W ., 4
,66% 6\PSRVLXP 1DQRWHFKQR.

P
3ed
Instityy National de Recherch® &

288&83%$7,21$/ 5,6.
$66(660(17 $1' 0$1$*(0(:
2) 1$120$7(5,%$/6
%%5&.*5281' ,668(6 $1' 35263 (&76

O\ULDP 5,&%8"
'« SDUWHPHQW ([SHUWLVH HW &RQVHLO 7HFKQL
3T0O0H 5LVTXHV &KLPLTXHV

Institut national de recherche et de sécurité
pour la prévention des accidents du travail et des maladies professionnelles



3UR QIUR E WHKRRIWXDRIRQMHFRY R DK

1200

1000

800

600

400

200

1018

I XPEHU RI SURGX

56|

2005 2006 2007 2008 2009 2010

6RXUFH 3URMHFW RQ HPHUJLQJ QDQRWHFKQRORJLHYV

e &DU LQGXVW
DYLDWLRQ VS

s (OHFWURQLFV DQG
WHOHFRPPXQL, ﬂ%fLRQV

* &KHPLVWU\ D
PDWHULDOYV

* 3KDUPDFHXWLFRDOV
ELRPHGHFLQH O0©G
ELRWHFKQROR@\ ]

« &RVPHWLFV D@6
KHDOWKFEDUH

« (QHUJ\

« (QYLURQPHQ
HFRORJ\!




SRVVLEOH H[SRVXUH URXWHYV

CONSUMER

WORKERS _ PRODUCT
discharge / leakage

discharge /leakage

et ;
— Release of fixed
E (===l nangparticles/
nanotubes during

PRODUCTION product lifecycle?
Lab / Factory
discharge / leakage

T TRAMSFORT

discharge /leakage H

Transport / Diffusion? }: {
Fy. Irx
“_ LB

' o —>» AR
T
=== (Y
Uy
VY X / WATER
\\. \\ \\
(A Transformation / Degradation? DIET
' 3444 ° i S
/ o ;
N\
V

Potential use of naneparticles in Transport / Diffusion? @
environmental applic ations {eg '{
—P (emediation of polluted groundwater) % % * »

Source: Royal Sooety. (2004). Nanssoience and nanodedinalogies. Oporfunsites and uncerfawnties. London: Royal Sedety, p 37
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2FFXSDWLRQDO HI[SRVXUH VLWX

/UDQVIHU VDPSOLQJ ZHLJKLQEL MRXRGSHQNVRBRRUD \
PDWUL[ RI QDQRSRZGHUV IRUPDWLR e

7UDQVIHU VKDNLQJ PL[LQJ DQI® GILSK 7
FRQWDLQLQJ QDQR REMHFWV IRUPD\ =

)LOOLQJ RU HPSW\LQJ RI UHDFWLRQ
ODFKLQLQJ RI ..
3DFNDJLQJ VWRUDJH DQG WUDQVS 2N
&OHDQLQJ XQNHHS DQG PDLQW H GRIUQFSHD [}
&ROOHFWLRQ SDFNDJLQJ VW RUDIWAH

'‘DPDJH RU LQFLGHQWYV £
. 05/10/2010 4 ANTrs




2FFXSDWLRQDO HISRVXUH VLWX
' 6&29(5<

/$%25%$725< -

"HVLJQ PROHFXOH LGHOQOQWLIIl PDUNHWYV WHVW PDWHULDO!?
/$%25%$725< -

6&%/(B3
'"HYHORS FRQFHSWV DQG FXVWRPHUV PDWHULDO WHVWLQJ?

352&(66 -V

"(9(/230(17

ZSMI/LPL]H SURFHVV GHVLJIJQ FRQGXFW VFDOH XS1
352'8&7 -

'(9(/230(17

2SWLPLJ]H SURFHVV DQG PDWHULDO IORZ?

