of insects used for each individual spray 
material, other than those given in the tables, therefore, are stated. 
For Table 13 these data are as follows: Silkworms, 1 set (variation 
48-52, average 50); webworms (H. cunea), 2 sets (619-1224: 864); 
tent caterpillars, 4 sets (711-1126: 897); potato-beetle larve, 3 sets 
(132-157: 145); and grasshoppers, 3 sets (368-482: 420). 

TABLE 13.—Relative toxicity of commercial lead and calcium arsenates on 5 species of 
insects, after deducting mortality of control with food, 1919 and 1920. ~ 
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TABLE 13.—Relative toxicity of commercial lead and calcium arsenates on 5 species of 
insects, after deducting mortality of control with food, 1919 and 1920—Continued. 
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Table 13 shows the following: The average percentages of toxicity 
of the acid lead arsenate (sample 39) and of one sample of calcium 
arsenate (sample 5) on five species of insects are practically the same; 
the percentage of toxicity for another calcium arsenate spray (sample 
59) is a little lower; those for two other calcium arsenates leant alee 
56 and 57) and for basic lead arsenate (sample 28) are practically 
the same; while those for the remaining calcium arsenates (samples 
7 and 58) are very low. Samples 7 and 58 were not efficient against 
all five species of insects tested. The basic lead arsenate acted much 
more slowly on the silkworms and webworms than did the acid lead 
arsenate, but, as a rule, only slightly more slowly on the tent cater- 
pillars, potato-beetle larvee, and grasshoppers. The quantity of food 
consumed is inversely proportional to the toxicity, being least for 
samples 39 and 5 and most for samples 58 and 7. The results in 
this table also show that starvation had little or no effect on the in- 
sects tested, but that the insects really died from the effects of the 
arsenates. 

EFFECT ON TOXICITY OF ADDING LIME TO ARSENICALS. 

According to the preliminary experiments conducted in 1917 and 
1918, the laboratory sample of calcium arsenate (sample 42) and the 
same compound plus 0.3 gram of lime (sample 42A) killed 69 per cent 
and 68 per cent, respectively, of the webworms counted on the 
twelfth cae When the quantity of lime was doubled (sample 42B) 
the mortality was 50 per cent, and when it was quadrupled (sample 
42C), 40 per cent. In 1919 many other experiments, in which a 
larger amount of lime was added to every 418 cubic centimeters of 
another laboratory sample of calcium arsenate, were performed, using 
silkworms, 1 set (variation 49-53, average 51) ; webworms (H. cunea), 
2 sets (538-818: 622); tent caterpillars, 4 sets (785-1021: 943); web- 
worms (f. textor), 1 set (181-325: 266); potato-beetle larvz, 3 sets 
(290-361: 339); and potato-beetle adults, 1 set (37-41: 39). De- 
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ducting the mortalities of the controls and basing the average per- 
centages of toxicity on the mortalities of the third, sixth, tenth, and 
twentieth days, the results for all these insects are: Sample 69, 45; 
sample 69A (sample 69 plus 0.5 gram lime), 32.7; sample 69B (sample 
69 plus 1 gram lime), 29.1; sample 69C (sample 69 plus 2 grams lime), 
26.5. 

TaBLE 14.—E fect on toxicity of adding lime to arsenicals on 4 species of insects, 1919 and 
1920. 
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69 | Laboratory calcium arsenate...| 32.7| 5.4 | 42.3 | 12.0 | 23.1] 53.8] 39.7 | 91.6 | 44.0 | 57.3 

69C | Sample 69pluslime(2grams)..| 9.4} i.8 | 33.3 | 7.0] 12.9| 15.1} 14.4 | 91.2 | 23.0} 35.9 
64 | Commercial Paris green........ 100.0 | 30.7 | 65.7 | LGA igo ee a 85.2 | 99.0 | 62.0} 86.6 

64C | Sample64pluslime(2grams)..| 57.0! 1.8} 23.4! 8.0 | 22.5] 79.0 | 44.2! 86.0 | 56.0 | 66.3 
39 | Commercial acid lead arsenate.|.....-. 7 VSS (ease he fg SP bare (pe oe Ci SL Jel ets sep Lato 

39L | Sample39(leavessprayed with | | 
Sam plejiilime) eee alee ee Ve ak es Sel eee | esate se US eee WBe fils ccscloweselocsaes 

57 | Commercial calcium arsenate. .|......- Tey |e SA ce See EE: BO eee {Me sae 
57L | Sample 57 (leavessprayed with 

Sample it Mlime)is2---see ces el scat A yi |i a anal LA | be el a Aap pipet | be ple | LS pt 
Control-with food... .. 25222222. -0 0 |) 6 SU Bear -0 2 O'|! S§8)] 42.01) 23222 

: 1 | 

Percentage ofinsects dead . 
within 10 days. MEST & 

_ 

; mS 
S Arsenicals and control v3 aS | 5 3g | eal gs Zg S 
A ; | Rs Bal g g | 8s 4/3 | 2 
2 S OS 1.88 | > ties, Le Sucre (ee lee 
=) S 5 = Pet g 5 Sy eS — g 

: A ceey [BP Joka | of olay BR) Ba hie 
a | a | BS | ea 4q°|-a |Fl le, | Be 

39 | Commercial acid lead arsenate.....].....-. 99.3 | 100.0} 99.8] 97.0} 61.0} 66.8 | 39.5 | 66.1 
39C | Sample 39 plus lime (2 grams)..... 100.0; 82.9 | 100.0} 94.3] 87.3 | 42.5 | 66.4] 27.0} 55.8 
69 | Laboratory calcium arsenate...... 59.6 | 66.0} 98.8] 74.8} 48.7 | 37.0 | 77.6 | 28.0} 47.8 

69C | Sample 69 plus lime (2 grams)..... 22.6 | 30.2] 100.0| 50.9 | 15.7} 15.5 | 74.8) 15.0] 30.2 
64 | Commercial Paris green.........../..-..-. 100.0 ! 100.0 | 100.0 | 100.0 | 72.0 | 88.2] 38.5 | 74.7 

64C | Sample 64 plus lime (2 grams)..... 100.0 | 99.4] 100.0] 99.8] 78.7 | 48.5} 69.8 | 32.0 | 57.2 
39 | Commercial acid lead arsenate.....]......- 13 Sal eee | a be 64,31) eo) ee eee 

39L | Sample 39 (leaves sprayed with | 
Sample IM) ass are cep oe eee Loe hs pee Bae eee le see se 647 a ee ae 

57 | Commercial calcium arsenate....../.....-. G6.Ob 42 Be | Bes ee | 34,64) Xa eS eae 
57L | Sample 57 (leaves sprayed with | | | 

sarmplethl dinie) lee Sas). See a oe se Oy ei Pea fas S93 | 170 [Se Sees 
Control with food................. 0} 2.6] | tps 

1 Based on mortalities for third and sixth days only, because these controls, confined in small cases, 
lived for only 8.4 days on an average. 

In 1920 these experiments were repeated on a larger scale. The 
following data are not given in Table 14: Silkworms, 2 sets (each of 
50); webworms (H. cunea), 1 set (variation 1386-194: 145); tent 
caterpillars, 3 sets (198-385: 280); and honeybees, 2 sets (each of 
50). The percentages given for samples 69 and 69C are taken from 
the 1919 results, and should be compared only roughly with the other 
percentages given in Table 14. Reference to this table shows that 
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the addition of lime to the three arsenicals employed reduced the 
toxicity in practically all cases. 

There are two possible explanations for the reduction in toxicity 
due to the addition of lime. The excess lime may unite with the 
soluble arsenic and prevent it from functioning as a poison. ‘This 
explanation is supported by practically all the results recorded, 
providing the excess lime did not decrease the percentage of arsenic 
in the food or on the leaves eaten. It did not reduce the percentage 
of arsenic in the poisoned honey, yet the lime in every case caused 
a decrease in toxicity to honeybees. In the case of the leaf-eating 
insects, the lime added theoretically reduced the percentage of 
arsenic on the leaves, because 2 grams of lime were mixed with every 
gram or less of the arsenical. Consequently, the dried spray material 
on the leaves would be greatly adulterated and the percentage of 
arsenic in it would be lowered. To determine the extent of the 
decrease in the arsenic, many leaves were sprayed with samples 
39, 39C, 69, 69C, 64, and 64C. After repeating these experiments 
three times and analyzing the 18 samples of leaves sprayed, it was 
found that the addition of lime had reduced the arsenic on the leaves 
26.3 per cent, while the excess lime on other leaves similarly sprayed 
had reduced the average toxicity of the same three arsenicals only 
21.1 per cent. 

In order to prevent the decrease of arsenic onthe leaves, at the 
same time retaining an excess of lime on them, the following experi- 
ments were performed. Many leaves were sprayed, some with acid 
lead arsenate (sample 39) and others with calcium arsenate (sample 
57). When dry, half of each lot was again sprayed with lime (sample 
11) (2grams of calcium oxid in 418 cubic centimeters of water). When 
all the leaves were dry, half of them were prepared as samples to 
be analyzed for arsenic and the other half were fed to fall webworms. 
These experiments were repeated twice, using 8,888 webworms in 
all. The results in Table 14 show that the lime (sample 39L) did 
not affect the toxicity of the acid lead arsenate (sample 39), but it 
(sample 57L) reduced the toxicity of the calcium arsenate (sample 57) 
50 per.cent. Analyses of the leaves sprayed with samples 39 and 
39L showed that the lime reduced the arsenic 18 per cent, while in 
those sprayed with samples 57 and 57L the arsenic was reduced 
29.4 per cent. 

EFFECT ON TOXICITY OF ADDING BORDEAUX MIXTURE AND LIME-SULPHUR TO ARSENICALS. 

Sanders and Brittain (41) reported that Bordeaux mixture and 
Wilson (51) reported that lime-sulphur, when added to arsenical 
spray mixtures, decrease the killing power of the arsenicals. Many 
experiments were performed by the writers in 1919 to determine 
whether or not these statements were true. The following insects 
were used: Webworms (H. cunea), 1 set (variation 102-476, average 
241); tent caterpillars, 4 sets (742-1187: 919); and potato-beetle 
larvee, 2 sets (130—264:153). After deducting the mortalities of the 
controls, the average percentages of toxicity of the three species of 
insects used are as follows: Sample 68 (laboratory sample of acid lead 
arsenate), 47.1; sample 50 (sample 68 plus lime sulphur), 40.1; sample 
69 (laboratory sample of calcium arsenate), 55.6; sample 53 (sample 69 
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plus Bordeaux mixture), 42.8; sample 51 (sample 69 plus lime- 
sulphur), 41.8; sample 23 (commercial zinc arsenite), 51.4; and 
sample 54 (sample 23 plus Bordeaux mixture), 46. From these 
figures it seems that both Bordeaux mixture and lime-sulphur 
decreased the toxicities of the arsenicals used. Since silkworms and 
honeybees refuse to eat food containing lime-suiphur, the experi- 
ments in which they were used are not reported. All the other larve 
enumerated ate only about 25 per cent as much food as did the con- 
trols, while those that fed on foliage sprayed only with Bordeaux 
mixture and lime-sulphur ate 83 per cent and 54 per cent, re- 
spectively. Neither Bordeaux mixture nor lime-sulphur used alone 
had much insecticidal value against the insects tested. 

