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Hierarchy of Controls

Most
Physically remove
the hazard

effective
Replace
the hazard

Isolate people
from the hazard

Change the way
people work

Protect the worker with
Personal Protective Equipment

Least
effective

Source: https://www.cdc.gov/niosh/topics/hierarchy/default.html



Personal Protective Equipment (PPE)

Specialized clothing or equipment worn by workers for
protection against health and safety hazards. For
healthcare workers (HCWs), PPE may include:

= Respirators

* Medical face masks

" Gloves

= Gowns

" Goggles

" Face shields

" Head and shoe coverings




Standard Precautions

= Used for all patient care
= Based on a risk assessment

* Make use of common-sense
oractices and PPE to protect
HCW from infection and

orevent the spread of infection
from patient to patient

https://www.cdc.gov/infectioncontrol/basics/standard-precautions.html

Wear a gown that is
appropriate to the task, to
protect skin and prevent
soiling or contamination

of clothing when contact
with blood, body fluids,
secretions, or excretions
Is anticipated.




Protective Clothing Selection Process

OSHA
FDA

4
W7 The Joint Commission

Conduct Hazard Assessment Identify Standards or Select Appropriate Protective

e Source Specifications Clothing

e Modes of transmission e HCW gown and coverall * Regulations
* Pressure and type of contact classification standards, * Practices

e Duration and type of tasks specifications, test methods
e Stage of disease

e Severity of symptoms

e National, international







Performance Standards

= Barrier Performance:

— ANSI/AAMI PB70:2012: Liquid barrier
performance and classification of protective
apparel and drapes intended for use in
healthcare facilities

American
National
Standard

ANSI/AAMI
PB70:2012

AAMI

" Physical Performance:

— ASTM F3352: Standard specification for
isolation gowns intended for use in
healthcare facilities

— ASTM F2407: Standard specification for
surgical gowns intended for use in
healthcare facilities




Isolation Gowns

“Protective apparel used to protect HCWs and
patients from the transfer of microorganisms and
body fluids in patient isolation situations”?

“Worn to protect the HCW’s arms and,‘exposeah
body areas during procedures and patle care
activities when anticipating contact witt |
clothing, blood, body fluids, secretions, ¢
excretions”?

I. AAMI-TIR || Technical Information Report: Selection of Surgical Gowns and Drapes in Healthcare Facilities A rlington, VA, USA Association for the Ad
2. Siegel D, Rhinehart E, Jackson M, Chiarello L. 2007 Guideline for isolation precautions: preventin, gt nsmission of i f ctious agents in health care gs.




Surgical Gowns

* “Type of devices that are intended to be
worn by operating room personnel during
surgical procedures to protect both the
surgical patient and the operating room
personnel from the transfer of
microorganisms, body fluids, and particulate
matter” (21 CFR 878.4040)

Photo courtesy of Shutterstock



AAMI PB70 Level

AAMI

ASSOCIATION FOR THE ADVANCEMENT
OF MEDICAL INSTRUMENTATION

isolation gown surgical gown
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ANSI/AAMI PB70:12 Classification Requirements

1 AATCC 42 Water
5 AATCC 42 Water
AATCC 127 Water
3 AATCC 42 Water
AATCC 127 Water
ASTM F1670
(for surgical drapes) Surrogate blood
4 .
ASTM F1671 Bacteriophage
(for gowns and other Phi-X174

protective apparel)

<45¢g

<10g

> 20cm

<10g

> 50cm

Pass

Pass

Minimal water resistance (some resistance to
water spray)

Low water resistance (resistant to water spray
and some resistance to water penetration under
constant contact with increasing pressure)

Moderate water resistance (resistant to water
spray and some resistance to water penetration
under constant contact with increasing pressure)

Blood and viral penetration resistance (2 psi)

(*) All have an Acceptance Quality level (AQL) of 4% and Rejectable Quality Level (RQL) of 20%



ANSI/AAMI PB70 Critical Zones for Gowns

Critical zone .| Critical zone

Surgical gown Isolation gown

Adapted with permission from ANSI/AAMI PB70:2012, “Liquid barrier performance and classification of protective apparel and drapes intended for use in health care facilities”



Barrier Performance Test Methods - Impact Penetration Test

AATCC 42: Water Resistance: Impact Penetration Test

= Used to determine the material’s ability to resist
water penetration under single spray contact

