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Abstract

Background and Aim: With the increase in the use of nanomaterials, there is a greater risk of exposure to harmful substances in occupational
settings, especially in those with limited information on the impact on human health. As a result, the assessment of risks associated with these
materials is often challenging, as traditional methods are not sufficient. The development and implementation of tools for classifying risk levels can
be seen as an essential step in protecting the well-being of individuals engaged in work related to nanomaterials. Among the various approaches,
Control Banding (CB) classification emerges as an effective and practicable qualitative technique for evaluating the potential health hazards linked
to engineered nanomaterials. The primary objective of this study revolves around employing the Control Banding approach to evaluate and mitigate
occupational risks stemming from the manipulation of nanomaterials.

Methods: The resources were examined in order to identify the factors that impact health hazards in workplaces that handle nanomaterials. This
examination considered the potential risks associated with nanomaterials found in the Web of Science and Scopus databases, as well as citations
from authoritative sources such as the World Health Organization (WHO) and the International Organization for Standardization (ISO). After
conducting a thorough analysis of the available literature, the hazards associated with chemical substances and exposure methods when working
with nanomaterials were identified. This analysis further resulted in the determination of the risk and exposure score using the CB approach.
Furthermore, an investigation was conducted on control measures related to the identified level of risk.

Results: The categorization of risk scores, determined by the approach of classifying control measures, yielded five distinct categories. These
categories, ranging from HB1 as the lowest to HB5 as the highest level of risk, were established based on information pertaining to indicators such
as acute toxicity, sensitization, stimulation, and organ damage. Similarly, the categorization of exposure scores, determined by the approach of
classifying control measures, resulted in four distinct categories. These categories, ranging from EBL1 as the lowest to EB4 as the highest level of
exposure, were derived from information concerning the manufacturing methods and release power of various types of nanomaterials, taking into
account the probability of exposure. Subsequently, by merging the categories corresponding to the risk score and exposure, the risk level was
determined across five categories, with R1 representing the lowest and R5 representing the highest level of risk. In accordance with the classification
approach, control measures were proposed based on each level of occupational risk when working with nanomaterials.

Conclusion: The nanomaterials risk management tool based on the approach of CB is an easy and qualitative method to evaluate and make
decisions in order to reduce the risk of handing nanomaterials. In this approach, it is easy to achieve risk assessment results by identifying the
inherent risks of a substance and predicting the probability of exposure. Using such tools in work environments can help professionals identify and
remove obstacles and provide the possibility to communicate with managers.

Keywords: Engineered Nanomaterials, Risk Management, Tool, Control Banding.

Please cite this article as:
Naziri S.H, Pouyakian M, Sadegh Hassani S, Farhang Dehghan S. Providing a risk management tool for handling with nanomaterials based on
Control Banding approach. Irtiga Imini Pishgiri Masdumiyat.2023;11(3):206-218. https://doi.org/10.22037/iipm.v11i3.44325

Corresponding Author: somayeh.farhang@sbmu.ac.ir

z=I'his work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-3446-7023
https://orcid.org/0000-0002-6607-6396
https://journals.sbmu.ac.ir/spip
https://www.sbmu.ac.ir/
https://journals.sbmu.ac.ir/spip

Si iy pale slBlils

e s

Salety Promotiss & injury Frevention Kesearch Ceater

Journals.sbmu.ac.ir/spip YoF-YIA & o)lod N Voygn N F-Y Lo

SIS Slaladl gasganns 8,59, 5 (e lgegil b IS Sy Cy e 5l &1
LI ins (S b duos s §0lo disoo o (LSlg  shlaco I gl s s

Olpl el e i S Sy ‘A5lr- ol8isls ) o g @...u‘é.efv fa,lc 0uSi g% 5 g e )5T ok Jeles J S alaizs 55,0 -F

VEYT YT R g VESYN) SN Yl s f b

oJ.:S.?

oo 4l oo Uil 3, 557 sl casdls (sl o T 51 Lol leMol a8 St olge b id (sla s ;5 dgalse Sy colyogili (slao )5 52 L 1dd g ddislus
Sl anwg Sias )y o ganail 4l p oS ol il 1)l s S sslazal ool sl Jyore slasig, 5l Olsiens g oad axlge JSin \15"-"“ Slge cpl Sy (2b3,) (Jdo
bl i) il Ll b 5 (il oS gy s (CB) 58 ol suais 3,545, gl wlaay slgagili b 15 o o3l coadls Laim sl 1 sage o5 Wlgi oo
5ialS g o pae jshatedy Ol blbre byl glp S Dlladl sanaies 8 S5, 65,5 Baal Lol ddlas oy, o0 jled 4y ool aB L Slaegili b baspe oDl 0gilly
s plol olgagil U LIS 51 S5 Jas S

ools ool o 4l olgagil osilly Slblie (25,5 12 s L wlgosil b IS (slalasme 1o (iligs Sy 2 5o sloailze slolis Bunly s mlie symins L5 e,
Slge lblbre ololid (gie oy 5l o b ploil (ISO) o lasli) Mleys olosle 3 WHO) Slear cuilags olojle pli 221, 5 SCOpUs Web of Science
Ly JysS Slladl caslsl jo rizren auelonl (S Sleladl gossanns 8 S0g, (wlol 5 agalse g o bbre jhoiel usd 4 0lgegil b 15 a8l a4y agalse slo iy, 5 (oloonds
AW =3 ‘OM‘S’LJLMAJ s_im;) Gla..»la

saaids ol asalosl o bles mhaw cp YL Glsie 4 HB5 G oy 5l olate 4 HB1 atis 0 a0 J 58 Slaladl gomains 5,55, sl 0 bl (awd) Ll :boasly
555055 Sliss » aazlse (i) Sltal rizman el sy oy lapll & ol 5 (05 S e (@il Ol Coon ozmen olbaasli b alyl, jo SOl ulul
Oly 5 ool slagis, b ablaly yo Sl ol ganaiel (el agzlse s 03V Glsie 4 BB L 0 cmly Oyt 4 EBL anss ¥ 4y (J,08 ol g
s ¢ J 7S SlolaBl ganains 5,5, (bl agzlse g o blie Lol b Hblie glaaiws pléol 51 Guy a] Cosdy agzlse g8y Jloim! 4 az g5 b olgesil calizee glgil jLics]
i o Jas S 5 o o b casliie (J S Sleladl (ganains 5,55, glie el vty Sy b 0 5V lgie 4 RE B 0 268 lgie 4 R1 as 0 4 S
A olgidoy 0lgesil b 5

