Evaluating Occupational Exposures to the Graphene Family of Nanomaterials: Implications for Worker Safety and Health
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Appendix I: Facility and Process Descriptions

Facility 1 was a primary manufacturer of graphene nanoplatelets GNP that used a top-down production process. The main tasks completed by technicians at the facility included graphite preparation, intermediate graphene processing, operating the filtration area, size reduction of GNP intermediate into a fine powder, and the packaging of the final GNP. Twenty kilograms of dry material were handled during tasks by technicians. 
During production, graphite was poured into a hopper where it was mixed with a proprietary liquid. After mixing, the solution was dried. From there, the dried proprietary material was loaded by a technician using a scooper into a conveyer that fed into a machine to exfoliate the material into an intermediate. This intermediate material was bagged into two kilograms (kg) batches. It was then zip tied and set aside for future processing. The personal protective equipment (PPE) observed in use during these tasks included nitrile gloves and safety glasses.
Post processing of the intermediate material included mixing the material in a large tank of water. After the GNP intermediate material was mixed, it went through several post-processing steps until it was a semi-wet GNP mixture that was then allowed to dry. After drying, a technician weighed the GNPs in a High Efficiency Particulate Air (HEPA) ventilated enclosure and packaged the material based on individual order requirements. The PPE observed in use during these tasks included nitrile gloves safety glasses, and a half-face respirator with P100 cartridges.

Facility 2 was a primary manufacturer of GNP that used a top-down production process. The main tasks performed by the participating technicians included graphite preparation and transfer, exfoliation tool loading, the exfoliation operation, exfoliation tool unloading, product packaging, and the infusion of GNP into composites. 
Initial loading of graphite into containers was conducted within a HEPA ventilated enclosure. Multiple containers were then loaded into an exfoliating machine outside of the HEPA ventilated enclosure and allowed to run for a specified amount of time. After exfoliation, the containers were removed from the exfoliating machine and placed inside a HEPA ventilated enclosure. The containers were opened, and a pneumatic conveying system was used to transfer the GNP into a sealed drum. 
Technicians manually transferred the GNP to a packaging area located within a HEPA ventilated enclosure. During this task, the workers weighed the product by scooping it onto scales and transferring it into bags based on individual order requirements. The PPE observed being used during these tasks included hearing protection, nitrile gloves (optional), safety glasses, and some employees also elected to wear a half-face respirator with P100 cartridges.

Facility 3 was a downstream user of graphene oxide (GO) in liquid form, using chemical and filtration processes to create a final product of thin graphene films used in medicine. The current activities at the site can be categorized as research and development scale. Several tasks that were sampled included liquid GO solution preparation, filtration and drying, cutting dry graphene films, and packaging the final graphene film product. 
All GO was received by the facility in liquid form. To prepare the specific GO solution, a worker poured this liquid GO solution into a small volumetric flask. An unknown volume and proportion of solvents, and acids were mixed into this solution, and the volumetric flask was placed in a heating bath overnight. After mixing, the GO solution was removed from the heating bath and poured into a filtration apparatus. The liquid was purged through the filtration apparatus until a thin layer of graphene slurry remained. The graphene film was removed from the filtration system and placed in a drier. All work was done under a lab hood with a real-time velocity sensor confirming exhaust airflow.
After the graphene film dried, it was washed in a solvent. Then, dry graphene films were cut and packaged on a desk. Scissors and a cutting template were used to cut the graphene film into small rectangles and packaged per customer specifications. The PPE observed in use during these tasks included nitrile gloves and safety glasses. 

