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3D Printers
Effective: November 2025, Revised April 2026
Purpose
This program covers general procedures for the safe operation of 3D printing technology at the University of Minnesota.
Scope
This program applies to all University of Minnesota faculty, staff, and students that use and operate 3D printers (a.k.a., additive manufacturing technology), regardless of location (research labs, libraries, makerspaces, or other departmental facilities). The use of 3D printers in residence halls is governed by Housing and Residential Life policy.
Authority
This 3D Printing Program is part of the University’s Occupational Health and Safety administrative policy, which charges Health, Safety and Risk Management with providing leadership, resources, and services to ensure that the University provides a healthy and safe workplace, and that all applicable regulations, policies, and procedures are being implemented and compliance is met. As stated in the policy, all health and safety programs must be followed by all University staff when applicable to the type of work being performed.
Definitions
Air Changes per Hour (ACH) – The measure of how many times the volume of air in a space is completely replaced or exchanged with new air over one hour.
ASHRAE – American Society of Heating, Refrigerating and Air-Conditioning Engineers. Develops technical standards and guidelines in several areas related to building codes including ventilation. 
Filament – A continuous, thread-like strand of material, generally a thermoplastic, wound onto a spool.
Interlock – A safety device designed to prevent a machine or system from operating under unsafe conditions. For a 3D printer equipped with an interlocked enclosure, opening the enclosure during a print job causes the printer to cease operation.
Pinch point – A mechanical hazard involving objects or parts coming together in such a manner that a body part has the potential of being caught or crushed.
Resin – In 3D printing, resins are typically a liquid photopolymer used in vat polymerization. The liquid resin solidifies when exposed to light (lamp or laser), generally in the UV region.
Ultrafine particle (UFP) – Also known as nanoparticles. A type of particulate matter in air, extremely small, with a typical diameter of 100 nanometers (nm) or less (< 0.1 µm).
Volatile Organic Compound (VOC) – An organic chemical with a particularly high vapor pressure at room temperature. The compound readily evaporates into gas or vapor.
Responsibilities
User Responsibilities
· Complete training as required.
· Comply with requirements outlined in this program.
· Report any problems, defective equipment, or any other operational issues to the supervisor/manager.
Department Head/Lab Manager/Makerspace Coordinator Responsibilities
· Understand and comply with the requirements within this program.
· Complete the HSRM 3D Printer Registration Form when a new 3D printer is obtained.
· Provide HSRM with the manufacturer’s instructions and SDSs to assist in a hazard assessment.
· Ensure the safe use and operation of 3D printers.
· Provide training to users prior to operation.
· Maintain equipment and ensure proper functioning.
· Conduct routine housekeeping to prevent the buildup of dust in areas where 3D printers are located.
· Contact HSRM if assistance is needed.
Health, Safety and Risk Management Responsibilities
· Develop 3D printing guidelines and revise them as needed.
· Complete risk assessments and review manufacturer instructions and Safety Data Sheets.
· Conduct inspections to ensure the proper use and operation of 3D printers.
· May include periodic air quality measurements.
· Review new printer acquisitions and proposed installations.
3D Printing Overview
3D printing, also known as Additive Manufacturing, is the process by which a three-dimensional object is built from a computer model by laying down successive layers of material. The number and types of 3D printers on campus has increased dramatically over the past several years. This diversity in printing technologies, as listed in Appendix A, brings with it an increase in potential hazards, both health and physical, to users and others in the area. Before purchasing one or more printers for your space, consider the hazards associated with the printer.
Risks and Hazards
Categorizing 3D Printers
HSRM has developed a classification system for 3D printer process types (e.g., material extrusion or vat photopolymerization) that is based on their potential hazards and the levels of controls required to mitigate these hazards. 3D printers on campus will fall into one of three categories:
1. Category 1 - Low risk to users or others in the area. FDM (filament) printers generally fall into this class. Printers may be used in areas with standard room ventilation, such as libraries or offices (limited to 1 or 2 printers). 
a. Category 1A - Some filament materials (see Appendix B) may produce elevated levels of Ultrafine Particles (UFPs) or Volatile Organic Compounds (VOCs). Additional procedural and/or ventilation controls may be required.
b. Note: if multiple Category 1 printers are used in the same room, enclosures or local ventilation may be required, as determined by monitoring levels of air contaminants.
2. Category 2 - These printers present greater hazards due to the chemicals used (resins or solvent rinses, for example) or elevated emissions of ultrafine particles or VOCs. Printer technology categorized as Category 2 would include vat photopolymerization (resin printers), binder or material jetting, and bioprinters. Category 2 printers are required to be operated in a lab-type environment with ventilation rates higher than ordinary offices. Additional engineering controls, such as enclosures and local ventilation, may be implemented. PPE in the form of gloves, safety glass or goggles (to be determined by a hazard assessment), and lab coats are also required.
3. Category 3 - Category 3 printers offer the highest hazards. Printer types include Selective Laser Sintering (SLS) or Direct Metal Laser Sintering (DMLS). These printers use fine metal powders as print media that are inhalation and dermal hazards as well as fire/explosion hazards. Facilities housing these printers must be carefully and thoughtfully designed to include engineering controls not normally available in standard research labs. Details on metal printers are available in Appendix C.
All 3D printers present some form of hazard or hazards that will depend on the technology used. Table 1 lists many, but not all, of the hazards associated with 3D printing technology and their sources, while Table 2 provides additional information and potential hazards associated with each type of printing technology.
Table 1: 3D Printer Hazards
	Hazard
	Hazard Description

