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INTRODUCTION

The acid form of lead arsenate (Fb H As0);) 18 probably the best
Imown insecticide, yet a comparatively small fund of knowledge is available
concerning its chemical and physical properties. These in turn may greatly
modify our present control practices as well as the toxicity of the poison
to 1insects..

At the present time lead arsenate is still tize best material for
controlling the codling moth. It is the only srsenical which can be applied
to apples and pears a number of times during the season without plant injury,
Yet the residue problem has stimulated great activity in finding substitutes
for it, FHowever, in regions such as western Montana the residue problenm is
of minor importance because only one cover spray is required for satisfactory
control, It would seem desirable to know more about the chemical, physical
and toxicological properties of lead arsenate before casting it aside in
favor of a more expensive method. The experiments reported here are a part
of & general program at the Montana Agricultui‘al Experiment Station dealing
with acid lead arsenate.

A recent bit of_ research has established that the solubility of
the arsenates is governed, at least in part, by the hydrogen ion concent
tration. If the solubility 1s effected by the hydrogen ion concentration
likewise the toxicity to insects might be modified in the same direction,
as toxicity is believed to be proportional to the soluble arsenio,

It 1s the purpose of this work to determine if different commercial
brands of lead arsenate with significant differences in the per cent of
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soluble arsenic at a given pH show comparable differences in toxicity to
the silk worm. Two mothods for determining toxicity of stomach polsons are
available. Fach is applicable to the problem at hand and apparently gives
significant results. Since the two methods have never been compared by one

person such a comparison is to be included in this work.
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REVIEW OF LITERATURE

A goodly emount of work has been done on the solubility of lead
arsenate in waters, in so0il solutions and spray combinations. Triggers (8)
gives an excellent review of the work to 1929, Wo literature is available
concerning the effect of hydrogen ion cpncezitmtion on solubility. Driggers
found the solubility of aoid lead arsenate was not greatly increased in bog
water with a pH of L.3 ~ L8, This is the nearest approach to a study of
the effect of hydrogen ion concentration on solubility of the arsenates.
In general, these workers found increased solubility on the alkaline side,
least solubility in distilled water, and 1little change on the acid side.
They were not concerned in tying up solubility with hydrogen ion concentration.
Fo attempts were made to control salts in the water, materials in the spray
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tank, etc., which might also effect the solubility. Instead they took
conditions as they were and gave them a auperficial examination, Swingle
(18) concludes that the original per cent of soluble arsenic in lead arsenate
has 1ittle or no effect on insects but he does not e.onalder how easily this
~ initial emount can be increased, | ,
Pepper and Creen (15)were the first to do eny work under controlled
conditions on the effect of hydrogen ion concentration on the solubility of
the arsenates, They used the official method of egriculturel chemists (1)
for determining the solubilities. Semples of ooinmer_cio.l products were
obtained direct from the mmzfaotu}ers ju-st prior to enalysis. The p of
the samples to be tested was adjusted at eleven different concentrations
with hydrochloric acid and emmonium hydroxid&. Cne test was run in boiled
distilled water, They found acid lead arsemate to be at the minimum
solubility in distilled water. The pH in this case m; governed by the
sample and lay between pH L- /tgeggngmg on the product. As the pH increased
through neutx?ality to a pH of G the solubility increased rapidly to an average
of 11,667 soluble. ‘As the sample bescame more acid to PH 2.5 the solubility
agaiﬁ increesed but not so rapidly as it only averaged 2.8%. Easio lead
arsenate gave about .17 soluble from pH 6 to 9 but increased slowly in
solubility to 1.29% soluble.at pH 3, Calcium arsenate was least soluble, A
+5%, at pH 11,5 end increased steadily to L1.,57 at pH ;. 1
Pepper and‘ Creen take issue with the official method of determining
solubility of acid lead arsenate in distilled water for the lolgbility_is at its
lowest., Further surface waters used Ain spraying are well over on the
alkaline side where the solubility is much higher and in no way proportional
to the amount lolﬁble in distilled water, Likewise caleium arsenate is tested
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for solubility at pll of 9 whereas 1ts minimm solubility occurs at pH 11,5,
8o the two procedures greatly favor acid lead arsenate in a comparison of
solubilities. |

