
Also, with the flask remaining upright 
during a combustion, the platinum 
holder formed a bottom beneath the 
sample. The last fragment of the 
sample burned away upon it rather than 
falling into the solution. The perfora- 
tions in the holder were adequate for ad- 
mitting oxygen and still alloiving for 
sufficient contact between the metal and 
sample. If the sample was not com- 
pressed in the platinum holder. a flame 
large enouqh to contact the glass or 
metal resulted and carbon was formed. 
Such samples \\rre discarded. Sor -  
mallv after absorption of gases, the solu- 
tion in the flask (without color reagents) 
showed an absorbance of 0.005 to 0.02 in 
a 2-cm. cell \vith distilled water as the 
reference. 

The burning characteristics, solvent 
rcsistance, sealability, and chlorine con- 
tent of about 20 plastic films were inves- 
tigated. Cellulose acetate (S-GOO) was 

the most satisfactory. It is resistant to 
the solvents commonly used for extrac- 
tion of residues with the exception of 
acetone which dissolves it. The blank 
value of the cone and fuse was about 11 y 
as chloride. The cones did not leak 
when made according to the procedure. 
Heat-sealing was necessary to form a 
tight seam in order that the solvent seal 
Lvould be leak-proof. The capacity of 
the cone is 5 ml. 

The flask, platinum holder, and 
balloon were rinsed thoroughly with dis- 
tilled water after each combustion. The 
balloon was replaced after about 25 
combustions. The standard curve fol- 
lo\vs Beer’s law as long as the mercuric 
thiocyanate solution remains saturated. 
This solution is best prepared by heating, 
with agitation, an excess of powdered 
mercuric thiocyanate in absolute ethyl al- 
cohol and allo\ving it to settle for 48 hours 
before use. The clear solution and solid 

Determination of Small Amounts 
of Arsenic in Potatoes. Extraction 
and Reduction of Molybdoarsenic Acid 

mercuric thiocyanate should be mixed, 
heated, and allowed to settle once every 
2 weeks during use. The method should 
be applicable to the determination of 
residues of other chlorinated pesticides. 
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A method is  presented for the determination of small amounts of arsenic in potatoes. 
Potato tissue is ashed with magnesium nitrate and the ash dissolved in acid. Acid- 
molybdate is added, followed by extraction with a 1 -butanol-chloroform mixture to remove 
interfering phosphorus as molybdophosphoric acid. The aqueous solution i s  extracted 
with 1 -butanol to remove arsenic as molybdoarsenic acid. A simple procedure is then 
used for adjusting acidity and reducing to the heteropoly blue with stannous chloride in 
ethyl alcohol. The effect of varying the concentration of acid and reducing agent on the 
blue color is shown. Silicon interference can be reduced 
by use of a 1 -butanol-ethyl acetate mixture for extraction of molybdoarsenic acid. The 
method, used to determine possible traces of arsenic in potatoes resulting from the applica- 
tion of sodium arsenite to kill potato vines and weeds, yields an average recovery of 
94.1 %. 

Silicon causes some interference. 

MODIFICATION of the procedure of A Akkseev ( 7 )  is described by Wade- 
lin and Mellon (!?) for the removal of 
phosphorus prior to determinirg arsenic. 
Sodium molybdatr in hydrochloric acid 
is added to a solution containing phos- 
phate and arsenate ions to form the re- 
spective molvbdic acids. Successive ex- 
tractions of the solution with a l-butanol- 
chloroform mixture remove interfering 
phosphorus as molybdophosphoric acid. 

Arsenic is then removed as molybdoar- 
senic acid by extraction with butanol. 
I t  is determined bv ultraviolet absorptio- 
metric measurement of 12-molybdo- 
arsenic acid. The method is not quite 
sensitive enough for determining traces 
of arsenic in biological material. 

In this paper. the method of TVadelin 
and Mellon is used to separate phos- 
phorus and arsenic contained in an acid 
solution of potato tissue-magnesium 

oxide ash. 4 sulfuric acid-ethyl alcohol 
solution is then added to the 1-butanol 
followed by a solution of stannous chlo- 
ride in ethyl alcohol Lvhich reduces 
molybdoarsenic acid to the heteropoly 
blue. Spectrophotometric measurement 
is then made of the blue color at 740 mp. 