23(58$7( $1' 0$,178%
352'8&7,21
,PSURYH SURFHVV
] 05102010 S g.86720 (56 5 ANrSs




&RQVLGHU WKH ULVNYV

'KDW LV WKH KD]DUG "
(IITHFW Rl QDQRPDWHULDOV ROQ

KHDO

KDW DUH ZRUNHUYV OLNHO\

:KDW DUH WKH FXUUHQW U

+RZ GR ZH DVVHVV DQG SU




. QRZOHGJH DERXW SRWHQWLDO

2XU XQGHUVWDQGLQJ RI WKH WR [VAMBO\QRVERD P RO I¥

ORVW WR[LFRORJLFDO GDWD FRRH\OLPRW WG XE RISV
RXW RQ FHOOV RU RQ DQLPDPXO\I QR LAV W WIKSHRIGID RAH

W KDV DOUHDG\ E HOWWVIORZQHVEIEEANE BGHAMAELD H S|
DLU SROOXWLRQ DUH OLNHO\ WF@E‘M&%@Q:MXO :
KXPDQ KHDOWK T

ORVW UHOHYDQW URXWH RI H[SR "
OXQJV DSSHDU WR EH WKH PDLQ
7UDQVFXWDQHRXV DEVRUSWLRQ I
VWLOO EHLQJ L .

S _ il ¢ = [
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. QRZOHGJH DERXW SRWHQWLDO

6HYHUDO VWXGLHYV VKRZ WKDW

—¥— Bladder

EDUULHUV DQG PLJUDWH WRIEIGLIIHUHQW VL
ERGWU/‘DlQD/@\RCFDIV\D.\RQRS)URLFFRIN&\VWV
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IDQREMHFWY KDYH JUWHDWHWU WR I WL RKRANNIDEBNCHPIDRARREN R |
WKDQ PLFUR DQG PDFURVFRSLF REMHFWYV

IDQREMHFWY DUH FRPSOH] WW WX FREEK

WHYYHHULUDDGD SEK MR BHRD © H:IKILUJ.IFWH-HLUJILWWH_H:W D

GHIJUHH RI WR[LREWMRYWAY DQARFL/ILF VXUIDFH DUH P EWXYU |\DIEDBISHH
FULVWDOOLQLWI| VROXELOLWOWRRIUHIWALRQ DQG DIJIJORPHU

L
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. QRZOHGJH DERXW H[SRVXUH P}

7KH FXUUHQW RFFXSDWLRQDO H[SR\KXUWH/ HIEV VR
FRQYHQWLRQDO DHURVROV GRHV QRW QD S\SHR EADW
OQDQRDHURVROV h I | _

KLFK SDUWLFOH PHWU

e 5 HFHQW WRI[LFRORJLFDO HYLGHQFIH-IIHLFQ’\G\/LFLIHIDJWPIVLQ
QDQRSDUWLFOHY PD\ QRW EH FOWYPHDONPYVYVRFLDWHG

e 5 DWKHU ELRORJLFDO UHVSRQV HWXLNIIEAFHHPWWDHRII S
GHSRVLWHG LQ WKH OXQJV RO PNKEEHEEHHUOLNH QDOQ|

«-6R UHFRPPDQGDWLRQ LV WR DWWHPSNU VDR GDHYB\U}
DUHD FRQFHQWUDWLRQYV

[ ]
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. QRZOHGJH DERXW H[SRVXUH P}

KDW VKRXOG WKH SDUWLFOH FXW VL]H EH "

e /KHUH LV QR VWDQGDUGLVHG GBQUGRLRILBQ UWHLG-IDW |
VKRXOG EH WDNHQ LOQWR DFFRXQWRAKHQ VDPSOLQJ

-, WLV DGYLVDEOH WR FRQVLGHWWEHHZKRG@H VXQFPPLI

KDW NLQG RI LOQVWUXPHQWY XVHG "

e 7KHUH LV FXUUHQWO\ QR LQWH VDML QLAY FRID \PH
WHFKQLTXH WR FKDUDFWHULVH RFFXSDWLRQDO H[SF

-, W LV UHFRPNPR X& H GO DARHXMHS DY WROWHJI\ EDVHG RQ
FKDUDFWHULVH YDULRXV FRPSOHRDHWRYVRONUDPHW

. 05/10/2010 (87,03,




5LVN DVVHVVPHQW KD]DUG GH\

Detect, identify and inventory all nanomaterials manufactured or used ‘

Gather and catalogue physical and chemical properties of each
nanomaterial.

= Chemical composition, size, particle-size distribution, specific surface area,
surface reactivity, number, shape, cristallinity, solubility, dustiness, etc.

