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Neurological and electroneuromyographic assessment of the
adverse effects of acrylamide on occupationally
exposed workers
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HE F, ZHANG S, WANG H, LI G, ZHANG Z, LI F, DONG X, HU F. Neurological and electroneuro­
myographic assessment of the adverse effects of acrylamide on occupationally exposed workers. Scand
J Work Environ Health 1989;15: 125-9. Seventy-one acrylamide workers and fifty-one unexposed refer­
ents were studied. Weak legs and numb hands and feet, preceded by skin peeling from the hands, were
the early symptoms of the acrylamide workers; their early signs were impairment of vibration sensation
in their toes and loss of ankle reflexes. Three cases had cerebellar involvement followed by polyneuropa­
thy due to heavy exposure. Electroneuromyogra phic changes, including a decrease in the sensory action
potential amplitude, neurogenic abnormalities in electromyography, and prolongation of the ankle tendon
reflex latency, are of greater importance in the early detection of acrylamide neurotoxicity since they can
precede the neuropathi c symptoms and signs. The diagnostic criteria for occupational acrylamide intoxi­
cation of this study revealed three severe poisonings, six moderate poisonings, and 43 mild poisonings.
The tota l prevalence of acrylamide poisoning was 73.2 0J0 . The prevention of dermal exposure to acryl­
amide should be emphasized.

Key terms: acrylarnidc intoxication, cerebellar dysfunction, polyneuropat hy, vibration sensation impair­
ment.

Ac rylamide is the raw mat erial ma inly used in the
production of po lyacrylamides, which are useful as
tlocculants or grouting age nts . Sin ce 1953 , mono met ­
ric acrylamide has been kn own as a neurotoxicant to
man (I). A total o f 61 cases of ac rylam ide int oxica­
tion was rep or ted among humans outside China be­
twee n 1957 an d 1977 ( I- I I) . H owever , more than 90
cases of ac rylamide into xica tion have occ urred in Chi­
na in the past five yea rs due to an increase in the ex­
pos ur e to acrylamide in a number of small townsh ip­
run or village-owned industries. This study was ca r­
ried out fo r the purpose of assessi ng the adverse ef ­
fects o f ac rylamide o n occupationally exposed work­
ers in small factories manu facturing acrylamide.

Subjects and methods

Exposure

In the factory und er study the production of acryla­
mide and its po lymers began in May 1984. Acrylamide
mo no me r (27':'-30 070) was p repared by the hydration
of acrylon itr ile, flash vaporizatio n, an d condensation.
It then und erwent the ion -exchange process, followed
by polymer iza tion . The atmospheric concentrations of
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aeryla mide, determ ined by gas chroma tography,
reached 5.56-9.02 mg/m ' during po lymerizat ion
when there was an exceptio na l increase of production
between March and June 1985 and then decreased to

0.0324 rng/rn' on th e ave ra ge after reno vatio n of th e
workshop in July 1985. Hea vy skin co nt amination by
aqueous acrylamide monome r on th e hands was co m­
mo n among the exposed wo rkers because of inade­
quate personal pro tection , unawareness of acrylamide
toxicity, and un satisfactory person al hygiene. T he
acrylamide content of the wa ter in whic h thre e work­
ers had was hed their hand s was 4 10 mg/1. Th e acryl­
a mide workers wo rked for 8 hid, 6 d/ week.

Subjects

Sevent y-one workers exposed to acrylamide (45 men
and 26 wo me n) were studie d in Octob er 1985. Th eir
ages ranged betwee n 17 an d 41 (mean 24) years, and
they had been exposed fro m I to 18 months. Fifty-one
unexposed blue-collar workers from the same town (33
men a nd 18 wo me n) between th e ages of 17 and 35
(mean 23) years served as the reference group . No ne
of the referents suffered from nervou s diseases. Dia­
betes was excluded from both groups .

Methods

Clinical and laboratory examinations. All the subjects
of both groups were in terv iewed with the aid of a struc­
tured questionnaire ob tai n ing information on dem o­
gra phic fac tors, occ upationa l histo ry, symptoms, past
illne sses, an d fa mi ly histo ry. Physical and neu rol ogi­
ca l exa minations, visual ac uity, an d visual field test-
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ing, skin temperature measurement, electrocardiogra­
phy, and electroencephalography were performed. The
laboratory studies included routine blood and urine
tests, liver function (serum glutamate pyruvate trans­
aminase and the thymol turbidity test), serum hepati­
tis B sur face antigen, serum p-glucuronidase, and irn­
munog lobins (IgG, IgA, IgM).

