
Organic phosphorus insecticides may cause mild illnesses in persons
working closely with the materials, but they did not constitute any
hazard for residents surveyed recently in Wenatchee, Wash.

Exposure to Organic Phosphorus Sprays
and Occurrence of Selected Symptoms
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PESTICIDES are used intensively in agri-
culture in the vicinity of WVenatchee, WVash.

Direct measurement of dermal and respiratory
exposure of sprayer operators in this area to
parathion was reported by. Batchelor anid
Walker in 1954 (1). A survey designed to eval-
uate the hazard of organic phosphorus insecti-
cides was carried out in this same locality
during 1951 (2). It was found that definitely
exposed persons showed a significant reduction
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in average cholinestei-ase valuies and aii increase
in illnesses consistent witlh poisoninlg dui-ing the
period of their exposui-e. There was no evi-
dence of either reduced cholinesterase activity
or increased illness during the spray season
in persons with little or no exposure to
insecticides.

This survey was continued during the 1952
and 1953 seasons. The present paper presenits
the results of that work.

Materials and Methods

The procedure was essentially the same as
that used in the 1951 survey (2). The subjects
were again grouped according to decreasing
potential exposure as follows: mixing-plant
personnel (MPP), commercial applicators
(CA), part-time applicators (PTA), workers
in orchards (WO), fieldmen, warehousemen,
and miscellaneous workers (FWM), residents
living near orchards (RNO), residents of
Wenatchee area living far from orchards
(RFO), and a control group of residents liv-
ing completely outside the agricultural area
(ROA).
The four exposure periods were again based

on the best information which could be obtained
regarding exposure to insecticides for each in-
dividual. The observations on the potentially
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exposed groups (RNO and RFO) and the
definitely unexposed group (ROA) were di-
vided into periods based on the observed periods
of exposure for the exposed groups. The pe-
riods were preexposure, exposure, recovery (ar-
bitrarily taken as the 30-day period immedi-
ately following the last exposure of the season),
and postrecovery. Also included in the recov-
ery period were any data obtained from a
person known to be in a convalescent state fol-
lowing poisoning, provided that he avoided
further exposure.
In 1952, 228 persons were studied, including

100 of the same subjects studied in 1951. A
total of 923 blood samples were analyzed for
erythrocyte and 927 for plasma cholinesterase
activity, using the electrometric method of
Michel (3). Two hundred and twenty of the
subjects were interviewed periodically for
symptoms, as well as history of exposure.
In 1953, 239 persons in four of the groups

were studied: commercial applicators (34 per-
sons), residents near orchards (62 persons),
residents far from orchards (107 persons), and
residents outside the area (38 persons). These
groups were selected to represent occupation-
ally exposed (CA), potentially environmental-
ly exposed (RNO and RFO), and definitely
unexposed (ROA) populations. Cholinester-
ase determinations were not carried out on
these subjects. In this year an effort was made
to achieve greater statistical significance for
the survey of symptoms by (a) increasing the
number of observations in each group and (b)
equalizing, insofar as possible, the number of
observations from the various exposure periods.
Most of the participants were interviewed each
month, starting in some instances as early as
March and extending through November or
December. In an effort to assure as much uni-
formity of sampling as possible between the
exposure periods, no individual participant was
included in the final tabular summary unless
he had been interviewed at least once in each of
three periods, including both the preexposure
and the exposure periods.

Cholineste'rase Values

The results of the cholinesterase activity de-
terminations are given in table 1. The groups

with occupational exposure (MPP, CA, PTA,
and WO) showed a definite decrease in plasma
cholinesterase levels and some diminution in
erythrocyte enzyme values during the exposure
period. Though the decrease in mean values
was not great in any group, it was largest in
the group with the heaviest exposure, the mix-
ing-plant personnel. The lowest values (cells,
0.05; plasma, 0.09) encountered during the ex-
posure period were in a person living near an
orchard. These extremely depressed cholines-
terase activity levels were the result of a near-
fatal, acute case of organic phosphorus poison-
ing suffered by a 2-year-old child who had
played with a can from which the original con-
tents of 25 percent emulsifiable parathion con-
centrate had not been completely removed.
The poisoning incidents reported by Johnston
(4) and Dixon (5), as well as several unpub-
lished cases, support the conclusion that, al-
though extensive day-to-day exposure is
regularly associated with reduced blood
cholinesterase activity, the only fatal and near-
fatal cases of poisoning which were found were
associated not with long-standing exposure but
with brief, massive exposure and gross care-
lessness.
In the recovery period, the average plasma

