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Effect of occupational exposure
to organophosphorus insecticides
on neuromuscular function
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STALBERG E. HILTON-BROWN, P., KOLMODIN-HEDMAN, B. HOLM-
STEDT, B. and AUGUSTINSSON, K.-B. Effect of occupational exposure to organo-
phosphorus insecticides on neuromuscular function. Scand. j. work environ. & health
4 (1978) 255—261. Neurophysiological investigations and determinations of cholin-
esterase activity on plasma and erythrocytes were carried out on 11 Swedish
spraymen exposed to bromophos, diazinon, dursbane, and malathion. Plasma
cholinesterase activity was significantly reduced after work, while erythrocyte
cholinesterase activity was unchanged. In none of the workers with a decreased
plasma cholinesterase activity after work could any related acute neuromuscular
disturbance be detected when the men were tested with repetitive nerve stimula-
tion and with single fiber electromyography. Signs of subclinical neuropathy were
present as a slight reduction in sensory conduction velocity and increased fiber
density in some workers.
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Electromyography (EMG) has been used
on an increasing scale in occupational
medicine over the past years (14, 16). One
example is the study of effects on nerve
and muscle in workers handling different
kinds of pesticides such as organophos-
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phorus compounds (11, 15). The cholin-
esterase inhibition of these compounds
might possibly affect neuromuscular trans-
mission in exposed workers. Roberts et al.
(11, 15) suggested that a relatively simple
EMG technique was very useful and, to
some extent, superior to cholinesterase
measurements when the effects of expo-
sure to organophosphorus compounds are
being monitored (6, 10, 11, 15).

In the present investigation neuromus-
cular transmission and cholinesterase acti-
vity have been studied with more sensitive
methods than were used in earlier investi-
gations. It is an attempt to determine
whether a group of Swedish spraymen
was exposed to organophosphorus pesti-
cides to such a degree that EMG tests or
cholinesterase determinations showed ab-
normal values and, if so, to correlate the
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methods used. In addition to measuring
the decremental response of the surface
EMG recording and nerve conduction ve-
locity, we performed single fiber EMG
(SFEMG) (17). This method is particularly
sensitive to slight neuromuscular distur-
bances and changes in the termimal inner-
vation pattern. Both plasma and erythro-
cyte cholinesterase activity was measured.

SUBJECTS AND EXPOSURE

Eleven men from a company handling the
commercial application of insecticides
were examined. They were all spraymen,
working daily with solutions of 4 9%
lindane, 0.2 %o pyrethrum, 0.125 %
piperonylbutoxide, 2.5 %o malathion or
2 % bromophos in kerosene. Inter-
mittently they were exposed to 0.5 dia-
zinon and dursbane. The employment
period varied between 1 and 24 years.
They were equipped with routine protec-
tive devices such as respirators, boots,
overalls and gloves. The men were ex-
amined clinically, neurophysiologically,
and with measurements of blood cholin-
esterase activity. They also formed their
own reference group since measurements
were also made after 1—4 weeks of non-
exposure (preexposure values). The
measurements following exposure were
generally made within 1—24 h after a
period of spraywork. Exposure values
were taken during the spring season, and
the preexposure values after the summer
vacation. Blnod samples for cholinesterase
activity analysis were taken immediately
before each EMG investigation.

DETERMINATION OF
CHOLINESTERASE ACTIVITIES

The cholinesterase -activity of plasma
(BuChE) and erythrocytes (AChE) was
determined with a gasometric technique
using whole blood samples (50 w1 applied
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and dried on filter paper) and butyryl-
choline iodide and acetyl-f-metylcholine
iodide as the selective substrates for the
two activities (3, 4). The activity was
expressed in by, values, ie., microliters
of carbon dioxide evolved in 30 min/50 ul
blood. These walues can easily be con-
verted to nanomoles of substrate hydro-
lyzed per second per liter of blood (which
is the new wnit, called katal, recommended
by the International Enzyme Commission)
with the following formula:

1 nkat = 0.5 X b30.

