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Disclaimer 
The findings and conclusions in this report are those of the authors and do not 
necessarily represent the official position of the National Institute for Occupational 
Safety and Health (NIOSH), Centers for Disease Control and Prevention (CDC). 

Mention of any company or product does not constitute endorsement by the NIOSH, 
CDC.  

In addition, citations to websites external to NIOSH do not constitute NIOSH 
endorsement of the sponsoring organizations or their programs or products. 
Furthermore, NIOSH is not responsible for the content of these websites. All Web 
addresses referenced in this document were accessible as of the publication date. 
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Abstract 
Background 
Multiple studies show that workers are being exposed to emissions from three-
dimensional (3D) printing processes and suffering adverse health effects from the 
exposures. Prior to NIOSH research in this area, engineering controls that are 
designed to capture and filter out emissions from 3D printing processes and reduce 
worker exposures during 3D printing were not commonly available or they often 
cost more than the 3D printers themselves. In 2020, a NIOSH publication showed 
how a low-cost engineering control could be added to existing 3D printers to 
significantly reduce emissions to the work environment for a specific 3D printer 
model [Dunn et al. 2020]. The current laboratory study demonstrates that it is 
possible to develop effective low-cost engineering controls that can be added to 
other 3D printer models.  

Methods 
NIOSH researchers used SolidWorks solid modeling computer-aided design software 
to design low-cost custom retrofit engineering controls for two common models of 
desktop 3D printers. Several components of the engineering controls were 
fabricated using a 3D printer and combined with an off-the-shelf fan, filter, and 
hose to build each control for less than $60. NIOSH researchers evaluated the 
effectiveness of each engineering control using an environmental test chamber to 
compare ultrafine particle emissions, with and without the engineering controls in 
place, while 3D-printing a National Institute of Standards and Technology (NIST) 
test artifact from black acrylonitrile butadiene styrene filament. 

Results 
Average ultrafine particle concentrations measured in the outlet of the 
environmental test chamber while 3D Printer A was operating with and without the 
engineering control in place were 2 particles/cm3 and 2,025 particles/cm3, 
respectively. For 3D Printer B, average particle concentrations measured in the 
outlet of the environmental test chamber with and without the engineering control 
were 769 particles/cm3 and 11,648 particles/cm3, respectively. Based on these 
findings it can be concluded with 95% confidence that the efficiency of the local 
exhaust ventilation designs were greater than 99.72% and greater than 91.76% for 
3D Printer A and 3D Printer B, respectively, as tested in the laboratory. 

Conclusions and Recommendations 
This study showed that different designs of low-cost local exhaust ventilation 
controls could be added to existing 3D printers to significantly reduce emissions to 
the work environment. However, these results were in a controlled test 
environment and limited to only two 3D printers. Follow on studies should be 
conducted to evaluate the effectiveness of the controls in work environments. 
Studies should consider factors such as the location of the 3D printer, existing room 
ventilation, room size, workflow, printer model variation, etc. 
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Introduction 
Background for Control Technology Studies 
The National Institute for Occupational Safety and Health (NIOSH) is the primary 
Federal agency engaged in occupational safety and health research. Located in the 
Department of Health and Human Services, it was established by the Occupational 
Safety and Health Act of 1970. This legislation mandated NIOSH to conduct 
research and education programs separate from the standard setting and 
enforcement functions carried out by the Occupational Safety and Health 
Administration (OSHA) in the Department of Labor. An important area of NIOSH 
research deals with methods for controlling occupational exposure to potential 
chemical and physical hazards. The Engineering and Physical Hazards Branch 
(EPHB) of the Division of Field Studies and Engineering has been given the lead 
within NIOSH to study the engineering aspects of health hazard prevention and 
control.  

Since 1976, EPHB has conducted assessments of health hazard control technologies 
based on industry, common industrial process, or specific control techniques. 
Examples of these completed studies include the foundry industry; various chemical 
manufacturing or processing operations; spray painting; and the recirculation of 
exhaust air. The objective of each of these studies has been to document and 
evaluate effective control techniques for potential health hazards in the industry or 
process of interest, and to create a more general awareness of the need for or 
availability of an effective system of hazard control measures. 

