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N the following paper I will first give a résumé of what has
been done in the analysis of insecticides, showing which are
usually pure and which often adulterated, and laying particular
stress on the arsenical insecticides, which are of the most impor-
tance now on the market. ‘This will be followed by a series of
carefully-tested methods for the analysis of the more common
insecticides, with the results indicated.

Various groups of insects act harmfully on plants and require
special methods of treatment to kill them. Among these classes
of insects may be mentioned subterranean insects, household
pests, animal parasites, internal feeders, etc. The insects which
principally injure plants, however, and for which insecticides
are usually applied, are external feeders, which include ‘‘biting”’
and ‘‘sucking’’ insects.

For the first, or ‘‘biting’’ insects, some substance is used which
can be sprayed on the parts of the tree attacked, and then eaten
by the insect with its food. Such substances are Paris green,
Scheele green, London purple, lead arsenate and arsenite, bar-
ium arsenite, arsenious oxide, etc.

For the second group, or ‘‘sucking’’ insects, substances must
be used which will act externally on the bodies of the insects
and smother them either by closing their pores or filling the air
around with poisonous vapors. Among the latter insecticides
may be mentioned insect powder, sulphur, kerosene, hydrocy-
anic acid, carbon disulphide, amnmonia, formalin, etc. Experi-
ence has proved that a great many of the insecticides mentioned
above are nearly always pure as they occur in comuerce. There
are certain ones, however, which often show adulteration, among
them being cupric carbonate (impure because of faulty methods
of manufacture), potassium cyanide, potash lye (which is often
sodium hydroxide), formalin (which should be a 40 per cent.
solution of formaldehyde, but often is not), and most of the
arsenical preparations.
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I will not attempt to go into the adulteration of all the articles
mentioned above, but will lay particular stress on the adultera-
tion of the arsenicals. These include Paris green, Scheele
green, London purple, arsenious oxide, lead arsenate, white
arsenoid, pink arsenoid, green arsenoid, paragrene, etc.

Paris green is supposed to be copper acetoarsenite and to con-
tain 31.29 per cent. copper oxide, 58.65 per cent. arsenious
oxide, and 10.06 per cent. acetic acid.

Scheele green is supposed to be copper hydrogen-arsenite and
to contain 42.37 per cent. copper oxide, 52.32 per cent. arsenious
oxide, and 4.81 per cent. water.

London purple is a by-product in the manufacture of the ani-
line dyes and is thought to be composed mainly of calcium arse-
nite with some coloring impurity, mostly rosaniline arsenite.

Besides London purple there are two other preparations,
Paris and English purple, which have practically the same
composition.

Of course arsenious oxide should be nearly pure, but in the
crude state it may contain from 8 to 10 per cent. of cinders and
other impurities,

White arsenoid is supposed to be barium arsenite; pink arse-
noid is supposed to be lead arsenite; and green arsenoid is sup-
posed to be copper arsenite:

Paragrene is a patented article which is said to be free from
the objectionable features of Paris green, in that it never scorches
the foliage.

Excepting the arsenious oxide, all of the above preparations
may be, and often are, adulterated in one of three ways:

1. Some colored substance may be used to represent the com-
pound, which will contain none of the elements which should be
in the true compound. For example, samples have been ana-
lyzed which were labeled Paris green, but which contained
neither arsenious oxide nor copper. Such imitations are usually
harmless to the plant, but are equally harmless to the insect.
Such a fraud as the above was noticed at the Alabama Station,®
where a sample, called Paris green, was found to be composed-
of Prussian blue, chrome-yellow, and some inert substance, such
as clay or chalk.

1 Bulletin No. 58.
10-22
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2. Some substance or substances may be added to the insecti-
cides to increase tlieir weight or to change their color, for use in
making pigments. For example, Paris green is often adulter-
ated with calcium sulphate, calcium carbonate, lead chromate,
etc. 'This second form of adulteration is practiced more often in
Germany than in Anierica,.

3. There may be arsenical insecticides containing a low per
cent. of arsenious oxide in combination. It will be noticed that
I say in combination. Many of the insecticides contain encugh
arsenic to include them in the class of high-grade articles, but
this arsenic is often not in combination as it should be, but
present as free arsenious oxide, thus forming a substance which
will scorch the foliage of the tree.

