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EHS 
Environmental Health and Safety 
 
3D Printers 
Standard Operating Procedure 
 
What is 3D printing? 
3D printing is a process of converting the information from a digital file into three-dimensional objects.  
Additive processes, which are layering of various materials, are used to create 3D printed objects.  
Examples of materials are metals, curable resins, ceramics, plastics, nanomaterials, concrete, and paper. 
Submit a new equipment installation request for approval of purchase of 3D printer for your UML lab.  Here is the link – https://www.uml.edu/facilities/service-requests/form/.  Scroll down to the bottom of the page. 
 

1.0 Materials used with 3D Printers:  A variety of materials and chemicals can be used in 3D printing. Some common materials and chemicals include, but are not limited to: 
1. Polymers 
· Acrylonitrile-butadiene-styrene (ABS) 
· Polylactic acid (PLA) 
· Polycarbonate (PC) 
· Poly (vinyl alcohol) (PVOH, PVA or PVAl) 
· Poly (ethylene terephthalateco-1, 4-cyclohexylenedimthylene terephthalate) PETG 
2. Solvents 
· Dimethyl fumarate 
· Isopropanol 
· Acetone 
· Methyl Ethyl Ketone (2-Butanone) 
3. Powder Metals 
· Aluminum 
· Titanium 
· Steel 
4. Nanomaterials 
· Iron nanoparticles (nFe) – steel sintering 
· Silver nanoparticles (nAg) – sintering and conductivity 
· Carbon black nanoparticles (nCB) and carbon nanotubes (CNTs) – conductivity, stiffness, tensile strength 
· Silicon oxide nanoparticles (nSiOx) – polymer strength 
1.1 Hazards of Materials used:  Potential exposures depend on the type of 3D printing method as well as the material that is being used. 
Hazardous Materials/Nanomaterials 
Ultrafine particles (UFPs) and Fine particles (FPs):  Fine particles have diameters less than 2.5 microns.  
Ultrafine particles have diameters less than 0.1 microns and are therefore classified as nanomaterials.  (Nanomaterials are defined as less than 100 nanometers in diameter, or less than 0.1 microns in diameter.)  UFPs can penetrate the blood brain barrier to enter your brain and can also penetrate your skin, lungs, and nerves.  Elevated FP and UPF levels may cause adverse health effects such as eye, nose and respiratory tract irritation, cardio-pulmonary mortality, strokes, and asthma.  For more information on the hazards of nanomaterials, please refer to the handling nanomaterials SOP located at https://www.uml.edu/EEM/EHS/Lab-Safety/Standard-Operating-Procedures.aspx. 
Outgassing (fumes) or Volatile Organic Compounds (VOCs):  Exposure to VOCs may cause headaches, respiratory irritation, and eye irritation.  To determine VOCs/fumes emitted during 3D printing, review safety data sheets for specific materials utilized to determine combustion products of materials being heated/used during 3D printing.  For example, if the polymer ABS is used, do not just review the safety hazards of ABS from the safety data sheet.  Determine combustion products if ABS is heated to determine types of fumes emitted from 3D printer. 
Compressed gases such as nitrogen and argon:  These gases may cause asphyxiation.  Please refer to the handling compressed gasses SOP located at https://www.uml.edu/EEM/EHS/Lab-Safety/StandardOperating-Procedures.aspx for proper handling, use and storage of compressed gas cylinders. 
Powdered metals such as aluminum, titanium, and nickel alloy steels:  Aluminum steel powder may cause eye irritation and eye contact with aluminum particles may cause corneal necrosis.  Aluminum powder is flammable and finely dispersed particles can form explosive mixtures in air.  Titanium powder is pyrophoric.  Nickel steel powder is a flammable solid that may cause cancer and may cause an allergic skin reaction. 
Occupational Exposure Limits (OELs) 
To date, little is known about occupational exposures and potential exposure-related health effects related to 3D printing.  As a result, very few materials and chemicals used in 3D printing processes have occupational exposure limits (OELs).  UFPs do not have an OEL.  Median estimates of 3D printer UFP emission rates range from 108 to 1011 particles/minute across various testing conditions (ex. Filament type, bed temperature), which, assuming normal conditions, would elevate UFP concentrations to 10 times higher than what is typically observed in office and laboratory settings.  Under the Clean Air Act, the Environmental Protection Agency (EPA) is required to establish regulatory limits for outdoor levels of particulate matter less than 2.5 microns in diameter (PM 2.5), a category which includes UFPs.  While there is no regulatory limit set for indoor concentrations of UFPs, the EPA urges to limit exposure as much as possible given the well-established link between PM2.5 and adverse health effects. 
For more information on OELs, please refer to the ACGIH 2021 Threshold Limit Values as well as the OSHA PELs Table Z-https://www.osha.gov/dsg/annotated-pels/tablez-1.html and the NIOSH Pocket Guide to Chemical Hazards Https://www.cdc.gov/niosh/npg/default.html. 
Physical and Biological Hazards 
There are also physical hazards such as burns from hot surfaces such as the print head block and UV lamp.  The use of 3D printing has recently been extended to the medical field.  Biological hazards can be posed when printing biological materials (ex. cells for engineered tissue generation) resulting in potential exposure to biological aerosols created during this process. 
 
