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Understanding and Application of Stoffenmanager Nano Tool

into Synthesis and Packing Process of Nanomaterials

Naroo Lee" - Jungho Ahn

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: This study was conducted in order to better understand the conceptual model and Stoffenmanager nano module and
apply it to the synthesis and packing processes of nanomaterials.

Methods: Site visits were conducted to five nanomaterial production processes. Product and exposure variables were investigated
in these workplaces. Hazard banding and exposure classification of the synthesis and packing processes of nanomaterials were
conducted using documents and the website of Stoffenmanager Nano.

Results: The five sites featured different products, packing tasks, ventilation and local exhaust, and others. The hazards for
nano-nickel and copper were classified as E. The hazards for both fumed silica and indium tin oxide were classified as D. The
hazard for spherical silica was classified as C. The exposure classes in the synthesis process of nanomaterials ranged from 2
through 4. The exposure classes in the packing process of nanomaterials ranged from 1 through 4.

Conclusions: Application of Stoffenmanager nano to the synthesis and packing processes of nanomaterials helped to better
understand the control level of the work environment and to suggest appropriate actions. The comparison of each process showed
the effect of the production process and handling of solids and ventilation on exposure class.

Key words: control banding, nanomaterials, stoffenmanager nano

U37)9 228 2asle] A2e 232 A= g

BAE MEsts Yerlaed Rl gxel 7] At Maynard, 2007).

= SR el AL sl AlRe 9ol Hesd edgd ogsty] 98 AEE Wds ol
2 4 olthMaynard, 2007). YiEdo] e = 8T 4 Atk AN 54 dlolHet =F o
3L, QFR/ol SBEA ob 27t HA k7] olel7} et ok A HAA AF eFellA

*Corresponding author: Naroo Lee, Tel:042-869-0343, E mail: naroolee@kosha.or.kr

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency. 339-30 Exporo Yuseong-Gu, Daejeon,
305-380, Republic of Korea

Received: December 5, 2014, Revised: March 20, 2015, Accepted: March 25, 2015

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

95



P& NEskth AYGAQ Uie s
Y H2 Maynard(2007) -0 A
A|RFsklom, Paik et al(2008).0] A #¢) 2HA
oA A A AR BEE Al UieEs
Aletstict. Axu=Ede 9t Al MEY
2~(Precautionary matrix for synthetic nanomaterials)+—
Q204 =]l 5 (Hock et al., 2008), 7] 4ol
A uieo] SAQL 227 BadtA] dAsh] ¢
o] ARgETh oA ANSES Ulesd IEE
WY =31E 7Ehsl g th(Riediker et al., 2012). 4@
Z=o A= Stoffenmanager nanoZE, Tlul=Lol|A:=
NanoSafergt= HAEE Wiy Z=315 7|dstoich
ANSES®} Stoffenmanager nano+= X5 Schneider et
al.(2011)9] 71d&d m&gS AFE3Fal 9loy ANSES
= ARAE slEtEA 91 BeEolA FEd] &R
Ao 2, Stoffenmanager nano= AMEAE H|HE7}
o2 stch= Ho] thZt)h NanoSafer= WHAY
Aol e 1S Bristky] Sl AHEEde
2 W2 doleef A Al i ARE
T3tet

Brouwer (2012)= o8 Y=
Hel, i, e 2 =5 5
o Ay, e EFche 71T Yie= Ao
gol, AHg WSl =g

=
=& 53 BHP] AT 8

=
ol
N

fo o0 o lu

)

o)

W g
v

pack & )
2 |m

rlo
T

O oX M ® lo
¥ 2t 2

o,
e

i)
3
=

N
>

op T
H—'
it
i)
=Y
ul
fif
ZE i
H
-
ofy
>

i
o >
X

it
%,

o
2
H

Stoffenmanager nano

http://iwww.kiha.kr

3}t Stoffenmanager nano= YAFO|Eo| A 91 A
HhE A 4 ook Aol Hol4H wF 3
7oA 249 AR YA, 37 TR HAEH
= g, #8A7A BeE RS B7EsH] wiol

o] AiATe] RS =F Wb NI -
o3, A & wate] M2 A4S fF 2 4 9
L Aol 9l

-

Io.

re

el IS

oAz Az 34, A Ax 34, o
ke 2 Az 3, dEFHLEtE Az 3 2
Hzzof tisf 20129 ~20134W F¢F @ AL o] F