	Nanoparticle Emissions
	ABS, PLA, and other filaments produce inhalable nanoparticles when heated during 3D printing. The health effects of nanoparticles are not fully understood, but research indicates that inhalation is associated with cardiovascular and pulmonary diseases.

	Chemical Vapors
	ABS and PLA filaments produce volatile organic compounds (VOCs) when heated in the 3D printing process. Exposure to VOCs can cause headaches, nausea, or eye, nose, and throat irritation. Organic solvents used in vapor baths such as alcohol or acetone readily evaporate, are flammable, and become inhalation hazards.

	Corrosive Baths
	Support material can be removed by placing the printed project in a heated corrosive bath containing sodium hydroxide or other caustic chemicals. Exposure to these chemicals can cause serious scarring, burns, or blindness.

	Biological Material
	Printers using biological material can produce aerosols which may be inhaled or deposited onto nearby surfaces.

	Flammability
	Fine metal powders such as aluminum, steel, and titanium can combust under normal atmospheric conditions. Organic solvents like acetone used in vapor polishing can ignite when exposed to heat.

	Heat
	Components such as heat beds, print heads, motors, and UV lamps become hot during operation and may cause burns when touched.

	Inert Gas
	Some aerosol jet and DMLS printers use an inert gas to create a non-combustible atmosphere in the printing chamber. If inert gas is introduced into the surrounding atmosphere, it can displace oxygen and presents an asphyxiation hazard.

	Mechanical Hazards
	Moving printer components can create pinch points where personnel can get body parts injured. CNC processing of metal parts presents mechanical, noise, and physical hazards.

	Electrical shock
	Unprotected electrical components and damaged power cords can result in electrical shocks. 

	Ultraviolet Light and Lasers
	Exposure to UV light used in SLA printers can cause temporary or permanent vision loss. DED and powder bed fusion printers often use Class 4 lasers which can cause permanent eye or skin injury from direct or reflected light.







Table 2. Process and Printer Types and their Hazards
	Process type
	Printer Types
	Materials
	Potential Hazards

	Material Extrusion
(Category 1 or 1A)
	Fused Deposition Modeling (FDM)
Fused Filament Fabrication (FFF)
	Thermoplastics

Spooled, pellet, or granular
	Exposure to volatile organic compounds (VOCs), ultrafine particles (nanoparticle), burns, pinches

	[bookmark: _Hlk212615048]Vat Photopolymerization
(Category 2)
	Stereolithography (SLA)
Digital Light Processing (DLP)
	Photopolymers

Liquid resin form
	Exposure to VOCs, dermal exposure to resins and solvents, UV light exposure

	Binder Jetting
(Category 2)
	Powder Bed and Inkjet Head (PBIH)
Plaster-based 3D Printing
	Metals, polymers, ceramics, sand

Powder form
	Exposure to VOCs, airborne powders, dermal exposure to powder and binders, fire or explosion

	Material Jetting
(Category 2)
	Material Jetting (MJ)
Multi-Jet Modeling (MJM)
Wax Casting
	Photopolymers, waxes

Liquid ink form
	Exposure to VOCs, dermal exposure to resins and solvents, UV light exposure

	3D Bioprinting
(Category 2)
	Extrusion-based Bioprinting
Inkjet-based Bioprinting
Pressure-assisted Bioprinting (PAB)
Laser-assisted Bioprinting (LAB)
Stereolithography
	Living cells and biomaterials (bioinks)

Cells, biopolymer gel (carrier)
	Exposure to biological materials, UV light, lasers

	Sheet Lamination
(Category 2)
	Laminated Object Manufacturing (LOM)
Ultrasonic Consolidation (UC)
	Paper, metal, plastic, ceramics

Sheet, film, ribbon
	Exposure to VOCs, laser and/or radiation

	Powder Bed Fusion
(Category 3)
	Selective Laser Sintering (SLS)
Direct Metal Laser Sintering (DMLS)
Electron Beam Melting (EBM)
Selective Heat Sintering (SHS)
	Metals, polymers, ceramics