Method 

to 50 y of arsenic.) 
Preparation of Standard Curve. (0 

Pipet 0-, 2- ,  4-, 6 - ,  
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Table 1. Effect of Phosphorus and 
Silicon on Recovery of Arsenic 

from Synthetic Solutions 
Added, -r ADporenf 

As P Si as Found 

1 -Butanol-Chloroform Extraction of 
Phosphorus. 1-Butanol Extraction 

of ArseniL 
0 5000 

15 5000 
30 5000 

1 . 3  
17.1 
31 . O  

1 -Butanol-Chloroform Extraction of 
Phosphorus. 1-Butanol Extraction 

of Arsenic 
0 1000 50 1 0  

15 1000 50 17 5 
30 1000 50 33 5 

1-Butanol-Chloroform Extraction of 
Phosphorus. 1-Butanol-Ethyl '4ce- 

tate Extraction of Arsenic 
0 1 ono so 0 6  ~ . . .  .. 

15 1000 50 17.7 
30 1000 50 31.6 

1 -Butanol-Chloroform Extraction of 
Phosphorus. 1-Butanol Extraction 

of Arsenic 
0 5000 450 8 2  

15 5000 450 21 0 
30 5000 450 37 3 

1-Butanol-Chloroform Extraction of 
Phosphorus. 1-Butanol-Ethyl Ace- 

tate Extraction of Arsenic 
0 5000 450 5 , 5  

15 5000 450 18 .3  
30 5000 450 35.5 

8-, and 10-ml. aliquots of a solution 
containing 5 y of arsenic per ml. [pre. 
pared by dilution of an arsenic stock 
solution (Z) ]  into a series of 250-ml. 
Squibb separatory funnels. Add water 
to make up the total volume to 50 ml. 
Treat each sample separately from this 
point through color development. Add 
25 ml. of a 2 S  hydrochloric acid solution 
containing 0.03 gram of sodium molyb- 
date per ml. Pour into the funnel 50 
ml. of a 1 and 3 by volume mixture of 
1-butanol-chloroform. Shake for 30 sec- 
onds and allow the layers to separate. 
Discard the lower layer and repeat the 
extraction with 1-butanol-chloroform 
'three times more, discarding the lower 
layer each time. Add exactly 20 ml. of 
1-butanol (117O to 118.5" C.) to the 
aqueous solution and shake for 30 sec- 
onds. After the layers have separated 
discard the lower aqueous layer and 
drain the 1-butanol layer into a 50-ml. 
Erlenmeyer flask. Add exactly 2 ml. of 
a 1 2 5  sulfuric acid solution in 9570 
ethyl alcohol (U. S. Industrial grade) and 
mix. Add 0.5 ml.ofasolution containing 
2 mg. of stannous chloride dihydrate per 
ml. of ethyl alcohol. Stopper and mix. 
After 15 minutes, measure the absorb- 
ance at  740 mp using a 1-cm. cell with 
1-butanol in the reference cell. 

Analysis of Potatoes. The method of 
Evans and Bandemer ( 5 )  is used for the 
ignition of potato tissue with magnesium 
nitrate. Remove soil, etc., from the 
surface of the tubers which may contair. 
arsenic. Thoroughly blend a repre- 
hentative sample of potatoes in their own 
liquid. Fold a disk of 12..5-cm. diameter 
vegetable parchment paper as for filter- 
ing. The second folding should, how- 
ever, be made so that the resulting cone 
will just fit inside the crucible and not 
tip over. Fold the tip of the cone back 
and fit the truncated cone into a No. 4 
Coors porcelain crucible. Then fold a 
similar disk of No. 40 \.\'hatman filter 
paper and fit it inside the parchment disk. 
Weigh into the filter paper 1 5  grams of 
potato tissue from the blender. Blend 
sufficient tissue so that the sample may 
be taken from the top of the mix, while 
the blender is operating. This prevents 
the separation of solid and liquid in the 
samFle. .4dd 6 ml. of saturated mag- 
nesium nitrate solution and mix well 
with the tissue using a thin stirring- rod. 
For recovery studies, an appropriate 
aliquot of the arsenic standard solution is 
also added at this point and mixed in. 
Rinse any tissue remaining on the stirring 
rod back into the filter paper with a few 
drops of water. Evaporate to dryness on 
a steam bath. Ignite in a muffle furnace 
by placing in the cold furnace. slowly 
raising the temperature to 600" C., and 
heating overnight at this temperature. 
A light? white ash is obtained. 

Wet the ash with water and add suf- 
ficient 4-i' hydrochloric acid solution to 
just dissolve it. By adding the acid 
dropwise with intermittent stirring: about 
12 ml. are required. Transfer the solu- 
tion quantitatively to a 50-ml. volu- 
metric flask. Adjust the pH of the solu- 
tion to between 5 and 9 tvith 1 M sodium 
hydroxide. Make up  to volume with 
water and mix. Pipet a 25-ml. aliquot 
of this solution into a 250-ml. Squibb 
separatory funnel and add 25 ml. of 
water. Proceed as in the preparation of 
the standard curve. 

