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I. TOXICITY DETERMINATION 

A health hazard evaluation was conducted by the National Institute 
for Occupational Safety and Health (NIOSR) at Weld County Hospital, 
Greeley, Colorado, on June 29, 1978. Environmental breathin~ zone 
samples were collected to determine concentrations of halothane, 
ethrane, and nitrous oxide in the operating rooms. 

Atmospheric concentrations of halothane, ethrane, and nitrous oxide 
indicate that a potential health hazard exi·sted during this 
evaluation when compared to NIOSH recommended levels. Since 
information on adverse health effects due to exposure to halothane, 
ethrane, and nitrous oxide are not completely defined, and many 
unknown factors still exist, recommended permissible levels of 
exposure are not defined as safe levels but rather as levels which 
are attainable under current technology. NIOSH recommends an R-hour 
exposure limit of 25 parts per million (ppm) for nitrous oxide an<l 2 
ppm for the halogenated anesthetics (halothane an<l ethrane). 
Throughout this evaluation, nitrous oxide was used in conjunction 
with either ethrane or halothane. When used in this manner, the 
recommended standard of 0.5 ppm for halogenated anesthetic agents 
should be followed. These levels should prevent both chronic and 
acute effects. Two out of 28 halothane breathing zone sa~ples 
exceeded the NIOSH recommended level of 0.5 ppm; 3 out of 2~ ethrane 
breathing zone samples exceeded the NIOSF recommenderl level of n.s 
ppm. The nitrous oxide NIOSH recommended level of 25 ppm was equal 
to or exceeded in approximately 20% of the breathing zone samples. 
The slightly excessive levels of waste anesthetic gases found during 
this survey were presumably caused by an inadequate venting syste~ 
coming from the scavenging system, difficulty in administering the 
gas to small patients, improperly fitted face masks, and the 
technique of administration by the anesthesiologist. 

II. DISTRIBUTION AND AVAILABILITY 

Copies of this determination report are currently available upon 
request from NIOSH, Division of Technical Services, Information 
Resources and Dissemination Section, 4676 Columbia Parkway, 
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Cincinnati, Ohio 45226. After 90 days the report will be avai lable 
through the National Technical Information Service (~ITIS), 
Springfield, Virginia. Information regarding its avail ability 
through NTIS can be obtained from NIOSR, Publications Office, at the 
Cincinnati address. 

Copies of this report have been sent to: 

1. Weld County Hospital 
2. U.S. Department of Labor/OSHA - Region VIII 
3. NIOSH - Region VIII 

For the purpose of informinr. the approximately 30 affected 
employees, a copy of this report shall be posted in a prominent 
place accessible to the employees for a period of 30 calendar days. 

III. INTRODUCTION 

Section 20(a)(6) of the Occupational Safety and Realth Act of 1070, 

29 U.S.C. 669(a)(6), authorizes the Secretary of Health, Education, 

and Welfare, following a written request by any employer or 

authorized representative of employees, to determine whether any 

substance normally found in the place of employment has potentially 

toxic effects in such concentrations as used or found. 


NIOSR received such a request from hospital management at Weld 
County Hospital. There were no specific health problems at the time 
of this request. The recognition by operating room personnel of the 
potential health hazards associated with chronic exposures to 
anesthetic gases was responsible for the.health hazard evaluation 
request. 

IV. REALTR HAZARD EVALUATION 

A. Process Description 

At the time of this evaluation, Weld County Hospital had 5 
operating rooms. These operating rooms operate basically from 
7:00 a.m. until 5:00 or 6:00 p.m. However, they are open 24 
hours a day, and emergency surgery is performed in these roo~s. 
During this evaluation all operating rooms were monitored for 
waste anesthetic gas exposures. There are 30 workers in the 
operating rooms. Surgery performed in these operating rooms 
includes orthopedic surgery, hysterectomies, colostomies, eye 
surgery, and tonsillectomies. The workload during the two days 
of this evaluation was typical. The scavenging system on each 
anesthetic cart in the operating room is vented to the outside 
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by gravity flow, but since there is no vacuum pump to assist in 
evacuation of waste gases, this system may be inadeouate. 

