Table I. Ingested C!* Found in Crude Fat Fraction (Chloroform-Soluble) and
Distribution of C!* in Hydrolytic Products of Crude Fat
R.A. Glucose
Radioactive Anhydrosorbitol Monostearate, % o (Controls), %
Rat No. 1 2 3 4 5 6 7 8 9 |10-11 12-13
Crude fate 0.35 0.31 0.35| 0.34 0.43 0.41 | 0.49 0.35 0.49 1 3.59 3.01
Fatty acids 0.23 0.21 0.25 | 0.20 0.19 0.29 | 0.32 0.15 0.25] 1.25 1.38
Glycerol 0.03 \ 0.07 0.01 0.93 0.95
Residue 0.04 \ 0.09 \ 0.07 0.54 0.39

@ Crude fat from each animal was saponified separately for isolation of fatty acids except
in radioactive glucose control animals, in which crude fats for 10 and 11 and for 12 and 13

were combined.

In isolation of glycerol and residue fraction, corresponding fractions for

animals 1, 2, and 3, animals 4, 5, and 6, and animals 7, 8, and 9 were combined.

of the glycerol after making the appro-
priate correction for the carbon intro-
duced by the benzoate. The carbon-14
content of the nonsublimable unidenti-
fied residue, which would contain any
anhydrosorbitol polyols if present, was
determined. The results are shown in

Table I.

Discussion

In confirmation of previous work it
was found that a small portion of the

carbon-14 fed as anhydrosorbitol esters
appeared in the chloroform-soluble crude
fat, with the activity distributed in the
fatty acids, glycerol, and the nonsublim-
able residue. The unidentified residue
which could be presumed to be the
anhydrosorbitol polyols was of the same
order of magnitude following the 28-day
feeding period as was observed in the
previous single dose experiments; this
indicated the absence of accumulation.
That this unidentified residue is prob-

ably not the polyol fraction of the fed
ester is suggested by the finding that a
corresponding fraction was obtained in
even greater amounts from the crude fat
extracted from the carcasses of rats fed
labeled glucose without labeled anhydro-
sorbitol esters. The higher percentage of
carbon-14 in the crude fat and its frac-
tionated components of the labeled glu-
cose—fed rats as compared with the
labeled ester-fed rats is to be expected
in view of the known metabolic fate of
glucose and the previously demon-
strated rapid excretion of the anhydro-
sorbitol polyols (2).
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FLAVOR AND SOIL TREATMENT

Flavor of Selected Vegetables Grown in Soil Treated
With Isomers of Benzene Hexachloride

ELSIE H. DAWSON, GLADYS L. GILPIN, and MARY E. KIRKPATRICK
Bureau of Human Nutrition and Home Economics, and

C. A. WEIGEL

Bureau of Entomology and Plant Quarantine, Agricultural Research Administration,
U.’S. Department of Agriculture, Beltsville, Md.

Studies were made to determine the effect on flavor of tomatoes, lima beans, potatoes,
radishes, and carrots from use of purified gamma, alpha, beta, and delta isomers of
benzene hexachloride, a mixture of these isomers, commercial gamma isomer, and lindane

as insecticides in growing the vegetables.

The results indicate that flavor may be af-

fected by certain formulations of benzene hexachloride; the effect on flavor varies with
the formulation, the dosage rate, and the type of vegetable grown.

BENZENE HEXACHLORIDE USED IN THE
soil as an insecticide has been found
to impart off-flavors to some vege-
tables. Susceptibility to such contamina-
tion of flavor appears to vary with the
type of vegetable, the formulation of
benzene hexachloride (BHC), the amount
used, and the time and method of ap-
plication (2-7).

Studies were started at Beltsville, Md.,
during the summer of 1948 to ascertain
the role played by each of the four major
isomers in technical benzene hexachloride
when applied to the soil in causing the
objectionable flavor or odor of vege-
tables. As there were indications that
some of the isomers caused more off-

flavors than others (6), further studies
were planned.

