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A Mini Review of Health Effects, Toxicological Assessments, and Management
Strategies in 3D Printing Processes: Focus on Material Extrusion, Vat
Photopolymerization, and Powder Bed Fusion

Jiyeon Kim * Sungho Kim’
Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: This mini review aimed to summarize the hazardous agents emitted from 3D printing technologies,
specifically material extrusion (MEX), vat photopolymerization (VPP), and powder bed fusion (PBF). It also sought
to evaluate the associated human health effects based on currently available toxicological, epidemiological, and
field investigation evidence.

Methods: The mini review used a structured literature search and selection process to improve transparency, but
it was not conducted as a formal systematic review and no study quality appraisal or risk—of-bias assessment was
performed. Seven additive manufacturing processes defined by ASTM F42 were initially screened. Domestic and
international databases (PubMed, Google Scholar, RISS, KISS, KCI) were searched using keywords related to 3D
printing emissions, health impacts, nanoparticles, VOCs, and metal exposure. Included studies comprised
toxicological studies, field measurements, biomonitoring studies, surveys, and case reports reporting hazardous
emissions and/or adverse health outcomes in 3D printing environments. Extracted information was categorized
by printing technology, emitted agents, measurement method, exposure scenario, and health effect indicators.

Results: Distinct exposure characteristics and health implications were identified across the three major
technologies. MEX/FDM systems frequently emitted ultrafine particles (UFPs) and volatile organic compounds
(VOCs), including styrene, formaldehyde, and acetaldehyde, particularly from ABS filaments. These emissions
were linked to respiratory symptoms, asthma, oxidative stress, endothelial dysfunction, and cytotoxicity in cellular
and animal studies. VPP systems generated exposure to acrylate—based photopolymer resins and alcohols used
in post—processing, with documented cases of occupational allergic contact dermatitis. PBF systems included
both polymer—powder and metal-powder processes. A case of hypersensitivity pneumonitis was reported in nylon
powder—based SLS work, while metal PBF studies reported exposure to Ni, Cr, and Co and changes in
biomonitoring and clinical markers. Across all technologies, insufficient ventilation, enclosed indoor spaces, and
repeated long—term exposure were identified as key factors increasing health risks. Case reports from educational
settings highlighted potential associations between long-term exposure in poorly ventilated educational settings
and rare cancers, although causal inference remains limited.

Conclusions: Current evidence indicates that 3D printing emissions, nanoparticles, VOCs, photopolymer
constituents, and metal particulates pose measurable respiratory, dermatologic, cardiovascular, and systemic
health risks. While definitive causal links to chronic diseases such as cancer require further investigation, these
findings support the need for improved exposure control strategies, enhanced ventilation, safer material selection,
and, where appropriate, biomonitoring in metal powder handling environments.
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3DOZY SHOM TYE L, =9 Tt R 22

LM 2

3DZHAYL HAE AA HlolEE 7|HleE A= 5
o] AFsto] 32 FAZ A&k FFAR 7]&0]
o, A%, 98, 1S 5 TRt 2olE &g et EdiE
I AEHISO/ASTM 52900, 2021). %= 20144 3D
oYY 4 XE&E HHOE I7F XojA 3DZHY
Abdell oigh A SA4d0 Wlal, 20169 ARz
A M50l Al(2016.12.23.)F WA £AZ 02 3D
oY AkQjo] AJAHE ]t o]% A7UYE W4 S FDM
(fused deposition modeling) 3DZHE 2] E35] Tta,
| 714 st 84 AA19] S 58 HATE
3DZHE Y] Hdo] =orAIHA], ekl 71 - AT A
A4 5 HAY 3Fte 29 8k FHEQTHNgo et
al., 2018).

AR EAAA X EA(National IT Industry Promotion
Agency, NIPA)OIA ZAFSE 20249 3DZAY Ak 4
B RAM] W2, W IFAF 719A = 20239
352702 20229 tHH] 10% 571kl 3DZHE &
22 = 1,900 oo = FAEUT 3DE-AY A
AR 20239 6,1259190=% 202285 R[S
2.1% S7FtRoH, =8 7o 2= ghu(18.1%), 55
717H16.2%), =/XTH13.4%), A52H11.5%) HoFf
oA =2 W& HSS Eth 3DZHY 7|eHAald
& HF2 AEUE W20l 37.6%= 7HY =%,
EOH=gs] wralo] 28.5%, HRFHSE wR4o]
19.7% =05 YEFZTHNIPA, 2024a).