Facility 4 was a primary manufacturer of reduced graphene oxide (rGO) that operated at a research and development scale producing multi-hundred-gram batches of material. Technicians and engineers were observed operating various extruders, mixers and compounders with a rGO/carbon black/resin mixtures as well as performing rGO reduction and quality control measurements. Graphene materials were produced through a top-down process which first created a liquid graphite oxide solution that would then undergo a reduction reaction to produce rGO. 
The rGO reduction apparatus was enclosed within a dedicated ventilated enclosure housed within a negative pressure lab space. A premixed aqueous slurry of graphite/GO was pumped into the sealed reduction apparatus, where it was processed. After the reduction reaction was completed, the rGO was harvested. A technician activated an impactor that repeatedly hit the side walls of the hopper to help the rGO material drop into a bag. The PPE observed in use during these tasks included a lab coat, safety glasses, two pairs of nitrile gloves, and Tyvek sleeves.
A technician created a rGO and carbon black mixture which was performed inside a chemical fume hood. The technician transferred a gram quantity of rGO into a lined bucket and mixed with a gram quantity of carbon black. After completion, the technician thoroughly vacuumed any remaining material in the hood with a HEPA vacuum. The rGO and carbon black powder was then mixed using an industrial mixer with a thermoplastic resin. After several minutes of mixing, the viscous paste-like mixture was scooped out of the mixer and placed into a plastic bag. As the paste cooled, it hardened into a solid. This mixture could then be molded into a test plaque and tested for its conductivity and strength. The PPE observed in use during these tasks included safety glasses, a lab coat, double nitrile gloves, and Tyvek sleeves.
Several hundred grams of the rGO/carbon black mixture was placed into a twin extruder hopper for extrusion. The hopper was loaded by an engineer pouring a bag of rGO/carbon black mixture into the top. A HEPA point source ventilation system was used to contain the powder as it was poured. The PPE observed in use during this task included a half-face respirator with P100 cartridges, a lab coat, safety glasses, nitrile gloves, and Tyvek sleeves.

Facility 5 was a secondary manufacturer and distributor of GNP that performed post-production handling and packaging of graphene. The sampling at facility 5 was focused on a single technician who was transferring several kilograms of GNP for re-packaging purposes. A rolling cart and chair were set up in the middle of the manufacturing floor and used as a benchtop space where the re-packaging of several GNP was transferred from two large plastic bags into 10 separate five-gallon plastic buckets. The technician used a large plastic cup to slowly scoop the material out of the large bags and gently place it into a plastic lined five-gallon plastic bucket. Upon filling each bucket, the technician would use a large magnetic rod to check for metal impurities before sealing the lids. The PPE observed in use included a lab coat, nitrile gloves, safety glasses, and a half-face respirator with P-100 cartridges.

Facility 6 was a secondary manufacturer that performed functionalization reactions on tens of kilograms of GO materials and several post-production handling processes (drying and packaging). Technicians performed several tasks including running the functionalization process, harvesting the functionalized GO wet cake, and drying the GO cake. 
A functionalization reaction was performed on a GO powdered material inside an enclosed reactor. GO and a solvent mixture were pumped into an enclosed reactor and allowed to mix for a specified time. Then, the technician would filter out the solvent and open the reactor to remove the wet cake material. The wet cake material was removed by scooping or scraping the material into a small cardboard drum with a plastic liner. All participants were observed wearing steel-toed boots, hard hats, a flame-resistant jump suit, and safety glasses. One participant additionally wore a Tyvek suit, butyl rubber gloves, a half-face respirator with organic vapor/acid gas cartridges, and chemical resistant boots. Another participant wore a chemical resistant jacket, butyl rubber gloves, and a half-face respirator with organic vapor/acid gas cartridges, while another wore nitrile gloves and a half-face respirator with organic vapor/acid gas cartridges.
	Next, the wet cake material was dried within an industrial drier. A technician dumped the wet functionalized GO onto large trays and then used gloved hands to spread the material evenly across the tray while simultaneously breaking up large chunks. This was repeated for the remaining three trays. Once complete, all four trays were placed inside the industrial dryer. Occasionally throughout drying, the technician would open the dryer and collect a small sample using gloved hands to further spread the material around and again break up large chunks. The PPE observed in use during this task included a half-face respirator with organic vapor/acid gas cartridges and butyl rubber gloves.
 
