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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 epsilon (¢) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Workers, primarily those in the healthcare profession, involved in treating and caring for individuals
injured or sick, can be exposed to biological liquids capable of transmitting disease. These diseases,
which may be caused by a variety of microorganisms, can pose significant risks to life and health. This
is especially true of blood-borne hepatitis (hepatitis B virus (HBV) and hepatitis C virus (HCV)) and
acquired immune deficiency syndrome (AIDS) (human immunodeficiency viruses (HIV)). Since
engineering controls can not eliminate all possible exposures, attention is placed on reducing the
potential of direct skin contact through the use of protective clothing that resists penetration (29 CFR
Part 1910.1030). This test method was developed to help assess the effectiveness of materials used in
protective clothing for protecting the wearer against contact with body fluids that potentially contain
blood-borne pathogens. Using synthetic blood, this test method is intended to identify protective
clothing material candidates for further testing according to a more rigorous procedure involving a

surrogate for blood-borne pathogens.

1. Scope

1.1 This test method is used to evaluate the resistance of
materials used in protective clothing to penetration by synthetic
blood under conditions of continuous liquid contact. Protective
clothing pass/fail determinations are based on visual detection
of synthetic blood penetration.

1.1.1 This test method is not always effective in testing
protective clothing materials having thick, inner liners which
readily absorb the synthetic blood.

1.2 This test method is a means for selecting protective
clothing materials for subsequent testing with a more sophis-
ticated barrier test as described in Test Method F1671.

1.3 This test method does not apply to all forms or condi-
tions of blood-borne pathogen exposure. Users of the test
method must review modes for work/clothing exposure and
assess the appropriateness of this test method for their specific
application.

! This test method is under the jurisdiction of ASTM Committee F23 on Personal
Protective Clothing and Equipment and is the direct responsibility of Subcommittee
F23.40 on Biological.
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1.4 This test method addresses only the performance of
materials or certain material constructions (for example,
seams) used in protective clothing. This test method does not
address the design, overall construction and components, or
interfaces of garments, or other factors which may affect the
overall protection offered by the protective clothing.

1.5 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in nonconformance
with the standard.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.7 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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2. Referenced Documents

2.1 ASTM Standards:*

D1331 Test Methods for Surface and Interfacial Tension of
Solutions of Paints, Solvents, Solutions of Surface-Active
Agents, and Related Materials

D1777 Test Method for Thickness of Textile Materials

D3776 Test Methods for Mass Per Unit Area (Weight) of
Fabric

E105 Practice for Probability Sampling of Materials

E171 Practice for Conditioning and Testing Flexible Barrier
Packaging

F903 Test Method for Resistance of Materials Used in
Protective Clothing to Penetration by Liquids

F1671 Test Method for Resistance of Materials Used in
Protective Clothing to Penetration by Blood-Borne Patho-
gens Using Phi-X174 Bacteriophage Penetration as a Test
System

2.2 Military Standard:>

MIL-STD-105 Sampling Procedures and Tables for Inspec-
tion by Attributes

2.3 ANSI/ASQC Standards:*

ANSI/ASQC Z1.4 Sampling Procedures and Tables for In-
spection by Attributes

2.4 ISO Standard:’

ISO 2859-1 Sampling Plans for Inspection by Attributes

2.5 OSHA Standard:®

29 CFR Part 1910.1030 Occupational Exposure to Blood-
Borne Pathogens: Final Rule, Federal RegisterVol 56, No
235, Dec. 6, 1991, pp. 6175-64182

3. Terminology

3.1 blood-borne pathogen, n—an infectious secreted or
excreted bacterium, virus, or other disease-inducing microbe
carried in blood or other body fluids.

3.2 body fluid, n—any liquid produced, secreted, or excreted
by the human body.

3.2.1 Discussion—In this test method, body fluids include
those liquids potentially infected with blood-borne pathogens,
including, but not limited to, blood, semen, vaginal secretions,
cerebrospinal fluid, synovial fluid and peritoneal fluid, amni-
otic fluid, saliva in dental procedures, and any body fluid that
is visibly contaminated with blood, and all body fluids in
situations where it is difficult or impossible to differentiate
between body fluids (see 29 CFR Part 1910.1030).

