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Summary. To study possible medical effects of high radio-

frequency radiation (RF), 113 Swedish men and women have been 

studied by means of a structured interview and rating of 

subjective symptoms. A test session was included in order to 

examine coordination and muscular function in the hands. A 

neurological test concerning two-point discrimination (2-P0) has 

e also been done. As referents, 23 women, sewing machine operators 

and assembly workers, were chosen, interviewed and likewise 

tested. - Exposure measurements were taken of the RF fields around the 

welding machines. The pre~ent·Swedish ceiling value of 250 W/m2 

for the equivalent power density was exceeded for more than 50% 

of the machines. The highest leakage fields, both for 

electric and magn~tic fiel.ds, were found near machines used in 

factories for ·ready-made clothing, which gave a high exposure to 

the hands. 

Irritative eye symptoms were reported by 23% of the men and 

e 40% of the women. A group of 27 persons were selected for a 

clinical eye examination and checked by photographs, and 9 

persons had modest conjunctivitis. 

A high prevalence of numbness in hands, especially among 

women, was found. A significantly impaired 2-PD was found in the 

women as compared to the referent group. 

The pregnancy outcome for 305 women plastic welders during 

1974-1984 did not show any significant differences with the 

Swedish average concerning malformation or prenatal mortality. 

Key words: Paresthesia - Eye irritation - Electromagnetic fields 
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INTRODUCTION 

Epidemiological studies of persons occupationally exposed to 

radiofrequency (RF) electromagnetic fields are few in number and 

are generally limited i~ scope (NRCP, 1986). Several surveys of 

occupationally exposed workers have been conducted in the Soviet 

Union and other Eastern European countries (see Roberts and 

Michaelson, 1986, for a recent review). However already presented 

studies are not conclusive concerning health effects. 

It is-known from several surveys (Conover.et al., 1980; 

Hansson Mild, 1980; Eriksson and Hansson Mild, 1985) that the RF 

fields are very hith near plastic welding machines. Leakage 

fields with intensities well in excess of all existing standards 

are not uncommon. Since the operators of these machines are 

working near the machines for a large part of their working day, 

this group can be considered as one of the most exposed 

occupational groups. 

In view of this it was thought of interest to undertake a 

clinical investigatton of such ~orkers, focusing on genera! 

well-being and neurasthenic symptoms. For each individual, the RF 

field exposure was measured. It also seemed important to study 

whether there are any exposure-effect relationships between RF 

field and symptoms or signs in plastic welding operators. 
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MATERIALS AND METHODS 

A group of 113 RF-exposed Swedish workers were studied. They were 

selected frqm plants with more than 5 workers, and to include 

their fertile age, only workers 30 years old or less at the start 

-0f their employment in plastic welding were selected. The workers 

should also been working for more than 5 years as plastic 

welders.By random selection from the group satisfying these 

criteria, 51 men and 62 women were selected for the study. As a 

control group to the women workers, 23 sewing machine operators 

and assembly workers ,of the··same age as those-'expo·sed, were 

investigated. These groups were ~hosen as the mechanical 

character of these industrial work is much the same. It is highly 
·, 

repetitive. They are often bent in a forward position to control 

the sewing or ~orting operations. The educational background to 

learn these operations are much the same. As can be seen from 

Table 1, the mean age and the mean employment time of the two 

female groups are similar. Considerable difficulties in chosing a 

possible male control group not exposed to any irritants arose or 

excerting an effect on CNS as painters, building constructors and 

welders. Also it was difficult to chose directly matched pairs to 

our exposed plastic male welders as Sweden is geografic~lly a 

vast area and the plastic welding firms were spread all over the 

country.· Concerning neurastehenic symptoms, a common Swedish 

reference.material (Hogstedt and co-workers, 1980) was used for 

studies in groups exposed to· solvents. 

(. 
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Concerning fertility outcome, 305 women could be identified, 235 

were actually.exposed to all categories of machines and from both 

small and large plants. 70 women were no longer employed but had 

previously been exposed. Each women is classified according to 

the Swedish 1O-digit civic registration numbers. The pregnaniy 

outcome was tested against the Swedish birth register and the 

Swedish malformation register. Thus, a cohort of 305, comprising 

the years 1974-84, was tested in this way. 

Exposure measurements -

The measurement of the RF-fields was ~ndertaken with an 

instrument type HI-3002 Hol~day In~ustries Inc. equipped with 

probes for mea~uring both. electric~ E, and magnetic, H, fields. 

The instrument was calibrated iri the frequency-range 25-30 MHz. 

