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Two broad categories of engineered nanomaterials (ENM)
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Potential adverse health, environmental impacts of ENM
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Workplace situations/tasks likely to be of concern to exposure




Workplace jobs and population with potential for exposure

w ( # )
-&
Step Laboratory Industry Industry
(research and pilot) (development and production) (customer)
Quantity (mass) mg to kg kgto 10%/10° kg kgto 102kg
Fabrication, characterization, Process optimization, De-packing or de-
Jobs process development and low and high volume production, conditioning, direct

optimization, research of
applications

conditioning and packing, transport,
research of applications

application, incorporation in
products

Potential exposed
people

Researchers, students,
technicians

R&D personnel, production personnel (technicians & engineers),
packing and conditioning personnel, storage and transport

personnel

Personnel in charge of maintenance of process and facility, cleaning, waste handling, recycling.
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Exposure evaluation

(YDOXDWH H[SRVXUH PHDQV WK D WY BRIR RECER BTEURND IRO\MAMK D\P
UH D F KH\VSRV X USSR V X U HYKBHUHR S R'Q X UMK SIHR[ISSRG XUH SHULRG

JRU WKH HI[SRVXUH URXWH E\ IQKBOQWWH[R Q V YXVUKHH WB WD I HOL |
2XWHU VXUIDFH FRQFHSWXDO VROGHF I HRYWK WKH QRVH DQG
,QQHU VXUIDFHV L H H[WUDW®RUDBPBIOFYy HRODRK H R EIURIM K L
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Exposure evaluation to “microscale” aerosols

JRU D JLYHQ FKHPLFDO DJHQW DHURVRO LW LQYROYHYV

WKH PHDVXUHPHQW RI WKH PDVV FRQFHQWUDWLRQ PJ P
RI KHDOWK UHODWHG IUDFWNYRQODQKDODEOH WKRUDFLF DO
LQ WKH ZRUNHU-V EUHDWKLQJ J]RQH
RYHU WKH FRXUVH RI WKH ZRUN SHULRG
DQG WKHLU FKHPLFB PSRVLWLRQ

w ([FHSWHG IRU ILEHUV = = .

$00 JXLGHOLQHV UHFRPPHQGDKH RRYPW QROKRIES
SRWHQWLDO KHDOWK KD]DUGV BBUHFEDVHG RQ

:LGH UDQJH RI SHUVRQDO | DQG VYWDMLF | DH
DYDLODEOH WRIJHWKHU ZLWK UHREY DHXEEHG
VDPSOLQJ VWUDWHJILHV

ODVV EDVHG DSSURDFK KDV EHHERDOIOU\ GIHPHEWQRXY H KLVWRUL
WR VXEVWDQWLDO UHGXFWLR®YX U ®XAMEGUDWRU\ GLVHDVH ZL
HISRVXUHV
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How to evaluate exposure for ENM?

:KLFK SDUDPHWHUYV DUH UHOHYIDHFW WR HYDOXDWH KH
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Exposure criteria

SDUWLFOH VL]H UDQJH
$Q\ SDUWLFOH WKDW FDQ UHDFKNWERWH) RVW KLRX WK H @687 STHOHR | L
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Exposure criteria (cond’t)

SDUWLFOH VL]H UDQJH

$Q\ SDUWLFOH WKDW FDQ UHDFKNWERWH) RVW KLRX WK H @687 STHOHR | L
5DQJH RI LQWHUHVW

A
' Y
100 100
nhalable
80
R 80
C
0 50
= 3
W] ] e
Lt 40 Respirable SEI  10kv 50,000 100nm WD 3.0mm
Thoracic
20
0 0
0,1 1 10 100

Aerodynamic equivalent diameter (micrometer)

[ )
10 ANTS




Exposure criteria (cond'’t)

SDUWLFOH VL]H UDQJH
$Q\ SDUWLFOH WKDW FDQ UHDFKNWERWH) RVW KLRX WK H @687 STHOHR | L

SDQJH RI LQWHUHVW
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Exposure criteria (cond'’t)

SDUWLFOH VL]H UDQJH
$Q\ SDUWLFOH WKDW FDQ UHDFKNWERWH) RVW KLRX WK H @687 STHOHR | L

SDQJH RI LQWHUHVW
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Exposure criteria (cond'’t)

$HURVRO IUDFWLRQ
$Q\ SDUWLFOH GHSRN IWDIQGEAH- B KSR W.KH&57 DUH RI LQWHUHVW

Od MH NHOMHY"

, 62  T& 6& RUNSODFH $WPRVSKHUHV 8§ 6DPSOHRUARQPHQYWEB R \G HHBR DILW LR Q
KXPDQ UHVSLUDWRU\ VA\VWHP
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Exposure criteria (cond'’t)

Indices of exposure

On-going research to identify under which circumstances different exposure metrics might be
relevant.

Surface: relevant but is not universally relevant, measurement issues

Mass: relevance is questionable, offers continuity with historic and current monitoring, sampling
and quantification issues

Number: has been associated with adverse response, relatively easy to measure, “background”
iIssue

Necessity to consider surface, number and mass unti | further information

Until it has been agreed which are the most appropriate measurable quantities, it has

been recommended to provide full characterization of the nanoaerosols in workplaces
(ISO TR 27628).

This requires a large number of instruments.
There is not one method (sampling, strategy).

