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Nail dryer devices: a measured spectral irradiance
and labelling review

David Baeza, *a,b Yolanda Sola, c Luis Alberto del Río d and Rafael Gonzáleze

The popularity of nail beauty has increased during the last few years in Spain, as well as in other countries.

Nowadays there are a large number of nail dryer devices in the market with ultraviolet (UV) fluorescent

lamps, light emitting diodes (LED) or a combination of both. The different spectral emissions of each indi-

vidual nail dryer device require particular nail polishes, which are polymerized by specific wavelengths and

a controlled exposure time to achieve the desired results. We have measured and analyzed the emission

of 28 nail dryer devices currently in use in Spanish beauty centers. The emission of each individual nail

dryer device showed a particular spectral distribution and maximum intensity, especially those with fluor-

escent lamps or LED/UV combinations. About 30% of the devices emitted more UV-A radiation than that

received in Barcelona at solar noon in summer. Nevertheless, in all cases the erythemal irradiance was

low, similarly to ambient values at solar noon in winter or when the solar altitude is low. The erythemal

doses corresponding to a typical session were, therefore, lower than those received from sunlight at

summer midday at equivalent exposure times. The biological irradiances for photoaging (skin sagging and

elastosis) showed high variability depending on the device, especially for fluorescent lamps. Since the

emission of LED-based devices is centered in the visible region, erythemal and photoaging irradiances

were low. An analysis of the labelling showed that 85% of the devices had a visible label, although 23%

contained some errors, according to the EN 60335-1 guideline.

Introduction

The harmful effects of ultraviolet (UV) radiation have been
widely studied during the last few decades using a multidisci-
plinary approach. Most of the published research studies have
focused on the potential effects of overexposure to solar radi-
ation and the need for photoprotection. Nevertheless, the
increasing use of artificial tanning worldwide during the 1990s
and 2000s resulted in a large number of publications about
the intensity and doses received during typical sessions (see,
among others, Nilsen et al.1 and Sola et al.2) and about the
negative response of the skin. Some epidemiological studies
have related the use of tanning devices with the risk of
cutaneous melanoma.3 In light of this evidence, in 2009
tanning devices were classified as carcinogenic to humans by
the International Agency for Research on Cancer (IARC).

Simultaneously, different guidelines for limiting and control-
ling the UV exposure to indoor tanning devices have been pub-
lished during the last few years, for example, the European
technical standard EN 60335-2-27.4 Following the recommen-
dations of the European technical standards, the Spanish gov-
ernment has legally regulated the tanning devices and facili-
ties in Spain.5

During the last few years, the concern about artificial emis-
sions of UV radiation has included other lamps for cosmetic
use, such as nail dryer lamps. The lamps in the nail cosmetic
industry are typically used to accelerate the drying and
polymerization of different layers of gel and polish on finger-
nails and toenails. UV nail curing gels have been around since
the 1980s and their formulation requires a detailed knowledge
of monomers, photoinitiators, additives and pigments.6 The
emission of nail dryer lamps is typically centered in the UV-A
region (315–400 nm), although nowadays the use of light-emit-
ting diodes (LED), instead of fluorescent lamps, has shifted
the spectral emission to visible (VIS) light.

The fact that nail dryer lamps emit in the UV range, like
tanning devices, together with the lack of regulations or rec-
ommendations has aroused interest in possible negative
effects, resulting in various studies with contradictory con-
clusions. MacFarlane and Alonso7 presented two individual
cases of squamous cell carcinoma of the hands in women
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without familiar history who regularly used cosmetic treat-
ments on nails. However, the estimation of the UV doses was
based on wrong assumptions without real lamp measure-
ments. On the other hand, several studies have measured and
analyzed the levels of UV-A radiation emitted by these lamps to
estimate the risk of skin cancer. Markova and Weinstock8

