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Nanoscan(SMPS)(TSI, Model 3910) el A I'jﬁ%_ol‘g" Wols 242

? E£XEH © HCHO
"" SYAIRE =Y

oS '§Jé>7|(l\/|u|t|rae Pro, Lite)

{2 1~350cc/min
2F : 0~40T
Z=HMAIZE 1 14h~16h

SX : N9y 2y

= =

AN A=SH *:'.%EKGlllan LFS-113)

244 - FDM

H 2

L= 0.3 mm & 0.8 mm
ZHEZAL0|Z : 21cm x 15cm x 10cm
HER2EZ @ 110T

AMEe=E - M2 ABS(Acrylonitrile
butadiene styrene), PLA(Polylactic acid)
ZEHE

3D I2IE(AAD

EYY4 © FDM
gH 28

LE 025 mm ~ 0.8 mm
"IEH"EMOIE : 20cm x 20cm x 20cm
HEREZ @ g2

AMERZ : PLA(Polylactic acid) Z2tHE

3D Z2IE(BAR

YA FDM

e ¢ HHA

Y2 :04 mm

HEREZ : 120T

A2 : ABS(Acrylonitrile butadiene
styrene), PLA(Polylactic acid) Z2HHE

3D Z2IE(CAP

*de Y A AE - ZEHY| BE &M ABL=Z 25l 2212E Xe|g



( 3D Z2E ALSHE) 3 HIHSTAL

2) AdzA 9 FYBHEA

TLATNAY 3D THUE AGURRAE TEEAN ATLS A2 L
DBZ §3} B @ Auystert. @R 24 FolA 3D LAY AHgT
W7} 5,754 AL FAHo] Aot AEY v SR L 7 Bgo] ¢l
L 35 123%0] Asjo] A% A% 3D XA ABSLE 5742418
SEgleh. £ 4R BT BHRACNA 3D TAGE AgRE WA
109 o S5k ANE, ASAA, PR, ANGF, DA
o8] AEHA E A 287wl A 0] AABAZH107 SR °
g2t A A AYTAL 15900, 3D LeE A4S BT SAD
AFA(DH ATDANA HHL AR BB BHIAE 9 5 B
o A% 2AEE 3814 24sYT, A4 W7 WLEC] MejrAl
23%E EYE 3D Zeg Ago] B2 Aol S5 AR stwet
QAW LS LA F 20042 AR o F 2] 2 oL 3
254 50 ShL, PR 57 St Astel AABHZHY 54 =
AT ShrER ekE 1, LSS 67), Foha 37holnt

3. MXIGE FY Ol ME ABNH S4

B
N
K
7
i

1RoA FEstal WFolA A2 3D Ty HHEA

<t
£A5to] S w0t A = 3D ZRIE Aol R, Ab
LRI R4S BRISEAL SPSS ver. 272 ©]
A(xi-test) = AlBotAaL 7|HE7} Wop WAHEA
4% 14 A A (Fisher's exact test)& Ao
et E3 AAFE A ofo] wE EAthe, EHIE AR TFSARE A

FAI) sl B2 t-test(Wilcoxon rank sum test)2AS A5t
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1]

Ik

mEoh BAE o WY ATA IS 9
of A7) sl 2RI

2) 3D =¥ ALE JdolA 9 o TAE

3D ZHHE ARSSE wAREo] ZE Aoyl ZEEA] k2 oS At
o= ¢ HE HWE o FEFIH|(SIR, Standardized Incidence

Ratio)@} @2 %4H](Odds Ratio)
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1) 3D mAH AL Z87|He AL AHzAS) BRAYEE

(1) 3D ZZIEE, 7|EQ| XF, YRLZ 23JH 2D T2H otz 725
252 F/ot gMXe 282 USOU= A=, 3D ZzE A2
MzAELA, YL, Z2HIESYA, T2 A L4 SO0| A

=]
0| 7}&F BEHSIE|T WL7|HUM HEE AFRSH Z{0| HIZ = SHIA

H= o™
(ME, Material Extrusion)| &tLtQl FDM(Fused deposition modeling)?)
2rAJ0|Ct.

[22 m-1] 3D D2 X=glg

E

1) FDME E3] "HtgE 7|&=2 AFEYol7|® 5o, FFF(fused filament fabrication)o.&
AHEETE ©
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( 3D T2IE AFRAE] 2 HZIBIEA}

(2) SIS HLSALOINE 3D DY OFHBH 2 MEITAS HHDS
OF MAS0] ISR Yt DBS IMBANES
20204 9% 22ULE 10% 13YTX F4 ZABIAT
CHeh2 XA 3987Hu & 3337H11(83%)7t AL FO{SHAULE,

(£ [M-1) 1]7|2A0M 3D Z2IE HRHIE
(el 2, W, %)

= TAICHAL Hestuw (FDM)E o=

= 2 | sma  oHg | Nwy uny A
A 10,816 5,742 h3.2 9,569 13,984 23,563
A 10,483 5,505 2.5 7,324 10,661 17,985
= 5,231 1,961 375 1,986 3,119 5,105
ig = 2,886 1,841 63.8 2,361 3,031 5,392
al 2,218 1,663 75.0 2,957 4,479 7,436

= 148 40 27.0 20 32 52
oiat 333 237 71.2 2,245 3,323 5,568

T AA 10 167Hi’_ 3 53.2%(5,74270 ) A 23,553719]
SD THEE B AR N F(9,56970, 41%)Ect U (13,984
I, 59%)FEHE o wol %ﬂﬂ AT
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(& I1-2) 3D Z2H Ef 4]7|H9| YUt £4

(N=5,7427} 1)

Ha T n(%)
1000|5} 946(16.4)
101-300 885(15.4)
301-500 1,075(18.7)
501-700 1,086(18.9)
(54 701-1000 1,060(18.4)
1001-2000 473(8.2)
2001-5000 64(1.1)
5000204 107(1.9)
F2E 49(0.9)
NeZdd 1,025(17.9)
4ol 1,320(23.0)
SN 781(13.6)
x| NS 638(11.1)
BAAY 762(13.3)
e 1,043(18.1)
N[ES 38(0.7)
HIZ 135(2.3)

3D ZHEE E/T w5789 fE= v £EE HHA 1,000 ©]
SH87.8%)0l A1 thE-& HESIHUTE. 3D I Ei% E%?l w571 A 9H
S AUAY 23.0%(1,320711), dHEEE 18.1%(1,043711), A=73<
A9 17.9%(1,025701) £02 w2 EE-% E%‘;E}.
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( 3D Z2E ALSHE) 3 HIHSTAL

(B m-3) 3D DUE H 187\ AL L MHoY ZH

H n %
= 5,083 88.5
B0

=R 659 11.5
o3 2 3,920 68.3
FDM(Fused R 1T 1,822 317

deposition ) S
modeling) &4 | & Tt w7 2,374 413
A 0Ee 3,368 58.7
UM+ L 1,057 18.4
E 0jee 4,685 81.6
PLA(Polylactic = 5,192 90.4
acid) 0ER 550 9.6
ABS(Acrylonitril =} 368 15.1

A AX e butadiene .
styrene) |27 4,874 84.9
2 678 11.8

PLA+ABS
0=2e 5,064 88.2
(@]

AF|O[A 23 T 274 4.8
g 5,468 95.2

3D ZHEE AMEShe W7ol 7P HEA o2 ARESHL Qe A=m
A="A(ME, Material Extrusion)®] 34l FDM(Fused deposition
modeling)®§4°] 5,083711(88.5%)°114 A& FolAL, 7HFF(41.3%)°]
H3 Do F(68.3%)= HAet nS7|#e] Ex7F w30tk NIy 49
HE B ST 18.4%(1,05770)E  EESIUH.  AREAA=
PLA(Polylactic acid)7} 90.4%(5,19270x2), ABS(Acrylonitrile butadiene
styrene)”t 15.1%(8687 )| Al A& Fo]|1l PLAY} ABSE HE5F ARESH=
7182 11.8%(6787M )= FESIAUT. AlA0) G2 FHTt AVF A5 nS
7182 4.8%(274711), AlAlGE AESHA R AVF a%H ST H
95.2%(5,4687h )2 H2E5} .
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(B TM-4) 3D ZZEE ME5tz K73 HFAIZH Y &7|-HE
(N=5,74274 1)

tH n (%)

~TA|ZtOl2t 2,291 39.9

TAIZt~10AlZtOI2 2,402 41.8

T10A|ZE~20A|Zt0O| 2t 539 9.4

g o AR 20AI1Zt~60AIZIOIEH 300 5.2

BOA|ZH~100A|ZtD2E 85 1.5

T00A|Zt~160A|Zt0]2t 79 1.4

160A|ZH0 (A 46 0.8

O2IE7| XA R 464 8.1

E =AY |HX] 400 7.0

a7 |54E) EE._|E17I_II7_<1I CelX =2t | 110 1.9

I PSPNI =S 51 0.9

£33 137 2.4

Az 5 HHE| 4,580 79.8
3D LAE S AgHe 87T 3D Zale A 4 W AL 1

A ZE~10A17H]gko] 41.8%(2,4027) 1) 2 3HF B+ 1A]7to] ¢t H= 7|3o]
7PE B, AR QF E07ke B9t 39.9%(2,2917 ) E

A € 20A1Z T, & oFF 1AIEE QF Hl= 7]Eo] HA| 81.7%F AHAISHA
ot 7@ E= EEo AAFIFA Y G474 glo]l A 5 AA|E]
T A= F7F 79.8%(4,58070 1), ZAE 7] ARA| S| 8.1%(46471 1),
= AH] 7] (5 71}*2’%*%1 323} 7.0%(400711), ZHE 7] A F3HgA <
AR BE G35 7132 1.9%(11070 ), S 233t 7| 3A| 7t
oid] Q= 0T7} 0.9%(517Hi’_)i e
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- -HTTT
3D ZAYL A4S 98] 201419 AR TAY WHASL SYstol
SR Aol A ARISAS StTfstal Yon] HEAQIER 3D Zdde
Wrdalel 2AHo2 UM A9 oﬂﬁ 3D =YY Al ek 9tk
T J

7]_21:11:!1— Jﬂa].uﬂr—_-‘/\]_
71AGD ZHE)E A
AL A RAD.



1.
(E MI-5) 3D Z2UE 23 AlY 25 U AIARH|s
= z¥s e KSICER (103} HIARIA
228,
HHH A} (C26323) HEE DAY ZRY 144
LA A
3pmaley . | (C0220) IR WY
MEAS, | (0204) 24 HEIH HZY 902
DAHAHEZN, - O 090) 12, saee o Baag
= = T o T E |
A EEHSEBYN | 5 2y B °98
ME | spay | S UEEA c6309) gl 207101 Mz 405
F24 HHAZ, (C20411) eI T8 2 AAHHS ;Hl_%%_ 634
0l | wszl, 328 | (C29132) 74 BE 9 92| AZY 603
B (C28111) 57| U Wa7| AZ 1,359
7le} ouAZEE | (C27309) JlEt BEID| HZY 204
Pl (C26299) 19| 7|Et HAHEH =Y 1,937
@otal/EEEY
BINLSETHE | (caoson) e Az 184
221 | 3pmag =
- o EPS (C24119) 7/t A2 o A2 37
s -+ oog ¢ 2
- ;c‘zorﬂf 2) 9918 I 9 BANE o
3pZBE | 2EE STLHET, TE JyE QI 208
S| e & | (58222) 88AZERI0| Y Y 33 6.339
(M73202) AZ CiAolg] 1,437
(=1 C|AFo|
=24 e (M73203) A2 CIAfOIg} 2346
e 23 (C33932) HAIS 28 AZY 896
Hua | Ees 38, ANE | (Pe5701) @RBA A2 U BIHY 1,389
328 Jl€f (P85709) 7[Ef DR MEIAY 2230
B3 = (J63120) Z& 2 J[Ef Q{4 HEL0{7Y
gs | CHERE | juag e
ZOE Q 2z ATDES
3DEe, DA%, SW R | s o * TERAL RSO e
8= —
(G46733) PHIT U BatAE| g2
PUTET [ 2,434
o 30,415

o] mE A
C339320] siF= ],
s AREY. 23 &

&3
2 A

) N

RS

35 ol et

2210
==

7ol A ARt

3D Z¥E= C20501,

= Aol 8WT AY
oFZIRYEHGBI.1 ppm)F IE F
A T 9 24L& =E7I% vuol Y. SHAITE AFAelA 9] 3D
A7) grekely At AEA oAl TAT 8k 9 w)A]
, A So2 BRIE W
o=@ yehgth

A=A A
& 71A 0]
TYEHE=
&, CNC7HE,

27|17 49] 3D ZHE AR AT FJo)7}
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( 3D Z2E ALSHE) 3 HIHSTAL

2) £1F

=U-9] 3D ZHH ARG HEE =587 | AdSE, A4 Il digt
APATLE A5 3D Z-EQ}F #% TVOC(EHEE#713E) %
UEdAE, #718tgE ol et AT 9 AR o A, AT
ol Y ¥d A5 AT SkeA(AAEASHS], dgHEAe],
A A2+ 9l5t3]), Pubmed, google scholar, AFARPAREAAFY AF-EHILA]
SollA 3D T "AGFF 59 TolE N B 9ot AAsHIAL,
=-9] A+ 2= AR, AE, FAHE &2 FHsAH.

(£ I1-6) YA

XX/ M= FauUg
UFLH2015).
Characterization of | FDM &4l9| 3D D2IHZ M 0N 7t= ©, =, S PLAT, PLA2%}
Particulate Mather | ABSE AtE510 YRS E Y 7IAMSEE SHOIRUL. YRR
and Gaseous £32 SMPS, CPCE Aol 3D ZEHE 7tsote S0
Material Emission at U 57t 545| 3769, YXZ7| 2= ABS2}
3D Printer PLATOIN MEE AIZH S 100nm 0[3t2] X7t H0| 2 ASHACY.
Operation. 3D CPCe| 4% ABSE AMEsI¥E W ZElE7t &Eck= M AlZt S¢F
printerOfl A &4St= | 500,000 particles/cre] =& +&22 LIEHGD, PLA2= Z2IE
U= A 7tsots S20l= 100nm 2L 2 UXE UEIHQICH Z2IHE
TIAYEEC 7tsot=e &2t VOCs, YUISI0|ES, TE0|ET} LS.
HHIAHE AT}

HR5(2016).

Control of
partioulate materel | epy-3p malef ensEAES HH LA TR SRligoz
emission during ABS(Acrylonitrile butadiene styrene)= 119,54574/cr,

Printing. . N s A0
3D Im2IE JE A PLA(Polylactic acid)= 40,3077H/cr 4=&0|ALC}.
HFAl

ddlots AAd=2

H|of
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XX/

Faug

Z|X|F(2016). HH
Parameter0f| 2 3D
D2 AR LM QA

5

I

0l

2 g0M=E A MHES 0180101 10H2] 3D ZHOM LMok=
ZOMYXE =& 25, 29 Al 29 M2 4 HEE L=

A0 W2t R L0| OfEA HEtKI=X| Hlu 2AIGIACt 11 21t
Y L2 20t 2205 YAV HO| oI 1 4+~ Sk U2
ABS(Acrylonitrile butadiene styrene) 2 A< 2F 1.12x10%/cc
~ 7x10%/cc O|H, PLA(Polylactic acid) 2 Z< 2x10%cc ~

1.7x10%cc 2 1@ DsEo XOIM UKt UMEs oISt 4
UUCL =2 A[ZH2 101 HISIH T LR =01 A4 S-S O|XIX]
UL RO Mh2tA LM QA0| ChEA| LIEHES SHI5IRACE. |IXte]

A 2= ABS®t PLA 25 10nm 0512 QUA0IM 4 s=7t 71 =Tt

U85 £(2018). 3D
D2IE ALK CHSt
ZOMUR =TIt

3D ZEg X A| YMok= XY 37|= HHXE2E 100 nmELE
A2 Aol X7td FDM-3D & &g PLA(Polylactic
7

RIS 2717t 7P Koron, B2l o el
PIMsEI 30| B716I%T, =5 U3 2ES
= 22 EoUX + SE9 BRNSES HYCL
QIISRBOMIR2LUT, S201, H2HH, IAR S) U FHUES,
Q
=

O, €=01s, 28, 28, 38, 2 5)0| 02z d4E=U0.

>
1S
-
4>
o
H1
HH

1
o

)

FDM-3D IZ2IH = ABS(Acrylonitrile butadiene styrene) AXH2t
PLA(Polylactic acid) &0 w2t AUX ¥ VOCsEE Hotst
Siel=22=2 ABS= PLAO| H[o 481 0|4 =2Z5| 376t

I B2 Y| THT 4 US YE2 FZo| B,

0]/4HK(2019).
des=s 0182 3D
o2iE 2 S3=20
oot xFe A1)
- Us SYEA N

o
FM0=-

=
RIS Qo) 2 ATE FHGIUC, BMNX F K2 nm 27|19
ZOIMYRIS| 20| SHPH SIISIACI} A0l ZT30 e
1AIZE SREIS QPYXOR MBI

AlFHO
a2

J1dE 2z AY HIZAOIN HEots 27 2He=

ABS(Acrylonitrile butadiene styrene) Z2tHE XA 1.75mm,
5o EE AEE 04mm, &S EE 2-E 240°C Az
AeiEd YM0| iz XK= AUCH, AH9l 3D TEH XNiE
HYS elst ZHOIULE & EE 20| M2 A0A 210°COollA]
300°Cz & EE 257t S0180)| M2} Xt diises 710k,
E EE A0l 0.4mm E= 0.6mmY Off X} 2 sh= =QATH
2 ES &0 OE 0N S27t HiESE YA Edlste

SN, 2Nz A= MF 7|2 Zfet 2 SEEo= ZHe

ST P2ARIC0 SMPS2 S5t SYST9 H|mol0] 157.8%2
O ECh OPCZ 08510] 5SS =%et Z1, SMPS SHYS

0|AQ1 1.0~2.5m0IN UXPZF EMFQUCE
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( 3D ZZIE| AISAE] Y HLFIEAL
XX/ H= FRUE
3D DEE AME HIEOC= AX9| shet=d dE= 240t 41t
PLA(Polylactic acid) AX{9] Z<L H2|HASE 57503239,
CUREHNFE S0, AR 5), 12X SER 20~255(L-Lactide
Heuw 5(2019). 3D | §)0] ASEU T ABS(Acrylonitrile butadiene styrene) AX{2
O2E0| ARBE= 420= H2UMEEE 5630122221, ST, AEH 5),
Aol &= gl TEXEAEL 15~235(1,3,5-Cycloheptatriene, Benzene &)0|
RFoEE SGUT. | ASEHU2H J[EF AN E HEZHYEEE 2~-8B(EFY, AEH
5), 1EXNSEZ2E 15~23%(L-Lactide S)0] HAEEACL. 2|0
=& A9 0= S| SEe H2|, H, L=F0lE 350
AEEACY.
AFRANAM 3D Z2IEZ ABS(Acrylonitrile butadiene styrene)
ATE 018510 Lt 37|19 =OIMUXHUFPSs)2}
AE2(2020). & U715 =(VOCs) HI7HE MAGILE 11 2t 3D Ty
AR 2HH0IM 3D ‘ts% dit 22E UFPs === 37Io17| Al&GHRLT oF
o2y HiE=2E Y | 20,00074/cc(ts™ 3,00070/cc) =0 £ETE & A== A2
=3, LIEFSCE. 100 ppb OJ2t9] 22 =EO[X|ZH ZEXUHS|E,
OIMEYHI5|E, Ot 242!, #IM, EFU, AEH SO =2 VOCIt
AELUCL
FDM-3D Z2IH MSATLZ ABS(Acrylonitrile butadiene
HIZA45(2020). 239 | styrene), PLA(Polylactic acid) S& Ar20ot0] =0 C2 QXA
3D Z2IH Jts Al | 22 542 T/ 5227 MY SUE 260°CoH M UXA
ATHO| 2 QIRpAF 20| 7P =1 ABSOIM= 1,290,0007H/cr* PLAMIM =
=29 LM E4. 344,0007/crt +ELE QU= ABSOIM 7HY H2 UXE
LEOIAL
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(B M-7) FYSHTH

XXt/ HI=

=
zoug

Brent Stephens et al(2013).
Ultrafine particle emissions
from desktop 3D printers.

HMHATR0|O FDM-3D ZZIEZ ABS(Acrylonitrile
butadiene styrene), PLA(Polylactic acid)E At&5}0]
kot 3D E2IE9 (PLA27K)RF (PLA27H+ABS37H)2
A F UK sEE H|WSIAL ABSE AIEot & Xt
= Sk7t 39| Sttt

Yu Zhou et al(2015).
Investigation of Ultrafine
Particle Emissions of
Desktop 3D printers in the
Clean Room.

2TE(10,000 level)0iA Desktop 3D Z&EH=Z

ABS(Acrylonitrile butadiene styrene)S AF26IH
HItotct. 3D DZHUA MME= YR £ FJ|=
10um(PMqo) OIZIOIICH XIS F717t 2245 QKLY

Skt H0EXH X 37|= 0.25um—0.28um AtO|O|C},

NimaAfshar—-Mohajer et
al(2015). Characterization of
particulate matters and total

VOC emissions from a

binder jetting 3D printer.

Binder jetting 3D= X& MZE FJO|CH 2A[¢t
=0 £ VOC % H{ZZE(10 nm— 10 im)Q A2t EHE
AIZI0| M A 7Y R0 STotH WE {2 oI
205-407 nm ARO|9] RIZ7|= VR 71 52 WE
£LE HACL OMHX|(PM,s, PMig) % TVOCE 25 0=
EPA 7|28 ZufoIRICt. Z=0|MUXt BiE2 PLA(Polylactic
acid)E Al2st= FDM 3D T2IHECH 2X[2F 200 nmE Lt
2 YK MH0| ERUAC.

