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Evaluation of Control Effectiveness
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ABSTRACT

Objectives: Surgical smoke is a complex mixture of hazardous agents generated by the thermal degradation of
tissue during the use of electrocautery devices or lasers. Prolonged and repeated exposure to surgical smoke may
lead to respiratory disorders, headaches, eye irritation, and other adverse health effects. This study aims to
quantitatively characterize the types and concentrations of major hazardous agents present in surgical smoke and
to evaluate the efficacy of local exhaust ventilation (LEV) in reducing these exposures, thereby providing scientific
evidence to support the development of a safer surgical environment.

Methods: Surgical smoke was generated by applying an electrocautery device to porcine tissue. The
concentrations of hazardous agents were evaluated under three scenarios: (1) background conditions
(Background), (2) LEV not in use (LEV OFF), (3) LEV in use (LEV ON).

Results: The surgical smoke contained hazardous agents, including particulate matter (PM), volatile organic
compounds (TVOC), carbon monoxide (CO), and hydrogen sulfide (H,S). Concentrations of these agents were
significantly elevated during surgical procedures. The use of LEV resulted in a significant decrease in the
concentrations of all hazardous agents, with CO and H,S concentrations dropping to non—detectable levels.

Conclusions: The installation and proper use of LEV should be incorporated into surgical safety standards in
operating rooms. Furthermore, policy discussions are necessary to move beyond advisory guidelines and pave the
way for mandatory future implementation.

Key words: Surgical smoke, local exhaust ventilation, occupational health, operating room safety, hazardous agents
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Hejehd fAel 1y W HEo| ARRE= ZEAT| o}
At ELF opipRE ALY =27
3t uiHAl 5 FYUA VAl 2E2E S5 leH &
FEEYH|5}0] 1+ A=A oEHZAolE,
WiskeEs 5 AFA, EdAE k2d & Ao
(Dumas et al., 2017).

i S giAo R 3 dA7s AiFoR Aghy
old, £3] A7|pE7] ARA] EAS= A71%1 &%17]
(Surgical Smoke, electrosurgical smoke, surgical
plume)ol] thgt 4l A= oHs] FEsht &7|+=
Z7142KElectrocautery), #|°|A 4=&(Laser ablation),
Z21} A7l(Ultrasonic dissection) 59 $&7|145 %
2o AR off W¥sk=s Q7= ofe7A] foflEdS 2
3t 4= QltHZhou et al., 2023). TJAHZ](Particulate
Matter, PM), & 3&A f7183=(Total Volatile
Organic Compound, TVOC), YAts}etA(Carbon
Monoxide, CO), &34 (Hydrogen Sulfide, HyS),
o] RE(Microorganism) §°| ATt (Benaim and
Jaspers 2024). =4 oA o2fgt foiEdEe] A71
HHEA o2 LEEE A9 Y19 el AAE<
oFgskS u)E 4= It Okoshi et al., 2015). JH =
E61L V|8 ARl A4l 357] =oldA &
e FFA Tlolgrt me FES AFo|tH(Ulmer,
2008).

Feaolgts E3 4 tlEo] dA7AY A=

FE A4 AmolAY 9=R19] 3571 Yx7F oid
7] PPAE B2 AP A 3] T sEE S
Aot wL 7 5 o|%3 9k Briiske-Hohlfeld et al.,
2008). T3 =471 X|(Local Exhaust Ventilation,
LEV)Q] A7t Azt gt A= A2l §lo] 2l57|ollA
LEVE &3 7149 28/3E AAlsk ol eA7L ATt
E3 EA717F flsi8lolE= Ql4Ao] ARt o o
o= A XSt 9% BAZE EiaEtHMichaelis et
al., 2020).

mEba & AoA= =Rl 87| =o|(¢Ed
7] YAH O 2 RE 9F 30 cm AF)oA =&A7]
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Figure 1. Schematic illustration of surgery experiments
using electrocautery
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Patient Electrode Plate), HH|(Bovie) 59 F&E 02
Tg=lo] Ut

2) A7 |HK]

