AATCC Test Method 183-2004

Transmittance or Blocking of Erythemally Weighted
Ultraviolet Radiation through Fabrics

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

1. Purpose and Scope

1.1 This standard test method 15 used
to determine the ultraviclet radiation
blocked or transmitted by textile fabiics
mntended 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 transmussion of ultraviolet ra-
diation (UV-E) through a specimen is
measuted on a spectrophotometer o
spectroradicmeter at known wavelength
ntervals.

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

2.1.2 The erythemally weighted UV-E
wrradiance at the detector with no speci-
men present 15 egqual to the summation
between wavelength intervals of the mea-
sured spectral wradiance times the rela-
tive spectral effectiveness for the relevant
erythemal action spectra times the TV-R
weighting function of the appropriate so-
lar radiation spectrm times the appropr-
ate wavelength interval.

2.1.3 The erythemally weighted TV-E
trradiance at the detector with a specimen
present iz egqual to the suwmmation be-
tween wavelength intervals of the mea-
sured spectral iradiance times the rela-
tive spectral effectiveness for the relevant
erythemal action spectrum times the
spectral tramsmittance for the specimen
times the wavelength interval.

2.1.4 The percent blocking of T'VA and
UVE radiation s also calculated.

3. Terminology

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

3.2 percent UV blocking, n—100
munus the TV transmission.

3.2 ultravielet protection factor
(UPF), n—the ratio of the average effec-
tive ultraviclet radiation (UV-E) grradi-
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ance transmitted and caleulated through
ait to the average effective TVCE irradi-
ance transmitted and calculated through
fabric.

3.4 ultravielet radiation, n —adiant
energy for which the wavelengths of the
meonochromatic components are smaller
than those for visible radiation and more
than about 100 nm.

NOTE: The limits of the spectral range
of ultraviclet radiation are not well de-
fined and may vary according to the nser
Commttee E-212 of the International
Comunission on [lnmination (CIE) (see
15.4) distinguishes in the spectral range
between 400 and 100 nm:

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

4. Safety Precautions

NOTE: These safety precautions are
for information purposes cnly. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all mclu-
sive. It i3 the user’s responsibility to use
safe and proper techmigues in handling
materials in this test method. Mamufzc-
turers MUST be consulted on specific de-
tatls such as material safery data sheets
and other manufactirer’s recommenda-
tioms. All OSHA standards and miles
mmst also be consulted and followed.

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

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

5. Uses and Limitations

3.1 This method can also be used to de-
termine the UPF of fabries in a stretched
state. Howewver, the techmigques 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 propetties.

6. Apparatus and Materials

6.1 A spectrophotometer or spectrorad-
iometer equipped with an infegyating
sphere (zee 131 and, for a more comyplete
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 Vedfication and Calibration

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

7.1.1 When runmng 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 enussion 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 are emis-
sion and holmivm oxide absorption are
provided in ASTM Practice E 275, Stan-
dard Practice for Desciibing and Measur-
ing Performance of Ultraviclet, Visible
and Near-Infrared Spectrophotometers.

721 Transmittance scale. Set the
transmuittance scale to a 100% value by
operating the instrument without a sample
in the optical path; therefore, referenced
to aw. The 0% value can be subsequently
verified by fully cbstructing the sample
beam path with an epague material. Vali-
date the learity of the transouttance
scale by means of either calibrated neutral
density filters or calibrated perforated
screens supplied by the instrument manu-
facturer or standardizing laboratores.

8. Specimens

8.1 Test a muinimm of two (2) speci-
mens from each sample for the wet and
the dry testing. Cut each specimen at
least 50 = 30 num (2.0 2.01in) or 30 mm
(2.0 in) in diameter. Avodd distorting the
specimen during preparation and han-
dling.

8.1.1 Should the fabric have areas of
different coclors or structure, test each
color or structure if its size 1s sufficient to
cover the measuring poit.