Facility 7 conducted research and development activities as well as attempting to scale up a process to produce functionalized GO materials. Several tasks were assessed which included GO functionalization reactions and post processing steps such as drying, milling, packaging as well as dispersing the material in liquids and spray coating surfaces. 
For the functionalization reactions, several hundred grams of GO and a solvent mixture were pumped into an enclosed reactor and allowed to mix. After mixing for a specified time, an engineer filtered out the solvent, opened the reactor and harvested the wet cake product by scooping and scraping it into a plastic bucket. PPE observed in use during this task included a lab coat, nitrile gloves, and a full-face respirator with organic vapors/acid gas cartridges.
	After the functionalization reaction was complete, the wet cake material was placed into a drying system for several hours. Once dry, the moist functionalized GO material was transferred to a laboratory exhaust hood with HEPA filtration for milling. The employee used a spatula to break up larger pieces of the functionalized GO product before transferring it into milling equipment. Once milled, the employee transferred the final product into several 2.5-quart containers, within the exhaust hood. The milling process was repeated five times using trays with dried material that weighed several kilograms. The PPE observed in use during this task included a full-face respirator with organic vapor/acid gas cartridges, a lab coat, and nitrile gloves.
[bookmark: _Hlk122506729]	Several grams of the functionalized GO product were dispersed into a resin on an open benchtop. An employee measured several grams of the resin and GO product in a small container and mixed with a small wooden spatula. Once the graphene was fully wetted within the resin, the employee took the slurry over to the mechanical mixing station and further mixed the solution. The slurry was then placed in a small container and attached to compressed air spraying equipment. It was then sprayed on various substrates for quality assurance/quality control (QA/QC) purposes in a process that took several minutes. The PPE observed in use included a full-face respirator with organic vapor/acid gas cartridges, lab coat, and latex gloves. 

Facility 8 was a primary producer of multi-layered graphene (MLG) using a top-down production method and performed post-production handling processes such as packaging and quality assurance testing. The site visit focused on the sampling of technicians that were handling several hundred kilograms of MLG per shift and performed QA/QC on gram quantities of MLG. Additionally, a scientist was sampled that used a nominal amount of material (grams) per shift. 
To initiate MLG production, the technicians used a crane and mechanical lift to load the graphite material into a top-loaded feeder system. The enclosed feeder supplied the raw material to the production system via a sloped duct. Once operational, the feeder and production system remained under positive pressure. While the system was pressurized, the technician prepared paper bags to load several kilograms of product. The paper bags were prepped by releasing a burst of compressed air to fully open each bag. Then, each bag was mounted individually over the outlet of the production system. 
Once the system reached the necessary positive pressure, the operator started the production process, and the raw material was fed into the dust collector. As the dust collector filled the paper bags with MLG, the operator occasionally hit the bag on both wide sides with their hands to check how much graphene was inside. After bags were filled, they were sealed and loaded onto a crate. Occasionally, the operator had to pause production and manually clear the feeding system with their hands. Periodically, the technician used a sandwich bag to pull a small amount of graphene product (several grams) for QA/QC testing. Varying degrees of PPE usage were observed in use during production, which included a half-face respirator with P100 cartridges, Tyvek suit, hearing protection (ear plugs), and nitrile gloves.  
A technician would record the weight of the MLG product and conduct several quality assurance checks. A volumetric container filled with the graphene product was then placed in an oven for several hours to remove all moisture. The dried sample was then taken to a small sifting apparatus, poured on a screen, and a pestle was used to gently push the graphene product through the screen into another volumetric container. The sample and volumetric container were then weighed again, and the unused sample stored. Additionally, a scientist performed Raman analysis on a test composite strip that contained a small percentage of the MLG product and created a liquid dispersion using a small quantity of MLG powder. The use of engineering controls and PPE were not observed during these quality assurance tasks.