The measurement of the RF leakage fields for each machine was 

done during normal production. The posterior of the workers were 

indentified during the normal work process, but at the actual 

measurement, the worker was at least 0.5 m away from the probe in 

order to avoid -field distorsion .• 

The measurement points were standardized according tb right 

and left hand, abdomen, inguinal region, right and left knee, 

right and left foot. In each point.the measur~ments were repeated 

five times. The mean and equivalent power density were 

calculated. Notes wer~ made on the type of process and the 

plastic welding machine, maximal HF effect, generator frequency, 

one or three phase connection, pertinent welding time, cooling 

time, type of plastic material and type of product produced. In 

case the worker was operating with the handle more than 2 m from 

' 
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the mac h i n e , me a s u rem en t were taken at the man a e ·u v re de s k a n d at 

the start and stop button_. In spite of careful calibration 

procedures, the uncertainty in the equivalent power density 

estimation was *2 dB (i58%). In the rated uncertainty a 

systematic error of *0.7 d8 (*17%) is included from the 

tracebility to the national standard. The HF generator frequency 

was measured by a frequency meter from Continental Specialties 

Corporation. 

Clinical interview 

A structured interview was performed covering general state of 

health, work conditions, previous employment, and possible 

neurasthenic symptoms, such as headache and tiredness. Rating of 

acute symptoms and reporting of accidental burns and fertility 

outcome was requested. All workers also underwent a test for eye 

muscular coordination and estimation of the ability to 

- di sti ngui sh •two points at the fingertip of the 2nd finger and the 

base of the 2nd and· 5th fingers (Figure 1). Equal to or less than 

5 mm of 2-PD was considered a normal value in the finger tip, and 

equal to or less than 10 mm of 2-PD in the palm. 

Neurophysiological investigation 

A subgroup was sel~cted (38 persons) according to signs and symp

toms. They underwent a clinical investigation concerning the 

neurological state of hands and arms, shoulder and neck status, 

and an eye inspection. For those, who had experienced numbness in 

the hands, electroneurography (EnEG) was performed using a 

portable equipment, Meditec MS92, where the motor and sensory 
(. 

conduction velocity in the ulnar and median nerves were tested. 
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Eye investigation 

One subgroup of 8 persons, from a firm which reported a high 

frequency of irritative eye symptoms, underwent a thorough eye 

examination by an opthalmologist. 

Statistics 

SPSS statistics program (Nie et al. 1975) for parametric 

statistics has been used. For test of difference between groups 

Chi-2 test with Mantel-Haenszel extension, t-test and Mann

Whitney U-test have been used. 

RESULTS 

Exposure 

It was found that more than 50% of the welding machines· exceeded 

the present Swedish _ceiling value .of 250 W/m2 in -one or -more of 

the measuring points. The highest leakage fields were found near 

machines used in the ready-made clothing industry. For details: 

Hansson Mild and co-workers (1987) and table 1. 

Description of material 

The participating frequency was good, 92% out of 111 firms agreed 

to participate. This corresponded to 85% of the working 

population. Table 2 _gives the number, mean age and mean 

employment time in the material·. Fro~ an ergonomical point of 

view, both stat~c and dynamic loads occur for the males while 

putting brass screws into heavy tarpaulins, to move these and to 

lift plastic materials to big tarpaulins weighin~ sometimei up to 

30 kg. 

(, 
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General health status 

Concerning general state of health, around 75% of the exposed 
workers felt well, compared to 83% among the controls. In the 
exposed group, about 20% had neurasthenic symptoms, compared to 
9% in the controls. The relevance of this is discussed further 
on. Among the interviewed females and males the smoking frequency 
was higher among the women, 45% versus 29%, and in the female 

control group the smoking frequency was 52% cf table 3. 
We also asked if the workers judged the work as physically heavy 
or psychologically pressing and 1/3 of the female experienced the 

·work as physically heavy, 1/3 of the male and 50% of the female 
experienced the work as psychologically pressing. One of the 
factors judged as psychological stressing was monotony 6f work 
tasks. ·Another factor was doing pi~ce-work. 

Judged symptoms in exposed females and the corresponding 
controls showed high frequency of muscular. pain, 58% in the 

exposed and 62% in the controls. Tiredness were reported about 
equal in the two groups, 60%. Headache was less reported in the 
exposed group, 42% compared to 52% ~mong the controls. As judged 
from our detailed questions concerning drug consumption our 
control females used drugs against hyp~rtension. The consumption 
of headache pills however was higher in the plastic welding 
group. 

