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This standard is issued under the fixed designation F 1415; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The approximation of hemoglobin saturation through the use of pulse oximetry has become an
increasingly common practice in many areas of clinical medicine. These areas include, but are not
limited to anesthesia, respiratory therapy, pediatrics, and intensive care. A variety of devices are
currently available that are intended for these applications. This specification covers minimum safety
and performance requirements based on parameters that are believed to be achievable within the limits
of existing technology.

Appendix X1 contains a rationale for the most important requirements. It is included to provide
additional insight into the reasoning that led to the requirements and recommendations that have been
incorporated in this specification.

This specification references IEC 601-1 for many of the general requirements for safety.
Requirements specific to pulse oximeters not included in IEC 601-1.

1. Scope investigate the possibility of applying the most recent editions

1.1 The scope given in Clause 1 of IEC 601-1 applies excepf the standards listed below.
that 1.1 shall be replaced by the following: 2.2 ASTM Standards: _ _ _ _
1.1.1 This specification includes requirements for the safety F 1463 Specification for Alarm Signals in Medical Equip-
and performance of pulse oximeters, as defined in 3.2.9 MmentUsed in Anesthesia and Respiratory Care
intended for use in approximating the saturation of arterial 2-3 1SO Standards: o _ .
hemoglobin, non-invasively, from a light signal transmitted SO 7249 Controls—Terms, Suitability, Design Require-
through the tissue, taking into account the pulsatile nature of _ments o _
volume changes with blood flow. ISO 7250 Basic List of Anthropomorphic Measureménts
1.2 The field of application includes, but is not limited to: 24 |EC Standards: .
intraoperative and perioperative use; adult critical care appli- 'EC 79-3:1972 Electrical Apparatus for Explosive Atmo-
cation; pediatric and neonatal application; and general deter- SPheres Part Ill: Spark Test Apparatus for Intrinsically

mination of saturation on hospitalized and non-hospitalized _Safe Unit$ _ _
patients. IEC 79-4:1975 Electrical Apparatus for Explosive Atmo-

1.3 Pulse oximeters intended for use in laboratory research _Sphere Part IV: Method of Test for Ignition Temperature

applications and “bench” type oximeters that require a blood !EC 601-1:1988 Safety of Medical Electrical Equipment—

sample from the patient are outside the scope of this specifi- _Part I: General Safety Requiremehts _
cation. IEC 801-2 Electromagnetic Compatibility for Industrial

Process Measurement and Control Equipment Part 2:
2. Referenced Documents Electrostatic Discharge Requirements (August, 1990—

2.1 The following standards contain provisions that,  1C65 (Secreteriat) 136
through reference in this text, constitute provisions of this
specification. At the time of publication, the editions indicated o
were valid. All standards are subject to revision, and parties to 3-1 Definitions:

given in Clause 2 of IEC 601-1 apply together with the

following additional terms.

3. Terminology

1 This specification is under the jurisdiction of ASTM F29 on Anestheticand ——————

Respiratory Equipment and is the direct responsibility of Subcommittee F29.11 on 2 Annual Book of ASTM Standardgol 13.01.

Gas Monitors. 3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
Current edition approved July 31, 1992. Published December 1992. 4th Floor, New York, NY 10036.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2 Definitions of Terms Specific to This Standard: 6. Identification, marking and docu- X

3.2.1 alarm—a warning signal. ments

3.2.2 alarm set point-the setting of the adjustment control, o0 0w T * ’
or display value that indicates the Sp@t or beyond which the + +
alarm is intended to be activated.