Slod 4 3lsogili b IS Sy (1lS Sz 50 (6 S el 5 )l sl A5 Ol (g, 1 IS SLaladl gt 9,505, slive g olsagili Sy S ko yf5 106 S Az
lo)lpl iz 65,5 bty Sy b)) @S @ 0T b agzlse oo ity 5 oole Ko (18 bl plulis Goyb 1 ol oo (Soletr 5505, ool 50 09,50
iles @l st b L3 65l olSel 5 05505 oS alye 23y 5 slolid 1o Slaascs 4 wilgi o LS sladare )

IS Slolid] (eisdiiws ] £ Kusyy Co ko foll csigeo Vgogiliz 53, IS 5y

2028 Lzl 5 yguo 4y e cpl 4y
Naziri S.H, Pouyakian M, Sadegh Hassani S, Farhang Dehghan S. Providing a risk management tool for handling with nanomaterials
based on Control Banding approach. Irtiga Imini Pishgiri Masdumiyat.2023;11(3):206-218. https://doi.org/10.22037/iipm.v11i3.44325

somayeh.farhang@sbmu.ac.ir :lslSe Jatue soiuygi™

207 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-3446-7023
https://orcid.org/0000-0002-6607-6396
https://journals.sbmu.ac.ir/spip
https://journals.sbmu.ac.ir/spip
https://www.sbmu.ac.ir/

O g (6 puda e S

wlgegil b S Sy S e LIl 81

O i Fad ladasrs (VYA T) ol oo sgame jlows aio) opl
S979 4 bl (ln ondcwaige Slgagili L 1) arzlse Jloxo|
Slgagil oy s prbas o ol o5lusl 2alS L.V DY) 05,41 o
(S s Sy o o Clie Cod (S0 cojlail Ll oo 2058l
OFF) 8,138 oo il olgagil Corons (S8l L g o>
&g« b Wlgioo g b ey liinl G5l 5l olgagil o9
L el (Sae calisrs glgil 00,5 ol oy J5 1o 50 g gilio o
Gl 5l g W 55 9B 8955 e 5 by 3l (oS Sloo
g AelS WS i alex Sl Glite Bua slaplul 4 )b
sl i b o Ll 5 Sl slaplail daalls o8 o o
4 319053l Coroms (1Y) W9d @595 39,0 lao)lpes 5 o5 slacdl
(@holb r > 5 Sl ( SnS 55535 S g 31 IS
OANA) 35l oo Slas a1, Ll coodls

3 olgegil aley 5 et Jlaiol wlgagil b1 gladame o
5 Sz )5ed I e Gl leellins g laysisT,
Obse )3 s yslaaz loyld )5 5mad 0l 02y Dlakad (908
(G (JBsJox (5235 (Sl csd Al 5 alrals
I b aezlge sbml o 9l DY gazs (les 2510 g (S5lwe 3
Sooz Gl Bl L nlpli (M) 398 oo b3l 0l 5 (1)1 (sl 0 Slge
Sty St ppore s Slge ol Slble 5 yae o a5 SIS
WS oo oy Connl (glad > clilagy sBaus 3l Blgegil Ol bl
el 4 b oS Sy )l eledlol lads s 4 (V)
pas L (VYY) el ool ploxil olgegil (55, 5 dgamme &g
Occupational )  Les ag>lge jlre aliw] sga> ol
Sy 23! 50 lsesil 5l 5yl s, (EXposure Limits:OEL
Colle Pl o wb gzlye S5 clie sl (et g
OO dgiome Clle 4y izres 35 dngd Slgegill Say; S e
Sz 6o lailinl Gl wlgegil 0je o cwlidipm sbrosls
(YY) 9,05 092 Wosls ol o i 5 b3

pas g ewlidpuw oools Cusgaze 4 axgi b ol> Jl> o
SrSolul a4 380 jeb 4y il ol aS slaolliws 4y g iws
b S slabs, 51l 4 wsjls s olgagil b aglse (o5
b gzl ol g, (V) seboe esliin] Sy,
S b, =9 4 (Occupational exposure banding:OEB)

208 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

dodlo

btz ] ladiz 59 00 HWl g 039 Sty b 50 9 5 59l8
Slge a5 jshailen 05, 8 53U Cod ez ol o Saio g
5 OS5 (BasSods b oogs &l ol IS Lo o Loyl
Slge ol 51 Creal 55k 4y ALl oo &S Wsd elae (EALS S pan
(V) asS sola

Seg iS¢ qmbline « Sg iSIl mlio jo pol> Jl> (o slgegils
o oliil 531 5 (otal)] gyl (S ( (S St w555
393>, ¢l (5,5l Jled ol,8l slass Yoo A Jlo 40 (O-T) Kgds
Vove Jlojo Cames ol uizmad (O F) 00,5 0,91 Fee,ees
lgegil (Sl 5L (VA) o 08 (padd 185 yguae & 350 Lis o
SETL (1) 0 00) a5 Y0 o)Lle VVE o8, YoV Jlu o
4 WY LYY Ll el bolliss Slaciay ¢ cudled
Sskd dnwgi gy Jb,y o,lkle B0+ Sl i aVLs lagie )5l
Oyl Sdgo CiS lgs co gaeme jo . Canl @il plaisl ) o ol
Az 5 dngs & azgy oy 3len B0l iy (55T
Ol aals 18 pl VoYY Jlo slailpia 4 azgs b aS” ol ool
Jled goaiSader oS L YO )0 eSL ol 0 .(V0) 3g0 ales
S92y hlide slacs yglid g ladose Cuans ;0 ol (6 55l8 (G092 50
Codlow Cordg 43 (S, 5 4295 Coadl (a0 (pl (V) 3518
asls )lS 9 .)19.05.’[.: L: )9.“.5 J}‘é B oW u.io.n as ‘) L;'>|)5‘
O AN s oo plass g0 il

Engineered )  ocoasls L

0 gmdige lgegili
(Nanomaterials:ENM/Manufactured Nanomaterials:MNM
oy s Olgegill B> 5 (FAY) Wigd o adei Ll s &
al)l Gaa b cadaisle olgegl ( cxio ol o Solas
A HKa o3Il g U Ll 5l Baes g oad ass ol o Sles
L agrlye Jozol 15 ol s pisaons Sloogas Juds 4.(1Y)
Nano-objects and their ) la;)l slaasgls 5 gl «ol,34il
s>y BB ol 4 (@gglomerates and aggregates:NOAAs
b he Colas « SzsS L ojlal s 4yl oo SR8
Saro (10 Slgogil oy (rbaw 8 Shoe 5 (oliond oals (JS2
53 Sldbl wyaz cadaizl Slsegil 5l (g ke sl 5 S 058l



https://creativecommons.org/licenses/by-nc/4.0/

\f’YJL..: ‘\ﬂo)w ‘\\o)jo

s S0 a5, Blgsed o)lgan jeal o blixs olge Sy 23
S Sloladl gumanns 0,54, 5l (8,5 ey olgegil sl |,
Oleie 4 5,50s, opl 0ed e eolazwl (Control Banding:CB)
e Slgagili b I8 Sy Copde o Ll LB 5 Lol
L, L oolanl pSn 4 &l bl G:alfi chw Gliel el