In their discussiou, Pepper and 'Groon suggest that although in
gemeral the samples of lead arsenate are quite consistent their peculiari-
ties of solubility between pH 6 and pH 8 may be rather important when related
to their toxicities to various inseocts.  Likewlse there should be little
difference between the absorption of ealo_i\n and acid lond‘arsem*bo in the
insect gut, which in general 1s slightly allaline. They state, however,
that this phase of ths problem awaits further development.

A search through the literature for a method to use in determining
the toxicities of stomach polsons 1s somewhat disheartening. Fach worker
MIoped a system and then seemed to take care in expressing the results in

guch e form that they could not be readily compared with those of another
method,

‘ From the first use of l_ood arsenate attempts have been made to deternine
1ta_ killing power. Marlett (13) compared arsenicals on the basis of the time
required to ki1l the insects and the total mmber killed. Hollowsy (9) took
the time for Paris green to cause death, called this unity and rated other
insootioideo on this basis to determine the poison exponent. The time to
produce death coupled with the_m of sprayed leaf surface eaten was used
by Scott and Siegler (16) to compare arsenicals. They made no attempt to
arrange preparations in order of toxicity as they used variouo qmntitios or
poisons. Lovett and Robinson (11) considered the time roquired to kil11, tho
approximate amount of arsenical necessary to produce doath and the ratio of
AszOg in tissues and excrement as an index to toxicity. Yoore (1) found the
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latter method to his 1iking and used it in his toxicity experiments. Ee

carried it a little further and took the reciprocal of the mmber found by

dividing the amount of arsenic in the excreta by the amount in the tissue

as the index of toxicity. Lead arsenate was almost one so he gave it this

value and rated the ot?xer materials on the same basis., In this manner it is
- possible to give any stomach poison a rating on the lead arsenate basis.

Cook and MoIndoo (7) aleo carried on tests but these, like the earlier

attempts, were really a test qf qffeativenoas rather than toxiecity.

F. L. Campbell (2,3,lL), who has done more along the line of
toxicity of stomach poigoni to insects than eny other, began publishing
along this 1line in 1?26. First he fed drops of soluble arsenicals to cater-
Pillars which gave a good measure of toxieity but was not appliceble tok
arsenical suspensions. Janisch (10) at this time published a method of dust-
ing poison on leaves, weighing, feeding to insects until dead, and then re-
welghing to determine the amount ingested and to estimate the relative
toxicity of stomach poisqng. This method was very mccurq.te in many ways
but gave Campbell an idea which he developed to a very accurate method of
dotemining relative toxicity of stomach polsons.

Campbell (5) dusted a thin coat of poison on leaf discs of known

- area and determined the amount present by dusting weighed cover classes of
the same srea and re-aighing them._ | Then he pasted another leaf disc over
each dusted leaf forming a sindwlch. fed thosg to silkworns for a short time
and removed them. FPeriods of feeding were geuged so that the median lethal
dose, at which 507 of the larvae died and 507 recovered, could be determined.
Determination of doss wes made by ﬁhotogmphmg the rartially eatanvdivlcs.
£inding the area eaten with a planimeter and caloulating how much poison had



been ingested.

| Yo further schemes for determining toxicities lrave been developed
which compare in accuracy with the method of Yoore or Campbell. In 1330
Cempbell (6) compared his msthod /w::: ty Maroovitoh (12) wherein he used the
time to produce 507 mortality of mosquito larvee as an index of toxiocity,
end the simple cage method of allowing insects to feed on polson umtil dead,
using the time as the index of toxicity. He justly concludes that this
method of determining the median lethal dose is superior._ However, no one
bas compared this method with that of lovett and Robinson,further developed
by Yoorg,which secns of equal merit. .