NEUROPHYSIOLOGICAL
INVESTIGATIONS

Nerve conduction studies

Motor nerve conduction velocity measure-
ments were made with the standard
technique with surface recording (metal
discs) and stimulating electrodes (DISA,
13 K 62). The filter setting of the ampli-
fier was 2 Hz to 20 kHz. The ulnar nerve
was stimulated on both sides. The active
recording electrode was placed over the
belly of the abductor digiti minimi (ADM)
muscle and the indifferent electrode over
the fifth metacarpophalangeal joint.

Sensory nerve conduction velocity
measurements were made from the right
sural nerve with antidromic stimulation
between the two heads of the gastroc-
nemius muscle and the recording of the
sural nerve action potential at the lateral
malleolus with filt pad electrodes (DISA
13K 62).

Furthermore the amplitude of the com-
pound nerve action potential was mea-
sured with filt pad electrodes on both
sides at the sulcus ulnaris when the ulnar
nerve was stimulated at the level of the
wrist.

Before all nerve conduction studies we
chedked that the extremity was warm.
The temperature of the laboratory was



kept constant at 22°C in all the investiga-

tions.

Muscle response

The change in the compound muscle ac-
tion potential was measured from the
abductor digiti minimi muscle with repeti-
tive ulnar nerve stimulation. For the
recording and stimulating the setting was
the same as that used for the measure-
ments of the motor conduction velocity
of the ulnar nerve. The amplitude (nega-
tive peak) of the first response and the
change in amplitude and integrated sur-
face (the whole response) between the first
and fourth response at repetitive 2-Hz
nerve stimulation (decrement) was mea-
sured on-line with a computer (PDP 11/40).
The accuracy of the amplitude measure-
ments was 0.1 mV. On different occasions
the amplitude may vary up to 2 mV {range)
in a normal subject. The decrement mea-
surements were made with an accuracy of
about 1 %, and a value exceeding 5 %
(amplitude and surface) was considered
abnormal. These parameters were mea-
sured at rest and immediately after 20 s
of maximal voluntary activation of the
muscle (postactivity facilitation). A final
test was made 5 min after the activation
period (postactivity exhaustion). Care was
taken that the hand muscle was warm
during the investigation.

Single fiber electromyography

SFEMG was performed in the extensor
digitorum communis (EDC) muscle and
measurements were made of the jitter and
fiber density.

Jitter. Jitter recordings were made
from the slightly voluntarily activated
muscle as previously described (7). The
electrode was positioned to record simul-
taneously activity from two or more mus-
cle fibers belonging to the same motor
unit. There is a variability in the time
intervial between two action potentials
from muscle fibers in the same motor unit
at consecutive discharges, called the jitter,
which is on the order of 5—55 us in a

normal EDC muscle. This jitter is mainly
due to a variability in the neuromuscular
transmission time (17). The jitter is in-
creased in cases with disturbed neuro-
muscular transmission even before im-
pulse blocking occurs, i.e., before decre-
ment studies or clinical tests show any
abnormalities. The jitter analysis was
made on a computer (PDP 11/40) off-line.
Exceptionally manual analysis was made
from measurements of recordings on film
or a storage oscilloscope. Recordings were
made from 10—20 potential pairs (corre-
sponding to 20—40 motor end-plates) at
each investigation.

Fiber density. Fiber density is the
average number of muscle fibers from
one motor unit within the SFEMG elec-
trode uptake area (radius about 270 wm),
obtained from 20 recording sites. The
method and normal results for different
ages have been presented earlier (18).

In case of reinnervation (posttraumatic,
polyneuropathy, etc.) the organization of
muscle fibers in the motor unit is changed,
due to collateral sprouting, and causes an
increased fiber density.

Statistical methods. Student’s t-test of
paired differences with the one-tailed test
was used for the statistical analysis.