B. Evaluation Design 

Nitrous oxide samples were collected in 20 liter mylar bags 
using a vacuum pump operated at 300 cubic centimeters (cc) per 
minute. These samples were analyzed immediately on the surgical 
floor by infrared spectrometry using a Wilks Miran lA 'With a 
sensitivity of 5 ppm. Instrument settings were wave length 4.47 
microns, path length 5.25 meters, and slit width 0.5 milliters 
(nun). Halothane and ethrane samples were collected on charcoal 
tubes using vacuum pumps operated at 200 cc per minute. 
Analysis of these samples was performed usin~ gas chromatogranhy 
and P&CAM Method No . 127. Breathing zone air samples of 
operating room personnel were collected during each sur~ical 
procedure for the above anesthetic gases. 

C. Evaluation Criteria 

In the NIOSH criteria document for a recommenden standard for 
occupational exposure to anesthetic gases, NIOSF states: 
(Reference 1) "Current scientific evidence obtained fro'll'\ human 
and animal studies suggests that chronic exposure to anesthetic 
gases increases the risk of both spontaneous abortion among 
female workers and congential abnormalities in the offsnrinQ. of 
female workers and the wives of male workers. Risks of hepatic 
and renal diseases are also increased amon~ expose<l personnel. 
In addition, physiological function may be impaired. A few 
studies have suggested increased risk of cancer. Effects on the 
central nervous system due to acute exposures of anesthetic 
gases have been associated with headaches, nausea, fatip.ue, 
irritability, etc." Control procedures and work practices 
presented in that document, however, should prevent the effects 
caused by acute exposure and significantly reduce the risk 
associated with long-term, low level exposure. A dose response 
relationship for halogenated anesthetic toxicity has not heen 
defined. 

That same NIOSH publication recommends maximum exi:>osures of 25 
ppm nitrous oxide (8-hour time weiRhted average) and 2 ppm 
halogenated anesthetic when used alone, or 0.5 ppm when userl 
with nitrous oxide. These recommendations are based upon 
available technology in reducing waste anesthetic gas levels. 

Reports by Vaisman (Reference 2) and Askrog and HarvaJn 
(Reference 3) were among the first to identify increased 
incidence of spontaneous abortion in women exposed to anesthetic 
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gases and in wives of men exposed to anesthetic gases. Resu l ts 
of a more recent and comprehensive nationwi~e survev of 
occupational disease among operating personnel were published in 
1974 by the American Society of Anesthesiologists (ASA). 
(Reference 4) The results of this study indicate "that female 
members of the operating room-exposed group were sub.iect to 
increased risks of spontaneous abortion, congenital 
abnormalities in their children, cancer and hepatic and renal 
disease. This increased risk of congenital abnormalities was 
also present among the unexposed wives of male operating room 
personnel. No increase in cancer was found among the exposed 
males, but an increased incidence of hepatic disease similar to 
that in the female was found." 

While several investigators have reported increaserl rates of 
resorption in animals, particularly rats, most of these studies 
involved concentrations of anesthetic gases well above the 
levels found in occupational exposure. One investigator 
(Reference 5) showed increased fetal death rates in two grouos 
of rats following exposure of 1,000 and lnO ppm of nitrous 
oxide. Doenicke, et al., (Reference 6) concluded fro~ their 
study of anesthetized pregnant rats that halothane demonstrates 
an abortive effect directly proportional to the concentration 
inhaled, again referring to anesthetic concentrations; but 
nitrous oxide does not produce an abortive effect. Bruce 
(Reference 7) reports no significant difference, including 
implantations and resorptions per pregnancy , in his exposure of 
rats to 16 ppm halothane. 

Several epidemiological studies that indicate increased 
spontaneous abortions also indicate ·an increased rate of 
congenital abnormalities. The ASA study (Reference 4) (as well 
as surveys by Knill-Jones, et al., (Reference 8) and Corbett, et 
al. (Reference 9) indicated an increased rate of con~enital 
abnormalities in children of women with occupational exposures 
to anesthetic gases and to wives of men with similar exposures. 
While most animal exposure studies have been conducted at 
anesthetic levels, one study (References 10, 11, 12) indicated 
liver, kidney, and brain tissue changes in pups born to rats 
exposed to sub-anesthetic concentrations of halothane during 
pregnancy. 

