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Respirable Crystalline Silica Exposure and Silicosis in Quartz—Based
Engineered-Stone Fabrication and Handling: A narrative review and
workplace—-management recommendations for South Korea
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ABSTRACT

Objectives: This study was performed to synthesize evidence on respirable crystalline silica (RCS) exposure,
mineral phases, engineering controls, and silicosis in the fabrication and handling of quartz—based engineered
stone and to develop workplace-management recommendations for South Korea.

Methods: PubMed/MEDLINE, Embase, Scopus, Web of Science, KoreaMed, RISS, and KC| were searched
through July 15, 2026. Agency documents and reference lists of eligible publications were also reviewed. One
author screened the literature and extracted prespecified study characteristics and findings. Thirty-one original
studies and three government or institutional documents were qualitatively synthesized. Contemporary regulatory and
guidance documents were considered separately when developing workplace-management recommendations.

Results: Engineered stone is a resin—bound composite with substantial variation in its crystalline mineral phases.
Personal RCS measurements ranged from below the reporting limit to 5,100 ug/m?®. In California, 38 of 152
personal measurements (25%) exceeded 50 ng/m?, whereas in Georgia, 39 of 75 full-shift samples (52%) were
at or above 50 ug/m?®. Fabrication and lamination work that included dry tasks were repeatedly associated with
high exposure, but wet processing alone did not assure adequate control. In selected screening populations,
silicosis was identified in 5 of 43 current workers at one California facility and in 24 of 45 workers recruited from
eleven lItalian companies. These findings represent detection rates in selected populations rather than
industry—-wide prevalence estimates. Clinical reports described accelerated and chronic silicosis, progression after
exposure cessation, severe disease among young and migrant workers, and silicoproteinosis in a worker
previously diagnosed with accelerated silicosis.

Conclusions: South Korea should identify the mineral phases present in individual ES products, eliminate dry
high—energy processing, and verify the combined effectiveness of water delivery and local exhaust ventilation
through personal RCS sampling. A comprehensive respiratory—protection program should be operated, and
exposure history should be integrated with risk—based health surveillance and disease reporting.
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LA B
AGA Az 2|M(quartz-based engineered stone,
ES)2 2 ZAY ARl A9 A9} Zolote] T
= W EAEE, -84 A AY o] 4
2] AREET) o] YarofA Qx| o]Egt A A
ESE %obH, ofagA IPmAA, A7t AF4
4 Hgkres 24% 7H fsidel g2t 22 gl
Z3FHA] =t} o] WY AL AEol oflzt A
A AARE A7t FEA(phase) T E4 ST HS 5
Hdog AYE Hristr] gt AA ol

ESt= 197049t} = olggjolA AF MU=
(vibrocompression under vacuum) 7]&< HEOZ

A431E] It Breton S.p.A., 2026). Yyt o g L&
q-dw-FAE T FH 2, s, o 2 A4S S
AX ES WAE A xshH, o]F A& AA] dAof|A A,
575, vl F&, By 3 A7} o]fojRItHFazio et
al.,, 2025). AAAA T FARE e, Yt 9 7 Hol
2 Al gjo] wjFgolw, g AT 2028 AlA|
ES Al 4225 9F 97005 m?*Q} 919} G2 &3}t
(Freedonia Group, 2024).

20109 K158 AFQl, olATtd 55 = 9 =
oA HwA F2 A THEEAY Jd FF5 AEHS
o] HIE|HA ESE A AFdE Al 4 EAZ B4
SFITHINIOSH, 2014; Leso et al., 2019). 7|& &4
< ES ¥4 4959 =414 g4bs Aoy, AlE
H GEA Aol A A =E2AE, B4 AA9] g
Aot 2 IEAAE A QAT FE= ATl
ot FHoll= ESE Hk EF-3Fo2 nfolst /iRl
AR} A Am7t RESi

H uEo B2 AA, ES VM- HE 5 284 2
A& AE)7Hrespirable crystalline silica, RCS) =&
o] H=F TAL} 221 Tk, EA, HY(quartz)
I} IYAEHO|E(cristobalite)s AE-EA4- =&
oA RS, A, FHSY B AE-
Al AtolA Rl AHREE A s, A,
o] AASE ST, T Y € WHAIE AT
A 7Hse AAES AAlSk= Hl Ut

fkd

. g+ AH

1. & A2 HMH=
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2 s AA xRN 7R A} 584 27389
AZZHRCY) & ¢ Il 3t e SAE T
o7] 9ol A8 E3d & (narrative review) B4
AEotdot £ AN 20264 7¥ 15€7HA] S+
E9g gioz £ =9 DB(PubMed, Embase,
Scopus, Web of Science) ¥ =] DB(KoreaMed, RISS,
KCD), 123l 58 4d=Rz 7IHNIOSH 5)2] 84 HalA
£ deE Y5