measured the spectral irradiance from three common nail
dryer lamps and stated the safety of these devices due to the
insignificant increase in the risk of basal and cell carcinomas.
Based on the actinic UV flux, Dowdy and Sayre9 classified nail
dryer lamps into low and moderate risk groups, according to
the ANSI/IESNA RP2710 recommendations. Similarly, Diffey11

determined, using a mathematical model, that the risk of indu-
cing squamous cell carcinoma to users (mainly women) of nail
beauty treatments with UV-A lamps was low. Shipp et al.12 ana-
lyzed a sample of 17 devices, measuring their spectral emis-
sions, and supported the conclusions of other previous papers
about the low risk of skin cancer for the users. However, Curtis
et al.13 quantified UV-A doses and, by considering the muta-
genic potential of the UV-A radiation, they concluded that more
epidemiologic and molecular genetic studies were required.

The acrylic nail polishes polymerize with UV and VIS radi-
ation due to the excited state of photoinitiators with different
absorption spectra to generate a free radical according to its
photophysics and for curing the gel especially when working
with added color pigments, which reduce the penetration
depth of radiation due to scattering.14 Each gel coating is for-
mulated to polymerize under the appropriate wavelength inter-
val, irradiance (intensity) and exposure time. Therefore, correct
drying of the nail polish requires the appropriate nail lamp
with an emission in the required wavelengths and irradiance
at the appropriate time interval. Any other combination of
these variables may result in over- or under-exposure of the
nails. Incorrect exposure can increase the risk of onycholysis
or adverse skin reactions. Therefore, when the fluorescent
bulbs are exhausted, they must be replaced by the same model
and manufacturer to assure the correct dose under proper
conditions.

The objective of the present study is to analyze, for the first
time, nail drying devices commonly used in Spain. We have
focused on the measured spectral emission of a large number
of lamps currently used in beauty centers and on the actual
labeling of the devices, according to different normatives.
Similar lamps are used worldwide for nail drying; therefore,
the main conclusions about emission and doses could also be
representative of other countries.

Data and methodology

In the present work, we have analyzed 28 nail dryer devices
from different beauty centers in Spain. According to the lamps
used in the devices, the sample included 22 devices with fluo-
rescent lamps, 3 with LEDs and 3 with a combination of LED
and UV fluorescent lamps. The different numbers of each type
shows the current offer in Spanish beauty centers.

Measurements were performed by Futuro Tecnológico
Español (FUTTEC): the first certified laboratory by the Spanish
Accreditation Entity (ENAC), conforming to the European stan-
dard EN 60335-2-27:2010.4

The spectral radiation emitted by the analyzed nail dryer
devices was measured with a double monochromator spectro-
radiometer SR9910 (Irradian Limited, UK). The instrument
used in this study meets the indications of EN-60335-2-27:2010
concerning the cosine response, the diameter of the circular
diffuser (below 20 mm) and the bandwidth (1 nm, below the
allowed maximum of 2.5 nm). As the Working Group 4 of the
“Thematic network for ultraviolet measurements”15 stated, the
use of double monochromator spectroradiometers assures
high-quality measurements, avoiding errors derived from stray
light and non-ideal cosine response. Considering the typical
emission range of these lamps, measurements were collected
from 300 to 450 nm in 1 nm steps and the data were recorded
using in-house software.

The instrument and the 1.5 m light guide are calibrated in
wavelength and irradiance annually in the Institute of Optics
of the Spanish Scientific Research Council (CSIC), according to
the National Standard for Luminous Intensity and Luminous
Flux. Moreover, the stability of the calibration is periodically
checked by measuring a calibrated lamp.

The emission of each nail dryer device was determined fol-
lowing a common methodology. The diffuser was introduced
in the device horizontally at 1 cm above the surface where the
fingers are positioned to receive the corresponding dose.