22 See Appendix A5 for specimens
exhibiting fluorescence.
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9. Conditioning Table l—Relative Erythemal Effectiveness Function (E®

9.1 For dry specimens. nm response nm response nm response
9.1.1 Prior to testing, precondition and
condition the test specimens as directed 260 1.00e400 320 8.55e-03 360 4.84=-4
in ASTM D 1776, Standard Practice for 282 1.00e+00 dzz 5.56e-0i3 G2 4.52e-4
Conditioning and Testing Textiles. Con- 284 1008400 324 3.60e-03 G4 4.22e-4
Khisci each Fpeciuen for tlesst 1 hun an 286 1002400 326 233008 366 3.34e-04
Ml of M 1000 THmd 288 1002400 328 151600 366 36704
63 = 2% BH by layving each test specimen
separately on a perforated shelf or condi- 230 1.00e400 330 1.36e-03 ara 3.43-04
tioning rack 292 1.008400 33 127608 372 3.20e-04
234 1.00e+00 o4 1.19e-0G 374 25004
10. Procedure 2% 1.008+00 3% 1 1e03 376 79604
] 298 1.00e+00 s 1.04e-0G a37d 2.60e-04
10.1 Dry Evaluation. 200 E49e-01 340 9.66e-04 360 2 43604
hf“_j-l 1 fla':_e the specimen flush against 02 421201 42 902604 362 2 2604
i :;]mp € IMANEMNESION Par. Gpenig, i 204 273601 344 541004 354 R
1012 Mike one UV tanamission 306 1.77edl 345 3.858-04 366 1.57e-04
measwement with the specimen oriented 308 1.15e-01 348 7.33e-04 388 1.84e-04
in cne direction, a second measurement 310 7 4542 350 f.84e-04 390 172e-04
at 0.79 rad (45%) to the first and a third at a2 4.83e02 as2 f.36e-04 382 1.60e-04
= A& L
0. f %’gf’ '343 ) to the second. Record the 314 315e02 354 5. 36e-04 3% 1 50e-04
n 1;1 ‘?foﬂ"‘l‘lu_emf “ma _ i, a6 2.03e2 35 5.566-04 396 1 40804
1 multicclored specimens, -
; ne the area of highest UV fransmis- 318 1.32e2 355 5.19e-04 398 1.:30e-04
zion and make the three measurements in 400 1.2e-04

that area.

10.2 Wet Evalustion Mete: The intemvals in Table | ame in 2 nm. For 5 nm LV fansmission data use the intepalated data betwean those

ending ina “4"and a "6."

10.2.1 Weigh the test specimen. Thet- = ¢IE Publication 1064 available from CIE National Committes of USA, ¢o TLA-Lighting Consulants Inc., 7 Pand
cughly wet out the specimen in distilled St Salem, MA& 01 570,
water by placing it flat in the bottom of a
bealrer and then pour distilled water into
the beaker until the specimen is covered. - -
Allow the specimen to remain submerged Table l—Solar Speciral Irradiance of Noonday, July 3, Sunlight, Albuquerque, NM (S,)?

for 30 minutes. Press and move the speci-

men from time to time to ensure a good nm W/emifam nm W/emi/nm nm Wiem2nm
and wmform penetration. Prepare only 280 412611 320 314805 360 5 Ede-05
FHie. Speclmen ah 2 e 282 2.37e11 3z 3.326-05 362 6.008-05
1622 Hong thes wet ek oy fo 150 - 254 314611 324 361605 364 64805
3% by squeezing the wet specimen be-
tween blotting paper (see 6.4) through a 286 4.06e-11 326 4.458-05 366 7.18e-05
hand 1.1,1*jﬂger o stmdlar  convendent 288 6.47e-11 328 5.01e-05 368 7 62e-05
means (such as squeeze behween two 220 3.09e10 330 5.32e-05 370 7.66e-05
g]as-'_- I‘I:lds] If the fabric has low moistre 232 2 fEelm 3% 5.35e-05 372 7 .50e-05
absosption. repeat the soaking and wiing- ) 29268 334 5.238-05 374 B.61e-05
ing steps. Note, some samples may not be -
capable of achieving the specified wet 296 128407 3% 5.04e-05 376 6.66e-05
pick-up such as tightly woven synthetic 208 3.37e7 3 4.99e-05 378 746805
fabrics. 300 26407 340 5.39e-05 380 7.54e-05
10.2.3 Use plastic wrap over viewing 302 23606 342 5.59e-05 342 £.42e-05
port to protect instrument from water. 304 435606 344 5.35e-05 364 5 85805
10.2.4 Continue as directed in 10.1. 306 71906 346 5.34e-05 386 6.26e-05
e o i otbemer [ b | owew | e | s | w | omew
e e T B it 310 1.3Med5 350 5.59e-05 390 T.57e-05
RS O 312 175605 352 5.898-05 392 716805
314 21345 3 6.13e-05 3% 6.55e-05
11. Calculations 316 243605 356 5.06e-05 396 6.818-05
318 T9ed5 358 5.38e-05 398 8.0 e-05
11.1 Calculate the average spectral 200 1.01e-04