AXAL i} A FE(engineered stone, artificial
stone, quartz conglomerate, quartz countertop, stone
benchtop 5). =% ol B BE(respirable
aystalline silica, quartz, cristobalite, tridymite ), 7Fs 573
(fabrication, cutting, grinding, polishing, installation §), —L
2|3 A7 YK silicosis, silicoproteinosis, progressive
massive fibrosis 5)°ll 3t HHoE AND2} ORE 2
sto] g5k w5 BT A EE SAE
F5A| 5] Qs =F 2okt A Bok] S
Z}Zy 383t 5 S5t =4 DB AMofl= 12t
A RIRUoE AE, A AR, ‘584 283 AY
7V, ‘FHE 59 F8 7I1HEE Xetste] A&t

2. MEI|ED RBEE

HA Azojed B EE o|F Ax7HEAX-
Be AANE AYAE qgow s, o F skt
oAb HIT EHS TPNATH D A B A
RCSU £34EA 274, @ A% £ HgEde] 4
G AsEEllolE 5 BB BH, @ BY UAS

L o= IPEEA AT L B2 Bk At
B4, TARA B AEIAE 94 Fo] EEH L1
Wi At 27 29 gage] ol gahrt.
HEAOR wF HUEH oM Ao] A7 188
A A EE AT 1380 FRYA U4 319
TP}, 2R Y =F EE AW UL AT
S AR EIR Tl AARA A% ESAC
7o) DA A AR TEe] B 2AR

st
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FH 9 FAT 134 HElols dtEEY 270
Holsilty. At Alm- 25 9 AES HESH 3T
RS AL, ARl Hojet o] et ARE
FEU F FEARE e diFsl 2AE shAsIAR
ok ZF 2RI1A =719 AR, A e AEERA,
A& ot SHATL FY B ARET, ARt 8
/g, RCS S4HI} A3, ZoH4] Alojet SFHo A 4
g, B2, Qg AFEA 2 F8 FAE FE5T
Rt ZoHE JFATFY AFEA, 8 A H s
Sl Appendix Table Al°] AEat3ict.

3. oA =

LEATE MAARS (GRS T8, AL =F

B AZAHAZE, &G AIT A, Aaet FEA
9] g1, B2l Alojdu|9] MX]-71s -] e, AFd%
I 2dAte] A 9 BAY HJUEgE F4oz 4
Bt AT diaR w4, ojd FEEA

5 o] AI7HE A, G4

o B, 47|17 4 AR oR1E FAo= 5
A5}t

RCSY &A= ng/m’E 5L43to] AAI5H L,
AT 7H ¥ ZE 3] 50 ug/m*=0.05 mg/m’)E T%
2o E ARSI oH, ol o] =&7|ET} o
g =719] 7|&o] sfgetct ot BAE, AR A
2 HIEAHAIZE A, BESE ], AR Agel 34,
Aol A7t M= gt A7t A3e F3sto] BdotA
U B4 58 HHs =202 giAokA] Yot E
Sh SAIZE FAA R, AFAE E ALY A EE A
2 A A4 7hse oz 7HEshA] okt

Table 13} Table 29+ =&%7} A7+ H3FEet
=748 WS AAISHAIL, Table 37 Appendix
Table Alofl= A8 -7A]- A A719] AHda)
AEAE AT weta] 2 AtodEs d4E ¢
A5 T vastAY FHekA] @k, AEe] FEA,
AT, 944, BA Aojde 2 Aqoiae =
A7 A A TEste] ATANE FHHoR
45kt

. d 1

1. HIE g5, NEsE 2 LM g
o
=

ES TAolA 2T 4= = RCS =T &
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& APt LEN FS: 2SUE 2 2 A2 M 229
gL x| yolgl= AEgrte s wod 4= ¢l
o AF9 FEAT A 7R of whet Eebzic
EStE FAZAEA Qo] Agxt F|AEHREO|E 2
23 APl w2 §Hes xS 4+ ), dd-
A4 IFollA o] FEO|] TFY 719 dA=E HEH
o ¥ olmEA 1P RUAY AL 7 AHEA
AES o2 A4 i8S 7HE S ok oA
- = - ZFAX| A DAOAN AE, Y=, FEL ¢
o 7FaAdS ERlsk= Axrt o]l w=EHUte}l &+
A9 Sdo] Hr

7|1& B9 ES oA ARIZAHECT AREH IAES
Adste] Ao 52 AFetal, AA]-EHaoks A
F2 AFHo] ot HT dad EAo|AE ES
oA AlzA ZARRe] 7HQl RCS &2 AF SA4¢t
S| AR Ais ERIER] Aoytial Hilskolot
(Fazio et al., 2025). W&kA ES TAIE A5 AJAls}
A = IA7OAE £ TAY] A, A AR, @
Az 9 A7 9 =E¢o] 2 5 lon, = AE
A A TA AxHo] FHYsA= F Ht

v}

2. M J2AEBIZI0|E: M T4, M4 71 »
24

Hogat Fei2mrllo|ER B A4Y Hele) oy
I o

iAol ZA7E H= e B4 EEAAE R
5}7] oJHt}. Kumarasamy et al.(2022)2 67§ &2AF
9 RIZRA 258 HAoto] A A AlFE ofet A7
AEHIO|E ghgo| w2 AEE ERIsku FS19] 4
$ F 234 BEY F A9 10 wik, AEHE o]
E+= 90 wthRAaL, EFIAH $A= B 12.2 wt%
2 BAQt ol AlEe] SDSf| 711 FEA8 oF
AH= Ao g gRlE Ay EUAsHAY F=4E
FFE WHsh|o] E5E3h

