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Occupational and Environmental Epidemiology Standard Operating Procedure Mercury Spill and Broken Fluorescent Light Bulb Response Procedure



1



TABLE OF CONTENTS



A. Purpose and Applicability B. Qualifications of Personnel C. Procedural Steps D. Information to assist Local Health departments E. References F. Appendices



2



A. PURPOSE AND APPLICABILITY The purpose of this document is to establish a uniform process of responding to small mercury spills or broken fluorescent bulbs that may contain mercury. This procedure is applicable to the Occupational and Environmental Epidemiology Branch. B. PERSONNEL QUALIFICATIONS This standard operating procedure (SOP) is written specifically for Occupational and Environmental Epidemiology (OEE) personnel. This is an internal guidance document only. The procedure may be altered as a result of a change in resources, scientific advances, and risk management decisions. C. PROCEDURAL STEPS If OEEB is notified about a possible mercury spill or broken fluorescent light bulbs, the following steps will be initiated: 1. Initial steps for any incident in homes, schools or industrial settings a. Remove everyone from the affected area. b. Open windows (if possible) and outside doors in impacted area. c. Shut all interior doors or entries to the impacted area. d. Do not allow anyone, including pets, into the area. e. Turn off HVAC (i.e. heating/air conditioning) system to impacted area if possible. f. Turn down temperature in the impacted area. g. Do not use a vacuum cleaner, broom, or mop to try to clean up the area as these will become contaminated and may potentially spread mercury throughout the area. If any of these items has been used, it will need to be properly discarded. h. If mercury comes in contact with the skin, then wash the skin with soap and water. i. If mercury comes in contact with clothing, including shoes, then remove the item and place in a plastic sealable bag, and place in a secure outdoor area.
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j. If possible, place towels or other impervious material under doorways and place duct or masking tape along door edges to contain mercury vapors. k. Identify potentially exposed individuals. 1. Identify any satellite locations that may have been contaminated such as other rooms, buses, automobiles, etc. and isolate as needed. m. If anyone is ill, recommend they seek medical attention. 2. Estimate the amount spilled or number of bulbs broken. a. If less than fever thermometer size amount-^ Go to Appendix 1. b. If greater than fever thermometer size amount but less than or similar to 2 tablespoons (1 pound)-> Go to Appendix 2. c. If greater than 2 tablespoons (1 pound or greater) ->Go to Appendix 3. d. If broken fluorescent bulb -> Go to Appendix 4. . INFORMATION TO ASSIST LOCAL HEALTH DEPARTMENTS 1. OEEB will serve as the local health department subject matter experts for the initial mercury spill recommendations in schools/homes/industries. The school or industry may want to hire a consultant to assist them with the evaluation and cleanup process. Appendix 5 provides information on selecting a consultant. 2. After a mercury incident at a school, the health department should investigate the sources of the mercury. If mercury is suspected to have been taken home or carried on the buses, the school system and the local health department should prioritize the list of homes, rooms within the school, and buses that should be monitored for mercury by the consultant/contractor. Based on this investigation and any environmental monitoring, the school and health department should develop a prioritized list of homes, rooms, and buses that should be tested. The list should be provided to the OEEB. 3. A press release should be prepared and released. An example press release is attached in Appendix 6. 4. A fact sheet on mercury spills that can be provided to the public /news organizations is found in Appendix 7.
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5. In case students or workers were exposed to mercury, Appendix 8 is a questionnaire that should be given and completed. OEEB can assist with review of the completed questionnaire 6. For the homes that are suspected of having mercury contamination, the health department should recommend that the families not enter the homes until the evaluation is complete and determined to be safe by EPA or the local health director (in consultation with EPA or OEEB).. 7. Families should be advised of the need to find temporary housing provisions until cleanup has been completed and the premises are deemed safe to re-occupy. 8. General information on clean-up of mercury spill on surfaces can be found in Appendix 9. 9. The contractor should perform the cleanup procedures outlined for each contaminated room. Continue cleanup procedures until the eight (8) hour average concentration for each room is 1.0 ug/m3 or lower in schools, 1.0 ug/m3 or lower in homes and 3 ug/irf or lower for commercial/industrial sites. Appendix 10 provides information on clean up levels recommended by EPA and ATSDR. 10. Frequently asked questions on mercury toxicity can be found in Appendix 11.



