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2. FDME4A] 3D Z2IE RINEE & &H|
1) LM R3S S Ot FAEH
= EfHELE NEXME E2|H(polymer)E 7|HICE E2tAE] AN, LHHEX], oHPEx] S MIHE0| BRE0
Ao, o|S0| IS BpHoA HEsHE|0] HiESH= RUHQUR= ALRRIS] oHMTt Ao HES & 4+ A
(=42, 2018)
UHE ZR SATIER] Bio{ Tl WWIHS T ROHQIXL
ABS ABSE T4t U= THEFNIE ZEFslo] AHI(Styrene), O I
(Acrylonitile,Poly-Butadiene (Ethylbenzene) & FIL8 {7|81&H2(VOCs), LMBtEtL(Carbon
Styrene) ! ! monoxide), A|QtsH4=4 (Hydrogen cyanide)
PLA 2tE| = (Lactide), EH(Methane), HIE! #H|El(Methylketene), R MSIERA
(Poly Lactic Acid) (Carbon monoxide), 25| =& (Aldehydes) S
‘ 0| 2loi|= 26l 2HHoflA] wle &~ U= 0|X[2] FHSEO| EME +~ US.

ollla|
. 30 =218 2ol
2. FDM&HA 3D D2IEl QS 3 L&
2) Z0|M|LX}
= X0|MIXHUltrafine particle)= 0.1xm(100 nm)Z WHO
o} OECD S0l|lM X|&E.
= 3D I2IE Ity T WAst= Uxte| cHEE0] 100 nm O[ste|
Lt Ixt 37|26 £ Lt O|E{of| O|27|7tX|2| Z0[M AR}

Ol o2 HIIE| T QU2. =

A

Mo

0.1um (=100 nm)

— «— EEEETDD
ULTRAFINE PARTICLES =
<100 nanometers in diameter U S
- =
P | o=
*_ .
'— FINE PARTICLES -
<2.5 microns In diameter - :
HUMAN HAIR
50-70 microns
g - * EN: MOFHBANTY, 2007 20
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# X 0f2I0] 3H oj2M HY HoMIS B2 E 7l 155
OIEl 12 (Group1) HASE2 22(113.108) BIMIEX cS i (2 2
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I1. 30 =218 Aol
2. FDM%2] 3D 28] RSHEE = 24|
2) Z0|MIYRE

(1) LE= X0l CHSH FRHEQ1 242 S2H(NIOSH, 2009)

n LI QA= CHREES| QINAE ABRE= SE7|A|Y.
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Il. 3D =218 9ol
2. FDMutA! 3D Z2IEl QSIEE & 2X|
2) E0{MIYXt
(2) LI Xkt HAIXHmacroparticle) Q| 74Ztisk oot xjo| &

"= St AMNYRZE X0 O)X|= FE2 SYUE= YAt S (mass)t UXHY 2 (composition)
a

t

[

=yl

o= ZH

= 2Lt L RIXto| 2101)\1'.: E*—’v‘- | 71Z9| E8E|= 0] £71X| QAD0HOZ QIH|of| O|X|= Rx|=Ql 9[&o] 2
ME 4 U= o2 HX| on, ARte| 37|(size), A (shape), SE**EH(agglomeratlon state), HH
H(surface area), EHS}SIE M (surface chemistry), 238lT (solubility), Lt'= ZX X (nano
structure)7t 2t} QIx|e| RoliEt Hek2 A AR o ZE.

» AUXte| oftH METt L AXEe| QoS LIELH=C 71 Hetst 24Q10H= OFEIMIK| HS{X|X| 42 Mefo|1,
AUXte| of2] EME0| SO E X8ol0] QM2 Rt HekS 0IE A= ofAHE.

* BN T2I| "SYUE LRIt 21 D& k2t A H 71513]X] 36.4 (2010): 255-23. 23

- 202 Feisty| 2ol XY 5 SEI IR H2lolM SHSTol =B 4 AU,
- 3D H AtS HCH} KIS ol FI2et ofziojet HAo| 2 0|8,

- J1AR E7|AIOILL SIS HH TEIS 2 4 ol HHY.