‘AR WARS ld Y SFEET R HA,
3DZHY 2P0l A9 FafQUARt AFFF EAI7E
AtEA olfr2 BZFE|9 1 (Ohmynews, 2020), ©]o
et 3DZY AREA} QFHolE Zlol=giRle] 77 &Y
o] o]FoJFTHNIPA, 2024b). ZeHIE 7|9t 2AdES
7144 " E(acrylonitrile butadiene styrene,
ABS: polylactic acid, PLA)YE 1204 &8 &35t
+ BNA HEA Y JAE W&, HE AR
9] gpstxAddt 544 ¥hgol Eard HE Qti(Zhang et
al., 2019). k=2 FH A4 2EF 185290°C W
oA GARCE ASARS W EE LEHIEA
2= F7te w2t JAHY =4 HiEEe] FUEeH,
1 22049 HlEES A == tfH] 100-10,000
Hj74A] A B ltHJeon et al., 2020). ol3t &
T o&/go] gRlEl= 7k, a4o] TE HiE Aol
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T FH5HA BEuEnh =& A 7FE S04 = ABS
ARS8 Al PLA tiH] 43 5%7F 33-388) =34, viE
AAFe] tfF-Eo] vk =7](<100 nm; 96%)= 1=
o] ArdE FHAAY &Y =& =7 A1E
TS TVOCE ABS ARG AloflRt = 1o H(7]513
o 155 ppb), PLAOIA= AEEA] gof &4 Ao
et viE EAT IARY E $50] IA 9 5
A2 AJARHHKIm et al., 2015). H{2LGs= A
A ZTeEEY YRS FoZ AHH o2 Hdlol= 54
o= AW 7|5k Brlox & A1 745 dAlA F
9 f718kkE(volatile organic compounds, VOCs)
o] &=, E7] o|AZETEE AlH AN s
T2 AU, HEHIEEE AY &y 28Y
bslEE ¥ #=Fo= HEEUHZhang & Black,
2021). E3F EEHESS= vAl % =gl FlolA]
5 AYAE 715 &8 FSohes 33eE, Bd AT
e 4 oA A7, YA 5 35 B8 =&
= Qo= Ba17F UoKGraff et al., 2017).

o] FoME AME HL7F §2 AEYE WA 3DZ
a9 7]&2 9eIE A9t 1 270 w2k VOCs
OF YAt SAlo] EAS 4= Slof, viE S A
Gl digt A7 vlA wo| A Eo| gt} th
et BHHE &S ARESE A=EFE W4 FDM 3D
Y ZAoA HAEH VOCsZ= #iAl, EF4, =
=, 2, oM ELY|S|E, ofdIE, 4-SAHER) 5o
Rom, ezt &3t " A9 Tt &
A AA = ATHStefaniak et al., 2017, Wojty ta et
al., 2017; Ferraz et al., 2018; Gumperlein et al.,
2018;; Karwasz & Osinski, 2020; Stefaniak et al.,
2021; Garcia-Gonzalez & Lopez-Pola, 2022). &
3] ABS HEtHIEC|A BEF= A 4-OPA= ©
571 4 gF A=, g27] 98] FHAdo] Bl
H H} Qlow(Stefaniak et al., 2017; Stefaniak et
al., 2021), 4-SAHRHAL2 A4 94 722 EEEA]
& 4 {E 53 454 9 421 ¥ L
T Atk 54TH 2AT AAE] AtHAnderson
et al., 2012). PLAS] 7% ABSO] v]d] v}& 5= AF
gHo R 2 o] Slou, =Efo|el o EYT]
S|E & A=A 4ol ¥EE ¢ %oy, I k&
AgoA ABS k=% ¥ FeNO 37iet 84 =W/
WA B3 7P HEEJL 77 EFES &4
ol A o]=jgk 340l B FS5HA UEFthGiimperlein
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26 ZXA-Ud

foi

et al., 2018).

E3F FDM 3DZ-Y ZFdoflA A8 Y= dAte]
AR BAYoA 2F AgEo] EarE vl ok(Stefaniak
et al., 2017). WA= 7] E44 s1e & H=
QA7 M2 7FsAdo] o, EAE kEoAE
ARIAEH A 5 AAESH ¥go] #EE 4 ve= A
o] AAEYHGiimperlein et al., 2018). £3] ABS
oA BlEE WYi=YdA = 15 nm oJst F+=E7HA] HalE
v} QltH(Garcia-Gonzalez & Lopez-Pola, 2022). &
& 7|9 ASA R FHNME =532 PARAE 55

=

2
ST Z7h A WF DIE 0G4S Bushgon],
NYEA] o] oleF wd AES YA PP A
At AR 37 F nHAYA =BT 9R o
g 7hsAe WA ANSH, B w2AEe] Ay
BAEUEYe] FRAS FEshc

£ a9l Bae A7 Bug 30nAY T
W8 A79% L 549 292 9 2 ges
. 3DZUY A 2EA] A g Adt 7]
AR FE5e b ek

=

=)