L. EEAZIP M= 28

Ui Ae7he 3, oF IR B, vy 4| &
o] A}&Em Z& Alg]7KFumed or pyrogenic silica),
ZRold A7t 5 e 24EE AlxdHo 1 F
& A7k AR S0 1000 T 424

z
é}

Aejrtoleh. FE Aerks A R ArsluEs)
e

Bz A7|7F g7l 7 ~ 20 mmo|w] AYAF SA] $-F]
(Aggregated) =] 11 X 3H(Agglomerated)HThal & A
ek,

Kl

)
o ot
2

£ of
[o

o
o
i
O
Hd
o
of
o
flo
)
I
>
lo e Ay el o

o ol

)
i
2

N
B oH
W
=
)

%

2
filo
Sk
O

N

)
jins

to 2% mo 2 M 2 o | o ot Az

=

&y

DA
ofl
>
=2 o
b 42

o
N
)
rEI
N
offt
1
=
30,
32
i
=l RN
D)
~
ol
o
)
2 w»n

1o o2
o g
B ol
ro, oft

3]

il Y

f
M o2
fu)
1o fr lo
™ o
DN Hr oo o N

&

| _>|:,
ook
[
=2 e
o T
rr E
HLN
HJIO FE. _|>’I
a2
i3

e X fr N Q9 X

o 2
)
rlr
>
o 2
o
o {m
N,
£l
=
I
et
o
off
>,
N
rr

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 95-103



-
o
>

ich

N

1

wn

S.

To "«i
o

= oL

ojf 1>

lo |o

b U

o =

i
)y 2

ol _vl]i o>

o iu)
o °F

12 o2

2 1 ko

Ju
>
Py
O

4 oo &
ox S it
lm'ﬁolﬂ
S

f
okl m
ol e

b 2| YU NE SH

A7)ekolo] Fahe ARESEe] Uk §45F Alx
gt} d7)etolo] Fabe F7] FollA Al dof
AR BAE ARG GR2 a49ololE 7Hdsh=
Aol @u|(Ohmic) 7tgol olal St o=zt
SHEY eholojo] F7|3te} o] 2317h dojdtt. o]
o 100 mm 0|5} AAL A oqa ES =
& & vhETh g 7HA] FF9 a&8olols
o] 83| AEL WEVE i, F IIAE Eje}e]
A& WHE7E gtk AEE AAkehe AHle B

waso} 9la, F4 ofolo] FH U thewtezt

>

On:

JP

molxl ¥ W AWE A 5 U A Berolwt
£ k. wobd Uesfo ol & 2HE 7)o T
Ale FFE Yol H olFolHnt

)5 ZHAL% Aﬂa}tﬂ Az A A
L o5 W =4 AR QAo A7)= 20 ~ 30

Adeitehedt FAAES st Al
o83t 7IAA AntE Yk TeTCE WE

e, 22 W vk

¢

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 95-103

1. Stoffenmanager nano =72| J|H& &0} LIS
Schneider et al.(2011)2 A ZUr=E2 9 &9 =&
Bkst7] Qe d 4 BES ARk o] id
1152 Tielemans et al.(2008)2] LA ¢l S22
2o WAs] 98t AdA BHL Az
3o A& 4 deA B IAES
Bk, ARXUrEdo] &
&

sfo] Qg Wl

M o o
ﬁw

flo of oY md oo & o
o O.>|J.4

& o
fo

i E

e

1) Schneider et al. o] 7] d % =&
AzUe229 59 =55 H718h7] 93

2k i
A By edEdo] WEUAA EAYste] 8A
(FAR} 25 7))ol ALE 7744 A AL dAE

drgste}. Schneider et al.(2011)2 £3] Uyt
Aolet fAek & AdA 23

A} JrEzo
2 st Mz B 1A 484,
A B Fo W AT A e 4

N2 o] Fofxm, A WA= YA 399 =4 &
717F @S vlAE Aotk & ¥ A= A
(Near field) 377 ¥AE](Far field) &7keld] <7
2] 2 2R oA AL 1 m oS Het
U% ALY FHE YA F-E w3t Al fiA=