Powder or wire forms
	Exposure to airborne powder, explosion, lasers and/or radiation

	Directed Energy Deposition
(Category 3)
	Laser Metal Deposition (LMD)
Laser Engineered Net Shaping (LENS)
Electron Beam Additive Manufacturing (EBAM)
	Metals

Wire or powder form
	Exposure to airborne powders, burns, lasers and/or  radiation



Material Storage and Handling
There are a variety of materials that are used in 3D printing, and each will have its own handling and storage requirements. Refer to the manufacturer’s Safety Data Sheet (SDS) for these requirements or as listed in Table 3.
Table 3: Storage and Handling Requirements
	Material
	Storage and Handling Requirements

	Plastic Filament (ABS, PLA, etc..)
	Does not require specialized storage or handling. Follow manufacturer's recommendations. 

	Photopolymer Resin
	Store in a dry and well-ventilated place. Protect from (UV) light. Keep away from heat, flames, and sparks. Wear safety goggles and gloves while handling.

	Metal, plastic, or ceramic powders
	Store in a dry and controlled environment, away from moisture, humidity, and heat sources. Some metal powders are extremely flammable. Gloves, respirators, and specialized clothing required when handling.

	Organic Solvents (isopropyl alcohol, acetone)
	Containers 1 L or greater must be stored in an approved flammables cabinet. Wear gloves and safety goggles while pouring.

	Binders
	Certain binders may be flammable and should be stored in a flammables cabinet. All binders are to be stored in a well-ventilated location. Wear gloves and safety goggles while handling any binder.

	Bioinks
	Follow standard protocols for the storage and handling  of biological materials. Many bioinks require refrigeration or freezing. Gloves, safety glasses, and lab coats are required while handling biological materials.