Facility 9 was a primary manufacturer of few-layered graphene (FLG) using a top-down production process. Technicians and engineers were observed transferring graphite into an enclosed milling system, operating a continuous dryer, transferring FLG product into a smaller secondary dryer, and running the product through a secondary milling process which also packaged the product into 55-gallon metal drums. 
To prepare for FLG production, a technician would first transfer graphite into a 55-gallon drum using a handheld scoop. Once the container held the correct amount of graphite, the technician placed a lid on the drum and used an automated pallet jack to lift the drum to the mouth of the primary milling device. A mobile staircase was moved next to the milling device to allow the employee to use a funnel and a five-gallon bucket to manually transfer the graphite from the drum into the primary mill. After a few scoops, a PVC rod was used to scrape material from the sides of the funnel and the operator would then continue transferring the graphite into the mill. No engineering controls were observed in use during this process. 
Once the graphite was transferred into the primary milling device, piping was connected to the top port and a small bit of solvent was added to the mill. The mill was then sealed and turned on. Once milling was conducted for the correct amount of time, the same piping apparatus was used to incorporate additional solvent to create a slurry which was then pumped into fully enclosed holding tanks. The technician was observed wearing the following PPE which included a half-face respirator with P95 cartridges, nitrile gloves, steel-toe boots, and safety glasses.
After the FLG was processed in the holding tanks, it was pumped into a horizontal continuous dryer. The continuous dryer could be fully enclosed; however, the front facing window was left open most of the shift. This was to allow an operator to access the dryer to manipulate the graphene with their gloved hand as it dried to prevent clumping along the walls. After the FLG product dried, it was gravity fed into a plastic bin for transfer to the secondary drying area. The full bin was then carried from the primary drying process to the secondary drying area. An engineer would open the plastic bins and transfer the FLG into smaller trays for additional drying. The engineer used a handheld scoop and sifting apparatus to break up chunks of the material and transfer the FLG into drying trays that were placed in a vertical dryer. Once the FLG reached the correct moisture content, the secondary dryer was turned off. Next, a large clamp was attached to the open top of a 55-gallon drum, and the nozzle of a shop-vac was attached and used as local exhaust ventilation. The shop vacuum was turned on and the FLG was manually poured from the trays into the drum. The PPE observed in use during these tasks included steel toe boots, safety glasses, and a half-face respirator with P95 cartridges.
After completing the secondary drying process, the 55-gallon drum of dry graphene was carried to a secondary mill. The lid of the drum was removed by a technician, and a handheld scoop was used to transfer graphene into a five-gallon bucket. The five-gallon bucket was then dumped into the open hopper of the secondary mill. The mill was an open process with a top-fed shaker hopper which selectively allowed graphene particles to enter the mill below. Once the FLG passed through the mill, it was fed into a dust collector which allowed the FLG to fall into a drum for final packaging. No engineering controls were observed in use and the PPE in use included steel-toe boots, safety glasses, and half-face respirator with P95 cartridges.

Facility 10 was a primary manufacturer of MLG-like material through a top-down process using a carbon-rich precursor material. The main tasks observed by the participating technicians included the production of a MLG-like material through a dry and wet production method.
[bookmark: _Hlk137039712][bookmark: _Hlk121910051]           The production of the MLG-like material began with the technician grinding the                 precursor material into a fine powder using a mortar and pestle. The grinding process was performed near an open loading bay door. Then, several hundred grams of the finely ground precursor powder were weighed with a digital balance on an open benchtop workstation and transferred into small jars for milling. After the milling process, the mill jars were removed and the MLG material would then undergo a sieving process. The powder was sieved into a glass container to ensure a uniform consistency. All weighing, transferring, and sieving tasks were performed on an open, unventilated, benchtop workstation. At the end of these processes, the benchtop workstation was cleaned using water and other utensils that were used throughout the process were washed using dish soap. 
             A subset of the milled material was also put through a sonication process to reach sub-micron particle levels. Residual material from the ball mill jars was combined with pre-weighed material and several liters of a solvent which were then heated and allowed to mix. After mixing, the solution was removed from the reactor and poured into glassware which was placed into an oven to dry. Once dried, the material was extracted by using a spatula to scrape the material off the glassware and placed into a container to be stored as the final product. The observed PPE in use during all tasks at this facility included nitrile gloves, safety glasses, and N95 respirators. 

