beginning with the addition of 9%
sodium sulfate solution.

Discussion

Carbon tetrachloride has been used in
all cases to extract the malathion from
samples; however, hexane may be used
in the extraction step (2) and probably
in the decomposition step. Limited
data indicate that methanol may be sub-
stituted for ethyl alcohol; however,
isopropyl alcohol was unsatisfactory.
The amount of sodium hydroxide to be
added for decomposition of malathion
should equal 1 ml. of 6N, plus that con-
sumed by any free acidity or ester hv-
drolysis of the sample and should be
determined experimentally for each
type of product. The concentration
may vary, but the volume should be
held constant at 1 ml. in order to keep
the water content at a minimum,

Usually, different techniques must be
used to analyze each tvpe of animal
product—e.g., the whites and volks of
eggs were analyzed because the whites
have a naturally occurring high alkalin-
ity (pH 8.2 to 9.8 depending upon age)
and must be acidified before extraction
in order to prevent alkaline decomposi-
tion of the malathion. Because of this
naturally occurring alkalinity, malathion
would probably not be found in the
whites of eggs from treated birds. In
the development of a method for mala-
thion in beef liver, data showed that
malathion is probably converted by
contact with raw beef liver macerate to a
product which does not respond to the
colorimetric procedure. This conver-
sion does not take place if the liver is
dried with anhydrous sodium sulfate,
acidified to pH of about 3, or heated a
few minutes at 80° C. before the mala-
thion is added. Malathion will prob-
ably not persist without change for any
length of time in livers of treated animals.
The method reported, therefore, is
satisfactory, provided the malathion is
present at the time the sample is ground
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with anhydrous sodium sulfate. Use of
sodium sulfate is a technique recom-
mended by Jones and Riddick (3).

Emulsion difficulties with extracts of
some animal products were minimized
by a pre-extraction of concentrated
carbon tetrachloride extracts with a
strongly acidic sodium sulfate solution,
and also after the alkali decomposition
step bv using an aqueous 99, sodium
sulfate solution. Sodium sulfate was
found preferable to sodium chloride
because high chloride concentration
caused decreased and somewhat erratic
color development.

When determining malathion in the
range of about 20 v, interference due to
trace amounts of metals, particularly
copper, must be eliminated. Copger
forms the carbon tetrachloride-soluble
complex with the dimethyl dithiophos-
phoric acid which will be discarded
before the color development step, thus
producing low results. This interfer-
ence may be eliminated by the addition
of disodium ethvlenediamine tetraacetate
[(ethylenedinitrilo)tetraacetate, Versene,
Sequestrene]. This technique was appli-
cable to beef fat analysis but not for
milk, so that a more reliable and gener-
ally applicable technique was developed.
A small amount of carbon disulfide is
added to the concentrated carbon tetra-
chloride extract taken for analysis.
The carbon disulfide reacts with the
ethyl alcohol and sodium hvdroxide to
produce sodium xanthate (CH;CH,—
O—CSSNa) which forms a stable
complex with copper. This complex
is extracted and discarded, thus eliminat-
ing interference from copper. In addi-
tion, the xanthate probably serves to
prevent oxidation of the dimethyldithio-
phosphoric acid.

Upon analysis of some products—
eggs and liver, for example—a reducing
material, probably a mercaptan, which
interferes by reducing some of the copper
to the cuprous ion, is extracted. Cu-
prous ion prevents formation of the
colored cupric copper complex with the

Measurement of Microgram Amounts of
Chlorine in Plant Materials

RECENT DEMONSTRATIONS of chlorine
as an essential plant nutrient (2)
have required the development of meth-

! Present address, Division of Plant
Industry, C.S.I.LR.O., Western Australian
Regional Laboratory, University Grounds,
Nedlands, W.A.
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ods for the measurement of amounts of
chlorine in the microgram range. Se-
verely chlorine-deficient plants may con-
tain as littde as 33 v of chlorine per
gram of dry weight. This low minimal
value for chlorine concentration in plant
tissue requires that chlorine be assigned
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dithio acid. This interference may be
eliminated by adding ferric chloride
which prevents reduction of copper.
Control tests should be run whenever
possible and suitable corrections made on
samples known to contain no malathion.
Controls on fat, meat, milk, eggs (whites
or vyolks), and liver have indicated
approximate “apparent’” malathion con-
tents of 0.0, 0.0, 0.015, 0.05, and 0.2
p.-p-m., respectively, Based upon re-
sults obtained by analysis of synthetic
samples, the methods described appear
satisfactory for determining malathion
in fat, meat, milk, eggs (whites or yolks),
and liver in concentrations down to 1.0,
0.5,0.02,0.5,and 1.0 p.p.m., respectively.
The procedures described in detail are
those which contain the latest improve-
ments. Some of the results reported,
however, were obtained before these
modifications were made. Such cases
have been indicated. The methods
recommended for beef fat and milk
have been applied by Claborn and
associates (7) in connection with a series
of experiments carried out by the U. S.
Department of Agriculture on spraving
cattle with malathion formulations.
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the status of a plant micronutrient along
with molvbdenum, zinc, copper, boron,
manganese, and iren, thusrequiring meth-
ods of analysis of the order of sensitivity
and accuracy similar to those available
for these latter elements.