- TaHE MIHR0| 24, LUK, BANS 3Q 2

= 3DHI A2 A| WHEIOIA T %I2361X| 2.

pendom SRS b2 3

24
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= Ciefol Mzto| pLAZH ABS 3DHI ZEHHE AME ST Hut EHA| LI AR}, S5UKE, B L

L Xt} EtALH- R HE= HZSH0| IS F1 DNA 242 22

* ZX: Sigloch, Heike, et al. "3D printing-evaluating particle emissions of a 3D printing pen”.
JoVE (Journal of Visualized Experiments) 164 (2020): e61829. < EIALH-RH(CNT) > 25

1. 30 X2IE Aol
3.3D W Q2

= =
2) 3D Wl La}HE Al 3 Af2|

0

1,4E+06 256406
1,2E+06
20E+06
T 106406
2
: 8,0E405 - 15€406
% PLA_black 200°C
£ 6,0E+05 PLA200°C 108406 ~—PLA _black_210°C
g et =Aas 200 —ABS_black 210°C
& 4.0E+05 — Printing Start . i
5,0E+05
2,0E+05
0,0E400 O R RESACS 00 N3889358888820°
2 3 5 7 8 101213 15 17 18 20 22 23 25 FRANNAAIIGERPIATIEONRRRIeLS
Time [min] Diameter [nm]
< 3D H A2 5 LEHE AXHE Xt &= H|w > < 3D Hl U2}HE AXHE AXt 37| 2X >

% ZX: Sigloch, Heike, et al. "3D printing-evaluating particle emissions of a 3D printing pen." JoVE (Journal of Visualized Experiments) 164

(2020): e61829. 26
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2) 3D M H2pHE Al H AR
- 3D M £ £ 3=0jct 308 S0t B e
HiZEQUX} Z ARt o .
20 i‘ - . &
S — D
Im R — gn R
B
Exsu £ : TR
J §.
g HE € s
50 E !
0
s & ¢ s @ ¢ & &
Qr"g'«e’qr,r; & 'gf‘e’"@#
&
< 3D W LBHE AXHH WH =F &M At > <3DH EH F AR I7| 2X >

* ZK: Sigloch, Heike, et al. "3D printing-evaluating particle emissions of a 3D printing pen." JoVE (Journal of Visualized Experiments) 164
(2020): €61829. 27

1. 30 Z2IE oS
3.3DH RAHEE L= =X
2) 3D H LalHE AXH| A AL

(A)PLA(ZH2M) HEIHE Z2{A| BiEUX 37]= of 50 nmE &l

(B) ABS(Z2M) TBHIE Z2A| HIZSYUX 37| A[H 100 nmE ol
(C) PLA(T*2]) L2tHE E2A] 12| ZFA| 37]= 120~150 nm gl
(D) PLA(EALH- RE) LatHE Z3A| ghALb-RE 2ol

(E) PLA(E) Z2tHE £39A| H ot ol

(F) PLA(Z20|5) H2HHE EHA| 2 20|55 Ut el

* EX: Sigloch, Heike, et al. "3D printing ing particle emissions of a 3D printing
pen." JoVE (Journal of Visualized Experiments) 164 (2020): e61829.

< 3D H 3 IHO|M LS MZe|
S3pEs0|2 ofo|x| > -
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4. o0 2e{ T 3D ZRIY XY 2 EE(254,2021)

1) 4

0

House, R.; Rajaram, N.; Tarlo, S. M. Case report of asthma associated with 3D printing. Occup. Med. 2017,
67, 652-654.

Creytens, K.; Gilissen, L.; Huygens, S.; Goossens, A. A new application for epoxy resins resulting in

occupational allergic contact dermatitis: the three-dimensional printing industry. Contact Dermatitis
2017, 77, 349-351

3) F 40A[ZH 0] % 3D Z2IE Shi= AFRISOIAIM M4 EE= 22| 27| H|F 28

Chan, F.L.; House, R.; Kudla, I; Lipszyc, J. C.; Rajaram, N.; Tarlo, S. M. Health survey of employees
regularly using 3D printers. Occup. Med. 2018, 68, 211-214.

29

1. 3D Z2IEl ZZ olmat M
2. 3D Z2lE 2 H Az
3.3D T2 oHH we M



20144 oj25et Ak
2 oA

O 3pmalel 7|21, AME AT HELA o

LET

A
©

g S

-
3

.