2.0 Controls: 

2.1 Engineering Control: 
NOTE:  This a list of different options.  EHS can assist with determining best option(s) for your 3D printer in your lab space.  Substitution is always the best engineering control.  If you can eliminate or lessen the hazard by using a nonhazardous or less hazardous material, do this engineering control first. 
· Substitution: using a low emitting material or choosing materials of relatively low hazard such as using PLA instead of ABS.  Another example of substitution is using sodium percarbonate (ex. OxiClean) instead of sodium hydroxide solutions as a base bath for cleaning printed parts. 
· Ensure the room has adequate air supply and exhaust to dilute and eliminate 3D printer emissions. 
· Purchase the secondary containment box if available that is designed to go over the 3D printer. 
· Utilize local exhaust ventilation as well as these enclosures (secondary containment box) to control/reduce emissions from 3D printers such as snorkels, fume hoods, and portable air filtration devices. 
· Operate 3D printers in enclosed ventilated racks that exhaust to the outdoors or are filtered.  Most 3D printer emissions are nanoparticles (including UFPs) and VOCs to a lesser extent.  Exhausting the air from 3D printers through a room air cleaner with a high efficiency particulate air (HEPA) filter and activated charcoal filter can remove these contaminants. 
2.2 Administrative Controls: 
· Do not work alone in the lab.  Implement the buddy system.
· [bookmark: _Hlk214884722]Take the online EHS lab safety training annually located at this link - https://www.uml.edu/eem/ehs/lab-safety/.
· Follow instructions for registering your training after you receive your quiz grade which is step 4 in the instructions.  Without registering your training, you will not receive an email with your EHS lab safety training certificate attached.  You will also not appear in the EHS records for taking this online training, so it is very important to follow step 4.
· Attend laboratory-specific training on 3D printer work which should include reading the operating manual for the 3D printer, maintenance manuals, and any other training materials. 
· Document this training in section 8 of the Chemical Hygiene Plan Notebook. 
· Only those trained directly by the manufacturer of the equipment should conduct maintenance or repair on the 3D printer. 
· Know the location of the emergency shower and eyewash station. 
· Review this SOP and applicable safety data sheets as part of your laboratory specific training.  All safety sheets for all materials used in a 3D printer process must be reviewed prior to use of the 3D printer. 
· Keep a hard copy of the safety data sheet (SDS) for specific materials used in the 3D printer in section 6 of the CHP Notebook.   
· Place this SOP in section 7 of the CHP Notebook.  
· Purchase only enough material needed to complete an experiment.  For example, base baths should be the smallest volume and concentration necessary for cleaning printed parts. 
· Label base baths with the full chemical name and percent concentration. 
· Wash hands thoroughly with soap and water after removing gloves. 
· Only authorized personnel should be allowed to operate 3D printers. 
· 3D printers must be installed, operated, and maintained according to the manufacturer’s instructions. 
· Clean up work areas promptly after use and properly dispose of dust, scraps, and waste.  Use wet methods for cleaning up dust. 
· Turn off, unplug and cool down the unit prior to cleaning or maintenance. 
· If working with or producing metal dusts, a class D fire extinguisher must be on hand and stored in an accessible location.  Standard carbon dioxide and dry chemical extinguishers are appropriate for most ink jet, thermoplastic, or photopolymer printers. 
· Properly maintain the manufacturer’s supplied controls such as a portable filtration system.  Contact EHS at ehs@uml.edu for assistance with change out schedule of charcoal and HEPA filters. 
· Locate workstations away from 3D printers such as in a different room to prevent/lessen exposure to emissions. 
· Coordinate work schedules so 3D printers operate during off-hours or when the space is less occupied. 
· Wait 15 minutes before entering the room after printing procedure is complete to allow particles to settle and reduce exposure.  Similarly, allow equipment to ventilate before servicing. 
· Make sure inert gas used for 3D metal printers is not leaking and the valve is shut off before maintaining, repairing, or conducting any activity that requires the removal of the enclosure. 
2.3 Personal Protective Equipment: 
· Safety goggles or goggles are required if there is a chemical hazard, particularly when loading liquid monomer reservoirs or using caustic cleaners.   
· Face shield is required if there is a splash hazard to the face. 
· Disposable nitrile gloves or other chemical resistant gloves (Contact EHS at ehs@uml.edu for assistance on glove selection.) 
· Thermal gloves for processes involving hot surfaces and cut resistant gloves if sharp tools utilized. 
· N95 NIOSH certified particulate mask can be used to reduce exposure to UFPs and FPs as well as other particulates if engineering controls are not in place.  Powered air purifying respirators (PAPRs) with HEPA filters and flame-resistant hood are recommended for powdered metal printers, particularly when loading, leveling, filter changing, extracting, or cleaning involving pyrophoric and/or reactive materials.  This is only recommended if an engineering control such as a fume hood is not being utilized.  Contact EHS at ehs@uml.edu to determine appropriate respirator needed based on a risk assessment if an engineering control is not in place.  All respirator users must be part of the UML respiratory protection program.  
 