Engineering Controls, Ventilation, and Air Quality
Ventilation
All 3D printers require some level of ventilation, which will depend on the materials used during and after fabrication (see hazards in Table 2). In all situations, the chosen location for any 3D printer should have appropriate ventilation according to ASHRAE 62.1, the recognized standard for ensuring acceptable indoor air quality (IAQ) in institutional buildings is maintained. The most common forms of ventilation found on campus include:
1. General room ventilation - This varies between locations. For example, research labs will have greater Air Changes per Hour (ACH) as compared to a library room or office. Laboratory ventilation will also exhaust air directly outside while air from offices will be recirculated into the building. Generally, offices are rooms with carpeting and fabric chairs.  If you are unsure about the type of room you are in and its ventilation, contact Health, Safety, and Risk Management. Depending on the printer(s) used, general ventilation alone may not be sufficient, as is the case with Category 2 and 3 printers.
2. Manufacturer-supplied filters and ventilation - Designed for the specific printer in use. Such filtration systems, utilizing HEPA and activated carbon filters, can significantly reduce particle emissions and VOCs for filament-type and resin printers. However, the use of such systems relies on the user to perform periodic preventive maintenance, including filter changes. If this maintenance is neglected, the effectiveness of the filter may become severely diminished.
3. Direct (local) exhaust ventilation - Direct exhaust ventilation may be required for printers and/or baths that produce large amounts of VOCs or particulate matter. Local exhaust options include operating a printer or bath in a chemical fume hood or utilizing an enclosure connected directly to laboratory ventilation.
An HSRM staff member should evaluate the printer(s) in use and determine the most appropriate form of ventilation.
In situations where multiple 3D printers are used, often in larger makerspaces, enclosed ventilation racks should be considered. Like other forms of direct ventilation, these enclosures would exhaust directly outside. Care should be taken when designing enclosures to ensure proper air flow and temperatures are maintained to be consistent with manufacturer specifications.
Physical Guarding
Machine guarding consists of a physical barrier (or barriers) that separates an operator from chemical, mechanical, and thermal hazards that may be present with certain 3D printers. Examples of such engineering controls include:
· Enclosures to physically separate the user from high temperature components and moving parts (pinch-point injuries).
· Hot surface guards that prevent accidental contact with heated nozzles or beds.
· Safety interlocks will automatically stop the printer if an enclosure is opened during operation.
All guarding and interlocking devices should be in place before printing begins. Do not attempt to alter any guarding device or override interlock mechanisms.
3D printers should also include built-in features to reduce the risk of fire and prevent electrical hazards, including:
· Thermal runaway protection to automatically disable the printer in the event the temperature of the heated nozzle or bed exceeds the manufacturer’s design specifications
· The printer must be properly grounded to prevent electrical shock. Proper grounding includes not using 3-to-2 prong adapters to bypass the ground prong. Wiring within a printer is not to be modified or altered in any way. 
· If any portion of the electrical systems contains a fuse, the fuse used must be of the correct type (fast or slow) and load (maximum current). Never use a fuse with a current carrying capacity greater than specified by the manufacturer.
Administrative and Procedural Controls
Administrative controls can be used to reduce exposure to hazards by establishing specific work practices and providing training on the proper use of 3D printers. Examples of administrative controls include:
· Controlling access to spaces where 3D printers are operated.
· Basic printer safety training is to be completed before access is granted.
· Providing users with the manufacturer’s operating guidelines and any relevant chemical Safety Data Sheets (SDSs).
· Performing a hazard analysis related to the printer’s location and use.
· Regular inspections of 3D printers, both by users and HSRM, to ensure they are operating within manufacturer specifications and proper indoor air quality is being maintained.
· Developing Standard Operating Procedures (SOPs) for the safe operation of 3D printers. SOPs should include information on:
· Identification of hazards associated with the printer.
· A list of materials acceptable to use with the specific printer.
· Pre-print operating procedures and checks.
· Post-processing procedures.
· Cleaning the printer and proper disposal of any associated hazardous waste.
· Routine maintenance including frequency, required equipment (filters), etc.
· Emergency response procedures and first aid.
· Prohibiting the consumption of food or beverages in areas where printers are operating.
· Requirements for unattended operation (e.g., enclosed printer with overheat sensor, remote monitoring, fire suppression).
· Prohibition of unattended printing for certain materials or experimental setups
· Prohibiting the use of unapproved or unknown materials or the printing of illegal devices or components.
· Weapons or weapon parts
· Copyrighted material is not to be printed without proper authorization from owners.
Personal Protective Equipment
When other control methods cannot reduce hazardous chemical or physical exposures to safe levels, personal protective equipment (PPE) must be employed. PPE is used to minimize inhalation, ingestion, and dermal exposures.  Specific PPE required when working with 3D printers will depend on the printer type and must be determined during the initial risk assessment.
When working with solvents or base baths used with some printers, gloves that are compatible with the chemicals are required (for example, nitrile or neoprene gloves, not latex, are to be worn for vat photopolymerization). Consult the printer’s user manual or locate a glove chemical compatibility chart found on glove manufacturers’ websites. Goggles or glasses that protect against chemical splashes (or, if needed, UV light or lasers) are also required.
Standard dust masks are not adequate at preventing the inhalation of VOCs and nanoparticles. Commercial respirators approved by NIOSH can offer protection against chemical and particle contaminants; however, they require special care and enrollment in the Respiratory Protection Program. In general, the use of dedicated ventilation or enclosures is preferred to mitigate inhalation hazards.
PPE specific to 3D metal printers is covered in Appendix C.
General Safety Procedures
Operating and safety procedures detailed in the manufacturer's operating manual must be always followed. However, here are some more general procedures that should be followed.
· Prior to operation of a 3D printer, ensure that personnel are trained on how to safely operate the printer.
· Safety Data Sheets (SDS) for materials used with 3D printers should be reviewed prior to use.
· Do not place flammable liquids near 3D printers.
· If a manufacturer offers enclosures or exhaust ventilation kits, they should be purchased. This will decrease air contaminants and potential injury in pinch points.
· Never bypass safety controls or defeat interlocks after the printing process has started.
· Avoid standing or working near the printer unless it is operated in a vented or filtered enclosure.
· For fused filament printers, avoid setting the temperature of the print head heating element any higher than is required for a successful print job.
· Higher temperatures may result in elevated emissions.
· If a printer is operated within an enclosure, wait for the printer to cool and emissions have dissipated before accessing the work piece.
· This applies to both finished products and print failures.
· Do not leave the printer unattended immediately after the start of a job. Remain at the printer for a time to confirm the equipment is operating properly. Whenever possible, minimize the amount of time a printer is left unattended (either by the user or other staff).
· Be aware of the locations of emergency equipment such as fire extinguishers and eyewash stations.
Disposal of Waste Materials
Some waste products from the printing process may be designated hazardous waste. Used resins, solvent rinses, caustic baths, and metal powders must be stored and disposed of according to protocols described in the University of Minnesota’s Chemical Hygiene Plan (CHP). 
When cleaning in and around 3D printers, observe the following recommendations:
· Use wet wiping for cleaning.
· Use a HEPA-filtered vacuum. Do not dry sweep and never used compressed air.
· Properly handle filters during removal, replacement, and disposal.
· Dispose of waste materials generated during the cleaning process, such as cleaning materials and gloves, in compliance with University Regulated Waste policies.
Emergency Procedures
Chemical and Biological Spills - Liquid or Solid
The response to any chemical spill will depend on the chemicals involved, the quantities of chemicals, the location of the spill, and the ability of staff to respond. Whenever working with a printer that requires the use of hazardous chemicals or biological materials, review the hazards of the material(s) and develop a response plan in the event there is a spill. For more information on responding to chemical or biological spills, please refer to the HSRM Regulated Waste web page.

