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O —7|<—X'" : H]_JEK—] in]/—\} i_<|_7§ HO]_ U?‘l i§%7} 7Ht,]—:-_1_
O AR(A) 717 : 2022.12.12.(Y) - 2023.12.11.(K)

O +5d9+ 71 : CDC/NIOSH/RHD/FSB®

O O u

x O] AHEARIAIE (Centers for Disease Control and Prevention, CDC) /
0] =2 Z2HAIFrA B AA LY (National Institute for Occupational Safety and

Health, NIOSH) / (Respiratory Health Division, RHD) / (Field Study

Branch, FSB)

A7 Nex 33 A4e

rr;

O AT 23R : AYAHLAATLY K¢

1) NIOSH &-&A A}
- Lee, Eun Gyung (Emily) (CDC/NIOSH/RHD/FSB)

2) A7 A

t
" Sub-2: ¥4 UnaA] BEYY U

" Sub-3: EEHUA Bl A



Main 2: &4 Uwar] 742 5 A5 ARIEA A7 (832
- Sub-1: @Y U AR) WY AE
- Sub-2: @A Gwax) #4%A AW

A

- Sub-3: SEA YA Bl A

i)

oo

- Lesson Learned in Morgantown NIOSH I AE A& [Hy 8]
- Respirable Dust Separation Procedures A [A& 9]

- Paper for Surgical Smoke Data (draft) [¥ 10]

- 39 9 Aot A
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(] 17§ ¥ XK2022.12.11.-2023.01.10.)
O 0= ¥Xx] =2K2022.12.11.)

O X AAK2022.12.16.2")

|
|

| = &4 270 Orchard crossing, Morgantown, WV, 26505

Ol R
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59 452

o

O AgE Al 13%(2022.12.16.-2023.1.10.)

rlo

o AEk e, FEHEICLE, AVl o=, JAHY) A2, A Y

7 5 ARl AF AN AlY 25

g

O NIOSH &('22.12.16.) ¥ 3Fs A o

- [Main 1] 8A12E) A AR @ol U WaAR SQUsI=AA] 14 5)
- [Main 2] &4 Lheax] A"e AUt 2 AA

O 71g}

- NIOSH A18% 932 93t A9%s] xta(e-QIPYA]) A&

=

- BAI(FBS) MY A7) % Al



] 27§¥xH2023.01.11.-2023.02.10.)

O Main 1
- SANEE A I 29 A U Ay AlY &)
O Main 2

- oH] Aldl #8] (sanding paper type, grid size, hold weight =

A7 £ AL 93 ofs] U)

1) CDC HOol w=(CDC security awareness training)
(Hazard communication)

(Hazardous chemical waste management)
4) AAA obX W -S(Introduction to laboratory safery)

5) &4 353 WS (Respirator training for CDC laboratories)

« 012 ol M} 58U T NG Aok AU A9 sEUET AG Sof Ut
08, M Mgt test), OJAF HREAF 23t 047 YL 2l Wolof

O

6) QFX WS 1, 2(Safety and survival skills training)

- RHD(Respiratory Health Division) ¥A] monthly 3]9] #HA
(2/2/2023)

- PPRB(Patholog and Physiology Research Branch) Seminar* ZHA

1) (Dr. Gary Casucclo) 28 A7] ZEOA WASH= ZO|NURE 54



- (AgAd &9 Hot) AAAAFNIOSH @A YY) <, 324 A (animal
facility) LH—‘?—QJ AT E AHA A5
), &4IL A o

H A (#3310

0%
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o
X

S

- -

[ 3719 XH2023.02.11.-2023.03.10.)

O Main 1: ou] A4

- ol3-gALRE A Al SAIE AP HE AlZo] DR $EH
mfeb 247171 S8 g Aol A4sr] SlehA Aast 814 b

= ZA7sHoF st} oo w2} NIOSH XY ol x &7 A

O

—

%, AARHoIFo] B2 QlojA AW A& 5 Aol Ao
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=
O
[p)
-
15
o

- Mg Alge gAulies 20:12 EAFEE GunolA UEEE AN &
e Al=AEAAH]| (0] %Al CPC, portable condensation particle
counter, TSI, USA)Z RiFs}7] Yol =7| A= A|7HS 5x 2 oY
o 2 Ay, 54 7HE HYE RSt olo wet sjMuj~E a4

8} wQ 7} 9lthy moist
O Main 2, sub-1

- [7HL.] BNNT(boron nitride nanotubes, AFgtE4A UL AKX) LSHE
AE 71 A Al EAste RalEde 54 d+5 ¢t o] Ad

AA]. ofi] Ado= BNNT 0% ARHES AFESHR 2, 2709] GK 2.69,
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AT 2 TR 29 A 5. AR HolRlE S shlsto], A
712 ALY 4 §g A2 Helstdm, ofo] ffat igto BAje)
BEo] £2 TS0l AW At BANIZ & FF UA AR &
NS A 5, A TES Bojat 3 AP AP AW

w2 8o, Mol 5 43 AR

CDC Moving Forward Webinar (2/15): 3F¢ CDC9 waFd(Z =24t
199} @2 415 djol2{Aof gisthlg 5)of tigh syt

Gap assessment of IH personal/area monitoring (2/15): & =
o 54 Ans dhM 58 TU YR SOPS AL Ba(Ab HE:

ISO 17025)
Project Idea Discussion Meeting (2/16): RHD B%o] % Yo &
slo] A7 A%y due =olsti, &S AT ololElS Az B8

What Emerging Technologies May Portend for Work, Workers,
and Workplaces (2/17)

HHE Protocol Meeting for Site Visit at Additive Manufacturing
(2/28): 38 a4 3DZHY AIA B= Al 82 A7o disiA 24
Sa} 2ostn, HUOA AFF AlR(EO]Z ERDE wiR FAED|7
(SEM-EDS)2 vtz FA3sto], g3 Al&et vl o4

RHD Dry Run (3/1): 85 8t3] & drgshy] Ao 4 2 y8o) of

g EYe W o]



- RHD Monthly Meeting (3/2) &AM

- Bayesian methods with Carrie (3/3) H|o|A|Q9F =7 7|¥Ho| Tist At
A W& APA

Introduction to topic (indium-tin oxide)for Hobbs  JMP sessions
(3/8): g A Arsk=of gt AGIF, Asida, Al 52 &70
SFRaL, Ao =uyjoflA EAs Qg miAgo] gisiA Atm AT

HHE Finding NIOSH Literature and Resources, NIOSHTIC-2:
NIOSH % A+ At&E "NIOSHTIC-2" Ajo]EofA HAst= ®H-S

a4

e A4 71F A7 AT

o AEo R wiatsst AlARloR 97 3 I}
2 o8 4 Qb Q7Y Wm AlZ AA(CK2.69, IOM 5), KEAIAH]
(ELPI, APS £)2 A}-gslo] mrle}. wAlst Bal 5 554 BAe =



] 47§19 xH2023.03.11.-2023.04.10.)

O Main 1: s]A8j4~ 1, 2&F A

- [B17H] AL 2 AL ES ARl Dwo] $312™o] wagstg), o
W =4 gulold 54 H5d S5 WUS Al 2 Bast A
- (2R L W] SALTE WA AZo] of S|uls A%, Ay

A, ol PVC WEIS AFstel 27 BAS SAstel, g4 uhp
A

=
(100:1)0]) T} Al=Agule] 54 7hs ofug #la

=

- [B] &AF 28 A2 22~10%, HHAE 22822 SO, £
/39 == 7F7F 130 mg/m3, 0.782 mg/m32 2 100:1 3]A uj
2 ZHEA olotoll, CPCY YAlasE ERWe UolA sE7)
FAlS

Pdelol F3 271 AP F A WY

O Main 2, sub-1

I

- [CHA}] 0%, 1% BNNT A&§E ZnAl P100 Al WE=Z Agste £7
olty, X]=A%JH|(SMPS, CPC, APS, QCM), BZ £7(GK2.69, IOM,
7te & TDS 54871 &oiA AR s= I8 % #88== &

ofstiLat 7t AlRe 4-63] WhEs|R 3

- [23}] 4-63] W Ago] oist A HE(GK2.69, I0M)e] oA
pZ%0] 15~30%2 =1, ?jKH\—%E% CPC ZH|7} SMPS+APS #H]
8Ot 14188 E9IT. 2 AEE Woljlhe 15%0l U2 gt

4\—7} 33, CPC 5=7F 15% Ollﬂ



O Main 2, sub-2

- Phel @3RS Wik 22 It AE FH(102R)T Fo #H
(182)e AMo= s, o Ao
A% wrEe

- [ZREE]

1) Ad-tix2+9] AXE(O0%, 1%, 4% BNNT)S Zrzt A”SEITH17]
10x5cm, 378 5xbcm,37l 1x3cm, 27l 2x2cm).

2) M8 ot 2AS ofefiet go] ZAZ o] #A]

3) A9 FAS AIFsta, vlg] Alkd s o2t AHS AAIRHT

79X 12 Aol )

4) 24 Atol2E A

Ul
Z:‘
ol
ol
o
Kl
Jm
i)
S
>
ol
ok
o
™~
J
g

O B 29}, Aol 5 23 UA

illerud Mill Zo] A&t 3] Atof A

LA
a o
3 oAl Al WABo] w2 HHE 53

2 o

o]+(blastomycosis)of| o]t Al

of gigt 15 =29
- Batesian methods with Carrie (3/17)

- CDC EIS (Epidemic intelligence service) Scientific Presentation
Training (3.20~3.24.): 4534 A dstxAf U 7 U AEHE &

O —_—
‘IT%]_

- Mid-year Review (3.30.): RHDOJJA] XIgiE]= = AL wbxof Tfjs)

N7 A % wrlete AZ12 24 A "ERD) Ueka Rl A

_‘IO_



- AT ATFEY L 7S et or vl gk NIOSH Al A& (3/15)

[ ] 5714 xH2023.04.11.-2023.05.10.)
O Main 1

- A A A A E9 9 YA DEisiof & Al £

- AT S e Al DEER YEAYE GeYAiE Ao|xE2 5
AsllofF st=q|, TSI SMPS= 7}% ZFo glolg =24 Intervalo] 2%
1542 Cha 27] geo] §A12Y Ao Hstal ertn A4l
ogotst o]of] we} DEKATIANS] ELPI*(Electrical Low Pressure

Impactor)g AMESI712 3ol 71710 et A5 L AgHE S

299 M9l BB A7y

- Hand-held CPC Au]e] ¢ 2] 574 %7} 100,000 pt/cm’o]2
2 gAY o] A A, o 258 AWSYD, FF VA 3oE 5

_]_ X—]E}o]‘ —JHHH—/F /\-]7Ho] J—‘J_Q_o}q_ﬂ E{:]?:]f

O Main 2, sub-1: 23 ZAHZAESH 231 2: 497))

- BNNT &40 Ojgt 54 47, =237} 97 4 A7, A4 2of
S Choral Rolo] W 2AS mAN

- 53] =/d(in vivo, in vitro) A7} WOFH §1H, =EH7 A+= Kodali



Vet al., 2022 3R =woflA IHsAl A3t 21 Qo= ujd|eh AP

- Main 2, sub-1: 3t At 55 u}a)

P
ool

o
M
i)

—_

[EXF 23] 0% BNNT & 1% BNNT 4Afof thieh 48] ¥hs Ao
S=d Aol GK 2.69 & IOM =74 TH((PVC)Y FTFof ot
CV(%)E B7tet 2t HAPE DAY (15~45%, >45%).