The last of these three forms of adulteration is the most com-
mon in America, and must be considered as a fraud when we
remember that free arsenious oxide not only scorches the foliage,
but is usually much cheaper than the compound, which ought
to be present. Sometimes it appears that the free arsenious
oxide is added purposely ; sometimes it is free because of faulty
methods of manufacture,

Paris green, or copper acetoarsenite, has been repeatedly
analyzed at the New Jersey Argricultural Experiment Station,’
and has been found to range in percentage of arsenious oxide
fromn 41.54 to 68.59 per cent. The excessively high percentage
of arsenious oxide indicates that this cheaper substance had been
added to the Paris green. Again, a sample of Paris green has
been recently analyzed at the California Agricultural Experiment
Station,® which contained 31.25 per cent. copper oxide and 52.90
per cent. arsenious oxide, but 23.60 per cent. of arsenious oxide,
ornearly one-half, wasin the free state. There were, besides, small
amounts of impurities, including lime, soda, silica, sulphur
trioxide, zinc oxide, etc. 'This most likely represents a sample
where faulty methods of manufacture were used.

Another sample of Paris green, analyzed at the New Hamp-
shire Station,” was found to have the following composition :

1 Report, 1897. pages 397.492.
2 Bulletin No. 126.
$ Bulletin No. 43.
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Per cent.
Arsenious oxide (does not say whether free or combined).. 30.00
Insoluble in hydrochloric acid.«cvevvivvneviiniiiiaieionen 43.30

This insoluble portion was composed mainly of silica and
oxides of iron and alumina, thus indicating that clay was the
adulterant used.

Again at the Massachusetts Hatch Experiment Station,’ two
samples of so-called pure Paris greens were analyzed, which,
not including various small amounts of impurities, had the fol-
lowing compositions :

Per cent. Per cent.

Water 8t T00% e veetvversnvenrsnorenrnanenns 5.00 4.29
Arsenious oxXide . eer vt iiiiiiiiiiiiiinas 58.44 63.98
Copper oxide  eierierire ittt iariaines 8.30 6.60
Calcium oxide v tveiiiiiiiiiiiervinriennnns 14.50 15.98
Sulphur trioxide «vvvvvvvee i, 7.56 5.80

The above analyses, of course, show adulteration with calcium
sulphate. Samples of Paris green analyzed in Germany have
been found to contain calcium sulphate, barium sulphate, lead
chromate, lead sulphate, calcium carbonate, etc. One especially
contained 25 per cent. of barium sulphate and 6.56 per cent,
of lead chromate.’

As to Scheele green, the same adulterants are found as in
Paris green. In a sample which I have just analyzed, the ar-
senious oxide and copper oxide appear in nearly theoretical pro-
portions, but 17 per cent. of the arsenious oxide is in the free
condition, thus making the sample worthless, unless previously
treated with lime.

As to London purple, a sample analyzed at the New Jersey
Station showed the following composition :

Per cent.
VAT ¢« s vaessoasasasossnnsasnssssasnsosnsasansassssans 3.27
Arsenions OXide ere cvretint tttitt ittt erer ittt aresaanas 41.44
Caleium OXide teovieiereteie tivnvsrsrsssssasnnsesonanes 24.32
Aluming and 1r0fmeees svee oot vnrsresrsrvasssnssasasnss 3.37
Sulphur oI e vt e vt et tite st sttt st e 0.31
Dye by difference. e cieiiiiiieiiiiiiiiiiiiissienaes. 27.97

The arsenic in this sample was found to be present in the
form Ca,(AsQ,),, or the normal arsenite, but about 15 per cent.

1 Bulletin No. 38.
2 Stillman: Chem. News, 8o, Nos. 20,087 and 20,088,
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was soluble ; therefore, although this sample was not adulterated,
the analysis shows very careless making, as the manufacturers
could just as easily have boiled with enough lime in the begin-
ning. The process of manufacture, by the way, is to boil a
waste product consisting of dye and arsenious oxide with lime, to
make the insoluble calcium arsenite. Samples of London purple
have been analyzed at the Cornell Station,’ South Carolina
Station,’ the Florida Station,” and elsewhere, and wherever sol-
uble arsenious oxide was determined it was found to be present
in large amounts. It will also be easily seen that, owing to the
intense color of London purple, various substances might be
added to increase the weight without being perceptible to the
naked eye.

