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Potential Exposure of Nanoparticles from Laboratory to Office
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Abstract : Nanoparticles are used in various fields such as chemistry, medicine, the environment, and information and
communication. With the increasing use of engineered nanomaterials, exposure to nanoparticles is expected to increase in the
workplace and the environmental media. However, while nanotechnology industries are expanding, research on the exposure
assessment of nanomaterials to humans and the environment is only at a beginning stage. Especially, if nanoparticles with a size
of 100 nm or less that are contained in nano-products are released unintentionally, they may pose potential risks to the human
body through breathing or skin exposure. Therefore, in this work, the possibility of potential exposure of nanoparticles moving
from the laboratory to the office was confirmed, and nanoparticle safety guidelines are proposed. A nano-collector was used to
detect nanoparticles in the atmosphere, and through use of a scanning mobility particle sizer it was found that nanoparticle
concentrations in the laboratory and the office tended to be similar. On the assumption that nanoparticles attached to a lab-coat
move out of the laboratory, a lab-coat to which nanocarbon black was attached was shaken and the concentration of the remaining
particles on the lab-coat determined. The results confirmed that sufficient amounts of nanoparticles attached to the lab-coat could
move from the laboratory to the office along the path of a researcher; thus, safety guidelines for the handling of lab-coat
nanoparticles are required.
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Figure 1. TEM images of (a) CB nanoparticles and (b) Au nanoparticles exposed in the atmosphere, which was sampled by nanoparticle

collector.



Figure 2. TEM images of nanoparticles found in the office; (a) CB nanoparticles, (b) Fe,O5 loaded silica particle, and (c) silica sphere.
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Figure 3. The concentration of nanoparticles measured by SMPS at (a) A lab, and (b) B lab. (c) The particle size distribution of nanoparticles
in A and B labs.
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Figure 4. The concentration of nanoparticles measured by SMPS at (a) A lab’s office, and (b) lecture room. (¢) The particle size distribution

of nanoparticles in office and lecture room.
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Figure 5. SEM images of CB nanoparticles attached to lab coats (a-c) before and (d-f) after shaking out for 60 min, and Au nanoparticles
attached to lab coats (g-1) before and (j-1) after shaking out for 60 min.

(illu8

42 olg3le] AN AgHo| Yol Kol LS SEMS B
o getom 47 BeIY 4 UEE ST A8 THE g
J2ke] 9 21717} 60~ 80 nmolwl 74 Axko] Fe|E A1
oAt

Figure 5% 5 48 3o 2ojol Zlo] 7hagd the
YRS SRASATHI0L. BAS 71 ) Az Ay U
29| 49 Figure 5(c)2} Zo] 7HEE LA} Hlof gl 3
7t glo] WA EAjshe Aol W Teht 6083t 2l
A9l vk Telo] BeAl Yo ARRS dof F
W) oF 40% 719] g7t WolAon Figue S(VE 5
Hlojgli B7to] WASALS SANsteict. AP Alwo] of
3o] olejgdlo] SEM £4& B3] 9§71k v&E oge =
HEE BT 5 glout, ol Fgsbt ofg]o] Besel 4
woz Agstart. Huste 915 971 A w59 BAR
2 9% Ay AR5 e SANAL 280 A9 F
olgretsl S WG 4 SUSIth E APEY 1A 2%
Aok 712117 283 250l AMe] Azl 5| Aol2
B9 o3| A5 FU YA 2] FAUES B

k

F hegdt §oo] w247 ABE B FU =3 A4

Atk 72BN YreAn o e 2718 AAL
£ 3 Uedas BE 994 Tiee Aestaol 3

Ao
Uit AlE A Eo] &5 = d/do] B8t ol
7Fs et i vl&S ARSIt Figure 5(i)2} Figure 5(h& H
e A2 A o] FHE 79 Y dA B QA1
T U=ga =3 AAE 2] 1S F5 oF 36% 7HF Ui
A7 s lee SRASHAT ol Bt < Fo]
o5 A B 20i9le W dA 7T EoiA i & 9l=
& RIS ARElols ddiEg i AgEite SotHuyA =
W, Q&7 v 53t 22 S84 ol Qs AFEo] F
2 Y27 Bi7] SO EolA vt o Qg Qneth