Facility 11 was a primary manufacturer of FLG produced using a bottom-up process. Several employees were observed performing the production of FLG within an enclosed reactor, troubleshooting reactors, disassembling a reactor and other maintenance activities, transferring FLG from production containers into smaller packaging for customers, and curing resin/graphene mixtures. 
First, employees conducted system checks by inspecting mechanical parts and conducted a computer software check before production. Next, a mixture of pressurized gases and reagents were pumped into an enclosed combustion reactor. Once preparations were finished, employees moved to a separate control room to initiate and monitor FLG production. As the FLG was produced, the material would collect in a large metal container beneath the reactor. Once the container was full, it would be replaced with an empty container and production would continue. The FLG materials were produced within an enclosed reactor under vacuum which was located inside a large, ventilated enclosure that fed into a centralized HEPA filtration system. No PPE was observed being used during production tasks.
An employee was observed transferring the large metal containers containing FLG from the production reactor into smaller sealed bags weighing several hundred grams each for customers and internal use. A total weight of tens of kilograms of FLG powder was transferred over several hours. To transfer the FLG material, the technician turned on a custom-made ventilated enclosure and placed the container of FLG inside. The technician then prepared several clear plastic bags on a workbench across from the exhaust enclosure. Next, the lid of the container was removed, and the employee used a metal scoop to transfer the graphene into the plastic bags. The plastic bags were then weighed using a scale inside the enclosure. The PPE observed in use for these tasks included a N99 filtering facepiece respirator, safety glasses, a lab coat, and nitrile gloves.
Throughout the site assessment, employees were observed troubleshooting and performing maintenance tasks intermittently on the reactors. These tasks included disassembling and cleaning a reactor as well as the machining of production equipment. An employee disassembled a reactor by opening the reactor and using a HEPA shop-vac to remove any remaining FLG materials from the interior. Additionally, an employee was observed working to cure resin and graphene mixtures in various solvents. The employee did not handle any FLG materials in powder form during these tasks, as they were already mixed in a liquid solvent. All work was completed within a large ventilated walk-in enclosure. The participants wore nitrile gloves, safety glasses, lab coats, and a N99 filtering facepiece respirators to complete the disassembly and cleaning tasks while nitrile gloves and safety glasses were used for the resin curing tasks.



Appendix II: Job Task Descriptions
Below are general job task descriptions that were used to categorize each job task performed by workers across the 11 facilities visited. 

Office work – General administrative duties or work that was predominately conducted on a computer in an office area. Minimal or no time was observed in an area where graphene family of nanomaterials (GFN) were being handled. 

Shipping – Shipping or preparing to ship pre-packaged (fully enclosed GFN materials) or receiving GFN materials that remained in their original packaging.

Maintenance – Conducting maintenance on equipment used to produce or process GFN materials or conducting a routine cleaning of the area which could be a combination of dry sweeping or wet mopping methods. 

Post-processing – This includes post-processing tasks such as mixing, dumping, weighing, sieving/grinding of dry materials. Could include mixing with other materials such as resins. 

GFN production – Involved in the tasks associated with the production of graphene either using a top-down or bottom-up production process. 

Graphite loading – Loading of the precursor graphite product into a mill or reactor to produce graphene. Usually is one of the first steps in the top-down production of GFN. 

Sonication/dispersion – Sonicating a liquid solution of GFN materials or dispersing GFN into a liquid solution by other means. 

Filtration/functionalization –Filtering a liquid solution or dispersion to recapture the GFN material as a paste or wet-cake material. This could include a functionalization reaction or other product development activities. 

Packaging – Taking the finished product and packaging for sale in plastic bags or drums. 

QA/QC – Taking GFN materials and performing quality assurance and quality control testing on the finished material or product.