3.3 body fluid simulant, n—a liquid which is used to act as
a model for human body fluids.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

+ Available from American Society for Quality Control, 611 E. Wisconsin Ave.,
Milwaukee, WI 53202.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.

¢ Available from Supt. of Documents, U.S. Government Printing Office,
Washington, DC 20402.

3.3.1 Discussion—In this test method, synthetic blood is
used as a body fluid simulant.

3.4 penetration, n—the movement of matter through
closures, porous materials, seams, and pinholes or other
imperfections in protective clothing on a nonmolecular level.

3.4.1 Discussion—For this test method, the specific matter
is synthetic blood.

3.4.2 Discussion—In this test method, the penetration liquid
is synthetic blood.

3.5 protective clothing, n—an item of clothing that is
specifically designed and constructed for the intended purpose
of isolating all or part of the body from a potential hazard; or,
isolating the external environment from contamination by the
wearer of the clothing.

3.5.1 Discussion—The potential hazard is contact with
blood.

3.6 synthetic blood, n—a mixture of a red dye/surfactant,
thickening agent, and distilled water having a surface tension
and viscosity representative of blood and some other body
fluids, and the color of blood.

3.6.1 Discussion—The synthetic blood in this test method
does not simulate all of the characteristics of real blood or body
fluids, for example, polarity (a wetting characteristic),
coagulation, content of cell matter.

4. Summary of Test Method

4.1 A specimen is subjected to a body fluid simulant
(synthetic blood) for a specified time and pressure.

4.2 Visual observation is made to determine when, or if,
penetration occurs.

4.3 Any evidence of synthetic blood penetration constitutes
failure. Results are reported as pass/fail.

5. Significance and Use

5.1 This test method is based on Test Method F903 for
measuring resistance of chemical protective clothing materials
to penetration by liquids. This test method is normally used to
evaluate specimens from individual finished items of protective
clothing and individual samples of materials that are candidates
for items of protective clothing.

5.1.1 Finished items of protective clothing include gloves,
arm shields, aprons, gowns, coveralls, hoods, and boots.

5.1.2 The phrase “specimens from finished items” encom-
passes seamed and other discontinuous regions as well as the
usual continuous regions of protective clothing items.

5.2 Medical protective clothing materials are intended to be
a barrier to blood, body fluids, and other potentially infectious
materials. Many factors can affect the wetting and penetration
characteristics of body fluids, such as surface tension,
viscosity, and polarity of the fluid, as well as the structure and
relative hydrophilicity or hydrophobicity of the materials. The
surface tension range for blood and body fluids (excluding
saliva) is approximately 0.042 to 0.060 N/m (1).” To help

7 The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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https://doi.org/10.1520/E0171
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TABLE 1 Specimen Exposure Procedures

Procedure Pressure/Time Sequence and Retaining Screen Options

A 0 kPa [0 psig] for 5 min, followed by 13.8 kPa [2 psig] for 1
min, followed by 0 kPa [0 psig] for 54 min.
A retaining screen is not used to support the sample.
B 0 kPa [0 psig] for 5 min, followed by 13.8 kPa [2 psig] for 1
min, followed by 0 kPa [0 psig] for 54 min.
A retaining screen is used to support the sample. The type
must be specified in the report.

simulate the wetting characteristics of blood and body fluids,
the surface tension of the synthetic blood is adjusted to
approximate the lower end of this surface tension range. The
resulting surface tension of the synthetic blood is approxi-
mately 0.042 = 0.002 N/m.

5.3 The synthetic blood mixture is prepared with a red dye
to aid in visual detection and a thickening agent to simulate the
flow characteristics of blood.

