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Safety of Malathion Dusting Powder for
Louse Control*

WAYLAND J. HAYES, Jr, M.D., Ph.D.,' ARNOLD M. MATTSON, Ph.D.,2
J. GORDON SHORT, M.D.3 & ROBERT F. WITTER, Ph.D.4

Because some strains of body lice are resistant to DDT and y-BHC, there is need for
other effective, safe chemicals to control them. Malathion is known to be effective at a
concentration of 1 %. To test its safety, the bodies and clothing of 39 men were dusted
S times a week for 8-16 weeks with talcum powder containing 0, 1 %, 5 %, and 10 % mala-
thion. Complaints about odour and skin irritation were roughly proportional to dosage.
No change in blood cholinesterase activity was found, except perhaps with 10 % powder.
Urinary excretion of malathion-derived material was proportional to dosage. No other
changes attributable to malathion were observed and the compound is considered safe for
control of/head and body lice.

Human body lice are responsible for the trans-
mission of epidemic typhus and louse-borne relaps-
ing fever. Epidemics of typhus could be controlled
to some extent before the advent of modern insecti-
cides. However, such epidemics were stopped for
the first time in history through the use of DDT
dusting powder during the Second World War
(Simmons & Upholt, 1951; Simmons, 1959). Lice
resistant to DDT first became an important problem
during the Korean War (Hurlbut et al., 1952),
but powders containing 1% y-BHC were success-
fully substituted for those containing 10% DDT.
Powders containing DDT are still used success-
fully in some parts of the world, but y-BHC is
required in Korea and in many parts of Asia,
Africa, and the Americas (Wright & Brown, 1957).
However, because of the emergence of strains
resistant to y-BHC (Wright & Brown, 1957), there
is a need for other chemicals of low toxicity to man
which will kill lice. An organic phosphorus com-
pound, malathion (S-(1,2-diethoxycarbonylethyl)-O,
0-dimethyl dithiophosphate), has less dermal
toxicity to animals than DDT in solution and is
effective for louse control (Cole & Burden, 1956;
Cole et al., 1958).

* From the Technical Development Laboratories,
Technology Branch, Communicable Disease Center, Public
Health Service, Bureau of State Services, US Department
of Health, Education, and Welfare, Savannah, Ga., USA

I Chief, Toxicology Section, Technical Development
Laboratories
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In view of the low mammalian toxicity of mala-
thion and its effectiveness against lice, it seemed
desirable to test the safety to man of anti-louse
powder containing this insecticide. The safety of
malathion was supported by very extensive use
experience, some of which has been published
(Bruaux, 1957), as well as extensive studies by
Golz (1959) regarding the safety of human exposure
to malathion aerosols. In addition, Cole et al.
(1958) have carried out studies of anti-louse powders
which were applied to limited areas of the body.
When the design of the present experiments was
complete, the very thorough study by the US Army
Chemical Warfare Laboratories regarding the
cutaneous application of 1.1 % malathion to volun-
teers became known.5 Later, Moeller & Rider
(1959) reported giving 16 mg of malathion orally
to 5 patients daily for 88 days without significant
effect.

However, in none of the above studies was the
effect of prolonged dermal application of powders
containing high concentrations of malathion investi-
gated, nor was measurement of the absorption of
malathion attempted. Therefore, in the present
studies, volunteers were exposed for as long as

3Medical Officer, Technical Development Laboratories;
now with the Department of Biological Chemistry, Univer-
sity of Utah, Salt Lake City, Utah, USA

Biochemist, Technical Development Laboratories
Gutentag, P. J. (1959) CWL Report, No. 2290 (un-

published report of the US Army Chemical Warfare Labor-
atories, Army Chemical Center, Maryland)
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16 weeks to 5 % malathion, while others were

exposed for 8 weeks to 10% malathion, which is
10 times the concentration proposed for use against
lice. In addition, it was possible with the aid of a

newly developed method (Mattson & Sedlak, 1960)
to measure the excretion of ether-soluble metabolites
of malathion in the urine. It was thus possible to
obtain some idea of the actual amount of malathion
absorbed from the skin.

Permission was obtained from the Bureau of
Prisons, US Department of Justice, to carry out
the experiment using volunteers in a Federal correc-

tional institution. The study was explained in
detail to those who indicated an interest in partici-
pating. So many were interested that many had to
be eliminated by the drawing of lots. The men who
tentatively volunteered were examined and were

accepted if they proved to be qualified physically
and in other ways. The fact that participation was

at all times voluntary must be emphasized. Each
man was free to leave the study at any time.