(Y‘“Y) .)5.«.4‘50 0‘9.094[4
g il Sledbl 51 (CB) (J s leladl gunaiws o, 4o
a_im.s)éla.wwd‘).s(\ %)oob@w#ﬂuuaw5
ol P s 09l e ookl (Y SS) Shas S Cole ald
c g londs lge jlxe Pyt | 393> g (6 S o3Il G‘S sosls s> 4
3lgagil b LIS slalass ;o Sy b))l sl 25 Sledlbl

g o o3l

&5l ygrazo

i o s

Spse sla] S

©o5 sl s

(00 (i (J S Slolodl) Sy 1S Sl jaaledes ¥ S
PEEY

b gl ;o Sy Co poe il s jslatedy ol axdlas
bl Bual gt 00,8 bl wad oo I Slgegil b as
b lyosili b IS sladame 5 (2ilage Sy 2 jipe sloaidye
S SlaolSil o il slyosil ogilly Sl bliue (23,5 1405
s 2>l 5 Scopus PubMed Web of Science asle ools
Organisation of ) soladl 5,Sen g arws ylojle NIOSH

l51 (Economic Co-operation and Development:OECD

209 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

oo ez 4 pulidpm slaosls has &b 5l Sy (2bj)
aSb g walyzs OEL 5551 OEB as' 5 57 ylis ,bls by a!
e 0lsegil b agzlae JiuS 6l Sy o pae la)lnl e
(Y0) 59,0

(Judow a4 cleds g Sllus mals bl o Sy, Copie
Sl kit Jals 5 S e Shbie A 5 i
S DLl gl S meal 5 Sy Sl ez lee 25
Sl il piac Jo3RB Gl 5l 518 S o 51095 o
Sy 2alS Jsd b g b 1y Sy, IS laladl S 4y
5 Caxdg I a5 Sldbl adsgl wal 0B Wb lpoe
R B T O R K R O VT L WNRPRE
(YF) oS glo 05 slacbel jlael 3l 5 anles

S ol s e i e )28 Slaladl ) el
5 O gl p (Sl &5 () JS2) Wgd oo Sl s
S8 plaastie 4 S, S8 siledae ol ol 4
oo )0 S Jos (F o Olialeg ySreal ;o U oS o
Omaazio H 4 5l (S eal b Cunlae S o)l S
grenlsl 2l 859 lay] 0550 j0 (o5 b 5uBs Sledlbl a5 o)l

(YVYE) 098 o o (b5 9 (o8 paé O ygots Cpmanaseie Ol i

B asle ZoleMlsl

A g Sl 4

< \.‘7]-"’"-( SLlAd s

h 4

Sy i Sles s S

(FATA) 8 loladl gaaions 0,555, ) S
Saa b olgegil b I slalae jo silagy oS, (o5
el plojlo Jsed B o 5l 5ol U S92 g0 St o 208
Sy Supde $o3,Sog; Cos® pyil egax 0 U o3pdiee
pae o 4y 0,5 )18 B0, S el LS o B Sl
il 3218 el Bl ol ol bloee 1 bl el lapabs
ple a aS bl 51V FAY) sl 5lgns olge ol Sias,



https://creativecommons.org/licenses/by-nc/4.0/

O g (6 puda e S

wlgegil b S Sy S e LIl 81

CBl S,y o O 4y agzlso g 0,bls (ganai s pléol ol )0
b ool e (S s (2 5020) CBO B (S, oo (2 5205)
P Sy (o5 byl 65N d9zae ST 5 Lo,
21989 sl lsegilb b1 sladarsme ;o il SloSiu ) (o) 2
Ol Slgagl L)l Sy 2l s plold sl )l Wl el
&8s 5 osliul ( plal> wdy sl 4 U sjle o el 31, oSl
S oleldl 5 6 pTolr oollacl slavaly 59y 5l Slsesil

ATYA) 05 a8 5 IS &0 Sy S poe 6l cmlio

laazily
OBy 098wl Gelul  ganmez 5 Gse s 3l Om
lolis Wl 2 Slaegll b LIS Sy pelans 4 45 oloailhe
Wlgi oo 9929 Syse ;0 (OEL) JLs apalse jloee sgu> aiuls
V Jsaz 50 ol @l a5 0l a1 S IS okl guanainds ol
GBu Oyge a) edlegil S L bl OEL 5l cals ja .ol &l
6 eS 03Il axly bl ,; (BuIK Materialy asl olo b (5,3 L 515
A 0018 s 0,blre 3l Aliws SO @

oble sumail o jlrxe sg00 slp i e 03l @ S
3oy 5o Slasein wlol 5 led oo wdls o iws )0 slgesil
0,5 S8 b (cond slaadlie aazgil 5 ool cwiige Slgesil
el s a5l i (5l ylene o T 4o oSl oy s
L oologil (gl (stwgy oo b (G5 S ¢ lioad s oo
e (YY) o el s dlga o,ble atws )] adgl solo
30,8 €Y sz o (HB) o blie sanaibs glaassly wos
olas 1y s e 0 YL HBs o (S HBy (gamails (l 5o
IRESYPI

E5 ool g agzlse saman b J oS Sleladl gunaiws b gillas
Cand &y 395 50 03liusl D55l (5,91, by ls wial § 0 a5 Lo,
5 Slyegil ol gla iy, elgil il j550 5 sy 3l oy o]
el Ay a0y guimadl wlul aS a5 &SIIY Jgus