2) [F5 W] AP WALS Fo|7] Y3t Z7F APS UA|(5/1, 5/2)
5t 1, GK 2.691F IOM &4 717]19H3 AlEsISll, A T2 EZE =
st} 2 Aub WAAEO| Ao|S I, 1 o]t MIsr] YTt
AR2 Pl RO @ADL WG oz B, FE AP Alos
o] BES £s glog I WS wAg

O Main 2, sub-2

- Ay 33% YE(4+/128]): Of A & Ax19) FFo] i Pashe F
AlE ®ola glon, axfol mHlo] Hats oz AlstA Ha. 53] 4%
BNNT &A= 38|} A3(4/21~4/19) & RE mo] o] LT

* 4/4~4/11(18)), 4/12~4/19(23])), 4/21~4/28(3%]), 5/1~5/8(43])
- §7 A AP 29)(5/9)
O ¥ g9, Aoy 5 23 UA

- HHE A2 ZE(4/11): @8 Z4] Fo| HHE(Fo 3739 2% #
9 =y mARo] Ot BEEAL WES

- HHE 2=X2AME 25(4/17, 4/18): 2=XRAMA] Al/do] daEo] 23

FALE 23 Ao izt 280l o]

- RHD Dry Run(4/26): Evaluation the Coal Workers' Health

_12_



Surveillance Programo|gh= Z=A| 2 Burtono] &1
- RHD Dry Run(5/3)

1) Modeling occupational exposures to diacetyl and
2,3-pentanedione from roasted whole bean and ground

coffee (Rayn, AlHce 2023)

2) Selecting Appropriate Spirometry Reference Sex for

Gender-Diverse People (Ethan, NIOSH Session)

3) Coal Workers' Health Surveillance Program Updates (Laura,

WV Black Lung 2023)

i
H

& gEl A =A8|(DRI)  AWE|(5/3): UPAS  (Ultrasonic
Personal Air Sampler) Ver22 PM2.5, 384, 34 & YRS

O
2 o] 7}s5t1, PID Al = CO2 MA 58 Batsto] Z4

=

XA 0]
T AR

ox
o oxt
glo

2 M

- PPBR A0JLH(5/10)

1) (&R} Dr. William (kyle) Mandler) Pulmonary effects of 3D
Printer emissions exposure: FDM 3D I E{oj|A] 2Al5I= O3]
270] i3t 52U A§E WeHEL PC, ABSO|D], A
Ho Aol vlagur SAROR gelat 279wl Lehd

- RHD Dry Run(5/10)

1) DISPARITIES IN WORK-RELATED RESPIRATORY DISEASE /
Status of Race and Ethnicity Reporting in Occupational

Respiratory Health (Foreman, ATS 2023)

_13_



[ 671 ¥ XH2023.05.11.-2023.06.10.)
O Main 1

- A Al AXPAM A A SFS Purdue University RBH L AA x5
O Main 2, sub-1

- ZnAl P100 / 0%, 1%, 4% BNNT AX] Ald 25

- ZnAl P180 / A8 %(0% BNNT Ad &8)
O Main 2, sub-2

- 8/123], 67% APE(7E T YEx oF)
Aol gad AR(10X5 cm)of] digh AHE A of|f

- 2Aje] BAE A7 B O ofch £24 2Hasty 9on], myol

oI RHCE B WolAl: AFL Holw 9g
O B 29, Aol 5 23 UA

- Al Branch Chief 4@: Dr. Stella Hines

Bimonthly branch meeting (5/18): Mid-year 42(E3] &2 o|47}
= HEE %), A|&(MEL branch chief Rachel 6¥€ 2%), WS, dAl

branch ## 443 {5t EOJgh

CDCReady(%]7]1t]-24}ot) (5/22)

Estimating chronic health effects following acute chemical
exposures (presenter: Laurie Roszell) (5/24): A= 249 L

Zo] I A4 = €o7]=t olo tieh 7tol=2ijlo] §ls. m

_14_



ZtA 2Ely] 7|9 (Toxidrome)s &€&oto] F7] 5 =& 55 (d48=
aF 2 9le

g =)ol tieth g Y ¥ 78S

b
olr
o

- [Dry Run]

1) CHARACTERIZATION OF MICROBIAL SECONDARY
METABOLITES IN FLOOR DUST OF 50 ELEMENTARY
SCHOOLS IN THE U.S (Presenter: Ju-Hyeong Park),
Conference: 2023 Healthy Building Europe (6/11)

2) Veterinarian COVID-19 vaccine uptake was widespread, but
safety and efficacy concerns held some back: descriptive
results from a survey of AVMA members’ perceptions of

COVID-19 (Presenter: Suzanne Tomasi), NORA HCSA Sector
Council Meeting (6/22)

3) NIOSH research: Exposures, health effects, and controls of
chemicals from cold-spray coating (Presenter: Emily Lee),

2023 CSAT (Cold Spray Action Team) (6/20)

1 771 ¥ XH2023.06.11.-2023.07.10.)

O Main 1

A% ZAF (A Purdue Univs &4 7/2-7/7, 7/16-7/28)

O Main 2, sub-1

- ZnAl P180 / 1% BNNT A4 33] g2 Alg ¢=w, CPC #H|9] Flow

= a

_15_



check error WAooz A 22| HA(UHE 4, 79 AR 5) st
( )

out, $2]E]x] ot TSI AI&AF 2] @A

7/17 4aL o

O Main 2, sub-2

- 10/122], 83% X1y &

_ O
=

oF WAL 23}, RE Aao] 27 AA 5 oA Aldi S £0

O T 219, AUl 5 43 AR

- (3% o]4]

1) 2023 CDC Security Awarencess Training (SAT) (6/7)

2)

Scientific Integrity and Quality Training (SIQT) Full Initial
(6/26)

- [HHE Debrief Meeting] (6/21)

1)

Management request regarding concerns about potential
exposure to metal powder at a metal additive
manufacturing facility (Project Offier: Aleks Stefaniak) by
HETA 2023-0034

Management request for a health hazard evaluation to
investigate potential exposure to Blastomycoses due to an
outbreak of blastomycosis among employees and
contractors at a paper manufacturing facility (Project
Officer: Marcia Stanton) by HETA 2023-0065

- [Dry Run]

_16_



1) Assessment of the Respiratory Health of Working US Coal
Miners Since the 2014 Respirable Dust Rule (Presenter:
Noemi Hall), Conference: Council of State and Territorial

Epidemiologists annual conference (June 26th)

[ 8718 <H2023.07.11.-2023.08.10.)

O Main 1

- 8% A 1xHReggetz, Bailley Nicole)et &7 A+ Method A4

O Main 2, sub-1

- A WE(ZnAl P100, 180)011 Ti= BNNT (0%, 1%, 4%) 9h2 413
43]7F K =(7/10)=]Q3, AR 0" (7/14)2 714 F7F Aol Q.

ol
I
lil —-—'
rEl
rﬂ A

St
a

- A WE(ZnAl P100, 180)] w2 BNNT (0%. 1%, 4%) &7} A&
23] AAIE ©, IOM, GK 2.69 554l Al2xF]7]9F A=Al AH|S A}

gsto] AWS WR(7/25)519 T, BA YR 0H(7/26)2 AF . @
% Aol chat o o

O Main 2, sub-2

- BE A FR(/MHAT. o F AYPE 5 BiH A
g5l WVU Tjstoz AEg 2 o)

- 0] & 10 cm x 5 cm AX= Al

ol
£
>
|o
il
1Tkt
0%
=2

2

_17_



O o 3lo], Aol 5 43 A

- Comparison of the particle number concentrations and size
distribution of surgical smoke emitted from surgical process
with various surgery factors (AlHce 2024 Professional Poster
section)

- [22h] G771 w=]

1) CDC Workplace Safety 2023 (formerly Safety Survival

Skills)

2) CDC Overview of Federal Records Management

3) CDC 2023 Records Management Refresher - Emplyoees /
Affiliates

4) 2023 Emergency Preparedness Training

- FSB Rotating Seminar Series in Occupational Respiratory
Health (Branch Chief %02 2z ojt; AlA|SH; (Presenter:
banch chief) Intro to Respiratory System Anatomy,
Physiology, and Clinical Approach (8/2/2023)

- 71e} 819 8 3

1) (A=7F &2 739) A Proposed New Strategy for
Occupational Exposure Assessment (23X} Dr.

Gurumurthy Ramachandran)

2) Branch Meeting (7/20) A2 H£UsF Branch Chief (Hines,
Stella) 702 glo] 73, BE AY 11 WY Q4

_18_



3) 2023 Observace of the Anniversary of the Enactment of

the Americans with Disabilities Act (7/20)

[1 9714 xH2023.08.11.-2023.09.10.)

O Main 1
- @aolA AFIE offline Al ¥ ASARY] Hoje] theRe U A
RIS
- HE ojsl egAlek A ol subRE BoeA AsAges 5

A A WAl B 8% UE 9%

O Main 2, sub-1, 2

- 2 Y AY S', A9 dolH HY H EY

ok

- Weathered BNNT AX{(0%, 1%, 4%) 2 155 MY mjalo=z Al

O ¥ #9), Aot § 23 UA
- Project Idea Discussion Meeting (8/17/2023)

- DFSE Scientists' Seminar (Presenter: Leonid Turkevich, PhD)

Numerical Simulations of Dust Generation and its
Measurement

- FSB Rotating Seminar Series in Occupational Respiratory

Health

_19_



1) (Presenter: Hines, Stella) Overview of Pulmonary Function

Tests: Spirometry, Lung Volumes, Diffusion Capacity (8/16)

2) (Presenter: Hines, Stella) Overviewof Pulmonary Function
Tests: Impulse Oscillometry, Methacholine

Challenges,Exhaled Nitric Oxide, and Exercise Tests (8/30)

(] 10719 XH2023.09.11.-2023.10.10.)
O Main 1

S ZARRE oy g

el

O Main 2, sub-1, 2

- A=A ol 24 % £

L

- GK2.69, IOM SAA]&(VOCs, Metal, ¥0]7) NIOSH = IA &8

O,

4
i)
2
r
N
o
oo
Z
.%
o

%, 1%, 4% Zrolzg Fu]7q

- Respirable Fraction Dust Separation Procedures At/dsto] SF

S
s
2 AES ¢ g g2 At tiRES 21 2 AuEs A8Y &

(@]

_20_



O #A 919, Nojy 5 o8 AA

- FSB Rotating Seminar Series in Occupational Respiratory
Health

1) (Presenter: Ju-Hyeong Park) Is exposure to more diverse

indoor microbes beneficial to occupants' respiratory
health? (9/13)

2) (Presenter: Kim Anderson) Nailing Down the Facts:

Characterizing Occupational Exposures and Controls in Nail
Salons (9/13)

- FSB Pipeline Orientation (10/10) FSBoJA] XIsiw] = & Lu}tA]| Q]

AP 2ol o 4 YE= AR

a

O Professional poster A|&(AlHce 2024 &t3])

- 2016 A% El 2018 Afo] Morgantown NIOSHO|A oAl HAMKFS
oz S3IQIALE BWIHE A7 ol g J|oR AlHce 2024 8

5% Ay

ton

_2‘]_



(1 11719 XK2023.10.11.-2023.11.10.)
O Main 1, 2

- 29 FEATF AZUNA AP L Main 1, 2 AF ooje] 24 2

At w3 Aa Ay

O Main 2, sub-3

- 7t BNNTs A1 3, Bulk AL2(0%, 1%, 4%)5 UAt 52| Mufo] 2
S obgd we oo B4 YRS MEHoR Hed ¥ S4

- FSB Journal Club (10/11)
- RHD Dry Run

1) (presenter: Fechter-Leggett) Spirometry Reference Sex
Choice: Considerations for Transgender and Gender-Diverse
People (10/18)

2) (presenter: Suzanne) waste anesthesia gas project and
general veterinary occupational safety and health issues
(10/25)

- Project idea discussion meeting (10/19)
- FSB Rotating Seminar Series in Occupational Respiratory Health

1) (Presenter: Brie Blackley) Source controls for aerosol

exposure mitigation in dental clinics (11/8)