Yu Zhou et al(2015).
Investigation of Ultrafine
Particle Emissions of
Desktop 3D printers in the
Clean Room.

=

=212(10,000 level)OlA Desktop 3D ZZIHZ

ABS(Acrylonitrile butadiene styrene)E& At25t0
B7totCt. 3D ZZEOM MEE= YR 2 F7|=
10um(PM1o) O|ZHOIRACE. XIS F7|7} &Eg45 UKt

S} S0kK|0 YA F7|= 0.25um—0.28um AHO|O|Ck,

Aika Davis et al(2016). Fine
Particulate and Chemical
Emissions from Consumer

3D printers.

HMHOWA FDM 3D Z2IHZ ABS(Acrylonitrile butadiene
styrene), PLA(Polylactic acid), Nylong At=25H0
HotoIICt. AT it 25 =OIMEX|(UFP)E Lo,
oF 70%= XZ40| 50 nm 0J2H0|RUCt. ABSE= AE[R 2
OEHeIHO| AEZUL, PLAE HIE HIEFZZ0|E(MMA)7}
HEEAUOH, Nylon2 7tZ 22 (caprolactam)0]
AEUCE. ZE AXHOIA OIMEYHIS|ER ZEYUH|SIET
AEECE ABSE= PLA, Nylon 20 H e QX2
HIESIQICt. XS EE 10°%~10° particles/er 771X
SSoIAULHZE A[ZH0] X0 2t ZEASIRALE
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( 3D Z2E ALSHE) 3 HIHSTAL
XL/ RIS

FouUg

Yelin Deng et al(2016). The
Impact of manufacturing
parameters on submicron
particle emissions from a
desktop 3D printer in the

perspective of emission
reduction.

2 7= 3D DEE 3H 4HA(ZE, 71, TEY,

A2e)ol| w2t ABS(Acrylonitrile butadiene styrene) 2t
PLA(Polylactic acid)OilA &= AXE EAISIRAC.
ABS7} PLAELH O &2 QIXIE di=5IYC

LS d

Jinghai Yi et al(2016).
Emission of particulate

My 2 MHEALZ Desktop 3D EEEHZ
ap

ABS(Acrylonitrile butadiene styrene) %!

LA(Polylactic
acid)2 AL2310] LIS,
matter f.rom a desktop ABSE PLAECH O 2 OIXIZ BIZ50IC). £ QIXjAL
three=dimensionalSD) | majai= szot syl wel t2A LoD, el
printer. SIS AFRS A2 F UKL £0| HIEZO| 2t ZHABIALY,
Parham Azimi et al(2016).

Emissions of Ultrafine
Particles and Volatile
Organic Compounds from
Commercially Available
Desktop Three—-Dimensional
Printers with Multiple Filaments.

MHATZ FDMEA 3D ZZH=z MO| 0=
PLA(Polylactic acid), ABS(Acrylonitrile butadiene
styrene) 52 AXME AIESIRL, &9 2=t YUKt
LUE0| 0| U= A HQIGIRMH, ABSAH}

PLAAMELDE YAt &= SE7F ZRUCE

Patrick Steinle et al(2016).
Characterization of
emissions from a desktop
3D printer and indoor air
measurements in office
settings.

ZH 2 ASHAFL0|H FDM-3D Z2IE|2 ABS(Acrylonitrile

tadiene styrene) 2 PLA(Polylactic acid)S At&o}t0
ALt =0/MHZ2Z(Ultra fine aerosol)d&E2

BS( 2.4x10%/min)2Ct PLA(2.1x 10%/min) 7}

F UL

[

Samuel Hartikainen(2016).

VOC and particle emissions

from home and hobby 3D
printers.

ASAT0|H Desktop 3D Z2IEHZ ABS(Acrylonitrile

butadiene styrene), PLA(Polylactic acid)E At&st0
LIISIUCt. ZO0IMHA| SEE= 4.3x10'%/m 0|0,
ABSOIIM AE|HIO] HEEUT == 20-70 ug/m* O|RALE.

Shirin Mesbah Os Kui et

al(2016). Assessing and

Reducing the Toxicity of
3D—Printed Parts.

FDM 2! STL 3D Z2IHE At25I0 £2s

= Zebrafish?l
HIOH| =EAIZE I S40| Q= WS UHSIFCH,
STLel £58=0| FDMECL M o =40| At Ae=2

LIEHAE

Aleksandr B. Stefaniak et
al(2017). Charaterization of
chemical contaminants
generated by a desktop
fused deposition modeling

OtMlE, O|AZ=TUE, UM, 2 22RE

HMHATZ0|H FDM-3D Z2IHZ ABS(Acrylonitrile

butadiene styrene)?t PLA(Polylactic acid)S
AZSCn, OIMEYHSIE, OES, OIHELEE,

==

y —L— =TT -

3-dimensional Printer.

OIEHIM, m,p-2AH, o-AE|H, D-2|ZH0| HE=ACE
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Evan L. Floyd et al(2017).

Fume emissions from a

low-cost 3D printer with
various filaments.

HMHATAO0|H FDM 3D Z2IEZ ABS(Acrylonitrile
butadiene styrene), PLA(Polylactic acid), PVA, HIPS,
PCABS, Nylon, Bronze-PLA, PET Z2tHEZ At25}0]
7151t ABS, Bronze-PLA 2! PVAE 712 =2 QIX}

UE=S HHoIAL.

Eva Jacobsen et al(2017).
Risk assessment of 3D
printers and 3D printed

products.

FDM 3D Zlg0jA ZdEe= UALSSEL HE=E
HiE0| ME Hy®lolids B76IUL sUd=R=
lactide(PLA), styrene(ABS), caprolactam(Nylon)S
557 & & =9 FS HMAISHAIC

Luis Mendes et el(2017).
Characterization of
Emissions from a Desktop
3D Printer.

M 2 ASHAA0|H FDM-3D Z2IEI2 ABS(Acrylonitrile
butadiene styrene) & PLA(Polylactic acid)S At23t0]
ZM5IRCE YRt WA F7|= 7.8~10.5 nmAULH, ABSQ)
aerosol YEE0| 7t =2 AXULCE. SMPSLt PSME
Ar2510] HIFet L QAL WE A= ABS 2.6x 10* #/cr,
PLA 7.4x10% #/cri* 0|1, LI=QA} HIE &= ABS
3.7x10%-1.4x10%/sec, PLA 1.0x10"#/secO|RUL}.
SUd R71 2 VB 7|M eRtE2 AERA UL HaE
22 = o YEC Z2 £&0|0, ABSOIA AE[HIO| H2
FEOE AZEEULCL

Marina E. Vance et al(2017).
Aerosol Emissions from
Fuse-Deposition Modeling
3D Printers in a Chamber

and in Real Indoor
Environments.

HMHATZO0|H FDM-3D Z2IHZ ABS(Acrylonitrile
butadiene styrene) & PLA(Polylactic acid)E& At23t0]
SX5IUCE ABSS| TVOC SE&= 0.83+0.01 ppm, CO
== 0.69+0.01 ppm 22 LIERGCH PLAE HELX|

P4ULCH.

Ohhun Kwon et al(2017).
Characterization and Control
of Nanoparticle Emission
during 3D Printing.

HMHOA FDM 3D Z2IHZ 77X T2 g7iay
= (ABS1, ABS2, Laywood, HIPS, Nylon)Z Ar235I04
=2k 240 o2t YR+ s SYOIULE D2 7tE

Al LI XL SR, MEE MEAL HY 2
HEEA BO 9E7| 2t 52 AYZHNM ZE M=t
0 =2 U YA HHES HUCL XY 2EE Mo=
HEPA ZE7t = 2 MARH99.95%)7tF 7Ha =

LIEHSIEY.

Parham Azimi et al(2017).
Predicting Concentations of
Ultrafine Particles and Volatile
Organic Compounds Resulting
from Desktop 3D Printer
Operation and the Impact of
Potential Control Strategies.

ASATR0|H FFF 3D ZZIEZ PLA(Polylactic acid),
ABS(Acrylonitrile butadiene styrene), HIPS, Nylon,
PCTPE, Laybrick, Laywood, TGlase, Polycarbonate
AME AEotH BIIoIACt. YR sE= ABS7H PLAELE
=UCE ABS, Nylon, PLAGIA AE[A, 7= 24E 2FE|ET}
LELAL
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Qian Zhang et al(2017).

MHAT0(0{ FDM 3D ZZIE=Z

Characterization of particle ABS(Acrylonitrile butadiene styrene)E AESH0
emissions from consumer HIISIRACE. QUA7E AREH A5 7 S20]
fused deposition modeling | Z7t6t1, WA UKt F7|= 20-40 nm, atsEE
3D printers. 10%/cr2  LIEFGICE.
2 A= 2|7 HEE AAAMUA Makerbot ZEEHZ

Tracy L. Zontek et al(2017).
An exposure assessment of
desktop 3D printing.

PLA(Polylactic acid)& AtEold, &7t & TX| &=
MMM Da Vinci XYZ ZZIEZ ABS(Acrylonitrile
butadiene styrene)E AFESIH SEst 2t Uit k=

10%~10° particles/crt 0Lt

Davis AY et al(2019).
Characterization of volatile
organic compound
emissions from consumer
level material extrusion 3D
printer.

MHATO|H FFF 3D ZEEOM PLA(Polylactic acid),
ABS(Acrylonitrile butadiene styrene), HIPS, Nylon,
PVAE ArEot DIEA & 2|2 R7IeeE &5

2o T
S0}, 2t HetHE M=Z0A 3070 Of&e| LSfX|AHLt

OAEE XN=ESE U LS XIS SIOIEQICt

| ©
== o==

E

Gu J et al(2019).
Characterization of
particulate and gaseous
pollutants emitted during
operation of a desktop 3D
printer.

HHATF0|H 3D Z2IE! AKX ABS(Acrylonitrile butadiene
styrene), ASA, HIPS, PETG, PCABS, ULTRAT, ESD,
GLASSE AM235I0 IItstICt 5.6~560 nm 37| Yol
QUKL CHSH EXN HEAT= 2.0x10° #/min(GLASS,
PETG)-1.7x10"" #/min(ASA)0|ICD{, ABS=
(4.7+1.1)x10" #/min O|C}t. TVOC W& &E= 0.2
1g/min(GLASS,PETG)-40.5 ug/min(ULTRAT, ABS),
Z=Q VOC= AE[HIO|ULCE

Youn JS et al(2019).
Characteristics of
nanoparticle formation and
hazardous air pollutants
emitted by 3D printer
operations:From emission to
inhalation.

3D IZIE ALE0] [[fE L QIRtRt
o7 | 2ESEHAP)Y HiES FFF 249 3D &
bOZ D& Al PLA(PonIaCUC acid)E ArEsto
YISt LI=Ate] = 37| Bz 70-100 nmAto[2
2 37| 4 10-20 nm AL0|9] &2 F7| té.“?—loﬂ ax
PAMSt D38 #= 227 LUEHRTH 3D ZElH 7t30]
S7H0] M2t 10 nm YAS] = 37t 716t 2E 5
ste U8 s 2O 3.6H =% 5 1439
Folt7 LGS HHAP)ZE AEEHUCH 11 F =it

Oo== e
OIFZEZUEH, #IHM sTIt 7H FULCH

2H
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Stefaniak AB et al (2019).
Evaluation of emissions and
exposures at
workPLA(Polylactic acid)ces
using desktop
3-dimensional printers.

'EKFFF 2 sheer)2 AIRSH= 474 Iro%xko“;q OIXIAS
+d o7I2°*='(TVOC)§ ZX51ICt. FFF 3D
Pkl—n:vx|0| 94X109~4 4><10”(#/m|n)

UAL.

Byrley P et al(2020). Particle
and volatile organic
compound emissions from a
3D printer filament extruder.

HMHATAO|H FDM 3D Z2IEZ PLA(Polylactic acid),
ABS(Acrylonitrile butadiene styrene), PLA Halg
ALEol0] HIoIACt BEE YAt HEE2 7|1E 3D Z2lE
ATt FARSH Z0IM(1~100 nm)O|ACH, AE|HI}
OZHIMO| ZBtE0] QUALCE

Bernatikova S et al(2021).

Characterization of ultrafine

particles and VOCs emitted
from a 3D printer.

MHHT0|0 3D Z2IEZ PETG 2 NGENES AR50
ZOMYRUFP)2E &S R7IsIE(VOC) BES
IIISIYCH & AR sE= PETG 3.88x10' NGEN
6.01x10%|QICt. & LHHE D& OHIM, S290,
Aol =7 i1 A AEZUCH, PETGY ZLR
AE|HIO| SOl

Boowook Kim et al (2022).

Assessment and Mitigation

of Exposure of 3-D Printer
Emissions.

=2 7= ABS(Acrylonitrile butadiene styrene)

LHEES AMEot= 2049 3D ZZHE Jtsoks AU
374 HEo A2|S7tofAf 3D TElH HiE SEO| Cfst
IS AASIICH. SMPS2F OPSE AMZ5HH

LI QXM 2E OFO|F2URHA nm~32 um)Q UXK
sSTE ZHet 2, 22X 226k= Q20N 242 B
16,290+4,468 #/cc, 37+7 #/L FoLt Z2| 0|5 &
4,981 #/cc, 71 #/L 2 LIEtSCE PTE-Tof-MS2 25t
L R7eEEe ste EZEYHISIE 29.8 ppb,
EZ2|HE0ot2l 13.1 ppb, £22 13.0 ppb, OIZZ2?! 6.3
ppb, 222X Z 3.3 ppb, AE|AH 2.7 ppb, HaH|E 1.1
ppb, #HIH 0.4 ppb, 1,3-EEHCA 0.2 ppb SO=Z 1R W2
=C2 LIERACH
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( 3D Z2E ALSHE) 3 HIHSTAL

N
W
O
IH
L
m
2
0k
=
2
=
M

Al 2 XioISIAEX
AL 3D THEQ AL AP R AR 28-S uly] wo]| AFIH|ofA]
S71 B A E FAED AREO] gt 7tol=g)

.
et HE7F 2014878 AREE FAE 75

202199 AZHE(KBS, YIN)E 3 8= U

SPEA], 3D ZRE4A 48 5 @Y€ As) =¥sta e, wshe] i
=71 3D =g 24 9 &8 7hol=FlH JEFAIIIZTH 3D
ZAY QA o]§ Zloj=ael” 1} 20229 7Y TS EEAIFIA 4t
ALY Ao BAHC| =) = viZESHRI. SHATE 2014 5-H

3D maAE/l Eg 94 A4EE SOl et 71z ARst $ESL, 29
o
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( 3D ZZIE| ALSAE

al
=

HUABEA

(B IM-9) IIHe SHo| BMASSA|
= AESA(EE) ASSHA(HEY)
TEAHSIE 0.053 ug/sample 0.009 ug/sample
eI | 0.04 ug/m" -
OIZE=LEH - 1.37 ug/sample
Gl
{71 L] 0.92 ug/m"™ 0.44 ug/sample
seE
ENSE] 0.38 ug/m" 4.08 ug/sample
s 2.512 ug/sample 0.36 ug/sample
1,3-EEC| 0.709 ug/sample 0.74 ug/sample
IIEE 0.010 ug/sample
TYE 0.010 ug/sample
=25 = 0.010 ug/sample
LZE%) 0.010 ug/sample
IEED) 0.010 ug/sample
(1) MBA meistay
7t ded 59 =4
w713 3D ZYEAS ST FARE AFAA 2 AxdE WrEd
w2 45 Gg o AR SsRen 24 2ae oot P
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&3 &
™AL 6AIZH Ol
=SS 3.1mx2.9m x3.0m7}tZ x M2 x =0])
ATH PLA(Polylactic acid), ABS(Acrylonitrile butadiene styrene)
o PLAHIERE glg, H2HE 200 )
= ABSMHIERL 110 T, Z2tHE 240 C)
AMELZET| AAL BARS] FDM 2f419] 3D ZelE{7|
= xox OIZE=2LIEE, 1,3-FEC, AE[H, ZEUHS|E, O HIH,
TeE= EatHld, LIt
20l olmd=YEY, AEH, 13-FeHd, ogdd, =
AH

P, QA AR g7

Sddsls, dsH|dS Ao
E4o] ofyX|qt AAEAZ]FHWHO) Alst A AATFATARC)ONA H 2t 7]
JAHA|(PM10, 10melshE 13 HI=2

Lol gefgo] 7ol ¥ F+= ¢
2 B2 (Groupl. 2016)5t2 A3, Y=UAF F 100nm ©°Jslo] fgsh= %
19] QIxigo] Aslelolt Hze)

o] | JAHUltra-fine particle)= 2 37
=5t £ 9l7] B9 gL 7ot =AL vepltt=s ot

ARG 4 o5 % %
2z lo] 3D LR o] LelAl LhegRtE 2R AgstAr.

L7135HE-2 KOSHA GUIDE, OHSA, NIOSH 59 24 4 EA 29

I §52 Aot S5 ZPAJAR] Yi=dAFe] 7-¢- Nanoscan
nanoparticle sizer(TSI, Model 3910)& AF&sto] JA 4+ 5k HIE

shelalglct.

L) AN F712H



( 3D D2IE| AFRAE] L AZIIS!

]

At

A0 2 =58 FRIst7] sl AARE BAF + /2] 3D ZHEE o]
83197, A4l AHE PLA(Polylactic acid)?t HE ABS(Acrylonitrile
butadiene styrene), AEHONA HfjsF 19 S=4AF PLASF =& 9] tfgt
] o =L 0401 3D ﬂEi*‘Oﬂ/\i 7].z} tﬂ-o] /\]..Q.O.C_ ?—311-/\} ABSES ]
of 3D ZHEEHF) Wl SH71E gol S5AUTH 6A1ZF ol 453
A o|AZ 2 BAFZ(SP)E £45h= Nanoscan® E44 254 7171914
ZEAH S| =} T R7ISFE(VOC) S44kol SF= "Al=
sto] FEet S84 9o A7IsRES Y dAE U2 SAso §718

gE SHEYE dvE 4 vtz #IEY ZEdHs|ER
0.002~0.003 ppm £&F°2& L=%7]%(0.3 ppm)°l B3 ] ZA ZAF
o]
AR

(B 1M-11) 3D T2 MM Q7|22 SHZINABS(Acrylonitrile
butadiene styrene), PLA(Polylactic acid))

axt | T | oo | AR | B | s | omww
BT (TWA) 2 2 20 0.3 1 100
187} (LOD {LOD {LOD 0.002 {LOD (LOD
(85 PLA) | (LOD {LOD {LOD (LOD {LOD {LOD
25|} {LOD (LOD {LOD {LOD {LOD {LOD
(8=ABS) | (LOD (LOD (LOD (LOD (LOD {LOD
33|} {LOD {LOD {LOD 0.003 {LOD {LOD
(E=4 PLA| (LOD (LOD (LOD 0.003 (LOD (LOD
43| {LOD {LOD (LOD 0.002 {LOD (LOD
(E=4 ABS)| (LOD (LOD (LOD 0.002 (LOD (LOD

o AZESH|(ug/sample) : ZEXLHISIE 0.009, SaHY 0.36, 1,3-2EIC| 0.74, O 0.44,
OfFZZLIEZ 1.37, AE 4.08
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3D ZYE AAED & &4 A F=4=47|(Multirae Pro, Lite) &+
& o]&ste] TEYH P WA 552 TofslAt sH¥ L FuHAg-R-7]5)

FE(VOC)E Multirae LiteoA 43] HEF “o’ppmlz ZA=9loH
Multirae Pro9|A X ppb 502 ufQ o} A L5ttt 23| x}of|A EEQ
o5t A7 W AJESF0lA AETA Nl oY A =AoA 7|5
H FHA(peak)x= Multirae Pro(@&HA1ziZ)ofA 0.11 ppm, Multirae
Lite(FZAIHZ)NA 0.08 ppmlz 7} =UTh E 1, 3~43]RpA
Multirae Pro+ |t Z](peak)”} 0.02~0.03 ppme°] SA = A2 Multirae
Liteo A= ‘0’22 7]Z% o] Multirae Lite2th Multirae Pro7} Rt} Hu
et 40| 7hset AR SRlHET. T 2303 AFASA7|A ZE5YT
S|E o] Ald 2 AoE UBoy AASESAE At AESTA]

5% S A E S B2 Aolst s=7t
IZ AF vt o8 AoE YEigTh ot &2 Skl it AF ==
Fojx|A|qt E*‘E“—i = W 3D ZHE7} 7hsEY ZEYH S| =T nE
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3D IRIE| A U HUYSTA

23|XHHZABS(Acrylonitrile butadiene
styrene))

0.025

—e—HCHO(ppm)pro  —e—HCHO(ppm)ize

A3|XHE=24A ABS(Acrylonitrile butadiene
styrene))

338|xAKE=4t PLA(Polylactic acid))

[28 Mm-2] 1~435I% ZEYHSIS(HCHO) WA SE(XSA SH7))

ChH AHUM LXK (10~420nm) S8 & 2
YR A8 2%, 5% 59 di7|1gg0] ul¢ wzste] wiEs: 24
A7t 2HL 33] AASHY, 24 AE PLA(Polylactic acid), =4t
PLA, H& ABS(Acrylomtrﬂe butadiene styrene)l, ABS2E Z} 33|¥ =
ot Ule & 5k 552 SISttt ABSY| A% 54k ABSY| #7135t
AdE SAS =5 IS A8 =EYE W E@Hd 3D ZHE o 57471
=, Y= A 542 3D ZE W AR e &Y
X4y ;ﬂiﬂf—_ﬂ%}-], 371437 npiE o] Qlo] SA4SHAl 2qkal, Hio
& ABSHE 7hEol 7hsste] MZEES(D,.FRIE =
Sttt 2s A, 5 ZISto] oAt oS SASHIA, 58 U Uk

