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Standard Test Method for

Resistance of Materials Used in Protective Clothing to
Penetration by Synthetic Blood Using a Mechanical
Pressure Technique *

This standard is issued under the fixed designation F 1819; 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

Workers, primarily those in the health care 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 viruses which cause Hepatitis (Hepatitis B Virus (HBV)
and Hepatitis C Virus (HCV)) and Acquired Immune Deficiency Syndrome (AIDS) (Human
Immunodeficiency Viruses (HIV)). Since engineering controls cannot eliminate all possible exposures,
attention is placed on reducing the potential for 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 determine the amount of mechanical pressure that will cause penetration of
a liquid through a material used in protective clothing.

1. Scope 1.4 The values in Sl units or in other units shall be regarded
1.1 This test method is used to evaluate the resistance §eParately as standard. The values stated in each system must

materials used in protective clothing to synthetic blood undep® used independently of the other, without combining values

the conditions of liquid contact and increasing direct mechanil any way.

cal pressure. The penetration resistance of protective clothing 1.5 This standard does not purport to address all of the

is based on visual detection of synthetic blood penetration at 8afety concerns, if any, associated with its use. It is the
specific applied mechanical pressure. responsibility of the user of this standard to establish appro-

1.2 This test method does not apply to all forms or Condi_p_ri_ate safety and h_ea!th _practic_es and determine the applica-
tions of blood-borne pathogen exposure. Users of the tedtility of regulatory limitations prior to use.
method must review modes for work/clothing exposure an

; . ; 2. Referen Document
assess the appropriateness of this test method for their spec?ﬁc eferenced Docu e. S
application. 2.1 ASTM Standards:

1.3 This test method addresses only the performance of D 1331 Test Methods for Surface and Interfacial Tension in
materials or certain material constructions (for example, _Solutions of Surface-Active Agerits _
seams) used in protective clothing. This test method does not P 1777 Test Method for Measuring Thickness of Textile

address the design, overall construction, components, or inter- _Materials . _
faces of garments, or other factors which may affect the overall DFC’ﬂb?(.SéTest Method for Mass Per Unit Area (Weight) of
abri

protection offered by the protective clothing. ) N )
E 105 Practice for Probability Sampling of Materfals

1 This test method is under the jurisdiction of ASTM Committee F23 on —————————————
Protective Clothing and is the direct responsibility of Subcommittee F23.40 on 2 Annual Book of ASTM Standardgol. 15.04

Biological Hazards. 3 Annual Book of ASTM Standardgol. 07.01
Current edition approved March 10, 1998. Published May 1998. Originally  * Annual Book of ASTM Standardgol. 07.02
published as F 1819-98. Last previous edition F 1819-97. 5 Annual Book of ASTM Standardgol. 14.02
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E 171 Specifications for Standard Atmospheres for Condi- 3.1.6 penetration n— for biological protective clothingthe

tioning and Testing Materidls flow of a body fluid on a non-molecular level through closures,
E 691 Practice for Conducting an Interlaboratory Study toporous materials, seams, and pinholes or other imperfections in
Determine the Precision of a Test MetiRod protective clothing.
F 1494 Terminology Relating to Protective Clothing 3.1.6.1 Discussior—In this test method, the penetration
F 1670 Test Method for Resistance of Materials Used iriquid is synthetic blood, a body fluid simulant.
Protective Clothing to Penetration by Synthetic Bl6od 3.1.7 protective clothingn—any material or combination of

F 1671 Test Method for Resistance of Materials Used inmaterials used in an item of clothing for the purpose of
Protective Clothing to Penetration by Blood-Borne Patho4solating parts of the body from a potential hazard.

gens Using Phi-X174 Bacteriophage Penetration as a Test 3.1.7.1 Discussior—In this test method, the potential haz-
Systent ard of contact with blood or other body fluids is simulated.