BN Rt g

Aol HAAE st 29 A 9 A4 Ve
Agstaion, ot nY 2R AF4 WE Ao
et A gyt w3k Y B sk T
T AA GANA A A B2RL v Am AlE
3] F42 §143]o] W29 3DZRY 7]&S 7T7HR
A=EE, BUHEssl, A=343sh HZAEAL
YA Aol g2L, AERAL BAES 7)) et &4
A7Ast3cHTable 1). o]F @AolA= 3DEHE
I FAE AR A E SAHF7E Aol o
AS AEsh] oA 7IHE AAE AAISHITH

< U9 F8 dHolEHo|AE &85}
. 9] £3-2 PubMed® Google Scholar
2 RISS, KISS, KCIE ol&stitt. A
7122 3DERo] 4] € wSEFA EHHo=
SEE7] AR A Este], 3DZHY 579
739 4 =4 B71e I £ i 1090
HEH =2 R siith AN 7195 golet &
=ol5 Wa¥olo] 796192, “3D printing”, “3D printer”
£ 712 AMolg slal 3D printer emissions’, “additive
manufacturing”, “health effects”, “nanopartides’,

N,
Mo 2 my o8t re 2

ol
o

ot
Ao

“Ultrafine particles’, “VOCs’, “metal exposure”,
“photopolymer”, “FDM’, “SLA”, “SLS” 5= X&sl=
W02 sjgih. gto] 79 ANE Qe Bl
A AAsteH, 7|9E= 3DZIE, 3DZYY”,
FOlIAY, AR, WedR, FHERTIskRE
B, 75 =E, 9P, AR4E, =

=" 52 ARgls

Table 1. Seven 3D printing technologies and their characteristics

3D printing process

Description

Material extrusion (MEX) (FDM, FFF, etc.)

Binder jetting (BJT) (3DP. CUP, etc) material

Vat photopolymerization (VPP) (SLA, DLP,
LCD, etc.)

Powder bed fusion (PBF) (SLS, SLM,
EBM. DMLS, etc.)

Directed energy deposition (DED) (DMT,
LMD, etc)

Material jetting (MJT) (MJUM, PolyJet,
MJP, etc.) light).

Sheet lamination (SHL) (LOM, UAM. etc,)

A process in which a heated material is extruded through a nozzle and
deposited while the nozzle moves to form an object.

A process in which a liquid binder is jetted onto a powder bed to bond the

A process in which light exposure initiates polymerization of a
photopolymer resin, selectively solidifying the material.

A process in which a high-energy beam (e.g., laser or electron beam) is
scanned over a powder bed to selectively fuse the material.

A process in which a high-energy source (e.g., laser or electron beam)
melts feedstock material and deposits it onto a surface.

A process in which liquid material is jetted and then cured (e.g., using UV

A process in which thin sheets/films of material are bonded layer-by-layer
using heat, adhesives, etc.
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Literature Identification

« Data searched (PubMed, Google scholar, RISS, KISS, KCI}
* Records identified (n = 2,409)

|

Duplicate Removal

« Duplicates removed
*+ Records remaining (n = 2,000)

!

Title & Abstract Screening

* Records screened (n = 2,000)
« Records excluded (n = 1,403)

« Not relevant topic
« Non-occupational
studies, etc.

-

'

Full-Test Eligibility

* Full-text assessed (n = 597)
* Full-text excluded {n = 586)

* Not health effects
+ Or not toxicological
studies

MEX VPP PBF BJT DED MJT SHL
* Records identified * Records identified * Records identified *« Records identified * Records identified * Records identified * Records identified
n=7 (n=3) (n=4) (n=0) (n=0) (n=0 (=0

Figure 1. Flow chart of the literature search and selection process for this mini review

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(1): 23-36

www.kiha.kr



HE IEEITE A2 =5 7|k
dZ AlARRIEE Chan et al.(2018)
NME =R 59%7F 5+ 13] o]
ASHRIL, T 40417 2 AR
oA HA lI-% dH=7] Bl A} folet B
o] Yyehdth U w87|#S A& & Choi et
al.(2022) ZAIAE 3DZAE ARG WAHE AlA
FEF T 2571 AFo] 7HE w2 HIEE HAHC
o, V1A A, 8] g D AR AEeke] wiA
o] ERIItt. 53] &3 F4do] 7] FAEhy A
U 2% #slo] wfsiteE ol Aews B2 A
BHIE 8ok ARZE Halso], oJwX] oAl 2]
HE AJgol A&d 4 vk wEbA Skl gHgolA =
v 928 oz} A4 &8 (U &8 7= o
Aol kE S FHPoke @A g0o= Y
ofof gt} AA| Ho]AAM o] A A TS| FDM X
H% Tﬂ Ao 3t BAoMZ 7] &H, ks tig
A A9 FE7F 57 ARG 7] AA ¢
‘;l—i,—— Ao g AAEo|(Yeom et al., 2022), 1L
BAAE 27]-2F Aol =& T YU
ATEL AdFY] £ HEA