B FHE2 o= 2



=X ZO| L AZH

(3D DZEE MZAL =& ARRIOIM H)
(23 m-3] 5% 59 Lh-AND £32
(B M-12) HHEsE Xt = SE(1~38]%D
QUXtF7| 1 10~420nm / Geometric mean, range : 7H/cr
71 OJM[™HX| =
L E/HE =o/=o
HEdsE 13|X} 23|Xt 33X}
GM(GSD) 2594(1.90) 2860(1.92) 978(2.01)
range 937~5726 1168~4803 383~2488
Mode(nm) 86.60 86.59 36.52
Median(nm) 81.47 81.92 48.18
Geo. mean(nm) 73.54 68.12 53.38
(B M-13) OMEX] 53 7I&
o oug/m, YT
OMHX|SE £3 HE LIS LS
PM10 0~30 31~80 81~1560 1510]A
PM2.5 0~15 16~35 36~75 760|4¢




l_ﬂ

2 33J3F 24413 S7gstAnk. W71 mIAEAlE PM 10,

T8 24Xt FAE S5t &

=70° < Y=t PM
102 0~302 “E£&7, 31~802 “HE’, 81~1502 ‘L&, 15101442 "o
UEoli PM 2.5& 0~15 °

£, 16~35 “HE, 36~75 L,
W (69 g/molh. oA 2L 9o B B
S92, 18l P 102
5, 3803}

Jeg BF ‘2L

60]&(]—__.
oA =7

"HEY, PM 2.5+ U 23X BF CH

FT08 UEhdth o7] wEel A 48417 29] S5

oA ek 5,00070/cm3°]5}, E5F “HE oA 2F 12,000
M/emiolate] HES Lierct,

(& II-14) PLA(1) 3D ZZE 71 Al Yxt = SZ(12]xh)

UXtZ7| © 10~420nm / Geometric mean, range : 7H/cr
CHZ 10 MIEHX] PM10/PM25 : £8/E3
e ae | HasE e e 5| A 3EYD)
GM(GSD) 978(2.01) 1313(2.00) 8714(2.06) 4543(2.10)
range 383~2488 1208~1433 4903~37500 3886~5204
Mode(nm) 36.52 27.38 20.53 64.94
Median(nm) 48.18 40.85 40.00 49.19
Geo. mean(nm) 53.38 47.43 42.05 44.21
& PLA(Polylactic acid) 245 132 3D ZHE 715 Al A& & &
2 gelsteir]
ekl

7|5t wtol A A5 $(8714)2 A5 A(1313)E et oF 7H)
;5}% B(4543)5}F oF 2u) =oith Fj&Azte 2L A% Z(37500)
5 A(1433)Ee oF 268 =%t 28 5 A7 271 ARG (mode)
3nm A2} = = SHZHE(CMD : Count Median Diameter)< 40.00nm,
6}%‘7&“&1} 42.05nm= A5 A} A5 F9| YAET A2 ZHoE Fely]
Aot EF 133 S Al d7|eE

SLLOIL o ¢ 2R



B 45 A A 5 BE S W uAsEe frlgel “E87Y ¢
o] AT S/t 71sHEE 1,00070/cm?® A, T2 FAIAT
(& II-15) PLA(1) 3D Z2IE 75 Al Xt = SE(28]xD
QUXR7| © 10~420nm / Geometric mean, range : 7H/cr
CH7 | O M| PM10/PM2.5 : £3/Z3
e e | tsE 55 o 53 | A 2@
GM(GSD) 978(2.01) 774(2.05) 7053(2.00) 2785(2.14)
range 383~2488 629~1054 2561~29600 2433~2967
Mode(nm) 36.52 36.52 20.53 86.59
Median(nm) 48.18 54.44 42.54 69.10
Geo. mean(nm) 53.38 56.7 44.23 55.60

45 PLA(Polylactic acid) &4 23]%}= 7|stE o)A & F(7053)
2 AT74HET oF ovff =9ka s F(2785)Hth oF 38 =9t S
B o= AE 5(29600)°] AHE A(1054)HE et oF 288 =3t &9 &
A7 A7) H¥WZHmode)E 20.53nm, YA & = FYZA(CMD
Count Median Diameter)2 42.54nm, 7|5F8d YAt 44.23nmZ 25 A
W AE o] YAET A2 Ao SRIEUTE E7F 233 S A 7€
AL ‘ol o] I &A%t 3D ZHH 2 A YA £ 529 &
& He= WiBdsY di71eo] "2 g SAHAT S 715t
1,00071/cm®o]5t & F-AFSH T,

Ml o T
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( 3D Z2E ALSHE) 3 HIHSTAL

(& II-16) PLA(1) 3D ZZE 71§ Al YXt = (32X

QIX=Z7| : 10~420nm / Geometric mean, range : ZHi/cr

CH7 10| M2 ] PM10/PM2.5 : HE/RE
M e | s xE o N2 & | nE @D
GM(GSD) 2860(1.92) 2354(1.81) 4674(2.28) 2065(1.92)

range 1168~4803 1774~4842 2052~30804 1353~7503
Mode(nm) 86.59 86.60 15.40 86.60
Median(nm) 81.92 84.67 22.92 74.78
Geo. mean(nm) 68.12 75.17 31.89 62.83

3% PLA(Polylactic acid) &4 33Xk= 7|stE oA A% $(4674)°] Ze
A, FHO %3 As F2(4674)2 A5 A(2354), F(2065)E T o 2|
=okor, AdESHg R ZF F(30804)°] 25 A(4842)Et of ool =
dt. &9 5 A3 271 W (mode)2 15.40nm, YA 4+ & 524
(CMD : Count Median Diameter) 22.92nm, 715F8¢ 4t 31.89nm=
A A 2AE o] YAHEG Z2 Jom SRIEIY. B3t 353} S A
d718ge "HEEolqlal o] & 543t 3D ZHH AF A 4R & =9
S Hole Wds diZlghgol "HETel ¢ SR SHA™AY

715t 84 3,00078/cm®o|5t2 FAFHI
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(& IM-17) ABS(1) 3D Z&H 7t& Al YXt = (12X}

UXtZ7| © 10~420nm / Geometric mean, range : 7H/cr

7|0} M| PM10/PM2.5 : £2/Z2

e | HasE e e 5 | A EYD)
GM(GSD) 978(2.01) 981(2.00) 8515(1.80) 1735(1.94)

range 383~2488 921~1062 2228~556569 1446~2233

Mode(nm) 36.52 86.60 36.52 86.60
Median(nm) 48.18 69.54 33.94 62.35

Geo. mean(nm) 53.38 60.58 35.62 58.47

& ABS(Acrylonitrile butadiene styrene)(1, A: &%) &7 13|X= 7]

shgol A 2

5 7F(981)Ec} oF o,

Pt & 5= FHAFECMD

45 5(8515)0] &F A, FHT =341 AF F28515)2 &
A5 F(1735)5H oF 5H) =

25 5(556569)0] AE H(1062)ETt °F 5248 &t &3
7] F¥ZHmode)S 36.52nm,

et Hejzggros

% A%

. Count

Median Diameter)< 33.94nm, 7|SFEw YA 35.52nmZ 25 A3} s

59| Qrpmrt 2L

dsee] o7|g

N/cm?’ olst&

%
A}

(@)

ssict

o2 ZRIEAY. E3F 1303} 4 Al 7|2 =
orgolgla o] W 24a 3D mAE 25 A YA 4 B
]

F279 9 23g SFUe 7]

3
syt
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( 3D Z2E ALSHE) 3 HIHSTAL

(& M-18) ABS(1) 3D T2 7} A| YKt = sZ(23]X})

QIX=Z7| : 10~420nm / Geometric mean, range : ZHi/cr

CHZ 10 MIEHX] PM10/PM255 : £2/E8
e | tsE A5 A A5 5 | As 2EAD)
GM(GSD) 978(2.01) 487(2.04) 2657(1.97) 652(2.06)
range 383~2488 383~855 426~279431 592~747
Mode(nm) 36.52 115.48 27.38 115.48
Median(nm) 48.18 76.85 41.47 79.61
Geo. mean(nm) 53.38 66.15 49.40 67.27

% ABS(Acrylonitrile butadiene styrene)(1) &4 23]*} 7|58 o A
= AF 5(2657)°1 &F A, THY =Y s 5202657)2 s A
(487)Hct oF 5uj|, 25 F(652)ETt oF 48] =Uth HHSAHULE= &5
5(279431)°] 25 (855Xt oF 327v] &=oith. &9 5 A4 7] Rt
(mode)L 27.38nm, YA & = ZZA(CMD : Count Median
Diameter)> 41.47nm, 7ISP8w U4 49.40nm= 25 A3 25 F9f
A 22 Aoz SRIEGIH. TRt 2303 4 Al 7|@E2 E5d0]
UL o] F 4% 3D Y & A dA F 5 S HA= iFsE
o] tj71gHgo] £ 29 QU AL 715HE T 1,0007H/cm?0]
StE FAFSHITH
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(& MM-19) ABS(1) 3D Z2IH 7} A| YXt = 5Z (33X}

QXt=R7] : 10~420nm / Geometric mean, range : 7H/cr

CH7 101 M 2] PM10/PM2.5 : HE/RE

M e | tzsE | ms M N2 E | N (@AY
GM(GSD) 2860(1.92) | 2078(1.66) 8661(1.90) 3255(1.79)

range 1168~4803 1761~3741 1844~1415370 2046~7612

Mode(nm) 86.59 86.60 27.38 86.60
Median(nm) 81.92 87.66 33.95 65.43

Geo. mean(nm) 68.12 80.38 40.43 60.50

A% ABS(Acrylonitrile butadiene styrene)(1) &4 33]*} 7|5}E o A
= AF 5@B061)0] AE A, THY =Y AFs 528661 s A
(2078)Et} oF 4H), 25 (3255)ETt oF 38 =t IS == As
5(1415370)°] 25 AB74DE °F 378u) wUth &9 F A4 27] ¥l
Z(mode)2 27.38nm, YA & = FZA(CMD : Count Median
Diameter)< 33.95nm, 7|5F8d YA 40.43nm=Z 25 A3 2Hs F9] ¢
AR 22 Zow SRR EJt 333 S Al t7|$ES "HEHO|
UL o] F 4% 3D Y & A dA F 5 S HA= iFsE
o] tj71gH4o] ‘BB o Q3 S 7158 3,0007H/cm?o]
StE FAFSHITH
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( 3D T2IE AFRAE] 2 HZIBIEA}

(E IM-20) PLA(2) 3D ZZIE| 75 Al &ixt

= SE(12]x})

UXtZ7| © 10~420nm / Geometric mean, range : 7H/cr

CHZ 10 MIEHX] PM10/PM25 : £8/E3

e | HasE xE o N2 & | nE @D
GM(GSD) 978(2.01) 1701(1.98) 3170(2.00) 1075(2.15)

range 383~2488 1556~2041 1569~6586 678~2455

Mode(nm) 36.52 102.64 54.74 95.31
Median(nm) 48.18 84.73 52.89 80.34

Geo. mean(nm) 53.38 73.38 53.07 76.05

Z=AF PLA(Polylactic acid) &4 13]xl= 75184 25 5(3170)
< 25 A(Q70DES oF 28] =343 A5 (1075 oF 3H} =34kt
HE5EH = AE F(6586)°] A5 A (2041)HEY oF 3u] =34t &9 5
A7A 37 H¥ZH(mode)L 54.74nm, YA 5 =& YA HF(CMD : Count
Median Diameter)< 52.89nm, 7|5F8# YA 53.07nm=z 25 A3} 2Hs
O] YAHET A2 Ao R FRIFQH. ES 133 574 /\] WS E =
S7golqlal o] E 4% 3D ZHE &5 A I/ & 5

WAEEe] gr@e] ‘LT dol g SUN AARHAT,
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(Z MM-21) PLA(2) 3D Z2E 715 Al YK} 4 SE(23]x))

QIX=Z7| : 10~420nm / Geometric mean, range : ZHi/cr

CHZ 10 MIEHX] PM10/PM255 : £2/E8
e | tsE xE o N2 & | nE @D
GM(GSD) 978(2.01) 1712(2.03) 4608(1.84) 5296(1.79)
range 383~2488 1198~2008 1461~287187 4901~5679
Mode(nm) 36.52 48.70 48.70 64.94
Median(nm) 48.18 57.47 51.14 59.25
Geo. mean(nm) 53.38 55.71 50.05 58.20

E BN NS 5 5220] YN HEEISOR] LA

Z=AF PLA(Polylactic acid) &R 23]x= 7584 25 5(4608)
2 ZE ;1(_(1712)_“%_1:]' oF 3u} U ZE F(5296)EHTt oF 14| 9»;\“:]' ,4
dSgaezs 25 $(287187)°] s A(2008)Ht °oF 1434 =3tk =
%z 244 7] FHFt(mode)> 48.70nm, YA &= = 4 7§(CMD :
Count Median Diameter) 51.14nm, 7|3F8d YA 50.05nm= 2 A
s F9 YAET BletAY ekt 22 Ao 2 SRIEIY R 23]
A &4 Al 7182 2ol o] E ST 3D ZHE AE A AR
T 59 S H= B s=Y d7iggo] &7 49 S84
SAHA7E ARSI, 38R S SHlou L A0 Inlet flow error®
A= AT 5 glo] Algsieitt.

_wﬁ

“=

°

A
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( 3D T2IE AFRAE] 2 HZIBIEA}

(& M-22) ABS(2) 3D T2 7} Al Xt = sZ(13]X})

QIX=Z7| : 10~420nm / Geometric mean, range : ZHi/cr

CHZ 10 MIEHX] PM10/PM255 : £2/E8
e | HasE xE o N2 & | nE @D
GM(GSD) 978(2.01) 271(1.79) 81681(1.76) 901(2.04)
range 383~2488 213~666 576~823037 485~5717
Mode(nm) 36.52 115.48 27.38 36.52
Median(nm) 48.18 112.91 28.35 47.78
Geo. mean(nm) 53.38 98.89 30.28 50.63

JE ABS(Acrylonitrile butadiene styrene)(1, A:5%) &4 13]3}= 7]
sl oA 2= 2(81681)0] F= A, THT} &9ry = 220(81681) &+
& AQ7DES oF 3018, s FO0D)ES < 914 =Uot RS L
2= 2ZF 3(823037)0] s A(666)ETt oF 1,236H =4t &2 F A7
7] F¥gkmode)= 27.38nm, YA 5= = SHZH(CMD : Count Median
Diameter)< 28.35nm, 7I5PFEF YA 30.28nm= &5 A3 2Hg 79 ¢
A 22 Ao 2 SRIHIH. TRt 133 54 Al A7 82 S Uro]oq
T o] 4 243 3D maE &A= A QA & =5 0] 27 Wl w4
o] ti71ghdo] "E37R Eo SA%T SHHAY 7IstE 10007H/cm
O|5tE FAFSHATH
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(E IM-23) ABS(2) 3D Z&IH 7t& Al YKt = SZ(2&]X})

QUXF7| : 10~420nm / Geometric mean, range :

/o

CH7 10| M2 ] PM10/PM2.5 : HE/RE
e | s xE o N2 & | nE @D
GM(GSD) 2860(1.92) | 2133(1.72) | 9112(1.88) 4598(1.70)

range 1168~4803 | 1430~3307 | 3079~197613 | 4199~5060
Mode(nm) 86.59 115.5 27.38 64.94
Median(nm) 81.92 94.63 49.59 68.68
Geo. mean(nm) 68.12 87.12 48.53 65.81

% ABS(Acrylonitrile butadiene styrene)(2) &4 23]*} 7| 518 o A

| B

(2133)5¢} oF 47, A5 3

& 5(197613)°] &5 AB307)E oF 608 &A=

=]

< A% S0112)°] 25 A, FEY &} A5 5201122 &5 4
(4598)Htt oF 28 =34t HHSEezE 2

3 % 27 27 4

HZk(mode)> 27.38nm, YA & 5= FHAHE(CMD : Count Median
Diameter)2 49.59nm, 7]3t8#AAF 48.53nm= &5 A3 2= 5.0] 9]
ek 22 Aow SRIHIh 3 23)3F 24 Al H7|¥AHL “HE O]
AL ol E 4% 3D ZHE AE A YA 5 v S M= WEE
T9] tf7|8go] “HEQl Fo| g SHHY7L 7|sHEH 3,0007H/cm?
oJstZ FAFSFATE.
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( 3D Z2E ALSHE) 3 HIHSTAL

(& MM-24) ABS(2) 3D T2 7} Al Xt = 5Z(32]Xh)

UXR7| : 10~420nm / Geometric mean, range : ZH/cr

CH7 101 M 2] PM10/PM2.5 : HE/HE
e | s xE o NE & | Ns @D
GM(GSD) 2860(1.92) | 2944(1.77) | 34468(1.77) | 4488(1.83)

range 1168~4803 | 2706~3270 | 2808~513812 | 3726~5345
Mode(nm) 86.59 64.94 36.52 35.52
Median(nm) 81.92 58.91 34.46 50.98
Geo. mean(nm) 68.12 56.44 34.72 50.89

A& ABS(Acrylonitrile butadiene styrene)(2) &4 33]*} 7|58 o A
= 25 5(34468)°] &5 A, FEHO =911 AF F2(34468)2> s A
(2944)Et oF 124, A5 (4488)ErtTt oF 8l o4t FUSAHFCERE
25 5(513812)0] A5 A(2944)Et oF 1578 =9Ith &9 5 274 27|
HYZHmode)E 36.52nm, YA} & == ZYAA(CMD : Count Median
Diameter)< 34.46nm, 7|oFE#YA 34.72nm= 25 A3 Zs T <
Ao 22 Aox ERIEUT. L 333 S Al 7§72 "HEd0|
UL o] F ST 3D =YY A5 A AR w9 S84 HAe s
9] tj71gH4o] “HE ' do ¢ AL 7158 3,0007H/cm?o]
St= ARSI
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(E IM-25) £4E 3D ZZE 7tF Al YXt = Sk H|2(GM)

QIXIZ7| : 10~420nm / 9| : IH/er
. s H A= 5 A5 3
GM(GSD) GM(GSD) GM(GSD)
15 1313(2.00) 8714(2.06) 4543(2.10)
PLA(T) 23] 774(2.05) 7053(2.00) 2785(2.14)
33 2354(1.81) 4674(2.28) 2065(1.92)
13] 981(2.00) 8515(1.80) 1735(1.94)
ABS(1) 23] 487(2.04) 2657(1.97) 652(2.06)
33 2078(1.66) 8661(1.90) 3255(1.79)
15 1701(1.98) 3170(2.00) 1075(2.15)
PLA(2) 23] 1712(2.03) 4608(1.84) 5296(1.79)
33| - - -
13] 271(1.79) 81681(1.76) 901(2.04)
ABS(2) 23] 2133(1.72) 9112(1.88) 4598(1.70)
33 2944(1.77) 34468(1.77) 4488(1.83)
ot 113 1523 15756 2854
448 3D B A% A YA & BEE VISR vwal] S

ersisln, 45

FolA 25 Anch QoA U4t 5 HE STk A

2 SIStk E et JrfHoz o U %% R 4% 4
557 3 A0% dHEeL JWHS YT 3D ZeE A5
(=22, o2l Sl g amiol o &3
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nnnnn

-- . wm_H N

%53 uss

NPLAL-1 mPLAL-2 mPLAL3 wABS-1-1 WABS-12 WABS-13 mPLA2-1 WPLAZZ WABS2-1 MABS2-2 WABS2-3

[28 Im-4] 3D Z2H 7tS Al AXE XS M, J, £ HL(GM)

3D =ZdH 7Fs AAE PLA(Polylactic acid)® ABS(Acrylonitrile
butadiene styrene)E 7Fasto] 2zt 334 ZA35 A, tf3ELQI 7|otE A
s A3 3o vjof] 25 FolA SAgkol =T vt 552 A &
of Hlg A55o] =orAZl Pou T2 AU E SHS o viet IR} 4
=0 Zol7} AR ol Y dRE Y 7o) 3D = E
o 4% 5ol mS ARsHA ¥&shs AR SRl 339 &4 F
PLA &AoA ZHs F 71sHgol 7HY &=9kd A2 PLA(D), 13} 8,7147
/em’0]3L, ABS &AoAE ABS(2) 133} 81,6817H/cm®0]3 PLA 44
Hoh ABS &AolA ¢ B2 YA $7F RSt AdS EH
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(B IM-26) AXHd 3D ZT2IE X5 = AKX} 4 ST H|W(X|HZE
QXIZ7| : 10~420nm / ©9I : JH/or

Tz s 3 EUsEU
13| 37500
PLA1 23| 29600
33 30804
13 566569
ABST 23 279431
33 1415370
13 6586
PLA2 23 287187
33 -
13] 823037
ABS2 23| 197613
33 513812

UXF7] : 10~420nm [/ S : TH/er

sssss

sssss

3D =YY Zs 3 A8 A ¢ s U 5 PY =Ud A
ABS(Acrylonitrile butadiene styrene)(1) AFZ 33]x} Hof A 7Zho]
1,415,37071/cm?2194, ABS(2) &4 1313} o 247+ 823,03770/cm’E
F AAR E0th 29 25 3D ZHE 7t F o2 528 <ls] RAsfof

she Aost
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( 3D ZZIE| AISAE H HYFAZA

QUXIZ7| : 10~420nm / ©=2| : JH/cr

cccccc

cccccc

[23 1m-6] YUKt £ SE(H/cm®) FO|(AXH : PLA)

PLA(DAAZE 3%, PLAQ)AAME 29 7Hadt 23} 7Hs A& Al 27 =0}

L A% BAT, 53] PLAQCIA BA] ¥4 5328718770 /cm’)]
St ol ofEi7t wyste] BekrlEs} Son) HBEA QN kS 2F
o eold e AXY FYA ol @gol WHY Holgltk. PLA 5

H =24 nZoA AR} 4 0] 2jol= 9o} 3D ZIHE /15T wf ¢
A & L7t HoMAlE A2 AHEA YERGTH

QUXIZ7| : 10~420nm / =] : JH/cr
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ccccccc

uuuuuuu

[23 m-7] YKt £ SZ(7H/cm?) FO|(AXH : ABS)

ABS(1), Q%= Zt 394 &% 27, AFHE Fol= ALsHA YAt
7F B, 53] 80| A HoA AFHA g1 HIA HeAH
A7t EEL B, Eo] I AN 7t He A9 SolA UedR
7b A% SASE 4TS By 53] ABS(Q)-1(IHZ-k o)’qu Alell=
741+ o7t st E 7R UdA7E AR ekl AL dAgst
= AL A5t Lh E3 ABS(1)-3(LHZ-3] )0l A F o] é‘?— Frol = Tt

Holzt2 o A AF Fold EYE 98 =2 EHESo] 4 Zo] H
AF7A oflH7t HAYS wo]dch ABS 6§ &4 ZFoA YA} = FE9 Ao]
+ oy 3D Z™EHE e 1 A& =7t 2oMAlE A2 dEHA
LHER T

H
Z

N
—
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[28 m-8] PLA(1)-1

16000
14000
12000

10000
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[2& m-9]

58

s

14:59
15:20

PLA(1)-2 7t &

15:41

g &
ge

ol
(=]

X 2710 mE

o &
& o
W F QT F
L

X8 30010 mE X

&
W

& &
AR

Xt

E115nm
m 154nm
H20.4nm
274nm
W 365nm
m4B87nm
W 54.5nm
m 86 6nm
W 1155nm
= 154nm
W 205.4nm
m 273.8nm

W 365.2nm

S (7H/cm?)