5.4 Part of the protocol in Procedures A and B in Table 1 for
exposing the protective clothing material specimens with
synthetic blood involves pressurization of the test cell to
13.8 kPa [2 psig]. This hydrostatic pressure has been docu-
mented to discriminate between protective clothing material
performance and to correlate with visual penetration results
that are obtained with a human factors validation (2). Some
studies, however, suggest that mechanical pressures exceeding
345 kPa [50 psig] can occur during clinical use (3, 4).
Therefore, it is important to understand that this test method
does not simulate all the physical stresses and pressures that are
exerted on protective clothing garments during actual use. This
test method is offered to identify those protective clothing
materials that warrant further evaluation with a microbiological
challenge.

5.5 Since this test method uses visual observation rather
than analytical measurements for determination of penetration,
use this test method as a preliminary evaluation for possible
penetration of blood and other body fluids. Perform subsequent
testing with a microbiological challenge and analytical tech-
nique using Test Method F1671.

Note 1—No viral resistance claims can be made based on this test
method, as materials can pass the test method and fail Test Method F1671.

5.6 Testing without considering degradation by physical,
chemical, and thermal stresses which could negatively impact
the performance of the protective barrier could lead to a false
sense of security. Consider tests which assess the impact of
storage conditions and shelf life for disposable products, and
the effects of laundering and sterilization for reusable products.
The integrity of the protective barrier can also be compromised
during use by such effects as flexing and abrasion (5). It is also
possible that prewetting by contaminating materials such as
alcohol and perspiration can also compromise the integrity of
the protective barrier. If these conditions are of concern,
evaluate the performance of protective clothing materials for
synthetic blood penetration following an appropriate precon-
ditioning technique representative of the expected conditions
of use.

5.7 While this test method involves a qualitative determi-
nation of the protective clothing material resistance to penetra-
tion by synthetic blood under specific test conditions, it is
possible to use this test method as a material quality control or
assurance procedure.

5.7.1 If this procedure is used for quality control, perform
proper statistical design and analysis of the data when more
than three specimens are tested. This type of analysis includes,
but is not limited to, the number of individual specimens tested,
the average percent passing or failing, or both, with a standard
deviation. Data reported in this way helps to establish confi-
dence limits concerning product performance. Examples of
acceptable sampling plans are found in references such as
MIL-STD-105, ANSI/ASQC Z1.4, and ISO 2859-1.
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—— (Specimen Exposure
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Gasket Material
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FIG. 1 Exploded View of the Penetration Test Cell with Retain-

ing Screen

6. Apparatus

6.1 Thickness Gauge, suitable for measuring thickness to
the nearest 0.02 mm [or nearest 0.001 in.], in accordance with
Test Method D1777 (optional).®

8 Thickness of each protective clothing material specimen tested may be
determined prior to performing the test procedure, but is not required to comply with
this test method. The thickness data for the material may be available from the
manufacturer.



Ay F1670/F1670M - 17

Pressure Regulator

| Cell

FIG. 2 Three Dimensional Side View of Apparatus

6.2 Penetration Test Cell,’ to restrain the specimen during
contact with the pressurized test synthetic blood. In the test
cell, the specimen acts as a partition separating synthetic blood
from the view side of the test cell. It consists of a cell body that
is fastened to a cell support. The cell body has a capacity of
approximately 60 mL [2.0 oz] for synthetic blood. A flange
cover, with an open area to allow visual observation and a
transparent cover are included. The cell body has a top port for
filling and a drain valve for draining the penetration test cell.
Other items, such as a fitting to allow attachment of the air line
to the top port in the cell body, gaskets, and the retaining screen
are also required. Specifications for the penetration test cell are
provided in Test Method F903. A diagram of the test cell and
apparatus are provided in Figs. 1 and 2, respectively.

? The sole source of supply of the penetration test apparatus known to the
committee at this time is Wilson Road Machine Shop, 1170 Wilson Road, Rising
Sun, MD 21911. If you are aware of alternative suppliers, please provide this
information to ASTM International Headquarters. Your comments will receive
careful consideration at a meeting of the responsible technical committee," which
you may attend.