FYAEHRO|ES] oS AFT} Zrial HAY,
A=Y Z23E vl E AloA H8T dEZQ
A= AFE AAstke A2 FdsHA| gt 1A
OSHAS| #41'8 PEL A2 F2|AEHEO|ER} EF
tuio|Eo] A4 AtAlo= AR Zre] Avks H85
ATt olo] wet g FETO R o]Foj TFY &
A& 7S o) FejAaEHE o] ES] PELL 50 ng/m’,
A19d9] PELS 9F 100 ug/m’°|qth 4d& A=A o
ToA= I AEHEO|EZL AgET 79t HAR3) wF
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Table 1. Field worker exposure studies identified for quartz-based engineered-stone fabrication and handling

RCS result (ug/m3;

Study and Material, task, Control / benchmark ] n
q comparlson with 50 Interpretive point
setting and sample ug/m® where applicable) context
Phillips et al. Preliminary mixed ES-only summary not  Dry cutting, grinding, and Important early task
(2013), USA  natural/engineered-stone isolated dry sweeping were strong  evidence; not an
fabrication study; task determinants. ES-only exposure
observations and personal estimate.
sampling
Zwack et al. Mixed—stone countertop ND—-140; diamond-cup Wet methods were used; Government report;
(2016), Texas  shop; full-shift personal wet—grinder full-shift no work process used RCS exposure
HHE samples during samples 93-140 LEV; bulk dust contained  remained despite
fabrication/lamination (1.9-2.8x) 48%-70% quartz; wet methods alone.
cristobalite and tridymite
were not detected.
Salamon et al. 51 full-shift personal (3-98; max 98 (2.0x);  Manual work median 17, Moderate central
(2021), Italy samples in four mean 22; median 13;  versus mechanical work values can mask
artificial-stone shops 14% »50 12 high task—-day
processing products variability.

containing 70%—90%
quartz with resin binder

Surasi et al. 152 personal 38/152 (25%) »50 34/47 workplaces cited  May underestimate
(2022), measurements at 47 ES for RCS-standard full-shift exposure
California workplaces inspected in violations; nonsampled ~ when sampling was

2019-2020 time treated as zero in noncontinuous.
8-h TWA calculation

Weller et al. 123 full-shift personal GM 34; 15/27 shops Wet saw, polish, Wet work is not

(2024), New samples in 27 ES had >1 sample 50  lamination, and hand-tool  synonymous with

South Wales  workshops: all reported tasks sampled compliance.

wet processing

Seneviratne et 34 migrant workers in six {40-1,420; dry finishing Inadequate ventilation and Wet-tool work did

al. (2024), ES shops; wet cutting, highest: one inappropriate respiratory not ensure low
Sydney wet finishing, and dry high—-pressure wet protection were reported exposure.
finishing grinder =1,340 (26.8x)
DeVaughn et Nine personal samples ~ 11-203; max 203 4.1%); Bulk dust 56%-95% Small pilot but
al. (2025),  from eight workers in two 7/9 samples (78%) )50 silica; no respirators direct field
Chicago shops observed confirmation of high
residual RCS
Soo et al. 75 full-shift personal RCS <(RL-5,100; 39/75 (52%) Automated, support, Fabrication/lamination
(2025), samples at 11 shops, at or above 50; small-tool, and and selected
Georgia 2017-2023 fabrication/lamination fabrication/lamination small-tool work
GM 279 (5.6%); SEGs analyzed; warrant priority
individual max 5,100 fabrication/lamination sampling; not all
(102x) included dry tasks small-tool work was
dry.
McGowan et  Shop-reported practices GM 14.1; 9.2% »50; 47% of shops reported Broad multistate
al. (2025), and 292 submitted RCS range 2.8-5,100 sampling; submitted data practice profile, but
USA samples from 257 shops were not voluntary data may
investigator—collected at overrepresent
every shop better-documented
shops.

RCS = respirable crystalline silica; GM = geometric mean; HHE = health hazard evaluation; LEV = local exhaust
ventilation; ND = not detected; RL = reporting limit; SEG = similar exposure group: TWA = time-weighted average.
Values are reported as published and are not pooled estimates. For Soo et al. (2025), the detailed exposure—category
results (39 of 75 full-shift samples at or above 50 pg/md are presented. Multiples of 50 pg/m? are calculated against
the South Korean 8-h occupational exposure limit and are shown only for full-shift personal samples.
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fol
i}
ko

