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A group of 16 caulifiower workers poisoned by residues of the organophosphate insecticides
mevinphos and phosphamidon was followed in weekly clinics with interviews and determinations
of plasma and erythrocyte cholinesterase levels. None had preexposure baseline values. Although
six had initial erythrocyte cholinesterase values within the laboratory normal range, subsequent
testing showed their erythrocyte activity had been significantly inhibited. While the most severe
symptoms of the 16 subjects resolved after 28 days, their erythrocyte cholinesterase levels did not
reach a plateau until an average of 66 days after exposure, after which most patients continued to
report blurred vision, headache, weakness or anorexia. These findings support the view that the
diagnostic utility of single cholinesterase levels is limited in the absence of baseline values.

(Midtling JE, Barnett PG, Coye MJ, et al: Clinical management of field worker organophosphate
poisoning. West J Med 1985 Apr; 142:514-518)

Califomia agriculture has a 30-year history of field
—» worker poisonings caused by organophosphate pesti-
cide residues. Incidents involving crews of as many as 100 or
more vineyard and orchard workers have been reported.*
There were 323 confirmed reports of pesticide residue-in-
duced illnesses in 1983.2 State health officials have estimated
that as few as 1% of the residue-induced illnesses in field
workers are reported.!

. Inthe Salinas Valley of California, as in other agricultural
districts, pesticides are used extensively. Local health offi-
cials received 350 physician reports of pesticide illness in
1983. Between 1980 and 1983 there were four incidents in
which some 135 workers became ill from organophosphate
pesticide residues on the foliage of cauliflower and lettuce
plants. Since 1983 three incidents involving the drift of or-
ganophosphates resulted in 172 workers seeking emergency
medical treatment.

The initial diagnosis and treatment of a cholinergic crisis
are appropriately handled in most agricultural areas. In cases
of pesticide applicator exposure to cholinesterase inhibitors,
plasma and erythrocyte cholinesterase activities are ordi-

narily compared with preexposure baseline values, both to
confirm the diagnosis and to decide when to release a patient
for work involving possible reexposure to cholinesterase in-
hibitors.** However, other agricultural workers rarely have
baseline cholinesterase tests. Because there is a wide vari-
ability in persons’ normal cholinesterase values, the absence
of baseline data makes the interpretation of single postexpo-
sure values difficult.

We followed a group of 16 field workers exposed to or-
ganophosphate pesticides to develop criteria for the diag-
nosis, management and return to work of organophosphate-
poisoned persons who have no baseline cholinesterase values.

Report of Poisoning Event

A crew of 23 farm workers was exposed to pesticide resi-
dues in a cauliflower field in the Salinas Valley of California
on July 10, 1980. The workers began their job of tying leaves
over the head of the vegetable only six hours after the field had
been sprayed with the organophosphate insecticides mevin-
phos (Phosdrin) and phosphamidon (Dimecron). The com-
pounds are potent cholinesterase inhibitors. The oral median
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lethal dose (LDso) of mevinphos is 6.1 mg per kg of body
weight and the dermal LD, is 4.7 mg per kg of body weight.*
The oral and dermal LD, values of phosphamidon are 24 and
143 mg per kg, respectively.® State regulations require a 72-
hour interval between application of this combination of pes-
ticides and reentry into the treated area.

Shortly after beginning work, crew members noticed the
onset of blurred vision and eye irritation. They continued to
work and over the next two hours additional symptoms of
dizziness, weakness, disorientation, headache, nausea and
vomiting developed. Several workers experienced cramps in
their arms, legs and stomach. Two workers collapsed, one
with loss of consciousness.

The two collapsed workers were driven by another ex-
posed and symptomatic crew member to the emergency room
of the Natividad Medical Center where all three were decon-
taminated and examined. The two collapsed workers pre-
sented with bradycardia, increased salivation, miosis and
muscle fasciculations. Their serum cholinesterase values
were 2.40 and 3.04 IU per liter (laboratory normal range of 8
to 18 IU per liter). The patient with the least cholinesterase
activity received 1,000 mg of pralidoxime (Protopam) chlo-
ride intravenously. Both of these patients were given 2 mg of
atropine sulfate intravenously and were admitted to the inten-
sive care unit for observation. The patient who had driven
these workers to the hospital received 1 mg of atropine and
was admitted to the medical service for observation. His
serum cholinesterase level was 6.06 IU per liter.

Thirteen other workers from this crew sought treatment on
the same day from a physician recommended by the pesticide
applicator. Two of these workers were admitted to hospital

and the other 11 were released after plasma and erythrocyte
cholinesterase determinations, with prescriptions for 2 grams
of pralidoxime to be taken orally.