 

3.0 Precautions: 
· For chemical handling, avoid contact with eyes and skin. 
· Avoid inhalation of particulates such as UFPs, fumes and vapors. 
· Consider using a portable filtration system with dual HEPA/charcoal filter if local exhaust ventilation is not available. 
· EHS is available to conduct air monitoring. 
 	 

4.0 Storage: 
· Store in a well-ventilated location.  

5.0 Disposal: 
 
UV-curable resins:  If the resins are fully cured and solid, cross out corrosive markings and dispose of in the trash. 
 
Metal Powders, solvents and base bath solutions:  These waste products must be handled as hazardous waste.  (This includes contaminated debris such as personal protective equipment, plastic, and bench covers.)  Place the UMass Lowell Hazardous Waste Label on the container and fill out the label.  Full and/or dated containers of hazardous waste are picked up by EHS during the weekly inspection checks for satellite accumulation areas or upon request by submitting a pick-up request online at https://www.uml.edu/eem/ehs/hazardous-materials/hazardous-waste-management/pickups.aspx.
 
 
6.0 Emergency Procedures:  
 
6.1 Spills 
For spills involving 3D printing materials that are considered hazardous according to GHS (global harmonization system) classification (including but not limited to metal powders, resins, base bath solutions, solvents, and nanomaterial), the material may be cleaned up if it is safe to do so such as if contained under a snorkel or inside a fume hood. 
· Ensure that cleaning up the material will not generate airborne dust or aerosols.  
Use wet methods when appropriate for solid materials. 
· Place all items used for cleanup in a labeled hazardous waste container and request a pickup by emailing hazardous_receiving@uml.edu or calling 42543. 6.2 First Aid 
For eyes 
· Irrigate the eyes for 15 minutes, holding eyelids apart. 
· Call extension 44911 or 978-934-4911 from a cell phone to seek medical assistance and then can keep track of the length of time eyes are being irrigated.   
 	 	For skin 
· For full body exposure, remove contaminated clothing and go under the emergency shower for 15 minutes.  If bare hands and/or arms are contaminated, rinse area with soap and water for 15 minutes.  
· Call extension 44911 or 978-934-4911 from your cell phone immediately to seek medical assistance.   
For inhalation 
· Remove to fresh air.  Seek medical attention immediately.  Call extension 44911 or 978-934-4911 from a cell phone.   
6.3 Fire: 
· Evacuate the lab, pull the nearest fire alarm pull station and then go to a safe area and call extension 44911 or 978-934-4911 from a cell phone.  Follow the fire safety evacuation plan. 
 