In 1920 these experiments were repeated. Different arsenicals 
were tested, but the Bordeaux mixture (4—3.67—50) and lime-sulphur 
(1-30) were of the same strengths. The Bordeaux mixture and 
arsenicals were so mixed that each dry spray material consisted of 
practically 22 per cent of arsenious or arsenic oxid, and when the 
necessary amount of water was added, each had an arsenic or 
arsenious oxid content of 0.076 per cent. Table 15 gives the ana- 
lytical results on these spray materials before water was added. 

TABLE 15.—Composition of Bordeaux mixture alone and in combination with arsenicals. 

Arsenious 
(As2O3) or 

arsenic pay Gage 
inves oxid. 

Sample Material analyzed. Mois = Base. dioxid 
No. ture (CO2). 

Water- 
Total. | soluble. 

PACES WARAICES MER Che Per cent. ECGs 
61 | Laboratory sample of Bordeaux mixture \ 0.68 ; 15.90 (CuO) \ 3.52 

(4-3.67-50). | B cA | Kibet hart tapas eae 54.49 (CaO) 
5.60 (CuO) 

91 | Sample 61 plus acid lead arsenate (39)-.......- .24 | 22.06 0.12 {418.16 (CaO) ie al7/ 
42.52 (PbO) 

92 | Sample 61 plus calcium arsenate (57)......... -57 |) 22:30 . 26 one fee } \ 5.29 

55 | Sample 61 plus sodium arsenate (25).........- 15.64 | 22.16] 16.81 oe (cco ‘ \ vke Sips 

: 7.07 (CuO) 
54 | Sample 61 plus zinc arsenite (23).....-..-...- ~30a\t 723505 23 rien aon 1.95 

| 1.38 (ZnO) 
30 | Commercial Bordeaux and zinc arsenite mix- 30.55 (ZnO) ee \ 46 | 24.83) 38 {73/02 (Ca0) \ 56 

| 

Table 16 shows the average percentages of toxicity against web- 
worms and tent caterpillars of lead arsenate and of calcium arsenate 
alone, with Bordeaux mixture, and with lime-sulphur, and of sodium 
arsenate and zinc arsenite alone and with Bordeaux mixture. 
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TABLE 16.—E fect on toxicity of adding Bordeaux mixture and lime-sulphur to arsenicals 
. on four species of insects, 1920. 

Percentage of insects dead within— 

3 days. 6 days. 

Arsenicals and control. q = a) ES 

zs| & is| = od 4 — : a — . 

Z Pi SS So bosah mith fobs fen [peels a 
2 a 3 S i} uss So 5 2S S ise & 
a : Ro} z = o 3 rQ r =) o g 
g E o | a 2 & Es) qd g 2 
3 =| ® = 5) 
nD a |e a ee < a |e = aa < 

39 | Commercial acid lead arsenate....| 91.0 | 11.0 | 18.1 | 21.0 | 35.3 | 100.0 | 72.8 | 82.2 | 58.0] 78.3 
91 | Sample 39 plus Bordeaux mixture 

(1D) Se a ee Sees Seas 78.0 | 7.4 | 11.3 | 12.0 | 27.2} 99.0] 40.0 | 88.1 | 46.0] 68.3 
93 | Sample 39 pluslime-sulphur (60)../...-.-- GED) S450) eee PAUP bole ree Oia lnSonon aeane 74. 8 
57 | Commercial calcium arsenate. -... 56.0} 8.4 | 14.4 | 12.0 | 22.7} 85.0 | 27.1 | 72.8 | 44.0] 57.2 
92 | Sample 57 plus Bordeaux mixture 

1D) eae Sa yee nh TN Rca nea 2.05) Sh5| LONE P1250) L931 83. Onde g (i221) 205 Olena Gere 
94 | Sample 57 plus lime-sulphur (60)..]...--- AND) WSBT Pe Ocak 2008 ess eet ZUZ0} | s9S.0u| cs eee 57.2 
25 | Laboratory sodium arsenate. -..... 99.0 | 28.8 | 36.6 | 33.07) 49.3 | 100.0 | 72.2 | 91.4 | 62.0] 81.4 
55 | Sample 25 plus Bordeaux mixture 

DE REE ae ae, De ame 77.0 | 3.7 | 33.8 | 20.0 | 38.6] 99.0 | 43.5 | 94.2 | 53.0] 72.4 
23 | Commercial zinc arsenite. ......-. 96.0 | 12.5 | 68.9 | 25.0 | 50.6 | 100.0 | 37.5 | 96.9 | 44.0] 69.6 
54 | Sample 23 plus Bordeaux mixture 

1D SR eet OS So ae. oH eEE eS eee 83.0 | 9.1 | 68.1 | 18.0 | 44.5 | 95.0} 30.C | 98.4 | 54.0] 69.4 
Controliwith food: 4 3.2.-2222. 2:2 -0 .0 -6 0) Ses ssese .0 SON roa Su | lee On eames 

Percentage ofinsects dead 
within— Average 

Toxicity for— toxicity 
for— 

10 days. 

Arsenicals and control. se z by 2 SMS FE 
4 ~ — fan} 

ialaccs pe SED Ss 3 
3 Bee | eke ney 4 /8e| & | @ | es ae 
Z q Ss = oO os 3 2 ae | nhs 
2 Seep BS Sari se) | Sis S| 1Sy et ols 
a —E \2 re g & 2 ~ 2 ea Ieee 
= oO q S o (=| a Le om 
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39 | Commercial acid lead arsenate...|..-...- 99.3 | 100.0 | 99.8 | 97.0 | 61.0 | 66.8 | 39.5 | 66.1 | 63.9 
91 | Sample 39 plus Bordeaux mix- 

TUTE (Gl) ae epee. FF Se 100.0 | 87.0 | 100.0 | 95.7 | 92.3 | 44.8 | 66.5 | 29.0 | 58.2] 55.6 
93 | Sample 39 pluslime-sulphur (60).|....--- 88./5)| 29956), 94 OMe see er hain ee css = 63.0 
57 | Commercial calcium arsenate....| 97.0 | 65.4 | 100.0 | 87.5 | 79.3 | 33.6 | 62.4 | 28.0 | 50.8 | 48.0 
92 | Sample 57 plus Bordeaux mix- 

THEE AOL LTS gee ek ae Le A 97.0 | 47.5 | 100.0 | 81.5 | 77.3 | 20.8 | 60.8 | 16.0 | 48.7] 40.8 
94 | Sample 57 pluslime-sulphur (60).|......- 76.0 | 100.0 | 88.0 |..._.. 335 (lh COO) eee ae clsoc ane 55.3 
25 Teneratory sodium arsenate.....|....--- 96.6 | 100.0 | 98.9 | 99.7 | 65.9 | 76.0 | 47.5 | 72.3 | 71.0 
55 | Sample 25 plus Bordeaux mix- 

RULCMGL Stree. se sees sees 100.0 | 91.3 | 100.0 | 97.1 | 92.0 | 46.2 | 76.0 | 36.5 | 62.7 | 61.1 
23 | Commercial zinc arsenite. .......|....--- 60.9 | 100.0 | 87.0 | 98.7 | 37.0 | 88.6 | 34.5 | 64.7] 62.8 
54 | Sample 23 plus Bordeaux mix- 

TUE ACCT) ee Sad bs 100.0 | 70.9 | 100.0 | 90.3 | 92.7 | 36.7 | 88.8 | 36.0 | 63.5 | 62.7 
Control with food................ Be eB) tered bs REO AG os alec a] ee E Ee emer Soscoe|eascac 

1 Based on mortalities for third and sixth days only. 

GENERAL AVERAGE TOXICITY. 

f63.5 (all four species). 
‘te \61.4 (webworms and tent caterpillars). 

: : a4 57.0 (all four species). 
Four arsenicals with LipiGen ues TALELULS {351 webworms and tent caterpillars). 
Two arsenicals without lime-sulphur, 56.0 (webworms and tent caterpillars). 
Two arsenicals with lime-sulphur, 59.1 (webworms and tent caterpillars). 

Four arsenicals without Bordeaux mixture and lime-sulphur 
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The addition of Bordeaux mixture to the four arsenicals employed 
reduced the percentages of toxicity against silkworms, webworms, and 
honeybees, but reduced the toxicity against the tent caterpillars little, 
ifany. The addition of lime-sulphur (sample 93) to thelead arsenate 
(sample 39) reduced the toxicity against webworms, but seemed to in- 
crease it against tent caterpillars. The addition of lime-sulphur (sam- 
ple 94) to the calctum arsenate (sample 57) neither decreased nor in- 
creased the toxicity against webworms, but appeared to increase it 
against tent caterpillars. In the 1919 results, Bordeaux mixture and 
lime-sulphur reduced the rates of toxicity in all cases. 

The following data are not given in Table 16: Silkworms, 2 sets 
(each of 50); webworms (4. cwnea), 1 set (variation 107-332, average 
141); tent caterpillars, 3 sets (118-557: 301); and honeybees, 2 sets 
(each of 50). 

To determine the percentage of arsenic borne by leaves sprayed 
with the foregoing spray mixtures, many apple and mulberry leaves 
were sprayed at four different periods. ‘The parts of arsenic per 
million parts of the leaves were as follows: Sample 39, 1,200; sample 
91, 800; sample 93, 800; sample 57, 1,000; sample 92, 800; sample 
94, 900; sample 23, 1,650; sample 54, 1,300; sample 25, 1,100; and 
sample 55, 1,100. The general average of those containing neither 
Bordeaux mixture nor lime-sulphur (samples 39, 57, 23, and 25) is 
1,238 parts of arsenic, while those contaming these two fungicides 
(samples 91, 93, 92, 94, 54, and 55) have a general average of 950 
parts of arsenic. According to these figures, the fungicides reduced 
the arsenic content 23.3 per cent, whereas they reduced the general 
average toxicity only 11.5 per cent. 

RELATIVE TOXICITY OF ARSENATES AND ARSENITTES.- 

Toxicologists report that arsenites are more toxic than arsenates. 
Furthermore, on the basis of equal percentage of arsenious oxid and 
arsenic oxid, 16.2 per cent more metallic arsenic is present in the 
arsenites than in the arsenates. To secure additional data on this 
subject, a high-grade acid lead arsenate, a calcium arsenate, a sodium 
arsenate, a zinc arsenite, and a Paris green were selected in 1919 for 
comparison. The followmg imsects were used: Silkworms, 1 set 
(variation 49-54, average 51); webworms (H. cunea), 2 sets (818— 
1725, average 1173); webworms (H. teztor), 1 set (189-310, average 
251) ; potato-beetle larve, 3 sets (282-404, average 345); and grass- - 
hoppers, 2 sets (181-302, average 242). After deducting the mortali- 
ties of the controls, the average percentages of toxicity were as follows: 
Acid lead arsenate (sample 39) 66, calcium arsenate (sample 5) 63.9, 
and sodium arsenate plus Bordeaux mixture (sample 55) 61.7, an 
average of 63.9 for the arsenates on five species of insects; zine 
arsenite (sample 23) 57.6, and Paris green (sample 64) 65.5, an average 
of 61.6 for the arsenites. Thus the Paris green tested is equal to 
the arsenates in toxicity, and, as shown by the average, these two 
arsenites are not quite as toxic to sects as are the three arsenates 
employed, although the comparison is not fair in all respects. The 
smallest number of units eaten were sprayed with Paris green. 
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TABLE 17.—Relative toxicity of arsenates and arsenites on 4 species of insects, 1920. 

| Percentage ofinsects dead within— 

3 days. 6 days. 