Hdat ZiQl weoloh o] A= W lvﬂ——'vﬂ—?ltﬂ
edEdo] HAstAY FAEHE Add, ¥, X &
9 EI_OW}-

° 24 Wz 7otk AR
BAbl A 829 S, A o] A7, W=
b Fast, wed AR BAY BAdy

(Dustiness)©| Z

http://www.kiha.kr/



0
©
o
=
i
o
0
o

4 ge BAYY £ 5T F sl 43 Aol

5 A A4aQe BF WE AMsAolw, ouR
S, AAACBAE ), AE] 719} Fete X
O 22000 weh 85 WE AhsAol gett.
ouiA 423 Fel 95, 39 HL F49, v}
e, o Ao}, B4 AR, o So] ARaT the
22 A4 AR BE Qo AL TR &7
el WEo] Uolihs 49, WE o] heEAL
HFoAA oA A%, the Amde] Solg
BANP)E 49, the 13 AlEo 714 gshe
AeR e 4 qlon], 85 dolo] uet B5YE
N5 e AR ale g2

A B0 ShARl wEo] ol ASel B
o oo BegAe FFAY olFATE AeE
A5e, 59, 40| Belo] v ol VS
o theg Aol thalA theA gt Two] u)
S BE FE AYTHE £9 2ot okt PolE £
Alo] WAYshe] hEibeRy oX] nhlA AR oFst
o= Bxlo] WARTE. o3t S4e BAE
A ol HEAA wrgEic,

e 2% ARZS 7AR 7FReke Aol uha
2o] Faghe] ko] ofs) LhmAlEelA 7|84
A 5o AT frelHEA ol Ak oba7A
AukstA Y 4 gk iRy AxeolE AHgste] 1

gHoR ofol2EE PEL & AX 101 ol o

t

ot e w2 fob @l

(=)

http://iwww.kiha.kr

ofth. Aol Ay WA Axet vhe Axt
SArste T FhRi

o5l WA WA QL Batolch A maol
£ A B2 9Ae Fxre] 98| Btk

717g3tch

A WA HA 2L /il Fsolth
717} Ao & d F5S Sh=A| ofFolth

ofg A WAl =5
il;‘d—jq_ xH H]A]—o] 3} o] ‘Q_r,].
FEE A7 BN Hak=

nm ©]5}2} 1000 nm ©]/9] UAb= FHl Hz2kd 4=
Atk AsHE v Ui YA A7IEelA © %
T HEE 7M7) 2ol A7ES B4
ZF A& A2k g SA= B
o] Aol Aojtpy ALt st <
{ =Akgtct

obF WA WAL AR T ot ARIE D
= Tielemans et al.(2008)0] U1F3lA] P& HAQ
¢lo|th. HEPAY ULPA BFQ19] ofikA] = thie g &}e]l
s A7|Hog SdstE oA KTt aurt Qg
o} obZ] U= JAp7E ZQIE S o] tis Al ¢
et thE Ho AgE 2R gk gAvk o
wolATl 4 Som el 200 ~ 400 o] YA
FAdstr] wEol 71 At FeA4d2 itk

)

L=
.

2) Stoffenmanager nano version 1.0 W&

() A+ &7

Stoffenmanager= {3+ EFojA TP R =
HT2 AHgeleo Axbegde duros
H3 Amh REsiel oE wHe At
Stoffenmanager nano =LA E A2 U =E2 9]
2o 2Rl 99 BAY T wEe Asn
CHDuuren-Stuurman et al., 2012)

H oA EE BB /RS B famolt Ut
o2 AA| A <&Al(Biopersistency)S & £33 =7} W

204 Uojuhr] tEo] o] £ HEL U

o
=40l =9 ﬁﬁﬁﬂﬂ e B5E o= gk

oA YT B8 VRS AN A5 4
2 ks Rolth Pol7k 5 m ol4felwA BHe
O F W F 3 Zo| Ui 279 o Ui HRE

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 95-103



Stoffenmanager nano ZAEE #

shek,
Al WA I B RS Axe B 5
3 1ol 2Aske] HEske lolth ut gl

A2 AdA EAR BRsle Aol Aissith 1
U A o] 7)o 2Aste] giREe] Axifes
Ho| 3t BRE ol AL slska) et

Y WA AR BR RS BEEe 54 A2
a8 712 A7 ATE Wiasle] Brsls A
olty. mA) BAe| B4, AR4, A7) B 2AR 8

o Wzl thet A& =2ollA AlAstaL st
I Qe v A719) o, AAY ATl Qe ARt
= FAUE ASE2 Hd S Eoll 3k, E8dle
99 57 D, YAE 50 mE 7|EoR 2 AL
Ud S5 D, 2 A2 A 5 Col &k