3.2.2.1 Discussior—Terms such aslarm limits or alarm *A = Applies, NA = Not Applicable, AM/R - applies with an

thresholdare frequently used to describe the same function. gmendment, addition, or revision to the requirements in IEC
3.2.3 alarm system-those parts of the pulse oximeter that gg1-1.

establish the alarm set point(s); and activate an alarm when the g5 » gection Two—Environmental Conditions
SpO , is less than or equal to the low alarm set point, if
provided, or is equal to or greater than the high alarm set point,

; . (A) (NIA)  (AM/R)*
if provided. 8. (Not used)
3.2.4 calibration range—the range of SpQ, values over + + + +
which the pulse oximeter has been tested and calibrated. 9 (Notused) . . . .
3.2.5 display range—the range of the Sp@values thatmay 19, environmental conditions X
be displayed by the pulse oximeter. + + + +
3.2.6 display update frequeneythe number of seconds or % (Notused) . . . .

events, that is, pulses, between possible changes in the dig; (ot used)

played value. + +
3.2.7 probe—the portion of the applied part of the pulse

oximeter intended to come in direct contact with the patient. 5.3 Section Three—Protection Against Electric Shock Haz-

With some oximeters, the probe may be considered an accesrds

sory.
3.2.8 probe fault—a condition including, but not limited to, + .
a probe component failure or disconnection of the probe froms. General X
either the pulse oximeter or the patient. . T * * *
. . . . 14. Requirements related to classifica- X
3.2.9 pulse oximeter-a device for determination of satura- 4,
tion of hemoglobin non-invasively from a light signal trans- o + + + +
mitted through the tissue, taking into account the pulsatile!>- Himitation of voliage andor energy . X . .
nature of volume changes with blood flow. 16. Enclosures and PROTECTIVE X
3.2.10 total Hb—the sum of all hemoglobin species includ- covers
: . + + + +
mgg, glgyr;r?églg]'lted to, QHb, Meth Hb, HHb, and COHb. 17. Separation x
. . + + + +
3.3.1 O Hb/(total Hb)}—fractional saturation. 18. Protective earthing, functional earth- X
3.3.2 O,Hb/(O, Hb + HHb)—functional saturation. ing, and potential equalization . . . .
3.3.2.1 Discussior—HHb = deoxyHb. 19. PATIENT AUXILIARY CURRENTS X
3.3.3 SaO—hemoglobin saturation with oxygen in sys- | ) + + + +
i . 20. Dielectric strengtl X
temic arteries. . .

3.3.4 SpO—hemoglobin saturation with oxygen as mea-

sured by a pulse oximeter. 5.4 Section Four—Protection Against Mechanical Hazards

4. Classification

. . . + +
4.1 The requirements given in Clause 5 of IEC 601-1 apply,; yechanical strength X
except as follows: + + . .
4.1.1 In Clause 5.6 delete all but “continuous operation.” 22. Moving parts X
+ + + +
. . . e . 23. Surfaces, corners, and edges X
5. Relationship of This Specification to IEC 601-1 + + +
5.1 Section One—General LW (A ARy
24, Stability in NORMAL USE X
(A) (N/A) (AM/R)* o ) + + + +
+ + 26. Vibration and Noise X
1. Scope and Object X i i + + + +
+ + + + 27. Pneumatic and hydraulic power X
2. Terminology and definitions +X + + + +
+ + + + 28. Suspended masses X
3. General requirements X + +
+ +
4 General requirements fortests . L, 5.5 Section Five—Protection Against Hazards from Un-
5. Classification X wanted or Excessive Radiation
+ + + +
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+ + + +
29. X-radiation X 50. Accuracy of operating data X
+ + + + + + + +
30. Alpha, beta, gamma, neutron radia- X 51. Protection against hazardous output X
tion and other particle radiation + +
+ + + +
31. Microwave radiation X
+ + + + 5.9 Section Nine—Abnormal Operations and Fault Condi-
32. Light radiation (including visual ra- X tions: Environmental Tests
diation and lasers)
+ + + +
33. Infra-red radiation X (A) (N/A) (AM/R)*
+ + + + + +
34. Ultra-violet radiation X 52. Abnormal operation and fault condi- X
+ + + + tions
35. Acoustical energy (including ultra- X + + + +
sonics) 53. Environmental tests X
+ + + + + +
36. Electromagnetic compatibility X
+ +