_22_



(1 12719 XH2023.11.11.-2023.12.10.)
O Main 1, 2

- 29 FEATF AZUNA AP L Main 1, 2 AF ooje] 24 2
A3 wn AR AP

- 0] g Y NIOSHOIA 2APH A7 ok BRsIAL,
29 ywAE 2802 Qoksto] A|Atstgct

U

r_l

O B o), Aol 5 59 UA
- Thankful potluck lunch and branch meeting (11/15)

- HHE Site Visit Meeting (HETA 2023-0149) machining of

precision parts for aerospace industry (11/27)

- RHD Dry Run (presenter: Stella Hines) Overlooked and under
appreciated: reusable respirators in healthcare & the wuser

experience (11/29)
- FSB Rotating Seminar Series in Occupational Respiratory Health

1) (Presenter: Sungho Kim) Lesson Learned in Morgantown
NIOSH (11/29)

- Lessons Learned poster A&+ @ H|X] (12/5)

O Surgical smoke paper 9t At 4l A& (12/8)
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AI1ZAY : &AL E(thermal spray coating) ¥ A3 A Y(Main 1)

2 A= 28AFHE 260 sdEE HFE EAZRE Y Al 2dSE L
i

gotste d7olH, Bsl= A ol A+ 2 AT ClAtel Y, 2

e
Pl
ple]
40
(o]l
Mo
A 4o
mjo

o nE S Mu{of et ofle| Z=AE Al = ACH
1. A&
1.1. vj4

ol
%
H
=,
©
1B
N
fulE
J,i
o\rl
o
o)
=)

S AtFE(thermal spray coating)2 &4, & ]
<h 71Ho] gget das sgsto SASHY #YES ﬂeﬁﬁ 7]501Ur- 01 7=
< AAS FABHAY Eol 9l &5H 45 AlF ®U FARSHY AR
3 4 e, ®ebE, AretE, *ﬂﬂ“—‘. L
SetAE)ol ﬂ*ki% a2 28 S AREHO R B Ve ¥
2, 5%, A&, ka0t ' A of3 Ango] FHiz M2 543 7|sol
7teal o, "lwA Argo] (tdsty FA|Ho|7] o AEA &5 5 AF
A, 7L AR e 249 " AMY = &8
stol A& i YA, 8, 5¢, GE/AE, E—&!/Lﬂﬁi}*é, =, A " A
Al 2]9F Zo] gt &2 &8 Sl

X BARE A2 A FAlolY 2028dwol= Al AR-&0] 1409 Ee
e o= ot vl=xoAs 20209 224 5T ZANA ST ZoF EAF
AP7F 138,000 02 AR QIOW, O Hk Frbstal okl AYsta Qo 54
(&, U2, ZEE, o, dfUlF &)= &&T AP 2 ool=2E FAM Y
=JAPE AstH, AdAr dist A FEE 2AE 4+ e ez 2y gl
ot AARYE 22X Thd H{iAjd H§AZHCOPD, chronic  obstructive
diet AtgEol S7tstal qlon, defar]yd A4l & Al
& &F o st AIFER e SUtstL e FA0]

.
AL @] wER QA AR A7l B nEQic
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2.1.

l(cold spray)&

=]
g4

A2

NIOSHo|| ¢JX]slf )1,

O
Ly

Al 2AE

1 (Purdue University)o]] %]

=

Al O
-

=3

ofl

=13
=k

o of

Fe)o]
A ot= 8AFFHE A|AE(THERNACH INC)

Co, Zn, Al,

7t

=4(Cr, Ni,
o]

AH8519)

o
=

bl 9ls

9

o
o

Xlo
=

_"
O

E
=

2]
o

ArH

gatol w7} 5

A}

99 ofojo] £x42

Al, Cu, Sno]
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A|ARL-RAERR NIOSH, (&%) A2 YA

A 2 8- ot

1 Al-1 ABS Fast 50 Y 80 100
2 Al-1 ABS Slow 25 Y 80 100
3 Al-S ABS Fast 50 Y 80 100
4 Al-S ABS Slow 25 Y 80 100
5 Cu-1 ABS Fast 50 Y 80 100
6 Cu-1 ABS Slow 25 N 30 50

7 Cu-1 Al Slow 25 Y 80 100
8 Cu-S ABS Fast 50 Y 160 200
9 Cu-S ABS Slow 25 Y 80 100
10 Cu-S Al Fast 50 Y 160 200
11 Sn-S ABS Fast 50 Y 80 100
12 Cu-1 ABS Fast 50 N 30 50

13 Cu-1 ABS Slow 25 Y 80 100
14 Al-1 ABS Slow 25 Y 80 100
15 Cu-1 Al Fast 50 Y 160 200
16 Cu-1 Al Slow 25 Y 160 200
17 Cu-S Al Slow 25 Y 160 200
18 Sn-S ABS Fast 50 Y 80 100
19 Sn-S ABS Slow 25 Y 80 100
20 Sn-S Al Fast 50 Y 80 100
21 Sn-S Al Slow 25 Y 80 100
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2.2. by
2.2.1. By A|AH”

2 APoA YAt 542 BIIeH7] Asl of2-§AL AHAHE AASGLH T
2l AE 2] REo2 UdA Qb §ARYE AUsts REm A
12 Aot AR PRUC. YA 54L& BIIel] SISIA RS Ao

NERHIIE GG YA £ BIS] UslA AHEE KIS
CPC, NanoScan SMPS, OPS, DataRam, DISCmini, ELPI, DustTrak,
7t 3SR 22e 5785171 oAl Draeger X-am 50005 ARESHRIH.
xfo] Reseg S48t I 554 2RI IOMEYH). GK 2.69
(£54)0 PVC oinrlg FAsto] 57 M3t 59 2AS Ayste] Y 558
AT T, PC ol Al S gAtstel duld BAe Be Ut o, A AR
5< Hrlslolrk<a 2.

A&-8AtEE Y| AFRH A=Al%dH]= CPC, OPS, SMPS, pDR, DP-Calc
MicromanometerS AE35t30on, I3 AHE UYLE <E 2>t Zth offline
samplers+= GK2.69(PVC: &5 &4, PC: AXA0|d &4), TD(PC: AAIS0]74
24), 3¢ ZPHEMCE: 24 £4), 3% 7ME0] accucap $AHE AEeI(FY

3 A

A, pPDR(PVC: 5% A 9 & 2A)0] AMEEY, AlF &2 < 3>9

o2 o zO ol
offt
o Do

=z

D:O

)

my AT A

L
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<® 2> ofA-fAMIAO] AlRAIA U AL

Sample Collection

Analytical method

Interests/Purpose Samprlggﬁnstru Flow rate Sa{?rgleing Analysis
Size-segregated ELPI 10 L/min 60 ~120 sec data analysis
1.0 L/min _
Particle number and NanoScan - 0.75 (inlet) 60 ~120 sec ;gnnén 420 nm
mass concentration | SMPS - 0.25 _g- ) .
(sample) interval: 1 min
Particle number and : _
mass  concentration OPS 1 L/min 60 ~120 sec 0.3 = 10 um range
Total particle number :
concentration CPC 1.5 L/min 60 ~120 sec 0.0lym to >1.0 ym
IOM with
polycarbonate 2.0 L/min
filter
. GK 2.69 with
Nanoparticles - . SEM/TEM (at least
Morphology and Eﬁlgrcarbonate 4.2 L/min 60 ~ 120 sec | 500 particles per
chemical composition - filter)
Cowl with 2
TEM grids and :
polycarbonate 0.3 L/min
filter
VOCs/SVOCs _
generated from lggggger X-am 0.5 L/min 60 ~ 120 sec | data analysis
thermal degradation
<® 2> Ae-GAYAe] ARAF L B
Sampling Detection Detection
Instrument Model | Measurement Flow Rate
Cycle Time Range Limit
Total Particle 100 cm3/min 1 sec 0.01 pm to | 100,000
Number (sample), 700 >1.0 pm #/ cm3
CPC 3007
Concentration | cm3/min
(#/cm3) (inlet/nominal)
Particle Size 1 Ipm 1 sec 0.3um to 3,000
OPS 3330 | Distribution by 10 ym particles/
Number cm3
Particle Size 0.75 lpm (inlet), | 1 min 10nm to 1,000,000
SMPS 3910 | Distribution by | 0.25 Ipm 420 nm particles/
Number (sample) cm3
pDR- | Respirable 2.65 lpm 1 sec -1 1.0um - 400
pDR
1500 | Mass Fraction hr 10pm mg/m3
DP-Calc Air Velocity - - - -
8710
Micromanometer
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<E 3> A-8AMYA Offline A|&2AF]7]9] N R

Sampler Equipment Flow Rate Pump ID Filter Analysis

GK 2.69 Cyclone,

GK PVC 4.2 lpm A Gravimetric
3-pc cassette
GK 2.69 Cyclone,

GK PC 4.2 lpm B SEM
3-pc cassette

TD-PC (1 min.) | 2-pc cassette 2 lpm C SEM

Solu-Sert 3-pc cassette 2 lpm D Metals

Accucap 3-pc cassette 2 lpm E Gravimetric

pDR PVC pDR-1500 2.65 lpm - Gravimetric and Metals

[23] 3] Section A/B Ato] u}-gub Mx]
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IO NI Traifing ROBITICET) NIOSH MTN Training Room (€DC)

2.1.2. &AFZE 7} Az}

B QoA ALEE ASARY], ARAH AU D Rl <k Da Zoh 2

L

| =3
A= AREE BolA Atsoz AdS #3s5t, dike s 2o, 47|
WgS 4 AMzott 48] §hsto] £4stal, BQA] ¥ 3|45 FUheit
@ Al=AAH](CPC, SMPS, OPS, ELPI £)& At M wids% 54 (CPC B
w 527} 400 #/cm3 ofst, A Al
@ 8412”9 Gung EdHA 1~5E7F A%

Q@ F& UoA 24 d folled2 FES S AY W= olsHH, 10 A4
T AY oA ehg st Urﬁl A
Al Al 2ANF 78 AL, 60~120% FQF AW 4]Q]

ol
oSk

2 5%
® 4y &, LA 3712 FYstd BA U Ay Yo 2AAS A
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3. @72 @ ol

3.1. ofZ-gANGA9] YAIA7|E i

SMPS(scanning mobility particle sizer, TSI, USA) Ho|g§& BAst A}
350 nm9] UAZF PR Wo] Bx:st= 78 20151911, APS(aerodynamic
particle sizer, TSI, USA) g|o|E|S EAst Ayt 1 um ©O|stolA 71 e B
= HYtH ™ 5]. Lutz-Michael Berger, 2015 A LofA= Al =AIZH| Al &F]
H YA 37]= 100-500 umol®, & A9 ZAnet FARSHIL

SMPS and APS Results

1.6e+7

A —0— First Run —&— First Run
4e+7 1| —e— Second Run —— Second Run
—o— Foom Alr 8 @ | | —@~ Room Air

Number concentration (dN/din(dp), particles/em®3)
n

Number Cancentration (aN/din{dp), particles/icm™3)

10 100 1000 1 10

250 NN
Physical Dameter (nm) 350 nm Aerodynamic Particle Diameter (um)

Test Condition: After one second thermal spray shot, forced exhaust air on for 10 sec and off. Data were
then collected for 4 min

(2% 5] SMPS % APS to]ElS & YA 2718 YRS E(#/cm’) BE

3 S A &, P AJHA
ZAsttt o] & 1&7F thermal spray gung AHEs$t &, PVC o x| 7t AFAaf

7= ARgsto] 4.2 L/mino=2 120%37t § 5ttt o] 1}x] 9]
/% BAE 5745t 525 ALEIHY, A sxE 345.2 mg/m32 ALt
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aon calibrated
Data RAM

