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Nitrous Oxide (N20) Safety

I. Introduction
Nitrous oxide (N20) is a colorless and virtually odorless gas with a faint, sweet smell. It is an effective analgesic/anxiolytic/sedative agent causing central nervous system (CNS) depression and euphoria with little effect on the respiratory system. N20 is administered for both adult and pediatric patients but its primary use is on children. Use of N20 is beneficial for both patients and dentists but its use must consider safe administration with a focus on controlling occupational exposure. Studies have shown physical affects related to occupational exposure to dentists–typically associated with N20 administration without scavenging systems.

II. Occupational Exposure Limits
Occupational Safety and Health (OSHA) Guideline for Nitrous Oxide: http://www.osha.gov/SLTC/healthguidelines/nitrousoxide/recognition.html 

There are no OSHA exposure standards for N20. However, some research has indicated exposures to nitrous oxide have been linked to increases in spontaneous abortions, liver disease, cancer and kidney disease. Therefore, the National Institute of Occupational Safety and Health (NIOSH) and the American Conference of Governmental Industrial Hygienist (ACGIH) have established recommended maximum allowable exposure levels in 1977 and 1989 respectively.  

The American Conference of Governmental Industrial Hygienists (ACGIH) adopted a 50 ppm threshold limit value–time weighted average (TLV-TWA) for nitrous oxide in 1989. This is the time-weighted average concentration for a normal 8-hour workday and a 40-hour workweek, to which nearly all workers may be repeatedly exposed, day after day, without adverse effect. However, excursions above the TLV-TWA should be controlled even when the 8-hour limit is within the recommended limits. Short-term exposures should not exceed three times the TLV-TWA (150 ppm) for no more than a total of 30 minutes during a workday and under no circumstances should they exceed five times the TLV-TWA (250 ppm), provided that the TLV-TWA is not exceeded. 2006 Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices, published by the ACGIH, was used as a guideline.

NIOSH has set the maximum time weighted average (TWA) for nitrous oxide at 25 ppm during anesthetic administration. The recommended standard is designed to protect the health and safety of employees during their work in locations where exposures to waste anesthetic gases and vapors occur. The standard was established at a level designed to protect individuals occupationally exposed to anesthetic gases on an 8-hour per day, 40-hour per week basis, over a normal working lifetime. NIOSH Criteria for a Recommended Standard ... Occupational Exposures to Waste Anesthetic Gases and Vapors dated March, 1977 and Development and Evaluation of Methods for the Elimination of Waste Anesthetic Gases and Vapors in Hospitals, NIOSH 75‑137, dated May, 1975 were used as guidelines. Additionally, NIOSH published a technical report, Control of Nitrous Oxide in Dental Operatories, in 1994 that agrees with the recommendations in this document. 

With this background, IHS Office of Environmental Health and Engineering and the national Oral Health Program have traditionally taken a conservative approach to controlling and monitoring N20 levels when potential exposures to staff are possible. Those facilities with frequent N20 use and portable N20 administration units are considered to have a reasonably high potential for occupational exposure.
III. Guidelines for Minimizing Worker Exposure

CDC Controlling Exposures to Nitrous Oxide During Anesthetic Administration: http://www.cdc.gov/niosh/noxidalr.html 

1. System Maintenance
a. Inspect and maintain the anesthetic delivery system to prevent N20 leaks in all hoses, connections, fittings. Repair all leaks immediately. See illustration. 
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Ventilation
a. Scavenging System–Use Scavenging. Exhaust ventilation of N20 from the patient's mask should be maintained at an air flow rate of 45 LPM, measured by a calibrated flow device, and vented outdoors–not into the room ventilation system.

b. Room Ventilation. Where possible, use 100% clean outdoor air for dental operatory ventilation. Supply, and exhaust vents should be well separated to allow good mixing and prevent "short-circuiting."

c. Auxiliary Exhaust Ventilation. Local exhaust hood should be placed near the patient's mouth to capture excess N20 from breathing.

d. Ensure dental operatories where Nitrous Oxide is used comply with IHS ventilation requirements.

IHS OEHE Technical Handbook, Chapter III–Health Care Facilities Design and Construction, Section 21–Design Criteria and Standards http://www.oehe.ihs.gov/hb/index.cfm?volume=III&part=21&chap=42 
3. Work Practices
a. Select scavenging masks of proper sizes to fit patients.

b. Prudent use of N20 to appropriately sedate patients is encouraged.

c. Conduct occupational exposure monitoring the air concentration of N20 to ensure controls are effective in achieving low levels during dental operations.

NIOSH Nitrous Oxide Resources http://www.cdc.gov/niosh/topics/nitrousoxide/ 
IV. Recommended Preventive Measures to be Taken by All Dental Facilities Using Nitrous Oxide

Typically, facilities engineering or clinical engineering staff should perform these activities.

4. High pressure testing (between N20 source and flowmeter): Should be performed quarterly as described below:

a. Perform a high pressure test by: turning off the cylinder valves and flow meters at the end of the work day, tight (nonleaking) systems will hold pressure overnight with less than 10% loss of normal working pressure (approximately) 50 psi.

5. Low pressure testing (between the flowmeter and the patient), for both central medical gas systems as well as portable tanks. Should be performed weekly prior to the use of the dental analgesia equipment.

a. The breathing bag can be tested on the analgesia machine by overfilling with oxygen (O2) to several times its normal volume. Palpitation of the surface will reveal any significant leaks.

