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Developed in 1998 by AATCC Commit-
tee RA106; reaffirmed 1999, 2000; re-
vised 2004.

1. Purpose and Scope

1.1 This standard test method is used
to determine the ultraviolet radiation
blocked or transmitted by textile fabrics
intended to be used for UV protection.

1.2 This method provides procedures
for measuring this fabric property with
specimens in either the dry or wet states.

2. Principle

2.1 The transmission of ultraviolet ra-
diation (UV-R) through a specimen is
measured on a spectrophotometer or
spectroradiometer at known wavelength
intervals.

2.1.1 The ultraviolet protection factor
(UPF) is computed as the ratio of the
erythemally weighted ultraviolet radia-
tion (UV-R) irradiance at the detector
with no specimen to the erythemally
weighted UV-R irradiance at the detector
with a specimen present.

2.1.2 The erythemally weighted UV-R
irradiance at the detector with no speci-
men present is equal to the summation
between wavelength intervals of the mea-
sured spectral irradiance times the rela-
tive spectral effectiveness for the relevant
erythemal action spectra times the UV-R
weighting function of the appropriate so-
lar radiation spectrum times the appropri-
ate wavelength interval.

2.1.3 The erythemally weighted UV-R
irradiance at the detector with a specimen
present is equal to the summation be-
tween wavelength intervals of the mea-
sured spectral irradiance times the rela-
tive spectral effectiveness for the relevant
erythemal action spectrum times the
spectral transmittance for the specimen
times the wavelength interval.

2.1.4 The percent blocking of UVA and
UVB radiation is also calculated.

3. Terminology

3.1 erythema, n.—abnormal redness
of the skin (sunburn) due to capillary
congestion (as in inflammation).

3.2 percent UV blocking, n.—100
minus the UV transmission.

3.3 ultraviolet protection factor
(UPF), n.—the ratio of the average effec-
tive ultraviolet radiation (UV-R) irradi-

ance transmitted and calculated through
air to the average effective UV-R irradi-
ance transmitted and calculated through
fabric.

3.4 ultraviolet radiation, n.—radiant
energy for which the wavelengths of the
monochromatic components are smaller
than those for visible radiation and more
than about 100 nm.

NOTE: The limits of the spectral range
of ultraviolet radiation are not well de-
fined and may vary according to the user.
Committee E-2.1.2 of the International
Commission on Illumination (CIE) (see
15.4) distinguishes in the spectral range
between 400 and 100 nm:

UV-A 315-400 nm
UV-B 280-315 nm
UV-R 280-400 nm

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted on specific de-
tails such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 Under any circumstances, do not
look directly at the equipment and mate-
rials that may increase the light source in-
tensity, such as mirrors.

4.2 Good laboratory practices should
be followed. Wear prescribed safety
glasses in all laboratory areas.

5. Uses and Limitations

5.1 This method can also be used to de-
termine the UPF of fabrics in a stretched
state. However, the techniques for
stretching the specimens are not part of
this method and are addressed in a sepa-
rate test procedure. It must be noted that
stretching the specimens could change
the UPF properties.

6. Apparatus and Materials

6.1 A spectrophotometer or spectrorad-
iometer equipped with an integrating
sphere (see 15.1 and, for a more complete
description of an instrument, Appendix
A).

6.2 As indexed in catalogues: Filter,
Schott Glass UG11 (see 15.2).

6.3 Clear plastic food wrap for use
with wet samples (polyvinylidene chlo-
ride or polyvinylchloride film).

6.4 AATCC Blotting paper (see 15.5).

7. Instrument Verification and Calibration

7.1 Calibration. Calibrate the spectro-
photometer or spectroradiometer accord-
ing to manufacturer instructions. The use
of physical standards are recommended
for validating the measurement of spec-
tral transmittance.

7.1.1 When running a wet sample
place the plastic wrap over the port and
repeat calibration.

7.2 Wavelength scale. Calibrate the
wavelength scale of the spectrophotome-
ter or spectroradiometer using the spec-
tral emission lines of an electrical dis-
charge in mercury vapor. The wavelength
calibration of a spectrophotometer can be
performed using the absorption spectra of
a holmium oxide glass filter. Reference
wavelengths for both mercury arc emis-
sion and holmium oxide absorption are
provided in ASTM Practice E 275, Stan-
dard Practice for Describing and Measur-
ing Performance of Ultraviolet, Visible
and Near-Infrared Spectrophotometers.

7.2.1 Transmittance scale. Set the
transmittance scale to a 100% value by
operating the instrument without a sample
in the optical path; therefore, referenced
to air. The 0% value can be subsequently
verified by fully obstructing the sample
beam path with an opaque material. Vali-
date the linearity of the transmittance
scale by means of either calibrated neutral
density filters or calibrated perforated
screens supplied by the instrument manu-
facturer or standardizing laboratories.

8. Specimens

8.1 Test a minimum of two (2) speci-
mens from each sample for the wet and
the dry testing. Cut each specimen at
least 50 × 50 mm (2.0 × 2.0 in.) or 50 mm
(2.0 in.) in diameter. Avoid distorting the
specimen during preparation and han-
dling.

8.1.1 Should the fabric have areas of
different colors or structure, test each
color or structure if its size is sufficient to
cover the measuring port.

8.2 See Appendix A5 for specimens
exhibiting fluorescence.
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9. Conditioning

9.1 For dry specimens.
9.1.1 Prior to testing, precondition and

condition the test specimens as directed
in ASTM D 1776, Standard Practice for
Conditioning and Testing Textiles. Con-
dition each specimen for at least 4 h in an
atmosphere of 21 ± 1°C (70 ± 2°F) and
65 ± 2% RH by laying each test specimen
separately on a perforated shelf or condi-
tioning rack.