~ In this work either of the methode might be used to determine the

toxicity of the arsenates in question. Rather than decide arbitrarily whioh
to use, a comparison of the two methods is to be made along with the
determination of the toxleity of the arsenates at differsnt hydrogen ion

concentrations end solubilities.

PROCEDURE

First 1t was necessary to build a dusting apparatus for the
Campbell method. A stand .fori the bell Jar was sqt upe A large glass tube
10 em. long and 2 cm, wide, ngrromd at both ends, and containing a small

ball of paraffin, was used to hold the dust like the shortened 50 e.o. pipette
Campbell used. An air compressor was available to furnish the air to voarry
the dust.

It was found that on 1ifting the jar containing the small particles
of dust suspended in the air, that currents of air swirled through the jar.
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This made en uneven distribution of the particles, As this was certain to
make & veriation in the amount deposited at diffeerent places an :W was
made to eliminate this source of error. A movable platform was suspended
by springs from the ceiling. The jar, being quite heavy, depressed the
springs slightly and held tke board platform tightly in place before and
after moving,

Trouble wms experienced in perromting a cork to get an even
distribution of dust. To offset this, short pleces of capillary tubing were
inserted in the cork. This gave an excellent spread of dust.

About one to two grams of the powcered arsenical were phood in
the glass tube which was connected to the air compressor and inserted in the
cork which was placed in a hole in one side of the platfoi-m, Dust filled the
bell jJar as the motor of the air compressor was started, As soon as the dust
was well distributed the motor was turned off. The heavy partiocles began
settling out rapidly. This was allowed to continue for some time, then the
dust tube was discommected a.nd the other Imlf of the platform, bearing the
leaf discs and cover glasses, was moved under the jar. This was accomplished
py depressing the springs about one-half ix;oh and sliding the platform
quickly. The leaf discs and cover glasses, 7/8 inch in diameter, were
allowed to remain under the dust jar untilv a.ti_:hin.coai: of dust was deposited,
then the platform was moved back. Coatings from ,12 to .4} milligram per
disc were used. Tests with single waig}‘zedicovar_gluae: showed the deposit
to be fairly uniform throughout the dusting area. A chainomatio balance
accurate to .1 mg. was avallable for the welghing. '

Botemination or the enmount of dust deposited was made by first
weighing five undusted cover glasses and re-weighing after dusting; the
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increase in welight divided by the number of cover glasses gave the average
smount per disc. |

Sandwiches were then made by coating undusted leaf discs with
fresh starch paste and pressing one of these on each dusted leaf disc. The
sandwiches were placed in slit corks end one ﬁs gim to each silkworm uged
in the test of the particulgr arsenical. Ths silkworms were allowed to feed
for 'mrylng lengths of time, depending on the amount of deposit in the sand-
wich, the weight of the worms end the estimated toxicity of the polson being
testeds In thﬁ way the remaining portion of the sandwiches differed greatly .
in contour when they were removeds In each test one or more worms falled to
start feeding before the sandwiches wilted, These were saved as checks and
in all cases lived normally. Following the test each worm wes given a fresh
portion of unpoisoned mulberry leaf and pleced in a ventilated pill box at
& constant temperature of about 27°C. to await recovery or death.

_ The worms for the tests were reared on mlberry leaves in a constant
temperature cabinet at 27°C. Kulberry trees growing in the MMuso allowed
this work to proceed in the winter time. Fourth instar silkworms averaging
ebout .6 g. were used in the tests.

~ Immedlately after feeding a series of worms the sandwich remnants

wers erranged in order on & glass plate. ‘This was used as a photographie
negative from which prints were developed. In each case an uneaten sandwich
.‘ml photographed to permit estimation of the amount of shrinkage during
foeding. A polar planimeter was used on the photographisc prints to caloulate
the portion of sandwich eaten. From the weight of the dust deposited and the
area eaten the dosage was then caloulated. This was further developed to
milligrems of poison per gram of silkworm from the woight of each worm,
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determined before feeding.