transmittance for the three measurements

on each specimen. i ; Mate: The intarvals in Table | are in 2nm. For & nm UV transmission data use the interpolated data betwaan those
11.2 Calculate the Ultraviolet Protec- endingina“4"and a 6"

tion FK}CTDI' (UPF) of each specimen using & Sayre, R, M, atal, “Spectral Comparison of Solar Simulators and Sunlight,” Photdenmara Phofimmunal, Phofo-
Equation 1: mad, 7, 150165 (1200),
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5 E x5 x Ak
UPF = 2= (1)

400 e

S B om Sy x Ty = A
i
where:
E, = relative erythemal spectral effec-
tiveness (see Table I)
5, =szolar spectral iradiance (see
Table IT)

T, =average spectral fransmittance

of the specimen (measured)

Ak = measwed wavelength imterval

Fitiny]

NOTE: Although infegration is mndicated
from 280 nm to the stated wavelengths,
little or no contribution will occur in the
280-290 nm region.

11.3 Calcwlate the average A-range
ultraviclet (UV-A) transmittance using
Equaticn 2:

Z T, » Ad

TIUV-A), =22 (3

Z A

1%

11.4 Calculate the average B-range ul-
traviclet (UV-B) ftransmifttance using

Equaticn 3:
5 Tax Ad
e
T(INV-Bly = ﬁz— (3)
5 Ak
L

11.5 Caleulate the percent blocking for
VA and for UVE using Egquation 4
and Equation 3:

= 100%-T{UV-A) i4)
= 100%%-T{UV-B) (5)
where:
TUV-A) or TTUV-E) is expressed as a
percentage.
12. Report

12.1 Report the following by sample
identification:

12.1.1 The ultraviolet protection factor,
UPF

12.1.2 The TV-A transmittance, T{LV-
A)

12.1.3 The UV-B transmittance, T{LIV-
B)

12.1.4 The percent blocking (LTV-A)

12.1.5 The percent blocking (LTV-B)

12.1.6 The actual percent wet pick-up
if other than 150%.

13. Precision and Bias
13.1 Precizion. In March 1998, an ul-
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traviclet transmuttance scan was pei-
formed on the same specimen of 100%
polyester woven fabric fifteen (15) times
and the UPF calculated according to this
procedure. The average UPF was 1041
and the standard deviation was 0.18. Be-
twaen-laborarory precision has not been
established for this test method. Unfil
such precision information i3 available,
users of the method should use standard
statistical techmigques in making any
comparison of test results for between-
laboratory averages.

132 Bias Transmittance or blocking
of erythemally weighted ultraviolet radia-
tion through fabrics can be defined only
in terms of a test method. There s no in-
dependent method for determining the
true value. As a means of estimating this
property, the method has no known bias.

14. References

141 ASTM D 1776, Standard Practics for
Ceonditioning and Tasting Textiles (see 133

142 ASTM E 179, Guide for Selection of
Geometric Condifions for Measurement of
Eeflection and Transmission Properties of
Materials (zee 15.3).

143 ASTM E 275, Practice for Describing
and Measwrmg Performance of Ultavielst,
Vizible and Near-Infraved Spectrophotome-
ters (see 15.3)

14 4 ASTM G 1539, Standard Tables for
Beferences Solar Spectral Iradiance at
Adr Mass 1.5; Direct Normal and Hemi-
spherical for a 37° Tilted Swrface (see
13.3).

14.5 ASTM E 1247, Tast Method for Idexn-
tifying Fluorescance m Object-Color Speci-
mens by Spectrophotometry (see 13,3,

146 ASTME 1348, Test Method for Trans-
mittance and Color by Spectophotometry us-
mz Hemspherical Geometry (z22 15.3).

15. Notes

15.1 Spectrophotometers or spectroradiom-
aters that meet the requremsnts of this test
methed are availlable from a large number of
manufachers.