E. REFERENCES 1. Mercury Releases and Spills. Available at: http://www.epa.gov/hg/spills/ 2. Cleaning Up a Broken CFL (Compact Fluorescent Light Bulbs). Available at: http://epa.gov/cfl/cflcleanup.html.
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Appendix 1. For Spills less than a fever thermometer in size. 1. Assemble clean up supplies. Items needed for cleaning include plastic bags (the type that zips closed), trash bags, rubber, nitrile, or latex gloves, paper towels, cardboard or squeegee, eyedropper, duct tape, shaving cream, cotton swabs or a small paint brush, and flashlight. DO NOT allow children to help you clean up the spill. Mercury can be cleaned up easily from the following surfaces: wood, linoleum, tile and any similarly smooth surfaces. If a spill occurs on carpet, curtains, upholstery or other absorbent surfaces, these contaminated items should be thrown away in accordance with the disposal means outlined below. Only cut and remove the affected portion of the contaminated carpet for disposal. 2. Put on rubber, nitrile, or latex gloves. When walking in spill area, wear trash bags over shoes to prevent contamination of shoes and other areas. 3. If there are any broken pieces of glass or sharp objects, pick them up with care. Wrap broken items in paper towel and place in a sealable plastic bag. Secure and label the bag. 4. Locate visible mercury beads. Use a squeegee or cardboard to gather mercury beads. Use slow sweeping motions to keep mercury from becoming uncontrollable. Hold a flashlight at a low angle close to the floor in a darkened room and look for additional glistening beads of mercury that may be sticking to the surface or in small cracks. Note: mercury can move surprising distances on hard-flat surfaces, so be sure to inspect the entire room when "searching." 5. Use the eyedropper to collect or draw up the mercury beads. Slowly and carefully squeeze mercury onto a damp paper towel and place in a sealable plastic bag. Secure and label the bag. 6. After removing larger beads, put shaving cream on top of a cotton swab or a small paintbrush and gently "dot" the affected area to pick up smaller beads. Alternatively, use duct tape to collect smaller beads. Place the swabs, paint brush or duct tape in a sealable plastic bag. Secure and label the bag. 7. Place all used clean up materials including gloves and bags used to cover shoes in a trash bag. Secure and label the trash bag and store outside. 8. For proper disposal contact your local fire department, the Hazardous Waste Section at the Division of Waste Management at (919) 508-8400 or North Carolina Earth-911 at 1800-CLEANUP or 1-877-EARTH911.
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9. Remember to keep the area well-ventilated to the outside (i.e., windows open and portable fans running) for at least 24 hours after cleanup. Continue to keep everyone, including pets, out of cleanup area. 10. You may want to request the services of a consultant who has monitoring equipment to screen for mercury vapors. Consult your local environmental health department or call the Occupational and Environmental Epidemiology Branch at the NC Division of Public Health at (919) 707-5900 to inquire about selecting a consultant in your area. 11. For additional information or guidance contact your local fire department, or local health department or call the Occupational and Environmental Epidemiology Branch at the NC Division of Public Health at (919) 707-5900
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Appendix 2. For spills greater than thermometer size, but less than or similar to two tablespoons (One Pound) 1. Have everyone leave the area; don't let anyone walk through the mercury on their way out. 2. Open all windows and doors to the outside. 3. Turn down the temperature. 4. Shut all doors to other parts of the house, and leave the area. 5. Don't vacuum. 6. Call your local fire department or environmental health department or call the Occupational and Environmental Epidemiology Branch at the NC Division of Public Health at (919) 707-5900. Also notify Public Health Preparedness and Response (PHPR) at 888-820-0520.
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Appendix 3. For spills greater than two tablespoons (1 pound or greater) 1. Notify the National Response Center at 1 -800-424-8802. 2. Isolate the area. Relocate students/workers/public to a location unaffected by the spill. 3. Open windows (if possible) and shut door. 4. Don't let anyone walk through the spill area. 5. Call 911. Ask to notify the local fire department, Environmental Health Services in the local health department, and N.C. Public Health Preparedness and Response at 888-8200520. 6. Initially turn off the air circulation of any heating, ventilating, and air-conditioning system (HVAC). Where possible keep the area well-ventilated to the outside (i.e., windows open and portable fans running) for at least 24 hours after cleanup as recommended by the Environmental Protection Agency (EPA). Fans should exhaust air from the room to the outside. If the location of the spill has a dedicated HVAC system, maintain the contaminated area at negative pressure with respect to the surrounding areas. Each situation will have a unique solution that will be dependent upon the physical layout of the building, and the ventilation system. If assistance is required regarding ventilation contact the Occupational & Environmental Epidemiology Branch at the N.C. Division of Public Health, at (919) 707-5900. 7. You will want to request the services of a consultant with equipment capable of monitoring mercury vapors. OEEB can suggest private consultants if not already obtained. The purpose of environmental sampling is to determine the area(s) of contamination and what area(s) require cleaning and/or material removal. Environmental monitoring will be conducted using survey equipment as suggested by the EPA. 8. OEEB suggest the following procedure for environmental sampling. The first priority is to document the scope of the mercury contamination. There is no need for initial surveying of airborne mercury vapor levels in the spill room until clean up of visible mercury has been accomplished. Cleanup and recommended action levels have been recommended by EPA and ATSDR but they "assume all visible metallic mercury has been removed or is not present." The second priority is post event sampling in any contaminated area to determine if adequate clean-up has occurred. 9. The environmental sampling should begin by surveying:
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a. Potentially uncontaminated areas around the "known spill" area moving towards potentially contaminated areas around the "known spill" area then, other vehicles and other areas as necessary b. Known spill area. Survey of this area will be limited to a quick test of the area to determine PPE entrance requirements. The known incident area should receive a lower priority for sampling as it will require cleanup before the EPA cleanup level is applicable. Using this triage approach will allow the consultant to identify areas outside of the known contaminated area that may also be contaminated. c. Air monitoring will be performed at approximately 36 inches above the floor and mapped. d. Non-spill areas inside of buildings with air monitoring concentrations less than 1.0 |ig/m3 of mercury can be reoccupied. (See Appendix 10 for recommendations on air monitoring concentrations for commercial and occupational settings) e. Vehicles -vehicles should be cleaned to less than 10 (ig/m3 of mercury. f. Any non-spill area with air monitoring concentrations greater than 1.0 |ig/m3 of mercury will be ventilated to the outside for 24 hours, then closed for 24 hours, and then re-tested. If after re-testing the exposure is still greater than 1.0 (Ag/m3 of mercury, cleaning will be necessary. g. After initial air monitoring in the non-spill areas is completed, horizontal surfaces in the spill area will be scanned for hot spots to assist in cleaning. The hot spots found will be mapped. If hot spots are found, the area will need to be deemed contaminated and need to be cleaned. Drains or sinks will be monitored if they may have become contaminated from this incident. h. If hot spots are not found the room will be ventilated to the outside for 24 hours, then closed for 24 hours, and then re-tested. Final testing must yield mercury vapor concentrations less than 1.0 (ig/m3. 10. Following the proper removal of mercury and mercury contaminated items; clearance air sampling or air monitoring should be conducted prior to reoccupation of the building. Before clearance air monitoring/sampling is conducted the air filter in the HVAC system should be changed. Clearance air sampling should be conducted according to NIOSH method 6009. Air samples of elemental Hg are collected on solid Hopcalite sorbent material contained in glass tubes. Air is pumped through the sorbent with a personal sampling pump for a collection time of approximately 8 hours. Sampling stations are typically set up in several locations within the residence with duplicate stations in areas suspected of high level contamination. Samples are sent to an approved laboratory for analysis. Residents may not reoccupy the building until sampling results confirm that the mercury vapor concentration at each sampling location is less than 1 ng/m3 or the site specific action level.
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Clearance air monitoring may be conducted in the place of clearance air sampling. Air monitoring may be conducted using a Lumex Mercury Vapor Analyzer (MVA) or a similar instrument. Clearance air monitoring should be conducted at follows; a. Designate a monitoring location in each room of the contaminated building that is being cleared for reoccupation. Rooms that are not considered living spaces such as attics, basements or other such spaces can be cleared separately from living spaces and may be subject to different clean up levels. b. Close all windows and doors that open to the exterior; maintain temperature between 70°F to 80°F for 2 to 4 hours and allow the air to stabilize. No forced air heating or cooling should be used when the air is stabilizing. c. Collect a total of 7 to 8 readings, one reading per hour, at each monitoring location. Readings should be collected at 3 to 4 feet. d. Allow three minutes per location for the instrument to stabilize at each designated monitoring location. Document each reading after three minutes. e. The average of the readings at each monitoring location is considered the air concentration per sampling location. f. The 8-hour average air concentration must be below 1 |tig/m3 or the site specific cleanup level at each monitoring location for the residence or school to be cleared for occupancy. 11. Depending on where the event occurred, final monitoring results shall be provided to the local health director, the local school superintendent, the plant manager, and to staff within the Occupational and Environmental Epidemiology Branch (OEEB) at 919-7075900. Staff within the OEEB is available to review sampling data. The final monitoring results should show time/date collected, sampling locations, location of room, and eight (8) hour average levels (if required to be collected) for each sampling location as well as the equipment used for monitoring to include the make, model, and last calibration date. 12. Continue to keep everyone, including pets, out of cleanup area. No students, employees, or staff shall return to the contaminated areas until the local health director, plant manager, or school superintendent have reviewed the final monitoring results. The local health director, with the assistance of OEEB, PHPR or EPA, will make the decision whether the facility is OK to reoccupy.
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Appendix 4. Broken Fluorescent Bulbs 1. Before Cleanup a. Have people and pets leave the room, and avoid walking through the debris on the way out. b. Open a window or door to the outdoors and leave the room for 5-10 minutes. c. Shut off the central forced-air heating/air conditioning (H&AC) system, if you have one d. Collect materials you will need to clean up the broken bulb: > Stiff paper or cardboard > Sticky tape (e.g., duct tape) > Damp paper towels or disposable wet wipes (for hard surfaces) > Glass jar with a metal lid (such as a canning jar) or a sealable plastic bag(s) 2. Cleanup Steps for Hard Surfaces a. Carefully scoop up glass fragments and powder using stiff paper or cardboard and place debris and paper/cardboard in a glass jar with a metal lid. If a glass jar is not available, use a sealable plastic bag. (NOTE: Since a plastic bag will not prevent the mercury vapor from escaping, remove the plastic bag(s) from the home after cleanup). b. Use sticky tape, such as duct tape, to pick up any remaining small glass fragments and powder. Place the used tape in the glass jar or plastic bag. c. Wipe the area clean with damp paper towels or disposable wet wipes. Place the towels in the glass jar or plastic bag. d. Vacuuming of hard surfaces during cleanup is not recommended. (NOTE: vacuuming could spread mercury containing powder or mercury vapor). If vacuuming is needed to ensure removal of all broken glass, keep the following tips in mind: > Keep a window or door to the outdoors open; > Vacuum the area where the bulb was broken using the vacuum hose, if available; and > Remove the vacuum bag (or empty and wipe the canister) and seal the bag/vacuum debris, and any materials used to clean the vacuum, in a plastic bag. e. Promptly place all bulb debris and cleanup materials, including vacuum cleaner bags, outdoors in a trash container or protected area until materials can be disposed of properly. Check with your local or state government about disposal requirements in your area. Some states and communities require fluorescent bulbs (broken or unbroken) be taken to a local recycling center.
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f. Wash your hands with soap and water after disposing of the jars or plastic bags containing bulb debris and cleanup materials. g. Continue to air out the room where the bulb was broken and leave the HVAC system shut off, as practical, for several hours. 3. Cleanup Steps for Carpeting or Rugs a. Carefully scoop up glass fragments and powder using stiff paper or cardboard and place debris and paper/cardboard in a glass jar with a metal lid. If a glass jar is not available, use a sealable plastic bag. (NOTE: since a plastic bag will not prevent the mercury vapor from escaping, remove the plastic bag(s) from the home after cleanup). b. Use sticky tape, such as duct tape, to pick up any remaining small glass fragments and powder. Place the used tape in the glass jar or plastic bag. c. Vacuuming of carpeting or rugs during cleanup is not recommended. [NOTE: vacuuming could spread mercury containing powder or mercury vapor]. If vacuuming is needed to ensure removal of all broken glass, keep the following tips in mind: > Keep a window or door to the outdoors open; > Vacuum the area where the bulb was broken using the vacuum hose, if available, and > Remove the vacuum bag (or empty and wipe the canister) and seal the bag/vacuum debris, and any materials used to clean the vacuum, in a plastic bag. d. Promptly place all bulb debris and cleanup materials, including vacuum cleaner bags, outdoors in a trash container or protected area until materials can be disposed of properly. Check with your local or state government about disposal requirements in your area. Some states and communities require fluorescent bulbs (broken or unbroken) be taken to a local recycling center. e. Wash your hands with soap and water after disposing of the jars or plastic bags containing bulb debris and cleanup materials. f. Continue to air out the room where the bulb was broken and leave the HVAC system shut off, as practical, for several hours. 4. Cleaning of Carpeting or Rugs: Air Out the Room During and After Vacuuming a. The next several times you vacuum the rug or carpet, shut off the HVAC system if you have one, close the doors to other rooms, and open a window or door to the outside before vacuuming. Change the vacuum bag after each use in this area. b. After vacuuming is completed, keep the HVAC system shut off and the window or door to the outside open, as practical, for several hours 5. Actions You Can Take to Prevent Breaking Compact Fluorescent Light (CFL) Bulbs Bulbs are made of glass and can break if dropped or roughly handled. To avoid breaking a bulb, follow these general practices:
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a. Always switch off and allow a working CFL bulb to cool before handling. b. Always handle CFL bulbs carefully to avoid breakage. > If possible, screw/unscrew the CFL by holding the plastic or ceramic base, not the glass tubing. > Gently screw in the CFL until snug. Do not over-tighten. > Never forcefully twist the glass tubing. c. Consider not using CFLs in lamps that can be easily knocked over, in unprotected light fixtures, or in lamps that are incompatible with the spiral or folded shape of many CFLs. d. Do not use CFL bulbs in locations where they can easily be broken, such as play spaces. e. Use CFL bulbs that have a glass or plastic cover over the spiral or folded glass tube, if available. These types of bulbs look more like incandescent bulbs and may be more durable if dropped. f. Consider using a drop cloth (e.g., plastic sheet or beach towel) when changing a fluorescent light bulb in case a breakage should occur. The drop cloth will help prevent mercury contamination of nearby surfaces and can be bundled with the bulb debris for disposal
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Appendix 5. Selecting a Mercury Cleanup Consultant/Contractor Federal, State, and possibly local government agencies have qualified personnel to assist in addressing the clean-up of a mercury spill. They are also able to guide you in selecting private cleanup companies in your area. Additionally, you can locate consultants by searching in the phone book for "Environmental Services," "Engineers", "Laboratories-Testing," and/or "Industrial Hygienists". Evaluating potential consultants/contractors Whether hiring a consultant or a remediation contractor, the following issues should be addressed. 1. A consultant/contractor first needs to understand the facts and circumstances relating to the mercury spill. Competent professionals will ask questions about your situation in order to determine if they can provide the needed services. 2. A qualified consultant/contractor should have appropriate experience and demonstrate a broad understanding of hazards associated with mercury. Individuals and groups that offer services in this field should be questioned closely about their related experience. Ask the consultant for his or her general approach to resolving the problem. This explanation should include the sequence of the investigation. The proposal should emphasize measurements rather than observations. Ask how many mercury investigations the firm has done. Identify the personnel, their experience and qualifications, and who will be involved in your case. Ask for references and contact previous clients to verify that the consultant/contractor has helped them solve their mercury problem. 3. Find out if the consultant/contractor belongs to professional associations and follows government standards/guidelines in conducting mercury evaluations and remediation. Scope 1. Clearly define the scope of services desired up front including any specific activities such as air monitoring. 2. After clearly defining what you need done, request a work proposal from the consultant/contractor and discuss it with them.
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3. A proposal should include these elements: work product(s); costs/fees; schedule and target completion date; reports needed; specifications; who will supervise work; and recommendations for mitigation. 4. Your proposed scope may be modified based on question-and-answer sessions with prospective consultants/contractors. Keep in mind, the scope of the evaluation and remediation may not be definable until more information is obtained through inspection and evaluation. 5. Pay attention to the project approach and ask questions of anything you are unsure about. Find out how decisions for follow-up testing or remediation will be made. Conflict of interest 1. If you hire a consultant to investigate and identify a problem in a building, that should be the limit of their services. Do not hire a consultant who also provides remediation services. Although most consultants and contractors are honest, some may interpret environmental results to steer you toward their services. Solving the problem 1. Once you have chosen your consultant/contractor, oversee the work and ask questions that will help you assure that the work is properly performed. You are responsible of making sure that the building occupants are kept informed of progress on removing the mercury. The timetable and status of the complete mercury project should be accurately communicated. Many consultants are experienced in this aspect of the project and can help you develop credible information for distribution. Any communication should be developed in compliance with your agencies guidelines. List of contractors in North Carolina with mercury response capabilities Shamrock Environmental located in Greensboro and New Bern has a mercury vac. 1800-881-1098 Hepaco in Charlotte has a mercury vac. 1-800-888-7689 STAT Environmental has a mercury cleanup kit 1-800-627-1451 EI Group Inc in Raleigh (Lindsey Cook) 919-657-7500 - Can get Lumex (24 hour shipment)
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Appendix 6. Example School Press Release or Fact Sheet for Parents