Lead Arsenate
Sample 3F |
Test 7

- Y2 8 *)b
LEeLA

Fig.le Sample of prints used in calculating dosages
bty the Campbell method.

The silkworms were allowed about L8 hours in which to di§ or
recover, If they were not dead in that time they were sure to recover,
On the basis of lethal end sublethal doses the median lethal dose was then
determined, A sufficient number of worms was used for each polison so that
the median lethal dose (M.L.D) could be acourately determined. The M,L.D,
vas then used as a basls for comparing the toxicity of the poison; in
question. _ ‘ - _

The remaining portions of s:;ndwichu for the tests on the first
and second polsons were saved after photographing, They were then digested
in nitric end sulphuric acid and the emount of arsenic determined by the
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Gutzeit method (17) (1). The amount of lead arsenate eaten was them
caloculated on the bdasis of sandwich areas and the per cent of arsenio per
unit of each lead arsenate; previously found by the iodine titration method
of official agricultursl chemists (1). From the emount of lead arsenate
ingested the mg. per g. of insect were determined and likewise the M.L.D.
for comparison with the Campbell sandwich method.

| Dead worms and thelr exerement were collected from the pill boxes
after LB hours to be tested by the Moore msthod. Each worm and its excrement
was digested and tested separately as with the sandwich remmants. The ratlo
of the arsenic in the tissues to the arsenic in the excrement was determined
from the average of 9.11. lethal doses for a given polison., Moore determined
his values by ellowing 50 locusts to feed until death and running tests on them
in groups of ten. The total mmber avallable for the sbove tests is far less
than these but individual tests give a sufficient basis for comparison.

~ In like mamner the exorement of worms which recovered from a
dosage of l‘ead arsenate was collected and analyred for arsenic. It wms
estimated that approximately 1007 of the arsenio had been eliminated in
three days. From the total arsenlc found in this manner and in the »t‘o;sts
for the Moore method the M.L.l. in mg. per g« of silkworm was calculated
a third time for the first two lead arsenates.

EXPERINENTAL RESTULTS

The alimentary tract of the»nlvlkwom was found by Cook and
¥oIndoo (7) to hive a pH of 7.l. | Accordingly, three samples of lead
arsentites showing very low, very high and moderats solubility at this
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hydrogen lon eoncentration were chosen for tis following tests.

Table I. Per cent of soluble arsenic at different hydrogen
ion ooncentrations for a series of commercial lead
arsenates. (After Pepper end Green).

 pH : Tap Water
2e5 b3 L 5 3 7 8 9 pH_ % Soluble

Senmple - ' _ % Solunle

2,30 1.73 1,16 0.935 1.00 1.22 2.55 10.18

2 6,00 1,88 1,00 0,30 0.50 3.10, 6.ho 10,20

z 3.53 2,60 0.9 0,11 0,65 2.10 L.80 10.98
1.3, 00 0,10 0.09 0,15 2,22 6.20 9.63

2 2,08 0,93 0,21 ' 0.22 0,75 2.93 6.12 9,50

7

8

9

1,38 0,76 0.3, 0,28 0,30 2,02 6,16 12,16

1.87 0,67 0.22 0,21 0. 74 2,95 8.90 172 T

1.82° 0,92 0.51 0.35 OLL 1Y 7.2 2,36

2,25 128 0,65 0,37 0,70 3,63 9.1 13.61 6.8 2.7,
10 1,22 0,71 0,27 0,19 0.0 3,30 7.62 12,52 6.9 2.35
11 3.96 2,0, 0,71 0.61 1,51 3,13 7,90 11,87 7.0 3,52

3
£
R

12 L.g2 2J11 110 0,78 1,06 2,20 5.22 10.20 7.1 2.18
13 - 2,63 0,97 0.32 0.2, 0,22 0.80 6,05 13,00 7.1 1.62
13‘ : 2,80 10 0,65 039 0,20 1,26 910 156 7.2 201

