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PREFACE 


The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field 
investigations of possible health hazards in the workplace. These 
investigations are conducted under the authority of Section 20(a)(6) of the 
Occupational Safety and Health Act of 1970, 29 u.s.c. 669(a)(6) which 
authorizes the Secretary of Health and Human Services, following a written 
request from 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. 

The Hazard Evaluations and Technical Assistance Branch also provides, upon 
request, medical, nursing, and industrial hygiene technical and consultative 
assistance (TA) to Federal, state, and local agencies; labor; industry and 
other groups or individuals to control occupational health hazards and to 
prevent related trauma and disease. 

M&.ntion of company names or products does not consti tute endorsement by the 
National Institute for Occupational Safety and He~lth . 
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ln July 1985, t he National lnstltPle f or Occu~ational Safety and Health 
~NlOSH) :ece1vcd a r cq~esl from lhe of fice manager of t he Hiatl , Melcalfe, 
and Schaad dent al clinic in DenveR, Colorado to evaluate nitrous oxide 
(N20) e xpos ures during denlal procedures. 

l n September of 1985 , direct r eadi ng measurements wer e taken throughout 
all the dental off ices f or N20 levels . There were no procedures being 
perfor med on t hi s visit , therefore, all N20 tubing, cylinders, and 
values we r e checked for leaks. Several lealcs were found in t he basement 
i n the area wher e the N2o cylinders were s tored. The se leaks were 
repaired in the fall of 1985. A follow up envi r onmental survey was made 
on January 6, 1986 . Two dent~l hygi~nists were using N2o on patients 
undergoing t eeth ~ lean ing procedures . N20 scavenging was not available 
in any part of the clinic durlng the NIOSH investigation. 

Wi th in fi ve minu tes of samr,~ng f~r N20 in the dental hygienist ' s 
breathi ng zone, l e vels reached 1000 parts per mill ion ( ppm) . These levels 
remained high for the remai nder of the procedure , which lasted for one 
hour. Levels of N o between the two hyg ienist rooms Csecretadal area.s) 2
were 350 to 400 ppm fo r the same time period . Excessive levels were also 
found in other rooms where N o was not in use. these l evels ranged from 2
100 to 150 ppm. Nitrous oxide overexpos ures will con t inue t o occur i n 
these areas if no scaveng ing system is to be used for t hese pr ocedures. 

Two dental hygientsts and thr ee suppo~t t ype workers were informally 
i nterviewed. During t he s urvey periods a brief explanation was given on 
the long term or chron ic t oxicolog ica.l effects of N2o exposu~es. 

On the basis of data obtai ned during t hi s evaluat ion, it has been 
de t ermi ned thal personnel i n th is dental off ice were overexposed to 
N20. Recommendations to r educe N20 exposures are presented in lhi s 
reporl. 

Keywords: SlC 8021 (ofCice of dentist), nj t r ous OAide, dental 
operator ies , waste anesthetic gas. 
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11 . T.NtROOUCTION 

1n J ul y 1985, . NlOSH received a request from the office manager of lhe 
Hi atl, Metcalfe, ~nd Schaad dental clinic, in Denver , Colorado lo 
evaluate NzO exposul'cs during var. i ous dental procedures. In 
SepLember, L985 and Janu~ry, 1986, environmental investigations were 
performed in th is clinic. Direct r eading measurements were t aken 
t hroughout t he clinic for N o concentrations. VP.rbal 2
recommendations we r e given a l thi s time f or lowering NzO e~posure 
levels. 

111. ~A£~GROUND 

The denti st and dental hygienist at this clinic routinely use N20 
during various dent al procedures. the time and amount of N20 used 
varies greatly. There are many days when N20 i s not used. During 
the January 6 , 1986 , survey N20 was used for about 1.3 hours by two 
dental hygienists. There was no N20 scavenging system in this 
c lini c . Except for the building ' s beneral heating system, the only 
dilution ventilation was an open wi ndow in one hygienist's room and 
this was routinely kept open during procedures which used N20. The 
ot her hygienists cannot open the windows i n their rooms . 

IV. ENVIRONKF.NTAL DESIGN AND METHODS 

All measurements for N20 were perfor mt:d on s ite with a Wilks 
KiranR 103 Gas Analyzer at a wavelength of 4.5 mi~rometers and a 
pathlength of 13.5 metecs . Ceneral atea samples were taken on lhe 
N o adminis tering equipment throughout t he dental operatory , in the 2
secretarial work area, and in the dental hygienist' s breat hing zone . 

Work practices and techni ques were observed; employees wece lnfot'ntal ly 
i nterviewed. 

