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:.:.; HEALTH HAZARD EVALUATION DETERMINATION 
. : ' REPORT NO. 77-118-453 

Englewood Hospital 
Englewood, New Jersey_ 

· January 1978 

I. TOXICITY DETERMINATION 

A Health Hazard Evaluation was conducted by the National Institute 
for Occupational Safety· and Health (NIOSH) in the operating and recovery 
room area of the Englewood Hospital. On October 13, 1977, environmental 
samples were collected to determine concentrations of waste anesthetic gases. 

Findings on the day of this survey indicate a significant decrease in 
i exposure compared with measurements made in the same area during a previous -

stuqy approximately a year earlier. Time weighted average exposures of
.anesthesiologists to nitrous oxide, calculated only for the tine sa111>les
were being ta~en, ranged from 22 to 140 ppm~ compared with 80 to 330. ppm 
for the previous stuqy. Eight-hour time weighted average exposures to 
nitrous oxide ranged from 4 to 40 ppm, and most area samples were below 
25 ppm. Airborne concentrations of halogenated anesthetics were below 
the limit of detection of the analytical method. · 

Nitrous oxide concen·trations were slightly above the NIOSH Reconmended 
Limit of 25 ppm. Since information on adverse·health effects due to 
exposure to waste anesthetic gases is still not corrpletely definitive 
and many unknown factors still exist, recorrrnended permissible levels of 

: exposure are not defined as safe levels but rather as levels attainable 
~.. •j by current technology. These levels should prevent the effects caused 

by acute exposure :and significantly reduce the risk associated with long 
term, l°"' level exposure. 

II. DISTRIBUTION AND AVAILABILITY OF DETERMINATION REPORT 

Copies of this Determination Report are currently available upon request 
from NIOSH, Division of Technical· Services. Information and Dissemination 
Section. 4676 Columbia Parkway, Cincinnati, Ohio 45226. After 9o··days 
the report will be available. through 'the National Technical Information 
Servi.ce (NTIS), Springfield, Virginia. Information regarding ·1ts avail­
ability through NTIS can be obtained from NIOSH, Publications· ·Qffi.ce at 
th~ Ci nc1,nnati address. · · 

..... ·.··'··r 

http:Servi.ce


Page 2 - Heal_th Hazard Evaluation Determination Report No. 77;:-118 

. 
··.i 

\ 

. ·. ·I 
. .. ·-· .. ; . .,..;;~ 

·.. ·.· 

.·. ,,' . .... 
. ·,·· . 

··. ~ 

....·· 

Copies of this report have been sent to: 

a) Englewood Hos·pital, Englewood, New Jersey
b) Hospital Professional and Allied Employees of New Jersey
cd) U.S. Department of Labor, Region II · 
) NIOSH it Region II 

For the purpose of informing the approximately 150 "affected errp1 oyees 11 , 

the employer shall promptly 11 Pos t 11 for. a period of 30- calendar days the 
determination··report in a prominent place near where exposed employees work. 

III. INTRODUCTION 
. . . . .· . . ..• .· ..

Section 20 (a).(6) of the Occupational Safety and Health Act-of 1970.~ 29- . 
u.s.c. 669 {a)(6), authorizes the Secr~tary of Health; Education~:and. 
Welfare follo.'11ng a written request by an·employer or authorii_ed repre~ · 
sentative of employees to detennine whetfi.er aey. subst~nce normally found· . 
in the place of empl oyioont has potentially toxic· effects in S.uch concen-
trations as used or found. · · · · · · · ·· 

. . . ..· . . : . . . . . . .... . . . 

The National Institute for Occupat1ooal·Safety and Health r~ceived such .·· . . 
a request from a representative of the·Hqspital Professional arid Allied ·. · ·. 
Employees of New Jersey regarding exposOtire of. -personnel to waste anesthetic·-· 
gases in the operating room and recovery. room area. · · ..f · · 

•. \oil· 
' fJ 

This request ·foll<11Js a previous evaluation\ conducted by NIOSH in the Englewood
Hospital ·in Noverrber., 1976, during whii::h ,-concentrations ·.of waste· anesthetic 
gas were found to exceed reconmended s.tandards {Health ·Hazard Evaluation · 
Determination Report No. 76-113-385, ~ril; 1977) •. FollCMing thi:lt evaluation, 
additional measures were taken by :the hospital engin~ering atid administrative 
staff to reduce exposures to waste ane.sthetic' gas·~ There:·were no specific· ... 
alleged health problerns·at the time this-reque_st was··submitted. · · 