White arsenoid, which is supposed to be barium arsenite, has
recently been analyzed at the California Station* and found to
possess the following composition :

Per cent.
Barilltm CarDORAte  «eeeresres cove seannase sansonnnansees 44.05
Barium chloride e e cvee trerronernvoneriosnrsansencnns 13.03
Bariting OoXide . cev e et i sneenaearsoiintone ienaneons 8.18
Arsenious oxide, free . v vveereenerrnri it 27.64
Toead Carbonate. cvee vivr vt it i e e s 1.86
SIlI1CA ¢t to vuitnsnatasnonaasensvonesnsacrasssss sneenarsas 0.20
AV AT oo v e ve e ettt sonnnesannas toce nassinsoanoneaane s 4.00

It will be seen that the only substance giving to this prepara-
tion any value as an iunsecticide is arsenious oxide, and since
this is in the free state, it is harmful to the foliage. The barium
salts are present only to give weight.

Pink arsenoid is supposed to be lead arsenite. A recent
analysis made at the California Agricultural Experiment
Station’ showed that it had the following composition :

Per cent.
Tead OXIde: veeerteinenetens tenenneroinvasernnonenetonnans 49.58
Arsenious oxide, combined..-¢ oiiiieii il Liii et 40.02
Arsenious oxide, free «vvevrrvireir i ittt e 3.24
T ) PP 0.31
Organic matter from aniline residue and lead sulphate.... 6.85

1 Bulletin No. 18.

2 8. C. Report, 1888, page 142.

3 Florida Station Bulletin No. 14.
4 Bulletin No. 126.
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This preparation is evidently unadulterated and has given
very good results.

Green arsenoid, or copper arsenite, analyzed at the California
Station,' showed the following composition :

Per cent,
Arseniols OXIide «cvvretvrerei ettt otntacastosnasssnnns 61.33
Copper e - 16 C= T 28.83
W At s e aeearasoasassosasasassasssasnsasssssnssssnssans 2.77
F 38 e T 0.40
Organic material, sodium sulphate, etc, «vovvvievonin 6.67

7.82 per cent. of this arsenious oxide was soluble.

Paragrene has also recently been analyzed at the California
Station and found to owe its poisonous properties mainly to ar-
senious acid and copper oxide. It contains 23.46 per cent. cop-
per oxide and 40.60 per cent. of arsenious oxide, but 23.08 per
cent. of this is free. It also contains 19.31 per cent. of gypsum
to add weight. The preparation is therefore harmful to the
plaut.

In the Canada Experimental Farm Report of 1895, page 220,
mention is made of lead arsenate. This substance is obtained
by the action of sodium arsenate on lead acetate. It is there
stated that there is no reason lead arsenate so manufactured
should contain impurities, but that it often does, however,
because of the original linpurities in the sodium acetate, a by-
product obtained in the manufacture of aniline dyes.

Arsenious oxide, because of its method of preparation, may,
in the crude state, contain from 2 to 10 per cent. of arsenious
sulphide and ore dust as impurities, it being usually prepared by
roasting mispickel or tin ores.

I must not leave this subject without calling attention to two
insecticides, called respectively ¢ Peroxide of Silicates’’ and
“ Hammond’s Slug Shot.’’ The first, on analysis at the Vermont

Station,” was shown to have the following composition :

Per cent,
IV AT c o cves svsnatonss suns sanessasassnssaassnnsnssssnns
Arsenions OXIde co et tivetnes terenns sttt snanerossssensas
Copper e L6 =Y
T ATII® ¢ v e v e vnnoeoasssnnsssnnesonssssnsses sanasaonnanns
Sulphur trioxide . vveeviiiii il
Ferric oxide and aluminum oxide
Y% 5 o N
Organic and volatile matter..oevevriivrisiieneieninns

1 Bulletin No. 126.
2 Bulletin No. 12.
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It is needless to sayv that this sample, composed nostly of cal-
cium sulphate, did not give good results.

