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ABSTRACT

Introduction: Nanomaterials are widely applied across diverse scientific and industrial sectors; however,
their emergence has introduced a new generation of occupational hazards for workers. Concurrent with
discussions on the adverse effects of nanomaterials on human health, researchers have sought to develop
methods for assessing occupational risks associated with these materials. Accordingly, this study aims to
propose a general framework for the development of such methods.

Material and Methods: This is a critical analysis study designed to evaluate existing methods for assessing
occupational risks related to nanomaterials and ultimately propose a modified framework for refining
these methods. By examining current approaches and identifying their strengths and weaknesses, the
authors have proposed an improved framework for occupational risk assessment of nanomaterials.

Results: The proposed framework is based on two key dimensions: “Severity/Hazard” and “Probability/
Exposure.” The first dimension determines the potential risk level arising from exposure to nanomaterials,
with the most critical factors being the intrinsic properties and toxicology of the nanomaterial itself,
parent materials, and similar substances. The second dimension describes the likelihood and nature of
exposure to nanomaterials during work activities, with the most influential factors being worker, job tasks,
and workplace environment characteristics.

Conclusion: The lack of sufficient data and numerous uncertainties regarding bio-nano interactions make
quantitative risk assessment (the traditional occupational health approach) difficult, less reliable, and in
some cases unfeasible for nanomaterials—given current knowledge. Qualitative and semi-quantitative
approaches, such as Control Banding, despite demonstrating positive aspects, have faced significant
criticism. The framework-based method proposed herein appears capable of partially overcoming these
challenges.
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1. INTRODUCTION

Over recent decades, the advancement of
nanotechnology has led to the development of
materials with unique physical and chemical
properties.  These  materials have found
widespread applications across various scientific
and industrial domains, including structural
engineering, electronics, optics, consumer goods,
energy production and storage, soil and water
conservation, as well as medicine for therapeutic
and diagnostic purposes. However, the rise of
nanotechnology has also led to increased exposure
of workers, consumers, and the environment
to new airborne hazards from nanomaterials in
industries and laboratories. Studies indicate that
engineered nanomaterials are being introduced
into workspaces, research facilities, and natural
surroundings through various means. Exposure
to nanomaterials in work settings can result from
nanomaterials being released from powders,
liquids, or a solid matrix during their production,
use, or recycling. Limited awareness among
nanotechnology workers regarding the potential
harmful effects of these materials has led to
widespread perception that these materials are
safe. Ventilation systems that transport air from
laboratories and workplaces where nanomaterials
arehandled, along with residues from nanomaterial-
related activities and nanotechnology-based
products are primary pathways for the release
of these materials into the environment. This
underscores the importance of risk management in
nanotechnology, starting with risk assessment and
necessitating the availability of appropriate tools.

2. MATERIAL AND METHODS

This study provides a critical analysis that
examines and evaluates current risk assessment
methodologies applied to activities involving
nanomaterials, with the ultimate goal of proposing
a revised framework to guide the development of
these methodologies. To achieve this, the authors
performed a non-systematic search in databases
and scientific search engines, including PubMed,
Scopus, and Google Scholar, using keywords
such as “risk assessment,” “nanomaterials,”
“nanotechnology,” and “risk management” to
identify the most significant approaches in the
risk assessment of these activities. In the next step,
the authors reviewed these approaches, reporting
their characteristics and their suitability or lack
thereof for risk assessment in nanomaterial-related

Journal of Health and Safety at Work 2025; 15(2)

activities. Finally, by synthesizing these discussions,
the authors proposed a modified framework that
can be utilized for developing new risk assessment
methodologies.

3. RESULTS AND DISCUSSION
Quantitative Approach

The traditional approach of occupational health
to evaluating exposure to harmful substances at
work involves measuring their concentration in
the worker’s breathing zone and comparing these
levels with the threshold limit values (TLVs) set
by reputable organizations. Implementing this
method requires that 1) there are standard and
agreed upon sampling methods for the substances,
2) the concentrations sampled accurately reflect the
working environment’s atmosphere, 3) appropriate
TLVs are available, 4) suitable analytical techniques
are available for determining exposure levels, 5)
appropriate equipment for sampling and analysis
exists and are available, and 6) exposure levels
that have the potential to cause adverse effects are
also known. The lack of any of these conditions
reduces the value of exposure assessment and the
subsequent risk assessment, raising uncertainties
about the suggested control measures that result
from this risk assessment.