= Sample is oriented at a 45-degree angle and

clamped in place over a piece of preweighed
blotter paper

= Water is released from a funnel
= Blotter paper is weighed again
= Weight gainl water resistivity I

Test Fabric
AATCC: American Association for Textile Chemists and Colorists

Video courtesy of NIOSH NPPTL



Barrier Performance Test Methods - Hydrostatic Pressure Test
AATCC 127: Water Resistance: Hydrostatic Pressure Test

= Used to determine the material’s ability to
resist water penetration under constant
contact with increasing pressure

= Sample is clamped in place horizontally, and
the hydrostatic pressure is steadily increased
by raising the height of the water column

* Terminated when visible penetration of
water droplets occur

= Hydrostatic pressure I water resistivityt

Video courtesy of NIOSH NPPTL



Barrier Performance Test Methods — Viral Penetration Test

ASTM F1671, Standard Test Method for Resistance of Materials Used in Protective Clothing to Penetration by Blood-
Borne Pathogens Using Phi-X174 Bacteriophage Penetration

= Used to determine the ability of a material to resist the penetration by
bloodborne pathogens using a surrogate virus under continuous liquid contact

= A specimen is subjected to a nutrient broth containing a surrogate virus (Phi-
X174) for a specified time and pressure sequence

* Time and temperature are specified at 6 minutes, 2.0 psi for 1 minute, and
atmospheric pressure for 54 minutes

= Terminated if visible liquid penetration occurs before or at 60 minutes

= This is a pass/fail test

= Primary bloodborne pathogens considered in the test method are Hepatitis B
Virus (HBV), Hepatitis C Virus (HCV), and Human Immunodeficiency Virus (HIV). Photo courtesy oFNIOSHNPPIL
Other microorganisms must be considered on a case-by-case basis



Standard for Isolation Gowns

ASTM F3352, published in 2019, that lists minimum

performance and design requirements for isolation gowns

Photo courtesy of NIOSH EPRO
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Standard Specification for
Isolation Gowns Intended for Use in Healthcare Facilities?

This starcderd in Dmsad der e Gacd dedpration F3351; the nenbe Suichy following the devigratiosn: wds the your of
orgeral sdopiion or, is e coe of vz, the year of b revaos. A unber i paroibos ndicic e yar of ki seppresal. A
mpereeript epuikos (] indicsles sn adinesl change sisce the b sevision or resppreel

INTRODUCTION

Healtbcar: porsomal prolective cquipment, incloding isalation gowns, is wom by bealthcare workors
o proloct the paticnl, the healthoare worker, and visitors from the transfor of microorganisms, blood
and other body Auids, and other contaminants.

Healtbcam: workeors and paticnls can be expased 1o body fuids and other potentially infectious
maicrials capable of transmitling discascs. These discascs, which may be caused by & varicty af
microorganisms., can posc significand risks & fc and health. This is especially e of Boodbome
pathogens, such os Hopatitis (Hepatitis B Yirus (HBY) and Hepatitis C Vins (HCY)) and Human
Immunodeficiency Virus (HIV), as well a5 other healthcan-associated infections. Since engincering
controls canmot climinate all possible exposuncs, aliention is placcd on reducing the potential for dinoct
skin oontact wilth microorganisms, blood or other body fuids. and othor potontially infectious
materials through the use of protective clothing.

The ASTM FI340 Hiological Subcommitice work group surveyed infoction preventionists o
detormine uss'woar issucs, familiarity with isclation gown porformance standamds, and 1o identify
complianco perocplions and F’ﬂumz Resulis of this survey cloardy indicated issucs with tho
physical performance of the isolation gowns wsed in the healthcare settings. Development of this
standard, which includes performance and design criteria for isclation gowns, is interded 1o assist ond
usons in corroct gawn scloclion. The mimirum crileria in this spocification were ostablished based on
the findings of a sindy in callaboraticn with Mational lnstituie for Oocupationsl Safey and Health® and
commiliee dscussions.

Thizs specification addnesses the performance of isolation gowns designed o prolect the healtbeare
worker, the paticnt, and visilors from exposwre i blood, body Awids, and other potentially infectious
maicrials during paticnl care ar paticd procodures.