Electroneuromyograph ic examination. The elec­
troneuromyographic (ENMG) examination was carried
out with a DlSA 1500 electromyographic (EMG) ap­
paratus . The electrical activities of the abductor pol­
licis brevis muscles and abductor digiti minimi mus­
cles, including the insertion activity , spontaneous ac­
tivity of motor units, and the electr ical activity dur ­
ing mild and maximal voluntary contraction, were
recorded with concentric needle electrodes. The mean
duration and mean voltage of 20 motor unit poten­
tials and the percentage of polyphasic potentials in each
muscle were determined. The duration of a motor unit
was taken as the time for the oscilloscope tracing to
return to the base line after its original deflection from
the beginning of that potential. The voltage of a mo­
tor unit was taken as the peak-to-peak amplitude. The
phase of a motor unit potential was defined by the
number of deflections across the base line.

The minim um acceptable skin temperature of the
hands and feet during the measurements of nerve con­
duct ion velocity and distal latency was 30°e. Bipolar
skin stimulation electrodes were used in all the mea­
surements of nerve conduction velocity . Voltage was
always 30 fTJo supramaximal. For measurin g maximal
motor nerve conduction velocity (MCV), the median
and ulnar nerves were stimulated at the elbow and
wrist, and the muscle action potential was recorded
from the abductor pollicis brevis muscle and the ab­
ductor digiti minimi muscle with concentric needle elec­
trodes. The peroneal nerve was stimulated at the knee
and ankle, and the muscle action potential was re­
corded from the extensor digitorum brevis muscle by
surface electrodes.

Table 1. Symptoms of the acry lamide workers and the refer­
ence group.

Acrylam ide Reference
group group

Symptom s (N =71) (N=51)

N % N %

Skin peel ing from the hands 38 53.5' 2 3.9
Numbness in the hands and feet 15 21.1" 2 3.9
Lassit ude 14 19.7" ' 1 1.9
Sleepiness 12 16.9" a
Muscle weakness 11 15.4" a
Clumsin ess of the hands 8 11.2' a
Anorexia 8 11.2 ' 1.9
Unsteady gait 6 8.4' a
Coldness of the hands and feet 6 8.4' a
Diff iculty in grasping 5 7.0' a
Stumbl ing and falti ng 5 7.0' 0
Sweating 27 38.0 14 27.4
Dizziness 7 9.8 2 3.9
Cramping pain 6 8.4 5 9.8

• P<0.05, • • P< 0.01 (X2 test).
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The sensory nerve conduction velocity (SCY) of the
median and ulnar nerve was measured through the
stimulation of the forefinger and the little finger,
respectively, with ring electrodes, recordings being
made at the wrist and elbow by surface electrodes. The
sensory nerve conduction velocity of the sural nerve
was recorded with a surface electrode at midcalf,
14 em from the stimulating electrode placed just be­
low the lateral malleolus. The peak-to-peak amplitude
of the evoked potentials was also measured .

The H-refl ex was recorded from the soleus muscle
from stimulation of the tibial nerve at the popliteal fos­
sa. The ankle tendon reflex was elicited by a mechan­
ical tap on the Achilles tendon with a reflex hammer
fitted to trigger the oscilloscope; it was recorded from
the medial head of the gastrocnemius muscle when the
subjects were supine with their knees semiflexed at
about 120°.

Statist ical methods. The chi-square test was used to
analyze the symptoms and signs, and the Student's
t-test was used in the analysis of electroneuromyo­
graphic par ameters.