2.2 ANSI/ASQC Standaréls 3.1.8 synthetic bloogn—a mixture of a red dye/surfactant,
ANSI/ASQC Z1.4 Sampling Procedures and Tables forth|cke_n|ng agent, and dlst_llled water having a surface tension
Inspection by Attributes an_d viscosity representative of blood and some other body
23 I1SO Standard! fluids, and Fhe co!or of blood. _ o
ISO 2859-1 Sampling Plans for Inspection by Attributes 3.18.1 D|scu53|on—The synthetic plo_od in this test method
24 Military Standard® does not simulate all of the characteristics of real blood or body
' y i fluids, for example, polarity (a wetting characteristic), coagu-
MIL-STD-105 Sampling Procedures and Tables for Inspeciation, content of cell matter.
tion by Attributes 3.1.9 For definitions of other protective clothing-related
2.5 OSHA Standartt terms used in this test method, refer to Terminology F 1494.
CFR Part 1910.1030 Occupational Exposure to Blood-
borne Pathogens: Final Rulederal Registenol 56, No 4. Summary of Test Method

235, Dec. 6, 1991, pp. 64175-64182. 4.1 Using a special test apparatus, a specimen is contacted
with synthetic blood under a continuously increasing mechani-

3. Terminology cal pressure until the synthetic blood penetrates the specimen
3.1 Definitions: or a load of 90.7 kg (200 Ibs) is applied to a 57.2 mm (2.25in.)

3.1.1 blood-borne pathogenn—an infectious bacterium diameter portion of the specimen achieving a pressure on the

virus, or other disease inducing microbe carried in blood of€Sted specimen of 345 kPa (50 psig).
other potentially infectious body fluids. 4.2 The specimen’s non-contact side is observed to deter-

3.1.2 body fluid n—any liquid produced, secreted, or ex- mine if visual penetration occurs, and if so, at what mechanical
creted by the human body. ' ’ pressure the penetration occurs.

3.1.2.1 Discussior—In this test method, body fluids include 4.3 In conducting a test, the cover plate containing a test

those liquids potentially infected with blood-borne pathogenshead is locked on the two side supports of the base plate of the

including, but not limited to, blood, semen, vaginal secretions,teSt apparatus, the multi-position switch is turned tatrasual

cerebrospinal fluid, synovial fluid and peritoneal fluid, amni-YP positio_n, f'md the test bgtton on top of the c.ontrol box is hel_d
otic fluid, saliva in dental procedures, and any body fluid tha own until visible penetration of the test specimen by synthetic
is visibl3; contaminated with blood ’and all body fluids in lood is observed through the circular test head. Releasing the
situations where it is difficult or impossible to differentiate button stqps the drive mofcor, and the penetration pressure Is
between body fluids (see 29 CFR Part 1910.1030). shown digitally on the display unit and recorded by the

3.1.3 body fluid simulantn—a liquid which is used to act as technician.
a model for human body fluids. 5. Significance and Use

3.1.4 hydrostatic pressuten—the force exerted by a static
liquid (1)*?

3.1.5 mechanical pressuren—the force exerted by one
solid object upon another that it is touchin@)

5.1 This test method was modeled after a procedure com-
monly known as the Elbow Lean Te'stThe Elbow Lean Test
involves the application of synthetic blood to an ink pad,
placement of sample fabric over the blood soaked pad, place-
ment of a blotter over the sample fabric, and applying elbow or
fingertip pressure on top of the blotter. The blotter is then

s Annual Book of ASTM Standardéol. 15.09 examined for staining as evidence of blood penetration. This

7 Annual Book of ASTM Standardgpl. 11.03 test method provides similar procedures which standardize the

_BAvaiIabIe from American Society for Quality Control, 611 E. Wisconsin Ave., test equipment and app"cation of pressure through an adopted
Mllgvauk_ee, WI 53202. _ _ _ methodology.