Reported here are studies on tomatoes,
lima beans, and potatoes used during
1949 in tests with the chemically pure
gamma, alpha, beta, and delta isomers of
benzene hexachloride, and on radishes
and carrots used in 1950 in tests with
lindane (99.99;, gamma isomer). Ex-
periments on potatoes grown in 1950
with lindane were reported by Kirk-
patrick et al. (3). [The name lindane
has been established by the U. S. Inter-
departmental Committee on Pest Con-
trol (9) as the common name for the
gamma isomer of benzene hexachloride
of a purity of not less than 999.]
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The vegetables were grown by the
Bureau of Entomology and Plant Quaran-
tine and the quality studies were carried
out by the Bureau of Human Nutrition
and Home Economics.

General Procedure for Growing Crops

The crops were grown in 3-gallon
crocks to prevent any possible contamina-
tion by soil movement that might occur
if grown in the open fields. The crocks
were glazed inside and out. They were
9.25 inches in diameter and 11.25 inches
high, inside measurements, and when
filled with soil to within 2 inches of the
top rim as used, had a capacity of 0.359
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cubic foot. The crocks were provided
with 1.5-inch drainage hole in the bot-
tom. A piece of copper screening was
placed over the drainage hole, and
covered with a quart of washed gravel to
ensure proper drainage.

In the experiments on tomatoes, lima
beans, and potatoes, local Sassafras sandy
loam soil was used with the isomers of
benzene hexachloride. Fertilizer at the
rate of 1000 pounds per acre was used in
both the 1949 and 1950 tests. The soil
mixture for each crock was prepared
separately. The required quantity of
soil and fertilizer to fill the crock to
within 2 inches of the top rim was first
mixed in a shallow metal trough, then
the required quantity of isomer was
sprinkled over the surface and the mix-
ture was thoroughly worked again to
ensure an even distribution of both fer-
tilizer and isomer throughout the soil
mass. In the case of potatoes, however,
one half of the total number of crocks was
prepared as above and one half was
handled as follows: The fertilizer and
isomer were mixed and then placed in a
circular band around the seed piece, the
latter being placed at a depth of 2 inches
below the top level of soil. This was
done to simulate application by the band
method as sometimes used in the field.

After the crops were planted, the crocks
were sunk in the field to within 3 to 4
inches of the top rim. A shovelful of
3/ ~-inch washed gravel was placed under
each crock to ensure good drainage. Six
replicated crocks were used for each
treatment and for the untreated check.
They were placed 5 feet apart in check
rows and the various treatments were
arranged at random.

In the 1950 experiments with lindane
on radishes and carrots, some modifica-
tion in procedure was made, in that com-
posted soil (Chester type) was employed
instead of the field run of Sassafras loam.
Before the lindane powder was added to
this soil, it was extended with finely
screened soil to increase the bulk and
ensure better distribution. Also, in-
stead of weighing each lot of lindane
separately for each crock, a sufficient
quantity of soil for all crocks needed at
one dosage level was prepared by thor-
oughly mixing with the insecticide.
Then the required volume was placed in
each of eight replicate crocks for each
treatment.

Seedling Marglobe tomato plants were
transplanted to the crocks on May 13,
1949, and the first ripe fruits were picked
July 19. Fordhook lima beans were
planted on June 13,1949.  Two harvest-
ings were made, the first on August 9 and
the second on September 12. Seed
pieces of Irish Cobbler potatoes were
planted on April 25, 1949, the tubers
were harvested on July 18, and taste
testing was done on August 17 and 18. In
the interim the tubers were stored in
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paper bags at room temperature., All
tuberswere firm and nospoilage occurred.
Nantes carrots and Globe radishes were
planted on April 30, 1950. Radishes
were harvested on May 29 and 31 and
carrots on August 3 and 4.

Growth was fairly normal, although
some difficulty is experienced when rais-
ing crops in containers because of the re-
stricted growing area. No injury to the
growth which could be attributed to any
of the isomers was observed.

Insecticidal Treatments

The seven treatments listed in Table I
were tested on tomatoes, lima beans, and
potatoes in 1949. The dosages given in
the table are in the approximate ratio
that the isomers are found in technical
benzene hexachloride. Treatments 1, 5,
and 6 are at dosages about four times
that required to give good control of
wireworm. The dosage in treatment 5
is about twice that reported to have been
widely used in New Jersey in 1947, when
off-flavors in potatoes were reported by
consumers.