S Arsenicals and control. Ap Sia ich i 2 tS eed rae 
a | es 3 ; PN ae oe 

2 B POS PSY Be Bt se | sea) 2) & 
a Ss Skeet ipo s 5 Cae ee — ee s 
q 4 |eule&| 6 | 2 | 4 |lSy/ Be) 8 | 8 
a a |Pl\ea a l+) a |Fole fH | <= 

39 | Commercial acid lead arsenate...| 91.0 | 11.0 | 18.1 | 21.0 | 35.3 | 100.0 | 72.8 | 82.2 | 58.0 | 78.3 
25 | Laboratory sodium arsenate.....| 99.0 | 28.8 | 36.6 | 33.0 | 49.3 | 100.0 | 72.2 | 91.4] 62.0 | 81.4 

Average for arsenates............ 95.0 | 19.9 | 27.3 | 27.0 | 42.3 | 100.0 | 72.5 | 86.8 | 60.0 | 79.9 

23 | Commercial zine arsenite........] 96.0 | 12.5 | 68.9 | 25.0 | 50.6 | 100.0 | 37.5 | 96.9 | 44.0 | 69.6 
64 | Commercial Paris green.......... HOOLO SOLD G557 [ASO 52. Sie ok 85.2 | 99.0 | 62.0} 86.6 
88h: =. LD ees ote i tage rerirtirian pteat TOO. 38> 9° F593 125.071 55. 8,18 = | SOT OLD (vba. pe Baas 
ce. el fe gee CR. s eR Ra SEES 98.0 | 18.5 53.9 | 22.0 | 48.1 | 100.0°| 72.3 | 97.6 | 57.0 | 81.7 

Average for arsenites............. 98.5 | 22.7 | 61.9 | 21.8 | 51.8 | 100.0 | 70.4 | 97.7 | 54.5 | 80.7 

90 |Commercial London purple...... 98.0 | 24.1 | 34.7 | 11.0 | 42.0 | 100.0 | 57.1 | 92.0 | 33.0] 70.5 

Control with food..........-..-.. 0.0} 0.0 | 0-6 |> Ore Oe 0-0 {0.0 | 8.8 | 2.041520) 
| | 

Percentage of insects | 
dead within— 

Toxicity for— 

10 days D> 
Arsenicals and control. = 

° z ae = x Wye fi! re a 

Z, a | #8 | 8. ; gq |£8i84)/ 3] 
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oS = 2 eo can Ss 2 | 2) 5a 
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39 | Commercial acid lead arsenate.......|......- 99.3 | 100.0 | 99.8] 97.0] 61.0! 66.8] 39.5 | 66.1 
25 | Laboratory sodium arsenate........|..-..-. 96.6 | 100.0 | 98.9 | 99.7 | 65.9 | 76.0 | 47.5 | 72.3 

Average for arsenates......-.-------- 100.0 | 98.0 100.0} 99.3 | 98.3 | 63.5 | 71.4 | 48.5! 69.2 

23 | Commercial] zinc arsenite....:......./...2... 60.9 | 100.0 | 87.0] 98.7 | 37.0 | 88.6 | 34.5). 64.7 
64 | Commercial Paris green. ............/......- 100.0 | 100.0 | 100.0 | 100.0 | 72.0} 88.2] 38.5 | 74.7 
881 .-+ = (eee Se ee ee ee, 100.0 | 100.0 | 100.0 } 100.0 | 75.2 | 85.6 | 40.0} 75.2 
to DE senate CEO ean one RN EE Sins Brae cladialls Namaste 96.6 | 100.0} 98.9] 99.3 | 62.5 | 83.8] 39.5} 71.2 

Average for arsenites................ 100.0} 89.4] 100.0] 96.5] 99.5] 60.8 | 86.5} 38.1) 71.5 

90 | Commercial London purple.........|..-..-.. 94.7 | 100.0 | 98.2] 99.3 | 58.6] 75.6] 22.0} 63.9 

Controlwithwiood 2s -ons5e62525502o 0.0 2G < 23d oes oases lose sae neces ee Ss aeeaee 

1 Based on mortalities for third and sixth days only. 

In 1920 experiments similar to the preceding ones were performed, 
using one lead arsenate, one sodium arsenate, one zinc arsenite, 
three Paris greens, and one London purple (an arsenate and an 
arsenite combined). The following data, which are not given in 
Table 17, were obtained: Silkworms, 2 sets (each of 50); webworms 
(7. cunea), 1 set (variation 90-136, average 120); tent caterpillars, 
3 sets (207-507, average 288); and honeybees, 2 sets (each of 50). 
Table 17 shows that the average percentage of toxicity of the arsenates 
was 69.2, while that of the four arsenites was 71.5. The toxicity of 
the arsenites should be 16.2 per cent more than that of the arsenates, 
providing the toxicity is due to the arsenic, irrespective of its form 
oi combination. According to the preceding figures, the toxicity 
of the four arsenites is only 3.3 per cent more than that of 
the two arsenates. Comparing the toxicity of the four arsenites 
with that of the lead arsenate, however, it is 7.8 per cent more, 
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and comparing the toxicity of the three Paris greens with that 
of the lead arsenate, it is 11.5 per cent more. London purple 
(sample 90) has an average percentage of toxicity of 63.9, bemg 
ractically the same as that of zinc arsenite. While this sample 

killed all of the webworms tested within 20 days, only about 90 per 
cent of those fed zinc arsenite died during the same period of time. 

RELATIVE TOXICITY OF NEW ARSENATES. 

In making a comparison of the relative toxicity of new arsenates, 
three commercial products and three pure laboratory products were 
used. The commercial acid lead arsenate (sample 39) was taken as 
a standard by which to judge the relative toxicity of the other 
roducts. The two other commercial products (sample 70, acid 
ead arsenate made by a new process, and sample 62, magnesium 
arsenate) and the laboratory sample of barium arsenate (sample 71) 
are practically new, while the laboratory samples of arsenates of 
aluminum (sample 73) and of copper and barium (sample 74) are 
totally new, as far as known. 

In 1919 the following insects were tested: Silkworms, 1 set of 50; 
webworms (H. cunea), 1 set (variation 124-195, average 152); web- 
worms (H. textor), 1 set (189-514, average 314); potato-beetle larve, 
2 sets (150-355, average 260); and grasshoppers, 2 sets (181-305, 
average 265). After deducting the mortalities of the controls, the 
following figures were obtained. When silkworms, webworms (H. 
cunea), and potato-beetle larve were tested, the average percentages 
of toxicity were: Sample 39 (acid lead), 58.2; sample 70 (acid lead, 
new process), 57.3; and sample 62 (magnesium), 59.8. When silk- 
worms, webworms (both species), potato-beetle larve, and grasshop- 
pers were tested, the percentages were: Sample 39, 58.8; antiaale 
62, 54.2. When webworms (both species), potato-beetle larve, and 
erasshoppers were tested, the percentages were: Sample 39, 55; sam- 
le 71 ean 43.6; and sample 74 (copper and barium), 48.9. 

en webworms (both species) and potato-beetle larve were tested, 
the percentages were: Sample 39, 57.2; and sample 73 (alumi- 
num), 34.6. 

In 1920 these experiments were repeated, with the results shown 
in Table 18, as well as the following: Silkworms, 2 sets (each of 50); 
webworms (fH. cunea), 2 sets (variation 647-897, average 776); 
webworms (H. textor), 1 set (189-514, average 314); honeybees, 2 sets 
(each of 50); and tent caterpillars, 3 sets (240-556, average 337). 
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TABLE 18.—Relative toxicity of new arsenates on 5 species of insects, 1920. 

Percentage ofinsects dead within— 

3 days. 6 days. 

‘i i = * i us 
Arsenates and control. my | = my | i 

; a ~~ = ~ { ~ =| 

ro) a aa | aur a a a a>! nual} a 

z elesl esi 8) 8). ) a FS es) 8 1S |. ‘e B |s§] se] 2 3 bo Sper |i sie | ppsrens 30 roy ES | Es rss o 3 ES | BS © x 3 

E Eis | |e/e13/8/2 l2 | 2 la [3 
a a |e |- Hie l=«+|ale |e Hie |< 

39 | Commercial acid lead 
arsenate: senses. 91.0 | 29.9 | 47.6 | 21.0 | 18.1 | 41.5 |100.0 | 95.3 | 84.2 | 58.0} 82.2 | 83.9 

71 | Laboratory barium 
ATSCU ALO Near n eee 22.0} 3.2 | 10.9 | 11.0 | 14.0 | 12.2 | 68.0 | 68.2 | 37.3 | 18.0 | 75.1 |} 53.3 

74 | Laboratory copper 
barium arsenate. .... 61.0 | 10.0 | 11.7 | 9.0] 18.1 | 22.0 | 98.0 | 67.5 | 57.0 | 28.0 | 83.2 | 66.7 

62 | Commercial magne- 
sium arsenate........ STOP Moa Sela Osten 4a On eee ec 100507185225); 46553) 3150) Sesser 

70 | Commercial acid lead 
pisenate (new proc- 

Ey sal arto gee eas OVO S259 eee eS oe es es al SS LT OORON SSh Dhl ee ee ea toe eH ee aearte 
73 See ae aluminum 

ATSOTIQUO aiordscisis s obiex lo SEE Ae Pdi Oel |stats al eo Soa eee ee | cones SOsSil) 3356p | 25 ae aco eee | eee 
Control with food... .-. OF08 | OSOn Oran OKON Se OlGaleees 6 O08) 058 =|) 8xbpl et2 Onis S580 eee 
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Percentage of insects dead within— 

Toxicity for— 

10 days. 