METHODS

The selected volunteers were asked to choose
partners; then the pairs were arranged into groups.
Three groups of 10 men each entered the study in
February 1959 and four groups of 4-10 men entered
(or continued in) the study in May of the same

year. In the first, or spring, series the men were

assigned to groups by dealing cards, each bearing
the name of two partners. In the second, or summer,

series those partners who had both participated
during the spring were left together; new men and
men who no longer had their original partners were

paired arbitrarily. In the summer series, all of the
pairs were placed in groups arbitrarily in order
that some men would receive a substantial dosage
of malathion for the first time and others who had
already received such a dosage for just over 8 weeks
would continue to receive the same or a higher
dosage for an additional 8 weeks. The design of
the experiment is summarized in Table 1. When
the various data for the summer series were analysed,
no difference could be detected between subgroup
6-A, who had been exposed during the spring, and
subgroup 6-B, who were first exposed during the
summer. The same was true of subgroups 7-A and
7-B. For that reason, no distinction is made be-
tween the subgroups in the remainder of this report.
The malathion was formulated in talc at concen-

trations of 0, 1%, and 5°/ during the spring (for

TABLE 1
DESIGN OF EXPERIMENT REGARDING SAFETY

OF MALATHION

San

Cumulative
Season Group Malathio No. Case duration of

No. conc. fmen No. participationmen ~~~(weeks)

1 0 10 1-10 8

Spring 2 1 10 11-20 8

3 5 10 21-30 8

4 0 4 5,6,9,10 16

5 1 6 15-20 16

6-A 5 4 11,a 21-23 16

Summer 6-B 5 6b 1, 2, 31-34 8

7-A 5 c10 d 4 b 27-30 16

7-B 10 6 b 4, 35-39 8

a Case 11 received I % powder during the spring; others
received 5 % powder throughout.

b Each of these groups included two Negroes (subjects 29,
30, 33, 34, 36, 37).

c Spring.
d Summer.

groups 1-3, respectively) and 0, 1 %, 5 %, and 10%
during the summer (for groups 4-7, respectively)
For 5 days per week each volunteer received a
paper bag bearing his name and containing 90 g of
the appropriate formulation. Every week-day
morning, after taking a shower bath and contri-
buting a sample of blood, if that were required,
each man proceeded to a room with 15 cots where
the partners dusted one another, covering the
entire body except the head, neck, and genitalia
with powder. Such thorough dusting requires only
25-30 g of talc. All the remaining powder was
sifted into the clothing. After dusting, each man
washed his hands and forearms and then went about
his ordinary duties until the following morning,
except that urine samples were collected each night
from six of the men in turn. The dusting was done
under direct supervision during the first two weeks
of the spring series and during the entire summer
series.
At the beginning and end of his participation,

each man was given a careful symptoms review
(involving 195 printed questions), a general physical
examination, and a variety of laboratory tests.
Special attention was paid to the neurological
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examination. Among other laboratory studies, the
bromsulfalein (sulfobromophthalein sodium) reten-
tion was determined using a dosage of 5 mg/kg and
an interval of 30 minutes between injection and
sampling blood from the opposite arm. Because
mild pojsoning by organic phosphorus compounds
can be detected earliest by depletion of blood
cholinesterase activity, this activity was measured
several days per week for the first few weeks of
each series and at weekly intervals thereafter. In
order to relate the exposure of the volunteers to
their actual absorption of malathion, the malathion-
derived material in the urine was measured.
Although one of us (J. G. S.) had received, without

injury, a 30-hour application of 10% malathion
powder in preparation for the study of volunteers,
it was not known with certainty that the repeated
application of malathion would not lead to a deple-
tion of blood cholinesterase within a few days. It was
necessary, therefore, to choose a procedure for
measuring cholinesterase activity which one man,
who had other duties as well, could carry out on
30 blood samples on the same day the samples were
collected. For this purpose, the Nelson procedure 1

was selected. It is carried out on whole blood but,
because acetyl fl-methyl choline bromide is used as
a substrate, the activity of red cell or " true " choli-
nesterase alone is measured. In order to check the
results of the Nelson method and to determine any
effect of malathion exposure on plasma cholines-
terase, duplicate samples were shipped to Savannah,
Ga., under refrigeration just before the first dose
of malathion and again on the 17th, 64th, and
73rd days of dosage; the red cell and plasma enzymes
were measured by .the method of Michel (1949).
For convenience, the final samples (113th and 115th
days of dosage) were determined in Savannah by
the Michel method only. Regardless of the analytical
method, all samples were heparinized. The values
obtained by the Nelson procedure were corrected
for a change in pH of the buffer (0.2 a pH/hour)
which resulted from the addition of the acetyl /3-
methyl choline to the buffer. This blank was de-
termined with each set of analyses. Packed red cell
volumes were determined at the beginning and end
of each part of the experiment, using Wintrobe
haematocrit tubes. However, the results by the
Nelson procedure were not corrected to a standard
cell volume because, in confirmation of previous

1 Nelson, S. R. (1953) CW Scientific Report, No. 1
(unpublished report from the Medical Investigation Branch,
Dugway Proving Ground, Utah)

results,2 it was found that variation in packed red
cell volume for a given individual was less than the
variation in the level of red cell cholinesterase in
the same person.