Available from American National Standards Institute, 11 W. 42nd St., 13th R L. .
Floor, New York, NY 10036. 5.2 This test method is intended to simulate actual use
*° Available from Standardization Documents Order Desk, Bldg. 4, Section D,conditions wherein areas of the health care worker’s protective

700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. clothing are soaked with blood and compressed between the
Available from Supt. of Documents, U.S. Government Printing Office,
Washington, DC 20402.
12 The boldface numbers in parentheses refer to the list of references at the emd———————
of this standard. 13 Originally developed by W.L.Gore and Assoc., Inc., Elkton, MD 21921.
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patient’s body and that of the health care worker, or similarlydation? Some studies suggest that mechanical pressures ex-
between the health care worker and instruments. In both caseseding 345 kPa (50 psig) can occur during clinical (&86).

unconfined blood moves away from the pressure point taking . .
. . . > Note 1—The mechanical pressure tester can be adjusted to evaluate
the path of least resistance rather than being contained as {Lierials at higher pressures.

Ti Meth F 167 F1671. . . . . .
e§t3 _?:] ods F 16 ﬁ 3nd 6 domi | hanical 5.10 Testing prior to degradation by physical, chemical, and
) Is test method uses predominately mechanical pregqerma)| stresses which could negatively impact the perfor-

sure as opposed to contained, hydrostatic pressure t0 demQfiznee of the protective barrier, could lead to a false sense of
strate liquid penetration resistande?). It simulates actual use security. Consider tests which assess the impact of storage

conditions with a single insult where free flowing liquids on the . qitions and shelf life for disposable products, and the
outer surfaces of a protective clothing item are momentarilyfrocts of laundering and sterilization for reusable products.
pressurized against the item by the body and other objects. 1,4 integrity of the protective clothing can also be compro-
5.4 Because this test method provides quantitative results, fhised during use by such effects as flexing and abragdion
is useful for discriminating differences in the liquid barrier |t is also possible that prewetting by contaminants such as
performance of protective clothing materials. This test methodicohol and perspiration can compromise the integrity of the
can be used for measuring differences in the penetratioprotective clothing. Furthermore, high relative humidity may
pressure for protective clothing materials which do not pasgiso affect the resistance of materials used in protective
Test Method F 1670. clothing to penetration by blood and other body fluids. If these
5.5 This test method is normally used to evaluate specimengonditions are of concern, evaluate the performance of protec-
from individual finished items of protective clothing and tive clothing for synthetic blood penetration following an
individual samples of materials that are candidates for items cfppropriate pretreatment technique representative of the ex-

protective clothing. pected conditions of use.
arm shields, aprons, gowns, hoods, and boots. of a protective clothing penetration resistance to synthetic

blood under specific test conditions. It can also be used as a

: : : alitative method for comparing the penetration resistance
passes seamed and other discontinuous regions as well as & ik . parnng P . .
characteristics of similar materials and as a material quality

usual continuous regions of protective clothing items.
control or assurance procedure.

5.6 Medical protective clothing materials are intended to be 5 15 |t this test method is used for quality control, perform

a barrier to blood, body fluids, and other potentially infectious,ner statistical design and analysis of larger data sets where
materials. Many factors can affect the wetting and penetratiofyore than three specimens are tested. This type of analysis
characteristics of body fluids, such as surface tension, Visco$§sc|udes. but is not limited to reporting the number of

ity, and polarity of the fluid, as well as the structure and relative,,gividual specimens tested and the average penetration pres-
hydrophilicity or hydrophobicity of the materials. The surface g re of specimens with a standard deviation. Data reported in
tension range for blood and body fluids (excluding saliva) ishis way helps establish confidence limits concerning product

approximately 0.042 to 0.060 N/i§8). To help simulate the  herformance. Examples of acceptable sampling plans are found

wetting characteristics of blood and body fluids, the surfacg references such as MIL-STD-105, ANSI/ASQC Z1.4, and
tension of the synthetic blood is adjusted to approximate thgsq 2g59_1.