15 2,30 1.00 0,50 0,25 OS5 3,30 7.90 10,68 7.1 1.9

Ave. % _
Soludble 2.&‘ 1031 0057 0035 OQ& 2.37 6.&} 11.66

The table of the per cent solubility over a rango of PH values for
15 samples of commercial lead arsenate is borrowed from Pepper and Green and
included here to illustrate the influence of pH on solubility. Samples L,
9 and 13 et pH of 7 yleld respectively, moderste solubility 2.22%, highest
solubility -3.63%, and lowest .solubility -0.80%. These three materials
were then fed to tho ailkwoms as previously dosoribed. 7

As the silkworms ho.tohed over a considerable period of tima they aid
not mature at the same time, For this reason they were subjected to the

tests in small groups as they matured, The datawere then accurmulated until



Table II. Dcts for determination of ¥,L.D. of lead arsenate nmplo Yo.li
by the Campbell smdvrlch method, ,

A , rstimate Estimte - Aetual Lead bge/g lethal -
Test No,  of total larva prior to Welght area arsenate worm or )
area of No, test of wom leaf eaten 'ublethal
leaf after aresa to eaten '
feeding be eaten 8q.in. me.
§ 057 aq.in. 1 - 11 lq.in. 1.13655. ' 017 41% 0167 L
57 2 _.08 7978 .09 «101 2126 SL
( .57 i " 408 o751 .09 .101 133 SL
( 57 .10 9323 .12 3L A3 SL
( .57 5 .09 8657 W09 Jd01 L1116 SL
61; nge lead ( 57 6 006 02,-6‘98 010 «112 0196 L
arsenate (. 7 5 Jholr 0L OL5 . G100 SL
per leafl ( 057 8 005\ ob163 006 0067 |160 SL
diso ( . 9 L05 398 Failed to eat
( «5 10 .05 5030 06 067 133 L
| ( 1 .30 1.1751 29 L5 0123 sL
2 2 .8183  Failed to eat '
030 nNge lead 057 .20 . % . .19 olm .135 SL
.arsenate  ( .57 5 W2 7655 .20 0105 0137 SL
per leaf ( .57 6 20 | JAT W2 0126 +169 L
aiso ( 57 7 .18 6810 A J10 .16 . A
s 57 8 .19 «7011 .25 131 186 SL
57 9 .17 +6356 . #105 165 L
( .57 10 .17 6705 .17 <089 132 SL
( .57 1 .16 <5785 .18 0% 162 L
( .57 12 .16 5637 W19 «100 177 SL
( .57 13 .1 1,660 .16 084 <180 L
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the final results given in Table III were obtained,

The data obtained for each silkworm in the tests on sample 1@0.14
by the sandwich method 1s included in Table II to show the data used in
finding the median lethal dose, Twenty-four silkworms were used in determin-
ing the M.L.D. for sample Ho.l}i twenty-seven were used for sample ¥No,9, end
twenty-one for sample No.l. |

It 18 not necessary to use LO insects per test and run two tests
to determine the M.L.D. as Carpbell did. As the worms were developing slowly
and in emall numbers it was necessary to feed doses lying 1n or very near the
median range so as not to waste specimens in tﬁe sublethal or lethal ranges.
Following the weighing of the worms and the dusted leaves the area to be

eaten by each worm was estimated as he fed on the sandwich. Table II includes

the estimated end mctual areas eaten. The valus of this procedure is brought
out in Table III where it is shown that out of 21 worms fed with this poison
17 1ie in the medien range. In other words only four are lost, whereas
Campbell lost about 70 to get 10 in the median range.

Table II1I, TPoses fed to determine the M,L.D. for the three

samples of lead arsenate. Underscored figures -
indicate M.L.D., sandwich method.