Chemical or Biological Exposures
There are exposure risks associated with every category of 3D printer including the inhalation of nanoparticles, VOCs, metal powders or dermal exposures to chemical or biological materials. Utilizing proper ventilation methods and wearing appropriate PPE while working with 3D printers can dramatically reduce the potential for hazardous exposures. However, if an exposure does occur, the action taken will depend on the exposure route and/or materials involved.
· In the event a chemical or biological material contacts the skin, immediately go to the nearest sink and rinse the affected area for 15 minutes. If the exposure covers a large area of the body, stand under an emergency shower for 15 minutes.
· Go to the nearest clinic or emergency room if symptoms persist. 
· If there is a splash to the eye of a chemical or biological material, immediately go to the nearest emergency eyewash and flush the eyes for at least 15 minutes. 
· Visit an urgent clinic or emergency room for an evaluation.
· For inhalation exposures, contact the Biosafety and Occupational Health Department.
· If you are experiencing breathing issues, go to the emergency room immediately.
Fires
A 3D printer fire may occur for a variety of reasons. Flammable chemicals may be present in or around a printer. Some printers have heated print beds, and a malfunction may result in excessive temperatures. Prior to using any 3D printer, identify the location of all fire extinguishers in the immediate vicinity.
The response to a fire will depend on any materials involved, the size of the fire, and how quickly the fire grows. No matter how large or small the fire is, the safety of staff and users is a priority over fighting the fire. Remember, UMN employees or students are not required to extinguish fires, especially if personal safety could be compromised.
For small fires, if it is safe to do so, a response should include:
· If possible, unplug the printer.
· Remove all flammable and combustible materials from the area.
· Use the nearest fire extinguisher and attempt to extinguish the fire.
· HSRM offers online and in-person fire extinguisher training.
· If the fire is not extinguished after one extinguisher is used, do not grab another extinguisher. Evacuate the area and call 9-1-1.
· For any size fire, even those that self-extinguish, report the incident to the area manager, PI, or other supervisor. Consult with the area supervisor or HSRM on proper post fire cleanup procedures.
Other Injuries
Other injuries that may occur when interacting with 3D printers include:
· Burns from heated beds or print heads
· Pinches from moving parts
· Eye or skin injury from UV or laser light
If you are injured while working with a 3D printer (or any other equipment), inform your PI, area manager, or supervisor immediately. For injuries requiring attention beyond a first aid kit, travel to the nearest clinic, urgent care, or emergency room as soon as possible. Guidelines on reporting injuries can be found in Section 3.10 of the University Chemical Hygiene Plan.
Training
Faculty or staff managing the location, or overseeing the use, of 3D printers will be required to complete one or more training courses specific to the type of printer used (if not completed already). 
· Safety in the Research Lab or Hazard Communication
· General Laser Safety (If operating 3D printer containing a laser)
· Biological Safety (If operating biological material printers)
Training for users visiting 3D printing facilities (e.g., Makerspaces) must include the following content:
· Review of this safety program and relevant SOPs
· Hazard recognition and control measures
· Proper use of PPE
· Emergency procedures
· Waste management
· Hands-on practice where appropriate
Exposure Assessments
An exposure assessment may be warranted depending on the style of printer or printers in the work area. The need and type of assessment will be determined by HSRM staff after the printer(s) have been registered. Exposure assessments may include:
· VOC monitoring
· Ultrafine particle detection
· Noise monitoring
· UV or laser light hazard analysis
Contact HSRM at any time if you would like to consult with an Industrial Hygienist or other staff.
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Appendix A: Methods of 3D Printing
	Method
	Description

	Material Extrusion or Fused Deposition Modeling (FDM)
	Thermoplastic filament is delivered to a heated nozzle which moves in a multi-planar fashion controlled by computer aided manufacturing software to deposit the material layers. Filament materials often include acrylonitrile butadiene styrene (ABS) resin, or polylactic acid (PLA), though other materials may be used. This is the most common type of printer found on campus.

	Resin 3D Printing

	Ultra-violet (UV) light is used to harden containerized photopolymer resins. The light source cures the resin, layer-by-layer, to create accurate 3D models.

	Powder Bed Fusion/Selective Laser Sintering (SLS)
	A high-powered laser is used to fuse small particles of plastic, metal, ceramic, or glass powders to form a three-dimensional shape. The laser selectively fuses the powdered materials in cross-sectional layers, layer-by-layer until the object is complete.