= do 7rs/dol AAEUARE, o]F AtgtollA &
|E= Uy s AsE 8T = ok @
A vl= OSHAS} g2 4 Q- AEHEO|E. Ex]
tute]ES :Fsto] 50 ug/m’S] RCS 7|%S 83t
THNIOSH, 1988; OSHA, 2016; MoEL, 2020). =&
AEHEO|EE dubxog 1.2 ZAA FAEE 2
4 AE7te] g Aol AT, IEkAQl ES At A4t 7t
ol HAgst= grto = A o] FEAEHE|ER
Ardolgitial ®7)= ofHt}. wheba ZRgEZIoA &
== 2AY Agrte] A 2442 ES BA Ao &
Aohs =4 SXAL 2= A 1Esto] 4
g g 87} 9tk Ramkissoon et al.(2022)& 1271 ES
AES A4 dddoto] g 554 211 E40H9
ot o] F 97l AFolA BT ExlojA= A A2
YAEHEO|EZL 9 HEEQoY, Ago] ARt
AQY FEAoIH Bttt Thompson &
Qi(2023)= AP AolA =3t ES AXAIHo|A AP
Al ES 2%&9] 7HEAS A% 2 F AR B A
YAEHEO|E Fgo] Ao Tt =ttty Hash
ot EE Aol whet A4 IFoA EAYSE 3] F
Ex19] gt 1 <o xE 2 ATl ol
g5ith oA ARG ES oM FEN E= F 2
3 A7t 5Tt ofd =84

23 5 A% =27
AEHIO|E FEAPEE Ioto] Hilsfof qith &
A HEZAZL Q= ARoAE AAY| w2t XA
SARAH(X-ray diffraction, XRD)9] A% A7}
g9l 4 Qloh b A9 F79F dHo| 2%
A AEsto] MY e FRlsor sk, &
5] THF(tetrahydrofuran)g °|-83t 42| &3f] A2
olX= 283 AP BagrHE Thede A4S
ZQ7} UtKWang et al., 2026).

3. ZUH RCS cE+F0 AHQ0
Table 12 &4 =297 47E 2 W8 24
Aol 271Z A AHstel 2okt HAA=

RCS 5&+=
Al EZ5IAT.
4770 ES A A& ZAdel A =g QIR 1527
% 387(25%)°] LE&FH E71E2 50 ug/m’E
2 ZAoke] 117 AA A Al ZAdolsd=
ESe} AAAME A 7hgstal o, JiRINE 754 & 39
Z(52%)°] 50 ng/m> °io|JrKSurasi et al., 2022;

Z}
Af
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Soo et al., 2025). "= A|7Fare] 270 AA A4 A&t
ZAH A= ES TAE HEREo R Aust 5§ &
& A= AR}t #HS vl o,
ESE 7H&otd S=A 89olAIA AFHTE /A= 97
% 77(78%)°] 50 ug/m*E I 1 = 203
ug/m’PtHDeVaughn et al., 2025). o|&zo} %
FO] 471 QIZRA A 9 BEE AR ZdAolA= 7]
A7V FhE& As3TE °l&e 2% uido] o]
Zolzom, ZJAAE 51719] RCS BEE 3 ug/m’ 1l
THEE 98 ug/m*ZHAIHLE ©] & 13.7%7} 50 ng/m’
£ 2330, A uRA]9 RCS $9H2 17
ug/m’2 71A71+59] 12 ug/m’Ert &9ktHSalamon
et al., 2021). Ao} AtoA= A4 AAS ZFT
AZ-gadlol A GA=ZSH(fabrication/lamination
similar exposure group, SEG)2] RCS 7|3lg+0]
279 ng/m’E 7F¢ =AtHSoo et al., 2025).
Attt RN E Ee AGAEY AR, AU B
At &7 o7, ARAQFHA vSHATRe] A
S0 21, RAIY AM R 2R A
A AR gt 348 Bd 524 9A AA
& 282 AT = gloh I8 e
njgjo]d & A ARSAHolA A4 Adel &
FE AsaT AR, 7 FRIRY ESEST &
= € FAa87] vldA= =2 RCS E0] ¥HEZ0
2 HuEch ¥ ‘FAR olg=s BT R T
247t
Aoj=E ot Hadd == gl
204 RARRE ES AIRAIGR 2730] BF S48
AEF2o|= RCS 7I5HETS 34 ng/m’Ax, 1574
AH(55.6%)°014= Zol= 3 A&7t 50 ug/m’E
ZIF5I Tt Weller et al., 2024). AlEYS] AR ES
A AZAGAONA G383t o]F e mAF RALIA = A
Al oAl o] Eo] 7Y &9, IS 334 &
4] gl ZAdolAx 9F 1,340 ug/m’Z 50 ug/m’
9] oF 26.84°]0]] o]2FtHSeneviratne et al., 2024).
wEba A4 pEat A 22 28 ®1E fi4l,
24 F4 7Hg o5, SaE7] 23 A, £ 44
At AR AiA 7], =9 S5 8] A
Aup B9lo AH - A&H o2 FHE=A o, &7
o A, AQuik A 23] 9 &7 AHE 9 7]
8flok 3t Surasi et al.(2022)2 H|AL =7ojA

HohA] e A7k BEE 002 7Pgsle] 8AIZE A]

ot it

5

10 o
N

>
1z

ok
i)

of o

At 3% RFALAAYD
AT A] <

(N TR TR
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7153 time-weighted average, TWA)S AFE3 O
g2 AR ko] IAHIMENS 70l A= B
ot FIHE AFgAo] AprE o g Al-Zgt 3EAC] RCS
S == S - AATT vy & 5 AR
HEEAE 7FsAo] JtHMcGowan et al., 2025).