Qualitative and  semi-quantitative  Approaches
(Control Banding (CB))

Methods based on Control Banding (CB)
provide a wuseful semi-quantitative/qualitative
framework for assessing the potential health risks
associated with the handling and manipulation
of nanomaterials. To determine the ideal control
levels, CB combines exposure scenarios or possible
exposures with groupings or “bands” of health
hazards. While these methods demonstrate good
validity and, in some cases, efficiency in assessing
the risk associated with nanomaterial applications,
they are not without their limitations. A primary
limitation of the aforementioned methods
is their imbalanced focus on ‘exposure’ and
‘hazard. Current methodologies often overlook
the biological impacts of nanoparticles and the
associated toxicological data. Some risk assessment
methods now consider the properties of the parent
materials (Nanotool) or characteristics of similar
materials (ANSES) when evaluating nanomaterials.
This appears to be a serious flaw in the definition,
as studies have shown that nanomaterials differ
from bulk materials in at least 28 features, despite
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Fig. 1: Proposed risk assessment framework for activities involving nanomaterials (Dashed line means that these groups/factors can
exist or not exist.)

having the same chemical composition. Another
limitation of these methods is their reliance on
subjective judgment. Another issue with some of
these methods (CB Nanotool and IN Nanotool)
is that, because they have a “unknown” option,
high scoring and, ultimately, a high risk level
are determined based on a lack of knowledge
about the nanomaterials under investigation,
which might not be entirely accurate. Therefore,
a more thorough framework for risk assessment
of activities involving nanomaterials needs to be
proposed, based on what was stated.

The proposed framework has two main axes
(figure 1):

The first axis, the Severity/Hazard: This
axis specifies the potential danger (hazard)
that exposure to nanomaterials may cause. The
determination/estimation of the hazard caused by
exposure to nanomaterials will be based mostly
on the properties of the nanomaterial itself, as well
as the proven effects and existing toxicological
information about the nanomaterial. To identify
these characteristics, according to CB-based
methods, it is recommended to consult safety data
sheets (SDSs) and other relevant sources. In the
absence of such data, the characteristics of parent
materials and similar substances can be used as a
reference. Alternatively, expert judgment may be

[ DOW!

applied when other sources of information are not
available. It is also advised to use appropriate tools
for characterization of nanomaterials to ascertain
these properties (the semi-quantitative methods).
The main challenge of this axis is to determine the
appropriate method (and/or device) to determine
these characteristics.

This section also addresses the interaction
between nanomaterials and living tissues,
known as bio-nano interaction. To investigate
these interactions, a range of laboratory assays
is employed, including viability essays to assess
cellular health, oxidative stress tests to measure
reactive oxygen species production, and disease-
specific assays to evaluate potential pathological
effects, among others. These methodologies provide
critical insights into the biological impacts of
nanomaterials, facilitating a deeper understanding
of their safety and functionality in biomedical
applications.

The second axis, Probability/Exposure: This
axis seeks to describe the possibility and how
to encounter nanomaterials during activity.
Determining this axis will be possible by describing
the work environment and task under review and
other factors. Characteristics of the task (activity),
such as the repetition of the task, the duration of
each task, the amount of nanomaterial used are
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examined as follows.

Characteristics and features of the work
environment—including existing control measures,
management plans, and the availability and use of
personal protective equipment (PPE)— will also
be examined. This involves a detailed assessment
of the workplace controls, focusing particularly
on engineering controls such as general and local
exhaust ventilation systems, glove boxes, safety
cabinets, and other containment devices, alongside
administrative controls and PPE usage.

By finding out the effective factors and groups
in each of the axes, the output resulting from
the combination of the “Severity/Hazard” and
“Probability/Exposure” will be the Risk Level of the
activity (Figure 1).

4. CONCLUSIONS

Considering the existing quantitative and
qualitative methods for assessing the risks
associated with activities involving nanomaterials,
a comprehensive approach to risk assessment
necessitates identifying all relevant parameters and
concepts. Equally important is understanding their
interrelationships and organizing these parameters
into a structured framework. Developing such
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a framework represents a crucial step toward
achieving more complete and robust methodologies
for evaluating the risks linked to nanomaterials.
This approach not only enhances the accuracy of
risk assessments but also supports the development
of standardized practices in managing the potential
hazards of nanomaterial-related activities. A
significant limitation in developing such methods
is the challenge of accessing all factors involved in
risk assessment and understanding the complex
relationships between them. However, this obstacle
can be substantially mitigated by employing
approaches such as developing ontologies and
creating minimum data sets, which provide
structured frameworks and essential baseline
information for more comprehensive analysis.

