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Abstract

Radio frequency (RF) scalers and dielectric heaters. operating
between 3 and 100 MHy, are used for a vanety of industrial appli-
cations. There is concern about the safety of such devices be-
cause measurements during operation often show leskage of
electric and magnetic lields, as well as induced currents in the
body, that cxceed RF exposure guidelines, Both the leakage of
fields and the absorption of RE energy by an operator can be re-
duced by shielding, proper grounding of the sealers, isolation of
the operator from ground, and increasing the distance between
the sealer and the operator. Several national and international
standards now include limits on body-to-ground and contact cur-
rents for humans, Rased nn present knowledge of the hiological
cffects of RF fields and the reported exposures from such de-
vices, COMAR recommends that the leakage ficld strengths
from RF sealers and dielectric heaters, as well as body-to-ground
and contact currents, be monitored and exposure 0 workers be
limited so as to meet the recommended RF exposure guidelines.

Background

Radic frequency (RF) cnergy at 13.56, 27.12, 40.68, and 100
MHz is used for a varicty of industrial heating processes, such as
sealing and embossing plastic and drying glue. Devices such as
plastic heat sealers and diclectric heaters, both of which use
strong RE fields to heat material, are commonly used in the pro-
duction of plastic tarpauling, swimming pool and water bed lin-
ers, shoes. travel check folders. three ring binders. plywood. and
many other produocts. One 1987 report has estimated that, in the
United Stawes alene, there are more than 100,000 RF sealers with
over 250,000 people operating them [1].

Studies in the US and other counuries show that reconunended
safe limits for clectric and magnetic tields from such devices, and
induced electric currents in the body, are often exceeded for
heater operators [2-7]. The fields are often strong enough to pro-
duce biologically significant ex posures to the bedics of the oper-
ators, who often experience a warming sensaton.

Shielding of heaters is an effective way to reduce operator ex-
posures |1, 8-10]. Measurements in the workplace and numerical
modeling calculations (computer simulations} have both shown
that the induced electrical current in the operator’s body is re-
duced when the operator’s hands and upper lorso are moved
away from the heater |3, 5.7, 1-14], Installing a wooder or plas-
tic tahle between the operator and the heater can be effective in
reducing currents through the foof or hand. Likewise, measure-
ments and simulations have both shown that the wrist and hand
currents are minimized when the hands are distant from the
heaier {3, 15-16]. Cualculations have also shown that metallic
screen rooms, which arc typically used to reduce RF interference
with public scrvice and commercial communications, can in-
crease operator wrist current and average whole body energy ab-
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sorption (specific absorption rate, SAR) when used with heat
scalers [ 17-18]. Thus. for reducing operator exposure, shiclding
the heater is preferable to placing both the heater and the operator
within a screened room.,

Radio frequency ficlds can cause heuting of tissue, potentially
leading to burns. Moreover, people are slower to perceive
warmth and tissue heating from exposure to RF lields than from
infrared radiation or from contact with a hot surtace. This 1s be-
cause RI fields penetrate the body and heat internal tissues,
whereas thermal sensors are located predominantly near the sur-
lace of the skin. Therefore, it is possible to sustain damaging ex-
posure to RF energy before pain forces one to move away from
l}'lC SOUrce of CHPOSUrC.

Animal and human studies have considered the potential for
exposurc to RF cnergy causing adverse effects on the reproduc-
tive system. Moderate to severe hyperthermia (increase in core
body temperature), especially during the first irimester of preg-
nancy, is leratogenic (can cause defects in the embryo) in all
laboratory animals studied [19]. Several animal studies [20-21]
have reported leratogenic effects in rats exposed at 27.12 MHz,
one frequency used by heat sealers, under exposure conditions
that increased the core temperature 1o levels that would corre-
spond to severe fever (41-42°C, at a whole body exposure level
of 11 W/kg), and the effects increased with duration of the ex-
posure [21].

No measurements of core temperature in workers operating RE
heat scalers have been reported. These would be helpful for as-
sessing the potential for teratogenic effects. However, the effects
cited above have uncertain relevance 1o users of RF heat sealers.
A great deal of RE energy must be deposited in the bedy to pro-
duce a measurable rise in core temperature, lar more than is
likely to result from use of heat sealers. Also, exposures needed
to raise the core body emperawre 1o 4 1°C would exceed those
that would produce noticeable, and even painful, healing of the
extremitics. Typical exposures from heat sealers are intermittent
and primarily localized to the hands ot the operator, for which
burns (i.c., localized cffects of heating) rather than excessive
whole body heating are the most likely hazard. Conformance
with an RF exposure safety standard. such as IEEE C.95.1-1991
[22]. would eliminate the potential for both increases in core
body temperature and burns to the extremitics.