Local effects - burns 

Light burns are frequently reported. 70% of the woman and 60% of 
the men have burns at least once a year. They accidently touch 
metallic objects in the RF stream. The burns were reported to be 

deep and with a long healing time. 

i-· 
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Irritative eye complaints 

Irritative eye complaints were reported by 23% of the men and 40% 

of the women who took part in the interview. They described them 

as a feeling of sand Jn the eyes; and occasionally runny eyes, 

and 90-100% regarded the complaints as work-related. The 

irritative eye c~mplaints were highest in the tarpaulin welders, 

who were shown in the exposure measurements to have the highest 

exposure among all the different types of working tasks. 

In a separate investigation, B Andersson, the Division of 

Chemistry, NBOSH, has tested the pyrolysis products of plastic 

material. The plastic material was identified as mostly PVC 

and the each products being hydrochlori~ acid, aldehydes, 

alcohols, phenols and phthalate esters where some of them are 

known to be irritants to the eyes. 

In a subgroup of 8 persons, a thorough eye examination was 

perfor~ed.by an opthalmologist, including inspectidn of the 

cornea lens and eye fundus~ Only conjunctivitis was found. 

Altogether 27 of 38 persons, who underwent a clinical follow-up 

study due to eye symptoms, were examined by a clinician and 

photographed. Afterhand, the photographs were inspected by an 

opthalmologist. 9 of these persons were said to have 

conjunctivitis. Whether this is caused by irritative pyrolysis 

products and/or a thermal effect of the electromagnetic.field 

cannot be answered by our investigation. 

Numbness (parasthesia) in the hands 

This was a common symptom experienced by 40% of the exposed,53% 

in the women and only 22% in the female controls. It was 

significantly higher in workers making ready-made clothes - their 
(. 

machines giving a high RF-field towards the hands. 
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In the exposed workers, working with plastic welding machfnes, 

a diminished 2-PD was found in 39 persons of the 113 examJned, 17. 

men and 22 women, compared to only 1 yerso~ among the 23 female 

controls {p <.a.as, Mantel-Haenszel Cffi-square). There was also a 

dose-response relationship between exposure and numbness 

{p .Z0.05, Mantel-Haenszel extension test), with disturbed 2-PD 

both when exposure was assessed as machine type or as measured 

electric field. Some women also had a considerable disturbance of 

other sensory qualities, e.g. with the discrimination of dullness 

and sharpness extending to the whole fingertip (Figure 2). 

In 38 persons with other symptoms of numbness and/or disturbed 

2-PD, EnEG was measured in both the right and the left arm and 

hand. Twel~e had disturbances {slower conductive velocity and/or 

amplitude changes of the spike). Of these 12, seven had signs of 

a level indicative of carpal tunnel syndrome and 5 indicated a 

more peripherial effect. All in the controls were investigated, 

22% experienced numbness. In the control group, lowered sensory 

conductive velocJty was found in 5. 

Fertility 

In the register study ~f 305 women tested against the Swedish 

birth register and the Swedish malformation register only 4 

minor malformations were found. No abnormal reduction in 

birthweight was -noted. 

(. 
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DISCUSSION 

RF exposure--

The question of the total amount of exposure is very difficult to 

answer. Even if the measurements are very precise it is not 

possible to say how the RF fields have been in the past. It is 

known (Eriksson and Hansson Mild, 1985) that the leakage fields 

are highly dependent on the settings of the machine, type of 

plastic used and the number of layers of fabric to be welded. 

Si n c e i t i s be 1 i eve d that . the i n t er act i on_ me c h a n i s m i s the rm a 11 y 

based; it would be of interest to determine the speclfic 

absorption rate (SAR) for each operator, but this is not possible 

even under controlled laboratory conditions, and, of course, much 

less so out in the factory. 

Another way of_ characterizing the exposure is to classify the 

var i o us mac hi n e types i n or d_ er of ex i st i n g 1 ea k age f i e 1 d s • I n 

this scheme the highest values are .f6und near machines for 

ready-made clothing, exposure being mainly to the hands and heads 

of the operators_._ Machtn.es __ for __ making_tarpaulins tend to give a - ' 

more uniform whole body exposure. The working position is 

standing in front or at the side of the electrode system. The 

automatic iachines usually have very low leakage fields. 

Neurasthenic symptoms have been evaluated by means of a Swedish 

questionnaire, Ql6. The questionnaire has been tested 

throughoutScandinavia concerning neurasthenic symptoms in groups 

exposed to solvents and has been used over a 10 year period. The 

technique is summarized in the textbook of Zenz (Hogstedt et al. 