10. Procedure

10.1 Dry Evaluation.
10.1.1 Place the specimen flush against

the sample transmission port opening in
the sphere.

10.1.2 Make one UV transmission
measurement with the specimen oriented
in one direction, a second measurement
at 0.79 rad (45°) to the first and a third at
0.79 rad (45°) to the second. Record the
individual measurements.

10.1.3 On multicolored specimens, de-
termine the area of highest UV transmis-
sion and make the three measurements in
that area.

10.2 Wet Evaluation
10.2.1 Weigh the test specimen. Thor-

oughly wet out the specimen in distilled
water by placing it flat in the bottom of a
beaker and then pour distilled water into
the beaker until the specimen is covered.
Allow the specimen to remain submerged
for 30 minutes. Press and move the speci-
men from time to time to ensure a good
and uniform penetration. Prepare only
one specimen at a time.

10.2.2 Bring the wet pick-up to 150 ±
5% by squeezing the wet specimen be-
tween blotting paper (see 6.4) through a
hand wringer or similar convenient
means (such as squeeze between two
glass rods). If the fabric has low moisture
absorption, repeat the soaking and wring-
ing steps. Note, some samples may not be
capable of achieving the specified wet
pick-up such as tightly woven synthetic
fabrics.

10.2.3 Use plastic wrap over viewing
port to protect instrument from water.

10.2.4 Continue as directed in 10.1.
Avoid evaporative reduction of the mois-
ture content below the specified level be-
fore the actual UV transmission measure-
ments are made.

11. Calculations

11.1 Calculate the average spectral
transmittance for the three measurements
on each specimen.

11.2 Calculate the Ultraviolet Protec-
tion Factor (UPF) of each specimen using
Equation 1:

Table I—Relative Erythemal Effectiveness Function (Eλ)a

nm response nm response nm response

280 1.00e+00 320 8.55e-03 360 4.84e-04
282 1.00e+00 322 5.55e-03 362 4.52e-04
284 1.00e+00 324 3.60e-03 364 4.22e-04
286 1.00e+00 326 2.33e-03 366 3.94e-04
288 1.00e+00 328 1.51e-03 368 3.67e-04
290 1.00e+00 330 1.36e-03 370 3.43e-04
292 1.00e+00 332 1.27e-03 372 3.20e-04
294 1.00e+00 334 1.19e-03 374 2.99e-04
296 1.00e+00 336 1.11e-03 376 2.79e-04
298 1.00e+00 338 1.04e-03 378 2.60e-04
300 6.49e-01 340 9.66e-04 380 2.43e-04
302 4.21e-01 342 9.02e-04 382 2.26e-04
304 2.73e-01 344 8.41e-04 384 2.11e-04
306 1.77e-01 346 7.85e-04 386 1.97e-04
308 1.15e-01 348 7.33e-04 388 1.84e-04
310 7.45e-02 350 6.84e-04 390 1.72e-04
312 4.83e-02 352 6.38e-04 392 1.60e-04
314 3.13e-02 354 5.96e-04 394 1.50e-04
316 2.03e-02 356 5.56e-04 396 1.40e-04
318 1.32e-02 358 5.19e-04 398 1.30e-04

400 1.22e-04

Note: The intervals in Table I are in 2 nm. For 5 nm UV transmission data use the interpolated data between those
ending in a “4” and a “6.”
a CIE Publication 106/4 available from CIE National Committee of USA, c/o TLA-Lighting Consultants Inc., 7 Pond

St., Salem, MA 01970.

Table II—Solar Spectral Irradiance of Noonday, July 3, Sunlight, Albuquerque, NM (Sλ)a

nm W/cm2/nm nm W/cm2/nm nm W/cm2/nm

280 4.12e-11 320 3.14e-05 360 5.64e-05
282 2.37e-11 322 3.32e-05 362 6.00e-05
284 3.14e-11 324 3.61e-05 364 6.48e-05
286 4.06e-11 326 4.45e-05 366 7.18e-05
288 6.47e-11 328 5.01e-05 368 7.62e-05
290 3.09e-10 330 5.32e-05 370 7.66e-05
292 2.85e-09 332 5.33e-05 372 7.50e-05
294 2.92e-08 334 5.23e-05 374 6.61e-05
296 1.28e-07 336 5.04e-05 376 6.66e-05
298 3.37e-07 338 4.99e-05 378 7.46e-05
300 8.64e-07 340 5.39e-05 380 7.54e-05
302 2.36e-06 342 5.59e-05 382 6.42e-05
304 4.35e-06 344 5.35e-05 384 5.85e-05
306 7.19e-06 346 5.34e-05 386 6.26e-05
308 9.68e-06 348 5.37e-05 388 6.72e-05
310 1.34e-05 350 5.59e-05 390 7.57e-05
312 1.75e-05 352 5.89e-05 392 7.16e-05
314 2.13e-05 354 6.13e-05 394 6.55e-05
316 2.43e-05 356 6.06e-05 396 6.81e-05
318 2.79e-05 358 5.38e-05 398 8.01e-05

400 1.01e-04

Note: The intervals in Table II are in 2 nm. For 5 nm UV transmission data use the interpolated data between those
ending in a “4” and a “6.”
a Sayre, R. M., et al., “Spectral Comparison of Solar Simulators and Sunlight,” Photodermatol Photoimmunol. Photo-

med., 7, 159-165 (1990).
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