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Fused Deposition Modeling	
Discussion Overview
The field of 3D printing from the results depicts how the condition of the printing workplace can be towards and how it would affect the quality of produce, safety, and health generally. Some of the hazardous emissions include dust, VOC's, aerosols, nanoparticles, carbon dioxide, noise among others. From the past few years' 3D printing has now been more available than before to the general public, thus accelerating some of these emissions on a gradual scale. The greatest part of the emissions and imbalance of workplace microclimate is thought to originate from low-cost printers manufactured hastily from the small start companies, targeting the vast market. 
During printing, especially with the low-cost printers, a thermoplastic material is selectively dispensed through an opening to build parts from 3D model data, layer by layer, which uses polymer filaments as feedstock, to create the painting. The type of technology applied here is called material extrusion. Comparing the data from two locations we can have the following deductions on the quantity of the exposure limits to these emissions.
Dust and Nanoparticles
To start with, Dust and nanoparticles emissions during a short-term exposure limit on printing, we very minimum compared to the accelerated quantity when the temperatures increased. The presence of dust thereafter stabilizes in the long-run printing process. Additionally, the emissions are dependent on the different materials required for printing. This was a factor influenced by the fluctuating emissions, which stabilizes if the material is sustained. However, the threshold limit value for dust and nanoparticles is minimum for a worker who has no previous record of respiratory-related diseases like asthma or allergy. 
Volatile Organic Compound
Secondly, with Volatile Organic Compound emissions, 3D printer studies have highlighted substantial emissions that were similar to our case study, (Mendes, et al.,2017). An example of such an outcome was with the presence of Formaldehyde and Styrene, which are branded by irritation and smell respectively. This volatiles according to the World Health Organization has been considered a threat to the health of workers, with limitations like Permissible Exposure Limits in place to regulate contact. According to the National Institute for Occupational Safety and Health, (NIOSH), the recommended exposure limit for hexane as an example, should not exceed 50ppm for 8 hours, (Henderson, 2004). Our case, Styrene has an odor threshold of 70 μg m−3 and Formaldehyde’s long‐term exposure varying between 0.016 and 2 ppm. 
Exposure Limits and Physical Constants for Styrene
	LEL Concentration (Vol %)
	Flashpoint Temp (ºF)
	OSHA PEL
	NIOSH REL
	TLV
	5% LEL expressed in ppm

	0.9%
	88º F
	100 ppm TWA;
200 ppm ceiling; 600 ppm maximum peak above the ceiling for 5 mins in any 3 hours.
	50 ppm TWA; 100 ppm STEL
	20 ppm TWA; 40 ppm STEL
	450 ppm





Humidity
How the FDM 3D printer functions are greatly affected by humidity. Narrowing down to the type of filament, humidity does affect them differently. Considering architectural models of filaments that have chalks, excessive or low humidity, it would cause a wet or dried and yet fragile filament. Other instances where filaments have water-soluble solvents, humidity would cause colors being washed out, while the wooden filaments swell. Basically, the effect is shaped in the end product, where humidity during printing heats up to 200°C, causing the bubbles to appear on the end portrait. Additional indicators of a failing filament conclusively can be seen through extruder jams, holes, repeated builds, delay in filament extrusion and possibly the filament failing completely to fit within the print bed. Some of the filament types recommended by Product Automation Corporation to be out of the air, include Nylon, PLA and PVA.
Carbon Monoxide and Carbon Dioxide
Carbon Monoxide and its relationship with 3D printers has been a debate, fueled by real-life cases of death, thought to be caused by 3D printers' emissions'. An example is the case of the Berkely couple, who allegedly died out of Carbon Monoxide poisoning from a 3D printer, (CBS, 2017). Well, I wouldn’t be quick to conclude the same, since neither of the results in my study full supported the analogy. What was seen to be dominant was Carbon dioxide emission, which is quite acceptable as a genuine yet regulated emission of 3D printers. However, exceeding levels of the two gases is what raises alarm whether FDM is safe. With carbon monoxide, the gas becomes poisonous at 400 ppm while with carbon dioxide the emission should not go beyond 1000 ppm. Other minute emissions that would raise a similar alarm are hydrogen cyanide, nitrogen oxide, and nitrogen monoxide.
Noise
Reviewing the drawbacks of 3D printers or FDM, noise is no exception here. The printing process is known to be noisy compared to inkjets or laserjets, however, this depends on the quality of the printer too.  Other contributing factors that are thought to make the process noisy would be, vibration, linear motion, the size of the steppers at play and the controller. The controller modulates the signals to the stepper making it the source of the sounds steppers make. The better part of this drawback is that it can be adjusted technically to reduce the sound level. One of the techniques is an enclosure when one opts to purchase or customize a closet for the printers. In other cases, users have opted to have rubber feet and soundproof workplaces to minimize the noise.
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