Conduct a scientific literature review on the toxicity of each nanomaterial.

Complete it by a review on the toxicity of the « bulk » material that is to say
the same material at the micro- and macroscopic scales (identical chemical
composition and crystalline phase).

= Toxicological and epidemiological studies.

Il Iterative process collegially led by a multidis ciplinary team !!!

’ [ ]
05/10/2010 11 fmrs
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5LVN DVVHVVPHQW H[SRVXUH

Analyze workstations and identify worker’s exposure operations

Gather data on worker’s exposure :

- The operations and tasks accomplished,
- The processes implemented (grinding, weighting, etc.),
- The physical form in which nanomaterials are handled : gel, powder, liquid suspension, efc.,

- The likelihood of hanomaterials being present in the air or on work surfaces, i.e. their ability to
form aerosols or droplets,

- The quantities handled,

- The duration and frequency of exposure,

- The potential exposure routes : by inhalation, skin contact or ingestion,
- The actual prevention measures.

05/10/2010 12 ANrs




4 XDOLWDWLYH ULVN DVVHVVPH(

.
5LVN
+D]DUG ; ([SRVXUH
- W Wy Wy N

Develop

_ Is substance
Willthere be procedures to

exposure in real-

Is there reason to

believe this could hazardous and

will there be
exposure ?

minimize

world conditions ?
exposures

be harmful ?

*7R[LFLW\ * 3URFHVV LPSOHOWHG—
« &KHPLFDO FRPSR¥XWQWQW\ KDQGOHG

*6L]H - 7DVN GXUDWLRAQ
«6KDSH 11

11

&ODVVLI\ ZRUNVWDWLRQV D6 FRULGRER WY PRW RIFH/DIYVEID

[ )
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SHIXODWLRQ

&EXUUHQWO\ WKHUH LV QR VSHHFDISZFOQ H DIENOGID W RR@DK
IRQHWKHOHVYV QDOQRPDWHULDOV DUH WKKHPI1IH@IOU
UHJXODWLRQV IRU FKHPLFDO UWWIN $QH WH®W)LRHD B
&RGH DSSO\

5($&+ 5HIJLVWUDNWORQOWMRKRULVDWLRQ D QG RAHF\DWWL F'
VDOH DQG VXSSO\ RI FKHPLFDOV LQ (8

2Q0\ WKH FKHPLFDO FRPSRVLWLRY RRQYKHGHHXIWHK \
WKH GLPHQVLRQDO DVSHFW RI LWV SDUWLFXODWH I

7KH HYDOXDWLRQV DUH RQO\ URGXEFWKGRIR U PVSEEIM
WRQV \HDU DQG WKRVH SURGXNHWKDWY LPWROQW I
QRW HYHQ UHJLVWHUHG

05/10/2010 14



5LVN PDQDJHPHQW

$W QDQRPHWHU GLPHQVLRQV PDW\WHRSWDWHM VR DK
RIWHQ FRPSOHWHO\ GLIITHUHQWH WRFP M PH VB H B ISBIQ W [RHC
PDFURVFRSLF VFDOHV LW LV QRPPWHDUL\DWE P R B@HL BIAC

1DQRPDWHULDMZ DDPLO\ GRH ZF KIHFPLLF\D BV AKKPW FLRD Y H
WHUPV Rl FKHPLFDO FRPSRVLWLRRQDQG VEKULNRRLFYHP L

W LV WKHUHIRUHWR ERHPYRHHOQRGEH [OH BMEROQNGVHP DRDMEB R\ EERQ WV |
FDVH EDVLYV

KLV SUHYHQWLRQ SURJUDP VKRXO/GVE/H GL PLSHDIEKROHDQUW
LPSURYHG LQ BWUWHOIXDEAMH DNQXEM @\DHIWH (G RIDINER IOV
QDQRPDWHULDOV LV SXEOLVKHG

*RDQUHGXFH AMNHINEREAOUUHH WARR WAKKAH OQRRZ HHN/NNN STRRA

05/10/2010 15



5LVN KLHUDUFK\ FRQWUROYV

G Engineering techniques
SR - Elimination / substitution
* |solation
* Ventilation

Administrative measures

» Information / training

* Work procedures

« Cleaning and equipment
« Personnal hygiene

Personnel protective equipment

» Respiratory protection
« Skin protection
» Eyes protection

05/10/2010



5LVN KLHUDUFK\ FRQWUROYV

ORGLI\ WKH SURFHVV RU DFWLYLBW K/ R RVR B Y JE D QKRPOG\CHH.