This specification csinbfishes wniform iesting and reporting reguircments for isolalion: gown
manufacturers in ooder o provide information W cnd vsers that can be used in making informed
decisions in the cvaluation, sclection, and purchase of isolation gowns occording o the anticipated
CXPOSUTS.

1. Scope

1.1 This specification cstablishes minimum roquircments
ffior the performance and labeling of isolation gowns inlcnded
for uwse by healthcans workers e provide prolection for

1Tha specificaton o ocder the prisketion of ASTM O i r ]

Feremal Protecires izg ared Fgmipmest asd in the divect reporadbibly of
Saborereratios FIAAD o .Ell.q ¥

C'amrent aftion spprvend buse 1, 3049 Feblishad luly 2019. Originaly approvad
in 2009, DOE 10.15H¥F3352-19.

*{lond, i, Fawree, 1B Cimmingham, T, Dakep, 1. Harria, 1 €1, Kiinc-Baks,
F.5.,md Lowis, 1. A “hwilation Crren Une, Posi md ooz tial Ui
b Motiied by Infoctios Coned Profemionah,” drerizzs Jawmal of igetion
Coirol, ¥l 40, Mo 5, W12, pp. cT4-<T5.

1 Kk alci, . &, Nwckn, 1, and Hllam, T, "Frafiatios of the Performascs
of baclaion (hrresa,” Amsericon frwmal of ffiection Cevarol, Vol 43, No. 6, 2015, .
T

standard and transmission-based precantions. The intended use
of this specification is 1o cnswne the performance properdics of
isolation gowns for the prolection of the wearer. Four levels of
barrier propertics For isolation gowns e specified in ANSL
AAMI B 700 and arc included in this specification for
refercnce purposes.

1.2 There are other types of gowns that ane used in healih-
can scitings, including: cover gowns, procedwne powns, com-
fort gowns, procaolion gowns, and opon-back gowns. All
gowns nod meoting the definition of isclation gown in 3.1.7 ax
defined by AMSIFAAMI PRTD arc excluded from this standard.

13 This specification does not nddress protoctive clothing

usod for surgical applications, soch as swrgical gowns or
decontamination gowns; prolective clothing for the hands, such




Gown Failures Encountered by Infection Preventionists

45%

Puncture or Interface with Rips, holes Strikethrough Seam failure Fabric worn out
Tear Glove

(*) Cloud, Rinn, Uncas B. Favret, Terrell Cunningham, Jacqueline Daley, Linda G. Harris, F. S. Kilinc-Balci, and Janet A. Lewis. "Isolation Gown Use, Performance and Potential Compliance Issues Identified by Infection Control
Professionals." American Journal of Infection Control 40, no. 5 (2012): e74-e75.



Scope of ASTM F3352

Scope: Single use and multiple use isolation gowns

Exclusions: Other types of gowns that are used in
healthcare settings, including: cover gowns, procedure
gowns, comfort gowns, precaution gowns, surgical
gowns, decontamination gowns, and open-back gowns
and other PPE items



ASTM F3352 Requirements

= Barrier performance: ANSI/AAMI PB70

= Single use and multiple use gowns
— Anticipated care and maintenance were considered

= Design requirements
— 360° coverage

— Means or area for recording/marking the # of
processing cycles (multiple-use)

= Biocompatibility requirements
— Non-sensitizing and non-irritating (ISO 10993-10)




ASTM F3352
Requirements-cont’d

= Performance requirements (considers
both material and seams)

* Tensile strength
* Tear resistance
e Seam strength

= Additional gown properties for
reporting only (optional)

* Lint generation

* Evaporation resistance/water vapor
transmission rate

e Abrasion resistance (Martindale)
* Flex durability




Physical Property Performance Requirements
of Single and Multiple-Use Isolation Gowns

AAMI PB70
Property Material Test Method Level

1,2,3,and 4

Tensile

> >
Strength All ASTM D5034 230 N (=7 Ibf)
Woven textiles ASTM D5587 >10 N (>2.3 Ibf)
Tear .
Nonwoven textiles,
Strength _
films, nonwoven and ASTM D5733 >10 N (=2.3 Ibf)
film composites
Seam ASTM
> >
Strength oL D1683/D1683M =SD N (=1l

Determine the seam strength of isolation gown knit or stretch woven materials as
specified in ASTM D751, using the tension testing machine with ring clamp

