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Comparison between two power-frequency electric-field
dosimeters
by Tomas Lindh , Lars-Ing e And ersson'

When a man enters a ho mogeneous electric field, the
field around him is perturbed, and two identical
electric-field do simeters will get different readings of
the field strength if they are positioned on different
parts of the body. Therefore the measured values need
to be adjusted to com pensate for field perturbation en­
hancemen t , becau se exposure assess ments sho uld not
be affected by the location of the ins trumenta tion
sensor . After the adjustments are made, results can be
compared with measurements of the unperturbed field .

When a conducting ob ject is placed in an electric
field, cur rents are induced in the object. The sum of
all currents flowing in different paths in the object
could be measured as the current which is flowin g to
th e ground, if the object is connected there. This cur­
rent is called the short circuit current (I , 3).

When a normally built person stands erect under a
transmission line, the induced circuit current is 14 ~A
when the strength of the unperturbed electric field is
I kV1m . The short circ uit current is directly propor­
tional to the electric field . The readings of the short
circuit current cou ld be said to give the total body ex­
po sure of the electric field.

Two individual dosimeters, BE-log and EFEM (2),
have been compared in a field test, in which different
work ac tivities were carried out in a switchyard. The
BE-log meter were also compared with the sho rt cir­
cuit current.

Instruments and calibration

The BE-log meter measures 50-Hz electr ic and mag ­
netic field s and sto res samples of the field strength
every 15 s for a max imum of 8.3 h . After a complete
measurement the sto red readings are tr an sferred to a
computer for further analysis.

The EFEM meter measures low-frequency electric
fields. Every forth second the average field strength
during the pa st period determines which of seven field
strength counters (bins) is to be incremented one step.

Both instruments are portable, the EFEM meter is
preferr abl y placed in a shirt pocket, but the larger BE­
log meter is placed in a back pa ck on a harness. Dur­
ing th e tests the EFEM meter was placed in a shirt or
a chest pocket in overalls . In addition, a second EFEM
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meter was po sitioned in a chest pocket of a quilted
jacket or in the lanyard position outside the quilted
jacket with the EFEM meter inside a thin plastic pouch,
fastened with tape on the BE-log harness . The EFEM
meters were positioned with the lid up, the sensor plate
outwards, and no interfering objects close to the meter.

Th e BE-log meter has a separate electric-field an­
tenna in the form of a conducting layer on top of a
hard hat , which is co nne cted to the electronics in the
back pack .

The dosimeters were calib rated in the fo llowing way:
Th e BE-log meter was checked from time to time
against a dipo le meter. The EFEM meters were checked
flush -mounted in a parallel plate exposure device.
When the subj ect wore two EFEM meters, the meters
cou ld also be checked agains t each other.

To compensate for reduced response from the lan­
yard EFEM meter (outside the quilted jacket), the
readings were mu ltiplied by 1.3, based on the result
when the readings from two EFEM meters were com­
pared when a subject stood fac ing a power line . The
same correction was been app lied to the EFEM meter
positioned in the chest pocket of the quilted jacket.

Data treatment

The readings from the EFEM meters were pre sented
in an expo sure histogram showing the time spent in
each of seven field-strength levels (bins) . To make a
direct comparison possi ble, the readi ngs from the BE­
log meters were so rted in accordance with the EFEM
bin distribution scheme in order to simulate the EFEM
tim e histo gram output an d to make a direct compari­
son possible . Furthermore, to avo id the complexity of
comparing different histograms, a mean value was cal­
culated fo r eac h histogram as the sum of bins for the
"percentage of time spent in the bin" times the " mid­
point of the bin ."