2SWLPLVH WKH SURFHVV WR REWD{WWWKXHY DR ZIHY WR UG-
HISRVXUH SUHIHU FORVHG VA\VWHPXYXHDQG DXWRPDWHG WHI

&DSWXUH SROOXWDQWY DW VRXIUFF® ORFDO H[KDXVW YH:
J)LOWHU DLU EHIRUH GLVFKDUJH RXWVLGH WKH ZRUNSOD|

8VH SHUVRQDO SURWHFWLYH HTXLSPHQW

&ROOHFW DQG GLVSRVH RI ZDVWH
/7UDLQ DQG LQIRUP H[SRVHG ZRUNHUYV

ORQLWRU H[SRVXUH RI ZRUNHUVQGHN K& B LD\ UMFOWM N DERZ
UHODWLQJ WR H[SRVXUH RI ZRUMNMUN FKDIHDFVRHUQU QR FF
RSHUDWLRQV DQG WDVNV SUHYHQWLRQ PHDVXUHV HWF

05/10/2010 17



(QJLQHHULQJ WHFKQLTXHV VXE

+DQGOH QDQR REMHFWY LQ WKHRRUP RI D OLTXLG V)
JHO DJJUHJDWH RU DJJORPHUDWH VWDWH RU SH(
LQFRUSRUDWHG LQWR D PDWUUPUDWKHU WKDQ LQ SRZ¢

UHIHU SURGXFWLRQ PHWKRGV M WKH OLTXLG SKD
SKDVH WHFKQLTXHYVY RU PHFKDQLFDO PHWKRGYV

ORGLI\ IDFLOLWLHYV IRU FRQWLQXRXV UDWKHU WK
SURGXFWLRQ

(OLPLQDWH RU UHVWULFW FHXWRLDVFWIUWIORMBURY
VDPSOLQJ HWEF

2SWLPLVH SURFHVVHY VR DV WRIXYBOQWRFPDONOHIL DXV QW

SHSODFH REVROHWH HTXLSPHQW MHR@@VOWBRBNVHBNXFI
VRXUFHYV

05/10/2010 18



(QJILQHHULQJ WHF K GHILTUMFAXNL W ADCRRGY/ 1

# $

$OORZ WKH FRPSOHWH FRQILQHBHQW RI WRARSBE®
JLPLW WKH SUHVHQFH DQG WKHVHIRUH H[SRVXUH R

OHFKDQLVDWLRQ RI VHOLPLQDWHMVKDQGOLQJ EHWZHHQ

GLIITHUHQW VWDJHV Rl WKH SURFHWQEUBWHAHOO DV HQVX
FRQILQHPHQW

SAXWRPDWIUDQVIHU RI SRZGHUV E|l PHFKDQLFDO RU SQH>
PHDQV ZDVKLQJ UHDFWLRQ YHVPHOMVELWKRXW RSHQLQJ
DYRLG H[SRVXUH RI ZRUNHUV GXOYNYI IKHUWDLQ FULWI

SURFHVVHV ZKLFK JHQHUDOO\ JHQMWWMNWWYWH DHURVROV |
EDJJLQJ WUDQVIHU PL[LQJ HWF

05/10/2010 19



(QJLQHHULQJ WHFKQLTXHV OREDO H

/(9 VA\WWHPV GHSHQG XSRQ DGHTXDWH
FDSWXUH YHORFLW\ WR FROOHFW HPLVVLRQV
HITLFLHQWO\

6 XLWDEOH GHVLJQ DQG SRVLWLRQLQJ RI FDSWXUH
KRRG DUH HVVHQWLDO IRU KLJK FDSWXUH HIILFLHQF
/(9 VI\VWHPV VKRXOG EH LQVWDOOHG DV FORVH DV
SRVVLEOH WR WKH HPLVVLRQ VRXUFH