210 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

(European Chemicals Agency:ECHA) L, olews olse
&ilws lastiwl Modlepo lojle «(WHO) Slez clilags lejle
SeSe o)l sooll 5 (SIRD ol 5l s lastial losle (1SO)
S 5 L SID) pKiils slpz sole S| 5 10 o (Magiran)
«Engineered/Manufactured nanomaterials» oL baoslgads
«Assessment tool» «Nanotoxicity» «Control Banding»
«Risk «Occupational exposure».«Health and safety risk»
«Multi-criteria  decision  making»  {management»
L )b sl olee 5 «Nanotechnology».«Workplace»
G ol o el i b les 5 S0
5 SYlie (ygte (o) p o pll «GOOgle scholar» 4 «Google»
Jlo b Oldllas (gl g5, Sl Cosgazms oy odds piiie sbiwl
L85 Dgo o) b eSSl Ly 4 Y YY

il b Bllae aglge g o)blie atws (Gye (o p 5l om
OB 5 095 lawgy J S Sleladl gasmanns 8 g, j0 0ol &l
Ca e 0555 5l Slaasiie Jols aalllas (pl )5 G5 15 05,5 0
i)l S5 slaghy, o wog Slgagil w5 i 5 Sea,
(s d pae Dy90 )3 (lard 00le > mhaw pMlel (61 (S
ookl ganaids g, 3l «l,ble s"f 5 580 Oledb|
Sl Kialod s ganail i Gl sla by, S50
ag>lge sl 090> ¢ (Globally Harmonized System: GHS)
&S Olladl gunains 0,505, b gillas (OEL) 04290 Lol
(ke dsio by (mizmen b oolitul o)ble (gunaiib
National Institute for) IS,l s calay § oo
waib sl (Occupational Safety and Health:NIOSH
25,50 )56 (OEB) i aglse g0

S Sleladl samaus 5,50y, lhae ag>lye aiws b sl
OB b o)l il oo aezlse o)l waz gl
5o banld olg g (SK5d clls wwale sl B ezmen Slaxde
Oy 4 dg>lae (gandads (xdly jo .ul ploeil Blgesili Legs 5 sl
Oah gaie dld 5o gole Lulpd Cou slgegil ad o plge
(VA) 331350 00 39290 Sla S (58,5 550

@le gedgal b jom ol (Sod il Gla IS8 4y Slsesil
L a5 conl mpe sl (S5 Ul g e 55912 L asle
b oo dgzlae £935 Jiz! Sl oologil col 0l 3 @ ax g5



https://creativecommons.org/licenses/by-nc/4.0/

VE-Y Lo Yo,lets ) Vo900 bcangian 5l (6K 9 ol W] aleo

(Y‘\) NIOSH 4....554 u.ul...u‘f O)Jol?m Awd 6‘;1 (OEL D929 Oy )b) ksl&») d.er‘>|5.,o )l?bo Sgd> LS"\"-’M A Js..\?

HB) ,5 gunaalb 34> g0 jlxe Sgu>
&S o3l axlg o,
HBS HB4 HB3 HB2 HB1 osbe (sl
2 PS5 9 S
N RS s 4 oslegil
SANRYEN VG e/ Ve YNV sl e CaSle yie )
oo 0,9
(aelwh)
RS Oghee yo i3 S8 4 oslegil
SANRYE VG e/ Ve YNV sl e Y
o+ (ppm) S
E) [T v et Jss adgl sobe
e s 5 adyl o
V528 Ao by Yoo by ’ o st v
fooo Voo 0,d
(aelwh)
(V) S leladl gamaiws 9,500, b glhas o ,blbre gaudid Y Jgus
(HB) o,blses goidils ailge
i 0>l &3,
HB5 HB4 HB3 HB2 HB1 il
sb; jasutials (B Ky = b Sglad e e \
dg) LI il 8,5 laenl 03 i3 S5, hdasis 0,3 JSib \
‘ & .
Ve b PRI SR S 7 - Jogil o3l o) Y
€.
Jaloali jasutials £ = JHE Pl Sglas Ol s el i
Shs ol wsb Yl asesal o s - Sy g Sleds ol 5
sl Yz paseiials 5yl - ol IS gl - 4
kel
il Yz PESWE 5l - s 5 Sglas (S Corane \é
sl Yz paseiials 5l - LS glad gy Caroms A
sl aog N Gy baslies | o,
g o oaliiul ure S5 b (s3lb anST a0l o olgegil cilo 6y Jide  (Ughows ol o) 5 (sond )

211 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

D9 oo JoSid 0,395k casle jo jgabge dalx Bue (59) » 55§ UL L Y
ot

3950 sled 4 SUL adgl slge 51 b whie b Slge 0dgs a8 podsyg e by, (Slwl) (Sl Slides ¥

g ploeil olgzds o3l jo Jlais g iy b iS o el | olge  oi5 > 0 (L) Sele ldos ¥

..b}..usa oolao! LS)lf )13 )b 0‘9.094[4 .A.Jﬁ.a st.b Lbuoj) U"‘ L.S)lf )13 )........: I

D950 H ol les jo alal b (5315 51 )0 olgegil odgs slp (b, ol bS5 4

0952 H 0lgegil adgi jo Bas olge 4y sied 08 1) o5y b L Sy ol \f

g oo oolaiul Iga 1o Glae OIS S 4 slgegil adgi (sl S ol g 2SI A

Bigye0 )50 ()5 p (e Slgagil adgh o B ol Cuigs sla s, o Bu cuigs A

o co o8l 1o yarly pgasas I gl olge Jslme ) GLIIs adgs (sl oS
EB1 atws cgonaib cnl 5o ol plsl a3 slizl a0 S BT alllae sl gzl ganailo F Jgaz Gllae Culdy
obad 1y ol Jlest b agzlge gl o ydon EBa 5 0 528 @ azg b (EB) agzlse atws ¥ ,0 (YOSY) ) Ken 5 SOL
AR oo 50 3,8l slass il d pan oolegil lade sladalie (-l aul,d

b 0obegil 5l oolainl oy g dgalge lads |1ST agalge o e

(EB) 442150 (sassai b dib | o ol Sbme | o,
EB1 Ve sl xS )
EB2 VOG- Y

ge S50l b agzlgo 4o ol,81 sloas
EB3 Lasutali ¥
EB4 VO 5 i ¥
EB1 Vel xS A
EB2 Yoo GV 2
ﬁ)f‘;wo ‘Sefm oole ooLo93L3 )|¢BA
EB3 ezl v
EB4 Voo ) ki A
EB1 olo ,o ,LY q
EB2 aan yo b)Y 4280 a>lge lass 1SS \-.
EB3 Lastinals "\