A F WS =719 AA a3E 37| 9
3 o]s4 ZAH|7|AX|(Model RG-6000, Regeni,
Korea) & AR&stoloH, AHd A== A9 EZ o
71F2 F 4.7 m/mino|th. Aol&EE 1.0 m/s%
o = 7] SRR gt 7ol HiA]|

3) PM &3 FH|

A9 F W8T 2719 PMO] v ¥ JAFREE
SA57] 9o FARE] Fo8 YRHEA7](Portable
Aerosol Spectrometer, Model 11-A, GRIMM
Aerosol Technik, Germany)E ©]-835}%it}. g 34|
£ 59l PM1, PM2.5, PM10 Al 7F4] 37] Fi7te & B
slo] 7 AR 6% 705 HolHE aslo] &
AbEstit.

AY F T =&A719 TVOCS] 55 S5
A5l Foh-g Fol3t A=71(Portable Photoionization
Detector, PID; ppbRAE 3000, RAE systems, USA)E
ARESEAIT. o] AHl= AAZe E TVOCY sk
ppbTAE HUE P 2t A= 1% 7HH0= 1
OBl & A5t L& AFESITE AH|9 B2 o]
AR 127 A(sobutylene 100 ppm) 2.2 AA|5}

Ay F R 59719 7MY B9 BEE S5
s17] Yol T8 E7tA HE7](Portable Multi-Gas
Detector, QRAE 3, RAE systems(USAYE ©]-&3t%{tt.
G AH)= AAZEOR CO, HyS, 0 55 43
SRS A YR wmeo] As At 7 AEEE
1% 7HA 0= Ho[eE 35t s E ARESISITE ]
9] A2 CO 100 ppm, HaS 25 ppm, O, 18%2] =7}
A2 AAEISH
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A Axbe thgat 2ok I A7 ero) HHlE
dZdsly AHdRE=(Pure Cut Mode)Z W1 7F:
(Intensity)5 1022 ZHsIATH70 W). =3 o)l =
A171E WiAgE o, HHE SR 7] g 5 2ol
AAAIFRTE. o]F o 22 AQAE Hiof A7|A27E
Ao 2N FEAVE S5 1 YA FT

o] A2 FAHZ|FAE v|iks et A5 AH

5 =
A b7 oAHE Briskt AAZE S 4]

4. Xt2 &M

FAESL R(version 4.5.2)5 5ol X3PotAict. Z+
AY gA A 2HE 12 B 62 ©99 AAZE b
ol BA B4 mEOE ARSI =A%
ARt Tk HlIE 7eEAEA
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1. FAHT|HX| AE ©2 7 FolQIA} S H|w
PM10, PM2.5, PM1, TVOC, CO, H:S 5 & 67§
=45 ddeE LEV 7k o%(OFF/ON)ol| oE =
T EAE Background, Surgery, Post Al 77to.&
J-B3lo] AASFAtHTable 1). 2 778 71&54=
Hh xR, SR, 5-95HESS, Yo w
BIEZ 7|&319h LEV OFF: 4% % 2988 &
L9 371 4 ¥ Hrleh] Rt 7IEie s &8
5}, LEV ON2 &Y 2704 LEV 7Fso] k&
Aol v|A= FF=Z B7I67] fste] AAISHA
LEV 7} offo] wt wkof Qlo] FEigh 2fol& Bl
t}. TVOCSQ] 79- LEV OFF AFefollA Background &&=
+ vlwE 3 Fg Aol o, Surgery A= B
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Table 1. Descriptive statistics of airborne contaminants by LEV operation across three temporal phases (Background, Surgery,