Results

Symptoms
The initial symptoms were the peeling of skin and ex­
cessive sweating of the hands , mainly due to topical
contamination by aqueous acrylamide . Muscle weak­
ness of the legs, as well as numbness and tingling of
the hand s and feet , indicating an involvement of the
peripheral nervous system, appeared in one-fifth of the
exposed subjects after 3-10 months of exposure. Nine
workers who were engaged in the ion-exchange and the
polymerization of acrylamide during March and April
1985developed lassitude, sleepiness, anorexia, and loss
of body weight a mo nth later and progressed to in­
ability to hold things tightl y, unsteadiness in walking,
and difficu lties in lifting their legs when climbing stairs
and in standing with their eyes closed or while wash­
ing their faces. Three of the nine were found to have
hori zontal nystagmus, truncal ataxia, and clumsiness
of the hands when they were admitted to the hospital
in May 1985. They showed impro vement of cerebel­
lar function a month later , but began losing their sen­
sation of vibration and tendon reflexes. [Such a clini­
cal course agrees with the typical features of severe
acrylamide poisoning in which peripheral neuropathy
always develop s after the involvement of the cerebel­
lum (8).] When these person s were inter viewed in Oc­
tober 1985 in this study , they had recovered consider ­
ab ly after remo val of exposure for three to five
months. No disturbance of consciousness or symptoms
other than those of the nervous system were noted . The
comparison of the preva lence of symptoms between
the acry lamide workers and the reference group is
shown in table I .



Table 3. Prevalence of electromyographic abnormalities.

a degeneration of primary annulospiral endings of
muscle spindles and secondary muscle spindle endings
has been demonstrated prior to nerve fiber degenera­
tion and clinical signs in acrylami de-intoxicated
animals (II, 12).] Therefore, the latency of the ankle
tendon reflex seems to be more sensitive than the H-

Table 2. Signs of the acrylam ide workers and t he reference
gro up .

Acrylamide Reference
worker s group

Signs (N=71) (N = 51)

N % N %

Erythema of hands 16 22.5" 0
Skin peeling from the hands 16 22.5" 1.9

Sensory impairments

Vibration sensation 12 16.9" 0
Pain sensation 7 9.8' 0
Touch sensation 6 8.4' 0
Position sensation 1 1.4 0

Muscle atrophy in hands 4 5.6 0
Diminished reflexes

Biceps 12 16.9" 0
Triceps 10 14.0 7.8
Knee 11 15.4' 1.9
Ankle 8 11.2' 1.9

Loss of reflexes

Biceps 3 4.2 0
Triceps 5 7.0 1.9
Knee 5 7.0' 0
Ankle 17 23.9" 0

Intention tremor 13 18.3' 2 3.9
Positive Romberg's sign 15 21.1 3 5.8

, P< 0.05, ,. P< 0.01 (X' test).

Ac ryl am id e Reference
gro up. gro up b
(N = 69) (N = 48)

4

2
1

40
29

9

a Number of muscle samples 138.
b Number of muscle samples 96.

Pro lon ged insertiona l activity
Spontaneous po tent ials

Fibrill at ion
Posit ive wave

Prol onged durat ion of motor units
Incr eased po lyphasic potentials
Discrete pattern of rec ruitment

Signs
In additio n to the erythema and skin peeling of the
hands the impairment of vibration sensat ion, a dimi­
nut ion of tendon reflexes, and a positive Romberg's
sign were the most prominent signs in 27 acrylamide
workers, ie, in 38 070 of the expose d group. The sen­
sory function and tendon reflexes were more involved
in the distal part of the extremities. Distal muscu lar
strength decreased to grade 3-4 of the scale of the
Medica l Research Council in one-fifth of the exposed
workers . The distal skin temperatures were also lower
in the exposed subjects than in the reference group (ta­
ble 2). [These neuro logical signs are consistent with a
distal polyneuropathy with more involvement of deep
sensation.] Visual acuity and the visual field were nor­
mal. No other signs were seen in either group.

Electroneuromyographic changes
Sixty-nine workers of the acrylamide group and 48 un­
exposed referents were studied by ENMG. Only three
acrylamide workers showed denervation potentials
(fibrillations in two, positive waves in one). A discrete
pattern of recruitment was noted for nine acrylamide
workers. However, a prolonged durati on of motor unit
potentials and an increase in the number of polyphasic
potentials were foun d in 40 and 29 of the acrylamide
workers, respectively, including 25 acrylamide work­
ers without any neuropathic signs such as impairment
of distal sensation or reflexes (tab les 3 and 4). [This
finding suggests that a par tial denervation of the dis­
tal muscles caused by axonal degeneration of the
peripheral nerves could be a subclinical abnormality
in acrylamide workers.]