The insecticide materials for the study
were furnished by the California Spray-
Chemical Corp. The isomers were pre-
pared by recrystallization from organic
solvents and checked for purity by melt-
ing point determination and by infrared
spectrometer analysis. Each isomer was
formulated into a 259, wettable powder
through the same grinding equipment
and using the same wetting agent and
diluent. Every possible precaution was
taken to prevent contamination. The
wertting agent, an alkyl aryl polyethylene
glycol ether (Igepal CA-300), was
added as 19 of the total weight of iso-
mer and inert material. The inert
material used, Attapulgus clay, had a pH
of about 7 and constituted 749 of each
mixture. The four pure isomers also
were mixed in the proportion found in

technical benzene hexachloride from
which they were derived, and formu-
lated into a similar 25%, wettable prod-
uct. A commercial product containing
97.7% of gamma-benzene hexachloride
was also included in the experiment.

In 1950 the following dosages of lin-
dane were used in growing radishes and
carrots: 0.25, 1, and 4 pounds per acre.
Check samples grown on untreated plots
were included in the study.

Selection of Palatability Panel

People differ greatly in their ability to
detect flavors in food (7). As it was de-
sired that each judge be able to dis-
tinguish even small amounts of benzene
hexachloride which might be present, the
threshold sensitivity to benzene hexa-
chloride in water solution was deter-
mined for each prospective panel mem-
ber. Members of the staffs of Bureau of
Human Nutrition and Home Economics,
the Bureau of Entomology and Plant
Quarantine, and the Bureau of Plant
Industry, Soils, and Agricultural Engi-
neering, most of whom had previous
experience in detecting off-flavor in
foods contaminated with benzene hexa-
chloride, were tested to determine their
thresholds for detecting this substance.

The preparation used for making up
the solutions for the threshold test was
the commercial gamma-benzene hexa-
chloride containing 97.79, gamma iso-
mer, 1.89, alpha isomer, 0.19, delta
isomer, and 0.49% epsilon isomer.
Gamma isomer content was reduced to
259% by mixing with Attapulgus clay
and 19, Igepal CA-300. Dilutions of
this preparation were made up with dis-
tilled water so that they contained 2.5,
1.25, 0.25, 0.05, and 0.025 p.p.m. of
gamma isomer.

Five paired samples, each pair con-
sisting of one dilution of benzene hexa-
chloride and a sample of distilled water,

Table I. Treatments and Dosages of Isomers of Benzene Hexachloride Used
in Growing Tomatoes, Lima Beans, and Potatoes
Dosage®
No. Treatment Lb.facre Mg. [erock
Isomer of benzene hexachloride
1 Gamma (99.98%, purity) 26 13.5
2 Alpha (99.80% purity) 12 80.8
3 Beta (99.969, purity) 2 13.5
4 Delta (99. 937ppur1ty) 1 6.7
5 Mixture of gamma, alpha, beta, delta isomers® 176 114.5
6 Commercial gamma F97 7%, purity) 2b 13.5
7 Untreated check 0 0

@ Dosage of isomer used, excluding inert material and wetting agent.

each crock, 0.359 cu. foot.

Volume of soil in

b Treatments 1, 5, and 6 based on 4 times that required for wireworm control.

¢ Analysis of mixed isomers, %

Gamma 13
Alpha 65
Beta 10
Delta 9
Inert 3

Total 100
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were presented in small beakers in ran-
dom order to the prospective panel mem-
bers. Each person was asked to identify
the sample with an off-flavor or to indi-
cate that there was no difference in the
two samples. Two repetitions of the
test were made.

