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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, tq
detennine whether any -substance no.nnally 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 industria-1 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• 
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Mention of company names or product s does not constitute endorsement by the 
Natio~al Institute for Occupational Safety and 1:1ealth.. ...... , 
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I. SUMMARY 

On the morning of July 27, 1981, the National Institute for 
Occupational Safety and Health (NIOSH) conducted a health hazard 
evaluation at the main clinic of the Emory University .School of 
Dentistry,· Atlanta, Georgia. This evaluation was conducted in 
response to a request submitted by the Professor and Chairman of 
the Oral Biology Department. The department is planning to 
instal 1 nitrous oxide (N20) gas scavenging equipment in each of 
the 6 suites where nitrous oxide was used. To determine the 
extent of exposure for operators and dental assistants working in 
these suites, NIOSH monitored the nitrous oxide concentration in 
the area and collected personal exposure sam.ples before, -during, 
and after a 1. 5 hour period of nitrous oxide administration. 

Personal air samples were collected using .battery powered air 
sampling pumps to fill inert plastic bags with air drawn from the 
person's breathing zone. These samples were later analyzed on 
site ·using a Wilks 103 portable infrared spectrophotometer which 
had been calibrated that morning just prior to conducting this 
evaluation. This instrument was also used for monitoring N20 
concentrations in the suite 1 - 6 area and at several other 
locations in the main clinic. 

Results of th1s evaluation 1nd1cate that scavenging equipment 1s 
definitely r~quired to. protect clinic personnel from excessive 
exposure to nitrous oxide. The average personal exposure to 
N20 during the period of administration was above 250 parts 
per million (ppm) in 4 of 5 samples collected. This was the 
maximum full scale reading for the Wilks 103. The lowest 
personal exposure was 175 ppm. The· NIOSH recommended standard 
for N20 in dental offices is 50 ppm. · Area monitoring in 
suites l - 6 indicated that the atmospheric concentration of 
N20 exceeded 250 ppm within one-half hour after administration 
of N20 had begun and did not drop below 25 ppm for at least 10 
minutes after all N20 gas was turned off. Specific recommen
dations for contro 11 ing N20 exposure can be found in section 
VI of this report. 

KEYWORDS: SIC 822l (colleges, universities, and professional scho~ls), 
dental offices, nitrous oxide, anesthetic gases 
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1. 	 Among heav.ily anesthetic-exposed dentists, an increase in 
liver disease from l. 9 to 3.2 cases per 100, an increase in 
kidney disease· from 2.4 to 2.9 cases per 100, and an increase 
from 0.35 to 1.35 cases ·per 100 in non-specific neurological 
disease (numbness, tingling, and weakness) relative to the 
group reporting no exposure to the anesthetic gases; 

2. 	 Among heavily exposed female dental assistants, an increase in 
1iver disease from· 1.0 to 1.6 cases per 100, and an increase 
in non_.specific neurological disease from 0.45 to 1.98 cases 
per 100 relative to the non-exposed group of assistants; 

3. 	 The rate of spontaneous miscarriage was increased from 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 17 .5 cases per 100 in heavily exposed female 
dental assistants; 

4. 	 Birth defects increased from 3.6 to 5.9 per 100 among children 
of exposed female assistants; 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 among exposed female assistants appeared somewhat higher 
than among those unexposed. 

IV. EVALUATION CONDITIONS 

Five of the six suites were set up ·to administer nitrous oxide. 
Two student volunteers were administered N20 as simulated 
patients and 3 other suites were . in actua 1 use. The s.ixth suite 
(suite 3) was also used but no N20 gas was administered. The 
times and rates of administration are presented below: 

Suite 2 	 Suite 1 

·N20 on 9:16 a.m. N20 on 9:19 . a.m. 
N20 off 10:46 a.m. N20 off 11:05 a.m. 

37.5% N20@ 8 L~ 	 45% N20@ 7.7 LPM 

Suite 4 	 Suite 3 

N20 on 9:48 a.m. N20 not .used 

N20 off 10:40 .a.m. 


65% 	 N20 .@· 9 L~ 

Suite 6 	 Suite 5 

N20 	 on 9:22 a.m. N20 on 9:22 a.m. 
N20 	 off 10:50 a.m. N20 off 10:52 a.m. 

60% N20 @ 9 LPM 54% N20@ 6.9 LPM 
(Simulated) (Simulated) 
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V. EVALUATION RESULTS 

Area monitoring and personal exposure results are presented in the 
attached table. All samples were well above the NIOSH recommended 
standard of 25 ppm. The nitrous oxide concentration monitored in 
Suite 6 was above 80 ppm by 9:55 a.m. and above 145 ppm by 10:05 
a.m. By 10:06 a.m. the concentration in Suite 4 exceeded the 
maximum reading detectable on the Wilks 103 (250 ppm) and remained 
above this level until 10:50 a.m. 