“ Hammond’'s Slug Shot,”’ by an analysis made at the Ver-
mont Experiment Station,’ was shown to have the following
composition :

Per cent.
Water of hydration ........................................... 14.76
ArSenions OXIA@ e coranerorntrnreorsesossseneasesesaeansaans 1.58
CUPLIC OKIAE ¢veern crte iein e e i e e e 0.60
TATILE v e vt te e oo ea teeaon taate ae e e e e s 30.24
Sulphur trioxide . vevn it vi i i e 43.02
Ferric oxide and aluminum oxide..eververstiiiiiiiviiieiaas 0.79
Sodinm Chloride . oo tert oo tnttneen tastasoenscanssnns e anas 2.83
B o3 £ T ) =S 1.38
Organic and volatile matter (mostly dead oil by difference)..... 4.79

Here again it will be seen that in buying the above substance
one is paying a pretty good price for an article composed almost
entirely of calcium sulphate.

I have gathered together a bibliography of the arsenical in-
secticides, of which the examples presented above form only a
small fraction. These are, however, fairly representative of the
different classes of adulterants.

ANALYSIS OF INSECTICIDES.
(Paris green and Scheele green.)

Recently it became necessary for me to make analyses of
various arsenical insecticides, but on looking up the matter I
found that few good methods had been published. Many of the
Stations had partially analyzed these substances, but even the
methods employed in these partial analyses were not given. I
therefore decided to test soine of the few more promising methods
which are known, and where methods were not known, try to
work them out on the following substances: Paris green, Scheele
green, London purple, and white arsenic.

An analysis of Paris green would include determinations of
total and soluble arsenious oxide, copper oxide, moisture, acetic
acid, and matter insoluble in dilute hydrochloric acid. An
analysis of Scheele green would include determinations of all
the substances named above, except acetic acid. An analysis

1 Bulletin No. r2.
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of white arsenic would, of course, include only the determina-
tions of water and total arsenious oxide to ascertain the purity.

A determination of the moisture in Paris green is made in the
usual way by drying for twelve to fifteen hours, at the tempera-
ture of boiling water. On two samples the results were :

A, B.
Per cent, Per cent.
IMOIStULE e ve tetesans tansessnsssnssasanarnsns 1.30 0.99

1. For a determination of the total arsenious oxide, I first
tried the well-known method, as given by Fresenius, of dis-
solving in hydrochloric acid, oxidizing to arsenic acid with
potassium chlorate, driving off the chlorine at a gentle heat,
making ammoniacal, precipitating with magnesia mixture, filter-
ing and washing in a Gooch crucible, putting a cap on the cruci-
ble drying first at 100° and then at 130° C., heating on a sand-bath,
then on an iron plate, and finally heating over the blast-lamp and
weighing as magnesium pyroarsenate. This method, however,
in the first place, is very long because of the time taken in get-
ting rid of the chlorine and in igniting the precipitate by degrees;
secondly, there is great danger of loss of the arsenic, as arseni-
ous chloride ; and thirdly, the precipitate of ammonium magne-
sium arsenate is somewhat soluble in the ammonia wash and
has not quite the theoretical composition. After obtaining
rather varying results, this method was abandoned.

2. I next tried to determine the arsenic by the following
method : Oxidize the Paris green in a small flask, closed with
a funnel on the steam-bath, by means of fuming nitric acid.
Pour out in a dish and evaporate to dryness; take up with
hydrochloric acid and proceed as in the first method, finally
weighing the arsenic as magnesium pyroarsenate. This plan
shortens the time necessary to determine the arsenic and rids
one of the danger of loss as arsenious chloride, but there is still
present the third source of error, mentioned above. Proceeding
in this way, I obtained the following results on two samples of
Paris green (‘A and B''), and on a sample of dry, chemically

pure arsenious oxide:’

1In every case where the arsenic was weighed as magnesium pyroarsenate, a cor-
rection was made of 0.0008 gram magnesium pyroarsenate, for each 30 cc. of ammoniacal
filtrate containing an excess of magnesium mixture as suggested by Fresenius,
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Arsenious oxide.
Per cent.

Paris green, “AM .ot i e <
Paris green, “B e ieiie ittt i <
Arsenions 0xide, C.o P errrierenrtireniereenieen o, £99.33