From the spectral irradiances, we analyzed the spectral dis-
tribution, as well as the unweighted UV-B (280–315 nm), UV-A
(315–400 nm) and VIS (up to 450 nm) irradiances. The poten-
tial biological effects were discussed based on erythema and
skin aging. For this purpose, the spectral irradiances were
weighted by the CIE erythema16 action spectrum and two
action spectra related to photoaging: skin sagging17 and
elastosis.18

Results
Spectral measurements

The use of polishes with different photoinitiators requires par-
ticular artificial emissions. Fig. 1 shows the spectral irra-
diances from different devices that could be considered to be
representative of the spectral distributions in the sample.

Although all the analyzed devices could be included in one
of the general types (fluorescent tubes, LEDs or a combination
of both), the individual measurements showed a wide range of
spectra with particular characteristics.

The nail dryer devices that only had fluorescent lamps,
such as device number 9 (Fig. 1), showed maximum spectral
irradiance in the UV-A region, with a peak centered between
365 and 369 nm. These 22 devices with maximum emission in
the UV-A range also emitted at some narrow peaks in the VIS
region. The peaks were centered, in most cases, at around 404
and 436 nm, although the emission of some devices showed
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shifted peaks toward longer wavelengths. These peaks are
characteristic of phosphor fluorescent light. Three nail drying
devices only used LEDs and, therefore, their emission was cen-
tered in the VIS region with nearly zero UV emission (device
number 26, Fig. 1). Finally, the emission of two nail drying
devices based on UV/LED lamps showed two broad peaks.
These peaks were centered in the UV region (369 and 395 nm)
for one of these lamps but for the other (device number 25,
Fig. 1), one peak was detected in the UV and the other in the
VIS range (371 and 402 nm, respectively). It is also worthy to
note the spectral distribution of one of the UV/LED device
(number 23) that emitted at longer wavelengths in the UV-A
range (only one peak at 398 nm) but with also high emission
in the VIS range.

The spectral distributions were compared with the solar
spectral irradiance measured in summer noon in Barcelona
(41.35° N, 2.16° E, 98 m a.s.l.), which could be representative
of mid-latitude regions. The measurements were made with a
Bentham DTMc 300 double-monochromator spectroradio-
meter, periodically calibrated with a 150 W quartz-tungsten
lamp, traceable to the National Physical Laboratory (NPL).
Data from this instrument was analyzed in other previous
studies.2,19 The solar spectral irradiance in the UV-B region
was always higher than that measured from any nail dryer
device. However, the broad peaks observed in the UV-A and
VIS ranges were larger than the solar irradiance measured at
noon in summer.

The nail dryer devices with fluorescent tubes had, on
average, a maximum spectral irradiance of 3.2 ± 1.6 W m−2 nm−1

and a median of 2.8 W m−2 nm−1, with values ranging
from 0.9 to 7.1 W m−2 nm−1. On the other hand, the irradiance
at the maximum spectral emission for the LED-based devices

was 6.3 ± 2.2 W m−2 nm−1 in the VIS region. The devices that
combine both types of lamps had two broad peaks of 3.4 ± 0.4
W m−2 nm−1 and 4.2 ± 0.1 W m−2 nm−1, on average. The
device number 23 showed the highest spectral irradiance of
the sample with 10.9 W m−2 nm−1 in the UV-A region.

Integrated irradiances

From the spectral irradiance, we determined the UV-B
(280–315 nm), UV-A (315–400 nm) and VIS (400–450 nm) inte-
grated irradiances (Fig. 2). Most of the nail dryer lamps had
almost zero emission in the UV-B range. On the other hand,
the UV-A irradiance for the fluorescent tube devices ranged
from 18 to 142 W m−2, with an averaged value of 61 ± 31
W m−2. The UV-A emission in the two devices with two broad
peaks due to the combination of LED and fluorescent lamps
was also high (106 and 68 W m−2). However, the UV-A irradi-
ance from device number 23 was even higher (129 W m−2). On
the other hand, the LED-based devices emitted UV-A radiation
lower than 4 W m−2, enough to photoinitiate the polymers in
the polishes. In this case, the most important emission was in
the VIS region (400–450 nm), with 111 ± 27 W m−2. As was
pointed out previously, the devices with fluorescent tubes also
emitted in the VIS range due to their phosphor composition
and, although it did not correspond to the maximum emis-

Fig. 1 Spectral irradiance measured from four different drying nail
lamps. Each device is identified with the lamp type and an order
number. For comparison, the solar spectral irradiance measured in
Barcelona at noon in summer was also included.