V_I. 
 RECOMMENDATIONS: 

In view of the evidence which as been building in recent yea_rs,
showing that significant health problems appear to be .associated 
with the use of nitrous oxide alone, dentists should take 
appropriate precautions in control ing their own exposure as well 
as the exposure of their. office staff. The Emory University 
School of Dentistry has an obligation to set the example for their 
students in demonstratin·g proper methods and procedures for 
controlling nitrous oxide exposure. Control measures recommended· 
by NIOSH to reduce exposure to the lowest reasonable achievable 
concentration includes the following: 

1. 	 Purchasing, installing, and using scavenging equipment to 
capture anesthetic gases before they reach the breathing zones 
of dental clinic personnel. Such gases should be vented to 
the outdoors in· a manner which precludes the re-entry of 
contaminated air. 

2. 	 Venting suction machines to the outside of the building. 

3. 	 Minimizing speech by the patient during dental procedures. 

4. 	 Regular preventive maintenance procedures for anesthetic 
equipment . 

5. 	 Frequent leak testing of the anesthetic equipment by in-house 
personnel. "Low leakage" anesthetic techniques should be 
taught and stressed as part of the curriculum. 

6. 	 Use of an air sweep fan when necessary to di lute the concen
tration of nitrous oxide in the breathing zone of the dental 
operators and their assistants (see Figure 1). 

7. 	 Performing air monitoring at the inception of the N20 
contro 1 program and at least every 4 months thereafter. A 
reasonably achievable cor:icentratiori of N20 appears to be as 
high as 50 ppm when the above recommended control measures are 
applied. In the event that higher concentrations are found, 
repairs must be prompt ly completed with verification by 
additional air ·monitoring. 
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Students and staff should be alerted to the health hazards 
associated with anesthetic gases and taught how to minimize 
personnel exposure by following the above recommendations. A 
detailed discussion of the above control methods is contained in 

. NIOSH Publication No. 77-171 (Ref. 	5). 
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VIII. DISTRIBUTION ANO AVAILABILITY 

Copies of this report are currently avai 1 able upon request from 
NIOSH, Division of Standards Development and Technology Transfer, 
Publications Dissemination Section, 4676 Co 1umbia Parkway, 
Cincinnati, Ohio 45226. After ninety (90) days the report will be 
available ·through the National Technical Information Service 
(NTIS), Springfield, Virginia 22161. Information regarding its 
availability ·through NTIS can be obtained from the NIOSH Publica
tions Office at the Cincinnati, Ohio address. 

Copies of this report have been sent to: 

1. Department of Oral Bio.logy, Emory 	 University 
2. U.S. Department· of Labor (OSHA), Region IV 
3. NIOSH, Region IV 
4. Designated State Agencies 

Fer the purpose of informing the "affected employees", the 
anployer will pranptly 11post 11 this report for a period of thirty 
(30) calendar days in a prominent place(s) near where the affected 
employees work. 
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NITROUS OXIDE SAMPLING RESULTS 

July 27, 1981 


Personal Exposures 


Location Job Sampling time Concentration 
. (ppm} 

Suite 1 Assistant 9:19am-11 :05am >250 
Suite 2 Operator 9:16am-10:46am >250 
Suite 4 Assistant 9:48am-10:40arn >250 · 
Suite 5 simulated 9:22am-10:52am 175 
Suite 6 simulated 9: 22ani-10: 50am >250 

Area Monitoring in Suites 1 - 6 

Location Monitoring Time Concentration 
(ppm) 

Suite 6 9:55am 80 
( gas on 9: 30am) 10:05am 145 

Suite 4 10:06am >250 
(gas on 9:48am) 10:08am-10: 16am >250 

Between Suite 4 a 6 10:55am-10:50am >250 
(all gas off 11:05am) 10:50am-10:58am >250 

10:58am-ll:09am 40 
11 :09am-11: l 3am 35 

Area Monitoring in other Locations 

Location Monitoring Time Concentration 
(ppm) 

Hallway. north of clinic 10:20am 4 

West corridor inside clinic 10:25am 8 

Center of clinic 10:28am 20 

Suite 41 10 :30am 50 

NIOSH Evaluation Criteria= 
(average concentration during period of administration) 

25 ppm

N20 concentration range detected by Wilks 103 = 0-250 ppm 

I 



The air sweep (Figure 1) assured that the personnel inhaled N20 concen
trations which were only slightly higher than the average prevailing in the 
room. This technique was employed in offi.ces where air samples obtained in the 
breathing zones of personnel contained more than 30 ppm N20, The apparatus 
consisted of a quietly operating fan located to take in relatively fresh air 

FAN 

Fig. 1 .AIR SWEEP 

Fan intake is located away from sources of N20. 
Exhaust is directed to carry concentrated anesthetics, 
exhaled by the patient, away from the breathing zone 
of the personnel. 
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