Results and Discussion 

A Model 1740 Temco muffle furnace 
equipped with a Wheelco Model 404 Ca- 
pacitrol indicating temperature con- 
troller was used in the ignition procedure. 
The temperature was slowly raised to 
600" C. over a 4- to 5-hour period and the 
crucibles were cooled down slowly after 
ignition. 

If the procedure of LYadelin and Mel- 
lon is used, the aliquot of ash solution 
cannot contain more than 2 mg. of 
phosphorus. In  the above procedure 
the volumes of reagents are increased by 
a factor of 2.5 in order that a larger 
portion, 25 ml., of sample solution can be 
taken. The upper limit for phosphorus 

which can be removed is, therefore, 5 
mg. .4n absorbance of 0.123 was ob- 
tained when the extraction of 6 mg. of 
phosphorus was attempted in the absence 
of arsenic. IVooster (70) gives the ap- 
proximate phosphorus content of raw, 
white potatoes as  56 mg. per 100 grams. 
A 25-ml. aliquot of the ash solution there- 
fore represents 7.5 grams of potato or 
about 4.2 mg. of phosphorus. 

Four extractions Lvith l-butanol-chlo- 
roform are necessary to remove virtually 
all of the phosphorus. An absorbance of 
0.016 (Table I )  was obtained when a 
solution containing 5 mg. of phosphorus 
was extracted four times with 1 -butanol- 
chloroform. The absorbance was 0.041 
when only three extractions were used. 
Three extractions are sufficient if larger 
quantities of arsenic are determined as in 
the IYadelin and Mellon procedure. 
The effect of reagent grade in place of 
technicil chloroform is only that of re- 
ducing the amount of interfacial cuff 
during the extraction of phosphorus. 

The sulfuric acid-ethyl alcohol mix- 
ture dissolves water droplets giving a 
rlear blue solution. The use of a small 
volume of sulfuric acid-ethyl alcohol and 
stannous chloride dissolved in ethyl alco- 
hol is an adaptation of the procedure of 
Clark ( 4 )  and Lindsay (7) for deter- 
mining phosphorus in soil solutions after 
extraction of molybdophosphoric acid 
with a benzene-isobutyl alcohol solutior 
( 8 ) .  The stannous chloride solution in 
ethyl alcohol should be prepared fresh 
dailv. The sodium molybdate- hydro- 
chloric acid solution should be prepared 
fresh monthly. 

.4 Beckman DU spectrophotometer 
with a slit width setting of 0.03 mm. was 
used to measure absorbance. Color 
development is not complete until 12 
minutes after the addition of the stannous 
chloride solution. The blue color is 
stable for a t  least 24 hours. Certain 
lots of 9570 ethyl alcohol cause color in- 
stability in the determination of phos- 
phorus (6). The U. S. Industrial grade 
did not cause color instability in the 
determination of arsenic. 

The relation between absorbance in 
the presence and absence of arsenic and 

n 0 6  

1 5 0  MICROGRAMS 

x 

3 5 0  550 7 5 0  
N A V E  -ENGTH ~L/lIL-IMICRONS 

Figure 1 .  Relation between absorb- 
ance of heteropoly blue color and 
concentration of sulfuric acid in butanol 
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the concentration of sulfuric acid in the 
1-butanol solution is shown in Figure 1. 
In  the presence of arsenic the absorbance 
is constant when the concentration of 
sulfuric acid is between 0.2 and 0.861. 
Higher concentrations cause a decrease in 
absorbance. The results of Berenblum 
and Chain ( 3 )  with phosphorus in 
aqueous solution are somewhat similar. 
The concentration of sulfuric acid in 1- 
butanol in this procedure is 0.54M.  
The absorbance of the control is very 
small a t  this acidity. 

The absorbance of the blue color was 
measured and is constant when the 1- 
butanol solution is between 0.05 and 2.0 
m M  \vith respect to stannous ion. Be- 
tween 0.4 and 2.0niM, a green color first 
forms which soon turns blue. The con- 
centration of stannous ion in this pro- 
cedure is 0.2miM. 

The absorption spectrum of the heter- 
opoly blue color at two concentrations of 
arsenic is shown in Figure 2. Maximum 
occurs at 740 mp. The standard curve is 
very reproducible. The method will 
detect about 1 y of arsenic using a I.-cm. 
cell. 