=% X&2 Schnieder et al.(2011)2] WA
Hem, kd 28 Akl ¢
+= Stoffenmangerof| A AME-31E
ARESHREE el wheh =2 W
o UHt wE FWeES olg
Eo] Hisf 7 7HA HHer o4 &HE

oz

>~ [

=

Ko
O:
eI

wr
do >l 4> 2 oo RO oo

o |1
S

£
N

g Fo| F 40417 Yok YL 712OR 9IF
A 2918 0 4 9ot

g ATYZIN Boltt WAEEL BYH
B4 wE FSACHAY), AERE, $84 2 A
HHOE U 4 gtk BAH 24 w3 HsA
NHE AL FHU7E MR Folrked] S
£ W APe AT AAFe WA gcka Bk
26 P9 2AL OB 0 LA Y& A
o Fag Wl BAdYolth AES SEUFE
nAe] FRT LA Wrolch Qo] HAHE A
b B 2o SAHS, AAle HEst Fas
H

TrdLx
_\lr‘
i
m

oL HI AN L

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 95-103

HY =7 olsfet Lh-SW B U EY 3F HB 6T 99

oL AL BN BN B9 omA oA A
of WEE 4 Stk eF ARE AT A
g Agalo] neHon AE At Aok
oA Aol e ool Azihesd 3
N AxveEds TR FEE 52 AR
EAPE U dA7E SA/AA-E 7] d
2 ¢ Stoffenmanagero A ARE-EF 3149} oA o] F
S g fAksioh HAYE G ARU=EHo]
29t FHE AFY v dHE 2 49
SStoffenmanager& A&3fjoF 3tch

AGREoA = wa37], A, AELD, 7

1o O @ o g o

¢

P&, A ), 29 L dT e H5eE0]
AUTh AHAEH 4 V= YA T 2ES IS
A7l Aotk eb= 7HYE ERbskal Qi =
4 3] & Yk Stoffenmangero] AEA ol W
e 2 dAet FHE wory A A=
=4 AHs A4 e FY =55 A= A
ojty. FA(FE-AHS FZF AAel gt AAH =2
1A 2715wttt g ase F1 Huet 87
Tl wet gt ARlds WA fAek &
Arotel A 5w,

S

T

Jelm, BAA B wF olel WY WES
TEE 4 gl Beo] A8 ogBaol Aoy
B2 91912 BEo) 93| thl 3 FOE WA 5
L oAe wshul Faol o] dha 3714 Hel
o3 AA g

F= Aest 9 7y Aty SRS
Stuurman et al.(2012)of| 4] A A|SFaL itk A AT
sl Ao 71%elat 2717k 50 m wh Zow 9%
d DEw, 7I2YAF 2717k 50 nm Hep 2 94

http://www.kiha.kr/



Csaolth YAz = 7|ekEdol &sh=t] 7]E} AEridishs 34 20 =2 59 3, +9 A
=42 wA o @l uet EFE UE 5452 7 34 9 yA 9 4y 3L =& 55 28 UE
FEUdEAELoAN T34 FREZC]7] "ol St AT FF F &3l Stoffenmanager
AFY 5 ER £7E0 AEAEHE-2 Duuren- nanoo| A 7 =2 =& A4E 7HKIth A gk
Stuurman et al.(2012)o| 4] A|AJet= HEo fIA|RE = oAt FEdl= eE g 100]3L, 7[A|Ank= 3,
AASHES AAE I ok Azt 9l FAAS b7 852 1oltth. dA|F o R g Aulof=
=9 7]12YAA717F 50 mmo|sto] 7] wfZoll 91384 =4 7] AJAHo] gl A7t Btk dEFA4E
51 Dol &3tk 7 oA AR AlxueEd & A9 B 32 AAIR] A5 24 ERAE =
o 9184 H7} A3k= Table 19 AA= S Z o< 308 FUsHA Ve

2. M =L LH=ELEERE =

o
0z

SR IY-ESZ EIL S
Azuea=d 4 349 =& 55 7l 7 ey Uk AlEe ZASE 3489 =F o5
AR A7), A 3 TR AAARE A, Hrtele 71EdA A7), 2, F2dE Wi
TEHE719Y A i A " fA e Rl g} =4 =, A e W, AAARE FANE, 5
A A, A7), =4 g@7]9) HarE AREE S7199 2 7 A 9 A B Rk 2
CH(Table 2). Yiead o4 34 =& 5o F7IA g A, AR, =4 @]9 Merh ARE A
€ &5 AP 340 =F o 42 TP =3 (Table 3). 7HJAEFHZF 2H§ 5o 23 2 + 3

