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	References
	Type of graphene
	Physical Forms
	Studied toxicity
	Health Effect Endpoint
	Animal model
	Exposure/Dosing route
	Duration of the study
	Results
	Endpoint determinant score
	 Endpoint band                        
	Rationale

	Aguado-Henche et al. 2022
	GNP, GO
	Aqueous suspension
	Multiple organs toxicity
	STOT-RE
	 Wistar rats
	Intraperitoneal Inoculation/ group 2: 4mg/kg;group3: 1mg/ml;
	15, 30 days.
	“The blood analysis showed changes indicating a hepatic inflammatory process. Hematological changes after 30 days consisted of alterations to the red series, including microcytosis or higher mean hemoglobin concentrations. In addition, changes in prothrombin and thromboplastin caused longer coagulation times.”
	No EDS assigned 
	N/A
	This study falls into STOT-RE because it is the consequence of a consistent changes to hematological parameters, and persistent alterations in chemistry parameters that reflect physiological impairment to one or more target organs. However, it was excluded because it was a single dose study and NIOSH considers a reliable NOAEL/BMDL from a repeated-dose study of adequate quality in another animal model to provide a reasonable basis to assign a STOT-RE band.

	Akhavan et al. (2015)
	GO
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	mice
	Intravenous injection/2000  μg/mL or 4 mg/kg of body weight 
	8 weeks
	“Significant in vivo effects were found at the injected concentrations >200  μg/mL (0.4 mg/kg) after (e.g., ~45% reduction in sperm viability and motility in 2000  μg/mL). Observation of remarkable DNA fragmentations and chromosomal aberrations of the spermatozoa after ~8 weeks from the first weekly injection were assigned to the involvement of the NGO in spermatogenesis of the mice.”
	No EDS assigned 
	N/A
	It could not be used because IV injections are quick, controlled ways to deliver substance directly into the bloodstream.

	Altwaijry et al. 2022
	PEGylated GO nanoparticle
	N/A
	Genotoxicity
	Genotoxicity
	Swiss Albino Mice
	intravenous injection/A single dose (5 mg/kg) 
	1 h, 2 h, and 4 h
	Results showed a detailed molecular effect of the treatments that caused single and double-strand DNA breaks at 1 to 2 h after the treatments and indicated DNA damage response and recovery at 4 h. Histopathology showed neuronal apoptosis and lesions in the brain after 1 to 2 h and invasion of inflammatory response and chromatolysis after 4 h. PEG-nGO caused immediate DNA damage and cytotoxicity to the brain and its future use as a drug carrier should be considered with caution.”
	No EDS assigned
	N/A
	 It could not be used because IV injections are quick, controlled ways to deliver substance directly into the bloodstream.

	Amrollahi-
Sharifabadi et al. (2018)
	Graphene oxide nanoplatelets (GONs)
	Liquids suspension
	Multiple organs toxicity
	STOT-RE
	Wistar rats
	Intraperitoneally injection/ 50, 150, or 500 mg/kg
	3weeks
	“GONs induced dose-dependent injuries in the liver, kidney, spleen, lung, intestine, and brain after 21 days. In the livers, sinusoidal injury, hyperemia, accumulation of GONs in the capsular regions, perivascular infiltration, and granulomatous reaction were observed. In the kidneys, there was GONs accumulation at the capsular regions, hyperemia, interstitial nephritis, glomerular atrophy, and granulomatous reaction. In the spleens, we observed capsular thickening, capsular accumulation of particles, and hemosiderosis. In the lungs, there was alveolar wall thickening along with inflammation, hemosiderosis, and hyperemia. In the intestines, there were serosa thickening, accumulation of GONs, and giant cell formation. In the brains, there were some neuronal cell degenerations and necrosis.”
	No EDS assigned 
	N/A
	The outcomes from this study (hepatoxicity ) would be considered for banding under STOT-RE  because it consequence of a significant changes which have affected the function or morphology of a tissue/organ.  However, it was excluded because it lasted 21 days and NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Bengtson et al. (2017)
	GO and rGO
	GO in a water suspension and rGO  in powder form
	Genotoxicity
	Genotoxicity
	mice
	Intratracheal/ 18, 54,162 μg/mouse
	1, 3, 28 and 90 days.
	“GO and rGO induced statistically significantly increased level of DNA damage in BAL cells across particles and doses at different time points. GO (18 μg/mouse) induced increased levels of DNA damage in BAL cells at day 3 and 28 compared to VC. rGO (18 μg/mouse) induced increased DNA damage at day 28 and at day 90 compared to VC. No statistically significantly increased DNA damage was observed for GO and rGO in lung and liver compared to VC. P90 induced increased level of DNA damage in liver at day 90.”
	5
	Band E
	Genotoxicity was assessed in BAL, lung and liver from mice exposed to GO, rGO and P90 at all time points and for all available dose levels. Band E is assigned because Both materials induced DNA strand breaks long after exposure, indicating  the genotoxicity 

	Duch et al. (2011)
	Dispersed graphene flake, Aggregated graphene and GO
	Liquid
	Lung toxicity
	Acute toxicity
	C57BL/6 mice
	Intratracheal/ 50 μg/mouse
	24 hours
	“GO resulted in severe and persistent lung injury. In contrast, nanoscale dispersed, or aggregated graphene induced minimal histologic evidence of lung inflammation.”
	No EDS assigned
	N/A
	The outcome from this study would be considered for banding under acute toxicity as the lung injury occurred following a single dose within 24 hours. No EDS was assigned because study did not used lethality data such as LD50 or LC50.

	Durán et al. (2017)
	GO
	Liquid
	Genotoxicity
	Genotoxicity
	Rats
	intraperitoneal administration/0.05 µg/g, GO 0.5 µg/g and GO 5.0 µg/g.
	30 days.
	“The micronucleus number of animals in the GO 5.0 μg/g was significantly higher compared to GO groups 0.5 μg/g, GO 0.05 μg/g and Negative Control (without  any treatment), which were not statistically different . Still, they were observed in all concentrations, GO agglomerates from polychromatic erythrocytes and micronucleated polychromatic erythrocytes, indicating the migration of the peritoneum compounds (application site) to the bloodstream. The results indicate that the higher the concentration of GO, the greater the genotoxicity.”
	5
	Band E
	Analysis of genotoxicity of GO sample was done using micronucleus test. Band E is assigned because results indicate that there is   genotoxicity and that the higher the concentration of GO, the greater the genotoxicity.

	Durán et al. (2017)
	GO
	Liquid
	Systemic Toxicity
	STOT-RE
	Rats
	intraperitoneal administration/0.05 mg/kg, GO 0.5 mg/kg and GO 5.0 mg/kg.
	30 days.
	“These results demonstrated that the GO solutions in concentrations showed no acute toxicity in the liver and kidneys. In the group which received 0.05 mg/kg GO can be seen that spleens inflammation was absent in 40% and 40% of the animals showed mild inflammation with hemosiderin deposits. At the peritoneum, although their specific areas of GO deposition, 80% of the animals showed mild inflammation, but there was no evidence of deposition in this group. Similar to the control group, the liver of did not show inflammation and deposition of hemosiderin, but 20% of the animals showed GO deposition in the liver parenchyma. In the group receiving 0.5 mg/kg GO can be observed intense inflammation hemosiderin deposits in the spleen and GO 40% of the animals. At the peritoneum, 80%  of the animals showed mild inflammation, 60% of the animals showed deposition of GO. In the liver of the animals 20% of this group exhibited mild inflammation, and a deposition GO occurred in 60%  of animals. The worst result occurred in the group receiving 5.0 mg/kg of GO, as expected. The spleen was exhibited intense inflammation in 100% of animals, and 60% hemosiderin deposits and deposition of GO in 80% of animals. They presented peritoneum intense inflammation and deposition of GO in 100% of animals. In the liver, 10% of the animals showed mild inflammation and in 80% of animals showing deposition of GO.”
	30
	Band E
	The outcomes from this study would be considered for banding under STOT-RE  because there is a  significant change which have affected the function or morphology of a tissue/organ. A NOAEL of 0.05 mg/Kg is identified for multiple organs toxicity. 

	El-Yamany et al. (2017)
	GO
	Liquid
	Genotoxicity
	Genotoxicity
	mice
	intraperitoneally/ 10, 50, 100, 250 and 500 μg/kg bw
	7,28,56 days. 
	“GO induce chromosomal aberrations in bone marrow cells and DNA fragmentation in lung cells denoting the genotoxicity of graphene oxide nanosheets that were dose and time dependent.”
	5
	Band E
	Genotoxicity was assessed in bone marrow using chromosomal aberration assay and in DNA in lung tissue using Single-sell gel electrophoresis (SCGE) analysis, comet assay. Band E is assigned because GO induce chromosomal aberrations in bone marrow cells and DNA fragmentation in lung cells denoting the genotoxicity of GO.

	El-Yamany et al. (2017)
	Go
	Liquid
	Lung toxicity 
	STOT-RE
	Mice
	Intraperitoneally/ 10, 50, 100, 250 and 500 μg/kg b.w
	7,28, and 56 days.
	“GO nanosheets have the potential to accumulate in lung tissue and induce pulmonary injury dependent. Foam cell aggregations in the alveolar lumen were ranged from small individual foamy macrophages in dose groups of 10 and 100 μg/kg to dense cluster foam cells filling the alveolar lumen in higher dose treated groups (250 and 500 μg/kg). Moreover, accumulation of eosinophilic edematous fluid in alveolar lumen was detected in higher dose exposure groups (250 and 500 μg/kg). These aforementioned pulmonary changes were detected after 28- and 56-days post exposure groups with increased in lesion severity with advancing dose and period of exposure”.
	30
	Band E
	A NOAEL of 100  μg/kg (0.01 mg/kg) is identified. Since the study duration was 56 days (less than 90 days), NOAEL is divided by 3 to estimate a 90-day equivalent NOAEL. A new NOAEL of 0.003 mg/Kg was obtained. 

	Fu et al. (2015)
	GO
	Liquid
	Developmental  toxicity
	Developmental  toxicity
	mice
	Oral (drink)/ 0.5 mg/mL (150 mg/kg) and 0.05 mg /mL (30 mg/kg)
	21 and 38 days
	“The results showed that the increase of body weight, body length and tail length of the filial mice received GO at 0.5 mg/mL (about 0.8 mg each mouse) every day in the lactation period was significantly retarded comparing with the control group. The anatomy and histology results revealed the delayed developments of offspring in high dosage group. It also found that the length of the intestinal villus of the filial mice received high concentration GO were decreased significantly compared with the control group. It can be concluded that GO showed many negative effects on the development of mice in the lactation period.”
	30
	Band C
	The result of this study identified a NOAEL of 30 mg/kg  for development toxicity

	Han et al. 2015
	GO
	Powder
	Lung toxicity 
	Respiratory Sensitization  
	Sprague-Dawley rats
	Nose-only inhalation/ 0.46, and 3.76 mg/m3
	1,7, or 14 days
	“At day 7, IL-18 and TGF-𝛽1 were significantly higher than those in control group. Lung deposition was found to be dependent on the concentration of particles, and no lung toxicity was associated with the concentrations employed in the present study. Therefore, these results demonstrate that the single inhalation exposure to graphene oxide induce minimal toxic responses in rat lungs at the concentrations and time points  used in the present study.”
	10
	Band E
	The outcome from this study would be considered Respiratory sensitization because of the evidence   inflammation of the lung at high dose. 

	Jasim et al. (2016)
	GO
	Liquid
	Kidney toxicity
	STOT-RE
	mice
	Intravenous administration through the tail vein/ 2.5, 5, and 10 mg/kg
	24 h and 1 month
	“In mice treated with GO at an escalated dose regime (from 2.5 to 10 mg/kg), no significant change in serum kidney function markers (serum creatinine, urea, and ALB levels) was detected. Moreover, only traces of urinary ALB were measured at the highest GO dose (10 mg/kg), but the changes were statistically insignificant after quantifying the physiologically more relevant protein: creatinine ratio. However, animals at this highest GO dosing regimen exhibited compromised weight gain, therefore, the dose of 10 mg/kg was considered above the toxicity threshold and was not used in later studies for ethical and animal welfare purposes. Others have also reported that doses of 10 mg/kg or above of GO cause toxic responses in mice after i.v. administration of this material.”
	No EDS assigned 
	N/A
	This study falls into STOT-RE because following repeated exposure because it significant changes which have affected the function or morphology of a tissue/organ. However, it could not be used because IV injections are quick, controlled ways to deliver substance directly into the bloodstream.

	Kim et al. (2016)
	Graphene
	Powder
	Lung toxicity 
	STOT-RE
	Sprague-Dawley rats
	Nose-only inhalation/ 0.12, 0.47, and 1.88 mg/m3
	1-, 28- and 90-days.
	“No distinct lung pathology was observed at the 1-, 28- and 90-day post-exposure. The inhaled graphene was translocated to lung lymph nodes. The results of this 28-day graphene inhalation study suggest low toxicity and a NOAEL of no less than 1.88 mg/m3.”
	30
	Band C
	A NOAEL of 1.88 mg/m3 is identified for lung toxicity. 

	Kim et al. 2018
	GO
	Nanopowder
	Lung toxicity
	STOT-RE
	Sprague–Dawley rats
	nose-only inhalation/0.625, 2.5, and10 mg/m3for the low, moderate, and high concentration, respectively.
	 6 h/day for 5 days, followed by recovery for 1, 3, and 21 days.
	“No significant body or organ weight changes were noted after the short-term exposure or during the recovery period. Similarly, no significant systemic effects of toxicological importance were noted in the hematological assays, bronchoalveolar lavage fluid (BAL) inflammatory markers, BAL fluid cyto-kines, or blood biochemical assays following the graphene oxide exposure or during the post-exposure observation period. Moreover, no significant differences were observed in the BAL cell differentials, such as lymphocytes, macrophages, or polymorphonuclear cells. Study found only minimal or unnoticeable graphene oxide toxicity in the lungs and other organs.”
	No EDS assigned 
	N/A
	The outcomes from this study (lung damage) would be considered for banding under STOT-RE because it is not  respiratory sensitization or respiratory allergy which  refers to an allergic reaction in the respiratory  tract following exposure to the chemical substance. However, it was excluded because it lasted 21 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Kim et al. (2021)
	Graphene nanoplatelets (GNPs)
	Liquid
	Skin sensitization
	Skin sensitization
	Mice
	Intraperitoneal injection/ 100 μL  (20 mg/mL)
	1 , 2 ,3 days.
	“It was found that GNPs did not induce skin sensitization in both assays.”
	5
	Band A
	For the skin sensitization endpoint, GNPs are assigned bands based on the Local Lymph Node Assay (LLNA) value. Band A was assigned because the skin sensitization results for GNPs using the LLNA test was negative

	Krajnak et al. (2019)
	GO, rGO
	Liquid
	cardiovascular and/or renal 
dysfunction
	Acute toxicity 
	 Mice
	Oropharyngeal aspiration/40 μg
	24 hours
	“Both oxidized forms increased the sensitivity of peripheral blood vessels to adrenoreceptor-mediated vasoconstriction and induced changes in ROS levels in the heart. Based upon the results of these investigations, exposure to graphene nanoparticles produced physiological and alterations in ROS and gene expression that may lead to cardiovascular dysfunction.” 
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under acute toxicity as the lung injury occurred following a single dose within 24 hours. No EDS was assigned because study used intratracheal administration which is a route of administration other than oral, dermal, or inhalation.  

	Kurantowicz et al. (2015)
	Graphite, GO
	Liquid
	Blood toxicity 
	STOT-RE
	Rats
	Intraperitoneal/4 mg of nanoparticles/kg body weight
	4 weeks.
	“The nanoparticles had no toxic effects on blood parameters and growth of rats.”
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological.  However, it was not a repeated dose. Therefore, it could not be band.

	Lee et al. (2017)
	GNPs.All types of GNPs
were based on the pristine GNPs (GNPdot), and different
functional groups were conjugated onto them including
a COOH ‑
	Liquid
	Lung toxicity
	Respiratory Sensitization
	Wistar rats
	Intratracheal instillation/ 0.3 and 1 mg/rat
for the evaluation of acute (24 h) inflammation and at 3 mg/rat for chronic (1 and 4 weeks) inflammation
	1 day, 1 and 4 weeks
	“This study implies that the main factors of GNPs for producing lung inflammation are the potential for ROS generation and surface charge. GNPs showed significant acute neutrophilic inflammation with resolving over time, but the positively charged GNPs showed the slightly higher inflammogenicity than negatively charged ones. All types of GNPs had similar patterns of extrapulmonary translocation into the mediastinal lymph nodes, and prolonged retention was evident.”
	No EDS assigned
	N/A
	The outcomes from this study  would be considered for banding under respiratory sensitization because of  positive lung inflammation . However, it could not be banded because no others  respiratory sensitization markers other than pulmonary inflammation.

	Li et al. (2013)
	Go
	Liquid
	Lung toxicity 
	Respiratory Sensitization
	Mice
	Intratracheally instillation/5 mg/kg 
	 24 hours
	“GO caused dosage-dependent acute lung injury characterized mainly by cell injury, lung edema and neutrophil infiltration. Overall, NGO resulted in ALI, a clinical syndrome characterized by an excessive inflammatory response to both pulmonary and extrapulmonary stimuli.”
	No EDS assigned
	N/A
	The outcome from this study could be considered for respiratory sensitization  because of the presence of positive  inflammatory response of the lung. However, it could not be banded because no others  respiratory sensitization markers other than pulmonary inflammation.