The H-reflex and the ankle tendon reflex were non­
responsive in 23 (33.3 %) and 21 (30.4 %) of the
acrylamide workers, respectively, whose ankle reflexes
were diminished or absent. The latency of a detecta­
ble ankle tendon reflex was significantly prolonged in
48 acrylamide workers, including those with no clini­
cal neurological findings, in comparison with that of
the reference group when the heights were adjusted by
the analysis of cova riance. Howeve r, a pro longation
of the detectable H-re flex latency was only seen in the
acrylamide workers with neuropathic signs (tab le 5).
[This finding cou ld well be explained by the fact that

Table 4. Comparison of t he mean durati on and am pl itu de of t he motor un it po te ntials of the studied group s.

Abductor polli c is brevis Abd ucto r digiti minimi

Number of m uscle muscle
Group

subjects Mean duration Mean amplitude Mean du ration Mean amplitude
(rns) (uv) (ms) (uv)

Acry lamide- 69 9.3" 332.2' 9.8" 365.6 "

A 27 9.4" 340 .2' 9.8" 420.1"
B 42 9.1' 319 .9 9.6" 342.2"

Reference 48 8.5 291.7 8.8 290.9

a A = exposed subjects with neuropathic sig ns , B = exposed SUbjects without neuropat hic signs.
, P<0.05, ,. P < 0.01 (compared with the reference group by St udent's t-test) ,
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Table 5. Comparison of the H·reflex and ank le ten don reflex laten cies (rns) of the studied gro ups .

H-reflex Ankle tendon reflex
Number

Group of Nonresponsive Detectable lantency Nonresponsive Detectable latency
subjects (N) (N)N Mean SO N Mean SO

Acrylarntde- 69 23 46 27.8 1.8 21 48 33.6" 2.9

A 27 18 9 29.1" 1.6 17 10 35.8" 2.7
B 42 5 37 27.5 1.8 4 38 33.2" 2.8

Reference 46 0 46 27.8 1.9 a 46 32.5 2.5

a A = exposed subjects with neuropathic signs, B = exposed subjects without neuropathic signs.
, P <0.01 (com pared with the refe rence group by an analysis of covariance to adjust the heigh ts).

Table 6. Comparison of the sensory action pote ntial ampl itudes (1IV) of the studied groups.

Median nerve Ulna r nerve

Number of Sura l nerve
Group subj ect s Wrist Elbow Wrist Elbow

Mean SD Mean SD Mean SD Mean SD Mean SD

Acry larnlde- 69 9.3"" 2.1 3.8 1.8 6.8"" 2.0 4.8 1.9 6.6" 1.9

A 27 6.0"" 2.3 2.9 ' 1.9 4.9"" 2.2 3.7** 2.2 4.9* 1.9
B 42 11.1 1.8 4.2 1.7 8.4 1.7 5.9 1.6 8.1 1.9

Reference 48 12.3 1.6 4.2 1.6 9.4 1.7 5.6 1.6 8.8 1.8

a A =exposed subjects with neuropathic signs, B =exposed subjec ts without neuropathic sig ns.
" P < 0.05, "" P <0.01 (compared with the reference group by the Student's t-test).

reflex latency in the early detec tion of acrylamide tox­
icity in humans.

The results of the motor and sensory nerve conduc­
tion measurements did not show much difference be­
tween the two groups, except for a mild slowing in the
motor nerve conductio n velocity of the peroneal nerve
in the acry lamide gro up [42.8 (SD 1.12) m/s] in com­
parison with the reference group [44.9 (SD 1.17) m/ s).
However, the senso ry action potentials o f the medi­
an, ulnar, and sural nerves were decreased significantly
in the aery lamide workers with neurologica l signs as
compared with those of the reference group (table 6).
[These findings are in acco rda nce with the results of
previo us reports (4, 10, 13) suggesting that the defect
in the sensory action potential resu lts from the ax­
onopathy of sensory nerve fibers and that the periph­
era l sensory nerves are more severely damaged than
the associated motor nerves (4, 10).)

Other laboratory tests
The serum ~-glucuronidasc, serum immunoglobu lin,
and ro utine uri ne tests were normal. A blood leuco­
cyte count of less than 4 DOD/mm] was found for three
acrylamide worke rs, and an elevated serum glutamate
pyruvate transaminase in one. Only one out of the 41
electroencephalograms of the acry lamide gro up
showed a mild abnormality, and three showed mar­
ginal findings. The electrocardiography showed five
cases of sinus arrhythmia and 10 cases of sinus
bradycardia among the 71 acrylamide workers, where­
as these two abnormalities were found in 3 and 7,
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respectively, of the 51 referents, the difference between
the two groups not being significant.