Mercury Vapor Spill [Insert County Name] County Schools [Insert Date of Press Release] [Insert name of school) has been temporarily closed due to the release of mercury vapors [insert "today" or "on" and the appropriate day of the week] into [insert number of classes] exposing [insert number of students] students. The school must be closed while the spill is being cleaned up. Mercury vapor levels were found to be [insert maximum mercury levels found], exceeding the recommended level of 1 ug/m3 (one-millionth of a gram per cubic meter air). Buses were also checked but did not exceed the recommended level. While the mercury spill was a major disruption to instruction and operations, the good news is that no students or staff members reported negative health effects attributable to the release. Of the school's [insert number of total classrooms] classrooms, [insert number of classrooms with mercury vapor levels greater than 1 ug/m3] had average mercury vapor areas equal to or greater than 1 |ig/m3. The NC Division of Public Health has established 1 ug/m3 as the threshold at which school and home cleanup is required. This level assumes an exposure that takes place 5-days a week, 8-hours per day. Please note that normal levels of mercury vapor for the outside air and non-spill areas at other schools range from 0.08 - 0.15 ug/m3. The cleaning process involves monitoring the mercury vapor levels throughout the [insert the number of days it is expected to take to reach the recommended level of 1 ug/m3]. Cleaning the school involves: (list steps taken such as the following) • Locating mercury product, proper removal of the product • Providing heat and ventilation to speed evaporation • Cleaning hard surfaces • Removal of soft surfaces such as carpet and mops from impacted areas. Possible health effects: Elemental mercury is toxic to humans. Mercury can be inhaled, absorbed or ingested. Adverse health effects chiefly result from inhaling mercury vapors. Mercury is not well-absorbed through the skin or gastrointestinal (GI) tract. Handling of mercury can result in allergic dermatitis (inflammation of the skin). Symptoms which may appear within a few hours of mercury vapor exposure include weakness, chills, metallic taste, nausea, vomiting, abdominal pain, diarrhea, headache, tremor, visual disturbances, shortness of breath, cough, and chest tightness. Long-term exposure to mercury vapor can lead to more serious psychiatric effects including depression, shyness, irritability, anxiety, insomnia, aggressiveness, nervousness, and/or impatience. Chronic vapor exposure can also lead to kidney failure. If you have
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developed any of these symptoms, please contact the local health department at _____ and your physician. A 24-hour urine test may be recommended. Aggravation of Pre-existing Conditions: Individuals with previous nervous disorders, impaired kidney or respiratory function, allergy history or a known sensitization to mercury may be more susceptible to the effects of the substance. For more information on the [insert the name of the county] County spill, visit the [insert the name of the county] County Schools' website at [insert the name of the website]. For more information regarding these recommendations and health risks from exposure to mercury, call the North Carolina Division of Public Health, Occupational and Environmental Epidemiology Branch at (919) 707-5900. For more information on mercury in schools, visit www.epa.gov and [insert the NC Division of Public Health website that has state guidelines for cleaning up mercury spills] A Alternate press release: An elemental mercury spill occurred at _________ school requiring the school to be closed for cleanup. __________ number of students and _______ number of classes were affected. Airborne mercury vapors levels were found to be _________ . Other classrooms and areas such as buses were surveyed and no spread of contamination was found. The NC Division of Public Health has established 1 ug/m as the threshold at which school and home cleanup is required. MUST BE REVIEWED BY PUBLIC INFORMATION
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Appendix 7. MERCURY SPILL FACT SHEET This fact sheet is intended to serve as a quick reference tool for people who are involved in a mercury spill and clean up event.



MERCURY Elemental mercury is a heavy, shiny, silvery metal that is liquid at room temperature. Mercury is found in several common household products such as: thermometers, blood pressure cuffs, fluorescent light bulbs, barometers and thermostats. Some athletic shoes and toys that light up use switches that contain mercury.



MERCUR Y EXPOSURE Mercury can be inhaled, absorbed or ingested. Exposure can occur when products that contain mercury are broken. Under normal conditions, a small mercury spill will pose little risk to your health if the proper steps are taken. When mercury is spilled, it breaks into small-sized droplets or beads that accumulate in cracks and other small spaces. At room temperature, these mercury beads can evaporate, creating an invisible, odorless, and toxic vapor.



HEALTH EFFECTS Mercury is toxic to humans. Adverse health effects chiefly result from inhalation exposure to mercury vapor. The health effects that can result from mercury exposure depend on how much mercury you are exposed to and how long you are exposed. Small children and pregnant women are particularly sensitive to the harmful effects of mercury. Mercury is toxic to the human nervous system. The developing brains of fetuses and infants are especially vulnerable to mercury's toxic effects. The cardiovascular system, digestive tract and kidneys can also be affected by mercury exposure.



MERCUR Y IN INDOOR AIR Unlike a workplace, the amount of mercury vapor that is considered safe in a home or school is not regulated, but federal health agencies, such as the Agency for Toxic Substances and Disease Registry (ATSDR). have recommended levels that are considered protective of human health.
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The recommended levels in homes and schools where children are present and people spend a lot of time are much lower than workplace level. The recommended air level for homes and schools is 1.0 ug/m ' MERCURY SPILLS Actions taken in response to a mercury spill may include: Characterization - finding where the mercury is and isn't and testing the air. Remediation - removing all mercury beads and any contaminated items and cleaning surfaces using the appropriate equipment. Ventilation - exhausting mercury vapors from the building Post Testing - determining if the air is at or below the recommended level that is considered safe WHEN DEALING WITH MERCURY SPILLS: NEVER touch the mercury with your bare hands NEVER use rags or towels to "soak up" a mercury spill NEVER use a vacuum cleaner, mop or broom to clean up mercury NEVER use household cleaning products to clean up the spill NEVER pour mercury down a drain NEVER place contaminated items in a washing machine or clothes dryer NEVER put contaminated items in the trash or in a burn barrel NEVER allow people whose shoes or clothing may be contaminated with mercury to walk around or to leave the spill area until contaminated items have been removed. For detailed guidance on mercury spill clean up procedures, contact the OEEB at (919) 707-5900 or see the Mercury Spill & Response Guidelines webpage
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HOW TO PREVENT MERCURY SPILLS The best way to avoid a mercury spill is to prevent it from ever happening in the first place. Replace all mercury-containing devices with mercury-free alternatives. Items such as electronic thermometers and blood pressure devices are available that do not contain mercury. Electronic thermostats can replace old thermostats that contain mercury. Most electronic thermostats can be programmed which helps decrease fuel use and costs. Mercury-containing items such as thermometers, thermostats, fluorescent bulbs and old electrical switches should NOT be thrown in the trash. Instead, take them to your county's household hazardous waste collection site. To find out where you can recycle mercury containing items in your area contact the Hazardous Waste Section at the Division of Waste Management at (919) 508-8400 or contact North Carolina Earth-911 at 1-800-CLEANUP or 1-877-EARTH911



North Carolina Division of Public Health, Occupational & Environmental Epidemiology Branch,
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Appendix 8. Mercury Exposure Case Report Form



Date: Interviewer: The information you are being asked to provide on this form is strictly confidential. It is intended for Public Health use only and will NOT be shared with law enforcement or school administration for the purposes of a criminal investigation or for disciplinary actions. Because exposure to mercury can have long term and serious health effects, it is important that we identify and address all potential and known mercury contamination.



1. Name: 2. Age:_ 3. Grade 4. Your address: 5. Your phone number: Case Initials: During [Name of Event Here]... 6. Did you touch mercury? __ Yes ___ No 7. Get mercury on your clothes? _ Yes___ No____ Don't know If yes, what did you do with the clothes?
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8. Get mercury in or on your book bag or other personal items? __ Yes ___ No ___ Don't know If yes, what did you do with the item? _________________ 9. Did you get mercury in your mouth? Yes No 10. Attempt to burn or light mercury on fire? Yes No 11. Vacuum or sweep up any mercury spills at school? Yes No 12. Take mercury home with you? __ Yes ___ No If no, skip to #16 13. If you brought mercury into your home, was any spilled? Yes No 14. If you brought mercury home, and some was spilled, did you vacuum or sweep it up? __ Yes ___ No ___ Did not take mercury home 15. Do you still have any mercury in your home? __ No____ Did not take mercury home



Yes



16. If you routinely drive a car to school, did you bring any mercury into your car? __ Yes ___ No If no, skip to #20 17. If you took mercury into your car, was any of it spilled? __ Yes ___ No ___ Don't know ___ Did not bring mercury into car 18. If you brought mercury into your car and some was spilled, did you vacuum or sweep it up? __ Yes ___ No ___ Did not take mercury in car 19. Do you still have any mercury in your car? __ Yes ___ No ___ Did not take mercury in car 20. If you ride the bus, did you take mercury on the bus with you? __ Yes ___ No If no, skip to #22
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21. If you brought mercury onto the bus, was any of it spilled? __ Yes ___ No ___ Don't know ___Did not bring mercury onto bus 22. If you ride the bus and mercury was spilled, please provide the bus number: __ During [Put Time Period Here] have you had any of the following symptoms? 23. Cough Yes



No



24. Did you or your parents transport students that handled mercury in your car? Yes No 25. Problems breathing __ Yes ___ No If yes, please describe: 26. Headaches Yes No 27. Nausea Yes



No



28. Vomiting Yes



No



29. Diarrhea Yes



No



30. Sore gums Yes No 31. Extra saliva (spit) Yes No 32. Numbness in toes/fingers __ Yes ___ No 33. Problems sleeping Yes No 33. Can you think of anyone else who could have been exposed to mercury that we should talk to? (Please give name and contact information.)
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Appendix 9. Surface Specific Clean-Up Guidelines for Remediation Contractors Guidelines for Hard Surfaces 1. Physically remove all visible mercury using an approved mercury-specific vacuum. Exercise care while vacuuming to ensure all areas are vacuumed, paying particular attention to joints between tiles. Mark each vacuumed square with a piece of duct or masking tape to show vacuuming has been completed. If elemental mercury is visible, plastic-coated playing cards, duct tape, shaving cream, or other items may be used to recover the mercury prior to vacuuming. 2. Wash the affected area with a commercially available mercury vapor suppression solution. 3. With the area secured (windows closed and HVAC system turned off) heat the area from 80 to 90°F for 4 hours. The temperature in the room can be regulated by the thermostat (if spill area has a dedicated HVAC system), or portable heaters can be brought into the room. 4. After heating the area for 4 hours, return area to normal room temperatures, open doors and windows, and ventilate for at least 1 hour. Use blowers and portable fans to facilitate air movement throughout the entire area. 5. During ventilation, thoroughly mop floors with clean, clear hot water. Change bucket out as water temperature cools or appears dirty. 6. Allow the area to dry and continue ventilation for at least 1 hour. 7. With the windows and doors closed, conduct ambient air monitoring for mercury vapor concentrations using a mercury vapor analyzer or air sample pumps. Mercury vapor concentrations should be less than 1.0 (ig/m3 in schools, 1.0 ug/m in homes. If ambient mercury vapor concentrations are not less than 1.0 |ag/m3 in schools, 1.0 p.g/m3 in homes, repeat the steps above. Optional Steps - These optional steps should be taken only if mercury vapor concentrations of surfaces or within cracks are below 10 ug/m3. If above 10 ug/m3, repeat guidelines 1-7 for hard surfaces. 8. Apply two coats of a clear finish, fast-drying polyurethane lacquer to affected surfaces. Apply a sealant or caulking material to cracks in the floor. 9. After the polyurethane has been applied and has cured, verify that ambient mercury vapor concentrations are less than 1.0 |ng/m3 in schools, 1.0 ug/m3 in homes.