lower end of this surface tension range. The resulting surface 5 13 |n the case of a dispute arising from differences in

tension of the synthetic blood is 0.042 0.002 N/m. reported results when using this test method for acceptance
5.7 The synthetic blood mixture is prepared with a red dyeesting of commercial shipments, the purchaser and the sup-
to aid in visual detection and a thickening agent to simulate thelier should conduct comparative tests to determine if there is
flow characteristics of blood. The synthetic blood may nota statistical bias between their laboratories. Competent statis-
duplicate the polarity, and thus wetting behavior and subsetical assistance is recommended for investigation of bias. As a
quent penetration, of real blood and other body fluids throughninimum, the two parties should take a group of test speci-
protective clothing materials. mens which are as homogeneous as possible and which are
5.8 It is known that body fluids penetrating protective from a lot of the product of the type in question. The test
clothing materials are likely to carry microbiological contami- specimens should then be randomly assigned in equal numbers
nants; however, visual detection methods are not sensitivi® each laboratory for testing. The average results from the two
enough to detect minute amounts of liquid containing microJaboratories should be compared using a non-parametric test
organisms(4,5,6) No viral resistance claims can be made for unpaired data and an acceptable probability level chosen by
based on this test method as materials can pass this test mettibe two parties before testing is begun. If a bias is found, either
and fail Test Method F 1671. its cause must be found and corrected or the purchaser and the
5.9 Part of the protocol for exposing the protective clothingSUPplier must agree to interpret future test results with consid-
material specimens to synthetic blood involves applying meé€ration to the known bias.
chanical pressure up to 345 kPa (50 psig). This mechanical
pressure has been documented to discriminate between protée- Apparatus
tive clothing material performance and correlate with visual 6.1 Thickness Gagesuitable for measuring thickness to the
penetration results that are obtained with human factors valirearest 0.02 mm (0.001 in.), in accordance with Test Method

5.5.2 The phrasespecimens from finished itenecom-
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D 1777, used to determine the thickness of each protective 7.1.3 Red dy&>1” containing colorant and surfactant, 10.0
clothing material specimen tested. g.

6.2 Mechanical Penetration Test&t!®, shown in Fig. 1, 7.1.4 To reduce biological contamination, boil the distilled
consisting of a base plate, a variable speed drive motor, water for 5 min and allow to cool to room temperature before
belted gear driven screw, a lower platform, load cell, uppemixing. Measure amount of distilled water at 20°€ (L°C)
platform, cover plate, control box, and display unit. The driverafter boiling.
motor is connected to the screw through a belted gear. The 7.1.5 Add the thickening agent to the distilled water and mix
screw is then connected to the underside of the lower platformas min at room temperature on a magnetic stirring plate.
which moves up and down, in tubular sleeves when the screw 7.1 6 Add the red dye and miL h or more.
turns at a rate of 827.5 RPM which corresponds to a platform
vertical speed of- 0.20 mm/min (0.479 0.008 in./min). The Note 3—The red dye will stain skin, clothes, and work surfaces.

top of the lower platform is fastened to the bottom of the load 7.1.7 Determine the corrected surface tension of the solu-
cell, and the top of the load cell is fastened to the underside ofon using Test Method D 1331. The expected value of the
the upper platform. The upper platform provides a location forcorrected surface tension is 0.0420.002 N/m. Do not use

resting the petri dish containing a foam pad and synthetic bloodynthetic blood solutions unless within the specified range of
and the specimen. The control box has a test button angrface tension.

multi-position switch with settings fodown, off, auto upand 7.1.7.1 The amount of surfactant in the red dye may vary
manual upA display unit indicates the load (weight) from the gjgnificantly causing unacceptable surface tension variability
load cell in Ibs. from batch to batch. If the corrected surface tension is too high,