V . ENV! RONKP.NTAL ClHTERlA 

As a gu idc to t!>e eva lu o.t: on of the haza.L·ds posed by workplace 
exposures, NlOSH fiold staff emrloy envirot~ental ev&luation ~r l lorla 

for assessmer1l of a number of chemical and phys i cal agent s. These 
criler.ia are intended t o sugeesl lf)vels of. ~xp1><:ure to whi ch most 
workers may be expus~d up to 10 ho••~~ pc~ daJ, ~o hours per week for a 
wori:i.ng li f et ime •·ithout er.p.:f.'L(;nc\ng adverse hed'. h effecls . It. is , 
however , i mpoclanL tu note tnat not all ~orke~s ~ill be pcotected f rom 
ad ve t·se health ef .eels 'if P~ il• ~ posu• ->;; •• c t'laint-o.ined 1-,rl ow lh.ese 
levels . A. smal::.. pct·c..entag~ m· y c .. i:)eri.enc~ ad•'t:•.sc heallh eft.ect.s 
because of ii\c' i. vi~ual sust:".)ptibi lit. ·:, a pre e1tL:ti. 6 med ical 
condition, end / or a hypP.rsens ' l;vit 'all~1gr). Tn add itlc~. somc 
hazardous substances may act. n .;ornhi.nat. •on wi•h o t '.-:'" : ;.J(lr}l'place 
exposures , the general e mri tonm1rn.._, ot· ~1ith 1t1P.d ic I ious or perso11n~ 
habits of lhe wol:'ker t o pn:.du::..e ~:> 1 th :)f"'l)ct.~ •·•·l"O if the 
occt1pat.ional exposures St'u ...ont.C".,_l "'t t'ie 1 ev,l ,.,~by 
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the c11aluatio"'l c. it .. t •c.m . Theae ~:11ub.11eci effect" e. r e often not 
consiu.Pre<~ ••1 lhc: n1ra1· 1 .:-t i.o l r ia . \lso , so1n'! s11bstnnces are 
i..bsot·bcri b" d·r,...~ co 1 ta 1~ l .,,;• {nc s l~ir 11.110 mucous mcmbrar.es, and 
L.1:.1·· pote"lt1.ally inc L·er o;e ...he t.l/Pt"all ... >-rosuro. Fina.l l y, evaluat ion 
~d te-ria may ch.rn~c o \ e thf' .. caci:- as u .~· in~N •llAt. 1.on on t.he tox ic 
e f ect.s of an af,t.lll ' ecome uvr.' blr_ 

The pr im~ry ~ou cc•r of c nvi conmo1 lol cvaluat i 1n criter ia fo r the 
~orkplace aru: l} NlOSH CrileriP Documents and recvnunendations, 7) 

t he Alnerican Conference of Govecnmental I nduslcial Hygienists' (ACGl H) 
Thre shold Limi t Values (TLV's), and 3) l he U. S. Department of Labor 
(OSHA) occupatlon~l health stand~rds . Often, the NIOSH 
recommendations and ACGIP TLV's are lower Lhan t he corresponding OSHA 
standards . Bo th NIOSH rP.commendations and ACGIH TLV's usually are 
based on more recent inform6tion t han are t he OSHA standards. The 
OSHA standards also may be requi~ed to take into accoun t the 
feasib ility of rvntroll\ns expo~ures i~ various indus tr i es where t he 
agents are used ; t he NlOSH- r ecoromended standards, by contrast, are 
based solely on concerns r elating to the prevention of occupational 
di sease . In evaluat i ng t he ~xposure levels and the recommendations 
for reducing these levels found in this repor t , it should be noted 
that industry is l ega l l y required to meet only t hose levels specified 
by an OSHA stand~rd. 

A time- weighted average (TWA) exposure refers to the average airborne 
concentration of a substance during a nor mal 8- lo 10- hour workday. 
Some substances have recommended short- term exposure limi Ls or ceiling 
values which are i ntended t o supplement t he TWA where there a r e 
recognized toxic effects from high shorl- term exposures. 

Toxicology 

At present there is no OSHA s tandard for nilrous oxide; however, NIOSH 
has recommended a 25 ppm environmental limil for N20 based on 
r esearch gathered pri or to Apri l 1977 . Also , NIOSH feels thal based 
on present technology , personal exposure leve ls as l ow as 25 ppm of 
NzO in dent al operatories are attainable at this lime . Present 
research on t he effecls of nit rous oxide, howe ver, indicates lhat 
while the majori ty of the information available on occupational 
exposure to waste anesthetic gas concerns exposure to a combinat i on of 
nitrous oxide and at.her halogenated agenls , enough evidence is 
available on the effects of N o alone so that it should be 2
consider ed potenlial ly t oxic under conditions of chronic exposure . 
The f ollowing is a summary of t hese i nvcsLigations . 