6.3 Retaining Screen,'® a smooth-finish plastic or metal

square mesh screen meeting the following specifications used
for Procedure B from Table 1:
% open area >50
Should limit deflection of sample to <=5.0 mm [0.2 in.]
6.4 Air Pressure Source, capable of providing air at 13.8 *
1.38 kPa [2.0 = 0.2 psig].

6.5 Stopwatch, or electronic timer.

6.6 Balance, analytical, with precision of 0.001 g and
suitable for measuring weight of each specimen to the nearest
10 g/m? [0.1 oz/yd?] in accordance with Test Methods D3776
(optional)."!

19 Acceptable retaining screen materials are 11 by 11 nylon screen (No.
9818T12), 14 by 14 polypropylene screen (No. 9275T11), and 13 by 13 polyester
screen (No. 9218T12) from McMaster-Carr Supply Co., P.O. Box 4355, Chicago, IL
60680.

' The weight of each specimen may be determined prior to performing the test
procedure, but is not required to comply with this test method. The basis weight of
the material may be available from the manufacturer.
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6.7 Vessel, graduated to measure water with a precision of
1 mL.

7. Reagents

7.1 Synthetic Blood.'> Prepare using following ingredients:

7.1.1 High Performance Liquid Chromatography (HPLC),
quality distilled water (0.975 L, pH 7.0 = 0.5).

7.1.2 Acrysol G111 Thickening Agent,'* 25.0 g.

7.1.3 Red Dye, containing colorant and surfactant, 10.0 g.

7.1.4 To reduce biological contamination, boil the distilled
water for 5 min and allow to cool to room temperature before
mixing. Measure amount of distilled water at 20 = 1 °C after
boiling.

7.1.5 Add the thickening agent to the distilled water and mix
45 min at room temperature on a magnetic stirring plate.

7.1.6 Add the red dye and mix 1 h or more.

Note 2—The red dye will stain skin, clothes, and work surfaces.

7.1.7 Measure the surface tension of the solution using Test
Methods D1331, DuNouy ring (Method A). The surface
tension measurement declines over time in an undisturbed dish.
After filling the sample container using the mixing method in
7.1.9, let the solution sit for 20 min before beginning the
surface tension measurement procedure. The surface tension,
measured by ring after 20 min, shall be 40 = 5 dyn/cm.

7.1.7.1 An alternate check of surface tension may be per-
formed with a capillary tube. The expected surface tension in
a capillary tube is 61 = 1 dyn/cm and is not significantly
affected by time."?

7.1.7.2 Do not use synthetic blood solutions unless within
the specified range of surface tension.

Note 3—Exposure to atmosphere causes the difference in surface
tension between the ring and capillary methods. Because the ring method
exposes the synthetic blood to the atmosphere, the surface tension declines
rapidly until reaching equilibrium. In contrast, the capillary method
protects the synthetic blood from the atmosphere, which provides an
elevated but stable measurement. Both the ring and capillary methods are
acceptable to validate the fluid for testing.

7.1.7.3 Excessive oil in the red dye generally causes unac-
ceptable variations in synthetic blood surface tension. Remove
excess oil from the red dye by mixing 25 g of red dye with 1
L of 90 % isopropanol, decant 80 % of the tainted alcohol, and
discard or save for distillation. Pour dye-alcohol solution onto
evaporation dish, spread thin, and cover with filter paper to
allow residual alcohol to completely evaporate. The red dye is
ready for use when dry.

7.1.7.4 Remove excess oil in the synthetic blood by allow-
ing the mixture to settle for 24 h and then carefully decanting
the top 10 % of the mixture.

7.1.8 When storing synthetic blood, limit exposure to air.
Excess air in the vessel may alter the fluid properties over time.
Store at room temperature. Do not freeze. Store in a glass
vessel, if storing for more than one year. Do not store in
low-density polyethylene.

12 Prepared synthetic blood meeting this specification, and small quantities of
Direct Red 081, CI No. 28160 (Morfast Red 8BL) are available from JM & Co.,
507-208-6390. Acrysol G111 is available from Dow Chemical Company.