Malathion-derived material in urine was deter-
mined by the method of Mattson & Sedlak. Briefly,
the method consists of determining the amount
of organic phosphate extracted by ethyl ether from
acidified urine. Normal urine contains no detectable
amount of such ether-extractable compounds. The
organic phosphates are oxidized with perchloric
acid, and the orthophosphate liberated is measured
colorimetrically by a molybdate method. Urine
samples were collected while each volunteer was
in the hospital overnight, which was approximately
every sixth night for any one man. The sampling
period (usually about 6 hours) was timed after
initial voiding. The volume and duration of collec-
tion of each sample were recorded. The samples
were preserved by 1 ml of 28% formaldehyde for
each 500-ml bottle. Shipment required two days
or less. At the laboratory, all samples were refrige-
rated pending analysis.

Malathion used for the study was of premium
grade, kindly provided by the American Cyanamid
Co. It was guaranteed to contain 95% actual mala-
thion. The longest holding period at the laboratory
prior to formulation was 60 days. In every instance,
the malathion was formulated the week before it
was used so that the maximum age of the prepara-
tion at the time of use was 12 days. There was no
indication that the formulations underwent any
change even though they were shipped and held
in ordinary paper bags, folded, but not sealed at
the top. In formulation, the amount of malathion
necessary for treating a particular group for a week
was carefully weighed and dissolved in enough ethyl
ether to make a total volume of 1200 ml. No
agent for masking odour was used. The ether
solution was allowed to trickle slowly from a
separating funnel into a weighed quantity of talc
(4590 g for groups of 10 men) while the sample
was constantly stirred by a large, commercial food
mixer. The addition of solution required about
30 minutes. The ether evaporated chiefly during
this period and completely during at least 10 mi-
nutes of additional mixing. It was necessary only
to set up a fan to blow the fumes away. Lots of

2Klonglan, E. D., Denny, G. H. & Morris, J. F. (1956)
Dugway Proving Ground Report, No. 109 (unpublished
report from the Medical Investigation Branch, Dugway
Proving Ground, Utah)
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TABLE 2
ANALYSIS FROM OFFICIAL FAHRENHEIT TEMPERATURE
RECORDS DURING THE PERIOD OF DOSAGE, 4 MARCH

THROUGH 25 JUNE 1959

March April May June

Maximum daily
temp. range 590-820 630-860 740-950 770-930

Mean ± SD a 700°6.30 830±5.70 860±5.10 860±4.70

Minimum daily
temp. range 320-610 390-670 550-720 670-790

Mean ± SD a 490±7.80 590±7.10 650±4.80 70042.20

Average daily temp.
range 500-720 510-760

Mean ± SD a 600± 6.20 71 0±5.60

690-810 740-830

760±3.10 780±2.30

a SD = standard deviation.

90 g of the formulated powder were placed in
small paper bags. Each bag was prominently labelled
with a volunteer's name to prevent confusion.
The plan of the experiment called for prolonged

treatment of the men with malathion and also for a

comparison of the effect of exposure during cool
and warm weather. A summary of the temperatures
during the period of actual treatment is given in
Table 2.

RESULTS

General clinical observations

As might be expected, the initial symptoms
review revealed a number of complaints such as

headache, intolerance of certain foods, allergy,
and others. However, there was no indication
from a personal interview of the men or from the
physical or laboratory examinations that these
complaints were the result of significant illness or

were more prevalent in one group than another.
There was little variation and no systematic change
in these complaints during the course of the experi-
ment with the exception of the appearance or

increase of two complaints: burning of the skin
and visible dermatitis. Even these complaints
were minimal during the spring series. The odour
of the more concentrated formulations was gene-
rally evident during the spring as well as the summer.
Furthermore, the more concentrated formulations
differed from plain talc in appearance, flowability,

and "feel ". These were unavoidable handicaps
which tended to reduce the clinical value of having
a control group. However, at worst, the groups
were incompletely recognized by the participants.
This was partly because the men had some difficulty
determining the exact source of odour since the
odour was most pronounced at the time of applica-
tion of the powder and all the formulations were
applied in the same room at the same time. Further-
more, the men were purposely misled before the
experiment began by the statement that although
malathion has an odour, an even more odorous
material might be added to the less concentrated
formulations. (This procedure was actually consi-
dered but it was never put into effect because it
could have complicated the study.) It thus happened
that each of two men (Cases 3, 10) who remained
in the control group throughout the experiment
complained of the odour of his formulation, while
another (Case 9), also in the control group, stated
that the formulation caused burning and was worse
on tender skin. One of these same men (Case 3)
thought that he was a little more sleepy when first
exposed (to the plain talc). These results confirm
what is known about the power of suggestion,
and oblige one to accept the symptoms of those who
were actually exposed to malathion with some
reservation. In line with such reservation, it is a
fact that the strongest complaints about the odour
came from a man (Case 17) in the 1 % group and
two (Cases 21, 32) in the 5 % group rather than from
any in the 100% group. In spite of such reservation,
it must be noted that while two of 10 men com-
plained of odour while they were in the control
group, six of 10 receiving 1% malathion ard all of
those getting 5% and 10% malathion made such a
complaint. In a similar way, one of 10 receiving
plain talc complained of burning, itching or some
similar discomfort while four of 10 receiving 1%
and seven of 10 and six of 10 getting 50% and 100%
malathion, respectively, eventually had this com-
plaint. Only two men considered the burning really
uncomfortable, and they were in the 50% and 100%
malathion groups, respectively.
Even those in the 5 % group made very little