Only very limited epidemiological studies have been per-
tormed with RE heater operators, These studhes have been too
small to be able to detect reproductive problems in the workers or
hirth deflects in their children, However, human assessment and
epidemiological studics of RF heat scaler operators in Europe
[23-26] report that these operators can experienee:
¢ |, RF hurns and/or burns from contact with hot surfaces,
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e 2 Warming and discomforl of the legs (possibly arising from
R current flow through the legs to ground), and

& 3, Changes in tactile sensitivity or numbness and tingling sen-
sations 1n the hands (which may resulf trom crgonomic fac-
tors unrelated to RE exposure}.

A number of other collateral safety factors may be present in
the RF sealer environment, such as dust, naise, paint or chemical
fumes, vibration, low lighting levels, repetitive time-pressured
work. and ergonomic factors. These should be considered, in ad-
dition to RE exposure from heat sealers, in the overall safety as-
sessment of the workplace.

Recommendations

Recommended limits on RF exposure and on contact and

body-to-ground currents have been provided by a number of

stundards organizations. These include the International Radia-
lion Protection Association (IRPA)Y [26], Health and Welfare

Canada [27], Natienal Radiological Protection Board (NRPB,

U.K.) [28], American Conference of Governmental [ndustrial

Hygienists (ACGIH) |29]. and the Institute of Electrical and

Electronics Engincers (IEEE C95.1-1991) |22].

Practical, step-by-step guidance on cevaluating and reducing
operator exposure is available from ICNIRP [30]| and NCRP
[31]. Measures that employers can take to ensure the prevention
ol overexposure of their workers to RF energy Itom heat sealers
include:

» 1, Using appropriate shiclding of scalers and diclectric heat-
ers. Typically, such shiclding is available from the supplier of
the equipment.

¢ 2. Proper grounding of sealers and dielectric heaters.

e 3 Having the worker stand on thick insulating pads o reduce
body-to-ground currents.

» 4. Increasing the distance between RFE electrodes and opera-
tors by the use of diclectric barricrs (c.g., plastic or wooden ta-
ble tops), changing operator postures and positions. and using
shuttle trays.

» 5. Changing work procedures to eliminate the need for opera-
tors o place their hands close to the RF electrodes.

s 6. Locating RF sealers away from large metatlic reflectors. If
the equipment is placed inside shiclded enclosures, employ-
crs should recognize the tendency of such rooms Lo merease
operator exposure and should ensure that operator ex posure is
within recommended limits,

s 7. Proper maintenance of the equipment. ensuring that the
shields that were installed by the manufacturer remain in
place.

Field strength measurements alone do not compietely evaluate
operator cxposure to RE ficlds. Induced current measurements
are essential; induced currents in the body can be significant and
vary widely with the position of the operator with respect to the
electrodes. All measurements must be performed with care and
evaluated by knowledgeable individuals.

Summary
COMAR recommends that the following steps should be taken
by employers to ensure compliance with IEEE C95. - 1992 [22}:

1. RF sealer manufacturers should assure that RF heat sealers,
and other RE generating equipment. are designed with adequate
shiclding. They should provide clear instructions for equipment
operation. Manufacturers should provide instructions that
strongly recommend against removal of equipment shiclding.
They should stress the need Lo ensure pertodic monitoring of RF
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exposure and caution the user against unauthorized modifica-
lions to the equipment.

2. Operator exposures can be strongly inlluenced hy the design
of RF work applicators, which may not be supplicd by the heater
manufacturer, and other moditications to the equipment. Such
non-standard usage should be avoided whenever possible,

3. Owners of RE sealers should perform periodic monitoring of
RF fields and indnced currents in the operalor (1sing appropriate
equipment and procedures) to determine whether exposures
comply with IEEE C95.1-1992 [22]. They should promptly cor-
rect any problems that such monitoring discloses. Additionally,
operators should be (rained 1o be aware ol the possible hazards ol
excessive R exposure, and knowledgeable about recommended
exposure guidelines,
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