B 115nm
= 15.4nm
®205nm
27.4nm
®365nm
m48.7nm
W 64.9nm
m BE.Gnm
®115.5nm
m154nm
W 205.4nm
m 273.Bnm
H 365.2nm



18000

16000

14000

12000

10000

800D

4000

2000

Time

[23 1M-10] PLA(1)-3 7IE = YUXig 37|0] m= 9

[

1600
1400
1200
1000

800

2
= B
q

©
o)
-

& &

o P o
& & '7"\6‘ ‘\3’5‘6‘ 1?""’0 S e
& o o7 A
oo »

§115nm
= 15.4nm
H205nm
27.4nm
W 36.5nm
=48 7nm
mE4.%nm
m 86 .6nnm
u 115.5nm
m 154nm
B 205.4nm
u 273.8nm
 365nm

OIXt %= SE(7H/cm?)

H1l3nm
= 154nm
B 20.5nm
37 4nm
m365nm
m48.7nm
W &A.5nm
m EBE.ENm
®115.5nm
m 154nm
W 2054nm
m 273.8nm

B 365nm

[22 mM-11] PLAQ)-1 715 = UXHE 3710 M2 AKX & SE(7H/cm?)
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| 0 s aeNe o e

180000
160000
140000
120000

100000

Time

14:26

(\
S

2V e b‘\@ho’oiﬂ;'\o Q‘ﬁ}‘\ o i 'L& Ui
Gt o7

-
n o
b J% 5 |
—

—

&
6‘ q:“& <o"’°

m115nm
B 154nm
= 20.5nm
27.4nm
m36.5nm
B48.7nm
m54.5nm
mB6.6nm
m1155nm
B 154nm
m 205.4nm
W 273 8nm
m 365nm

[2Z mM-12] PLA2)-2 7S £ XK F7(0| @2 UK £ SZ(H/cm?)

140000

120000

100000

80000

60000

40000

20000

0

Time

oo
f_"m
1

14552
12
»

‘%,
5,
=
[t

m115nm
m154nm
=205nm
27.4nm
m36.5nm
m487nm
=54 5nm
WEBE.6nm
m115.5nm
m154nm
m 205.4nm
W 273.8Bnm
= 365nm

[2& M-13] ABS(1)-1 7t5 & YAHE 7|0 M2 UKt = SZ(7H/cm’)
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50000
80000
70000
£0000 m115nm
B 154nm
50000
m205nm
40000
27.4nm
30000
m365nm
20000 14870m
10000 m64.8nm
0 B E66nm
g
E m11550m
1 154nm
m2054nm
A & B 273.Bnm
4,’(\
o m 365nm

[22 m-14] ABS(1)-2 7t5 & UK J7|0f| 02 UKt 4 SE(7H/cm?)

600000
500000
400000 H115nm
m154nm
300000 520.50m
27.4nm
200000 pan
m48.7nm
100000
B64.5nm
| ~ y W
0 3 - ™™ Ny W u8E.6nm
gzg oy ‘ = ) m11550m
=
T Eg @ m154nm
“8sdg
Ssdn u205.4nm
“H3% g
“Zd8%a. w3273E0m
458
pa &
o s’-‘é\ %Qé‘ ﬂ:é"(\ B 365nm
« SO Y
ER-IS & ¢ &5 dF 7
- B P -
T B o & &gt
= = o & & >
- g & W & A
SRS o
-v(\;

[2& M-15] ABS(1)-3 7t5 & YUAHH 7|0 M2 UKt = SZ(7H/cm’)
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| 0 s aeNe o e

o

400000
350000
300000
E115nm
250000
m 15.4nm
200000 m20.5nm
27.4nm
150000
m365nm
100000 m48.7nm
5 m545nm
mEGENmM
o 2 u11550m
E & m 154nm
B 2054nm
m 273.8nm
H 365nm

& o 5
@90%“‘90

’\‘ﬁ

& o‘o
0w

1427
14:46

[2& M-16] ABS(2)-1 7t5 & YAHH 7|0 M2 UKt = SZ(H/cm’)

= d

80000
70000
60000
m115nm
50000 u154nm
40000 = 20.5nm
274
nm
m36.5nm
20000
E487nm
10000 mE48nm
o mB66nm
g m1155am
-
m154nm
m205.4nm
& é—:‘é\ W273.8nm
* = 365nm

[d3 M-17] ABS(2)-2 7I= £ AR 2710 M2 AKXt £ SE(H/cm?)
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140000

120000

100000

m11.5nm
BODDO

H154nm
m20.5nm
So000 27.4nm
40000 m365nm
m48.7nm
20000 m64.9nm
W B 6nm
m1155nm
W 154nm
m205.4nm
W273.8nm

m 365nm
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[E R
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- 3
g

& 3
& o B fo°
g & Wi
%‘? &

[J3 11-18] ABS(2)-3 7IE £ X 27/0 M2 AKXt £ SE(H/cm?)

PLA(Polylactic acid)?} ABS(Acrylonitrile butadiene styrene)AAZ 3D
oHH 7hs F YAE 2700 WE A & FEE SRISHITH RN, 8~18).
U A= Y A7 &ot 22 &, 22 3D ZHEHE 4 st k&
o 2= 7171 AH, A7) A=, o= 5ol wet 54 A3 odstA yEr
wor, tFE 100nm(0.1im) IFtlA =7t w2 AS S5k

T AE T
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( 3D Z2E ALSHE) 3 HIHSTAL

(2) AN WK7|HO|MO HASATZAIL} HAHAZT

AA X571391 Sl 10748 ez
=

3D
, sus, U] b8 S5

I st= Bt 11H(EH~40tH)2] 3D Z-IEE ER/s5kal Q)
AL, 1071 st F 471 StwoA AA= 3D ZHEE A9 ARESHAL AUA
orsp}. AMgsHaL 9l 67) shie] 3D mAE ALg HEE HAE 1)
19 4%, WAL 3] 8719 5 508S Aol Hie AMgsia At 18] A
& A Aoz SAZ ol AESRUT, 3D T AMg A T BA}
3D LelE ZWS viRal A7k oEE (A7 nlgtolgARt, 2k staol
A tiF-29 AlZE &9t 3D ZHE FHo| HEEE WA ATk 3D =
gg &AL nE stwrl FDM HH4lo|9a &4 dEEL ARS8k QA
o dEHEE B9} 22 dAol= duder @ Fafisithal ¢34l
PLA(Polylactic acid) 2A9HS AFRSI Uit T8 AP 449% 3D
T =929 #9S 7MY UH 59 375 AR tee Ad]ld, |
HEol sty FAE] 2ho] gllom B AL A 7HdSt e ZAS ok
270 Ska tol e stolA FA2] 2

=72l o= TAE AP a5t £ 9 frlskbE 3 A
< ofd T

=

|t

A
A

(o]
rlo
_°|l',
kl
30
N
&2
o)
o)
HH
o,
El

r
ofr

DO P
S 9

64



(B II-27) ZAZAI(2022'9) stwd 3D ZEE HROf: 3 ABHE

5 3D Z2H 3D D2
St e o2|E| AMRH|
| 2gne S 3D ZRUE ABHIT
Tu & 10 24, ~ . _ .
Al omn o =X WA 10 AKBOS WAl 2: =g 2-3Y
8 4 H =700 13
c 38 Y EREIE
0 19 H Fg 2-33]
E 6 2HE Argeret
F 10 EE, AFgOtS!
G 18 =V H7HE7| 8hg) 50
H 5 e A0t
| 1 =V =g 1Y
’ 6 e Apgotst
* DelEE HHE0IL, 26 S9| 0|9 DUE AHE IS0 A7 R} Qs HBEA QoA
NEE e
DRlES ZHWE X, DRE FHEI0IA)0 PHO A0t LSO LEs 20| 98 Tz
HiEss e
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( 3D TRIE| ARBAIEN 3 ZH2TTAL

h A Us7|IHAM R7|eEE 58 20
107 stwoflA 3D ZHEHE ARSShe wAoA Td=Edd frIsdES
THOE 6AIZE S5t AA A9 SRJAAR] olmd=YEH
9] A9 ABS(Acrylonitrile butadiene styrene) ZZHHE ARE A] L-F0|
7Fedttt @9l A= PLA(Polylactic acid)?t ARE-SEAL 10] S7=3ol|A]
Alefstar HerEARl WAlE F7lsto]l 45ttt 1070 st o] 3D ZHH

FN

SHoNA S8 AAPE B hhe)2 ZEYTES|E 0.0191 ppm(keE71E
0.3 ppm), ¥4 0.0002 ppm(=&7]F : 0.5 ppm), o244 0.001 ppm
: 100 ppm), 2E# 0.0003 ppm(==&7]= : 20 ppm)°| ATt
: < AEEsH =&7]E0 vE 0.01% vF A==
1, E%%Eﬂé E—E &7l Hle 6.37% FEE 2Fkow, AsHd
B-FEHAS B ARoA HETA miRko| ity ZEYH|s|=9 F
270 A= He7E AEANRE ~ X 0.0474 ppmlE YERIL,
21 0.0474 ppm =&7]59 15.8 % A== @7 sty 97

Lo ZEYUSI = AERARRICE S H]IH. o] Estile S B
21 5717t v7bsEE el 419] 3D ZHEE 7hssto] B &
I 2717 585 XoE TotE ot & S| E e =58 %
glst7] s Astue} CstuolA® &7] 9 3D Ty &g 4 4%
stR=dl AS o] A9 &7]o) Hlsf §718dE0] vl STt 7
ALk Cotu el A FES I3 SFVNE 7Hse AIolA AE
AB71E 7S 75341‘%_‘3} E—‘E— o] = WAl vl S7F o4
ofj A 2f HA-> Q7]9]r D =¥

522
=2
w W
i,
P
[
Kulis
%

oL &

0|

2
=3
ol

Lot e kI 40 o £ Ho

i

)
I-EFJ

2 i
# K
E Jo U
2 N
0
éé‘%ﬂ.‘[‘d
mﬂm{nﬂl:*l
% o 2
2oy
N 8
s
L
o =
M Kl
ok e
2o,
o &
X 1o |4
A2 XN

66



2 3D =9
wat 3D ZaE o] YL 740?1 nretEth om?} S A I A 717}
3835 FAoE LE5F2 A3 Wkt

67



( 3D ZZIE| AISHE

al 7

=

(B [M-28) stu'# 3D ZZEHAY LY-2F ZHAY
(H9] © ppb)
[EHEA 3D EER o aax
sin | ooy | 3D mEE(FOM, | 30 mae | J5 luso smo|2amyimx ux) 3 2o 2208 | e | g |
M| SEH lmems, amcela)| Asaz |22 Tasse | e se S c | W OREE) 28 G
Y o ; ge| ™ b = =
_ *3D Z2IE H(2.4m 9IX) 103 | 026 | 035 | <LOD
UHE | e s A7t 328 _ _ * *
Al oo | SR | 1822 ey | an | s - 3D ZeiH0f om =0 9iX | op | 028 | 030 | op |10
(&7H) @/_ (=30 2E) 2.4
— Q| (Lob | 021 022 [ <LOD
5 oo U U] % BN | oy - B *3D D2 ¥ 1m 343 | <Lob | 035 | 0.18 [10.8*7.5%
& (s (=30 E5)| T7 N 3D ZE0M 9m 23.0 0.07 037 | 022 | 27
*ZBEA 3D Z2IE (30cm) 170 | 085 | 006 | <LOD
us | o _ *ZHEA 3D TelE F(30cm) 248 | (LOD | 429 | 037
TAEI0Z(3D ZRIE0fA 7m) 275 | (LOD | 357 | 029
c| 2w | pus o BAIZH 305 2P| (LOD_| (LoD | 082 | 0.25 |8.2*12.6*
*ZHEA 3D T2lE %(30cm) 125 | 004 | 090 | 022 | 24
el | agy | 1= _ *ZREA 3D Z2IE F(30cm) 122 | 022 | 047 | 012
TAEIOIZ(3D TRIEOIN 7m) 110 | 031 044 | 012
2P| (LOD | LoD [ 022 | 0.06
_ : *3D Zalg of . . . .
E 4|:H DEIHﬂ% oF ’IO)\ 7t Ct3| o7t = :EIDE| Al 10} AL a7 0 16 O 94 0 50 55*31*
7 of 1012t | & M= - 3D Z2EA ¥ WAl 369 | 0156 [ 086 [ 037 |”7¢
Q| (Lob | 0.16 | 045 [ <LOD '
_ : =P 3D H2IE ¥ 204 | 009 | 065 | 090
s & A7l TS
Floosg (H%;7H B | o ooy | o s g;;l L ﬁ' (on) 3D ZZEA ¥ B4 326 | 006 | 049 |<{LOD |35%.9*
) an | FA *3D ZIH Y 233 | 0.1 08 | 017 | 25
— (off) 3D Z2EY ¥ WA 711 022 | 193 | 097
Ol &: P~ * pug= = e: | * *
G 1304 E;Iﬂg W of 5AZt | = Aemse A3 3D T2IF ¢ 4.4 0.18 1.68 1.06 [11.4*21
) | e 3D DZIEN o uM 7.4 0.07 2.45 0.29 3.0
u | oag | B [PEEN | o | oy - ) 3D H2IE ¥ 126 | 013 | 077 | 037 |ggwr 3
(FN7Y) | |y, 3D ZRAEA o 2 12.0 0.10 059 | 0.10 2.7
FEE] = - *3D D2 Y 9.5 047 | 125 | 021 [7.1%4.4%
50 p of BAIZE | ©® | OItE -
f (E7) ' ot 5c {LOD 0.19 038 |<(OD | 25
ST 19.1 0.2 1.0 03
*3D DRAB0IMS 28 YA *EEDRL 12.1 0.2 1.1 03
*7|5t g 15.9 0.1 07 0.2
* AL C LOD+V 28 Uz UCE WA|(MH 0.007 ppb, AE[H 0.064 ppb)



(B [M-29) stu'd 3D ZZEHAY LY-F

i

HZAIED m2H 9 X ¥ VOC wMa =xh)
(&9l : ppb)

EHSA| 3D - _ _ s _
= = 3D IZIE{(FDM, 3D ZZH (AR WU IR &F7|| FAHIIER| Mx| " = HY
W2 | SRE lmeige, A% Pl SN | 8% | S8R | 288w i gypie | MR | AREE AR o)
o T
, ‘,L Ho|34 3D H2lE & Mgt | 24.04 0.06 7.51 179 | o
aye | [ ys NEFENEHEAE:] 1303 | <ob | 1149 | 439 |7
] A7t ] = - 2.4
A 2 (E71) = 1Ak =y 2| e e =Y 149.6 0.02 11.67 4.46
e 27| (LOD | (LoD | <Lob | (LoD
- EREE] 12.80 3.84 8.39 096 |, i
5 - S | oonz | wy o B 3D Z2lH 912(3m) 11.6 3.60 7.10 0.92 Ny
(E7) ﬂ o == N 3D D2HA 8 22 13.20 8.13 5.50 0.87 '
il o7 =7| U NA 6.7 23.2 3.8
J 7ty et \E\ of 4zt | @3l opis . 3D DRE o 9.1 0.34 1.50 0.15 [g0%9.7%2.
12 2 {LOD 0.34 0.91 {LOD 5
* 3D Z2E 2 X & VOC MY @ A-AUHRIE, MDF XkX{, D-2I0|XM7137| At2, J-0IHZEL0|7| Al
T = O SLSE = S [e] = = = -
3D ZPEolA WS §I1SFERA AR Aol A% 2oLt 919 A, D, | aNE 24 F
Sk = S1 = - 37 = = =L A =
FTHEHMDRE A2AY FHEA ] A7 7HE Fod= F7tolgt ZEYH S| Er TS 4= Ao & J5t
o i kO o A T = & 2
29| B9 dolmetolr] 71502 JFS WS £ 9lo] 3D TALR AT FIAA L S g/l whize] 2] A

st

oA SAH2 AFD 5 glo] Fargo=T FHsiAln.

69



( 3D Z2E ALSHE) 3 HIHSTAL

A= TS

A<
$9 s

7(:_/\
=3 23

1= =Ne¢)

Ch AR
= g T

)
=7

O
=
1
=

|
g &

AA &, YA, 2Fo] vF FE==HA=d BF L8 F =27

0.001% Hopx 2 s=Fo|Qiry,

(E M-30) &% 3D DREA L WM 34 =8AM
(1 : wg/m)

st lIEE ILE =i Lz s

A (LOD (LOD (LOD (LOD (LOD-0.474
B (LOD (LOD (LOD (LOD (LOD

C (LOD (LOD (LOD (LOD (LOD-0.136
E (LOD (LOD (LOD (LOD (LOD

F (LOD (LOD (LOD (LOD (LOD-0.020
G (LOD (LOD (LOD (LOD (LOD

H (LOD (LOD (LOD (LOD (LOD

| (LOD (LOD (LOD (LOD-0.027 (LOD

(LOD: #&5tA ojot
(E II-31) stu¥ 3D ZZIEA I Wt s34 5420
(3D Z2IE| 9 Uxt 2 VOC @M Ex)
(1 : wg/m)

slul lIEE JYE =1 Lz as

A (LOD (LOD {LOD-0.051 (LOD (LOD

D (LOD (LOD (LOD (LOD (LOD

J (LOD (LOD (LOD (LOD (LOD

(LOD: d=setA Djgt

70



2h) A d=71H0MM YR 5§ £ 21

SMPS(10~420nm)Z &7t St o|49] Yl YA= 3D Z-E F o)A
S 7 § Bd UkAdA & s&7F et 7941400 /ar, EEHEAE
2,5827M/ert, Bat YA Z7]= 47.6 mo At EF tfF-E9 staoA <l
o< W71S5AT PM2.5 ket AR 9T 2o 9719 srspt Ay
ZOAAA} B FF2 vlAl= Aoz YEHHH(F=Y] IHE Zx). 5t
ARt Cetale} F, G oA 7| g S4S vl 23oA &7]
7t E52Y 3% 3D ZHEA TS Uk dAY kol I vAl=

71



30 me Mg 3 Az

(B IM-32) stu'd 3D B2IE 715 & SMPSE &35t L= 2IXH10~420nm)
= Skt Yxt37]

ot N CHEE | ClEEER 2 |oamm
A | @ar | 270 fi(,)ggg %ﬁ% 4,057-8,736 58
B 1,152 51817 > (21’?40(; 1,638-6,145 46
i nj&) | 332 l%g;ﬁ ?1’?3056; 6.397-28.690 | 64
a7 | 248 ffg& (71'.558753 4582-20332 | 50
E 180 1_5153710 (5133136; 3,502-8,523 49
F s | 33 ff?& ?1’.64875) 3,180-9,332 37
e | 331 3,%?1% 1<15f§§§ 6.845-34.208 | 42
| ey | 5|5 o |
H 201 o 2’% 3004-10508 | 46
| 236 ﬁ’f% 1(1 g;; 7525-23.869 | 49
mz 192’218‘; - - 476
* OZEQXL NA: siEels
hAE 12 71202 SHE SHAC 48 0G0 AR SHAIZIOIIE B



of en] T=7t 7hsE= AEch YA 770 S WA= 3D ZH
B-& AaH]7] ZX7F AXEo] QA ke
SStuoA 1A FEo] @9 Q= Aol YA A & se=
10,174 N/are= A ZFFo| /i =HAS o Eob oF 20% =%,
e 28,690 M/arZ B Fko) Hls] oF 3uf =2 AOoE YEh}
ZH7F 3D ZRE A ISt Y AR AW sko] = PlAl=
Aot X3 3D ZHE 7HE AT JA & sV ST, o
F#ol g8 A o Hoh 25 92 o 5= Aol § o™ 3D &=
7} 7t s 5 Bt YAFEENA Mode F7o] oF 60 mo|Lal, 3D
IHE 7hs 27 YA § FE7F STt A 5 E UEd 114] 889
AABEZAE Mode Z7o] oF 30 mz EHQ1E 0] 3D ZHE A Yl=T7]
9] Zu|AYAE HE = AL HER A