Nitrous Oxide Reports by Va i sman (1967 ), as well as by Askrog and 
Harvald (1970) , were among the first to identify an increased 
i ncidence of spontaneous abortions in wome 1 expos d to aneslhelic 
gases and in wives of men exposed to ancsLhclic gases. ResulLs of a 
more recent and comprehensi ve nationwide survey of occupational 
disease among operating personne l were published in 1974 by lhe 
American Societr, of Anesthes io l ogis t s CASA) . The t·esults of this 
study indicate ' that female members of t he operati ng room e xpos ed 
group were subj ect lo 
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increased cisks cf spontaneous abortion, congenital abnor malities in 
their children, cancec, and hepatic and renal disease." This reporl 
also showed an i nc Leased risk of liver disease and congenital 
abnor.mali ties in offs pring of male operating room personnel. No 
increase in cancer was found among t he exposed males, but an increase 
i ncidence of hepat ic di sease similar t o that in females was found. 

I n a study published by NlOSH (19 76), "ni trous oxide and halothane , in 
respective concentrat ions as low as SO parts per million (ppm) and 1.0 
ppm, caused measurable decrements in performance on psychological 
tes ts taken by healthy male graduate students. Nitrous oxide alone 
caused similar ef fects . The functions apparently most sensitive to 
these low concentrations of anesthelics were visual perception, 
i.nunediate memory, and a conlbination 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 were also reported. 

Epidemiological studies have raised the question of human 
carcinogenicity of anesthetic gases, but data are presently 
insufficient to list nitrous ox ide or halothane as suspected 
carcinogens. 

In an epidemiological study among dentists, Cohen et al. (1975) 
compared exposed persons in that profes sion who used inhalation 
anesthetic more than t hree hours per week with a control group in the 
same profession who used no inhalation anesthetic. The exposed group 
reported a rate of li ver d i sease of 5.9 percent in comparison with a 
rate of 2.3 percent in the control group. Spontaneous abortions were 
reported in 16 percent of pregnancies of the wives of exposed 
dentists, in comparison with nine percent of the unexposed. This 
difference was s t atistically significant. This study did not identify 
the specific anesthetic being used by the dentists surveyed , that is, 
whether they used N20 alone or t ogether with a halogenated agent. 
However, in a review of t hat study, NIOSH (1977) concluded that ''the 
halogenated anesthetics alone do not expla i n t he positive findings of 
the survey and t hat N2o exposure must be an important contcibuting 
factor , if not the principal factor.tt Th i s conclusion is based on a 
cal culation wh i ch assumed that as many as one in ten of the dentists 
using an inhalation anesthetic employs a halogenated agent. If the 
actual fraction is less t han one in ten, then this conclusion would be 
e ven more s ignificant. 

In a document recommending a standard for occupational exposure lo 
waste anesthetic g&s, NIOSH (19/7) recommends a maximum exposure of 50 
ppm on a time weighted average basis during the anesthetic 
administration in dental off i ces. This cecommendation is based 
primarily on av&ilabl e t echnology in reducing waste anesthetic gas 
levels. 

http:factor.tt
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1n a recent study, Cohen et . al., {Oc tober 1979) reported results on 
quesl~onnaires sent to 64 000 dentists and dental assistants. 
Respondents were asked to estimate the ir occupational exposure to 
anesthetic gases, e.g., N2o, halothane, etc ., and to complete a 
health history for t he period 1968- 1978 . 

Over 22,000 dental ass i stants and 23 ,000 pregnancies which occurred 
during the sample period were reported. 

Among the dentists who responded , 42 percent said they used anesthe t ic 
gases regularly in t heir practices. Approximately one- th ird of that 
gcoup were "heavy users ,•• using agents more than nine hours per week. 
The study concluded that: 

(1) Among heavily anesthetic- exposed dentists, an increase in 
l i ver disease from 1.9 to 3 . 2 cases per 100, an increase in kidney 
disease f r om 0 . 35 to 1.35 cases per 100 in non- specific 
neurological disease (numbness, tingling, and weakness) occurred 
r elat ive to t he group reporting no exposure to the anesthetic 
gases; 

(2) Among heavi ly exposed female dental ass istants, an increase 
in liver disease from 1.0 to 1.6 cases per 100, and an increase i n 
non-specific neurological disease from 0.45 to 1 . 98 cases per 100 
relat ive to the non-exposed group of assistants; 

(3) The rate of spontaneous miscarriage was increased f r om 6 . 7 
per 100 in the control to 11.0 per 100 among wives of heavy 
anesthetic-exposed dentists , and from 7 . 6 cases per 100 in the 
non-exposed to 1 7. 5 cases per 100 in heavily exposed f emale dental 
assistants; 

(4) Birth defects increased from 3.6 to 5 .9 per 100 among 
children of exposed female as sistants; however, no increase in 
birth defects was reported in children of exposed male dentists ; 
and 

(5 ) Cancer incidence was unchanged among male dentists , but the 
rate an\on~ exposed female assis tants appeared somewhat higher l.han 
~mong tho~e unexposed. 