212 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

VE-Y Lo Yo,lets ) Vo900 bcangian 5l (6K 9 ol W] aleo

EB4 ailyg, 'Y

EB1 celw )l S VY

EB2 v Vf

EB3 Laseiol - A VO

EB4 Sl i Sty V&
L blie a5 ael sty cmd'5 ag>lge 610 ¥ Jgo b Gollas (¥ L5 sl o Sy o J S Olladl sonanins Gillae s
b basye Sy o b oo ¥ SS 50 Sy gunaib 9 S Olgie 4 i 5 4 CBS B CBL i el 0 4 olgagil b
o paly (Jlowsl Cdl> 48 g 06 asine 5 lame slacclad s ooy G EB g HB ol suanas s Sy mhas (g i
AVAF) 2l guspe 00l aslidy Sy, Lyl J a8 s oo LS Y S Sy maw 2550 j0 1) aplee g0,k

» ;LQA ébniiSb ¢ﬁ¥‘)B‘L§)?°¢$ ri&;n dﬂmhymdb9;wo
US5) il poalekes 1o Slgogil b 1S 4o S leladl gotsaiass

(YAYA)  J S pladl gonaiws O Jgox

S ag>lae gly J S pladl &S pladl as

st b (SlSa pagac 41503 CBL ws
S 092 ¢ 295L 352 ¢ JoISE g8 0 diSie D98 1 rDge Ay 945 CB2 aiws
oulas B ailas b aites 1955 (pgu8 090 il dugas SBUI 1) guame dyge5 CB3 aiws
s polie glraibel lo S ciws dx b 4 : LSl CB4 avwo
ua.a}d.ao)ﬁ.dmc\.g&x.?‘).ogdmlf}e(o CB5 at.s
CB1 EBL
CB2 EB2
CBI E53
CB2 EB4
CB1 EB1
CB1 EB2
B2 E53
CB3 EB4
CB2 EB1
CB3 EB2
B3 E53
CB4 EB4
CB3 EB1
CB4 EB2
cBa E53
CB5 EB4
CB4 EB1
CB5 EB2 HB5
CB5 EB3
CB5 EB4

(FATA) I8 IS loladl gamars 3,55, ooluly olgosili b IS Sy gelans (e ¥ S5

213 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

O g (6 puda e S

wlgegil b S Sy S e LIl 81

wd S S g sl S0 4 wlgi ge a5 wiages il)f ol
(FOXY) Sgi

oS e 0 o)LL (FFFY) 0l o Sad 5 pmcisSnnns] anlllas 4o
OB szl g Japend Sz ol ailo Slge gl Sy la)l
330 ol GRalS 5 b (olulid (bls)l 65085 S o poe
5 oolitul b ablgise Sy oyl S e S ool
) 99790 Sean; ¢ SleMbl slacs y5ld 5 (6 S peeal e Sla b,
Slm Gran il el (S b aiisn oo Sgup g 00,5 olulis
ool slooll s Slge ¢l a4 bogrpe slaesls asl)l 5 (5,910,
sl

g dawgi &5 Wb ede (FOFT) hlSes 5 (JoSosl uizren
Nlgl &5 Sy Co e calbs Glacgz,lr 5 blnl (g5luosly
wrsly ansls e 5l bl b b S eSS, 4
Sl Jomsiliy 9 0iS e | 095 slaais T8 g ¥ game o
arg bl s Gl L e 1) 0e3 gl 2,
il

Slgegili 0sally slasely bl 4 axei L Wb &l SKiny bladl
—pas g 35250 0 ,bloee DleMbl (23,5 Jlai 5 dlex 5l oslaiuwl 5550
O ygeo il n Ry Sloladl (YAXF) 00l colainl of jor slacoslad
e & (55978 Slgagils sl oslitul g adgs (sl el I slagsy,
3 55 o Wb aezlse 5l 6 Sty aalin izl g (95 09y
aSb L lass (o ol,8l ple g (LS, el g cublage l cble>
i 50 Slodes e Wlgo il S50 (AL (T
S slr a4 Wiy oo 380 (b all alils JI5 laize jo agzlge
(5) o5 S5 ool 5 Lo Lo 5 0y

sl prals lp 5o Jlows (g, SO (IS Heb w0 ol
ool Shladl by ol )5 e (o el g Clilage b o pe
Slaas sboge ils cwaige sloJus 5l colaiul daas] )
ROg0 00iSe 505 9 by g, Ol b (plealhdse lo iSiws
il 3929 yguamme (slad loslaiul Sl 457 50 j0 .(FF) ol
IN0595 3 (6 yidtes ol 1 Julsm b jLego 57 LSS Sl m ol
Slp (o5 0aiSe aile) a0 ooVl b, YW
wrlye 5 3blie plo 55 osgll o plgs 3 Ll 1 55l

(FY) 99500 ,I0 G5, (oS

214 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

Sloladl gunaiws 5,59, 65,54 5 olgegil Sbaasie sl
Cos o agili Voo 55) 09l S8>65 0,3 Sy Hlad a> & (YALXY)
Dy ddlg inn 0% (o Coluse ol38l s 4y olgegili 0gally
bls Jds a4 gladle b Bl ale 0lgegil 1 cols JSal gl y
i Gl L (Fmy Gl Sy (Sielom Wlge 5 VL Sed
SLIN S a5 0,3 ik ail yiios olel Cad jad> 2 04 dales>
28l y0 g i 5 Gl a0 ()T (Joke laiiSen s 5 005
» ).uL Ls o)é gg’z]a.w e.:l.».»aya} (Y% Sg M‘P i e O
ool s S e (Sl Slaptense b Slse Jols
S TV) S5 e S ] 5 Selprlin YN 3l
el 535 it ool il (el g (G55 JSS s 4 olsasil
S0 ogallh Wil g Saw aily ol slazul cel ol Sew
Coas y Fge kS Jole G plsie @l cords (FF) Wigd
L 2 0lgegil ay atws o SYL ol ool ans bl Slaccul ol 3
Shls (0 ,Klienls) plaiel JILEIL &l 050 g0 08l IS slalg)
b (0,5ler) plaie JICIL &3 4 cond (6 5YL o coluce
cel aily oo s Joloe Slaul ol 3l aiise 54,5
(YY) aisS o ool psllael ol 31 a3 50 Ml 55,k 51 Jeloxe
S92 walys SV agzlge £o8y Jloxal wlsegil b )1 ey (A1 L
YU agzlse g48g Jlaim! coolegili b agarlon )1,SG ol33l b .(YA)
Sgds Jlogl (] T codls 5l cdadle 4y SIS 5l (saiedgu
638 (SOl 5l (St 30 o) s (sl Joll s 5 oS,
piled ges wile JyuS 5l e o JpuS Oleladl guanis
Ot A lge Jomiliy 9 Jlas e olil 1y 008 5 69,5 bl
FraS leladl ganaiss gl alse oyl (FYF) aiS
JUe lyie 40 a5 010 9925 Slgagils (Jad S ) (25l ogaz 5
935 Lol 0,8 o)l ) Kem § Suby aidly dnasgi (29 4 Glsi o0
IS mdaw cowds dloz 5l Al slraddie 2ojll ululy