The most successful attempts to pro-






mercuric iodide with water to a thin
paste and pouring, with stirring, into 1
liter of boiling distilled water. The
solution was stored in a dark bottle,
Starch-iodide solution, prepared fresh
daily by dissolving 3 grams of potassium
iodide in 100 ml. of the starch solution.

Procedure

Starch-iodide solution, 3 ml.,, was
added to the center well of the Conway
vessel. Standard or sample solution, 2
ml., was placed in the outer compart-
ment of the vessel. If the sample size
was less than 2 ml., sufficient distilled
water was added to make a total volume
of 2 ml. Oxidant solution, 2 ml., was
then added rapidly from a wide-tipped
pipet, and the cover glass was placed
quickly on the vessel. The vessels were
then secured in the wray (Figure 1) and
shaken for 1.5 hours. No effort was
made 10 maintain constant temperature,
but usually temperatures were about
20° to 25° C. At the end of the shaking
period, the contents of the center well
were transferred by aspiration into a

5-ml. volumetric flask. The center well
was washed repeatedly with small
amounts of distilled water—the washings
were also aspirated into the volumetric
flask. The solution was made to volume,
mixed, and transferred to spectrophotom-
eter cuvettes, and the absorbance was
determined at 540 mu, the absorption
maximum,

The outer chambers of the vessels
were cleaned by removing the contents
by aspiration, followed by thorough rins-
ing with water. This procedure proved
to be preferable to tipping the spent re-
agent and washings out of the vessel be-
cause it prevented the spreading of the
fixative over the interior of the vessel.
Saturated oxalic acid was used to remove
manganese dioxide deposits as necessary.
Only occasionally was it necessary to
wash the vessels with detergent to remove
fixative. After such washing, one or two
conditioning runs with chloride samples
were necessary before reliable results
could again be obtained.

Calibration Curve. The starch-iri-
iodide complex was measured at 540

mu—the region of maximum absorbance.
Absorbance data for amounts cf starch-
triiodide complex developed from
amounts of chloride from 0.44 to0 21.27 v
are presented in Table I. In the range
of 3.55 to 21.27 v of chloride, Beer’s
law was obeyed, but in the lower ranges
marked deviations were observed. For
this reason, calculations for samples con-
taining less than 3.25 v of chloride were
based on standard data obtained at the
same time in the appropriate range.
Agreement among values obtained by
different analysts was good.

Comments on Procedure. Conway
(3) presented data on the effects of var-
iations in permanganate and sulfuric acid
concentrations on the recovery of chlo-
ride. Data obtained in the present study
are in substantial agreement with those
of Conway, with optimal concentrations
of permanganate and sulfuric acid being
established at1.59%; w./v.and 159 v./v.,
respectively.

Conway observed a slight back dif-
fusion of iodine from the center well to
the outer chamber, amounting to about

Spectrophotometric Data for Known Amounts of Chloride by the Microdiffusion Method

(Absorbance values, 4,, obtained at 540 my, 1-cm. path, at 25° C.)

A

Table I.

Chloride

Taken, v
0.44 0.012 0.013
0.89 0.033 0.038
1.77 0.083 0.093
3.55 (analyst A) 0.190 0.200
3.55 (analyst B) 0.182 0.210
10.64 (analyst A) 0.591 0.610
10.64 (analyst B) 0.600 0.605
21.27 (analyst A) 1.251 1.251
21.27 (analyst B) 1.231 1.253

standard deviation of individuals

@ C.V. equals mean of individuals

b Molar absorbance index equals /—1;,

moles per liter,

&
Individual Values

0.019 0.019 0.011 0.013
0.028 0.043 0.038 0.041
0.087 0.093 0.083 0.087
0.193 0.191
0.201 0.203 0.208 0.203
0.638 0.603 0.615 0.621
0.590 0.632 0.618 0.604
1.261 1.260 1.252
1.244 1.231 1.218 1.231
x 100,

Molar
A Absorbance

Mean c.v.e Index?
0.015 23.7 5,600
0.037 14.9 7.400
0.088 5.11 8,800
0.194 2.31 9,700
0.201 4.97 10,550
0.613 2.62 10,216
0.608 2.43 10,133
1.255 0.40 10,458
1.235 0.99 10.292

where b4 is length of absorbing path in centimeters, and ¢ is concentration of chloride expressed in