Post)
Background Surgery Post
. Mean n 5th—95th h 5th—95th " 5th—95th
Variable LEV (D) * Median crraie Max. Mean (SD) Median e Max. Mean (SD) Median srraile Max.
1.24 ~ 655.80 i 50.12 -
o1 OFF 0.63) 1.10 0.75-2.00 4.70 (523.65) 549.10 181.50-1,726.85 2,495.70 82.61) 6.10  3.00-188.45 415.60
0.43 i 3.79 i 1.20 i
ON ©.17) 0.40 0.30-0.60 0.80 (2.93) 2.95 0.79-9.36 14.20 (0.56) 1.10 0.50-2.52 3.10
119 ~ 624.15 i 49.86 -
. OFF 0.50) 1.10 0.75-1.85 3.70 485.47) 526.60 178.80-1,619.55 2,290.50 (81.85) 6.10  3.00-187.75 409.60
' 0.43 g 3.79 § 1.17 §
ON ©.11) 0.40 0.30-0.60 0.80 (2.93) 2.95 0.79-9.36 14.20 (0.47) 1.10 0.50-2.11 2.80
1.01 . 312.24 B 39.63 -
o OFF 0.19) 1.00 0.75-1.35 1.40 (132.65) 302.30 150.65-539.80 596.30 (57.91) 520  2.95-146.65 242.00
0.43 i 3.77 i 1.08 i
ON ©.11) 0.40 0.30-0.60 0.80 (2.92) 2.95 0.79-9.36 14.20 (0.30) 1.10 0.50-1.50 1.60
237.46 § 2,298.03 § 690.87 ~
o OFF (13.79) 237.00 225.70-253.00 255.00 (1.946.00) 1,796.00 767.55-5,356.90 13,357.00 (388.35) 592.50 448.95-1,211.60 3,251.00
438.28 § 582.41 ~ 624.55 i
ON (12.19) 434.00 432.00-474.05 492.00 (56.28) 563.50 510.95-702.10  720.00 (28.68) 627.00 585.00-663.00 677.00
S OFF (LOD” ( LOD™ (LOD™ (LOD” (00'3115) 0.00  0.00-0.80 140 (LOD™ (LOD” ( LOD™ ( LOD"
) .
ON (¢ LOD™ ¢ LOD" ( LoD” ( LOD™ ( LOD™ ( LOD” ( LOD™ ( LOD™ (LOD™ <( LOD™ ( LoD” ( LOD™
. . . . 7.76 ] 0.63 . .
co OFF ( LOD™ ¢ LOD ( LOD ( LOD 8.72) 3.00  0.00-24.00 26.00 a.72) ( LOD { LOD"-5.00 9.00
ON (¢ LOD™ ¢ LOD" ( LoD" ( LOD™ ( LOD™ {( LOD" ( LOD™ ( LOD™ ( LOD™ <( LOD" ( LoD” ( LOD™

*Mean(SD): mean value and standard deviation
**| OD(Resolution): H,S: 0.1 ppm, CO: 1 ppm

o5 32 5% BxE Ueio] M3t Aokl
AAAEZ(PM10, PM2.5, PM1)OIAE GARH %
B2x7l #EEQLh LEV OFFAE & 5 9 &
A2 (Post) =2 Bt 57t IR UT &3] PM1Y
Post 7oAl wl- & F|tigto] &7 =]of, LEV ul7ks
Al ZAAIQJR TAgo] HFHog Frieith BHAH

LEV ON©JlA4+= Background-Surgery—Post & -710]
A FEZF S 21 P o {AEoH, 5-959
95 H97E dAsHA Fobsitt.

CO= AAF R ¥ £5& o}, LEV OFF
9] Surgery TZtolA FE24 gk S7PF Uersh
LEV ONoj|A= ojzigt m3 @4o] gl HoSe =
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Figure 2. PM10 concentration levels measured under LEV OFF and ON conditions.
(Left) Box plots showing the distribution of PM10 concentrations across background (BG), surgery (S), and
post-surgery (P) phases. The median is indicated by the central line, and boxes represent the interquartile range (25th-
75th percentiles). (Right) Time-series profiles of PM10 concentrations. The shaded area denotes the surgery phase.

www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(4): 319-326



= oA A HEEA ol LEVE @Fol AA]
Aoko AA "lolE9 HYAdS FRlIsks AEEA]
Fulstaith. 0,9 4% A9 Zfo|7h iUt

PM109] %% LEV OFF ZZAo|A Surgery B4
9] PM109] =7t 2435] 571612, Post TA~
M Iskrt 44 B8 fAEs ¢S B0 B
W LEV ON ZZfAE Surgery AN FAIZQ
BE Z7PF BEEQ oY FIEEE 10 pg/m’ &
o2 A/IEJAL, Post BANAN= 5T FF0=
w27 slfsl= Aoz e TtHFigure 2).