NOTE:   If there is an exposure or spill, please fill out the Accident and Near Miss Incident Form which is available on-line at http://www.uml.edu/ehs.  

 
*The buddy, supervisor, or Principal Investigator may fill out the Incident/Injury Report Form while the injured employee follows first aid procedures and seeks medical attention. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Attachment 1 
How To Procure a 3D Printer 
3D Printing produces ultrafine particles (UFPs) and volatile organic compounds (VOCs) which can cause adverse health effects.  For this reason, 3D printers are required to be properly ventilated.  It is important to follow the below noted procedures when placing an order for 3D printing equipment. 
 
BEFORE ORDERING 3D PRINTERS 
· Fill out the new equipment installation form on the UML Facilities website - https://www.uml.edu/Facilities/Service-Requests/Form/.  (The form is located at the bottom of this webpage.) Be sure to attach user manual, safety manual and/or manufacturer’s instructions for 3D printer to the new equipment installation form. 
· Requestors should expect to purchase secondary containment boxes. 
· Facilities Management and EHS will review the proposed purchase and location and determine if: 
· The printer can be safely accommodated in the location as proposed either using existing available ventilation or because ventilation is not required for the unit proposed. 
· The printer can be safely accommodated in the location proposed with containment and HEPA filtration of in-room exhaust. 
· The printer can only be safely accommodated in the proposed location if connected to external ventilation.  Requestors are generally expected to fund the costs of designing and installing external ventilation, which can be significant. 
· The printer can only be safely accommodated if connected to external ventilation which is infeasible in the proposed location.  Requestors will be asked to identify alternative locations or products. 
After Receiving Facilities & EHS Approvals 
· In Buyways, use commodity code UMLOW 3D Printers/Lasers (not printers) for ordering 3D printers once the new equipment installation form has been approved.  Order the secondary containment box as well with this commodity code.  
· Facilities and EHS will work with the lab group to install pre-determined local exhaust ventilation as required.  If a secondary containment box is not available from the manufacturer, a custom secondary containment box may need to be designed and built to connect to local exhaust ventilation.  A containment box and design costs if necessary are the responsibility of the person, and/or principal investigator, lab, or department purchasing the equipment. 
  
General Guidance 
· 3D printers that are used with hazardous materials such as metal powders (nickel, aluminum, silver), isocyanates or nanomaterials (iron nanoparticles or silver nanoparticles), will be required to be mechanically vented to the exterior using a fume hood or similar laboratory ventilation equipment as the engineering control. Not all buildings’ mechanical systems can support the necessary mechanical exhaust installation.  Some locations are not viable for printers used with hazardous materials.  This will be established during the pre-order review by Facilities and EHS. 
· For certain 3D printers, if local exhaust ventilation is not cost effective or feasible; purchase of a portable filtration unit with high efficiency particulate air (HEPA) filter and activated charcoal filter to remove contaminants may be an acceptable substitution for mechanical ventilation.  (These filters need to be changed out and replaced over time).  The responsibility of purchasing a portable filtration unit and changing and replacing filters is that of the person, and/or principal investigator, lab, or department owning the equipment.  It is also important to notify ehs@uml.edu for safety oversight.   
· N95 particulate masks protect the wearer from ultrafine particles but are not a permanent solution for working safely with 3D printers in a lab.  N95 particulate masks only protect the wearer from exposure to particulates, not volatile organic compounds and other fumes generated by 3D printers.  In the hierarchy of safety controls, personal protective equipment is the last resort; N95s are a temporary mitigation until the engineering controls are in place.  (Remember, N95s can be worn incorrectly or not worn at all although required and there is less user error for exposure to UFPs if an engineering control is in place.)  
 
Please reach out to ehs@uml.edu if you have any safety or health concerns regarding the purchase of 3D printers for your lab.  Refer to the UML 3D printer SOP at www.uml.edu/eem/ehs under lab safety/SOPs for more detailed information regarding the health hazards of 3D printers due to generation of ultrafine particles (UFPs), volatile organic compounds (VOCs) and other fumes as well as required safety controls. 
 
Issue Date December 2021 
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