	Li et al. (2018)
	GO , comprising pristine, reduced (rGO), and hydrated GO (hGO)
	Liquid suspension
	Lung toxicity
	Respiratory sensitization
	Mice
	Oropharyngeal aspiration/2 mg/kg
	40 hours
	“These results also accurately predict similar effects in primary alveolar macrophages, along with inducing acute pro-inflammatory responses in the lung. Pristine GO showed moderate effects, while rGO-2 induced low levels of lung inflammation.”
	No EDS assigned
	N/A
	The outcomes from this study  would be considered for banding under respiratory sensitization because of  positive lung inflammation However, it could not be banded because no others  respiratory sensitization markers other than pulmonary inflammation.

	Lin et al. (2015)
	Hydroxylated graphene
	Liquid
	Eye irritation
	Eye irritation
	Rabbits
	Intravitreous injection into the right eye of the rabbi/ 50μl
	8 weeks
	“G-OH had caused few damages on eyesight related functions such as intraocular pressure, electroretinogram and histological structures of the retina.”
	5
	Band B
	This study was considered as eye irritation. NIOSH recommends assigning bands on the basis of qualitative data. The band was B because there were few (moderate) damages on eyesight.

	Liang et al. (2015)
	GO
	Liquid
	Reproduction toxicity
	Reproduction toxicity
	Mice
	25 mg/kg mouse via tail vein injection and intraperitoneal injection of 24 and 60 mg/kg for 5 days.
	30 and 60 days.
	“In this work, the adult male mice after being treated with high dosage of GO either via tail vein injection or intra-abdominal injection exhibited normal fertility ability, which may be due to the health of sperms being not influenced by GO treatment.”
	30
	Band B
	The result of this study identified a NOAEL of 60 mg/kg-day for male reproductive fertility.









	Lui et al. 2015

	GO
	Liquid suspension
	Lung toxicity
	STOT-RE
	Mice
	Intravenous/ single dose of 0.3 mg kg−1 or 2.1 mg kg−1 of both sizes GO, or multiple doses of 0.3 mg kg−1 small or large size
GO every other day for 15 days.
	15 days
	“The exposure to a single dose of 2.1 mg kg−1 (single-high-dose exposure) small size GO or large size GO caused macrophage nodule formation in the lungs of the mice, and the exposure to seven repeated doses of 0.3 mg kg−1 (multiple-low-dose exposure) large size GO also induced small macrophage nodule formation, serious lymphocyte infiltration around the bronchioles in the lungs of the mice, and even death of the mice. Nephritic inflammatory reactions were also observed after the multiple-low-dose exposure to large size GO. However, no obvious lung toxicity but hepatic inflammatory infiltration was observed after the exposure to multiple-low-dose small size GO.”
	No EDS assigned 
	N/A
	The outcomes from this study (lung damage) would be considered for banding under STOT-RE because it is not  respiratory sensitization or respiratory allergy which  refers to an allergic reaction in the respiratory  tract following exposure to the chemical substance. However, it was excluded because it lasted  15 days and  a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Ma-Hock et al. (2013)
	Graphene, graphite nanoplatelets
	Aerosol dust
	Immuno-toxicity 
	STOT-RE
	Wistar rats
	Head-nose exposure /0.5, 2,5, and 10 mg/m3
	5days.
	“No adverse effects were observed after inhalation exposure to 10 mg/m3 graphite nanoplatelets. On day 7 and 28 microgranulomas’ were observed in animals exposed to 2.5 and 10 mg/m3 graphene. On day 28, 1 animal exposed to 0.5 mg/m3 showed macroscopically enlarged mediastinal lymph nodes with a moderate lympho-reticular cell hyperplasia. This was considered to be incidental. For GNP, on study day 4, the lungs of one animal exposed to 10 mg/m3 showed few intra-alveolar located multifocal aggregates of alveolar macrophages. All animals exposed to this concentration (10 mg/m3) showed black, irregularly shaped particles within the cytoplasm of single interalveolar macrophages. Few intracellular particles in the mediastinal lymph node (within macrophages) were observed in one animal exposed to 10 mg/m3 on study day 95.”
	No EDS assigned
	N/A
	The outcome from this study would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological. A NOAEL of 10 mg/m3 is identified for immune toxicity. However, it was excluded because it lasted only 14 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Mao et al. (2016)
	Few layers graphene (FLG)
	Liquid
	Lung toxicity
	Respiratory Sensitization
	Mice
	Acute and long-term toxicity via
intratracheal instillation (5 and 50μg) and oral gavage (0.4 mL of 2.5 μg/mL FLG suspensions) 
	1, 7,14,21 and 28 days.
	“It was found that exposure of 50 μg FLG caused a moderate pulmonary edema to mice as evidenced by the change in the dry to wet mass ratio. Whereas the lungs treated with 5 μg FLG exhibit no abnormal appearance via morphological observation. Gavage experiments did not show detectable absorption through the gastrointestinal tract.”
	No EDS assigned
	N/A
	 It was considered for respiratory sensitization because  FLG caused a moderate pulmonary  edema, which  is the result of acute inflammation; However, it could not be banded because no others  respiratory sensitization markers other than pulmonary inflammation.

	Mendonça et al. (2015)
	reduced graphene oxide (rGO)
	Liquid suspension
	Neurotoxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg; 1.0–1.5 ml
	15 min, 1 h, 3 h and 7 days 
	“Although the crossing of rGO at the blood brain barrier (BBB) was not shown, multiple resolution scale assessment revealed that in rGO-treated rats the BBB was time-dependently permeabilized through the weakening of the paracellular pathway. The transitory BBB breakdown after rGO injection was demonstrated.” 
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological. However, it was excluded because it lasted 7 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Mendonça et al. (2016a)
	rGO was functionalized with Polyethylene glycol (PEG)
	Liquid
	Neurotoxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg; 1.0–1.5 ml
	16 min, 1 h, 3 h and 7 days 
	“The data of the present study suggests the dose- and time-dependent toxicity of PEGylated rGO for key components of the BBB, such as astrocytes and endothelial cells. In terms of toxicity mechanisms, the formation of intracellular ROS and the increase in the enzymatic antioxidant system induced by PEGylated-rGO suggest oxidative stress-mediated damage.”
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological. However, it was excluded because it lasted 7 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Mendonça et al. (2016b)
	rGO
	Liquid
	Multiple organs toxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg
	17 min, 1 h, 3 h and 7 days 
	“Overall, the intravenous administration of rGO (7 mg/kg single dose) led to minor signs of toxicity in the blood, liver, and kidney after 7 days with no sign of inflammation process in course. These effects were transitory and did not lead to permanent damage.”
	No EDS assigned 
	N/A
	The outcomes from this study (Multiple organs-toxicity ) would be considered for banding under STOT-RE  because it significant changes which have affected the function or morphology of a tissue/organ.  However, it was excluded because it lasted 7 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Mohamed et al. (2021)
	GO
	Liquid
	genotoxicity
	genotoxicity
	Swiss mice
	oral gavage/10, 20 or 40mg/Kg
	5 days. 
	“GO induced significantly increased the micronuclei and DNA damage levels in a dose-dependent manner in mice bone marrow cells, as well as caused, histological lesions including apoptosis, necrosis, inflammations and cells degeneration in the mice liver and brain tissue sections compared to the normal control mice.”
	5
	Band E
	To assess the effect of GO nanoparticles oral administration on the chromosomal integrity, micronucleus assay was carried out. Alkaline comet assay was done to estimate the effect of GO nanoparticles administration on DNA integrity. Band E is assigned because GO induced significantly increased the micronuclei and DNA damage levels in a dose-dependent manner in mice bone marrow cell.

	Mohammadkhani et al. 2021
	GO
	Suspension
	Steroid hormones toxicity
	STOT-RE
	Swiss Albino male mice
	intraperitoneal injection/ 1 and 10-mg/kg bw
	24 and72 h and 7 and 21 days
	“GO nanosheets has toxicity and can affect steroidal hormones. However, this study shows that after 21 days, the treated groups regardless of their GO nanosheet dose are very close to the control group. This means that in one step exposure to GO nanosheets, their toxicity diminished after 21 days.”
	No EDS assigned 
	N/A
	This study falls into STOT-RE because it is the consequence of a consistent changes to hematological parameters, and persistent alterations in chemistry parameters that reflect physiological impairment to one or more target organs. However, it was excluded because it lasted 21 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Nirmal  et al. (2017)
	GO
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	Wistar rats
	Intraperitoneal  injection/low-dose (0.4 mg/kg BW), mid-dose (2.0 mg/kg BW) and high-dose (10.0 mg/kg BW). 
	15 and 130 days.
	“Results of the current study demonstrated a dose-dependent reduction in total sperm count after 15 and 30 days of exposure to GO. The observations suggest that NGO exposure did not produce toxicological injuries to the sperm storage organ. Motility of sperms was diminished in a similar fashion. Results of the study demonstrated that high dose of GO resulted in considerable histological damage to testicular tissue which included atrophy of seminiferous tubules with reduction in germinal epithelium, germ cell loss and vacuolization. Low and mid-doses of GO were not associated with sperm dysfunction or testis damage. Withdrawal of treatment for 30 days demonstrated significant recovery potential. Histology of epididymis and male fertility potential were not affected due to the GO exposure.”
	30
	Band C
	The result of this study identified a NOAEL of 10 mg/kg-day for toxicological injuries to the sperm storage organ. Although intraperitoneal delivery is considered a parenteral route of administration, the pharmacokinetics of substances administered intraperitoneally are more similar to those seen after oral administration, because the primary route of absorption is into the mesenteric vessels, which drain into the portal vein and pass through the liver. 

	Park et al. 2015
	Graphene nanoplatelets
(GNPs)
	Liquid suspension
	Lung toxicity
	Respiratory Sensitization
	Mice
	intratracheal instillation/ 2.5 and 5 mg/kg
	1,7,14, and 28 days.
	
“GNPs were accumulated in the lung until 28 days after a single instillation and induced a subchronic inflammatory response. Moreover, the secretions of pro-inflammatory cytokines such as IL-1β, TNFα, and IL-6 of the anti-inflammatory cytokine TGFβ, and of chemokines such as GM-CSF and MCP-1, reached the maximal level at Day 14 after instillation and then decreased over time.”
	10
	Band E
	The outcome from this study would be considered for banding under Respiratory sensitization of the lung inflammation (CYTOKINES). A band E was because of a positive inflammation response.

	Park et al. (2017)
	graphene nanoplatelet (GNP)
	Liquid
	Immuno-toxicity
	STOT-RE
	ICR mice
	Intratracheal instillation /1.25, 2.5 and 5mg/kg;140–150 μl mouse
	90 days.
	“Pulmonary persistence of GNP induced Th1-shifted immune responses with cytoskeletal damage in the lung and systemically suppressed the function of antigen-presenting-cells. Also, persistence of GNP may cause adverse health effects by disturbing immunological- and physiological-homeostasis of our body. The number of white blood cells (WBC) and the percentage of macrophages and neutrophils clearly increased in the blood of mice exposed to a 5-mg/kg dose.”
	30
	Band D
	The outcomes from this study (immuno-toxicity ) would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological. A LOAEL of 5 mg/Kg is identified for physiological and immunological homeostasis. The LOEAL is divided by 10 to obtain a NOAEL (0.5 mg/Kg). 

	Patlolla et al. (2016)
	GO
	Liquid
	Kidney toxicity
	STOT-RE
	Sprague-Dawley Rats
	Oral/ 0, 10, 20 and 40 mg/Kg
	5 days
	“GO induced nephrotoxic and its toxicity may be mediated through oxidative stress.”
	No EDS assigned 
	N/A
	The outcomes from this study (hepatoxicity) would be considered for banding under STOT-RE because it significant changes which have affected the function or morphology of a tissue/organ. However, it was excluded because it lasted 21 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Patlolla et al. (2017)
	GO
	Liquid
	Hepato- toxicity
	STOT-RE
	Sprague-Dawley Rats
	Oral/ 10, 20 and 40 mg/Kg
	5 days
	“The results of this study demonstrate that GO may be hepatotoxic, and its toxicity might be mediated through oxidative stress.”
	No EDS assigned 
	N/A
	The outcomes from this study (hepato--toxicity ) would be considered for banding under STOT-RE  because it significant changes which have affected the function or morphology of a tissue/organ.  However, it was excluded because it lasted 5 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Qu et al. (2013)
	GO
	Liquid suspension 
	Blood toxicity
	STOT-RE
	BALB/C male mice
	Intraperitoneal/ 200 μg GO suspension at a concentration of 1 mg/ml (10 mg/kg body weight)
	every 3 days for 3 weeks.
	“These findings revealed that GO exposure could result in a great reduction of splenic erythroid cells through apoptosis but not for bone marrow erythroid cells. The study demonstrate that GO could provoke apoptosis of erythroid cells in vivo. These results suggested that GO treatment greatly impaired RBCs, leading to a reduced number in peripheral blood.”
	No EDS assigned 
	N/A
	This study falls into STOT-RE because it is the consequence of a consistent changes to hematological parameters, and persistent alterations in chemistry parameters that reflect physiological impairment to one or more target organs. However, it was excluded because it lasted 21 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Roberts et al. (2016)
	graphite nanoplates [20 μm lateral (Gr20), 5 μm lateral (Gr5), and <2 μm lateral (Gr1)]
	Liquid
	Lung toxicity
	Respiratory sensitization
	mice
	Pharyngeal aspiration/ 4 and 40 μg/mouse
	4 h, 1 day, 7 days, 1 month, and 2 months. 
	“At the low dose, none of the Gr materials induced toxicity. At the high dose, Gr20 and Gr5 exposure increased indices of lung inflammation and injury in lavage fluid and tissue gene expression to a greater degree and duration than Gr1 and CB. Gr5 and Gr20 showed no or minimal lung epithelial hypertrophy and hyperplasia, and no development of fibrosis by 2 months post-exposure. In addition, the aorta and liver inflammatory and acute phase genes were transiently elevated in Gr5 and Gr20, relative to Gr1. Gene expression of IL-5, Il-13, and IL10 were elevated at 4 h postexposure in Gr-exposed groups, and IL-5 expression remained elevated at 1-day post-exposure in the Gr5 and Gr20 groups.” 
	10
	E
	The outcomes from this study (Lung inflammation ) would be considered for banding under  for respiratory sensitization or respiratory allergy because of gene expression of IL-5, Il-13, and IL10 were elevated at 4 h postexposure in Gr-exposed groups, and IL-5 expression remained elevated at 1-day post-exposure in the Gr5 and Gr20 groups”.  

	Rodrigues et al. (2018)
	GO
	Liquid
	Immuno-toxicity
	STOT-RE
	mice
	Intraperitoneal  injection/50 μl
	1, 7 days
	“Neither small nor large GO sheets induced any significant inflammatory response from the peritoneal mesothelium 7 days after administration. However, it was demonstrated that dispersing agents such as proteins can alter the in vivo biological response to GO sheets and reveal a dimension dependent impact, by changing their biological interactions with immune cells.”
	No EDS assigned 
	N/A
	The outcomes from this study (immuno-toxicity ) would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological.  However, it was excluded because it lasted 7 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Schinwald et al. (2012)
	GNP
	Liquid
	Lung toxicity 
	Respiratory Sensitization
	mice
	Pharyngeal aspiration /50 μg per mouse
	24 hours
	“Histological sections of lungs from mice treated with GNP showed granulomatous lesions in the bronchiole lumen and near the alveolar region. GNP were inflammogenic in both the lung and the pleural space. Elevated level of MIP-1R, MCP-1, MIP-2, IL-8, and IL-1β expression in the BAL, the pleural lavage, and cell culture supernatant from THP-1 macrophages were increased with GP exposure compared to controls.”
	10
	Band E
	The outcome from this study would not be considered for banding under acute toxicity or Specific target organ toxicity (STOT) following repeated exposure (STOT-RE) because as it is a single dose and although within 24 hours the study did not used lethality data such as LD50 or LC51.  It is considered Respiratory sensitization because of the evidence positive inflammation of the lung.

	Schinwald et al. (2014)
	unoxidized multilayered graphene
platelets (GPs)
	Liquid
	Lung toxicity
	Respiratory Sensitization
	mice
	pharyngeal aspiration/ 50 μg per mouse
	1day, 1 week, 6 weeks
	“The findings on the medium-term inflammatory effects of pristine GP in the lung of mice after aspiration exposure showed minimal inflammation, or granulomatous aggregations of inflammatory cells in the bronchial and alveolar regions, and no alveolar wall thickening or fibrosis. The findings of our study show that pristine GP has reduced inflammogenicity in a 6-week study compared to 24-h and 1-week studies and is non-fibrotic.” 
	No EDS assigned
	N/A
	The outcome from this study would be considered for banding under Respiratory sensitization of the minimal lung inflammation . However, it could not be banded because no others  respiratory sensitization markers other than pulmonary inflammation.