RESULTS

Clinical investigation

None of the examined subjects reported
clinical symptoms of intoxication indicat-
ing a reaction to orgamophosphate expo-
sure. Apart from occasional headache,
sometimes related to work, the subjects
had no symptoms or signs of any neuro-
logical disturbance.

Cholinesterase activities
The cholinesterase activities of the 11
spraymen before and the mean difference

between the values after and before ex-
posure are presented in table 1. The values
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Table 1. Cholinesterase values and neurophysiological data.

Preexposure Difference between pre-
Variable value and postexposure values p values
Mean SD Mean SD
Erythrocyte cholin-
esterase (AChE) (bso) 33.3 1.8 —2.04 8.8 p>02
Plasma cholin-
esterase (BuChE) (bso) 7.6 8.7 —6.14 | 6.3 p < 0.01
Motor conduction
velocity (m/s) 58.6 5.3 1.6 4.0 p>0.1
Sensory conduction
velocity (m/s) 424 3.6 —1.3 2.4 p = 0.05
Compound nerve action
potential (mean values
for right and left arm) (uV) 81.6 18.2 — 3.6 15.1 p>02
Muscle response (mV) 10.6 1.8 1.1 1.6 p>02
Fiber density 1.6 0.2 0.04 0.2 p>02
Mean jitter (us) 29.7 7.3 1.08 5.4 p>02

were all within the normal range reported
for the technique used (3). The results
revealed that plasma cholinesterase acti-
vity was decreased 8 %o on the average
(range 0—25 %) after exposure (p < 0.01).
Only one subject had a decrease in
plasma activity exceeding the normal in-
traindividual variation. In this connection
it may be pertinent to report that 10 of
the 11 workers had a lower plasma cholin-
esterase activity after exposure than be-
fore. The erythrocyte cholinesterase was
not affected (p > 0.2).

Nerve conduction studies

In the nerve conduction studies (table 1)
the motor nerve conduction velocity was
above the lower normal limits (> 45.0 m/s)
in all workers, and no significant decrease
could be detected between results on the
two oceasions (p = 0.1). The compound
nerve action potential, normally showing
a great scatter because of technical diffi-
culties, did not show any significant reduc-
tion in amplitude (p > 0.2). The sensory
conduction wvelocity was slightly reduced
(3 %) after the exposure period (p = 0.05);
reduction was noted in 7 of the 11 workers.
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Muscle response

No decremental response (table 1) and no
postactivity facilitation or exhaustion was
observed in any of the workers. The de-
crement was less than 3 %. No signs of
repetitive discharges were found. The
recorded compound muscle action potential
from the ADM muscle ranged from 7.6 to
14 mV and showed no significant differ-
ence before and after the exposure (p >
0.2).

Jitter

Some individual motor end-plates showed
an increased jitter before or after expo-
sure (table 1). No consistant difference
in the jitter with exposure was found.

Fiber density

For the group, no difference was seen be-
tween pre- and postexposure mean values
of the fiber density (table 1). It was un-
changed and within normal limits, 1.44 *
0.15 (18) in seven of the workers (fig. 1).
In four cases the fiber density exceeded
normal values by 2 SD before exposure.
Two had increased fiber density on both
the test occasions.



There was no correlation between cho-
linesterase activities in plasma or red cells
and the mneurophysiological parameters
(conduction velocities, mean jitter value,
number of recordings with increased jitter,
fiber density). Neither was there any
correlation between changes in cholines-
terase activity and changes in the neuro-
physiological parameters.