A measure of how well readings of the field strength
from the BE-log meter can predict short circuit cur­
rents in real work situations is the " field current"
quotient. Thi s is the relation between the readings of
field strength from the BE-log meter in kilovolts per
meter divided by short circuit currentsll4, where the
short circuit current is measured in microamperes. Th is
quotient equals I when a man is standing erect under
a transmission line . It has been calculated for all loca­
tions and all measured short circuit currents.
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Test sites

The test sites were chosen with the assumptio n that they
would cause substant ial exposure to electr ic fields.
Earl ier measur ements with the inst ruments had shown
lower values for the EFEM meters than for the BE­
log meter, the result probably depend ing on shielding.
The six sites were all situated in switchya rds, and the
activities per formed during the measur ements were
walking around, overhaul on a circuit breake r, and
simulated work in fro nt of a switch cabinet. The used
voltages were 70,220, and 400 kV, and each measure­
ment had a duration between 33 and 67 min.

Duri ng the act ivities the EFEM meter and the BE­
log meter were used either on a work er performing as
natural as possible or on an unskilled subject placed
in different typical positions. At all the test sites the
short circuit current was measured at randomly chosen
time intervals.

Results

Th e result s o f the measurements with the two instru­
ment s are presented in figure I. The results of the
EFEM meters were divided by the result s of the BE­
log meter for each measur ement (location). Th is ra tio
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Figure 1. Quotients of " calculated tirne-welqhted average ex­
posure" between two electric-f ield dosimeters, EFEM and BE­
log , at six locations. (+ = EFEM meter in shirt pocket I BE­
log meter, 0 = EFEM meter in lanyard position (multiplied
by 1.3) I BE-log meter, !'J. = EFEM meter in chest pocket in
quilted jacket (multiplied by 1.3) I BE·log meter)
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Figure 2. Quot ient of samples taken from discrete points
between the electric-field strength measured wi th the BE-log
met er and the short circui t current (Isc) which flows to the
ground when a person is connected the re.
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describes the difference between the EFEM meters and
BE-log meter. Since two EFE M meters were used, there
should be two values for each location. However, since
one of the EFEM meters had , for an unknown reason,
an overflow for location number 1, there is only one
result for that location.

In figure 2 the result s are present ed as quotients
between readings from the BE-log meter and readin gs
of the short circuit current. Th is quot ient determines
the relation ship between the quan tit ies. It varies
between 0.25 and 104 .

Discussion

Th e results in figure I should ideally have a quotient
of I , ie, if the two instrument types give the same dose,
but the quo tient varies between 0.35 and 1.1 . The dif­
ferences between the results from the same type of in­
strumcnt (EFEM meter) in different positions were
small , except for location 5. For location 5 the
schematic-app lied correction for the EFEM meter ,
worn in the chest pocket of the quilt ed jac ket, prob­
ably did not fit very well.

The scatter ed result s could have been caused by
shielding of the EFEM meter. Th e average dose mea­
sured with the BE-log meter was 2.3 kV1m for loca­
tions I, 3, and 6 and 4.4 kV1m for location 2. For
location s 4 and 5 the field strength was 0.36 and 1.1
kV/ rn, respectively.

The compar ison between the two types of meters
could be summarized in different ways . Th e average
of the quo tients in figure 1 (for the EFEM meter in
the shirt pocket) has been calculated . This average is
aro und 0.6, which can be used as an approxima tion
of the relation between measurement resu lts fro m the
two instrument types.

Th e quotient in figure 2 should equa l 1.0 when a
normally buil t person stands erect und er a tran smis­
sion line. Most of the results can be found in the range
between +25 070 and - 25 % of thi s value. Most of
the result s below 0.75 could be tra ced to work being
done in a skylift at approximately the same height as
the po wer line. This finding could mean tha t the field
was hor izon tal instead of vert ical, a phenomenon
which would influ ence the BE-log mete r , which was
calibra ted for vert ical fields. The correlat ion coeffi­
cient between the result s from the BE-log meter and
the measured short circuit current for all points is 0.98.
Th erefor e, in general, th e correlation between the
read ings from the meter and the short circuit cur rent
was good.

Summary

Two instruments, an EFEM meter and a BE-log meter,
have been tested on people working in switchyards for
voltages between 70 kv-and 400 kV. The results from
the BE-log meter correlate well with the short circuit



currents through people connected to the ground . The

EFEM meter sho wed lower measured doses th an the
BE-log meter , and the relation between the two instru ­
men ts was aro und 0.6 .
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