Lampitt and G.oldenberg (6) found 
the silicon content of potatoes to range 
between 7.7 and 58.7 p.p.m. There- 
fore, it is possible to have from about 60 
to 440 y of silicon present in 7.5 grams of 
potato as represented in this procedure. 
The method was used to recover arsenic 
in the presence of phosphorus and 
silicon in syr  thetic solutions. The ele- 
ments were contained in 50 ml. of solu- 
tion. Phosphorus was present as po- 
tassium dihydrogen phosphate and silicon 
as sodium metasilicate. The amount of 
silicon added approximately represents 
the limits found by Lampitt and Golden- 
berg (6). Table I shows the amount of 
arsenic not correcied for the blank that 
was recovered in each study. 

The presence of 5 mg. of phosphorus 
causes a small increase in absorbance. 
The interference by silicon is more 
serious especially a t  the 450-y level. I t  
may be minimized by proceeding 

‘ I  I 

0 0 2  C 4  0 6  08 0 I 2  4 6 
SULFURIC ACID CONCEhTSATON (VOLA? 

Figure 2. Absorption spectra of 
heteropoly blue color 

through color development with each 
sample as rapidly as possible after addi- 
tion of the molybdate reagent ( 9 ) .  Use 
of a 1 and 1 by volume mixture of 1- 
butanol and ethyl acetate ( 7 )  in place of 
I-butanol for extraction of molybdo- 
arsenic acid is more srlective in the pres- 
ence of silicon (Table I ) .  The ab- 
sorption spectrum and standard curve of 
the heteropoly blue color in l-butanol- 
ethyl acetate are identical with those in 
1-butanol. The same solvent mixture 
(1 -butanol-chloroform) is always used 
for removal of phosphorus. The re- 
cokery of arsenic (Table 11) is just as 
satisfactory when using 1-butanol as 
compared to 1 -butanol-ethyl acetate. 
There are crops (certain grasses, for 
example, which contain large amounts of 
silica) for which the 1-butanol-ethyl 
acetate extractant might he much more 
advantageous than with potatoes. For 
plant materials containing greater than 
about 8 p.p.m. of silicon. the I-butanol- 
ethyl acetate mixture should therefore be 
used. 

The recovery of arsenic added to 
potato tissue is shown in Table 11. Re- 
sults using 1-butanol and l-butanol- 
ethyl acetate are given. The average 
recovery using 1-butanol extraction is 
94.17,. The apparent arsenic content 
of the potatoes averaged slightly above 
1 p.p.m. This accounted, in part, for 
greater variability in the recovery of 
arsenic in quantities below 2 p.p,m. 

Sodium arsenite is used to kill potato 
vines and cveeds in potatoes. The 
method described has been used to de- 
termine possible traces of arsenic in 
potatoes resulting from treatment with 
sodium arsenite just before harvest. 
About 15 potatoes treated with sodium 
arsenite were blended in their own liquid. 
Twelce samples of the blended mixture 
were taken for the determination of 
arsenic using I-butanol extraction. The 
average content of arsenic found was 
1.11 p.p.m. with a range of 0.86 to 1.40. 
The average content of arsenic found in 
seven analyses of untreated potatoes was 
1.24 p.p.m. with a raiige of 0.93 to 1.34. 
There was n o  significant difference in the 
arsenic found in the treated and un- 
treated potatoes. The standard devia- 
tion of a single determination is 0 . 1 8 ~ .  
The untreated potatoes may have con- 
tained arsenic, because the soil in which 
they were grown had received about five 
applications of sodium arsenite in the 
previous 8 years for potato vine and 
weed control. Also, many soils contain 
small amounts of arsenic. Interference 
by silicon contained in the potatoes 
probably accounted for part of the ap- 
parent arsenic found in the untreated 
potatoes. The method should be ap- 
plicable to the determination of arsenic 
in other biological materials. 

Table II. Recovery of Arsenic from 
Potatoes 

Added, P.P.M. Found, P . P . M .  Recovery, 5; 
1-Butanol Extraction 

1 00 1 05 105 3 
1 00 0 68 68 0 
1 33 0 93 69 5 
1 33 1 55 I16 0 
1 33 0 93 ’0 0 
1 33 1 17 87 5 
1 33 1 53 11; 0 
2 00 1 95 9- 
2 00 2 17 108 3 
2 00 1 87 93 3 
2 00 2 27 113 3 
2 no 1 60 80 0 
2 00 1 56 78 0 
2 00 2 03 101 7 
2 00 1 70 85 0 
2 00 1 69 
2 00 2 08 
2 00 I 68 
7 no 1 93 
2 00 1 99 
8 OOQ 8 59 
8 00. 8 09 
8 00a 7 82 

1-Butanol-Ethyl Acetate Exi 

84.7 
04.0 
84 0 
96.7 
99 3 
07 3 
01 2 
97 8 

action 
7 6  0 1 00 0 76 

1 33 1 41 106 0 
1 33 1 31 98 0 

a .4 10.ml. aliquot of ash solution was 
analyzed. 
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