IV. HEALTH HAZARD EVALUATION 

A. Process Description 

The anesthetic circuit is composed of the anesthesia machine and the 
· breathing system~ Th:e anesthesia machine vaporizes the potent anesthetic: 

{halothane or enflurarie). and corrbines ·1t wlth nitrous oxide and o~gen, · · 
which are punped to the machine from out~ide the room or. supplieclfroin . 
cylinders affixed to the machine~ The. ·breathing system consists of a-soda. 
lime canister {to ab$orb .exhaled ·car.hem dioxide), breathing,:bag or-venti- . 
lator I valves for' as·suri ng· uni di rectfonal gas· -flow~- T·lexi ble. hO$e~ ~. and ~ . 
11 Y11 piece tenni.nating in an endoctr~.cheal .. tube or f1;tce mask, · . · 

·.· . . . ., . . . ,, . . : : 

http:whetfi.er


ll
(iJ 

vti Page 3- Health Hazard Evaluation Determination Report No. 77-118 

! 
! 

.;·;, . ... 

The anesthetic gas mixture is delivered at a rate higher than the patient's
metabolic needs. When a breathing bag is used, excess gases are vented out 
of the breathing system through the pop-off valve. The volune of gases and. 
vapors escaping through the pop-off valve are highly variable since it 
depends on the patient 1s breathing pattern and metabolic rate. When a 
ventilator is in use the pop-off valve on· the anesthesia machine 1s closed 
and the ventilator assumes the function of the pop-off valve. The pop-off
valve and the ventilator are potential sources of waste anesthetic gas. 
Other sources are the face mask or endotracheal tube, cracks or holes in 
the hoses, tube fittings or seals, or from spilled liquid anesthetic. 

Measures have been impl.emented si nc:~ the 1976 visit to reduce concentra­
tions of waste anesthetic g~ses, Scavengi~g techniques are now common 
practice to remove gas frorn the area of the pop-off valve and ventilator. 

.. . . i A continuous program·for leak testing machines and tubing has been established • 
... ·.- "I 

i Equipment has been obtained to measure nitrous oxide concentrations and a 
i 

\ 
program 1 s being e.§tab.J.bhed to peri od1:~~ ~1y, rooni tor this gas. 

B. Evaluation Df:!Si_gn ., ':·:': .,.·.,.. ·. 

. . 
On October 13, 1~77., breathing zone. arid; .·ge.nera1 area air sanples were 

t 

i I obtained for halothatl!. enflurane', .~nd·nitr~r;,;s··oxide. The breathing zone 
. i ! samples were· obtained .~.Y. attaching .samplihQ, ~1Jipme~t to operating room t 

personnel. ·Anesthes,iolog1_~ts were samp.1ed ·cturing operating room procedures~
whenever they were willing· to wear th~ ~t.tiP.ment, ~hich con~isted .of a M I 

fl
r,! charcoal, tube sampler.for·halothane.a.n.d enflurane,,. end a bag sampler for .I nitrous Qxide. ·: $om.e ·charcoal tub_~ sa~le~ ·w~re p·1aced on other operating 

room pe~onne1. : :Area sainp.le~ were Ql;,t;~ined- ~f,placing sarnpli.ng equipment . 
at various locations·, g~nerally ftve 'tR-: t~tt fe~t f.~m the anesthesia machine.· · 
The charcoal tubes~were ·sh-ipped to a.. la.boratPtY .for analysis by _gas chromatog­
raphy ·and bag sampl_es were.. analyz~d .. on.. 'sJt~/1;,y infrared spectrophotometry. · 
A more detailed ·des'crfptton of. th'e SallJ>l!rfg ..·:and analyti ca1 method~31::~n. be 
found in l:le~l~~- Haz_ard Ev!!·1uat,on O~t~fJ.llJ,~~.Jion Reports 75,,.22..228 and'i 75-76-232°t!lt .. ' . · .,....,_ ,·•.:• 

·-_;,· 

·c. Evaluation Criteria· 
. . . 