complaint during the spring series. On the contrary,
complaints were common at the end of the summer
series. (However, one man (Case 19) who got 1 %
malathion in both series found the first worse than
the second.) The change was probably based in
part on a real difference related to temperature
and may even have been caused mostly by tempera-
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ture per se since the relatively few complaints from
the controls came chiefly in the summer. It was
frequently remarked that the burning was worse
on tender skin and worse with sweating, but that
it did not last long after application of the powder.
Although free to stop at any time, each man conti-
nued in the series (or two series) for which he volun-
teered. One of them seemed to express the feeling
of the group when he said he would not want to
wear such powder to see his girl-friend but he
wouldn't mind it in a situation where it was necessary
and everyone used it.

There were three cases of rash during the experi-
ment, all in men exposed to 5% or 10% malathion.
One (Case I 1) was an erythematous rash around the
umbilicus; it appeared during malathion application
and regressed only partially during continued ex-
posure. A papular rash on the shoulders and
upper arms of Case 4 during the spring, while
he was getting no malathion, was replaced by an
erythematous maculopapular rash in the presternal
area during the summer, when he got 10% malathion.
This volunteer apparently considered both rashes
the same and attributed them to dosage. One man
(Case 32), who was at first disqualified because of a
severe acne on his shoulders and back, was finally
admitted to the experiment. He thought that the
acne became better during exposure (5 % malathion),
and this appeared to be true.

In addition to these cases, there were several
involving dermatophytosis. A rumour developed
that malathion was an effective cure for athlete's
foot, and some put large amounts of powder into
their socks. Evidence for the cure was clinical, not
statistical.
Important physical and laboratory findings for

volunteers before exposure and at the end of each
series in which they participated were tabulated.'
Although several abnormal values appeared in the
ranges, they showed no tendency to correspond to
dosage groups or to become progressively worse
during exposure. The haemoglobin, which tended
to be a little low at first, dropped slightly during
the summer. This was possibly related to temperature
and was certainly not related to dosage. The white
blood cell count was high in several men before
exposure, but tended to return to normal. This was
associated with a reduction in upper respiratory
infection.

1 Two tables have been deposited in the WHO Library
and copies may be obtained on request.

Results of the bromsulfalein test remained normal
(less than 10% retention) throughout.

Blood cholinesterase
The red cell cholinesterase values for each group

are shown in Fig. 1 and Table 3.2 A Student's f-test
(as modified by Fisher, 1924) showed that red cell
values determined on paired samples by the methods
of Nelson and Michel, respectively, could not be
distinguished. For that reason, both sorts of value
are shown in the figure. The fluctuations in the
level of cholinesterase, which are clearly evident in
the figure, cause some difficulty in determining
whether a minor change in red cell cholinesterase
was produced by any dosage of malathion. The
possibility of a major change is excluded by the
similarity of the average values for the experimental
groups to the average value for the control group on
the same day and also by the fact that the lowest
average value observed at anv time for any group
was 0.52 a pH/hour, a value not far from normal.
In attempting to determine the statistical significance
of the very small changes which did occur, it is best
to compare separately the values obtained for the
different groups during the next-to-last week of
each series, when the exposure of the men was
drawing to a close, and during the last week, when
the exposure was complete. The results of this
comparison by means of Student's t-test are shown
in Table 4. It may be concluded from the low and
inconsistent values in Table 4 that concentrations
of 1% and 50% malathion produced no significant
change in red cell cholinesterase while 10% mala-
thion produced a depletion which approached, but
did not reach, statistical significance. The results
of the present experiment do not permit one to
predict the minimal dosage necessary to produce a
statistically significant depletion or the larger
dosage necessary to produce a clinically significant
depletion.
A statistical study of groups, such as that described

above, will not fully reflect the presence of a small
proportion of values basically different from the
population as a whole. Only a few of the men
exposed to malathion exhibited a variation in their
individual red cell cholinesterase assay which was
greater than that to be expected in a normal popu-
lation. Klonglan et al.3 concluded from a statistical

2 An extended form of this table giving the range, mean,
and standard deviation of the values for each person
concerned has been deposited in the WHO Library. Copies
may be obtained on request.