'3 The capillary tube may be purchased from Fisher Scientific, Catalog #14-818,
and the instructions and calculations are specified in the instruction manual.

7.1.9 Synthetic blood remains well mixed over time, how-
ever a thin layer of oil may rise to the surface. To mix before
use, invert container and gently swirl. Do not shake, as shaking
has been shown to affect the surface tension of the fluid for up
to several days. After gently mixing, extract synthetic blood
with syringe from mid depth to avoid skimming substance
from the fluid surface.

7.1.10 Discard the solution if a gel-like precipitate forms.

8. Hazards

8.1 Before carrying out this test method, review safety
precautions to provide full protection to all personnel. Either
keep a transparent safety shield between the penetration cell
and the observer, or alternatively, perform tests behind the
window in a safety hood.

9. Test Specimens

9.1 Specimens selected from single material samples or
individual protective clothing items consist of either a single
layer or a composite of multiple layers that is representative of
an actual protective clothing construction with all layers
arranged in proper order.

9.1.1 If, in the design of an item of protective clothing,
different materials or thicknesses of material are specified at
different locations, select specimens from each location.

9.1.2 If, in the design of an item of protective clothing,
seams are claimed to offer the same protection as the base
materials, test additional specimens containing such seams.

9.2 Each material specimen to be tested shall have a
minimum dimension of 70 mm [2.75 in.]. A 75-mm [3.0-in.]
square is preferred.

9.3 Test three specimens taken at random from each
material, composite, area (in the case of heterogeneous design),
or other condition. If needed, generate random specimens as
described in Practice E105.

9.4 It is possible that protective clothing materials incorpo-
rating an impervious layer between two fabric layers are
sensitive to false positive failures by wicking at the edges. Seal
the edges of the test specimens to prevent wicking modes of
failure. Seal test specimens with an adhesive, parafilm, paraffin
wax, or adhesive-backed foam prior to testing.

9.4.1 Seal only the edges of the test specimens, leaving the
center 57-mm [2.26-in.] area open for testing. Do not allow
sealants to intrude, block, or occlude the structure of the test
specimen in the test area, as this may compromise the test
procedure. Choose sealants and sealing methods that are
compatible with the protective clothing materials.

10. Conditioning

10.1 Condition each protective clothing specimen for a
minimum of 24 h by exposure to a temperature of 21 * 5 °C
[70 = 10°F] and a relative humidity of 30 to 80 % in
accordance with Practice E171.

10.2 If warranted, use other preconditioning options to
assess possible degradation mechanisms of protective clothing
(5.6).
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11. Procedure

11.1 If requested, measure the thickness of each specimen to
the nearest 0.02 mm [or nearest 0.001 in.] in accordance with
Test Method D1777.

11.2 If requested, measure the weight of each specimen to
the nearest 10 g/m” [0.1 oz/yd’] in accordance with Test
Methods D3776.

11.3 Place a small droplet of the synthetic blood on the
normal inside surface of an extra piece of the material to be
tested. The droplet must remain easily visible to ensure that a
droplet that penetrates the material will be seen. If not, use
talcum powder on the normal inside surface of the fabric to
enhance droplet visibility.

11.4 When distortion of the test material is suspected of
causing failure with Specimen Exposure Procedure A of this
test method, use Specimen Procedure B. Specimen Exposure B
involves the use of a retaining screen which is used when
support of extensible or elastomeric materials is required.

11.4.1 Select Specimen Exposure Procedure A or B from
Table 1.

11.5 With the cell placed horizontally on the lab bench,
insert the specimen in the penetration cell with the normal
outside surface of the fabric toward the cell reservoir which
will be filled with synthetic blood.

11.5.1 Assemble the components of the cell as follows:
place gaskets between the penetration cell and test specimen,
the specimen and the retaining screen (if used), and the
retaining screen and the flange cover as shown in Fig. 1. Close
the penetration cell by putting on the flange cover and
transparent cover. Polytetrafluoroethylene (PTFE) gasket ma-
terial is recommended for use between the cell body and the
test specimen to help prevent leakage.'*

Note 4—Clear plastic film is an acceptable substitute for the transpar-
ent cover.