	 Shin et al. 2015
	GNF
	Nanopowder
	Lung toxicity
	STOT-RE
	Sprague-Dawley rats
	nose-only inhalation/low concentration (0.68 ± 0.14 mg/m3 graphene) and (3) high concentration (3.86 ± 0.94 mg/m3 graphene). 
	5 days.
	“The exposure to graphene did not change the body weights or organ weights of the rats after the 5-day exposure and during the recovery period. No statistically significant difference was observed in the levels of lactate dehydrogenase, protein, and albumin between the exposed and control groups. However, graphene ingestion by alveolar macrophages was observed in the exposed groups. Therefore, these results suggest that the 5-day repeated exposure to graphene only had a minimal toxic effect at the concentrations and time points used in this study.”
	No EDS assigned
	N/A
	The outcomes from this study (lung damage )would be considered for banding under STOT-RE because it is not  respiratory sensitization or respiratory allergy which  refers to an allergic reaction in the respiratory  tract following exposure to the chemical substance. A NOAEL of 3.86 mg/m3 is identified for lung toxicity.  However, it was excluded because it lasted only 5 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Shurin et al. (2014)
	GO
	Liquid suspension
	Immuno-toxicity
	Respiratory Sensitization
	mice
	Pharyngeal aspiration / 80 μg/mouse
	28-29 days
	“Pulmonary exposure to graphene oxide suppressedTh2-mediated immune response and allergic inflammation in a murine model of asthma. GO aspiration augmented airway hyperresponsiveness independently from eosinophil accumulation and IgE production in asthmatic mice. At the same time, the levels of the cytokines IL-4, IL-5, and IL-13 were reduced in broncho-alveolar lavage (BAL) fluid in GO-exposed mice.”
	10
	Band E
	The outcomes from this study (immuno-toxicity ) would be considered for banding under respiratory sensitization because of Th2-mediated immune response and allergic inflammation in a murine model of asthma. Therefore, band E was assigned

	Singh et al. (2011)
	GO and rGO
	Liquid
	Lung toxicity 
	Acute toxicity 
	Mice
	Intravenous / 250 μg/kg
	15 minutes
	“GO was found to induce extensive pulmonary thromboembolism. Whereas rGO administration elicited significantly less occlusion of vessels (8%) in lungs.”
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under acute toxicity as the pulmonary thromboembolism occurred following a single dose within 15 minutes. No EDS was assigned because in the NIOSH occupational exposure banding process, only lethality data (LD50 or LC50) are considered for this endpoint and this study did not used lethality dose.

	Sosa et al. (2023)
	Few-layer graphene (FLG) and graphene oxide (GO
	solid test substances
	Skin sensitization
	Skin sensitization
	mice
	Dorsal skin of each ear/(0.4–40 mg/mL, equal to 0.01–1.00 mg/ear)
	3 days.
	“On the whole, this study indicates the absence of sensitization and irritant potential of FLG and GO.”
	5
	Band C
	For the skin sensitization endpoint, GNPs are assigned bands based on the LLNA value. Band A would assign because both FLG and GO seem unable to induce skin irritation. However, since the data are available for only the microscale form of the chemical substance, then the band assignment should be shifted to the next more stringent band, on the assumption that poorly soluble nanoscale substances will likely be more toxic that their microscale equivalents (e.g., by an order of magnitude). Therefore, the next more stringent band  for skin sensitization is B.

	Strojny et al. (2015)
	Graphite and GO
	Liquid
	Internal organ toxicity 
	STOT-RE
	Rats
	Intraperitoneal /500 mg/L, equivalent to 4 mg /kg body weight.
	4 and 12 weeks
	“No animal health was affected after 12 weeks of exposure time. Intraperitoneally injected graphene and GO formed aggregates in the vicinity of the injection site. The aggregates injected during the first four weeks were present eight weeks later but did not have any harmful effect on surrounding tissues. The nanoparticles could be transported to the liver, but they did not induce toxic effects.”
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological.  However, it was not a repeated dose. Therefore, it was excluded.

	Syama et al. (2017)
	PEGylated reduced nanographene
(PrGO)
	Liquid
	Internal organ toxicity
	STOT-RE
	Swiss Albino mice
	Intraperitoneal and intravenous/10 mg/kg body weight
	3, 7, 14 and 21 days
	“Repeated administration of PrGO induced acute liver injury, congestion in kidney and increased splenocytes proliferation in days following Exposure. PrGO was found to be accumulated in major organs such as liver, spleen and kidney causing hepatotoxicity and immune responses during the initial days of exposure.”
	No EDS assigned 
	N/A
	The outcomes from this study (hepatoxicity ) would be considered for banding under STOT-RE  because it significant changes which have affected the function or morphology of a tissue/organ.  A LOAEL of 10 mg/Kg is identified. However, it was excluded because it lasted 21 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Wang et al. (2011)
	GO 
	Liquid suspension
	Lung toxicity
	STOT-RE
	Mice
	Intravenous/ 0.1, 0.25,0.4 mg/Kg mouse
	1, 7, and 30 days
	“GO under low dose (0.1 mg) and middle dose (0.25 mg) did not exhibit obvious toxicity to mice and under high dose (0.4 mg) exhibited chronic toxicity, such as 4/9 mice death and lung granuloma formation.”
	No EDS assigned 
	N/A
	The outcomes from this study (lung damage) would be considered for banding under STOT-RE because it is not  respiratory sensitization or respiratory allergy which  refers to an allergic reaction in the respiratory  tract following exposure to the chemical substance. However, it could not be used because IV injections are quick, controlled ways to deliver substance directly into the bloodstream.

	Wang et al. (2013)
	graphene nanosheets (GNS)
	Liquid
	Immuno-toxicity
	Specific Target Organ Toxicity-Repeated Exposure
	mice
	Intravenous injection/1 mg/kg body weight(25 g mouse would receive 200 μL (body weight × 8) of 0.125 mg/mL  resulting in a dose of 1 mg/kg.)
	1 and 7 days
	“GNS actuate a Th2 immune response 1 day following iv administration, which consists of neutrophilic influx and a significant increase in interleukin (IL)-5, IL-13, IL-33, and its soluble receptor (sST2) in the bronchoalveolar lavage fluid.”
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological. However, it was excluded because it lasted 7 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Wen  et al. (2015)
	GO-PSS
	Liquid
	Multiple organs toxicity
	STOT-RE
	mice
	Intravenous injection/4, 8, and 16mg/kg
	1, 28, 90
and 180 days
	“At 1 and 3 months (even 6months) p.i., moderate chronic inflammation was detected in the liver and lung in mice given the dosage of 16mg/kg. Go induced acute liver injury and chronic inflammation of the lung, liver, and spleen, as evidenced by blood biochemistry results and histological examinations.”
	No EDS assigned 
	N/A
	This study falls into STOT-RE because following repeated exposure because it significant changes which have affected the function or morphology of a tissue/organ. However, it could not be used because IV injections are quick, controlled ways to deliver substance directly into the bloodstream.

	Wu et al. (2016)
	GO
	Liquid
	Eye irritation
	Eye irritation
	Rabbits and rats
	conjunctival sac of the right eye/12.5 to 100 μg/mL
	 1, 24, 48 and 72 hours
and 5-days
	“Rabbits did not exhibit corneal opacity, conjunctival redness, abnormality of the iris, or chemosis at any time point after the instillation of 100 μg/mL of GO. However, 5-day repeated GO exposure (50 and 100 μg/mL) caused reversible mild corneal opacity, conjunctival redness, and corneal epithelium damage to Sprague-Dawley rats. Therefore, our study suggests that GO-induced time- and dose-dependent cytotoxicity to hCorECs and hConECs via oxidative stress. Occasional GO exposure did not cause acute eye irritation; short-term repeated GO exposure generally resulted in reversible damage to the eye via oxidative stress.”
	5
	Band B
	The outcome from this study (corneal damage) would be considered for banding under eye damage/irritation because of reversible mild   to moderate corneal opacity.

	Wu et al. (2022)
	GQDs),nitrogen-doping graphene quantum dots (N-GQDs) and amino-modified graphene quantum dot (A-GQDs) 
	Liquid
	Multiple organs toxicity
	STOT-RE
	mice
	intraperitoneal injection/ 0.1 or 1 mg/kg BW
	28 days.
	“It was found that the intranasal administration of N-GQDs and A-GQDs at a dosage of 1 mg/kg BW caused slightly pulmonary, hepatic, and renal fibrosis, and ferroptosis in mice, which could be impeded by a ferroptosis-specific inhibitor Fer-1. However, 0.1 mg/kg BW GQDs exposure did not result in severe impairments on the lung, liver, and kidney of mice.”
	30
	Band E
	The outcomes from this study (pulmonary toxicity, renal fibrosis, hepatoxicity ) would be considered for banding under STOT-RE  because it significant changes which have affected the function or morphology of a tissue/organ. A NOAEL of 0.1 mg/kg is identified for lung, liver, and kidney toxicity. Since the study duration was 28 days (less than 90 days).

	Xu et al. (2015)
	Reduced graphene oxide (rGO)
	Liquid
	Reproductive and developmental toxicity 
	Reproductive and developmental toxicity 
	mice
	Intravenous administration / 6.25, 12.5 and 25 mg/kg per mouse are subsequently.
referred to as low, medium, and high dose, respectively.
	 1 month. 
	“Results showed that intravenous injection of rGO did not obviously disturb adult female mouse mating behavior. All female mice achieved normal pregnancies and produced healthy pups when injected with a high dose of rGO 30 days before being housed with untreated male mice. When the female mice were injected either with the low, medium, or high dose of rGO one day before cohabitation, all of the females conceived and produced pups.  When the pregnant mice were injected with a high dose of rGO at an early stage (~6 days) of gestation, it was unexpected that all the mice gave birth to healthy offspring; however, deformed fetuses were also observed in this group. If pregnant mice were injected with low or medium doses of rGO at a late stage (~20 days) of gestation, all surviving females had abortions; however, they went on to have normal second pregnancies and healthy litters. Nearly all mice died after injection with a high dose of rGO in the late stage of gestation.”
	No EDS assigned 
	N/A
	It could not be used because IV injections are quick, controlled ways to deliver substance directly into the bloodstream.

	Yan et al. (2012)
	GO
	Liquid
	Eye irritation
	Eye irritation
	Rabbit
	 intravitreally injection
/0.1, 0.2, and 0.3 mg
	2 days, 4 and 7weeks
	“GO intravitreally injected eyes showed little change in eyeball appearance, IOP, eyesight, and histologic.”
	5
	Band A
	The outcome from this study (eyesight damage) would be considered for banding under eye damage/irritation.  It is nonirrating therefore it was band A.

	Yang et al. (2013)
	GO, nGOPEG,
RGO-PEG and nRGO-PEG
	Liquids suspension
	Internal organ toxicity
	STOT-RE
	Mice
	oral and intraperitoneal
administration/ 50 mg/kg
	1,7, 30 days.
	“Any inflammation or granulomas formation was observed in treated mice within 30 days. No significant toxicity was noticed in our systematic serum biochemistry, complete blood panel test, and histological analysis.”
	No EDS assigned 
	N/A
	The outcome from this study would be considered for banding under STOT-RE because it is the consequence of a consistent changes to hematological. It was excluded because it was a single dose.

	Zhang et al. (2011)
	Rhenium
(188Re)-GO 
	Liquid
	Lung toxicity 
	STOT-RE
	Mice
	Intravenous / 1-10mg/kg
	14 days
	“No significant pathological changes were observed in all the examined organs when mice were exposed to 1 mg /kg of GO for 14 days. However, when mice were exposed to 10 mg/kg body weight, GO induced significant pathological changes, including inflammation cell infiltration, pulmonary edema, and granuloma formation.”
	No EDS assigned 
	N/A
	The outcomes from this study (lung damage ) would be considered for banding under STOT-RE because it is not  respiratory sensitization or respiratory allergy which  refers to an allergic reaction in the respiratory  tract following exposure to the chemical substance.  A NOAEL of 1 mg/Kg is identified. However, it was excluded because it lasted only 14 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Zhang et al. (2015)
	Reduced graphene oxide (rGO)
	Liquid
	Neurotoxicity
	STOT-RE
	mice
	Oral gavage / 60 mg/kg body weight
 every 24 h for 5 consecutive days (total: 300 mg/kg per mouse).
	5 days, 
	“These results indicating that liver and kidney functions as well as hematology values remained normal after mice were orally treated with rGO suggest that rGO-treated mice have no diseases of the liver, kidney, or other organs. Based on these results, it can be concluded that the levels of brain Ach are not affected by high dose rGO short- (i.e., 1 day) or long-term (i.e., 60 days). These results further demonstrate that oral administration of small or large rGO nanosheets does not appear to cause dysfunction in the mouse hippocampus.”
	No EDS assigned 
	N/A
	It was excluded because it lasted only 5 days and a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint. 

	Zhang et al. (2019)
	Graphene quantum dots (GQDs)
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	 mice
	Oral /60, 100, and 300 mg/kg mouse (500 μL per mouse). IV injection /25, 75, and 150 mg /kg mouse (200 μL per mouse)
	24 hours, 10 days.
	“Results indicate that high doses of GQDs administered via oral gavage or intravenous injection produce no discernible short- and long-term toxic effects on male reproductive ability and health of offspring.”
	30
	Band B
	It could not be used because IV injections are quick, controlled ways to deliver substance directly into the bloodstream.








	Supplementary Table S2. Replicate 2

	References
	Type of graphene
	Physical Forms
	Studied toxicity
	Health Effect Endpoint
	Animal model
	Exposure/Dosing route
	Duration of the study
	Results
	Endpoint determinant score
	 Endpoint band                        
	Rationale

	Aguado-Henche et al. 2022
	GNP, GO
	Aqueous suspension
	Multiple organs toxicity
	STOT-RE
	 Wistar rats
	Intraperitoneal Inoculation/ group 2: 4mg/kg;group3: 1mg/ml;
	15, 30 days.
	“The blood analysis showed changes indicating a hepatic inflammatory process. Hematological changes after 30 days consisted of alterations to the red series, including microcytosis or higher mean hemoglobin concentrations. In addition, changes in prothrombin and thromboplastin caused longer coagulation times.”
	No EDS assigned 
	N/A
	IP is accepted as oral dosing. STOT required repeated dosing - this was a single dose.

	Akhavan et al. (2015)
	GO
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	mice
	Intravenous injection/2000  μg/mL or 4 mg/kg of body weight 
	8 weeks
	“Significant in vivo effects were found at the injected concentrations >200  μg/mL (0.4 mg/kg) after (e.g., ~45% reduction in sperm viability and motility in 2000  μg/mL). Observation of remarkable DNA fragmentations and chromosomal aberrations of the spermatozoa after ~8 weeks from the first weekly injection were assigned to the involvement of the NGO in spermatogenesis of the mice.”
	No EDS assigned 
	N/A
	IV not approved dosing method. No NOAEL/LOAEL data.

	Altwaijry et al. 2022
	PEGylated GO nanoparticle
	N/A
	Genotoxicity
	Genotoxicity
	Swiss Albino Mice
	intravenous injection/A single dose (5 mg/kg) 
	1 h, 2 h, and 4 h
	Results showed a detailed molecular effect of the treatments that caused single and double-strand DNA breaks at 1 to 2 h after the treatments and indicated DNA damage response and recovery at 4 h. Histopathology showed neuronal apoptosis and lesions in the brain after 1 to 2 h and invasion of inflammatory response and chromatolysis after 4 h. PEG-nGO caused immediate DNA damage and cytotoxicity to the brain and its future use as a drug carrier should be considered with caution.”
	No EDS assigned
	N/A
	IV not approved dosing method. No LD50 or LC50 data. 

	Amrollahi-
Sharifabadi et al. (2018)
	Graphene oxide nanoplatelets (GONs)
	Liquids suspension
	Multiple organs toxicity
	STOT-RE
	Wistar rats
	Intraperitoneally injection/ 50, 150, or 500 mg/kg
	3weeks
	“GONs induced dose-dependent injuries in the liver, kidney, spleen, lung, intestine, and brain after 21 days. In the livers, sinusoidal injury, hyperemia, accumulation of GONs in the capsular regions, perivascular infiltration, and granulomatous reaction were observed. In the kidneys, there was GONs accumulation at the capsular regions, hyperemia, interstitial nephritis, glomerular atrophy, and granulomatous reaction. In the spleens, we observed capsular thickening, capsular accumulation of particles, and hemosiderosis. In the lungs, there was alveolar wall thickening along with inflammation, hemosiderosis, and hyperemia. In the intestines, there were serosa thickening, accumulation of GONs, and giant cell formation. In the brains, there were some neuronal cell degenerations and necrosis.”
	No EDS assigned 
	N/A
	Length of study not long enough. IP is being allowed as a form of oral dosing. This could meet Respiratory Sensitization with mixed results - however it crosses slightly into lung tissue injury which is a disqualifier.

	Bengtson et al. (2017)
	GO and rGO
	GO in a water suspension and rGO  in powder form
	Genotoxicity
	Genotoxicity
	mice
	Intratracheal/ 18, 54,162 μg/mouse
	1, 3, 28 and 90 days.
	“GO and rGO induced statistically significantly increased level of DNA damage in BAL cells across particles and doses at different time points. GO (18 μg/mouse) induced increased levels of DNA damage in BAL cells at day 3 and 28 compared to VC. rGO (18 μg/mouse) induced increased DNA damage at day 28 and at day 90 compared to VC. No statistically significantly increased DNA damage was observed for GO and rGO in lung and liver compared to VC. P90 induced increased level of DNA damage in liver at day 90.”
	5
	Band C
	Statistically significant DNA damage at different time points. Mixed results.

	Duch et al. (2011)
	Dispersed graphene flake, Aggregated graphene and GO
	Liquid
	Lung toxicity
	Acute toxicity
	C57BL/6 mice
	Intratracheal/ 50 μg/mouse
	24 hours
	“GO resulted in severe and persistent lung injury. In contrast, nanoscale dispersed, or aggregated graphene induced minimal histologic evidence of lung inflammation.”
	No EDS assigned
	N/A
	"Acute" study but no LD/LC so does not meet criteria, respiratory sensitization is not considered appropriate for lung injury, STOT-RE required multiple doses.