Joll

K+
o

gt g

I 71 ols<t

E{, K-ICT 3DZ2IE! X|HME, K-ICT C|d}
3DI2IE) AMS T&5t0] 3DZRE MY, B

M

Bl ¥Z=ZH

32|oflo|E|2 WEZ| S

A,

<0

w0
K+
ol
ujo
ofr

31

. =LH 3D

HIR5o] 20| & ZHE{7],

3D =g

« SAIRSE Moltx] £Lt ol

rimnes

2o, stase] of2{zt

Chefst 7| X=0] EXI=lof

=
=3

& ZFRE, 2914, CIXIE 717121, 887171

st
=.

Z2IHSO| A= 2F

2k

H

J
|

.OF
=]

= SAT|YHKRE Ho|FHADo|A P2 Sl HelH oto|CI0E T

1% O[0]7] AH[O|A" stat MMo| X Fo|n, 2018 65

et

.
o

. 2018 KE] »

13t 29

A
=

Wzt A

A&l 5

7He] 417 mlo]H AM|O|AE MGt 2022H7MK| 3677HAE &E o FH0|H 0f

32

21



33

2|

Jlg 2=
o

F

=
=

il

g
AARH

2|
(=

I
57| 215 2017'A5E] 2019'ANK| FZE 4

AT, AlRIARR] AA

}, 0|8t == X2l Ofzt
23t
3

2
HOILS fIet Mu|AMAXE A I 2 SEMTAL 372

HIHE T

=3
9|

g

o
=X

[

™=

Pt
TS et ST
IIs Al
Hing o)

-
o

=
ol
<]

1, jl

S42 919 712 AR ] 2-AIY

("17~"19)

9 o|gxt 25e 2
b XZ 7|=2A12(17~"19), OF

[

s &

S
=

3

HA|

02 3pmALM &

2(14.4), 3DZZIE Xo| Ho|HA 10008 wKAH = £+2(14.6), 3D.
El A

7{% 20154 128
—o

+ 3pIE 7|&9|
=

©)0| A2

o|gxt
=k

=

3

<)
=

12fO 2 M 3D

Ly

x

("14.12)
1

X

'2019'd 3DZZIE S 2H M7} okolat

CH Z:EIE2¢aE 120 HMDH|Z 2AE,

. ey
2o

. =LH 30
. =LH 3D

P12 8.

213}

5 M)

o

o

34

M 3DZ2UE! ALRAX}T} ErofoF &

il

P4l

&:

22



("17~"19)

a7

2) 3DZZIEIMY TS Al

I >

n
(]
B
&
<
= b I+
i 5 ¥
I W 2]
5 ¥ ¥ ®
H £ 3| o
18] |
I+ ¥ I I | IF| R
& a o Gl
B < el _u._. < ____o.
o-| OF| DF DF| DF| DF| DF| DF| DF| DF| OF | OF
HEEE IR R R R R
|5 2 S|nE|F F 5|5~ T
®l ®
i 0
— | o
Bl = = B o
BB B 2 F
RIV= o = 2 ale
K &8k i) | AR
NEIEE I WlH| o | M
N = SR L o | %0 | ™
@ Y g R[S E DU EF %0
o & x| | | E S A Ki
dlmim s E| BN 3 g R
S K @ W S I
R op| = 20|~ | D3| R RR oo
HEARIE AR >
A e R R
alh g sl ddddda
M X K R K| oo o ol o 3
w
@ o ¥
a R %0 E2|
nr =0 P i~
’ B 2 7
Bl 0 P L)
- o . )
= o 0 g &
N oy w > o
4] N ml 2
o W Hl &
<+ ~ ® <
- o o <