; ; a : : E 
Arsenates and control. x ss e q q 3 2 

A —S = — — iz I cf 
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= 4 Gs . =| ® Be ro S q = o 
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39 | Commercial acid lead 
arsenatessx: .. 5.85.) 2.6.16. 100.0 | 100.0 | 100.0 | 100.0 | 97.0 | 75.1 | 77.3 | 39.5 | 66.8 | 71.1 

71 | Laboratory barium 
arsenate... 22. 4tr- a8 92.0 88520) 772.1 99.0 | 87.8 | 60.7 | 53.2 | 40.1 | 14.5 | 62.7] 46.2 

74 | Laboratory copper 
barium arsenate. -..... 100.0 | 95.2] 82.7] 100.0} 94.5 | 86.3 | 57.6 | 50.5 | 18.5 | 67.1) 56.0 

62 | Commercial magne- 
sium arsenate......../....-.. LOOKO' 488; Si eaet ca cleee sh. 9750) G653" | 45.2) | WLio5: eee eee 

70 | Commercial acid lead 
eraate ie (new proc- 

eet A cel eye Be GON Dis: gears 4382). [coca OfaOnl (av4sl:. Bealbascenleeeeleneeoe 
73 Laborato aluminum 

ALSeHALes a eek ee QBS Pe SONG) ett ey lee Pyare pices 653) 40e7) | eases Ease as|eeomee 
Control with food...... ON On 24S (cl G16. OM Qa Te die eae = ee eee co oe ecard a ee 

1 Based on mortalities for third and sixth days only. 

COMPARATIVE AVERAGE TOXICITY. 

Sample 39, 72.2; sample 62, 56.5. 
Sample 39, 86. 0; sample 70, 8 Dede 
Sample 39, 76. 2: sample 73, 5 1.0. 
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RELATIVE TOXICITY OF PURE ARSENIC OXIDS AND OF BASES. 

In order to judge as accurately as possible the relative toxicity of 
various bases when combined with the oxids of arsenic, the mate- 
rials used are grouped in Table 19. In each mixture of the bases, 
0.48 gram of the base was used in 100 cubic centimeters of water. At 
this rate from three to five times as much base was used as is present 
in the arsenical mixtures. 

The following data are not given in Table 19: Silkworms, i set 
(variation 47-54, average 50); webworms (H. cunea), 1 set (161-761 
average 280); tent caterpillars, 4 sets (565-1030, average 805); an 
potato-beetle larve, 2 sets (105-279, average 152). 

TABLE 19.—Relative towicity of pure arsenic oxids and of bases on 4 species of insects after 
deducting mortality of control with food, 1919. 

Percentage of insects dead within— 

3 days. 6 days. 

| Z| g Material and controls. = 3 s g 

ei) ae}& Pha hee = 
= = = | a] & 
~ hee Sol aa eee 

n } Oo n j be o 

Z a | Beers ot a eo) eee 
= iS) Ss & oo 3 = § re) So = ae ec Gee ar 89 ee ee eee SS i fe ede Pe | A ebay 3 a |e hea |e pa) a |e | ea | a | 4 

9] -Arsenious oxid <. 5. : .S-2.$..5.. 40.0 | 21.6! 4.6] 19.2 | 21.4] 58.0 | 67.3 | 50.5] 23.1 | 49.7 
105} cArsenic Omid S2=.5 2 se 100.0:] 2304 |s68245) 65. f° 64. 1 fos: = 77.6 | 85.2} 65.0} 82.0 
11 Caleium oxid ee ee oe .0 .0 .0 mek .0 .0 0 .0 ds 2 

5 | Calcium arsenate.............-.- 96.0 | 12.5 | 54.3 | 64.8 | 56.9 | 100.0 | 69.2 | 89.6 | 63.4 | 80.6 
EE Seer ae Se ee eee | 128! .0! .0}30.5{10.8| 31.9! .0| 1.51} 46.3] 19.9 
39 | Acidlead arsenate..............- | 96.0 | 39.1 | 53.1 | 50.4 | 59.6 | 100.0 | 91.8 | 86.5) 51.2 | 82.4 
PPG PAANC ORE > A ee tba. on ae eeas .0 0 30:4 43rd .0 .0-) £02 22568 3.0 
2n| eAiNe ATSOMILE ses et eee oe oe | 85.7] 4.8) 73.8 | 59.8 | 56.0} 98.0 | 32.7 | 90.0 | 58.9 | 69.9 
63 | Magnesium oxid ....-...5......- .0 Sire BBS Se Bok doe weer 0 el ase ao ae ee 
62 | Magnesium arsenate...........-- 9650 |. °752.[--2 555 Poa See 100.0} 51.6 |...... COS) | Se 
Pa sGOpReriGxde - oo too so .0 U5) eee A El ee ee -0 A) |. . See ss 
4) arisivreen ’ 22 32 hs Oko & eee 100.0 | 18.7 }.....- 6557 OR oe i eigacs 6%. 05/3255 5 GES [os 
74 | Copper barium arsenate. ...-....|..-.... 1050) | 5-2 Se seer eee | 6659 |. 220% G89) |5... S05 
Foo sopra Gxt SS Se este SSeS See pete EL ee ee Ges 2b Eee 
fie) pariunparsenate:.. sss. ise. -6e Bearer ALS | 25222 - 57093 <do S| See Le SBE te 2S | 63.4 |...... 

Control without food...........- | pe De Or AU cars | ator 64.24) 28. #415. S oe a 
Control with food......2-....2.-- 0} 1.9}146} 41 0 06} 5.5 | 20.7 6.7 eer come 
Control with food, omitting tent | 

Caterpullarse ete we eee feszstesiesssed 
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TaBLE 19.—Relative toxicity of pure arsenic oxids and of bases on 4 species of insects 
after deducting mortality of control with food, 1919—Continued. 

Percentage ofinsects dead within— 3 

— 

10 days. 20 days. 3 

aS 
o.4 a 

= A g 3 ae 
3 3 Bon =| 3 

Material and controls. S g s g SE) 232 
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9 | Arsenious oxid......._| 70.0 | 95.6 | 78.9 | 23.9 | 67.1 | 86.0 | All. | All. | 35.1 | 94.6 | 46.1 | 9.6 
HO cArsenic! OXIG: steers tee 94.2 | 87.6 | 51.7 | 83.4 ;...-.. All. | All. | All. /100.0 | 76.5 | 3.5 
11 | Calcium oxid......-... 0 SOR. teat -0 -3 0 SOF OL0R Sb 7 2629) ens 2 1asa4: 
5 | Calcium arsenate...._.|....-- QZ [ESTs la Oke S) [580205 |> oo. All. | All. | All. |100.0 | 73.5 | 7.4 

d2it head: Oxid.-4=_-- 25... 46.8 0! 4.81 45.7 | 24.3 |100.0! 4.1) 0.0! All. | 65.3 | 18.3 |148.6 
39 | Acid lead arsenate...._|....-- COSau [eSiesr| 40.0 Telco |eene se All. | All. | All. |100.0 | 74.5 | 2.8 
22 aA CO.OXIGS cif os Goes 2.0 aw ACD) WEIN) Ri GRD Oe s0nOn | 24cblesoeOnl naa onlhons 
23 | Zinc-arsenite........--- 100.0 | 66.7 | 86.9 | 45.6 | 74.8 |....-. 70.2 | All. | All. | 97.8 | 66.9 | 22.0 
63 | Magnesium oxid....... .9 LoS Hee NC a ee 0} 2.2 eee 8.2.6.) 29: 6.4225 2-|105:5 
62 | Magnesium arsenate...|--.--- BE wees 2 Boe Odes as ake MS BH ot All. | 97.9 14,2 
65 | Copper oxid........... 2.0 EE UF aa oy ORS J a 2.0 Sl eee O20 1 20, Ueb ease 106.9 
G4 i./Paris ereen. j2:\suic.- <2 sec O83 clex oe ATION ogee eee ACT [oem ALT T00 Oates sone 3.9 
74 | Copper barium arsenate). .-.... GUE SS cs Be hd bee eee ee A AL G0 Osts 38 10.8 
i212 Bari Oxidi=22—. ). . > eek res 332 Se ee 10) Ng Fara KP aa aes hada | te eee Sak Ale Zale eee 70.3 
71 | Barium,arsenate.......|..-..-- G6.9ues 2: EA le ini a aca HIBS) | Seabee ANS | Ga.,0 | |neee 28.0 

Control without food. .| 71.5 | 93.6 | 79.3 |.....-|...--- 1005.0) } AUIS cA We |e oe TODSO se ee 
Control with food...... -0} 4.1 | 12.3 | 42.5 | 14.7 oO 200 SO on aval Ia2.2 9 6S. 0) LOOs0) = 
Control with food, 
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1 First 8 and next to the last figures to be compared; next 8 and last figures to be compared. 
2 Based on webworms (H. cunez) and tent caterpillars. 

Comparing the mortality of the msects fed on the various bases 
with that of the control insects (Table 19), it appears that calcium 
oxid is beneficial to insects (sample 11, 26.9 per cent, and control, 
32.2 per cent), that zine oxid (sample 22, 35 per cent, and control, 
32.2 per cent), magnesium oxid and copper oxid (samples 63 and 
65, 29.6 per cent and 27 per cent, and control, 26 per cent) are 
slightly injurious, that barium oxid (sample 72, 47.2 per cent, and 
control, 26 per cent) is moderately injurious, and that lead oxid 
(sample 12, 65.3 per cent, and control, 32.2 per cent) is the most 
effective of all the bases used. 

Since the arsenious oxid (sample 9) used in the 1919 experiments 
had a low toxicity, a commercial white arsenic (As,O,) was used in 
the experiments conducted in 1920. Sample 9 contained only 17.77 
per cent of water-soluble arsenious oxid, while sample 27 contained 
38 per cent. To obtain its average toxicity on four species of insects 
in comparison with the toxicities of pure arsenic oxid (sample 10) 
and acid lead arsenate (sample 39), the following insects were used: 
Silkworms, 2 sets (each of 50); webworms (H. cunea), 1 set (varia- 
tion 100-136, average 120); tent caterpillars, 3 sets (221-446, aver- 
age 292); and honeybees, 2 sets (each of 50). The average per- 
centages of toxicity are as follows: Sample 27 (arsenious oxid), 
62.4; sample 10 (arsenic oxid), 74.3; and sample 39 (acid lead arse- 
nate), 71.2. 
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RELATION OF WATER-SOLUBLE ARSENIC TO TOXICITY OF ARSENICALS. 

No perceptible differences in mortality which could be attributed 
to the usually small differences in water-soluble arsenic oxid were 
observed in the 14 commercial acid lead arsenates used in the pre- 
liminary tests. Three of these arsenates which have high percent- 
ages of water-soluble arsenic oxid, however, killed no more insects 
than the others. 

TaBLE 20.—Relation of water-soluble arsenic to toxicity of arsenicals, 1919. 

Insects tested. Food 

soluble | Toxicity | insect 

{ 

Water- per 

| arsenic, | after de- (esti- 
Sample F based | ducting | mated) 
No. Arsenicals and control. on total mor- based. 