	Direct Metal Laser Sintering (DMLS)
	Like SLS, but metal powders, not polymers, are used. The printer’s build area is heated until the stored metal powder is just below its melting point. Once this temperature has been achieved, a high-power laser traces the part, sintering and solidifying the metal together. Once one layer has finished, a new metal powder layer is spread over the build chamber by the roller, and the process repeats until the part has finished.


	Electron Beam Melting (EBM)
	A  similar in process to DMLS, a powerful electron beam controlled by specialized electromagnetic coils sinter the metal powder, improving precision and speed


	Material Jetting / PolyJet
	Material droplets are applied through a small-diameter nozzle layer-by-layer, then hardened by UV light.

	Binder Jetting
	Powder base material and liquid binder (gluing agent) are applied in a build chamber.

	
	

	Sheet Lamination
	Sheet materials are bound together with external force. Metal sheets are welded by ultrasonic welding then milled into shape with a CNC device. Paper sheets can be used with adhesive layers and cut with precision blades.

	Direct Energy Deposition (DED)
	A metal powder or wire is melted (by laser, electron beam, or other heat source) while being deposited by a moving printhead.

	3D Bioprinting
	Living cells and biomaterials (bioinks) are layered in precise patterns to create biological structures, such as tissues and organs.



Appendix B: Print Media
	Name
	A.K.A
	Printing Type
	Notes

	Polylactic acid
	PLA
	FDM
	The easiest FDM materials to print. Rigid, strong, but brittle. Less resistant to heat and chemicals. Biodegradable, odorless.
Safer than most other materials; however, some VOCs may be released leading to respiratory irritation, headaches, and nausea in enclosed areas without ventilation. If used with multiple 3D printers in one space, use local ventilation.

	Acrylonitrile Butadiene Styrene
	ABS
	FDM
	Tough and durable. Heat and impact resistant. Requires a heated bed to print. 
Requires local ventilation; likely to produce VOCs and UFPs, leading to irritation of the respiratory system, eyes, and skin. May also cause headaches, nausea, and dizziness. VOCs released include styrene which is a known irritant and classified as a potential carcinogen.

	Polypropylene
	PP
	FDM
	Requires higher heat than ABS but is far less likely to produce noticeable fumes. 
Safer than most other materials; however, some VOCs may be released leading to respiratory irritation, headaches, and nausea in enclosed areas without ventilation. If used with multiple 3D printers in one space, use local ventilation.

	Polyethylene Terephthalate Glycol
	PET-G
	FDM; Bioprinter
	Compatible with lower printing temperatures. Humidity and chemical resistant. High transparency. Can be food safe
Safer than most other materials; however, some VOCs may be released leading to respiratory irritation, headaches, and nausea in enclosed areas without ventilation. If used with multiple 3D printers in one space, use local ventilation

	Nylon
	
	FDM
	Strong, durable, and lightweight. Tough and partially flexible. Heat and impact resistant. Complex to print on FDM
Printing with nylon can release VOCs, leading to respiratory irritation and headaches. One of the VOCs that can be released is caprolactam which is a powerful irritant and may be linked to reproductive effects. Use with local exhaust and ventilation.

	Thermoplastic Polyurethane
	TPU
	FDM
	Flexible and stretchable. Impact resistant. May produce non-toxic fumes that may cause some irritation
Should be used in a ventilated area and not in enclosed spaces. If used with multiple 3D printers in one space, use local ventilation.

	Polyvinyl alcohol
	PVA
	FDM
	Soluble support material. Dissolves in water and absorbs water from air. 
Heating of PVA can release VOCs, leading to respiratory irritation, headaches, and nausea. Use in well-ventilated areas; recommended to have additional local exhaust. 
There are low-emitting filaments available from some retailers.

	High Impact Polystyrene
	HIPS
	FDM
	Soluble support material most used with ABS. Dissolves in chemical limonene
Requires  local exhaust and ventilation; likely to produce VOCs, leading to irritation of the respiratory system, eyes, and skin. May also cause headaches, nausea, and dizziness. VOCs released include styrene which is a known irritant and classified as a potential carcinogen.

	Gelatin Methacrylate
	gelMA
	Bioprinter
	Biocompatible but fragile. May rapidly degrade, limiting long-term use applications. If used with UV curing, cell viability may be affected.
Little is known due to the novelty of material in 3D printing. However, methacrylate itself can lead to skin, eye, and respiratory irritation, allergic reactions, and potential neurological effects. Due to potential release, use with local exhaust.

	Gelatin norbornene
	
	Bioprinter
	High cytocompatibility
Little is known due to the novelty of material in 3D printing. However, Norbornene itself can be harmful if inhaled or swallowed, leading to skin and eye irritation, headaches, confusion, nausea, and vomiting. Repeated or high exposure to norbornene may damage the liver and kidneys. Due to potential release, use with local exhaust.