Thermal spray Gun

1sec

off

Forced Exhaust Pump

K2.69 Respirable Cyclone  10seC
345.2 mg/m3

[1% 6] GK 2.692 &4 AF 5

e
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] 2
7, 8]. YA FEj= FPolH, UA= Ni, Fe, Cr, C, O 5o=2
AR spray gunoflA] WEHW Ul Alo]= UAFS] HFL, g
o] AF&sto] UAL 7He] FA7|A Lojd7]= (agglomerate, aggregate)o]
[

8lolAl & 4 Aol YAT 1 M= S ddo] e A

4
ox
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B A

AILZA|H: Nano project: Comparative assessment of dust from machined

polymer nanocomposites (Main 2)

1. 84
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=
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(GK2.69, IOM, TPS(thermophoretic sampler), 7}2, GGPmini)2 3}t
GK2.699F IOM &4 7]+o] PVC(37 mm / 25 mm, 5 um pore size), PC(37

mm / 25 mm, 0.4 um pore size) GJIYA|= 7_}7_} ﬂ7‘*0}0:1 =ZXst 5 PVC o

A5l GK2.69, IOM, 7k AEZAIFYIE 18S9k AHEsta, TSP AlRAE /|-
20A% AFoLH 0], 712 TSP ARAIZE ol 1A SRt 1

2.3. 49T Ay 2 ARt

PV T A AF[1d 212 22 R 59 F0 =5 AlES vt € o
DAstE YA 542 vlstr] fsiA st Aoz 0%, 1%, 4% BNNT A|
28 72¥7F A7FX] 7|2 A2 (10 ecm x 5 em 170, 5 ecm x 5 em 37, 1 cm
x 5 cm 370, 2 cm X 2 cm 270), HiEeh & A5 Y D= 429 #Es &4
of AlFol wdsH =& 2 & U &4 WY 3] 2 Addo] o o
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2.4. 384 YA 22 AU
M Ardo] F=EW 0]2] Zohs 29FX|o] =ofZl BNNT 0%, 1%, 4% 7%t
2o 9ejyo] molth WY Ado] E2d 5 [0 4o 554 Ak} Be| A
HE &8st =54 UAE 225t particle generatoro] 4~4] & BNNT
0%. 1%, 4% €3 A5 3 F, A58 TANA FES S04 cycloneoz

%, A
AlEE o] &ZA|7It}. cyclone?] &z2 30 L/minC=2 AAEo] QJOW, cyclone
AUXF= collection filterof] ©-& JYzr EHo) 400 mg A

i s
S APt BAR ol Bkt

o
Particle generator . i / ﬂ
- Dust monitor ;

rl

Computer with custom
system control software

Flow Controllers

Generator Power amp.
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[ 5] =54 YA 22 AR (2
(2% ofef

22 9]) particle generatoro]] 3 Alg 2
generator UF AFAl, (9%) collection filterof|A 554 UAF ¢

~

3. APAHOE| A
3.1, ofu] 4

ok

)

of| B] A *‘ﬁoﬂﬁh MHE  EFQN(AIOx, ZnAl, SiCa) @ Fa A}o] =(P100,
P120, P180)& = A HR 2 A AR BNNT(AFFE A Lbie AK)
= Ezo]o Od?éé S dst 22 AAE F2H, 260 gt 280 go FE A}
gotdtt. 28802 T F9] xpo|7t A gi7] miFo] 2 A Wh 280 g
o] 22 a}8stoct Alslo] AFRE AW E E}Ql(TE] ,\}O] )

P180), ZnAl (P100, P120, P180), SiCa (P120)o]}o O,
2 st¥t<® 1>,

2 AIOX (P120,
2= #& 280 g
wo2 st¥, AH&SH BNNT 0%%Hs AH&oh L,
9} IOMoJuf ZFAreh ofafX]= PC(HU0]7d 24)et PVC



(55 58)5 Atgstiltt. oulddoAs dold &4

L = T

Test Aluminum Oxide Zirconia Alumina SiCa

es
#1 B2 #3 HE6 4 #5 #7
Sandpaper grit size P120 P120 P180 P100 P120 P180 P120
1 £

PIEEETCIERY it 18 17 = 26 19 21
sanding (cm) (est. 2.9)
Blck wioiin iter 63 |52 | a9l | 135 | gr | 69 || 63
sanding (Ag)
Holder weight (g) 260 280 280 280 280 280 280

* Not stop the belt operation at 7.5 min, but 10 min

<® 25041 BNNT 0% &A1%t ALgSlo] Al e ejelo] me wys o Ay
=% (GK2.69, IOM)= = =

=A5HR T AIOX, ZnAl WHE EQ] @
(P120, P180)of whef

GK2.969] =% = Z=7}s}
QLI 1 6]

850 AtolE& Wit ¥h, O3 Apol=
= o

=
101}, IOMQ] 742, 73skAo] HO|X|

S GK2.691F IOM9] A&F =% (mg/m°)

Aluminum Oxide
Test

Zirconia Alumina SiCa
#1 #2 #3 #6 #4 #5 #7

Sandpaper grit size P120 P120 P180 P100 P120 P180 P120
Emission rate {g/min) 0.9 0.8 0.5 1.4 1.2 0.9 0.9
Cons of GK 2.69 (mg/m3) 9.8 16.5 29 12.4 21.9 6.0
Cons of IOM [mg/m3) 21.2 54.0 5313 88.7 30.7 50.7 54.7

Result of AIOX Result of ZnAl

_4"_



Result of AIOX

£ e .

ALY F1I0) AL L0 ALDw| p1Ea|
e Concenirationof GK 2.65(mgfm3) wees Concenfrationo | K34 {mgsm3|

s E T s3lCN rate (gSmind

1) ‘uy

Result of ZnAl
100.0 L&
0 L3
BO.D
2 mm
L e
m_ ELD 1o 3
500 oz 3
Qb 50.0 P
= o =
204 LK
100 i
oa oo

ZnaAl| PLOOY Inal|P1204 InAl| 180
— Con eniration o f G 253 (mgim3] s Concenirationa F 0 | mgim3|

— EETRREON Al LN

ME GK2.691F IOMO] A2k =t (mg/m?)

Aol x7} FrNRAE YRPAEEI} A

stoict. Ol%

(2 7]0] =W 235 5
L a8 Afolzst Foeas Al WEo] MY £0j57] otk A &
o A e e vlasl M zoAsl YAasEst b DA dehach o
il AdZ vl e 2 ZnAlg & Ao AMESHZ|2 ARSI AL, 15 Afo]=of
2 AxtpsEol Afo]7t 9l P1009t P180S £ Algo Algshr|2 AAsHyct.

o i i Result of CPC number cons {(#fcm”)

s iND stabilizationtimeé kit I \

E L : fE -

= d

g < ull wil m HN HE H

mMean @ s

i
W
2 't'ff‘-'y.t.‘\p.f" 1
o] r
o ! =
MH\;‘—:,:-;\-‘\-.‘,\ O N S wcl s ZnAI
e} W™ e
T

Sl o B ]

150 200 250 ET 350 il " Slca ml

- ALDRE] P12} ALDR[FLBI} INAHPLOO| ——ZnA|PI20)]  ——EnAlP1E0) ——SKCAPR20Y

(3% 7] A WE efelo] TpE CPCO AR E i
(23 8, 9]9] SMPS Ho]E & E® 10-20 nm9| UR4is

APS do]El2 BH 1-2 umd] ARSI} 7Pg B3t

T} M =oFm

N ’
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SMPS Numiber cons [(#/fcm3)

500
15 M
S0000 AHNM
= wem 35500
5 ;
$ s WA
=] 25600
1-—' 25000
3 20000 i
IR
CCZL AO0G Jl'l 5000 v .
E 15000 A I, oo b e
g‘ '-'q,' SN .
Z | - s ——
s f i = ac B0
S000
o - r —— —
-1 Sir 0o '.'i-n J00 50 = s apo
G000
— R P120) AL P10 ALDH|PLBY ZnaAll PLDe Inali P12y — Enal L) — S P13a)
=13 ol = o] ol 1=z o) A
[0 8] M WE EfQio] & SMPSO] YA 7|8 UAes%
APS Number cons (#/om3)
250

100

Dw/dlogDp, particles/cm®

(23 10]9] RFsrs

(50% cut-point

)

/,.. zZnal PLED
200 T
N /., znal PLoc

AL P 120) ALK PLBO} Znal| PLOOY ZnAl[P120H Inad| P1EO} — S 2 P1 30}
WE ERQIO] w2 APSO] AL F7|E UAIrLE
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Dm/dlogDp, me/m*

OCM Mass Cons {ug/m®)

QICM Mass Cons {ug/m?) by stages

PR o e

1EO-I1fmn)  FAT 1604w a5-Tajmm) P s fuguienE)
-INATI00 W SCF120

E R i

ug/m?
i

SED-244Ddnm)  S10-SE0kem | 31
- INAFIO0 SR

(23 11] A9 WE eQlo] o} QCMe] YAk 37]8 Ak

3.2. Ul @] Tjat AR
ouluy ATE vigos
S P00} P180S AslEion], &rie] S 280 go2 A%

0%, 1%, 4% AX|S AESI0] ARt EA
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AR Y A9 (Main 2, sub-1)

Aol BNNT(Boron Nitride Nano Tubes) Uk AXS SHAsH
W shaste Alold WAt Yate] EAS A7sted 2ol
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\ ;

Conductive Cassette
(TEM grid attached)

SMPS
Sandpaper
{znAl, P100/P180)

Nano-enable
(BNNTs 0, 1, 4%)

[ 13] (¢%) ¥ WF offline 547171 A, (8%) A5A 5747171 AR
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[ 16] A WMEO] EfQo] 2 BNNT %8 &= vl (¥Z%) CPC HloJH|, (2LE%)
SMPS, APS H|o]E]

4.2. 39 Ui oA 39N (Main 2, sub-2)
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UV Source Xenon, 60 W/cm? (300-400 nm)
Wet/dry cycles 188 / 102&

UV Doses 145,290 M]J/m?
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o) Aolzo] 212 HHU}Ur, chl & 22 A 5 7t atol2

Pre-weighing all materials Aging materials
including control samples {wet/dry cyclas)

Post-weighing analysis 2- \;‘Sfdbali‘ Char'lg; m_—
(aged and control samples) . Surface roughness a
profilometer (1 chaice)

3. SEM-EDX examination: use

l l double-sides copper foil
tape (3M #1182 HD) lifted-
Wipe sampling for SEM/EDX Characterization of surface - off the mater_ia\ from the
(5cm x1¢m) morphological changes surface and firmly adhere
to a SEM stub (ref
l Wholleben 2016, Carbon)
4, Optical microscope exam
Changes (with pictures)
No further compared to the 5. AFM (by WWU) - Optional
tests non-aging
material? ‘ Ref: Woholleben 2016, Carbon |
Yes
l ‘ Ref: Wohlleben et al. 2016 Env. Sci. Nano ‘

Mechanical stress test using
the method used for non-
aging material (Locm % Scm)

See next slide for details
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Block Before #2 #5 #9 #11 Block weight (g) during cycles

SHHAFTFAA 5, ZF BNNT(0%, 1%, 4%) of|ZA] AXj= FS immersion test

g ogold2E 201 23 7P 1 =210 cm x 5 cm)2 Al Ao
9]

Immersion test
{10 ml of milli-Q
ultrapure water)

24 hr agitation

z l 24 hrshaki
UV-Vis ranaxing Ref: Wohlleben et al. 2016 Env. 5ci. Nano & in Carbon (2016): If needed, dilution
spectrometer v with ultrapure water is necessary.
for turbidity
measurement 1.5 mil
- Smil;1hr
UV-Vis sonication - No need of ICP-MS if metal content is low. If so, adjust
the amount of ultrapure water
ICP-MS - NO Analytical Ultra-centrifugation (AUC-UV) (or

Asymmetric flow field flow fractionation, AF4) is

5 mi planned. If we want to test, need to spike the sample
- 2mi with SDS to generate 0.5 g/l surfactant concentration
and then conduct 1 hr bath-sonication.