Fil5stwolA 3D ZRE A9 ZojE 7stal 1Au|7|FAE offgh
AEjollA= YedAte] B+ 5=7F 15,969 M/are 2 =472 on A
Blo A BA oj7ZpR] mZfEreE AEfo Bl 28] o)A =9k, i Fk=
34,208 7/arC 2 Tt kol H|s] 2u o]4f =of AW 74dE 7 3D =
o] s Y= Y dAe AY ko FF= 1A & 3= A=
Heloh & Tof 7/ & 3D ZHE 7hs Alole Cetuet uR7ERE 7]
49| 57t $7tcte A& HoFH 717} He FA QoA 3D ZRH
7t 7452 wo] Ay Hit JAFEEZE B Mode 7ol 9F 37 mo|AL,
A E 1AL FA9 TolE JfHelE o= Y& 4 s&7t Farol9)
B 174 8829 JAEZNME Mode F70] oF 30 mE Ho] Cstw e} npzt
7HAE 3D Z-E A YeF7|9 ZuNAR7E AR AoE HrHE
2 g8 Zx).

stH, GSstwoAE 1399 3D ZAEY 7H5EE 30| 9AT 3D
ZHE AEEHA) e SE7t 7FsE AL Qlo] ZFetig=ell Bls] Ui dAt

Wao] £4 e Aoz it

N ofd,
o N R & O
i

> »ay o lok

o
M

N—

73



( 3D Z2E ALSHE) 3 HIHSTAL

(E MM-33) st 3D ZEH 7l & SMPS2 £4d&t
LI 4XH10~420nm) = S X3 7|
(3D ZZIE 2| Xt ¥ VOC LM E=XH)
(1 70 er)

s N ﬂ%’gi{ ?lér’gi_ i) ’3&&'7&
- +HEZMX | (7|SIEEEMXL) (715FHz)(hm)
2,142 2,138
TIAI —
A | TA2| 60 +146 (1.07) 1,833-2,456 72
1,494 1,436
D 646 £400 (1.34) 793-2,610 56
10,852 6,299 ~ "
J 238 +29 936 (.10) 3,550-146,457 52
* BEQX, NA: aiEeie
** 124 102~202 0|0{Z210]7] AFROZ =& &7}
n &= 18 712402 =XE ZXR|Q| £2 ol0|sin MM ZHAIZ07|E F

3D ZeEol WS e IRiE Belshy] gIst SHolgout 919 A,
st 24 % TUIAMDHE A2AY FREA] A7t 15
o gl EXtolet 9713KE SHATOIME w2 Helsteint. ® Jatie)
S ofojxeto]’] FFoR iAol JFS W +E o] 3D LAY
1 FRAA & S 917 W] g1o) A shmol A o] ZHghe A=Y 4
of Fagoznt Felsiqint.

oM, o T

=

e

= s
St7] Aofl di Ao 712 ARHolE, d¥, 4FdS, AE, A st A= D)
= A

% 3D =Y F 85 AEsiHY. A5 AEF A 542 orier 2o

74



(B M-34) M5 QES MR §4 ¥ 3D Z2E F2E:
L AWK | 2RES T 3D ZE FBE
LA e 34 3 | 7lzns HAuay/ =02
- A2 304 =E HZ Rt
B Ng | 2d 4 =E S0f2|(22/H|0[7)
C 27 2044 o HAwa/ =02
D Mz 304 e =0tz
Uuty E oI 254 atst =0t2|
F =y 184 71& esEramini
S G Ay o 2208 =Sof2|/H7H(LD)
Sdehl H o 104 Wy = Houa/s0te]
Chatm | Mg 6 7|25 NHZ HIZf
A% AR A 22 A StugEE 4 IR FESHH. 1
O52 8, 2052 98, 3082 §51/E4%, 4082 Hotn
2 FESI JIEH R JES R JAgolglor, At 204 1
g, 30t 349, 40t 29, 504 37, 60t 19oltt. 4Fdee 4 24
470 LR Hof 309714 AoH, B ZFEFE 1599 A2 YER
o, QIER FojAke] 3D ZHE F X+ fEE sofel Ao=E YL
AE = 13 APotch. AQAIZES oF 30~60E0H T B4 o]

Fofsle] AR WY B =AUt 45 AHE AR hES 20204
LR YRR G} B SREAR 3D TAY obd o] § slol=e
Qe Fuste] WASAL AHY AAE, AGAA, AYRA, AAGF, A

75



( 3D Z2E ALSHE) 3 HIHSTAL

(E [-35) 3D Z2H A2 WA Oy A UEHF EHE UWE

T AE U8
" 3D ZZE ALZ0| QA0 REHSICHE AMMS OEH XS OFREUI
3D ZalH " 3DIRE Z40| FHSICL *AZ%H;!LI F?
Sty » 3DZZE XY F O JFU SHO| 74201 ks T AZshiLmrR
QA= » 59| 3pZEY C’J’SOIRNOIEER 22101 g s Bl Mol Qle
HU? HME =20| HRsUIN?
3D &=l _ i}
9 AR m OIS MZIotA = 3D BElEet 3D TEE AX 7|&2 SULIR
(matoie) m OIXSH 3D ZEIE AME FOisH| fIoi ofH S 8H§I'—I77r?
117 3DHZY X2 T2 0T/ SHISLIIRCOISARE HFARE SX2)
3pZaIEl » 7] 3D D2EA 42 OEHISLIIR(E2Z7 27IAY)
T » 3D ZZIE| Qoi40] YT 0F MM XPSALS 0L HIH ﬁ L7k
2]
e e " 3DOTY ERietd e 2HE JHAl Ko 2912 FSl0|2t H2tst
AU
3pz=ag " 3DIRE XAl HHZ 71 4 'I 04 Bk o 20| AU o
xo & X2 FsHLe (2020H 2 MEXAL O™t 0|F)
A g » X HEi= OfmAlTtR
stw 4l w SIRH 3D IR QM 0|80 CHEH MRt Stid ZIZHO|| CHoh O1EH| «2fst
FE Y HUre
Aot " YEOL S0 ZAAASI0| UL

76



2= ool 2o, FA 4 wg 7|HdE

ZH1) 3D Z2IE iy AT

O 3D =Z®E YejdS A& FstAl € Al7]
HREC] FAEL ¥4 B8] 3D ZAUH ALG FtT TARY] S5% W

HA REE B 3807 3D ZIETF QAA o Lottt AL 4
=t Eotnt. v, WAF 292 A HI o|[EE 3D ZIET} QA
of T Ao=E A ATt ot

3D ZAY Aol 3t Py AN

AR ol A F 6L 3D 2T Hlo] fasihe A Eact
T gateich v Fol WA F 39S AR Aol U 3D xale &
Qo] RaEt Az e W Aoz AT ofF F 1¥L F4 I
G Aol Al B by Ao Bele] FA A% ostE Al Y]

A 1L0F stdste] Holt
2A). o] 9o WA 1BL F7hgo] HFL Aol F S S &

Lok gk

77



( 3D Z2E ALSHE) 3 HIHSTAL

O 4% 3D LY kA ol§ Zlol=eelat Lak9l A LS

WA} 3L A50] 3D Zed bl o] § Flol=atelS FolsTh Fateict
BEbh @A ofe] o] B4 £k SHY WAL 48olgion, o]
2903 hgo] WrpAL ol 2 o] ¢i7] Wzeletn Hstoic. Yol
Atte AL B A B o] £&E BT WA 1 2
A7} 71 Yeow Bue EAG LA 1
nag Qb o] & sfol=erel gl 1

l

¢

AHH Hol WA BE X At

2etel obd W&E SolnA grelthy $HF WA 3gelglon, WAt
192 Solugl WA TAA 8-S GHshA Zelgich. 3D ZaAs A
2ol Soeky d4 A7k Solythn SHE LA 19 %k

3D ZYY 29 3 At ks A ga YA g
Age] LE WARSo] mEthy gatdrt

FH2) 3D T2EH H AX(HHUE)

o, Juat PLA AR 7} ABS(Acrylonitrile butadiene
styrene) &FETH Wotal @otict. WAF 292 PLAVE &4 HEOCE T
2 g3 Athal gE5klen, o] FoA PLAZE %1%H3
</7H8 DALt AlE HrAo] HEH 0= H7|E]

A]
7] fiiEoletal ERt WALE 17 AT

ojgoe AAHY f7|7t TSIl @Y WAE 19 UeH, U Y
3D ZYUEHEU= SU4 s2u7 1A 22 FA1AR1 8] AlA"ES U9 w

A 19 QAIT

78



3D ZHE A4 #HAA WA BF PLA(Polylactic acid) &4 AR

Sthal g@etyern, PLAAASRE A ABS(Acrylonitrile  butadiene

styrene) &5 F4H 08 AMEHE Stwo] ¢ ABS AHEE FASHAY
o=

=
=
AR P 0T WAL v B WAL 29 Ak

FH3) 3DZEE X 2F

O T 3D Zal" AJCHSARE, AFAZE, FH)
TAH AEAES AT AAEY TEAL FEARI0] AE 27

et A 2 AN HAe HES 7Hsdtke 5 "APE At ol
o 233l FLSHA ARSI Eths AE(ERSA, d9] 5ol wEt 52
+ oM<= d7le 3D =ddY

s

e 1B e EFRS o] shr

g =
& 3712 W o uhe 2322 do] /AL YL wo]
@5 TS A7 R0 ekt olnf WA 0B ] olng AYT
o ge LA A

HFAZRE FAROE 5E~108 EE 308 Loy get BAt 29 9
ik, ol9lo] 3D X IO FFEAIT] Sl A ThA SIS
o ge LA A

ARGETA 3D LAES WA FEPPA 3D ZUHES $oH0E A
83t WA 132 3P FHUS S A0 by 2eld $HeY
A9 eIE (@7 obd 7kt AR, Uz e 22 doly)
L Ao A Atk Yotgick 19 A9 85k SAHeL FDM W
Ajo] ofd SLA WAQl 90| A8 glov], 3D nHE EHEB Y
Ho] AFS Pi ClAZEMITLE FF5H Walolgtn ekt

79



ot HEwE AQlsta stuofA 87| ¥4l AA|E oty gstdct
E35| ALE g4 At @] 1157} oj#f itk %ﬁi WAL AT} o9
o 7] 23

A 99l 3D ZRES) U A5 19
A A 3D XSRS Fel AN A

e
R
_°,_,
)
L

=)
S
9_.
O
i

e
R
_Or,
i

O
I'FU
i
9
38,
T

E
_>;
(@)
E
rlo
_a
ﬂ
>
re
e
N
2
>
N
X,
>
o
N
il
El
Y
el
o
k1
i
_0|L
0,
o

iz
Oﬂ SD &FJEiOﬂ 9}717%%]2 ﬁ?—é_'@} N FAE A AL A

e WA AU

O Zded ¥d A4 2 Al A8 29

otk L*Fol MSDS(EZQIHE AR ) o] EAAQ] ¥2S HY
ot FAAR] olfEe ofHR WELor olsi7l ofHYTt 7 WAL, AA

A AR o] F "Hrhe A, FEAA AR AAL G HiEE

.

80



WAFELS MSDSY R4S L7]A A0
gom, o] Fi FAYY T APt AH5a &Y
Al A8l Rl B = S]]

g Hde £4= 3D =

= A3

fr
o
o
I
(L
o,

>,

ook
fr Rkl ot 2
S
2

[

ri
,
m>~
e
H
m>~
I
gl
{12
i
2
)
o
o
=}
O
—|—l

O NI Ol Z4t

3D ZAE7t ok dolA AL7|oIA et WAL BHoR st A4
ol ZAQl A BThL TAF TA} 28 Uglowl, AF o4 Z4o] itk
T ek AR 399 Ao Uehth A ol B4 EE g & W1
ol @AM 5HOR CBE(HAAA o4, Deti(s Wa), P4
W), GIL(EA(SFN/ FRLAHPYAT 199 89), HEL(e/TE &
d27] W, sFRF SN Aoz Uit olE F wA 13L o
YRolH 25 2S94 o] o] A4 o4 4 BAE d2hom

81



3D ZZIE A

[

o]

Xel
o]

o A9 A

o] ths

soll o

A7 A4 &
oltt. ol9lo] 3D el

ATt
=9

1

tohe ool ¢

O

o] g

ot 24 A

=
(e}

A

<

to] 417]

1y}

£

o

o
e

aK
el

N
T
o

o

—

mj
o
T

—_—

o
X
Ko

il

==
'od

gl

il

—

J))

e ARFAHRL 7HL AME 3D

olejo] E ThE

ST

fe13
of

ATt

|
Bl

st

?_1_

FeFaL A

Lo}

el

4o g7t

s

o AERe 78 2
Aok 2e) BAE 3D T

AL, FZ FZIA 3D ZR-EC}

il 2

golA A”ZI7F A5t FolA A”TIZ <

=0} A1) ol

-
-

OB

=
=

B4 =
Ae 2 A&

o} A]

A=

S
T

et LA skt

AlZHA AA=

™
=

150t 3D Z™E 7HeARS Al

o
o

=] -
o=

Q.
()

ol wet WEH o A

=
(9)

EA, A3

(st

=
T—

A AL Bk A

82



91 tgad SEE2 Hlol 7l HA Adol S4% o 371E Hide
7] 2 glo] HiR &8 AHE 1 S92 Hold Fo & A7
= Ao7 St A= E5F PLA(Polylactic acid)E AMgsh= A O
= SEoI AdHE A FolA = RN dAst= AW 3718 &
S dut wA B ofzt 3D mEE wAlo] otk 7440] st A
71 Al F3o o4t AY 230] USH o] 9 3D ZHE FHQIFO|
U QPASE & 7o)l Easit= oA W WA A5 ALY W 3D =™
g S-S WA= A= A%

U AHRAY DBE BASto] =B YRS AT Yt
Q

(F1sher s exact test)Q Al 0”0}93\ . S AA|FE AE ofFo IE HF
g, HHE AR, 7FsARE ARl s HES t-test(Wilcoxon

rank sum test) &4 A|YstF It
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( 3D Z2E ALSHE) 3 HIHSTAL

(B M-36) 4G d SHETSH)

LAMS R Wsr@ 0 274700

ARO[ 4Z H Y
3E7|X2 161 219
ST | 94 119
=A== 121 198
. N 72 126
A2 18 27
5= 152 603
R 42 65
7|Et 17 29
A 2Ab= 3D ZAH ARSI FHAQ TA 21% Aot FHESE
st9edl, 3D ZAEHE B3t AA| 5742700 F 27470 20.(4.8%)0l1 A ALA]
FFs AT AR SISl ST oA = i%ﬂx}l 161742, *
5 152707, A= 121700 €02 &9y, 44" Ao 7 w2 &
A Tacke AL 8 6039, T871A= 2199, A= 1987, HEA
= 1269 «£22 UEyth 7oA s 34 F 7Y 9 S340Y),
(19), BAA(1), FEAL1D), =B (11E), 252%), °lF5(2%9),
nEE 55(17%), FFe5(19), HEA-QHE), 54T old(19)e=E &
St
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O{F0 [ME AZAE £4(1)

Mro|4EH (%) 2(%) p
HMA| 5,742741(100%) 274(4.8) 5468(95.2)
2L 232(84.7) 4851(88.7)
0511
0jHL 42(15.3) 617(11.3)
2 184(67.2) 3736(68.3)
L 690"
= 90(32.8) 1732(31.7)
FDMESR
L 149(54.4) 2225(40.7)
=
=2 125(45.6) 3243(59.3)
.001%
D= B 89(32.5) 968(17.7)
L+
5t =22 HQ | 185(67.5) 4500(82.3)
PLA(Polylactic 2 266(97.1) 4926(90.1)
acid)ArE =] 8(2.9) 542(9.9)
ABS(Acrylonitri 2 78(28.5) 790(14.4)
ATH le butadiene 001"
styrene)At2 =) 196(71.5) | 4678(85.6)
D= AR 72(26.3) 606(11.1)
PLA+ABS
5t Z2 A2 | 202(73.7) 4862(88.9)
O2IH7| XA HotEA| 24(8.8) 440(8.0)
S AU AR 45(16.4) | 355(6.5)
) KA eH+= b7 23(8.4) 87(1.6)
37| ——— 0017
LIPS PN = 2(0.7) 49(0.9)
£3E 2(0.7) 135(2.5)
AAey| & FAet| 178(65) 4402(80.5)
AAO|AHE 274(100) 5468(100)
T Fisher exact test
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(D& AARZATE 234 FDM

N 54.4%(14970 )0l A A1A|
A DTS AT 274700 FSoA 97.1%(2667R1)7F P A(PolylaCUc ac1d)v—
*%ﬁhjr %%01'93\‘:} 9}7101] 1% E93 7AA] glo] A 59 A
| e 3ol 65%(1787h )<

N
jg
l‘_>|i
ﬁ,‘
r—r‘
HE
o
F—°~
K
é,
—l—l
09.
i
o,
ek
o

(£ IM-38) MHFE A G0 ME ASUE] SH(2)

oo
Lr0|4ERRTE o o
ug m T P
3D L2H ER0 9.404 3.8
2% PLA(Polylactic acid) At2E 5.0kg 1.5kg
2m™d ABS(Acrylonitrile butadiene
styrene) A2 3.6kg 1.2kg {.0001
A JtSAlIZt 130.8(h) 31.3(h)
ST AT 47 4(h) 11.8(h)
32 Sl ot 237741 4,36770
0.007
37k U= = 3770 1,1007H
AAFF A oo IE ARAEH EAZQ)ONA t-testE +HT 3D T
A8 mRueol A8, JHEA U ARG BRoN EAHoE §9

(C0001)SIT B7HEe] offo] gy Eele 5] AAT 7tolAE A7
EAATNE B2 T8 oo} AASA o] Flo EAHCR 903}
2rH0.007).
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3D ZAE: 2 BFse] 343 AgFol F71E AL AP )
R9l0]e, AL31A o] Hlste] o WAES THF A% FHY T
o FAHE REG A, 29 B 20E FUst] ol B £

(Cochrane Association)olA AAISE WlFdS w5ty 20229 10¥€ 6¥Y
=Y glo]EH|o]A= KoreaMed, =835k H Y(Research Information
Sharing Service, RISS), $r=3r&4 H(Korean studies Information Service
System, KISS)ollAl 3D ZHE OR 3D ZEE AND ZEAF 9] 7|YEZE o]
&oto] £ FRIsHlaL, =2 dlol¥ H|o]A= PubmedolA 3D printing
OR 3D printer AND worker' & ¢&35to] 7tF AMS 5190, 7H=F
Aol B3-S EYjE A (Population-Intervention-Comparison-Outcome,
PICO)Z HMoJE Aseltt. 7tef AME B 284 AHEE2 3D e

AGTEAL o] B S1go] STk ol

AN HAHolEH|o|AF o] 8ot o, 8 HMol= “worker(s)”,
“3D printer(s)”, “cancer(s)’Z °|&9 &9°], FYoj&S 7ot HASt
Aok ZHEFEACA Sy B3 FRIFERA gokao
QISR AL, =9] Ho|EHo]A= Pubmed® Qo=
o
A

2
K
)
ot
ol
L
o,
=
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( 3D I2iE ARBAE] 2 AZHSEAL
#1 SRS, Rolo) #4 (220}, R2/0))
HA 555 335 A 4,479,280
= #4 AND #5
\ A 954 726
" \
7 ~
# ID(S0101, RO|0Y) #1 AND #6 AND #7 #5 LHE(S0/Y, 220
A 431244 s 74 5 345 083
b .

\ [
#6=#2 AND #3

T 22 627
#3 ZEE(S0], §2/0}) L )

[13 M-19] Pubmed XMAIX 2SI 1E ZAH9| flow chart 1

AAE /1Y =2AET 255 HESIH 1 5 1719 A7t o)A
e YJIA9 A =y wW¥o]l WE  benzene, toluene,
ethylbenzenem xylene &2 BTEX L& &EE EA%X0=E FA 5t
USEPAQR018)IA Alsd WHEC Wt F =S A5 HX
ROSTAMI, Roohollah, et al, 2021)3t¥ 24, 3D EE'J%J} HHH P8

At U2 5709 =REE IH190A4 &1
3 & Aze) 98 3D neY A4S GEE SEEE Wd 94 D
det elkio] gl EaSols

-~
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Share

Exposure to BTEX concentration and the relzted health risk assessment in
printing and copying centers,

Rostami R, Fazlzadeh M, Babaei-Pouya A, Abazari M, Rastgho L, Ghasemi R, Saranjam B,

95-31206. dok: 10.1007/511356-021-12873-2. Epub 2021

Environ Sci Pollut Res Int, 2021 Jun28(24:
Feb 1

PMID: 33558833

The mean inhalation lifetime cancer risk (LTCR) value for benzene and ethylbenzene in the indoor air of
the PCCs with LaserJet and inkjet printers was 444 10(-6) and 153.3 10(-€), and 23.410(-6) and 54.2
10[-6), respectively, which were higher than EP ..