. =LH 3D

=R L

a

('20~'22)

g
= HM1xt 7|2A1Elo] Btz oy [j2t 3Dz

IZ Al

g M T

3)3Dxe

HHE

By

=
-

F O[S 215 202114 3 2AIRN BS22 Al

Aot

('20~'22)2 SEBIROM, 7|2AElo| &

opslo] '2021'd 3DZE

lelied 7

HI of2 3cH X7

=
=

= 1202244 3pTIE 22 50 Z= =oko|a}

MY TZ JI2AEe] 2AHAE FEHE2 FHIHSE 3D

|E]
o

= H2X 3DZ&

ofel

Ae7|gt 1E3H(521H)0ll £ 968.3

(214.598), APEX 7|53 22 (232.8

36

23



ETE

37

%
ki
= hi|
Iy i
Sy 4 .r
Bt ® ¥ 3
= <
3k y AE3E W iy
1] A R
Pi.: 1K 2
BEEEE EEEE =
S5 R | RO o " i o 0o
55| 5§ B ww ¥ =
NI RO | ®O up | i ¥ =)
5 REE IR .
alE = &0 ol
AE R Ui G|
ol L Pl
- = 20 2l
= T o o
|t - RI ljo
~ E|® 2 ..% o go oo
q§ 5 : g &=
S o EIHE: = & T 0 oy
by - | 0O = ~| H - -
& = m % ToE @z | o = m 7
= = A p E | W N 1 ok
or <l = X K o~ x| M E L w_ﬂ ..._ =
ol wo W B A MR wlw B E E L
w5 i tHEEEREE g §o2 2
— 10 on| = = Ko = - ) - <
._.A.MD_ mf;} X - Xx
F1 D v mﬂ.no_m_oymm*gm:“m 2 o N &
v ® ™ = ...m ur o z0 = | o of
- ﬂ_m ol | x“o @ ﬂ w mm_ = \nhhl _n/v ol R <
ml g H N = Iz & 3
- MH_ Ko du R’ ~, = _ ..m_ iod —
= 3 N| ® n~u 3 B 2 oF & B
= 2 i a8 - ¢ [ D o wox 50
mo wo Rl R < Kl 31 ) mw =
= Kl B = [ ~ K o = = il =)
al T k@ . z 0 T i 5 X oo
HI HI g < W L H E o g 2 s o WO
(o) o mr < - — = = oK = ar ™ o
D ™ n._ N E z0 Ee K Q H___._ qL oK © oI—L
o & oo 5 fo o . N i o
= 1g B ® - E T H oo
o LI s o . i R i R
: | # al B L ﬂwm*wuﬂ@
o 1 0 ml o & w K & w0 W o
50 3 < s B o K 4
m < m R O
wo o o o R 5 O
il H T o B T
= LU a T Rl < ooF
| ® # a X |, op o r
1, a2 ¥ L ™ W @ < | ..m_
mn 2 g B o om o X RO &l
— ) = F K+ zl o m = ol
= « s> ¥ W 5 T SR
T T b
) c 7 88 3 -
@ ® onl
1 K

38

24



. =L 3D =8I 24
2.3D ZEl 7
3) 3DISIMY FE AA|E(20~22)

3D=g2IE!,
2 A OlI2H= =2101CH

20211 DAY L4 TIE AIYAIE

Hx{ot otHCH M S 3t 0| 2X} QM Z3t S0l
£ 968.3% 0| = 2.9%2(0.3%)0| MHE|o| UAS.

- SDmEIH ARis) SER WA
- o2 B e A R 104w

232.82 8
192401

404 n

521.02 8

° sawiae 360001

Q) riswmwas

39

(2) 3DZEZIE! 0| AFCHM FZI(27|HER, N8R, MR, B7I8, UKL, 2EL)
- 3DZEZIE 0| 2Rt QM9 7154 S otz AHAOIM 2HAI RN S 3DITE QHH CHM 3]
>r=E
Hx{s otMCfMo = 3DI2IE! 0| X} OHHALD of|t
I
[ I [ |
o|8xt ot me obHgh ZhoIztA ot o g7t 3D Z2IE! 7| % 0|8Rte]
grh-Zst =M X o ot olA H 1
- Jlol=atel et - S AEA M x| - Fo|AfE HA| 23t - A HH|
- OISRt otHmg MA HY | |- ZUEF M AL - 3pmE b A RAD | |- SEYSH
R - oHNEZI|E s
< 3DZ2E 0| kM CHM(2H) FQLHE >