Tied Kecovered - - Tied FReocov, - "Dled Kecove
29 .8 .8 .10 20 ,18 .19 .12 29 L,10 L0
27 .18 .16 .10 .18 .18 12 27 J0 X0
S a6 LJIT .09 JA7 .16 .10 25 .10
23 JI5 *09 A7 JIG .19 .10
23 .15 .08 JA7 A .13 '
22 L4 .08 JA6 .13 J2 067
20 .07 J0 .13 .11 =
20 07 I3 .13 A1 =
<20 13 11 :

MONTERD
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Table III gives the median lethal dose for the three samples by
the sandwish method. These doses are included in Table IV for mparhm
with the per cent of soluble ersenic at pH 7 and the per cent of total

arsenioc,
" PABLE IV. M.L.D. by sandwich method tabulated with
o arqenioal content of the three lead arsenates.
Semple Per cent soluble Per cent of H.L.D. in ¥g./g
Ko. arsenioc at pH 7 total arsenic of silkworms
. 353 282 16
L C 2622 25.)3 016 -
13 0.80 ' 28. ' 10

' The data from Tables III and IV show little correlation. Sample
Fo. 13 s very much more toxic but. the greater toxiocity 1s not assoclated
with per cent of total arsenic nor with per cent of soluble arsenlc except
that sample Fo. 13 has the lowest amount of soludle arsenio.

' In an effort to check the accuracy of the Campbell sandwich method
with the equipment nvailable., the M.L.D. for the first two samples of lead
arsenate was deternined in two other ways. As previocusly mentioned, Gutzeit
determinations wreA made of the arsenic on the Woﬁ: rermants and in the
excrement and tissues of the aiikiom. Thia was oaléuhted in terms of
miuigrams‘ of lead arsenate per gram of silkworm for comparison.

| Table V gives a tabulation of these resulti. Little or no »
correlation can bs found. In some cases tho dé‘bcmination by q.l three means
1%e within .01 mg. per gram of each other. Other times the dosages may lie
over & rahga of several hundredths. The first five doses in sample Fo. 13

which give the greatest variation need no consideration for they are well
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"‘Table V. Dosages determined by three methods.

Semple No, 9
B Sandwich ~ Gutzeit  Cutzeit
Test  Yorm test on test on or .
sandwich excrement or sublethal
remant excrement .
plus tissue
o130 <118
<087 +0T3
5 08l 123
6 089 +101
9 086 079
10 <069 086
11 " +070 «158 :
1l 155 161 L
2 «219 087 L
3 205 237 L
L 262 <204 L
5 . 182 51 L
6 ;lﬁg «206 L
7 076 231 L
8 181 17% L
9 070 o154 L
10 «286 «150 L
b «030 060 SL
2 083 " #185 L
a 059 133 L
‘ 066 o7 SL
5 079 27 L
6 133 975 SL
7 QL2 <053 SL
8 079 «259 L
9 096 o117 L
10 161 «210 L



Table V, continued,

£y

Sample No. 13

, . . ~ Cutzeit Gutzelt
Test Vomm Sandwich test on test on Lethal
Yo. Yo method sandwich excrement or or
rement excrement Sublethal
- plus tissue

1 .QQ; - .@ L
l 2 268 - LT3 L
3 47 - 584 L
1l 0631 - «157 L
2 2 112 _-_»_ 197 L
3 113 - 0127 L
1l o2 <035 Re' NN SL
2 ¥ -olL9 .181 sL
3 ﬁ 027 +.028 149 SL
«103 «120 <302 L
1 <065 AL O3l SL
2 099 «152 - SL
z .08l <098 <091 SL
L <026 013 - SL
6 <053 073 <051 SL
7 +058 <086 «093 SL
2 <106 111 - o10k L
ﬁ «189 210 <163 L
‘ 097 +078 «017 SL
5 5 «128 «120 «150 L
6 «111 089 057 L
7 <087 063 036 SL
8 104 °107 «056 SL
9 119 162 131 L
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over in the lethal range. The results show that the check with Gutszeit
determinations is no more accurate, if as accurate, as the sandwich method,;
otherwise the two Cutzeit caleulations would check ecloser.