No new informat1oo·or evidence has ~een f9rthoomfng tQ alter tn_~ ~i~~Ys..sion 
of the evaluation criteria on waste anesthetfc gases pres~nted in the earlier 
report! _F_~r ·p~_rso~~ W~.Q mc!Y not have acc;ess t9 this information~ tfie ·criteria 
is presented below. . · 

http:sarnpli.ng
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In a criteria doc·u~.tlt for a reconmended standard for occupational exposure 
to anesthetic gases · .N~OSM states: "Current scientific evidence ohtairn~rl 
from human and animal studies suggests that chronic exposure to anesthetic 
gases increases the risk of both spontaneous a~qrtion ~nd· con~enital abnor­
fllalities in offs!)ring amonf! female workers and wives pf male workers. 
Risks of heoatic and renal diseases a,re also increased among exposed _ 
personnel .. Lin addft'ion, psycho1ogic function m~y_ be impaired. A few studies 
have suggested ao · iatteasei:f t.i.sk ;Of .;can.cer. .E.ffects.on_ttte central· nervous 
system (CNS1°·due to acute exposures to anesthetic Oilses have been associated 

with headaches, nausea. fatigue, irritability; etc." Control procedures and 
work practices presented in that doc1J11ent. however, should prevent the effects 
caused by acute exposure and signifi·cantly reduce the risk associated with 
long term, low level exposure. A dose response relationship for halogenated 
anesthetic toxicity has not been defined. · 

That same NIOSH publication reconmends maximum exposures of 25 parts per mil 1 ion 
{ppm) nitrous oxide (eight-hour time weighted average); and 2 ppm ha1 ogenated 
anesthetic wheri used· alone, or 0.5 ppm when used with nitrous oxide. These 
reconmendati ons are based upon available technology in reducing waste anesthetic 
gas levels. 

Reports by Vaisman2 an~ ~krog and Harvald3 w~re a~qng the first to 
identify an increased incidence of spontaneous abortion in women exposed to 
anesthetic gases and in.wives of men exposed to anesthetic gases. Results 
of a more recent and comprehensive nationwide survey of occupational disease 
arrong operating personn41 were published in 1974 by the American Society of 
Anesthesiologists (ASA) . The results of this study indicate "that 
female merrbers ·of the operating room-exposed group were subject 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 _increased rates of resorption 
in animals, particularly rats, most of these studies involved concentra­
tions of anesthetic gases w511 above the levels found in occupational 
exposure. One investigator , however, showed increased fetal death 

. rates in two groups of rats foil owing exposure of ~ ,000 and 100 ppm of 
nitrous oxide. Doenicke et al concluded from their study of -
anesthetized pregnant rats that halothane demonstrates an abortive effect 
directly proportional to the concentration inhaled, again referring to 
anesthetic con~entrations, but nitrous oxide does not produce an abortive 
effect. Bruce reports no significant difference, including implan- -
tations and resorptions per pregnancy, in h.is exposure of rats to 16 ppm
ha l oth.ane .·· · · · 
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Several epidemiological studies that indicate increased spontaneous 
abortions also indicate an increased rate of congenital ~bnormalities. 
The /lSA study4, as wel 1 as surveys by Kni 11-Jones et al and · 
Corbett et al~ indicated an increased rate of congenital abnormalities 
in children of women with occupational exposures to anesthetic gases, 
and to wives of men with similar exposures. While·most animal exoosure 
studies have been conducted at anesthetic levels, one studyl0,11 ,12 
indicated liver, kidney, and brain tissues changes in pups born to rats 
exposed to subanesthetic concentrations of halothane during pregnancy. 

The same epidemiological and toxicological studies that indicated an 
increase in.spontaneous abortion and· congenital abnormalities also indicated 
an increase.in liver and kidney abnormalities. This increase, hOr\'ever, was 
less pronounced in both rate and severity. 

In a study puplished by- NIOSH,13 "nitrous oxide and halothane in respec-
tive concentrations as TOIi as 50 parts per mi 11 ion (ppm) and 1.0 ppm, 
caused measurable decrements in performance on some psychological :tests 
taken by healthy male g:raduate students. Nitrous ox·ide alone caused·similar 
effects. ·The. functions apparently most sensitive. to these low concentra-
tions of anesthetics were visual perception, immediate 1Temory, arid a com-· 
bination of perception,"· cog·nition and motor responses required in a task·. . . 
of divided attention to simultaneous visual and auditory stimuli." He.adache,: 
fatigue, irritability, and disturbance of sleep have also bee.n reported'.;2,14 
and damage to cerebral cortical neurons has been seen in rats · ·. · ·· · · 
after subanesthetic exposure to halothane.15 Qimby et all6 reported·
permanent· learning deficits in rats exposed to anesthetic concentrations 

' of hal ethane during early developll'Ent ( from conception). · · ·. 