	Durán et al. (2017)
	GO
	Liquid
	Genotoxicity
	Genotoxicity
	Rats
	intraperitoneal administration/0.05 µg/g, GO 0.5 µg/g and GO 5.0 µg/g.
	30 days.
	“The micronucleus number of animals in the GO 5.0 μg/g was significantly higher compared to GO groups 0.5 μg/g, GO 0.05 μg/g and Negative Control (without  any treatment), which were not statistically different . Still, they were observed in all concentrations, GO agglomerates from polychromatic erythrocytes and micronucleated polychromatic erythrocytes, indicating the migration of the peritoneum compounds (application site) to the bloodstream. The results indicate that the higher the concentration of GO, the greater the genotoxicity.”
	5
	Band C
	IP is treated like oral dosing. "It could be concluded that GO of dose less than
0.5 μg/g failed to exhibit systemic toxicity and mutagenesis". Did show systemic toxicity and potential for mutagenesis at the 5.0 μg/g dose rate.

	Durán et al. (2017)
	GO
	Liquid
	Systemic Toxicity
	STOT-RE
	Rats
	intraperitoneal administration/0.05 mg/kg, GO 0.5 mg/kg and GO 5.0 mg/kg.
	30 days.
	“These results demonstrated that the GO solutions in concentrations showed no acute toxicity in the liver and kidneys. In the group which received 0.05 mg/kg GO can be seen that spleens inflammation was absent in 40% and 40% of the animals showed mild inflammation with hemosiderin deposits. At the peritoneum, although their specific areas of GO deposition, 80% of the animals showed mild inflammation, but there was no evidence of deposition in this group. Similar to the control group, the liver of did not show inflammation and deposition of hemosiderin, but 20% of the animals showed GO deposition in the liver parenchyma. In the group receiving 0.5 mg/kg GO can be observed intense inflammation hemosiderin deposits in the spleen and GO 40% of the animals. At the peritoneum, 80%  of the animals showed mild inflammation, 60% of the animals showed deposition of GO. In the liver of the animals 20% of this group exhibited mild inflammation, and a deposition GO occurred in 60%  of animals. The worst result occurred in the group receiving 5.0 mg/kg of GO, as expected. The spleen was exhibited intense inflammation in 100% of animals, and 60% hemosiderin deposits and deposition of GO in 80% of animals. They presented peritoneum intense inflammation and deposition of GO in 100% of animals. In the liver, 10% of the animals showed mild inflammation and in 80% of animals showing deposition of GO.”
	No EDS assigned
	N/A
	IP is treated like an oral dose. No STOT and does not meet criteria for other categories other than previous line where it met genotoxicity

	El-Yamany et al. (2017)
	GO
	Liquid
	Genotoxicity
	Genotoxicity
	mice
	intraperitoneally/ 10, 50, 100, 250 and 500 μg/kg bw
	7,28,56 days. 
	“GO induce chromosomal aberrations in bone marrow cells and DNA fragmentation in lung cells denoting the genotoxicity of graphene oxide nanosheets that were dose and time dependent.”
	5
	Band E
	Positive Results

	El-Yamany et al. (2017)
	Go
	Liquid
	Lung toxicity 
	STOT-RE
	Mice
	Intraperitoneally/ 10, 50, 100, 250 and 500 μg/kg b.w
	7,28, and 56 days.
	“GO nanosheets have the potential to accumulate in lung tissue and induce pulmonary injury dependent. Foam cell aggregations in the alveolar lumen were ranged from small individual foamy macrophages in dose groups of 10 and 100 μg/kg to dense cluster foam cells filling the alveolar lumen in higher dose treated groups (250 and 500 μg/kg). Moreover, accumulation of eosinophilic edematous fluid in alveolar lumen was detected in higher dose exposure groups (250 and 500 μg/kg). These aforementioned pulmonary changes were detected after 28- and 56-days post exposure groups with increased in lesion severity with advancing dose and period of exposure.”
	No EDS assigned
	N/A
	IP is being allowed as a form of oral dosing. No NOAEL or LOAEL data.

	Fu et al. (2015)
	GO
	Liquid
	Developmental  toxicity
	Developmental  toxicity
	mice
	Oral (drink)/ 0.5 mg/mL (150 mg/kg) and 0.05 mg /mL (30 mg/kg)
	21 and 38 days
	“The results showed that the increase of body weight, body length and tail length of the filial mice received GO at 0.5 mg/mL (about 0.8 mg each mouse) every day in the lactation period was significantly retarded comparing with the control group. The anatomy and histology results revealed the delayed developments of offspring in high dosage group. It also found that the length of the intestinal villus of the filial mice received high concentration GO were decreased significantly compared with the control group. It can be concluded that GO showed many negative effects on the development of mice in the lactation period.”
	No EDS assigned
	N/A
	No NOAEL/LOAEL data.

	Han et al. 2015
	GO
	Powder
	Lung toxicity 
	Respiratory Sensitization  
	Sprague-Dawley rats
	Nose-only inhalation/ 0.46, and 3.76 mg/m3
	1,7, or 14 days
	“At day 7, IL-18 and TGF-𝛽1 were significantly higher than those in control group. Lung deposition was found to be dependent on the concentration of particles, and no lung toxicity was associated with the concentrations employed in the present study. Therefore, these results demonstrate that the single inhalation exposure to graphene oxide induce minimal toxic responses in rat lungs at the concentrations and time points  used in the present study.”
	10
	Band C
	The study needed to be 28 days or longer for STOT. No adverse effects no irritation identified. Did find lung inflammation at higher concentrations: BAL fluid evaluation of nine inflammatory parameters (i.e., TNF-𝛼, IL-1𝛽, IL-18, G-CSF, M-CSF, VEGF, TGF-𝛽1, MMP-9, and TIMP-1) demonstrated that only MMP-9 (day 1) and IL- 18 and TGF-𝛽1 (day 7) were significantly elevated due to exposure of graphene oxide at high concentrations. Chose mixed results because the study kept referring to "lack of significant findings", but also has results in the high concentration that indicated inflammatory response.

	Jasim et al. (2016)
	GO
	Liquid
	Kidney toxicity
	STOT-RE
	mice
	Intravenous administration through the tail vein/ 2.5, 5, and 10 mg/kg
	24 h and 1 month
	“In mice treated with GO at an escalated dose regime (from 2.5 to 10 mg/kg), no significant change in serum kidney function markers (serum creatinine, urea, and ALB levels) was detected. Moreover, only traces of urinary ALB were measured at the highest GO dose (10 mg/kg), but the changes were statistically insignificant after quantifying the physiologically more relevant protein: creatinine ratio. However, animals at this highest GO dosing regimen exhibited compromised weight gain, therefore, the dose of 10 mg/kg was considered above the toxicity threshold and was not used in later studies for ethical and animal welfare purposes. Others have also reported that doses of 10 mg/kg or above of GO cause toxic responses in mice after i.v. administration of this material.”
	No EDS assigned 
	N/A
	IV not approved dosing method. No NOAEL/LOAEL data.

	Kim et al. (2016)
	Graphene
	Powder
	Lung toxicity 
	STOT-RE
	Sprague-Dawley rats
	Nose-only inhalation/ 0.12, 0.47, and 1.88 mg/m3
	1-, 28- and 90-days.
	“No distinct lung pathology was observed at the 1-, 28- and 90-day post-exposure. The inhaled graphene was translocated to lung lymph nodes. The results of this 28-day graphene inhalation study suggest low toxicity and a NOAEL of no less than 1.88 mg/m3.”
	30
	Band C
	NOAEL of no less than 1.88 mg/m3. No district lung pathology observed but observed in lung lymph. Banding guidance states shift to the next stringent band (C to D).

	Kim et al. 2018
	GO
	Nanopowder
	Lung toxicity
	STOT-RE
	Sprague–Dawley rats
	nose-only inhalation/0.625, 2.5, and10 mg/m3for the low, moderate, and high concentration, respectively.
	 6 h/day for 5 days, followed by recovery for 1, 3, and 21 days.
	“No significant body or organ weight changes were noted after the short-term exposure or during the recovery period. Similarly, no significant systemic effects of toxicological importance were noted in the hematological assays, bronchoalveolar lavage fluid (BAL) inflammatory markers, BAL fluid cyto-kines, or blood biochemical assays following the graphene oxide exposure or during the post-exposure observation period. Moreover, no significant differences were observed in the BAL cell differentials, such as lymphocytes, macrophages, or polymorphonuclear cells. Study found only minimal or unnoticeable graphene oxide toxicity in the lungs and other organs.”
	No EDS assigned 
	N/A
	Inhalation dosing. No observable damage or effects. Short term effect study.

	Kim et al. (2021)
	Graphene nanoplatelets (GNPs)
	Liquid
	Skin sensitization
	Skin sensitization
	Mice
	Intraperitoneal injection/ 100 μL  (20 mg/mL)
	1 , 2 ,3 days.
	“It was found that GNPs did not induce skin sensitization in both assays.”
	No EDS assigned
	N/A
	IP is treated like oral dosing. No observable effects.

	Krajnak et al. (2019)
	GO, rGO
	Liquid
	cardiovascular and/or renal 
dysfunction
	Acute toxicity 
	 Mice
	Oropharyngeal aspiration/40 μg
	24 hours
	“Both oxidized forms increased the sensitivity of peripheral blood vessels to adrenoreceptor-mediated vasoconstriction and induced changes in ROS levels in the heart. Based upon the results of these investigations, exposure to graphene nanoparticles produced physiological and alterations in ROS and gene expression that may lead to cardiovascular dysfunction.” 
	No EDS assigned 
	N/A
	Oral dosing. 24 hr study=acute. No LD50 data. Not does meet requirement.  

	Kurantowicz et al. (2015)
	Graphite, GO
	Liquid
	Blood toxicity 
	STOT-RE
	Rats
	Intraperitoneal/4 mg of nanoparticles/kg body weight
	4 weeks.
	“The nanoparticles had no toxic effects on blood parameters and growth of rats.”
	No EDS assigned 
	N/A
	There were not any NOAEL/LOAEL. The study was not long enough in duration.

	Lee et al. (2017)
	GNPs.All types of GNPs
were based on the pristine GNPs (GNPdot), and different
functional groups were conjugated onto them including
a COOH ‑
	Liquid
	Lung toxicity
	Respiratory Sensitization
	Wistar rats
	Intratracheal instillation/ 0.3 and 1 mg/rat
for the evaluation of acute (24 h) inflammation and at 3 mg/rat for chronic (1 and 4 weeks) inflammation
	1 day, 1 and 4 weeks
	“This study implies that the main factors of GNPs for producing lung inflammation are the potential for ROS generation and surface charge. GNPs showed significant acute neutrophilic inflammation with resolving over time, but the positively charged GNPs showed the slightly higher inflammogenicity than negatively charged ones. All types of GNPs had similar patterns of extrapulmonary translocation into the mediastinal lymph nodes, and prolonged retention was evident.”
	No EDS assigned
	N/A
	Lung inflammation. No others respiratory sensitization markers.

	Li et al. (2013)
	Go
	Liquid
	Lung toxicity 
	Respiratory Sensitization
	Mice
	Intratracheally instillation/5 mg/kg 
	 24 hours
	“GO caused dosage-dependent acute lung injury characterized mainly by cell injury, lung edema and neutrophil infiltration. Overall, NGO resulted in ALI, a clinical syndrome characterized by an excessive inflammatory response to both pulmonary and extrapulmonary stimuli.”
	No EDS assigned
	N/A
	No LD50/LC50, not any NOAEL or LOAEL - intratracheal is acceptable for "inhalation" route. Positive inflammatory response, mixed results if it was due to oxidative stress or GO.

	Li et al. (2018)
	GO , comprising pristine, reduced (rGO), and hydrated GO (hGO)
	Liquid suspension
	Lung toxicity
	Respiratory sensitization
	Mice
	Oropharyngeal aspiration/2 mg/kg
	40 hours
	“These results also accurately predict similar effects in primary alveolar macrophages, along with inducing acute pro-inflammatory responses in the lung. Pristine GO showed moderate effects, while rGO-2 induced low levels of lung inflammation.”
	No EDS assigned
	N/A
	Lung inflammation. No others respiratory sensitization markers.

	Lin et al. (2015)
	Hydroxylated graphene
	Liquid
	Eye irritation
	Eye irritation
	Rabbits
	Intravitreous injection into the right eye of the rabbi/ 50μl
	8 weeks
	“G-OH had caused few damages on eyesight related functions such as intraocular pressure, electroretinogram and histological structures of the retina.”
	5
	Band B
	Mild to moderate irritation

	Liang et al. (2015)
	GO
	Liquid
	Reproduction toxicity
	Reproduction toxicity
	Mice
	25 mg/kg mouse via tail vein injection and intraperitoneal injection of 24 and 60 mg/kg for 5 days.
	30 and 60 days.
	“In this work, the adult male mice after being treated with high dosage of GO either via tail vein injection or intra-abdominal injection exhibited normal fertility ability, which may be due to the health of sperms being not influenced by GO treatment.”
	No EDS assigned
	N/A
	Per Banding guidance, if there are not NOAEL, LOAEL, or BMDLs no band will be assigned, and the EDS will be zero.





	Lui et al. 2015

	GO
	Liquid suspension
	Lung toxicity
	STOT-RE
	Mice
	Intravenous/ single dose of 0.3 mg kg−1 or 2.1 mg kg−1 of both sizes GO, or multiple doses of 0.3 mg kg−1 small or large size
GO every other day for 15 days.
	15 days
	“The exposure to a single dose of 2.1 mg kg−1 (single-high-dose exposure) small size GO or large size GO caused macrophage nodule formation in the lungs of the mice, and the exposure to seven repeated doses of 0.3 mg kg−1 (multiple-low-dose exposure) large size GO also induced small macrophage nodule formation, serious lymphocyte infiltration around the bronchioles in the lungs of the mice, and even death of the mice. Nephritic inflammatory reactions were also observed after the multiple-low-dose exposure to large size GO. However, no obvious lung toxicity but hepatic inflammatory infiltration was observed after the exposure to multiple-low-dose small size GO.”
	No EDS assigned 
	N/A
	The outcomes from this study (lung damage) would be considered for banding under STOT-RE because it is not  respiratory sensitization or respiratory allergy which  refers to an allergic reaction in the respiratory  tract following exposure to the chemical substance. However, it was excluded because it lasted  15 days and  a NOAEL or BMDL value from a study of at least 28 days are considered for this endpoint.

	Ma-Hock et al. (2013)
	Graphene, graphite nanoplatelets
	Aerosol dust
	Immuno-toxicity 
	STOT-RE
	Wistar rats
	Head-nose exposure /0.5, 2,5, and 10 mg/m3
	5days.
	“No adverse effects were observed after inhalation exposure to 10 mg/m3 graphite nanoplatelets. On day 7 and 28 microgranulomas’ were observed in animals exposed to 2.5 and 10 mg/m3 graphene. On day 28, 1 animal exposed to 0.5 mg/m3 showed macroscopically enlarged mediastinal lymph nodes with a moderate lympho-reticular cell hyperplasia. This was considered to be incidental. For GNP, on study day 4, the lungs of one animal exposed to 10 mg/m3 showed few intra-alveolar located multifocal aggregates of alveolar macrophages. All animals exposed to this concentration (10 mg/m3) showed black, irregularly shaped particles within the cytoplasm of single interalveolar macrophages. Few intracellular particles in the mediastinal lymph node (within macrophages) were observed in one animal exposed to 10 mg/m3 on study day 95.”
	No EDS assigned
	N/A
	Too short of duration for STOT.

	Mao et al. (2016)
	Few layers graphene (FLG)
	Liquid
	Lung toxicity
	Respiratory Sensitization
	Mice
	Acute and long-term toxicity via intratracheal instillation (5 and 50μg) and oral gavage (0.4 mL of 2.5 μg/mL FLG suspensions) 
	1, 7,14,21 and 28 days.
	“It was found that exposure of 50 μg FLG caused a moderate pulmonary edema to mice as evidenced by the change in the dry to wet mass ratio. Whereas the lungs treated with 5 μg FLG exhibit no abnormal appearance via morphological observation. Gavage experiments did not show detectable absorption through the gastrointestinal tract”.
	No EDS assigned
	N/A
	  IT is being accepted as a form of inhalation. Even though the outcome was negative for resp sensitization because it is a study of quality.

	Mendonça et al. (2015)
	reduced graphene oxide (rGO)
	Liquid suspension
	Neurotoxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg; 1.0–1.5 ml
	15 min, 1 h, 3 h and 7 days 
	“Although the crossing of rGO at the blood brain barrier (BBB) was not shown, multiple resolution scale assessment revealed that in rGO-treated rats the BBB was time-dependently permeabilized through the weakening of the paracellular pathway. The transitory BBB breakdown after rGO injection was demonstrated.” 
	No EDS assigned 
	N/A
	No LD/LC 50 data, no NOAEL/LOAEL data. Study not long enough in duration. IV not approved dosing method.

	Mendonça et al. (2016a)
	rGO was functionalized with Polyethylene glycol (PEG)
	Liquid
	Neurotoxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg; 1.0–1.5 ml
	16 min, 1 h, 3 h and 7 days 
	“The data of the present study suggests the dose- and time-dependent toxicity of PEGylated rGO for key components of the BBB, such as astrocytes and endothelial cells. In terms of toxicity mechanisms, the formation of intracellular ROS and the increase in the enzymatic antioxidant system induced by PEGylated-rGO suggest oxidative stress-mediated damage.”
	No EDS assigned 
	N/A
	No LD/LC 50 data, no NOAEL/LOAEL data. Study not long enough in duration. IV not approved dosing method.