Fig. 2 UV-B irradiances (top panel), UV-A irradiances (middle panel)
and VIS, 400–450 nm (bottom panel), for all the measured nail drying
lamps. Filled squares represent fluorescent lamp devices (1–22), crosses
represent combined LEDs and fluorescent lamps (23–25) and empty
squares, LEDs (26–28). Black and grey lines represent the integrated ir-
radiances determined from solar spectral measurements in Barcelona in
summer and winter, respectively. The box-and-whisker plots and the
mean value for the different spectral ranges are represented in right
panels.
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sion, it was not negligible. The average VIS irradiance in that
type of device was 9.3 ± 6 W m−2.

The integrated irradiances were compared with the inte-
grated values from solar spectral irradiances measured in
Barcelona. Black and grey lines in Fig. 2 (middle panel) rep-
resent the UV-A irradiances at solar noon in summer and
winter days, respectively. About 30% of the lamps emitted
more UV-A radiation than the summer sun at midday, in some
cases even more than twice. Analyzing the VIS emission, only
four of the devices had irradiances higher than that from the
Sun in summer noon. In any case, all the LED-based nail dryer
devices showed the largest values.

Other studies analyzed similar lamps with values within
this range. Shipp et al.12 measured 18 nail drying devices with
UV-A irradiances between 6 and 157 W m−2, concluding that
there was a clear correlation between the wattage of the light
bulb and the UV-A emission. Diffey11 measured only one lamp
with UV emission (115 W m−2) within the range of our sample.

Erythemal irradiances and doses

After analyzing the unweighted irradiances from all the nail
dryer devices, we determined the biological irradiances related
to erythema. Fig. 3 shows separately the UV-B and UV-A contri-
bution to the erythemal irradiance for all the devices. The
erythemal effect of the UV-B range was almost zero since there
was no emission in this range for most of the devices; there-
fore, the potential erythemal effect was due to UV-A radiation.
Moreover, the LED-based nail dryer devices had almost zero
erythemal irradiance since the considered action spectrum is
only defined in the UV region.

All the erythemal irradiances were lower than 0.06 W m−2,
which represents an ultraviolet index (UVI) of less than 2. The
UVI20 was defined as 40 times the erythemal irradiance (in
W m−2) and it was developed in collaboration between the World
Meteorological Organization (WMO) and the United Nations
Environment Program (UNEP), among others, to warn people

about ambient UV levels. UVI values similar to those deter-
mined from the irradiances of nail dryer devices were only
observed for low solar altitudes, for example, in early morning/
late evening or at noon in winter time. The UVI determined
from the solar spectrum shown in Fig. 1 was 9, a typical value
at midday in Barcelona for sunny days in summer months.