3 Op. cit.-see footnote, p. 505.
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FIG. 1

AVERAGE RED BLOOD CELL CHOLINESTERASE OF GROUPS OF MEN EXPOSED TO DIFFERENT CONCENTRATIONS
OF MALATHION IN TALC

1.10- LEGEND

SYMBOL GROUP PERCENT
NO. MALAThION

1.00- 0 1,4 0
x hA 2,5 1

I O a 3, 6 5

.z90-A, O* 7 10

W
(n
< .80-

I.-
(n
W
z

00-
0

0 £60-

W,Z
lx

I I II II t
o 7 14 21 28 35 42 49 56 63 70 77 84 9 98 105 112 119

-MARCH APRIL v - MAY o+ JUNE -' i

TIME (DAYS AND WEEKS AND MONTHS)

Open points indicate no exposure; solid points indicate exposure; arrows indicate time of dosage.

analysis of their results that the minimal true reduc-
tion in an individual cholinesterase level that can be
detected after six or more determinations is 19 %.
Analysis of the data for individual volunteers showed

that there were 15 instances in which minimal
values for cholinesterase were less than 80% of the
average for the same person. However, 10 of these
lower assays were within 75% of the respective

TABLE 3

RED CELL CHOLINESTERASE LEVELS OF MEN EXPOSED
TO MALATHION

Group {Malathion| deNo. of Cholinesterase (z pH/hr)
No. ( determina-tions Range Mean ± SD a

2

3

0

5

99

180

207

0.54 - 0.99

0.65 - 1.08

0.42 - 1.13

0.75 ± 0.09

0.79 ± 0.10

0.71 ± 0.11

4 0 30 0.60 - 0.94 0.72 ± 0.08

5 1 40 0.51 - 0.88 0.69 ± 0.08

6 5 108 0.42 - 1.01 0.68 ± 0.11

7 10 130 0.40 - 0.87 0.64 ± 0.12

a SD = Standard deviation

TABLE 4

STATISTICAL SIGNIFICANCE OF DIFFERENCES IN RED
CELL CHOLINESTERASE VALUES ASSOCIATED WITH

DOSAGE OF MALATHION

Comparison Statistical level
of difference (%)

Sesn Group Concentration Penulti- Last
No. of malathion ( mate week week

Spring I vs 2 O vs 1 < 60 < 20

1 vs 3 O vs 5 < 90 95

Summer 4 vs 5 0 vs 1 < 10 < 95

4 vs 6
4 vs 7

u vs 0

0 vs 10

< Du

< 90 99
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TABLE 5
EXCRETION OF MALATHION-DERIVED MATERIAL

IN URINE OF MEN EXPOSED TO MALATHION

Group Malathion Malathion equivalent (mg/hour)
No. ( Range Mean + SD a

1 0 None None

2 1 0.03- 1.17 0.27 ± 0.21

3 5 0.14 - 3.21 0.97 ± 0.64

4 0 None None

5 1 0.02 - 0.93 0.30+ 0.19

6 5 0.04 - 9.57 1.74 ± 1.65

7 10 0.09 - 5.80 1.99 ± 1.25

a SD = standard deviation

individual average. Of the five remaining low values,
one was observed in each of groups 3, 4, and 7,
respectively, and two in group 6. Furthermore, it
should be pointed out that the low assays were
observed on the 69th experimental day when, as
is shown in Fig. 1, all groups tended to have minimal
cholinesterase except for Case 25, whose lowest
cholinesterase assay was noted on the first pre-
exposure day. In addition, these minimal cholines-
terase levels were followed by a rise back to a random
distribution about the average for a given individual.
Thus, although this drop was noted most in indi-
viduals exposed to malathion, the exact significance
of the decrease is questionable.
Measurement of the plasma cholinesterase activity

by the method of Michel showed that no significant
change occurred in any person in the experiment.
The lowest observed value, irrespective of group,
was 0.50 AJ pH/hour (Case 38), a value within the
range of normal (Rider et al., 1957).

Excretion of malathion-derived material
The excretion of malathion-derived material in

the urine of volunteers is shown in Table 5.1 Analyses
of urine samples taken from men in the control
group gave uniformly negligible values which
probably reflect slight cross-contamination of the
volunteers with one another's powder. These values

1 An extended form of this table, giving the range, mean
and standard deviation of the values for each person con-
cerned, has been deposited in the WHO Library. Copies
may be obtained on request.

are not shown in the table but are shown in Fig. 2.
The highest observed concentration of ether-
extractable phosphorus in any urine sample was
107 p.p.m. calculated as malathion. The highest
observed rate of excretion was 9.57 mg/hour.
The results for groups which actually received

malathion were characterized by considerable
variation between individuals and a very striking
variation between the separate daily results for
certain men in a single series. The variation between
men is indicated by the fact that the highest average
excretion in each of five groups exceeded the lowest
average excretion for the same group by a factor of
2.6, 3.3, 2.2, 8.7, and 3.1, respectively. The variation
between men is also indicated by the fact that each
one tended to remain consistent (either low or high
in relation to his group) from one series to another,
as shown in Table 6.
At the higher dosage levels, some, but not all, of

the observed variation between the amount of ex-
cretion ofmen in the same group could be explained
by their difference in size and, specifically, in body
surface. Table 7 shows the coefficient of correlation
between body surface and excretion of malathion-
derived material for the groups under study. The co-
efficients for groups receiving 5% and 10% malathion
ranged from 0.43 to 0.64. No explanation (such
as uniformity of one or both ofthe variables involved,
was found for the absence of correlation between
surface area and excretion for the group receiving
1% malathion. It is, of course, true that with small
statistical samples such as these, a single value may
make a great difference in the coefficient.