1980). 
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From these and the Swedish reports by Hane and coworkers (1983}, 

. ' ~ 

groups exposed to solvents have reported a higher frequency of 

neurasthenia (18%} compared to unexposed groups in the food 

processing industry (6%}. This can be compared to a frequency of 

19% in this material in plastic welding operators and 9% in the 

unexposed local referents. However, no further psychological 

tests have been performed to penetrate the reason for the higher 

response frequency. All persons were interviewed at work and thus 

in full industrial work. 

Irritative eye symptoms 

In our investi9ation, 20% reported a modest conjunctivitis. This 

is also mentioned by Bini and coworkers (1985} but no figures are 

given by these authors. 

Paresthesia. 

A higher frequency of numbness and disturbance of 2-PD was found 
i . 

in~ higher frequency in the ~xposed groups than in the 

controls. This can be compared to 10% in the Swedish general 

po~ulation, although it is double the frequency in women compared 

to men. Ergonomic components of the work task and .monotonous, 

highly repetitive movements might cause a high frequency of neck

and shoulder symptoms, as could be seen in the rating of acute 

symptoms. However, a significant correlation between exposure 

both to type of machine and calculated to ~xposure levels, 

measured at the same time as the investigation, was found by us. 

Bini et al. (1986} also reported paraesthesia in the hands of 

workers exposed to electromagnetic fields. 

Correlation between number of persons with a disturbed 2-PD 

and the extent of exposure concerning the electrical field or 

type of machine indicate~ that a possible cause to the disturbed 

sensitivity could be the electromagnetic expdsure. However a 

/ disturbed sensation in the fingers innervated by nervus medianus 
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can also be caused by compression at the wrist (carpal tunnel 

syndrome). This is much more common in females than in men. It is 

also more common in persons performing worK including repetitive 

bendings of the wrist. Thus an alternative explanation to the 

disturbed sensitivity and signs of carpal tunnel syndrome due to 

mechanical reasons is less possible as the control females also 

e had highly repetitive movements of the same ergonomic character 

as discribed under material-methods. We therefore think it is 

-

' possible that the.finger sensitivity disturbance in the women 

with pl asti ng welding .might be caused .by-.. exposure to the electric 

or magnetic field. Where the localisation to this damage is 

located is .however uncer.tain.--It might be--an-ef.f.ect on the 

sensitive receptors or concern the thin nerve fibreres in the 

hand and fingers. Our epidemiol-0gical and .clinical investigation 

in this investigation cannot explain the localization of the 

damage. 

Burns 

L_ight and fr-eque-nt--burns -were--repor-ted---i-n-the present -

e investigation. After a temporary overexposure to microwaves, a

transient paresthesia in the hands has been rep~rted by 

Tintinalli (1983). The hands were cold and pale. The risk of a 

s~rious.necrosis due to coagulation after overexposure was 

discussed by Dickason. Dickason and Barutt (1984) have described 

I 
I 

I 

a peripherial nerve injury with a disturbed 2-PD after exposure 

to microwaves. Ciano et al. (1981) reported a serious accident to 

a worker who stuck with his hand in a welding machine. Also 

Kiiamaya and Tesukada (1983) reported a similar case. 
(. 
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Pregnancy outcome • 
' ~~ ~.-

No general conclusions can be drawn between fertility outcome and 

work with plastic welding machines because of the small size of 

the material. However, no alarming effects appear to occur. 
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Legends 

Figure 1. 2-point discrimination (2-PD) with the measurement 

points indicated. 

Figure 2. 2-PD in mm with various work tasks. 
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Table 1 Number of wo~king places where .~he equivalent power 

density for either E- or H field exceeds the given values in at 

least one measurement point. 

Type of machine (Number) 

Tarpaulin 

Ready-made 

Automatic 

Total 

(43) 

( 27) 

( 43) 

(113) 

250 W/m2 

27 (63%) 

19 (70%) 

10 (23%) 

56 (50%) 

100 W/m2 

34 (79%) 

21 (78%) 

15 (35%) 

70 (62%) 

. Table 2 Numb~r, age and mean employment time of the various 

groups investigated, years. 

Exposed Control 

Males Females Males Females 

Number. 51 -6 2 23 

Mean age 34;1;9 39;1;9 40*13 

Mean employment time 11;1;7 13*7 11*8 - ! I 
I 
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Table 3. Smoking habits and general well-being percentage 

among the intervied persons. 

Smokers . 

Ex-smokers 

Non-smokers-

Do you ·feel healthy? 

Physically heavy work 

Psy·chological ly pressing 

work 

Plastic welders 

Men 

n=51 

'l, 

· 29 

17 

53 

75 

35 

33 

Women 

n=62 

i 

45 

15 

40 

76 

36 

53 

Controls women 

n=23 

'l, 

52 

4 

44 - · 

83 

13 

26 

19 