40

25



ll. =LH 3D

a

=
3
1
._b
=<
M
w
(=)
=
K
< M |
A i |
2 5
=< = 4,.
3 N
X =
) o ,
l o fio 4
i 5w
g = b om
2 F o B 8T
W ﬂ x3._ < B <)
o & Boz 84 W i b p
g3 ° g & 8§ 1L
- o © t = g % i g 3%
1 b
Rl 0 e ® & OB b i 25 8
51 & R o< Moo i g id
S 5 5 m B E or W o arog W
A< k ® = £ £ o o i
T & HoEod 33 o Fooou o T X
. SRR BTy S I
o ® B o@D om S S iigiy
) 1 B oW om oW 11511
md w.h fal H H mdm mm z M.. nn EiF
n_monw.@@m_m_ H ._uroﬂ___.*m__m_._a%
n o0 f ® ¥ [ I : : . g
8 n =1]° T H L o5 & o R
= & ol EL 1 E._ o & -
5 5o o EXEER ® o3
i@ m B 3% e
Ho® ® W g = * 3
= LI S B
= B H ol y
i w m_._. ® K@ g o %._om
] > W sl T ®» MET
—* IR )

42

e A
g MO|E(http://3d.acastar.co.kr) >

(oLl

2|

P

D E2GY HelA

I

26



. =LH 3D

= — N — Ry |
E [=] - -
3.3D EEIE oHH us FH < 3DEZIAY HAVZ BIWY 2%E >
1. AT AU HESE Hel 0 22 25 9X, AWaE
2) =Ll 3D U ot AL Jo| =2l D | (40-60)% 3 o
SAHEE ) oim wupmmes (24-27)°C 3 20°C, B 60%
samgx |PABUUEERE (18-21)°C 518°C, SEE 40%
=EETY 22 AUNERE (19~23)°C £19°C, EEE50%
apmele| 1. HHls UnE Fu £ g o e S 3DTEE A8
T ALY |2 ARfE HEZH ASS ASH A A
e 3. AT HIZ 22| s SHIHEZIXIZ(MSDS) &I B
1. AU SEEE Te{st0l IR gate| ALE 32| A8
sy |2 BE7IE3DIEE 35 HOISHD, 3DTRE 2R RIS 2
i A2 014 7S
EIRA) 3 sz ns 5 zuse o wmsx 2o oz 2ol 5
4. 3HE7| ASS Kelgb|er am AA
1. 27180l o|% 278 22510 B2 (5-20)m BE MY
2. OiE % A20l= IDTTE| YT Y= HE Y FUSS 5 G
Az Mkl T 1AIZF EFIZ B 014 37| TR
(RIelzl) |3, 3pmElE Z= = male £0/S Jetol 305 0|4 27|
P s 9 7| Aol miet 9giEl 9| R 2|5t Rels| T Rl
12 1 50] xfe2H71Z AA
1. 3DIEIE(= B7|7} RSl SIAIS TR{10] MKl
MNBZHEH | D ollofzd | Al 25| Birhmo] 3]
> M| 7hS Al SHE7| B 9 317} 3 5l 2oj 4]
e 1. 3DIEE HE oh= = TEIE M LR E A7 Ha
> P 2. 3pmEE TelEzHe| F7IHel Ha TR
43
El X%
. =L 3D Z2IE! 2
(=)
3.3D T2 oFF W A
2) =L 3D IS QP AL o] =2}l
A 4 & A %
® . L
o=
1 P4 ()
s = m = 1‘
: @ S s
=i el e
e — a S— S | S—E
B “@ fd
44

27



3 Printing with Filaments: Health and Safety Questions to Ask
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22 3D &2
- AEIRI(CB2, R2)
T - ofjteiT
SlsreE it
13,;" - 7|Et VOCs
= ARFALO|= ~
X0 M HX| (CMR) - LAHE S]0| 2t 27.9~188.1 nm
(C1A) s &= » 45,690~1,731,578 (#/cm3)
- MY
o SESShI B
A SHES

* M2 > E0|HHX|2| fof 4 ZHOM 2H o2t Sl =tast
» 7IE} @(?) : HMIIX|= H/eHE

Figure 1. Classification of parti matter to ic diameter. The smaller the
particles, the further the penetration and the worse the impact on health. As PM enters into our body
upon inhalation, coarse PM or PM10 with a diameter of less than 10 um s retained in nasal cavities and
upper airways, whereas fine PM or PM2.5 with a diameter of less than 2.5 um and ultrafine PM or
PMO.1 with a diameter less than 0.1 um might travel deeper into lungs and bronchi alveoli, and even
invade to further organs or elicit systemic effects through the circulation.