25



Guidelines for Carpeted Surfaces and Wood Floors NOTE: The decision to initially remove and properly dispose of mercury contaminated carpeting has been standard practice. If mercury is spilled directly on carpeting, the carpeting usually cannot be decontaminated and should be removed and properly disposed. In the circumstances the owner does not want to remove the carpet the following steps can be considered: 1. Physically remove all visible mercury using approved mercury-specific vacuum. Exercise care while vacuuming to ensure that all areas are vacuumed, paying particular attention to joints between carpeting and molding. Be sure to vacuum both with and against the carpeting nap to ensure tiny mercury beads are removed from the carpeting. For some carpeting, vacuuming the beads spreads the mercury vapor contamination. For wooden floors, pay particular attention to joints between flooring sections. Mark each vacuumed square with a piece of duct or masking tape to show vacuuming has been completed. 2. Wash the affected area with a commercially available mercury vapor suppression solution, using stiff brushes. 3. With the area secured (windows closed and air conditioning turned off), heat the area from 80 to 90°F for 4 hours. The temperature in the room can be regulated by the thermostat, or portable heaters can be brought into the room. For areas that are difficult to heat, turbo heaters have been successful in raising the temperature to increase the volatilization of mercury. 4. After heating the area for 4 hours, reduce the thermostat to normal room temperatures, open doors and windows, and ventilate for at least 1 hour. Use blowers and ventilation fans to facilitate air movement throughout the entire area. 5. Repeat steps 1 through 4. 6. Allow carpet to dry as ventilation continues for at least 1 hour. 7. Conduct ambient air monitoring for mercury vapor concentrations with a mercury vapor analyzer or air sample pump. Mercury vapor concentrations should be less than 1.0 ug/m3 in schools, 1.0 ug/m3 in homes. If ambient levels are not less than 1.0 fxg/m3 in schools, 1.0 ug/m3 in homes, repeat steps 2 through 6. 8. After 1 hour of ventilating, if ambient mercury vapor concentrations still exceed 1.0 ug/m in schools, 1.0 [xg/m3 in homes, the carpeting or wooden flooring should be removed, along with any padding beneath the carpeting. After the affected flooring has been removed, the procedures for removing mercury from hard surfaces should be used.
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Guidelines for Contaminated Furnishings, Porous Items and/or Clothing In most cases, it is more cost effective to dispose of mercury-contaminated items. However, in unique circumstances, the following methods can be performed in an attempt to decontaminate mercury-contaminated items. 1. Set up a disposable structure (tent) to hold the mercury-contaminated personal belongings and furnishings downwind from the work area. 2. Place several industrial or shop grade electric, gas, or kerosene powered heaters inside the tent and place blowers at exhaust points inside the tent. 3. Post at least one 10-pound fire extinguisher outside of the structure and a smoke/fire detector inside the structure. 4. Maintain temperature inside structure between 80 and 90°F. 5. Place items inside the structure on plastic sheeting, segregated by source or level of contamination. 6. Heat contaminated items in the structure for at least 4 hours to force the volatilization and removal of mercury vapors. 7. No person should enter this "decontamination structure" unless trained and protected with a minimum of Level C personal protection with Mersorb™ cartridges. 8. Following the heating period, the structure should be ventilated for at least 1 hour. 9. All clothing and furnishings should then be placed into plastic sheeting or trash bags for one (1) hour. Screen using a mercury vapor analyzer to verify that mercury concentration is less than 10ug/m3. 10. If mercury vapor concentrations continue to exceed 10 ug/m3, repeat Step 6 or properly document and dispose of the items. 11. Appropriate decontamination and disposal of all materials and supplies, including the actual decontamination of the structure (tent), should occur prior to dismantling the structure.
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Alternate Method: 1. Clothing and furnishings may be placed on plastic sheeting in the sun and heated to volatilize the mercury vapors. Place in the sun for at least 4 hours. Longer heating times may be required for heavily contaminated furnishings and clothing. 2. All clothing and furnishings should then be placed into plastic sheeting or trash bags for one (1) hour. Screen using a mercury vapor analyzer to verify that mercury concentration is less than 10 jxg/m3. 3. If mercury vapor concentrations continue to exceed 10 (ig/m3, the items should be properly documented and disposed of. 4. Typically, this alternative method is only effective in warm to hot-weather situations.



Removal of Mercury in Plumbing Mercury in plumbing is usually contained in the traps adjacent to the plumbing fixture, such as sinks, drains, and toilets. Dismantling is the preferred method of recovering mercury from plumbing. After the mercury is recovered from the drains, the mercury vapor concentration should be measured using a mercury vapor analyzer. If dismantling of the plumbing is not possible or practical, a commercially available magnetic amalgam powder may be used. The powder can be gently poured into the plumbing fixture containing the mercury and gently forced into the trap by use of a drain plunger. This technique should be employed with extreme caution as to avoid forcing the mercury farther into the plumbing system. Wait several minutes to allow the magnetic amalgam powder to react with the mercury, and then introduce a plastic-covered magnet into the plumbing system. The mercury is removed as the plastic-covered magnet is slowly withdrawn.
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Appendix 10. Action Levels for Residential, Commercial, and Occupational Mercury Spills
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Executive Summary In 2000, the Agency for Toxic Substances and Disease Registry (ATSDR) provided tables of action level guidelines for indoor air concentrations of elemental or metallic mercury in response to a request from both the U.S. Environmental Protection Agency (EPA) and the state of Michigan. The action levels had been previously developed for individual sites and situations, but the tables summarized these guidelines in a succinct package for use by field personnel. The request was prompted by several small spills in homes caused by replacing or relocating natural gas regulators containing mercury. The homes affected included those serviced by utility companies in both Chicago and Detroit. The guidelines were designed to help risk managers at spill scenes in homes or other locations make decisions regarding cleanup, relocation, etc. Throughout the years, these action level guidelines have been widely disseminated by users. A workgroup has been formed jointly by EPA and ATSDR to develop consistent cleanup guidance for mercury spills, including not only public health actions but also cleanup and sampling methods. As part of that joint effort, EPA has requested that ATSDR update the 2000 guidelines to be included in a more comprehensive guidance. This health consultation is intended to provide that update. The health consultation provides detailed justifications for action levels based on the ATSDR Chronic Minimal Risk Level and EPA Reference Concentration. The recommended action levels for mercury in residential settings remain 1 ug/m3 for normal occupancy and 10 ug/m3 for isolation (e.g., evacuation, limited access, etc.) of the residents from exposure to the mercury. Action levels for settings other than residential are based on residential levels and adjusted for the condition based on the presumed exposure. Sections that describe when action levels should be adjusted to meet site specific conditions are included. The most useful features of the 2000 tables have been retained; new sections have been added that address issues related to the tables that have recurred during the past 11 years. Additional information to help on-scene risk managers communicate risk is provided. Technological advances in detecting environmental mercury are also considered.
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1.0 Introduction 1.1 Background: Elemental, also called metallic, mercury is common in our environment due in part to its unique properties and multiple uses in our daily lives [Baughman 2006; Gochfeld 2003; Risher 2007; Song 2009]. Mercury in its elemental state can pose a hazard to humans. The hazard for any person is based on how sensitive that person is to the effects of mercury, how long that person is exposed to mercury, and how much mercury is present, among other factors. These factors as they pertain to mercury spills are discussed below. Mercury is persistent in the environment, and is considered a hazard primarily under chronic exposure scenarios under most conditions. Mercury cleanups are difficult and pose substantial challenges [MacLehose 2001] to risk managers, such as the U.S. Environmental Protection Agency’s (EPA) Onscene Coordinators (OSC). Throughout the years, various EPA Regions have established guidance for conducting these cleanups. EPA’s Office of Emergency Management convened a National Workgroup to harmonize this guidance and invited the Agency for Toxic Substances and Disease Registry (ATSDR) to join the Workgroup [EPA 2011]. Many of the guidance documents developed by the various regional offices included “Suggested Action Levels for Indoor Mercury Vapors in Homes or Businesses with Indoor Gas Regulators”. This guidance was developed by ATSDR for public health and environmental professionals in 2000 [ATSDR 2000]. The National Workgroup requested that ATSDR revise these action levels to reflect advances in technology and knowledge gained through experiences since ATSDR provided them. EPA and ATSDR staff formed a Subgroup of the National Workgroup. The Subgroup determined that an ATSDR chemicalspecific health consultation would be the most effective way to accomplish this task. The health consultation will be included in the National Policy upon finalization of that policy. The Subgroup requested that the list of action levels be expanded to include other exposure settings such as schools and vehicles such as school buses. Mercury is a conductive metal and a liquid at room temperature, physical properties that make the substance a unique asset in many industrial and consumer applications [HSDB 2005]. Mercury is also used in some of the rituals and practices of certain religious sects [Alison Newby 2006; Garetano 2006, 2008; Rogers 2007, 2008]. When spilled, mercury’s viscosity is similar to that of water—it flows and collects in the same way and locations that water would if spilled. However, mercury is unusually dense compared with water; a milliliter (mL)of mercury weighs more than 13 grams (g) while a milliliter of water weighs only 1 gram. Mercury has a low vapor pressure at standard temperature and pressure, so the liquid vaporizes slowly at room temperatures [HSDB 2005; NIOSH 2007]. Elemental mercury may combine with oxygen to form a mercuric oxide skin on its outer surface. Mercuric oxide does not vaporize, but the shell formed in this manner is fragile. The slightest movement can break this oxide shell and free the elemental mercury contained inside [EPA 2005]. Mercury amalgamates with other metals and is attracted to sulfur-based compounds [Yamamoto 2007]. Mercury is unusual 32



in the number and properties of other compounds it forms. This health consultation evaluated metallic mercury (elemental mercury or quicksilver) only. Other forms of mercury have different properties and different hazards that are not addressed here except as they relate to metallic mercury. In American homes with no known mercury spill, concentrations in the 0.01– 0.1 ug/m3 range have been reported, with typical ambient (outside air) concentrations approximately a factor of 10 less than that [Carpi 2001; Garetano 2008; Johnson 2003]. 1.2 Health Implications: The primary route of exposure to metallic mercury is inhalation of its colorless and odorless vapors [ATSDR 1999; BoseO’Reilly 2008; Lee 2009]. Ingested elemental mercury can be absorbed poorly through the intestinal walls. Dermal exposure or absorption of metallic mercury through the skin is considered a minor exposure route [ATSDR 1999; Ellis 2009]. Some case studies report dermal irritation after prolonged contact with mercury [De Capitani 2009], however, this dermal irritation does not seem to cause greater absorption. The organ or organ system in humans most sensitive to all forms of mercury changes somewhat over our life spans. For a developing fetus or young child, the most sensitive endpoint is considered to be the developing central nervous system (CNS) [Abbaslou 2006; Baughman 2006; Bensefa-Colas 2010; BoseO’Reilly 2008, 2010; Grant 2010]. While data about humans are limited, several animal studies report CNS effects in offspring after maternal exposure to mercury (see Section 2.2.1.6 of the ATSDR Toxicological Profile) [ATSDR 1999; Morgan 2002]. As humans mature, our CNS system completes its development and we become less sensitive to the effects of mercury on our CNS. That is, a greater exposure (i.e., either higher concentration, more frequent exposure events, or longer duration of exposure events) is required to produce effects on the CNS. For this reason, our most sensitive populations are young children and developing fetuses; women who are confirmed or suspected to be pregnant also require consideration as a sensitive population to protect the fetus. The age at which young children become less sensitive to the CNS effects of mercury is unclear but the concern is usually for pre-school children. Individuals that have matured beyond this window of greater vulnerability for the CNS may experience effects on the kidneys before the effects on the CNS become evident. Consequently, the next human organ most sensitive to the effects of mercury tends to be the kidney; inorganic forms of mercury are excreted almost exclusively through the kidneys [Baughman 2006; Bensefa-Colas 2010; Franko 2005; Opitz 1996; Samir 2011]. Generally speaking, the concentration of mercury that may pose a CNS threat to the young is less than the concentration that could affect the kidneys in older children or adults under the same conditions of exposure. In animals, acute mercury exposures (as long as 14 days in duration) of approximately 0.05 mg/m3 may cause significant CNS effects; exposures in the 0.5–0.86 mg/m3 range more commonly cause significant CNS effects. Typically, acute exposures of ~3 mg/m3 affect the kidneys (see Figure 1A) [ATSDR 1999]). 33



