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INTRODBUCTION

Manometer-seale particles are encountered in nature and i industry in a variety u% forms and

materials, Engineered nanoscale particles as a class comprise a range of materials di
size, and chemical composition, and represent o broad reoge of physicnl
Workers within some nmanotechnology-relmed industries and operations hd’ﬁ%ih
exposed to these engineered nanoseale particles at levels exceeding”
concentrations through inhaiation, dermal contact and ingestion when
matrix (unbound} Oceupational health risks associated with manufs
anbound nanoscale particles, agglomerates or aggrepales of
anderstood. Dominani exposure roules, polential exposure level
particle materials
sesearch is needed Lo undersiund the impact of these expostses o
devize appropriate exposure monitoring and control strat
suggests caution when pates

to vary widely among particular nanoscale

the limited evidence avallable
nanoscale particles {UNP) may oeour

1. Scope

b This Guide deseribes actions that could be taken by the

punoseale particles (UNP) o research, manul:
tory and other ocoupational settings where
ably be expecied (o be present. Boiy
guidance for controlling such exposur
sure where neither relevani exposu

harard and exposure ifi[‘ermziﬁk{é
1.2 General Guidaneoe—Ehis 80 “applicable 10 occu-

pational seltings where TE sonably be expected 1o be
present. Uperations ac ! gttings will vary widely in
the particular aspects re Zvant # nanoscale particle exposure
control. UNP represent o yag#ariety of physical and chemieal
characteristics {e.g., morphology, mass, dimension. chemical
composition, settling velocities, surface aren. surface chemis-
try} ond circumstances of use. Given the range of physical and
chemical characteristics presented by the varions UNE the
diversity of scenpational seltings and the uneven empirical
knowledge of and experience with handling UNP materials, the

PThs guide & under the jurisdiction of ASTM Commities BS6 on Nanoloch-
nedogy amd i the direct !Lspum;b!i;f} of Subcormmibles Lﬁé,f)ﬁ on Eaviromment,
Health, asd Safery
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5[}531“;305%& of this Guide 15 o offer general guidance on exposure

in shape.
operties,
tential o be

ngnoscale particle
i on or within a

essing and handling

?ci% are aot vet clearly
witerial hazard are expected
andling contexts, Additional
iployee health and how best lo
ojes. Until clearer understandings emerge,
tal exposures to anhound engineered

anl ;h{%

H

mimmization approaches for UNP based upon a consensus of
viewpoints, but not o establish a standard practice nor o
recommend a defipite cowrse of action to follow in all cases.

121 Accordingly, not all aspects of this Guide may be
relevant or applicable o all circumstances of UNP handiing.
The user should apply reasonable judgment in applying this
Cuide including consideration of the characieristics of the
particular UNP involved, the user’s enginecripg and other
experience with the material, and the particular occupational
settings where the user may apply this Gulde. Usere are
encouraged 0 oblain the services of qualified professionals in
applving this Guide.

1.2.2 Applicable Where Relevant Expespre Sumdards Do
MNeot Exist—This Guide assumes that the user 15 aware of and in
compliance with any awthoritative occupational exposure stan-
dard applicable fo the bulk Torm of the UNE This Guide may
be appropriate where sach exposure standands do net exist, or
where such siandards exist, bot were not developed with
consideration of the nanoscale form of the material.

1.3 Applicable Where Rebust Risk Information Does Nor
Exist—This Guide assumes the absence of scientifically sound
risk assessment information relevant to the particular UNP
involved, Where sound tisk assessment information exists, or
comes 1o exisl, any exposure control measures should be

Lopyigh! @ ABTH intemational, 100 Barr Harbor Diive, PO Box GFO0, West Conshehocken, PA 18428-2058, Unlied Siates,



A3l E 2535 - 07

designed based on that infermation, and not premised on this  judged: nor should this document be used without consider-
Cuide. Suel measures may be more or less siringent than those ation of the particular materials and occupational circum-

suggested by this Guide. stances to which it may be applied. The word “standard” in the
V4 Maoterialy within Scope—This Guide pertains o une title means only that the document has been approved through

bound engineered nanoscale particles or their respirable ag- the ARTM consensus process.

glomerates or aggregates thereof. Relevant nanoscale particle L& This stopdard does not purport to address ofl of the

types include, for example, intentionaliv produced follerenes, safety concerns, if amv, associated with its use. It s the

manniubes, panowires, nanoropes, nanoribbons, quanium dots responsibility of the wser of this standard 1o establish appro-

unanoscale metal oxides, and other engineered nanoscale par- priate safery and health practices and determine the applica-

ticles. Respirable particles are those having an asrodynamic Gility of regulatory limitations prior o use.
equivalent diameter (AED) less than or equal to 10 um (10 000
um) or those particles small encugh to be collecied with o 2. Relerenced Documents

respirable sampler (12, 34, 36).° The AED describes the 31 ARTM Srandards: ®
behavier of an airhorne particle and 15 dependent upon the F 2436 Terminology Relatng (o Nanotechnology

particle density, shape, and size-—{or instance, a particle with a

spherical shape, smoeoth surface, density of 1.0 glee and 2 3 Terminology ' §
physival diameter of 4 pm would have an AED of 4 pmy, 3.1 Definitions—Refer 1o “Srminology [ 2436 for defini-

whereas a particle with a sphencal shape, swwoth surface,  tans of terins used, withi
density of 1135 g/ee and a physical dismeter of 4 pm would i
have an AED of 14 wn and would therelore be of a nonrespi-
rable size. Respirable fibers are those having physical diam- oy - - v enbie
cters less than or equal to 3 pra G000 o) or those fibers small _ {Q E;: ::’; ;]i:: ihf:”%amc %;rzzrzg .;2{;::’5:;
enough 1o be collected with a thoracic sampler {65, 66}, £ ol d; {}drmig (26).

L5 Materials Bevond Scope: .

E.S.I U\ZP mu}f E\e- presen‘i i ‘varixm\‘ i’u £mns, sm:-?l 8 ticles held E{msl‘mr E’W’ miguv 1y x&cak !amm {L . van der
apitary.) and which may break apart into smaller
pon processing.
shreogie, n—in napotechnology, a discrete group of
s in which the vadous individuoal components are not
gcas ity %ﬁﬁgcn apart, such as i the case of primary particles that

e \Liomiv bonded together {for example, fused, sintered, or
mcmliicali}- bonded particles).

324 conirol principle, p—the principle establishes in this
guide that, as a cautionary mensure, occupational exposures (o
unbound, engineered nuonoscale particles (UNPF)Y should be

3.2 This Guide does not perfain T minimized to levels that are as low a3 is reasonably practicable.
nanoscale surface features, but do no eoy 3.2.3 nanoscale, adi—having one or more dimensions on
nanoscale lithography products, ng cé’-‘i{é&mc SITUCIUrEs OF  (he arder of 1 to 100 panometers,

1is guide.
7 -Sp@?ﬁfé{‘ 1o This Standard:
f ¢ dicaneter (AED), s—the di-

primary ]’}dﬁl&,}(,?s, or a5 p‘},ma_k,s dﬁ.&pumd itr a rzminx, TE“;]&
Cluide does not pertain 1o UNP incapable, as a practical matie

UNP in occupational settings under the particular
stances of use (e.g., UNPs dispersed or otherwise fhied wit
2 solid. strongly bonded to a substraie or containg
Liguid matriz sueh as aggregated primary crystals
in paints). This guide does not pertain to Azp
agglomerates of UNP that are not of 2 respi

3.2.6 particie, n—in ronotechaciogy, a small object that

NPs which existin pehaves as a whole unit in terms of transport and properties.

watare which may %’“1 5 amnbient atmospheres or 3.27 progrom, n—o management policy to minimize ocen-
are unintentionally proc v fuman activities, such as by pafional UNP exposures together with the procedurss and
combustion processes, Nor dgfs I pertaln o materials a8 y50ns 0 mest that objective.

kave established exposureigetitrol programs {¢.g. safe haudling 3.2.8 respirable. adji—airborne particles which are small
protocols Tor nanoscale biclogical agents) or ?U@ﬁf‘*hi@ CRPO- enongh to enter the alveolar {gas-exchange) region of the ung.
sure Himits such as occupational exposure limits for welding 3.2.% imhalable, adi—airborne paﬁioﬁ@;’ which are small

fumes.. See Appendix X1 i ~ encugh to enter the head airways through the nose and/or
VO Handling Considerations Bevond Scope-—The use of mouth during inhalaton.

this Guide 18 limited to the scope set forth in this section, This 3200 showld anx., veas wsed in this guide indicates that

Guide generally does not address sctions relaled o pfsigﬁ?mé a provision is not mandatory but is recommended as a good

environmental expesures, nor 1o exposures polentially anising — seacrice,

al disposal or fﬁthi? Wd“?fﬁf-' o ) 3211 whrafine particle, v—a particle smaller than about
VT Net g Standard of Care—~This ASTM standard Guide 1 ypicrometer (100 nanometers) in diamerer,

does not necessarily represent the standard of care by which the

adeguacy of a set of exposure control measures should be

b For referenced ASTM standards, visil the ASTM website, wwwasim.org. or

comtact ASTM Custemer Service at service @astmorg. For Anangd Book of ASTM

? The boldfuce numbers in parentheses reler to the list of teferences a1 the end of Srmdards volumg information, refer Lo the siandard’s Docurment Summary page on
Uiy standard, the ASTM websie.

B
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3212 uwbound, adi—with relerence o engineeved nonos-
cale particles, those nunoscale particles that are not contained
within a mairly vader normal temperature and pressure condi-
tions that would ressonably be expeeted to prevent the particles
Trom heing separately mobile and a potential source of expo-
sure. An engineered pritnary nanoscale particle dispersed and
fixed within a polvmer matrix, incapable as a practical matter
of becoming abrbome, would he “bonnd,” while such a particle
suspended as an serosol would be “ugbound”.

3.3 Acrogveng:

330 HEPA-——high efficiency particulate air

3.2 MSDS-—material safety data sheet{s)

3.3.3 PPE-—personal protective equipment

334 UNP—unhound enginesred panoscale particles

4. Summary of Guide

4.1 This Guide presenis the elements of an UNP haodling
and exposure minimizalion progeam inclading considerations
and guidance, based on a consensus of viewpoints, for estab-
lishing such a program. The six principal elements are: fa)
establishing management commitment (o the control principle;
{2 identifying and communicating potential hazards: (¢} as-
sessing potential UNP exposures within the worksite; {d)
identifying and implementing engineering, and admmistrative
confrols consistent with the control principle for all relevant
operations and activities; (¢} docamentation; and (f} periodi-
cally reviewing its adeguacy.

4.2 The Confrol Principle—Exposure control guidance |

UNP should be minimized to levels thal are as low as
reasonably practicable. This principle does not
specific numerical guideline, bul 1o a managemet
adopted on a cautionary basis, to guide the Em;wh
assessing the site-specific potertial for 3 L{:’i‘i&%ﬁixmms; {h)
eslablishing and implementing proced y nigiinize such
exposures; {c} designing facilities and nismafacturing pro-
cesses; and {d) providing resquree B W%% the objective.
Additional discussion of the :;%g}\} bf;%@g_iha control principle

15 set Torth o Annex AL iy

&, Significunce and Us
5.1 This Goide is intended M use by entities involved in the
hagdling of UNP in occupational settings. The Guide covers
handiing principles and technigues that may be applied, as
appropriate, o the vanety of UNP materials and handling
setfings. These seftings inclade research apd developrment
activities, material manufacturing, and material use and pro-
cessing, The Guide may also be used by entities that receive
materials or articles containing or comprising nanoscale par-
ticles fixed apon or within a matrix (e, bound nanoscale
particles), bul whose own processes or use may reasonably be
expecied (0 cause such particles to become unbound.

6. Establishing a Program 10 Implement the Control
Principle
6.1 Process for Establishing Program-—To attain the inte-
grated eflon needed o minimize UNP exposores consistent

with the corfrol principle, the user should develop a progrem
that addresses the efforts in oll management, planning and
operational phases of the enlerprise t be aken lo achieve that
objective. The principal topics of this Guoide outling an iterative
process typleal of many occupational salety reginies the user of
this {nide may adopt for the initial establishment and mple-
mentation of an effective program 1o minimize occupational
UNP exposures.

6.2 Munagement Commitment-——24 formal, wrilten manage-
ment policy should be established commilting 10 minimiring
poteniial occupational UNP exposures 1o levels that are as low
as is reaspnably practicable. The pelicy and commitment
should be regularly communicated througheut the organization
and reflected in (g} written administrative procedures, nsiruc-
tons and waining materials lor gperagons wnd conlingencies
potentially involving occupation exposures, (A facili-
ties design, and {¢} inséa@g,@gé@ indesigners, vendors and user
personnel specilving or ?%glw» facility design, systems,
operations or equipiienl. Mﬁ

6.3 Orgonizetion Sonnel and Responsibilities—
Hesponsibili rity for implementing a minimization
prograimn g this Guide should be assigned to an
individual sanizational freedom 1o eosure appropriale
development Pimplementation of the prograsm. This pro-
grawg, manager would be responsible for coordipating eforts
amongsghe several lunctional groups {c.g.. operations, house-
aintenance, engingering, safely, human resources,

£ep
%%}ikgw ﬁmd shipping) that may be involved or impacted by the
o wrogram, and should have the authority, or direct recourse to an
Sauthorfty, to Gmely resolve questions related to the conduct of

the progranm. The preogram munager should be knowledgeable,
or adequately supported by persons who are knowledgeable,
concerning the characteristics of the UNP involved, all aspecis
of the organization’s processes and worker activities involving
UNP, relevant engimneering exposure control methods, and the
organtzation’s best information concerning the potential occu-
pational safety and health risks of relevant UNP exposure.

chude to {a) establish and maintain a program that implements
the management comniitment to the control principle, includ-
ing specilic goals and objectives; (B} ensure the development of
appropriate procedures and practices by which the specific
goals and ohjectives will be met; (o) ensure the resources
needed to achieve the goals and objectives are made available
as deemed appropriate; (4} regulardy communicate progress
amnd status information to the user’s management.