Photo courtesy of NIOSH/NPPTL

* Barrier performance is determined according to ANSI/AAMI PB70 with 4% acceptable quality level (AQL), 20 % rejectable quality level (RQL)



ASTM F3352 Labeling Requirements

= Product labeling

Product or style name
Barrier performance level
Product lot or serial number
Size

= Package labeling

Manufacturer name

Product or style name

Barrier performance level

Product lot or serial number

Size

Meets requirements of Specification ASTM F3352
Use-by date

Manufacturer address and phone number

For multiple-use products, processing instructions including the #

max processing cycles

A caution statement if contains natural rubber latex

e




Standard for Surgical Gowns

=  ASTM F2407 lists suggested performance and design
parameters

= |t was revised in 2020 to include minimum performance
and design criteria

=

INTERNATIONAL

National Institute for
Occupational Safety and Health

Photo courtesy of Shutterstock

Designation: F2407 - 20

Standard Specification for
Surgical Gowns Intended for Use in Healthecare Facilities’

This standand I Issued usdes the fixed designation F2407; the memhes ¥ g B dosip Iadicales the year of
erigiml sdoption or, s Be case of revisioa, Be year of lasl revision. A number b paresifesss Indicates e year of last reappeoval. A
superscript epsiion (i) Indicales as ediional change ssce e lesd revisks or reaproval.

INTRODUCTION

Healthcare workers can be exposed to biological fluids capable of transmitting diseases. These
dizeases, which may be caused by a variety of microorganisms, can pose significant risks to life and
health. This is especially true of blood-borme pathogens. such a= Hepatitis (Hepatitis B Virus (HBEY)
and Hepatitis C ¥irus (HCV)) and Human Immunodeficiency Virus (HI'V). Since engineering controls
cannod eliminate all possible exposures, attention is placed on reducing the potential of direct skin
contact with microorganisms, body fluids, and other potentially infectious materials through the use
of protective apparel.

Healthcare protective clothing, including surgical gowns, is worn by healthcare workers to protect
both the patient and the healthcare worker from the transfer of microorganisms, body fluids, and other
contaminants from one person to another.

This specification addresses the performance of surgical gowns designed to preserve the sterile field
andfor protect against exposure of healthcare workers to blood, body fluids, and other potentially
infectious materials during surgery and other healthcare procedures.

This specification establishes uniform testing and reporting requirements for surgical gown
manufacturers in order to provide information 10 end wsers that can be wsed in making informed
decisions in the selection and purchase of surgical gowns according to the anticipated exposures. This
information is also useful for helping end users comply with the Occupational Safety and Health
Administration's blood-bome pathogen standard (29 CFR 1910.1030).

1. Scope

1.1 This specification establishes requirements for the
performance, documentation, and labeling of surgical gowns
used in the healthcare facilities. Four levels of barrier proper-
ties for surgical gowns are specified in ANSIAAMI PET0 and
are included in this specification for reference purposes.

Mo | —Some propertics reguire minimum performance and athers are
for documentation only.

Mot 2—ANSFAAMI PRT0 ovaluales the bamrior propertics of surgical
gown fabrics using waler oaly in Lewels 1, 2, and 3. Since surgical gowns
arc cxpised o blood and other Auids wilh differont surface tonsians, the
performance of additiona] iesting te identify the barmier levels 1o simulated
bicdagical Auids is roguired for 8 Level 4 gown,

"This specificaSion & wader lhe jurisdiclion of ASTM Commilic: F23 on
Peronal Profective Clothing sed Fquipmenl and Is the direcl responsibility of
Subcommilis: F23.40 on Biologioal

Currenl edition. gpproved Sepl 1. 2000, Publshed Sepiember 2020, Origimally
Epproved ba 006, 1as) previous editlon approved In 2003 as F2307 - 06 (20137,
DO 101 520F2407-20,

1.2 This specification does not cover all the requirements
that a healthcare facility deems necessary to select a product.
nor does it address criteria for evaluating experimental prod-
ucts.

1.3 This specification is not intended to serve as a detailed
manufacturing or purchase specification, but can be referenced
in purchase specifications as the basis for selecting test
requirements.

1.4 The values stated in 51 units or in other units shall be
regarded separately as standard. The values stated in each
system must be used independently of the other, without
combining values in any way.

1.5 This standard does nof purport fo address all of the
safety concems, i any, aszociated with iz wse. It i the
resporsibility of the user of this standard 1o establish appro-
priafe safety, health, and emvironmental practices and deter-
mine the applicability of regulatery limitations prior fo wse.