In contrast to the variation between individuals
in the same group, no explanation was found for
the variation between repeated observations on the
same man. This latter variation may have been
random in character. It was not related significantly
to the chemical determination which gives repeatable
results for a given sample. The great difference in
the coefficient of variation (21 %-144%) for repeated
observations on individual men suggested that some
men were inherently more variable than others in
the excretion of malathion-derived material. How-
ever, as shown in Table 6, this was not generally
true, because some men showed a marked increase
and others a marked decrease in variability when
their values for the spring and summer series were
compared.

Other potential sources of variation in excretion
would be duration of exposure or seasonal tempera-
ture. The average excretion of malathion equivalent
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FIG. 2
AVERAGE EXCRETION OF MALATHION-DERIVED MATERIAL IN THE URINE OF GROUPS OF MEN EXPOSED

TO DIFFERENT CONCENTRATIONS OF MALATHION IN TALC
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Symbols and conventions as in Fig. 1.

by the different groups as a function of time is shown
in Fig. 2. It may be seen that excretion was relatively
high early in the spring but decreased after 2-3
weeks; it increased promptly when the summer

series began and continued at a high rate during
the remainder of the experiment. These changes
were unrelated to temperature or duration of expo-
sure but clearly reflected the degree of supervision
which was possible as the experiment progressed.
Further indication of the tendency to greater
excretion during the period of better supervision is
shown in Table 6, which compares the spring and
summer performance of six men who continued to
receive 1% powder and three men who continued
to receive 5% powder. The average excretion by the

first group during the summer was 1.3 times their
excretion during the spring. The corresponding fac-
tor for the second group was 1.1. Men who received
5% powder during the spring and 10% powder
during the summer excreted 2.2 times as much
malathion derivative while on the higher dosage.
If one subtracts the variation between the two
series, which can be attributed to supervision, the
factor becomes exactly 2.0.
The difference between white and Negro men in

the excretion of malathion-derived material was not
statistically significant (P=>0.7). However, four
of the six Negroes had relatively low values for
their respective groups. It is possible that a statis-
tical difference could be demonstrated if larger
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TABLE 6

COMPARISON OF THE EXCRETION OF MALATHION-DERIVED MATERIAL IN THE URINE OF INDIVIDUAL MEN
AS RELATED TO DOSAGE AND SEASON

Malathion
concentration (%)

Spring Summer

5 10

aSD= standard
b C = coefficien

Excretion calculated as malathion

Case
No.

15

16

17

18

19

20

Group

21

22

23

Group

27

28

29

30

Group

Spring series

Range Mean ± SD a
(mg/hour) (mg/hour)

0.03 - 0.48

0.03 - 0.64

0.11 - 0.54

0.04 - 0.80

0.05 - 0.43

0.08 - 0.46

0.03 - 0.80

0.26 - 1.19

0.45 - 1.91

0.24 - 1.55

0.24 - 1.91

0.87- 1.71

0.68- 1.42

0.59 - 2.30

0.16 - 0.59

0.16 - 2.30

0.22 ± 0.15

0.18 0.26

0.26 ± 0.17

0.27 ± 0.23

0.23 ± 0.11

0.19 ± 0.12

0.23 + 0.17

0.50 ± 0.31

1.29 ± 0.58

0.69 ± 0.43

0.84 ± 0.56

1.18 ± 0.25

1.08 ± 0.25

1.22 + 0.62

0.39 ± 0.16

0.97 0.49

Summer series

Cb

68

144

65

85

48

63

74

62

45

62

67

21

23

51

41

51

Range
(mg/hour)

0.05 - 0.38

0.02 - 0.65

0.13 - 0.78

0.16 - 0.45

0.21 - 0.93

0.16 - 0.45

0.02 - 0.93

0.10 - 1.31

0.10 - 5.88

0.10 - 0.87

0.10 - 5.88

0.92 - 3.10

0.81 - 5.20

1.74 - 3.43

0.12 - 2.23

0.12 - 5.20

Mean±SDa Cb
(mg/hour)

0.20 ± 0.12

0.23 ± 0.22

0.41 ± 0.19

0.26 4 0.095

0.44 i 0.25

0.27 ± 0.12

0.30 ± 0.19

0.47 ± 0.39

1.86 l 2.08

0.51 ± 0.31

0.95 ± 1.35

1.67 ± 0.67

3.13 ± 1.37

2.81 ± 0.58

1.06 ± 0.77

2.15 ± 1.22

60

96

46

37

57

44

63

83

112

61

142

40

44

21

73

57

deviation.
it of variation.