DISCUSSION

This investigation was performed to de-
termine any disturbance in neuromuscular
function and possible correlation with a
decrease in cholinesterase activity in con-
nection with work with organophosphorus
compounds. Earlier reports (11) have indi-
cated that neurophysiological methods
could reveal such disturbances even when
blood cholinesterase activity was normal.
The EMG surface response was said to
show a decrement at repetitive nerve
stimulation, a decrease after muscle ac-
tivity, and a lower amplitude after expo-
sure to organophosphorus compounds (11,
15). The two first findings, and possibly
also the third, would indicate disturbed
neuromuscular transmission. If this is
the case, the decrease in amplitude of the
recorded action potential should be pro-
portional to the number of blocked motor

with surface recordings showed normal
response amplitudes without decrement or
postactivity exhaustion. However, these
studies can be technically difficult, and
there are many possibilities of artifacts
giving false positive or possibly negative
results (e.g., improper electrode placement,
movement of the electrodes during stimu-
lation, change in skin resistance, intra-
mauscular temperature, characteristics of
the amplifiers, e.g., filter settings). It is
particularly difficult to use the absolute
amplitude for comparison between record-
ings made on different occasions. For the
decrement studies it is very important, in
situations of minor changes, that changes
in both amplitude of the response and its
integrated surface be compared. Whether
these factors account for some of the ab-
normal findings reported earlier (10, 11,
15) canmot be determined since some of
the information needed for such an eval-
uation is missing. In the present study
these factors were standardized and kept
as constant as possible between the in-
vestigations. By means of a computer the
measurements were made with a high
acecuracy.

To determine whether any neuromus-
cular disturbances were present despite
our normal surface recordings, we per-
formed SFEMG, which is a sensitive
method for the study of the transmission
in single motor end-plates in situ and may
show abnormalities in muscles having non-
decreasing surface responses. In none of
the cases did the mean jitter change after
a period of work. The investigation thus

Fig. 1. Fiber density in the ex-
tensor digitorum muscle. Open
symbols represent normal ma-
terial (18). Mean value and
standard deviation for each
decade indicated. Filled symbols
represent the spraymen, each
represented twice, before (Jk)
and after (m) work.
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did not reveal any acutely disturbed neu-
romuscular transmission. If the surface
response shows a low amplitude or decre-
ment due to neuromuscular disturbances,
there is always an increased jitter and
blockings in the SFEMG recordings.

The slight changes in plasma cholines-
terase activity were not correlated to dis-
turbed neuromuscular transmission in the
subjects.

In our study we found lower sensory
nerve conduction velocities after work in
seven subjects. The average reduction for
the group was very small (3 %) but statis-
tically significant (p = 0.05). Reduced
conduction wvelocity is usually a sign of
neuropathy, which thus may be present
in some of our workers. The increase in
fiber density in four subjects is inter-
preted as a sign of peripheral reinnerva-
tion after denervation. Such a lesion
would most likely be peripherally localized
since the motor nerve conduction velocities
and compound nerve action potential am-
plitudes were normal.

The increased jitter values seen in some
recordings most likely indicates an un-
certain impulse transmission in reinnerva-
tion structures [nerve sprouts, immature
motor end-plates (9)] but does not relate to
acute exposure. A preceding denervation
due to neuropathy is a possible explana-
tion.

Certain fluoro-organophosphorus com-
pounds are known to cause delayed neuro-
toxicity (1, 2, 5, 12, 13). Hexane (20) and
other hydrocarbon solvents (8) may also
cause polyneuropathy.

Verberk and Salle (19) administered
mevinphos to volunteers and found a red
blood cell cholinesterase depression of
19 9. In these men a 7 %o decrease in slow-
fiber motor nerve conduction velocity was
found, but the authors stated that this
finding might mnot be found for other
organophosphorus compounds.

A peripheral neuropathy could cause a
reduced surface action potential, e.g., due
to reduced exitability (demyelination) or
axonal degeneration. Whether such a re-
duction explains the lowered amplitude in
exposed pesticide workers, reported by
others, could not be further tested in our
material since the amplitudes did not show
any definite changes.

The slight neurophysiological abnormal-
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ities found in this investigation were un-
related to a lowered cholinesterase activ-
ity.
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