The same epidemiological and toxicological studies that 
indicated an increase in spontaneous abortion and con~enital 
abnormalities also indicated an increase in liver and kidney 
abnormalities. This increase, however, was less pronouncecl in 
both rate and severity . 
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In a study published by NIOS'H, (Reference 13) "nitrous oxide an<l 
halothane in respective concentrations as low as 50 ppm and 1.n 
ppm caused measurable decrements in performance on some 
psychological tests taken by healthy male graduate students. 
Nitrous oxide alone caused similar effects. The functions 
apparently most sensitive to these low concentrations on 
anesthetics were visual perception, immediate memory, and a 
combination of perception, cognition, and motor responses 
required in a task of divided attention to simultaneous visual 
and auditory stimuli." Headache, fatigue, irritability, and 
disturbance of sleep have also been reported; (References 2, 14) 
and damage to cerebral cortical neurons has been seen in rats 
after sub-anesthetic exposure to halothane. (Reference 15) 
Quimby, et. al., (Reference 16) reported permanent learning 
deficits in rats exposed to anesthetic concentrations of 
halothane during early development (from conception). 

Mortality and epidemiological studies have raised the questions 
of possible carcinogenicity of anesthetic gases, but sufficient 
data are lacking to list nitrous oxide, halothane, or ethrane as 
suspected carcinogens. 

Literature reviews regarding halothane (References 17, 1~, 19, 
20) indicate the most widely accepted mechanism of bio­
transformation is the production of trifluoroacetic acid with 
resulting urinary excretion of trifluoroacetic acid and bromide. 
The literature regarding ethrane (References 21, 22) does not 
indicate any one accepted mechanism, but increased serum and 
urinary fluoride levels were found in p~tients receiving ethrane 
anesthesia. While epidemiological and toxicological studies 
have indicated several symptoms apparently related to sub­
anesthetic exposure to anesthetic gases, no cause and effect 
relationship has yet been shown. 

D. Evaluation Results 

Table I shows the results of 28 samples taken for halothane and 
ethrane. Only 3 of the ethrane samples exceeded the recornwended 
level of 0.5 ppm. Two out of 28 samples exceeded the evaluation 
criteria for halothane . Nitrous oxide concentrations exceeded 
the NIOSH recommended level of 25 ppm in R out of 34 sa~ples. 
Nitrous oxide levels found during this evaluation may be 
reviewed in Table II. Table III is an attem?t to evaluate the 
time weighted average (TWA) exposures for the various operating 
rooms. It should be noted that any time the evaluation criteria 
is exceeded, a hazard exists since these evaluations are b~se<l 

on ceiling values. 
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E. 	 Results and Discussion 

Findin~s during this evaluation indicate that this hospital has 
done a lot of work in eliminating exposures to employees fro~ 


waste anesthetic gases, even though the NIOS~ recommended levels 

for nitrous oxide and the halo?,enated anesthetics were exceeded. 
The recommended standards were never grossly exceeded. Reasons 
for the elevated levels of these gases were perhaps due to an 
inadequate exhaust system coming from the anesthetic carts' 
scavenging system. It is doubtful that there was a leak in any 
of the anesthetic gas-administering machinery, since levels 
during this survey were relatively low when compared with other 
NIOSH studies. (Reference 23) If there had been a leak in any 
of the anesthetic gas-administering machinery, concentrations 
would have been much higher than those found during this 
evaluation. Most of the employees, including surgeons, 
anesthesiologists, nurses, and operatin~ room technicians, 
seemed to think that they were working in a safe place and that 
their work had no ill effects on their health. 

F. 	 Conclusions 

There were scavenging systems on all anesthetic carts . All 

operating room personnel were aware of the hazards associated 

with chronic exposures to anesthetic gases. Concentrations 

found during this survey do not pose an immediate danger to the 

health of the operating room personnel. Every effort should be 

made to lower these concentrations to levels that are less than 

those recommended by NIOSR. 