These studies involve multiple steps or phases. Initially, a series of walk-through 
surveys is conducted to select plants or processes with effective and potentially 
transferable control concept techniques. Next, in-depth surveys are conducted to 
determine both the control parameters and the effectiveness of these controls. The 
reports from these in-depth surveys are then used as a basis for preparing technical 
reports and journal articles on effective hazard control measures. Ultimately, the 
information from these research activities builds the data base of publicly available 
information on hazard control techniques for use by health professionals who are 
responsible for preventing occupational illness and injury.  

In addition to field studies, EPHB researchers also develop and evaluate the 
effectiveness of engineering controls in laboratory settings. Effective engineering 
controls developed in the laboratory setting are often later evaluated in field 
surveys in collaboration with partners and stakeholders. 

Background 
As 3D printer technology continues to develop, it is becoming increasingly more 
accessible allowing it to be used as a more mainstream tool in rapid prototyping 
and advanced manufacturing. In 2018, the number of 3D printers purchased and 
shipped worldwide numbered 1.42 million units. By 2027, it is expected that units 
sold will reach 8.04 million [Printed Electronics Now 2020]. While industrial 3D 
printers make up most of the industry (77%), the market for desktop 3D printers 
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continues to expand [Printed Electronics Now 2020]. Desktop 3D printers are 
becoming increasingly more accessible to a wide variety of consumers, with units 
available for as low as $150 [Sargent & Schwartz 2019]. With this widespread 
availability, 3D printing is being utilized as a tool across many applications, 
including academic institutions, libraries, office environments and homes [Dunn et 
al. 2020]. Unlike environments where industrial 3D printers are used, desktop 3D 
printers are typically found in non-traditional workplace settings without ventilation 
systems designed for exposure mitigation [Yi et al. 2016]. Most desktop 3D printers 
use technology referred to as fused deposition modeling (FDM) or fused filament 
fabrication (FFF), where a plastic filament is heated at high temperatures and 
extruded onto a build plate to create a 3D object. Numerous studies have shown 
that 3D printing processes can produce ultrafine particle (UFP) and volatile organic 
compound (VOC) emissions [Geiss et al. 2016; Gu et al. 2019; Vaisanen et al. 
2018; Zontek et al. 2017]. Due to their size, UFPs can penetrate deeply into the 
alveolar regions of the lung when inhaled and can cross the lung’s epithelial and 
endothelial cells into the blood stream [Fonseca et al. 2016]. At that point they can 
circulate throughout the body, reaching sensitive target organs like the heart, 
lymph nodes, spleen, bone marrow, liver and brain, depending on particle 
composition [da Costa E Oliveira, et al. 2019; Martins et al., 2010]. Breathing in 
high concentrations of UFPs can lead to respiratory and cardiovascular diseases as 
well as immune system suppression [Garcia-Hernandez et al. 2019].  

Short term use of desktop 3D printers does not often lead to detectable health 
conditions regardless of the type of filament used [Gumperlein et al. 2018]. 
However, repeated exposure to 3D printing emissions has been linked to increased 
reports of cardiorespiratory symptoms, cutaneous symptoms, and headaches [Chan 
et al. 2018]. Significant increases in cytokine levels within nasal secretions has 
been reported after exposure to emissions from the two most commonly used 3D 
printing filaments, acrylonitrile butadiene styrene (ABS) and polylactic acid (PLA) 
[Gumperlein et al. 2017]. In some studies, exposure to 3D printing emissions was 
linked to development of asthma or hypersensitivity pneumonitis [House et al. 
2017; Johannes et al. 2016]. Research using animal models found exposure to 3D 
printing emissions stimulates acute hypertension and microvascular dysfunction 
[Stefaniak et al., 2017]. Another study indicated persons with pre-existing 
respiratory and cardiovascular diseases may be at higher risk of developing adverse 
health effects when exposed to high levels of UFPs [Zontek et al. 2017].  