1.3 Health Guidance Values: Both ATSDR and EPA have developed health guidance values (HGVs) for inhaled mercury vapors, based on a 1983 study of workplace exposures [Fawer 1983]. The workers in the study were exposed in their workplace to mercury vapors. The workers in the Fawer cohort came from three different types of workplaces: fluorescent tube manufacture; chloralkali plants; and acetaldehyde production. The authors reported a Lowest Observed Adverse Effect Level (LOAEL) of 26 ug/m3 of exposure averaged over a period of 15 years [Fawer 1983]. As discussed below, the effect noted in the study was a slight tremor in the hands. ATSDR has defined a Minimal Risk Level (MRL) for chronic exposures (more than 365 days) to mercury of 0.2 ug/m3. In developing the MRL, the workplace average from Fawer was adjusted from a 40-hour to a 168-hour exposure per week (i.e., 24 hours/day, 7 days/week), and then divided by an uncertainty factor of 30 (3 for use of a minimal LOAEL and 10 for human variabliliy) to account for the LOAEL and individual sensitivities. {It should perhaps be noted that the concentration in the Fawer study as well as many other occupational studies was averaged over a typical workday and their results may not be completely representative of continuous or significantly longer durations of exposure such as may be found in a residential setting.} Thus, an MRL is an estimate of the level of daily exposure to a hazardous substance (in this case, metallic mercury), sustained through a specific route and duration of exposure, that is unlikely to cause measurable risk for adverse, noncancerous health effects (metallic mercury is not considered carcinogenic [cancer causing]) [ATSDR 1999]. EPA used the same study as their primary reference to develop a Reference Concentration (RfC) of 0.3 ug/m3 using slightly different assumptions and somewhat different justifications for the same uncertainty factors. EPA also cites other supporting studies in a weight of evidence approach [EPA 1995]. Please see the IRIS record available at www.epa.gov/iris for the details of their derivation. The RfC is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily inhaled exposure of the human population (including sensitive subgroups) that is unlikely to cause an appreciable risk of harmful effects during a lifetime. For further information, see Section 2.5, Chapter 7, and Appendix A of the ATSDR Toxicological Profile for Mercury and the EPA's Integrated Risk Information System (IRIS) on the Internet at www.epa.gov/iris/. ATSDR considers the RfC and the MRL for chronic exposures to be within the uncertainties of the derivations and the same value for all practical purposes. Within the limits of this health consultation, an action level is an indoor air concentration of mercury vapor that should prompt public health and environmental officials to consider implementing response actions. The various suggested action levels provided in this document are intended as recommendations, not as regulatory values or cleanup values, although some of the recommended action levels may correspond to present or future values adopted by regulatory authorities. The following discussion is intended to confirm that these action levels should not be considered as “bright line” indicators of toxicity or predictors of adverse health effects. These action levels are provided primarily to prevent adverse health effects by identifying environmental concentration associated with any level of toxicity. The secondary purpose is to identify when precautions should be implemented to prevent adverse health effects and when such precautions may be stopped with a reasonable expectation of no adverse effects. Risk managers, such as EPA 34



OSCs and their state and local counterparts, should determine whether a recommended response action is necessary based on the actual conditions and circumstances they encounter at the exposure site. 2.0 Discussion In the course of this discussion, the reader may find it useful to refer to Tables 1 and 2 found towards the end of this consultation. In the tables, the sections of this consultation that bear on the development of the recommended action levels are provided in the right hand column. As the discussion progresses, there are 4 key elements in this approach to bear in mind; these elements are adjusted to the assumed conditions of exposure in each scenario. These elements are explained in the various sections and summarized here: • • •



•



Visible mercury cannot be left readily accessible after a clean up is complete (Section 2.1); Experience has shown concentrations of 6 ug/m3 or above are usually associated with the presence of liquid mercury that may not have been discovered (Section 2.1); Urinary levels in some humans begin to increase at environmental concentrations as low as 10 ug/m3; this consult treats exposure to that concentration, if not terminated, as a threshold that could cause effects in some people (Section 2.2.2) ; The benefits to human health of cleaning transient spills to a concentration below 1 ug/m3 under most conditions typically do not outweigh the potential consequences to overall quality of life for individuals in that environment (Section 2.2.1).



2.1 “Visible” Mercury: Because of metallic mercury’s unique properties and appearance, it has long attracted the attention of humans of all ages. Liquid mercury is shiny and flows easily over the hand. It flows together to make large beads and splits apart to make smaller beads—the beads can take any shape. It feels heavy to the touch, but splatters readily. For all these reasons, liquid mercury may be kept, shared, and distributed by non-professional persons who are not aware of the hazard. If visible mercury is not contained appropriately, it is a likely hazard because it may fall into the hands of our most sensitive population [Hudson 1987]. Visible mercury should therefore be considered an attractive nuisance [Azziz-Baumgartner 2007; Baughman 2006; CDC 2005; Johnson 2004; MacLehose 2001; Nickle 1999; Risher 2003]. ATSDR is often asked how much mercury is required for it to become visible to humans. While visual acuity (i.e., how well one sees objects) varies by individuals, it must be remembered that the air concentrations of mercury associated with the HGVs discussed in section 1.3 are small and mercury is very dense. In a room that is 3 meters (roughly 10 feet) square with a 3 meter [m] ceiling, approximately 5 micrograms [ug] of vaporized mercury would elevate the air concentration of mercury in the room to the ATSDR MRL (3 m x 3 m x 3 m = 27 m3 x 0.2 ug/m3 = 5.4 ug). Five micrograms equates to less than a nanoliter of liquid mercury (5 x 10-6 g x 1 mL/13.5 g = 3.7 x 10-7 35



mL or ~0.4 nL). For comparison, the most popular brand of oral thermometer in the United States contains approximately 0.3 milliliters of mercury, or about 4 grams (4,000,000 micrograms) of liquid mercury. A nanoliter (nL) of liquid would be 6 orders of magnitude or 1 million times smaller than the volume in a thermometer and effectively invisible to most humans. Therefore, if an uncontained bead of mercury can be seen in most indoor spaces, it is possible that enough vapors are present in that space for the concentration to be greater than the HGV described previously. Multiple factors such as relative humidity, surface area of the liquid, barometric pressure, and temperature can influence vaporization of a liquid. Many of these factors can change over time and by location. During an indoor release, most of these factors would likely be fairly constant in a state that would promote vaporization. Because mercury is much denser than air, stable conditions are likely to stratify (layer) the mercury vapors in a confined space like the room described previously. In addition, different materials likely to be found in indoor environments may have different affinities for mercury vapors, which can also affect how much mercury is available in the indoor air. The actual concentration at any given point in a room at any given time would be expected to vary [Lui 2011; EPA 2005; Winter 2003]. Air-monitoring instruments are required to determine the existence of, and often to find the source of, mercury in a room [CDC 2005]. The experience of EPA staff has been that concentrations as low as 6 ug/m3 typically indicate that liquid mercury is present in a room [Nickle 1999; Nold 2011]. Because mercury is an attractive nuisance fascinating to many people and even a microscopic amount of it can contaminate many individual spaces, the initial criteria for all mercury cleanup actions must be that no visible mercury remains. This is indicated in both tables 1 and 2 in the 2 columns on the right. Removing the liquid mercury also reduces the source of the vapors in the space, meaning that any residual vapor concentrations in the area should decrease over time after the source is removed [Azziz-Baumgartner 2007; Baughman 2006; CDC 2005; Cizdziel 2011; Risher 2007; Tominack 2002]. All of the action levels [i.e., usually less than 1 or less than 3 ug/m3 in Tables 1 and 2]. recommended here that terminate cleanup actions as opposed to implementing protective measures assume that all visible mercury has been removed from the location of the spill. The importance of this key action in protecting public health cannot be overemphasized. 2.2 Residential Settings 2.2.1 Normal Occupancy: Because elemental mercury is primarily an inhalation hazard, any cleanup should be focused on minimizing this exposure pathway. Cleaning any area in a typical residential setting to make the indoor air concentration meet the MRL or RfC would require removing virtually every nanoliter of liquid mercury from that area. This exacting task could lead to difficult risk-management decisions, such as the considerable loss of personal property that is contaminated to the extent that cleanup is not feasible (e.g., the cleaning process would destroy the property or exceed the cost of replacing the article with similar articles). This loss of property could be severe enough to cause a 36



substantial lifestyle change that could increase the potential for adverse health outcomes [Nickle 1999]. ATSDR prefers that no person be exposed to a concentration of a toxic substance greater than the recommended HGVs, such as the RfC or MRL. However, given the extraordinary measures required to remove enough liquid mercury to reach the HGV concentrations, the human health benefit of such a removal action may not always be warranted by the threat [ATSDR 2008; CDC 1995; Nickle 1999; Risher 2003]. The principal study (i.e, Fawer, 1983) upon which both of the HGVs for mercury discussed in section 1.3 was based used a very sensitive method of measuring the adverse health effect in the workers. Tremor reported in the study could only be measured when a small weight was suspended from the study worker’s hand. The tremor did not cause debilitating harm or contribute in any way to a lower quality of life for the workers. Because many of the participants worked in the facilities in the study before adequate protective emission controls were in place, the long-term workers likely may have been exposed to much higher levels of mercury than was reported in the study. However, the workers clearly had been exposed to sufficient mercury to cause a measurable tremor in their hands, which represents a systemic effect. The lowest concentration of mercury reported in the scientific literature considered to be the most significant by ATSDR in the ATSDR Toxicological Profile (Table 1; ATSDR 1999) associated with adverse human health effects is 10 ug/m3 [Ngim 1992]. This study was essentially a survey of symptoms among dentists, nurses, and aides who worked with dental amalgams that contained mercury for 8–10 hours per day during a 6-day work week. The authors of the study simulated preparing the amalgams, measured the concentration in the breathing zone, and reported the concentration from the simulation as the exposure of the survey participant. How accurately the simulation reflected both historical conditions and current practices is unknown. While both EPA and ATSDR chose to use other studies to develop their respective HGVs, both agencies agree that Ngim [1992] is an essential supporting study [ATSDR 1999; EPA 1995; Ngim 1992]. Although ATSDR and EPA have established HGVs with no appreciable risk of human harm, a range of uncertainty exists regarding the concentration at which a person may actually experience health effects. The closer air levels are to the RfC or the MRL, the less likely any exposure is to cause adverse health effects. The closer air levels are to the lowest concentrations known to cause any level of harm to humans (the lowest toxic concentration level for humans [TCLo]), the more likely any exposure is to cause harm. In many cases, response action will be initiated quickly enough to recover the liquid mercury and stop exposures in short order. Applying HGVs, such as the RfC or MRL, that are intended for chronic exposures to situations involving shorter term exposures could be overly conservative in many cases. Historically, ATSDR has recommended 1 ug/m3 as the residential level requiring cleanup. This 37



concentration is a factor of 10 lower than the human TCLo [Ngim 1992], and a factor of 26 lower than the concentration which is the point of departure for the HGV of both ATSDR and EPA [Fawer 1983]. {It should be noted that the concentrations in these studies were averaged over a typical workday and their results may not be completely representative of continuous or significantly longer durations of exposure such as a residential setting.} This concentration is within a factor of 10 of the HGV concentrations described earlier. This concentration is also approximately 100 times that expected to be seen from the many other sources of mercury in our environment [ATSDR 1999; Cairns 2011; Carpi 2001; Cizdziel 2011; Garetano 2008; Johnson 2003; Lyman 2009; Song 2009]. Studies indicate that 1 ug/m3 is approximately an order of magnitude lower than the concentration (i.e., 10 ug/m3) where results of urinary levels of mercury appear tobegin to increase in concentration.. [Hryhorczuk 2006; Tsuji 2003]. Experience in previous removal actions by EPA has shown an action level of 1 ug/m3 generally causes significantly less disruption of lifestyles and fewer potential consequences for individuals or families involved in the spill event [Nickle 1999]. ATSDR’s standard practice has been to recommend this value (1 ug/m3) unless the exposed population is particularly susceptible to the effects of mercury (e.g., a mercury spill in a neonatal intensive care unit or a dialysis center). 2.2.2 Isolation/Relocation: ATSDR is often asked at what level of mercury in indoor air persons should be isolated from the exposure to mercury. Isolation in this sense may include, but not be limited to: • • • •



reducing the time persons spend in a particular area; closing the ventilation system connections leading to and from a specific portion of a building; reducing the emission rate of vapors from the source; or, relocating some or all of the persons who normally occupy the building.