5. ETHICAL CODE

This research was approved by Tehran University
of Medical Sciences (ethics code: IR.TUMS.SPH.
REC.1403.228).

6. FUNDING

This work was supported by the Tehran
University of Medical Sciences under Grant
number 76112

355



https://jhsw.tums.ac.ir/article-1-7162-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-19 ]

WY A-POP Oiladwn |16 1€ Bl /P s)laids /10 sla )5 iawl g Cuibslsgy asliling

S Cudlad blngs Sy (0551 S @ gy A Sl 9 K S92
SO Julox S 28190930 b bai o

972 340 I M G lanS i 58 a7 o)l aelownl 7T g palb G (plne SIS (g p0e b e
bl o 53

Ol ol Old (S pale oStils ciiilags 0aSiails S el g (gl 4y Cudlagy (qwdige 095"
S O w0l (S5 e AL olusmls ol Sl 35,
Ol el s eoylpl (S pole olXiils codlws o o 0aSip g «aodls slail § Ly o Glidss 35
Olpl el lpl (S pale olfails S Sles, @bl 5 g e 0aSiils «dw SleMol o e 05,5
ol Ol (S5 sl oS ( Sty Sy ML 5 eSS Sl adhs 5 ognan ish sy 4t
Ol
I ol oo YL ASY Y g5 )1 IS 5y Embry-Riddle (55,5ilga pgle olXiils ¢(6,5lgn 0uSiils ¢ syl ol 09,5”
(5 ol oamie VLI APY Y g ,l «olSw o Embry-Riddle s ,9ilg pole olSiils «(RSI) (ygus pl ) oo dnnsa”

dagd (S pole oAl wns Lo g (blag ple caSamgh IS g dae yol (b Jelge J S liddos 35,60
Ol el o s
Sl el o i dupls (S pale olSails  asly Culblagy saslails?

VE- Y oy g b DE PNV sl g b

oxin =

e o |y GLS IS wlse ol yeeds ¢ Sixio g sole calizie gl i 40 Slaeagil gl 18 (gleo 13 )15 o yule tdondie
Sdo 0 ladse ¢l 5 Slgegil sgu Il il Cony ol 7 ikae b e e sl ools 13 Sl bl 5l savas s
DMJLfJéd.gd.xJUa.ad‘“:&.‘.Mbﬁ‘)lb‘yw‘j‘ébwdb&ﬁ)&hj)‘d‘ﬁ‘)&b&g)UASJ.AT)Q
Lol oo gy iz Ay Glp (IS 9zl

Sy 2l sl o9z e G by, sy 9k oo b oS ol (ol ko addllas S 0l 1 (095
Ll b by ol g (6l ealopdlol gzl G sl Colgyd 5 0lsegil b b e il glo e led
oMC)La‘ ‘55})5 APS QT Ao 9 CJ}S Ll C‘JZ"M“ 9 ..)Pj,o lebéji’ﬂ) R LA ulf;b..w.iy w‘ 4.4..9;
oo 57 sloiy Slaagil b 1550 Lad sbe el Sy, Sbs,l ln 1

shs liee Jgl jemre ol €agaloo] Sl g € las /i gt 90 e o glpidoy gl il Al
9 m)LoB.:L; \)5.> ‘SM:L...:M 9 Lb(;)-’j ..\.».S‘SA uamuc ‘Q}m &l}g“ S| ug.o.n &‘5—05.&; L; 4.@?‘}40 )J‘ 5 aS |) 6‘05.&“4
Slgagil b agzlgs 090 5 Jloiol chnogs 4y 295 j9700 aiiants 95t 0l (6l )5S (2 yoges dilino Slge g g S5 by
A jee ol (Gl 951 oy 5 IS L0 IS Jaazea g odled w8l gl Fhg 050 co codlad o
Sy st el el s olas aina; 5o gly3 (slo Cualad pae g 5 (IS Ml 355 15 S Ao
6,90 59 9 ol sl o L ¢ Koo — 5655 s L= 0lagil (gl 1 (gl 48,0 cudilags st (g,) (so5
oo s (Fhg & » 9925 LControl Banding ales 3l ¢ caSdes 5 525 (50,0, sl 05,5 aloxil LB,
o ol cnl goga> b Wiy soleiing szl (sHie Gh9) Sy (00 B il 48,5 )18 00590 Sl
&Sy