Development and validation of a synthetic 3D-printed simulater for training in
neuroendoscopic ventricular lesion removal.
Licci M, Thieringer FM, Guzman R, Soleman J.

Neurosurg Focus. 2020 Mar 1;48(3):E18. doi: 10.3171/201
PMID: 3:
The anatomical features were segmented, and several realistic 1:1 skull models with all relevant
ventricular structures were fabricated by a 3D printer. Vascular structures and the choroid plexus were
included. ..CONCLUSIONS: A low-cost, patient-specific, reusable ...

14554

Three-Dimensional Printing and Its Potential to Develop Sensors for Cancer
with Improved Performance.

Rocha Neto JBM, Soares JC, Longhitano GA, Coatrini-Soares A, Carvalho HF, Oliveira ON Jr, Beppu MM,
da Silva VL

Biosensors (Basel). 2022 Aug 26;12(9):685. doi: 10.3390/bi
PMID: 36140070 Free PMCarticle.  Review.
Three-dimensional printing may offer the features to produce complex geometries in the design of
high-precision, low-cast sensors. Three-dimensional printing, aiso known as additive manufacturing,

allows for the production of sensitive, ...

Cite

Share

Cte

Share

Technical Note: Manufacturing of a realistic mouse phantom for desimetry of
radiobiclogy experiments.

EspienN, A\y‘auuub Bazalova-Carter M.

0-1036. do: 10.1002/mp. 13310, Epub 2019 Jan 21

PMID: 30458962

The resulting geometrias were converted info a stereclithographic file format (STL} and sent to a
multimaterial 3D printer, The phantom was split into twe parts to allow for fung excavation and 3D-
printed with an acrylic-like material and consisted of .

Experimental Multicenter and Multivendor Evaluation of the Performance of PET
Radiomic Features Using 3-Dimensionally Printed Phantom Inserts.

Pfaehler £, van Sluis J, Merema BBJ, van Ocij Berendsen RCM, van Velder: FHP, Boellaard R

TN 020
PMID: 31420437

Free PMC article.

To investigate the impact of hamonized image reconstructions on feature consistancy, a multicenter

phartom study was performed using 3-dimensionally primted phantom inserts refiecting realistic tumor
shapes and heterogeneity uptakes, Methods: Tumors €.,

Feasibility, Acceptability, and Behavioral Outcomes from a Technology-enhanced
Behavioral Change Intervention (Prostate 8): A Pilot Randomized Controlled Trial

in Men with Prostate Cancer.

Kenfield 54, Van Blarigan EL, Ameli N, Lavaki E Cedars B, Paciorek AT, Monroy C, Tantum LK, Newton RU,
Signorell C, Suh JH, Zhang L, Cocperberg MR, Carroll PR, Chan JM.
(6]:950-958. do: 10.1016/jeururo 20161204

Clinical Trial.

Epub 2019 Jan 10.

Eur Ural, 2019 Jun;
PMID: 30638635
QBJECTIVE: To determine the feasibility and acceptability of a digital ifestyle intervention among men
with prostate cancer, DESIGN, SETTING, AND PARTICIPANTS: A 12-wik pilot randomizad controlled trial
@mong 76 men with clinica| stage T1-T3a prostate canc ...
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( 3D Z2E ALSHE) 3 HIHSTAL

S 054 726

#1520, g209)
S 4,479,280
#6=#3 AND #4

v .

L7 =
#1 3DIS2I0, S2104) #5 AND #6 # LHE(EAN, S20)
A 431,244 AR 200 A5 345,003
M o

i
[@

#5=#1 AND #2
AAE AH0lE S A4E 20079 ERES w2AlET 252 VIE

M- 22 627
301}/’& i
o2 HESIYT 200709 &3 FolA g &0l Aol = FE9 )

[13 [-21] Pubmed HMAIX 2SI 1E ZAMO| flow chart 2
A v AGAF ATl gt AAK EHaE

bl
A, HFH FBE AT F EAakA g3k

BE(S
T4 AH-

H
=

o,
46,01

“ 4o

AAE 200719 =& FolA 37 === AQsties 4 AE0e o
ol EAst= A= lUTh 3719 =& FolA 1HS oA A3t 1L
AAQl " PFolAY BTEX =& oE A% Ad<S Hagt gAA =
Zolon, & 1H2 g=oA 359 wAA et 5= ittt 9
st A EL(JOO Min Wook et al., 2022)91L, YHA| 1HLE 3D ZTHEZ

2H ®W&EEE Ultrafine Particles®t VOCse] E4o] disf] Hist =&
(BERNATIKOVA et al., 2021)°]0tt. o] =2 3D ZUHZTH W&5
Ultrafine Particles®} VOCse] 540 tisff H11st A2 =, PETG2t NGEN
gt EE ARESH 3D ZHE(ORIGINAL PRAUSAI3 MK2 printer)°llA]
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Asl= UFPset VOCsg 7HAA eI -AAHERHERS ©]§
sto] 2t2ko] At HE9} wE b5 ohob BAL LAt B4 AToA
ehtylbenzene, toluene¥ xylene® X+ "% EA(very low) i‘-%‘}ﬂ";‘
ou F o A AF4 H7F ast, ofd EEE0] AAAI o
Aol IR d 4 Qv HAlskeiH

w2ba], 3D ZHEQ}F A FFAHANA o I #
oAl 37| wARA WS o5t AFEL 17HoE ¢
dl= 3D ZHEE ARESE 399 WAA 27 Ay OE‘?_ Ewing’s
sarcoma, Well-differentiated liposarcoma, Malignant peripheral nerve
sheath tumor(MPNST)Z SFe] & Alo|A7} 3t ShulofA] Slgot LAY st
olof thgt oJF4lZ A71g A+qiet. 3D Y E 9| T E wet =& 7t
5%t ¥t =23 (ex. formaldehyde, 1,3-butadiene )3 U 7 &2
(ex. ethylbenzene, styrene &)= AAotFoH, T AFE Q&5
3D =HE Ao whet gt Ht oF 4.45g0llA o] AT " 1 AFoET
2185 L A= [Letter to Editor] 219 articleZ(JOOB et al., 2017)
o|F AHHH 7Qlo] AP AA o] B2 ¥4 “concentration of
contaminated particle in atmospheric air X lifetime unit risk factor”
2hal Hski. 3D = E 9] Aol whet 2HE A @ ti7|9] UFPs B+t
St oF 3. 448 UFPs(Ultrafine Particles)?] k<o°] 7lsolttal AE5
Rom, o|F &-8slo] &2 o ti7]of s WA e 2RE 3D =
HE ARG SoA 9] F TS 4T articleo] AT

f;

g
(ol rg (e

o] w— 2 O 5
/V]\'C%L.'L. ?__]—j—-'l'_



A A B3 4% 140190
Qo] e wF SE] w
sk AL AMEA ehoteh T
827 Q@dlel 204 QA BASE IO URPs FE F
7} HQTHE S AeHoR O wE] B7hE 2AT 4 QAo ot 2
Aw dsioz AZEA ot

2) w5719 o TRAE

QPIAEE 2L ANAGE AR A

A} 5 2014~20164 Atolo| I AZEEZIJIAL FEo] AR7FAAAEQl
BEXAE BY% A SEHSA FREE 1,253,45490] U0 1 = 3} HJO]E}
T JFTHOES 42 Jdolgo] U= ddA 21,2568 A6t
1960948 oA &AA} 189,947 EAThA ol Al 111940}%} & —L%*# 1
Z3E JARE RS 1,042,251 O.F 0]F 2014~20169 Aolo] ghHo]
2= 3DZHAEHE ARG By sty (5,74270 Sw)E AR ZE2AE
233,013 22 st Y 3D ZAEHARES] 2 FAQF E&dTdo= oo}
At ghH, ol AQe UmA w&7|H A% IEAY AL HLEHT
(N=809,238)2.2 #oJslo] EFalct,

i

o

O




SAAL
Y7L SER 22Xt
(N=1,253,454%)

% 2014-2016'3 ALO]of

o

2002-2016" 4893

R A 2T|1=
CHARRE R
(N=21,256%)

1960 O™ SHX}

Hiel
(N=189,947%)

o4

MU SR

(N=233,013%)

HIL-EEH

(N=809,238%)

2014-2016 22Xt

44T O=dAt He

(N=225,743%)
IZE U
XA 24
CHef
(N=816,508)
20204 7IFE 2f DXt 20204 7I1E o Llxt
ofg &) N=805,092 o 2=(C) N=11,416
IR Z|OI3) N=816,391 B Sl N=117
et (C34) N=816,030 M2 (C34) N=478
FYL (Co0) N=813,483 Faef (C50) N=3,025
(F MM-39) CHAXL M S8 £

UH oY U MEHEASY AGLIME), CA8(==T & =949l oty
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( 3D Z2E ALSHE) 3 HIHSTAL

(1) EZ3etHH|(Standardized Incidence Ratio)

FA2 ZE7|7F 109 o]AOC Z(Fraser, 2011) €84 9o} 201498
D ZHEHE ARESt= AR EOIA oln] o] WS, 53] S5
g]Aetol g graofA 27g0] WA ste] 3D ZE kel Aol oA
ATk e, AZEIREE o]8ste] 3D ZHEE AHESH= WA J
AFESHA %= AR He 7H] erEHH|E Blust Al THY EESP
AlQFAsdet. ol AMESt= ZFH BESPIEH](Standardized
Incidence Ratio)x= dlAf WAA}F 5 AXlole= WO R 3D THEHE ARE
Sh= 7|80 4%H E}Tﬂl &5HA| ke Ws7 ] —4 o] H]5] 35‘37‘]
F2A 5 s ¢

uolﬂ

i)

i

]

m\l

o it
L Pyl

Lot

©)

*}Oﬂﬂi olE FFEoA 3D ZIEH7 =Y" 2014
%~2016€W}X1 5D IHE7F 7P 6] ARREGleH, o] 712F <k 3D
THEHE ARG WA 3HAA 20209 Yo] HASATHE AL AE gt
ZAL A E S5 Ittt Tk 1@ FA7IE aLEste] 2014
|~20169714] 3D ZHEE AR w57]|3o) g Hlojgte A&E G H of
AEE Y =29 o ® A45i=d o= 3D ZHEE AMRE &
Al IAPE o] ZE Aot e 2014W~2016E7HA] 3D ZHEHE A
&3t W57 8o AEEHA U E AFAES R HeEsdHe g A%
stof & Ao 719 FH)EZSFIHH|(SIR) EelS Hsh ‘E‘**E}Oﬂt} A= A
Agat B AL AR olA FRlE AR AZFHHFINEZ, MPNST

2, A%, Y] G RHAROL BEAH KO Aol 9



(SIRCD). 2 o 70l =t A, dFdE Eohdgvls 7500 AASHAH

(= 1.

(E IM-40) E=3IHH|(Standardized Incidence Ratio) Zu}

Yy x|, M SIR 95% ClI ()
A 0.995 0.961-1.030 196
ALY = 0.931 0.870-0.995 867
oy 1.022 0.981-1.064 2,329
A 0.818 0.543-1.182 28
RO 234 0.857 0.443-1.497 12
01 0.791 0.452-1.284 16
A 0.858 0.716-1.019 129
I 2 =F 0.744 0.560-0.968 55
g 0.968 0.760-1.215 74
s oy 0.990 0.922-1.061 789

9 2 o], oFel BaAHol Urkw Q.zu]7}
190 23, &9 BRIyl Urkd ozul 1ueh A "k, 2009).
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( 3D Z2IE| AFRAE U HUEIEA}

T3 ATo] e VAL RAEAES A5 de) BREEE H,
&4, Yo FAskqc
201495H 2

0169714 3D ZeElE AH83t w87|de] 248 Auw
A&7 e FeolA] A2 2 A ofrg vl
Gote] 3D ZAE G A Aolo] Aol YLAS BT SO
o, AL AAY, AFRAFHAYNEF, MPNST E8), 0, S3U0.
2 =3t A3 804 o], o] % & F3}etel 9.2u|Z SAlstely. 3
At @ 2u] AW HE 3D TAL AL Pkt o wyte] AT B
2(_-]1

o2 FootA] LAUTHI5% CI, 1Z37).

;f

(B -41) 2XH|(odds ratio) Zu}

iy M N OR 95% ClI P-value
= 0.948 0.868-1.037 0.242
80 O|X
] of 1.027 0.972-1.086 0.340
At
_ oy 0.921 0.698-1.215 0.560
804 0|=
of 1.102 0.977-1.243 0.115
Lt 0.605 0.262-1.399 0.240
8o o™
of 1.050 0.587-1.879 0.870
uCESSLT
_ oy 2.633 0.655-10.581 0.173
804 0|=
of 0.301 0.039-2.321 0.249
o 0.796 0.568-1.115 0.185
80 O|X
Kot of 0.990 0.750-1.307 0.943
- oy 0.903 0.105-7.779 0.926
804 0|&
of 2.012 0.740-5.469 0.171
ouror 80 O™ | o 0.981 0.897-1.074 0.682
mes 80 0|5 | of 1.152 0.891-1.488 0.280
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(1) 3D B2HE 2Rt Ws7|H9| AMSHEY ZA

3D ZHEE BRI 87| 3e] ARBAHE dotlr] sl QAAFAIA]
3l 20208 3D ZRE AERAR I3 DBE AEAste] A5
AFiAE gl A 10,816701L 5 53.2%(5,74270 )l A 23,553709] 3D
dEE HA5t ARtk E 3D ZH-EE ARSSte nS7|olA 7Y HE
Ao g Aot = RIS (ME, Material Extrusion)®] a4l FDM
(Fused deposition modeling)#24]o] 5,0837]1.(88.5%)° A A& &o]Att.
AREAA+= PLA(Polylactic acid)7t 90.4%(5,192701), ABS(Acrylonitrile
butadiene styrene)7} 15.1%(8687H )04 AFE- Fo|il PLARI ABSE L&
ARESHE 713 11.8%(6787NM)E RIS AAlo1dS AHe APt A%
W7 T2 4.8%2747/N )& EESIUTE. 3D ZHHE AREShs w57|ToflA
3D ZHEA d Bt FFARES 1A~ 104130 7] 41.8%(2,40270 1) =

N

Kl
[H
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0 me Amus o pEREN

She W@ 1470] o S o] 7Y BorT o}

27} 39.9%(2.291/1@)2 HhREO|A D 20417HR, = 5%
L 7o) A7 81.7%E AXaISich TR WEo] AAHoA

247144 glo] FE 5 AN 9 H9T 79.8%(4,580/T)0] T
2o w3e S/ o §= A9 0.9%GIATE ek,

TR
> L
I W A

- ABS(Acrylonitrile butadiene styrene)2} PLA(Polylactic acid) 2zt
HEE o]&3t 3D ZE 9 &80 v 2k 5o W% dwlste] 3D
e o} ot e Ao] AZH L o|473lEy| A7AL AR W RS o
JHolA 3D ZHEE wSAFoA ARESHIH. wEbA] ARRA F419] AY

A
A YolA FE 2 2 22 AHolA 3DZYH 1HE 7Festo] Ad &4
S}9=Tl ABS2F PLA &0l =&7bsdh UE4Ql ol 3d2YEY, AF,
1,3-Fetddl, ZEL 6|, ofgdlidl, dshHdS 4% 23 2EAH 9]
=7} A&ESHA ugtolyt 0.002ppm, 0.003ppm $&C2 WA SN

A vtz SRIF Y. Y YAH10~420nm)=

Urix 2he 5% A% o
4% A7 2L 2ol 54 A vt

ABS%} PLA Z+ &7 3

o o
_IE
fifo

AR} & &= Ael7t Aot SD e 2 Ao B3 25 FoM &
T EHolA A ettt B3 BE 32114 100nm(0. 1m)] k]
U dRolA =7 2 AE IRkt &, &7 58 o}(xm EIN=]
22 2olA 3D ZdH 1HE 7Hed & 79 AT frIeE
A IAELY FF AT s =T Boy A=Y &
715 E3f lolMe SAHEA dUE ZSLH [ =7 A Yolde F
Rl i%ol glE7 = ﬂ%it} Ur ?JZ}— 2}717} =52 73% 1<

@ s } .
z

e
oA M = Bl 98 SHY
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ot @A= 3D ZRIE7} olre} H o]% F71HGA| d FAHTPEA| 7L =

dE 2= Joa, AHeE d [ofisictal g=%l PLA(Polylactic acid)

TS ARESElew Ao vl €]t & A QUqleh 107] oA 3D
3

7} AESHA T A ) 0.0474 ppmlE YERE, BHZES 0.0191 ppm
(71518 0.0159 ppm), HthZ37t 0.0474 ppmOE TEL-EE w&7]%
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Abstract

Study on the Use of 3D Printer and health Effects

Objectives :

In the domestic education field, 3D printers have been used in
educational institutions since 2014 for creative education. However, after
6 to 7 years of use, there were media reports that 7 teachers who used
3D printers developed cancer in the education field. Although it has
become a social issue, it is unclear whether the cause of the disease
is caused by the use of 3D printers. FDM (Fused deposition modeling)
type 3D printers, which are mostly used in educational institutions, melt
filaments with heat and stack the output layer by layer on a laminated
plate. During this process, the resin melts with heat, generating
nanoparticles(nm) and generating various harmful substances such as
organic compounds, which may cause health problems (Kim Seong—-ho
et al.,, 2018). However, studies on the use of 3D printers and health
effects in educational institutions are lacking. In addition, after the media
report, there is a feeling of anxiety at the training site for using 3D
printers. Therefore, in this study, it is intended to be used as basic data
for health protection management measures at school sites through the

use of 3D printers and health impact surveys.

Method :

The original data results of the “3D printer Safety and health
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Management Survey” by the Ministry of Education in 2020 were

re—analyzed based on the survey conducted for teathers.

Measurements were taken to determine carcinogen and nanoparticle
exposure in a laboratory environment. 10 school sites were also visited
to measure the working environment. In—-depth interviews were also
conducted with 10 teachers. Based on the results of the fact—finding
survey, the significance according to the presence or absence of health
symptoms was reviewed. A systematic literature review was conducted
to find the association between 3D printer use and cancer. 3The cancer
incidence rate between the group with and without the teacher group

using 3d printers was confirmed by SIR and OR.

Results :
(1) A survey on the use of 3D printers by educational institutions

Of the total 10,816 schools surveyed, 53.2% (5,742 schools) had
23,553 3D printers. The FDM (Fused deposition modeling) method, one
of the most commonly used ME (Material Extrusion) methods in
educational institutions using 3D printers, was being used in 5,083
schools (88.5%). As for the materials used, PLA (Polylactic acid) was
90.4% (5,192 schools) and ABS (Acrylonitrile butadiene styrene) 15.1%
(868 schools) were used the most. The number of educational institutions
belonging to those who experienced physical abnormalities was 4.8%
(274 schools). As for the type of ventilation, 79.8% (4,580 schools) had
only total ventilation such as windows without any separate device. 0.9%

(51 schools) had no ventilation system including windows.
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(2) Experimental environment similar to the training site and measurement

of the working environment in the actual training site

- The output of the 3D printer using filament is very sensitive to wind
and temperature, so it was used with the window closed until the media
report on the relationship between the 3D printer and carcinogenesis
became an issue. Therefore, we closed the windows in the laboratory
and measured acrylonitrile, styrene, 1,3-butadiene, formaldehyde,
ethylbenzene, and vinyl chloride, which are carcinogens that can be
exposed to ABS and PLA materials. Formaldehyde was measured at very
low levels of 0.002ppm and 0.003ppm, below the detection limit, and
all other substances were confirmed to be below the detection limit. As
a result of measuring the nanoparticles (10~420nm) three times for each
material of ABS and PLA, there was a difference in particle number
concentration each time the measurement was made even though it
was the same material. However, they all increased consistently during
operation compared to before the 3D printer operation. In addition, it
was confirmed that the concentration was high in nanoparticles of less

than 100 nm (0.1 um) in all measurement results.

- In the actual education field, it was measured to confirm carcinogenicity
exposure in the current environment. Currently, since 3D printers became
an issue, ventilation has been implemented by introducing air purifiers,
installing ventilation fans, and opening windows. In addition, all 10
schools visited were using only PLA, which is known to be relatively less
harmful. Compared to the past, the current environment has been
confirmed to be much improved. In the case of organic compounds,

which are carcinogens, they were measured mainly in places where 3D
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printers were used in 10 schools. As a control, three schools were
measured in the outdoor air. Vinyl chloride and 1,3-butadiene were
found to be below the detection limit in all schools. The average value
(arithmetic) for each factor measured in the vicinity of the school's 3D
printer was 0.0191 ppm of formaldehyde (exposure standard: 0.3 ppm),
benzene 0.0002 ppm (exposure standard: 0.5 ppm), ethylbenzene 0.001
ppm (exposure standard: 100 ppm), Styrene was 0.0003 ppm (exposure
standard: 20 ppm). Benzene, ethylbenzene, and styrene had a low
exposure level of 0.01% compared to the exposure standard of the
Ministry of Employment and Labor. Formaldehyde was as low as 6.37%
compared to the exposure standard. and compared to the results
measured in the 3D printer room at the school where outdoor air was
measured as a control group, the difference between benzene,
ethylbenzene, and styrene was so small that it was not clear. However,
formaldehyde tended to increase in small amounts, and ventilation was
confirmed to be necessary. In the case of heavy metals, the degree of
exposure was very low, below the detection limit in most samples. In
the case of nanoparticles, it was confirmed that the effect of outdoor
air through windows was significant. n some schools, the concentration
increased depending on the usage environment or operating conditions.
In one school operating open 3D printers (22 units), the average
concentration increased by about 20% when ventilation was insufficient
compared to when ventilation was sufficient. The initial concentration of
3D printer operation increased up to 4 times compared to the background.
In addition, even in a school operating 8 open 3D printers, the average
particle number concentration was 15,969 particles/cm3 when ventilation

was insufficient. However, the concentration of nanoparticles was more
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than twice as high as in the well-ventilated case where the local
ventilation system was operated. The highest concentration was 34,208
particles/cm3, which was about 10 times higher than the indoor background

concentration before the 3D printer started operating.