Mortality and epidemiologicalstudies have raised the questions of possible . 
ca-rcinogenicity of anesthetic gases, but sufficient data are lacking to list 
nitrous oxide,· halothane or enflurane as suspected car_cinogens~ · · · · ·. · · 

18 19Literature reviews n~garding h~lothane17 , , ,20 indicate the inost widely· 
accepted mechanism of bio-transformation is the production of trifluoro- · 
·acet! c acid wi~ result.i ng ·urin~ry excreti on of trifl uoroac~ti ~ acid.·and · 

2 2brom, de. The l 1terature regarding enfl urane l; _2 does not 1nd1 cate any 
one accepted mechanism~ but increased serLBTI and urinary fluoride levels 
were found in patients receiving enflurane anesthesia; While epidemiological 
and toxicological studies have indicated several effects apparently relat:ed 
to subanesthetic exposure to anesthetic gases, no cause and effect relation-
ship has yet been shown. · · 

http:halothane.15
http:increase.in
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Table 1 shows the results of the 41 samples taken for nitrous oxide. Con­
centrations ranged from belcw the limit of detection (approximately 2 ppm) 
to 155 ppm, with 29 samples belcw 25 ppm. Time weighted averages for 
personal sarrples a.re shown belcw for both the duration of measured exposure
and also on an eight-hour basis. The_8-hour TWA assumes no exposure
during the time measurements were not taken. 

Time Weighted Average Concentration(P.pm)
Total Sampling

Anest~~~i__ olo.Qis~ Time Time Sampled Basis 8-Hour Basis 

#1 1 hr. 25 min. 58 10 
#2 1 hr. 25 min. 22 4 
#3 4 hr. 50 min. 53 32 
#4 1 hr. 25 min. 55 10 
#5 2 hr. 15 min. 140 40 
#6 30 min. 75 . 5. 

All 21 samples taken for halogenated anesthetic were belcw the limit 
of detection for currently-available analytical techniques (0.01 m~ per
sample). This would correspond to airborne concentrations of less than 
approximately 0.1 ppm for halothane or enflurane. 

v. CONCLUSIONS AND REC0f1MENDATI0NS 

The most significant finding of this evaluation is the large decrease 
·in concentration of both nitrous oxide and halogenated anesthetic in 
the operating room and recovery room area sirice the initial evaluation 
conducted in November, 1976. Time weighted average exposures (time
sampled basis) at that time ra~ged fro~ 80 to 330 ppm nitrous oxide, 
cofT'Pt)ared with 22 to 140 in this study; and halogenated anesthetic samples
ranged up to 7.6 ppm. compared with less than o. l ppm in this study. 

Two of the six anesthesiologists sampled had 8-hour TWA nitro.us . ...o~ld~ 
ex_posures slightly above the 25 ppm rec;ommend_ed standard•.All..halogenated
anesthetic concentrations were below the O~_§ ppm recommended st_andarcL 
These calculations were based on the assunntion that these rloctors spent
their non-sampled time in areas with a zero concentration of.nitrous oxide. 
Cl>servations indicated that this non-sampled time was spent generally 
outside operating rooms although frequently near enough that there cou·ld 
have been a measurable concentration of anesthetic gas. It is conceivable 
that actual 8-hour TWA exposures could have been higher than those calculated, 
although judging from the concentrations of nitrous oxide found in area 
sarrples and other factors, they ~ould not be significantly higher. · 

http:nitro.us
http:Concentration(P.pm
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In the opinion of this investigator, the staff and employees of Englewood 
Hospital have developed an effective program for reducinq exposure to waste 

·j anesthetic gases ..It is reconmended that this program be continued in 
I 

order to reduce exposure as far as possible and maintain that low 
level. Periodic environmental testing should be a part of the pr~gram to...•. J evaluate progress. While an absolutely safe level of exposure cannot 

. :i'.':°·.,:·:·."·'..\ 
be defined by currently available information, reducing exposure to the lONest 

.. ··<:0·1. possible.level will prevent effects caused by acute exposure and signi­
. ~ ficantly reduce the risk associated with long tenn, lCM level exposures • 
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Table l 