Studies have also shown the effectiveness of engineering controls at capturing and 
reducing emissions from common 3D printing processes [Kwon et al. 2017; Dunn et 
al. 2020]. Additionally, NIOSH has engineering control recommendations for 3D 
printing that includes high efficiency particulate air (HEPA)-filtered local exhaust 
ventilation (LEV) placed near the 3D printing emission source and recommendations 
for ventilated enclosures to contain 3D printing emissions [NIOSH 2020]. Most of 
the commercially available engineering controls continue to cost more than the 3D 
printers themselves. NIOSH has previously worked to retrofit an affordable, easily 
produced LEV control for a commonly used desktop 3D printer [Dunn et al. 2020]. 
However, affordable engineering controls are needed for additional models of 3D 
printers. 
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Background for this Study 
Prior to NIOSH research in this area, engineering controls that are designed to 
capture and filter out emissions from 3D printing processes and reduce worker 
exposures during 3D printing were not commonly available or would typically cost 
more than the 3D printers themselves. In 2020, NIOSH published an initial study 
that showed how a low-cost control could be added to existing 3D printers to 
significantly reduce emissions to the work environment for a specific 3D printer 
model [Dunn et al. 2020].  

In this study, NIOSH researchers applied similar design techniques developed by 
Dunn et al. [2020] to develop two additional NIOSH designed low-cost, custom, 
retrofitted engineering controls. The goal was to evaluate their effectiveness at 
removing emissions generated during 3D printing processes. Engineering controls 
developed for the two 3D printers in this study were evaluated in an 
environmentally controlled emissions test chamber at the CDC NIOSH Alice 
Hamilton laboratory. 

Control Technology 
The LEV controls were designed for two commercially available desktop 3D printers 
representing popular open frame designs. The first control was designed to attach 
to 3D Printer A (Figure 1 and Figure 2). The control was designed using a 
commercially available computer-aided design (CAD) software program, SolidWorks 
(Dassault Systemes, Velizy-Villacoublay, France). The extruder attachment piece 
was designed and formatted to print on 3D Printer A with ABS filament. The 3D 
printed part was used in conjunction with a HEPA vacuum filter (Model 923480-01 
Dyson Inc., Chicago, IL); 12-V radial blower (Model JT-FS-0002-1232-12, UTUO, 
Shenzhen, China); Lightweight, smooth bore tubing (CPAP Hose, Model 
B01MU5XLUC, RespLabs Medical Inc., Ferndale, WA); and a 3D-printed housing to 
contain the HEPA filter and provide a method to connect the 3D printed engineering 
control with the tubing (Figure 3).  
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Figure 1: LEV control designed to remove emissions from the point of origin for 3D Printer 
A. Design drawing by NIOSH. 

 

Figure 2: 3D Printer A with LEV control attached. Photo by NIOSH. 
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Figure 3: Low-cost HEPA air cleaner assembly (left).  Right picture shows the HEPA 
assembly connected to a 3D printed LEV capture shroud. The HEPA filter is 14 cm (5.5 in) in 
diameter and 2.5 cm (1 in) in thickness. Photos by NIOSH. 

 

3D Printer B was similarly designed using CAD software and formatted to 3D print 
on the desktop 3D printer using ABS filament (Figure 4 and Figure 5). The 3D 
printed LEV control attached to the extruder of the 3D printer and connected to the 
same HEPA filter unit as 3D Printer A.  

 

Figure 4: LEV control designed to remove emissions from the point of origin for 3D Printer 
B. Left is the main body of the control, right is the tab to secure the part to the extruder 
head. Design by NIOSH.  
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Figure 5: 3D Printer B LEV control with tab inserted (left) and control attached to the 3D 
printer extruder head (right). Photos by NIOSH.  

 

Occupational Exposure Limits and Health Effects 
As a guide to the evaluation of the hazards posed by workplace exposures, NIOSH 
investigators use mandatory and recommended Occupational Exposure Limits 
(OELs) when evaluating chemical, physical, and biological agents in the workplace. 
Generally, OELs suggest levels of exposure to which most workers may be exposed 
up to 10 hours per day, 40 hours per week for a working lifetime without 
experiencing adverse health effects. It is, however, important to note that not all 
workers will be protected from adverse health effects even though their exposures 
are maintained below these levels. A small percentage may experience adverse 
health effects because of individual susceptibility, a pre-existing medical condition, 
and/or hypersensitivity (allergy). In addition, some hazardous substances may act 
in combination with other workplace exposures, the general environment, or with 
medications or personal habits of the worker to produce health effects even if the 
occupational exposures are controlled at the level set by the exposure limit. 
Combined effects are often not considered in the OEL. Also, some substances are 
absorbed by direct contact with the skin and mucous membranes, and thus can 
increase the overall exposure. Finally, OELs may change over the years as new 
information on the toxic effects of an agent become available. 