Tho dilcropa.nciu brought out in the comparison in Tadle V are
f‘m'ther ncoantuated 1n Table VI vhero ‘the H.L.D. is Mm'minod for esch
wma in both aamples. It seems quite upmt in Samplo Ko. 15 that the
K.L.D. of .10 by the sandwich method is low. An aversge of the M.L.D, for
the three methods gives .113 ng. per ge | &

In sample Fo. 9 the M.L.D. by the Campbell method appears high.
4An average M.L.D. for the three msthods gives sample No. 9 a K.L.D. of",123
&. per g.

Ko doubt all vthreo methods as used in this experiment are subject
to eonsideradle error but a M.L.D. of 11 mg. per g. fpr sample Fo. 13 and
+12 mg. per g. for sample No. 9 appear reasonsble. At‘ least sample No, 13 -
18 more toxlo than gmuple ¥o. 9. One might consider dropping the sandwich
method entirely in the determinatica but 1¢ has already been shown that the
Gutzolt tosts may vary in either direction when compared with each other,
They are too miabia for mom than ehack‘; on the approximate value., This
statement becomes more clear 1nvicw of the following,

‘ If a worm weighing about .5 g. wers digested and‘tactod for arsenio
by tlao Cutzeit method end found to contain 001 mg. of A3205 the figure will
not even be significant as 1t lles in the error of the method., However, in
stating that value in terms of nge. of lead arsenate per gran of silkworm 1t
becomes ,006, Therefore the method used hers 1is mccurate ‘only to about .01 ng.
Furtlmr error lies in fixing the end point of an wimown stain to within 001 mg,
when standard stains thanselves are not econstant,
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Table VI. Comparison of ¥.L.D. determined ty three means

Sgmple No. 13 .
Dosage caloulated from Dosage calculated from
Sandwieh method Gutzeit test of Gutzeit test of tissue
sandwich remnants and excrement
Lethal Vedian  SSL Lethal Eea%an SL Lethal Medien SL

~ Dled Recov. ‘ Died Recov. ‘ Tied Recov.
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Underscored figures indicate the apparent M.L.D. by
each method of determination. Figures are in
milligrams of lead arsenate per gram of silkworm.
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~ The Lovett-Robinson-Moore method of determining toxicity of an
arsenical by the ratio of the arsenic in the tissue to the arsenic in the
excrement a}so makes use of the Gutzeit method for arsenic determinatiom,
The ratio was determined for each lethal doss in samples 9 and 13 from the
Gutzeilt tests rwm in cheéking ‘the Campbell method. Such a procedure ocertainly
assails the significance of the method,for the ratio ranges from ,200 to
2,000 in individual cases. By taking the average of 50 insects in five tests
such variation is not apMnt, but what is the value of the method? There
is no constant relationship,

o

Table VII.. Ratio of arsenic in tism to arunic in excrement

Sample % fotal #% Soluble Average mg. Average mg. Fatio — No.worms

No. arsenic arsenio in Asx0z3 3

8 ’ tisste exerément
o) 28.2 305 .018 WO11 «OIIT 16
L 25.3 2,22 .008 " <020 2.5000 8
13 28.4 0.80 - W013 , 01l 1.0761 12

The ratio for gsmp]_.e No. l; was determined from the average of

eight wormg run in two tests.

DISCUSSION AND CONCLUSIONS

v The Campbell sandwich method allows error to develop in the dusting
of the lﬁdf discs, ‘In moving the leaf disc; under the dust jer currents of
alr are bound to dlsturd the even distribution of dust on the discs. The
balgnqo"tvai‘hble. for this work was accurate only to «1 milligram but by
weighing five cover ginses instead‘orrtv_m‘ this sou;§9 of error was greatly

reduced. In order to use this method satisfactorily one should have a balance
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accurate to 001 pilligram, to determine 1if the distribution of dust is even
on discs placed under various parts of the Jar and to increase the accuracy
of the actual weighing. With such accuracy slight differences in toxicity
could be readily determined. '

- The ability to make sandwiches and to measure plwtogmphie.pﬁ.nta
of leaf remants with a planimeter is readily sacquired with practice, end
oontributes very little to the error of the method.