All of these isolation techniques have some negative implications, whether relatively minor, such as reducing the time spent in a given room, or potentially significant, such as persons leaving their home entirely. To complicate matters further, it is common for the persons involved to be uncertain as to when the release occurred. Before isolating an area and incurring those negative implications, ATSDR suggests that, in most cases, the threat to the persons involved should be certain. Due to uncertainty about the duration of exposure before the spill was discovered, continued exposure to mercury levels that could be harmful should be minimized [Azziz-Baumgartner 2007]. Some studies have indicated that urinary levels of mercury in humans begin to increase at mercury concentration levels 10 ug/m3 or higher. [Hryhorczuk 2006; Tsuji 2003]. Based on this and the Ngim study discussed above, ATSDR will consider the mercury concentration level of 10 ug/m3 as the TCLo in humans for this health consultation. At the TCLo, adverse effects are possible for 38



susceptible persons, depending on the duration of exposure [ATSDR 1999; Cherry 2002; Hryhorczuk 2006; Ngim 1992; Tsuji 2003]. Therefore, ATSDR usually recommends risk managers consider the need to isolate humans from the spill when a concentration level ≥10 ug/m3 is determined. As with the other action levels described in Tables 1 and 2, conditions at the scene may indicate that a higher, or rarely a lower, concentration than 10 ug/m3 is acceptable before isolation measures are truly required. In addition, the risk manager at the scene (e.g., an EPA OSC) may have reasons to seek relocation of residents other than mercury contamination, such as physical hazards caused by removal techniques or necessary curing of sealants. 2.2.3 Personal Belongings: The hazardous state for this form of mercury is predominantly a vapor; therefore, it can be highly mobile in the indoor environment. Both the liquid and the vapor may collect in porous materials, such as fabric, rubber, and home furnishings. The mercury may invade cracks and crevasses of appliances, flooring, and electronics. In many settings, these belongings represent a substantial investment on the part of the owner who will have an understandable desire to salvage whatever is possible. The challenge of determining what can be saved and what must be disposed of lies in the uncertainties associated with the exposure. For instance, how much time does a child spend sleeping with a favorite stuffed animal and breathing whatever vapors their companion emits? How often does a refrigerator cycle on or off, and who is normally nearby and affected by that heating? How large is the room where the home computer is off-gassing mercury? We do not have the data to answer these kinds of questions and to address all of the possible permutations without analyzing specific conditions and personal habits at a site. This level of detailed analysis, which could change from person to person or structure to structure, is not feasible for a non-site–specific health consultation. We must either dispose of everything contaminated or evaluate the potential risk of the contamination. The ultimate goal of evaluating a contaminated belonging would be to ensure that the mercury concentration in the breathing zone of the person using the contaminated items under normal use patterns will not exceed 1 ug/m3 for a time sufficient to cause harm. The preferred method to assess the amount of contamination is to bag small-to-medium items, heat the bag to what might be reasonably anticipated to be maximum temperatures of normal use, and take headspace readings within the bag [Baughman 2006; Nickle 1999]. Large items, such as couches, recliners, and mattresses, with porous surfaces that come in contact with mercury can raise the vapor concentrations more than smaller items in the same room. For larger items, such as appliances and electronics, typically the vapors from the cooling vents have been measured for mercury concentrations. These concentrations would normally be much higher than the readings after the vapors have dispersed into the room. The higher readings would be observed because the same number of molecules of vapor would be contained in a smaller space (e.g., at the point of emission at the vent or 39



contained within a bag). The suggested action levels developed in 2000 recommended that the elevated readings in the headspace or the point of emission should be less than 10 ug/m3 [ATSDR 2000]. Because ATSDR wanted to ensure that the belongings had actually been contaminated before they were deemed a threat, that suggested level was based primarily on the human TCLo and the technical limitations of the survey instruments available at the time. Extensive field testing by EPA’s Environmental Response Team has demonstrated that newer instruments are both more sensitive and less prone to yielding false positives due to interferences. Therefore, measurements can now detect lower concentrations with the same level of confidence as higher levels that were measured previously [EPA 2005]. Generally speaking, EPA’s experience has shown that when liquid mercury comes in direct contact with porous objects or objects that generate heat under normal operation, those objects are not recoverable. ATSDR recommends that such objects be disposed of appropriately [Nickle 1999]. The recommended action level for the residential setting is ≤1 ug/m3; the 10 ug/m3 suggested in 2000 has generally worked well in reducing the vapors from belongings in a home (when belongings have been exposed only to mercury vapors) to support this action level [Nickle 1999]. When an unusually large object, such as a freezer, is used in a small room, such as a typical utility room, the contamination level in the room may exceed the 1 ug/m3 limit even when the freezer does not exceed the 10 ug/m3 limit for personal belongings. Likewise, when several items, such as clothing, that do not exceed the 10 ug/m3 headspace limit are placed in a small room, such as a second bedroom in a mobile home, the home may exceed the 1 ug/m3-limit. Obviously, appliances not in use when tested may exceed the action level during normal use. The site risk manager’s professional judgment determines when a lower action level is necessary. EPA’s experience has shown that concentrations in the 1–3 ug/m3-range in the headspace/vent emission usually will allow levels in even smaller rooms to remain at or below 1 ug/m3. Experience has also shown that these action-level concentrations indicate that minimal or no contact between the contaminated item and liquid mercury has occurred. Finally, EPA’s experience has also shown that concentrations >6 ug/m3 in indoor air usually indicate the presence of liquid mercury that may not have been discovered [Nickle 1999; Nold 2011]. Therefore, ATSDR recommends headspace readings for belongings that may have been contaminated byvapors from a mercury spill that are in the range of 3-6 ug/m3 be considered protective of human health 2.2.4 Conditions when other concentrations should apply: Under some conditions, ATSDR will consider concentrations in non-occupational settings above 1 ug/m3 as safe for human health [ATSDR 2008]. Examples of these conditions are when other mechanisms can be put into 40



place to reduce exposure durations for sensitive persons, or when a population is less sensitive (e.g., healthy adults). These conditions usually occur when the methods required to achieve lower concentrations may possibly cause more harm (e.g., increased property damage and potential harmful lifestyle changes as described earlier) than would the short duration of exposure to slightly higher mercury levels (when the source of the mercury vapors has been controlled [e.g., removal of visible mercury]). Conditions vary from site to site, which may suggest the need for modification; however, ATSDR has never considered an exposure level in a residential setting at a concentration >10 ug/m3 as acceptable for long-term use. Again, use of these higher levels normally implies that all visible mercury has been removed, indicating that all point sources are removed or isolated. Subsequently, with no mercury source to continue vaporizing levels are expected to decline with time. Persons in whom the CNS is developing (e.g., fetuses, infants, and young children) are the population considered most sensitive to mercury exposure and, thus, require greater protection [Bensefa-Colas 2010; BoseO’Reilly 2008; Opitz 1996]. No evidence indicates that persons with deteriorating nervous systems are more susceptible to the effects of mercury than healthier adults; however, a person’s underlying conditions may mask the more subtle effects of mercury. Prolonged exposure to mercury also affects the kidneys [ATSDR 1999; Baughman 2006; Bensefa-Colas 2010; Franko 2005; Opitz 1996; Samir 2011]. Under almost all conditions, removing visible mercury from the indoor environment until a residual concentration of 1 ug/m3 is reached would be protective of even the most sensitive population. If a person has an underlying condition that makes them more susceptible to the effects of mercury than healthier persons, a concentration less than 1 ug/m3 mercury in a residential setting may be considered necessary. An invalid with poorly functioning kidneys who normally lives in a space where mercury has been spilled is an example of this situation. An infant born prematurely who is struggling to complete its development may be more susceptible to mercury contamination than an infant born at full term. When OSCs are faced with similar unusual conditions, consulting with public health officials and the healthcare provider for the person is warranted. Inhaling elemental mercury from a spill may contribute to the overall body burden of mercury. Persons with already high systemic levels of mercury may be more susceptible to adverse effects due to the contribution of the new exposure [Goldman 2001; CDC 2001]. Persons likely to have high systemic levels of mercury include those who work with mercury in occupational settings. Other persons likely in this category are those who routinely eat more than the recommended two meals of fish per week [EPA/FDA 2004]. These persons should be advised to consult their personal healthcare provider regarding the additional exposure to mercury due to the spill. Risk managers may need to consider isolating these persons at a lower concentration of mercury than suggested in section 41



2.2.2 earlier. No adverse effect would be expected at the normal occupancy level suggested in section 2.2.1.



2.3 Commercial and Occupational Settings 2.3.1 Workplaces covered by the Occupational Safety and Health Administration regulations in Subpart Z: Occupational settings where mercury exposure is anticipated are addressed by various occupational standards. The Occupational Safety and Health Administration (OSHA) does not have a specific standard for mercury in Title 29 of the Code of Federal Regulations (29 CFR). However, general requirements, such as the Hazard Communications Standard (29 CFR 1910.1200), Respiratory Protection Standards (29 CFR 1910.134), and a health and safety program for workers who might be exposed to a “Subpart Z” hazard (29 CFR 1910.1000, Table Z-2), do apply. See http://www.osha.gov/SLTC/mercury/index.html for a complete list of standards applicable to mercury exposure. Industrial hygiene recommendations and best practices by the American Conference of Governmental and Industrial Hygiene (ACGIH), the National Institute for Occupational Safety and Health (NIOSH), and OSHA include periodic monitoring of the workplace air, biological exposure indices to monitor worker’s individual body burdens, periodic medical monitoring, and engineering controls to reduce mercury concentration at any given workstation [HSDB 2005]. See http://www.osha.gov/SLTC/healthguidelines/mercuryvapor/recognition.ht ml for these guidelines. In addition, workers are presumed to be healthy adults with exposure durations of 40-hour workweeks for 40 years. Under these conditions, which obviously include responders and others workers subject to the requirements of OSHA’s Hazardous Waste Site Operations and Emergency Response Standard [29 CFR 1910.120]), the occupational standards would be expected to protect human health. OSHA established the Permissible Exposure Limit (PEL), the only legally enforceable federal U.S. standard, as a ceiling (i.e., level not to be exceeded) value of 100 ug/m3 (actual standard is 1 mg/10 m3). NIOSH set a Recommended Exposure Limit (REL) of 50 ug/m3 as a 10-hour, time-weighted average. The American Conference of Governmental and Industrial Hygienists (ACGIH) recommended the most recent occupational exposure standard as the Threshold Limit Value–Time Weighted Average (TLV-TWA) of 25 ug/m3. ACGIH has also recommended biological exposure indices (BEI) in both urine and blood [ACGIH 2008; HSDB 2005]. 2.3.2 Workplaces not covered by Subpart Z: In some occupational settings, such as many commercial retail settings, medical offices, and schools, exposure to mercury is not an expected hazard. Which settings are covered by the various requirements in Subpart Z vary from standard to standard. For example, to quote the hazard communications standard 29 CFR 1910.1200(b)(2)), the HazComm standard applies to “…any chemical which is known to be present in the workplace in such a manner that employees may be exposed under normal conditions of use or in a foreseeable 42



emergency.” A mercury spill in an occupational setting is not likely to be a normal condition and, if the mercury is not used in the normal work at the setting, it would be unlikely to be a foreseeable emergency. A more detailed list of exemptions in 29 CFR 1910.1200(b)(6)(ii) specifically excludes any setting “…when the hazardous substance is the focus of remedial or removal action being conducted under CERCLA in accordance with the Environmental Protection Agency regulations.”