V. 	 RECOMMENDATIONS 

1. 	 Anesthetic equipment should be checked and maintained on a 

regular basis. 


2. 	 The ventilation exhaust coming from the scavengin~ syste~ on the 

anesthetic cart should be plugged into a vacuum system which 

would actually draw the waste gas out of the operatinp. room. 


3. 	 Face masks, tubing, and breathing bags should all be checkerl for 

cracks and other leaks. 


4. 	 All high pressure connections and valves should be checked 

periodically. Care should be taken when pouring the halov,enate~ 


agents into the anesthetic gas-administering machinery so that 

they are not spilled on the floor. 
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S. 	 Operating rooms should be monitored at least once a year to m::ike 
sure that workers are not being overexposed to waste anesthetic 
gases. 
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Number 

' Evaluation 
·103, Pa~e 10 

Breathing Zone 

Job Glassification 

TABI.F. I 

and General Roo~ Air Concentrations of 
~alothane and Ethrane 

Weld County Hospital 

Greeley, Colorado 


June 29, 1978 


Operating 
Room No. Time of Sample 

Halo thane 
Pm 

Ethrane 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1'1 
15 
16 
17 
22 
25 
26 
27 
28 
29 
30 
31 
32 
33 
J{t 

Anesthetist 
Scrub Nurse 
Scrub Nurse 
Scrub Nurse 
Scrub Nurse 
Anesthetist 
Anesthesiologist 
Anesthesiologist 
Anesthetist 
Scrub Nurse 

-----
Scruh Nurse 
Scrub Nurse 
Scrub Nurse 
Scrub Nurse 
Anesthetist 
Anesthetist 

-----
Scrub Nurse 
Scrub Nurse 
Anesthesiologist 
Anesthetist 
Anesthetist 
Anesthetist 
Anesthetist 
Anesthesiologist 
Scrub Nurse 
Sci::ub Nm:::ae 

3 
1 
3 
4 
5 
5 
1 
4 
3 
3 

Recovery 
5 
4 
1 
3 
5 
3 

Recovery 
3 
1 
4 
3 

Recovery 
5 
2 
1 
5 
'1 

7:30 AM -
7 : 30 AM -
7:30 AM -
7:36 AM -
7:40 AM -
7: 5() AM -
7:40 AM -
7:40 AM -

12 : 30 PM -
8:30 AM -
8:00 AM -

11 :50 AM -
11: SO AM -
11: 50 AM -
12:30 PH -
11 :40 AM -
12:10 PM -

l.:00 PM -
7:36 AM -
7115 AM -
7 : 3 5 AN -
7 : 36 AM -

ll: 2.'5 AM -
7:36 AM -
9:20 AM -
7: 3.5 AM -
7:35 AM -
Z:J5 AM -

12:00 PM 
11 : 50 AM 
11:30 AM 
11:50 AM 
11:50 AM 
11: 30 AM 
11:5n AM 
llt30 AM 

1: 3() PM 
12:00 PM 
12:00 PM 
2:00 PM 
1:00 PM 
1:30 PM 
1: 3.'5 PM 
1:00 PM 
1:4() PH 
2:00 PM 

12:00 PM 
12:04 PM 
J7 : 10 PH 
12 : l Fi PM 

1:20 PM 
12:06 PM 
12:30 PM 
12: 4 5 PH 
12:0.'5 PM 
12;01 fH 

* 
* 

0.51 
0.46 
0.41 

* 
1. 7'3 
0.30 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

0.11 

* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 

16
0. 37

* o. 12

* 
* 
* 
* 
0. 20 
0.2~

* 
* 
0.33
o. 7l1 

0.12
1.5
0.37 
0. 3.1

* 

* = below laboratory limit 

J,ARORATORY 

of detection 

LIMIT OF 
EVAT.lTATION CRT1'F.RTA 

DETF.CTIOf\l IN mg/sample 
(). 5 
0.01 

0. 5 
0.01 
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TA'RLF II 

Breathing Zone Air Concentrations of 
~itrous Oxide (N20) 

Weld County Hospital 
Greeley, Colorado 

June 29, 107?; 