6.3.2 Responsibilities of all supervisory personnel shouid
inclode 1o {g) communicaie the management commiinment 1o

the control prinelple 1o user persennel at all levels; (&) ensure
that the persoos within thelr tespective arcas of suporvisory
responsibility have received reguisite raining in the progras
o) ensure support from personnel for aftaining exposure
minimization objectives, including compliance with applicable
work rules selated to the pregram, (d) ensure personnel and
faciliies are properly equipped consistent with program re-
quirements: {e} participate n design and process reviews and
development of procedures in connection with the program (o
the extent affecting or invelving their areas of supervisory
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responsibility: and () support the program manager in formu-
lating and tmplementing the progrom.

6.4 Training and Supervision—The program should include
lastructing  all persconel (including contractor personnel)
whose duties may involve potential exposare to UNPE or who
direct the activities of others whose duties may Involve
poterdial exposure to UNE Personnel who do not ordinarily
enter work areas confaining UNP may also require limited
instruction in the user’'s workplace exporure minioization
progiam {2.g., o respect any access resirictions or personal
protective (,qtsa pment requirements). Personnel should receive
initial teaining and periodic refresher training.

G.4.1 Training should emphasize the importance of UNP
exposure minimization as a management objective. The train-
ing should be commensurate with duties and responsibilities of
those receiving the instruction, as well a8 the magnitude of the
potential exposure that might reasonably be expected. Training
should include instroetion on relevant hazard information,
instruction on the exposure minimization work rules, work
practices, operating procedures and emergency response pro-

cedures developed and implemented at the Tacility. Copies of

these rules and procedores should be availoble to those
recelving instruction.

6.4.2 Personnel (including contractor personnsl) who direct
the activities of others should have the authority and respon-
sibility o implement the program. During operations in UNP
work areas, sdequate supervision should be provided o ensu
that appropriate procedures are followed, that planned p
tions are observed, and that all potential exposure
stances that develop or are recogrmized doring operations ¢
invidenis are addressed in a timely and appropri

6.5 Dacamentation of Program—The usgs
should be recorded 1n a written form an
sections that address each of the prinei
this Guide.

6.5.1 The obiectives for prepar

i%ﬁ

38 11& I?’)&'EIJ%UI%%;I%I SO~

bring apphed; (¢} provi
future periodic evalnations of
progrom by docamentingsthe practicable engineering and
administrative controls adopted and the rationnle for their
selection ameng other options; and ) serve a8 a training and
operational reference {or the vanous user personne! responsible
far i;z}piemcmm,ﬁz gspects of the progros,

e potential need to amend the

6.5.2 The extent and formis) of the documentation should
be mzluz‘gd to the vser’s individnal clrcumstances consistent
with {g} meeting the foregoing documentation objectives: (B)
practical utility; (¢} updating the documeniation over time; and
{d} the scale and extent of the user’s relevant operations.
Depending on the user’s individual cireumstance, documenta-
tion o be prepared, maintained and updated {ss applicabie)
muay include:

6.52.1 ¢
PrOZYOnT

Allocation of organizational responsibilisies for the

6.5.2.2 Malerial characterization and safety information {in-
cluding underlying basis documentation where the user devel-
oped the data or analysis);

6523 Documentation of qualitative andfor guaniliative
exposire assessments, risk assessments and hazard analysis;

6.5.2.4 Relevant engineering and other analyses supporting
selection of equipment and opernling parameters, including the
marifacturer’s performance and other specifications for such
equipment and alternatives considered;

£.5.2.5 Work rules, work practices, standard operating pro-
cedures, policigs, and response plans adopied to implement the
conirol principle;

£.5.2.6 Empiovee training materials and initial and refresher
trairing schedules:

6,527 Schedules and procedures for periodic substantive

rion schedules.
&6 Periodic e

W\,&immwm feast apnually the
1o ensure that the program desiagn,

<)I arl pﬁ:vcmimz}, the dcvc]ogjmem or amendment
tand authorifative cccupational exposure limits and
ethods, changes in workplace processes or personnel, the

f?:xlzk%@t workplace monitoring, lessons learmed from any
“upplaaned e

exposure or poteniial cxposwre incidents {(c.g.,
accidental spills, releases), the resulis of any medical surveil-
tance, any worker ohservations or complaints relevant o the
program and the resolis of any new job hazard or process safety
analvses.

6.6.1 Additional program reviews of relevant scope should
be conducted in connection with any proposed process changes
potentially impacting UNP exposure control, and indicated by
the results of incident or aceident follow-up investigation such
as Tailore analysis in relation o oy unplanned UNP exposure
or potential exposure incidenis.

H.6.2 The results of program reviews should be documented
and any amendments fo the program delermined 10 be war-
ranited should be implemented in a reasonable tme frame in
view of the circumsiances. Any changes fo one aspect of the
program should he carried through o other relevant compo-
nents (e, training, material safety data sheets or other
documentation, and monitoring protocols).

7. Hazard Assessmaent and Evalualion

Mot i--The wser should assess the UNP muatedal anticipsied o be
present in the workplace to identify, to the extent practicable, any physical
or hoalth hezards the UNP may present in the event of acute or chronic
syposure hased apon review of either fa) any material safety daia sheers
provided by the supplier or (&) the available, statistically significant,
scientific evidence from studies conducied in accondance with eslablished
scientific principles and that are otherwise relevant and reliable indieators
of hazard. The assessment should evalpate the UNP in the condbiion or
form in which it wouold be expecied 1o be found in the workplace {e.g.,
disporsed individaal porticles or as aggregatesfagglomerates of primary
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particles). Where no substance-specific data are available, a qualitative
assesament should he made hased upon relishble data {as above) and
authoritative gandands for anglogons materials (hulk or nunoscale) as an
imdication of potential hazards. The method and results of the assessment,
even  indetermmate, shouwld be docurpented

7.1 Svientific Uncertninty Concerning Most Sigwuificans
Characteristics for Assessing Huzard FPotential:

FLL There is Litle consensus Tor the relative signilicance of
the physical and chemical characteristics of UNP as an
indicator of toxicity. However, current resesrch indicates that
particle size, surface ares, and surface chemistry (or activity)
may be more important metrics than mass and bulk chemistry
(1h

712 A number of sources bave indicated physical and
chemical characteristics that may have important health impli-
cations (38, 525851, The toxicity and health risk may be a factor
of the following properties, all or some of which may be
significant, or not, and whereby some properties may enhances
the overall toxicity:

7121 Size and size distribution;

7.1.2.2 Shape (e.g., Bber diameter, length, and aspact ratios
for individual nanotubes and bandiesfropes);

7023 Agglomeration stale;

7.1.2.4 Bigpersistence/duramlitvisolubibity;

7.1.2.5 Surface gres: “biologically available surface area”
“spectfie surface area,” Mexternal (geomerric surface areal”
and “ipternal G material is porous).” Microporous or mesopo-
rons powders exhibit much higher surface areas than nonpo-
rons powders;

7.1.2.6 Porosity:

71277 Burface chemistry
energy/wettability,”
sorhed species.” and *

7.1.2.8 Trace impurities/contaminants (e.g
polveyclic aromatic hydrocarbons, ete);

1.2.9 “Chemical composition, inch

“fsurf:zc:: composition,”
surface charge,” Ysurface reactivity,”
‘surface contamination™;

o n:g*:

tion”;
T1200 Physical
cte.); and
71201 Crystal xmzu 5

ity

35.swv€,asn'{:ni§y, there are no
2! exposure limits (OBEL) for
girhome exposures specifigdto UNP as a general class of
particulates. Gecupational exposure Himifs do exist [or nuisance
particies (inscluble or poorly soluble) not otherwise classified
and may exist for particles of similar physical and chemical
composition to the UNP of islerest. Rels (18-13, 34, 47}
identify sources of exposure lmits Tor airbore contaminants
that may be considered In selecting target exposure Hindts for
comparative UNP materials, It is essentiad thal the docunen-
tation used o derive such values be consulied, since the
nanoscale form may have not been considered in s develop-
ment, and therefore such Hmits may not be relevant or adeguate
for poorly-soluble or insoluble nanoscale particles,

7.2.1 Interim Occupational Exposure Limits—In the ab-
sence of definitive ocenpational exposure limats, it s prudent to
control exposures (0 “as low as is reasonably practicable.” The
following are examples of interim occupational exposure Hts

netibn;
heople

fthe hoalth of °

that one might consider to evaluate the effectiveness of UNP

exposure controls, These are provided us examples, ondy, and

professional judgment must be exercised as o the appropriate-

ness of such interim Hmits for the specilic UNP in question.
1211 Geneial:

{41 ACGHH believes thar all particles {insoluble or poorly
saluble) not otherwise specified (PNOS) should be kept below
3 mgim’, respirable particles, and 10 mg/m’, inhalable par-
tcles, unlil such fime as a TLV Is set lor a pacticular substance
{123 These recommendations apply only 1o particles that (g}
Do not have an applicable TLY, b)) Are insoluble or poorly
soduble in walser {or, preforably, in agueous uag fuid i data are
available): and (o) Have low toxielly (e, are nobl eviologic,
genotoxic, or otherwise chemically reactive with lung tissue,
and do not emit jonizing radiatio : irminune sensitization,
or cause toxic effects aﬁibu“%ii) inflammation or the
mechanism of “lung aww%? Js important {0 note that the
ACGIHH PNOS e:xpc firnitstwere not based on sanvscale
materials and are A0 Mﬁ) bhe appropriate 1o apply o

edneral rule

’ ‘xl%étzmm%;ﬁ Proweetion Agency (HPA)Y has
'i Adr Cuality Standards for particle pollu-
ton {72y So > studdies have found an association between
expagure to particulate maiter and significant health problems,
incluging: aggravated asthma; chronic bronchilis; reduced lung
regular heartbeat: heart attack: and premature Jdeath
With beart or lung diseases. These outdoor air
Q]Eﬁigﬁ standards were set to protect public health, including
sensitive” populations such as asthmatics,
children, and the clderty. Though not indended Tor apolication
in occupational environmenis, such lmits may still be nselul in
assessing expostres in occupational settings. The Himitations of
using these values include €7 the physicalchemical composi-
tion of outdoor air pollution 15 Bkely o be ditferent than with
engineered nagoscale particles, (2} those employed in the
workplace are geserally considered a less sensitive population,
{3} the averaging times for the HPA standands are based on
either 24-hour or annual averaging times, whereas averaging
nmes in the workplace are usnatly B-hours per day, 5-davs per
week, Therelfore, even i the physico-chemical composition
was similar, an argument could be made that these values
should be adjusted for application in an sceopational environ-
ment. For fine particles, otherwise known as PM, 5 (particulate
matter of 2.5 pm in aerodynamic diameter and smaller), the
EPA standard is 35 pgfm” (0035 mg/m™) as 2 24-hour average,
and 15.0 pg/m™ 0.015 me/in®) a5 an anoual arithmetic mean, A
PM. . air sampler collects particulate matier that can penetrale
irto the deep part of the lung referred to as the pulmonary
region {aiveolar repion where gas exchange takes place).
Sources of fine particles in outdoor air pollution include forest
fires; diesel and gasoline engines; high-temperature industrial
processes, such  as  smellers  and  steel mills. For
PM,, {particulate matter of 10 pm in serodynamic diameter
and smallery, the EPA standard 15 130 ygmf’ (G150 mgf’m%} as
a Z4-hour average. A PM,, air sampler collects particulate
matter than could penelrate into either the npper pant of the
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lung weferred (o as the trachecbronchial region {conducting
asirways of the lung) or into the deep part of the lung
(pulmonury region}.