enzyme values of 3 of the 4 occupationally ex-
posed groups (MPP, PTA, and WO) had re-
turned essentially to their normal levels. The
commercial applicators still showed a some-
what depressed average plasma cholinesterase
level at this time. For two of the groups with
greatest exposure (MPP and CA), the erythro-
cyte enzyme levels were still significantly sub-
normal during the recovery period.
Few postrecovery samples were obtained.

The values found were all in the expected range
except for one low plasma value for a single
resident near an orchard. This low plasma
value, which was associated with a normal red
cell value, must be considered characteristic of
the individual in question because it contin-
ued low after an appreciable time with no pos-
sible exposure.

It is of interest to note that the average pre-
exposure cholinesterase levels of individuals
living in an intensively sprayed area are essen-
tially the same as those of individuals living
in unsprayed areas. The three less-exposed
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Table 1. Cholinesterase values for various occupational and control groups in relation to exposure
to organic phosphorus insecticides, Wenatchee, Wash., 1952

Grouip

MPP
CA
PTA
WO-

FWM
RNO
RFO
ROA l

MPP
CA
PTA
WO-

FWM -- --

RNO
RFO
ROAI

MPl ---

CA
PTA
WO-

FWMI
RNO
RFO
ROAI --

MPP -

CA
PTA
WO-

FWM -- ----

RNO
RFO
ROA l_______________

Num-
ber of
people

Num-
ber of
samples

Cholinesterase values (A pH/hour)

Red blood cells Plasma
I,

Range Mean Standard
error

Range Mean Standard
error

Preexposure period

7 11 0. 60-0. 92 0.73 0.03 0. 50-1. 18 0.74 0.06
16 28 .61- .81 .70 .01 .66-1.26 .91 .03
39 49 .57- .90 .71 .01 .40-1. 18 .85 .01
14 14 .57- .84 .70 .02 .54-1. 12 .83 .04
12 21 .58- .86 .73 .02 .53-1.36 .90 .04
21 31 .61- .90 .72 .01 .45-1.17 .80 .04
12 26 .50- .84 .72 .01 .61-1.02 .85 .01
14 38 .64- .88 .73 .01 .54-1. 28 .92 .04

Exposure period

8 24 0. 15-0. 80 0. 62 0.03 0. 14-0. 81 0. 57 0. 04
30 84 .21- .92 .64 .03 .14-1. 10 .67 .03
59 2165 .41- .90 .68 .01 .26-1.26 .79 .01
13 3 36 54- .84 .68 .01 .49-1. 05 .74 .02
29 79 .45- .89 .71 .01 .36-1. 62 .86 .03
28 110 .05- .94 .69 .03 .09-1. 19 .76 .06
15 59 .50- .86 .69 .01 .58-1.02 .81 .02
14 459 .58- .84 .70 .01 .48-1.27 .90 .03

Recovery period

2 2 0.52-0.70 0.60 0.07 0.75-0.81 0.78 0.03
16 22 . 09- .86 .53 .05 .05-1. 15 .69 .05
14 5 14 .38- .82 .67 .03 .52-1.09 .79 .05
3 3 .62- .72 .69 .20 .59-0. 92 .78 .10
5' 5 .61- .82 .72 .04 .46-1. 08 .83 .10
6 7 .18- .80 .55 .09 .26-1. 14 .70 .12
2 2 .71- .74 .72 .02 .96-0.98 .97 .00
9 9' .60-.86 .73 .04 .59-1.26 .94 08

Postrecovery period

4
1
4
1
1

11

7
4
1
4
1
1

11

0. 48-0. 90
.55- .78

.59- . 80

. 66- . 92

0.66 0. 18
. 66 . 05
. 78
. 70 .04
. 64
. 76
.75 .02

0. 68-1. 15
.76-1. 02

.67-1. 32

. 60-1. 27

0. 83
. 92
. 87
. 97
. 48
. 69
. 98

0. 06
.07

. 14

.07

1 The averages for the year in this group were 0.72 for cells and 0.92 for plasma. Although this group was not
exposed to the spray chemicals under investigation, the cholinesterase values were distributed on the basis of collec-
tion date to the four periods set up for the exposed groups. This distribution provided a control for any potential
seasonal variation in cholinesterase values.