FE7| W RN =& B R MR 24

323

PM2.59] 5= PM103} ARF 0= [ARRE Z ko]
2Ro1E|dt. LEV OFF ZZ9A4E Surgery THAONA
PM2.59] 5&7t §43] S716t2™, Post ©ANA4
T PM2.57} beote A2 ERIsktt. ¥ LEV
ON ZAoJAE= Surgery TAOA AR 450l Y
ERgou FuEEE 10 pug/m® $FOF LEV OFF
273} v wstRE o 1008 2He]7F $o™ Post THA
M= FE7F FAst s $Fo=2 3Hsh=
Ao 7 YepgtHFigure 3).
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Figure 3. PM2.5 concentration levels measured under LEV OFF and ON conditions.
(Left) Box plots showing the distribution of PM2.5 concentrations across background (BG), surgery (S), and
post-surgery (P) phases. The median is indicated by the central line, and boxes represent the interquartile range
(25th—75th percentiles). (Right) Time—series profiles of PM2.5 concentrations. The shaded area denotes the surgery

phase.
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Figure 4. PM1 concentration levels measured under LEV OFF and ON conditions.
(Left) Box plots showing the distribution of PM1 concentrations across background (BG), surgery (S), and
post-surgery (P) phases. The median is indicated by the central line, and boxes represent the interquartile range (25th
-75th percentiles). (Right) Time-series profiles of PM1 concentrations. The shaded area denotes the surgery phase.
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Figure 5. TVOC concentration levels measured under LEV OFF and ON conditions.
(Left) Box plots showing the distribution of TVOC concentrations across background (BG), surgery (S), and
post-surgery (P) phases. The median is indicated by the central line, and boxes represent the interquartile range
(25th—75th percentiles). (Right) Time-series profiles of TVOC concentrations. The shaded area denotes the surgery
phase.

Aot LEV OFF Z7o|AE Surgery ©AIA PM19] JF0%= Eotal ofHs] B2 mr|HoA a7l
BE7F ASsHth PM2.59F PM109IAE st 7F folQdRtE FEa] QIAER] ¢l I Bert AAE
1,000 pg/m>S ZTSIE Ao tiu|s] Aoz O 7 o]|F0o]X|R] oF= d3H(Michaelis et al., 2020)
o 29 HAth I3y Surgery BARNIA =9 1T uf, B Aol A= 9mr|¢e] $£&A7]d
4% 3712} Post GANA ] FFF 2 SL5HA gt Fd B w59] F3le} e AA e g
UERstth LEV ON 2Z0A= Surgery TAOIA DA g FHole= b Fa% ZAREI E £ 3
Mol B S7PE BAELOU HWEEE 10 pg/m’ 2 AFOIA FHE PM, TVOC, CO, HoSE 2714
FE0Z AT, Post BARIAE WiFEE 5 FrE o 30} Z2] QR A] FEEHoZ WA= F
oz w2A FHok= AR YEPGTHFigure 4). 2 Foficlxtelet. E35] PMY| A% 57| WHHE7HA
TVOC 9] PMI} GARSH Z3fo] SlElQich. LEV  AES 4= = ZuAHA(PM2.5)2] FEjz2 ZAj5h,
OFF ZZHo|A¥E Surgery ©AIOIA TVOCY =7} Aadse 5 T 944 59 527t A&EHL
323] 371519 $H(ppb) FEF7HA] A53IAnk vhd 2 §AIEE oFAfo] Yeldo] uket 95 Q1o kA%
713
1:}