T2 1.2 Thaniwm Disxide—There are occupational exposire
lienits for ttasimem diogide, but they do not currently distin-
gunish between nanoscale and larger particles, The 2006
ACGTH S-hour TWA for titanivm dioxide is 10 mg/m®, as
“tofal” dust. Because nanoscale fitanium dioxide is more polent
(due 1o increased surface area) than larger sized titanium
divzide, NIOSH has proposed a 10-hour TWA of 6.1 mg/m” for
ultrafine titanium dioxide (49). However, findings by Warheit
et al. on nanocscale titanium dioxide rods and dots run counter
to the postulation that, because of incressed surface area,
nanoscale tionium dioxide will always have increased toxicity
compared 1o larger sized particles of similar composition (69).
Additionally, crystalline structure may make a dilference in
toxicity. For instance, anatase nang titanium dicxide was found
to be H00-tmes move eyviotoxle tan rutile nano tianivm
dionide leading Saves el all (88} o conclude that siee as a
parameter was far less important than the crystal phase
composiiion of Hanium diogide. Warheit et al. indicntes that it
remains (o be determined whether similar results reported by
Saves et al. will be measured under in vivo conditions (69}

F.20.3 Carbon Nanotubes (CONT)—The 2006 ACGIH
B-hour TLV-TWA (or carbon Black is 3.5 ma/m®, as “total’
dast. Carbon black is composed of diserdered gruphile sheets
and differs from the continuous graphitic sheet nature of the
panoiube surface. The 2006 ACGIH &-hoar TLIV-TWA [
respivable graphite (ull forms except graphite fbers)
mg/rn”. The appropriateness of anplying the carbon Hac
graphite cecupntional exposure limits [or carbon nanowbes ha!
heen gquestioned (49, 34, 32). With regard to carbogfgnotubes,
cccupational exposute Hwmits for mass, numben
areg might be considered. There may also be
nants that may be present and the speciffe, occupational
r ed ¥ be consid-

L z&b\%].@aé."b{}ﬂ. Nanotubes
QREOXTe A8 (UArtZ ON & MASS

1o recommend applying
stalline silica {c.g., quariz},
at least i the interim, unhl] SWENTY are further characterized
(49, 51y, therefore, for ot lggbt some Tomms of SWONT, the
E-hour fime-weighted occupational exposure lunit of 25 ug/
m’ (ie., the ACGIH 2006 TLV-TWA for respirable crystalline
silical mayv he more appropriate than a respirsble synthetic
graphite OSHA PEL-TWA of 5000 ag/im’ or 2006 ACGIH
TLY-TWA of 2000 ug/m”. However, applying the guarz
exposare limit measure for SWONT may pot necessarily be
appropriate in all instances, because the loxicity may vary
depending on varicus faclors (g.g., agglomeralion state, lune-
tionalization, frace impurities/contaminants, eic.).

i,

ered, s well,

£} Mass—5Some lorms o
(SWUNTY have been found ¢

{2) Nuwmber—Dionaldson ¢t al. cites a study that demon-
strated that Multi Walled Carbon NanoTubes (MWUNT ) wers
highly fibrogenic and inflammogenic, being ronghly equivalent
to a chrysotile asbestos control and recommended that until
better information becomes available, that they should be
considerae! in the same way other biopersistent fibers in

-ﬁ“’y&&%eﬁ;méj

fexposure outlined in Section ¥

G

workplace risk asscssments, using similar assessment ap-
progches (e.g., fiber connisy (823 However, this approach may
be guestionable and difficolt given that carbon nanotubes
agglomernte and mechanicolly entangie inio complex
structures/clumps. The 2000 ACGIH S-howr TIV-TWA for
respirable chrysotiie fibers 1s 0.1 fibers per cubic centimetoer
(1.2 Yee for respirable refraciory ceramic fibers; and 1 ffec for
glass wool Ohera. Some organizations apply an &-hour TWA
cecupational exposure limit of | fee for respiruble carbon
fibers: bowever, CUNTw are distinet from carbon fibers, which
are not single molecules but strands of layered graphire sheers,
{3} Surface Area--Donaldson et al. indicates that CNT
number concentration, alons, mav 0ol be a suitable metric, and
that 4 surface area metric might be more appropriate (523
{41 Trace Contammonts—Vrace contaminants may include
organics (such as carbon black patvevelic hvdrocarbons)
and metals, Coball, iron, nicked, a) ybtlenum are the most
commonly used megals m@? pthesis {521 The ACGIH has
established occupatitigal elfrosuge limits for these metals based
upon either the inh §rz§“@i\a§ﬁ%m the respirable fraction, or as
l 5 SEnceivable fthat, in the future, the
sure limits for some mictals that are

--The specific elemands of @ exposuwre minimizalion program
oering and adimdidstrative condrols, work practices and any

want of the potential UNP physical or health hazards outlined in
of this Guide. and the assessment of potential oceupational

8.1 Potentia! UNP fxposure Routes—As with other par-
ticles, workers mav potenfially be exposed to UNF by way of
irhalation, ingestion, lnjection and denmnal contact (acluding
eves and muens membranes).

&.1.1 The most common route of exposure to UNP in the
workplace is anticipated o be by Ichalation.

#.1.2 Ingestion can ocour from unintentional hand to mouth
transfer of materials; ingestion may also accompany inhalation
exposure because particles that are clesred from the respiratory
tract may be swallowed,

813 Some sludies suggest that UNP could also enter the
body through the skin or eves dunng occupational exposure.
Hesearch is ongoing to determine whether this is a viable
expusure roule for UNP (1}

2.2 The npature and extent of any UNP exposure will be
dependent on the physical characteristics of the material.

#8.2.1 Selids—Handling of solid materials {e.g., nanocom-
posites) where UNP are bound on or within a solid matrix
should pose no sk of exposure during oormal handling:
however, machining, or combustion of such malerials may or
may not generate UNP Like deposition of other types of
wiraline airborne particles, nanoscale particle agglomerates
greater than 300 nm in diameler are deposited 1 the respiratory
ract according to their serodynamic equivalent dismeter
(AEDY (22), which is a function of the particle density, shape,
and diameter (26). Diffusion is the predominant deposition
mechanism i the respiratory tract {or UNP and nanoscale
particle agglomerates < 300 nm in diameter and 15 governed by



A3l E 2535 - 07

peometric physical diameter rather than AED (223, The dustier
(ability to become airborne) the material, the maore it 15 likely
to become aerosolized and become inhaled. inadvertently
ingested, or for there 10 be contact with the skin, eves, and
rmucous membranes.

8.2.2 Liguids—UNP suspended in liquids may pose poten-
tial exposure risks, including inhalation. lngestion or skin
absorption if suspensions are either physically contacted (skin,
eye, or mucous membrane) or if the suspensions are aero-
solized and subsequently inhaled.

8.3 Inventory of Potential Expaosure Locations—The expo-
sure assgssment should begin with assembling a complete
inventory of work processes and activities where the potengial
far exposure to UNP may reasopably be expected o exist
Relevanl activities at a facility may include maferial receipt
and unpacking; 2t manufacturing and finishing processes; b
nperations, storage, packaging and shipping, wasle manage-
ment activities; mairtenance and housckeeping activilies; rea-
sonably foresecable upset circumstances; and other movements
of goods and emplovees in and out of UNP work areas. Annox
AZ provides additional guidance for identifving specilic pro-
cesses and operations that may be a scurce of UNP and may
preseol a risk of cccupational exposure by inhalation, inges-
tion, andfor dermal peneiration.

8.4 Qualitive Fxposure Assessments—A qualitative as-
sessment of the potential for direct and imdirect occupational
exposure to UNF shonld be made for all phases of each activily
identificd in the nventory, The assessment should include Ty
consideration of the propertes of the UNP material
different process locations, the quantity of material pre
=ach process, the design and performance characteristios ©
relevant process equipment, any existing engineeri
and the effect of any existing adminisirative expgs
The method and resulis of ihe assessment shgul
mented. Appendix X2 provides addizional gnu
ing UNP exposure risk. i

2.4.1 For new operations. exposure akse 1ts are ideally

performed af the pre-design stage s Fagilities aud process
may be designed and consiructedsc
L

e predant an loherently low
risk of UMP exposure. Assgdsments'y
the start-up of a new ia

<

coptrols,
Ot -

%

e for assess.

a task or operation follodwty o ciiinge, periodically even in the
absence of changes n a%%;s;:{' ance with section 6.6 of this

Guide, and any other cfreumstances where the exposmie
poteniial needs o be confirmed or reestablished.

8.5 Quantitative Exposure Assessments:

551 Quantitative UNP exposure measurements may be
useful for a variety of occupational health and system safely
purposes including {a) evaluating UNP metrics against stan-
dards Tor analogous materials, (5) qualitatively assessing the
effectiveness of confainment confrols, work practices, or the
cffect of changes to processes or conirols) {o) Identifving
sources, patlerns and direction of releuses, distributions of
exposure, {4) and estimaling exposure levels as a function of
process.

852 Technical Constrainis—Quantitaiive and qualitative
assessment of potential UNP exposure in occupational sefling
presents a number of wehrical challenges. In general there I3

controls,

no consensus regarding: (o) the relative importance of the
different exposure metrics that might be used; (&) the best way
to characterize and differentiate exposures against available
metrics; or {o} the best messurement fechniques 10 monitor
exposures in the workplace. Depending on the metric selectad,
background concentrations of non-target nanoseale partucles
may significantly intecfere with obtaining relevant and mean-
ingful resulis, and it may aol be possible Lo control for this
inierference. The divect and indirect sampling and analysis
technigues and the commercially available instruments for
measuring atrborne nanoacrosols vary widely in complexity,
accuracy and selectivity depending on the mieiric t© be as-
sessed.

853 Appendix X2 and Refe (1, 29, 41-43, 39.61, 71
provide additional gurdance for emplovee and workplace UNP
Aerosol BXPOSUTS ARSCSSTENTS,

B6 Exposure Assessment far Maid¥ials and Deviees Con-
toining Bewnd Eng ';zgzereigczm e Particles:

8.468.1 Devices, sil #h¥ inlggrated circuits, that contain
bound, enginecred 48 %a:zkﬂgariicécq or nanoscale features
pose a minigal coffreleasing UNP during handling.
Likewise. scemposite articles which contain nanos-
cale puarti

NP at the exposed surfaces no precantionary measures

© gver, i%‘ihe‘f composile matrix s subject fo disintegration in the
Teourse of foresecoble use or handling (e.g., the matriz is brivle

or disintegrates), or i the materials or devices are otherwise
used or handled in such a manner that that they may generale
UNP {e.g., machining, saw cuting, drilling, or grinding}. The
user should evaluate the use of materials containing nanoscale
particles for their potential 1o release UNP in the course of
reasonably foreseeable use and handiing. This evaluation
should he based on information provided by the supplier or
manufacturer and the user’s circumsiances of use or processing
of the nanoscale particle containing material. I the resuli of the
assessment indicales a significant risk that UNP may be
generated or released, then the user should esiablish work
practices to minimize UNP exposure consisient with the scale
of the relevant operations and this Guide.

4. Exposure Winimization Methods

9.1 Generaliyv-—This section of the Guide provides informa-
ton and guidance concerning a variety of exposure control
metheds potentially available to the user. Not all of the noted
control methods will be relevant or necessary to meel conleol
chigctives at a given facility, See section 1.2, Relerences (1}
and (5% provide asdditional guoidance regarding exposure
mipimization methods,

9.2 Types of Comrols—Occupational exposure  conlrod
methods can be generally grouped as one of three {ypes: {4}
enginecring controls (e.g. process modification to eliminate
toxic material usage, closed manulaciuring systems, ventdation
systems, and work aren enclosures.), (&) administrative con-

trols (e.z., work practices and rules to prevent circumstunces of
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potential exposure) and o) personal prolective cquipment {e.g..
gloves, protective clothing and respirators). Engineering con-
trofs are the preferred method of control. Personal Proteciive
Equipment showld be nsed when practicable engineering and
administrative controls do not sufficiently minimize exposure.

9.3 Engineering Controls—TFor most processes and job
tasks, the control of airborne expose to UNP can be accom-
plished using a wide variety of enginesring conlrol techniques
similar 1o those used in reducing exposures (0 more common
airborne particulates, gases, andfor vapors, Based on what is
kaowa ol nanoscale particle motion and behavior In alr, conteol
techniques such as source enclosure (ie., isolating the genera-
tion source from the worken) and local exhaust ventilation
systerns should be effective for capluring and containing
airhorne UNE Engineering comtrols eliminate or reduce expo-
sure by the use of machinery or equipment. General examples
from mdustry include ventilation systems, process enclosures,
seated process piping, roboetic applications of harardous mate-
rials, interlocks amd machine guards,

931 Dolation-—Hmployees may be isolated from hazard-
ons operalions, processes, equipmenl, of epvironments by
distance, by physical sepuration, barriers, condrol rooms, iso-
lation booths, and by capture ventllation. UNP contalped
within closed systems or conlaipers present minimal risk of
expuosure. Most UNP synthesis, product recovery, processing,
trarsfer and other handling activities can be designed 1o oecur
within totally enclosed process eguipmend, Al UNP handling
svstems should be designed to operale in an enclosed manneg
to the exlent reasonsbly practicable (e.g., senled reocto
sels, closed storage containers or vessels, pumps enc
valve isolation, glove boxes (30, 31) may be practicable
BOMTHE Operations).

B 32 Fixarion Stroregies—VProcessing UNP, I

givde-Processes may be
ie the guantity of UNP-

utifized.