Results of Samples for Nitrous Oxide 
October 13, 1977 

Englewood Hospital
Englewood, New Jersey 

Nitrous Oxide 
Location ~* Description ~ Concentrations (ppm

O. R. #1 A s.w. corner, approx. 
5 ft. from anesthesia 

8:05 - 9:15 40 

A 
machine, table height 
same as above 9:15 - 10:00 5 

A II II 10:10 .. 11 :00 N.D.** 
i A II II 11:00 - 11:45 2 

• I A II II 11 :45 - 12 :25 N. D. 
A II II 12:25- 1:05 35 
A II II 1:05 - 1:45. 20 
A II II l :45 - 2 :15 80 
p 
p 

on anesthesiologist #1 
II II #2 

8:05 
8:45 

-
-

8:45 
9:30 

110 
10 

; O. R. #2 A attached to anesthesia 8:05 ~ 9:15 8 

I 
l 

A 

machine, approx. 2..-.4 ft. 
from breathing zone of 
anesthesiologist 
same as above 9:15 - 10:15 4 

 A 
A 

II II II 

II II II 
l 0: 15 - 11 :20 
11 :20 - 12:25 

4 
4 

! 
0. R. #4 A N.W. corner, approx. 

10 ft. from anesthesia 
11 :20 - 12:05 4 

machine 
A same as above 1:20- 2:15 12 

! 

-·:::·/,j -o. R. #5 A W.W. corner, on table, 
approx. 5 ft. from 
anesthesia machine 

8:10 - 9:10 10 

A sarre as above 9: 10 - 9 :40 4 
A II II II 10:10 "". 11 :00 12 
A II II II 11 :00 - 12 :00 20 
p 
p 

on 
II 

anesthesiologist #2 
II #2 

8:10 
9:10 

-
-

9:10 
9:35 

30 
2 

O'. R. #6 p 
p 

on 
. II 

anesthesiologist #3 
II 11 

8:25 
9:20 

-
-

9:20 
9:55 

15 
12 

p II II II 9:55 - 10:40 115 

~

-::}t.
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Table 1 (cont.) 

Nitrous Oxide 
Location Description Time Concentrations (ppn~ 

p same as above ~ 10:40 - 12:35 . 70 
II II IIp 12 :35 - 1 :15 27 

p /i O. R. #8 on ane$thesiologist #4 8:15 - 9:40 55 
i II IIp #5 8:15 - 9:35 155 1i 

~~! 
II II IIp 11 :05 - 12 :00 115 i 

p ! Cystoscopy on anesthesiologist #6 8:20 - 8:50 75 
' 

·: Recovery Room A breathing zone level, 9 :10 - 9:35 2 
approx. 5 ft. from desk 

i A same as above 9 :35 - 10:05 5 
I II IIA 10:05 - 10:35 5 

II IIA 10 :35 - 11 :05 2 
II IIA 11 :05 - 11 :40 7 
II IIA 11 : 40 - 12: 15 12 
II IIA 12:15 - 12:40 8 
II II.A 12:40 - 1:10 10 
II II.A 1 :10 - 1:40 9 
II IIA 1 :40 - 2 :10 8 

11: * "A" indicates area samples located in stationary pcisition as described · 
11P11 indicates p.ersonal samples attached to person described 

** Not Detectable by current]y. available analytical techniques, ; .e.< 2 ppm 
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Table 2 

Location of Samples for Halogenated Anesthetic 
October 13, 1977 

Englewood Hospital
Englewood, New Jersey 

Operating Room * Location Time~ 

p #1 Circulating Nurse 7:40 - 11:25 
II II p 11 :25 - 12:50 

p. Anestheologist 8:05 9:30 

p #2 Circulating Nurse ·7:55 - 11:30 
',' 1i IIp #4 7:35 11: 35 

II II p 11:35 - 12: 10 
. II II p #5 7:35 - l l: 20_ 

II IIp 11:20 - 1 :40 
p Anestheologist 8: 10 - 12:20 

.p #6 Circulating Nurse 7:35 - 11: 15 
II II p 11: 15 - 2:30 

p Anestheologist 8:25 - 1:05 

p #7 Circulating Nurse 7:40 - 11:35 
' ' 

p #8 Circulating Nurse 7:45 - 11 :30 
p Anestheologist 8: 15 9:35 

II II p 11: 30 - 12: 15 
A Near center, 

south wal 1 8: 15 - ll :40 
A Near center 

,South wa11 11 :40 - 12:30 

Cystoscopy p ,' Circulating Nurse 7:55 - 11 :00 
p· Anestheologist 8:25 - 8:55 

* 11 A11 indicates ·area samples lpcated in stationary position as described~ 
11 P11 indicates .._PE:!_rsonal -samples ·attached to pe·rson described · 
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