The remaining seven workers did not seek medical treat-
ment on the day of the incident. One of this group, an elderly
man, collapsed at home the day following his exposure and
was taken to hospital. All but one of the other workers were
seen by physicians during the following week.

Patients and Methods

All 23 members of the crew were invited to attend a series
of follow-up clinics that began on July 21, 11 days after the
incident. Initially 18 crew members joined the study but three
were lost to follow-up. One additional crew member entered
the study ten weeks after the poisoning.

The patients were all Hispanic and included six female and
ten male subjects. Their ages ranged from 9 to 72 years, with
ten patients between 18 and 26 years, three younger than 15
and three older than 34 years. One worker was five weeks
pregnant at the time of exposure.

The patients had received antidotal therapy according to
individual decisions of whether or not to seek medical care
immediately after exposure. Pralidoxime had been adminis-
tered orally to seven of the patients, pralidoxime and atropine
intravenously to one person and atropine alone to two persons.
The other six subjects received no antidotes.

All subjects were followed with weekly examinations.
Symptoms reported by them were recorded, and blood speci-
mens were analyzed for plasma and erythrocyte cholines-
terase activity using the method of Michel.” Analyses were
done at the same laboratory where most of the patients had

TABLE 1.—/nitial and Final Cholinesterase Values (Change in pH per Hour) of Patients Poisoned by Organophosphate Insecticide Residues.
Plasma Cholinesterase Values Erythrocyte Cholinesterase Values
Patient Admitted to Received Estimated Percent Estimated Percent
Number Hospital Pralidoxime Initial Normal* Inhibited Initial Normal* Inhibitedt
Patients With First Comparable Analysis Within 1 Day of Exposure
35 =Ne No 0.38 0.90 579 0.71% 0.75 5.3
4 -7 "%No Yes 0.19 0.81 76.4 0.39 0.60 35.0
8 Yes Yes 0.1 0.98 88.7 0.31 0.78 60.3
gL Ne Yes 0.23 117 80.3 0.38 0.85 55.5
e vi o No Yes 0.46:% 0.92 49.8 0.71% 0.82 13.8
122 = -iNo Yes 0.59% 1.01 41.4 0.77% 1.06 271
13- No Yes 0.24 1.00 75.9 0.50 0.92 457
N Yes 0.32 0.80 60.0 0.57 0.69 17.0
Average Inhibition, 8 Patients 66.3§ 32.5|
Patients With First Comparable Analysis 11 Days After Exposure
2. Ne No 0.84% 1.10 23.9 0.67% 0.99 32:9
50 . No No 0.46% 0.93 50.7 0.73% 0.98 265
6.5 No No 0.70% 1.05 33.3 0.56 0.97 421
T Nes Yes§ 0.79% 1.19 33:8 0.48 0.90 46.9
i = NS No¢ 0.66: 1.05 323 0.46 0.87 471
1800 =Y No9 0.77% 1.22 3t 0.42 0.78 459
16 Ne No 0.76% 1.00 24.0 0.73% 1.04 29.6
Average Inhibition, 7 Patients 34.3§ 38.5§
Patient With First Comparable Analysis 84 Days After Exposure
1. .. No No 0.63% 0.75 16.0 0.83% 0.87 46
*Estimated normal=average of last three analyses (see text)
tPercent inhibition=100— (initial value divided by estimated normal)
initial value above the lower limit of laboratory normal (0.58 for erythrocyte and 0.44 for plasma)
§Inhibition was significant by paired t-test (P <.001)
[linhibition was significant by paired -test (P < .005)
YReceived atropine
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cholinesterase determinations on the day of their exposure, so
that the values could be appropriately compared with the
initial results. They were followed until symptoms abated and
three successive erythrocyte cholinesterase values showed no
more than 0.02 Michel units (change in pH units per hour)
increase. A case report published elsewhere presented partial
data collected for workers’ compensation insurance pur-
poses.®

Clinical and Laboratory Findings
Cholinesterase Analyses

Normal plasma and erythrocyte cholinesterase activities
were estimated for each person by averaging the last three
values obtained. The initial and estimated normal activities
for the 16 persons are given in Table 1. The eight persons in
whom comparable cholinesterase levels were determined
within 24 hours after exposure had plasma cholinesterase ac-
tivity inhibited by an average of 66.3%. The difference be-
tween the initial and final plasma values for these subjects was
statistically significant (P < .001). The erythrocyte cholines-
terase activity in these subjects was, on the average, inhibited
by 32.5%, a difference shown to be significant (P < .005).

The seven subjects for whom the first comparable cholin-
esterase determination was done 11 days after exposure had
plasma cholinesterase depressed by an average of 34.3% and
erythrocyte cholinesterase inhibited by an average of 38.5%.
The fact that the initial plasma activity of these subjects was
not more severely inhibited than their erythrocyte activity
reflects the more rapid regeneration of plasma cholinesterase.
Again, inhibition of both cholinesterases was statistically sig-
nificant (P <.001).