4. S X0t 2% Ed

APA kg At 4 TR EE 3
5| Alojstr] ofgeH, 31 WA =Aau7%
& 3 H&stal 1 Alojids= 871 287t =
HBo&tt Cooper et al.(2015)9] 49 &=F 85%
AAROA 308 ZoldT A A4 279 5%

Y BT 44,600 ng/m’AI, 54 B AR
St ZASA = 1,8704,850 ng/m’, H FHo] St
(water curtain)& FAT ZHJAE 920-3,410
ug/m Ak 54 FEI F4u7IFAE g H43t
Z27AAE (120200 ng/m’%et. o] AP AR
RO7IgoA @2 AFolB= RIS S YEY
A= Y=ot ov 23 PAFo] & dadolA=
7+ B0l &5 ASHeRE Fgota, EA Exl0]
A7t TFFYo = AR Aof| FAH7IFAE F
7o) 2T of 231 ARt Ad $ 9SS Ho
=
Johnson et al.(2017)2 FH-& As3+E °l&
ES 7F8olA & 353 =4ar7|9] 23X a7t
Tt o] g4 9 x| wet b & Qe
T} Carrieri et al.(2020)2 A2 ©+Z ES #AE &
oAt off 2yt B9 EA43 A4 Y Ayt 9
& vl Di Benedetto et al.(2019)2 ES T
Aot 7HEx19] ETjeketd B4 H|uste, 7y ot
oA A o&EI} JAF W EAdo] It 4= Sle
o o]Zgt Moyl #7219 ¥ ¥ A € 7hs
A& AAoFATE. Ramkissoon et al.(2022)7} Rishi
et al.(2024) ES 7F & 4%t 384 € Y37
B4 oA AP AZAEHREPIETL HEE &
U2Z AAHCE Hall et al.(2022)2 ES Aot An}
oA RCSE ozt IdR71eRE(VOO) = &
7 BT 5= USS HISEHTHTable 2).

wEbA] BXAT 9 aiks & 33X =4
7| AR E AR o= AMITEC R sl 4= ity
Ay Bxlo] ZAdA} S EFHo R SAET] Aol TAgd
oA FE3] ZEE=A, 8] A Aup B0 X|&

N ﬂ.lIO

0.

o

o ox, 3 o

My o

o ofd ot
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olal I3l TEEEAl, 7 & WA &4
F=(E&S2) FdEo] Ax-vAtHA] s 22
Jeol A sl AAREA, 283 E2zpdRte F
% 22X 7lQl RCS k&0 A5 A EHE=AE
A Zrsfor gt

okl o rlob

ol

oo

THSY TS TR gt E &8 5
Porg 2%, LE7|7F 9 W79 FE7]
A aHgfof gttt FA FEHISS 9]

FEeE U, "l =2 RCS Eo| AlZHH
oA Y, == d oo W8T 4= Stk
7 FHESS B 5-1099] sk E H, T4
TS BE 104 obde] A& ks F WA 714
it TS TG Ao R HEke] FEERA| k2
$ Qlom, & §9 H5F PG ANdRSKprogressive
massive fibrosis, PMP)Z J3& 5= k. dJFS ER7
o ffof= % ES =& AlF, old FEEX =&Y,
S BRAAE U RIS 2719 A7HE WIS &
glsfoF gHHNIOSH, 2026).

ES 7158 ZEA A= 71 B W
TFHSE ofye}, "¢ %2 RCS k&3 #HE F4
THS] FEQl AEIEWSE HiE|Qlct Shen et
al.(2021) ES kol 8|zt FAKE 3341 230l
A 7 S e 7Y F AYaedsa 39
EFFA Yo] s FEE EAsilth o] SAk=
T SEHHCE TIHAHEE o83t B HAXT} A2
ubibA-ZHextracorporeal membrane oxygenation,
ECMO) A&7} B85tk 7HQl RCS ke EilEA]
Agem= o] FETe R AHAFH LE2rEZ 4T
= gk ogt 5% RCS ko] =% BS Aut
2HAE of 2= ZLEANA 7S S g & A
TS SYPEFTA Fo] FREEo] 34 7
7ol AT AH7F B QlSS HojETh

A Aot AAARETO 2= ES 7R FHEE A
A9 g Eo|V FHES AET 5 gtk O 55
A AEHAAE AT 45 Aol FHESel Bl
A 2 HEE IRIEUHTable 3). Zg|ELjo}e] $H
AFdA el = @A 25 < AREEA 437 o]
FTLAMAAARE H715HANE o] &3t AdAAl 2
o3y, o] F 598(11.6%)°] FHTeRE It
(Heinzerling et al., 2021). o]&glo} 55 117§ A
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Table 2. Material-characterization and engineering—control evidence