3 w2t 5871 34 49 9

BN 4y o

ol
ol NIO 1

e
jaba
ok
iy}
o
X

Mt o o

¢

==
N
o
oX,
filo
el
>
o
N OH

ojgl T2 57| S/ 3DZHY FHoIA HiEE
= YA =83 H‘Q"évﬂﬂ"ﬁ'ﬁ—fl i EA437 &
o] 3t} Kim et al.(2015)2 ABS HTHIE ARE A
PLA tiH] ezt € dR71eRtE 557 o =
A YyePgE BIska, Wojtyta et al.(2017)2
ABS ZHHE o|g TA oA AFElo] 8 FJEOE
Hr2ES AA|SFFTE Stefaniak et al.(2017a) 9A]
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FDM 3DZHY F0lA FWER713E, 7HEEA
FARE 9 9o AEHY, E2E AA A E AFE
o] AFAHCE WEd § U HASIh &, A=
%<& W4 3pZAY THL ?JZ}Q} ety EX]O] 5
Ao EAsts &% & TEES FAotH, o= AV
T 9 s A2 ZAka) 3 E:]g 7FeAdE AJARRITE

olf HHsl= Mx 9 & 39 54 A4k
QJit}. Zhang et al.(2019)2 FDM 3DZ#E FA 9
A HEE AAE H ATNE 9 {2 AN E =
3%t 23, AR Eo] fostA Skl Al A&
& AV HEEE H5FH Farcas et al.(2019)2

9 PC(polycarbonate) ZeHHIE #jEE©o] 2I7t
] /\1—“4 /\1] ioﬂ /\-] =T _,]_J_xq /\ﬂ iti*é SAAL A
57t Ak A4, 94354 wilE 57 @ AEA
HS Fghe gelskelt o= 7|k ”ﬂ’\ﬂi S|
A ABIAEF AL AF BEgo] fEdE & USS 9]
st BHE 3 A] 7% 95 B 7‘]’—1' SO R o]o]
A 7hsAE St ESE Stefaniak et
al.(2017b)9] 58 €Y =& oM 7 =& &
ot A5 Ui 7s B dEEo], 54 494
grgo] 7FstE AAIskelth A E HERARIA B
EAZ| i—g‘ | $42 5445 AFtollA] TEE AkA
ET‘—ﬂ ! A5 3 ol YA RTE oA A

3 HebH oty

2HH, oA AFR]H o]t ESlH S5 AR HE
F(Joo et al., 2022)= FDM 3DZ#g méﬂr 371
T¥ W 7FsAS EA A7IskH ol Al &

] B 3404 A7|7F 3DZZEE ARRSE WA A
50| A== T8 ZAN BT FFE
Ag7F BAfstal dekd A7 FE5HA] Atk A
5] Aokl Aok &, AREI= 99 74
7|1N7 = olH, JAIIAE FAsHA = ot
AP E A AT HANA Rt 73S BIISH
P =4 AF2E Lim & Seo(2024)7F Utk
T ABS 9 PLA WebiE S A4S
sto] A5, Al B 9 fAx Hd
ST ABSE Bk o4 NESGS B

. Comet assay©llA H&3t DNA €42 2115
‘3&;&_7 Az A1y AloA e EYE 5T &
£9] ke TEEA okt 4F EA 9 giAb 5
Aol HAEQlou, o= BAA AHoR S EH
HrAd-S TSt 272 HY)ol= AgHAoltt. Zhang

’ »g

g o

S »ﬂ

2

J OE

gy

B oft 9 L
ﬁ R 1
HHN'

|o A%
e
2

A R = 2 Ho xR o nlo m{w
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3DDRIE B LT LT,

et al.(2019) 9A| AR S71 Ealstelon, o]
E AHA]] HAEe R AdA= SA= AASHA &
AT wEtA A AAE 54 A= ARIAEH A
9 Alx RS2 ERIEARE Y TS AYgFe=w
AA ks A= 53 A= sjA=EH

X FDM 3DZHY FHHE F AREo] F7Iet
PETG(polyethylene terephthalate glycol), TPU
(thermoplastic polyurethane) @ ®AA(carbon
nanotube, CNT) &3 et ES} #&slo], Chylek
et al.(2021) ¥4 ABS, PLA, PETG, TPUS] ¢
A} wiE&S H|wet Z3, PLA, PETG, TPUE ¥4
A &9 XA HiEo] 7HY ¥, TPU= =& 4
7ol &5 HiEo] Yol AP HAsHTt. E3L
29 2% 27 wEt YA w27 A 10°
HiZRR] S7Fet 4= Qlof, A4 Aeat 2 o] k&
T2 9L 5SS AARGHSIH @ Potter et
al.2019)% ABS-CNT®} ¥¥F ABS H|ioA CNT &
7PF VOC HiE9] 23S A 4= leH, & VOCrt
ol HE e g-methylstyrene, benzaldehyde & Y&
ol VOCe| A4 Hi&Eo] 571 & Q&= Hils
¥t b PETG, TPU, CNT &3 e 52
ABS 9 PLA] Hvls A7dF A+t FHHLE Agh
Hojlon, & oofst IeHE A9l H44 A7t
Zasf Helot.