Number. | Species.1| arsenic | tality of | on web- 
in control. | worms 

sample. : and tent 
eater- 
pillars 

Per cent. | Per cent.| Units. 
18 | Laboratory basic lead arsenate-.......-....-- oe AS4 SSitle canoe 1.15 21.5 68.6 
28 | Commercial basic lead arsenate....-....--.- £2 939422 doe. 173 60.9 10.9 
68 | Laboratory acid lead arsenate..-...-....---- 45360 A dosses¢ .57 59.6 17.6 

Oo.) -Parearsenious oxid- == 4.522. ts 1,529 _]:..do--<-- Hae kf 46.1 9.6 
ai Pare arsenic OxIG 5-2 2252 ee 15516 2 do2==22 100. 00 76.5 3.5 
23 | Commercial zinc arsenite-.......2.22.2..22. de 44a St dors222 1,25 66.9 22.0 
70 | Commercial acid lead arsenate (new 

ERE ESS Rats east age pare SSE ys AZZ ASH Soo .69 66.9 2.8 
39 | Commercial acid lead arsenate.-..---....... 2,263 | sftlg..... .61 68.9 2.9 
5 | Commercial caleium arsenate..............- 2,645 |...do-....- -41 70.0 91 
As |p Senet Dees Sori eow emusic cack ow eee een 2,492 do. =... -88 39.9 66.0 

Ton ee AUG ee Sen SS ae Se eee ee 2,373 dos 1.31 59.2 30.8 
Ly A (ae ae ERY Speci Sealant Sc gs ea ales Pies or Parad 2,393 dees: . 20 60.1 29.9 
Ae (ee EDs i a ee 5 Sines Sa ame ee ete se 2, AAA} 22 dO.2 es. ~o2 43.1 68.1 
aU ese WG De ph os ee ah 2.651 15 2200-- << 5. 20 65.9 18.5 
69 | Laboratory calcium arsenate........--...... 2,296) fo= Oana . 88 52.5 55.0 
45 | Laboratory calcium meta-arsenate..-....._.| gy fi lig | bas alin . 04 3.6 99.9 
46 | Laboratory monocalcium arsenate. -........- foie I 8 RR Foe 89. 26 81.2 2.0 
55 | Laboratory sodium arsenate plus Bor- 

Geax MIRUNTe oo ee nc Cee ee eee 2, G74} sheys JIE aS oe 61.7 5.0 
64 | Commercial Paris green................2..-. 2,059 |...do-.-... 3.52 65.5 3.2 
62 | Commercial magnesium arsenate........... 1,651 | figy..... 4.64 50.2 18.3 
71 | Laboratory barium arsenate.-...-.......... 4), 706; j2<dot. 23 68 43.6. pay? 
74 | Laboratory copper barium arsenate----..... a B14 dol x 6. 27 48.9 15.6 
73 | Laboratory aluminum arsenate..-.---...... 1 AR Hy oe 1.91 39.3 16.1 
1 Control with food )-243. -c2ccteteece .i5ee & ..] 3202 25s ipedertpccceoieeee. tein eee 100.0 

| 

1s, silkworms; f, webworms (H. cunea); t, tent caterpillars; 1, potato-beetle larve; g, grasshoppers; and 
y, webworms (H. tertor). 

Table 20 shows that those arsenicals which are readily water 
soluble (samples 10 and 46) have extremely high percentages of 
toxicity, but that some of those which are almost insoluble in water 
(samples 5, 23, and 39) have percentages of toxicity nearly as high. 
The toxicity of the insoluble arsenicals does not appear to be based 
upon the water-soluble arsenic present, but upon the stability of 
the compound and how readily it can be broken down in the bodies 
of insects. 

During all of these experiments no special study of the burning 
effects of the many arsenicals sprayed on foliage was made. The 
ga of water-soluble arsenic is generally taken as a criterion 
or judging the burning effect on foliage. The following spray 
mixtures badly burned wild-cherry foliage: Sodium and potassium 
arsenates, sodium arsenate plus Bordeaux mixture, all the samples 
of arsenious and arsenic oxids used. calcium arsenates (samples 5, 

————— 

ee oe 
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34, 46, and 59), lead and calcium arsenates plus lime-sulphur (samples 
50 and 51), and Paris green. The following slightly burned wild- 
cherry foliage: Zinc arsenite (samples 23 and 33), zine arsenite 
plus Bordeaux mixture (sample 30), calcium arsenate (sample 32), 
and barium arsenate (sample 71). Zinc arsenite (sample 23) and 
Paris green slightly burned mulberry foliage. 

RELATION OF ARSENIC RENDERED SOLUBLE BY INSECTS TO TOXICITY OF ARSENICALS. 

Kirkland. and Smith (22), in 1897, found that the alimentary 
tracts of the gypsy moth larvz were alkaline to litmus. Analyses 
of the dialysate from washed and macerated alimentary tracts 
showed the presence of phosphorus and potash in proportions suffi- 
cient to form alkaline potassium phosphate, which is suggested as 
the cause of the alkaline reaction. Because of the report of these 
investigators, determinations of the hydrogen-ion concentration 
(pH value) were made on the water extracts of the bodies of the 
insects fed various arsenicals and also of the bodies of control in- 
sects. The results thus obtained showed a comparatively uniform 
acidity for all the insects tested. It is possible, however, that 
lactic or other acids are formed in the dead tissues of the insects. 
The buffer effect normally available may possibly have masked any 
slight changes in the reaction caused by the arsenicals fed. It is 
obvious that the pH data as here obtained, or ash determinations 
on dialysates of intestinal tracts as made by Kirkland and Smith, 
are inadequate to show the reactions (pH) of the living tissue of 
the intestinal tracts of insects. 

The following methods were employed to determine the total 
arsenic and water-soluble arsenic in insects and also the hydrogen-ion 
concentration of the water extracts from the insects. The weights 
and number of the washed larve were recorded, after which the 
insects, parts of insects, or feces (dried in an’oven at 105° C.) were 
macerated in a mortar containing about 20 cubic centimeters of dis- 
tilled water. The macerated larve were then transferred to flasks 
and diluted to 500 cubic ventimeters with distilled water. The solu- 
tions were shaken every 5 minutes for an hour, at the end of which 
they were filtered and aliquots were taken for the determination of 
the hydrogen-ion concentration and for the water-soluble arsenic. 
The rest of the solution, with the residue, was used for the total 
arsenic determination. The hydrogen-ion concentration was deter- 
mined by the indicator method outlined by Clark and Lubs (8). The 
solutions used for determining the soluble arsenic and those with the 
residues for determining the total arsenic were placed in large por- 
celain casseroles, and nitric and sulphuric acids were added. They 
were then warmed on the steam bath and finally heated on the hot 
plate until the organic material was completely destroyed. Since 
the acids used, particularly the nitric acid, were not totally free from 
arsenic, a record of the quantities of acids used was Lat. The 
solutions were then freed from nitric acid by adding water and by 
applying heat. Next enough water was added to make a volume of 
100 cubic centimeters, and finally the arsenic was determined by the 
Gutzeit method, revised by Smith (47). 

As preliminary tests, the following experiments were performed in 
1919. Both sides of several mulberry leaves were heavily sprayed 
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with acid lead arsenate (sample 39). After having been dried by an 
electric fan, the leaves were fed to 50 large hungry silkworms. When 
the silkworms had ceased eating, they were removed to clean cages 
where the feces, contaminated as little as possible, were collected and 
subsequently analyzed. The next morning a sample of 34 dead and 
dying silkworms was thoroughly washed for five minutes in running 
tap water, then, one worm at a time, in six different washes, the first 
four consisting of hydrochloric acid (2 per cent) and distilled water 
and the last two of distilled water alone. A pencil brush was used for 
scrubbing them. Analysis of the sixth wash showed the presence of no 
arsenic. These experiments were repeated five times. To determine 
how much of the arsenic had passed through the intestinal walls, the 
alimentary canals of three sets were removed by careful dissections. 

The results of the analyses of these samples were as follows: 84 
entire silkworms yielded 2.66 milligrams of arsenic oxid, being 54 
per cent water-soluble; 72 silkworms with alimentary canals removed 
yielded 0.89 milligram of arsenic oxid, being 36.7 per cent water- 
soluble; the alimentary canals of these 72 silkworms yielded 1.03 
milligrams of arsenic oxid, being 55.9 per cent water-soluble; and the 
2.18 grams of dried feces from these 72 silkworms yielded 0.45 milli- 
eram of arsenic oxid. According to the figures obtained from these 
72 silkworms, 37.6 pe cent of the total arsenic eaten had passed 
through the walls of the alimentary canals, 43.4 per cent of it was 
retained inside these canals, and 19 per cent of it was voided with the 
feces. Reaction (pH) of water extract from the larve was neutral 
(7); from the alimentary canals, slightly alkaline (7.1); from the 
larvee with the alimentary canals removed, slightly acid (6.2); and 
from the feces, acid. 

The foregoing experiments were repeated on a larger scale by feed- 
ing 13 arsenicals sprayed on leaves to caterpillars of the catalpa- 
sp moth (Ceratomia catalpe Bdv.). The results obtained in- 
dicate the following: (a) As a general rule, the higher the percentages 
of water-soluble arsenic in the larve and feces, the higher the rates of 
toxicity of those arsenicals; (6) the percentage of water-soluble 
arsenic in the arsenical ingested usually has little to do with the rate 
of toxicity; (c) the amount of arsenic found per caterpillar is fairly 
constant for all the arsenicals used; (d) the higher the ratio of total 
arsenic (per 100 grams of larval material or feces) found in the larvee 
to that found in the feces, the higher the rate of toxicity; (e) the 
reaction (pH) of water extracts from the larve fed various arsenicals 
seems to bear no relation to the rate of toxicity. 

In 1920 the preceding experiments were repeated on a much larger 
scale, using the following insects: Honeybees, 2 sets (each of 100); 
silkworms, 3 sets (each of about 25); Ceratomia, 2 sets (each of about 
25). The procedure followed was the same as that in the preliminary 
tests, but, in order to determine the percentage of arsenic actually 
made soluble by the juices of the insects, the percentage under 
‘control results” in Table 21 was subtracted from the percentage of 
arsenic found soluble in the bodies of insects. Since the solubility of 
a minute quantity of arsenic in 500 cubic centimeters of water 
proved to be greater than that of a larger quantity, an amount of 
arsenic approximating the average amount found in a sample of the 
insects analyzed was employed as a control. : 

-~ ea 

a 
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TABLE 21.—Relation of arsenic rendered soluble by insects to toxicity of arsenicals, 1919 
and 1920. 
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Total Percentage of arsenic. 
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39 | Commercial acid lead arse- 
MALOME Sei dese ds ose Le 8 | 310 17.3 | 44.5 | 46.0 | 83.5 | 58.0 | 27.2 | 28.7 | 66.2 | 40.7 

28 | Commercial basic lead arse- 
MIATOS SIE e eS aa 8 | 353 7.2 | 28.8 | 37.7 | 63.5 | 43.3 | 21.6 | 30.5 | 56.3 | 36.1 

57 | Commercial calcium arse- 
TIAL ee se es a eee 8 | 405 35.7 | 78.6 | 60.6 | 84.7 | 74.6 | 42.9 | 24.9 | 49.0 | 38.9 

27 | Commercial white arsenic...} 7 | 320 5.2 | 64.8 | 33.9 | 20.0 | 39.6 | 59.6 | 28.7 | 14.8 | 34.4 
71 | Laboratory barium arsenate.| 8 | 360 30.5 | 69.4 | 30.3 | 64.0 | 54.6 | 38.9 -0 | 33.5 | 241 
45 | Laboratory calcium meta- 