_ oo 1P ] —

v L\

Transferto TEM grids

[2=™ 20] immersion test T2 EF T AT

Agk BNNT 0%, 1%, 4% o ZA] Ax|Qt &4 GFAE = BNNT 0%, 1%, 4%
A A S Y AHOA 2 ¢ & T sxE vustot. 28ES] 42
o H
o

3@ © BNNTZF 29 BNNT MCh #hgo] Wobgu, CPC Hjofefo]



A= BNNT 0%, 1%+ & BNNT o] v]eh $Lgto] HAXT, 4% 450

L B PAE © BNNTY dFasurt 571198 elsian 1y 21)

o

1e+5

Weathered (W) BNs

]
B 4G

de+4 -.-

+$ v

0%-BNs 1%-BNs 4%-BNs ' 0%-(W) 1%-{W) 4%-(W)

-

Ze+rd

Mumber Concentration (particlesicm”3)

[1= 21] & BNNT 719] UA4ys% H]lw (CPC data)

2k

J2]3, SMPSQ APS folgl& ]
7}st

(10-20 nm), YAtz SHA

AZ =g 4 Al

2R A FUAY 27] dahe QX
_ZS

FA4¥ = BNNTY UAteiswrt 37|

og Mn

—a— 49P100-BNs

1.6e+5 —
O 4%P100-(W)BNS

1.4e+5 -

&
1.2e+5 o %é
1.0e+5 @
8.0e+4 - S
6.0e+4 4

4.0e+4 o

Particle number concentration
(dN/dlog(dp), particleslcm?3)

2.0e+4

0.0 1 OO0 O—0—O0—O0—O— O —O0—]

e
T T T Ll T L) T L] ¥ T
0 10 20 30 40 50 60 7O 80 90 1000000 15000 2000C

Mobility particle diameter (nm)

[1% 22] &= BNNT 4% 7] UAt4p-=% vH]w (SMPS/APS data)

_51_



4.3. & Hread 5574 UXt F=(Main 2, sub-3)
A Aol =2 BNNT a2 25744 44t 24 Az Z29
ATE Yot 28] © AlgE AlEstid.
| .
0
g a e 1 M—M’—
:D:WMIM

;___‘&e(éara—»‘w_m_xm X10Cwe .
ﬁ!vﬁ‘}% : \0Cem x V0 em R G!}n_r-q_.n Cune

_;;.nghm—xw(&
— fcmie . W pbiaa. o v ol
pver - 30,8124 < e 3_;“/';;»-:1“ .

3) Sd fnper P Ox o s D

Ipwholder \Waight . 0388 g -

o
I-'Ol'

o1 L E (20234)

[23 23] NIOSH 2% a3 Uy8<e 7]

_52_

fo

i



(AR 3] 2= Z2A gigt ooj2F =& 7t

AIHce 2024 Professional Poster (accepted)

Occupationalexposures to particles, volatile organic compounds, and other
chemicalcompounds from surgical smoke
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’National Institute for Occupational Safety and Health (NIOSH), PittsburghMining
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30460, USA

Description

Surgical smoke, orsurgical plume (SP), is a mixture of gaseous and particulate
byproducts andgenerated from the use of a laser or electrocautery (EC) unit during
surgicalprocedures. According to the Occupational Safety and Health Administration
(OSHA),an  estimated 500,000 healthcare workers are potentially exposed to
surgicalsmoke. The known health effects include possible increase of the
genotoxicityrisk, transmission of infection, acute headaches, soreness of the
throat,dermatitis, and respiratory diseases. There are at least 150 chemicalsidentified in
SP, which some chemicals are either confirmed (e.g., benzene) orsuspected (e.g.,
formaldehyde) human carcinogen. In addition, nanoparticlesemitted from surgical tasks
could reach the alveolar region and cause adverserespiratory health effects (e.g.,
pulmonary inflammation). This study wasconducted to assess occupational exposures to
particles, volatile organiccompounds (VOCs), and non-VOCs from SP generated during
surgical procedures.The findings indicate that smoke-evacuator pencil EC and EC with
suction heldby an assistant can substantially reduce healthcare workers’ exposure to
aerosolizedparticles from the EC wuse. Overall, all VOCs and non-VOCs detected
duringsurgical procedures were considerably lower than the corresponding
occupationalexposure limits and no pattern between different suction systems was
observed.

Objective

Tissue ablation using a laser or electrocautery (EC)generates surgical smoke, or
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surgical plume (SP), consisting of gaseous andparticulate byproducts. For the past two
decades, concerns of the potentialhealth effects (e.g., acute headaches, respiratory
diseases) have been raised amonghealthcare workers who are exposed to SP. In 1996,
National Institute forOccupational Safety and Health (NIOSH) recommended the use of
smoke evacuatorsand combination of general and local exhaust ventilation (LEV) to
mitigatehealthcare workers’ exposure to SP. Nevertheless, the wuse of smoke
evacuatorsand LEV has not been widely accepted in hospital settings. In addition,
thereis a lack of information about healthcare workers’ exposure to gases andparticles
from SP by surgery types and suction types. Limited exposure datasuggests that
recommending and implementing control measures to minimize SPexposure is
challenging. Therefore, the objective of this study was to assess occupational exposures
toparticles, volatile organic compounds (VOCs), and non-VOCs from SP generatedduring
surgical procedures.

Methods

Three surgery types—pediatric tonsillectomy and adenoidectomy (T&A), orthopedic
surgery (OPS),and oncology surgery (OCS)-were considered in this study. The total
number of surgerieswas 64 cases—33 for T&A, 12 for OPS, and 19 for OCS. Body parts
include shoulder,backbone, pelvic, and lumbar for OPS and breast and abdomen for
OCS. The EC suctiontypes were categorized to 1) smoke-evacuator pencil EC (SE); 2) EC
with suction held by an assistant (SA); and 3) EC without smokeremoval (NS). The
number of surgery cases for SE, SA, and NS was 13, 8, and 12cases, respectively, for
T&A, 0, 10, and 2 cases, respectively, for OPS,and 4, 6, and 9 cases, respectively, for
OCS. Surgery times varied depending onthe types of surgery, ranging 0.3-0.7 hours for
T&A, 0.4-45 hours for OPS,0.2-7.7 hours for OCS. Similarly, EC times also varied,
ranging 3-27 minutes forT&A, 1-8 minutes for OPS, and 9-44 minutes for OCS.

Personal exposure samples were collected with thermaldesorption (TD) tubes to
measure VOC concentrations from surgeons, residents,scrub nurses, and circulators. For
area exposure measurements, five samplingmedia were used to collect VOCs and
non-VOCs as follows: 1) soda lime sorbent tube for hydrogencyanide (NIOSH method
6010), 2) XAD-2 (2-hydroxy-methyl piperidine) sorbenttube to detect acrolein (OSHA
method 52), 3) 2,4-dinitrophenylhydrazine coatedsilica gel tube for formaldehyde and
acetaldehyde (NIOSH method 2016), 4)polytetrafluoroethylene filter preloaded with XAD-2
to detect polynucleararomatic hydrocarbons (NIOSH method 5506), and (5) TD tube to
measure VOCs (EPATO-17).

Airborne particle concentrations were measured usingseveral direct-reading instruments
(DRIs). A condensation particle counter (CPC, model 3007, TSI Inc.) was usedto measure
total particle number concentrations with a measurable size range of0.01-1.0 pm.
Particle size distributions by number were measured using ascanning mobility particle
sizer (SMPS, model 3034, TSI Inc.; size range 10-414nm) and an aerodynamic particle
sizer (APS, model 3321, TSI Inc.; size range0.5-20 pm).

In addition, the airborneparticles were collected with inhalable samplers (IOM, SKC Inc.)
loaded withpolycarbonate filters to characterize the morphology of particles and
determinechemical components using a field emission scanning electron microscopewith
energy-dispersive X-ray spectrometry (FESEM model S4800; Hitachi HighTechnologies
America).
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During surgeries, EC wasused intermittently and capturing particle number
concentrations representingthe EC use was very difficult even we recorded the EC time
during surgeries.Thus, for the CPC data analysis, we selected the upper 5% of particle
numberconcentrations for the relative comparison of concentrations among
differentsurgery types and suction types. One way analysis of variance was
implementedto compare particle number concentrations by surgery and suction types
with asignificance level of 0.05.

Results/conclusions

The total particle number concentration was thehighest for NS (16,932 particles/cc),
followed by SA (7,673 particles/cc) andSE (7,363 particles/cc), regardless of surgery
types. Statistically significantdifferences were observed between SE/SA and NS (p-value
< 0.05), while nodifference was shown between SE and SA. These results indicate that
the SE andSA would considerably reduce workers’ exposure to aerosolized
particlescompared to the NS. By surgery types, the total particle number
concentrationswere 19,755 particles/cc, 7,780 particles/cc, and 5,481 particles/cc for
OCS, T&A, and OPS, respectively. This observation can be explained by the timeof EC
use, which the average EC time was 18 minutes for OCS, 12 minutes forT&A, and 5
minutes for OPS.

The particle size distributions by number showedsimilar shapes for all suction types
with slight changes of diameter showing peakconcentration (either 86.6 nm or 1155
nm). The peak number concentration forNS was considerably higher than that of SE
and SA for all three surgery types, revealinghigher total particle number concentration.

For VOCs, both personal and area exposure samplesdetected 24 chemicals (e.g.,
benzene, chloroform, xylene, styrene, toluene). Themajority of samples showed
concentrations between the limit of detection (LOD)and the limit of quantification (LOQ).
For the chemicals having occupationalexposure Ilimits (OELs), all measured
concentrations were considerably lowerthan the corresponding OELs. For the non-VOCs
(i.,e., HCN, formaldehyde,acetaldehyde, acrolein, anthracene, and chrysene), most samples
showed concentrationsless than LOD or between LOD and LOQ and all measurements
were considerablylower than the lowest OEL of three agencies, OSHA, NIOSH and
AmericanConference of Governmental Industrial Hygienists. Overall, for both VOCs
andnon-VOCs, no pattern of exposures levels was observed across the suction types(i.e.,
SE, SA, and NS).

The electron microscope analyses revealed that the shapeof particles emitted from
surgical smoke was amorphous and most of them werecarbon and oxygen with other
elements including aluminum, nickel, chloride,iron, calcium, manganese, sulfur, copper,
and chromium.

In conclusion, some VOCs and non-VOCs that are knownto cause adverse health effects
were detected from field surveys but the concentrationswere considerably lower than
the corresponding OELs. In addition, because of noexposure pattern across the suction
types, it is difficult to conclude thatthese chemicals were byproducts generated from
the surgical procedures using EC.On the other hand, the SE and SA showed
substantially lower particle numberconcentrations compared to NS. The surgical masks
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currently available would notprotect healthcare workers because those are designed to
protect patients. Thus,the findings of this study suggest using SE or SA to mitigate
healthcareworkers’ exposure to airborne particles generated during surgical procedures.

Practical application — How will this help advancethe science of IH/OH?

This is a field-based assessment of surgicalsmoke. We measured concentrations of
aerosolized particles, VOCs and non-VOCsusing various equipment and characterized
particle morphology. The findings ofthis study will increase the awareness about
occupational exposures to surgicalsmoke for the healthcare workers. Occupational
professionals and otherstakeholders (e.g., American college of Surgeons, American
SurgicalAssociation, American  Society of Breast Surgeons) can encourage
healthcareworkers (especially, surgeons) to implement smoke-evacuator
pencilelectrocautery or cautery with suction held by an assistant to mitigatehealthcare
workers’ exposure to particles generated during surgical procedures.Based on the
findings of this study and other previous studies, communicationtools (e.g., infographics,
blog) can be developed and used for trainings forhealthcare workers.
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KOSHA A7) % Lessions Learned in Morgantown NIOSH

NIOSH-KOSHA Collaboration in 2023

1. KOSHA [Korea Dccupational Safety and Health Agency)

O vision and Mission
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L | --’.'g
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Lessons Learned in NIOSH in 2023

Laboratory Test To characterize
particies generated during sanding 5
of BMNT |Boron Mitride Mano

Tubes)-Epaxy Compaosites

ﬂ Weathering Effact Test To i MIOSH Paper with KOSHA Staff

- B characterize particles after P

simulzting real-world scenarios of

NENOCoMposite EXposurs to — e '

environmental factors.