5.10 Section Ten—Constructional Requirements

5.6 Section Six—Protection Against Hazards of Ignition of

. ) + +
Flammable Anaesthetic Mixtures 54. General X
+ + + +
55. ENCLOSURES and covers X
] . . + + + + + +
37. Locations and basic requirements X 56. Components and general assembly X
+ + + + + + + +
38. Marking and ACCOMPANYING X 57. MAINS PARTS, components and X
DOCUMENTS layout
+ + + + + + + +
Q) (N7A) (AM/R) 58. Protective earthing—Terminals and X
) + + connections
39. Common requirements for Category X + + + +
AP and Category APG EQUIPMENT 59. Construction and layout X
+ + + + + +
40. Requirements and tests for Cat- X
egory AP EQUIPMENT, parts or compo- . . .
nents thereof 5.11 Section Eleven—Additional Clauses Specific to Pulse
+ + + + H
41. Requirements and tests for Cat- X Oximeters
egory APG EQUIPMENT, parts or com-
ponents thereof + +
+ + 60. Pulse amplitude or pulse strength X
display
+ +

5.7 Section Seven—Protection Against Excessive Tempera-

tures and Other Safety Hazards 5.11.1 Clauses containing amendments, additions or re-

placements to the text in IEC 601-1.

+ +
42. Excessive temperatures X Note 1—The clause numbers used reference the specific section in IEC
+ + + + 601-1.
43. Fire prevention X
_ ot + * + 6. General Requirements and General Requirements for
44. Overflow, spillage, leakage, humid- X T
ity, ingress of liquids, cleaning, steriliza- ests
tion, and disinfection . . . . 6.1 Clauses 3 and 4 of IEC 601-1 apply together with the
45. Pressure vessels and parts subject X foIIowmg addition: . . . .
to PRESSURE 6.1.1 Test methods other than those specified in this speci-
46, Human errors * * * “ * fication but of equal or greater accuracy may be used to verify
' . N N + compliance with the requirements of this specification. How-
47. Electrostatic charges X ever, in the event of dispute, the methods specified in this
+ + + + o H
48, Materials in APPLIED PARTS in « specification shall be used as the reference methods.
contact with the body of the PATIENT . . . 7. dentification, Marking, and Documents

49. Interruption of the power supply X 7.1 The requirements given in Clause 6 of IEC 601-1 apply
with the following additions and modifications:
7.1.1 In 4.1, replace Item B by the following:
5.8 Section Eight—Accuracy of Operating Data and Pro- 7.1.1.1 If the size of the pulse oximeter does not permit the
tection Against Hazardous Output complete marking as specified throughout this clause, at least
the following shall be marked on the pulse oximeter: the name
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of the manufacturer, a serial number or lot or batch identifyingdisclose whether the calibration was to functional or fractional
number, Symbol Number 14 in Table D1 of IEC 601-1, and ifsaturation. Test methods shall be available from the manufac-
the pulse oximeter is not provided with a low Sp&larm, the  turer upon request.

words “NOT FOR MONITORING.” 7.4.1.2 If provided, the manufacturer shall disclose in the
7.1.2 In 4.1, add the following item to ltem F: accompanying documents the accuracy and range for the pulse
7.1.2.1 A serial number or other lot or batch identifying rate and the range over which this accuracy is claimed.

number. 7.4.1.3 The test methods shall be available from the manu-
7.1.3 In 4.1, add additional items as follows: facturer upon request.

7.1.3.1 Displays of percent saturation shall be displayed i
units of “% SpQ.” The units of measure shall be marked by
(adjacent to) the display, or displayed on demand. , ) i

7.1.3.2 Marking shall be provided on the probe package or 8-1 Therequirements given in Clause 19 of IEC 601-1 apply
on the probe itself if the probe is for “single patient use.”  €Xcept for the following modification: _ _

7.1.3.3 If the pulse oximeter is not provided with a low 8.1.1 Replace the alternate sallne_ test W'Fh the followmg:_
Spo, alarm, the words “NOT FOR MONITORING.” 8.1.1.1 Probes marked as watemgh.t (using Symbol 13 in

7.2 Clause 6.7 of IEC 601-1 shall apply with the following 2Pi€ D1 0f IEC 601-1) shall comply with the following test:
modification: immerse t.he probe .for 1 min in a.salllne solution containing

7.2.1 Dot matrix, alphanumeric displays, and Computer0.9% sodium chloride that is maintained at a temperature

" L . o ! between 20 and 25°C. While the probe is still immersed,
generated graphics are not considered to be indicator lights