/(9 VIVWHPVY PXVW EH UHJXODUO\ FOHDQHG
DQG PDLQWDLQHG

SHFLUFXODWLRQ EDFN LQWR ZRUNSODFH VKRXOG
QRW EH DOORZHG

%& %
& 48

05/10/2010 20



(QJLQHHULQJ WHFKQLTXHV FRC(

,Q UHVHDUFK ODERUDWRUUB\RY HERH FEXXSHERIMDUGIORZ

768, 6 - HW FROO $LUERUQH QIVOREDDWHEOH WK RAKHUPID QXD O KIBEQGDQ BV LRI YRUQIRD OXPH KIR BDGMV H-D RFKID QRED UWLFOHV 5
76%, 6 - HW FROO $LUERUQH QKQRSIDXIWLIQIOFRIQN\SRDPUWHIMORZ FRQOWWDQ W\ R-ODRIFH @/ I ORHG KRRIS'SE $Q 2FFXS +1J

05/10/2010 21



(QJLQHHULQJ WHFKQLTXHV ILO

7KH DLU RI WKH RRWW SEH A HE WAHXVENG IFEBH | IR QNV RY UAMDEAHI
HQYLURQPHQW

RWK WKHRU\ DQG SUDMKHH VKRZ WKDW WKH

HITLFLHQF\ RI ILEURXV PHGLD LQFUHDVHV DV SDUWLF
VLIH JHWV VPDOOHU FDSWXUH E\ %URZQLDQ GLIIXVLRQ

DV ORQJ DV WKH VL]H RI SDUWLFOHYVY H[FHHGYV QP
VWXGVKHKRZ WKDW WKH\ DUH FDSWXUHG E\ ILEURXYV
ILOWHUYV

" # $% & CON(# ) R H-%)  (# $& ([

'LWK UHJDUG WR WKH SURWHFWLRQ RI SHRSOH
ZRUNSODFH DQG WKHWKBYXVRORHOWIKWKH XVH RI +
(IILFLHQF\ 3DUWLFXODWH $LU FIODWMUV +(3$ ILOWHUYV
+ RU DERYH DFFRUGLQJ WR VMM QGDUG (1
UHFRPPHQGHG

05/10/2010 22



$SGPLQLVWUDWLYH PHDVXUHV Z

7KH ZRUNLQJ DU HBOWDRNXD GV LE 1§ G ROHMMED DNMLE GSFP\GAD
VKRXOG EH UHVWULFWHG V R CRHYO GWLRQZHRE MASUNRGX B W EX
QDQRPDWHULDOV

/KH LQVWDGORRKHROLR@® RFNHX URIR FOWR B IS IR IWXRIHPIE W K H
FRQVLGHUHG WR DYRLG PL[LQJRORWKHV FORWK

J)DFLOLWLHV IORRUV DQG ZRUSIUWHXHUDAEODV EHK IOFRKQVEK
VKRXOG EH UHJXODUO\ DQG WKRGRXUWE\ GEXPVIMHG G GG
D +(3%$ ILOWHUHG YDFXXP FOHDQHU

—)

'DVKEDVLQV DQG VKRZHUV VKRX®QGNSDDGMWRID QWK
GHFRQWDPLQDWLRQ RI DQ\ VNLQQDW[BERY MK BAMR BMD\QKRD K

05/10/2010 23



$SGPLQLVWUDWLYH PHDVXUHV 'V

IDQREMHFWY VKRXO0OG EH VWRUHG LQ WRWDOO\ DL
GRXEOH FRQWDLQHUV RU SDFNDJLQJ WLJKWO\ VHD(
ODEHOOHG

&SRQWDLQHUYVY DQG SDFNDJLQJ VKRXOG EH VWRUHG
FRRO VHIQWLODWHG SODFH DZD\ IURP GILUHFW
VXQOLIJKW DQG ZHOO DZD\ IURP DQ\ VRXUFH RI KHD'
LIQLWLRQ DQG IODPPDEOH PDWHULDOYV

, W PD\ EH QHFHVVDU\ WR LPSOHPHQW D SURFHGX!
IRU VWRUDJH LQ D FRQWUROOHG DWPRVSKHUH IRU
PHWDO QODQR REMHFWYV DOXPLQLXP PDJQHVLXP
OLWKLXP JLUFRQLXP HWEF