Scope of
ASTM F2407

Scope: Single use and multiple use surgical gowns

surgical gown, n—protective clothing that is intended to be
worn by operating room personnel during surgical procedures
to protect both the surgical patient and the operating room

personnel from the transfer of microorganisms, body fluids, and
particulate matter

Exclusions: Other types of gowns that are used in
healthcare settings, including: isolation gowns,
decontamination gowns, surgical masks, operating
room shoes, shoe covers, and other PPE items




ASTM F2407 Requirements

= Barrier performance: ANSI/AAMI| PB70

= Single use and multiple use gowns
— Anticipated care and maintenance were considered

= Design requirements

— Means or area for recording/marking the # of R |
processing cycles (multiple-use) —— , SN P R

— The sizes of the critical zone(s) defined by anatomical
reference in accordance with ANSI/AAMI| PB70
= Biocompatibility requirements
— Pass AAMI BE78 or ISO 10993-10
= Sterility assurance level requirements
— At least 10-6 (moist heat, EtO, Gamma )

* Flame spread

— Class 1 Normal Flammability according to 16 CFR 1610
before and after conditioning %




ASTM F2407 Requirements-cont’d

= Performance requirements (considers both material and seams)‘
— Tensile strength |
— Tear resistance
— Seam strength

= Additional gown properties for reporting only (optior‘&l)
— Lint generation
— Evaporation resistance/water vapor transmission rate
— Abrasion resistance (Martindale)
— Flex durability




Physical Property Performance Requirements
of Single and Multiple-Use Surgical Gowns

AAMI PB70
Property Material Test Method  Level
1,2,3,and 4
Tensile
> >
o, All ASTM D5034 >30 N (27 Ibf)
Woven textiles ASTM D5587 >10 N (=2.3 Ibf)
Tear
Strength Nonwoven textiles,
films, nonwoven and ASTM D5733 >10 N (2.3 Ibf)
film composites
Seam ASTM
> >
Strength oL D1683/D1683M =D (=112

Determine the seam strength of isolation gown knit or stretch woven materials as specified in ASTM D751,
using the tension testing machine with ring clamp

Photo courtesy of NIOSH/NPPTL

* Barrier performance is determined according to ANSI/AAMI PB70 with 4% acceptable quality level (AQL), 20 % rejectable quality level (RQL)



ASTM F2407 Labeling Requirements

= Product labeling

— Manufacturer name

— Product or style name

— Barrier performance level

— Product lot or serial number

— Size

— Integral tracking mechanism (for multiple-use products)
= Package labeling

— Manufacturer name

— Product or style name

— Barrier performance level

— Product lot or serial number

— Size

— Meets requirements of Specification ASTM F2407

— Use-by date

— Manufacturer address and phone number

— For multiple-use products, processing instructions including the max # processing cycles

— Label as “sterile” if sold sterilized

— A caution statement if contains natural rubber latex




Summary

= Several protective clothing options are available inthe == = == = = =
marketplace for healthcare workers -

= A key step in the protective clothing selection process
is to understand hazards, exposures, the relevant
standards, test methods and their intended use

= Multiple test methods and classification standards
exist to determine the barrier effectiveness and
physical performance of gowns.

= NIOSH will continue supporting ASTM International by:

—generating technical information for different types of PPE
used by healthcare workers and emergency responders to
protect against microorganisms in blood and body fluids, and

—participating in consensus standard development process




Some NIOSH Sources

= Considerations for Selecting Protective Clothing used in Healthcare e

for PrOteCtion againSt Microorganisms in BlOOd and BOdy F|Uids :::: : gdZtlngproperuseanddisposalofprotectlvengnsforhealthcareworkers
http://www.cdc.gov/niosh/npptl/topics/protectiveclothing/

The prevalence of infectious diseases. such as Hepatitis B, Hepatitis C. HIV, SARS and avion fiu, have
raised the concern of hospital personnel over the possibiity of acquiring such infections. Healthcare
workers (HCWs) inor body fluids, or specimens
may easily scquire infections from or transmit infections to patients, other personnel or loved ones

Personal protective equipment (PP | component edt
protect HOWs hazards, HCW PPE may gowns, respirators, face masks,
goves, ey face shields, and hesd

ensembles hospitsl workers ke, if not used or disposed of
correctly. thi PO

= Fighting Ebola: A Grand Challenge for Development — How NIOSH ,
is Helping Design Improved Personal Protective Equipment for el

ZoWN use, appropriote gowns are
of reduce HCW exposur pathogens. However, those using
the gowns may have limited information on the performance of the gowns they wear every day.