. . ‘perform the tests for patient leakage current as specified in
7.2.2 Compliance shall be checked by functional tests angh, ,se 19 4 g) 5) of IEC 601-1.

inspections.
7.3 In 6.8.2 delete Subclause b and add the following items9. Dielectric Strength
7.3.1 The instructions for use shall additionally include the 9.1 The requirements given in Clause 20 of IEC 601-1 apply

'8 Continuous Leakage Currents and Patient Auxiliary
Currents

following information: . . . . except for the following addition:
7.3.1.1 If the pulse OX|me'ter is provided with adjustable 9.1.1 Probes marked as watertight (using Symbol 13 in
alarm levels, the range of adjustment; Table D1 of IEC 601-1) shall comply with the following test:

7.3.1.2 A method of disinfection or sterilization, or both, of immerse the probe for 1 min in a saline solution containing
both the probe and the body of the pulse oximeter, wher®.9 % sodium chloride that is maintained at a temperature
applicable; between 20 and 25°C. While the probe is still immersed,

7.3.1.3 The display update interval of the pulse oximetemperform the tests for dielectric strength as specified in Clause
and the method by which the displayed value is determined;20.4 a) of IEC 601-1.

7.3.1.4 The calibration range of the pulse oximeter; .

7.3.1.5 The display range of the pulse oximeter; 10. Mechanical Strength . )

7.3.1.6 Any types of interference known to influence the 10.1 The requirements given in Clause 21 of IEC 601-1
function of the pulse oximeter at the time that the instructionPPly except add the following to 21.5:

for use were prepared; 10.1.1 Patient probes that are hand held during normal use
7.3.1.7 If the pulse oximeter requires in-service calibration@d cord-connected control switches shall not present a safety
a suitable calibration procedure: hazard as a result of a free fall from a heighf.an onto a hard

- : ; face.
7.3.1.8 The mechanism and nature of alarm silencing, thatd! . . )
is, during probe disconnection, probe off the finger, etc., and a 10.2 Compliance shall be checked by the following test:

method for manual self-testing of the alarm circuitry if an 10.2.1 Allow _the samplet_o be t_ested_to fall reely once from
automatic self-test is not provided: each of three different starting orientations from a height of 1

onto a 50 mm thick hardwood board (that is, hardwood
7.3.1.9 The default parameters for the alarm that occur upop_ . . . -
pulse oximeter activation, if applicable: aving a density of >700 kg/rf) that lies flat on a rigid base

. . (concrete block). After this test no live parts shall become
7?1N1(§)T|ng FI\)/:?JVI\II?'I(??JI;VIIIt\IhG%' low dSppaIarm, the state- accessible. Cracks not visible to the naked eye and surface
men h ina d > an hall . b cracks in fiber-reinforced moldings and the like shall be
7.3.1.11 The accompanying documents shall specify probg,qred. |f the sample appears operational after the fall, a

that may be used with the pulse oximeter. dielectric strength test, according to Clause 20 of IEC 601-1
7.3.2 In 6.8.2, add the following to Item D: shall be carried out.

7.3.2.1 The manufacturer shall also state in the accompany-
ing documents the maximum application time for each probe atl. Electromagnetic Compatibility

a single site. ' 11.1 The requirements in Clause 36 of IEC 601-1 apply with
7.4 In 6.8.3 add the following: the following addition (the test method in 36.1 is derived from
7.4.1 Accuracy IEC 801-2):

7.4.1.1 The accuracy and the range of hemoglobin satura- 11.1.1 Protection from Electrostatic DischargeThe pulse
tion with oxygen over which the accuracy of the pulse oximeteroximeter should continue to function and meet the require-
is claimed shall be disclosed. The manufacturer shall alsments of this specification or should fail without causing a
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safety hazard. The discharges shall have a potential of 3 kV TABLE 1 Alarm Characteristics

5 % DC for a contact discharge and 8 k5 % DC for an air A . . Flashing
. i . arm Operator Audible Indicator

discharge from a network as described in IEC 801-2 (TC 65 category Response Indicators* Color=+  Frequency