6. Other hoses and low-pressure components are leak tested as a unit.  Preparation for this test includes removing the bag from the machine and adapting a blood pressure gauge to the bag outlet. The breathing connections of the nasal mask are then connected. This results in an airtight, closed looped system. Following the above preparations, leak testing of the low-pressure components is performed by either of two methods.

a. Turn on a low-range O2 flowmeter at a rate sufficient to maintain constant pressure of 30 mm hg. The flow rate when equilibrated with the leak provides a quantitative measure of the leak rate. A tight, machine leaks less than 100 cc/minute at 30 mm hg. Precautions in this test include careful observation of the pressure gauge since over-pressurization could damage the gauge.

b. The second test is used when the O2 flowmeter does not have a low-calibrated range. The system is filled with O2 to a pressure of 30 mm hg. The O2 is then turned off. The machine is considered tight if it loses less than 10% of its pressure over a 30-second period of observation.

c. Machines, which are equipped with an O2 flush valve, low-range O2 flow meter, and a built-in pressure gauge, are easiest to leak test because all components are set up for routine analgesia, including the bag. The O2 flowmeter is set for 100 cc/minute, kinking occludes the outlet hoses at the nosepiece, and the flush valve is used to pressurize the system to 30 mm hg. When the unit is not leaking, the 30 mm hg will hold or decrease only slightly.

d. Leaks can also be detected by applying a soap solution to the connections.

V. Recommended Nitrous Oxide Occupational Exposure Monitoring Procedures
Area Institutional Environmental Health staff or local safety officer should be asked to assist with exposure monitoring.

7. The dosimeter analysis cost will be included in the initial contract purchase. Therefore, once the dosimeter is used for measurement, it is simply placed back in the container and returned to the company for analysis.

8. A dosimeter, once assigned and placed on an employee for monitoring, should not be shared by other staff members during the same sampling period. The ultimate placement of dosimeters for measurement within a facility may vary from one quarter to the next, depending on several factors. Some of the factors determining placement include:

a. How many dental operatories or operating rooms is N2O used in on a regular basis? The more units, the more varied the sampling location might be.
b. In what operatories or operating rooms is the N20 most frequently used? The sampling should be performed more frequently in those areas where the N20 is most often used.

c. Operatories, which have had problems with N20 leaks or high employee exposure levels in the past, should be monitored more frequently.

d. At least two employees should wear a dosimeter on the collar of their garment during the same sampling period. For example:

· One dosimeter should be worn by the dentist and the second dosimeter by the dental assistant.

· Other possible locations for placing the dosimeters would include staff breathing level in the immediate proximity (within the operatory) where the N20 is being used. If there is concern over a specific piece of equipment, an additional dosimeter may be placed close to that equipment while N20 is administered.

e. Regardless of where the dosimeters are placed, the identification number of the dosimeter should be documented so that when the results are received individual measurements are not associated with incorrect locations.

f. The dosimeters may be worn for time periods ranging between 15 minutes and 8 hours (preferably for over 4 hours). If more than one case using N2O is to be conducted on the same day the dosimeter can be worn for the cases using N2O and capped during the periods of no N2O use. The start and stop times for each period the dosimeter is uncapped (each case), must be carefully noted. The manufacture needs the exact time the dosimeter was exposed to N2O to calculate the employee exposure level. The dosimeters should not be used for more than one day.

9. After staff have worn the dosimeters for 15 minutes to 8 hours, the dosimeters should be placed back into their containers and sent to the company for analysis. Documentation should be included with the dosimeter(s) indicating the length of time the dosimeter(s) was worn for potential exposure (time uncapped). The company will analyze the dosimeter, calculate the TWA exposure level for the time period the dosimeter was exposed for, and send a copy of the results to the facility. 

10. A copy of the monitoring results should be provided to the facility safety officer for safety committee review and tracking. Additionally, a copy of the results should be filed in the employee medical file (EMF) per OSHA requirements.  

11. Any time the results exceed the trigger level (50 ppm), a combination of several actions must be initiated by the facility Dental Chief:

a. The specific location within the department where the dosimeter was placed for the original reading should be evaluated by the dental staff. Parameters which should be evaluated, include, but are not limited to the following:

· The mechanical integrity (i.e., the condition of the rubber hoses, connections, tubing and breathing bag) of the analgesia or anesthesia units in the immediate vicinity where the reading was recorded should be evaluated. At a minimum, all rubber components of dental units should be replaced semiannually or annually, and as conditions such as pin holes or tears are noted.

· Biomedical personnel should conduct a leak test of dental analgesia units.

· The scavenging system should be evaluated to ensure it is working properly (45 L/min) and that it is being discharged directly into the outside atmosphere.

b. The case notes of the procedure(s) monitored should be reviewed to determine if any unusual circumstances could explain the measured N2O levels. Examples of such occurrences could be the failure to minimizing patient talking or not using a rubber dam during dental procedures.

c. The results of the investigation listed above should be documented and corrective action completed. If the corrective action clearly resolved the problem no additional sampling should be performed. If it is less certain that the corrective action has clearly resolved the problem, repeat dosimeter monitoring should be conducted while N20 is being used in a similar procedure. The exposed dosimeter should be sent to the vendor for analysis.

d. If this repeat analysis also exceeds the trigger level (50 ppm), biomedical engineering specialists should be contacted to schedule a visit to the facility and perform further analysis using a Miran Infrared Spectrophotometer to take active readings and assist in resolving the issue.

e. Documentation of any investigations, corrective actions, repeat exposure level testing, etc. needs to be provided to the facility safety officer and placed in the employee’s Employee Medical File (EMF).
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