	Mendonça et al. (2016b)
	rGO
	Liquid
	Multiple organs toxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg
	17 min, 1 h, 3 h and 7 days 
	“Overall, the intravenous administration of rGO (7 mg/kg single dose) led to minor signs of toxicity in the blood, liver, and kidney after 7 days with no sign of inflammation process in course. These effects were transitory and did not lead to permanent damage.”
	No EDS assigned 
	N/A
	IV not approved dosing method. No NOAEL/LOAEL data.

	Mohamed et al. (2021)
	GO
	Liquid
	genotoxicity
	genotoxicity
	Swiss mice
	oral gavage/10, 20 or 40mg/Kg
	5 days. 
	“GO induced significantly increased the micronuclei and DNA damage levels in a dose-dependent manner in mice bone marrow cells, as well as caused, histological lesions including apoptosis, necrosis, inflammations and cells degeneration in the mice liver and brain tissue sections compared to the normal control mice.”
	5
	Band E
	Positive Results

	Mohammadkhani et al. 2021
	GO
	Suspension
	Steroid hormones toxicity
	STOT-RE
	Swiss Albino male mice
	intraperitoneal injection/ 1 and 10-mg/kg bw
	24 and72 h and 7 and 21 days
	“GO nanosheets has toxicity and can affect steroidal hormones. However, this study shows that after 21 days, the treated groups regardless of their GO nanosheet dose are very close to the control group. This means that in one step exposure to GO nanosheets, their toxicity diminished after 21 days.”
	No EDS assigned 
	N/A
	STOT requires repeated doses, acute requires LC50 or LD50. Does not meet criteria.

	Nirmal  et al. (2017)
	GO
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	Wistar rats
	Intraperitoneal  injection/low-dose (0.4 mg/kg BW), mid-dose (2.0 mg/kg BW) and high-dose (10.0 mg/kg BW). 
	15 and 130 days.
	“Results of the current study demonstrated a dose-dependent reduction in total sperm count after 15 and 30 days of exposure to GO. The observations suggest that NGO exposure did not produce toxicological injuries to the sperm storage organ. Motility of sperms was diminished in a similar fashion. Results of the study demonstrated that high dose of GO resulted in considerable histological damage to testicular tissue which included atrophy of seminiferous tubules with reduction in germinal epithelium, germ cell loss and vacuolization. Low and mid-doses of GO were not associated with sperm dysfunction or testis damage. Withdrawal of treatment for 30 days demonstrated significant recovery potential. Histology of epididymis and male fertility potential were not affected due to the GO exposure.”
	30
	Band A
	IP is allowed as a form of oral dosing. 0.4 mg/kg BW and 2.0 mg/kg BW produced little or no impact; (2) unlike 0.4 and 2.0 mg/kg BW, treatment with NGO at 10.0 mg/kg BW dose level induced histological damage to testicular tissue. NOAEL - 0.4 mg/kg BW.

	Park et al. 2015
	Graphene nanoplatelets
(GNPs)
	Liquid suspension
	Lung toxicity
	Respiratory Sensitization
	Mice
	intratracheal instillation/ 2.5 and 5 mg/kg
	1,7,14, and 28 days.
	
“GNPs were accumulated in the lung until 28 days after a single instillation and induced a subchronic inflammatory response. Moreover, the secretions of pro-inflammatory cytokines such as IL-1β, TNFα, and IL-6 of the anti-inflammatory cytokine TGFβ, and of chemokines such as GM-CSF and MCP-1, reached the maximal level at Day 14 after instillation and then decreased over time.”
	10
	Band E
	IT is being accepted as a form of inhalation. Positive results for subchronic inflammation.

	Park et al. (2017)
	graphene nanoplatelet (GNP)
	Liquid
	Immuno-toxicity
	Respiratory Sensitization
	ICR mice
	Intratracheal instillation /1.25, 2.5 and 5mg/kg;140–150 μl mouse
	90 days.
	“Pulmonary persistence of GNP induced Th1-shifted immune responses with cytoskeletal damage in the lung and systemically suppressed the function of antigen-presenting-cells. Also, persistence of GNP may cause adverse health effects by disturbing immunological- and physiological-homeostasis of our body. The number of white blood cells (WBC) and the percentage of macrophages and neutrophils clearly increased in the blood of mice exposed to a 5-mg/kg dose.”
	No EDS assigned
	N/A
	No NOAEL or LOAEL data. "damage" to the lung disqualified it from lung sensitization. However, no respiratory sensitization markers.

	Patlolla et al. (2016)
	GO
	Liquid
	Kidney toxicity
	STOT-RE
	Sprague-Dawley Rats
	Oral/ 0, 10, 20 and 40 mg/Kg
	5 days
	“GO induced nephrotoxic and its toxicity may be mediated through oxidative stress.”
	No EDS assigned 
	N/A
	Too short of duration for STOT, too many doses for acute.

	Patlolla et al. (2017)
	GO
	Liquid
	Hepato- toxicity
	STOT-RE
	Sprague-Dawley Rats
	Oral/ 10, 20 and 40 mg/Kg
	5 days
	“The results of this study demonstrate that GO may be hepatotoxic, and its toxicity might be mediated through oxidative stress.”
	No EDS assigned 
	N/A
	Too short for STOT. "acute" study but no LD/LC so does not meet criteria.

	Qu et al. (2013)
	GO
	Liquid suspension 
	Blood toxicity
	STOT-RE
	BALB/C male mice
	Intraperitoneal/ 200 μg GO suspension at a concentration of 1 mg/ml (10 mg/kg body weight)
	every 3 days for 3 weeks.
	“These findings revealed that GO exposure could result in a great reduction of splenic erythroid cells through apoptosis but not for bone marrow erythroid cells. The study demonstrate that GO could provoke apoptosis of erythroid cells in vivo. These results suggested that GO treatment greatly impaired RBCs, leading to a reduced number in peripheral blood.”
	No EDS assigned 
	N/A
	IP is treated like oral dosing. No NOAEL or LOAEL data. Study was not long enough in duration for STOT. Did not meet criteria for other categories.

	Roberts et al. (2016)
	graphite nanoplates [20 μm lateral (Gr20), 5 μm lateral (Gr5), and <2 μm lateral (Gr1)]
	Liquid
	Lung toxicity
	STOT-RE
	mice
	Pharyngeal aspiration/ 4 and 40 μg/mouse
	4 h, 1 day, 7 days, 1 month, and 2 months. 
	“At the low dose, none of the Gr materials induced toxicity. At the high dose, Gr20 and Gr5 exposure increased indices of lung inflammation and injury in lavage fluid and tissue gene expression to a greater degree and duration than Gr1 and CB. Gr5 and Gr20 showed no or minimal lung epithelial hypertrophy and hyperplasia, and no development of fibrosis by 2 months post-exposure. In addition, the aorta and liver inflammatory and acute phase genes were transiently elevated in Gr5 and Gr20, relative to Gr1. Gene expression of IL-5, Il-13, and IL10 were elevated at 4 h postexposure in Gr-exposed groups, and IL-5 expression remained elevated at 1-day post-exposure in the Gr5 and Gr20 groups.” 
	No EDS assigned 
	N/A
	Lung injury so cannot use sensitization. No NOAEL/LOAEL.

	Rodrigues et al. (2018)
	GO
	Liquid
	Immuno-toxicity
	STOT-RE
	mice
	Intraperitoneal  injection/50 μl
	1, 7 days
	“Neither small nor large GO sheets induced any significant inflammatory response from the peritoneal mesothelium 7 days after administration. However, it was demonstrated that dispersing agents such as proteins can alter the in vivo biological response to GO sheets and reveal a dimension dependent impact, by changing their biological interactions with immune cells.”
	No EDS assigned 
	N/A
	There were not any NOAEL/LOAEL. The study was not long enough in duration for STOT.

	Schinwald et al. (2012)
	GNP
	Liquid
	Lung toxicity 
	Respiratory Sensitization
	mice
	Pharyngeal aspiration /50 μg per mouse
	24 hours
	“Histological sections of lungs from mice treated with GNP showed granulomatous lesions in the bronchiole lumen and near the alveolar region. GNP were inflammogenic in both the lung and the pleural space. Elevated level of MIP-1R, MCP-1, MIP-2, IL-8, and IL-1β expression in the BAL, the pleural lavage, and cell culture supernatant from THP-1 macrophages were increased with GP exposure compared to controls.”
	10
	Band E
	"Acute" study but no LD/LC so does not meet criteria, STOT-RE required multiple doses. Allowing pharyngeal aspiration to equate inhalation - this is a positive result for inflammation of the lung tissue.

	Schinwald et al. (2014)
	unoxidized multilayered graphene
platelets (GPs)
	Liquid
	Lung toxicity
	Respiratory Sensitization
	mice
	pharyngeal aspiration/ 50 μg per mouse
	1day, 1 week, 6 weeks
	“The findings on the medium-term inflammatory effects of pristine GP in the lung of mice after aspiration exposure showed minimal inflammation, or granulomatous aggregations of inflammatory cells in the bronchial and alveolar regions, and no alveolar wall thickening or fibrosis. The findings of our study show that pristine GP has reduced inflammogenicity in a 6-week study compared to 24-h and 1-week studies and is non-fibrotic.” 
	No EDS assigned
	N/A
	Per Banding guidance, if there are not NOAEL, LOAEL, or BMDLs no band will be assigned, and the EDS will be zero for STOT.

	 Shin et al. 2015
	GNF
	Nanopowder
	Lung toxicity
	STOT-RE
	Sprague-Dawley rats
	nose-only inhalation/low concentration (0.68 ± 0.14 mg/m3 graphene) and (3) high concentration (3.86 ± 0.94 mg/m3 graphene). 
	5 days.
	“The exposure to graphene did not change the body weights or organ weights of the rats after the 5-day exposure and during the recovery period. No statistically significant difference was observed in the levels of lactate dehydrogenase, protein, and albumin between the exposed and control groups. However, graphene ingestion by alveolar macrophages was observed in the exposed groups. Therefore, these results suggest that the 5-day repeated exposure to graphene only had a minimal toxic effect at the concentrations and time points used in this study.”
	No EDS assigned
	N/A
	Inhalation dosing. No observable damage or effects other than GO in macrophages.

	Shurin et al. (2014)
	GO
	Liquid suspension
	Immuno-toxicity
	Respiratory Sensitization
	mice
	Pharyngeal aspiration / 80 μg/mouse
	28-29 days
	“Pulmonary exposure to graphene oxide suppressedTh2-mediated immune response and allergic inflammation in a murine model of asthma. GO aspiration augmented airway hyperresponsiveness independently from eosinophil accumulation and IgE production in asthmatic mice. At the same time, the levels of the cytokines IL-4, IL-5, and IL-13 were reduced in broncho-alveolar lavage (BAL) fluid in GO-exposed mice.”
	10
	Band E
	Positive Results

	Singh et al. (2011)
	GO and rGO
	Liquid
	Lung toxicity 
	Acute toxicity 
	Mice
	Intravenous / 250 μg/kg
	15 minutes
	“GO was found to induce extensive pulmonary thromboembolism. Whereas rGO administration elicited significantly less occlusion of vessels (8%) in lungs.”
	No EDS assigned 
	N/A
	Too short of a study. No LD50/LC50, not any NOAEL or LOAEL. IV is not on the recommended routes of administration.

	Sosa et al. (2023)
	Few-layer graphene (FLG) and graphene oxide (GO
	solid test substances
	Skin sensitization
	Skin sensitization
	mice
	Dorsal skin of each ear/(0.4–40 mg/mL, equal to 0.01–1.00 mg/ear)
	3 days.
	“On the whole, this study indicates the absence of sensitization and irritant potential of FLG and GO.”
	No EDS assigned
	N/A
	No observable effects. Dermal dosing.

	Strojny et al. (2015)
	Graphite and GO
	Liquid
	Internal organ toxicity 
	STOT-RE
	Rats
	Intraperitoneal /500 mg/L, equivalent to 4 mg /kg body weight.
	4 and 12 weeks
	“No animal health was affected after 12 weeks of exposure time. Intraperitoneally injected graphene and GO formed aggregates in the vicinity of the injection site. The aggregates injected during the first four weeks were present eight weeks later but did not have any harmful effect on surrounding tissues. The nanoparticles could be transported to the liver, but they did not induce toxic effects.”
	No EDS assigned 
	N/A
	No NOAEL or LOAEL data.

	Syama et al. (2017)
	PEGylated reduced nanographene
(PrGO)
	Liquid
	Internal organ toxicity
	STOT-RE
	Swiss Albino mice
	Intraperitoneal and intravenous/10 mg/kg body weight
	3, 7, 14 and 21 days
	“Repeated administration of PrGO induced acute liver injury, congestion in kidney and increased splenocytes proliferation in days following Exposure. PrGO was found to be accumulated in major organs such as liver, spleen and kidney causing hepatotoxicity and immune responses during the initial days of exposure.”
	No EDS assigned 
	N/A
	Length of study not long enough.

	Wang et al. (2011)
	GO 
	Liquid suspension
	Lung toxicity
	STOT-RE
	Mice
	Intravenous/ 0.1, 0.25,0.4 mg/Kg mouse
	1, 7, and 30 days
	“GO under low dose (0.1 mg) and middle dose (0.25 mg) did not exhibit obvious toxicity to mice and under high dose (0.4 mg) exhibited chronic toxicity, such as 4/9 mice death and lung granuloma formation.”
	No EDS assigned 
	N/A
	.

	Wang et al. (2013)
	graphene nanosheets (GNS)
	Liquid
	Immuno-toxicity
	Specific Target Organ Toxicity-Repeated Exposure
	mice
	Intravenous injection/1 mg/kg body weight(25 g mouse would receive 200 μL (body weight × 8) of 0.125 mg/mL  resulting in a dose of 1 mg/kg.)
	1 and 7 days
	“GNS actuate a Th2 immune response 1 day following iv administration, which consists of neutrophilic influx and a significant increase in interleukin (IL)-5, IL-13, IL-33, and its soluble receptor (sST2) in the bronchoalveolar lavage fluid.”
	No EDS assigned 
	N/A
	

	Wen  et al. (2015)
	GO-PSS
	Liquid
	Multiple organs toxicity
	STOT-RE
	mice
	Intravenous injection/4, 8, and 16mg/kg
	1, 28, 90
and 180 days
	“At 1 and 3 months (even 6months) p.i., moderate chronic inflammation was detected in the liver and lung in mice given the dosage of 16mg/kg. Go induced acute liver injury and chronic inflammation of the lung, liver, and spleen, as evidenced by blood biochemistry results and histological examinations.”
	No EDS assigned 
	N/A
	

	Wu et al. (2016)
	GO
	Liquid
	Eye irritation
	Eye irritation
	Rabbits and rats
	conjunctival sac of the right eye/12.5 to 100 μg/mL
	 1, 24, 48 and 72 hours
and 5-days
	“Rabbits did not exhibit corneal opacity, conjunctival redness, abnormality of the iris, or chemosis at any time point after the instillation of 100 μg/mL of GO. However, 5-day repeated GO exposure (50 and 100 μg/mL) caused reversible mild corneal opacity, conjunctival redness, and corneal epithelium damage to Sprague-Dawley rats. Therefore, our study suggests that GO-induced time- and dose-dependent cytotoxicity to hCorECs and hConECs via oxidative stress. Occasional GO exposure did not cause acute eye irritation; short-term repeated GO exposure generally resulted in reversible damage to the eye via oxidative stress.”
	5
	Band B
	

	Wu et al. (2022)
	GQDs),nitrogen-doping graphene quantum dots (N-GQDs) and amino-modified graphene quantum dot (A-GQDs) 
	Liquid
	Multiple organs toxicity
	STOT-RE
	mice
	intraperitoneal injection/ 0.1 or 1 mg/kg BW
	28 days.
	“It was found that the intranasal administration of N-GQDs and A-GQDs at a dosage of 1 mg/kg BW caused slightly pulmonary, hepatic, and renal fibrosis, and ferroptosis in mice, which could be impeded by a ferroptosis-specific inhibitor Fer-1. However, 0.1 mg/kg BW GQDs exposure did not result in severe impairments on the lung, liver, and kidney of mice.”
	30
	Band C
	IP is treated like oral dosing. "f N-GQDs and A-GQDs at a dosage of 1 mg/kg BW caused slightly pulmonary, hepatic and renal fibrosis, and ferroptosis in mice, which could be
impeded by a ferroptosis-specific inhibitor Fer-1. However, 0.1 mg/kg
BW GQDs exposure did not result in severe impairments on the lung,
liver and kidney of mice".

	Xu et al. (2015)
	Reduced graphene oxide (rGO)
	Liquid
	Reproductive and developmental toxicity 
	Reproductive and developmental toxicity 
	mice
	Intravenous administration / 6.25, 12.5 and 25 mg/kg per mouse are subsequently.
referred to as low, medium, and high dose, respectively.
	 1 month. 
	“Results showed that intravenous injection of rGO did not obviously disturb adult female mouse mating behavior. All female mice achieved normal pregnancies and produced healthy pups when injected with a high dose of rGO 30 days before being housed with untreated male mice. When the female mice were injected either with the low, medium, or high dose of rGO one day before cohabitation, all of the females conceived and produced pups.  When the pregnant mice were injected with a high dose of rGO at an early stage (~6 days) of gestation, it was unexpected that all the mice gave birth to healthy offspring; however, deformed fetuses were also observed in this group. If pregnant mice were injected with low or medium doses of rGO at a late stage (~20 days) of gestation, all surviving females had abortions; however, they went on to have normal second pregnancies and healthy litters. Nearly all mice died after injection with a high dose of rGO in the late stage of gestation.”
	No EDS assigned 
	N/A
	IV not approved dosing method. No NOAEL/LOAEL data.