Nore 2—If desired the mechanical pressure tester can be adjusted #@discard the batch of prepared synthetic blood. If the corrected
achieve lower or higher application speeds. A separate control is providegurface tension is too low, remove excess surfactant from the
for this purpose. red dye by mixing 25 g of red dye with 1 L of 90 %

6.2.1 Since small differences in the screw and control bostsopropanol, decant 80 % of the tainted alcohol, and discard or
may exist between different mechanical pressure testers, ensui@ve for distillation. Pour dye - alcohol solution into an
that the platform moves at a speed of 12:t7.20 mm/min  €vaporation dish, spread thin, and cover with filter paper to

(0.479+ 0.008 in/min). allow residual alcohol to completely evaporate. The red dye is
6.3 Circular Test Heagtransparent, with a diameter of 57.2 ready for use when dry.

mm (2.25 in.) and a surface area of 2570 (@976 in?). 7.1.7.2 Remove excess surfactant from the synthetic blood
6.4 Petri Dish, plastic, 93X 93 X 15 mm. by allowing the mixture to settle for 24 h and then by carefully

6.5 Foam Pad polyester, 0.64 mm (0.25 in.) thick, non- decanting the top 10 % of the mixture.
reticulated, with 90 pores/in., a compression ration of 3:1, and 7.1.8 Store synthetic blood in a clear glass container at room
free of surfactants and other additives, cut to fit the petri disiemperature.
dimensiong.>16 7.1.9 Shake synthetic blood well before using to prevent its
6.6 Rod poly (methyl methacrylate) (PMMA), approxi- separation.
mately 2.5 mm in diameter by 300 mm in length, for saturating 7.1.10 Discard the solution if a gel-like precipitate forms.

6.7 Bubble Levelfor leveling instrument. test head.

6.8 Ruler, graduated in 1 mm (0.05 in.) increments, for
measuring the height of the synthetic blood in the petri dish.g  Hazards

8.1 Because the synthetic blood readily stains clothing,
wear a laboratory coat or similar cover during testing.

8.2 Keep fingers and hands away from the gears, drive belt,
and test head when the tester motor is running. Place a safety
shield or panel between the apparatus and the operator to
minimize this hazard. See Note 4.

7. Reagents

7.1 Synthetic BlootP’—If synthetic blood is not pur-
chased, prepare using following ingredients:
7.1.1 High Performance Liquid Chromatography (HPLC)
quality distilled water (1.0 L, pH 7.G: 0.5)
7.1.2 Thickening agent”*® 25.0 g.
Note 4—Warning: Ensure that the cover plate is properly secured
before operating the apparatus.

4 Apparatus available from Johnson, Moen & Co., 2505 Northridge Lane NE,9. Test Specimen
Rochester, MN 55906. . . .

15 The supplier named is the sole source of supply known to the committee atthis 9.1 Specimens selected from single material samples or
time. If you are aware of alternative suppliers, please provide this information taqndividual protective clothing items consist of either a Single

ASTM Headquarters. Your comments will receive careful consideration atameetinq;ayer ora Composite of multiple Iayers that is representative of
of the responsible technical committee’ which you may attend.

16 A suitable pad is a Foamex Product #3-900C custom felt, polyester, beigt;an aCtual_ protective CIOthing construction with all Iayers
color foam for medical end use. Foam pads are available from Johnson, Moen @rranged in proper order.
Co., 2505 Northridge Lane NE, Rochester, MN 55906. i i ; ; ;

17 Prepared synthetic blood meeting this specification, small quantities of Direct 'ﬁ9.1.l If, in thel deSIEp kOf an Iter? of prpt?ctlve ClOt.?.mg’
Red 081, CI #28160 (Morfast Red 8BL), and Acrysol G110 are available fromdl erent materials or thicknesses of material are speci ied at

Johnson, Moen & Co., 2505 Northridge Lane NE, Rochester, MN 55906. different locations, select specimens from each location.
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