Principal quantitative or phase finding Workplace-management

Study Material / design ey
Cooper et al.  85% quartz ES; 30-min Dry 44,600 pg/m?; wet blade Eliminate dry cutting and verify
(2015) cutting in an unventilated  1,870-4,850; water curtain 920-3,410; point water with effective
test enclosure wet + LEV {120-200 capture; laboratory values are

not full-shift worker TWA.
Johnson et Simulated powered Control performance varied across tool, = Commission each tool-control
al. (2017) hand-tool fabrication on shroud, water—flow, and LEV configuration with air sampling

»85% quartz ES

Parent materials and
wet/dry processed dust
from three workshops;

mineralogical and
physicochemical
characterization

Di Benedetto
et al. (2019)

Controlled cutting/grinding
of three artificial stones
and granite; bulk and
respirable fractions
characterized

Carrieri et al.
(2020)

Kumarasamy 25 artificial-stone products

et al. (2022)  from six suppliers; SDS
compared with
XRD/XRF/resin
measurements
Ramkissoon Twelve resin ES and
et al. (2022) natural stones machined
with a dry angle grinder
Hall et al. Natural- and
(2022) artificial-stone
cutting/polishing emission
characterization
Thompson & Grinding of four
Qi (2023)  natural/engineered stones;
XRD of bulk and airborne
dust
Rishi et al.  Controlled ES grinding and
(2024) size—fraction
characterization
Wang et al. XRD analytical-method
(2026) compatibility across resin

ES materials

rather than relying on

configurations; combinations were not
procurement specifications.

uniformly additive

Hazard is not determined by
quartz mass alone; biological
relevance is a laboratory
inference, not a
worker—exposure estimate.

Wide chemical/mineral variability and
process-related signatures; stable
radicals were associated with Si-O bond
disruption in resin—coated crystalline
silica.

Use material-specific phase and
size—fraction characterization;
chamber concentrations are not
worker TWA.

Two artificial stones had 91% bulk silica
and 53%—54% in the respirable fraction;
a third had {10% bulk and <{5%
respirable silica.

Require phase—specific
product/batch data; do not
accept generic “silica” SDS

labels.

Large variation; in FS1, quartz 10 wt%
and cristobalite 90 wt% were
proportions within the total crystalline
mineral fraction; polyester resin was
12.2 wt% separately; SDS often
incomplete/inaccurate.

ES respirable dust generally contained
»80% total crystalline silica; low—quartz
products could be cristobalite-dominant.

Measure phases separately and
evaluate lower-silica substitution
rather than assuming a
homogeneous product class.

Control programs should
address non-silica hazards and
avoid treating one material class

as homogeneous.

Bulk composition showed some relation
to emitted RCS; resin—containing stone
also emitted VOCs.

Product-specific phase
composition can materially
change emission potential.

One resin ES contained 46 wt%
cristobalite + 14 wt% quartz; another
12% + 11%; the product with higher
combined crystalline silica emitted the

most RCS under tested grinding.

Quartz and cristobalite occurred in
nano— and respirable fractions; the
sub-100-nm fraction had high
crystalline-silica content.

Consider particle—size
distribution and phase
composition in addition to total
mass.

Validate preparation and
recovery by matrix and report
analytical limitations.

THF dissolution substantially
underestimated RCS for one
polyester-resin ES at low loading;
ashing was more broadly reliable in
tested materials.

ES = engineered stone; LEV = local exhaust ventilation; RCS = respirable crystalline silica; SDS = safety data sheet; THF
= tetrahydrofuran; TWA = time-weighted average; VOC = volatile organic compound; XRD = X-ray diffraction; XRF =
X-ray fluorescence. Crystalline-silica content in a material or dust fraction must not be treated as a personal exposure

measurement.
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Table 3. Disease burden and clinical features reported in selected engineered-stone studies

Confirmed silicosis or

Study and setting Design / ascertainment e

Age / exposure

duration Interpretive limitation

All 43 current
fabrication workers at
one company were
screened with
spirometry and chest
radiography

5/43 (11.6%) had silicosis
(ILO >1/0).

Heinzerling et al.
(2021), California

Guarnieri et al.
(2020), Italy

24/45 (53.3%) diagnosed
with silicosis

Active case finding in
11 companies; 45
workers recruited with
occupational history,
lung function, chest
radiography, HRCT, and
selected biopsy

Clinical cohort of 96
confirmed ES silicosis
cases

10/96 classified as
accelerated; 53 simple and
43 complicated radiographic

cases

Martinez
Gonzélez et al.
(2019), Spain

Ledn-Jiménez
et al. (2020),
Spain

28/106 (26.4%) developed
accelerated silicosis 5-10
years after first ES
exposure; no case
developed before 5 years.
PMF increased from 7
(6.6%) to 40 (37.7%) after a
mean 4.01 years despite
cessation.