In these settings, the protections associated with the occupational standards and recommended guidelines described earlier (e.g., medical monitoring, engineering controls, hazard communications) are not typically available [Risher 2003]. Without these additional protective measures, applying the occupational standards to these situations is inappropriate. However, the exposure duration in most workplaces would be roughly the same. Therefore, the underlying assumption for residential exposures (exposure for 24 hours, 7 days a week, for non-employed persons living in the home or 16 hours, 7 days a week for persons employed outside the homes and school-aged children not being homeschooled) would not reasonably apply. Adjusting the 1 ug/m3 residential action level discussed earlier from a 168-hour exposure (24/7) or a 112-hour exposure (16/7) to a 40-hour exposure, which is more typical in a commercial or public workplace, would yield an equivalent protection in the 3–4 ug/m3-range (i.e., 168 hours is about 4 times longer than 40 hours and 112 is about 3 times longer). The exposure for nonemployees, such as customers or clients in businesses or students in a school, would be even more transient. Although these non-employees could be more susceptible than presumably healthy adult workers, a concentration in this 3–4 ug/m3-range should be safe for them as well [CDC 1995; Nickle 1999; Ratcliffe 1996]. 2.3.3 Conditions when other concentration may apply: The interaction between mercury and the developing CNS is poorly understood. Therefore, mercury exposures should be minimized for workers in all settings who are confirmed or suspected to be pregnant, or may become pregnant. In commercial settings, such as maternity wards, dialysis clinics, pre-kindergarten daycare, and pediatric intensive care units, susceptible populations reasonably may be expected to spend prolonged periods of time. In those cases, minimizing mercury exposures or lowering the acceptable residual concentration should be considered. When considering response operations during a mercury spill, balancing the risks associated with specific settings may be necessary. For instance, if a mercury spill occurs in a commercial setting that provides essential life-saving services to a community and is the sole source for those services, disrupting these services may cause greater harm than exposure to the mercury. Exposure to mercury at levels as high as occupational levels for only a few hours is not likely to cause serious harm to a person, whereas missing a scheduled dialysis treatment may cause significant harm. The risk manager at the scene should consult with public health authorities in the community if this kind of circumstance is suspected. 43



2.4 Schools and Educational Settings: Schools can pose a significant challenge during mercury cleanup. First, schools commonly provide a community setting in which many children could be exposed to a single source of liquid mercury discovered in or brought to the school. Second, the school environment can actually be a source of mercury—the fascinating chemical and physical properties of mercury can make it seem a useful teaching tool. Other potential exposure locations in a school include utility rooms and ventilation spaces where mercury may be used in temperature or pressure controls. Third, school areas, such as buses, gyms, cafeterias, and hallways, are commonly used by many people; they may walk through spilled mercury and spread contamination to other areas. Fourth, schools have multiple appliances (e.g., classroom computers and computer labs) that can produce heat. A classroom with 1–5 computers not in use may be safe; however, 5 computers turned on and producing their normal amount of heat in the air may generate enough mercury vapors in the room from a spill to pose a risk to staff and students [ATSDR 1997; CDC 1995, 2005; EPA 2010; Gordon 2004; Mercury in Schools 2004; Nickle 1999; Taueg 1992; Tominack 2002]. Additionally, the length of exposure duration may be too short to likely harm the seemingly most sensitive population (i.e., the students). Many school systems have programs to remove hazards, including mercury, in their schools. However, students can bring mercury to the school and share it with their fellow students, a contingency that school officials must recognize and address. The exposure scenario at most schools, even with after-school programs, is typically much closer to a workday type of exposure (i.e., 7–10 hours) than a residential setting; however, the longest time most students will spend in any given school building will be commonly 3–5 years. Some private schools may offer more extended instructional opportunities, both in the number of hours per day and in the number of years (i.e., number of grade levels taught). Staff at these schools may be in the same setting for a considerably longer time (e.g., a 40-year work lifetime; 10–12 hour days), depending on their personal habits and regional turnover rates. Students or staff could be pregnant. Risk managers should be aware of the potential for these unique circumstances within a school. Consideration should be given to closing or isolating areas of schools with mercury concentrations of ≥10 ug/m3, depending on the exposures, pending removal of the hazard. Given the variables associated with exposures in educational settings, ATSDR recommends a range ≤3 ug/m3 before resuming normal operations of the school. This recommendation is based on the residential action levels discussed earlier and adjusted for a normal school day. Presuming all visible mercury in the setting has been removed, this action level is considered appropriate. 2.5 Vehicles The scenario for persons exposed to mercury while in vehicles is challenging to estimate because it depends on many factors. The purpose of the vehicle (e.g., a school bus versus a family van), the habits of the individual users (e.g., how much time does Mom spend in the car in a hot parking lot waiting for the kids to get out 44



of school?), the sensitivity of the individual passengers (e.g., is Mom in the previous example pregnant?), and the number of passengers routinely in the vehicle are probably the biggest considerations. However, the intended use in any given period may greatly influence the potential hazard posed by mercury in a vehicle. For instance, a spill in a family vehicle that is used soon after for a prolonged vacation may cause more intense exposure than otherwise might be expected. Given all the possible variables, the most sensitive anticipated use of a vehicle should determine the action level for that vehicle. For family vehicles, the exact exposure scenario depends on the habits of the principle drivers, but some exposure to most of the family is possible at some point. The duration of exposure on any given day is likely to be only a small fraction of the 24-hour period, but this could be offset by much longer duration exposures for transient periods (e.g., the family vacation). Because most of the family could be exposed while in the vehicle, the entire spectrum of sensitivities must be considered. The vehicle itself will be a fairly confined space with variable air-change rates (e.g., use of the air conditioner compared to open windows). Other than the transient exposure scenario of the family vacation, the length and intensity of the exposure duration should allow a higher spectrum of action levels than has been discussed up to this point. For work vehicles, the exposure scenario can be either a vehicle that is used primarily to commute to a work location with a duration equal to a fraction of a full day (e.g. similar to the family vehicle above), or a vehicle that, for all intents and purposes, is the work location with a duration closer to an normal workday (e.g., sales and service vehicles, some construction equipment). In this instance, the population being exposed can be assumed to be a healthy adult. The occupied working area of the vehicle would be similar to a family vehicle or smaller and could be relatively open to the environment (e.g., an operator’s seat on a piece of construction equipment), or closed similar to the family vehicle (e.g., the service van). For closed vehicles, concentrations higher than that of a family car would be acceptable generally. Without engineering controls and recommendations for settings protection when mercury is a known hazard, the acceptable concentration in these vehicles should not approach the occupational standards. For multi-passenger vehicles, such as school buses or church vans, the exposure scenario would depend upon the underlying purpose of the vehicle. In other words, most passengers in a school bus would be students, and the characteristics of the population would be similar to that described earlier for the school being served. Population characteristics of the passengers in a city bus or a church van would be closer to that of the general population. For common carrier vehicles, such as airplanes or trains, the exposure duration would be relatively short for the passengers but closer to a workplace exposure for the crew. While space for individual persons may be limited, the interior of the multi-passenger vehicle over all would tend to be more spacious than other vehicle types. Air-change rates would vary significantly depending on the status and type of the vehicle. Given the high variability in the sensitivity of the population being transported, acceptable concentrations would be lower than most commercial or work vehicles. Exposure duration for most multi-passenger vehicle would be relatively short (e.g., measured in hours); however, exposure duration in a common carrier 45



would vary over a fairly broad spectrum. Visible mercury should not be present in any vehicle for all the reasons cited earlier in section 2.1, but primarily because it could be tracked into other settings. The risk manager should be mindful that, even in a vehicle, higher concentrations mean a source of liquid mercury is likely present. If concentrations inside the vehicle do not decline significantly with cleaning and removing potential sources, a source of liquid mercury is especially likely. Concentrations >6 ug/m3 should raise concerns about the presence of liquid mercury in the vehicle. Given all of these variables and concerns, ATSDR recommends an action level in the range of 3–6 ug/m3. This is based on concerns similar to the commercial setting (such as schools and retail establishments), adjusted for the shorter and transient exposure in the vehicles, and avoidance of tracking and the nuisance hazard of liquid mercury. Pregnant women and very young children should spend the minimum time possible in a vehicle contaminated with mercury. For a transient exposure of prolonged duration, alternative transportation should be considered for sensitive persons in the family. 3.0 Conclusion: For the given scenarios requested by the Action Level Subgroup, ATSDR considers the action levels in this health consultation and summarized in the following tables appropriate to protect public health. If the action levels are exceeded, the risk managers on scene should consider appropriate response actions to protect the health of persons most likely to be exposed or more sensitive to the effects of mercury. Before selecting any specific action level or course of action, risk managers should consider the assumptions and limitations described in this health consultation as they apply to the situation encountered when responding to a release. Risk managers should consider consulting with ATSDR staff or EPA risk assessors when unusual situations or unusually sensitive persons are involved. In all cases where cleanup actions are terminated under these schemes, the action levels recommended are based on the assumption that all liquid mercury has been removed from the scene of the exposure. 4.0 Recommendations: In removal actions, ATSDR recommends that any liquid mercury at the scene be isolated and removed as expeditiously as possible to avoid tracking the mercury to other locations. Each site may have site-specific concerns that should be considered before selecting an appropriate action level. Risk managers at the scene of a spill should consider consulting with regional risk assessors or public health officials at ATSDR, the State, or local authorities regarding unusual circumstances that they encounter. ATSDR recommends the liberal use of field screening devices and methods to detect the presence of mercury in areas where a spill is suspected and to monitor the progress of 46



cleanup. Environmental samples analyzed in a laboratory are generally unnecessary until all visible mercury is removed and confirmation is required that response activity is complete. Samples to confirm final cleanup should be collected and analyzed in a manner equivalent to the modified NIOSH 6009 method. ATSDR considers readings from a properly calibrated Lumex Mercury Vapor Analyzer, that are representative of 8 hours of exposure at the point of sampling, as comparable to the NIOSH 6009 method in the range of 0.1-10 ug/m3 [Singhvi, 2003] and will accept these in lieu of laboratory analysis. Application of the action levels provided in this health consultation should be modified as necessary to reflect actual conditions at the site of a mercury release. At the request of the lead agency, ATSDR is available to review site-specific situations and assist in making any decision to modify the application at the site. The conclusions and recommendations provided in this health consultation are based on the information available to ATSDR as of the date of the document. New or additional information may necessitate a modification of our conclusions and recommendations.
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Acceptable level for unrestricted use of family vehicles under most conditions.



Acceptable level to allow personal belongings to remain in owner’s possession.