The erythrocyte cholinesterase values for the 16 subjects
over the course of the study are presented in Figure 1. This
figure shows that the upward trend in values is apparent
within the first three analyses. Regeneration was also ap-
parent in the values of the subject enrolled in the study ten
weeks after exposure.

Cholinesterase activities regenerated to 95% of the esti-
mated normal values within an average of 57 days for plasma
and 66 days for erythrocyte enzyme activity.

1.101

Rates of cholinesterase regeneration were calculated and
expressed as the increase in percentage of the estimated
normal activity per day. Regeneration rates for the persons
followed during the first 11 days after exposure averaged
3.02% per day for plasma and 0.82 % per day for erythrocyte
cholinesterase. Pralidoxime had been administered to seven
of these eight persons. Cholinesterase regenerated more
slowly after the examination 11 days following exposure. The
average rate of regeneration between this examination and the
return to 95% of estimated normal activity was 0.96% per
day for plasma and 0.56% per day for erythrocyte cholines-
terase for the 15 subjects followed during this period.

Pralidoxime may have contributed to the higher initial rate
of regeneration observed in this study; however, a more rapid
rate of regeneration in the first 11 days following exposure
was apparent even for the subject who had not received the
antidote, indicating that there was a significant amount of
spontaneous dephosphorylation of cholinesterase. There was
no significant difference between the subgroups of persons
who had received pralidoxime and those who had not in either
the average regeneration rates or in the average number of
days to recover 95 % of estimated normal activity.

The slower regeneration of cholinesterase activity during
the remaining convalescence is consistent with other reports
that indicate that mevinphos becomes irreversibly bound to
cholinesterase.®

The recovery of the patients’ plasma cholinesterase, ex-
pressed as a percentage of individual estimated normal
values, fits a logarithmic regression (R=.91). The regenera-
tion of erythrocyte cholinesterase follows a linear model
better than a logarithmic one (R=.70). These regressions are
consistent with the observed recovery of cholinesterase in
humans experimentally exposed to the organophosphate
sarin, in whom the erythrocyte activity was restored at a rate
that was constant during the period of recovery, whereas
plasma cholinesterase returned at a rate that was more rapid at
the outset and declined as recovery proceeded.'®

Because subjects were followed beyond the recovery of
plasma cholinesterase activity, until erythrocyte cholines-
terase activity had reached a plateau of three weeks’ duration,

terase values for 16 subjects following
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the data allow evaluation of the postexposure period for a
possible rebound effect in plasma cholinesterase activity.
Some researchers have reported a rebound of 10% to 20%
above normal baseline in studies of animal and human sub-
jects exposed to organophosphates; the effect seems to occur
most prominently in plasma cholinesterase levels.''™** This
phenomenon was not apparent in the pattern of plasma cholin-
esterase regeneration in our study. The greatest plasma cho-
linesterase activity measured was no more than 3% greater
than the final plasma value in any of the subjects, well within
the margin of analytic error.

Clinical Findings

The symptoms most frequently reported by the patients
are presented in Figure 2. Symptoms commonly associated
with organophosphate-induced cholinergic excess such as
nausea, dizziness, vomiting, abdominal pain and ataxia were
reported by many patients initially but abated within 28 days.
Other symptoms persisted throughout the entire study period
in a significant number of patients. Blurred vision was one of
the most common initial complaints, and reports of it per-
sisted throughout the 18 weeks of the study. Headache, weak-
ness and anorexia were also reported late in the study.

Prescribing the oral form of pralidoxime appears to have
been ill-advised in this case. Most of the persons were nause-
ated or vomiting. The patient discovered to be five weeks
pregnant at the time of exposure had an uneventful pregnancy
and was delivered of an apparently healthy infant. A second
person became pregnant during the follow-up period, had a
normal pregnancy and was delivered of a healthy baby as
well.

Discussion
It is commonly stated that organophosphate-poisoned per-
sons must suffer about a 50% inhibition of plasma or erythro-
cyte cholinesterase activity before symptoms appear.'* In this
16-
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case, moderately severe symptoms were suffered by a group
of workers whose erythrocyte cholinesterase activity appears
to have been only 30% inhibited. This concurs with observa-
tions that the suddenness of decline in cholinesterase activity
is more important than the absolute amount of the decline in
determining whether symptoms will be manifest.

It has been reported that the symptoms of patients with
mild or moderately severe poisoning disappear within 24
hours and that patients with mild poisoning recover complete
blood cholinesterase activity within two weeks.'* In this case,
most of the patients continued to report symptoms 70 days or
more after exposure. They had regenerated 95% of their pla-
teau plasma activity after an average of 57 days and 95% of
erythrocyte activity after an average of 66 days.