Most OELs are expressed as a TWA exposure. A TWA exposure refers to the 
average airborne concentration of a substance during a normal 8- to 10-hour 
workday. Some substances have a recommended Short Term Exposure Limit 
(STEL) or ceiling values which are intended to supplement the TWA where there are 
recognized toxic effects from higher exposures over the short-term. 

In the U.S., OELs have been established by Federal agencies, professional 
organizations, state and local governments, and other entities. The U.S. 
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Department of Labor OSHA Permissible Exposure Limits (PELs) [29 CFR 1910.1000 
2003] are occupational exposure limits that are legally enforceable in covered 
workplaces under the Occupational Safety and Health Act. NIOSH recommendations 
are based on a critical review of the scientific and technical information available on 
the prevalence of health effects, the existence of safety and health risks, and the 
adequacy of methods to identify and control hazards [NIOSH 1992]. They have 
been developed using a weight of evidence approach and formal peer review 
process. Other OELs that are commonly used and cited in the U.S. include the 
Threshold Limit Values (TLVs®) recommended by American Conference of 
Governmental Industrial Hygienists (ACGIH®), a professional organization [ACGIH 
2013]. ACGIH® TLVs are considered voluntary guidelines for use by industrial 
hygienists and others trained in this discipline “to assist in the control of health 
hazards.” Workplace Environmental Exposure Levels® (WEELs) are recommended 
OELs developed by the American Industrial Hygiene Association® (AIHA), another 
professional organization. WEELs have been established for some chemicals “when 
no other legal or authoritative limits exist” [AIHA 2007]. 

OSHA requires an employer to furnish employees a place of employment that is 
free from recognized hazards that are causing or are likely to cause death or 
serious physical harm [Occupational Safety and Health Act of 1970, Public Law 91–
596, sec. 5(a)(1)]. Thus, employers are required to comply with OSHA PELs. Some 
hazardous agents do not have PELs, however, and for others, the PELs do not 
reflect the most current health-based information. Thus, NIOSH investigators 
encourage employers to consider the other OELs in making risk assessment and 
risk management decisions to best protect the health of their employees. NIOSH 
investigators also encourage the use of the traditional hierarchy of controls 
approach to eliminating or minimizing identified workplace hazards. This includes, 
in preferential order, the use of: (1) substitution or elimination of the hazardous 
agent, (2) engineering controls (e.g., LEV, process enclosure, dilution ventilation), 
(3) administrative controls (e.g., limiting time of exposure, employee training, work 
practice changes, medical surveillance), and (4) personal protective equipment 
(e.g., respiratory protection, gloves, eye protection, hearing protection). 

Occupational Exposure Limits for 3D Printing Emissions 
The focus of this study was on controlling ultrafine particle emissions. Currently 
there are no PELs, RELS, or TLVs® for ultrafine particle emissions from 3D printing. 
PELs, RELs, and TLVs® have been established for many of the VOCs emitted during 
3D printing with filaments. However, past NIOSH research has shown the common 
VOCs generated when 3D printing with filaments are well below OELs in well 
ventilated spaces [Dunn et al. 2020].  

Methodology 
Evaluation Procedures 
All tests were conducted inside of a HEPA filtered environmental test chamber that 
was located inside of a HEPA filtered room to eliminate background particles. 
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Specifically, each 3D printer was placed in an emissions test chamber, a 0.22 m3 (8 
cubic-feet (ft3)) testing chamber constructed from 80/20 aluminum and acrylic 
sheets. The chamber was connected by a 20 centimeter (cm) (8-inch) flexible duct 
to a portable air cleaner with a HEPA air filter (Sentry Air Systems, Inc., Houston, 
TX, USA) which provided constant filtered air flow through the chamber (Figure 6 
and Figure 7). Air flow rate through the chamber was measured by removing the 20 
cm (8-inch) outlet duct and placing an Alnor EBT731 Balometer fitted with a 0.6 m 
x 0.6 m (2-ft x 2-ft) hood (TSI Inc., Shoreview, MN, USA) over the 0.6 m x 0.6 m 
(2-ft x 2-ft) acrylic panel that includes the 20 cm (8-inch) outlet hole of the 
environmental test chamber. Average air flow was measured to be 59 cubic meters 
per hour (m3/h) (35 cubic feet per minute (CFM)). The chamber had a flexible duct 
connected to the side opposite from the fan to allow for collection of emission data 
during the tests. Data were collected using a NanoScan Scanning Mobility Particle 
Sizer (NanoScan SMPS 3910; TSI Inc., Shoreview, MN, USA) and a Condensation 
Particle Counter (CPC 3007; TSI Inc., Shoreview, MN, USA). Both instruments were 
used for data collection since each has different collection rates and size ranges. 
The Nanoscan measures particles from 10 nanometers (nm) to 420 nm in size 
every minute allowing for a total number concentration up to 1,000,000 
particles/cm3 and particle size distribution data in 13 size channels. The CPC 
measures a size range from 10 nm to 1,000 nm every second in a single size bin up 
to a maximum total number concentration of 100,000 particles/cm3. Size 
distribution data from the Nanoscan showed that nearly all measured particles were 
below 200 nm in size and the total number concentration of particles measured per 
trial were very similar between instruments. Therefore, only results from the 
Nanoscan were used for the performance analyses described in this report and the 
CPC data were only used as a check to verify consistency with the readings from 
the Nanoscan. Both instruments were factory calibrated by the manufacturer prior 
to data collection.   