A8 o F SA2RE Add4d W 292 AEH A9
A9 sietEdo] AR R FEShe Ag YAS: xolnR
Ao das 82 A7 Aot T84 A
He 9A R dEe I A deE AYske A= o
AR Alzkel| wet ol e E = & ARSI fste] 7t

Brag 4gRo) Aag A 2242 ZsIch Aguo] &
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—30m
—60m

Absorbance
Concentration
(%)

—r

T T T T T T T 1
300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

om (b)IUO Bl
—10m 90

- »
S o
1 1

-
=)
1

i\

e e
>N
L L

AP AR e zte] A =& 129

=)

6.74 Attachment
20.21 Desorption
Dectection
40.42
99.40 92.80 1047
. 59.34
0.60 0.46 032
- 0.24
(I) lIO 3‘0 6‘0
Time

Figure 7. (a) UV-vis spectra of DI water in which CB nanoparticles are detached from lab coat, and (b) the concentration changes of CB

nanoparticles on the lab coat.

A% uh T SUS HHo 2 JREE Y19zt AEE S
o, AR B 7HellFo] & "ol AlTto] &
7¥ghol| whel Yl JAte] s Wske] S It 7
EY Y=gzt 8ol e AAES THRFO] AEAAA
TEM= 32513t} Figure 69] ATk} o] 1 JAHe] S3A|
7F IEEQloH, ojg= | JATL UV-vis FE& IS 9]10]
=710 s YAE FHEEY YLdAE ST £ ok

E24<1 dof| oJsf Y=dxp7F "olA Uit Ad
ol g 233 AP E o SRTERE SHE 7
wQIze] 4% T Figure 7(a)t Z2th &£
7¥el dojg= Algto] F71etol wet 7HEEE i YRte
L7t Zaste] SRt Aacshes S Hole AS gelst

AT Figure 7(b)2} o] EojF= AIZH0 ~ 60 min)o] S7FgHof
et A Eo]| Baby FHEEY Ve QRbe] 2 74 L,
250 AP & SRR o|EY Hol Yo+ 7HEEY Yk
2] F2 At 7HEEHS R ARES A%
I 229 AYARS W, FFNAE 0.6%7F FEE AL 9
Eo I E ZF7(99.4%)31th 6087 AFES EEjFoz
9ol F& w, oF 40%7F AYEA "ojA Ugton o=
SEM £4Z B AE #Ho| LEHE= A& SRIsHr
of & AYUES 237 A3 § FHRGFOIA HEH= 7HE
A2 27| FEO 024%2 ¢ HTt F, 7|50l HolF

< 59 olgret FA |t 221} A€

—-

¥R

£

"
rO e

1o ol 1 OIN

J

)
oo £ du

[e)

[ ) T

@ ° .
: |1®
)7 %
| °
| e _
e
Nano Lab

L AYEo] Ratg sHEEdo] 417 Wolx x| $ee vet
W} o2 B8] 6059 40% 71| Lhe X7} T 2o

s ol 9l AL SR 4 k. APEO] A9 AL o
1 5 ol o HAw 2P U1 AFS Yo Dol

FOIE B Fo] LAt BR] H3ste] ARl B
AL WetA 5T 4 9l tehiich. mebd AgAeIAl:
#-g5tolof gtk 24E oJulatet.

Z
[
>
il
ek
filo
,
[
>

£ A7 AR =
T 5 ol APl
Bg3RoRel Autg Heopaly| 95 WSt 7] %2
el Eole tedARYIE ol8stel grlsoR
Zsle 220l 89 Aeo) A By AR E Sls
gou, BURHAROIA AL 02 BT 4 gt the
YAt A 2 22 APLY At A8
o 4L Tt o5 4 USL AT (Figure §). EF
SMPSE AF83] e 718 AL8H AEAoIA 100 nm o]st
o] the QA7) et ARl vls) B85 £A vehdeh 1%
20~40 nm 2719) WieA7H A FAATE 2R AR
Az AsEo) g7 % WedAt ol FFE viA F2)

Office

Figure 8. Scheme of lab-generated nanoparticles exposed from lab to office.