Discussion

The results of this study clearly indicate that the ad ­
verse effects of acrylamide from chronic industrial ex­
posure are mainly damage to the peripheral nervous
system, while heavy exposure to acrylamide induces
cerebellar dysfunct ion followed by polyneuropathy.
The early symptoms of acrylamide neuropathy include
muscu lar weakness of the legs and numbness of the
hands and feet , usually preceded by skin peeling from
the hands, an d the early signs are the impairment of
vibra tion sensation in the to es and the loss of ankle
reflexes. However , the ENMG cha nges, including the
prolongation of the duration of the motor unit poten ­
tia ls and the prolonged ank le tendon reflex latency,
as well as a decrease in the sensory action potential
amp litude, are of greater importance in the early de­
tection of acrylamide neurotoxicity in workers, as they
can appear prior to the clinical symptoms or signs .

On the basis of available data and previous clinical
reports (1-8, 10), we propose the following diagnos­
tic criteria for occupational acry lamide poisoning: (i)
verified exposure to acry lamide; (ii) reasonable exclu­
sion of other diseases; and (iii) evidence of symptoms,
signs, and ENMG changes indicating po lyneuropathy
in mild and moderate cases of intoxi cation and cere­
bellar involvement in cases of severe intoxication. Mild
intoxication can be characterized as skin peeling fro m
the hand s, weakness, and ting ling or numbness in the



extremities with distal, symme tric a l sensory (ma inly
vibration sens a tion) impairment o r diminished an kle
reflexes or neurogen ic ENMG abn ormalit ies wit ho ut
th e pr esence o f spontaneo us dener vation potential s.
Moderate in tox ication would in volve simi lar but
severer sympt oms than mild int oxication , senso ry
de ficits progr essin g to the level of the elbows a nd
knees, with a po sitive Romberg 's sign or with com­
plete loss of ankle reflexes or muscular atrophy, and
ENMG abnormalities consist ing of fibrillati on and
po siti ve sha rp waves . Severe intoxica tion would ap ­
pear as symptoms such as lassitude, sleepiness, loss o f
body weight, clumsiness o f the hands, and un steady
ga it ; atax ia, nysta gmus and po siti ve Romberg 's sign;
and evidence o f pol yneuropathy which can appear
abo ut two weeks lat er than th e onset o f cereb ellar dys­
func tion. According to the aforementioned diag nos ­
t ic criteria, 43 workers in the ac rylamide gro up were
diagnosed as being mildly intoxi cated by acrylamide;
th is group included 25 cases who had only ENMG evi­
dence of neurop a thy without any neurological signs.
Six workers wer e moderately int oxicated . Three had
severe acr ylamide intox ication with partial recover y of
cerebellum involvement. The tot al prevalence o f oc ­
cupa tional acrylamide poi soning wa s 73.2 070 in the ex­
po sed gro up .

Most of th e wo rke rs dia gnosed as sufferi ng from oc­
cupational acrylamide intoxicat ion in thi s study had
been involved in the ion-excha nge and pol ym erization
of acrylamide ; they handled a 27-30 % aqueous so­
lution of acrylamide monomer. Their exposu re to
aqueous acrylamide of higher concentra tion has indi­
ca ted that derm al contact may h ave been the main
ro ute of expos ure although th e possibl e inhalat ion o f
aerosol or vapors cannot be rul ed out. Since, so far ,
there have been no quantitative methods availa ble for
det ermining human acrylamide exposure, it is essen­
tial to use ENMG as a tool fo r the early assessm ent
o f th e ad verse effect s of acr ylamide in exposed wo rk­
er s. Alternat ively, quantitat ive asses sment of vib ra tion
sensation offer s considera ble pr omise as another sen­
sitive and easily applicable method for monitoring the
health of acrylamide workers . In addit ion , preventive
measures such as the enclosure of production p ro ce­
dures and th e wea rin g of protect ive clothing sho uld
be applied to prot ect the exposed population . Hygien ic
educational stra tegi es for the workers are a lso a neces­
sity to minimize dermal exposure.
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