2 Only 164 red cell values available. 4 Only 58 red cell values available.
3 Only 35 red cell values available. 5 Only 13 red cell values available.
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Table 2. Occurrence of illness and of selected symptoms among various occupational and control
groups in relation to exposure to organic phosphorus insecticides, Wenatchee, Wash., 1952

Percent of observed illnesses exhibiting1

Selected svmptomis
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Preexposure period

2
13
19
4
5

77
116
47

25
43
53
57
41
93
97
82

31
5

50

26
30
19

8
5 11 11

4
6
4

5
10
4

8 3
8 9
2 8

8 1 I a 8
:21

25
20 20

5 3 21 1 14 5
2 4 23 1 22 3

2 23 13 2

50
8
5

3
5

6
3
6

Expostire period

8 6 75 17 33
68 60 88 52 13 13
59 48 81 50 25 54.
12 7 58 28 28 281
28 20 75 30 5 20
90 90 100 30 6 14
122 117 96 40 8 15
59 49 83 12 6 8

50
33
14

40
3
9

55
i12
15
3

112
12

S
23
28
15
4
3
2

2
12
14

3
6
4

10
19
28
20
22
26
18

2
14
28
203
3

50
23
25
71
25
26
24
14

15
12
28
10
4
2
2

8
14
28
10

I

33
15
10
14
25
3
6

Recovery period

0 0
22 58
8 57
3 100
2 40

48 !89
93 95
37 76

23
75

23
11
11

I
:55
12

2
4

18 18 9
50 112

33
50

10 2 6
10 3 8
S 8

5 5
12 25

44
I

9 23
12 12 23

33
100

25 12
12 2 13
8 11

9 18s 5
.2 12 12 12

67
50

2 31 2
1 4 3 24

19

Postrecovery period

5
25

20

14
13

5

I

2 5
25

2 11 2 10 2 23
3 13 710 24
2 13 13 92 22

NOTE: Values are zero unless otherwise indicated.
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0
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groups (FWM, RNO, and RFO) as well as the
definitely unexposed population (ROA) re-
mained normal during all periods.

Symptomatology

The symptoms recorded during the 1952 sur-
vey are tabulated in table 2 in the same form
used in the earlier study (2). The distribution
of the nonspecific symptoms throughout the
various groups and throughout the four periods
showed no particular pattern. In contrast the
selected symptoms listed in the table were noted
much more frequently during the exposure
period. This finding indicates that mild illnesses
involving symptoms similar to those character-
istic of organic phosphorus intoxication were
significantly increased during the exposure pe-
riod. However, on the basis of the 1952 survey,
as was also true for the 1951 study, it was not
possible to differentiate clearly among the vari-
ous potentially exposed groups with respect to
the incidence of this type of illness. In an effort
to solve this problem, the protocol of the survey
was modified somewhat for 1953, as described
above.
The symptoms recorded during the 1953 sur-

vey are shown in table 3. In this tabulation
the incidence of symptoms and of illnesses is
based on the number of observations, not on
the number of illnesses or the number of persons
as in table 2.
The incidence of all illnesses revealed that

the commercial applicators were generally
"healthier" than either the environmentally ex-
posed groups or the unexposed group. The un-
exposed group had a slightly lower incidence
of symptoms and of illnesses in all four periods
than did the environmentally exposed groups
(RNO and RFO). This lower incidence, how-
ever, is considered to be unrelated to exposure
since these groups were different with respect
to their potential contact with insecticides only
during the exposure period.
The increase in illnesses among the commer-

cial applicators during the exposure period was
a result of an increase during this period in the
selected symptoms known to be associated with
intoxication by organic phosphorus compounds.
The difference between periods was most ap-
parent for the frequency of headache, nausea,

pain or tightness in the chest, and myosis. The
significance of this trend can be seen by consid-
ering the incidence of myosis or of illnesses in-
volving three or more of the other selected
symptoms. As explained in the earlier report,
the occurrence of myosis or of three or more
other selected symptoms is a stronger indica-
tion of intoxication from organic phosphorus
insecticides than is the occurrence of unselected
symptoms or of any single symptom other than
myosis. Each of the selected symptoms other
than myosis occurs quite commonly as a result
of conditions unrelated to exposure to insecti-
cides, but they are not so likely to occur in com-
bination without easily recognized etiology.

