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Employee Exposuresto Waste Anesthetic Gasesin Hospital Operating Rooms

Jung Young Cha - Do Myung Paek - Nam Won Paik '

Graduate School of Public Health, Seoul National University

This study was performed to investigate employee exposures
to waste anesthetic gases, such as enflurane and sevoflurane in
operating rooms of general surgical, children’s and dental
clinics of a large hospital located in Seoul and to analyze factors
affecting the concentrations of waste anesthetic gases. The
results of the study are summarized below.

1. Based on results of personal and area samples for aitborne
enflurane, all of the employees investigated in this study were
exposed to airborne enflurane concentrations below the
ACGIH-threshold limit value (TLV) of 75 ppm.

2. However, based on results of personal samples for
sevoflurane, employees of two (2) out of eleven (11) operating
rooms were exposed to sevoflurane concentrations in excess of
the NIOSH recommended exposure limit (REL) of 2 ppm. A
similar trend was found in the area samples.

3. To investigate the source of sevoflurane emissions,
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airborne sevoflurane concentrations were measured on an
anesthesia machine, a drug cabinet and a desk. It was indicated
that the geometric means were 0.93 ppm, 0.83 ppm and 0.72
ppm, respectively.

4. Factors affecting waste anesthetic gas concentrations were
the age of anesthesia machine, the volume of operating room
and the extent of ventilation (p<0.05).

5. It is recommended that the use of anesthesia equipments
be properly controlled, the operating room be well ventilated,
and the airborne concentrations of anesthetic gases be
continuously monitored.

Key Words : Enflurane, Sevoflurane, Waste anesthetic
gases, TWA concentration, Scavenging system
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A E YA ZAN vt E & YeR & oA R F W
9] YL &3 ulH S5 (induction), ©}3] 64 (maintenance)
2 v} 5] & (emergence =& recovery) & Al GHAIR o] Fo]
A glow olel gt wiHHPY 2 H - QA mEE oA 7Y B
shxjo] AbgE L glE ol vk (df ghutF 2}3h3] | 1998;
Andreaetal., 1992).

FYvi e e dARE oY AAEo] AHE-EH $tovt
diethylether, cyclopropane, fluroxene 52 Z13kA] 9l 3}9dAd o
&, chloroform & 714 © 2. trichloroethylene & A1 7 &-A) ©.
2, methoxyflurane & A 541 0 2 QI of|M= A9 AMEH A
9k Qlom HE AAAR R Uit A B3] ALEE = v}
%] 7} 2~ % 3= nitrous oxide (N20), halothane, enflurane, isoflurane,
desflurane, sevoflurane 5-0] AM-5]11 Qo A4 = ¥4
A& halothanes 9]¢k W] w7k E ARS-SHaL G
T} (Tran, et al., 1994; Johnson, et al., 1987).

AT FEo] I EE Fob uE gny o] n)
25, w7k AlA A A (scavenging system) oA FEE 5
A oz e 7tAY 718 # ukE 7k (Waste Anesthetic
Gases, WAGs) 217 gt} (Hobbhahn, et al., 1998).
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3 2] 3] (American Conference of Governmental Industrial
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% 7| (Flame ionization detector, FID) % -4 35}31t},

(Hoerauf,

2) HAA337}
SRR mE el 9FE vAE Q0% e
L2 AR ES ZARISI

FPIL 550 TARY P17k Bl B8 AT 195

O =49 2714

kel A, 2ole LA, AL A 9 w3 A
TAd e} 7] Al~E L w7 H] 9] scavenging system, air
conditioner®] 2504 &3 ARSI

@ eRAkAY

ulZ A n) o A] hAfol Al 255 &= nitrous oxide (N:0) 9}
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[g. 1. Ground plan of the operating room and locations of the measurement points.

Table 1. General states of operating rooms by type of clinics

Anesthetic Gas Disturbance
Type of Clinic Operating Room No. of Workers Room Size, (m') Concentration at exhaust
(vol%)

A 5 174 2 poor

B 6 116 1.5 poor

C 7 129 1.5 good

D 8 153 1.5 good
General E 7 134 2 poor

F 9 140 1 good

G 5 136 1 good

H 7 111 2 poor

A 6 97 2 poor

B 7 94 1 good
Pediatric C 5 100 1.5 poor

D 7 135 1 good

E 6 64 2 good

A 6 157 2 good

B 5 154 1 poor
Dental C 4 77 1 good

D 4 177 2 good
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nEH7EAE G} 5 AolA, T4, HMH, FH, vk
H], scavenging system -] ojg] £ &7 g8 1Y
o A upAIE Fato] AdHch wiEH kA AEF
ojuf ABEFgH2 upE R oA N0t O (1:1) 9] &3V
Ao} EstEv) 7] 25E Q= ulF 7} scavenging
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F& RS e E 9 W s 2ddTH (T
2. Z%) (Crouch, etal,. 2000).
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A gAY o whet e oA A EFRA AR
E9] 7] % i 29 39 07 404 B ke ¢
o] 54t & 39ich