Other lab work – This was work that was performed by participants within a lab or manufacturing area where GFN was present, but the work being performed did not involve GFN materials. 

Drying Wet GFN Material – Taking a wet GFN material and spreading onto trays which would be placed into a dryer. 

Spray Coating – Taking a liquid solution of GFN and spray coating onto a surface.




Table S1. US occupational exposure limits for carbonaceous materials and independent risk assessment values for GFN. 
	Carbonaceous Material
	Size Fraction
	OSHA PEL
	MSHA PEL
	NIOSH REL
	ACGIH TLV
	Preliminary
OEL

	US OELs
	
	µg/m3

	Graphite (synthetic)
	Total/Inhalable
	15,000
	
	
	10,000
	

	Graphite (synthetic)
	Respirable
	5,000
	
	
	2,000
	

	Graphite (natural)
	Respirable
	2,500
	
	2,500
	
	

	Carbon Black
	Total
	3,500
	
	3,500
	
	

	Coal Dust (bituminous or lignite)
	Respirable
	
	1,500*
	900
	900
	

	Coal Dust (anthracite)
	Respirable
	
	1,500*
	
	400
	

	CNTs/CNFs
	Respirable
	
	
	1
	
	

	Independent Risk Assessments for Graphene
	
	
	
	
	
	

	GFNs – OEB 
(Niang et al. 2025)
	None specified
	
	
	
	
	<10

	GNP 
(Spinazzè et al. 2019)
	None specified
	
	
	
	
	212

	GO
(Lee et al. 2019)
	None specified
	
	
	
	
	18


Adapted with permission from Evans et al. (Submitted). US Occupational Safety and Health Administration (OSHA), US Mine Safety and Health Administration (MSHA), US National Institute for Occupational Safety and Health (NIOSH) and the American Conference for Government Industrial Hygienists (ACGIH). Permissible Exposure Limit (PEL), Recommended Exposure Limit (REL), Threshold Limit Value (TLV), Graphene Family of Nanomaterials (GFN), Graphene Nanoplatelets (GNP), Graphene Oxide (GO), and Occupational Exposure Band (OEB). Where multiple OELs are provided for a given material, a lower OEL is usually based on more recent risk assessments. * Containing less than 5% crystalline silica.












	
	
	[bookmark: _Hlk201063693]Table S2. Parameter estimates for marginal regression model using inhalable and respirable EC as the outcome variable. 

	Respirable EC
	Inhalable EC

	 
	Variable
	Level
	Est.
	SE
	p-
Value
	Est.
	SE
	p-
Value

	Facility-Level Determinants
	Industry Type
	Primary
	Ref
	Ref

	
	
	Sec. – Dist.
	1.62
	1.74
	0.38
	0.11
	0.96
	0.91

	
	
	Sec. – Elec.
	-2.07
	1.64
	0.25
	-3.45
	0.96
	<0.01

	
	
	Sec. – Funct.
	-2.45
	2.56
	0.37
	-3.18
	1.09
	0.02

	
	Daily Quantity Handled
	< 100 g
	Ref
	Ref

	
	
	101 g – 1 kg
	-0.68
	4.28
	0.88
	2.38
	1.45
	0.15

	
	
	1 kg – 100 kg
	1.94
	1.53
	0.25
	2.84
	1.84
	0.17

	
	
	> 100 kg
	3.75
	1.31
	0.02
	4.32
	0.47
	<0.01**

	
	Total Workforce Size
	
	-0.01
	0.01
	0.27
	-0.01
	0.00
	0.04

	
	Employees Handling GFN
	
	0.04
	0.11
	0.76
	0.07
	0.07
	0.31

	
	Material Form Handled
	Dry
	1.67
	1.25
	0.21
	2.80
	0.82
	0.01

	
	
	Liquid
	1.19
	2.56
	0.65
	0.04
	1.64
	0.98

	
	
	Solid/Cake
	-1.55
	2.08
	0.48
	-2.80
	0.82
	0.01

	
	Engineering Control Rating
	Adequate
	Ref
	Ref

	
	