Incidence of illness involving myosis or at least
three other selected symptoms among groups
occupationally exposed (CA), environmentally
exposed (RNO and RFO), or unexposed (ROA)
to organic phosphorus insecticides, Wenatchee,
Wash., 1953.
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The incidence of myosis or of three or more
of the other selected symptoms is shown in
figure 1, as well as in table 3, for each of the
groups. Especially in view of the generally
lower incidence of symptoms of any kind
among the commercial applicators, the great
rise in this group in the inicidence of illnesses
involving myosis or three or more other selected
symptoms during the exposure period is strik-
ing. Actually, 7 of the 8 illnesses in this group
could be clearly correlated with known heavy
exposure to either parathion or tetraethyl pyro-

phosplhate. Six of them included myosis as
well as two or more other selected symptoms.
The eighth case was presumably a respiratory
infection that was epidemic at that time.

Since the number of commercial applicators
was very small, data for 18 such workers not
included in the above analysis because they
were missed in the preexposure period were
also examined. These 18 were observed in the
exposure period and at least once in the re-
covery or postrecovery periods. As shown in
table 4, the inclusion of the observations for

Table 3. Occurrence of illness and of selected symptoms among various occupational and control
groups in relation to exposure to organic phosphorus insecticides, Wenatchee, Wash., 1953

Percent of observations revealing-

Selected svmptoms

t0
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18
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5
3
2
2

1
4

10 5 70 30
6 32 3 98 61
2 25 2 97 67
4 20 82 45

Ex p-

Exposure period
I_

27 37 11 4
159 19 2 6
26823 3 7
65 9 5 6

7
15
14
8

4
1

3

4 22 18
1 26 2
2 24 1

22

Recovery period

11 11 9 18 9 9 27 91 64 0
48 48 20 2 8 6 2 2 22 10 2 28 2 88 52 &
96 96 9 4 7 3 7 1 11 1 13 1 4 3 22 2 95 51 9

132 32 9 3 6 6 6 16 78 34 3

Postrecovery period

16
62
100
38

26
110 20
184 13
70 11

6
5
9

12
10
7

2

8

8

7

7

1 6
4
9

1

7

3

4
17
15
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1

1

1

2

7
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95
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a
15
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10^

NOTE: Values are zero unless otherwise indicated.
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Table 4. Occurrence of illness and of selected
symptoms among persons occupationally ex-
posed to organic phosphorus insecticides,
Wenatchee, Wash., 1953

Expo- Recovery Post-
Item sure period recovery

period period

Nuimber of individuals 34 22 34
Number of observations- 55 22 51
Percent of observations

revealing any illness- 87 86 63
Percent of observations

revealing at least 1
selected symptom 67 F9 33

Percent of observations
revealing myosis or at
least 3 other selected
svmptoms -36 5 0

this group with those for the original group
increases somewhat the incidence of illnesses
involving at least one selected symptom and th-
incidenice of myosis or of at least three other
selected symptoms during the exposure period.
Tlhus it strengthens the conclusion that there
was a highly significant increase in this type of
illness among occupationally exposed individ-
uals during the period of exposure.
The occurrence of three or more selected

symptoms was slightly more frequent among
the environmentally exposed groups (RNO and
RFO) than among the unexposed group
(ROA) in all periods. (None of these groups
reported myosis.) As suggested above, how-
ever, this difference was probably due to uncon-
trolled variables. Twelve of the eighteen ill-
nesses involving three or more selected symp-
toms in the unexposed group were fairly defi-
nitely associated with etiologies unrelated to
intoxication. Ten of the twelve were diagnosed
as influenza or upper respiratory infection.
One person had an operation for an intestinal
obstruction, and another had cardiovascular
disease. It is significant that of the 6 illnesses
that were not adequately explained, 3 occurred
in the preexposure period, 2 in the postrecovery
period, and only 1 in the exposure period.
Of the 46 illnesses with three or more se-