https://creativecommons.org/licenses/by-nc/4.0/

\f’YJL..: ‘\ﬂo)w ‘\\o)jo

S eVb a0 b iSiws slaoga (FA) was plxl 1wl 3 S
30 Cudgass dloul dely cenl (Sos ol LaisS o o2l 1, Cdadlre
hlo o aSiws slaasaa (IS jsbay wigd Sliles plxil § S 20
Pl b Sl wad oo ojlrl )5 4y 45wt jgue a3 S
() asS Jiie dlaise j g )5 5 5

it 13,809, JLS 50 (eSS 8,505, S e Loy,
S 8 S0 33 i copeina o] sl g3l Ll cazis
S S Loy o bl Jyol cole, 4 il e 2] lo
Olaasis jlal (Slidos 1S1ye 9 LSS 20 pgi) ©)90 50 g a5
Sl slaghs) lsegli b I8 50 105250 0 jglie (glad > Cullage
S HI Cplo g 51550 Olge ol lgagil goi a4 oslanalsge
alax 51 Yo 4 Lo conl (e cwaigee Slaladl sl oslainl o )ls
sl 12l BB YL assa b ooy ol

ek J S plore ) esliiul iy (pleend pond slaoge
g, J3b oS Slaallils do 05 sl chlio slyasil sl
355 el (5,5 5 Ul dopraasil ooy« sogilyS Ll
e il ol (29,5 lon seml S slaailels 51 el (FA)
(High Efficiency Particulate Air:HEPA) YL 1,5 L 12 &3

g za ool ol yan 5 )|, Sul HEPA L2,
LB Leoe jo 0 plee SIS iule) Jliol Wligs oo (5l jgamee
0,559y 4 wilwy J8las a4 olgegil eolaiwl L adey > o
OSee 5995 lizl Slgagili b agrlye 1 as Coul Ggllas aillblizme
oo 5l u(F) gl as 8 i o Jlee sla hs, 5l (golasy ol
W lae glaan] 3 5l colatnl @ lg o silelas sla g,
D05 0, Ll diug albazo Ol 9 Sk, dil 8 bglas 5l solazul
15 lgi o LSS el 00l s aiyl b 45 ol Lyl 4o

590 o‘))\J)...SL:b..\.:}w djﬁ\‘o&J};ﬁ?l{d)Uo&M|&

&3> 3 Ja Byl 48

3l 30038 31 5 eyl ) jgw

(F7) s pe Sloladl o) 40 olgegil ads sla g, . S

ozt U 55l ey )0 (S8l SIS 5 sl VL il &
o hle> sloadkyy 5 bzl Jds a olpl o 928 59
Wlgs oo oyl g mlie 5leslaal b Sy lo)ll 6,25 54
oles By aios cpl o 1) 99290 slagtlly

& g L a5 Sged )5l lla ol @ olyican anlllas g8 Ll 5|
eyar 4 dio) (pl 1o (B Sledbl 4y pw s pac b Cudgaswe
3 097ge lagty; 4 azg L ad o] 5 aw jeaS I3l o
ey (nl 58 i Slalllas plol (6l lgagil Sea; ()l e
b SloSea ) S pda 0j9> 40 Cundg dgnpe 4 ke Slgh oS
0 gdigee b 0adaiSlo 0lgegil b IS slalaxe jo ciilags g
ity Oladllas plowil caiey cpl jo 00,5 ooyl ol lailpie
Sy Capn 5 (2ol Slois, 5 1l dosz o anusi gz
235 0 dog Jad slalass (o 0lgegil

215 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

929 Joma jo b 08 bli> flug @80 sl Jlx lagty,
aS abl ails 092y Joee jo Shal hg, b pizren 09l alils
60,8 Cblas piled (g9 g Concdi b angad 3Ls 0 50 Dlads Slaws
Jiaplgied) oSl gy o5l G el ame plas |,
al>yo g Slyegil g5 4w (Foylr b 5 b9y & il
alax 51l Lases (40,5 i A0S o 1,8 oolaiulsge IS bl
OB zobe 5 bjlens (&S (59, alliciigs )legd S (500w
Sazme Balad St e g5 18 5B 0gh plonil plaie 55k 4 b

(B0) 098 S o> il b 592
L oakly jo Oledbl sgeS o 4 vao oo lis Sldllas o)
Wdgi wale anl s o canjlaore g cudlage (el oS,
Coogdowe oddy dsLlu Q‘gﬁyb u‘).s‘ 9 4.@}‘9.0 v r 5‘5)|\))."on4.
42318 9929 S ) Cupde g (b))l Ao 3 (a5 Cod )b
g doSin; pl b abaly p3 BB 2l jhe b (il 092 pae s
wilides by pd Sloidu o ) 5en 5 (Seales pas (ul ogdle
w0l dlu 0‘9.419.'[) (WS Ja.».?bo 9 ul.m)‘ Codws u‘).'a? e n e

4295 b 0)ls 0929 9l (559l Sn; o e 55 il sl



https://creativecommons.org/licenses/by-nc/4.0/

O g (6 puda e S

wlgegil b S Sy S e LIl 81

Sl &lie

o) i s S5 ol oS o alen b adline
sl 0 ol (FY+ VYD 5,8

OB Mg 85

dlie Lol (o s (plins S8 o 5 (6 et > S
ezl oage p |y dlie 555 5 g ohol Cedotue 45 ditun
slacl (o (Saalen g 059 (IS Colgtae (lins Sin )b den
($eios Joo (oA (6 elal (e S el LB 002 1 |, o
oxge |y allie ol 9,0 9 Dlbliiul (a5 daosls feloxigay 525
ploul 0l 3y s Gole o 5 LSLgy sahhas ool ails
9 lgoe (g &y g wisged Al 1) 0¥ (sl pslive allie ags 9 25k
lacl a5 A o 05T Bty s Wles,S a8 S s,
Codlad g Cllas 4 g oog ol sede oo (iled g DI 4 o
Aad dgrie oiogh Dlblaiul g mls &l o