RESCH ALC See See ee ease ce 6 | 336 2.4 | 41.8 | 39.1 | 22.6 | 34.5 | 39.4 | 36.7 | 20.2 | 32.1 
64 | Commercial Paris green. -.-.. 9 | 423 15.9 |} 98.3 | 44.3 | 71.0 | 71.2 | 82.4 | 28.4 | 55.1 | 55.3 

64C | Sample64pluslime(2grams)} 7 | 321 11.0 | 91.8 | 37.4 | 61.2 | 63.5 | 80.8 | 26.4 | 50.2 | 52.5 
62 | Commerciai magnesium 

ATSCNALC. Gases ees aes ee 9} 546 37.9 | 80.3 } 59.9 | 98.7 | 79.6 | 42.4 | 22.0 | 60.8! 41.7 
90 | Commercial London purple-| 6 | 293 33.2 | 84.3 | 48.4 | 95.1 | 75.9 | 51.1 | 15.2 | 61.9 | 42.7 
23 | Commercial zine arsenite...| 6 | 292 6.0 | 58.4 | 63.8 | 73.9 | 65.4 | 52.4 | 57.8 | 67.9 | 59.4 
74 | Laboratory copper barium 

ALSCHALC hin dae ee See 10 | 570 6.2 | 74.6 | 59.2 | 58.8 | 64.2 | 68.4 | 53.0 | 52.6 | 58.0 
10 | Pure arsenic Oxid.._......._-. ars 100! On e88742 70.95) bS89262|b So) Pes ool so cette ee le aes 
25 | Laboratory sodium arsenate.| 9 | 515 INOS 87G5e8 GZ bCP RET A 7P-Gy eee esa seco |S saceqlaccos 
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Per ct Mg Mo. Mg. Mg. 
39 | Commercial acid lead arsenate.......... 78.5 0.61 | 0.0223 | 0.1212 | 0.0126 | 0.0520 6.0 
28 | Commercial basic lead arsenate.......... 61.7 is 7ia3 0142} .0803 |} .0158 0368 6.0 
57 | Commercial calcium arsenate.........-- 65.5 -20 0099 |} .1245] .0189 0511 6.0 
27 | Commercial white arsenic. .............. 69.5 | 38.00 0091 | .0914]} .0285 0430 6.0 
71 | Laboratory barium arsenate............ 51.0 . 68 0105 -0694 | .0138 0312 5.8 
45 | Laboratory calcium meta-arsenate.....- 17.5 04 0120 0676 | .0110} .0302 5.9 
64*| Commercial Paris green...........----.- 79.5 3.52 0087 1203 | .0143 0478 5.9 

64C | Sample 64 plus lime (2 grams)........... 66.7 3. 52 0075 1157 | .0276} .0503 5.8 
62 | Commercial magnesium arsenate.-....-- 71.0 4. 64 0120 | .1460}| .0173 | .0584 6.0 
90 | Commercial London purple............ 73.7 5.30 0068 | .1315 | .0305 0563 5.8 
23 | Commercial zine arsenite ............... 17.5 1,25 0132 | .1480} .0220} .0594 6.0 
74 | Laboratory copper barium arsenate.....| 66.0 6. 27 0058 | .0675 | .0177 0303 6.0 
HOSS RULe ATSCHICIORIG =. 42 Settee ob oaes 78.5 | 100.00 0165 . 1130 0600 | .0632 5.9 
25 | Laboratory sodium arsenate...........-. 82.4 | 100.00 0180 | .0968 0169 | .0439 5.9 

The following deductions are made from the results shown in 
Table 21: 

(a) Samples 45, 27, 23, 74, and 28 are very stable in water (slightly 
soluble as compared with control results); samples 64C, 64, and 39 
are moderately stable in water; samples 71, 90, 57, and 62 are 
unstable in water; and samples 10 and 25 are totally water soluble. 
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(6) Sample 45 is least soluble and sample 10 is most soluble in the 
bodies of insects. Samples 10 and 25 were totally water soluble — 
before they were eaten, but after being eaten only about three- 
fourths of the arsenic was obtained as soluble arsenic. 

(c) While no general deductions can be made as to the average 
percentages of arsenic found soluble in the bodies of insects, when 
the figures under ‘‘control results” are subtracted from these aver- 
ages, as a general rule, the higher the percentages of arsenic made 
soluble by the juices of the insects, the higher are the rates of toxicity. 
Using lead arsenate (sample 39) as a standard, the last statement is 
strongly supported by the results obtained with the first seven 
arsenicals (samples 39, 28, 57, 27, 71, 45, and 64), but it is not so 
strongly supported by the following five samples (64C, 62, 90, 23, 
and 74). 

(d) The percentages of water-soluble arsenic in the original samples 
of arsenicals bear no relation to the toxicity of those arsenicals, 
except in the case of those which are totally water soluble. 

(ec) As a general rule, the larger the average amount of arsenic 
in the insects analyzed, the higher is the rate of toxicity of that 
arsenical. Using average weights of the undried insects fed on all 
14 of the arsenicals and average amounts of arsenic per insect, a 
bee weighing 98 milligrams contained 0.0119 milligram of arsenic, 
a silkworm weighing 1,370 milligrams contained 0.1063 milligram, 
and a Ceratomia weighing 1,620 milligrams contained 0.0219 milligram 
of arsenic. Thus, although a silkworm is 14 times as large and a 
Ceratomia is 16 times as large as a bee, the silkworm contained 9 
times as much arsenic as did the bee and 5 times as much as did 
the Ceratomia. This difference in amount of arsenic probably may 
be explained by the fact that for bees and silkworms the spray mix- 
tures were used five times the usual strength, while for the Cera- 
tomia the usual strength (1 pound to 50 gallons of water) was suffi- 
cient to kill the insects within 24 hours. 

(f) None of the water extracts of the bodies of the insects fed 
on the various arsenicals showed an alkaline reaction, and the 
highest acid reaction was 5.8 (pH value). As an average pH value 
for the 14 arsenicals, the bees gave a value of 6; the silkworms, 5.7; 
and the Ceratomia, 6.1; and as an average pH value for any arsen- 
ical against all three insects, the only figures obtained are 5.8, 5.9, 
and 6. Again it is shown that the pH value has nothing to do with 
the percentage of arsenic rendered soluble by the insect juices. 

Experiments like those performed on the three foregoing species 
of insects were also performed on another large but easily killed 
caterpillar (Datana integerrima G. & R.). As the number of these 
caterpillars was limited, only samples 39, 57, and 64 were used against 
this species, so that the results obtained could not be easily incor- 
porated in Table 21. They are, however, similar in all respects 
to those already discussed. 

MINIMUM DOSAGE OF LEAD ARSENATE REQUIRED TO KILL SILKWORMS. 

By means of a needle-pointed pipette, an acid lead arsenate (sample 
39) was dropped upon fresh mulberry leaves. Upon evaporation 
of the water from these drops, the portions of leaves bearing the 
white spots were fed to large hungry silkworms in the last instar. 
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One drop would occasionally kill a large worm but more often two 
drops were fatal. In almost every case three drops proved fatal 
within 24 hours. Therefore, for these larve three drops may be 
regarded as a minimum fatal dosage of acid lead arsenate. An 
analysis of 100 drops (4 sets) from the same papell ave 0.0091 
milligram of metallic arsenic as an average per drop, making 0.0273 
milhgram of arsenic a minimum fatal dosage for fully grown silk- 
worms. : 

An analysis of 59 of the dead silkworms, each of which had eaten 
three drops of the arsenical, gave 0.0027 milligram of arsenic per 
larva, indicating that 90 per cent of the arsenic eaten had been 
voided in the feces before the larve died. Silkworms which had 
received a maximum dosage of the same arsenical voided in the feces 
only 19 per cent of the arsenic eaten, and Ceratomia, which had 
received an average dosage of the same poison, voided 64 per cent of 
the arsenic with the feces. 

QUANTITY OF ARSENIC EATEN BY INSECTS IN FEEDING TESTS. 

During the feeding tests many samples of dead larvee were pre- 
pared for analyses, but only those of webworms (H. teztor) and those 
of potato-beetle larve were finally analyzed. The webworm is one 
of the most difficult to kill by arsenic, while the potato-beetle larva 
is one of the most easily killed. Some of the webworms were washed 
as described on page 44, but most of them were not washed. Also 
several samples of feces (more or less contaminated) were analyzed. 
The percentage of toxicity, as shown in Table 22, is the average of 
the mortalities recorded on the third, sixth, and tenth days for the 
one species concerned. 

TABLE 22.—Arsenic consumed by insects in feeding tests, 1919. 

Arsenic (parts| Tox- 
per million) | icity 

Num- 
4 : Condition of | ber of | Arsenic ne after de- 

Sea aenipinG:: Arsenicals and controls. larvee before larvee | per come 
3 being analyzed. | ana- | larva. tality 

lyzed Larvee.|Feces.| of 
control. 

Webworms (H. tex- Milli- 
tor): grams. ; 

OO Ure oe Commercial acid lead | Washed and 163 | 0.0017 Bly BAY loeseoses 
E arsenate. dried. 

SOG Scns S| aa ON Sees Seas aa Dried eee vere 400 | .0025 385 [1,114 68.6 
D Ae RRR aud Commercial calcium ar- | Washed and 200; .0014 3034) | 7AGHiaae eee 

senate. dried. 
Sen Sp eee ipa mpm EY Sir OBR ye eee a Mt ee eg Dried tees ae 400} .0024 481 |1,125 59.1 
Dr, cara ee gh 54 Commercial basic lead |..... Worse 200} .0040 691 | 330 48.9 

arsenate. 
AYE BE BF Led aie ot erat aty calcium arse-|..... GOLseeh tee 180 | .0033 436 | 851 15.1 

nate. 
O9B Ragen: Sample 69 plus 1 gram |..... GOs ete 130 | .0040 674 | 355 6.3 

lime per 418 cc. 
if eS art Ne eee ap orakory, barium arse- |....- co Ke eae 160 | .0027 399 | 365 31.5 

nate. 
(TIS Es areas Mes Commercial magnesium |..... GO ea ee 200 | .0050 747 | 539 36.5 

arsenate. 
Te eRe ee Laboratory sodium arse- |..... Gone 200} .0016 303 | 818 59.3 

nate plus Bordeaux 
mixture. 

vA \a ye Ue ae eee Commercialzincarsenite.|.....d0.......---- 200 | .0055 917 | 903 63.6 
Gare ee eS Commercial Paris green .|..... GO ee eee 200 - 0050 911 946 62.6 
(pede Serpents Laboratory aluminum |..... dose tes: 200 | .0028 383 | 840 32.0 

arsenate. 
Ul sea cea anaes Laboratory copper |..... GO ese ca 200 | .0053 613 | 306 41.8 

barium arsenate. 
COntTOl Tees ey Meee ese tes a rae ites ewe Al eee pmie ae ae all ee ae 5M ose Ss ers 
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TABLE 22.—Arsenic consumed by insects tn feeding tests, 1919—Continued. 