3. I next tried a method suggested by Thorn Smith.! As
described by himself, the method is as follows :

““Two grams of Paris green are weighed out and about 100
cc. of water and 2 grams of sodium hydroxide added. The
solution is brought to a boil and the boiling is continued for a
few minutes (thus precipitating copper as cuprous oxide). It is
then allowed to cool to room temperature and the solution made
to 250 cc. The well-shaken liquid is filtered through a dry fil-
ter and 50 cc. taken for analysis. This portion is concentrated
to about one-half ofits volume and allowed to cool to about 80°C.
An equal volume of strong hydrochloric acid is then added,
accompanied by 3 grams of potassium iodide, and the whole
allowed to stand for ten minutes (to reduce the arsenic oxide to
arsenious oxide). The deep red solution is slightly diluted with
water to dissolve the precipitate caused by the potassium iodide,
and a dilute solution of sodium hyposilphite added, until the
color just disappears. This solution is then made neutral by
the addition of dry sodium carbonate and finally an excess of
sodium bicarbonate is added. Tenth normal iodine is dropped
in and the end reaction noted by the starch solution,”’

In applying this method, I used one or two precautions, not
mentioned by Smith ; namely, instead of making neutral with
dry sodium carbonate and very likely getting in an excess, I
added dry sodium carbonate until the bubbles came off slowly,
showing that the acid was really neutralized, and then sodium
bicarbonate to neutrality and some in excess. This was done,
because if any free sodium carbonate is present it will itself act
on the iodine solution. Again, after using up the iodine which
was set free in reducing the arsenic to arsenious oxide by sodium
hyposulphite, the solution was iminediately diluted, since the air

1This Journal, 21, 769.
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is apt to act on the hot, concentrated solution of hydriodic acid
and set free somne iodine if this is not done.!

On applying this method to the two samples of Paris green
(‘“A’" and ‘‘B’’) and the dry, chemically pure arsenious oxide
the following results were obtained:

Arsenious oxide.
Per cent.

3 CCAY 5685
Paris green ‘A cooiiiiiiiiiiiiiiiiiiii it 26,08

Pari 0 5763
aris green 3743

I00.10
Arsenious oxide, C. P2t viiiiiiiiiiiiiiiiiiiiiianns {IOO.IO

99.86

It will not be out of place here to speak of the standardization
of the iodine solution, since it is upon the correctness of this stand-
ardization that the accuracv of the above method depends. A
great many text-books give the following method for standardi-
zing the jodine solution :

Weigh out a small portion of dry, chemically pure arsenious
oxide, dissolve in sodium hydroxide, make slightly acid with
hydrochloric acid, and then add an excess of sodium bicarbon-
ate. Run in the iodine solution, using starch as an indicator,
until the blue color appears.

I used this method of standardizing at first, but it soon
seemed to me that perhaps it was not correct, since the literature
on the subject speaks of the alkali arsenites being partially
oxidized to the ‘‘arsenates’” upon boiling the solution, exposed
to the air. I therefore used a dry, chemically pure portion of
arsenious oxide and carried it through by the Thorn Smith
method, standardizing my iodine solution against the arsenious
oxide, as finally reduced by potassium iodide. In every case,
I found that on adding potassium ijodide to the hydrochloric
acid solution of the arsenite some iodine was set free, showing
that a small amount of arsenate had been formed, which should
be reduced before running in the iodine solution.

Applying these two methods to an approximately tenth-normal

1 Gooch and Browning : Am. J. Sci., 40, 66 (1890).

2 The jodiue solution for the determinatiou of arsenic trioxide in the chemically
pure arsenic trioxide was not standardized against arsenious oxide, but against sodium
hyposulphite, which had in turn been standardized against the amount of iodine set
free, when potassium iodide acts on a weighed quantity of potassium dichromate in the
presence of hydrochloric acid.
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iodine solution, I obtained by the old method of standardization
I cc. iodine solution = 0.012607 gram iodine, and by the Smith
method of standardization 1 cc. iodine solution == 0.012484 gram
iodine. It will at once be seen that the errors caused by the
sodium arsenite partially oxidizing to sodium arsenate is larger
than should be allowed in a standard solutiou.

A determination of the copper oxide in Paris green was made
in the following well-known manuer:

The cuprous oxide obtained in the Thorn Smith method by
boiling the Paris green with sodium hydroxide was poured on
the filter (after taking an aliquot portion of the solution for the
determination of arsenious oxide) and well washed with hot
water. It was then dissolved with hot dilute nitric acid and
made to a volume of 250 cc., one-fifth being taken for analysis.
The copper in solution was determined either by means of the
galvanic current or, when that was not handy, in the following
manner :

The nitric acid solution was made alkalinie with sodium car-
bonate, then made slightly acid with acetic acid, and about ten
times the weight of the copper in potassium iodide added.
When it was all dissolved, the free iodine was titrated with a
standard solution of sodium hyposulphite, using starch as indi-
cator. The full details of this niethod are given in Sutton’s
‘“ Volumetric Analysis,”’ third edition, page 133. The results
on the two samples of Paris green by this method wereas follows:

Cupric oxide.
Per cent.