Wk Caz Lo o by, drwsd Wpogil « Sy 5/ 353N OIS =

fgolbabaei@tums.ac.ir :a.3Ke Jgius odin g Sy Sl oy


https://jhsw.tums.ac.ir/article-1-7162-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-19 ]

- Ghiblagy Gmy) (W) Iy @ols (iy) aawys s (1S ()l

oolaiwl 8,90 5 0aus olgaiey dlaesil b 15 )0 slaccJlss
S paypamio sla Fho a arg b Ll.(1) Wl s 5 )18
Jolss b alasly jo a5 Jlgl 3 slaceahdons ¢ olgegil
Lse o la ol L8, 55 g iew; sbow b oolge oyl
Wlgy &5 el gy e w)ls 3929 ) sle
o &y Cawd &y 3lge ol (ol S 51 (JolS 25
Sy Jol o8 asy (oo Hhas ay el oaid slpioy waay
ol g9,z Sl 5 olaiion (g iz 4 )
Qi bl a5 oe L aes JLSCad 1) g, 00glli aS
A (50,8 Sk JLis 4 g 95750 slo sy s 9
e drwg JWio @ adlhe cpl 1 ol byl s

SLIETP)
b oS e oliml Lo adllae Sy ol
Celled Sy 2l slo iy B g oy sk
Cozlr S ol Caldys 5 lsegli b e e sla
Lol 2385 almil b By, (nl drwgs sl p cadpdlal
OB da (o9, (nl (owyp 9 lolid sl @
sl sloygige g ools by oGl o gt plxl
Google 5 Scopus PubMed alox> 3l ( cale (sooxines
U Sy ol sl o3ls0nlS 5l eolizil Ly Schoolar
Opretee ¢ Seany Cupde’ g sl olgagil
lols 1) b cdled -l Sy Sbsyl 0 o S,
b o9y swon 3 @bolid p aslllas cpl 35505 08,8
Sl g 2V glgil (g 2 g Rises slo S5 & 5 0
Sy o3l 285 D90 (calin JSE 4 le plulis ()
e ol VooV Lo sloal i g cnl sl
Control Banding , gue sy b3l (s, ondsl
al> oy 0l s Yo VF Jlo LG B (0lgegil (ol y
il s ,Sus) sl sbewl 5 WYlie (5 sl oy
slo ol le (S5 o)S (1055 1) olegil S,
o bt Sy 5 L o T canslis el sl
o LS L ales 5o 0,8 8IS Slgesil L dasi e
) ol hosd oozl O s bl pols )18

POV

dovdo =
©69lge adei 4y (5,5L3gik drngi 5l ladns b
Cowl 00 Pl 0)45 @Lo.o...u 9 ‘;4),.3 uL...os..aD' L|
)’| 5@.'_...0 9 Golc LSL“°}9:" L 6|oo),'l.u5 LsLa:o).g)lS as
YIS (Sl oSy 2SI il wdige 5o alex
(ganeid g Sleys Blaal jshaie 4y Soj )0 aizmes
olsasil s sligl jsls b oo Lk 3 L()) Wl
g o By by agi b olStsle] b mylio o a5
Qé).bc B |) w).‘apm 9 ulfd....fd),.a.n ‘QL;S)IS
(V) &lesls S8 0l &l )8 Slblon 51 casas Jud
A 0l owdige dlgegil a5 wils o lid Oladod
(6,5 Glo Lo 4 3955 Jl> j0 55685 sla IS
I il ol 5Ses (o) sle Lame o olgagls
o T bbb g by cddgs > 4 45 sl sl
yslisli 055 LS IS oS sl () wmbl o sl
ol 45 0ad e olge ol Izl allasl Il L
Ew |) .519.49.3[3 LS)lS 6L® .La.:u 9 [ oli.i;_ll.aﬂ 6‘9‘“ as
sl cdled gladslon wins o Jll cans )y Lo
ol ‘6)9L.39.|L: » @.»...A UYQM 9 0‘9.@94[; la .Ia.uj.c
(V) s G e @ olge (pl 0458 sl ol
0j9> 5 Sy Zupde pil b olo azsl el
tS’LQ U"’5) iy JJA.J).» S0 uLa.a.‘;m s ) Ja‘m 9
(A) o Al
Go Sy, lulp goanie slo s, eSU
Sl Sy 2Ll lr eTae g (S (oS