In other words, in the experiment of this study where one 3D printer
was operated in a place with insufficient ventilation, and in the actual
educational institution, the degree of exposure to carcinogens was very
low. However, it was confirmed that if several 3D printers are operated
in a place with insufficient ventilation, exposure to carcinogens may
increase depending on the operating conditions and types of filaments,

and the generation of nanoparticles may increase.

(3) Analysis of use condition characteristics according to the presence

or absence of physical impact experience

Through the fact-finding analysis of the Ministry of Education, it was
confirmed whether the 3D printer was opened, the material used, the
type of ventilation, and the significance of the body effect experience.
Regarding symptoms of experiencing physical effects, 274 schools
(4.8%) out of a total of 5,724 schools with 3D printers responded that
they experienced physical effects. As a result of statistical analysis of
the characteristics of usage conditions according to the experience of
physical impact, FDM type, material, ventilation type (p{.001), number
of units owned, usage, operating time, residence time (p{.0001), whether
or not space is divided ( All were statistically significant at p=0.007). In
particular, 65% (178 schools) responded that they experienced physical
effects in places with only windows and overall ventilation without

special ventilation devices.
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(4) 3D printer health effect case study and cancer incidence

3D printers are a new occupational hazard that has recently spread and
rapidly increased usage. Compared to social interest, research on health
effects(cancer incidence), including cancer incidence, is lacking.
Therefore, a systematic literature review was conducted to provide
comprehensive and up—-to—date evidence by synthesizing the results of
domestic and foreign literature. The key question is “Are 3D printer
users at increased risk of cancer?” As a result of reviewing 200 related
papers, the final paper related to 3D printers and cancer was one
medical case report in 3 teachers in Korea. This medical case is Ewing's
sarcoma, Well-differentiated liposarcoma, and Malignant peripheral
nerve sheath tumor(MPNST), which are sarcomas that occurred in 3
teachers using 3D printers. It was a study. In addition, similar to the
3D printer usage survey, the exposure concentration was very low in the
above studies that included the measurement results of hazardous
substances in the 3D printer environment. In addition, there is generally
a dose-response relationship between chemical exposure and cancer
occurrence, and the minimum value of the response is referred to as
the threshold. Even if it is assumed that a tumorigenic change occurs
in a cell by a single molecule of a carcinogen, the possibility of the
carcinogen molecule reaching the target cell is very low under exposure
below a certain dose (Kim Soo-geun, 2014). However, since 2014,
cancer has already occurred in a group of teachers who use 3D printers,
and in particular, rare cancers such as sarcoma have occurred in two
students in one school, raising doubts about the association with 3D
printers. Therefore, cancer incidence rates were compared between a

group that included teachers using 3D printers and a group that did not.
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However, SIR and Odds Ratio were checked, but there was no significant
difference in all cancers between the two groups. It was confirmed that
there was no difference in cancer incidence rates between subjects who
belonged to an educational institution that used 3D printers and subjects
who did not belong to an educational institution that used 3D printers,
even though the exposed group included teachers at the time who used

3D printers.

Therefore, comprehensively synthesizing these situations through
literature review and cancer incidence, it is confirmed that 'cancer
caused by 3D printer use' is in a state of doubt about the relevance,
but there is still insufficient evidence for the relevance. This may be
fundamentally due to the low exposure concentration of risk factors
exposed according to the use of 3D printers, as in the exposure survey.
This may be due to additional time and population requirements. In
addition, there were research results on the strong toxicity of
nanoparticles(Brent Stephens et al., 2013), but the literature on their
association with cancer has been lacking so far. Therefore, it is judged
that additional follow—-up studies are needed after 10 years of using 3D

printers.
Conclusion :

In the case of sufficient ventilation conditions in educational institutions
using 3D printers, this study confirmed that the degree of exposure to
carcinogens or nanoparticles induced by 3D printers is relatively low
compared to conditions with insufficient ventilation. However, since
industrial 3D printers are subject to the Industrial Safety and Health Act,

businesses perform safety management, but educational institutions lack
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guidelines to protect users from harmful substances, work environment
management, and ventilation. In addition, through in-depth interviews,
it was found that budgeting for practical ventilation was requested.
Therefore, through this study, it can be used as a reference for
epidemiological investigation and presentation of evidence for the need

for ventilation at school sites using 3D printers.
Key words :

3D printer, FDM, PLA, ABS, carcinogen, nanoparticles, health effects
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ABS: Acrylonitrile Butadiene Styrene

ACGIH: American Conference of Governmental Industrial Hygienists
ASA: Acrylonitrile Styrene Acrylate

ATR: Attenuated Total Reflectance

EDX: Energy Dispersive X-ray Spectrometer

ESD: Electrostatic Discharge

FDM: Fused Deposition Modelling

FFF: Fused Filament Fabrication
FTIR: Fourier Transform Infrared Spectrometer
GC-MS: Gas Chromatography Mass Spectrometry
HIPS: High Impact Poly Styrene
IRIS: Integrated Risk Information System
LC: Liguid Chromatography
PLA: Poly Lactic Acid
ME: Material Extrusion
MCE: Mixed Cellulose Ester

NGEN: Styrene free co-polyester
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NIOSH: National Institute of Occupational Safety & Health

SMPS: Scanning Mobility Particle Sizer
OPS: Optical Particle Counter

OSHA: Occupational Safety and Health Administration
PC-ABS: Polycarbonate—Acrylonitrile Butadiene Styrene

PETG: Poly(ethylene terephthalate)-Glycol

PVA: Poly Vinyl Alcohol

SEM: Scanning Electron Microscope

TEM: Transmission Electron Microscopy

ULTRAT: a unique ABS plastic blend manufactured by Zortrax
VOC: Volatile Organic Compounds
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FYPEGom, Wl W2 A i 0.1 m/sY 7I1FE AZHct. et
HEE PLA, HIPS, 14¥ZE, PVA, Laywood ¥ F 7} HYES

ABS(ABS1, ABS2)E AM&sIlom Zt7te] M A= ggfct w3t dapd
E H2 bE A% dHE 4, o 52 43T 2=(%E7]: 265°C
A3 90°C)oA U & o]E H|walH Lt ABSSE PLAE AFLE X279
A 27 1.1~1.81x10* AA/ar, 10° 7/t & =S 2o dAFLe
Ho} 22 945 2%oA 4] Al ABS, PLAE ZZF 1~1.2%x10° /e,
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( 3D Z2E ALSHE) 3 HIHSTAL

5.2x10* 7/are] 4= H=S Bk SEM-EDXE 3 I8 € 3lst 24
o] £4 A1} PVAE AlQgt U] A E|A FE9] 354
100~300 mol 3ttt 3tet 249 A9 ZE LHHE Yuo| F3 4 8
27 49 A4S WEME F ABSQ} HIPSE Aldsio] AlolA, ¢4&
71 &9 ®, AolA 7] W 5 o= {F dE WAE EZdhoto] 8714
Z39] Aol HES EAE 319t 87HA] Aol W & 57FA17F 90% ©14F
o] AA 23S Yetl= A2z YEs o, HEPA ZEE AolA Wi
r|Ho] HE&el= oAyl ARl dist 7MY =2 AA &&
(99.95%)= 7ttt

1

b Kim 5(2015)2 FDM 7|8t 3D ZHEE ARgsto] {3 229 5&
< Brtolr] o AES oot AT

Pegon, A= ofZYE AZEUth THHES] H§ ABS & FF
et & 79 PLA(PLAL, PLA2)E AR&SIH. AAIZE AHl= SMPS,
CPC(P-trak), Dusttrak, ppbRAEE ARSI oM, AUA A 5xo] F
9 PC dHo| Zsto] F7F £42 XYt S
I o|E A BE WP uheh 4, BA4F
g 5%, g A5 Hlsto] 3D ZAHE 5 T o A =Y &
A 7 ¥ Al ABSE 1.7x10° /e, PLAY 4.5~5.2x10% 7} /& ABS
7} PLAE T 33~384 =9tk Y= dRHK100 m)] 7%~ ABS?F PLAI
ZbzE 9y QAL 96%8)F 98% = w2 HE-S AAISHAAIT, PLA29] ¢
12%0 B33t E3t HAES F9 ABSE 1.61x10"° JH/E,
1.67x10" 7H/g, PLAE 4.27~4.89x10° 7}/&, 3.77~3.91x10° 7i/g
£ HEoh. TVOCE= ABSE AHEE o 155 ppb oA HEEUoH,
PLA AME Al AEEA] 43ktt VOCsY 35 ABS IHHEE Q14 A
11.5 ppbE &2 oE¥A ==(27]9] 16.49)7t 7|== et PLA "zt
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HEE A Al m-,p-AL#9] s=E 1.8 ppbE J7|Hct 2.98) &Sk
oh GHBIERY A ZEYTSIE, oHEYHSIE 9 o] =YY

5 ZAYo] wet 7MY 3D ZAYo] Zrsof ukEt
ABS9] % o] AL E2LHT]| =Lt oM EYHS|E FEE A9 FET
Z+7F 11.949, 3.28) =9ttt PLA2 7FEEA] A A] ZELH|5|E k=
A9l FEHETH 528 =t ZEH|EQ A tiFE 9 LOD H
oA 3D ZRE 7hgol wet ABS, PLA "etHE %04 DEP,
DBP, DEHP "|¥H0.7-2.7ppb) BAEH AL

2h) Gu 5(2019)2 ©] A+ 3D ZAYPOCZ QIsh Y WAy} 7tAAt @
d =24Z Hrkoh] Yol AR 37] BE, & 5 FE, YA I 24 °
U FPES SHFT. A2 AuolA JP=glon, Rij= 3 wolil
AHRIFAR THEoIHT A 9] 49 ABS, ASA, HIPS, PETG, PCABS,
ULTRAT. ESD, GLASSE & 87H] &/ HHEE ARG A 4
#3X= FMPSe OPSE &3l SAHE AT 5.6~560 m AAS] AL &
AER 2.0x10° 7H/E(Glass) ~ 1.7x 10" 7H/E(ASA)F 2w, ABS] 4t

F2 (4.711.1)x10" AH/E ok A= st 2488 B 6l
9 9H, tenax tube, carbotrap tubed 3 A& o] FHIE I} Al
¥ H AEE GC/MSE &3 #A4 =]l £33 PC BE=E xyd X
£ SEM= &3l BAEI A e F2 SVOCs7F 2= o,
ol= 3D ZHEAN FZAR AME 4 Sl 7HAaA|, dA 522 14
=lo] ATh TVOCY A% &4 B2 0.2 pg/min(GLASS) ~ 40.5 p
g/min(ULTRAT, anABS-based filament)?] ®YES 7M. VOC £
A Ad 7P F23% VOCe 2EFOCZ, PETG 78 " E(PETG,
GLASS ¥ ESD)E Alofgt thF29] ITHEA =2 W&ES HIth &
st 8709] "HEHEOA  benzaldehyde(83]), acetophenone(63)),
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( 3D Z2E ALSHE) 3 HIHSTAL

ethylbenzene(53]), toluene(53]), other C3-benzenes(53])°] HEH 2
o VVOCE £4 Z3 2 lower aldehydes, alcohols, acrylonitrile
7 AEEeH, HiE v B 14 F 5=7F © E=0Th

Op) Davis 5(2019)2 AH-&, WS-8, AHAE 59 &L& AMEH
FFF ®2419] 3D ZE(F 5th)olA 9] vFAHUFP)?F VOCsY &S
d3fsta FgEslr] Qg ATE AR o 87 ARARS 4FF Dt
E(PLA, ABS, HIPS, Nylon)& AH&ste] ®7letlnt. A& F1 1 9
Aujo| A Y=o Mol ACHE 13]/hrch 5Hio] ¥ F 20
o] ZHE = & dHPgoller, 1 F 3t tfY ZdH= HEPA ZH7}
FzlE]o] qlieh. A /7] SFFE(VOC) =& 54517l 918 Tenax
TA S2FH2} 2, 4-dinitrophenylhydrazine(DNPH) 14| &2F42 At
&5kt A+4% 3D ZHEA 21659 VOC7H &=, ol#gt
VOCe= AW 371483 Ao d3F= 718 & IHtal si3ith & VOC 5
S PLA= 193 ug/h, ABS+= 835 1g/h12™, PVAOIA 147 ug/h=
7P S@9kal, NylonollA 1,660 wg/h= 74 U S, T=HHE, o

T, deiflE A7, depiE Hie, Ty HAs 9 ddE A

A8 = VOCs W&o 9 vH

M rr

=

HP) Byrley 5(2021) 2 m’ HHE7|17F & =R 2= F2 SZHUANA

FFF 7]8k9] 3D ZR-EHE AMESt] A5 $F5tqth. PLA, ABS, PLAZ

ZAE F 4 m 7F)S AHEsYor BF 180ToA A=A & =

Bg7kshr] Yt AAIZE AH| 2= SMPS} P-tracko] AREETh &

A 8EE 28 HACE wiFsE MEHYS XY F, ABSS PLAS
ol

H1

oY,
T o ot

Hi 518, PLA 272 4 408 A AP H=E YA9
BEOo 3D mIH AT FARE HA(1~100 m)Ql Aoz e Ftt

B
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AR} 4 WA¥Eke] A9 ABS, PLA, B41€ PLAZF Z+2F 3.5x 10 7)/&,
5.6x10" 7H/&, 1.7x10° /222 ABS7F 7Fd w2 SAFS Bt
E3E M 3 27100 YA EETt Hixo| Eob= 71E AYAT=
gz Az Hoh IPE  F712RME(VOC)E  Carbograph
2TD/1TD dual bed S22 & 2= 2™, TD-GC/MSE &5 &
A=t A ol AS S TSt VOCTE ERI=9l o, ABS
deHIE Q4] T WEH A B dF¥eEs 0.788 ng/m'=E EPAY]
RIS &Y =& "3t 71+ lEE(l mg/m’)oll T g2 7R E3L <l

4 24 27)0] A SHE

- O
B
=
PN
=2
gt
ol
¢
DN
(N
o
=
re,
-
1o
rr
Eu)

AD Bernatikova 5(2021)< FDM 7|8t 3D
UZHUFP)2E F R713RHE(VOCs)E B7 g
£ 029 o R {7 ¥ HolH AFE FIF5t. LEHEE
PETG A ES NGEN EHHIE &+ 357
AIJZHUFP)E H71st7] Yl CPCeF SMPSE AH&stgiew, 3D &3
g Al FEEHE 49 F $£5EE PETG: 3.88x10" 7H/ai, NGEN
6.01x10° 7H/erE PETGOA ZulAAA7} B &2 4+ 55 7HHh
FES AR B PETG: 1.28%10° 7H/g , NGEN: 1.73x10° 7H/g
O = PETG7} NGEN the] QI S5 ] @2 JAE TAst= AL &
2 5 Atk & A RTISREE(TVOO)Y A9 + FHHE F
oAl ¥& H=(PETG : 500ppb, NGEN : 600 ppb)32™ PETGS
Ago] HEH ol Y f7IsRE ddl, @] =&

o

o
@R e e AN HA R7ISRO0C) B F o
WorE g

r ol on

:
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Oh Poikkimaki 5(2019)& 3D ZHE Ql& = HHAYsH= AR} = NCA
(U Z82H ooj2F) &, 3 m 1T JA9] HEEAS AF5IaT
AHERE FEHIEE PLA 33R(Yul, UF &4 7 A9 &4 A7,
Polyester, ABSZ & 537Ut YHIEE= 7 AR dAf2 Lo whet
210~250°C Atolof|A QI#j= et A2 Fuj7} 0.3 m'dl HHoA 558
= %lom, ACH= 20/hr¥ith. AAZE = 5EE H7] fsi4 PSM= A}ﬁ
stlom, A7) £XE SAs7| flof SMPSE &85ttt & 4 &

4 749 ABS= 7,100~37,000 7H/af, PLA= 1,900~5,700 7H/en’%d gﬂﬂ
% A& 5 dRF] 49 ABSE 4.7x107 7i/%, PLAE 7.4x10° 7H/%
ot E3t ¥ U& 5 NCAY H]&2 9~48%ES A[A|5F9tt.

¥B, o

X Azimi 5(2016)2 3D ZHE Q1 F wHAst=
5 3 7] (Vo0 | %E— A

A719] ¥ HollA L= glon, dA3 8

ol4 g7 & | FQrt E3Jt 57}11 AR o BHE9 3D ZYES}

ABS, PLA, HIPS 5 0131 a7 9] ﬂﬂm1~% 56%*‘?} 167}11 Z3to] tig

= Olh 7|1& 4 0”04%19} } oftt, 7}% —}58 iﬂlﬂx} HRAjEFS. AulA]
OF ABS "WHIEE ARgst= ZHEHA 7Y 4 Ao 11 3

e 2~9x10" 7H/Ee1tt. PLA EHHES AHESHs ZAE A 714

e U RS BRI, SYE2 10° /2t AL f7
SFE(VOCO)E B7I5H7] AiAl Tenax-GR FEE ARgsto] HET &
TD/GC/MSE &43t9t. ABS ZHHE=R IstlZ W Agdo] 10
pg/E FFOZ WEEon, PLA YEHMEA ZEfO|ETL 4~5 pg/E
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7 Kim 6 ABS Z#HIEE ARES= 2t9] 3DZ-E|(E 1 Sindoh,
3-DWOX 7X, Z€2: AFINIA, 3-D-H800+)E 7Fssh= AW AREE7H
oA 3DZAE wiEEZ gt B7E A F, 3DEHEE EL
AYZOR oAl & AFrsteitt. AWt 371= 206.55
SYE2 14, Ex9 FE2 = 3ol 3719 F71tet 3709] Hy
7197} e A AAFTZAARC] 7 Fol L, 1719 HAA| A of
210l 7Fs F°1 oIt LEAL LF5H= HolE QIEolA SMPSet
OPSE AH&sto] Ui Aol A FE mho] T2 JAH0.004 im ~ 32 m)<]
A s 4% 23, SMPS®E 0PSO ke 7z g
16,290(£4,468) 7N/af, 37(x7) 7A/LRoU, A8 ol Fol= SMPSe
ot Y dA}t 5t 4,981 AN/arE 70% FA5FRaL, OPSo] 9J%t mlo]
AR JAE th F7HE AeE UshEth 3DZYEY A ols A
AZHE FE9] ¥Wsh= 3DEZAHE 7FeE Y YgA sk 10,000
/e ®REAA 20,000 /e FEE F7Fstch7}, 3D EVF SEEL
WA= oAl 5E7F 10,000 7R/ PIREOE ZHASEG Oy, Hho] AR YR}
£ 7T 27 S7koke A3 B9, 1 o+ 3DZAH
oA TFE Y&t 7] FollA MM SHELE QI Hlo]A= ¢
A2 W] glEo 2 A=t NanoMoudi cascade YHEZ F7}
3 371 & A9 AS4ELAA(CMD)E 30 moldy, AFFYHAL
71 mo] At

AAZC R YA A FEReeaR®(PAHs) w55 AT 2%

4

145
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PAHs 55X ZAA7F WY 1 ng/rlE A9 HAZEZA AotH7E &
Hop @5). PTR-Tof-MSE °|&d JAHR7IdES &A% 43 209
7HA] o4 £4o] FAEHAUL, v+ ZELHSIE 29.8 ppb, EFH|Eo}
gl 13.1 ppb, EF4 13.0 ppb, °IAEH 6.3 ppb, FEEXE 33
ppb, 2AE&E 2.7 ppb, ¥3H|d 1.1 ppb, A 0.4 ppb, 1,3-Fetdal
0.2 ppb T2 wWj$ Wokth 3D ZHE oA 37] F dAE =S &
A Au|Fowm BAT Adt, ©A 7|99 (ABS) YiYdAEo] v T
Ha, T YA E I8 IEEG=, o= ABS HES] Ey
(ICP 423 417 3 ppm TRl 7|0g A2 =5

Lt) Zontek 5(2019)< 3 D Zd9g Al BEHe 9AY 542 A5
A&l 23 377 FEl= AFA(600 o, ACH=20/hr)d} 2 771 &
Qt=l= A¥A(162 !, ACH=1.8/hr), & ¥73°14 FDM #419] 3D
HE ARESIAH. 21 27|7F FEe A4 Makerbot ZHEE
&sto] PLA LEHIES QIafstal, 2l &7|7F & HA| = AFANA
+= DaVinci XYZ ZHEE AREsto] ABS EHHHIEES AHstutt. ARHEH
AAIZE AH]E CPC, OPS, SMPSE 9+ &=, 374 ¥ AFsTE 7ot
T}, PLAZ Ar85H= Makerbot Z#E+E 3D ZHE FA49] 55 +9
oA 4x10° N/ard $EEE HY, ABSES ARRSH= DaVinci XYZ
TAEAE 3D ZHE 2A9 5F TN 10* /a9 = BEE B

Atk =3 TEM/EDAXE &3 A& Feiet A4 242 mhofsiglon
WA oo]2Z9] A< ATR-FTIRZ EM=Hct. £4 A3 ABSSt PLA
oA etAav) 71 wo] Ao, ABSOAE= cyclohexane, n-decane,
ethylenepropylene-diene terpolymer, 1-decanol, isocyanic acid©]

HEE U

—

=
(e

>

gaes
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CH Yi 5(2015)2 3D ZHEA HEEH= A &, 7] &%, dF
L A 5= Aok7] Y8 AH(0.5 m)Q} A2 HH(32.7 m') F oA
AFE st AAE Z™E= FDM WHAolglen A=
ABS(Natural, Red, Blue, Black)?} PLA(Green, Red, Ocean blue,
Trans blue) & 7HA& ARHE3H. o] A= Particle emission© thgt
24 94 a0 Az, ody W&o 4, Ty A, HiEste 59
N5 "R Sto] Brlstelnt. olof tigh dxt=, UHHES] S/+= o
A o] & FFE PIAH, ABS7F PLART & JAE WERHY § 9
A A HEHE SR} A 7 34 e 2E5S Bt Y AY
oA+ ABSOIA natural A4o] 2.27x10" 7M/w@ 7H &2 A7t &
W& B0, PLAYA trans blue M40l 2.18x 10" /w2 7
=2 A & HES 2 AR 4739 BS 242 70.1 met 30.1 m
Aot 22 ®oA XgPE Yo ABS natural AAFo] AREE|QloH,
1.9%10° 7M/ard] Y7 5 F=5 HAh EF, ZUEY AHE AHE T
BE & YA 9 HiEFo] 28] AAaskith. ZYEo IHWET} HiE
T TRl B F 219 = Y As Aol YA ASIAEL
SMPS(14.6 m ~ 660 mE & 43 YAEoNA 3 25 (2.8x10°
M/emell vls) o B2 0] YAKB.4x10* A/a)E FE Frt.