216 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

S oS 4o
a5 Conl Sy 2b5,) 25 0,505, SO IS leladl saaius
Seasy Fhe sloadlie plieds Slgegl ogdll SIS gunai b L
S 5 b)) oSl byl asS (oo (2l 5 (el | 09250
3555 o 81,8 gl B (5 S, Sy bl 1, ol
Slaladl (gasatns 5,55, Gloe 2 olgagil Sy oo 3
oz 50 GrSped 5 b)) Gl S 5 ol Sy, (IS

055050 sl 4 Slgagili b IS Sty S

S bl plulid &b 5l plgee (Soluar 9,Sag; cnl 5
Sy (2135l @l 4 T L agzlse Jloiz! i g 00le S
b 2ilgi e IS slolame o oln Il iz (65 54 dlins
S8 GBal 5 0oged S5 milge @8 5 plulid o laadi
oles o2l B Glpae b bl

1972 e Olge plo SLbLe (obj)l )o &5 calidee Sl
Codlo Copndg dgutp 9 0392 S99 Abre) (pl 50 9500 sled &
SAML] LS 45 (6558 3 olyesil b 1,0 (gladaa o ol 3
Sy yo oad Al ganadb b gl calalycnlys o)l wox
Slgagili b )15 S rhaw (gumaiils 4y (JyS Sl goaspanis
Al aleyy Jlais jee (Jad slalase jo

S1oy98 9 S
Tk 5 9l ol IS e 4bpbl 5l (v 5l g P Allie
g Sl G dd SAp pele il Cgae Slidiod
S (Sh pole olSiils (655L8 5 Aegh Cuglee 5l QM

il g 19,93 dalllas ol 51 o ylam (gl i

Ol lla>dle

35 0 g Cudlags ouSasls DB aieS 5l anlas opl S 4l
O L i daed (Kb pole il Olacl pyle Slisdou
el 008 351 IR.SBMU.PHNS.REC.1402.070

ilio ol

GBS 5 as wl B Jsb o a5 wjls e el callite (l (B i 5
2305 S92y Slejle b cates o Jlo wdlio ol gn callie oyl
ol 5o et il Slblaiul § gl 6wl ol (S a5 el
sl asls allie



https://creativecommons.org/licenses/by-nc/4.0/

\f’YJL.: ‘\ﬂo)w ‘\\o)jb

References

1. Boverhof DR, David RM. Nanomaterial
characterization: considerations and needs for hazard
assessment and safety evaluation. Analytical and
bioanalytical chemistry. 2010;396:953-61.

2. Europa O. E-fact 72: Tools for the management of
nanomaterials in the workplace and prevention measures [E-
Fact]. 2013 [19/06/2013]. Available from:
[https://osha.europa.eu/en/publications/e-fact-72-tools-
management-nanomaterials-workplace-and-prevention-
measures].

3. Parveen S, Misra R, Sahoo SK. Nanoparticles: a
boon to drug delivery, therapeutics, diagnostics and imaging.
Nanomedicine: Nanotechnology, Biology and Medicine.
2012;8(2):147-66.

4, Fan AM, Alexeeff G. Nanotechnology and
nanomaterials: toxicology, risk assessment, and regulations.

Journal of nanoscience and nanotechnology.
2010;10(12):8646-57.
5. Roco MC, Mirkin CA, Hersam MC.

Nanotechnology research directions for societal needs in
2020: summary of international study. Journal of nanoparticle
research. 2011;13:897-919.

6. Lidén G. The European commission tries to define
nanomaterials. ~ Annals of  Occupational  Hygiene.
2011;55(1):1-5.

7. Beaucham C, Hodson L. General safe practices for
working with engineered nanomaterials in research
laboratories. 2012.

8. Hristozov DR, Gottardo S, Critto A, Marcomini A.
Risk assessment of engineered nanomaterials: a review of
available data and approaches from a regulatory perspective.
Nanotoxicology. 2012;6(8):880-98.

9. T D. Nanotechnology Market By Type (Nanosensor
and Nanodevice) and Application (Electronics, Energy,
Chemical Manufacturing, Aerospace & Defense, Healthcare,
and Others): Global Opportunity Analysis and Industry
Forecast, 2021-2030 Allied Market Research2021 [

10. Maryam Saniejlal MHM. The Role and Place of
Internationalization in Shaping Future of Nano Technology in
Iran. Journal of Iran Futures Studies. 2020;5(1):25-48.

11. Product IN. Iran's total nanotechnology statistics,
https://nanoproduct.ir/page/2995 2023 [Available from:
https://nanoproduct.ir/page/2995.

12. Kuhlbusch T, Fissan H, Asbach C, editors.
Nanotechnologies and environmental risks: measurement
technologies and strategies. Nanomaterials: risks and benefits;
2009: Springer.

13. Oberdorster G, Maynard A, Donaldson K,
Castranova V, Fitzpatrick J, Ausman K, et al. Principles for
characterizing the potential human health effects from
exposure to nanomaterials: elements of a screening strategy.
Particle and fibre toxicology. 2005;2(1):1-35.

217 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

14. Schulte PA, Trout DB. Nanomaterials and worker
health: medical surveillance, exposure registries, and
epidemiologic research. Journal of Occupational and
Environmental Medicine. 2011:S3-S7.

15. Maynard AD, Aitken RJ. Assessing exposure to
airborne nanomaterials: current abilities and future
requirements. Nanotoxicology. 2007;1(1):26-41.

16. Organization WH. Reference methods for measuring
airborne man-made mineral fibres (MMMF). Environmental
Health (WHO-EURO): World Health Organization. Regional
Office for Europe; 1985.

17. Monteiro-Riviere NA, Tran CL. Nanotoxicology:
characterization, dosing and health effects: CRC Press; 2007.

18. Borm PJ, Robbins D, Haubold S, Kuhlbusch T,
Fissan H, Donaldson K, et al. The potential risks of
nanomaterials: a review carried out for ECETOC. Particle and
fibre toxicology. 2006;3:1-35.

19. Donaldson K, Tran L, Jimenez LA, Duffin R, Newby
DE, Mills N, et al. Combustion-derived nanoparticles: a
review of their toxicology following inhalation exposure.
Particle and fibre toxicology. 2005;2(1):1-14.

20. Schulte PA, Leso V, Niang M, lavicoli I. Current
state of knowledge on the health effects of engineered
nanomaterials in workers: a systematic review of human
studies and epidemiological investigations. Scandinavian
journal of work, environment & health. 2019;45(3):217.

21. Manna P, Ghosh M, Ghosh J, Das J, Sil PC.
Contribution of nano-copper particles to in vivo liver
dysfunction and cellular damage: Role of IkBa/NF-kB,
MAPKs and mitochondrial signal. Nanotoxicology.
2012;6(1):1-21.