lected symptoms (but no myosis) found in the
residents near orchards, 35 were fairly clearly
associated with etiologies unrelated to insecti-
cide exposure. These included upper respira-

tory infection, known allergies, pregnancy, pep-
tic ulcer, and scarlet fever. The 11 that were
not adequately explained were distributed 3 in
the preexposure period, 3 in the exposure
period, 1 in the recovery period, and 4 in the
postrecovery period.
There were 84 illnesses revealing three or

more selected symptoms (but no myosis) among
the residents far from orchards; of these ill-
nesses, 42 could be associated with etiologies
unrelated to insecticide exposure, including
about the same ones as those found in residents
near orchards. Of the 42 illnesses that were
not adequately explained, 15 occurred in the
preexposure period, 16 in the exposure period,
6 in the recovery period, and 5 in the post-
recovery period. With such a distribution
there would seem to be little, if any, basis for
associating these unexplained illnesses with
exposure to insecticides.

Summary and Conclusions
A study of the effect of exposure to organic

phosphorus insecticides carried out during 1952
and 1953, using some of the same subjects as
those observed by Sumerford and his colleagues
in 1951 (2), confirmed the previously demon-
strated relationships between blood cholines-
terase levels, exposure, and illness. It also pro-
vided further evidence that the occurrence of
myosis or three or more other selected symp-
toms is a criterion for the differential diagnosis
of mild poisoning. None of the results of the
new investigation contradicted any conclusion
stated in the first report.
In addition to these confirmatory findings,

the present study showed clearly for the first
time that illness resemblinig mild poisoning was
not significantly more common in persons living
in an agricultural community who had no occu-
pational or gross accidental exposure than it
was in persons living in a nonagricultural area,
where insecticides were not used.
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PHS finms

Clinical Manifestations of
Leprosy

Part 1. Tuberculoid Type
Part 11. Lepromatous, Indeter-

minate, a n d Borderline
Types

35-mm. filmstrip, color, silent with cap-
tions, 50 and 54 frames, respectively,
1956.

Audience: Physicians, public health offi-
cers, nurses, and medical students.

Part I of the filmstrip consists of
a series of examples of tuberculoid
lesions, each with a brief descrip-
tive caption. The examples are lim-
ited to those found in the Westfort
Institution, Pretoria, South Africa,
and nearly all the patients are Ne-
groes.
Part II shows 20 cases of the lep-

romatous type, 17 indeterminate,
and 7 borderline, all Negro patients
in the same institution. Each has
its appropriate caption.

Refuse Disposal by
Sanitary Landfills

16-mm. film, color, sound, 13 minutes,
472 feet. 1957.

Audience: Environmental sanitation per-
sonnel and other public health workers,
municipal officials and civic groups.

The contributions of the sanitary
landfill to community progress and
public health are contrasted in this
film with the faults of other disposal
methods, such as open dumps, carry-
ing vectorborne disease and nuisance
hazards.

Children play on site of former landfill.

How to select a site, types of equip-
ment used in landfilling, how to con-
struct the fills, and different types of
operating procedures are delineated.

Arthropod-Borne
Encephalitis
16-mm. film, color, sound, 171/2 minutes,
629 feet. 1957.

Audience: Epidemiologists, sanitary engi-
neers, insect and rodent control per-
sonnel, and medical students.

MOSOUITOES gWIoENTAL FEE(1,6
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MAN
WIlD IIIDS CHICKENS WILD It1OS

The nature, significance, distribu-
tion, and known control measures
for arthropod-borne encephalitis are
delineated in this introductory film.
The definition and importance of
the disease, the three types and
where they are found, human and
equine cases, and temporary and
permanent control measures are cov-
ered. The usual cycle of encepha-
litis transmission is from mosquitoes
to wild birds. Infection of man and
horses is believed accidental.

PHS films may be obtained on
LOAN from the Communicable Dis-
ease Center, Public Health Service,
50 7th Street NE., Atlanta 5, Ga., or
PURCHAS.ED from United World
Films, Inc., 1445 Park Avenue, New
York 29, N. Y.
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