	Agarose
	
	Bioprinter
	Natural polysaccharide derived from seaweed. Considered non-toxic and has characteristics that make it suitable for various biological applications. Does not readily release toxic fumes or harmful chemicals. Melting point below 90 C
Additives, including chemicals, cells, or growth factors, could produce harmful fumes. If using an additive when 3D printing with agarose, use local ventilation.

	Collagen
	
	Bioprinter
	Considered non-toxic.
Additives that are used to make collagen 3D printing-compatible may have cytotoxic effects, limiting biocompatibility. Weak mechanical properties for 3D printing. High heat required
Additives, including chemicals used to enhance crosslinking and increase biocompatibility, could produce harmful fumes. If using an additive when 3D printing with collagen, use local ventilation.

	Alginate
	
	Bioprinter
	Considered non-toxic.
Poor structural integrity but decays slowly
While unlikely under normal 3D printing conditions, excessive heat may lead to alginate decomposition and the release of irritants.
Only use in a well-ventilated area and avoid use in enclosed spaces.

	Fibrinogen
	
	Bioprinter
	Generally non-toxic.
Poor structural properties for 3D printing. Fibrinogen solutions exhibit Newtonian fluid behavior, meaning their viscosity remains constant with shear variation, which can lead to the collapse of the printed structure.
Additives, including chemicals used to enhance crosslinking, could produce harmful fumes. If using an additive (often uncured resins or solvents) when 3D printing with fibrinogen, ensure local ventilation.

	Graphene
	
	Bioprinter
	Use with local ventilation and in a well-ventilated area. May produce airborne graphene as UFPs. 
Graphene and its derivatives can exhibit toxicity, affecting various cell types and organs. Graphene's sharp edges and the presence of functional groups can cause physical damage to cell membranes, leading to cell damage, oxidative stress, inflammation, DNA damage, and other adverse effects. Specific to inhalation, graphene may result in lung inflammation, fibrosis, and granulomas. Additionally, some research indicates that graphene may be able to cross the blood-brain barrier and placental barrier to unknown health effects.

	Polyethylene glycol
	PEG
	Bioprinter
	High material flexibility. Adding PEG to other materials, like PLA, may weaken structural integrity. 
Not a significant fume hazard but should be used in a well-ventilated area; avoid use in enclosed spaces. Some VOCs may be released leading to respiratory irritation, headaches, and nausea in enclosed areas without ventilation. If used with multiple 3D printers in one space, use local ventilation.

	Photopolymers; Resin
	
	Vat Photopolymerization
	Resins are made typically from acrylates, methacrylates, or epoxies that include photoinitiators and photoabsorbers for curing.
Often requires substantial post-processing.
The 3D printing process releases VOCs leading to potential respiratory irritation, skin irritation, eye irritation, and allergic reactions. Use in a well-ventilated area; if harmful VOCs are produced or you are unsure of the VOCs produced by the specific photopolymer, use local ventilation. VOCs present may include esters, alcohols, aldehydes, ketones, hydrocarbons, and methacrylate monomers. Some VOCs like formaldehyde and naphthalene may also be present, but composition is highly specific to the resin used

	Aluminum powder
	
	SLS, DMLS, LMD
	Aluminum powder is highly flammable and can ignite easily, especially when dispersed as a dust cloud.
Fine aluminum powder can form explosive mixtures with air, posing a serious risk of explosions in enclosed spaces.
The presence of moisture can exacerbate the fire hazard, as aluminum can react with water, producing flammable hydrogen gas and heat.
Use appropriate PPE, including respirators, gloves, and protective clothing.
Ensure adequate ventilation to remove airborne particles and prevent dust buildup.
Ground and bond equipment to prevent static electricity buildup.
Have appropriate fire suppression systems in place.

	Titanium powder
	
	SLS, DMLS, LMD
	Titanium powder is pyrophoric, meaning it can ignite spontaneously when exposed to air, especially in a finely divided state.
Titanium powder can also ignite and burn violently when exposed to sparks, flame, or high temperatures.
At high temperatures, titanium powder reacts with water, releasing flammable hydrogen gas.
Titanium powder can form explosive dust clouds in the presence of ignition sources, with lower explosive limits ranging from 20 to 30 micrograms per cubic centimeter.
Dust from titanium powder can accumulate and, if ignited, cause a dust explosion.
Fine titanium particles can cause skin irritation and, if inhaled, can irritate the respiratory system.
Inhaling titanium powder can lead to various health issues, including inflammation, especially of the respiratory tract.
Wear appropriate PPE, including gloves, safety glasses, and respiratory protection, to minimize exposure.
Store titanium powder in airtight containers, away from ignition sources, moisture, and reactive substances.
Implement fire prevention measures like fire suppression systems