ZX : Chiang-WenLee CW. et al, 2020 (Cancers 2020, 12, 2505)

UR7 E24E Hlof| 20| AL > HFO|
2RI Lite A= W2k 72X HIE H=0] A
|2} CHE F7I2 HEsI7iLL 282 S B &
UE FEY = AS > Hiyt vinef 2R 3FH

2Lt OFxl 2EXO| H|FL|SS o=

s = sl

s
=)
k=]
=

SFS{X|X| 22 (£H : Chiang-Wen Lee CW. et al, 2020
(Cancers 2020, 12, 2505)

41



3) Z2ISHL} SIESIL?
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Table 1.2. The production rates and concentrations of UFP and PM, s during
and at the end of frying of various types of foods

150000

42

| =)
Production rate during frying  Concentration at the end Tkl I
—_—————— offiving k100000 ©
—— *
Food Food temperature  UFP PMy; UFP PM F50000 8
({83 parti ’s)  (ng/m’s) i ‘) (ughm') =
30000 7 e 0
Bacon 314 45 0092 22%10° 38 T Stpead | APLL | T i e Printers off
Pancakes 207 25 017 2.5%10° 55 S L5000 | ; ! ] T
Peppers and onions 336 78 012 20%10' 60 ® ! ; | &
Vegetable stir-fry 280 31 ND 2.0%10° ND 5 | ! H X " 15A4DR
Vegetable mix 249 59 ND 45%10° ND = 20000 : ; | &:& 4 205n0m
Fried egg 271 60 ND 2.5*10° ND = i i i ¢ 27.4nm
Fried rice 274 6 ND 1.0%10* ND g 150007 ; : | ° 365nm
Breaded eggplant 280 88 L1 8.0%10° 1000 2 o 487
Overall 44 013 8 10000 + 64.9nm
g © 86.6nm
From Evans ef al. (2008) ‘€ 50007 © 16nm
ND, not determined because no elevated PM; s concentration was observed; PM, particulate matter; 3
UFP, ultrafine particles 0

# Refers to maximum temperature 0 30 60 90 120 150
Time (minutes)
xo|g £0|YX &
(ZX: IARC MONOGRAPHS VOLUME 95 )

- Z0[EX} ZHOjA 2H > H22 Salst

JIEb g2 OF5] B B > #77} D

- 2L} =0|3xte] Z 0| 2 otL|2t CHE FI| 2 HESIHL =82 Sl

gl

MAl IS QU 4 IS > ML HiHe BEo I Hako]

ojo

(ZX : Chiang-Wen Lee CW. et al, 2020 (Cancers 2020, 12, 2505)



Al

F 3 (o] OFQ] HEFAH 7'-_
S) Z=0IMIEX|C] Himi2ol & Jls38
Stomach Colorectal
Coleman 2020 [45] —e—i Coleman 2020 [45] i
Ethan 2020 [44]4 ] Guo 2020 [47] 1
Nagel 2018 [42] - — Turner 2017 [46] ]
e S -
1 2 3 4 0 1 2 4
Liver Breast
Coleman 2020 [45] e Coleman 2020 [45]; et
Guo 2020 [47] - 1ol }
White 2019 [53] Fact
VoPham 2018 [50] o
Wong 2016 [43] ———i
Deng 2017 [49]+ .
Pan 2015 [48] e Hu 2013 [52] —_—
1 2 3 4 0 1 2 4

£X : Chiang-Wen Lee CW. et al, 2020 (Cancers 2020, 12, 2505)

7
oF HEFAH A=A
S) Z=0IMI™X|Cl Himi2rol &l Jtsd8
Bladder Others
Digestive organs [43] o
Upper dfgeslfva tract [43] —e—
Coleman 2020 [45] —e— Uppe‘r;:;%e;u":::dr::tl B;l] '_:_'
Accessory digestive organs [43] —e—
Pancreas [51]
Female genital organ [43] ———
Turner 2017 [46] —.— Ifl::lve'; '[:15{ =
Non-Hodgking lymphoma [45] —e—
Leukemia [45] ——
I T T T 1 T T T T 1
0 1 2 3 4 [] 1 2 3 4
£X : Chiang-Wen Lee CW. et al, 2020 (Cancers 2020, 12, 2505)
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