; e — -
.I-‘\'.
- k : |
Respirable Particle Selection To e 1
i ¥ .
axtract respirable fractions for | B ¥
L]

toxicology studies

2. Surgical Smoke Proj

Purpose: To 33sess occupational exposures to particles, volatile organic Fapers published by NIOSH researchers

E S X
3 T : g S —— |
» -]
-y
S wheha-avi e pend] O S8 EC with st in el by anaiioanm N EC M"Ir-.;l.'. —.;.‘-r'--lu
Poster accepted for AlHce 2024 MIOSH Sites' Tour {Cincinnati, Pittsburg)
o AEHA [ , o
_-CGIH NECT parisqnrta il \Who's Mext? E
n : p ek * Mzme: Lee, HYE IIM (Senicr Researcher) ™

= O5HRI in Daejeon, South Korea

= Duration: 1 year [Dec. 2023 — Dec. 2024)

Thanks to Feld Study Branch in Morgantown, NIOSH and thank you for your hospitality. From Kim, SUNGHO
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A X 9] RespirableFraction Dust Separation Procedures

Fraction Dust

After chamber study, we gathered BMNT (0%, 1%, 4%) bulk samples. For toxicology study with Todd, |
imolement to separate total bulk sampies to respirable fraction partide samples.

1 Procedurss for respirable fraction particle separation
1) Cperation procedures of the particle separation chamber

a
b

an

Open the lid of a chamber, pour BNNT bulk sample inta #. then close it tighthy
Place filter on the hofder, and spin bolts upon on the upper surface with your hand
while another hand should push on the surface of part.
Turn on the computer, then run DS5-V3 program.
Sat iip the experimant parameters as Follow
Acc-Gen Flow (in case of this, 18 LPM)]
- Wenturi Main Flow (in case of this, 13 LPM)
* After setting the Tlow, the total flaw rate is 30-32 LPM.
Acc Gen Amplitude (Volts) (in case of this, range from L5 to 2 V) for operating the:
wibration chamber
- Time setling (in case of this, 2-2.5 howrs or more)
Befare the click nun button, checks as follow:
- Make sure cyclone top is on
- Make sure filter holder is closed.
- Make sure alr and vac. Valves are open.

Start to operate the chamber of respi fraction particie

Bespirable particle collection

b.

B

i
B

Repeat to collect the respirable particles from BNNT (0%, 13, 436} samples respectively unlil]

‘Wait until the concentration level is safe to collect particies.

Rernove top of cyelone carefully, then tap tubing connected to tog of cyelone for more

respirable particles colkection

- Blow compressed air very slowly flow rate into the tubing towards filter

Pre-wizight conical tube and labeling on the surface of it

Remnove the top of a filter holder carefully.

= Usea small spoon to skowly collect the particles from the edges of the holder and
drip it onto the filter

Use a small spoon with a collecting device to supper stowly collect particles upon the

filter and put it into the conical tube.

FPose-weight of respirable partices.

After finishing the collection of it, then clean the parts of them.

as much as i can keep it

_72_

2. Cleaning procedures
1} Full cleaning lonly change the materials)

n

Discannect the collection filter part. For disconnect ane, you can pin bolts upon on the
upger surface with your hand while ancther hand shiould push on the surface of part
Used filter will be thrown away with a tweezer.

Discannect all tubes after the vibration chambers. Depending on the materials, some

tubes will be changed, but normally abée to dean

Disassemble the part of cyclone, a ventun stage, and a dust monitor.

- ‘When diconnecting on the upper part, be careful to open it nat for being exposure
ta fine particles.
Inside of the cyclone and a dust monitor, use 2 vacuum cleaner for remaving
particles roughly
For & ventusi ctage, use wrench to disconnect parts.

D h upon the i
- Getrid of fid upon the surface.
- Use the vacuum cleaner before disconnecting between a chamber and 2 generatar.

All of them will be washed with water and a detergent. After washing them, dry and

wifee with tissue, For perfectly drying, use an sir compeessar.

Assemible all of parts, aftas fully drying

For preventing air leakage, use sealing tape (white one} on the venturi stage.
- For essily reopen the lid and disconnect of parts, use grease with lid of chamber
and parts on cyclone.

aerosol

2} Partial cleaning (same materials)
Disconnect between cyclone and tubing connected to upper part with hand carefully
and back part of it using a proper wrench
Use vacuum cleaner to suck out partickes which put around of upper cyclone part
and inside of it
- Inthet cese, no need to cleen it with water, only use & vecuum cleaner.
. hssemile all of parts.
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Occupational exposures to particles, volatile organic compounds,

and other chemical compounds from surgical smoke
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Introduction

According to the Occupational Safety and Health Administration (OHSA), an estimated
500,000 healthcare workers (surgeons, nurses, anesthesiologists, and technologists) are
potentially exposed to surgical smoke, or surgical plume (SP) and every year about 20 million
healthcare workers have used anesthesia for undergoing surgeryl. The risk of exposure to SP
has been increased over the past 20 years2. These days, electrocautery (EC) is widely used
for cutting tissue and decreasing bleeding throughout small blood vessels3, 4. Using EC can
be reduced surgery cost, operation time, blood loss during surgery, and postoperative
complicationsb. Due to the technique of high temperatures of EC to heat human tissue,
surgical smoke which included in biological particulates by-products of tissue and mixture of
chemical compounds is generated during surgery4, 6. Most of mixed chemicals of SP consist
of water vapor and burning by-products, 95%, 5% respectively7, 8.

The potential health effects of people who are exposure to SP are pulmonary irritation,
inflammation, transmission of infection, genotoxicity, respiratory symptoms (lump in the throat
and sore throat), acute headaches, dermatitis, epiphora, cough, foul hair odor, nausea,
drowsiness, dizziness, sneezing, and rhinitis9-14. According to the National Institute for
Occupational Safety and Health (NIOSH) report of Health Hazard Evaluation (HHE) on SP,
healthcare workers who are repeatedly exposure to SP have adverse effectl5, 19 and
mutagenicity of SP was emitted during reduction mammoplasty tasks20. There was chronic
inflammation of larynx and lungsl3, 14, risk of leukemia, congest pneumonia, bronchiolitis,
and emphysema?22, 23, inflammation, breast cancer, and released melanoma cells24-27 in
animal studies to exposure to SP. On the other hand, there was no evidence of airborne
cancer28, no transmission risk to human?2, and no toxicological effects in surgical smoke29.

Nanoparticles emitted from surgical tasks could reach the alveolar region and cause adverse

respiratory health effects (e.g., pulmonary inflammation)30, 31. In recent studies, particle size
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distribution of SP was variety ranged from 9 to 160 nm depending on the surgery type and
duration4, 32-35. Particle number concentration of SP was 60,000 or over 106 particles/cm3
during surgeries36, 37, 900-54,000 particles/cm3 33, 2-490,000 particles/cm3 37, 1,600-8,700
particles/cm3 35, 300-3900 particles/cm3 4. The particle shapes were amorphous, which
composited mostly water or steam from cellular fluid and some samples were not identified as
a nano particle size7, 33, 35, 38.

In some studies, acetaldehyde, ethanol33 and isopropyl alcohol33, 39, benzene, ethyl benzene,
styrene, carbon disulfide, toluene40 were relatively high concentration of emitted surgical
smoke comparted to other chemicals. In addition, several chemicals such as acrolein,
acetonitrile, polyaromatic hydrocarbons (PAHs), hydrogen cyanide (HCN), xylene were detected
in previous studies3, 7, 9, 41-46. There are at least 150 chemicals identified in SP47, 48,
which some chemicals are either confirmed (e.g., acrolein, acetonitrile, benzene) or suspected
(e.g., formaldehyde) human carcinogen3, 9, 44-46, 49, 50, and confirmed animal (e.g.,
acetaldehyde)50 with unknown relevance to humans. Even many chemicals of SP were
detected during the surgery procedure, but none of them exceeded the corresponding
occupational exposure limits (OELs)35, 40, 51.

In 1996, National Institute for Occupational Safety and Health (NIOSH) recommended the use
of smoke evacuators and combination of general and local exhaust ventilation (LEV) to
mitigate healthcare workers’ exposure to SP. Nevertheless, the use of smoke evacuators and
LEV has not been widely accepted in hospital settings64. Because of noise, surgery distraction,
and ergonomic issues of smoke-evacuator pencil, healthcare workers maybe hesitate to use it
during the surgical tasksb2. For that reason, healthcare workers work with suction held by
an assistant for removing surgical smoke included blood, and other debris from the surgery
works. This is also not a complete solution, as it interferes with the view of surgeons and
depending on the experience of the assistant may not be removed the surgical smoke well53,
54.

Many researchers have done literature review for the surgical smoke studies3, 9, 44, 55, but
several studies of particulates and gases of SP were experimental or small size-study and did
not fully assess the effect of smoke-evacuator pencil5b. The study defined the
smoke-evacuator pencil was the most effective for removing aerosolized particles to
healthcare workers, but there was not statistically difference among groups because of the
small sample sizeb6. In addition, a few studies evaluated particle size distribution of surgical
smoke35. Operation room facility is not considered to set up the local exhaust ventilation
(LEV). Furthermore, healthcare workers wear a surgical mask for undergoing surgery tasks29.
Surgical smoke control surveys shown that fewer OR facility did not have engineering controls
for decreasing surgical smoke exposure to healthcare workers29, 57. So, they have no
protection from emitted surgical smokes. Based on the surgical smoke studies, we need to
provide any guideline to healthcare workers.

This study was conducted to assess occupational exposures to particles, volatile organic
compounds (VOCs), and non-VOCs from SP generated during surgical procedures. The

purpose of this study was to characterize the particulates, VOCs, and non-VOCs from surgical
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smoke during different types of surgeries and compare the effect of different type of suction
methods.

Method
Surgical Smoke Generation during Different Types of Surgery

This study had been implemented from 2016 to 2018 and was approved by the Institutional
Review Board in West Virginia University. Exposure assessment of SP was done during the
three different types of surgery, pediatric tonsillectomy (TY), orthopedic surgery (OPS), and
oncology surgery (OCS) in this study. As shown Table 1, the total number of surgeries was 65
cases — 33 for TY, 12 for OPS, and 20 for OCS. Body parts include shoulder, backbone,
pelvic, and lumbar for OPS and breast and abdomen for OCS. The EC suction types were
categorized to 1) smoke-evacuator pencil EC (SE); 2) EC with suction held by an assistant
(SA); and 3) EC without smoke removal (NS). The number of surgery cases for SE, SA, and
NS was 13, 8, and 12 cases, respectively, for TY, 0, 11, and 1 cases, respectively, for OPS,
and 4, 9, and 7 cases, respectively, for OCS. Surgery times varied depending on the types of
surgery, ranging 3-19 minutes for TY, 22-269 minutes for OPS, 14-461 minutes for OCS.
Similarly, EC times also varied, ranging 2-12 minutes for TY, 1-40 minutes for OPS, and 9-46

minutes for OCS.