1. Structural Engineering

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


https://jhsw.tums.ac.ir/article-1-7162-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-19 ]

39 (S Slge s o) (6 ol ke 4y g S
Jolss s jls a5 g0l mlaws cde @y g wile (oo Blas 190
P ol a5eaues oo plosl Bl bl b b (g i
B3y Loges a5 SIb aliond Slge IS ¢ oo
59 ol (Gl AbgS g 0aiSTy wgd o aid,S LAy
Sglaie (L8, aazgi L .(VF) Cannd Jlo,95 0 25195
3 e 5 lae slep o Blgegil ALl Las o
sl chle plg i de ol 5l (sl diges ISl & y50
S5 a8 il (g pauall saisled 1) ool (6518 diged

A5 e S ol e

B azlge jlme sga> -

ail,d SO el (TLV) jlre aibin] s> G ol
5 Hlaasn Ol cele Oladon gl aS ol aul>
Slge b agzlge cyaul g0 oloul gl 1) (Jae lla>ds
o pledl G5 e jo (S8 Jelge 5l  olonds
wild ol 0 ol o ege a5 S gt wls oS
Jole o)lps oadpiiine oo slo Bl j500 5 (o)
cuolage wile alizee ole slo ail, yo lais ee
ColaS s @ e die) ol 0 Oldllas wlgegl b bLs )|
e A.L.u.:y 9 Ogdome Q)‘}o 3O = JA 9 o OM)J
OA) 9l

5ol e -
@ OlF oo i ol @ bgrye slo iy K00

o5 55 o3l (sl canlie ' ol glozl pas
s 0SS alize Sldlas 0,5 o,Lil olgegil
Egoma,yd il alils Olgegil b agzlge 40,5 oS o
e e e s B35 5 6 o3l JLs o
plas Lo, .(V9) Wil oogy s clale 5 goue cdale

1. Metric

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

ohBan g BSa3ASH (s)ac blydw

olowl (gl Wil oo a5 win I slpiey jekaie ol (6l
055 1,8 eolaiul 0550 oz S, b3, la by,

o aisl, =
S IEITS)

azlye b3l slp sl @ lblage (e g,
S o3l 3l sl Ele IS Lame y0 yae lge |
dlie w9 515 (iS40 )y 0lge ol iale
oS Wlge ol (TLV) jlre agzlae dga> b polae oy
Aol () 1) il o 48l,) peine sla oylojles alonsgy
3kl slo gy () 4 sl Lo ol 4y by, Cpni
(V5o 35z olse T (sl s)lop aiged glozlsysn s
6 phaai] odimd i oah (5l diged (gla il
GLTLV (¥ S o mis ol 0 515 o5 sten
Sl eslie 5T sl (g, (F eaiies (asiis calie
slie S5 (O w5 575 agle mlas i
M (g yesd )3 5 35l 35205 5T 5 (555 o3l sl
Sl sl el aiilys o S ol agzlos ol (8
olaad (VY )Y aiis astie j digd ogllaels
9 4zlge (b)) golinl (551 (398 Lulpd 5l plas ;2
59050 (o oml 1 OF bl a8 5 plowil Sy 25
Sty i) el gline  oaolgiing S cloladl
2 091 e 639 iz 0 (o0 Iy 25 3 )
3929 Slgagil b 15,0 slo Cudlad S, (23| dins
OV V) ok

SIS paigel -
3575 Slsasil 5 IUT 5 (5l wiged sl slozlsyse
sle g, heolaiul b ¢ Gllllas o az STV ) o,
ol sstleond Sl SIGT 5 (5l aiged (sl Jgare
Slge Hld, b lan y0 olgegil [l .canl ouls slxl IS
gl 5l oab aS oyl g0y slacgles SUL o leonds
T oo 5 Seind ool 5 o5 s sl
@ (LS5 s o3lasl cde 4 dlge pl (V0) cul

WOA


https://jhsw.tums.ac.ir/article-1-7162-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-19 ]