TABLE 7

COEFFICIENT OF CORRELATION BErWEEN
BODY SURFACE AREA AND EXCRETION
OF MALATHION-DERIVED MATERIAL

Group Concentration Coefficient
Group of malathion (%) of correlation

2

3

5

6

7

1
5

5

10

- 0.03

+ 0.57

+ 0.03

+ 0.64

+ 0.43

subgroups were used. In fact, counting both
spring and summer cycles, each of the four contri-
buted at least one value that was smaller than that
for any white man in the same group.

During the spring series, the average excretion
of malathion-derived material by men receiving 5%
malathion powder was 3.6 times greater than the
average excretion by men receiving 1% powder.
The corresponding values during the summer series
differed by a factor of 5.8. The men who received
10% malathion during the summer excreted mala-
thion-derived material at a rate 6.6 times as great
as that of men receiving 1% powder during the
same season. It has already been mentioned that
men who got 50% malathion in the spring and 100%
in the summer excreted twice as much malathion-
derived material during the summer. In view of the
variation mentioned above, it is concluded that these
results indicate that the excretion of malathion-
derived material is proportional to dosage at the
levels studied. There was no evidence that the
excretion (or absorption) of malathion reached a

plateau as the dosage level was increased. This

5 5
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does not exclude the possibility that a plateau of
absorption might be reached if some concentration
of malathion higher than 10% were applied to the
skin.

It was not practical in the present experiment to
collect serial samples of urine to cover an entire
24-hour period. As already noted, there was no
trend toward increasing excretion after the first day
of exposure. In preliminary experiments on one
of us (J.G.S.) with 100, 50%, and I0%Y powder,
serial urine samples were collected. In every instance,
excretion of malathion-derived material reached an
irregular plateau after 6-8 hours. After bathing,
excretion decreased rapidly so that only traces of
malathion-derived material were detectable in the
urine 8 hours later. Loss of malathion from the
body may be slightly slower following repeated
daily exposure than after a single application; how-
ever, complete excretion of this compound requires
only a few days at most. In the present experiment,
the average excretion of malathion-derived material
was 1800 (as compared to the week-day rate) for
urine collected on Saturday night (one day after
last dose of malathion) and 7% for urine collected
on Sunday night (two days after last dose of mala-
thion). At the end of the experiment, excretion
decreased at about the same rate as on week-ends
and reached levels indistinguishable from the blank
by the third day.

DISCUSSION

There is some interest in attempting to measure
the percentage of the total dosage of malathion
which was recovered in the urine. Each man was
issued 90 g of powder each day. However, it is
quite impossible to apply 90 g of talcum powder to
the skin. When one reaches 25 g or 30 g, the powder
begins to fall off as fast as it is applied. There is,
therefore, some reason to use 28 g (a high average
within the observed range) as the greatest weight
of powder available for absorption at any one
time.

Daily excretion of malathion during the week-end
averaged 0.28 times the excretion on a week-day.
This additional recovery of malathion equivalent
has been taken into account in calculating the pro-
portion of the dose recovered; that is, week-day
values or averages have been multiplied by (5+
(2 x 0.28))/5 or 1.1. Table 8 shows the percentage
of malathion equivalent actually recovered from
the urine of different groups of men. It may be

TABLE 8

PERCENTAGE OF MALATHION RECOVERED
FROM URINE a

Lowest Highest

Group Malathion Mean
No. ( Single an Single Mean group

value man value man gou

1 0 - - - - -

2 1 0.28 1.8 11.0 4.3 2.5

3 5 0.26 0.7 6.1 2.4 1.8

4

5

6

7

0

5

10

0.19

0.08

0.09

1.9

0.9

0.9

8.8

18.0

5.5

4.2

7.7

3.0

2.8

3.3

1.9

a The calculation is made on the basis that 28 g of formula-
tion were really available for absorption. The percentages given
in the table must be multiplied by 0.278 in order to put them on
the basis of the 90 g of formulation actually issued to the men.

seen that the average values for different groups
ranged from 1.8% to 3.3% of the malathion avail-
able for dermal absorption. These values may be
compared with 23 % determined in man for excretion
and therefore absorption of malathion taken
orally in a single dose at the rate of 0.85 mg/kg
(Mattson & Sedlak). The fact that nearly a quarter
of the oral dose was recovered from the urine
indicates that the observed values do not differ
from true values by a factor greater than 4. Studies
by the same authors using radioactive malathion
indicate that, at least in rats, the method detects
an average of 66% of the total malathion-derived
material present in the urine. Although excretion
in man may be different from that in the rat, it
appears likely that only a portion of the malathion-
derived material in human urine is detected by the
available chemical method. Thus, the upper limit
of true average absorption of malathion applied to
the skin as a powder is probably slightly less than
10%, and the lower limit is about 4%. However, a
few people probably reach much higher values, as
indicated by an observed (uncorrected) average
value of 7.7% in Case 32, whose highest single
observed value was 18.0%.
The average values in Table 6 compare favourably

with corresponding values for preliminary tests
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carried out on one of us (J. G. S.). This is evidence
that the volunteers received their intended exposure.