Of the 25 persons participating in the
tareshold test [including responses of
persons tested in selection of a panel for
judging potatoes grown with lindane
(3)], 1 detected commercial gamma-
benzene hexachloride accurately in du-
plicate paired samples of water solutions
at concentrations of 0.05 p.p.m., 3 in
concentrations of 0.25 p.p.m., 12 in con-
centrations of 1.25 p.p.m., and 4 in con-
centrations of 2.5 p.p.m. (Table II).
The remaining five persons were unable
to duplicate their judgments and it was
therefore assumed that their thresholds of
taste perception for benzene hexachloride
were higher than 2.5 p.p.m. On the
basis of these findings, the persons tested
were classified into five groups with low
to high thresholds as shown in Table II.

Table ll. Prospective Panel Members
Classifled According to Taste
Sensitivity to Benzene Hexachloride

BHC Concn.®
Detected in Solution

No. of in Duplicate Samples,
Group Persons P.P.M.
I 1 0.05
II 3 0.25
II1 12 1.25
v 4 2.5
\'% 5 >2.5

¢ Commercial gamma-benzene hexa-
chloride containing 97.7%, gamma isomer,
1.89, alpha isomer, 0.1 9, delta isomer, and
0.49% epsilon isomer.

Further evidence of the performance
and reliability of the prospective panel
members was obtained in a test on dupli-
cate sets of paired samples of pure iso-
mers of benzene hexachloride in water
solutions (Table IIT). Each of the four
isomers of benzene hexachloride—
gamma, alpha, beta, and delta—was
dissolved in distilled water in dilutions of
0.25 p.p.m. Each isomer solution was
paired with a sample of distilled water
and presented to the prospective panel
members for identification of the sample
containing benzene hexachloride.

The five persons who were unable to
duplicate their judgments on the thresh-
old test, classified as group V in Table
II, also were unable to duplicate their
flavor ratings on a second set of identical
samples of the isomers, except for one
person who duplicated ratings on the
alpha isomer. On the basis of these
tests, the persons in group V were not
used on the vegetable testing panels.
All the other persons tested in groups I,
II, III, and IV were able to duplicate

Table llI.

Number of Persons Detecting Off-flavor

(In solutions of isomers of benzene hexachloride at 0.25 p.p.m. concentration paired with
samples of distilled water)

Isomer of Benzene Hexachloride in Solution

No. in
Group Group Gamma Alpha Beta Delta
No. detecting off-flavor in duplicate samples
of isomers
1 1 1 1 1
11 3 .. 0 3 3
I11 12 0 1 12 11
Iv 4 0 0 4 2
\' 5 0 1 0 o
Total 25 0 3 20 17
No. detecting off-flavor in single samples
of isomers
I 1 0 1 1 1
II 3 0 0 3 3
II1 12 4 4 12 11
v 4 3 2 4 4
v > 2 2 4 2
Total 25 9 B 24 21

their flavor ratings on two or more of the
isomers,

A definite difference in off-flavor
present was found in the solutions of the
four different isomers of benzene hexa-
chloride as determined by the number of
persons who could detect an off-flavor.
Solutions of beta and delta isomers ap-
peared to have the most off-flavor; these
solutions were correctly identified by the
majority of panel members (Table III)
in both single and duplicate pairs of
samples. Off-flavors were noticed by
nine panel members in single samples of
gamma and alpha isomers paired with
water. Only three persons were able to
duplicate their flavor ratings on the alpha
isomer, and no one was able to duplicate
his rating on the gamma isomer. There-
fore, it appears that the flavor imparted
by gamma and alpha isomers approxi-
mates the threshold sensitivities of the
panel members, yet is not strong enough
to be noticed consistently.

The panels used to rate the vegetables
were selected on the basis of threshold
tests and on the availability of the various
persons at the time of the palatability
studies. The size of the panel and its
personnel varied slightly for the different
vegetables.

Procedures for Palatability Tests

Experimental tomatoes
from treated and untreated
soil and untreated garden tomatoes were
held in the refrigerator after harvest until
1 hour before serving time, when they
were removed to a room temperature of
approximately 75° F. (24° C.). The six
replicates for each treatment were pooled.
Each tomato was washed in distilled
water, and cut in half from blossom to
stem end, then each half was cut in
fourths to make eight wedges. Each
wedge was placed on a small white
coded plate and samples were served to
the palatability panel at 2-minute inter-

Tomatoes
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vals. Ten to 12 samples were tested at
one session. Untreated garden tomatoes
were included both as a labeled reference
standard and as a coded control. The
judges were asked to indicate on the
score sheet the presence or absence of off-
flavor and to name any off-flavor if pos-
sible. At least 10 repetitions of each
treatment were judged during the experi-
ment which extended over several weeks.