Longitudinal clinical
cohort of 106 cases

Statewide surveillance
case series

Fazio et al.
(2023), California

52 men; 10 deaths reported

Feary et al. Referral-based case Eight men; one death and
(2024), United series two transplant referrals
Kingdom

immigrants; median

Median age among Single employer; chest
cases 40 years; radiography may miss

median job duration early disease; current
14.9 years among workers only
four cases with

available duration

Mean age 43 years;
exposure duration
3.5-20 vyears

High-risk regional
workforce and active
screening; not
generalizable to all ES
workers

Referral cohort;
radiographic
simple/complicated
categories are not
latency categories

Accelerated cases
mean age 33
years; mean ES
exposure 15 years
(range 5-34)

Accelerated
silicosis occurred
5-10 vyears after
first ES exposure

Specialty cohort;
documents progression
after cessation, not
workforce prevalence

51 were Latino Reported and clinically
recognized cases;
describes severity and

inequity, not prevalence

work tenure 15
years

Median age 34

years; median

exposure 12.5
years

Small first UK series;

referral-based and not

a population prevalence
estimate

HRCT = high-resolution computed tomography: ILO =

International Labour Organization; PMF = progressive massive

fibrosis. Detection rates from screening or actively recruited workers must not be interpreted as industry-wide

prevalence estimates.

Ao A BRFE 24} 457 FollA+= 24H(53.3%)°]
HHZo 2 FEAHGuarnieri et al., 2020). thqt
T FSAE 9 ARE B 198 ARG gt
St AEAPAF AFfo|B g ES GA HAQ] HER A
HreteA= F Hot

A1) ES ¥ IS A 968 A A+
olAd= 107(10.4%)°] 71548 HHlse® EREIAL
Bt AL 33A9 . AA SRS B ES }:

15U(HY 5-34¥)o]}AtHMartinez Gonzalez

¢

olE2

=71

www.kiha.kr

et al., 2019). =9 1068 TARLIAE= 28'8(26.4%)
o] % ES k& ¥ 5-1090°] 71448 IR TR,
% ES & ¥ 59 mlghof TS AlEl= giglth 2
O ¥ IE 22 IR B 4.01d9] 37
7t &< PMFE 2749 3 == 7798(6.6%)°14 4078
(37.7%)02 Z71lHHLeon-Jiménez et al., 2020).
OE o7toA HaE ES T AlHoAE B
A2 G LEAE 2 ERIEQIh Ao} 7HA]
A AN ER1E 527 AT ALl B5F 2elA ol
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Engineered stone: exposure-to-disease pathway and prevention checkpoints

1 MATERIAL 2 FABRICATION

High-energy tasks

3 AIRBORNE RCS 4 HEALTH

Mineral phase -»> ; e Worker exposure - Silicosis
robali cutting / grinding / fillehiftatack poaks acute / accelerated /
quartz / cristobalite polishing p e hronic
A 4 A 4 A 4 \4
IDENTIFY PHASES ELIMINATE DRY WORK CONTROL AND VERIFY PROTECT HEALTH

Product/batch data
XRD when needed

No dry high-energy tasks
or dry cleaning

Point water + LEV + PPE
personal sampling

Surveillance, referral
and exposure cessation

Figure 1. Evidence—informed exposure—to—disease pathway and prevention checkpoints for quartz-based engineered-stone

work
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Table 4. Proposed risk—based workplace-management framework for quartz—based engineered stone in Korea

Control
domain

Proposed enhanced action

Verification metric

Regulatory / policy
use

Nature of basis

Product
identification

Inventory
and SEG

Source
control

Exposure
assessment

Respiratory
protection

Health
surveillance

Governance
and research

Maintain product/lot records for
quartz, cristobalite, tridymite,
resin, and other materials; verify
uncertain products by XRD when
needed.

Map manufacturers, importers,
fabrication shops, installers,
repair/removal contractors, and
subcontractors; create task—-based
SEGs.

Eliminate dry cutting, grinding,
drilling, polishing, dry sweeping,
and compressed-air cleaning; use
enclosed/automated equipment

where feasible, point water +
capture, and HEPA vacuum/wet

cleaning.

Conduct full-shift personal RCS
sampling for highest-risk SEGs at
baseline and after
material/process/control changes;
record unsampled time and task
logs.

Use as supplemental protection
within a written program based
on exposure data, medical
evaluation, fit testing, training,
cleaning, and filter change.

Obtain baseline occupational
history and conduct a proposed
annual high-risk review of
exposure history and respiratory
symptoms. Perform spirometry
and chest imaging in accordance
with statutory health examinations
and earlier when exposure
intensity, symptoms, abnormal
findings, or specialist judgment
indicate.

Develop linked national
exposure/disease surveillance,
validate laboratory methods, and
protect migrant, temporary, and
subcontracted workers.

Percentage and
method reported
separately by mineral
phase; lot traceability

Coverage of all work
locations, worker
status, task hours,
and material type

Observed task
compliance; water
flow; LEV
airflow/capture tests;
maintenance and
sediment-removal
logs

Quartz and
cristobalite reported
separately; 8-h
TWA, duration,
method, and control
state documented

Fit-test completion;
correct use
observed; program
audit

Completion and
continuity of
exposure/symptom
review, appropriate
referral and
follow—-up

Published exposure
distributions; timely
case reporting;
inspection outcomes

Flag products with
unknown phase
composition or high
crystalline-silica
content for prior
assessment and
restricted processing.