, (29.79
Paris green “AM ittt ittt i 30.37
30.15
_ (29.79
Paris green “‘B” ccoviiiii it iiiiin i 129.79
29.79
The figure for acetic acid in Paris green is usually obtained
by subtracting the sum of total arsenious oxide, water, cupric
oxide, and residue left after treating with dilute hydrochloric
acid, from 100.
As to the determination of soluble arsenic in Paris green, I
could find very little in the literature on the subject which was
of any value. I therefore tried several schemes:
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1. I weighed 1 gram of Paris green on a filter-paper and
washed it with cold water. Fach time 200 cc. were obtained,
sodium bicarbonate was added and the solution titrated with
iodine solution. After about 2,000 cc. of wash liquor had been
used the filtrate was still slowly gaining in arsenious oxide. The
method was therefore abandoned as impracticable.

2. T weighed out several 1-gram samples of Paris green and
treated these in Hasks with 500 cc. of water. The flasks were
stoppered and occasionally shaken each day. Every few days
an aliquot portion of 100 cc. was filtered off from one of the
flasks and the arsenious oxide titrated with iodine after the ad-
dition of sodium bicarbonate. The results on the samples of
Paris green (““A” and “‘B”) were as follows:

Arsenious oxide

Time. extracted.

Days. Per cent,
Paris green “AM.cceieeiiiiiiiiriiiiiaaen. 2 1.0I
o w e e 4 1.68
B ¢ o it arnesnnssnsnnesaaans 8 2.69
¢ ‘o i e nesearaesasannncnes 11 4.02
“ ¢ i ieeerrastntansaaaanas 14 4.02
¢ ¢ L £ 9 3.41
‘o e L PPN 12 4.86
TNT i e e s 14 4.86

It will thus be seen that this method finally gave constant
and very likely correct results. It is rather long, but very little
attention or time had to be given after the first weighing out.

3. To expedite matters, I next tried the following method for
determining the soluble arsenious oxide. One-half gram of
Paris green was weighed out, placed in a flask and treated with
about 200 cc. of water. This was digested with occasional
shaking on the water-bath at 50° to 60° C., and each day all of
the water poured off through a filter, and, after returning all of
the substance from the filter to the flask, a fresh portion of water
was added and the digestion continued. The arsenious oxide
was determined by means of a standard iodine solution. The
results on the samples of Paris green (““A’’ and ‘‘B’’) were as fol-
lows:
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Time. Arsenious oxide extracted.
Days. Per cent.
Paris green “A”. ... 1 3.41
e e e e 2 3.41 4 2.14 = 5.55
“ “ i i vanen 3 555+156: 7.11
¢ e e 4 7.TI+I,I7: 8.28
“ “ e 5 8.28 4 1.26 = ¢.54
£ ¢ i i 6 9.54 + 1.56 = 11.T0
R EEEEEPPRRRRE: 7 Still gaining.
‘e ¢ B et I 2,24
“ o i eerosans 2 2_24_{_1'46: 3_70
¢ ¢ s v s 3 3'70+ 1_26: 496
¢ “ e e 4 4.96 +1.17= 6.13
o o i e 5 6‘13-—{—1.17: 7.30
e ‘e e 6 7.30+ 1.56 = 8.86
e ‘e B e 7 Still gaining.

It will thus be seen that a hot extraction can 1ot be used,
since the Paris green either breaks up or goes into solution in
the presence of hot water, the amount of arsenious oxide going
into solution each day being finally nearly constant.

The same methods for determining the constituents of Scheele
green were used as those for Paris green mentioned above. On
one sample the moisture was 5.27 per cent.

The total arsenious oxide was as follows:

By Method 1. Oxidation with HCland KClO;....... Not tried
By Method 2. Oxidation With HNOj ««cveerverne.es. {gggg
By Method 3. Thorn Smith..veevsevunereiiiiiiiananns {gig?