The exposure time in a typical nail beauty session depends
on the manufacturer specifications of nail polishes and dryer
devices. In order to estimate the erythemal doses received
during that time, we considered exposure times presented in
other previous studies,11,21 as well as information from the
beauty centers. The hands are exposed to the lamps for about
2 min, for a total of 6–10 min that includes the cure of
different colors and gel layers.11,21 Based on these exposure
times, we determined the erythemal doses that are typically
received in a session for all the dryer devices. For devices with
fluorescent tubes, the erythemal doses ranged from 0.7 to 6.3
J m−2 for 2 min exposures. Considering a complete session of
10 min, the received erythemal doses would be 4.6–31.4 J m−2.
The erythemal doses are usually referred to as the standard
erythemal dose16 (SED), which is equivalent to 100 J m−2. In
our sample, the doses varied from 0.05 to 0.31 SED. On the
other hand, the erythemal doses for the lamps with LED and
fluorescent lamps were 11.1–21.6 J m−2 (0.1–0.2 SED) for
10 min exposure. Since the LED-based devices emitted low UV
radiation, the erythemal doses were lower than 0.4 J m−2. For
comparison, an equivalent exposure time to sunlight at noon
in summer would be 28/138 J m−2 (0.3/1.4 SED) for 2 and
10 min exposures, respectively. On the other hand, the values
for solar exposure in winter would be 5/23 J m−2 (0.05/0.2
SED). Comparing solar and artificial doses, we concluded that,
for most of the devices, fingers and nails received less erythe-
mal doses during a session than those from sunlight at equi-
valent exposure times.

Photoaging

Although UV-A irradiance is not efficiently absorbed by DNA, it
is considered an oxidative damaging agent with negative con-
sequences such as skin aging.22,23 For this reason, the other
biological effects that we analyzed were related with the skin
photoaging since most of the emissions was centered in the
UV-A region. The spectral irradiance from each nail dryer
device was weighted by the action spectra for skin sagging and
elastosis. Fig. 4 shows the biological irradiances for both
effects.

As was observed for erythemal irradiance, the two biological
responses related to photoaging are almost zero for LED-based
nail dryer devices because of their low emission in the UV-A
region. For fluorescent lamps, the biological irradiances
showed high variability, resulting from the particular device
characteristics. The biological integrated values were between
summer and winter ambient values, in most cases. Only some
of the devices showed higher biological irradiances than those
determined from irradiances measured in summer months in
Barcelona.

Fig. 3 Erythemal irradiance (left axis) and UVI (right axis) for each nail
dryer devices. The UV-B and UV-A contributions are indicated in blue
and orange, respectively.
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Labelling of nail dryer devices

According to the European Community (EC), the nail dryer
devices are subject to different directives for EC marking:
2014/35/EU for Low Voltage, 2014/30/EU relating to electro-
magnetic compatibility and 2011/65/EU on the restriction of
hazardous substances (RoHS). Table 1 includes the main stan-
dards for safety requirements regarding the Low Voltage direc-
tive. Manufacturers, importers, authorized representatives or
distributors use requirements of the European directives
applying harmonized standards, such as test description, to
check the compliance of the samples with European stan-
dards. The Low Voltage Directive ensures that electrical equip-
ment within certain voltage limits provides a high level of pro-
tection for European citizens, and benefits fully from the
Single Market. Electrical equipment under the Directive covers
a wide range of consumer and professional products, e.g.
household appliances, cables, power supply units, laser equip-
ment and some components, such as fuses.

Additionally, directive 2012/19/EU is not intended for EC
marking but on waste electrical and electronic equipment
(WEEE), which includes the crossed out and underlined
garbage container symbol. Finally, a new regulation (2017/745/
EU) on medical devices, which shall apply from 26 May 2020

(amending Directive 2001/83/EC, Regulation 178/2002/EC and
Regulation 1223/2009/EC and repealing Council Directives 90/
385/EEC and 93/42/EEC), contains a series of extremely impor-
tant changes. Among others, certain aesthetic devices or other
products without intended medical purposes but similar to
medical devices in terms of functioning and risk profile (e.g.,
infrared, visible light, UV and intense pulsed light equipment)
should be covered by this Regulation and, therefore, need to
be considered as medical devices with all the complexity and
novelty of its regulatory development by the legislators and
manufacturers.

In accordance with the harmonized standards EN 60335-1,
EN 60335-2-23, EN 60335-2-27, and EN 62233, we analyzed the
labelling and instructions from our sample. Although the lab-
elling was perfectly visible in 85% of the nail dryer devices,
about 40% of them had errors, according to the general
requirements detailed in the EN 60335-1 guideline. The most
common errors were the lack of correct information about the
voltage and the wattage of the device.