11.6 Torque the bolts in the test cell to 13.6 N-m [120 in.-1b]
each.

11.7 Mount the penetration cell in the test apparatus in a
vertical position as shown in Fig. 2 (drain valve down) but do
not connect the air line to the cell.

11.8 Close the drain valve.

11.9 Carefully fill the chamber of the penetration cell
through the top port with approximately 60 mL of synthetic
blood (a syringe or funnel is useful). If liquid penetrates
through the test specimen at anytime during the test, terminate
the test.

11.10 Observe for 5 min.

11.11 Connect the air line to the penetration cell.

!4 The sole source of supply of PTFE gasket material known to the committee at
this time is W. L. Gore and Associates, Inc., Industrial Sealant Group, Elkton, MD
21921. If you are aware of alternative suppliers, please provide this information to
ASTM International Headquarters. Your comments will receive careful consider-
ation at a meeting of the responsible technical committee, which you may attend.

11.12 Supply pressurized air through the top port of the
penetration cell. Slowly raise the pressure to 13.8 kPa
[2.0 psig] at a rate of no more than 3.5 kPa/s [0.5 psig/s].

11.13 Hold the pressure constant at 13.8 £ 1.38 kPa [2.0 =
0.2 psig], for 1 min and monitor the viewing surface of the
specimen for the appearance of liquid.

11.14 Turn off the pressure and open the cell valve to the
vent position.

11.15 If liquid penetration is not visible at this point,
observe the specimen again after an additional 54 min.

11.16 At the end of the time period, open the drain valve
and drain the penetration test cell of the synthetic blood. Flush
the test cell with an appropriate wash liquid to remove any
traces of the synthetic blood. Remove the specimen and gasket
from the cell. Clean any external parts of the test cell which
may have been touched by synthetic blood.

11.17 Note whether a droplet of the synthetic blood appears
or other evidence of wetness on the viewing side of the
specimen is observed, or both. If elected, record the time of
failure.

Note 5—Some materials may appear to be wet due to the optical
properties of an outer film layer. Wetness can be confirmed by blotting the
specimen with an absorbent material during the test.

11.18 Test the remaining specimens.

12. Report

12.1 State that the test was conducted as directed in Test
Method F1670/F1670M, Specimen Exposure Procedure A or
B.

12.2 Describe the material tested and the method sampling
used.

12.2.1 Report if the material was taken from roll goods or
garments. Report the type (fiber and coating compositions),
supplier, lot number, and date of receipt of the material tested.
If the material was taken from garments, report under subhead-
ings for each material, composite, type of seam, or other
conditions tested, and its position on the garment.

12.3 Report the following information:

12.3.1 Thickness of each material specimen and the average
thickness of the materials tested, if measured,

12.3.2 Weight of each material specimen and the average
weight of the materials tested, if measured,

12.3.3 A description of any technique used to enhance
visual detection of synthetic blood penetration,

12.3.4 The type and specification for the support screen, if
used, and

12.3.5 The pass or fail for each specimen.

13. Precision and Bias

13.1 Precision—The precision of Procedures A and B from
Table 1 of this test method was determined by interlaboratory
testing involving six laboratories using three materials, one
negative control, and one positive control. The results of these
interlaboratory tests showed total agreement for all materials
and material replicates among all participating laboratories.
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The results of these interlaboratory tests are provided in 13.2 Bias—The procedures in this test method for measur-
Research Report No. RR:F23-1002."° ing synthetic blood penetration have no bias because results are
determined as either pass or fail.

14. Keywords

!5 Supporting data have been filed at ASTM International Headquarters and may

be obtained by requesting Research Report RR:F23-1002. Contact ASTM Customer 14.1 blood; blood-borne pathogens; bOdy fluids; penetra-
Service at service@astm.org. tion; protective clothing; synthetic blood
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