Aviation Healthe: of the US economy, 17-57 employed HCWs per million die
Hea | t h care Wor ke rs e ey fromocs et fcions ke s 42HCWspr o e o e chivly remcsesnafcans kot e
Eisenberg 2005). Because of this risk of expo: e di in 1991 the O and Health, (OSHA)
Cancer e Of universal Drecautions o during trestment of all patients in order 21 %’ ritks of acquiring { ment of
. . o s
[ - - - Cardiovesculer Disesse Labor, 1991). This W to wear pe (PPE) and.
. . L] appropriate PPE such ¢ gowns, eye protection masks, face shields. and gloves. PPE is now nd is used widely
Chemicals 5 partof - 20 passoge of pathogenic HCWs ar
((((((( fon agrats especially bloodborme pethogens
Construction OSHA, organiz such as the COC have promoted guidelines for HCW protection %
accinat: y pot L3 PPE

= How Well Do You Think You Are Protected? Understanding proper
use and disposal Of prOteCtive gowns for healthcare Workers Fighting Ebola: A Grand Challenge for Development - How NIOSH is Helping Design Improved
https://blogs.cdc.gov/niosh-science-blog/2014/05/05/gowns/ D e

+
About This Site + nﬂﬂ
-

The current Ebols epidemic in West Africa is the largest in history and is unprecedented in many ways,

R T

= NIOSH Research Highlights Importance of Rigorous Standards for w A e e
Gowns Used to Protect Healthcare Workers S e
https://blogs.cdc.gov/niosh-science-blog/2015/07/22/isolation- e S s —— s
owns 4 s ”



http://www.cdc.gov/niosh/npptl/topics/protectiveclothing/
https://blogs.cdc.gov/niosh-science-blog/2015/02/05/ebola-ppe/
https://blogs.cdc.gov/niosh-science-blog/2014/05/05/gowns/
https://blogs.cdc.gov/niosh-science-blog/2015/07/22/isolation-gowns/

Key References

= “A Review of Isolation Gowns in Healthcare: Fabric and Gown Properties”. Kilinc FS. Journal of Engineered Fabrics &
Fibers (JEFF). 2015 Sep 1;10(3).

= “Isolation Gowns in Health Care Settings: Laboratory Studies, Regulations and Standards, and Potential Barriers of
Gown Selection and Use”. Kilinc-Balci FS. American Journal of Infection Control 44.1 (2016): 104-111.

= Considerations for Selecting Protective Clothing used in Healthcare for Protection against Microorganisms in Blood
and Body Fluids. NIOSH/The National Personal Protective Technology Laboratory Topic Page.
http://www.cdc.gov/niosh/npptl/topics/ProtectiveClothing/default.html

= Kilinc-Balci S and D’Alessandro M. [2015]. NIOSH Research Highlights Importance of Rigorous Standards for Gowns
Used to Protect Healthcare Workers NIOSH Science Blog. National Institute for Occupational Safety and Health, June
http://blogs.cdc.gov/niosh-science-blog/2015/07/22/isolation-gowns/

= Kilinc-Balci S [2014]. How well do you think you are protected? Understanding proper use and disposal of protective
gowns for healthcare workers. NIOSH Science Blog. National Institute for Occupational Safety and Health.
http://blogs.cdc.gov/niosh-science-blog/2014/05/05/gowns./
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= “Evaluation of Gowns and Coveralls used by Medical Personnel Working with Ebola Patients against Simulated Bodily
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~ Visit NPPTL’s Website:
e https://www.cdc.gov/niosh

pptl/default.html
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https://www.cdc.gov/niosh/npptl/default.html

Thank You!

Selcen Kilinc-Balci, PhD

Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health
National Personal Protective Technology Laboratory
Research Branch
Phone: 412-386-4086
Email: JCQ8@cdc.gov

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the National Institute for Occupational Safety and Health, Centers for Disease Control and Prevention.

Mention of a company or product name does not constitute endorsement by NIOSH.