9.3.3 Waste Mimimization
designed and optimized # '
contaluing wasle gener

neered  ventilation systems s an effective and important
method for mininrizing the potential {or inhalation of UNE
Ventilation svstems should be designed, tesied, and maintained
using applicable guidance {eg, Hefs (8, 9, 30, 31, &2
Cuorrent scientific knowledge regarding the generation, trans-
port, andd caprure of aervsols suggests that capture ventilation
control techaigues should be elfective Tor controlling airborne
exposures ta UNF {1}

@342 Veutilalion control syslems that capture endssions at
or very near the seurce {local exhaus! ventilation} exist in a
varichy of designs that are applicable to nost occupationat
circumstances. Local exhavst ventilation systems include 70)
total enclosures, such as a glovebox; (&) partial enclosure
hoods, such as Isboratory chemical hoods, low-flow vented
compounding pharmacist workstations, or low-flow vened

balanees: {o) weigh hoods [or dry materials; and 4] extenor
hoods, which are located adjacent to particle source areas bat
de not enciose them, such as a receiving hood which calches
particles that rise or are thrown Into them, and draft hoods,
which draw in particles. When using local ventlation 1o
manipulate dry powders, consideration should be given as io
avoiding excessive alr velocities across the powders that may
generate serosols uninlentionally. Preventiag Inadvertent acro-
sodization of dey powders muy require the use of low-velocily
laboratory  chemical hoods, cabinets. balanee enclosures,
gloveboyes, ete. Ernclosures and glovebags may also be useful
inside higher-velocity hoods in that they will isolate/shield the
powder from the high velorities inside the hood,

9.3.43 Facility comTont heating, ventilation and air condi-
Honing systems (HYAC) [or UNP work areas, including
make-up ared exhaust air, shoulg ™ esigned, installed and
maintained so that UNP dg nd grate from production arens
i work areas, iU used for

2 areas lo prevent infroduction
[Tl wding areas.
e baffles, and clean-outs or other con-
taimment wmitFel technologies should be used to prevent
buaildup of Bfwithin venillation exhanst svstems. HEPA
filtesg are an effective flter medium for nanoscale pacticulates,
Sale gignee syslems (e, ability 10 change oul exhaust syslem
‘ﬁ%ggﬁm mout release of UNF into work eavironment) may be
8

& whereiliration is Installed lo equipment or venlilation

ST Systengs,

94 Administrative Controls:

9.4.1 General Administrative Controls—Adminisirative
controls are work practices and operating procedures estab-
lished 1o, digectly or indirectly, avold or reduce occupational
exposures to substances of concern. Examples from general
indostry include safety policies, rules, supervision, and train-
ing. Administrative controls can forn an important supplement
te engineering controls. This section of the Guide provides
information and guidance concerning a variety of administra-
tve control methods available 1o the user

942 Adminisivative, Housekeeping Controls to Minimize
UNF Acrosolization-—Work practices in all phases of opera-
tions should include measures o mimmize accumulation of
UNP-coniaining dusis (surface contaminastion) and 1o minimize
any re-serosolization of settled UNP or UNP agglomerates
through effective housekeeping technigues. Correspording ad-
ministrative housekesping controls may include:

9421 Vacuurming n UNP waork areas with only HEPA-
filtered vacuum equipment and systems. Non-HEPA filtered
vacnums may release and aerosolize UNP and increase air
borne concentrations of UNE The use of portable vacuums
within UNF work arcas should be evaluated to ensure the
vacuum crhaust does not aeroselize UNP materiale adjscent to
the vacuum uoit itself.

$.4.2.2 Prohibition of dry mopping. sweeping, dusting and
other dry cleaning methods.

9423 Prohibiion of dleaning using compressed air or
blow downs of work areas using portgble blowers or fans.
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9424 Use of surfactants with wet drilling or cutling
methads and maintaining good process controls w prevent dust
seneralion

©¢.4.2.5 Prohibition of the accumulation of dusts on equip-
ment in UNP work areas and reguiring regolar and frequent
removal of such dusts (e.g, daily);

9.4.2.6 Requiriog UNP work area surlaces, equipment and
Turniture to be constructed of simooth, aop-porous waterial that
will allow easy cleaning (e.g., no [abrics or rough surfaces).

@43 Adminisivative Condroly 1o minindize Inadvestent Ex-
pasure and Unintended Removal of UNP From Work Areas—
Administrative controls to minimize nadvertent ingeston or
removal of UNP may include:

9.4.3.1 Prohibiting eating, drinking, smoking, or applying
cosmelics in UNP work areas;

9.4.5.2 Requiting hand washing and other good hyvgiene
practices prior to leaving UNP work areas or the work site; and

4433 Limiting access to UNP work areas 10 these persons
with an operational need 1o be present.

Y44 Adminisirative Controls To Assure Process Daregrity
(FProcess Saferyl—Process salely measures may be imporiant
o assure that engineering controls {(and associated processes)
pperate a8 dutended, and do aol resull in exposures from
unanticipated releases of UNF 1o the worksite. Both experi-
mental (piloty and production anits should reflect proper
plaguing and design. Process flow diagrams, instrument and
piping diagrams, even for batch units, should be made. Proces
safety administrative confrols should include:

B4.4.1 Before start-up, preparing wiilien operating
dures that have been reviewed and approved by all relevar
departments;

9.4.42 For both pilot and production units, ide
installing the instrumentafion pecessary © aintginde
1 scheme on
ectly mea-
surcd, and provide adequale safely comitiensnoniioring and
shut down processes 1o identiy an ut down systems
that may generate release of UNBjnthesgyent hazardousfupseat
operating conditions are cled; %

9443 Evalugting m

nd processing practices (o
identify any Harmunable ghive conditions during opera-
tions or mamienanee activitied) and installation of appropriate
engineering controls 1o control any identified fire or explosion
risks. Nanoscale combustible material may present a higher
risk of explosion or fire than coarser material of similar
composition and quandity (1) Explosion rsk can increase
significantly lor some metals as particle size decreases (1), [tis
possible that relatively inert malerials may become highly
combustible when in the nannscale {1

444 Conducting appropriate pressure testing belore pres-
surized processes are initiated:

G445 Conducting regular and tmely inspection ol pro-
cess, manufaciuring, operational and exposure controf equip-
ment and ancillary systems (Including ventiiation and Olration
equipment), and regular and timely preventative and corrective
maintenance and repair of such equipment. The Trequency and
extent of the muintenmnee program and schedule of service

!za

£

should be greater for those operations with greater polentind for
phrysical harm and occupational exposare,

9446 Evaluating the effect. il any, on ventilation snd other
engineering control system performance resulting from each
facility or operational change:

9447 FHsiablishing eguipment lock-out provedures for
work on equipment, electrical circuifs, or piping that may,
directly or mdirectly, result in loss of UNPF containment or
contral;

9445 Providing sefficient operational training 1o those
personnel who operate systems or perform other operational or
maintenance tasks with the potential to resuli in loss of UNF
cormtainment or contral i performed improperly;

9.4.4.9 Establishing procedurcs o assure continuous sood
process control, such as establishing and tesling safe operating
envelopes: and N

9.4.4 10 Periodically ;@éh?%% the ventlation and other
enginesring coniroR, 1o cn%ggg % are operating and function-

ing as desigoed,
bgroe—For guidance on medical sur-

945 Medical 1
velllance of ENP wigrkdrs copsult the NIOSH Nanotechnology

2 E . . .
onteinplied exposure; the invasiveness of the surveillanee
priscatiures, dhe benefits, risks and costs of the surveillance

STethodl and the uiility of the information reasonably expected
Jto be &

nerated by the swrveillance program.

9.4.52 Any medical sarveillance program should be devel-
oped and implemented only with medical, industrial hygiene
and legal professional consultation, and under the direction of
a physician experienced in medical surveillance programs with
a high level understanding of the available inforination con-
cerning the UNP and potential exposure clrenmstances,

£

18, Exposure Minimization and Handling in Particular
Cecnpational Settings

MNote 3-This section deseribes actions that could be taken by the user
o mimimize cocupationa] UNP oxposures in particular occupational
settings whore UNP may reasonably be expected w0 be present. These
aciions are intended to supplement the general exposure controls guidance
in Section Y. Mot all of the noted actions and considerations will be
relevant ar necessary 10 meet coniral objectives at a given facility, See

.

section .2,

10.1 Manufacmring—Gas phase processes have the poten-
tial o canse exposure o primary UNP during the synthesis
stage of nasomaterials, All process phases (goid, solid, gas)
nwy give rise o exposure o agglomerated UNP during
recovery, handiing, and product processing. The prebability
and potential exposare level will differ according to the specific
processes and the stages of the process. The optimuin siralegy
1o control emplovee exposures and the efficacy of the conwrol
methods utihized will likewise differ depending on the specific
process and phase matrix. Annex AZ, Table A2 sumimanzes
the potentisl pathways of exposure in nanoscale particle
production and recovery.
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1.2 {,{s&f)a'a?f)mf Operafivns—"The general guidance pro-
vided elsewhere in this Guide is applicable to laboratory
ﬁsc-upaunmé settings. Good laboratory sulety practices shouid
be emploved when handling UNP In research and development
ur other laboralories. Appropriale guidance for UNP may be
found in or supplemented by a lsboratory Chemical Hygiens
Plan Refs (2-4, 36, 31, 63} are sources of general laboratory
salely guidance.

16.2.1 Where there is a potential for exposure to the body,
eflectve protective lab clothing should be worn within the
work wrea i not already addressed by personal protective
equipment to minimize sireet clothing contamination. Care
should be exercised during donning and dofling of protective
lab clothing to prevent aerosolization of UNP. Guter personal
protective clothing when worn for contamination conwol
should not be wom outside the work area.

3 Mairienance, Housekeeping, Covanissioning, Decom-
missioning and Non Routing Activifies:

14331 Housckeeping, maintenance and repair, commission-
ing, decommissioning, demoliion and non rowtine activities
are likely to present a greater visk of exposure 1o UNP than
normal manufacinring or other routine process operations. and
may warrant partieniar focus and exposure Tisk evaluation.
Based upon this evaluation, operating provedures (o minimize
UNP exposures during these types of activities should be
developed. Personnel who have the responsibilities 1o perform
these types of activities (which may Inclade operations person-
neld should be trained in those procedures. Engincering g
administrative conirol sirategies (o minimize or prever
sure during these operations may include:

16511 HEPA filtration systems with safe-chas
(ic., containment of filiers and/or bags during
replacementy; ‘

10.3.1.2 Negative a
persal of UNP from ITN? a&:;}rkx;iu ar
consideration given for a waste load
two-chamber air lock, to inhibjt thes
areas; -

16.3.1.3 Maintenanoce ¢
performed in such a m
persons polentially expo £ non-routing operations;

13.3.1.4 Decontaminatin ué;“) ment {instruments, piping,
duct work, HVAC units, process units and other miscellanecus
facilities) that may have been contaminaled with visible or
suspected UNP prior 1o repair or removal from UNP work
greas. Use of Clean In Place (CIP) technologies may be used (o
chminate the opening of process vessels and reduce the
potential for UNPreleases during eleaning operations. Marking
decontaminated equipment as “clean”™ {e.g.. by identification
tags or other practicable marking) after decontamimation 13
complete will aid in properly wdentilving eguipment that has
been decontaminated. This is especially prudent when UNEP
csﬁ.iuméﬁati@n may not be visible

16.3.1.5 Developing written housekeeping procedures that

B SYRICIS
oval or

speciiy ¢ ‘l anliness standards and the frequency and method of

cleaning, based on the assessed need (o minimize acrosoliza-
tion and migration of UNP within the worksite,

o minimize the nomber of

10.3.1.6 Requiring ofl surfaces where UNP may have settled
o be maintained o free as practicable of any accumulation of
visible dust or waste, including prompt coliection and contain-
nment of all spills, serap, debris and waste that may condain or
be g source of UNP exposure; and

10.3.1.7 Hstablishing procedures for appropriate design,
iegrity, sud construction of containers potentially containing
UNP waste or residuals, to ensure those containers do not react
with, deteriorate, or spill UNP waste onder normal handling
and conditions.

10.3.2 Minimization of maintenance activities by {ask plan-
ning {dentification of required wols, replacement parts eie)
may belp redoce exposure timne by shortening nwainlenance
times.

0.4 Transferring Materialpferween Containers and
Processes—The potential for expostse (o UNP exists when-
ever closed vessels or a,(sgmgam g vontaining UNF are open 1o
the atmosphere, rept : P are ’id(_k}d ar removed | :’ro
the container. Exams

Lm%o%d m Bf GeEn qupmcm W whxumun pmgmmm

gor srag c%r;i:};nus or imm storage L(}Elis}.lﬁf_i“‘s to
UNP ar prog pagin%mg Tha extm% of UNP release dﬁd
il exposures will depend on the propertics of the
UnNPocontaining material, the transfer method used
eineering and adminisirative controls employed.
afiecring] work pracice, and adminisrative controls shouid
e dedeloped o minimize any release of UNP 1o the worksite

'aznbmn air for all operations where UNP will be transforred.

Hstablished material transfor echoiques used in analogous
small patticle production or processing imdustries (e.g., fumed
material or carbon black) may provide usefnl guidance for sale
handhing, spill control, and decontamination processes.

14.4.1 Processes shonld be designed to mintmize the num-
ber of necessary transfers hetween containers and other equip-
men.

10.4.2 Vacuum conveyance is preferred method for trans-
ferring UNP from one vessel to another {e.g, from a process
vessel 1o a storage vessel). The conveying air moving through
the intermediate vessel should discharge to atmosphere. Sufli-
cient engineering controls (such as exhaust filtration) should be
emploved o prevent the velease of UNP from conveving air
thischarge.

1043 Where vacuum translers are not proctcable, transters
should be conduocted within a fully or partially enclosed
exhianst hood or an exterior hood where an enclosed hood is not
practicable.

1044 Vessel or container openings should not he larger
thars 15 necessary to transfer material fom the contaner, and
receiving containers. Openings between the containers should
ke desizgoed (o minimize UNP release localions (Le mated or
sealed when possible).