It has also been reported that erythrocyte cholinesterase
regenerates at a rate of 1% per day, an estimate based on the
replacement rate of erythrocytes.* A similar rate of regenera-
tion was observed only during the first 11 days following the
poisoning; most of these persons had received pralidoxime.
Erythrocyte cholinesterase from day 11 to plateau regener-
ated at a much slower rate, less than 0.5 % per day.

This report shows many of the problems inherent in using
postexposure cholinesterase values in the absence of baseline
data either for diagnosing organophosphate pesticide poi-
soning or for determining when patients have recovered
enough to return to work that may involve reexposure to
organophosphate or carbamate pesticides. The laboratory
normal range may not always be a useful standard for esti-
mating cholinesterase inhibition. Because the range of normal
is so wide, patients whose normal values are at the upper end
of the range may lose half of their cholinesterase activity and
still have values above the lower limit. As can be seen in Table
1, the initial erythrocyte cholinesterase value for 6 of the 16
patients was above the lower limit of the laboratory normal
range. Subsequent testing showed that the erythrocyte cholin-
esterase activity in these persons was inhibited by an average

or Insomnia
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of 22.3%, which a paired 7 test found significantly different
from their final erythrocyte activity (P <.005). This concurs
with other observations that patients who suffer moderately
serious organophosphate poisoning may have cholinesterase
values within the lower limits of the laboratory normal
range.'*

If these workers, most of whom had nonspecific symp-
toms, had presented to separate physicians without a dramatic
history of group poisoning (if, for example, only one worker
had entered the field), the diagnosis might have been missed.
Indeed, this is the dilemma that clinicians in agricultural areas
routinely confront.

We suggest that sequential postexposure cholinesterase
determinations may be a feasible and useful alternative to
reliance on the laboratory normal range as a means to confirm
cholinesterase inhibition. Sequential postexposure testing
may improve the accuracy of diagnosis, provide evidence of
the work relatedness of the illness for compensation and guide
a physician in determining a patient’s ability to work. Patients
who have no baseline cholinesterase values and present with a
history of exposure, cholinergic symptoms and values at the
lower limits of normal should be kept from work involving
any additional exposure until their cholinesterase level is re-
tested in three to five days. Our experience in this case sug-
gests that upon retesting, the plasma cholinesterase level
should increase 15% to 20% if a significant organophos-
phate-induced cholinesterase inhibition has occurred. Regen-
eration of plasma activity is more likely to be seen over this
short period because of the more rapid rate of recovery of this
enzyme. Further increases on subsequent determinations
would confirm the diagnosis.

Because persons with depressed cholinesterase values are
especially vulnerable to poisoning by organophosphate and
carbamate pesticides, it would be prudent to keep them from
work involving exposure to these chemicals until their eryth-
rocyte cholinesterase has regenerated. Erythrocyte rather
than plasma values are recommended as the end point because
the former better reflects cholinesterase levels in nerve tissue
and, therefore, physiologic effect.® It is difficult to ascertain
when cholinesterase activity of a patient has regenerated
when there is no baseline value, however. In estimating when
regeneration has been completed, consideration should be
given to the fact that the erythrocyte cholinesterase activity of
a healthy person may normally vary by 10% on retesting.'¢ If
a value increases by less than 10% over the previous value,
the plateau may have been reached. Other factors that should
be considered in deciding when to release such patients for
work include the likelihood of reexposure to a cholinesterase
inhibitor, the persistence of symptoms, whether values are at
the lower limit of normal and the economic impact on patients
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of prolonged absence from work. This impact is only some-
what mitigated by temporary disability benefits provided by
workers’ compensation insurance in some states. Once pa-
tients” symptoms have abated, physicians may feel compelled
to release them to work to minimize the impact of this loss of
earnings, especially when the risk of reexposure is small.
Patients should be advised that additional exposure before
recovery is complete will entail serious risks. They should
also be advised to seek medical care promptly should symp-
toms recur.

A more conservative approach should be taken when there
is a high potential for reexposure, as was observed in this
study. The work of cauliflower tying involves substantial
dermal exposure to crop foliage during a time in the season
when organophosphate insecticides are intensively used. The
possible hazards of this occupation were underscored when a
second tying crew was poisoned in September 1982. Of the 36
persons poisoned in this second incident, 6 were among the
patients included in this report. A third cauliflower crew was
poisoned in the Salinas Valley in April 1983.

In response to the problem of residue-induced illness,
Monterey County has adopted a unique regulation requiring
that warning signs be posted in fields where a worker safety
reentry-interval of 24 hours or greater is in effect.
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