This agreement of results is also of interest in
discussing the possibility of oral or respiratory
intake of malathion incidental to the intentional
dermal exposure. The head was undusted and the
hands and forearms were washed promptly after
dusting as a precaution against the contamination
of food, water, and tobacco or direct contamination
of the nose or mouth. Oral or respiratory intake
would have been difficult to measure under the
conditions of the experiment and no attempt was

think that these routes of entry were significant
either in the preliminary tests or in the final study.

CONCLUSION

Malathion is considered safe for the control of
human head or body lice, especially since infrequent
applications of small amounts of 1% powder are
effective. The safety of malathion for other pur-
poses, including those that may be developed in
the future, is related to absorption of the compound,
and this may be measured indirectly in terms of

made to do so. There was no objective reason to malathion-derived material in the urine.
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RItSUM1t

Certaines souches de poux sont devenues resistantes
au DDT et au HCH, d'autres le sont au lindane. Pour
remplacer ces insecticides dans la lutte contre les mala-
dies transmises par les poux, on a propose le malathion,
peu toxique pour les mammiferes. Les auteurs rendent
compte d'etudes faites en vue de determiner la toxicite
du malathion pour l'homme a la suite d'applications
cutanees prolongees de poudres A fortes concentrations,
et de mesurer le malathion absorbe.
La surface du corps et les vetements de 39 hommes

(repartis en groupes de 4 A 10 sujets) ont et traites cinq
fois par semaine pendant 8-16 semaines avec une poudre
de talc contenant 0%, 1 %, 5% et 10% de malathion.
La poudre a et laissee en place 23 heures par jour, mais
elle a et enlevee durant les jours de fin de semaine. Les
volontaires ont et examines avec soin avant le debut
du traitement ainsi qu'A la fin des essais, effectues les
uns au printemps, les autres en et. Au cours de ces
deux saisons, le teneur sanguine en cholinesterase et le
taux de metabolites du malathion dans l'urine ont et
determines a maintes reprises.
La plupart des sujets traites ont remarque l'odeur du

produit et ont eprouve une leg&e sensation de brOlure
cutanee pendant quelques heures apres l'application de

la poudre surtout lorsqu'ils transpiraient. Les doleances
concemant l'odeur et l'irritation cutanee etaient sensi-
blement proportionnelles aux concentrations employees,
bien que le talc, applique seul, ait aussi provoque des
plaintes. Deux cas d'eruption benigne ont et observes
qui pouvaient etre dus au malathion, mais on a egale-
ment constate l'amelioration d'une eruption preexistante,
pendant l'exposition du sujet a une poudre de 50% de
malathion. Malgre ces legers inconvenients, aucun des
sujets traites ne se serait oppose A l'application de la
poudre la plus concentree, si elle avait ete necessaire A
sauvegarder sa sante.
Les resultats des examens physiques et des analyses

courantes n'ont revele aucune anomalie. La fonction
hepatique, evaluee par l'epreuve de retention de la bromo-
sulfo-phtaleine est restee normale.
Aucune modification importante de la cholinesterase

dans le plasma n'a et observee. La poudre A 1 % et 5%
de malathion n'a pas modifie sensiblement le taux de
cholinesterase des globules rouges, mais a la concentra-
tion de 10% elle a provoque une depletion atteignant
un taux presque statistiquement significatif.

L'elimination des metabolites du malathion dans
l'urine (par consequent, l'absorption du malathion) a
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et proportionnelle aux concentrations employees, mais
a varie selon les sujets et, pour certains d'entre eux, d'un
jour a l'autre. En moyenne, un peu plus de 2% de la
quantite de malathion contenue dans la poudre ont e
retrouves dans l'urine, mais dans un cas, on a observe
un taux d'absorption de 18%, correspondant a l'absorp-
tion de 9,7 mg de malathion par heure. Le malathion
est rapidement excrete; il n'est plus decelable dans
l'urine trois jours apres la fin du traitement.

Le malathion utilise dans la lutte contre le pou de tete
et le pou de corps est considere comme inoffensif pour
l'homme, etant donne l'efficacite de la poudre a 1 %,
meme en applications espacees de faibles quantites. La
nocivite du malathion employe a d'autres fins depend des
quantites absorbees, lesquelles sont mesurables indirecte-
ment par dosage des metabolites du malathion elimines
dans l'urine.
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