Arsenic (parts| Tox- 
Nine per million) | icity 

: : Condition of | ber of | Arsenic ae ae 
pperes ok aes Arsenicals and controls. | larve before | larve | per ductine 

ta wES : being analyzed. | ana- | larva. talit 
zed. Ley y Larvee.|Feces.| of 

control 

Potato-beetle Milli- 
larve: grams. 

S10 lh es a Commercial acid lead ar- |..... Gores. Soh 150 | 0.0017 VATE eae 62.1 
senate. | 

PANE Pee tae tetas Commercial basic lead |.--.-- dO. see ae A 125 | .0020 168 jee ee 53.4 
arsenate. 

(afer i ee arg ag te Laboratory acid lead |..--- coo ee eee 100 | .0038 BAL S| ees te 57.9 
arsenate. 

Gee cal ae Sy Commercial calcium ar- |-...- Coss sees 150 | .0026 205q|- soe 62.7 
senate. 

69 See ae we Laboratory calcium ar- |.--.-- GOP eee sae 110 | .0048 Mh yiseeoce 61.8 
senate. 

OO Be eee oa ele Sample 69 plus 1 gram |..... GOs ee 80 | .0042 ese soese 61.9 
lime per 418 cc. 

Ce Sapa es os rd Laboratory barium arse- |... -- OSA GE ee 110 | .0049 ast) Resse 50.9 
nate. 

G2 aie) beara Commercial magnesium |..... OOS Seeeaeeae 130 | .0029 AAS eos oad 57.1 
arsenate. 

SS fay ae ahs liana ee? Laboratory sodium arse- |...-- GOs Seek 100 | .0028 251) See oe 51.8 
nate plus Bordeaux 
mixture. 

PS Se eR EN Commercial zine arse- |...-.. (0 oe a 100 | .0018 IPA leasase 54.7 
nite. 

GA ese alee ed tit Commercial Paris green..]..... CO Kalpana it oh ate 120 | .0024 2064/2 F824 59.5 
(Bee e a sennse Laboratory copper ba- |.---- Cou eae 130 | .0051 4605 |esecee 54.7 

rium arsenate. 

The following facts are evident from Table 22: About 40 per cent 
of the arsenic (samples 39 and 5) found in the samples of webworms 
was probably carried on the integuments of the larve. As a general 
rule, the higher the average toxicity, the smaller is the quantity of 
arsenic found in the larve. The ratio of arsenic found in the 
webworms to that found intheir feces is about 3 to 5 for those 
arsenicals giving high toxicities, while for those arsenicals giving low 
toxicities the ratio is about 1 to 1. 

PHYSIOLOGICAL EFFECTS OF ARSENIC ON INSECTS. 

Symptoms of arsenic poisoning in the various insects used in the 
preceding experiments can not be fully described, because these 
insects were usually too sluggish to permit observation of the later 
symptoms, other than an occasional contortion of the body, the 
voiding of soft, watery feces, spewing at the mouth, and finally the 
complete loss of control of the legs. 

Since honeybees are extremely active and are easily studied in 
observation cases, they were fed arsenic acid (sample 10) in honey at 
the rate of 0.00076 milligram of arsenic oxid or 0.0005 milligram of 
metallic arsenic per bee, providing all consumed equal quantities of 
the poisoned food. The poisoned bees lived for 5.4 days on an average, 
while the controls lived for 8.4 days on an average. On the second 
day after being poisoned many of these bees became more or less 
inactive, a few died, and subsequently but few of them were seen 
eating. By the third day they were dyimg rapidly, their abdomens 
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were swollen, and they could not fly, although they could walk in a 
staggering manner, dragging their abdomens on the table. The only 
difference between the behavior of the bees subjected to nicotine 
poisoning (29, p. 91) and that of bees subjected to arsenic poisoning 
is that (a) nicotine acts more quickly, (6) its symptoms are more 
pronounced, and (c) in arsenic poisoning the abdomen is always 
more or less swollen, while in nicotine poisoning the abdomen is only 
rarely swollen. From the symptoms observed, it may be concluded 
that the bees fed arsenic might have died of motor paralysis, although 
the paralysis may be only a secondary cause. 

Blythe (4, p. 567) says that flies, within a few minutes after eating 
arsenic borne on common arsenical fly paper, fall, apparently from 
paralysis of the wings, and soon die. Spiders and all insects into 
which the poison has been introduced exhibit a similar sudden death. 

According to the textbooks on pharmacology by Cushny (14) and 
Sollmann (49), arsenic is termed, among other things, ‘‘a capillary 
poison.” These authors state that arsenic is toxic to allanimals having 
a central nervous system and also to most higher plants, but not to 
all the lower organisms. In mammals arsenic is cumulative, being 
stored in various organs, and it is excreted very slowly by the usual 
channels—urine, feces, sweat, milk, epidermis, and hair. With oral 
administration, the main part leaves by the feces, probably having 
never been dissolved. 

TRACING ARSENIC IN TISSUES OF INSECTS. 

All attempts to trace arsenic fed alone to fall webworms (H. cunea) 
by histological methods failed. The light-colored precipitate formed 
by the union of arsenic and silver nitrate was either washed out of the 
tissues or was obscured because the tissues were stained dark by the 
silver nitrate. 

In an endeavor to trace arsenic in both the soluble and insoluble 
forms by stains and lampblack the following experiments were per- 
formed, using the method for tracing nicotine outlined by McIndoo 
(29, p. 106-109). 

Four sets of fall webworms were fed leaves sprayed with an acid 
lead arsenate (sample 39), mixed with stains or lampblack as follows: 
First set ate arsenate mixed with indigo-carmine; second set ate 
arsenate mixed with carminic-acid; third set ate arsenate mixed with 
No. 100 carmine powder; and fourth set ate arsenate mixed with 
No. 100 lampblack powder. A day later those fed carmine were voiding 
reddish feces, and two days after being fed all of those nearly dead 
were fixed in absolute alcohol. The indigo-carmine and carminic- 
acid were soluble in water, but they were partially precipitated by 
absolute alcohol; the carmine was only slightly soluble in water, but 
totally insoluble in absolute alcohol; and the lampblack was soluble 
in neither water nor absolute alcohol. 
Webworms fed indigo-carmine showed no stain. Those fed carmine- 

acid and carmine revealed pinkish intestines, those colored with the 
carmine being almost red. The intestinal contents of these larve 
were pink, but no carmine-acid could be observed outside the 
intestinal wall. In the larve fed carmine the stain was widely 
distributed. The nuclei in the cells of the intestine were strongly 
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stained, while all the tissues outside the intestinal wall contained 
more or less of the stain. In the larve fed lampblack much of the 
powder could be observed inside the intestine, but very little (perhaps 
none in reality) outside the intestinal wall. 

GENERAL PROPERTIES OF ARSENICALS. 

Used alone, arsenious oxid ,burns the most resistant foliage, 
because of its high percentage of water-soluble arsenious oxid. To 
overcome this aithoulige Sanders and Kelsall (43) mixed a very finely 
divided arsenious oxid with Bordeaux mixture, to serve as a sub- 
stitute for sodium arsenate and Bordeaux mixture, to control the 
potato beetle and late blight in Nova Scotia. Cooley (13) suggested 
the use of white arsenic with Bordeaux mixture for dusting potato 
vines and has successfully used white arsenic as a substitute for the 
expensive Paris green in bran mash to control grasshoppers in 
Montana. He considers crude arsenious oxid to be superior to the 
refined product, as the particles are finer. Most authors think that 
arsenious oxid possesses high insecticidal properties. The results of 
the investigation here reported, however, indicate that the toxicity 
of arsenious oxid varies greatly, depending on the degree of fineness 
of the crystals which influences the percentage of water-soluble 
arsenious oxid present. In no case did the toxicity equal that of an 
equivalent amount of arsenic oxid present in acid lead arsenate. 

Acid lead arsenate, a satisfactory insecticide material, is to be 
recommended in general when an uncombined arsenical is to be used, 
as it possesses excellent adhesive and insecticidal properties, and 
burns foliage little if at all. Acid lead arsenate is compatible with 
Bordeaux mixture and with nicotine sulphate solutions. Lime- 
sulphur and acid lead arsenate are incompatible from a chemical 
standpoint, some soluble arsenic being formed. However, it is well 
recognized that acid or basic lead arsenates are used with lime- 
sulphur without serious foliage injury in most cases. A powdered 
acid lead arsenate contains about 32 per cent of arsenic oxid and 
about 64 per cent of lead oxid, while powdered basic lead arsenate 
contains about 23 per cent of arsenic oxid and about 73 per cent of 
lead oxid. Also, basic lead arsenate is more stable and less toxic 
than acid lead arsenate. 

Paris green, a valuable insecticide on account of its high arsenic 
content, is said to dust well in spite of its high apparent density, but 
not to adhere well to. foliage. It has no advantages over acid lead 
arsenate, but has several disadvantages, the burning of foliage being 
the principal one. The expensive copper sulphate and acetic acid 

_ used in its manufacture do not increase its power as a poison. 
The amount of soluble arsenic in an arsenical is reduced by mixing 

it with Bordeaux mixture, and an unsafe arsenical may in certain 
cases be made safe by mixing it with Bordeaux. 
Soaps contain alkalies which decompose arsenicals. The more 

soap used, the greater the decomposition. When calcium arsenate 
was mixed with sodium fish-oil soap, a smaller amount of soluble 
arsenic was formed than when acid lead arsenate was used in the 
mixture. Both of these mixtures are incompatible. 
When acid lead arsenate or calcium arsenate is used in a kerosene- 

soap emulsion, soluble arsenic is rapidly formed. In the acid lead 
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arsenate combination, six times as much arsenic is formed as in the 
calcium arsenate combination. Acid lead arsenate, therefore, should 
not be used in preparing kerosene-emulsion sprays, as the mixture is 
chemically incompatible. Gray (1/6) reports that basic lead arsenate 
is not affected by the alkali of soap. 
When acid lead arsenate was mixed with solutions of nicotine sul- 

phate, no chemical incompatibility was found. When calcium 
arsenate was used with nicotine sulphate, however, the latter was 
decomposed-and free nicotine was formed. The SO, of the nicotine 
sulphate combined with free lime (CaO), if present, or with lime of the 
calcium arsenate, and large amounts of soluble arsenic were formed 
in certain mixtures. Free nicotine is present in all of these mixtures. 
The free nicotine is not dangerous but the soluble arsenic is. These 
mixtures are chemically incompatible. The findings in connection 
with the chemical compatibilities and incompatibilities of the various 
arsenicals, fungicides, and other materials tested are summarized in 
Table 23. Gray (/6) in 1914 published a summary of data on the 
compatibilities of various spray materials which he had collected. 

TABLE 23.—Chemical compatibility of arsenicals combined with other spray materials. 

Other spray materials used. 

Arsenicals used. 
Bordeaux Kerosene Sodium fish- Nicotine-sul- 

Lime sulphur. | “jnixture. emulsion. oil soap. phate solution. 