Isolation of contamination from residents or evacuation of residents



3–6



Greater than 10



Acceptable level for normal occupancy for most sensitive persons. No further response action needed



Use of Action Level



3–6



Less than 1



Action Level (ug/m3)



Survey instrument data acceptable. + Exposure to contaminant should be minimized.



Indications are that 10 ug/m3 may be the concentration at which urinary levels of mercury begin to increase. Other studies indicate this concentration may be the lowest toxic concentration (TCLo) for humans. Continued exposure may be h f l



See Section 2.2.2



See Section 2.2.3



Survey instrument data generally acceptable.+ Readings should be at the vents of appliances or headspace of bags. Bags should be warmed passively to ambient conditions and appliances/ electronics should be at operating



The sampling point suggested in the column to the right tends to concentrate the vapors higher than typical exposure conditions. Exposure frequency should be intermittent and the duration should be short. The 6 ug/m3 is based on the possibility that liquid mercury i is present but may not have been



See Sections 2.1 and 2.2.1



Consult Section



See Sections 2.1 and 2.5



No visible mercury; highest quality data.* Sampling in breathing zone of most sensitive person under normal conditions for use.



Sampling Suggestions and other Considerations



No visible mercury; highest quality data.* Sampling in the passenger compartment under normal use conditions. Unusual use of the vehicle in this case would be extended family



Exposure duration in most vehicles is short compared with other settings, allowing a higher concentration as the “floor” of this range. Requirement for no visible mercury means the source of vapors has been removed and concentrations should continue to fall The “ceiling” of the range is based on the presumption that liquid mercury may still be present but not yet discovered.



Experience has shown that response actions to reach levels lower than 1 ug/m3 can be disruptive enough to cause more harm than benefit. 1 ug/m3 is within an order of magnitude of health guidance values and indoor background levels. This concentration is 25 times lower than the concentrations referenced in the d l f h l h id l



Rationale for Action Level



Table 1: Suggested Action Levels for Residential Setting



*Highest quality data is NIOSH 6009 analytic results or equivalent (e.g., Lumex reading averaged over 8 hours) +Survey instrument data is considered any real-time monitoring equipment (e.g., Jerome, MVI, VM 300)
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Acceptable level for schools to resume normal operations.



Acceptable level for unrestricted use of vehicles under most conditions.



Isolation of contamination or evacuation of workers not covered by a health and safety program addressing exposure to mercury. Normal Occupancy for industrial settings where mercury exposure is expected in normal course of work. (e.g., 29 CFR 1910 Subpart Z does apply). Upgrade responder protective ensemble to Level C during uncontrolled releases of mercury



3–6



Greater than 10



25



25



Normal Occupancy for commercial settings where mercury exposure is not expected in normal course of work. (e.g., 29 CFR 1910 Subpart Z does not apply)



Less than 3



1–3



Use of Action Level



Action Level (ug/m3)



For response, workers subject to requirements of 29 CFR 1910.120, based on the ACGIH TLV, as recommended by the 1987 NIOSH/OSHA/USCG/EPA Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities ( the” 4



Exposure duration in most vehicles is short compared with other settings, allowing a higher concentration as the “floor” of this range. Requirement for no visible mercury means the source of vapors has been removed and concentrations should continue to fall Th “ ili ” f th i b d th Indications are that 10 ug/m3 may be the concentration at which urinary levels of mercury begin to increase. Other studies indicate this concentration may be the lowest concentration toxic to humans Based on the 1996 ACGIH TLV. Assumes hazard communications programs as required by OSHA; engineering controls as recommended by NIOSH; and medical monitoring as recommended by NIOSH and



Concentration is based on residential action level of 1 ug/m3 adjusted for a work day (i.e., 24/7 exposure reduced to 8/5 or 40 hour workweek). Persons exposed in these settings would not expect the presence of mercury as t f th i l l t Concentration is based on residential action level of 1 ug/m3 adjusted for a typical school day.



Rationale for Action Levels



See Section 2.3.1



Occupational Safety and Health Guidance Manual for Hazardous



Survey instrument data acceptable.+ Uncontrolled release refers to the absence of positive engineering controls on the material.



See Section 2.3.2



See Sections 2.1 and 2.5



See Section 2.1 and 2.4



See Section 2.1 and 2.3.2



Consult Section/ Reference



Survey instrument data acceptable.+ Workers in these settings should be subject to OSHA standards for mercury (e.g., medical records, Subpart Z, HCS, HAZWOPER).



No visible mercury; highest quality data.* Taken in breathing zone of most sensitive person under normal conditions for use. Pregnant workers should be offered alternate k it No visible mercury; highest quality data.* Taken in breathing zone of most sensitive person under normal conditions for use. Pregnant workers and students should be offered temporary alternatives to orking or attending the school No visible mercury; highest quality data.* Sampling in passenger compartment under normal use conditions. Unusual use of the vehicle in this case would be situations where the vehicle is the k l Survey instrument data acceptable.+ Exposure to contaminant should be minimized.



Sampling Suggestions and other Considerations



Table 2: Suggested Action Level for Other Locations



* - Highest quality data would be NIOSH 6009 analytic results or equivalent (e.g., Lumex reading averaged over 8 hours) + - Survey instrument data would be considered any real time monitoring equipment (e.g., Jerome, MVI, VM 300, etc)
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Figure 1A: ATSDR Toxicological Profile Figure 2-1 Acute Exposures (Annotated)



Developmental effects in animals



ATSDR Residential Action Level



Figure 1A. Annotated insert of Figure 2-1 from the ATSDR Toxicological Profile graphing the significant inhalation studies of inorganic mercury by health effect and concentration for exposure durations of ≤14 days. Dashed line represents the ATSDR Residential Action Level recommended in this health consultation. This figure illustrates most clearly the reason for considering developmental effects as the most sensitive endpoint.
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Figure 1B: ATSDR Toxicological Profile Figure 2-1 Intermediate Exposures (Annotated)



ATSDR Residential Action Level



Figure 1B. Annotated insert of Figure 2-1 from the ATSDR Toxicological Profile graphing the significant inhalation studies of inorganic mercury by health effect and concentration for exposure durations of 15–364 days. Dashed line represents the ATSDR Residential Action Level recommended in this health consultation.
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Figure 1C: ATSDR Toxicological Profile Figure 2-1 Chronic Exposures (Annotated) Human Studies considered significant by ATSDR



ATSDR Residential Action Level



Figure 1C. Annotated insert of Figure 2-1 from the ATSDR Toxicological Profile graphing the significant inhalation studies of inorganic mercury by health effect and concentration for exposure durations of ≥365 days. Dashed line represents the ATSDR Residential Action Level recommended in this health consultation. This dotted circle indicates the three studies of humans in occupational settings that ATSDR considers most significant.
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Appendix 11 Frequently Asked Questions MERCURY



This fact sheet answers the most frequently asked health questions (FAQs) about mercury. For more information, call the ATSDR Information Center at 1-888-422-8737. The effects of exposure to any hazardous substance depend on the dose, the duration, how you are exposed, personal traits and habits, and whether other chemicals are present. Exposure to mercury occurs from breathing contaminated air, ingesting contaminated water and food, and having dental and medical treatments. 1. What is mercury? Mercury is a naturally occurring metal which has several forms. The metallic mercury is a shiny, silver-white, odorless liquid. If heated, it is a colorless, odorless gas. Mercury combines with other elements, such as chlorine, sulfur, or oxygen, to form inorganic mercury compounds or salts, which are usually white powders or crystals. Mercury also combines with carbon to make organic mercury compounds. The most common one, methylmercury, is produced mainly by microscopic organisms in the water and soil. More mercury in the environment can increase the amounts of methylmercury that these small organisms make. Metallic mercury is used to produce chlorine gas and caustic soda, and is also used in thermometers, dental fillings, and batteries. Mercury salts are sometimes used in skin lightening creams and as antiseptic creams and ointments. 2. What happens to mercury when it enters the environment? Inorganic mercury (metallic mercury and inorganic mercury compounds) enters the air from mining ore deposits, burning coal and waste, and from manufacturing plants. It enters the water or soil from natural deposits, disposal of wastes, and volcanic activity. Methylmercury may be formed in water and soil by small organisms called bacteria. Methylmercury builds up in the tissues offish. Larger and older fish tend to have the highest levels of mercury. 58



3. How might I be exposed to mercury? Eating fish or shellfish contaminated with methylmercury. Breathing vapors in air from spills, incinerators, and industries that burn mercury-containing fuels. Release of mercury may occur from dental work and medical treatments. Breathing contaminated workplace air or skin contact during use in the workplace (dental, health services, chemical, and other industries that use mercury). Practicing rituals that may use mercury. 4. How can mercury affect my health? The nervous system is very sensitive to all forms of mercury. Methylmercury and metallic mercury vapors are more harmful than other forms, because more mercury in these forms reaches the brain. Exposure to high levels of metallic, inorganic, or organic mercury can permanently damage the brain, kidneys, and developing fetus. Effects on brain functioning may result in irritability, shyness, tremors, changes in vision or hearing, and memory problems. Short-term exposure to high levels of metallic mercury vapors may cause effects including lung damage, nausea, vomiting, diarrhea, increases in blood pressure or heart rate, skin rashes, and eye irritation. 5. How likely is mercury to cause cancer? There are inadequate human cancer data available for all forms of mercury. Mercuric chloride has caused increases in several types of tumors in rats and mice, and methylmercury has caused kidney tumors in male mice. The EPA has determined that mercuric chloride and methylmercury are possible human carcinogens. 6. How can mercury affect children? Very young children are more sensitive to mercury than adults. Mercury in the mother's body passes to the fetus and may accumulate there. It can also pass to a nursing infant through breast milk. However, the benefits of breast feeding may be greater than the possible adverse effects of mercury in breast milk. Mercury's harmful effects that may be passed from the mother to the fetus include brain damage, mental retardation, incoordination, blindness, seizures, and inability to speak. Children poisoned by mercury may develop problems of their nervous and digestive systems, and kidney damage.
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7. How can families reduce the risk of exposure to mercury? Carefully handle and dispose of products that contain mercury, such as thermometers or fluorescent light bulbs. Do not vacuum up spilled mercury, because it will vaporize and increase exposure. If a large amount of mercury has been spilled, contact your health department. Teach children not to play with shiny, silver liquids. Properly dispose of older medicines that contain mercury. Keep all mercury-containing medicines away from children. Pregnant women and children should keep away from rooms where liquid mercury has been used. Learn about wildlife and fish advisories in your area from your public health or natural resources department. 8. Is there a medical test to show whether I've been exposed to mercury? Tests are available to measure mercury levels in the body. Blood or urine samples are used to test for exposure to metallic mercury and to inorganic forms of mercury. Mercury in whole blood or in scalp hair is measured to determine exposure to methylmercury. Your doctor can take samples and send them to a testing laboratory. 9. Has the federal government made recommendations to protect human health? The EPA has set a limit of 2 parts of mercury per billion parts of drinking water (2 ppb). The Food and Drug Administration (FDA) has set a maximum permissible level of 1 part of methylmercury in a million parts of seafood (1 ppm). The Occupational Safety and Health Administration (OSHA) has set limits of 0.1 milligram of organic mercury per cubic meter of workplace air (0.1 mg/m3) and 0.05 mg/m3 of metallic mercury vapor for 8-hour shifts and 40-hour work weeks. References Agency for Toxic Substances and Disease Registry (ATSDR). 1999. Toxicological profile for mercury. Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.
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