 

Figure 6: 3D printer emission test chamber schematic showing dimensions and sampling 
equipment. Schematic by NIOSH. 
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Figure 7: Actual 3D printer emission test chamber with 3D Printer A and sampling 
equipment. Photo by NIOSH. 

Each LEV control was evaluated using randomized pairs of control-on versus 
control-off test trials. Ten test pairs (twenty individual trials) were performed for 
each 3D printer. All tests were conducted while 3D printing a National Institute of 
Standards and Technology (NIST) test artifact (Figure 8), designed to assess the 
performance of 3D printing systems [Moylan et al. 2014]. The test artifact was 
scaled down in size to reduce 3D printing time to approximately one hour. All 3D 
printing was performed with Matterhackers Build Series brand black ABS filament 
(Matterhackers Inc., Lake Forest, CA, USA).  
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Figure 8: NIST test artifact 3D printed in ABS. Photo by NIOSH. 

Statistical Procedures 
Once all test prints were completed, the emissions data obtained from the 
NanoScan and Condensation Particle Counter were analyzed using the average 
particle concentration measured in the outlet of the chamber for each trial. Capture 
efficiency was calculated for each randomized pair of control on versus control off 
trials using Equation 1: 

Equation 1: 

 

where 

 η is the capture efficiency, 

 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 is the average particle concentration measured in the outlet of the 
chamber during a trial when the engineering control was turned off, and 

𝐶𝐶𝑜𝑜𝑜𝑜 is the average particle concentration measured in the outlet of the 
chamber during a trial when the engineering control was turned on. 

Minimum overall capture efficiency of each engineering control was calculated 
following the procedures described in NIOSH Publication No. 97-105 [NIOSH 1997]. 
Since all tests were conducted inside of a HEPA filtered environmental test chamber 
located within a HEPA filtered room, it was not necessary to correct for the 
influence of background particles. We measured a zero-particle concentration on 
both instruments before beginning each trial. The mean capture efficiency (m) was 
calculated by taking the average of ten control on versus control off capture 
efficiency pairs. The estimated standard deviation (s) was also calculated for the set 
of n=10 capture efficiency pairs. 
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The value for (t) was selected from the Student’s t-distribution table at the 95th 
percentile based on the value of (n-1), i.e. (10-1). This information was then used 
to calculate the test statistic (T) to confirm, with 95% confidence, the minimum 
capture efficiency for each evaluated engineering control as shown in Equation 2. 

Equation 2: 

 

Results 
Results confirmed that the HEPA filtered chamber located in the HEPA filtered room 
achieved a zero-particle concentration before each trial and background corrections 
of the data were not needed. The results from the chamber studies with the NIOSH-
designed custom retrofit engineering controls for 3D Printer A (Table 1) and 3D 
Printer B (Table 2) demonstrate consistent reductions in average particle 
concentrations while 3D printing NIST test artifacts in a laboratory setting. As 
shown in Table 1, it can be concluded with 95% confidence that the efficiency of the 
engineering control for 3D Printer A is greater than 99.72% as tested in the 
laboratory. As shown in Table 2, it can be concluded with 95% confidence that the 
efficiency of the engineering control for 3D Printer B is greater than 91.76% as 
tested in the laboratory.  