Acid jead arsenate. -...| Incompatible...}| Compatible -| Incompatible-..| Incompatible...| Compatible. 
Calcium arsenate... .. Compatible... -}....- dO eee alps GOs eee |e aca oa eeaaae Incompatible. 
iPanisiereens tases oeO: (SAG OS EER Se ee COIR ale asasticheckiee ps Sesa dee oe ele See ee Se 
SOdisimparsena pers nas |secse cece ewer lcecte GO. nae calkoensoasadcooodse dia, SWistele ei stoatsioe oibiell tavexepatas Sete alcisia’s 

Sanders and Brittain (41) tested the comparative insecticidal prop- 
erties of the arsenates of calcium, barium, and lead, alone and in com- 
bination with Bordeaux mixture, lime-sulphur, barium tetrasulphid, 
and sodium sulphid (“soluble sulphur’’), on one species of insects. 
The results obtained showed that the presence of a fungicide had a 
marked influence on the efficiency of the arsenical investigated. The 
four arsenicals were 13 per cent more efficient when used with sodium 
sulphid than when used alone. The toxicity of the arsenicals was 
a liked when they were mixed with any of the other fungicides. The 
explanation given by these authors for the increased toxicity resulting 
from the use of sodium sulphid with an arsenical is that the sodium 
increases the palatability of the sprayed leaves, which causes the 
insects to eat ravenously for afew days. The insects thus take a large 
amount of arsenic into their systems in a short time and death rapidly 
ensues. 

Mixing sodium sulphid with acid lead arsenate produces some lead 
sulphid and sodium arsenate. The sodium arsenate is soluble and 
therefore may be more active than the original acid lead arsenate. 
The results in Table 21 indicate that the soluble arsenicals are more 
toxic per unit of arsenic than are the insoluble ones, the greater 
toxicity being due to the water-soluble arsenic present in the com- 
pound or to the arsenic which is quickly rendered soluble inside the 
insects. Data obtained during this investigation suggest that the 
amount of arsenic present per unit of sprayed leaf is larger when a 
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soluble arsenical is used in combination with a fungicide than when 
an insoluble arsenical is used. Accordingly it may be possible to 
explain chemically the increased activity or efficiency when sodium 
sulphid is used with arsenicals. ! 

Evidence seems to show that it is not always true that an insecti- 
cide containing a high percentage of arsenic 1s more toxic than one 
containing less arsenic, for the reason that toxicity depends not alone 
upon the amount of arsenic present, but also upon its form of combi- 
nation. The insecticidal réle played by the base itself is small and 
sometimes nonexistent. 
When lime or Bordeaux mixture was combined with the arsenicals 

the toxicity of the arsenicals was reduced. The fact that the addi- 
tion of lime or Bordeaux mixture to the arsenicals reduced the 
toxicity of these insecticides to insects may be explained in two ways: 
(a) Leaves sprayed with the arsenicals combined with lime or 
Bordeaux usually contained less arsenic than those similarly sprayed 
with the arsenicals alone; (6) the toxicity was greater in the tests 
with honeybees fed honey containing the arsenicals alone than in 
tests in which bees ate honey containing the arsenicals with lime or 
Bordeaux mixture. These results support the theory that the cal- 
clum present prevents or counteracts the formation of soluble or 
more toxic arsenic compounds. 

Based on the reported results, it would appear that if all seven 
species of insects used had been tested under similar conditions, 
their susceptibility to an acid lead arsenate would probably be in 
the following order, beginning with the insect most susceptible: 
Honeybees, silkworms, grasshoppers, potato-beetle larve, tent 
caterpillars, webworms (H. tezxtor), and webworms (H. cunea). 

The arsenious oxid (‘‘white arsenic’’) samples were crystalline; 
the other commercial arsenicals generally lacked crystal outline and 
were probably for the most part amorphous. The calcium arsenates 
used contained some small ‘‘octahedral”’ crystals, but were largely 
composed of apparently amorphous material. The arsenious oxid 
samples gave variable results in the toxicity studies and wide varia- 
tions were found in the results when calcium arsenates were used. 
On the other hand, the amorphous acid lead arsenates and the 
amorphous Paris green samples gave uniform toxicity data. The 
data show a relation between the uniformity of the products and 
uniformity of toxicity. Where the products were not uniform 
variations in toxicity were found. 

Commercial arsenicals used for spraying or dusting purposes are 
usually judged chemically on the basis of the total arsenious or arsenic 
oxid contents and on the percentages of the total amount of these 
oxids which go into solution under certain conditions. The per- 
centage of base present is also determined. Soluble arsenic oxids 
or arsenic rendered soluble after the application of arsenicais will 
burn foliage, the extent of the injury depending mainly on the 
amount of soluble oxid present or formed in the spray or solution 
applied. The results here reported indicate that it is the soluble 
arsenic or the arsenic rendered soluble by the insects that causes 
death. The rapidity with which arsenicals are made soluble in the 
bodies of insects seems to be the most important factor in connection 
with their toxicity. What happens to the soluble arsenic inside the 
insects is not known, except that part of it passes through the in- 
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testinal walls into the blood and is distributed to all parts of the 
body. A small pore of it reaches the nervous system, where it 
apparently kills by paralysis. The way arsenic affects the various 
tissues is not known, although Sollmann (49) reports that it is now 
generally believed that the arsenicals hinder protoplasmic oxidation 
in an unknown way. A successful insecticide must be sufficiently 
stabie to be applied to foliage without injury and sufficiently unstable 
to be broken down in appreciable amounts in the bodies of the insects 
ingesting it. - 

SUMMARY. 

Arsenious oxid, commercially known as white arsenic, or simply 
as arsenic, is the basis for the manufacture of all arsenicals. Samples 
of commercial arsenious oxid vary in purity, fineness, apparent 
density, and in the rate of solution in water (soluble arsenic), which 
accounts for the diverse chemical and insecticidal results reported - 
in the literature. Arsenites are prepared by combining arsenious 
oxid with a base. Arsenates are produced by first oxidizing ar- 
senious oxid to arsenic oxid (arsenic acid) and then combining the 
material with a base. Except for their water content of approxi- 
mately 50 per cent, the paste arsenicals have the same general com- 
position as the powdered arsenicals. 

The usual lead arsenate on the market, acid lead arsenate 
(PbHAsO,), is well standardized and stable. - Basic lead arsenate 
(Pb,PbOH(AsO,),), also well standardized and stable, is being 
manufactured at present only to a limited extent. Chiefly because 
of its low arsenic and high lead contents, basic lead arsenate is more 
stable and therefore less likely to burn foliage than acid lead arsenate. 
It possesses weaker insecticidal properties and is somewhat more 
stable in mixtures than acid lead arsenate. 

Commercial calcium arsenate (arsenate of lime), the manufacture 
of which is rapidly becoming standardized, contains more lime than 
is required to produce the tribasic form. 

Paris green, an old and well standardized arsenical, is less stable 
and contains more “soluble arsenic’? than commercial arsenates of 
lead or lime. 

Laboratory samples of aluminum arsenate, barium arsenate, and a 
copper barium arsenate mixture, in the powdered form, were tested. 
The last named gave excellent insecticidal results. | 

The following combinations of insecticides and fungicides were 
found to be chemically compatible: Lime-sulphur and calcium arse- 
nate; nicotine sulphate and lead arsenate; and Bordeaux mixture with 
calcium arsenate, acid lead arsenate, zinc arsenite, or Paris green. 
The following combinations were found to be chemically incompat- 
ible: Soap solution with either calcium arsenate or acid lead arsenate; 
kerosene emulsion with either calcium arsenate or acid lead arsenate; 
and lime-sulphur with acid lead arsenate. Combined with nicotine 
sulphate, calcium arsenate always produces free nicotine, and unless 
a decided excess of free lime is present soluble arsenic is produced. 

The combination of sodium arsenate with Bordeaux mixture as 
used in the experiments here reported gave no soluble arsenic. 

: ; peccording to the Bureau of Entomology, this combination in large amounts is used successfully in the 
eld. 
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Of all the arsenicals tested, acid lead arsenate and zine arsenite 
were the most adhesive and Paris green the least adhesive on potato: 
foliage. The use of lime with arsenicals applied to potato foliage did 
not increase their adhesiveness. 

The suspension properties of the powdered arsenicals are of value 
in differentiating ‘“‘light’’ from “heavy” powders, as determined by 
their apparent densities. 

The physical properties of the commercial powdered arsenicals 
could not be satisfactorily determined by sieving, as they are generally 
amorphous and pack in the sieve onshaking. Arsenious oxid samples 
sometimes contain or consist of relatively coarse crystals, so that 
sieving may provide valuable data. 

Microscopic examination gave little information concerning the 
desirable physical properties of the amorphous or seemingly amor- 
phous powdered arsenicals. Differences in size of crystals present in 
the arsenious oxid samples were detected under the microscope. 

The toxicity findings are based on the use of equivalent quantities 
of arsenious and arsenic oxids. Higher percentages of toxicity were 
found for acid lead arsenate than for basic lead arsenate. The differ- 
ent samples of calcium arsenate tested varied widely in toxicity. 
When lime or Bordeaux mixture was added to arsenicals, the toxici- 
ties were reduced. The average toxicity of the three samples of 
Paris green and that of one zinc arsenite tested was slightly more 
than that of an acid lead arsenate and a sodium arsenate. Of the 
four samples of arsenites, the Paris green samples gave the highest 
values, zine arsenite being much less toxic. Based on equivalent 
metallic arsenic percentages, the Paris green samples gave values no 
higher than that of the acid lead arsenate tested. Several new arse- 
nates tested did not show as high toxicities as did acid lead arsenate. 
Of the various bases tested, lead oxid showed some insecticidal value, 
while the oxids of zinc, magnesium, and copper showed little and 
lime no value. Arsenic acid, acid lead arsenate, and one sample of 
calcium arsenate gave high and practically equal toxicities. Arse- 
nious oxid (white arsenic) gave lower and variable results. The per- 
centages of water-soluble arsenic in the original arsenicals had little 
or no influence on the toxicity, except in the case of those arsenicals 
which were entirely or largely water soluble. These had high per- 
centages of toxicity. 

The determination of reaction in terms of the pH value of water 
extracts from the bodies of various insects fed all of the different 
arsenicals, and also from the bodies of control insects, showed uni- 
formly a slight acidity. These results indicate that the arsenic 
compounds fed did not affect the pH values as determined on dead 
insects. 

The minimum dosage of metallic arsenic required to kill a honeybee 
is approximately 0.0005 milligram, while 0.0273 milligram (or 54 
times as much) is required to kill a full-grown silkworm. Honey- 
bees, confined in cases, void none of the arsenic eaten, whereas silk- 
worms void 90 per cent of the amount ingested. Thus, in reality 
about 6 times, rather than 54 times, as much arsenic is fatal to a 
silkworm as is required to kill a honeybee under the somewhat 
unnatural living conditions. 
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The conclusions that may be drawn from this investigation are 
that a chemical analysis of an arsenical does not give sufficient data 
to judge satisfactorily its insecticidal properties, and a toxicity study 
alone does not show that an Beeincal is suitable for general insecti- 
cidal purposes, but both a chemical analysis and a thorough toxicity 
study are required in order to judge whether or not an arsenical is 
a satisfactory insecticide. 
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