- Ghiblagy Gmy) (W) Iy @ols (iy) aawys s (1S ()l

Lol 00,5 aulone |y qwain mhaus (s g0 &l)d o5l
b azsls asle gl odzmn 5 plaiel sl tole slp
S97y ewiip ghe 38 arubre Il daangl
b ads LJ A s pylro pizmen (VO) o)l
Bl zohw b o9l 48,5 a0 b &350 S
el g b Sass Ll (V7)) wiyle pds 50 S5l
clale wily co el e Dygo 4 a5 W)l de>g
o wdale (6,8 ol oS Al |, Dl S e
cble & ol bas e g OL3 gooe clale Ly
IS (S ol s 9 JSb 4 azxgi L) (o
Slr @b S5 eizen (V) Sl b S5 0
b Jgus 1 "l s ol s 5 o3l
b oo 3szg (Fuchs mhavw coluw 4 (g a0)
S 0,5 (guai g Corlin S| 8 e @ U
(5 3 s JsSye s 53) sl sl pedime oo
S (o8 iy pa5 Cal (g yws BB SLLISE )3 09250
0l Cyeitd &3 e cdale e S a4 (VA YVA)
il el oo )5l 093 ) i azgi Ty, o
Dy b S ) el (o 5 S 3 alie
Cywy 2 g Cd b b e wlide S lsie @
G S odipy slis LDSA clale g, yo old s
wo) Ol a4y p0 a5 Cl Splea (e il
(Vo) asS o
w95 5 Ol g cdale ol (e (69)l50 5o
Olaize (F el (gl Bl Slgagill S Gl ]
Sl @ ©lgegl b (oniiS aglge ;0 2B (0 a5
0l Cyeiid 43 D)3 Slass o daw g 0y o clale
S 4 asl 1) e olfiws calize sl Cond (o
o5 I L (5 (Fhad olids cal oy o
IS a4 Yaore (goae cdale (V) ol anils slgegsls
Slims 090 oo 5138 lep e axlg jo 0,0 Slaws
Oldgl gove cdale (5,5 o3l gl olaiwls e

Lo 5 009 5 yiws 0 K0 whde g0 4 S

6. Active surface area
7. Lung-deposited surface area (LDSA) concentration

wo9

Chle ol do Jows gl b agalee slas, i
asle wiyls gz i olalaul Al e Y o>
ol Tgoae clale olul ol o lasbiwl a8 el
S ) e chl lab e cilagy raasie
ol 5o g UL g ()lop iges 1) rasms
ol oo 03y Ak el Tl gan TS (s,
o)bgd b 09l s 03ls e I sl esdll (loa diges
dgo joue 5lam g b3 ¢ 2ld (59 DS 0050 0 3
5 ke Jbe sl I a2ty 52 oy slaasly sl (So L
(70 098 (o0 )15 (oS yie
clale aS Wlossde cpl p laase 31 gl
Slaagil b agzlse ol sln cslio qwlbiio o0y
2l old ol e aS cole Jdo ol 4 st
a4 ogh oo el b ol p> gl (V) cul
5 le ol pz 65 o3l sl 55 BB Dl
aile calizre LYo 4y )lge (6 ks ;0 g il asils

ot Sl (SrilSS sl hnd 5 VWL azie
OF op (1T 9)la 392y (Slimad iz &
1ok 45T a8 (oo (LiS Slgagili Caon 4 gy
L 1y Slagib b aglse 51 o3 osllask Sl (liions
A 1Y) asl e b e b o] mavw coluwe
S ol @y T e clale a5 el bt
v Colue wloly @gzlee b a3ls 5 0ads
wr Glpas e (V) wgd ol lgegls
ot ol K s e ool gl o
Wlgy a5 9l 3529 )10l e (35T ee Il e
SCCCRIUUPS S UG IS VIR C7- S GNP S1 P DOV oS
e 0yd S (b ) gl e (S b o
sl bsle (gl asT = ol 13 slool 51 sl alls jo 5900
Ol o Ll oS Lt wile) Slgagil plaie cwuin
091 03 «Dl,S o3Il g5 (RS o3l L) (e 4

03gazte ;o alésl e g DS maw Colun b e

1. Mass Concentration

2. Number Concentration

3. Straightforward

4. Surface area concentration
5. Geometric surface area
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1. Condensation Particle Counters (CPCs)
2. Scanning Mobility Particle Sizer (SMPS)
3. Fast-Mobility Particle Sizer (FMPS)
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