The lima beans were
rated the day they were
harvested; they were held at room
temperature not more than 2 hours until
used. The six replicates of each treat-
ment of lima beans were pooled to make
a large enough sample for cooking. They
were shelled, washed in distilled water,
and cooked 30 minutes in boiling dis-
tilled water, using 1 gram of water per
gram of vegetable. Duplicate samples
from each cooked lot were served to the
judges in random order on coded white
plates. The beans were harvested at
two different times; thus four samples of
each treatment were rated by each judge.
Untreated garden-fresh lima beans were
included as control samples. The rating
system used for tomatoes was employed.

Lima Beans

Potatoes were harvested and

stored at room temperature
for 1 month before cooking and palata-
bility tests were made. Because the
tubers were small, three replicates for
each treatment were combined to make a
large enough sample for cooking. Each
cooking sample of potatoes selected for
uniformity of size was washed and un-
pared tubers were covered with 800 ml.
of boiling distilled water and cooked in a
covered pan. A thermocouple was
threaded into one tuber of each sample
with the thermocouple junction in the
center of the tuber to measure internal
temperature as a control for doneness.
Temperatures were recorded on a poten-
tiometer and potatoes were cooked to an

Potatoes
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Table IV. Off-flavor in Tomatoes and Lima Beans

(Grown in untreated soil and in soil treated with isomers of benzene hexachloride)

Tomatoes Lima Beans
No. of % of samples in No. of % of samples in
samples which off-Ravor samples which off-flavor
Treatment tested® detected tesfed? defected

Gamma isomer 87 20 28 18
Alpha isomer 88 26 28 1
Beta isomer 83 25 28 18
Delta isomer 101 24 28 50
Mixture of isomers 73 41 21 29
Commercial gamma isomer 78 24 28 32
Untreated check 68 24 28 7
Garden control 122 21 7 14
Grocery control 70 19 .

@ Samples X judges.

internal temperature of 205° F. (96° C.).
Boiled potatoes were peeled and then
mashed to obtain a blended sample for
serving to the judges. Part of the mashed
sample was refrigerated and later fried
as patties.- A panel of eight judges
scored the mashed samples and five
scored the fried samples for flavor and
odor. A 3-point numerical scale was
used, with 3 representing the highest pos-
sible score and 1 the poorest. Flavor
scores were studied by analysis of vari-
ance.

. The radishes were harvested
Radishes "

and rated for palatability
on the same day. They were washed
well in running tap water, trimmed, and
cut in halves or quarters, depending on
size. All eight replicates were pooled
and random samples were taken from
each lot and coded for serving to the
taste panel.

The panel consisted of five persons
who made quality evaluations on four
replicate samples for each treatment by
scoring flavor and general acceptability
on 5-point rating scales. In addition,
paired comparison tests for flavor were
made of untreated controls paired with
samples grown using 1 or 4 pounds of
lindane per acre. Only four samples
were scored or four pairs of samples were
rated by paired comparison in any one
tasting session.

Significance of differences in the
numerical scoring and in the paired com-
parison methods wa3s determined by
analysis of variance and the Chi square
test, respectively.

Palatability ratings on carrots
were made by a panel of five
persons who scored flavor and general
acceptability on 5-point rating scales.
Each lot of carrots was divided into three
equal portions to make three replicates.
Carrots from all four treatments were in-
cluded in each tasting session, so that
direct comparison was possible. All
palatability comparisons were made
against the untreated control. Samples
were randomized and coded for each
palatability test.

Carrots

402

The carrots were served in lengthwise
strips uncooked and after cocking for 20
minutes in distilled water, using equal
weights of water and carrots in cooking.

Statistical significance of the difference
in mean scores on treated and untreated
samples was determined by analysis of
variance and by Tukey’s method of
analysis (8).