Sec 136). If an anomaly occurs, such as, display interrupt, (H)”

alarm activation, etc., it should be possible to restore normaffioh prierity  Immediate Nﬁg\;/“%‘r’iig:i‘:yol’ Red 1":F‘°) 2.8 Hz

operation within 30 s after the electrostatic discharge has beeRedium priority  Prompt Not high or low  Yellow 0.4 10 0.8 Hz

applied. (Silencing of an activated alarm should not be con—L oot Awaren NrJrrLoiritg ) vellon C(slg " on

sidered a failure.) oW priority e ere onsta
priority

12. Human Errors

12.1 Twin-pole or multi-pole plugs and sockets for extra
low voltage patient circuits shall not be interchangeable with . .
plugs and sockets for mains connections and further shall 14-2 High Priority Alarms

minimize any electrical connection that may result in a safety 14.2.1 There Sh"."" be aV|suaI.|n'd|ca_t|on of the high prlprlty
hazard. alarm. It shall be different and distinguishable from the visual

signals specified in 14.3 and 14.4.
13. Protection Against Hazardous Output 14.2.2 There shall be a simultaneous audible indication of
the high priority alarm. This audible indication shall be
Qifferent and distinguishable from the audible signals specified
in 14.3 and 14.4.
14.2.3 The audible indicators shall reset automatically when

13.1 The requirements given in Clause 51 of IEC 601-1 ar
replaced by the following:

13.1.1 Control Function and Position-If the intended test
control function is not clearly distinguishable when displayed he condition causing the alarm has cleared
on the pulse oximeter, the corresponding control(s) shaﬁ 14.3 Medium Priority Alarms '
automat_iqally return from such control function position(s). 14:3.1 There shall be a visual indication of the medium
T.he. positions of measurement and test COWOIS shall be Clear(%/riority alarm. It shall be different and distinguishable from the
distinguishable. Calibration controls shall include a means t

t inadvertent ch f the intended i isual signals specified in 14.2 and 14.4.
prevent inadvertent change from the intended position. 14.3.2 There shall be a simultaneous audible indication of

Note 2—User-operable function checks other than “power on” for testthe medium priority alarm. This audible indication shall be
controls such as battery condition or signal operation should automaticallgifferent and distinguishable from the audible signals in 14.2
return from the check, test, or override position. and 14.4.

Note 3—All other controls should also include means to prevent 14.3.3 The audible indicator shall reset automatically when
inadvertent changes from the intended position and should have clear% B .
e condition causing the alarm has cleared.

distinguishable positions. o
) 14.4 Low Priority Alarms
13.1.2 Movement of Controls-For controls that consistofa 14 4 1 There shall be a visual indication of the low priority

movable part and a non-movable part, movement upwards, i,y |t shall be different and distinguishable from the visual
the right, or in a clockwise direction shall increase the Contm%ignals in 14.2 and 14.3.
function. Movement downwards, to the left, or in an anti-

. o ) 14.4.2 There may be a simultaneous audible indication of
clockwise direction shall decrease the control function.

the low priority alarm. This audible indication, if provided,

Note 4—The separation between control knobs, switches, togglesshall be a low priority alarm. This audible indication shall be
pinwheels, or push buttons should conform to the recommendations givedifferent and distinguishable from the audible signals specified
in 1SO 7249 and I1SO 7250. in 14.2 and 14.3.

Note 5—Controls and their associated markings should be visible or 14 4.3 The audible indicator shall reset automatically when
legible, or both, to a user having a visual acuity (corrected if necessary) Qtfhe condition causing the alarm has cleared
at least 1.0 when the user is located at teksn in front of the pulse 9 ’

oximeter and the illuminance level is 215 Lx. Markings should be clearly Note 6—An ASTM standard (see Specification F 1463) is presently

identified with their associated controls. being developed for the general characteristics (audible and visual) of all
alarms on anesthetic and respiratory care equipment.