10.4.5 UNP should be transferred only in designated arens
where engineering confrols {e.g., local exhaust ventilation,
chutes, vacuum conveyaneed are in place. Aller o ransfer is
complete, vessels and containers should be securely resealed.
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10.4.6 UNP should be transported (within or from o faeility)
only in closed containers. Secondary containment may be
warranted in some circumstances,

1r4.7 Where there 15 a potential for UNP o adhere o the
exterior of a container. the containers should be welt-wiped,
surfaces should be vacoumed with a HEPA collectivn system,
or otherwise salely decontaminated before containers are
removed from the designated transler area, whether UNP are
visible or not,

1.5 Containers and Storage:

10.5.1 UKRP should be stored o coniainers designed {o
prevent any release of UNP into the workphice under reason-
ably foresceable clrcumstances. UNP conlainers should be
closed except as necessary lo add, remove or inspect the
contents.

10.5.2 To preserve contuinment and support effective clean-
ing. slovage contwiners should be rigid, non-porous, tightly
sealing, lenk-tight contniners made of compatible matenals
with smooth surfaces, such as plastic containess, metal drums,
or fiber drurns coated internally, Containers and seals should be
of appropriate strength and construction (o maintain inegrity
daring reasonably foresecable mishandling while full. Hx-
amples of soeh containers include polvethylene tanks fitted
with gasket drum lids and locking clamips, and fiber drums
cloged with gasket Hd/locking clamp assemblies. Locking Hd
seals may be supplemented with tape seals where wairanted.

103.5.3 Plastic bag liners shonld be ased when contain
do not create a leak-tight seal. Bag liners may also &

where the container is fo be reused or discarded, and wo

otherwise require cleaning prior to reuse or discasd (e.g, ©

prevent contamination of new pmdug{} %33% Hners 3 4 be of
X cifcim-

tor the UNP.
iside of a
icdbags should be
rot be reused.

Plastic bags should only be used iy
supporting container. Use of anti-static
considered. Unee used, plasts :

143.5.4 Opening and C’Eé)@k'
technigues or other
npening and elosing. :

10.5.5 Used Contuinersting Liners—Containers intended
for reuse should be considered contaminated with UNP They
should be thoroughly washed, wet-wiped, or vacunmed both
inside and outside prior to reuse. If similar inaterial is 10 be
placed in used emply contaipers, thoroughly cleaning the
outside only is acceptable. Liners should not be reused and
shonld be properly disposed. Used liners should be placed in
leak-tight drums or other conlainers [0 contain any residual
VNP Containers not intended tor reuse should be sealed whers
possible and properly disposed.

a5 liners may create
s ventilation, vacoum
agiires may be prudent during

1056 Where there s a polential for UNP o adhere 1o the
exterior or intertor of a reusable container, the ingde and outer
surfaces of the container should be wet-wiped or vacuumed fo
ramove any loese or adhered UNP prior © reuse, whether or
not particle accumalations are visible

1057 Prior to rense, UNP filled containers and scaling
systerns shouold be inspected to conficm integrity. Worn or
fatigued equipment should not be reused and should be
discarded.

10.5.8 UNP containers should be stored in one or more
designated storage areas. Interim storage outside designated
stotage areas (e.g.. day-use containers) should be mimimized in
quantity and time o the extent practicable.

18059 The exterior of all porable UNP containers of any
size should be wiped clean prior to exiting UNP work areas
(e.g., prior fo entering storage arcas.

10510 Al bulk storage containers should be labeled 1
identify the contenis of the container, including Tare and NLE
weight, and any appropriaie cautipnary stalements.

10.6 Wasre Handling—Waste UNP material should be
placed into impenmeable con s dexainple 4 mil waste
disposal bags) leL are m’éﬂiu%ﬁ aheled, and effectively sealed
to minimize wleasg of ro narinal disposal, handling
and storage ngaeraia asle bags containing UNP
should be placed d Iaheled solid wall contaimers
i vaste disposal

bags.
10.6.1 cohtaining UNP should be placed in compat-
ible, tightly containers. Wasle containers should be

aned any

locations or arcas should be designated

=

?\; stored bafm"' u}al d;spum%

F11. Ri’wemdmg tor Accidenial or Unanticipaied Heleases

of LiNP

131 Urparticipaied releases of UNP present o visk of uncon-
rrolied ocenpational exposure within and cutside of UNP work
areas. The potential for accidental releases and emergency
responses o UNP releases should be included in the exposure
assessment process {Section &) of this Guide, and in the
selection and implementation of exposure minimization meth-
ods as outlined in Section 9 of this Guide. Administrative
controls shonld inclade a plan describing how the gser will
reduce the bkebhood of accidental releases, and how it will
respond tosuch releases to minimize short and long-term
exposure risk should they nevertheless ocour,

11.2 An accidental release of UNP should be recovered and
cleaned up as soon as reasonably practicable 1o eliminate the
release as o potential continuing source of hwman exposure,
and on a prionty commensurate with the health or safety risk
it presents in relation to other health and safety risks that may
be present in the circumstances of the relea

11.3 When developiog procedures [or cleaning-up unanticl-
pated releases, consideration should be given w lhe polential
for human exposure during cleanup and the aporopriate levels
of any personal protective equipment. Inhalation exposure and
dermal exposure will likely present the greatest risks. Inhala-
tion exposire in particniar will be influenced by the likelihood
of material re-acrosolization.

11.4 Response procedures should be developed based upon
available information on exposure risks and upon the relative
probability of exposure by different routes.

o

LN
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115 Response procedures should be developed with cone
sideration of standard approaches to cleaning up powder and
liquid spills, and consistent with this Guide (e.g.. HEPA-
filtered vacuum cleaners, wetting powders down, using damp-
ened cloths fo wipe up powders and applying absorbent
materialsfdiquid fraps).

11.6 Procedures to confain. clean-up and recover reieased
UNP will vary depending on the circumstances of the release
and the material involved and may include:

11.6.1 Removing personnel from the spill/release area and
restricting entry by persons other than those responding to the
release;

11.6.2 Modilving the operation of HVAU systemis (e.g., 10
minimize distribution of UNP 1o other areas within a boilding,
or 1o exbaust released material ontdoors);

6.3 Procedures w decontaminate or dispose of malenials
and equipment nsed in the response:

b4 Providing medical examinations o significantly ax-
posed individuals:

11.8.5 Procedures to recover UNE UNPecontaminated de-
bris, and cleaning materials and store In appropriate sealed,
leak-tight contaimers:

11.6.6 Procedures to conlirm the extent and sufficiency of
clean-up activities {e.g., confirmatory surface sampling or
workplace air monitaring}; and

11.6.7 Procedures for handling, storing,
any waste materkal,

)
e

and disposing of

12, Personszl Protective Equipment
12,1 Use of personal protective eguipment (PPE

not sulliciently minfmize their occupational NI
The decision fo Institute use of personal profectiv
should be based on professional judgment andis
exposure assessment outlined in Secti
provide any selected PPE to rslev smi
ensure ;; is used as ii’l[ii‘l’idﬁd lhe

Respirators may  be war-
ranted where, notwithstanding ghgineering and administralive
controls, the measured og pefential airborne UNP concentra-
tions exceed an internal control target or benchmark, Different
types of respivators provide varying degrees of prolection, IF
respirators are 1o be used, they should he selected based on the

aracteristics of the UNP and the anticipated exposure level.

Appenddiy X3 provides fwther guidance for the selection of
respirators, Some Jurisdictions have established obligatory

legal standards for the cccupational use of respirators (0 ensure
that any respirator use program operates as intended, and does

not itself create nnwarranted risks Tor workers. References (14,
13} identify cxamples of such standards. These standards may

be used as guidance in jurisdictions where no applicable legat
standards cxist.

12.3 Profeciive Clothing— W here protective clothing {e.g.,
gloves, sleeves, coals, gowns, smocks, nniforms or encapsu-
lsting suits} are used w0 minimize or prevent exposures, the

3%

user should select clothing appropriate (o the hazard identified
and the cirenmstances of URKP handhing. In selecting protective
clothing, the user should consolt the best available perfor-
mance data and obtain the clothing manufaciurers” recommen-
dations hased on the properties of the specific UNP of conecern.
Hefer to ASTM Proactice F 1461 (Srandard Pracuce Tor Chemi-
cal Protective Clothing Program) for detailed guidance on the
conditions for establishing a protective clothing program and
the selection, use and management of protective clothing.
Potential for aerosclization of UNP during the removal of
contaminated protective clothing should be evaluated. Decon-
tamination processes may be necessary {0 prevent acrosoliza-
tion of UNP during clothing removal. Where respiratory
protection 15 required to be used during the routine work
operaticn, the respiratory protection should be left on during
the removal of the contaminatediBothing,

124 Fye f”i’{?f(’i (377 W fwz, ey prolection eguipment
{e.z., safety glasses, dust goi i&igs. and face shields) will
be used o minimizd expigfureg, the user should select such
G [*rmn% dppmm' %b&t@%aza {dentified. In selecting eve

er should consult the best available
é’)bl@n‘s the cquipment mansfacturers
sed on the properties of the specific UNP
fninimum eve protection should be salely
shields, with (:ni?aﬁidiﬁl’&iii}n of using dust

{uEi face plece or
d rwgim‘i{)rw 30 mammz eye protection is
cnce (&4 provides additional guidance on eve
roteciion.

13, Comumunication of Potential Hazards

13,1 Based upon the resulis of the hazard and exposure
assessments, the emplover should cornmunicate the following
information (o all persons within its facilities who may be
exposed to UNP under normal conditions of handling or in a
reasonably foreseeable emergency:

13.1.1 The identified physical and health hazards fand
identified potential hazards and uncertainties) associated with
exposure to the UNP;

13.1.2 The eperations in their respective work areas where
UNP are present;

13,03 The methods and observations that may he used, 1
any, to detect the presence or release of the UNP in wark areas
(such as monitoring conducted by the user, visual appesrance
or odor, ete.y; and

13.1.4 The specific procedures and other measures 1o min-
mize exposures o UNP such as engineering controls, appro-
priste work practices and other administrative controls, emer-
geney response procedures, and persoual protective equipment
Lo be ased.

13.2 The user should evaluate whether hazard waming signs

¢ appropriale al entrances Lo UNP work areus.

]3 3 Muaterial Safety Data Sheeis—The user should develop
or obtaia from the supplier malerial satety data sheels (MSDIS)
such as those described by Refs {8, 6, 51}

13.3.1 The MSD5 for the souwrce matenal of the UKP heing
handled or produced within the facility should be readably
available to affected employees at oll times,
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1332 The user should provide MEDE for products they VNP identity and harard information associated with a con-
produce that may contain UNP to entities to whom the user rainer may be communicated with words, pictures, symbols, or
provides, ships or distributes the material in unbound form. combinations thereof.

MEDS for the UKP aiso should be provided to persons o 13.4.1 Coniginers Leaving the Users Condrol—Where o
whom the user distributes materials confaining nanoscale hazard or potential hazard hos been identified, the user should
particles where the wser has reason to believe the recipient’s ensure that containers of UNPleaving its immediate control are
use of howwd forms mav generste UNE MSDS should he labeled, tagged or marked with the identify of the UNP; any

completed in accordance with applicable regulatory reguire- appropriate hazard warnings: and the name and address of the
meals for location of operation. manufacturer or other respounsible party,
134 Users Confainers-——Where a hazard or potential haz- 13.5 Jraining-—-The training program referred to in this

ard has been identified, the user should ensore that containers Unide shonid ensure that the user’s employeess are effectively
of UNF within its facilities are clearly identified as countaining trained concerning the matters lisied in this Section 5
UNP and that appropriate hazard warnings are provided and Training should inciude an explanation of relevant MSBS, any
clearly associated with these contuiners. Container identifica- labeling systems, and other information concerning how em-
fron and warnmgs can be provided by a variety of means ployees can obtain and use the appropriate hazard information.
including labels, tags. signs, placards. provess sheers, balch Such training should be provide o an employes’s initial
tickets, operating procedures, or other such written materials. assignment to o UNP wc;?@j&g ' or relevant arcas).

o

AN

EXES

AlLD Asindicated in section 4.2, 1his Guide is premised on
the principle that, as a cautionary measure, occupational

nable development by helpimg te engender stakeholder
low as is reasonably practicable. Referred w in this Gax a}nﬁc%me that appropriate risk control measares are in place.
the “Control Pripciple,” it reflects (a) a consensus view that, g
the absence of robust risk information, caulionary mMEasues are +
geoerally warranted when working with UNP.Lgad (B) 2
consensus concerning the extent of caution go ;
ranted. This pinciple does not correlate 1#
standard of control. Rather, it represe
appropriate health and safety managem
prises working with UNP, and g perl
againgt which organizational 18
Neither the control priocip :
uf achieving the objechi
exercise of judgment o
ol individual circumstances. T
that judgiment, this Annexd

A113 The determination to act on a cautionary basis does
not determine the actions to be taken. For any cireumstance,
the several opiions lie along a continuum of measores designed
Lo prevent the possible harm from oecurring or {0 condain or
redice the possible harm shouold i cccur, A principal focus of
this Guide i3 to identify 2 range of optiony on the continuum,
bzzscd henchimark and to provide Information to the user to aid selection.