Without controls, average particle concentration per trial measured in the outlet of 
the chamber for 3D Printer A ranged from 331 to 4,408 particles/cm3. With the 
engineering control in place, the average particle concentrations per trial ranged 
between 0.196 to 16 particles/cm3. The average particle concentration with and 
without the engineering control was 2 and 2025 particles/cm3, respectively, 
resulting in an average capture efficiency of 99.87% for 3D printer A. Table 1 
summarizes the particle concentration and capture efficiency data obtained from 
the 3D Printer A, while Figure 9 provides a graphical representation of emission 
trends throughout each 3D printing trial for 3D Printer A.  

 

 

 

 

 

 

 

 



2022-DFSE-959 
 

 

Page 12 
 

Table 1: 3D Printer A capture efficiency of ultrafine particles during 3D printing test trials 

Test # No Control (#/cc) Control (#/cc) Capture Efficiency (%) 
1 4408.53 1.46 99.97% 
2 2242.81 0.86 99.96% 
3 2811.58 0.48 99.98% 
4 2255.02 0.34 99.98% 
5 1743.29 0.75 99.96% 
6 1903.79 16.22 99.15% 
7 977.50 0.20 99.98% 
8 2894.19 0.29 99.99% 
9 331.85 0.54 99.84% 

10 684.23 0.60 99.91% 
Average Particle 

Concentration 2025.28 2.17 
  

 Average Capture Efficiency  99.87% 

 Test Statistic  99.72 
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Figure 9: 3D Printer A - total particle concentration vs time with and without the custom 
retrofitted engineering control. 

 

For 3D Printer B, the average particle concentrations per trial ranged from 918 to 
85,130 particles/cm3 with no control. When equipped with the NIOSH designed 
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engineering control, average particle concentrations per trial ranged from 10 to 
6,502 particles/cm3. The overall average particle concentration of the ten chamber 
studies performed without the engineering control in place was 11,648 
particles/cm3. With the control in place, the overall average particle concentration 
was reduced to 769 particles/cm3. A mean capture efficiency of 95.26% was 
achieved with the integration of the engineering control for 3D Printer A. It can be 
concluded with 95% confidence, that the capture efficiency of the engineering 
control for 3D Printer A is greater than 91.76%. Table 2 highlights the particle 
concentration data and capture efficiency calculations for 3D Printer A and Figure 
10 provides graphical representation of how emissions trended up and down 
throughout each 3D printing trial. 

Table 2: 3D Printer B capture efficiency of ultrafine particles during 3D printing test trials 

Test # No Control (#/cc) Control (#/cc) Capture Efficiency (%) 

1 6719.40 41.75 99.38% 

2 1177.04 10.83 99.08% 

3 8102.86 20.10 99.75% 

4 1153.55 17.47 98.49% 

5 5175.72 810.51 84.34% 

6 2770.26 124.77 95.50% 

7 2672.49 19.20 99.28% 

8 918.10 138.00 84.97% 

9 2661.45 13.76 99.48% 

10 85130.85 6502.37 92.36% 

Average Particle 
Concentration 11648.17 769.88   

 Average Capture Efficiency  95.26% 

 Test Statistic  91.76% 
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Figure 10: 3D Printer B – total particle concentration vs time with and without the custom 
retrofitted engineering control.  
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Discussion 
The initial spike seen in all our tests is a common phenomenon observed when 
evaluating particle concentrations from 3D printing with filaments. The causative 
reason for this is not known. Other 3D printing emission studies have found that 
particle concentrations increase rapidly to a peak a few minutes after 3D printing 
begins and decay to background while 3D printing continues [Dunn et al. 2020; 
Mendes et al. 2017; Yi et al. 2016]. 

Multiple studies have also shown that there is inherent variability in UFP emissions 
during repeat tests with FDM and FFF 3D printing [Azimi et al. 2016; Zhang et al. 
2017]. Our study also demonstrated substantial variability during repeat tests. 
Average particle concentrations measured in the outlet of our environmental test 
chamber varied greatly between and within the two models of 3D printers used in 
this study. The same brand and color of filament material, 3D print object (NIST 
test artifact), chamber settings (air flow rate and air temperature), were all held 
consistent throughout the study. However, we observed substantial variability in 
measured particle concentrations from trial to trial during the study. Without the 
engineering control, particle concentrations for 3D Printer A varied by as much as 
1,304% between test trials. However, even with the large variability in emissions, 
the NIOSH developed engineering control consistently provided a 99.15% or 
greater capture efficiency in 3D Printer A emissions for all trials.  