Table Il
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without ashing

—

extract

—

filtered off

HHEH4 4 34 5 555454
NONO 0 0 0 00nean

ISTNENENY

fitered off

Preporative Procedure®

Ashed 2 hr. at 550° C., no added base

Ashed 2 hr. at 550° C., CaO added

Aliquots of above ash solution

Ashed 2 hr. at 550° C., K:CO; added

Ashed 1 hr. at 550° C., K:CO; added

Aliquots of above ash solution

Filtrate of plant sample extracted with hot H.O

Filtrate of plant sample extracted with hot 0.1V
HNOj; without ashing
Supernatant after centrifuging equilibrium hot H:O

Plant sample extracted with hot H:O, residue not

Ashed 1 hr. at 550° C., K;CO; added

Aliquots of above ash solution

Filtrate of plant sample extracted with hot H.O
Plant sample extracted with hot H,O, residue not

Chloride Concentrations in Plant Samples

(Comparison of values obtained by various preparative and determination procedures)

Determination Procedure

Potentiometric titration
Potentiometric titration
Microdiffusion method
Potentiometric titration
Potentiometric titration
Microdiffusion method
Potentiometric titration

Potentiometric titration
Potentiometric titration
Potentiometric titration
Potentiometric titration
Microdiffusion method

Potentiometric titration
Potentiometric titration

Cl, P.P.M.
Mean C.v.
747 2.44
900 2.90
902 2.31
909 1.28
927 0.62
919 1.52
915 0.98
918 2.51
922 0.60
935 0.76
40.8 3.00
40.4 6.40
34.0 4.78
84.0 12.4

@ Data for ashed samples obtained from six individual ashings and six individual potentiometric or microdiffusion determinations on each

ash solution.

Data for extracts and suspensions obtained from six extractions with a single potentiometric titration on each extract.
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1.29, per hour, and applied appropriate
correction in his calculations. The use
of starch-iodide sclution in the center
chamber in the proposed modification
has prevented measurable diffusion of
iodine from the center chamber.

Shaking the reaction vessels reduced
the time required for attainment of
equilibrium—reaction times as long as
16 hours, without shaking, failed to give
as complete recovery as did 1.5 hours
with shaking. This finding appears to
be at variance with Conway’s. He
stated that the rate of oxidation of chlo-
ride was so much slower than the diffusion
rate of chlorine gas that the time of anal-
ysis is largely determined by the rate of
oxidation. Agitation of the reaction
vessels would hardly be expected to af-
fect the reaction rate, but would have an
effect on the diffusion rate.

The absorption spectrum of the starch-
triiodide complex was different from that
reported by Lambert (6) for linear starch
and lower iodide concentrations. Con-
way also noted that, in the presence of a
large excess of iodide, the complex had a
purplish color rather than the usual blue,
Therefore, the absorption spectrum must
be ascertained for the particular starch
reagent and concentration of iodide em-
ployed in the procedure. Likewise,
each worker must prepare his own cali-
bration curves,

Potentiometric Procedure

Potentiometric titration of the chloride
to the apparent equivalence potential,
as described by Kolthoff and Kuroda
(5), gave excellent results with amounts
of chloride in plant ash solutions over the
entire range studied. Where sample
size is not limiting, the method is faster
and less laborious than the microdiffu-
sion method. Even with amounts of
chloride in the order of 35.5 p.p.m., the
precision was about 59, and the results
agreed closely with those obtained by the
microdiffusion technique.

This method has an additional ad-
vantage over the microdiffusion method
in that chloride may be determined di-
rectly in aqueous extracts of the plant
material, thus eliminating time-con-
suming ashing procedures. Results ob-
tained with aqueous extracts of plant
material were slightly higher than those
obtained on ash solutions. This is in
agreement with the results of Best (7),
who atiributed the differences to losses
incurred in ashing of the plant sample.
Samson (8) likewise reported good re-
sults when titrating aqueous extracts di-
rectly. Both of these investigators were
dealing with samples containing larger
amounts of chloride than are under con-
sideration here. Nevertheless, even when
small amounts of chloride were present,
there was remarkably good agreement
between ashed samples and aqueous ex-
tracts, as is shown by current results in

Table II. Considering the ease with
which chloride may be lost from samples
on ashing, even with due care being
taken to maintain the ashing tempera-
ture in the range of 500° to 550° C., the
higher results obtained on the aqueous
extracts probably more nearly represent
the amounts present initially.