22. Schulte P, Kuempel E, Drew N. Characterizing risk
assessments for the development of occupational exposure
limits for engineered nanomaterials. Regulatory Toxicology
and Pharmacology. 2018;95:207-19.

23. Kuempel ED, Geraci CL, Schulte PA. Risk
assessment and risk management of nanomaterials in the
workplace: translating research to practice. Annals of
occupational hygiene. 2012;56(5):491-505.

24, lavicoli |, Fontana L, Pingue P, Todea AM, Asbach
C. Assessment of occupational exposure to engineered
nanomaterials in research laboratories using personal
monitors. Science of The Total Environment. 2018;627:689-
702.

25. Kuempel E, Castranova V, Geraci C, Schulte P.
Development of risk-based nanomaterial groups for
occupational exposure control. Journal of Nanoparticle
Research. 2012;14:1-15.

26. Pouyakian M, Khatabakhsh A, Yazdi M, Zarei E.
Optimizing the Allocation of Risk Control Measures Using
Fuzzy MCDM Approach: Review and Application. Linguistic
Methods Under Fuzzy Information in System Safety and
Reliability Analysis. 2022:53-89.

217. Belton V, Stewart T. Multiple criteria decision
analysis: an integrated approach: Springer Science &
Business Media; 2002.



https://creativecommons.org/licenses/by-nc/4.0/

O g (6 puda e S

wlgegil b S Sy S e LIl 81

28. OECD. Important issues on risk assessment of
manufactured nanomaterials. Series on the Safety of
Manufactured Nanomaterials. 2012;33:1-57.

29. Savolainen K, Alenius H, Norppa H, Pylkkanen L,
Tuomi T, Kasper G. Risk assessment of engineered
nanomaterials and nanotechnologies—a review. Toxicology.
2010;269(2-3):92-104.

30. Council NR. Risk assessment in the federal
government: managing the process. 1983.
31. ISO/TS  12901-2:2014. Nanotechnologies -

Occupational risk management applied to engineered
nanomaterials - Part 2: Use of the control banding approach.
International Organization for Standardization. Geneva
(Switzerland).

32. Demir E. A review on nanotoxicity and
nanogenotoxicity of different shapes of nanomaterials.
Journal of Applied Toxicology. 2021;41(1):118-47.

33. Zalk DM, Paik SY, Swuste P. Evaluating the control
banding nanotool: a qualitative risk assessment method for
controlling nanoparticle exposures. Journal of nanoparticle
research. 2009;11:1685-704.

34. Baig N, Kammakakam I, Falath W. Nanomaterials:
A review of synthesis methods, properties, recent progress,
and challenges. Materials Advances. 2021;2(6):1821-71.

35. Paik SY, Zalk DM, Swuste P. Application of a pilot
control banding tool for risk level assessment and control of
nanoparticle exposures. Annals of Occupational Hygiene.
2008;52(6):419-28.

36. Gatoo MA, Naseem S, Arfat MY, Mahmood Dar A,
Qasim K, Zubair S. Physicochemical properties of
nanomaterials: implication in associated toxic manifestations.
BioMed research international. 2014;2014.

37. Fubini B, Fenoglio I, Tomatis M, Turci F. Effect of
chemical composition and state of the surface on the toxic
response to high aspect ratio nanomaterials. Nanomedicine.
2011;6(5):899-920.

38. Schneider T, Brouwer DH, Koponen 1K, Jensen KA,
Fransman W, Duuren-Stuurman V, et al. Conceptual model
for assessment of inhalation exposure to manufactured
nanoparticles. Journal of exposure science & environmental
epidemiology. 2011;21(5):450-63.

39. Woskie SR, Bello D, Virji MA, Stefaniak AB.
Understanding workplace processes and factors that influence
exposures to engineered nanomaterials. International journal
of occupational and environmental health. 2010;16(4):365-
7.

40. Ostiguy C, Lapointe G, Ménard L, Cloutier Y,
Trottier M, Boutin M, et al. Nanoparticles: actual knowledge
about occupational health and safety risks and prevention
measures. Institut de recherche Robert-Sauvé en santé et en
sécurité du travail (IRSST). 2006.

41. Hristozov D, Zabeo A, Alstrup Jensen K, Gottardo
S, Isigonis P, Maccalman L, et al. Demonstration of a
modelling-based multi-criteria decision analysis procedure
for prioritisation of occupational risks from manufactured
nanomaterials. Nanotoxicology. 2016;10(9):1215-28.

218 « This work is licensed under a_Creative Commons Attribution-NonCommercial 4.0 International License

42. Oomen AG, Steinhduser KG, Bleeker EA, van
Broekhuizen F, Sips A, Dekkers S, et al. Risk assessment
frameworks for nanomaterials: Scope, link to regulations,
applicability, and outline for future directions in view of
needed increase in efficiency. Nanolmpact. 2018;9:1-13.

43. Isigonis P, Hristozov D, Benighaus C, Giubilato E,
Grieger K, Pizzol L, et al. Risk governance of nanomaterials:
review of criteria and tools for risk communication,
evaluation, and mitigation. Nanomaterials. 2019;9(5):696.

44, Hristozov D, Gottardo S, Semenzin E, Oomen A,
Bos P, Peijnenburg W, et al. Frameworks and tools for risk
assessment of manufactured nanomaterials. Environment
international. 2016;95:36-53.

45, Brown RC. Air filtration: an integrated approach to
the theory and applications of fibrous filters. (No Title). 1993.

46. Yokel RA, MacPhail RC. Engineered nanomaterials:
exposures, hazards, and risk prevention. Journal of
occupational medicine and toxicology. 2011;6(1):1-27.

47. Hirst N, Brocklebank M, Ryder M. Containment
systems: a design guide: IChemE; 2002.

48. INSO  19816-1:2015. Nanotechnologies -
Occupational risk management applied to engineered
nanomaterials Part 1: Principles and approaches. Institute of
Standards and Industrial Research of Iran.

49, Fonseca AS, Kuijpers E, Kling Kl, Levin M,
Koivisto AJ, Nielsen SH, et al. Particle release and control of
worker exposure during laboratory-scale synthesis, handling
and simulated spills of manufactured nanomaterials in fume
hoods. Journal of Nanoparticle Research. 2018;20:1-15.

50. European Environmental Agency. Late lessons of
early warning II. EEA Report No 1/2013. ISSN 1725-9177.
doi: 10 .2800/73322.



https://creativecommons.org/licenses/by-nc/4.0/