FFeE W Lhegart olA Uzt
= 29l P2 R Aol 371
o g gt Rollt g B2t A9

2 B9 gRzo) HAuhE UFIAL, T B o ol
Zrelo] Waye AdstnAt stk 3, 224 o8 v
YA ool BFIT W Fo| A7t Ao

] obd AEES vrEAl Yx Ago] A

= =

J

o) o
ARAT} e T2 B2EOR of

= B i O
% 49 it RHE0] 9RE tedAs =5 7t
S40] RO 4YY IR FZAE PR HE5HA
olof Stk AA, UYL A AYRS ol Aok
AR £ RS S8 AAT & oz Aol
T 5 G FUOIA ololby 1YL Bl AP ol9)
Euegae

%3] DojFolof Tk £ A7 /voE 1}
L ATEAAE AP TE e thegRt 2
wgo] g AL AN, Yol st ¥4 4TS 5
o FAHR Tfol=etole AT A e T 4B
R BIAAE FET & U4 Rz JdHrk

oL
flo
0

o

References

1. Sufian, M. M., Khattak, J. Z. K., Yousaf, S., and Rana, M.
S., “Safety issues associated with the use of nanoparticles in
human body”, Photodiagnosis Photodyn. Ther., 19, 67-72
(2017).

2. Park, J., Kwak, B. K., Bae, E., Lee, J., Kim, Y., Choi, K.,
and Yi, J., “Characterization of exposure to silver nanoparticles
in a manufacturing facility”, J. Nanopart. Res., 11(7), 1705-1712
(2009).

3. Srivastava, V., Gusain, D., and Sharma, Y. C., “Critical review
on the toxicity of some widely used engineered nanoparticles”,
Ind. Eng. Chem. Rese., 54(24), 6209-6233 (2015).

4. Gomez, V., Irusta, S., Balas, F., Navascues, N., and Santamaria,
J., “Unintended emission of nanoparticle aerosols during
common laboratory handling operations”, J. Hazard. Mater.,
279, 75-84 (2014).

5. Wang, R, Pan, G., Qian, S., Li, L., and Zhu, Z., “Influence
of nanoparticles on the evaporation behavior of nanofluid
droplets: A Dh law and underlying mechanism”, Langmuir,
36(4), 919-930 (2019).

6. Umh, H. N, Roh, J,, Lee, B. C,, Park, S., Yi, J., and Kim,
Y., “Case studies for nanomaterials' exposure to environmental
media”, Korean Chem. Eng. Res., 50(6), 1056-1063 (2012).

7. Tsai, C. S. J., “Contamination and release of nanomaterials
associated with the use of personal protective clothing”, Ann.
Occup. Hyg., 59(4), 491-503 (2015).

8. Kang, M., and Kim, Y., “Au-coated Fe;04@ SiO, core-shell
particles with photothermal activity”, Colloids Surf. A:

Physicochem. Eng. Asp., 600, 124957 (2020).

9. Lee, H, Yook, S. J., and Ahn, K. H., “Effects of exponentially

decaying and growing concentrations on particle size
distribution from a scanning mobility particle sizer”, Aerosol.
Sci. Technol., 54(10), 1135-1143 (2020).

10. Hong, J., Moon, H., Kim, J., Lee, B. C., Kim, G. B., Lee,
H., and Kim, Y., “Differentiation of carbon black from black
carbon using a ternary plot based on elemental analysis”,
Chemosphere, 264, 128511 (2021).

11. Balasubramanian, S. K., Yang, L., Yung, L. Y. L., Ong, C.
N., Ong, W. Y., and Liya, E. Y., “Characterization, purification,
and stability of gold nanoparticles”, Biomaterials, 31(34),
9023-9030 (2020).