Use the registry to
target inspection,
outreach, and
disease—cluster
investigation.

Stop work when
water/capture fails
and redesign before

relying on
respirators.

Repeat sampling
after exceedance
and use results for
control redesign and
respirator selection.

Escalate protection
for unknown or short
high—exposure work

while engineering

controls are
corrected.

Initiate a cluster
review and arrange
specialist

Author proposal
informed by
material—characterization
evidence

Author proposal

International guidance
(NIOSH & OSHA,
2026) and author

proposal; not a new
South Korean legal

requirement

Korean measurement
obligation (MoEL,
2020; Ministry of

Government

Legislation, 2026) plus
ES-specific author

proposal

International guidance
(NIOSH & OSHA,
2026) and existing

respiratory—protection

principles

Statutory health
examination (Ministry
of Government

assessment; pending Legislation, 2026) plus

evaluation, avoid
further RCS
exposure.

Use domestic
evidence to assess
restrictions, licensing,
or prohibition of
high-risk ES.

author proposal; not
annual imaging for all
workers

Author proposal for
domestic policy
development

SEG = similar exposure group; LEV = local exhaust ventilation; XRD = X-ray diffraction; TWA = time-weighted average.
Only the statutory exposure limit, workplace measurement, and health—examination provisions cited in the text are
current Korean legal requirements. Product/lot reporting, annual review of exposure history and symptoms, linked
registry, and product restrictions are proposed enhanced measures, not statements of current legal obligations.
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Appendix. Clinical evidence map for engineered—stone—associated silicosis

Appendix Table A1. Clinical studies included in the narrative review

Study and setting

Design / ascertainment

Key evidence summarized

Interpretive limitation

Kramer et al.
(2012), lsrael

Pérez-Alonso et al.
(2014), Spain

Paolucci et al.
(2015), Italy

Friedman et al.
(2015), Texas

Rose et al. (2019),
USA

Martinez Gonzélez
et al. (2019), Spain

Guarnieri et al.
(2020), ltaly

Ledn-Jiménez et
al. (2020), Spain

Heinzerling et al.
(2021), California

Shen et al. (2021),
Taiwan

Fazio et al. (2023),
California

Hsu et al. (2024),
Taiwan

Feary et al. (2024),
United Kingdom

Retrospective
lung—transplant referral
cohort

Outbreak investigation
and case series

Three clinical cases

Sentinel public—health
case report

Multistate public-health
case series

Clinical cohort

Active case finding in 11
companies

Longitudinal clinical
cohort

Single—facility
radiographic screening
of all 43 current
fabrication workers

Single case report

Statewide surveillance
case series

Single case report

Referral-based case
series

25 patients referred; 10
underwent transplantation

46 men; median age 33 years;
median countertop—work duration
11 years

Three cases. two workplaces had
respirable silica far above
recommended levels;
bronchoalveolar lavage findings in
two cases were interpreted in
relation to accelerated disease

One countertop fabricator with
silicosis
18 cases in four states, including

two fatalities: severe progressive
disease reported

96 cases. 10 classified as
accelerated (mean age 33); mean
ES exposure 15 years, range
5-34

45 workers examined; 24 silicosis
cases; exposure duration 3.5-20
years

106 cases; 28 (26.4%) developed
accelerated silicosis 5-10 years
after first ES exposure; PMF
increased from 7 to 40 over a
mean 4.01 years after exposure
cessation

Five workers (11.6%) had
silicosis; median case age 40
years

33-year-old, 8 years of
artificial-stone grinding;
silicoproteinosis and Cryptococcus
infection 7 months after
accelerated-silicosis diagnosis;
lavage and ECMO

52 men; 51 Latino immigrants;
median work tenure 15 years; 10
deaths

43-year-old cutter/polisher with
severe accelerated silicosis,
bilateral pneumothorax, and lung
transplantation

Eight men: median age 34 years;
median exposure 12.5 years; one
death and two transplant referrals

Severe disease in a highly selected
referral population; not an estimate
of workforce prevalence

Early cluster evidence;
ascertainment and regional outbreak
context limit prevalence inference

Small case series; useful for
exposure—clinical linkage but not
frequency estimation

Single sentinel case; demonstrates
occurrence, not incidence

Heterogeneous state investigations
and passive/clinical ascertainment

Referral cohort; simple/complicated
radiographic categories are not
equivalent to chronic/accelerated
latency categories

Regional high-risk workforce; active
screening improves detection but
cannot be generalized to all ES

workers

Specialty cohort; strong evidence of
progression after cessation, not
workforce prevalence

Single facility; current workers only;
chest radiography may
underestimate disease

No quantitative personal RCS
measurement; rare-case evidence

Reported and clinically recognized
cases; describes severity and
inequity, not prevalence

Single case; supports clinical
severity and transplant need

Small first UK series; referral-based

and not a population prevalence
estimate

This evidence map summarizes selected clinical studies; it does not pool prevalence. PMF = progressive massive

fibrosis; BAL = bronchoalveolar lavage; HRCT =

membrane oxygenation.

high-resolution computed tomography; ECMO = extracorporeal