Sample Operating 
Number Job Classification Room N20 ppm 

B Anesthetist 3 65 
'R-1 Scrub Nurse 1 5 
A-3 Scrub Nurse 3 30 
F-3 Scrub Nurse 4 5 
C-2 Scrub Nurse 5 2.5 
4 Anesthetist 5 65 
w Anesthesiologist-1 1 2() 
El Anesthesiologist-2 4 10 
u Anesthesiologist-I 1 10 
w Anesthetist 3 60 
D2 Scrub Nurse 3 30 
G Anesthesiologist-2 4 5 
5 General Room Recovery 25 
y Scrub Nurse 5 15 
B Scrub Nurse 1 5 
D-3 Scrub Nurse 4 5 
A-3 Anesthetist 5 25 
E-1 Anesthesiolo~ist-1 1 25 
B-1 Anesthetist 2 15 
4 Anesthesiologist-2 4 5 
C-2 Scrub Nurse 1 5 
u Anesthetist 2 10 
5 Anesthetist 5 25 
D-2 Anesthesiologist-I 1 5 
w Scrub Nurse 5 10 
G Anesthesiolo~ist-1 1 10 
y Anesthetist 2 5() 
D3 Scrub Nurse 3 15 
'B Anesthetist 3 40 
E-1 Scrub Nurse 4 5 
A3 Anesthesiologist-2 Ii 20 
Bl Anesthetist 5 2.5 
D2 Anesthesiologist-l 1 5 
TJ Anesthetist 2 55 

F.'.TALUATimT CRITFRIA 
LIMIT OF DETECTION IN MICROGRAMSfSAMPLE 

25 ppm 
0.8 
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TA~v· nr 

Breathing Zone Air Concentrations of Nitrous Oxide ("'T20) 
in Five Operating Rooms 

Weld County Hosuital 
Greeley, Colorado 

June 29, 1978 


OPERATING ROOM 1 


Job Classification 


Circulating Nurse 
Anesthesiologist-! 
Anesthesiologist-! 
Scrub Nurse 
Anesthesiologist-! 
Scrub ~urse 
Anesthesiologist-1 
Anesthesiologist-1 
Anesthesiologist-! 

20 
20 
10 

5 
25 

5 
5 

10 
5 

'ITT7ALUATION CRITERIA 
LIMIT OF DETECTION IN MICROGRAMS/SAMPLF. 

Approximate 6 hour average exposure for anesthesiolop.ist = 12.5 
Approximate 6 hour average exposure for scrub nurse = 5.0 ppm 

25 
o.~ 

ppm 

OPERATING ROOfvf 2 

Job Classification 

Anesthetist 
Anesthetist 
Anesthetist 
Anesthetist 

15 
in 
50 
55 

EVALUATION CRITFRIA 

Approximate 6 hour averaRe exposure a 32.50 ppm 

25 
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OPERATING ROOM 3 

Job Classification 

Anesthetist 65 
Scrub Nurse 30 
Anesthetist 60 
Scrub Nurse 30 
Scrub Nurse 15 
Anesthetist 40 

EVALUATION CRITF.RIA 25 

Approximate 6 hour average exposure for anesthetist = 55 ppm 
Approximate 6 hour average exposure for scrub nurse • 25 ppm 

OPERATIMG ROOM 4 

Job Classification 

Scrub Nurse 5 
Anesthesiologist-2 10 
Anesthesiologist-2 5 
Scrub Nurse 5 
Anesthesiologist- 2 5 
Scrub Nurse 5 
Anesthesiologist-2 20 

EVALUATION CRITERIA 25 

Approximate 6 hour average exposure for anesthesiologist • 10 ppm 
Approximate 6 hour average exposure for scrub nurse • 5 ppm 
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OPERATING ROOM 5 

Job Classification !-120 opm 

Scrub Nurse 
Anesthetist 
Scrub Nurse 
Anesthetist 
Anesthetist 
Scrub Nurse 
Anesthetist 

25 
65 
15 
25 
25 
1() 
25 

EVALUATION CRITERIA 25 

Approximate 6 hour average exposure for anesthetist • 35 ppm 
Approximate 6 hour average exposure for scrub nurse • 16.7 ppm 
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