. The Campbell method is very tedious, entailing a great deal of
menipulation and calculation to determine the M.L.D..for . single substance.
The very fact that it 1s’'so intensive increases its value,for a very small
nunber of insects (about 20) are sufficient for determining the M.L.D., if
éare' is used in feeding., The Carpbell method is also applicable to all
stomach poisons and all chewing insects which eat the edge from leaves.

It effords ’an‘ excellent ladoratory msthod for determining toxicity.

The ratio of arsenic in the ‘l_:i:suo to arsenic in the excorement is of
1ittle value as an index of toxicity. Individual tests have shown a variation
of .200 to 2.000 in the ratio. Of course this does not appear in the average
for a large series of insects, but what is the wvalue of an average based on
moh wide variables? Further, the method applies ogly to arsenical campounds
@A depends on the Gutzeit test which in itself 1s quite variadle, especially
in the ’mll amounts to be tested in ont toxieolog. l{ooro'l excellent
table of values for arsenicals might be quite different if he had repeated
hie experiments.,

The accuracy of the rosultc of these exparimentt are open to

queltion due principally to the scales used. FHowever, there is undoubtedly
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a oonsideradble difference in toxicity of sample 13 as compared with samples
9 end L, at least to the silkworn. The numerical values obtalned directly
from the sandwich method and the average with the Gutzeit tests are of |
importence only ss showing a difference. Samples L and 9 are no doubt very
nimilaf in toxieity. o ' ‘

It 1s lmpossible to correlate toxisity with per cent of lolume
o.rsenic‘or per cent of total arsenisc in this experiment. The inldication,
however, is that the toxicity of lead arsenate decreases with an increase in
the per cent of soludle artgnig. The per cent of total arsenic appears to
have no bearing on the toxicity of these semples. _

Campbell found the M.L.D. for acid lead arsenate to lie between .08
end +10 in & serles of tests and calls .09 mg./g of silkworm the M.L.D. FHe
used a sample of known purity whereas commercial compounds vary in their
composition. With a talance accurate to 001 milligrem, undoubtedly commerclal
~ semples of lead arsenate will be found to vary in toxicity, as irdicated by
this experiment. Possidbly the relation of hydrogen ion concentration to the
per cent of soluble arsenic has no bearing on toxieity due to other chemical
effects encountered in the insect stomach.

SUMMARY

Three brands of commercial lead arsenate exhibiting wide differences

to the gilkwornm as 1ts allmentary tract shows that hydrogen _1on, concentration,
A review of the literature shows only ome paper dealing with

hydrogen ion econcentration as 1t effects the per cent of soluble arsenic.
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- Uethods for determining toxicity of stomach polsons are also
reviewsd, -
| The Campbell “sandwich" method and the Lovett-Robinsan-Yoore method
| employing the ratio of arsenic in the tissue to arsenis in the excrement are
used for deternining toxicities. |

The arsenical ratio method 1s found to be based on such variables
.thaf ﬂ:a value as an index of toxiclty 1s quest:l_.qmble'.‘

The sandwich method is checked with Cutzeit arsenic determinations
and found to be more mccurate than the Cutzeit test, If a microbalance were
used 1t could determine very slight differences in toxicity of stomach
poisons. 7 N » ‘ ,
' To correlation s found between the por cent of total arsenic and
toxiecity. The n.mplo showlrng th_e lesv.l‘!»;vx:er cent of soluble arsenic is the most
toxic .ﬁ indicating that the problem is carplicated with othor factors. Iowever,

the fact remains that commercial lead arcenates do diffier in toxicity.
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