	Yan et al. (2012)
	GO
	Liquid
	Eye irritation
	Eye irritation
	Rabbit
	 intravitreally injection
/0.1, 0.2, and 0.3 mg
	2 days, 4 and 7weeks
	“GO intravitreally injected eyes showed little change in eyeball appearance, IOP, eyesight, and histologic.”
	5
	Band A
	Nonirritating, but presence of appropriate eye irritation study means a EDS score of 5 is assigned.

	Yang et al. (2013)
	GO, nGOPEG,
RGO-PEG and nRGO-PEG
	Liquids suspension
	Internal organ toxicity
	STOT-RE
	Mice
	oral and intraperitoneal
administration/ 50 mg/kg
	1,7, 30 days.
	“Any inflammation or granulomas formation was observed in treated mice within 30 days. No significant toxicity was noticed in our systematic serum biochemistry, complete blood panel test, and histological analysis.”
	No EDS assigned 
	N/A
	IP is being allowed as a form of oral dosing. No NOAEL or LOAEL data.

	Zhang et al. (2011)
	Rhenium
(188Re)-GO 
	Liquid
	Lung toxicity 
	STOT-RE
	Mice
	Intravenous / 1-10mg/kg
	14 days
	“No significant pathological changes were observed in all the examined organs when mice were exposed to 1 mg /kg of GO for 14 days. However, when mice were exposed to 10 mg/kg body weight, GO induced significant pathological changes, including inflammation cell infiltration, pulmonary edema, and granuloma formation.”
	No EDS assigned 
	N/A
	No LD50/LC50, not any NOAEL or LOAEL. IV is not on the recommended routes of administration.

	Zhang et al. (2015)
	Reduced graphene oxide (rGO)
	Liquid
	Neurotoxicity
	STOT-RE
	mice
	Oral gavage / 60 mg/kg body weight
 every 24 h for 5 consecutive days (total: 300 mg/kg per mouse).
	5 days, 
	“These results indicating that liver and kidney functions as well as hematology values remained normal after mice were orally treated with rGO suggest that rGO-treated mice have no diseases of the liver, kidney, or other organs. Based on these results, it can be concluded that the levels of brain Ach are not affected by high dose rGO short- (i.e., 1 day) or long-term (i.e., 60 days). These results further demonstrate that oral administration of small or large rGO nanosheets does not appear to cause dysfunction in the mouse hippocampus.”
	No EDS assigned 
	N/A
	Per Banding guidance, if there are no NOAEL, LOAEL, or BMDLs no band will be assigned, and the EDS will be zero.

	Zhang et al. (2019)
	Graphene quantum dots (GQDs)
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	 mice
	Oral /60, 100, and 300 mg/kg mouse (500 μL per mouse). IV injection /25, 75, and 150 mg /kg mouse (200 μL per mouse)
	24 hours, 10 days.
	“Results indicate that high doses of GQDs administered via oral gavage or intravenous injection produce no discernible short- and long-term toxic effects on male reproductive ability and health of offspring.”
	No EDS assigned
	N/A
	IV not approved dosing method. No observed effects of treated male mice or their offspring.









	Supplementary Table S3. Replicate 3

	References
	Type of graphene
	Physical Forms
	Studied toxicity
	Health Effect Endpoint
	Animal model
	Exposure/Dosing route
	Duration of the study
	Results
	Endpoint determinant score
	 Endpoint band                        
	Rationale

	Aguado-Henche et al. 2022
	GNP, GO
	Aqueous suspension
	Multiple organs toxicity
	STOT-RE
	 Wistar rats
	Intraperitoneal Inoculation/ group 2: 4mg/kg;group3: 1mg/ml;
	15, 30 days.
	“The blood analysis showed changes indicating a hepatic inflammatory process. Hematological changes after 30 days consisted of alterations to the red series, including microcytosis or higher mean hemoglobin concentrations. In addition, changes in prothrombin and thromboplastin caused longer coagulation times.”
	No EDS assigned 
	N/A
	It appears Group 1 and 2 were only inoculated once. It is not clear in methodology description if group 3 was inocluated twice or only once ["Group 3 (GO) inoculation following the above methodology was only performed after 30 days, based on the previous results of group 2 (G), in order to reduce the number of animals used in the research"]. If all groups were only inoculated once, then there is not repeat exposure and band cannot be determined.

	Akhavan et al. (2015)
	GO
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	mice
	Intravenous injection/2000  μg/mL or 4 mg/kg of body weight 
	8 weeks
	“Significant in vivo effects were found at the injected concentrations >200  μg/mL (0.4 mg/kg) after (e.g., ~45% reduction in sperm viability and motility in 2000  μg/mL). Observation of remarkable DNA fragmentations and chromosomal aberrations of the spermatozoa after ~8 weeks from the first weekly injection were assigned to the involvement of the NGO in spermatogenesis of the mice.”
	No EDS assigned 
	N/A
	IV administered, not oral, dermal, or inhalation therefore no band selection can be conducted

	Altwaijry et al. 2022
	PEGylated GO nanoparticle
	N/A
	Genotoxicity
	Genotoxicity
	Swiss Albino Mice
	intravenous injection/A single dose (5 mg/kg) 
	1 h, 2 h, and 4 h
	Results showed a detailed molecular effect of the treatments that caused single and double-strand DNA breaks at 1 to 2 h after the treatments and indicated DNA damage response and recovery at 4 h. Histopathology showed neuronal apoptosis and lesions in the brain after 1 to 2 h and invasion of inflammatory response and chromatolysis after 4 h. PEG-nGO caused immediate DNA damage and cytotoxicity to the brain and its future use as a drug carrier should be considered with caution.”
	No EDS assigned
	N/A
	  IV administered, not oral, dermal, or inhalation therefore no band selection can be conducted

	Amrollahi-
Sharifabadi et al. (2018)
	Graphene oxide nanoplatelets (GONs)
	Liquids suspension
	Multiple organs toxicity
	STOT-RE
	Wistar rats
	Intraperitoneally injection/ 50, 150, or 500 mg/kg
	3weeks
	“GONs induced dose-dependent injuries in the liver, kidney, spleen, lung, intestine, and brain after 21 days. In the livers, sinusoidal injury, hyperemia, accumulation of GONs in the capsular regions, perivascular infiltration, and granulomatous reaction were observed. In the kidneys, there was GONs accumulation at the capsular regions, hyperemia, interstitial nephritis, glomerular atrophy, and granulomatous reaction. In the spleens, we observed capsular thickening, capsular accumulation of particles, and hemosiderosis. In the lungs, there was alveolar wall thickening along with inflammation, hemosiderosis, and hyperemia. In the intestines, there were serosa thickening, accumulation of GONs, and giant cell formation. In the brains, there were some neuronal cell degenerations and necrosis.”
	No EDS assigned 
	N/A
	Duration was shorter than 28 days therefore cannot band.

	Bengtson et al. (2017)
	GO and rGO
	GO in a water suspension and rGO  in powder form
	Genotoxicity
	Genotoxicity
	mice
	Intratracheal/ 18, 54,162 μg/mouse
	1, 3, 28 and 90 days.
	“GO and rGO induced statistically significantly increased level of DNA damage in BAL cells across particles and doses at different time points. GO (18 μg/mouse) induced increased levels of DNA damage in BAL cells at day 3 and 28 compared to VC. rGO (18 μg/mouse) induced increased DNA damage at day 28 and at day 90 compared to VC. No statistically significantly increased DNA damage was observed for GO and rGO in lung and liver compared to VC. P90 induced increased level of DNA damage in liver at day 90.”
	5
	Band E
	Intratracheal DNA damage was observed in BAL cells for both GO and rGO.

	Duch et al. (2011)
	Dispersed graphene flake, Aggregated graphene and GO
	Liquid
	Lung toxicity
	Acute toxicity
	C57BL/6 mice
	Intratracheal/ 50 μg/mouse
	24 hours
	“GO resulted in severe and persistent lung injury. In contrast, nanoscale dispersed, or aggregated graphene induced minimal histologic evidence of lung inflammation.”
	No EDS assigned
	N/A
	intratracheal Only 1 exposure and < 28 days

	Durán et al. (2017)
	GO
	Liquid
	Genotoxicity
	Genotoxicity
	Rats
	intraperitoneal administration/0.05 µg/g, GO 0.5 µg/g and GO 5.0 µg/g.
	30 days.
	“The micronucleus number of animals in the GO 5.0 μg/g was significantly higher compared to GO groups 0.5 μg/g, GO 0.05 μg/g and Negative Control (without  any treatment), which were not statistically different . Still, they were observed in all concentrations, GO agglomerates from polychromatic erythrocytes and micronucleated polychromatic erythrocytes, indicating the migration of the peritoneum compounds (application site) to the bloodstream. The results indicate that the higher the concentration of GO, the greater the genotoxicity.”
	5
	Band E
	Micronucleus test showed significantly higher results  at 5.0 ug/g compared to other groups.

	Durán et al. (2017)
	GO
	Liquid
	Systemic Toxicity
	STOT-RE
	Rats
	intraperitoneal administration/0.05 mg/kg, GO 0.5 mg/kg and GO 5.0 mg/kg.
	30 days.
	“These results demonstrated that the GO solutions in concentrations showed no acute toxicity in the liver and kidneys. In the group which received 0.05 mg/kg GO can be seen that spleens inflammation was absent in 40% and 40% of the animals showed mild inflammation with hemosiderin deposits. At the peritoneum, although their specific areas of GO deposition, 80% of the animals showed mild inflammation, but there was no evidence of deposition in this group. Similar to the control group, the liver of did not show inflammation and deposition of hemosiderin, but 20% of the animals showed GO deposition in the liver parenchyma. In the group receiving 0.5 mg/kg GO can be observed intense inflammation hemosiderin deposits in the spleen and GO 40% of the animals. At the peritoneum, 80%  of the animals showed mild inflammation, 60% of the animals showed deposition of GO. In the liver of the animals 20% of this group exhibited mild inflammation, and a deposition GO occurred in 60%  of animals. The worst result occurred in the group receiving 5.0 mg/kg of GO, as expected. The spleen was exhibited intense inflammation in 100% of animals, and 60% hemosiderin deposits and deposition of GO in 80% of animals. They presented peritoneum intense inflammation and deposition of GO in 100% of animals. In the liver, 10% of the animals showed mild inflammation and in 80% of animals showing deposition of GO.”
	No EDS assigned
	N/A
	Each group of 5 mice were given a single dose. No repeat exposure, therefore banding cannot be performed.

	El-Yamany et al. (2017)
	GO
	Liquid
	Genotoxicity
	Genotoxicity
	mice
	intraperitoneally/ 10, 50, 100, 250 and 500 μg/kg bw
	7,28,56 days. 
	“GO induce chromosomal aberrations in bone marrow cells and DNA fragmentation in lung cells denoting the genotoxicity of graphene oxide nanosheets that were dose and time dependent.”
	5
	Band E
	Chromosomal aberration and DNA damage observed.

	El-Yamany et al. (2017)
	Go
	Liquid
	Lung toxicity 
	STOT-RE
	Mice
	Intraperitoneally/ 10, 50, 100, 250 and 500 μg/kg b.w
	7,28, and 56 days.
	“GO nanosheets have the potential to accumulate in lung tissue and induce pulmonary injury dependent. Foam cell aggregations in the alveolar lumen were ranged from small individual foamy macrophages in dose groups of 10 and 100 μg/kg to dense cluster foam cells filling the alveolar lumen in higher dose treated groups (250 and 500 μg/kg). Moreover, accumulation of eosinophilic edematous fluid in alveolar lumen was detected in higher dose exposure groups (250 and 500 μg/kg). These aforementioned pulmonary changes were detected after 28- and 56-days post exposure groups with increased in lesion severity with advancing dose and period of exposure.”
	30
	Band E
	10 ug/kg is 0.01 mg/kg.

	Fu et al. (2015)
	GO
	Liquid
	Developmental  toxicity
	Developmental  toxicity
	mice
	Oral (drink)/ 0.5 mg/mL (150 mg/kg) and 0.05 mg /mL (30 mg/kg)
	21 and 38 days
	“The results showed that the increase of body weight, body length and tail length of the filial mice received GO at 0.5 mg/mL (about 0.8 mg each mouse) every day in the lactation period was significantly retarded comparing with the control group. The anatomy and histology results revealed the delayed developments of offspring in high dosage group. It also found that the length of the intestinal villus of the filial mice received high concentration GO were decreased significantly compared with the control group. It can be concluded that GO showed many negative effects on the development of mice in the lactation period.”
	30
	Band C
	0.5 mg/ml (150 mg/kg) caused repro effects No adverse effects observed for the 0.05 mg/ml (30 mg/kg) dose.

	Han et al. 2015
	GO
	Powder
	Lung toxicity 
	Respiratory Sensitization  
	Sprague-Dawley rats
	Nose-only inhalation/ 0.46, and 3.76 mg/m3
	1,7, or 14 days
	“At day 7, IL-18 and TGF-𝛽1 were significantly higher than those in control group. Lung deposition was found to be dependent on the concentration of particles, and no lung toxicity was associated with the concentrations employed in the present study. Therefore, these results demonstrate that the single inhalation exposure to graphene oxide induce minimal toxic responses in rat lungs at the concentrations and time points  used in the present study.”
	10
	Band E
	This was single inhalation exposure only, not repeated exposure, therefore the banding criteria does not apply and only for 14 days.

	Jasim et al. (2016)
	GO
	Liquid
	Kidney toxicity
	STOT-RE
	mice
	Intravenous administration through the tail vein/ 2.5, 5, and 10 mg/kg
	24 h and 1 month
	“In mice treated with GO at an escalated dose regime (from 2.5 to 10 mg/kg), no significant change in serum kidney function markers (serum creatinine, urea, and ALB levels) was detected. Moreover, only traces of urinary ALB were measured at the highest GO dose (10 mg/kg), but the changes were statistically insignificant after quantifying the physiologically more relevant protein: creatinine ratio. However, animals at this highest GO dosing regimen exhibited compromised weight gain, therefore, the dose of 10 mg/kg was considered above the toxicity threshold and was not used in later studies for ethical and animal welfare purposes. Others have also reported that doses of 10 mg/kg or above of GO cause toxic responses in mice after i.v. administration of this material.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Because of this, cannot determine band.

	Kim et al. (2016)
	Graphene
	Powder
	Lung toxicity 
	STOT-RE
	Sprague-Dawley rats
	Nose-only inhalation/ 0.12, 0.47, and 1.88 mg/m3
	1-, 28- and 90-days.
	“No distinct lung pathology was observed at the 1-, 28- and 90-day post-exposure. The inhaled graphene was translocated to lung lymph nodes. The results of this 28-day graphene inhalation study suggest low toxicity and a NOAEL of no less than 1.88 mg/m3.”
	30
	Band C
	NOAEL of 1.88 mg/m3 (1,880 ug/m3) by inhalation of particles.

	Kim et al. 2018
	GO
	Nanopowder
	Lung toxicity
	STOT-RE
	Sprague–Dawley rats
	nose-only inhalation/0.625, 2.5, and10 mg/m3for the low, moderate, and high concentration, respectively.
	 6 h/day for 5 days, followed by recovery for 1, 3, and 21 days.
	“No significant body or organ weight changes were noted after the short-term exposure or during the recovery period. Similarly, no significant systemic effects of toxicological importance were noted in the hematological assays, bronchoalveolar lavage fluid (BAL) inflammatory markers, BAL fluid cyto-kines, or blood biochemical assays following the graphene oxide exposure or during the post-exposure observation period. Moreover, no significant differences were observed in the BAL cell differentials, such as lymphocytes, macrophages, or polymorphonuclear cells. Study found only minimal or unnoticeable graphene oxide toxicity in the lungs and other organs.”
	No EDS assigned 
	N/A
	Duration was shorter than 28 days therefore cannot band.

	Kim et al. (2021)
	Graphene nanoplatelets (GNPs)
	Liquid
	Skin sensitization
	Skin sensitization
	Mice
	Intraperitoneal injection/ 100 μL  (20 mg/mL)
	1 , 2 ,3 days.
	“It was found that GNPs did not induce skin sensitization in both assays.”
	5
	Band A
	LLNA testing done - not found to be a skin sensitizer.

	Krajnak et al. (2019)
	GO, rGO
	Liquid
	cardiovascular and/or renal 
dysfunction
	Acute toxicity 
	 Mice
	Oropharyngeal aspiration/40 μg
	24 hours
	“Both oxidized forms increased the sensitivity of peripheral blood vessels to adrenoreceptor-mediated vasoconstriction and induced changes in ROS levels in the heart. Based upon the results of these investigations, exposure to graphene nanoparticles produced physiological and alterations in ROS and gene expression that may lead to cardiovascular dysfunction.” 
	No EDS assigned 
	N/A
	Single dose and study duration was shorter than 28 days therefore cannot band. This study appears to be listed twice in this spreadsheet.