14. Alarms

14.5 Al Ch teristi
14.1 Alarm Prioritizatiorn arm aracteristics

- . .. .. 1451 If intended for continuous monitoring, the pulse

.14.1.1 The _alarm characteristics _of monitors Spe,c'f'ed_'rbximeter shall have a low SpQlarm.

this specification shall be grouped in three categories: high

priority, medium priority, and low priority (see Table 1). Note 7—In certain clinical applications a high saturation alarm may
14.1.2 The audible components of these alarms should H¥ovide an additional safety feature.

designed to allow silencing until the PULSE OXIMETER is 14.5.2 The difference between the alarm set point and the

placed in use (that is, connected to the patient) in order t&pO, when the alarm is activated shall not exceed 2 “% $pO

reduce nuisance alarms. 14.5.2.1 Compliance shall be checked by the test given in
14.1.3 There shall be a visual indication that an audiblel4.6.

alarm has been silenced. 14.6 Method of Test for SpQ Alarm Set Point Accuracy
14.1.4 The set points of adjustable alarms shall be indicated 14.6.1 Generate at least four stable $p€adings that span

continuously or on user demand. the range of the alarm system in approximately equal steps by
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varying the input to the pulse oximeter, or by adjusting thealarm is provided, it shall require deliberate action on the part
calibration control (if provided). of the operator if the silencing is performed after the pulse
14.6.2 For each SpQeading, adjust the alarm set point so oximeter is ready for use. The visual signal shall remain until
that the alarm is deactivated. Incrementally adjust the alarm séfe condition is corrected.
point until the alarm is activated and record the $péading 14.6.6 If intended for continuous monitoring, a probe fault
at which the alarm is activated. The difference between th@larm shall be provided, and its function shall be checked by
alarm set point and the corresponding $p€ading shall not the test given in 14.6.7.
exceed 2 “% SpQ” 14.6.7 Disconnect the probe from the pulse oximeter and
replace it with a circuit with which each probe wire can be
opened or shorted to any other probe wire. Verify that the alarm
is activated.

Note 8—An alarm may be of a type that is activated at a Spgading
above (high alarm) or below (low alarm) the alarm set point. A pulse
oximeter may have either or both types of alarm.

14.6.3 If alarms are provided, alarm set points shall bel5. Additional Clauses Specific to Pulse Oximeters

operator adjustable. Operator adjustment of alarm set points or 15.1 Pulse Amplitude or Pulse Strength Disptaif a nor-
default parameters shall require a deliberate sequence @falized pulse waveform display is provided, a visual display
actions on the part of the operator. of pulse strength shall also be provided.
14.6.4 Default limits on low SpQalarms shall be 80 “% o ) ,
SpO,” or greater Note 9—Visual indication of the signal adequacy should be provided.
’ . . . . . Note 10—If a variable pitch audible annunciation is provided for the
14.6.5 Temporary silencing of audible alarms, if provided,,se signal, a pitch or amplitude change in the sound indicator should be

shall not exceed 2 min. The visual signal shall remain until theyrovided parallel to the reading, for example, as the Sg@ding lowers
condition is corrected. If permanent silencing of the audiblethe sound pitch should also be lowered.

ANNEX
(Mandatory Information)

Al.

Al.1 AnnexesAto M in IEC 601-1 together with Appendix
X1 of this specification apply.

APPENDIX
(Nonmandatory Information)

X1. GENERAL

X1.1 Pulse oximetry facilitates patient care management bgardiopulmonary bypass or at extreme low-flow states, and are
providing an approximation of arterial hemoglobin saturationnot at present intended as a means for the measurement of
with oxygen, and allows for the possibility of early detection of blood flow or blood volume.

the catastrophic events associated with patient hypoxemia. ) o
X1.4 With the limitations of the present technology, pulse

X1.2 The present technology requires an adequate concenximetry is not a precision measurement device. The presently
tration of hemoglobin, a volume change in blood flow, andmarketed in vivo pulse oximeters are not a replacement for
light transmission through a tissue bed in order to providemeasurement of in vitro blood samples by bench-type oxime-
effective in vivo approximation of human hemoglobin satura-ters.

tion with oxygen. ) )
X1.5 The values derived from pulse oximetry are not a

X1.3 Pulse oximeters may not function effectively during measurement of blood or tissue oxygen tension.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