Results

The results of the
Tomatoes Grown
In Treated Soil flavor tests (Table

IV) show that a
greater percentage, 419, of off-flavors,
was detected in tomatoes which were
grown in soil treated with a mixture of
the isomers at a dosage rate of 17 pounds
per acre than in those from any of the
other treatments in which 20 to 269%,
were detected. This was the largest
dosage of any used; the effects of the
various isomers may have been additive
in the mixture. The off-flavors in
tomatoes treated with the mixture of iso-
mers were variously described as earthy,
musty, astringent, metallic, oily, pun-
gent, bitter, flat, stale, spoiled, sweet, and
typical benzene hexachloride,

It was apparent that factors other than
the insecticide affected the flavor of the
tomatoes as shown by the comparable
percentage of off-flavors detected in the
untreated samples and in samples treated

with the pure gamma, alpha, and beta
isomers, and the commercial gamma.
According to the judges’ comments, the
flavor of tomatoes in any one lot varied
considerably.

Palatability data

Lima Beans Grown .
on lima beans

In Treated Soil . .
also are given in

Table IV. A greater percentage detec-
tion of off-flavors was found in the sample
grown in soil treated with the delta iso-
mer of benzene hexachloride at a dosage
rate of 1 pound per acre than in those
from any of the other treatments;
slightly lower percentages for detection of
off-flavors were noted for the samples
from the treatments with the mixture of
isomers at 17 pounds per acre and with
the commercial gamma-benzene hexa-
chloride at 2 pounds per acre. Treat-
ment with these amounts of commercial
gamma or the mixture of isomers resulted
in greater percentage of off-flavor in lima
beans than did treatment with pure
gamma or beta isomers at 2 pounds per
acre or alpha isomer at 12 pounds per
acre. The off-flavors found in the
samples from treated soil were described
as bitter, musty, earthy, fishy, stings tip
or back of tongue, and typical benzene
hexachloride. Off-flavors were detected
in only a few instances in the untreated
check samples and the garden controls.

Potatoes Grown The analysis of var.i-
. ance showed no dif-
In Treated Soil P .
erential response to
the two methods used in applying the
isomers to the soil. The significance of
results under the two cooking methods
was identical and each method produced
means in the same sequence. Accord-
ingly the results are presented on the
combined mean basis.

Lowest score for flavor of cooked
potatoes (score 1.2) was obtained from
the use of the mixture of isomers applied
at a dosage rate of 17 pounds per acre
(Table V). Applications of commercial
gamma at dosages of 2 pounds per acre,
alpha isomer at 12 pounds per acre, and
gamma isomer at 2 pounds per acre gave
scores of 1.5, 1.6, and 1.7, respectively.

Table V. Mean Scores for Flavor of Potatoes

{Inzluding samples i1 which BHC was detected in potatoes grown in soil treated with
various isomers of benzene hexochloride)

No. of

Samples

Treatment Tested®
Mixture of isomers 26
Commercial gamma isomer 26
Alpha isomer 21
Gamma isomer 26
Delta isomer 26
Beta isomer 26
Untreated control 21

@ Samples X judges.

% Samples Mean
in Which BHC Scores for
Deftected Flavor®

100 1.2¢
81 1.5¢
81 1.6¢
62 1.7¢
58 2.2
23 2.3
14 2.4

b Score of 3 represents natural desirable flavor; 2, slightly undesirable flavor, moderate
off-flavor; 1, undesirable flavor, strong off-flavor.

¢ Significance at 59, level.
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Table VI. Mean Palatability Scores for Radishes and Carrots
Grown in Soil Treated with Lindane
Lindane
Vegetable Treatment, Lb. Off-flavor® Accepfabilify®
Radishes Untreated 4.5 3.6
0.25 4.4 3.4
1 45 £
4 3.6 3.0
Carrots (raw) Untreated 4.1 3.1
0.25 3.9 3.1
1 4.2 3.3
4 3.9 3.1
Carrots {cooked) Untreated 4.7 3.3
0.25 4.6 3,10
’ 4.1 73
4 3.4 2.3

¢ For radishes, mean of 4 replicates rated by 5 judges; for carrots, 3 replicates rated by 5
judges.