13.2 Available from Schott Inc., 400 York
Ave  Durvea PA 18642; tal: T17/457-44835.

13.3 Avalable from ASTM, 100 Bamr Har-
bor D, West Conshohocken PA 19428-2950;
tel: §10V832-9500; fax: 610/B32-9555.

15 4 Commussion International da L'Eelam-
age (CIE), Bureau Central de la CIE, Pans,
France.

15.5 Available from AATCC, PO. Box
12213, PBesearch Trangle Park NC
27709; tel: 919/549-8141; fax: 919/549_

8933; e-mail: ordersii@aatee.org.

Appendix A&

Spectrophotometer or
Spectroradiometer Specifications

Al The wtegrating sphere surface 13
internally coated or comstructed using a
material that is both diffse and highly

reflecting in the ultraviclet region. The
total surface area consumed bﬁr all port
openings reguired shall not exceed 3% of
the total swface area of the integrating
sphere.

A2 Thwmination and viewing geome-
tries.

A21 Drectional illumination/hemi-
spherical collection (0/T). In this geome-
try the specimen is lwminated with an
unidirectional beam whose axis is not
greater than 0.14 rad (8%) from the sur-
face normal of the sample. Any ray of
this beam shall not exceed 0.09 rad I:S‘:]
from the beam axis. The cross-sectional
area of the illuminating beam shall be at
least 10 times the dimension of the larg-
est hole in the test material. The total flux
transmutted by the specimen 15 collected
by the integrating sphere.

A22 Hemuspherical illununation/di-
rectional viewing (T/0). In thiz geometry
the specimen 15 illuninated by an mtesr-
nally dlwminated integrating sphere. The
specimen is viewed unddirectionally with
an axis not greater than 0.14 rad (87)
from the surface nommal of the sample.
Any ray of this beam szhall not exceed
0.09 rad (37) from the beam axis.

The cross-sectional area of the viewing
beam shall be at least 10 times the dimen-
sion of the largest hole in the test
material.

A2 3 Samgple substiution errors. Inte-
grating spheres can experience “sample
substitution” emror due to contributions of
the reflectance of the specimen on the
mtemnal Inmination of the sphere. The
error can be eliminated in esther geome-
try by use of a separate reference beam
that fraverses its owan port opening in the
sphers. The reference beam impinges on
either a portion of the sphere wall or a
reference material mounted at a diametri-
cally opposed pott opening.

A3 Spectral requirements. The spec-
trophotometer or spectroradicmeter shall
have a spectral bandpass of 5 nm or less
over the spectral range of 280 nm (or
less) to 400 nm (or more). The measured
wavelength interval over this spectral
range should not be greater than 5 nm

A4 Stray radiation. The contribufion
of stray radiation within the instroment,
including that due to sample fluores-
cence, shall produce an ervor of less than
0.003 in the wvalue of spectral transmut-
tance being measuzed.

A3 Sample fluorescence. The comtri-
buticn of samgple fluorescence on spectral
transmuftance measwrements on certain
dyes and wlitening agents present in
fabtics that may fluoresce could result
in artificially high wvalves of spectral
transmuttance.

A5 1 Monochromatic illumination. In
spectrophotometers  where the mono-
chromator precedes the specimen within
the optical path the artificially high wval-
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ues of transmittance appear at the excita-
tion wavelengths of the fluorescing
agent. This includes nearly all wave-
lengths in the UVE spectral region. The
error due to the flucrescence can be re-
moved by placing a UV transmitting,
visible blocking filter after the sample. A
Schott Glass UG11 filter has been found
to be satisfactory. However, the decrease
in transmission of the filter with increas-
g wavelength may reduce the use-
fulness of the long wavelength TUVA

AATCC Technical Manual/2006

measurement.

A3572 Polyelwomatic illumination. In
spectrophotometers and spectroradiom-
eters where the illumination is poly-
chromatic and the moncchromator fol-
lows the specimen in the optical path,
the artificially high values of transmit-
tance appear at the emission wave-
lengths of the flucrescing agent. The ef-
fects of fluorescence are, therefore,
eliminated at most UVE wavelengths.
The use of an lluminating light source

that conforms to the spectral distribu-
tion requirements for solar sinmlators
will most accurately include the contri-
bution of sample flucrescence to the
leng wavelength UVA measurement.
However, becanse the fluorescent com-
ponent does not contribute to the UPE,
the spectral distribution of the source is
irrelevant, so long as it provides suffi-
cient energy to cover the spectral range
of interest to acceptable signal to noise
tatios in the spectral data.
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