AlLA Cautionary action is a risk management technigue,
and risk management principles should be used in selecting
particular cautionary messures. This involves making gualita-
tive assessments of risk (Le, the probability of the harm
istthe user in the exercise of  opeurring, asd the extent of the harm should it materiafize)
Ovides further information onthe  based on eredible scenarios of exposure and effect. Fxposure

e g g BT - " et od tha £ . FONE S I e . - . - . P .
two conceptual components of the Control Principle —cantion- ypipimization options (or possible incremental sirengthening or
ary action and reasonably practicable cxposure coatrol. lessening of exisiing controlsh should be evaluaied against that
AT LY Exercising Contion—Althongh more commonly dis- model. Consideration should also he gsiven to the following

cussed ln the context ol coviroumentnl safely and heallh  prudensial Hmts generally recognized as appropriate con-
measutes, business leaders have long expenence with taking straings on the selection of analogous precautionary measures:
cautionary measures o hedge against the full varety of
business risks, Acting cautiously in the [ace ol uncertain
business risks through appropriate risk management 1s ceniral
to sound business operations, management and business prin-
ciples. The exercise of cantion does not require forbearance
from the polential risk-creating setivity until complete infor- ’ N
mation s known. Rather. it suggests acting in a captous  Spatial exient);

manner, and taking reasonable steps o significantly reduce the AT T43 Measures should be chosen with due consideration
potendial for harm, of costs and benctits {cost effectivel; and

Al14.] Measures shonkd be consistent in scope and nature
with comparable measores from comparable areas;

Al14Z Measures should be proportional to the chosen
fevel of protection and the scope of the harm {e.g., severity,
irreversibility, unigueness, numbers aflected, temporal and
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AL L44 Messures Gand underlving assumptions) should be
continnously reviewed 1o light of new information and nnder-
standing.

Mere ALl—Ses eg, Refs (36-24)

AL2 Reasonable Practicability---In specifying that efforts
to mimmize exposures should be completed o the exient
“reasonably practieable,” this Guide roughly defines a bench-
mark for both the upper and lower bounds of recommended
effort. In an environment of sclennfic uncertainty, this bench-
mark seeks 1o balance the goal of sufficiently controlling the
indetermioate risk so as o preven! the wanifestation of any
significant hazards that may subseguently be identified, against
being overly cantious and ultimately losing the benefite of the
new fechoologies, On the basis of whal is koown and good
engineering and other professional judgment, the user is
advised to develop credible exposure scenarios, and then select
and implement practicable conlrols thal can be expected 1o
suitably mitigale risk ander those scenurios even if the harzard
ultimately 15 determined o be significant.

ALZ1 Practicable measures in fhis context are those that

re both feasible, in the sense of heing capable of being done

inn practice at o given location, and practical, in the sense of

being demonstrably asefol in achieving o particular exposure
minimization or other program goal. Reassonable efforts are

AZ. GUIDANCE FOR IDENTIFYING AND ASSE

A2l Potential Sources of UNF Exposure:

A2 L1 In general, it is likely that processes
nanomaterials in the gas phase, or using or prod
materials as powders or s]wflma‘su%pmmt‘m&zka
liquid media} pose the greatest risk for n
addition. matntenance on production sys

aerosohizing  deposited ;1.;3.:}(3%@%
with wasle streams containipg ni

The magnitnde of expy
nanopowders depends ;
released from the powders dw o handling.

AZ 12 Both wet precipiafion methods and gas-phase pro-
cesses have the potenual o cause exposire (o primary UNE

BEP when working with
ciihood of particles being

TABLE AZ2.1 Polentizt

peneraling

those that Tollow from a rational Cogicaly evaluation and
selection process, and excluding both considerations and mea-
sures that are exireme or excessive. Thus, this Gaide does not

suggest thal the user should take measures that are techoically
impossible, would provide only specolative benefit, or if mf,
time, trouble or cost of the measures would be disproportionate
Lo the beoelil or e risk. This approach largely minors the
guidelines generally applhicable fo selecting analogous precau-
tHonary  actions——proportionality, cost-eflectiveness, consis-
teney with aclions in sindlar circumstances, and openness 1o
change with new information or relined analysis.

A1.2.2 Reasonably “practicable” measures should be distin-
guished from similarly expressed standards from other con-
texts, such as, “as low as reasonably achievable™ (ALARA) or
“as low as possible,” which may P redil (0 cncompass actions
that are technically !Ehwmlm%g podghbie, but only by means
of such scale, magniiudeSmpleiity or cost as 10 be dispro-
portionate or infeasfie, &g@i gns that provide only insignili-

cant ineremental J‘s‘«limphﬂ{}% underlying such
s’&malﬁé% are gnapplicalle™io UNP exposures within the scope
':i§l§§lt the ALARA principle (from the
3] §,umu£) 15 ;)mml%@d of an ‘%xxump{um oi a

}ﬁﬁsr;néihg synihesis stuge. All processes may give rise 1o

exposure 1o agzlomerated UNE during recovery, powder han-
dling, and product processing. The nature of the exposure, the
bkely level and the probability of exposure will differ accord-
ing to the specific process amd the stage of the process.
Sunilarly, the optimm strategy 1o control emplovee exposures
and the efficacy of the control methods used will differ
depending on the spectfic process, Table AZ T summarizes the
potential pathways of exposure in nanoscale particle produc-
tion and recovery.

A2 Faciors Affecting Exposure To UNP:

A2 Factors affecting exposure 1o UNP include fa) the
amoust of material being used; (b} whether the material can be
easily dispersed (in the case of a powder) or from akrbore

Exposure Pathways in Nanoscals Particle Production Processes and Hecovary”

Syrihasis Farticle Polential iInhatation Patardis! Demmabingastion
Prnnesses Formalion
Gas phase in alr Direct leakage from reactor Arhome contamination of workplace

Posi-racovery process

Posi-recovery processing and packing
Product moovery

Posi-racovery processing and packing

Vapor phase O subsirate

Cofioidat

Liguid suspension

Attrition Liguid suspension

Drying of product (processing ang spilisge)

Drying of produst (precessing and spiliaga)

Handiing of product
Cleaning/maintanance of plant

DGy contamination of workplace
Hargling of product
Cleaning/mainienance of piant
Spillagecontamination of workplace
Handling of product
Cleaning/maintenance of plant
Spillage/contamination of workplace
Handling of product
Cipaning/maintenance of plant

* Adapted fom Ref {48).
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sprays or droplets (n the case of suspensions), oris lixed on or
within & matrix (and generally do not present an exposure risk);
(o) the degree of containment; (d} duration of use or presence
I exposure areas; and {2) state of agglomeration or aggrega-
ton (1, 71

A222 It is important o onderstand that o dispersion of

UNP in a foid is thermodynamically unstable. In fact, the
challenge In many applicatinns of such steuctuores is 1o create,
af least briefly, unagglomerated nanomaterials, Bven in the
ahsence of any bulk flow, Brownian motion causes particles (o
collide with subsequent coagulation or agglomeration of par
ticles. For monodisperse size distributions, one can calculate
concentration as a tinction of fime for various initial parficle
sizes (21, 223 For ideal systems (monodisperse spherical
particles) significant particle Lfenmes are calculated only at
extreme dilutions of less than 10° particlesice. There is a
pradieted 50 % reduction in the particle number concentration
in 2 milliseconds when the initis] number concentration is 10'7
particles/cc. but at more dilute number concentrations, there 18
1 50 % reduction in number concentration in 33 minutes and 55
hours when the initial number concentrations are 10° and 107

particles/cc respectively (22, 293 In “real” systems (e poly-
disperse distributions), non-stagnant fluid and non-sphericat
particles, these times are signilicantly reduced. Cuoagulation
can lake place more rapidly between dissimilar-sized particles
than between same-sived particles. Coagulation between 10 am
rapid than for 1000

and 1000 nm particles is 500-Umes more

nm partieies alone and 180 tmey faster than for 10 nm particles
alone {223 Thuos, an unagglomerated nanoscale particle may
exists only flectingly from the moment of its synthesis unul it
encounters other, Ble or unlike porticles with which i associ-
ates. These agglomerates may quickly grow out of the nanos-
cale or wltra fine (<01 micron) range.

AZ23 Some of the workploce factors that can increase the
poteniial for exposure include the following:

AZ230 Working with UNP in Houwid media without ad-
equate protection {e.g., gloves) will increase the risk of skin
EXOSULE.

AZ 232 Working with UNP in liguid media doring pouring
or mixing operations, or where a high degree of agitation i

involved, will lead to an inereased Hikelihood of inhalable and
respirable droplets being formed,, 5

A2 2373 Generating UNP 1n the Bag phase in non enclosed
systems will increase ih@@h%%%s of serosol release to the
workplace, * 1y

A2234 Handli

icate danomaterials will pose a potential for
5 performing these tasks.

ning of dust collection sysiems used o cap-
-P can pose a polential for both skin and inhalation

an'ee produced
mally, There are

Al pomparatively few on engi-
neered nanoseale partic whentalZunintentional nanoscale
particles have 2 complex geémposition with an ill-defined
surface chemistry and wille particle-size distnibution. Hngi-
neered nanoscale panticles are manutactured o meet defined
product specifications {e.g. specilic physical and chemical
propertiesy. Typleally the particle-size distribution and the
chemical composition of muoulactred nanoscale particles is

sute o \wi %mg ﬁ%n’zas&

defined and controlled by the manufacturing process. Concerns
over engineered nanoseale particles are driven by our expen-
ences with anthropogenic incidental/unintentionsl nanoscale
particles. as well as todicology studies on some engmeered
nanoseale particles. There is also g concern thal some engi-
neered nanoscale particles are in the size range of hiclogical
molecules, protems, and mtracellular machinery eritical to life,
the function which they may react with or interfere (241

X1.2 Occupational exposures o some incidental nanoscale
particles (e.z., from welding fumes, manganese, beryilium,
asphall fumies, etc.) have resulted in varions diseases when
exposures are high und not controlled properly (38}
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TABLE ¥1.1 Classication of Nanoscale Particles Bassd on Source

MNore—This table was develeped based wpon information in various sources, inchuding Relerences (27, 44, 45, 44).

Saues Examplios

Hatural Nannsoals parlicies amitted from plants
Ooean spray (sen st nudlell, forest firs combusiion products, voloanio suptions, aipha particles, as-
bastos (Chrysglile, smaosits), Tullerenes, elr.

Bletogical Imclkcutes-~DNA, forilin, molscular motors (ATP synthase, mokors that pewer cllia In ow
funigs, bacteria Hagela; mokes responsible for muscls contraction, ansport of vesicias, call division),
glucoss, antibedies, proteins, hemogiolin, el

incidenial,
Unirdenianal

Anthropogenic Walding. soldering, thenmal cutling and spraving, pyrolysis producis, smeliing, asphalt fumes, enging

combustion products

Bmag from vehicle exhausis {e.g., carbon nanoluhes have bean found in diesal exhaust), condensead
gasaes from indusiral air emissions

Footd production (e.9. griling, frving), tobacco smoke, materal combustion &.g. burning carbon oon-
ustion of carban con-

taining malorials such &% wood, coal, candias efc.}, (ulisrenes found in

taining compounds}

intentional,
Engirmared,
Unintentional

Deriimers, ullerenss, nanciubes, quanium dois, naﬁc@h@éis,i?osc%%n@taé oxides

X2, GUIDANCE FOR EXPUSURE ASBESEMENT

Nore X2.1—The source of the imformation containgd with in this
appendix is primarly from the referenced MNIOSH web sile (1) Tt i
recornmended that the user review the NIOSH web site (o obtain the most
current information.

K21 Generallv—Until more information is available

technique should be used o monitor exposures i
place. If the gualitative assessment of a p%‘a\c;ﬁss gi]'
potential exposure points and leads fo the degisi
uanoscale particles, several Tactors iy
Current research indicates that mass afd bk chigmistry may
be less important than particle size, Syriied® chemistry {or

activity) for nanostructured “rgater k{?\% Hesearch 18 sfili
rinifgeipf (Hese different exposure

ongoing inlo the relative 1mpg

metrics, and how fo hest gharacieriss exposures against them,
Cnee the decision has ® to measure exposure, the
metric o be wsed will g on availability of sampling
equipment or mstruments, an@experience with those methods
or instruments. Regardiess of the meude und method selecied,
i£ is critical thal measurements be conducted belore produclion
ur processing of nanoscale particies 10 oblain background data.
Measurements made durlng production or processing can then
be evaluated w delermine i there hus beea an 1ocrease ia the
metric selected. Human exposures should be characterized in
terms of te physiochemival nature of the nanoscale particles,
the ageregation staie and concentration (number, mass, surlace
aren) (28, 41

K22 Sampling Strafegy:

X221 Currently there is not one sasmphing method that can
be used 10 charactenze exposure to nanoscale serosols. There-
fore, any attempt to Tully characterize workplace exposure
UNPmustinvolve a multifaceted spproach incorporating many

g
STparpoge

Fparticle counts before measuring particle counts during the

s %é

,[Ef‘é{ AUTERIZATHON

article emissions. A condensation particie counter
instiament will provide acceptable capability for this
I s crifical 1o determine ambient or background

manufacture or processing of the UNP Involved, Limitations of
CPCs, including the inability to distinguish between target
UNE and ambient UNP are discassed below. IT a specific
nanoscale particle 1s of imerest {e.g. Ti0L), then aren sampling
with a filter suitable for analysis by electron microscopy should
also be employed. Other analyvtical techniques such as trans-
mission electron microscopy (TEM} and Miecre-XPS cun
identify specific particles or estimate fheir size distribution. I
a source of emissions s idenufied. aerosol surface aren
measurements can be conducted with o portable diffusion
churger and aerosol size disiributions should be determined
wilth a scanning wmobility partcle size analvzer (8MP5) or
clectrical low pressore Impactor {ELPT using static {area)
mopttoring. A small porlable surlace area Instrument could be
adupted 1o be worn by a worker, although depending on the
nature of the work, this may be cumbersome. Further, losses of
aerosol with the addition of a sampling tube would need 1© be
calculated. The location of these instruments should be con-
sidered carefully. Ideally they would be nlaced close o the
work aveas of the workers of interest, but ather factors such as
size of the instrumentation, power source ete. will need © be
considered.