The nail dryer devices should follow the European standard
EN 60335-2-27 about appliances for skin exposure to UV radi-
ation. We have analyzed if the UV type4 was specified in the
labelling. Nevertheless, only 23% of the devices included this
kind of information. The marked devices ranged from 1 to 3,
according to the erythemal irradiance in the UV-CB and UV-A
ranges (using 320 nm as the boundary between both intervals).
Nevertheless, the erythemal irradiances in both ranges deter-
mined for all the nail dryer devices were lower than 0.15
W m−2; therefore, they would be classified as UV type 3.

Discussion and conclusions

The present study has analyzed the spectral emission of 28
nail dryer devices that are actually in use in Spanish beauty
centers. Most of the devices had fluorescent lamps and there-
fore their emission was centered in the UV-A region with some
narrow peaks in the VIS range due to the phosphor compo-
sition of the lamps. On the other hand, the spectral distri-
bution of the LED-based devices was centered in the VIS
region with only low UV-A irradiance. Three of the dryer
devices had combined UV/LED lamps and, therefore, had com-
pletely different emissions with one or two broad peaks in
both spectral regions. Although all the devices could be classi-
fied according to their spectral distributions and lamp con-
figurations, the actual spectral emission of individual devices
showed particular characteristics, both in wavelength and
maximum spectral irradiance. These observed differences
respond to the different characteristics of the gel polishes that
require particular intensities at specific wavelengths to poly-
merize. Users and specialized staff should respect the rec-
ommended exposure times and use the corresponding device
to assure the correct exposure. Nevertheless, if burnt out
lamps are not replaced by the same lamp model with the same
characteristics of wattage and spectral distribution, the spec-
tral emission and the corresponding doses could be different.

Fig. 4 Biologically effective irradiances to produce elastosis (bottom
panel) and skin sagging (top panel) for each of the nail dryer devices.
Filled squares represent fluorescent lamp devices (1–22), crosses rep-
resent combined LEDs and fluorescent lamps (23–25) and empty
squares, LEDs (26–28). Black and grey lines represent the biological ir-
radiances determined from solar spectral measurements in Barcelona in
summer and winter, respectively.

Table 1 Guidelines associated with directive 2014/35/CE

Directive Standards

2014/35/CE The Low Voltage Directive
reviews different risks (electrical,
thermal, among others) of electrical
devices with certain voltage limits.

EN 60335-1
EN 60335-2-23
EN 60335-2-27
EN 61479
EN 62233
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In light of the results obtained from an analysis of a large
sample of nail dryer devices, we conclude that their correct use
does not represent an erythemal risk. During the course of a
typical session, the received erythemal doses are lower than
that from sunlight in the summer months, at equivalent
exposure times. Moreover, the use of appropriate gloves during
the exposure time would avoid the erythemal doses, as well as
those for photoaging, at least on the skin.

Besides the emission of nail dryer devices, we analyzed the
labelling of the units in our sample. Since nail dryer devices
are electrical appliances, they must follow the Low Voltage
Directive 2014/35/EU to ensure user safety. Associated with
this directive, there are guidelines that specify the correct lab-
elling of these devices. An analysis of our sample showed that
the labelling was perfectly visible in 85% of the devices but
some errors were detected in 40% of them, according to the
EN 60335-1 guideline. In most cases, the voltage and/or
wattage was not included in the labelling. Moreover, the UV
type, according to the European standard EN 60335-2-27, was
only indicated in 23% of the devices. These devices had UV
type from 1 to 3, although an analysis of the erythemal irra-
diances in the UV-CB and UV-A (320–400 nm in this case)
revealed that all the samples would be classified as UV type 3
(UV-A erythemal irradiances lower than 0.15 W m−2).
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