The determination of the cupric oxide by the method men-

tioned above gave the following results:
[38.04
138.23

The soluble arsenious oxide determination gave the following
results by the various methods:

1. Washing on filter. Not tried.

2. Extracting with 500 cc. cold water :

Cupric omide «ovvvvvr i s

Time. Arsenious oxide extracted.
Days. Per cent.
o T 13.09
o T T 14.30
L& IR R R R R ) 16.26
3 16.73
e T S 17.82
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3. Extracting with water at 50° to 60° C.:

Time. Arsenious oxide extracted.

Days. Per cent,
T teaeensnosasannsoaanssanesans 13.43
2 ieeeeeniaeeeaanes IETERRRRS 13.43 4+ 3.70 = 17.13
B ee e ettt 17.13 4 1.85 = 18.98
T 18.98 4+ 0.87 =19.85
§ ereeeeraeatet ettt 19.85 4 0.78 = 20.63
B et 20,63 4 0.58 = 21.21
ettt eier st easieats e 21.2I 4 0.49 == 21.70
- 21.70 4 0,39 = 22.09
Q t e e eirr e e 22,09 4 0.39 = 22,48
TO tovensvnnnan nnsnnsanansencns 22.48 + 0.39 =22.87
TT covnnetones satesnanne-nneens Still gaining.

Froin the above work I would draw the following conclusions:

I. Water can be determined in Paris green and Scheele green
by drying at the temperature of boiling water for twelve to fif-
teen hours.

2. The best method for determining the total arsenious oxide
in Paris and Scheele greens is the Thorn Smith method, marked
3 above.

3. The best method for determining the soluble arsenious
oxide in Paris and Scheele greens is by extracting with 500 cc.
of water at room temperature.

4. Hot water extraction can not be used to extract soluble
arsenious oxide.

5. A good method for determining copper in Paris and Scheele
greens is the volumetric method based on the titration of the
iodine set free from potassium iodide by a copper salt in acetic
acid solution.

Appended is a condensed statement of the work domne:

Total arsenic.

-
Oxidation Oxidation Method of
with potas. with nitric Smith.

Water, sium chlorate. acid.

Per cent. Per cent. Per cent,
Paris green ““A"...... 1.30 Abandoned 56.03 56.90
Paris green “B”...... 0.99 o 56.69 57.54
Scheele green «vvvvvne 5.27 ¢ 50.66 51.33

Arsenious oxide, C. P. None ¢ 99.25 100.02
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Soluble arsenious oxide.

Wash on j500cc.cold Waterat Cupric Insoluble in

filter. water, 50°-60° C.  oxide, hydrochloric
Per cent. Per cent. acid.
Paris green “‘A”...... Abandoned 4.02 11.I04 30.07 None
Paris green “B"...... o 4.86 8.86+ 29.79 None
Scheele green.... . .. o 17.76 22,87+ 38.14 None
Arsenious oxide, C. P. None

A continuation of this paper will appear during the next few
months, which will have for its object the creation and improve-
ment of the methods of estimating the various constituents of
London purple as well as a study of the improved method of
estimating arsenic gravimetrically by Martha Austin,' which
has only come to my notice since the above work was completed.

THE DETECTION OF COAL-TAR DYES IN FRUIT PRODUCTS.

By A. L, WINTON.
Received July 2, 1goc.

OON after its discovery fuchsine came into use for color-
S ing wines and replaced to alarge extent the vegetable dyes
which from very early times had been employed for this purpose.
More recently various other coal-tar dyes, particularly the azo-
colors, have been extensively used in wines although fuchsine
and acid fuchsine are still preferred by some makers.

Within the past few years the use of coal-tar dyes in articles of
diet has attracted the attention of food analysts in the United
States. Iu the case of confectionery, pastries, and some other
products they serve nierely to render the articles more attractive
to the eye without deceiving the purchaser, butas arule they
give imitation products the appearance of the genuine or, to use
the legal phraseology, ‘‘they make the products appear better
or of greater value than they really are.”

Sonie of the results obtained by Winton, Ogden, and Mitchell,
in the examination of foods at the Connecticut Agricultural
Experiment Station, illustrate the fraudulent use of dyes. In
1898, sixty-three samples of jellies purporting to have been made
from fruit were examined, and of these, twenty-eight were spur-
ious mixtures colored with coal-tar dyes. Some of the most
remarkable saniples, labeled ‘strawberry jelly, raspberry

1 Zischy. anal. Chem., 23, heft 2.