Yo, AEYE T4 3DpZAY I JAE F£39
A 7HY EEA ERIEE ARYTFE 557 A= E
71% BRI WA Aot ol A S, A
9 w573 AL HiE B4 A AR 2 & =4
Aol A WS UA HHEHT. oA EiE WAk
% A= 3D=YE QPdAdol gk =9E S5
ou, A= AHEIEL 29 A4 A7l HeE
o] QAIIAE 5] ojHet. sie] =g Aol
A BaE ARIAEG A, FF v D dE fAX; T
d Hgke AETY B 78S AlAHAIEE ol&
%5 5 YT FY AFT FA+= oF FESHA
UthFarcas et al., 2019; Zhang et al., 2019). =t
A @ dAoAY A s, AEdE TEE X
Ao ot 557 342 8T 7hsAdol ol Ay
ezt vy geks] QEAT, e Q1A
ATIL oFF] Y5zl vF glon F71ARl A g
7ket 7] gk A7t d 85ttt Aolth
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Tt H QM S DIURIR - =S, AEZEs),

AHESSN Sz 29

A

2. MZBAS WA 3DIE TH

42975 P4 3pZAYo] et 17 %S4}
el 29 BAR 23, 3Dz Aol 485t
L orEae) mn), G S9) 4R ¥4 3
oA g ARA B A w2l wet A
7ol WAT 4 Utk ARYE W4 DAY B
HoA 72 587] =& S0 BAZ A7Iskrk,
4275t WA 3DEAY THNME o dF @

A F7ZoA Agsl= sehE4e] o JE ¢ 3lst
A QIAFS] Fo] Hrf AHHolgl= E4S 7M.

Creytens et al.(2017)29] AR EILoA = T3] &
PO = 3DZIY EFYEZ OlAZEIMIE A|Hsk=
HgoA EZ 4 HoE 2P0l s}
I, F AR BE S5 4EET] HEuREo] I
ST WS A Fjol FetEA] gkar Mgk, e
ER dF 5o= gHAEon, mjX] HIAEA HIA
HiE A t2TAE JEHZ AF ofZA A 9 #H
A3 9 SAA ] FAd HHgo] FRIE ]l &3] g
AHA = iA1] BIAE o]F AP AEo] =0
T HAG o7t e, B JE5E dol 371
N Ee= AL 9 7RsAA7HA AAFE IS ol=
A ER AdEo] A i A 2dE A48 5
om, Ho gutog FHs| AJHEA| ok 4
2 HojEr

SHH Ferraz et al.(2018)& A=z s) €Al 3D
A9 ARoA i = &5 = 852 40t =4
3} BRI E o] 83 BESH A|Fo|A =7] Hijo} W
Aofiet AEZZ 484 A S7HE Ealsiith
U5 A== & AET 271 B3 post-curing) ©]
Fol= BESH 4ol WEEYoH, TtAIERET
o] FFEAoA EEoddA=EE AY 243 ol
g neEo|EVF AEEHU ol At gdEd AE
ojg} slEjgte ZHF Hl-tu H7HA|I7E 6] AAH
A FZ 4 lom, FAY FHo] A TS A
5] ApdshA] X 4 S Uit

Walpitagama et al.(2019)2 SLA &£3& 8&99
A4 SAFoA e U AEP5TH
Fe Bttt EYEEHE vEe YAAA 5 A
VA 7] % oldgo] ERIESlY, EEH/HE &
oA AFE E= 7|90l TEEIY B ARIAET
& 71t Al EAFE fE7) SRl oH, Hijof 2 /A
A 54 2 FAS ¥-g-9] HEF UEhT o]

30 30 12

www.kiha.kr



1 23t &4 7hstt BESH o= dZddE o+ 3
22 TE5ZFo7 AHsI9Y. Creytens et al.(2017)2
A 7 fugkgolgs gt /1A AFIE AA
ol9al, Ferraz et al.(2018)2} Walpitagama et
al.2019)2 X Am 4 EHEERYH {EH= 4
2o Bty @4 A¥Fog HoRqlo &, A}
= AA AYPA oA BEE AFIFE BT,
TS =4 A9 A oS AdFeE R
HERRE Attt oA A= Hghdolth