	Semi-Adequate
	4.65
	1.52
	0.02
	3.84
	0.44
	<0.01***

	
	
	Inadequate
	7.29
	2.51
	0.02
	6.58
	2.49
	0.03

	Worker-Level Determinant
	Daily Quantity Handled
	None
	Ref
	Ref

	
	
	< 10 g
	-0.40
	4.75
	0.93
	-0.76
	1.69
	0.66

	
	
	11 – 100 g
	-3.98
	3.79
	0.30
	-2.23
	1.98
	0.27

	
	
	101 g – 1 kg
	-0.48
	2.15
	0.83
	0.85
	0.65
	0.20

	
	
	1 kg – 100 kg
	-0.01
	2.65
	1.00
	1.18
	0.79
	0.15

	
	
	> 100 kg
	-1.54
	3.40
	0.65
	0.88
	0.80
	0.28

	
	Material Form Handled
	Dry
	0.04
	1.80
	0.98
	1.24
	0.63
	0.06

	
	
	Liquid
	-2.30
	4.30
	0.60
	-1.26
	1.40
	0.38

	
	
	Solid/Cake
	0.72
	2.42
	0.77
	0.48
	0.60
	0.43

	
	Direct Exposure Duration
	
	<0.01
	<0.01
	0.27
	0.01
	<0.01
	0.02

	
	Indirect Exposure Duration
	
	<0.01
	<0.01
	0.23
	<0.01
	<0.01
	0.94

	
	Respirator Use
	
	1.45
	2.61
	0.58
	1.63
	1.15
	0.16

	
	TEM Confirmation
	
	1.93
	1.18
	0.11
	2.87
	0.91
	<0.01

	
	Engineering Controls
	Enclosure
	0.97
	0.61
	0.12
	1.06
	0.38
	0.01

	
	
	Fume Hood
	0.70
	1.54
	0.65
	2.40
	1.45
	0.10

	
	
	LEV
	1.86
	1.35
	0.18
	0.40
	1.01
	0.69

	Job Tasks
	Office Work
	 
	<0.01
	<0.01
	0.86
	<0.01
	<0.01
	0.09

	
	Shipping
	
	-0.03
	0.06
	0.61
	<0.01
	0.01
	0.80

	
	Maintenance
	
	<0.01
	0.01
	0.91
	<0.01
	<0.01
	0.86

	
	Post-processing
	
	<0.01
	0.00
	0.67
	<0.01
	<0.01
	0.45

	
	GFN production
	
	<0.01
	<0.01
	0.38
	<0.01
	<0.01
	0.72

	
	Graphite loading
	
	-0.01
	<0.01
	0.05
	<0.01
	<0.01
	0.90

	
	Sonication/disp.
	
	<0.01
	0.01
	0.68
	<0.01
	<0.01
	0.53

	
	Filtration/funct.
	
	0.05
	0.08
	0.53
	0.08
	0.11
	0.46

	
	Packaging
	
	0.01
	<0.01
	0.04
	0.01
	0.01
	0.17

	
	QA/QC
	
	0.03
	0.06
	0.65
	0.02
	0.06
	0.75

	
	Other Lab Work
	
	-0.06
	0.06
	0.36
	-0.02
	0.03
	0.62

	
	Drying wet GFN
	
	0.00
	1.02
	1.00
	<0.01
	0.02
	0.92

	
	Spray coating
	 
	-0.16
	0.08
	0.06
	-0.18
	0.02
	<0.01***


Bolded values indicate significance; *p ≤ 0.001; **p ≤ 0.0001; ***p ≤ 0.00001; EC = elemental carbon; TWA = time weighted average; Conc. = air concentration without weighted adjustment; Est. = parameter estimate; SE = standard error; Sec. – Dist. = Secondary Manufacturer - Distributor; Sec. – Elec. = Secondary Manufacturer – Electronics; Sec. – Funct. = Secondary Manufacturer – Functionalization. 
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