Table 1. Hazard banding of nanomaterials using Stoffenmanager nano

Type of nanomaterials Size of primary particle Hazard class
Fumed silica < 50 nm, amorphorous D
Spherical silica > 50 nm, amorphorous C
Nickel and copper < 50 mm E
Indium tin oxide < 50 mm D

Table 2. Exposure banding using Stoffenmanager nano in synthesis process of nanomaterials

Product Fumed silica Spherical silica Nickel/Copper Indium tin oxide A | Indium tin oxide B
Primary particle size Below 50 nm Over 50 mm Below 50 nm Below 50 nm Below 50 nm
Wet chemistry Electrical explosion Mechanical Mechanical

Production process

Flame pyrolysis

(Synthesis within
solution)

(Chemical vapor
condensation)

reduction(machining)

reduction(machining)

Work duration

Over 4 hours/day

2 ~ 4 hours/day

Over 4 hours/day

Over 4 hours/day

Over 4 hours/day

Work frequency

Over 4 days/week

2 ~ 3 days/week

Over 4 days/week

Over 4 days/week

Over 4 days/week

Worker

Breathing zone
exposure

Breathing zone
exposure

Breathing zone
exposure

Breathing zone
exposure

Breathing zone
exposure

Cleaning and

Every day/month

Every day/month

Every day/month

Every day/month

Every day/month

maintenance
Workplace volume 100 ~ 1000 m' 100 ~ 1000 m’ 100 ~ 1000 m' 100 ~ 1000 m' 100 ~ 1000 m’
General ventilation No No No No Spray booth
(Clean room)
Local exhaust Containment of the
xhau No No source with local No No
ventilation
exhaust system
Exposure class 4 2 2 3 3

http://iwww.kiha.kr
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Table 3. Exposure banding using Stoffenmanager nano in packing process of nanomaterials

Stoffenmanager nano ZAEE

i

=

g =7 olsfet L

Product Fumed silica Spherical silica Nickel/Copper Indium tin oxide A | Indium tin oxide B
Primar;zganicle Below 50 nm Over 50 nm Below 50 nm Below 50 nm Below 50 nm
Dustiness Unknown Unknown Unknown Unknown Unknown
mco‘::tfg (‘;2) < 5% < 5% < 5% < 5% < 5%
Nanomaterial 55 ~ 99 % 55 ~ 99 % 55 ~ 99 % 55 ~ 99 % 55 ~ 99 %

weight fraction

Handling of solids

Handling of products
where due to high
pressure, speed, or

force large quantities

of dust are generated
and dispersed

Handling of products
where due to medium
speed, or force which
leads to some
dispersion of dust

Handling of products
where due to low
speed or little force
or in medium
quantities (several
kilograms)

Handling of products
where due to high
pressure, speed, or

force large quantities

of dust are generated
and dispersed

Handling of products
where due to high
pressure, speed, or

force large quantities

of dust are generated
and dispersed

Work duration

Over 4 hours/day

2 ~ 4 hours/day

Over 4 hours/day

Over 4 hours/day

Over 4 hours/day

Work frequency

Over 4 days/week

2 ~ 3 days/week

Over 4 days/week

Over 4 days/week

Over 4 days/week

Worker

Breathing zone
exposure

Breathing zone
exposure

Breathing zone
exposure

Breathing zone
exposure

Breathing zone
exposure

Cleaning and

Every day/month

Every day/month

Every day/month

Every day/month

Every day/month

maintenance
Workplace volume > 1000 m' < 100 m’ 100 ~ 1000 m’ 100 ~ 1000 m’ 100 ~ 1000 m’
General ventilation No No No No Spray booth
(Clean room)
Local .ex}}aust Yes No Yes (Fume hood) No* No
ventilation
Exposure class 4 4 1 4 3

*Only one local between two exhaust was installed)

Table 4. Priority bands" using Stoffenmanager nano in workplaces handling nanomaterials

Hazard
band®| B C D E
Exposure
band”
| il il I II I
Packing of nickel and copper
I m I I I
2 . .
Synthes1s.9f T Synthesis of nickel and copper
silica
I I I I I
3 Packing of Inidum tin oxide A
Synthesis of Inidum tin oxide A
Synthesis of Inidum tin oxide A
I I I I I
. 4 Packine of Synthesis of fumed silica
(Highest exposure) heri lg i Packing of fumed silica
spherical sthea Packing of Inidum tin oxide A

" Priority band : I means the highest priority and Il means the lowest priority
? Hazard : A means the lowest band, and E means the highest hazard

3
) Exposure :

1 means the lowest exposure, and 4 means the highest exposure

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 95-103
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