This context contributes to the sparseness of published information on exposures.
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SRVVLEOH DHURVRO°LQVWUXPHQWY DQG PHWK

PDVV |—» 666 ZHLJKLQJ ZHW DQDO\VLV
211 OLQH QXPEHU— 666 7(0 6(0
VXUIDFH—> 666 ZHLJKLQJ % (7 7(0

A 4

SDUWLFOH HQVHPEOH

PDVV |— 2VFLOODWLQJ PLFUREDODQFH
EHDO WL QXPEHU—> 3DUWLFOH &RXQWHUV 'LIIXVLR

A 4

VXUIDFH— 'LIIXVLRQ &KDUJHUV

—> &DVFDGH LPSDFWRUV

A 4

211 OLQl » 'LITXVLRQ EDWWHULHYV

6LIH UHVROYHG

A 4

SHDO WL

L)

H— ORELOLW\ 3IDUWLFOH 6LJ]HUV 6036 )036

— (OHFWULFDO /RZ 3UHVVXUH ,PSDFWRU (/3,
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SRVVLEOH VL|H VHOHFWLYH VDPSOHUYV

1R SHUVRQDO VDPSOHUV FRPPHURFLIDBS OR D YQDOLMROFDOHNVD © G HWS

$OWHUQDWLYH DSSURDFK FDVFDGH LPSDFWRUYV
IXPHURXVY LQVWUXPHQWY JHRPHMW \RIIORZIBLIWWHRO UWBHDWHRQ H\
6WDWLF KLJK IORZUDWH RU SHUVRQDO ORZ IORZUDWH

6LRXWDV ,PSDFWRU
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1HZ GHYHORSPHQW IRU RIl OLQH SHUVRQDO VDF

SHUVRQDO 6DPSOLQJ 6\VWHP IRKUH3IDLBFWRFDG QD QRFAHNWHU V8

X4d 90 cO199 7/

&RPELQHV YLUWXDO LPSDFWLRXHSIRP\ADNWFIWRICRQ GLITXVLRQDO
2SHUDWLQJ IORZUDWH /ISP

VWDJHV w P

IRZHVW VWDJH ILOWUDWLRQ VAMDWHMVYV IBKGHHE WFHIBDER VHIP DQG

, QLWLDO YDOLGDWLRQ RQO\



1HZ GHYHORSPHQW IRU RIl OLQH SHUVRQDO VDF

6DPSOHU IRU WRWDO DHURVROHGBEBVUWWRIUR VU@ AWK H KXPDQ

S5SHWLFXODWHG SRO\XUHWKDQH IRDP

7TKLENQHVYV F
)DFH YHORFLW
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Od MH NHOMHY"

YDOLGDWLRQ RI WKH FRQFH



1HZ GHYHORSPHQW IRU RIl OLQH SHUVRQDO VDF

6LIH UHVROYLQJ SHUVRQDO VDPSOHU

1RQ FRQGXFWLYH Q\ORQ QHWV

dXHOart

&RPELQHV F\FORQH GLIIXVLRQ EDWWH
WHUPLQDO ILOWHU
2SHUDWLQJ IORZUDWH /ISP

VWDJHYV w P

7R EH YDOLGDWHG ZLWKLQ (8 SURMHFW



SRVVLEOH VL|H UHVROYHG UHDO WLPH LQVWUXF

(OHFWULFDO /RZ 3UHVVXUH ,PSDFWRU (/3,
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Sampling strategy

6HYHUDO LVVXHV
$LUERUQH QDQR VFDOH SDUWLPOHNS 6BQL @GRRUDDWYE RXRPGRRU VR
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Sampling strategy (cond')

n +-|/
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+ .01 % 223
v U SRVVLEOH!
1
&DUHIXO REVHUY 3URFRYV 2))
RI ZRUNSOD|FH Q] OHDVXUH EDFNJURX 3URFRYV 21
LQGRRU RKXW &1& &23 VHYH[UDO 5HSHDW
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2SWLRQ[DO
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Sampling strategy (cond')
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Workplace measurements (ex.)

ODQXIDFWXUHG SODQW GHOLY HWIQRVWILXYPWSRR/EGHIYR - DQ G
&RQGLWLRQLQJ LQ NJ SDSHU EIDIJEIDN@G NJ SODVWLF
6HYHUDO UHOHDVHV DUH SRVVLEOH
9HU\ IHZ SXEOLVKHG GDWD

Hall 1 - Pigment grade. Hall 1 - Nano (A) Hall 2 - Nano (B)

HdNXd9
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Od MH NHCYAdAMT:



Workplace measurements (ex.)

ODQXIDFWXUHG SODQW GHOLYH DIQRVWILXYPWRRVEGEHDIYR - DQ G

HdNXd9
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Od MH NHCYAdAMT:



Workplace measurements (ex.)

ODQXIDFWXUHG SODQW GHOLYH DIQRVWILXYPWRRVEGEHDIYR - DQ G

HdNXd9
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Workplace measurements (ex.)

RDM 280

Filtered air supply
(TSI 3074B)

Compressed
Air

HEPA
filter

Cyclone
D.=25um

filter

Flow
splitter

L 3

Nanopowder

+ 15Lpm

Po Bronze beads

ELRI

IKA Vortex
Genius 3

%
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HdNXd9
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Workplace measurements (ex.)

SHVHDUFK ODE UHDFWRU FOHDQLQJ QDQRS$J
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Workplace measurements (ex.)

SHVHDUFK ODE

UHDFWRU FOHDQLQJ
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QDQRS$J

HdNXd9

Od MH NHCYdAMT:



Workplace measurements (ex.)

SHVHDUFK ODE

UHDFWRU FOHDQLQJ
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QDQRS$J

HdNXd9

Od MH NHCYdAMT:



Workplace measurements (ex.)

SHVHDUFK ODE

UHDFWRU FOHDQLQJ

VME (Ag)= 100 pg/ms3
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QDQRS$J

HdNXd9

Od MH NHCYdAMT:



Workplace measurements (ex.)

SHVHDUFK ODE

UHDFWRU FOHDQLQJ
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QDQRS$J

HdNXd9

Od MH NHCYdAMT:



Conclusion
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