	Kurantowicz et al. (2015)
	Graphite, GO
	Liquid
	Blood toxicity 
	STOT-RE
	Rats
	Intraperitoneal/4 mg of nanoparticles/kg body weight
	4 weeks.
	“The nanoparticles had no toxic effects on blood parameters and growth of rats.”
	30
	Band D
	Even though the rats were dosed at 4 mg/kg, the study concluded that the nanoparticles had no
toxic effects on general health status including no effect on organ weight, biochemical or blood parameters. Assuming 4 mg/kg is NOAEL.

	Lee et al. (2017)
	GNPs.All types of GNPs
were based on the pristine GNPs (GNPdot), and different
functional groups were conjugated onto them including
a COOH ‑
	Liquid
	Lung toxicity
	Respiratory Sensitization
	Wistar rats
	Intratracheal instillation/ 0.3 and 1 mg/rat
for the evaluation of acute (24 h) inflammation and at 3 mg/rat for chronic (1 and 4 weeks) inflammation
	1 day, 1 and 4 weeks
	“This study implies that the main factors of GNPs for producing lung inflammation are the potential for ROS generation and surface charge. GNPs showed significant acute neutrophilic inflammation with resolving over time, but the positively charged GNPs showed the slightly higher inflammogenicity than negatively charged ones. All types of GNPs had similar patterns of extrapulmonary translocation into the mediastinal lymph nodes, and prolonged retention was evident.”
	No EDS assigned
	N/A
	Lung inflammation indicates respiratory sensitization. Acute inflammation was seen in all treatment groups even though it returned to control levels at 1 and 4 weeks after instillallation.

	Li et al. (2013)
	Go
	Liquid
	Lung toxicity 
	Respiratory Sensitization
	Mice
	Intratracheally instillation/5 mg/kg 
	 24 hours
	“GO caused dosage-dependent acute lung injury characterized mainly by cell injury, lung edema and neutrophil infiltration. Overall, NGO resulted in ALI, a clinical syndrome characterized by an excessive inflammatory response to both pulmonary and extrapulmonary stimuli.”
	No EDS assigned
	N/A
	NGO resulted in ALI; a clinical syndrome characterized by an excessive inflammatory response.

	Li et al. (2018)
	GO , comprising pristine, reduced (rGO), and hydrated GO (hGO)
	Liquid suspension
	Lung toxicity
	Respiratory sensitization
	Mice
	Oropharyngeal aspiration/2 mg/kg
	40 hours
	“These results also accurately predict similar effects in primary alveolar macrophages, along with inducing acute pro-inflammatory responses in the lung. Pristine GO showed moderate effects, while rGO-2 induced low levels of lung inflammation.”
	No EDS assigned
	N/A
	Duration was shorter than 28 days therefore cannot band.

	Lin et al. (2015)
	Hydroxylated graphene
	Liquid
	Eye irritation
	Eye irritation
	Rabbits
	Intravitreous injection into the right eye of the rabbi/ 50μl
	8 weeks
	“G-OH had caused few damages on eyesight related functions such as intraocular pressure, electroretinogram and histological structures of the retina.”
	5
	Band A
	Concluded that intravitreous injection cause few changes on eyesight related functions and did not cause significant adverse effects on ocular systems. No mention of irritation.

	Liang et al. (2015)
	GO
	Liquid
	Reproduction toxicity
	Reproduction toxicity
	Mice
	25 mg/kg mouse via tail vein injection and intraperitoneal injection of 24 and 60 mg/kg for 5 days.
	30 and 60 days.
	“In this work, the adult male mice after being treated with high dosage of GO either via tail vein injection or intra-abdominal injection exhibited normal fertility ability, which may be due to the health of sperms being not influenced by GO treatment.”
	30
	Band B
	24 and 60 mg/kg.













	














	Lui et al. 2015

	GO
	Liquid suspension
	Lung toxicity
	STOT-RE
	Mice
	Intravenous/ single dose of 0.3 mg kg−1 or 2.1 mg kg−1 of both sizes GO, or multiple doses of 0.3 mg kg−1 small or large size
GO every other day for 15 days.
	15 days
	“The exposure to a single dose of 2.1 mg kg−1 (single-high-dose exposure) small size GO or large size GO caused macrophage nodule formation in the lungs of the mice, and the exposure to seven repeated doses of 0.3 mg kg−1 (multiple-low-dose exposure) large size GO also induced small macrophage nodule formation, serious lymphocyte infiltration around the bronchioles in the lungs of the mice, and even death of the mice. Nephritic inflammatory reactions were also observed after the multiple-low-dose exposure to large size GO. However, no obvious lung toxicity but hepatic inflammatory infiltration was observed after the exposure to multiple-low-dose small size GO.”
	
No EDS assigned
	


N/A
	Administered via IV, not oral, dermal or inhalation, only a single dose administered, and duration was shorter than 28 days therefore cannot band.

	Ma-Hock et al. (2013)
	Graphene, graphite nanoplatelets
	Aerosol dust
	Immuno-toxicity 
	STOT-RE
	Wistar rats
	Head-nose exposure /0.5, 2,5, and 10 mg/m3
	5days.
	“No adverse effects were observed after inhalation exposure to 10 mg/m3 graphite nanoplatelets. On day 7 and 28 microgranulomas’ were observed in animals exposed to 2.5 and 10 mg/m3 graphene. On day 28, 1 animal exposed to 0.5 mg/m3 showed macroscopically enlarged mediastinal lymph nodes with a moderate lympho-reticular cell hyperplasia. This was considered to be incidental. For GNP, on study day 4, the lungs of one animal exposed to 10 mg/m3 showed few intra-alveolar located multifocal aggregates of alveolar macrophages. All animals exposed to this concentration (10 mg/m3) showed black, irregularly shaped particles within the cytoplasm of single interalveolar macrophages. Few intracellular particles in the mediastinal lymph node (within macrophages) were observed in one animal exposed to 10 mg/m3 on study day 95.”
	No EDS assigned
	N/A
	 Duration was shorter than 28 days therefore cannot band.

	Mao et al. (2016)
	Few layers graphene (FLG)
	Liquid
	Lung toxicity
	Respiratory Sensitization
	Mice
	Acute and long-term toxicity via
intratracheal instillation (5 and 50μg) and oral gavage (0.4 mL of 2.5 μg/mL FLG suspensions) 
	1, 7,14,21 and 28 days.
	“It was found that exposure of 50 μg FLG caused a moderate pulmonary edema to mice as evidenced by the change in the dry to wet mass ratio. Whereas the lungs treated with 5 μg FLG exhibit no abnormal appearance via morphological observation. Gavage experiments did not show detectable absorption through the gastrointestinal tract.”
	No EDS assigned
	N/A
	The total cell counts were five times higher in the tested group (50 μg) compared to the control group, which indicates that inflammatory cell infiltration likely occurred. "Severe inflammatory cell infiltration were also observed, which was characterized by substantial quantities of cells in the pulmonary alveoli. Though the severity was reduced, minimal pulmonary edema and inflammatory infiltration was also observed after 7 days." 

	Mendonça et al. (2015)
	reduced graphene oxide (rGO)
	Liquid suspension
	Neurotoxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg; 1.0–1.5 ml
	15 min, 1 h, 3 h and 7 days 
	“Although the crossing of rGO at the blood brain barrier (BBB) was not shown, multiple resolution scale assessment revealed that in rGO-treated rats the BBB was time-dependently permeabilized through the weakening of the paracellular pathway. The transitory BBB breakdown after rGO injection was demonstrated.” 
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Duration of study also less than 28 days.  Because of this, cannot determine band.

	Mendonça et al. (2016a)
	rGO was functionalized with Polyethylene glycol (PEG)
	Liquid
	Neurotoxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg; 1.0–1.5 ml
	16 min, 1 h, 3 h and 7 days 
	“The data of the present study suggests the dose- and time-dependent toxicity of PEGylated rGO for key components of the BBB, such as astrocytes and endothelial cells. In terms of toxicity mechanisms, the formation of intracellular ROS and the increase in the enzymatic antioxidant system induced by PEGylated-rGO suggest oxidative stress-mediated damage.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Duration of study also less than 28 days.  Because of this, cannot determine band.

	Mendonça et al. (2016b)
	rGO
	Liquid
	Multiple organs toxicity
	STOT-RE
	Wistar rats
	intravenous injection / 7 mg/kg
	17 min, 1 h, 3 h and 7 days 
	“Overall, the intravenous administration of rGO (7 mg/kg single dose) led to minor signs of toxicity in the blood, liver, and kidney after 7 days with no sign of inflammation process in course. These effects were transitory and did not lead to permanent damage.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Duration of study also less than 28 days.  Because of this, cannot determine band.

	Mohamed et al. (2021)
	GO
	Liquid
	genotoxicity
	genotoxicity
	Swiss mice
	oral gavage/10, 20 or 40mg/Kg
	5 days. 
	“GO induced significantly increased the micronuclei and DNA damage levels in a dose-dependent manner in mice bone marrow cells, as well as caused, histological lesions including apoptosis, necrosis, inflammations and cells degeneration in the mice liver and brain tissue sections compared to the normal control mice.”
	5
	Band E
	Micronucleus test showed positive results.

	Mohammadkhani et al. 2021
	GO
	Suspension
	Steroid hormones toxicity
	STOT-RE
	Swiss Albino male mice
	intraperitoneal injection/ 1 and 10-mg/kg bw
	24 and72 h and 7 and 21 days
	“GO nanosheets has toxicity and can affect steroidal hormones. However, this study shows that after 21 days, the treated groups regardless of their GO nanosheet dose are very close to the control group. This means that in one step exposure to GO nanosheets, their toxicity diminished after 21 days.”
	No EDS assigned 
	N/A
	Duration was shorter than 28 days therefore cannot band.

	Nirmal  et al. (2017)
	GO
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	Wistar rats
	Intraperitoneal  injection/low-dose (0.4 mg/kg BW), mid-dose (2.0 mg/kg BW) and high-dose (10.0 mg/kg BW). 
	15 and 130 days.
	“Results of the current study demonstrated a dose-dependent reduction in total sperm count after 15 and 30 days of exposure to GO. The observations suggest that NGO exposure did not produce toxicological injuries to the sperm storage organ. Motility of sperms was diminished in a similar fashion. Results of the study demonstrated that high dose of GO resulted in considerable histological damage to testicular tissue which included atrophy of seminiferous tubules with reduction in germinal epithelium, germ cell loss and vacuolization. Low and mid-doses of GO were not associated with sperm dysfunction or testis damage. Withdrawal of treatment for 30 days demonstrated significant recovery potential. Histology of epididymis and male fertility potential were not affected due to the GO exposure.”
	30
	Band C
	2.0 mg/kg was seen to not cause adverse repro effects whereas 10 mg/kg did cause repro tox. effects.  

	Park et al. 2015
	Graphene nanoplatelets
(GNPs)
	Liquid suspension
	Lung toxicity
	Respiratory Sensitization
	Mice
	intratracheal instillation/ 2.5 and 5 mg/kg
	1,7,14, and 28 days.
	
“GNPs were accumulated in the lung until 28 days after a single instillation and induced a subchronic inflammatory response. Moreover, the secretions of pro-inflammatory cytokines such as IL-1β, TNFα, and IL-6 of the anti-inflammatory cytokine TGFβ, and of chemokines such as GM-CSF and MCP-1, reached the maximal level at Day 14 after instillation and then decreased over time.”
	No EDS assigned
	N/A
	The administration of the dose was a single instillation, not a repeat, therefore a STOT cannot be determined. In mice, GNPs (2.5 and 5 mg/kg) remained in the lung until 28 days after a single instillation..."

	Park et al. (2017)
	graphene nanoplatelet (GNP)
	Liquid
	Immuno-toxicity
	STOT-RE
	ICR mice
	Intratracheal instillation /1.25, 2.5 and 5mg/kg;140–150 μl mouse
	90 days.
	“Pulmonary persistence of GNP induced Th1-shifted immune responses with cytoskeletal damage in the lung and systemically suppressed the function of antigen-presenting-cells. Also, persistence of GNP may cause adverse health effects by disturbing immunological- and physiological-homeostasis of our body. The number of white blood cells (WBC) and the percentage of macrophages and neutrophils clearly increased in the blood of mice exposed to a 5-mg/kg dose.”
	No EDS assigned
	N/A
	Because the installation was only once per animal, this is not a repeat exposure and cannot determine band.

	Patlolla et al. (2016)
	GO
	Liquid
	Kidney toxicity
	STOT-RE
	Sprague-Dawley Rats
	Oral/ 0, 10, 20 and 40 mg/Kg
	5 days
	“GO induced nephrotoxic and its toxicity may be mediated through oxidative stress.”
	No EDS assigned 
	N/A
	oral LOAEL is 20 mg/kg. Divide by 10 for 2 mg/kg NOAEL equivalent. However, duration was only up to 5 days so cannot band.

	Patlolla et al. (2017)
	GO
	Liquid
	Hepato- toxicity
	STOT-RE
	Sprague-Dawley Rats
	Oral/ 10, 20 and 40 mg/Kg
	5 days
	“The results of this study demonstrate that GO may be hepatotoxic, and its toxicity might be mediated through oxidative stress.”
	No EDS assigned 
	N/A
	Did not meet 28-day minimum length of duration to evaluate band

	Qu et al. (2013)
	GO
	Liquid suspension 
	Blood toxicity
	STOT-RE
	BALB/C male mice
	Intraperitoneal/ 200 μg GO suspension at a concentration of 1 mg/ml (10 mg/kg body weight)
	every 3 days for 3 weeks.
	“These findings revealed that GO exposure could result in a great reduction of splenic erythroid cells through apoptosis but not for bone marrow erythroid cells. The study demonstrate that GO could provoke apoptosis of erythroid cells in vivo. These results suggested that GO treatment greatly impaired RBCs, leading to a reduced number in peripheral blood.”
	No EDS assigned 
	N/A
	Duration was shorter than 28 days therefore cannot band.

	Roberts et al. (2016)
	graphite nanoplates [20 μm lateral (Gr20), 5 μm lateral (Gr5), and <2 μm lateral (Gr1)]
	Liquid
	Lung toxicity
	Respiratory Sensitization
	mice
	Pharyngeal aspiration/ 4 and 40 μg/mouse
	4 h, 1 day, 7 days, 1 month, and 2 months. 
	“At the low dose, none of the Gr materials induced toxicity. At the high dose, Gr20 and Gr5 exposure increased indices of lung inflammation and injury in lavage fluid and tissue gene expression to a greater degree and duration than Gr1 and CB. Gr5 and Gr20 showed no or minimal lung epithelial hypertrophy and hyperplasia, and no development of fibrosis by 2 months post-exposure. In addition, the aorta and liver inflammatory and acute phase genes were transiently elevated in Gr5 and Gr20, relative to Gr1. Gene expression of IL-5, Il-13, and IL10 were elevated at 4 h postexposure in Gr-exposed groups, and IL-5 expression remained elevated at 1-day post-exposure in the Gr5 and Gr20 groups.” 
	10 
	E
	Study indicated at high doses, Gr20 and Gr5 exposure increased indices of lung inflammation and injury in lavage fluid and tissue gene expression. Lung inflammation indicates respiratory sensitivity.

	Rodrigues et al. (2018)
	GO
	Liquid
	Immuno-toxicity
	STOT-RE
	mice
	Intraperitoneal  injection/50 μl
	1, 7 days
	“Neither small nor large GO sheets induced any significant inflammatory response from the peritoneal mesothelium 7 days after administration. However, it was demonstrated that dispersing agents such as proteins can alter the in vivo biological response to GO sheets and reveal a dimension dependent impact, by changing their biological interactions with immune cells.”
	No EDS assigned 
	N/A
	Was not a repeat exposure and did not evaluate long enough to 28 days.

	Schinwald et al. (2012)
	GNP
	Liquid
	Lung toxicity 
	Respiratory Sensitization
	mice
	Pharyngeal aspiration /50 μg per mouse
	24 hours
	“Histological sections of lungs from mice treated with GNP showed granulomatous lesions in the bronchiole lumen and near the alveolar region. GNP were inflammogenic in both the lung and the pleural space. Elevated level of MIP-1R, MCP-1, MIP-2, IL-8, and IL-1β expression in the BAL, the pleural lavage, and cell culture supernatant from THP-1 macrophages were increased with GP exposure compared to controls.”
	10
	Band E
	Cannot band because only applied a single dose and did not meet the minimum 28 days duration.

	Schinwald et al. (2014)
	unoxidized multilayered graphene
platelets (GPs)
	Liquid
	Lung toxicity
	Respiratory Sensitization
	mice
	pharyngeal aspiration/ 50 μg per mouse
	1day, 1 week, 6 weeks
	“The findings on the medium-term inflammatory effects of pristine GP in the lung of mice after aspiration exposure showed minimal inflammation, or granulomatous aggregations of inflammatory cells in the bronchial and alveolar regions, and no alveolar wall thickening or fibrosis. The findings of our study show that pristine GP has reduced inflammogenicity in a 6-week study compared to 24-h and 1-week studies and is non-fibrotic.” 
	No EDS assigned
	N/A
	These results showed minimal inflammation and "...non-inflammogenicity at medium time points..."  But the results appear to be mixed.