Finally, because dentists work close to the patient's mouth and tend 
to u~e larger vol~mes of the gases to maintain effecti ve anesthetic, 
they may receive t wo t o three times the dose of anesthetic gases as 
opera. Ling room personnel. Also , a study of individual anesthetic 
gases used i n den tal offices revealed that nitrous oxide was the sole 
agent r eported by 81 percent of those dentists using anes thet i c 
gases . Cohen concluded lhat nitrous oxide, commonly known as 
''laughing gas," has always been considered to be inerl and nontoxic. 
llowever , i..his study indicated that "significant health probl ems appear 
to be associated with the use of nit rous oxide alone." 
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VI . ENVI RONMENTAL RE_SUT~TS 

Nitrous oxide l evels measured dLre~tll ~ith the Hic~n 103 i nccar~d gas 
analyzer showed levels ran~ing from 100 ~o greater tl, 100 0 ppm (the 
highest reading on the s c r le is 1000 ppm). The ave~a~e level ~as 
a pproximately 500 - 600 ppm in the breath ing zo~e of th~ hygienist 
during the cleaning procedure. Both hyg ienists us~d J.S - ~.5 liters 
of nitrous oxide pe~ minute. The dentist offlc~ wa• not evaluated 
since there was no N20 administered in these off ices ou eilher of 
the 	NIOSH visits . 

Vll. SUMMA.RY AND CONCLUSIONS 

Based on data obtained during this evaluation, a health l1azacd existed 
from ovet"exposures to N20 . A ni tl."ous oxide s cavenging system, lower 
flow rates, and a better dilution ventilation system should lowe~ 

these l evels . Refer to table 1 for average l evels f ound during t his 
evaluation. 

VTII. RECOMMENDATIONS 

The following recommendations are offered to assist in either r educing 
or eliminating exposures to N2o. 

1. 	 The most inunediate concern for this environment is ~o install a 
working scavenging system. There are a number of such systems on 
the market today and some are better than othe rs; how€ve r, the 
best system is one that will remove the contaminant at t he pop- off 
valve, as well as around the nose pieces. Nitrous oxide 
scavenging should be accomplished at a vacuum flow rate of 
approximately 45 liters per minute . 

2. 	 Routine maintenance should be performed on all anesthetic and 
suction equipment . Periodic visual checks should be made of 
tubing, masks, breathing bag, connections, etc., and any cracked 
or broken items should be replaced . Leak tests should be made 
with soap solution at all high pressure fittings such as cylinder 
connections and the anesthetic machine inlet. 

3. 	 Once the engineering and/or exhaust systems have been ins t ituted, 
a follow- up evaluation of the environment should be made. 

4 . 	 All dentists and other personnel working in the dent al clinic 
should be advised of the adverse health effects of overexposure t o 
nitrous oxide . 

5. 	 More dilution venti l ation should be ins talled; such as a lar ge fan 
in the roof of the build i ng that would period ically bri ng in fresh 
ou t s ide air. 
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Table 1 

Direc t Reading Levels of N20 Observed During 

the Cleani ng of Teeth by Dental Hygienist 


Dr's. Hiatl, Metcalfe, and Schaad 

Denver , Colorado 

January 6, 1986 


___L.....o.._c._a_t._i.._o......n.._____________ __s_an_.1p.._._ll....· n....,g.._T._i.....m__e.________N2o ppm 

<Breathing zone of Hygienist) 
Dental Hygiene Room 1 l:lOp - 1:12p 1000* 
Dental Hygiene I 1:30p - 1 : 40p 150 
Window Open 1 : 30p - 1 : 40p 150 
Window Closed 1:40p - 2:00p 450- 500 
Dental Hygiene Room 2 1:15p - 1:17p 1000'll: 
Next to Patient 10001': 
Door Out of Room 800 
Secretarial Desk (between 2) 1:35p - 350 

(Hygiene Rooms) 

Dental Hygiene Room 3 1:40p - 100 
Not Using Nitrous Oxide 
Dr's. Surgery Room Without 1:45p - 100 

Nitrous Oxide in Use 

Evaluation Criteria 
Laboratory Limi t of Detection 1 

ppm = parts per million parts of air. 

Note: These s amples actually exceeded 1000 ppm. 

25 
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