Exposure Sampling
Airborne particle concentrations were measured using several direct-reading instruments

(DRIs). A condensation particle counter (CPC, model 3007, TSI Inc.) was used to measure total
particle number concentrations with a measurable size range of 0.01-1.0 pm. Particle size
distributions by number were measured using a scanning mobility particle sizer (SMPS, model
3034, TSI Inc.: size range 10-414 nm) and an aerodynamic particle sizer (APS, model 3321,
TSI Inc.; size range 0.5-20 upm). Background concentration of collecting samples were
measured in each operation room before and after surgery procedures. In case of one
surgeon which was undergo several cases continuously, it is impossible to collect background
concentration because between the cases healthcare workers did clean and prepare for the
next surgery. Therefore, we measured background concentration prior to the first case daily.
Some background concentration of airborne particles was error to collection data from DRISs,
in that case we used the data from same surgeon and operation room. All data of particle
number concentration and size distribution was corrected by background concentration of
airborne particle. In addition, the airborne particles were collected with inhalable
samplers (IOM, SKC Inc.) loaded with polycarbonate filters to characterize the morphology of
particles and determine chemical components using a field emission scanning electron
microscope with energy-dispersive X-ray spectrometry (FESEM model S4800; Hitachi High
Technologies America).

Personal exposure samples were collected with thermal desorption (TD) tubes to measure
VOC concentrations from surgeons, residents, scrub nurses, and circulators. For area

exposure measurements, five sampling media were used to collect VOCs and non-VOCs as
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follows: 1) soda lime sorbent tube for hydrogen cyanide (NIOSH method 6010), 2) XAD-2
(2-hydroxy-methyl piperidine) sorbent tube to detect acrolein (OSHA method 52), 3)
2,4-dinitrophenylhydrazine coated silica gel tube for formaldehyde and acetaldehyde (NIOSH
method 2016), 4) polytetrafluoroethylene filter preloaded with XAD-2 to detect polynuclear
aromatic hydrocarbons (NIOSH method 5506), and (5) TD tube to measure VOCs (EPA TO-17).
Field blank samples were collected at the end of sampling and those samples were analyze by
the contract laboratory with NIOSH.

We stayed in the operation room at the same time and recorded information of surgery,
cautery time, type of smoke evacuator, surgery part of body.

Statistical Analysis
Particle number concentration subtracted background concentration first, then One-way

analysis of variance (ANOVA) test was performed to determine the effect of different types of
surgery and smoke-evacuator by comparing airborne particle number concentrations
measured by CPC. Followed by Tukey test was conducted for pairwise multiple comparisons
using SAS software (SAS System Version 9.4; SAS Institute, Cary, North Carolina). During
surgeries, EC was used intermittently and capturing particle number concentrations
representing the EC use was very difficult even we recorded the EC time during surgeries.
Thus, for the CPC data analysis, we selected the upper 5% of particle number concentrations
for the relative comparison of concentrations among different surgery types and suction
types. One way analysis of variance was implemented to compare particle number
concentrations by surgery and suction types with a significance level of 0.05. In addition, for
determining the relationship between particle number concentration and EC time, Pearson
correlation coefficients were performed in this study. Boxplot, scatter plot, and multiple
straight lines was performed by using Sigma Plot Software 14.0 (Systat Software Inc., USA).

Result

Sixty-five patients of surgery were set to the 3 different types of surgeries: 33 cases of
tonsillectomy, 12 cases of orthopedic surgery, and 20 cases of surgical oncology. Table 1
summarized type of surgery, number of surgeons, cases, suction type, surgery time, EC time

and EC setting conditions.

Aerosolized Particle Characterization by Types of Surgery and Pearson
Correlation between Particle Number Concentration and Cautery Time

Aerosolized particle number concentration measured among different types of surgery during
the surgical procedures as shown Table 2 and Figure 1. The upper 5% particle number
concentration was the highest for surgical oncology (16,998 particles/cm3), followed by
tonsillectomy (7,673 particles/cm3), and orthopedic surgery (8,877 particles/cm3) regardless of
suction types. For upper 5% of particle number concentration, the concentration of surgical
oncology was higher than TY and OCS (P = 0.039). According to the Tukey's multiple range
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test for specific differences between pairs of means, statistically differences between the
surgical oncology and 2 different surgeries, while no difference was shown between TY and
OCS (Figure 1).

Particle size distribution measured by a scanning mobility particle sizer (SMPS) and an
aerodynamic particle sizer (APS) is shown in Figure 2. The peak of particle number
concentration was 86 nm among all types of surgery. In case of surgical oncology, there was
second peak at the 15 4 nm, but 2 surgeries were not peak at this particle size range (Figure
2).

This observation can be explained by the time of EC use, which the average cautery time
was 4 (2-12) minutes for TY, 9 (1-40) minutes for OCS, and 21 (9-46) minutes for OPS.
Surgical time and cautery time in OCS was higher than other types of surgery. However,
there is not statistically significant difference between particle number concentration and
cautery time (Table 2); only OCS showed a moderate correlation (Pearson correlation
coefficient = 0.312), while TY showed negative correlations and OPS showed no strong positive

correlations.

Aerosolized Particle Characterization by Types of Suction

Aerosolized particle number concentration measured among different types of suction during

the surgical procedures as shown Table 3, 4 and Figure 3, 4. The upper 5% particle number
concentration was the highest for NS (TY: 15,967 particles/cm3, OCS: 30,859 particles/cm3)
followed by SA (TY: 3,018 particles/cm3, OCS: 7,640 particles/cm3) and SE (TY: 1,231
particles/cm3, OCS: 4,509 particles/cm3). Upper 5% of particle number concentration of NS in
tonsillectomy was higher than SE, SA in tonsillectomy (P < 0.05). According to the Tukey's
multiple range test for specific differences between pairs of means, statistically differences
between NS and 2 different groups (SE, SA), while no difference was shown between SE and
SA in TY and OCS (Figure 3, 4).

Particle size distribution measured by a scanning mobility particle sizer (SMPS) and an
aerodynamic particle sizer (APS) is shown in Figure 5. The peak number concentration for NS
was considerably higher than SE and SA in TY. The peak number concentration for NS and
SA was considerably higher than SE in OCS, for NS was the highest peak at 15.4 nm, but
other doesn’t (Figure 5). Figure 6 shown that maximum particle number concentration of each
case by a CPC for SE was higher than that for SA and NS in TY and OCS (P < 0.05). These
results indicate that the SE would considerably reduce workers' exposure to aerosolized
particles, followed by SA.

Volatile Organic Compounds (VOCs) and Non-VOCs

VOCs and non-VOCs collected separately for personal and area exposure samples, but there
was not a difference between both, so Table 5 showed concentration of VOCs and non-VOCs
detected among types of surgery. 24 chemicals (e.g., benzene, chloroform, xylene, styrene,

toluene) were detected for VOCs and 11 chemicals (e.g., HCN, formaldehyde, acetaldehyde,
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acrolein, anthracene, and chrysene) were detected for non-VOCs among types of surgery, TY,
OPS, and OCS (Table 5). Most samples showed concentrations less than LOD or between the
limit of detection (LOD) and the limit of quantification (LOQ). For the chemicals having
occupational exposure limits (OELs), all measurements were considerably lower than the lowest
OEL of three agencies, OSHA, NIOSH, and American Conference of Governmental Industrial
Hygienists (ACGIH). Overall, for both VOCs and non-VOCs, no pattern of exposures levels was
observed across the surgery types (TY, OPS, and OCS).

Discussion

This is a field-based assessment of surgical smoke. We measured concentrations of
aerosolized particles, VOCs and non-VOCs using various equipment and characterized particle
morphology. The findings of this study will increase the awareness about occupational
exposures to surgical smoke for the healthcare workers. Occupational professionals and other
stakeholders (e.g., American college of Surgeons, American Surgical Association, American
Society of Breast Surgeons) can encourage healthcare workers (especially, surgeons) to
implement smoke-evacuator pencil electrocautery or cautery with suction held by an assistant
to mitigate healthcare workers exposure to particles generated during surgical procedures.
Based on the findings of this study and other previous studies, communication tools (e.g.,
infographics, blog) can be developed and used for trainings for healthcare workers.

According to the previous study, healthcare workers were exposure surgical smoke at very
high particle number concentration among the surgical procedure (adhesiolysis, tumor
removal, hemihepatectomy, mesh hernial repair, biliodigestive anastomosis, laparoscopic
appendectomy). Average particle number concentration measured by CPC in regardless of

suction types was varied from 74 to 12,200 particles/cm?® .

The average particle number
concentration of surgical smoke of emitted from human tissues among SE, SA, NS was
respectively 1600, 1900, and 8700 particles/cm® measured by a condensation particle counter,
CPC. The highest particle number concentration of NS was 510,000 particles/cm?® measured
by CPC®. In surgical procedure such as hip replacement surgery, nephrectomy, breast
reduction surgery, abdominoplasty, transutheral urologic resection procedure, Average particle
number concentration measured by a fast mobility particle sizer, FMPS in different types of
surgical procedures was varied from 300 to 3,900 particles/cm® where abdominoplasty
(surgical oncology in our study) had the highest of the particle number concentration and
hip replacement surgery (orthopedic surgery in our study) had the lowest’. This result of the
particle number concentration was the same as our result of study. Average particle number
concentration of surgical smoke which was emitted from fresh human breast tissues
measured by the CPC ranged from 900 to 54,000 particles/cm® in the real operating rooms®.
The type of surgical tasks is surgical oncology, compared to my study, that one was the
highest of particle number concentration than other surgical procedures (tonsillectomy,
orthopedic surgery). Our study investigated suction types and separated several groups as a
smoke-evacuator pencil EC, EC with suction held by an assistant, and EC without a smoke
removal. As a result of study, NS group was higher of particle number concentration than
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other groups (SE, SA) in the tonsillectomy and surgical oncology. In case of orthopedic
surgery, we were not able to do statistically difference in few numbers of samples.

Using the lamb muscle tissue, generated surgical smoke in the chamber, tested the
respiratory protection and physical characterization of particles. As a result of this study,
particle size distribution was between 60 to 150 nm **. The average count median diameter of
particle size distributions measured by a scanning mobility particle sizer (SMPS) was different
among 45 nm for control with smoke-evacuator, 62 nm for wall suction unit, and 85 nm for
without smoke-evacuator respectively®. Domination mode of abdominoplasty and breast
reduction was respectively 80.6 nm, 69.8 nm * The average count median diameter of particle
size distributions measured by a scanning mobility particle sizer (SMPS) in 6 different

3 In our study, surgical oncology included abdominoplasty

conditions ranged from 90-94 nm
and breast surgery and the mode of them was 86.6 nm. In our study, also the highest peak
of particle number concentration was 86.6 nm in all surgery. In comparison of suction types
at each type of surgery, only surgical oncology, the highest peak of particle number
concentration was 15.4 nm, 86.6 nm was secondary peck. Previous study showed that the

4 %865 Tn our study, the cautery time was less than 1

cautery time about 1 hour or less
hour (ranging 2-12 minutes for tonsillectomy, 1-40 minutes for orthopedic surgery, and 9-46
minutes for surgical oncology). Cautery time and number concentration was no correlation in
this study.

Based on the previous studies and our study, the particle number concentration of surgical
oncology of surgical procedure was the highest and without a smoke removal the number
concentration was higher than other surgeries (tonsillectomy, orthopedic surgery). There are
not statistically significant different of particle number concentration between tonsillectomy
and orthopedic surgery. However, depending on the experience of assistant held the
smoke-evacuator, the particle number concentration was varied [00], when assistant held
evacuator near by the surgeon, surgeon obstruct to see the surgical part during surgery. And
also, a smoke-evacuator pencil of cost ($30) compared to normal one ($10). And also similar

% When healthcare workers exposure the surgical smoke, adverse health effect

size of them
experienced on the many previous studies’'*. For reducing the risk of health effect, it should
be a cost-efficient way to use a smoke-evacuator pencil.

Based on the previous and this study, during the surgical procedure, nano-sized particle was
emitted from surgical smoke. Nano-sized particle exposure is unknown for the health effect.
So, we need to reduce to be exposed to the surgical smoke for preventing heath effect
emitted from surgical tasks.