Comparison of Results Obtained by
Potentiometric Procedure and Micro-
diffusion Procedure. For purposes of
comparison of results obtained by the
two determination procedures, samples
of plant material were ashed at 550° C.
for 2 hours. Previous experiments
showed that longer ashing times gave
lower results, and that shorter ashing
times occasionally gave residues contain-
ing large amounts of carbon and often
water-soluble charred material that in-
terfered with the microdiffusion pro-
cedure. Comparison of the relative
efficiency of calcium oxide and potas-
silum carbonate in preventing loss of
chloride in the ashing was also made.

One-gram samples of ground plant
material, in porcelain dishes, were
treated with either 0.25 gram of calcium
oxide, as recommended by Piper (7), or
6 ml. of a 29 solution of potassium car-
bonate prior to ashing. The calcium
oxide was thoroughly mixed with the
dry sample; then water was added to
make a thin slurry. The slurry was
dried on a steam bath before being
placed in the cold muffle furnace. The
samples treated with the potassium car-
bonate solution were likewise dried on a
steam bath prior to ashing. The cooled
ash was treated with 10 to 20 ml. of dis-
tilled water and sufficient nitric acid to
give an approximate final pH of 1. The
solution was transferred to a volumetric
flask without filtering off the carbon resi-
due, made to volume, and mixed. Ap-
propriate aliquots were taken for the
potentiometric titrations and for the
microdiffusion procedure. Care was
taken to avoid transfer of carbon par-
ticles to the reaction vessels. The use of
an ultramicroburet facilitated titration
of the samples with 0.01.V silver nitrate.
Blank measurements were made, and
appropriate corrections were applied
for chloride in the calcium oxide and
potassium carbonate.

The data of Table II provide a com-
parison, not only of the results obtained
by the two determination procedures on a
given ash solution, but also of the effec-
tiveness of calcium oxide and potassium
carbonate in preventing loss of chloride
during the ashing. The mean value for
six samples ashed without any alkali
added was 747 p.p.m. compared with
values of 900 and 909 p.p.m., when cal-
cium oxide or potassium carbonate, re-
spectively, were added prior to ashing.
Ashing for 1 hour only with potassium
carbonate added, gave a slightly higher
result of 927 p.p.m. than did a 2-hour
ashing. Ashing times of 1 hour or less

at 400° to 450° C., frequently gave poor
results in the microdiffusion procedure.
Therefore, ashing at 500° to 550° C. for
at least 1 hour, but not in excess of 2
hours, was preferable. Potassium car-
bonate solution was more effective than
calcium oxide in preventing loss of
chloride—possibly because it more thor-
oughly wetted the sample than did the
calcium oxide slurry, In all cases, the
agreement between the values obtained
on a given ash solution by the two pro-
cedures was good.

Titration of Aqueous Extracts and
Suspensions. Aqueous extracts of plant
materials, dried and ground to pass the
40-mesh screen of the Wiley mill, were
prepared by gently boiling 1-gram sam-
ples with 10 ml. of distilled water for 5
minutes, filtering on a sintered-glass
filter, and washing with small portions
of hot water to a total volume of 20 ml,
The extracts were titrated potentiomet-
rically with 0.01A silver nitrate, after
acidification to about pH 1 with nitric
acid. Longer extraction times were
tried, but vielded similar titration re-
sults. Extraction with 0.1 nitric acid
gave similar results. Some plant ex-
tracts tend to filter poorly, clogging the
pores of the sintered funnel. Centri-
fuging such suspensions yielded satis-
factory supernatants for titration. Ti-
tration of these supernatants yielded re-
sults similar to those obtained with fil-
trates. Direct titration of suspensions
gave high and erratic results, especially
in the case of the low chloride sample
(TC 2). The end point in the titra-
tions of suspensions was indefinite and
drifting, even with the TC 1 sample.

As shown in Table II, titration values
for aqueous extracts of the high chloride
sample, TC 1, were in good agreement
with both the titration and microdiffu-
sion results on solutions of ash of the
sample. The results for the potentio-
metric titration of the low chloride sam-
ple filtrate were lower than those ob-
tained by either potentiometric titration
or microdiffusion determinations on so-
lutions of ash of the same material. As
noted earlier, chloride in plant extracts
cannot be determined bv the microdif-
fusion method.

Potentiometric titration of filtrates or
supernatants of samples containing mod-
erate to large amounts of chloride (about
200 p.p.m. of chlorine) is more rapid and
convenient than either titration or mi-
crodiffusion analysis of ashed samples.
In addition, the possible loss of chloride
on ashing is eliminated. However, with
small amounts of chloride in the sample,
titration or microdiffusion analysis of ash
solutions is to be preferred because of the
low results obtained on titration of aque-
ous extracts of dry plant material.

None of the methods described here
distinguish between chloride, bromide,
and iodide when present together in
plant materials. For most purposes, this
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