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    STANDARD OPERATING PROCEDURE FOR 3D PRINTER- FUSED DEPOSITION MODELING (FDM)



Institute (IC):
Laboratory:	                                                                                        Effective Date:
PI/Overseeing Official:	                                                                           Phone and Email:
Revision Date:	                                                                                        Reviewed/Approved by:

COMPLETE THE HIGHLIGHTED ITEMS

. 
Filament Name (s): [chemical name]

Other Chemicals Used:

Routes of Exposure: Inhalation, absorption, ingestion, and injection.
    HAZARDS


Exposure to volatile organic compounds (VOCs): 3D printers emit volatile organic compounds (VOCs). Some of these are hazardous to health if inhaled and pose several risks, including respiratory irritation, damage to the central nervous system, and cardiovascular disease.
Exposure to ultrafine particles (UTFs): release particles of ultrafine size (1–100 nm). They are small enough to be deposited deeper into the respiratory system when inhaled and can produce inflammatory responses in the cardiovascular and respiratory systems.
Exposure to carcinogens/reproductive toxins: potential for exposure to carcinogens/reproductive toxins in case of some filaments (e.g., fiberglass, carbon fiber, etc.)
Other chemical-specific hazards, if any:

Review the safety data sheet (SDS) for all the chemicals, including filament.  Attach all SDS(s)  [chemical name] to this Standard Operating Procedure (SOP).

EQUIPMENT AND PROCESS


[bookmark: _Hlk186451390] Describe briefly the equipment and process, including post-printing and maintenance procedures (refer to the operation manual):





		If HEPA/charcoal filters are used: 
· Check and clean the filter regularly based on printing frequency.
· Replace the filter when it becomes clogged or loses efficiency. 
· Dispose the filter as hazardous waste.PLANNING AND PRE-APPROVALS



Before Ordering 3D printers:

· Contact DS (IC Safety Specialist) for a risk assessment of the space to ensure the planned use locations have appropriate ventilation and meet other safety requirements to prevent injuries/exposures.
· Consider printers that meet ANSI/CAN/UL 2904: Standard Testing/Assessment of 3D printing and meet established electrical safety and fire code standards.
· Consider printers with integrated enclosures, direct exhaust lines, and/or local active filtration systems equipped with HEPA. Ensure these features have been verified to be effective.
Identifying a location for installing the printer:
Consider areas:
· Away from heavy traffic areas and isolated in a room with a door.
· With appropriate ventilation. 
· Away from return air vents.
The PI/supervisor must conduct a hazard assessment to identify the hazards and develop exposure control strategies. If you need assistance in selecting appropriate PPE, contact your IC Safety Specialist. 
Pre-approval from the Division of Safety: contact your IC Safety Specialist.TRAINING



· Training in using the instrument (review of the manufacturer’s operating manual for all the processes, including selection of the filament and setting the proper temperatures) and a review of this SOP will be provided by the PI/supervisor to personnel using the 3D printer.  
· Hazard communication or Lab Safety training
· General shop safety/lab-specific safety training
· Review of NIH 3D Printer Health and Safety Guidelines  ENGINEERING CONTROLS


		The printer must be securely fastened to prevent any movement during printing.

	Work involving the use of       will be performed in a:
☒ chemical fume hood

☒ other ventilation controls*

	*Describe in detail the type of ventilation used.




Work performed outside of a fume hood or approved exhausted containment requires Division of Safety (DS) review to identify additional risks and/or the need for additional protection.

A dedicated ventilation system or a room air cleaner equipped with a HEPA filter should be available to capture the emitted VOCs and UTFs. For enclosed systems with HEPA and charcoal filters, ensure the filters are maintained regularly per the manufacturer’s guidelines and that the room has proper ventilation.