X222 Personal sampling using filters suitable for analysis
by electron microscopy may be emploved f{or measuring
exposures o specific UNE Hlectron microscopy oan be used (o
identify the particles, and can provide an estiinate of the size
distribution of the particle of interest. The use of a personal
cascade impactor or a respirable cyclone sampler with o Blter,
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though imited, will help to remove larger particles that are not

of interest and allowing for a more definitive determination of

particle size. In addition, where there are non respirable
apglomerates or aggregates, the use of thoracic or inhalable
samplers may be used

K2.23 Using a combination of these technigues, an assess-
ment of worker exposure to UNP can be conducted. This
spproach will allow a4 determination of the presence and
identification of UNP, the characterization of the important
aerosol metrics,
exposure. This approach s not without limitations, however, as
it largely relies on static or area sampling, Whéch will hamper
interpretation and increase the inacciuwacy of the exposure
estimate.

X2.3 Mopitoring Workpluce Exposures:

K231 Anumber of exposure assessment approoches can be
wstitnted to determine worker exposures. These assessments
can ollen be performed using traditional industrial hygiene
sampting methods that include the use of samplers placed at
statie locations (area sampling), samples collected in the
breathing zone of the worker (personal sampling), or real-time
measurements of exposure that can be personal or static,
Personal zampling collected within the emplovees hreathing
rone may be more represeniative of a worker’s polential
exposure than fixed Tocation area samples i the UNP concen-
tration has o large spatial varation within the work area
General area samples are uiilized to augment personal same
pling. to help evaluate the overall work environment
determine the elfectiveness of enginesring and work
contrals and o aid the making of control decistons. Gene
area samples may provide an adeguate measure of
ee's exposure i the UNDP concentration is unilor

sithin the

work area. The use of ares sampling insirunger be
required when portable personal sampling » not

available or infeagible doe to size consige

X222 Many of the sampling Emhz
lor measuring airborne oanoasros
can provide pseful 31}%0;1‘1;4&?&\1
exposures with respect fo_partich

mimber conceniraiion

v in wniplx,x;!.y but
'fﬁfmg occupational
‘mass, surface area,
g and surface chemisiry.
Unforwnately, relatively dhese technigues are readily
applicable o routine exposure wonitoring. These measurement
rechrrigues are described hehdw along with their applicability
for moniloring nanometer aerosols.

K23 For each measurcment technigoe used, itis vital that
the key parameters associated with the technique and sampling
methodelogy  be recorded when medsuring exposure o
manoacrosoels, This should include the resporse raoge of the
istrumentation, whether pa:wmé of static measurements are
made, and the location of all potential acrosol sources, Com-
prehensive documentation will facilitate comparison of expo-
sure meastrements and ald the re-interpretation of historic data
a5 further lnformaiion is developed on appropriaie exposure
Meics.

X234 There are various methods 1o measure different
meirics such as particle size and surface area and the results
may not always correspond with one another. For instance,
there are at least seven methods 10 measure particle size, and

and will provide a reasonable estimate of

‘réz 5 (i)
b d i &
Wulkc{%& on the filter while electron microscopy. equipped
Fwith ¢

an employ-

|

the resnlts may vary 2s much os 10-fold, but more typicaliy 2-4
fold from each other (3%% (1) asrodynamic dismeter, (2}
vacuum seradynamic diameter, {3} volume equivalent size, (4}
mobiiity equivalent size, {3} optical cquivalent size, (0} mass,
and (7} projected sizes (electron microscopy images) The
preferred analyvtical technigue for quantiyving employee UNP
exposures or Tor assessing potential impact on health has yetio
ke determined.

K24 Size-Fractionafed Aeroscl Sampling—Indirect Meth-
ods Requiring Loboraiory Apclysis—Swdies have indicated
that particle size plays an impottant role in determining the
potential effects of UNP in the respiratory systern, either by
influencing the physical, chemical, and biological nature of the
material, alfecting the surface srea of deposited particles, or
enabling deposited particles 1o mgye tosother parts of the body.
Some animal studies indicate éham;gicé{y ol some poorly-
sohuble nancscale acrosolesle i{},, carbony may be more
closely associated e Surface arca than the mass
ccan.s:ml.a‘;zaiofh‘ of iy

aerosols where a good correlation
of the serosol and mass concentration
¥ NIOSH has proposed a mass based oceu-
pational expo imit for ultra fine T, a3 0.1 me/m’, for up

& hours/day during o Hb-hour work week, and as collecied
%i—f Method {600 for sampling airbome respirable
1. NIOSH indicates that NIOSH Method 7300 can
assist 1n differentiating Ti0, from other nerosols

energy dispersive x-ray analvzer (HDXA), may be
necded to identily and measure the fraction of the mass
concentration that i attribulable 1o fine and ulira fing TiG,
particles {44,

X241 Aercsol samples can be collected using inhalable,
thoracic, or respirable samplers, depending on the region of the
respiratory system most susceptible 1o the inhaled particles or
the potential for the particles o translocate from the site of
deposition to ancther organ system and cause sysiemic toxicily
{34y, Current information suggests that the gas-exchange
region of the lungs i particularly susceptible to nanomaterials
(1}, suggesting the use of yespirable samplers. Respirable
fraction samplers will also collect g nominal amount of
micrometer-diameter particles that can deposit in the upper
airways and ultimately cleared or ransported to other parls of
the body, Thoracic or inhalable samplers may be necessary.

X242 Respirable fraction samplers allow mass-hased ex-
postie measurements o he mezdc using gravimetnice andfor
chemical analvsis {1} However, they do not provide informa-
toi oo aerosol number, &izc, or surface area concentralion,
nnless the relationship between differeni exposure meirics for
the aerosol (g.g., density, particle shapel has been previously
characterized. Cureently, no commercially available personal
samplers are desigoed to measure the ?cli"l, cle number, surfuce
area, of mass conceniration of nanometer asrosols. However,
several methods are avallable that can be used o estimate
surface area, number, or mass concentration for particles
smaller than 100 nmin the abzence of specific exposure limits
or guidelines for engineered UNP exposure data gathered from
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the use of respirable somplers (1) can he used o determine the
need for engineering controls, the effectiveness of engineering
contrals and work practices and for routine exposure monilor-
ing of processesfjob tasks. When chemical components of the
sample need o be dentified, chemical analysis of the filter
samples can permit smaller quantities of material w be
auaniified, with the limits of guantification depending on the
technigue selected (1), The wse ol conventional impactor
designs (0 assess naooscale pariicle exposure is limited, since
practical fmpaction limits are 200 1o 300 am. Low-pressure
cascade impactors that can measuee particles 1o 3 am may be
used for static sampling, since thelr size and complexily
preclude their use as persopal samplers {13, A permmé cascade
impactor is available with a lower agrosol cut point of 250 nm
(13, allowing an aspproximation of nanometer particle mass
concentration in the worker’s breathing zone. For each method,
the (

material an a filier or collection substrate (1} Cascade wnpac-
tor exposure data gathered {rom worksites where nanomalerials
are being processed or handied can be used to muke assess-
ments a5 to the efficacy of exposure control measures.

X"ﬁ

X251 The real-time (direct-reading) measurement of na-
pormeter acrosol concentrations is Hmited by the sensitivity of
the lostrument to delecl small particles, and the inability to
distinguish among different particles of the same size. Many
real-time aerosol maes monitors ased In the workplace rely g
light scatering froms groups of particles {photometers)
methodology is generally insensliive to particles smalb
300 nm {1, Optical instruments that size individual partic
and convert the measured distribution to a mass capentration
are similarly Hmited to particles larger than 1(3(}.

K252 The Scanning Mobility Particie !
(SMPS} is widely used as 2 research fogl 1§
nanometer aerosols, although its app
workplace may be Hmited because of
inchusion of a radivactive sourgg.
Impactor (ELPY is an altern: ‘t\%‘x
cascade impacior with reg#iime a
to measure size distribugfons

Real-Time Particle Size Aerosol Sumpling:

haraclerizing
use in the
cost, and the

ent hat m:)m%uﬁu a
: )i charge mensurements

2.6 Suiface Area ;‘wf‘g;sr, feasurements:

X161 Relatively few fechnigues exisl (0 monitor expo-
suyres with respect to aerosol surface area. lsothermal adsorp-
tion is a standard off-line technigue used (o measwre the
specific surface arca of powders ihat could be adapted 1o
measure the specific surface area ol collected aerosol samples.
For example, the surface area of particulale materdal {og,
using either a bulk or an aerosol sample) can he measured in
the laboratory using 4 gas adsorption method {e.g., Brunauer,
Eamett, and Teller, BETY {1y However, the BET method
reqaiﬁzs relatively larse guanlitics of muaterial, and measure-

nents are influenced by particle porosity and adsorption gas
gh&mﬂcmum BET is often used o estimate the surface area
of bulk nanopowders. The use of this method may not correlate
to divect reading surface area monitoring results that may be
used to evaluate occnpational environments,

letection Hmits are of the order of a few micrograms of

%i)!’%‘s

Sror V’sEE ating aerosol surface arsa, If the size disivibution of an

X262 The first instrument designed 10 measure aerosol
surface-aren was the epiphaniometer (1), This device measures
the Fuchs or active surface-area of the aerosols by measuring
the attachment rate of radicactive lons, For aerosols less than
approximately 100 nm in size, messurement of the Fuchs
surface area is probably a good indicator of external swrface-
area {or geometric surface area). However, Tor agrosals greater
thaus approximately | micrometer the relationship with geomet-
ric particie surlface-area is lost (1) Measurementis el aclive
surface-area are generally insensitive o particle porosity. The
epiphaniometer s not well sulted o widespread s in the
workplace because of the inclusion of a radivactive source and
the fack of effective temporal resolution.

263 This same measurement principle can be applied
with the use of a portable aerosol ditfusion charger. Studies
have shown that these devices > 4 good estimate of
aerosol surface area when lhx borfle particles are smaller
thars 100 mim in digmeter, %ﬁ latger particles, diffusion charg-
ers underestimate algpsoRdurisce area. However, further re-
senrch is needed ¢ gl & degree of underestimation.
Extensive felg ol commercial Instruments are yet
to be repo ’:zhc“arzﬂ{)w a:vahsaiiﬁm Witi} m@msdéﬁw
perse sit
diffusion y
aerosol surface” area ém" pamdm &mail 5 ihars. 100 om
dianfigger but underestimate the serosol surface area for p:‘&r—
ticles Jabger than 100 mm in diameter (1)

A‘é Sw Fice Areg Estimation—Information about the rela-
v between different measuremeant metries can be used

aerosol remalns consistent, the relationship between number,
surface aren, and mass metrics will be coostant. In particular,
mass concentralion measurements can be upsed for deriving
surface area concentrations, ssstuning the constant of propor-
tionality is known. This constant is the specific surface area
(surface 10 mass ratio)

K271 Bize distribution measurements obtained through
sample analysis by transmission eleciron microscopy may alko
ke used to estimate aerosol surface area. If the measurements
are weighted by particle vumber, information about particle
geomelry will be needed 1o estimate the surface area of
particies with a given diameter. I the messurements are
weighted by mass, additional information about particle den-
sity will be reguired.

X272 U the airborne acrosol has s lognormal size disin-
bution, the surface-area concentration can be derived using
three independent measurements. An approach has been pro-
posed vsing three simultancous measurements of aserosel that
included mass concentration, number concenlration, and
charge (11 With knowledge of the response funciion of each
instrument, minimization echniques can be used o estimale
the parameters of the logonormal distribution leading o the
three measurements ssed in estimating the acrosol surface area.

X273 An alternative approach has been pu}p(}ﬁ ad wherehy
independent measurements of aorosol number and mass con-
centration are made, and the surlace area s estimated by
assuming the peometrie standard deviation of the (assumed)
tognormal distribugion {13 This method has the advantage of
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stmplicity by relying on portable instruments that are finding
incressing application in the workplace. Theoretical caleuia-
tions have shown that estimates may be up o 2 factor of ten
differert from the actual acrosel surface-arca, particulariy
when the acrosol has a bimodal distribution. Feld measure-
ments indicate that estimates are within a factor of three of the
active swrtace-area, particularly at higher concentrations. In
workplace environments, acrosol surface-area congentrations
can be expected to span up (o 8 orders of magnitude; thus,
surface-area estimates mav be suited 1o initial or preliminary
appraizals of ccoupational exposure concentratinns.

K274 Although such estimation methods are volikely 1o
become a long-tenm alternative to more accurate methods, they
may provide a viable interim approach to estimating the
suiface area of nancmeter agrosels in the shsence of precise
measurement data, Additional research i3 needed on comparing
methods used for estimating acrosol surface area with a more
gecurate serosol surface area measurement method.