05/10/2010 24



$SGPLQLVWUDWLYH PHDVXUHV C

'DVWH SDUWLFXODUO\ SURGXFWWHWKDW GR QR
SURGXFWLRQ FULWHULD SDFWRR@JIDFLOWWUNVIRU
YDFEXXP FOHDQHU EDJV GLVSRVDEOH SHUVRQD
HTXLSPHQW DQG FRQWDPLQDWH® |EOBREVQJ FORW
ZDVWH

7KH\ VKRXOG EH VRUW8 GFOFRHD DREU WQ JKOR \DHGE
ODEHOOHG EDJV GRXEO\ ZUDSSHGQQNPQBWWLF PDW
WKHQ UHPRYHG IURP WKH ZRUNLQJDDHHD DV VRR(
SURGXFHG /DEHOOLQJ PD\ EH LSOHFOWDUER® WR WKDW

6XEVHTXHQWO\ WKH ZDVWH PXVWEMNWFHURFHVVHG
IDFLOLWLHYV E\ LOQOFLQHUDWLRQ IRU H[DPSOH

05/10/2010 25



SHUVRQQDO SURWHFWLYH HTXLVWSPRQ )

$LU SXULI\LQJ KDOI IDFH PDVN HAUWL HKK CH TDXA
Z/LWK D3 ILOWHU RU ))3 GLVISHRRMMDEOH ILOWHUL

SRZHUHG DLU SXULI\LQJ KDOI INFRHUPKR/RG I X0 C
/0 3 RU 7+ 3

&§RPSUHVVHG DLU OLOQH EUHDWKROVND XFRRLD
VXLW

& !

. ) # L) #
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SHUVRQQDO SURWHFWLYH HTXLSPI

/\SH /\YHN GLVSRVDEOH FRYGHQEOWVZUUW K
DONOHVY ZLWKRXW IROGV RU WKW XSV ZLWK I

/[LIKW JORYHYV

*RJJOHV SURYLGLQJ VLGH SURWHFWLRQ

6KRH FRYHUYV

fKHVH JDUPHQWY VKRXOG EH NHS®WKH@ H RRGE) ARLQY/GIRWDEQ D QRO HD Q H

05/10/2010 27



&ERQFOXGLQJ UHPDUNYV

7KH KXJH EXGJHWV SODFHG LQ WKMD O BRRGWHVULPO@ \D Q
UDQJH RI LQGXVWU\ VHFWRUV KDY H LEAGXNDGAL D DV DX ORN
GHPRQVWVURDW RIF AXDW R R DO DRENRENY HH WS W FRSMNREY

%HFDXVH RI WKH PDQ\ XQFHUWDQIVEKMPULHFODW L QR
SRWHQWLDO KHDOWK HIIHFWRWRDRQ® MR & KI) G KIDUDXQ
H[S RV XTXHD QKOOI MYDHWUL IY VAN U W X HIV W \RHE WP RIQZR QW R

HQYLURQPHQWY WR EH GLIILFXOW WR LPS

W LV WKHUHIRUH DGYLVDEOHRD® HDDWVREBXBEQ W KR
QDQRPDWHULDOV DQG DOO WKH RIDS WKEBRPVIHMWMKEH \CELM/
ULVN PDQDJHPHQW SURFHGXUHV
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,QIRUPDWLRQ DYDLODEOH IURP

um /HY QDQRPDW«ULDX] "« ILQLWLRTXHY ULVTXHV WR]
FDUDFW«ULVDWLRQ GH O-H[SRVRMALRWDHSURHHVVLRQQHO
SU«<YHQWLRQ } (' (QJOLBMKHYHUVLRQ DYDLOD

um/HY QDQRPDWZULDXJ\W} IU GRVVLHUY OQDQRPDWHULDX|[ K

um 1DQRPDW«ULDX] ULVTXHV SRXU OD VDQW« PH\
SU«<YHQWLRQ} ('

uHm/HV QDQRPDW«ULDX[ GHV SU«FDXWLRQV V-LPSRVHQW

HLm/HV QDQRWXEHYV GH FDUERQHSUXHOWURTXHVY TXHOO
1[

um/HV QDQRSDUWLFXOHY XQ HOQIWKHW PDWMHOOU "SRXU OD VI
('3 6FLHQFHYV
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/TKDQN \RX IRU \RXU DWWHQWLR
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