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SI physiological units
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Abstract. One of the seven base units of the International System of Units (SI), the candela, which is
the unit of the luminous intensity, and its derived units are physiological units. The effect of the optical
radiation on human beings is taken into account by introducing a weighting factor, the luminous efficiency,
to the definition of radiant quantity of interest. Some SI physiological units are frequently used in other
metrological domains, such as ionizing radiation, photochemical and biological activities, acoustics and
photobiology. This communication is intended to present some principles underlying the definitions of
physiological quantities and units associated to these metrological fields.
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1 Introduction

In Portugal, the decree-law No. 128/2010 of December 3
transposed the Directive No. 2009/3/EC of the European
Parliament and of the Council of March 11 and adopted SI
as the system of legal units of measurement [1]. One of the
seven base units, the candela, which is the unit of the lumi-
nous intensity, is a physiological unit and so are the units
that derive from it, e.g. the luminous flux, Φν , the illu-
minance, Eν , and the luminance, Lν . The effect of the
optical radiation on human beings and the consequent re-
sponse of the latter are taken into account by introducing
a weighting factor into the definition of spectral radiant
quantity of interest, Ge (λ), leading to the luminous quan-
tity according to:

Gv = km

760 nm∫

380 nm

V (λ)dGe(λ). (1)

The weighting factor, V (λ), which is called the spectral
luminous efficiency, was determined by studying the av-
erage spectral response of sets of individuals selectively
submitted to reference optical radiation. In equation (1),
the factor km is the maximum value of the quotient of the
luminous flux by the corresponding radiant flux, applied
at a monochromatic radiation. For the photopic vision,
or daytime vision, i.e. when the normal eye is adapted to
levels of luminance greater than ten candelas per square
metre, the k maximum value occurs at λm ≈ 555 nm and
it is equal to km = 683 lm W−1. For the scotopic vision,
or night vision, i.e. when the normal eye is adapted to
� Correspondence: opellegrino@ipq.pt

levels of luminance smaller than one thousandth of a can-
dela per square metre, the k maximum value occurs at
λm = 507 nm and it is equal to km = 1700 lm W−1 [2].

In this way, radiant flux, radiant intensity, radiance
and irradiance with the respective units watt, watt per
steradian, watt per square metre per steradian and watt
per square metre are associated to the previously men-
tioned luminous quantities with the respective units lu-
men, candela, candela per square metre and lux, all of
them being physiological units. However, as mentioned in
the latest edition of the “SI brochure” [3], some physio-
logical units are aimed at describe biological effects, but
with a priori non trivial relationship to SI. Such effects
can be found in fields like ionizing radiation, photochem-
ical and biological activities, acoustics and photobiology.
In this communication, respective short introductions of
these main physiological units are displayed. Two ques-
tions are also shortly raised. What is the place of physio-
logic units in the “new SI” [4] that defines units based on
invariants of nature, tendentiously independent of human
beings? On the other hand, following the growing interest
for the fields of security and health, biometrics and telebio-
metrics under development ISO/IEC standards 80 003 are
called “Physiological quantities and their units” [5]. To
what extent physiological units and quantities may be in-
volved in?

2 Ionizing radiation

In 2002, the 2nd Recommendation of the International
Committee for Weights and Measures (CIPM) settled a
relationship to deduce the physiological quantity the dose
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equivalent, H , of unit sievert, from the absorbed dose, D,
of ionizing radiation of unit gray, through a dimensionless
quality factor, Q, defined as a function of linear energy
transfer:

H = QD. (2)

Indeed, in 1990, the International Commission on Ra-
diological Protection (ICRP) had introduced protection
quantities or physiological quantities, considering weight-
ing factors to be computed (as opposed to operational
quantities that are measured) [6].

From the average absorbed dose in T organ or tissue
of the R radiation, DT,R, of unit gray and a dimensionless
weighting factor of the quality of the R radiation, wR, the
equivalent dose in organ or tissue T, HT, of unit sievert,
was defined by:

HT = ΣRwRDT,R. (3)

The ICRP proposed to use the term radiation weighted
absorbed dose in place of equivalent dose aimed at help-
ing to make the quantity more transparent in use. The
effective dose, E, of unit sievert was defined through a
dimensionless weighting factor of T organ or tissue, wT,
according to:

E = ΣTwTHT. (4)

The wR and wT values are released in ICRP publications.
The protection quantities that are the organ or tissue
equivalent dose and the effective dose are physiological
quantities, too.

The quantities of protection are estimated by opera-
tional quantities. Among those operational quantities, it
can be found the personal dose equivalent Hp(d) (for per-
sonal monitoring, at an appropriate depth, d) and ambient
dose equivalent H*(10) (for area monitoring, that would
be produced at a depth of 10 mm).