Appendix C: Metal Printers (SLS, DMLS)
3D metal printers offer hazards beyond those of filament or resin printers. The use of fine metal powders as the base material presents challenges when it comes to ventilation, facility design, and material handling. The primary hazards associated with fine metal powders and printers include:
· Inhalation of ultrafine particles
· Reactions from dermal contact
· Fire and/or explosion potential
· Static discharge
· Highly reactive metals, such as aluminum or titanium
· High-power lasers
· Asphyxiation hazards from the use of inert gases
Choosing a Location
If a 3D metal printer is considered for purchase, the location in which it will be installed must be thoughtfully chosen. This location will most likely require significant modifications or renovations to ensure a safe working environment.
· The room must be dedicated to the use of the printer only. No other work is to be performed in the vicinity of the printer
· Depending on the metal(s) to be used, a removal of the water fire suppression system may be required
· An accumulation of static electricity can provide an ignition source for ultrafine metal powders. Anti-static measures must be employed:
· Grounding mats are located at the printer and other locations where metal powder is handled
· Grounding straps for all personnel
· Proper humidity control to limit static build-up
· Explosion-proof or intrinsically safe electrical systems may be required
· A dedicated ventilation system will be required
Dedicated Ventilation Systems
For any facility housing a metal printer (SLS, DMLS), a specialized ventilation system will be required. The ventilation system must be connected directly to the printer to capture and filter any airborne powder not contained during the loading or unloading process. This ventilation system must be equipped with both HEPA and activated carbon filters to capture ultrafine particulate matter and any gaseous byproducts.
If switching from one metal powder to another, the ventilation system must first be thoroughly cleaned. This will help prevent the accumulation of potentially incompatible metal powders, the mixing of which may result in an energetic reaction or explosion. Constantly switching between metals is prohibited. Plan for and use only one metal for extended periods.

Metal Powder Health Hazards
The powders used in 3D metal printers are fine and ultrafine and will present several health hazards. Inhalation of ultrafine particles can result in:
· Respiratory irritation
· Inflammation
· Metal-in-lung disease
· Possible carcinogenic effects
Metal powders contacting the skin may result in: 
· Irritation 
· Allergic reactions. 
Exposure to these fine particles may occur any time before, during, or after the printing process. Higher potential for exposure may occur while performing the following activities:
· Loading powders into the printer manually
· Sieving powders outside of the printer
· Removing powder or the printed object from the machine
· Moving powder or the print job around the work area
· Cleaning in or around the printer
· Removing or installing air filters
To reduce the possibility of exposure to these ultrafine particles, approved controls must be implemented prior to the operation of the printer.
Engineering controls to be implemented that are specific to 3D metal printers:
· Containment and local (direct) exhaust ventilation for all powder handling activities.
· Keeping the printer chamber closed during the printing process.
· Never override or bypass safety interlock devices.
· Ventilated glove box or other containment for cleaning and finishing activities.
· HEPA-filtered and fire/explosion proof (intrinsically safe) waste vacuum systems.

In the event any engineering control fails and an exposure to the metal powder may occur, it is  important to be wearing appropriate personnel protective equipment (PPE) whenever you are working around the metal printer.
· NIOSH-approved respirators must be worn in areas where dust may be present.
· A hazard analysis will be carried out to determine the style of respirator required (e.g., N95 or PAPR and the type of chemical or particulate cartridge).
· Safety goggles to fully protect the eyes.
· Standard safety glasses are not sufficient.
· Nitrile or other chemical resistant gloves.
· Check with the glove manufacturer to confirm chemical compatibility.
· Flame Resistant (FR) lab coat or (preferably) full-body coveralls. 
Metal Printer Physical Hazards
In addition to the health hazards from exposure to metal powders, there are several physical hazards associated with metal printers.
· Gases, such as argon or nitrogen, are used to create an inert atmosphere within the printing chamber. A sudden release of these gases may lower the oxygen concentration in the room resulting in asphyxiation danger. 
· Metal printers employ high power lasers to form the work piece. Exposure to this laser radiation will result in severe damage to the eyes and/or skin
· Fine metal powders, particularly aluminum and titanium, are highly reactive and can ignite easily, especially when dispersed as a dust cloud.
There are several effective controls that can be used to reduce the risk of fire or explosion.
· Proper ventilation and exhaust to reduce the accumulation of metal dust
· Implementation of grounding and bonding measures to prevent the build-up of static electricity
· Grounding straps worn on the wrist or ankle
· Grounding mats at strategic locations around the printer
· Maintaining proper humidity levels
· Low humidity can lead to static electricity build-up
· High humidity levels, while reducing static electricity, will cause powders to clump, ruining print jobs
· Explosion-proof electrical and ventilation systems
· Having appropriate fire suppression equipment available, including Class D fire extinguishers.
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