Rating scale for intensity of off-flavor: 5, none; 4, slight; 3, moderate; 2, moderately
strong; 1, very strong. In acceptability a score of 5 is very good; 4, good; 3, fair; 2, poor;
1, very poor.

» Mean scores above the line are significantly different from those below the line.

Table VII. Detection of Off-flavor in Paired Comparison Tests on Radishes

Grown in Soil Treated with Lindane

No. of Times
Off-flavor Defected

No. of Times

Tatal Tests No Difference

B on Paired Untreated Treafed Defected in Chi
Pair of Samples Samples® samples samples  Paired Samples Square
Untreated and treated with
4 1b. lindane/acre 60 17 35 8 5.40°
Untreated and treated with
1 1b. lindane/acre 20 7 9 0.45

@ Samples X judges.
b Significant at 59, level for d.f. = 1.

Scores from all four treatments were sta-
tistically different from the score 2.4 for
the untreated control. The fact that
flavor scores for potatoes grown in soil
treated with alpha isomer closely parallel
scores for potatoes grown in soil treated
with the mixture of isomers is not sur-
prising, as the alpha isorner makes up
such a large proportion (639;) of the
mixture (Table I). In addition, both
the alpha isomer and the mixture of
isomers were applied in very high dos-
ages, 12 and 17 pounds per acre, respec-
tively.  Nonsignificant differences in
flavor scores were obtained from the use
of beta and delta isomers at dosages of
2 and 1 pounds per acre, respectively.
Table V also shows the percentage of
samples in which benzene hexachloride
was detected. Potatoes grown in soil
treated with the mixture of isomers had
a strong off-flavor that was detected by
all judges and identified as benzene
hexachloride in every case. Character-
istic benzene hexachloride flavor again
was detected and identified in 819 of the
samples from treatments with pure alpha
isomer and also from treatments with
commercial gamma isomer. Of the
four isomers used, the least number of
reports of off-flavor were made by the
judges on potatoes grown in soil treated
with beta isomer. This sample com-
pared favorably with the untreated

controls, which rated higher than samples
from the treatments.

The average scores

. for radishes grown
In Soil Treated in soil treated with

With Lindane .
various amounts of

lindane are given in Table VI. All the
radishes were small and unusually sharp
flavored, which may account for the
relatively poor acceptability ratings on
all samples.

Significantly more off-flavor was noted
in the radishes grown in soil treated with
4 pounds of lindane per acre than in
those from soil treated with 0.25 or 1
pound of lindane per acre. The latter
two treatments had no more off-flavor
than the untreated control.

The results obtained by scoring were
confirmed by a paired comparison test
on off-flavor in radishes from treated
and untreated soil taken from the same
lots that were used for scoring. Results
of the paired comparison test are given
in Table VII. When radishes from soil
receiving the 4-pound treatment were
paired with untreated controls, 35 out of
60 ratings indicated the presence of an
off-flavor in the radishes from treated
soil, and 17 out of 60 in the untreated
samples. The difference between these
two lots proved to be statistically signifi-
cant when tested by the Chi square

Radishes Grown
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method. The difference between the
number of times off-flavor was detected
in samples treated with 1 pound of
lindane and in untreated samples was
not significant.

Flavor and general
acceptability of raw
carrots were un-
affected by treatment
of the soil with lindane at dosage rates
of 0.25, 1, or 4 pounds per acre (Table
VI). However, significant effects on
these palatability factors were noted
when carrots were cooked before tasting.

By applying the statistical method pro-
posed by Tukey to the mean scores for
flavor of cooked carrots, those grown in
soil treated with 4 pounds of lindane per
acre were significantly different from
the untreated carrots and those from
soil treated with 0.25 and 1 pound of
lindane per acre.

Mean scores for acceptability, which
is an over-all rating based on color and
texture as well as flavor, showed that
carrots grown with 1 pound of lindane
as well as those with 4 pounds of lindane
were significantly poorer than the un-
treated check or carrots grown with
0.25 pound of lindane.

Carrots Grown
In Soil Treated
With Lindane
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