X248 Particle
wenl:

Number Agvosol Concentrarion Measure-

X281 The imporiance of a particle number concentration
as an cxposare melrie i not clear In soine cases, health end
points appear 10 be more closely related with particle surface

area rather thao particle number. However, the namber of

particles depositing in the respiratory tract or other organ
systerns may play an important role,

K282 Aerosol particle number concentration can be mea-
sured relatively easily using Ci)ﬁﬂu’hdill)ﬂ P ;at;da. Cou
(CPCs). These are available

20 nm in diameter. OPCs designed Tor the workpl
have discrete size-selective inputs, and so they ¢
sensitive {0 particles up te micrometers in diamgte
clal size-selective inlets are not ﬁv‘uiah]y Lo 1o E%;.! e
pannscale paaﬁdg im" range: however, logy exists 1o
k moimhtx. or

a f’ﬁ?(, 1% io use the
al farticle counter, The
a the nstruments will

nptical particle duzzmtg

X183 A crivcal issoe when characterizing exposure using
particle number coneentralion s selectivity, UNP are ubigui-
tous i many workplaces, from sowrces such as combusiion,

*zh’if-: {typically 300 to 500 nm).

vehicle emissions, and infiltration of outside air Particle
counters are generally insensitive (o particle souree or compo-
sition making it difficolt o differentiate between ncidental and
process-relaied UNFP using number concenization alone, In a
study of gerosol exposures while bagging carbon black, Kuhi-
busch et al (1) found that peaks in oumber concentration
measurements were associated with emissions from fork L
trucks and gas burners 1o the vicinity, rather than the process
under nvestigation. Although this issue s not unigque fo
particle number concentration measurements, orders of mag-
pitude difference can exist in serosol nomber concentrations
deperding on concomitant sources of particle emissions,

@M&spw ory fract. This would constitnle potential systemic
%L(‘\Eui\

X284 Although using nanoscale particle number coneen-
ration as an exposure measnrement may not he consistent with
exposure metrics being used in animal foxdcity studies, such
measurements may be a useful indicator for dentifving UNP
emissions and determining the efficacy of control measures.
Portable CUPCs are capable of measuring localized aerosol
concenfrations, allowing the assessment of parlicle releases
cocureing al various processes and job tasks (1),

K29 Parsicle Size-Selective Alr Swmipling Conventions for
Alrborne Porticulate Matter—COccopational exposure limits
for arrbome particulaie matter are increasingly based wpon
size-selective air sampling conventions such as inhalable,
thoracic, and respirable. 1t is likely thal size-selective air
sarnpling conventions may exist for UNPfloaine pasticles in
the Tuture and that there may bgegorrgsponding occupational
exposure Limits for this partig action, In the case of
airborne material, the pariiale Sgd will determine whether the
tgry® tract and where it is most
rugan the nanomalerial and fruce
12 may be concerned about deposi-
16 of the resplratory tract, Le., (2} the
sal passages, montl, pharynx, and
farynx) ¢ohronchinl (ncludes trachea and ciliated
arrways, and veokar reglon {gas-exchange region). Where
a suhstance may cause systemic toxicity or head airway {e.g.
ngm; ’1%’;\, throut) irritation. the ACGIH has recommended an
LA (3 The Hierature points (o a potentinl coneern
e types of UNF 0 translocate once deposited in the

tioiy in ong
head  arrwg

Where the substance may resull in head airwavs
disease {e.g., vasal cancer), the AUGIH has recommended an
inhalable TL\? {34}, Where the substance may result in
bronchial disease, they have recommended a thoracic TLV
{34). Where the substance has resulted in discase to the deep
lang, the ACGIH has recommended a4 respirable TLY {(34).
Diepending spon thelr serodynamic equivalent diameter (AED)
(for agglomerates of UNP > 300 nm in size) or geometric
phiysical dimmeter (for UNP < 300 run inosize), some inhaled
particles will deposit in one or more of these three regions {22,
3, 36, 37

X291 The whalable fraction includes those airborne par-
ticles which are small encugh (o enter the head airways through
the nose and/or mouth durning inhalation (22, 34, 363, Airborne
particles {in the breathing zone of a pcr%;m} having an AED of

L) pm 940 of a momy have about a 50 % chance of enfering the
head airways (12, 34). Adrhorme particles > 100 um AED are
likely to have less than a 30 % chance of entering the head
airwavs. Airborne particles < T um AED have a8 greafer
chance of enstering the head atrways, and the smaller they are,
the greaier the chance {12, 34

X292 The thoracic particle fraction includes those par-
ticles small enough 10 pass the laryny and enter the lungs,
consisiing of the tracheobronchial and alveolar regions {34,
38). Alrborng particles (in the bresthing zone of a person}
having an AED of 25 pm have about 2 2 % chance of mmmtf
the lungs (12} Airbome particies having an AED of W um
{30 GO0 nmy have abour 2 30 % chance of entening the lungs,
and the smailer they are, the greater the chance (12).
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X293 The respirable purticle fraction includes those par
ticles that are small enough to enter the alveclar region (34,
36y Arborne particles {in the breathing zone of a person)
having an AED of 10 um have about & 1 % chance of entering
the Tungs (12). Arbome particles having an AED of 4 pm have
about a 50 % chance of entering the lungs, and the smaller they
arg, the greater the chance {12}

X294 Diffusion is the predominant deposition mechanism
in the respiratory wacl for UNP and agglomerates of nanoscale
particles < 500 am in diameter and is governad by geometric
physical dinmeter, rather than AED (223 Sigoificant amounts
of inhaled UNP will be deposited within the respiratory iract
(271 Deposition in the head alrways increases for particies less
than 10 om due to diffusion, especially in the nose {22). For
example, during rest, while breathing through the nose, ICRP
modeling predicts that 80 % of iphaled | nm particles are
preferentially deposited in the pasalpharynges] region, 10 % in
the tracheobronchial region, and essentially none in the alveo-
lar region {273 A 20 nm particle has the highest deposition in
the alveolar region (shont 309, whereas 1o the tracheobroni-
chial regions this particle size deposits with sbout 13 %
efficiency (271 The mass-fraction of nanometer-diameter par-
ticles depositing in the alveolar region of the lungs is greater
thug for larger respivable particles by u factor of about 2-5 {29
A 3-4 om pariicle has the highest deposition in the tracheo-
bronchial region {about 35 %) {22}

X210 Respivaiory Froct Particle Deposition Models—
Compuier programs for predicting respleatory tract deposity
of mhaled particles are available (536-58). Two models 1
use are 2y foflows, Though reliable and useful For prédic

respiratory fract deposition in normal humans, the model

below will underestimate local doses dslivered
certain aress, such as carinas {which are flow
bifurcatioa regions) in the rachecbronchial iaton

X2.10.1 Internstional Commission op
(IURP). The ICRP (1994} provides a o
predicting respiratory tract depositigg of

Hdensity at standard
adicted by these equa-
tions agree with the [CEP af0del within =0.03 over the sizs
range of 0.001 to 100 um; thg'equations are for spheres of
standard density. but can bgofpplied to other articles by using
the AED for particles larger than 300 mn and the physieal
drameter or equivalent volume dismeter for particles less than
SO0 mm (22,

K202 Centers for Health, Technology Transfer (CHT
The CHT Muldple Path Particle Dosimetry (MPPD) Model, 15
available ondine (free of charge) (873, The MPPD allows the
user to nput aitbome concentrations, specific particle sizes,
dispersions and concentrabions, breathing characteristics, air-
wiy sives (based on age), and other pertinent information {58}

K21 Carbon  Nanowmbe  Exposure Monitoring—

20

Appropriaie metrics for measuring exposures o earbon nano-
tubes may include surface area, mass, and number (49, 54, 52).
Dopaldson et al. (2006) recommended that until better infor-
mation beeomes available, carbon nanoctubes shoudd be con-
sidered in the same way other biopersistent fibers in workplace
risk assessments. using similor assessment approaches {e.g.
fiber counts)y {82} Currently, thers are no standardized air
sampling methods specifically for carbon nanotubes por are
there established occupational exposure Hmits,

K211 With regaed 10 particle namber, cccupationad capo-
sures o non-ashestos man-made lhers {e.g., curbon fiber, glass
fiber, aranid fiber, etc.) are sometimes sccomplished by using
MNIOSH 7400 Method (Phase Contrast Light Microscopy) and
counting only respirable fibers according 1o "B rales {(65). The
"B roles include connting only m‘bez‘s that are less than
3 micrometers in physical Bametefdpoier than 5 micromelers
inn physical length, and hayin 1gth-to-width ratio equal o
thoungh there may be some

i

rethod, "Loonaldson et al, 2006) recommended that electron
nficroseopyhshould sericusly be considered because of the
iticulties in applying optical methods such as the NIOSH

F7400 Method (521

2012 The NIOSH 7400 Method is also non-specific and
does oot identily the type of liber that s belng counled. Far
ashestos, there 1s 2 transmission electron microscopy sampling
and analytical method 7407 (Asbestos by TEM)Y that can
provide positive identification, shape, and structure and that
was designed o be ased with Method 7400 (67} However,
currently there are no similar standardized TEM sampling and
analvtical methods for carbon panotubes. Donaldson et al
(2006} indicates that electron microscopy {(e.g.. TEM) will be
necessary 10 adequately assess levels of carbon nanotabes in
the workplace (523

K213 Thoracie samplers will collect {ibers and particles
that can penetrate inko the lungs (racheobronchial region and
alveolar region). Thoracic samplers are availsble that rmatch
the ACGIHVISO/CEN thoracie conventlon {66} and may be of
use in collecting carbon nanotube air samples for further
anatysis. Haron (2003) suggests that using a thoracic sampler
Lo coliect air samples lor analvsis has several advanlages and
that it is likely that thoracic sampling will eventally be in
routine use for measurement of asbestos and other fibers {66),
Baron (2003 showed that sampling fibers with a thoracie
sarmpler was approximaiely eouivalent 0 counting only min-
gral fibers with a physical diameter smaller than 3 micrometers
(B4,
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X3 GUIDANCE FOR RESPIRATCRY PROTECTION

X3 1 Refer to the UE, Natiopal lostitute for Occupational
Salety and Health (NIOSH)Y Approachies to Sale Mantechnol-
ogy lor most currert guidance on respivatory protection for
nanomaterials {1,

X322 Table B3 identiies varions types of alr-purifving
particulale-filtering respirators that can be used along with
information on the level of exposwre reduction that can be
cxpected from each and the advantages and disadvantages of
cach respirator type. In order for the respirator w provide the
stated level of profecion, it must be NIOSH Approved {or
non-ULS, country equivalent); the wearer of the respirator must

Nore--The assigned protection factors are subject v change. Respirator mamniaciurers’ information
be referenced 10 ensure compliance with allowable protection factars. 4

%
TABLE ¥3.1 Air-Purifying Particulate-Filtering Hespiratorsy |

be eprolled o a written respiratory protection program in
sccordance with OSHA regulation {or non-LL5,
equivalent); and, the respirator must be selected, sed, and
maintained in accordance with such federal regulations. Hes-
plratory protection factors assume that the Lilters will remove
UNP at efficiency of at Teast 99.97 %. To assist respirator users,
MNIOGSH has published the document, "NIOSH Respirtor
Selection Logic (RSLY” {23} which provides a process for
selecting appropriste respirators for chemicals with exposure
limits. Reference (70} lists and compures the sssigned prolec-
tion factors of OSHA, NIOSH, and ANSL

COUMEY

Hgspirator Typa and
Assigned Profection Faclor (APF

Disadvantages

Elasiometic hall- face plece with
N-100, R-1040, or P-100 titers

Low maintenance
Fauzable face-pisce and rapl
andd carridges

Mo effect on mobil

5 0f qualiatively Tesiad)
10 (if guaniitatively f-tesied)

25 1000

{1000 only T Ihe manufacturer, or
usar, can demonstale an AFPF of #
at least 1000)

Powsared alr-puritying respirator
wilty HMEPA Tiller, loosa-Tilling
helmethosd

i resistance
Flowing B creatos cooling effect
Faco saal leakage s genamlly cutward
Fit teating I8 not required
Frasoription glasses can he wom
hoornmunication less diffieult than with elasio-
matie half face-plecs o full face-plece resph
raloes
Feusable components and replaceabla Hers
Pravides eye protection
Lerw mairisnancs
Reusable facaplece and replaceabls filters
and cartnidges
Mo effect on mability
More offeclive Tace saal than that of filfering
tace-pigce or Elastomeric half face-pisce res-
pirator

Elasiomeic ull- 1ace pleca with 10 (f gual

R=-100F- 100, or P-100 fillers 5%&&

iy ¥

%W &
Powsared air-punitying respirator 1000 (f quaniitatively fit-testod)
with HEPA filler, fight-fitting full

facapioe,

Frovides ays profection with full face-piace
Lo breathing resisiance

Face seal leakage 15 genarally outward Flow.-
ing air creates cooling ofiect

Rausable components and replaceabls filler

Provides no ove prolaction

Can add 1o heat Durden

rward leakage al gaps i face ssal
Communicalion may be difficul

Fit testing equirad 1o selact propsr tacs-
place siza

Beoame syewaar may narfers with tha it
Addad walght of ballery and Bowsr
Awkward Tor some {asks

Batlery requires charging

Al flow must De tosted with flow device ba-
fore uss

Can add 1o heat burden

Drminished feld of vision compared (o halt
Facepiacs

Inward leekage at gaps in tace sosl

Fit testing requirad to sslect proper tace-
place size

Fava-piacs lang can foy without noss cup or
lens treatmant

Speciacle kit nesded Tor peupla who wear
corective giasses

Addad waight of battery and blower
Awkward for some tagks

No aye protection with half face-pisce

Fit testing required to select proper face-
plece siza

Battary raquires charging

Comrmunication may be dificult
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