FotH, AP35} 3pTAYS &9, A%, &F
3} 5 A oA ¥k %l AR g =& s
Jo] EAstH, ol= mF TR E B=Y S #
9 7hs ke A AT a2 Holeth &9] 9
Al AlE ek 22 s o5 2 242 3719
N EEolu Ko nAlRES SoiAE AU &
27] AEF0RAS 78S 5 Aok ot E@E =40]
U H2H] gl disia= AFd A7 AXE
ojn], AA &Y THoA9] AFIFeR Uhtsls}r|
A= SRl =& B7Ieb g5k A7t ey
Holoh, HxFAS} FAoA= Tttt &8 dARE of
Yzt A&, H7] 5 A dAZA] 29kt A7) B2t
FastH, At Bo+ 2, gy S7)4dE] gH, A
A4 217 i 9 A" 59 o o] gtHTh
Ao, @A7HA Q] SA= HF Ik
H| WA Heit A57F SAekAT, WiH] weto|u; w
g 5443 2 A4A F7ol deix= F7F A7t
4g3 Aoz AlgHot

1

=
)
o
2
rr

3. BYUHCGH WA 3pT2IY 3

Bamiega) 94 3029Y 34 BeE A% 2
S4RL ATES AR F3 w4 34 oo
et §Y =23 ol] W2 £F7] L A4 Puks
54 A7k T BISge) WA 3DmAY

HPAskE A ko] 8 98 8oz AAEh
EaH| =g W4 3DEIEE FHIotke SE2ARE
oz AA AR E HIE H7KSE Ljunggren et
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=
719) ¥ 54 FPHoR HojEth o] T
Pt AR 2EAE WO 27 Aol 2H
o % AW F B4 BT W5, 9% L FAS

A& AAFAtHLjunggren et al., 2019; Ljunggren
et al., 2021). 284 B3 FUEL AZS/FAIE A
X, 7t 75 AEs IEANAN AHFoR FEZA,
T35 E0| ASAEH AL M4l FENgy dud
7ks/dol A71=]lt E9] |5 9 AR 43 AR
o] H3l= 55 YA kEo] 9ttt =4 357 A=
< ol dAH AESHY vrgo= e & 9
Hoj&o

oje} Z2 AANEY 7FedE £ FHa WA
o] & EA dollA 7HZFer HdE 4 Slth
Graff et al.(2017)2 EZH| =&l 3DZ=HE
A 3 A ES B S, A, B A 5 FHF
A A ZuA E Y JAF 57t S7FEE Balst
Aot £3] 300nm oJst X B FHF Al JF
Hog FAEQY, AL EL2 Ayt EUHEY ©
22 QA HEE olFdl= AFE Bt ol=gt ¢
s 7] A2 BT JEF 7ol o, A
&, UA, IYE 5 3% 852 IFT 5 o] ATt

=

=%t T A sEEY dRF 2] Bxef 55 '
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AR A 29 55 2] A AR BEaE

v} Qlt}. Johannes et al.(2016)2 EEHI=Z3) 3
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9 B W AT BHS o, Welshy 711 Hh 5 B A3 93X @Aeld k2E /M
B9 ghy 74 WP WAT S 9L ANSE o] Atk B4, 58] 34 LTL 557 4L B
L Az s Aol ABpAEA D 93 WSS FUY WA
ol ATE FUSHY, RS WA 3DZAY & bk AR, DR AAReIAE Hs weh 4%
BHE 36 Lk T4 DU HF ABM 449G % BU AL WS, A LA L Y
Fol WHY 7FsAo] Glom, Fa 2 the ¢ A Awpt Busglon], 84 BudiE AR &
o A, ZaY 3 ARG B 85 A4, Eﬂ, T2 5w B WY AL Selssit oet

Table 2. Summary of health effects associated with different 3D printing technologies