FEoE A E 9tk A E Y 359 A o
A 578 AEF3 TWAFEE 2695 ppm — 52.87 ppm©] S
ovl, AN 59 781 e ke Age2lo] 3355
ppm, X 3}<=42l o] 46.24 ppm ©]] 1L, = 1443 ppm —

)
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W44 B He} Aolah 5244 Cof ] NIOSH 9] #1175 2
ppm£ F3ste] 242} 3.57 ppm, 2.27 ppm, 4 8.57 ppmS- L}
Wek AAA 5] 4§ 7)5pE o] Gkl Fg&4l 0.87
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A5S] Bt sERrh Wror x4 e 027 ppm — 405
ppme] W& B} A FoA] Hol= Aol o] I
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TR =4 debsth A3} 424 DE AEdA v o R
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Table 2. Airborne enflurane concentrations in operating rooms by type of dinic and sampling

Concentration by Type of Sampling, ppm

Type of Clinic Operating Room

Personal Area*
Sample Sample

A 31.78 31.07
(14.43-55.47)

B 26.95 37.15
(22.94-51.44)

General C 37.73 30.68
(25.93-33.95)

D 39.19 21.96
(16.52-39.19)

GM 33.55 29.70

B 40.44 27.12
(22.17-33.73)

Dental C 52.87 54.61
(41.53-70.55)

GM 46.24 38.48

*n=3 at each of operating rooms
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Fig. 2. Diagram of aresthetic gases delivery and scavenging systems.

Table 3. Airborme sevoflurane concentratiors by type of dinic and samplirg

Concentration by Type of Sampling, ppm

Type of Clinic Operating Room Personal Area
Sample Sample
- 1.51
3.57 (0.77-2.91)
. 0.63
0.89 (0.43-0.85)
. G 0.53
enera 0.47 (0.30-0.88)
. 1.61
2.27 (1.22-2.00)
GM 1.36 0.87
A 1. 0.64
76 (0.48-0.95)
5 0.65
0.67 (0.55-0.70)
C 8.57 3.48
Pediatric (2:89-4.05)
5 0.52
0.80 (0.27-0.66)
. 0.76
0.88 (0.71-0.87)
GM 1.48 0.88
R 0.63
0.6 (0.43-0.81)
Dental D <0.05 <0.05

GM 0.69 0.61
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Fig. 3. Cumulative distribution of airbome enflurane concentrations by type of sampling

Cumulative Percentage (%)

P

0.1

* Personal Sample
o Area Sample

0.01

0.1

'1

10

Sevoflurane Concentration (ppm)

100

Fig. 4. Cumulative distribution of airborne sevoflurane concentratiors by type of sampling.

Table 4. Airbome sevoflurane concentrations and factors affecting the concentrations

at exhaust

General Pediatric Dental
p-value
E F G H A C D E A
Result of Personal
Sample (ppm) 357 089 047 227 176 8.57 0.80 0.88 0.69
Result of Area
Sample (ppm) .51 063 053 161 064 348 052 076 0.63
Age of Anesthesia
Machine (year) 6 2 3 6 3 8 4 4 2 0.043
Vol fR
oy 134 140 136 1197 100 135 64 157 0045
Disturb
istorbance poor good good poor poor good poor good good good 0.003
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Fig. 5. Airborne sevoflurane concentrations in operating room by sampling location and clinic.



200 A9 - WEY - Wkl
of o u]71e] 7 gEle] e AR BT TWAS
ol AGAEY A FAW Ao ey
(p<005).

ﬂl-ﬂ

4) w71 F U
el Al FYEE vl FAE N0 O (1:1) 9] £33}
2of ulF 7} (halogenated agents) & E38Hel 71 0 2 4] w}

NZE S0l BY A7l S Sk w0k
FFmE 29 FRe DA kel uef 1 - 25 vol%

ot} gt A FU == WA kA FAFEI 7] F v
7]'./2 i‘:oﬂ o:]s]:_o_ u];‘(]l:;(] 01—0]—37] _L‘HgH u}_ﬂﬂ_/\ 7-?:]
T2 1 5vo0l%o)5he) 1 o)Ak A9-7 L}iEo] Adule s

=23} LolatrEE S A2 E GLM (general linear
regression model) & A}-&- }03] o BAEA S g A} p-
value 7} 242} 0.028,0.266 = LIeRf o] Lnke] b A of A gk
SR7ks FUFET 2R 371 F s Sl
& A0 YeFthHp.05).

V. A8

=2

o) Aol A gA el A
B4, 2okl 9 AR 0E o
W7ks 1 ARSI ABRAL AL

8
I over 4 years
less than 4 years
E 61
Sy
=
2
g
54T —— -
Q
=
S)
&
<
z 2 SNESAPY pp
0 I
personal Area
Sampling Types

Fig. 6. Airborne sevoflurane concentrations by type of sampling and age of anesthesia madhine.
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