2h) Mendes §5(2017) AW(F1: 0.18 ', airflow rate: 0.014 m’/s)
9 ASA(RT: 81 nf, airflow rate: 0.115 m’/s)o|4] FDM 4 3D &
HEE AREoto] AYS skt o] A9 HA2 Aot A4 &
BolA &3 AFH] W] mE AR 4+ 5= E AA(ABS, PLA)
of wet Hlwol= RO SMPSeF PSME AHE-sto] H7hstgict. AH oA
ABSE 2.6x10* 7/H/ar® ¥ 59 YedAE W& ¥ PLAY 3%
7.4x10% M/ar® Y=PAre] Wr&Eo] A Aot AFA FAolA A
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ABSE 2.8x10% A/are YRS WE3t whd PLAS] A9 2.9%x10°
N/ar2 FeJ2] WEo] =2 &t F4d &5 2704 ABSY Hic
AR HE &£EE 3.7x10%~4.0x10° 7H/Z2Z PLAY HEHT
1.0~6.0x10" /% Bt} E4th k&9 =& YA wiEo] 43t 4F
< vjxoH, 2E7t sl wet 4R EA¥o] F7HTE E3F ppbRAE
e} GC, LC #4& &l 7I& 482 B7Istit. 2 &A0lA 2
F71 94 71e 714 FEE2 AEFHA EUAY EAE B9 =& A #%
Hrop 32 f=Folm, ABSO|A Agdlo] B2 £E02 HEFHU

0 Youn 5(2019)2 3D ZHH ARgof| ©E Yztet §3) tf7] ¢
g?‘](HAP)-J &S grts P‘ﬁﬁ} % 599 FFFE 3D ZHEE ALFOo
, 126 ¥ F19] 3D &g AEoA ==t A
4 EEHIEE 74 A= ot 9T =AY A3 -+ WA PLA ¥
SHIES ARESIATE AARE dA EEE SMPSE ARESHYloH
TEM-EDSZ Ykx=ALo] deie} 94 A4S Hrlek9ith E3 U E
o] P & YA RAL SEM-EDSE H7}stch YedAte 4 s& &
IE= 10~20 meF 70~100 molA AEjAo]oH, 10 m YAES 7|&F=0
2 3D ZHE o3t HF F v WA s EHr} 3.68 =Stk /-5
H71LAEHY] A9 F 14F°] AEHACH 1 F 314KH8.46 ppb), oF
FALEZYEH(3.36 ppb), HIA(0.52 ppb)2 =7} 71 =3ttt

HE) Steinle 5(2016)2 FDM EtY9] ATy 3D ZAUEHE AREsto] 4
o} AA| AFRA £ oA ofoj2E 9 falEAo] WS ATt
ZU|A| oo ZZ(UFA)2] FAHS PLAZ A5I¥S wf 2.1x10° /&,
ABSZ Q159 S w 2.4x10° 7]/ 0.2 ABSHT} PLACIA ¥HAjego] o
ottt 53" UFA= 2 44 droplete® o|Fojx I3,
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100~300 m9] YA & LYFoNIA H 129 ?JX}— AT 4= AqTh
AAl FHAY At & ARRFAN80 m) A2 AHERAGRO m)ellA]
PLA UEHHER = oltt. 2 AFFAS] ACH= 2/hglom d=9 52
Al ~d g ofojx] AJAHI] o =1l QUQiTh A2 AFRAL TR A
A7} obd AAg7]of oJEstANt, £ 7|7t B9t 7o) 25 |EA
orort} = AFRAlS 3D o] UFA W VOC 52 374 27HA7]4
o2 Ghd, 22 o= Q14 /5 ofe] Q1A oh= Bt fYvloHA =
oS & & Quth F2 "4 UFA 5= 2,000 7H/af 57} skl
TVOCY 37%°l sigst= MMA(MIEHEIZEH0IE) 5= A o 21
ug/mioll =Esto] QI & 20A17F o]Fo= AAT 4= UL

AP Stephens §(2013)2 45 m’ 2719 AF-E AHEA
9] 3D ZHHE Bl A+E £kt 519 3D
ok ZE 20, ABSE AREdle ZAH 39E
2.547F B9t &Ho] P 9on 3D ZEA 2 m Eolxl HH|ofA
SMPSE ©l&3dto] 10~420 m #9le] UFPE S5ttt A9 &
AIZE9] 717t BRF 4GA Y] A0 R ol A S E Q=T A1 B
S, #712+ PLA 715t =9 2tigt 7Hs, 1713+ PLA 7|9 ZHH 2
e} ABS 7|8t ZHE 3 BF 7hs, e Ta FHeE YU
4 =59l A9 2019 PLA 7|8t ZTHHE 7153 17H2(2.78x 104 i/
ar’)7F HH?ﬂ = FZE 109.7x10° A/adol Hls] 1~48 =oH
36~86 m9 A719 PRI AR 7 7P ZA FTIee 2HHY]
PLA 7|8t ZiE 9} 3t)9] ABS 7|8t Z™HHE 7Hsdt #1139 &~ 5=
1.42%x10° 7H/er® 2tH9] PLA 71‘?} ZIHE N A5t AR 5 =9
I, v R 158 w9kt RSl F§ PLAE 7|8t ® 3 3D
TdEo ¢ 2.0x10" 7i/E, ABS 7|H¥to=m 3 mHEO HE

(B
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=0foF 2t

1o

0}) Deng 5(2016)2 ABS9} PLA & YWHHEE ARgsto] 3D THE
?JX} HES A5t FFC 71%Ee] 3D Z™HE AREstlon, &4 &

517401]/\1 0141?40& 1 ABS:= 200T, 220T, 240ToA AHEHAL
PLA+= 180T, 200T, 220TolA A=A AR 4~ 5= 3§ ABS=
240TCONA 200ColA Eek 1008 o @ol H&(10° /e vs 10° 7H/ar)
3 PLAE 220C91A 180TA Xt} 4~8vf T ®i& (2x10° 7H/ar
vs 10* 7/a)=lQich. o] ABS7} PLARTH @ uf © @2 Y= } 92 9
ottt A G ¢ Bev bE 250 A9 IS vheS HojFr)
ESH PLAGIA 1 A &3 =S 7tdsk= l%iiﬂrx—% a9A g2
A&y} v W wf ABS LHHE sl AR} HES 75% TAAT =
Ao Uehgt

X}) Stabile 5(2017) FDM 7]819] A7}y glA3% 3D ZAEHE
stalor, 40 o] AW AFAHNA AdS st S5k 52
3 Fro gy on VAR 7] AR ESF AR = UIHEL
PLA ZHHEE v|E3F thddt H7H=(Wood, Copper, Bamboo 5)°]

otel PLA ZEHIE, UYUE 5 T 1071/ SFE AREstith. AAITE

B
H]= CPC, DustTrak, NSAM, SMPS ——0] /\}QQO*OU% AZF 91X
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25 ZE "IFHEELS 180~240T Ato]ofAl Afj=lo] H7ix|9lom,
10~30 m HYANA YAE F=Eskich. PLAS A¢ 220T, 230C, 24
0COlA ZHzt A= Qlon ojefo] Hi & sk 72 5.15x10° 7H/ar,
8.21x10% //ar, 4.87x10% 7/wr2 H}ELS 4E 259 JFL A W
WS & AU

x) Stefaniak 5(2019) AA| A4 @04 3D P Y Fi=4 viE
54 A7 9 EH7FE st AT § 470 AAABAARYE, BAE
AH, CAHAE, DARIARDAIA 2442 3=t AARIS] B9 40 ° =2
7] &7t 10719] 3D ZHE|(FFE)7} EA15t3 21 ABS, PLA IHHEES
AT AIEE FAI 100 5 7R s E A QAU olojd HAE
ARt 71 A = et BAFRIAES 76 wollA 1919 3D Z™-E|(UP

BOX, Beijing)g ATt 57 W V1A= JAA T FF A AH
Al gt CAHEAL W F iR FAAE] doen Zpze] vho] 3D &

ZE7F 2 ANA Hol|l= PLA TN ES AR&sH= FFF HH4]a) of
A A 552 A AMSohs SAER419] 3D T ARER]
o} 2o Byl 466 wPo™ ACHE 2/hrolith. 320 m'27]9] &3
Holli= FFF7I5 3D ZHE 7 24P o, W & 717} =1 Qigith D
A4 FRF EFI9] 3D ZEH 10HE 44.5 mollA ARgFom ofof
7 59 AR 7FeEI AT PR EH Y B, OPC, P-trak,
FMPS7F AF&-EQlth VOC2 % RAE System< ©]&3te] TVOC &3
<, TD-GC/MSE °ol&3sto] 7HE VOCE E45tAH. 2 ARl 4=t
& BT ANYGA9.7x 10" 7/E), BAFIEH(7.3x 10" 7H/&), CAHY
A (1.9x10° M/, 5.5x10° 7H/%), DAFR(1.7x 10" 7H/8&) & DA
AFNA 718 =94t TVOCS] 49 Aol wah AAFAA(3.3x10° ug
/B, BARAF(1.2x10° /), CAEH (3.1x10% ug/2, 1.3x10* 1g/

)
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( 3D ZZIE AISAE

), DAFIA(1.1x10* ug/H)2 AN 71 &94ct. w59 8714

99.7%, 53.2%

A9 217}

% AR 243 TVOCY]

RO

NIOSH 7|&

18
| B

2 e A =87 2

2. WxF HEZA Xtz WEA 2t
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w5713 3DEHY AR AE BATH 23, 89 gl 413270 F
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0= 7Y okt ©of ¥l 107 ol AT EY tiel=(1,3077), 1
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ZHolA BHfshs 2419 A9k &5t didus'or H7H FE 3
7] WiZol ©of ¥k A4 dite oha &Aool & 4 JUth
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& I

o] ARESlA Q1= ABS(Acrylonitrile butadiene styrene) ZaHIEO]
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A (ABS(Acrylonitrile butadiene styrene)
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1E) AHgTS BT A dqistash 4.1 keOR 71 ol Al
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k 9k

g, B3I 0.5 kg 9] 02 LRy,
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J8 4.

shugt M 3DIZUE! AXH(ABS(Acrylonitrile
butadiene styrene) Z2IHIE) Al22F



W7} 279347

1
ol

°

I, o

3D =¥ 71EA|7E

A

o vehith 1 the

£
~
XO

1

2 7}

o

187

3D LZE 7ISAIZt

1

’

I 5.1

I 152

]_

) I 572

u [l 202

=

=

= k-1 gl

=

=

3,00 AE{ T, 9|7

b

S
=

S=



E
=

w7} 7058702 713

i
el

o

I, o
5k 22.1A17F, EASHA 18.6417H

, 25 9.9A1%E, FHL 9.34]

=
=

o=

O
=

2 YERET I

31 13.0 ARE, LREAL 11.44]

O

Zo

3D ZZIE A

|

-

[

—_—

i

~

s

221

I [REN

Fu |, /0.5

=4

s I 93

=

=)

=

j

Sdotn I 1.6

¥ I

(A

I

E2 (a5}, 010] AF| 1, 91

o gt

188



10) st Y| QAR S Fu] dF}

St f QtHESS H] & (E}%%%)—g: 43 23, §¢ g 4,050
N & 2,4 47HE(59 4%)7F ‘P70 7 Ho] SEIeH, I tFoRE
‘Hotd 1,623701.(40.1%), EOJE"J 91701 (2.2%) &0z ehdr}

T 44 sti | tHE S JH| SigHCI=2Y)
oHES] E2 Em ey Im)) THMIE (%) AHOIA TME(%)
EotA 1,623 390.4 40,1
EoHH 91 2.2 2.2
A 2,404 58.4 59.4
2% 4,118 100.0 101.7
11) A4 &4

(1) EX2| =Y 22

stu W A A {50 dis] ‘TAF #Y o '3t dus
1,202702.(23.7%), ‘FA2] 2 g0 &3t stue 3,872701(76.3%)%1
AoZ LEFT

I 45, stu L SX2| e RF
32 A 92 st 4(H) THMIE (%)
Sxe| Z QU 1,202 23.7
Sxg| X Qs 3,872 76.3
3t 5,074 100.0
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MY ETHR| oF stus(7ia) HME(%)
g2 S0 €% 126 11.6
D

OD2lE MX|RA F=
N c - 964 88.4

1,090 100.0

4 9% X GR FAY B4 ok AnAe st 9
A3 AN BE X §Ro FHE B4 35

Aol Q= Ao R YeERITHp=0.3504).

12) 3D=89 A A A9 B9
(1) 3DZE X Al MNFE 4 |F

HHEE F ] stu (i) HYIE (%)
LA G US 274 4.8
LA FE gls 5,467 95.2

=2y 5,741 100.0
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3DLAY A A FH G578 AZYESYA 3D T B BAGSE
545 A% A f34 S O ARgEPA 3D TUE BF Beds
L oo4igon, A B34 St oy ARgERA 3D ZUE BF B
gt 3.8009 A0 tehget. Hole A% 5,0007 ol4d o A8k

2 o A
Anderson-Darling normality test(J74 HA)S APt 23 Fo3ts
(p-value)@t= 2.2e-162.2 B]XE S t-test(Wilcoxon rank sum test) & A
5k},

HE t-test 14 23 3D ZHE AGA AA| S4 78 AEg=
WA 3D ZHE B Efdiees FAZLE fYu)et Ao|7t = Ae=E
UERATHp=3.0e-00).

E 48. UH 5 RFE M=YU=Y4 3D Z2IH ERUx JIesAE

(T o)
3D na|E1 AI2A| - x x E 3 Al2ed
*._|7<1| w5 9.4 3.0 0.0 120.0 18.8 7.0
LA 2E5Y 3.8 2.0 0.0 187.0 6.6 3.0

(2) 3DTE XY Al MA B4 ST U AWH ASY 24 A

3DZHY ZY Al S /F7E d387 3DZEY &A|(PLA(Polylactic
acid) ZHE) AR AT AA 7574 st tiAd 4B+t PLA
A E AREFS 5.0 kgolR o, A4 £34 st i 98+ PLA 2t
WE AL 1.5 kgQl A0 Upehdt) HlES: t-test 24 AT} 3D =
B ZFGA] XA S4F 95 9B PLA "EHIE ARSHL BAFCE |9
o]t xjo]7} 9 Ao @ UERFTHp( 2.2e-16).

N
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( 3D Z2E ALSHE) 3 HIHSTAL

H 49. 3Dpm2IE XA Al LA B4 fFE WA PLA(Polylactic acid) T2tHE
A g
(T2 ko)
B on o | BE | 3w | mw | sy | no | e
LA REY 5.0 1.0 0.0 75.0 10.4 2.0
LA 25 1.5 1.0 0.0 60.0 3.5 1.0

3DZAY &Y Al 34 F5FE ¥¥ 3DEZAY A (ABS(Acrylonitrile
butadiene styrene) HHE) AFRFHS BASH A3} AH §Z4F ot o
A €Eat ABS HHHIE AR 3.6 kgolFoH, A4 F3A4 st o4
P ABS ZHHIE ARSFS 1.2 kgl ACE YUEHT H[ES t-test &
A A3 3D =y AJA| A SA FFE €8+ ABS UHHE AREFS
SAALE {Foulet 2pol7t U= ALE UEKTHp= 1.0e-05).

H 50. 3DZUE! XA A| AMH| S @FH WA ABS(Acrylonitrile butadiene
styrene) TZlHE ALY

(H$1: k)
3DIZIE XA = _ oz AHES
f_li‘" :; _Ic_l>_|:||:é lgﬂ Egﬂ Ilé-ﬁ -’-‘-ltﬂﬁ Eil_ %_L?_T

AN 7B 3.6 3.0 1.0 22.3 10.4 2.0
A 25 1.2 1.0 0.0 13.0 3.5 2.0

(3) &ful Wf 3D Z2H A EV|HA(CESE) 24 2t

ot Y 3D ZTHEA VA (HS8H) 4 23, SF ot 5604711
S 5,205701(92.9%)7F A& o] 7 gol SEIeH, I tFerE
AADN(EGeR) 76771L(13.7%), 3D Z™E A dY 5 HoPAA]
FRHAZAY 562701(10.0%), =aui71GA] AA(B= 3D ™Y AAE
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5 d
BT AA(EITR) 57138877

HZ]) 49870 1(8.9%), ‘T4

T 51. stw L} 3D E2UEA &7|9A(CISSH)
3D I2IEA! &h7[drAl EimES Y/ )] HME(%) A0I>
—_ =2 o= =L E'LS =—\/0 H1ﬂ§(%)*
X587 5,205 73.1 92.9
MHE|(ZYZX) 767 10.8 13.7
3D T2H AN ZE S HeEK|
ERKHEAD 562 7.9 10.0
ZAHY7| AR MX|(E= 3D T2
AHE B5C Lo M) 498 70 89
27|94 SlE 87 1.2 1.6
S| 7.119 100.0 127.0
«MX SEA & 4 x2S MHs SEO Hig
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(p—value)
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E 55 MF| SA QTH 3DIIUE] XfoIA| 2mH AFA|ZH
(T2l AIZH
3D D2IE ZloiA| - . BE AE24
M ZAt oo s B | Aay | AR | o ol
A 75 47.4 10.0 0.0 1835.0 165.0 22.8
MA 254 11.8 2.0 0.0 1200.0 37.8 10.0
(7) &u W 3EEST FH| S(HESE) 24 Zut
Sty | SEHESF ] JA3HSSH) B4 23, 8% sh 4,563701
% 2,176701(47.7%)7F ‘KFepAF of 7H4 o] S53lon, I 3o ==
A2’ 1,881701(41.2%), HH1GuAT 56701 (12.4%), WR2530kA
3’ 43770109.6%), WErtAT 364701.(8.0%), WREFAT 231700
(5.1%) =07 e},
I 56. 8tul L SEEST FH| EHCIES2H)
55657 28 st4(7) TME(%) HOIA HMIE (%)*
SR F0AF b67 10.0 124
gixI2g0tA 3 437 7.7 9.6
HIXIEZOAT 231 4.1 5.1
HIEOIAT 364 6.4 8.0
KFOrAZR 2,176 38.5 47.7
A= 1,881 33.3 41.2
A 5,656 100.0 124.0
A SEA & 2 S2S Mefst SHo| HIg
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(15.4%), ‘&H=27]" 18701.(6.6%) =2 & eI
E 57. 3DZUE FeU| AHYE 4 FROESY)
NS Y R St 2(7H ) HME (%) HOIA HME(%)*
37| X= 161 24.4 59.0
H2 MzH7| 94 14.2 34.4
= A= 121 18.3 44.3
O& X= 72 10.9 26.4
de=7] 18 2.7 6.6
5 152 23.0 55.7
e 42 6.4 15.4
A 660 100.0 241.8
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E 58, $X2| YAl MHFE FH 92
S| HUA UHBE B IF St ~(H2) HAIE (%)
A FE US 267 5.3
A FE S 4,807 94.7
S| 5,074 100.0
(1) EX2| ZHA AMHTY B4 24 Al

‘oY A SOl gt gk
9 FFol tis AA ¥
vebsth 48 FAA AA J
Skl 267703 & 17371 12(64.8%)7F &= A=

ozl ‘=B 171701(64.0%), ‘T8&7] A=

A71 24703(9.0%), "HFEAS" 207H3(7.5%),

AH27] 9NL(3.4%) <O2 YEFITE.

164701(61.4%), ‘Zr

1470 1.(5.2%),

E 59. X2 39 Al UHBE B¢ ER(ELSSH)
HUHBE Y 7 Sl (7l 1) HME(%) H Ol A THHIE(%) +
557 X2 164 28.5 61.4
A2 M7 24 4.2 9.0
= A= 173 30.1 64.8
me x=2 20 3.5 7.5
oz27| 9 1.6 3.4
=] 171 29.7 64.0
UINES 14 2.4 5.2
s 575 100.0 215.4
TN SEA & 24 g=5s MUHst SEO HIE
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