No. Category Participants Process Material(s) Workple_acg Healt_h e_ffepts / Evidence Model Reference
characteristics main finding
ABS .
(later Occupahon_al Confirmed
28-year-old , Long-term use of asthma associated . House et
1 Case report FDM  switched to . . : (mild ®
male user multiple printers with VOC and UFP al., 2017
PLA as asthma)
. ; exposure
intervention)
r'gg;:‘:’gi/ Potential
Survey + field ABS, PLA, Repga_ted use in symptoms; (Self-repor Chan et al.,
. 46 workers  FDM training/office . ted ®
evaluation etc. increased 2018
spaces . symptoms
diagnoses of )
asthma/allergy
Continuous use Low-level Potential
Use survey + Teachers/stu in classrooms formaldehyde: (Setf-repor Choi et al
3 envionmental dents (5,742 FDM  PLA, ABS ¢ . yee. ted ® .
with inadequate increased UFP; 2022
measurement  schools) - o symptoms
ventilation irritation symptoms )
Simulated real ol?ggisgl 2?%25 Potential
Chamber study Cells/animals ~ FFF ABS, PLA, printing cytotoxicity; report  (toxic ~ ®@,© Zhang et
(toxicity) Nylon conditions in a ¢ high o al.,, 2019
chamber of higher toxicity responses)
with PLA
Increased mean
Chamber-gener ; i .
. e arterial pressure; Potential
Inhalation ated emissions . d . (animal Stefaniak
toxicology ~ Sprague—Daw from a desktop "o ooo0 resting fanima tetania
5 FDM ABS M arteriolar tone; cardiovasc @ et al.,
study ley rats FDM printer,; . .
. impaired ular 2017b
(animal) nose—only . -
endothelium-depe  toxicity)
exposure L
ndent vasodilation
Exposure to Increased ROS:; - ©
. - Potential
Chamber study Human airway collected apoptosis; (huma Farcas et
= L FFF ABS, PC ) ) (cell-base
(toxicity)  epithelial cells particles from inflammatory n-deri al., 2019
d to><|C|ty)
chamber responses ved)
No clear DNA
damage in comet
assay;
Exposure after limited cell Potential
Carcinogenicity collecting transformation  (carcinoge Lim & Seo
7  assessment 3T3 cells FDM ABS, PLA particles signal; nicity/geno  © ’
7w . . A 2024
(in vitro) generated at high changes in toxicity in
temperature  carcinogenesis-rela cell study)
ted gene expression
and metabolic
activity
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Table 2. Summary of health effects associated with different 3D printing technologies (Continued)

No. Category Participants Process Material(s) Workplgcg Health effegts/ Evidence Mo Reference
characteristics main finding del
Two fernale Severe allergic
workers at SLA (vat Epoxy resin Photoresin contact dermatitis; Confirmed
8 Case report same photopol  (Bisphenol  handling; IPA systemic (occupationa ® Creytens et
P workplace (44 ymerizati A/F-based), washing; hypersensitivity; | ApCD) al., 2017
and 26 cars) ) acrylate post—curing  positive patch test to
Y epoxy resins
Inhibited embryo
development;
- Bovine PIC100, Post-print increased estrogenic )
9 TO(Tr']C%rzuidy embryos, (hs(l_técu E-Shell  washing/post-cu activity; leaching of (ar?i(rjrthr/t;lnb @, Ferraz et al,,
embryo assay) reproductive prin ) 200/300,  ring; leachate phthalate (DEP) and o toxicity) © 2018
v Y cells, cell lines 9 PDMS, PS analysis PEG oligomers — v Y
potential endocrine
disruption
. Developmental
Zebrafish StA (vat SLA pr!ntg Leachate toxicity (mortality, Potential Walpitaga
- photopol d plastics; . . N
10 Toxicity study embryos/larva e o generated in  malformations) and (animal-bas ® ma et al.,
ymerizati photoinitiat . . -
e on)  or 1-HCHPK agueous media neurobehavioral ed toxicity) 2019
impairment
Hypersensitivity
SIS pneumonitis (HP);
(powder lymphocytic
46-year-old t?ed) _ Nvlon Handling nylon eosinophilic Confirmed Johannes
11 Case report male (new v powder; cleaning pneumonia; (chronic HP ®
nylon powder . . . . et al., 2016
worker) powder- printer chamber respiratory diagnosis) ”
based symptoms;
progression to chronic
lung disease
High exposure to
metal particles (300
Metal 3D SLM Ni—-Cr-Co Powder nm=10 pm); increased Potential
12 Field study + fintin (Selectiv alloy metal charging/cleanin ~ Co-Ni-Cr; smaller (bulmona ® Graff et al.,
measurement vaorker% e Laser powder @; straightening; particles present in dpe ositior?)/ 2017
Melting)  (IN939)  reuse of powder reused powder; P
confirmed risk of
metal exposure
Urinary metals
Powder handling  increased trend;
in a serial dermal cobalt .
Fi AM operators, Metal Ni—Cr-Fe— production detected; Potential .
ield study + office AM _ ol . ; (exposure Ljunggren
13 . ! ~ o Mo—Co alloy facility; 2—year  transient airborne . ERG)
biomonitoring  personnel,  (PBF-LB . . . biomonitorin et al., 2019
welders /SLM) powder follovv—up_wnh particle peaks; 9
preventive exposure reduced
actions after preventive
actions
Blood Ni decreased
and lung function Potential
Field study + AM operators, Metal Ni-Cr-Fe— Same facility: mprovgd, bk,)Od Co (clinical .
e : _ 2-year follow-up higher; Ljunggren
14 clinical office workers, " o Mo—Co alloy . . ... markers of ®
L (PBF-LB after preventive inflammatory/oxidati et al., 2021
monitoring welders powder . exposure-rel
/SLM) measures ve and hepatic

markers elevated vs ated effects)

controls

% Abbreviations: ® = human study/case, ® = animal study, © = cell-based (in vitro) study.
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4. 3DEEE ZFof| oot Ko QIK; 2alehot