_a

LEV ON ZANAHE Surgery A = TVOC Bt 718 =& 7Fs/dol SEEH. AAEA7|F] T2

dAH oz F7I6tl oy H(ppb) oA FAIE] Ul AR 7|17 HEAos kwE&d Al A8

o FisE £ $¥(ppb) FECE LEV OFF 24 535774 Ak 9ulslT AFFES 27442 £ Q)

of vls| #Afs] A eFtth(Figure 5). 3 HaE HE QIA(WHO, 2021), °l= TEW]

HEHog LEEE AulloA Y A% &t

v.n # IS & e AR Q=X AR 587

oloA] YRRl HEE EZAFFo RN F|E T

ARNME $&A7] & FQ B3R X7t 5 & AR FHoY YA Yo AAY w5

4,1- Z 2235 271 AFgH o=z 3kelsigio 7J5+ A-H(Briiske-Hohlfeld et al., 2008)°] H]3]

:q, o= A7 4Z%o] o5 thoket QalolxtSo] HHAY o @A TRl & S BT HollA 9

Shhe 712 HuEdE BeettiZhou et al., 2023; o7k Sl

é

l—m JIN‘ o> t{}r

Benaim and Jaspers 2024). °|&3t A= $£&A7] TR = e W LAEE 559 Al
7F @A BT EA7F ofd =Rl Aol 47t AAE oflg; =& WY 24 A= 83t
< 1A ¢ Q= APTEH FoldAAS HojEoh IgZ FPot= AoE YEHT 535 TVOC ¥
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AFEAoA LEV OFF Al #&H F243 5k A5t
T AU, e WEYS UYE & ol 2
Ate AR TR &0 B4 WYt ojat

IEe =52 476 B7tlA Bdt s 2T o
%93t X]jii F7k=]E vh LEV ON 27004 TVOC
o} JAHFEEY Fou|sHA AAE U= AHES AE
ARl LE3ARE & & Utk ES Post AL
LEV ON 42 924 w7} vl o=l 235t
TE A&49] FEHe FFS B9, ol &
E o|% IR LA=E g =& AFS FAadel=
8% 7Isolgi & 4= ok wEbA A7 AR 7}
& % el #@ A5 HAoE Tt 37199 89l
LSO AAE ofle gAIZE IR
%é-J AA} 5= HFSe= 714 o]
= AFHo=E ZRlsitt. o= 4 <t
A 71EEA AR AR F 2P
«] ”Jﬁ*ég BFxol= AR &84 & Aok Cogk
H,S9 =& = v|4E $F(non-detectable level) 0.2
GojRo] wet 7tAY =40] JAMS EdET 4]
7178x9] 23 7140 ¥ qizdsHA §RE5h] =2 AlA
882 Hl A0R sjHH. ol= FAu7|AA|7}
=A7] W fofiQlAe] tiet §4 -7 =5 S €Y &
A= EHAQl T AlojeddS Hushal, &
A7) AAE AT 7P 71221 daL Hijto] =47
A 7€ A9 E1E FEditHlee et al.,
2018).
oﬂA]Xqu 1—7‘&]_ 6‘]‘1,]»}‘5 /\% ] /\-] H]—Aﬂfﬂ-}_—_ /\]‘
39 JAE 4] PM1 o]s}e] ZUW]?JZ}E}— 3
ojt}. o= dvkA<l QV] oA FESH= PM2.5E
o o 22 ARt i oA JYSHeE BAES
oJu|siH, 98X HIE Z&o| Tdsto] HAl &8
o I & Aol EL‘:}— AL Lt ol Ao
Al AREE JAREA719] £ EA0.3 pm)E s F
HHos WA= %}%3-9"}, A7|ee719 12 4
2ol 714E 13 o 100 nm ©[5HY] Y= dApr}
F TS 7FsAdo] Wi ok Ul 3719 AR =
A LT Jig w271 =1 EAHZ0] Hof /4%t
Ao ¢ AT 4 Ut mEbA FFE Aol = L
QR+ Al4=7](Condensation Particle Counter, CPC)
= Z8&3 ZuA YRt kg H7PF I PEo]
of & Flo|tKBriiske-Hohlfeld I et al., 2008; Ham
et al., 2016).
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