	Post printing: 

	Please describe the procedure and ventilation controls here

	Maintenance and cleaning: Include a brief description, including ventilation controls
ADMINISTRATIVE CONTROLS




Below is a list of recommended administrative control strategies for 3D printing:

· Develop standard operating procedures (SOPs) for 3D printing covering all stages of printing operation, maintenance, and disposal of hazardous waste. 
· Restrict access to 3D printing areas during its operations. 
· Post appropriate signage at easily viewable locations
· Restricted access 
· Never remove/tamper with manufacturer-installed controls (e.g., interlock systems, heat shields, machine guarding).
· Limit the time spent near the printers by remote monitoring using cameras or leaving the area when direct supervision is not required. Allow a 15-20 minute waiting period (or as recommended by the manufacturer) after print failures or at the end of printing to allow the system to cool down and reduce exposure to VOCs/UFTs. It is recommended not to leave 3D printers unattended (Note: Consult with DS to review operations involving lengthy printing time).
· Follow the manufacturer’s guidelines for printing and cleaning the printer and use only the manufacturer-recommended printing materials. 
· Set the nozzle and base plate temperatures at the lowest recommended settings.
Use materials tested and verified to have low chemical and particle emissions, if possible.
  PERSONAL PROTECTIVE EQUIPMENT




PIs/supervisors are responsible for identifying appropriate PPE required for various activities and ensuring that the workers are complying with the PPE recommendations. If you need assistance in selecting appropriate PPE, contact your IC Safety Specialist. 

Examples of PPE include:
· Hand protection: Appropriate gloves compatible with the materials (print media, solvents, etc.) in use (e.g., nitrile, other chemical-resistant gloves. Refer to SDS for guidance). 
· Use cut-resistant gloves when scraping/removing support materials with tools and thermal gloves to prevent burns from hot printer heads.
· Lab coat or coveralls. 
· Eye protection is required (ANSI-approved safety glasses with side shield/goggles, etc.) 
· Respiratory protection when engineering and other controls cannot reduce exposures. DS approval is required for the use of respirators, including N95. Contact DS to conduct a risk assessment ( Respiratory Protection Program (RPP) ).
· Never take PPE outside of the print area to prevent spreading contamination.
Gloves must be changed immediately if contaminated, torn, or punctured! Practice safe glove removal techniques! Wash your hands thoroughly after removing the PPE.
  DECONTAMINATION AND WASTE DISPOSAL





· Clean work areas frequently. Use wet wiping techniques to avoid aerosolization of dust particles. Using a HEPA-filtered vacuum to clean floor/furniture, etc. Never use compressed air to clean 3D printer areas.
· Any chemical waste, including contaminated debris (i.e., waste, scraps, dust, wipes, any contaminated materials, including disposable gloves, lab coats, etc.)   must be disposed of as hazardous waste. 

Refer to the NIH Waste Disposal Guide for waste management and disposal.
SPILL AND EMERGENCY PROCEDURES





Include the location of available safety equipment in the lab(s). 

Location of Eyewash:	
Location of Safety Shower:	
Location of Fire Extinguisher:

Emergency Medical Help and High-level spills

Delete not applicable location information.
· Bethesda, MD: 911 (on campus), 9-911 (off campus), 301-496-9911 (cell)
· Baltimore, MD: 911
· Frederick, MD: 911
· Hamilton, MT: 911
· Research Triangle Park, NC: 911 (landline), 919-541-2800 (cell)
Do not reenter the area until cleared by emergency responders
Exposure Procedures
For eye or skin exposure, immediately flush at an eyewash or safety shower for at least 15 minutes. Seek medical attention as needed. Seek emergency medical help if needed as described above.
The injury/exposure should be immediately reported to your supervisor and local OMS clinic: 
Delete non-applicable location information
Occupational Medical Services (OMS)
· Bethesda, MD: Building 10, Room 6C306- (301) 496-4411
· Baltimore, MD: 251 Bayview Blvd., BRC 01B210- (667) 312-5843
· Frederick, MD: 8200 Research Plaza, Room 1B116- (301) 631-7233
· Hamilton, MT: 903 South 4th Street, Room 5202- (406) 375-9755
· Research Triangle Park, NC: Building 101, Room E111- (984) 287-4178   TRAINING ATTESTATION 




All individuals working with [chemical name] must be trained on this SOP before starting work and reviewed at least annually or whenever there is a significant change in processes or procedures. They must also be trained on the [chemical name] SDS, and all documents must be readily accessible in the laboratory. Additionally, personnel must remain current on reviewing the Chemical Hygiene Plan (CHP). All training must be documented and maintained by the PI or their designee.
	Review and Acknowledgment: I have read, asked questions (as needed), and fully understand the hazards listed and will adhere to the safe working requirements for the procedures/materials described herein and the coinciding SDS.

	Documentation of Training on Standard Operating Procedure for:   

	Employee Name
	SOP Training Date:
	Signature
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