3DZHAY A ol WEEH= oAl YAt
VOCsof| et A3 F=7F A71=aL qlo] T
ok ojglo] Was) Rtk 22 3pTAY Bl w2y
7} 13e 4oz Z=Q J_}E]HPO}_Q_ z%a]o]- q—

B 24 7MY daEA dalss A A=
Alojo|t}. th4=9] =2 H7F AoflA 3DZ
< o 7Y 3DEAEE= WH P2 A
FASE 9lom, VOCsE AlAT & e
te 3DZHEE ARESHH VOCse| 5&&
3= 4 ol ®skal Qlch(Afshar-Mohajer et

al., 2015; Kim et al., 2015; Yi et al., 2016; Kwon
et al.,, 2017; Mendes et al., 2017;Stabile et al.,
2017; NIPA, 2024b). 3FATF Azimi et al.(2016) A
TolAe 4HE 3DEYHEE ARSIE e 3DZEH
AR 5 ZEA] =52 5 7] "ol SR
9] Ax] & A3t 3= "R3IKStephens et al.,
2013; Zhou et al., 2015; Steinle, 2016; Yi et al.,
2016; Azimi et al.,, 2017, Kwon et al.,, 2017,
Mendes et al., 2017; Stabile et al., 2017; Vance
et al., 2017; Viisidnen et al., 2019; NIPA, 2024b).
1 ¥ Azimi et al.(2017) SFoA= ol 7]
AA7] =d(Mendes et al., 2017) @ AL 59 =
AA" A HigE Aljte QlQlth A8 Co® 3DX
a4y A2 FES 7| 5& ZE AHlolA o]Fo]
#oF Jitt.

A=Y= T4 3DZAH] AHHEES AT di=
FollEd WETdol A2 A9 AMS
(Kim et al., 2015; Yi et al., 2016; Mendes et al.,
2017; Zhang et al., 2017). ABS Z2HIE:= FAHE
2 Ao vOng“’] Aol HEE7] wiZel
PLA ZHIE A :wom EZE SUfollAE &4
WIS Pl FRELFAS vtste] 22 52
25 e 5 215% 5 1 ATHNIPA, 2024B). A
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Q0] CHH DIL2IR - M=E, AxHsEl, 2LHESS SHe= 33

EUE 4] 3DEHHE 59 25T {oQ1AY |
T2 S7H71e 588 aQlo)7] wiol ZF e
E A|RAPfA B ok 2% HRlolA 7hst W2 |
Ao 2204 ZAAT AL Husky JtkDavis
et al., 2016, Mendes et al., 2017; Stabile et al.,
2017; Zhang et al., 2017; Gu et al., 2019). Deng
et al.(2016) G7olAE & AE TAOIA Y dAt
Ao F716h7] wizel F2HIE 49 Ao &2
719 AZ ARbskaint. E3t kEo] 9l BF o
A4 =7t FA5HA —7}0}7] ool o] wi= X
HE SA AAA7]11, S8R 715 AAIRE & ]
QME NLet=S st Oll:}(Yl et al., 2016).

H2JAsE FHoA = &8 DAEY AH T4}
H7] & 42 oA nEg} #XT AFH &A
A EE 7FsAol A, 3F7IEY SE =& o
< $ACE 3 Byt Bastth ERF AR EIO)A
=7 HEF
Fo] HuH HE 1340}%1, Ei:rL 2Rt oyt
AlH 349 du-=4H]7] 5 55H4 Alojet A 3t
SHARPY A AEy 2 Hoo] JE4 9 HF
AX #3235 HPok= Hol 8

B e 342 28 AHAEG EL HF L &
A dANA eEo] AA F7ksks Aol HiEH,
o) Suegle BY AF o] Folof vt F3t
A Aol 27 370l Unjsie T4y He e <
Mo, Aot WAk H4ske 4 YRS HEPA 2e]
7b 8% ] ALg 5 BE YAE vhshe ol
PHelch ER HIAE SEROTI BB 248g
]EOE StE], oAl /AW 53 22 FAA|

S Agd 0] A 24 avE F4-JHske
AL 18T 5= Ut

1 "ol 2R gt oA g eE AAE
oA AT AHRAS BEsiAY 2241 141]2
3DZRE QL itk Heste] 9T AL A
(Afshar-Mohajer et al., 2015; Azimi et al., 2016;
Steinle, 2016; Yi et al., 2016; NIPA, 2024b). 7=
71389 A%, A @4 g AE RadeAet 5
k4 Aojdn7t Al gESH] ojE B9t B,
JJ-” ! *‘ﬁﬂf—i 5 AF Aol Lo% %’- }01]/\1 7|
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