In the operation, not enough to fully reduce surgical smoke in the operation room. For
protecting healthcare workers, respirators are necessary to were in the operation room during
the surgical procedure. However, now surgical masks are not fully protecting nano size
particulate. Therefore, instead of surgical masks, need to be respirators with more higher
protection factor than surgical masks. Surgical masks are not able to filter effectively about

59-62

certain particulate size (less than 5 um)® . Based on the previous and our study, nano

size particles (<100 nm) were emitted from surgical smoke we found. N95 mask can protect
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from surgical smoke to healthcare workers and showed 200 times more higher protection
factor compared to the surgical masks for 10 individual people study* ©.
Smoke evacuators and high-efficiency filtration masks/respirators can help to prevent the

transmission of infectious agents®.

Conclusion

This is a field-based assessment of surgical smoke. We measured concentrations of
aerosolized particles, VOCs and non-VOCs using various equipment and characterized particle
morphology. The findings of this study will increase the awareness about occupational
exposures to surgical smoke for the healthcare workers. Occupational professionals and other
stakeholders (e.g., American college of Surgeons, American Surgical Association, American
Society of Breast Surgeons) can encourage healthcare workers (especially, surgeons) to
implement smoke-evacuator pencil electrocautery or cautery with suction held by an assistant
to mitigate healthcare workers’ exposure to particles generated during surgical procedures.
Based on the findings of this study and other previous studies, communication tools (e.g.,
infographics, blog) can be developed and used for trainings for healthcare workers. Some
VOCs and non-VOCs that are known to cause adverse health effects were detected from field
surveys, but the concentrations of all VOCs and non-VOCs detected during surgical
procedures were considerably lower than the corresponding occupational exposure limits. The
surgical masks currently available would not protect healthcare workers because those are
designed to protect patients. Thus, the findings of this study suggest using SE or SA to
mitigate healthcare workers’ exposure to airborne particles generated during surgical
procedures.
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Tables

Table 1. Summary of number of surgeons, cases, the duration of surgery time, cautery time, and
type of smoke evacuation among type of surgery.

Tonsillectom  Orthopedic surgery

Type of Surgery v (TY) (OPS) Oncology surgery (OCS)

No. surgeons 1 3 5

No. of surgery (Cases) 10(33) 9(12) 15(20)

Surgery time (Mean).  3.19(7) 22-269(105) 14-461(178)

Cautery time  (Mean). 5 jp(4) 1-40(9) 9-46(21)

Surgery part of body Tonsil (33) Neck, shoulder, Abdomen (include liver,

(N) pelvic, aznd) lumber intestine), breast (20)
12

Type of SE 13 - 4

s m o k e gp 8 11 9

evacuation* NS 12 ! 7

Abbreviations: SE, smoke-evacuator pencil EC; SA, EC with suction held by an assistant. NS,
EC without smoke removal: TY, tonsillectomy: OPS, orthopedic surgery. OCS, oncology
surgery. No., number; N, number.
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Table 2. Summary of particle number concentration (particles/cm®) measured by a condensation particle counter, CPC (total, upper
5% data) among types of surgery.

Total particle number Upper 5% Particle number Pearson

Types No. concentration, Pearson concentration, correlatio
0 f of Cautery particles/cm?® correlation particles/cm? n p
surger case time (Mean), coefficient P Value coefficient Value
y s min Range ? Mean (SD) P ¢ Range ? Mean (SD) b ¢
TY 30 2-12(4) 23-13,218 3,135(3549) -0.344 0.170 97-38,004 7,424(9,416) -0.321 0.039
OPS 493-24,84

12 1-40(9) 28-2,966 622(844) 0.130 9 4,877(6,605) 0.129
0Cs 692-88,90

16 9-46(21) 23-33,932  4,174(244) 0.312 0 16,998(21,967) 0.283

Abbreviations: TY, tonsillectomy; OPS, orthopedic surgery. OCS, oncology surgery. SD, standard deviation.
a It is an average particle number concentration of each case.

b Correlation between particle number concentration and cautery time.
¢ Comparison of particle number concentration among types of surgery.

Table 3. Summary of particle number total and upper 5% concentration (particles/cm®) measured by a CPC in TY.

Tonsillectomy
Type of No. Total concentration (particles/cm?) Upper 5% concentration (particles/cm3)
smoke of Pairwise
evacuatio case Range @ Mean (SD) p_vt?lue comparison Range ? Mean (SD) p—ev%lu Pairwise comparison °
n S c
SE 13 23-2,634 756(739) 0.000 A 97-3,368 1,231(924) 0.000 A
SA 8 125-3,498 1,488(1276) A 1476-5,323 3,018(1,508) A
NS g L2321 6 397(3534) B 4,995-38,004  15,967(9,909) B

Abbreviations: SE, smoke-evacuator pencil EC; SA, EC with suction held by an assistant; NS, EC without smoke removal; SD,
standard deviation.
a Range of particle number concentration of average particle number concentration in each case.
b Statical difference of particle number concentration among types of smoke evacuation (SE, SA, and NS).
¢ Identifying statistically difference between “A” and “B”.
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Table 4. Summary of particle number total and upper 5% concentration (particles/cm?®) measured by a CPC in OCS

Oncology surgery

Type of No. Total concentration (particles/cm?) Upper 5% concentration (particles/cm3)
smoke of Pairwise _value Pairwise
evacuati cas Range ? Mean (SD) p-value ® comparison Range * Mean (SD) p-valu comparison
on es c ¢

SE 4 628(1,115) 0-2,294 0.199 A 4,509(7,165) 0-15,047 0.055 A

SA 9 1,752(1,524) 0-4,818 A 7,640(7,305) 0-21,681 A

575-33,93 5,636-88,90
NS 6 8,084(12,743) 2 A 30.,859(31,493) 0 B

Abbreviations: SE, smoke-evacuator pencil EC; SA, EC with suction held by an assistant; NS, EC without smoke removal; SD,
standard deviation.
a Range of particle number concentration of average particle number concentration in each case.
b Statical difference of particle number concentration among types of smoke evacuation (SE, SA, and NS).
¢ Identifying statistically difference between “A” and °
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Table 5. Average exposure concentration (ug/m’) of volatile organic compounds (VOCs) and other chemical compounds among types
of surgery ?

Substance OEL, ug/m® Background Concentration TY OPS 0Cs

VOCs Mean SD CV Mean SD CV Mean SD CV Mean SD CV
1,2,3-Trichloropropane 125000 <LOD <LOD <LOD 0.2 -
1,2,4-Trichlorobenzene 125000 <LOD 0.4 - <LOD <LOD
1,2,4-Trimethylbenzene 125000 0.9 - 0.6 0.8 1.3 0.3 0.1 0.4 0.6 0.7 1.1
1,2-Dichloroethane 200000 <LOD <LOD <LOD 3.7 -
1,3,5-Trimethylbenzene 4920 <LOD 0.3 0.3 0.9 0.1 0.0 0.0 0.3 0.3 1.3
1,3-Dichloropropane 5000 <LOD <LOD <LOD <LOD
1,4-Dichlorobenzene 450000 <LOD 1.6 - <LOD <LOD
1-Propene NL <LOD <LOD 27.7 - <LOD
Benzene 319 2.3 2.0 0.9 1.1 1.2 1.1 1.4 0.9 0.6 1.2 1.0 0.8
Carbon tetrachloride 62900 <LOD 0.6 0.5 0.8 0.3 0.1 0.4 0.3 0.1 0.4
Chloroform b 0.9 0.3 0.4 1.1 0.8 0.7 0.8 0.7 0.9 0.5 0.2 0.5
Ethylbenzene 435000 1.1 0.6 0.5 0.6 0.4 0.7 0.7 0.7 1.0 6.2 17.1 2.8
[sopropylbenzene 245000 <LOD 0.3 0.0 0.0 0.3 0.1 0.4 0.3 0.2 0.6
Methylene chloride 86750 <LOD 16.7 30.0 1.8 2.3 2.9 1.2 0.7 0.6 0.8
m-Xylene and p-Xylene 435000 1.9 0.8 0.4 1.8 2.0 1.1 1.2 0.6 0.5 19.7 64.8 3.3
Naphthalene 50000 <LOD 0.4 0.2 0.6 0.4 0.4 0.8 0.3 0.2 0.8
n-Propylbenzene NL <LOD 0.2 0.2 1.2 0.0 - 0.0 0.0 2.1
o-Xylene 435000 1.5 0.9 0.6 0.7 0.7 1.0 0.6 0.3 0.5 7.6 21.5 2.8
p-Isopropyltoluene NL 2.1 - 0.6 0.3 0.4 0.4 0.2 0.6 0.4 0.2 0.5
Styrene 215000 2.3 - 0.4 0.1 0.3 0.5 0.4 0.8 0.6 0.9 1.5
Tetrachloroethene 678000 <LOD 0.4 0.4 1.1 0.3 0.1 0.2 0.5 0.5 1.0
Toluene 375000 781.5 1035.4 1.3 205.5 356.2 1.7 100.3 285.5 2.8 84.0 214.6 2.6
trans-1,2-Dichloroethene 790000 <LOD <LOD 3.6 0.5 0.1 <LOD
Xylenes, Total 435000 1.5 0.4 0.2 1.6 0.5 0.3 1.4 0.6 0.4 1.3 0.5 0.4

Non-VOCs <LOD
HCN 12100 14.5 - 7.4 6.2 0.8 8.2 7.7 0.9 10.31 7.472 0.7
Formaldehyde 19.7 5.7 55 1.0 5.8 4.022 0.7 150.34 508.846 3.4 84.09 355.489 4.2
Acetaldehyde 360000 9.1 9.054 1.0 14.27 11.786 0.8 78.39 193.435 2.5 19.54 23.512 1.2
Acrolein 250 5.7 5.7 10.25 8.012 0.8 8.66 3.62 0.4
Acenaphthene ¢ NL 1.7 0.051 0.0 1.55 0.275 0.2 2.74 2.757 1.0 1.96 1.677 0.9
Acenaphthylene © NL <LOD 1.22 0.998 0.8 0.74 0.4089 0.6 0.41 0.18 0.4
Anthracene 200 <LOD <LOD <LOD 0.04 -
Benzo(b)fluoranthene °© NL 2.3 1.829 0.8 <LOD 1.94 - 2.42 -
Benzo(e)pyrene © NL <LOD <LOD 0.2 0.141 0.7 0.27 -
Chrysene ° 100 <LOD <LOD <LOD <LOD
Fluorene NL <LOD <LOD <L.OD 4.33 6.052 1.4

Abbreviations: TY, tonsillectomy; OPS, orthopedic surgery. OCS, oncology surgery:; SD, standard deviation; CV, LOD, limit of
detection; NL, not listed; CV, coefficient of variation; OEL, occupational exposure limit.

a CV not listed if substance was detected in only 1 sample.
> No OEL for full-shift time-weighted average concentration present.
¢ Polycyclic aromatic hydrocarbons chemicals.
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Figure 1. Particle number concentration (particles/cm?®) of tatal and upper 5% data
measured CPC among types of surgery (Letters indicate statistically significant differences
below the boxplot).
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Figure 2. The average of particle size distribution measured by a scanning mobility particle
sizer (SMPS) and an aerodynamic particle sizer (APS) by types of surgery (tonsillectomy,
orthopedic surgery, and surgical oncology)
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Figure 3. Particle number concentration (particles/cm?® of tatal and upper 5% data
measured CPC in tonsillectomy (Letters indicate statistically significant differences below the
boxplot). SE: smoke-evacuator pencil EC, SA: EC with suction held by an assistant, NS: EC

without smoke removal
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Figure 4. Particle number concentration (particles/cm?®) of tatal and upper 5% data
measured CPC in Oncology Surgery (Letters indicate statistically significant differences
below the boxplot). SE: smoke-evacuator pencil EC, SA: EC with suction held by an
assistant, NS: EC without smoke removal
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