A dosimeter for absolute measurements is the refer-
ence measuring instrument for the operational quantities.
Such dosimeters are primary standards and they depend
on the quality of the radiation and the medium where the
energy is deposited. They may be of ionization chamber
(or cavity) type, of in air chamber type or of water or
graphite calorimeter type. Currently, EURAMET cooper-
ation projects are aimed at the development of such mea-
suring instruments. Another type of projects [7] is study-
ing a new dosimetric concept considering the growing use
of radiotherapy modalities whose biological effect differs
from that of conventional high-energy photon beams.

3 Other physiological units

3.1 Photochemical and photobiological units

For spectral radiant quantities, Ge (λ), with SI unit watt
per square metre per nanometre, the action spectrum nor-
malized to the maximum, sf (λ), enables to define the di-
mensionless spectral sensitivity of an f photochemical or

photobiological effect, according to [3]:

Gf =

λ2∫

λ1

sf(λ)dGe(λ). (5)

The example of erythemal effective irradiance Eer is
quoted by the “SI brochure” [3]. From a source of ultravi-
olet radiation, this radiant quantity is obtained by weight-
ing the spectral irradiance of the radiation at wavelength
λ by the effectiveness of radiation at this wavelength to
cause an erythema. In spite of a physiological quantity, no
“special status” [3] had been given within the SI for the
action spectra and the SI unit for Eer remains W m−2.

3.2 Physiological acoustical unit

In acoustics domain, the loudness level, LN , is a physio-
logical quantity, the unit of which is the phon. Indeed, it
corresponds to the perceived sound by the human ear. The
loudness level can be obtained from the sound pressure,
Lp, of SI unit pascal, by the following relationship:

LN = Lpη(ν, I). (6)

Here again, a weighting factor is used, η (ν, I), that de-
pends on the sound frequency, ν, and on the sound inten-
sity, I [8], in a non-trivial way. This makes the phon to be
a non-SI unit.

3.3 Unit for biological activity of substances

Health treatment is a very challenging field for Metrology.
Indeed, according to “SI brochure”, the mechanism of the
specific biological effect that gives some substances their
medical use is not yet sufficiently well understood for the
biological effect to be quantifiable in terms of physico-
chemical parameters. This is why units for quantifying
the biological activity of these substances cannot yet be
defined in terms of SI units.

However, the World Health Organization (WHO) is
designated as responsible for defining International Unit
(IU) of determined substances, e.g. insulin, vitamin A,
vitamin C, vitamin D and vitamin E, with known biolog-
ical effects. BIPM projects plan to assign IU to SI value
through equivalent mass of such substances of the deter-
mined unit [3, 9].

4 Conclusion

In recent meetings, the Consultative Committee for Units
(CCU) has stated that “physiological quantities will be-
come increasingly important in the future” [10]. It fol-
lowed the very interesting BIPM Workshop on “Physio-
logical Quantities and SI Units” [11], concomitant with
the European “Measuring the Impossible” network [12].
This increasing concern of metrology in the field of health
is both challenging and important for the progress of hu-
man society.
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This communication aimed at highlight the impor-
tance of some units that are used as well as units that
are needed units in some scientific fields linked with per-
ception by living beings. This concern is not only con-
nected with the field of health, but also with more and
better possibilities for living conditions, thanks to avail-
able technological and scientific means. It necessarily has
to be associated with conceptual progresses in Metrology,
through physiological quantities and units within SI.

Due to more and more accurate modelling of the hu-
man response to external stimuli, what could be then the
role of physiological quantities? For instance, the most effi-
cient software for face recognition are not based on biology
models but rather on efficient techniques of calculation like
artificial neural [13]. As a matter of fact, the physiologi-
cal units and quantities in biometrics and telebiometrics
ISO/IEC 80003 draft standards “Physiological quantities
and their units” [5] are quantities and units among oth-
ers. Indeed, the documents consider all kinds of physio-
logical interaction between human being and environment
through the six modalities: touch, vision, audition, activ-
ity, radiation and temperature. The way the interactions
are quantified, registered and processed is independent on
the perception by human beings.

For some years, there has been a discussion in the
metrological community suggested by the BIPM about
redefining the current SI base units from invariants of na-
ture [4]. The kilogram, the ampere, the kelvin and the mole
would be defined from the Planck constant, the elemen-
tary charge, the Boltzmann constant and the Avogadro
constant. Within the same logics, the physiological unit,
the base unit candela has a corresponding invariant of na-
ture which is an average human eye response to optical
radiation. However, this response is expected to vary with
time, as is any response to all kinds of physiological units.
In the logics of the “new SI”, this fact makes question
the use of physiological units as base units or the use of
concept of base units.
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