	 Shin et al. 2015
	GNF
	Nanopowder
	Lung toxicity
	STOT-RE
	Sprague-Dawley rats
	nose-only inhalation/low concentration (0.68 ± 0.14 mg/m3 graphene) and (3) high concentration (3.86 ± 0.94 mg/m3 graphene). 
	5 days.
	“The exposure to graphene did not change the body weights or organ weights of the rats after the 5-day exposure and during the recovery period. No statistically significant difference was observed in the levels of lactate dehydrogenase, protein, and albumin between the exposed and control groups. However, graphene ingestion by alveolar macrophages was observed in the exposed groups. Therefore, these results suggest that the 5-day repeated exposure to graphene only had a minimal toxic effect at the concentrations and time points used in this study.”
	No EDS assigned
	N/A
	Duration was shorter than 28 days therefore cannot band.

	Shurin et al. (2014)
	GO
	Liquid suspension
	Immuno-toxicity
	Respiratory Sensitization
	mice
	Pharyngeal aspiration / 80 μg/mouse
	28-29 days
	“Pulmonary exposure to graphene oxide suppressedTh2-mediated immune response and allergic inflammation in a murine model of asthma. GO aspiration augmented airway hyperresponsiveness independently from eosinophil accumulation and IgE production in asthmatic mice. At the same time, the levels of the cytokines IL-4, IL-5, and IL-13 were reduced in broncho-alveolar lavage (BAL) fluid in GO-exposed mice.”
	10
	Band C
	This study had mixed results with suppressed Th2 and allergic inflammation but increased airway hyperresponsiveness associated with allergic asthma.

	Singh et al. (2011)
	GO and rGO
	Liquid
	Lung toxicity 
	Acute toxicity 
	Mice
	Intravenous / 250 μg/kg
	15 minutes
	“GO was found to induce extensive pulmonary thromboembolism. Whereas rGO administration elicited significantly less occlusion of vessels (8%) in lungs.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Duration was <28 days. Because of this, cannot determine band.

	Sosa et al. (2023)
	Few-layer graphene (FLG) and graphene oxide (GO
	solid test substances
	Skin sensitization
	Skin sensitization
	mice
	Dorsal skin of each ear/(0.4–40 mg/mL, equal to 0.01–1.00 mg/ear)
	3 days.
	“On the whole, this study indicates the absence of sensitization and irritant potential of FLG and GO.”
	5
	Band C
	LLNA test was used. No skin sensitization or irritation results observed

	Strojny et al. (2015)
	Graphite and GO
	Liquid
	Internal organ toxicity 
	STOT-RE
	Rats
	Intraperitoneal /500 mg/L, equivalent to 4 mg /kg body weight.
	4 and 12 weeks
	“No animal health was affected after 12 weeks of exposure time. Intraperitoneally injected graphene and GO formed aggregates in the vicinity of the injection site. The aggregates injected during the first four weeks were present eight weeks later but did not have any harmful effect on surrounding tissues. The nanoparticles could be transported to the liver, but they did not induce toxic effects.”
	30
	D
	4 mg/kg (equiv.) is assumed NOAEL.

	Syama et al. (2017)
	PEGylated reduced nanographene
(PrGO)
	Liquid
	Internal organ toxicity
	STOT-RE
	Swiss Albino mice
	Intraperitoneal and intravenous/10 mg/kg body weight
	3, 7, 14 and 21 days
	“Repeated administration of PrGO induced acute liver injury, congestion in kidney and increased splenocytes proliferation in days following Exposure. PrGO was found to be accumulated in major organs such as liver, spleen and kidney causing hepatotoxicity and immune responses during the initial days of exposure.”
	No EDS assigned 
	N/A
	Duration of study was less than 28 days. Because of this, cannot determine band.

	Wang et al. (2011)
	GO 
	Liquid suspension
	Lung toxicity
	STOT-RE
	Mice
	Intravenous/ 0.1, 0.25,0.4 mg/Kg mouse
	1, 7, and 30 days
	“GO under low dose (0.1 mg) and middle dose (0.25 mg) did not exhibit obvious toxicity to mice and under high dose (0.4 mg) exhibited chronic toxicity, such as 4/9 mice death and lung granuloma formation.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Because of this, cannot determine band.

	Wang et al. (2013)
	graphene nanosheets (GNS)
	Liquid
	Immuno-toxicity
	Specific Target Organ Toxicity-Repeated Exposure
	mice
	Intravenous injection/1 mg/kg body weight(25 g mouse would receive 200 μL (body weight × 8) of 0.125 mg/mL  resulting in a dose of 1 mg/kg.)
	1 and 7 days
	“GNS actuate a Th2 immune response 1 day following iv administration, which consists of neutrophilic influx and a significant increase in interleukin (IL)-5, IL-13, IL-33, and its soluble receptor (sST2) in the bronchoalveolar lavage fluid.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Study duration was also <28 days.  Because of this, cannot determine band.

	Wen  et al. (2015)
	GO-PSS
	Liquid
	Multiple organs toxicity
	STOT-RE
	mice
	Intravenous injection/4, 8, and 16mg/kg
	1, 28, 90
and 180 days
	“At 1 and 3 months (even 6months) p.i., moderate chronic inflammation was detected in the liver and lung in mice given the dosage of 16mg/kg. Go induced acute liver injury and chronic inflammation of the lung, liver, and spleen, as evidenced by blood biochemistry results and histological examinations.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Because of this, cannot determine band.

	Wu et al. (2016)
	GO
	Liquid
	Eye irritation
	Eye irritation
	Rabbits and rats
	conjunctival sac of the right eye/12.5 to 100 μg/mL
	 1, 24, 48 and 72 hours
and 5-days
	“Rabbits did not exhibit corneal opacity, conjunctival redness, abnormality of the iris, or chemosis at any time point after the instillation of 100 μg/mL of GO. However, 5-day repeated GO exposure (50 and 100 μg/mL) caused reversible mild corneal opacity, conjunctival redness, and corneal epithelium damage to Sprague-Dawley rats. Therefore, our study suggests that GO-induced time- and dose-dependent cytotoxicity to hCorECs and hConECs via oxidative stress. Occasional GO exposure did not cause acute eye irritation; short-term repeated GO exposure generally resulted in reversible damage to the eye via oxidative stress.”
	5
	Band B
	Repeated dosing of GO caused mild irritation which was reversible.

	Wu et al. (2022)
	GQDs),nitrogen-doping graphene quantum dots (N-GQDs) and amino-modified graphene quantum dot (A-GQDs) 
	Liquid
	Multiple organs toxicity
	STOT-RE
	mice
	intraperitoneal injection/ 0.1 or 1 mg/kg BW
	28 days.
	“It was found that the intranasal administration of N-GQDs and A-GQDs at a dosage of 1 mg/kg BW caused slightly pulmonary, hepatic, and renal fibrosis, and ferroptosis in mice, which could be impeded by a ferroptosis-specific inhibitor Fer-1. However, 0.1 mg/kg BW GQDs exposure did not result in severe impairments on the lung, liver, and kidney of mice.”
	30
	Band E
	0.1 mg/kg is NOAEL for IP/Oral route. Divide by 3 for 28 days adjustment.

	Xu et al. (2015)
	Reduced graphene oxide (rGO)
	Liquid
	Reproductive and developmental toxicity 
	Reproductive and developmental toxicity 
	mice
	Intravenous administration / 6.25, 12.5 and 25 mg/kg per mouse are subsequently.
referred to as low, medium, and high dose, respectively.
	 1 month. 
	“Results showed that intravenous injection of rGO did not obviously disturb adult female mouse mating behavior. All female mice achieved normal pregnancies and produced healthy pups when injected with a high dose of rGO 30 days before being housed with untreated male mice. When the female mice were injected either with the low, medium, or high dose of rGO one day before cohabitation, all of the females conceived and produced pups.  When the pregnant mice were injected with a high dose of rGO at an early stage (~6 days) of gestation, it was unexpected that all the mice gave birth to healthy offspring; however, deformed fetuses were also observed in this group. If pregnant mice were injected with low or medium doses of rGO at a late stage (~20 days) of gestation, all surviving females had abortions; however, they went on to have normal second pregnancies and healthy litters. Nearly all mice died after injection with a high dose of rGO in the late stage of gestation.”
	No EDS assigned 
	N/A
	IV is not a dousing route on table 3-10 therefore no band can be determined

	Yan et al. (2012)
	GO
	Liquid
	Eye irritation
	Eye irritation
	Rabbit
	 intravitreally injection
/0.1, 0.2, and 0.3 mg
	2 days, 4 and 7weeks
	“GO intravitreally injected eyes showed little change in eyeball appearance, IOP, eyesight, and histologic.”
	5
	Band A
	Intravitreous injection cause few changes on eyeball appearance, intraocular pressure, or eyesight. No mention of irritation.

	Yang et al. (2013)
	GO, nGOPEG,
RGO-PEG and nRGO-PEG
	Liquids suspension
	Internal organ toxicity
	STOT-RE
	Mice
	oral and intraperitoneal
administration/ 50 mg/kg
	1,7, 30 days.
	“Any inflammation or granulomas formation was observed in treated mice within 30 days. No significant toxicity was noticed in our systematic serum biochemistry, complete blood panel test, and histological analysis.”
	30 
	Band C
	NOAEL of 100 mg/kg and divide by factor of 3 = 33.3 mg/kg.

	Zhang et al. (2011)
	Rhenium
(188Re)-GO 
	Liquid
	Lung toxicity 
	STOT-RE
	Mice
	Intravenous / 1-10mg/kg
	14 days
	“No significant pathological changes were observed in all the examined organs when mice were exposed to 1 mg /kg of GO for 14 days. However, when mice were exposed to 10 mg/kg body weight, GO induced significant pathological changes, including inflammation cell infiltration, pulmonary edema, and granuloma formation.”
	No EDS assigned 
	N/A
	Exposure was IV, not oral, dermal or inhalation. Because of this, cannot determine band.

	Zhang et al. (2015)
	Reduced graphene oxide (rGO)
	Liquid
	Neurotoxicity
	STOT-RE
	mice
	Oral gavage / 60 mg/kg body weight
 every 24 h for 5 consecutive days (total: 300 mg/kg per mouse).
	5 days, 
	“These results indicating that liver and kidney functions as well as hematology values remained normal after mice were orally treated with rGO suggest that rGO-treated mice have no diseases of the liver, kidney, or other organs. Based on these results, it can be concluded that the levels of brain Ach are not affected by high dose rGO short- (i.e., 1 day) or long-term (i.e., 60 days). These results further demonstrate that oral administration of small or large rGO nanosheets does not appear to cause dysfunction in the mouse hippocampus.”
	No EDS assigned 
	N/A
	Duration was shorter than 28 days therefore cannot band.

	Zhang et al. (2019)
	Graphene quantum dots (GQDs)
	Liquid
	Reproductive toxicity
	Reproductive toxicity
	 mice
	Oral /60, 100, and 300 mg/kg mouse (500 μL per mouse). IV injection /25, 75, and 150 mg /kg mouse (200 μL per mouse)
	24 hours, 10 days.
	“Results indicate that high doses of GQDs administered via oral gavage or intravenous injection produce no discernible short- and long-term toxic effects on male reproductive ability and health of offspring.”
	30
	Band B
	60 mg/kg is the NOAEL


	Supplementary Table S4. Summary of Klimisch Scoring System

	Klimisch Score
	Klimisch Score Justification

	Category 1 = reliable without restrictions
	Studies or data generated according to generally valid and/or internationally accepted testing guidelines (preferably performed according to good laboratory practice (GLP) or in which the test parameters documented are based on a specific (national) testing guideline or in which all parameters described are closely related/comparable to a guideline method

	Category 2 = reliable with restrictions
	Studies or data (mostly not performed according to GLP), in which the test parameters documented do not totally comply with the specific testing guideline but are sufficient to accept the data or in which investigations are described which cannot be subsumed under a testing guideline, but which are nevertheless well documented and scientifically acceptable.

	Category 3 = not reliable
	Studies or data in which there were interferences between the measuring system and the test substance or in which organisms/test systems were used which are not relevant in relation to the exposure (e.g., unphysiological pathways of application) or which were carried out or generated according to a method which is not acceptable, the documentation of which is not sufficient for assessment, and which is not convincing for an expert judgment.

	Category 4 = not assignable
	“Studies or data which do not give sufficient experimental details, and which are only listed in short abstracts or secondary literature (books, reviews, etc.).”
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	Supplementary Table S5. Klimisch Score Results

	Study
	Animals
	# of animals
	Chemicals
	Scope of investigation
	Description of the changes/lesions observed.
(Y/N)
	
Control group or historical control data of the laboratory
(Y/N)
	Description of the test conditions
(Y/N)
	Description of the route and doses of administration
(Y/N)
	Klimisch Score
	Rationale

	




Kim et al. (2016)
	Species
	Strain
	Sex
M/F
	Age in Weeks
	



60


	PurityY/N
	Composition and size distribution of the particle’s (Y/N)
	Origin of the Substance
(Y/N)
	Clinical Chemistry
(Y/N)
	Hematology
(Y/N)
	Organ weights pathology or histopathology
(Y/N)
	Description of the methods
(Y/N)
	



Yes
	



Yes

	



Yes
	



Yes
	



1
	



GLP

	
	Rat
	Sprague Dawley (SD)
	M
	6
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	Kurantowicz et al. (2015)
	Rat
	Wistar/ cmdb
	F
	6
	40
	Yes
	Yes
	Yes

	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Ma-Hock et al. (2013)
	Rat
	Wistar (strain Crl: WI (Han))
	M
	7
	16
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Wang et al. (2011)
	Mice
	Hunming
	F
	4-5
	33
	No
	No
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	3
	Did not follow GLP

	Strojny et al. (2015)
	Rat
	Wistar Crl: WI(Han)
	F
	6
	40
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	El-Yamany et al. (2017)
	Mice
	N/A
	M
	No
	90
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	[bookmark: _Hlk146098806]Park et al. (2015)
	Mice
	ICR
	M
	6
	20
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Yang et al. (2013)
	Mice
	Balb/c
	F
	No
	15
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Zhang et al. (2015)
	Mice
	Hunming (C57)
	M
	6-8
	45
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Wen et al. (2015)
	Mice
	Balb/c
	M
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Jasim et al. (2015)
	Mice
	C57BL/6
	No
	8
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Durán et al. (2017)
	Rat
	Fischer 344
	No
	No
	25
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Park et al. (2017)
	Mice
	ICR
	M
	6
	38
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Wu et al. (2022)
	Mice
	ICR
	M
	8
	42
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Shin et al. (2015)
	Rat
	Sprague-Dawley
	M
	6
	60
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Bengtson et al. (2017)
	Mice
	C57BL/6J
	F
	7
	306
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Kim et al. (2021)
	Mice
	BALB/C
	F
	7
	No
	No
	Yes
	Yes
	N/A
	N/A
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Sosa et al. (2023)
	Mice
	CBA/JN
	F
	10
	16
	No
	Yes
	Yes
	N/A
	N/A
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Liang et al. (2015)
	Mice
	ICR
	M&F
	6-7
	24
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Fu et al. (2015)
	Mice
	ICR
	M&F
	8-9
	40
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Nirmal et al. (2017)
	Rat
	Wistar
	M
	10-12
	18+controls
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Zhang et al. (2019)
	Mice
	ICR
	M&F
	6-7
	39+152
	No
	Yes
	N/A
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Han et al. (2015)
	Rat
	SD
	M
	6
	36
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Li et al. (2013)
	Mice
	C57BL/6
	No
	No
	No
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Schinwald et al. (2014)
	Mice
	C57BL/6
	F
	9
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Shurin et al. (2014)
	Mice
	BALB/c
	F
	7-8
	No
	N/A
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Lee et al. (2017)
	Rat
	Wistar
	F
	6
	24
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP

	Li et al. (2018)
	Mice
	C57BL/6
	M
	8
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Mao et al. (2016)
	Mice
	ICR
	M
	4
	45
	N/A
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Lin et al. (2015)
	Rabbits
	Zelanian
	No
	No
	12
	Yes
	Yes
	Yes
	N/A
	N/A
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Yan et al. (2012)
	Rabbits
	Japanese
	No
	No
	9
	Yes
	Yes
	Yes
	N/A
	N/A
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	2
	Not entirely GLP

	Wu et al. (2016)
	Rat
Rabbit
	SD New Zealand
	F
No
	3
24
	35
3
	Yes
	Yes
	No
	N/A
	N/A
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	3
	Did not follow GLP

	Schinwald et al. (2012)
	Mice
	C57BL/6
	F
	9
	10
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	1
	GLP



Keywords used for the systematic literature review.[bookmark: _Hlk140670582][bookmark: _Hlk140670928]The following keywords were used : “graphene’’, “graphene nanoplatelets’’,  “reduced graphene oxide’’, “graphene oxide’’, “few layer graphene’’ , “multilayered graphene’’, “ multilayered graphene platelets’’, “ PEGylated reduced nanographene’’, “graphene oxide nanoplatelets’’ , “graphene nanosheets’’, “pristine graphene’’, “multi-functional graphene’’, “graphene quantum dots’’, “ reproductive toxicity’’,  “developmental toxicity’’, “genotoxicity’’, “specific target organ toxicity’’, “respiratory sensitization’’, “skin sensitization’’, “acute toxicity’’, “skin corrosion’’, “skin irritation, “eye damage’’, “eye irritation’’, “toxicity’’, “irritation’’, “skin’’, “dermal’’, “dermis’’, “lung’’, “respiratory’’, “inhalation’’, “liver’’,  “oral’’, “kidney’’, “multiple organs’’ , “in vivo’’, “animal models’’, “ eye’’, “cardio’’, “cardiotoxicity’’ , “heart’’, “genotoxicity’’, “ocular’’, “route’’. 













    