Measured particle concentrations for 3D Printer B were also highly variable without 
the NIOSH developed engineering control in place. Particle concentrations 
measured in the chamber during 3D Printer B trials showed a 9,172% difference 
between the maximum and minimum average test trial. This variability is 
approximately seven times greater than what was measured with 3D Printer A. The 
highest particle concentration measurement occurred after a print failure in trial 10 
(Table 2). This failure also resulted in the highest concentration over time than any 
other test print performed by 3D Printer B Figure 9 (J). The root cause of the print 
failure was poor adhesion of the NIST test artifact to the printing platform and the 
custom 3D printed engineering control became clogged as a result of the print 
failure. The control was removed and cleaned by carefully using tweeters and air to 
remove shavings of filament. Trial 10 was repeated after the failure, but elevated 
particle concentrations were noted for both test prints with and without the 
engineering control. Test trial three had the next highest particle concentration 
count without the engineering control. A 1,209% change in particle concentration 
between trial three and 10 was noted. With the engineering control, trial six had 
the second greatest particle concentration recorded. A change of 5,111% was 
observed in the particle concentration counts between trial six and 10.  

Variability was also observed in the capture efficiency of the custom engineering 
control developed for 3D Printer B. Capture efficiencies of 84.34% and 84.97% 
were observed for test trials five and eight, respectively, in the test chamber 
studies. This is in contrast to an average capture efficiency exceeding 97.9% over 
the remaining 8 test trials for 3D Printer B. The inherent variability in particle 
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concentrations observed for 3D Printer B with and without the control may have 
contributed to the occasional lower capture efficiencies.  

It is unclear what caused the elevated particle concentrations following the print 
failure that occurred prior to trial 10 but it is possible that filament melted onto the 
hot end of the extruder emitting more particles on the following run or another 
unknown cause. While these print-failure events appear to have potentially 
contributed to moderate reductions in control efficiency, the failures also represent 
real-world events and the control efficiencies still exceeded 80% under these more 
extreme scenarios.    

Conclusions and Recommendations 
3D printing is an emerging technology commonly used in traditional workplace 
settings, such as manufacturing plants, academic institutions, and office 
environments. 3D printing is also used by self-employed/freelance workers and 
consumers for personal applications. In this study, NIOSH researchers developed 
custom low cost, retrofitted engineering controls for two 3D printer models. A series 
of 10 paired trials with and without engineering controls while 3D printing a NIST 
test artifact inside an environmentally controlled test chamber were performed for 
both 3D printers. This was done to assess the average particle concentrations 
produced by the 3D printers without the control, and to analyze the capture 
effectiveness of the NIOSH-designed engineering control attached to the 3D 
printers.  

With 95% confidence, our study found that the NIOSH designed custom 
engineering controls were able to reduce average particle concentrations by more 
than 99.72% for 3D Printer A and more than 91.76% for 3D Printer B. This study 
was conducted in a controlled laboratory environment, however, it highlights the 
possibility of developing, validating, and implementing low-cost engineering 
controls that can be retrofitted to existing 3D printers. Follow on studies should be 
performed in both traditional and non-traditional as-used work environments. 
Factors such as room ventilation, size, workflow, location, etc. should be accounted 
for and evaluated in these studies. 

In a couple of the trials using 3D Printer B, print failure events occurred and 
appeared to contribute to associated variabilities in particle count generation.  
These events are indicative that it is important to inspect and clean the engineering 
control following any print failures, to prevent the control from becoming clogged 
with debris that may block airflow and subsequently reduce performance.  
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Delivering on the Nation’s promise: 

Promoting productive workplaces through  

safety and health research 
 

 

 

Get More Information 

Find NIOSH products and get answers to workplace 
safety and health questions:  

1-800-CDC-INFO (1-800-232-4636) | TTY: 1-888-232-6348 
CDC/NIOSH INFO: cdc.gov/info | cdc.gov/niosh 
Monthly NIOSH eNews: cdc.gov/niosh/eNews 
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