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Abstract - Nanoparticles of graphene and carbon nanotubes are novel and attractive fillers that are recently inserted in 
polymer nanocomposites for variety of structural and functional applications. Nanotechnology products and application 
certainly can revolutionize the industry in many sectors. However, the increase of the manufacture and consumption of 
nanomaterials increases the probability of exposure of the environment to such nanomaterials. Their release and 
environmental impact after disposal at the end of their life phase is rarely discussed. This work aims to investigate the 
potential release of nanoparticles in waste streams. Based on experimentally defined release of graphene, a quantitative and 
qualitative risk assessment was proposed related to exposure of human environment at migration and burning of 
nanocomposite wastes. 
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I. INTRODUCTION 
 
Various manufactured nanomaterialsare already 
applied in a diverse category of consumer goods in 
order to enhance their properties or supplement to 
novel functionalities. The industry has already 
utilized nanoclays, metal nanoparticles, different 
types of carbon nanotubes and recently graphene and 
has managed to use them in products such as 
semiconductors, automotive, aerospace, electronics 
packaging, food packaging and etc.[1]. At the same 
time regulations at national, EU and international 
level are still struggling to agree upon unified and 
mutually accepted definition of what constitutes a 
“nanomaterial”. As the market of nanomaterial-based 
products is expected to triple by the year 2020 in 
more industrial sectors such as IT and 
communications, transport, healthcare and packaging, 
the application of nanomaterials and nanoparticles is 
expected to grow proportionally. As a result, 
environmental exposure to nanoparticles in air, water 
and soils is also expected to increase [2].However, 
more research efforts in nanoscience are needed to 
focus exclusively on the potential risk of 
nanomaterials with the increasing exposition of 
workers, consumers and environment to nanoparticle-
containing products.The fate and behavior 
ofnanoparticles in the environment at the end of life 
cycle of products depend strongly on the chemical 
and physical propertiesof the released nanoparticles 
and conditions of the environmental media [3]. The 
specific nanoscale size and shape of graphene and 
carbon nanotubes with large aspect ratio and large 
surface area, airborne, non-soluble in water and 
absorptive in soil, will enhance their mobility in the 
environment [4]. 
 
Currently, very little is known about the end of life 
phase of nanomaterials graphene and carbon  

 
nanotubes incorporated in biodegradable polymer 
nanocomposites. Direct disposal, such nanomaterials 
may occur in waste depots, waste landfills, or 
wastewater, where they can leak into the soils and 
ground water, or be released into the air. Recycling of 
nanoparticle containing products is a long-term goal, 
but the present state of nanomaterials’ recycling 
makes this option unfeasible [5].The degradation of 
the biopolymer in erosion or composting creates a 
potential for the carbon nanotubes or graphene 
embedded in the composite to be partially or 
completely released from the polymer.Thus the 
nanoparticles are able to pass into the air or to engage 
in soil and groundwater [6].  
 
In the present study we investigate the release of 
graphene and carbon nanotubes from biodegradable 
polymer in disposal and propose a risk assessment for 
the environment. 

 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Experimental Procedures 
Commercial conductive graphene-based filament 
consisting of poly(lactic) acid polymer (PLA) 
filledwith~14% graphenenanoplates (GNPs) and 
multiwall carbon nanotubes (MWCNTs) was 
supplied by Graphene 3D Lab, USA. Commercial 
neat PLA filament wasalsosupplied. Disk samples 
were prepared by 3D printing (FDM) of graphene-
polymer layer, followed by a neat PLA layer to build 
a sandwich structure of 10 alternative layers with 
thickness about 1 mm. After that, the printed samples 
ware hot pressed to thin filmsof thickness below 50 
microns and subjected to both migration test and 
thermal degradation.The amount of nanocarbon filler 
in the final films is about 3 wt%. Migration test was 
performed under dynamic conditions in aqueous-
based media of 3 vol. % acetic acid and 10 vol.% 
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ethanol, at 4 hours heating at 90◦C following by 
storage of 10days at 40◦C including dynamic 
treatment for 1 min daily. The migration test regime 
was chosen in order to simulate the contact storage 
conditions for food packaging applications[7], as well 
as for waste treatment to compost.Transmission and 
scanning electron microscopy (TEM and SEM) 
analysis were performed in order to identify migrants 
in the simulant media and to verify the film integrity 
after the migration test. 
 
Thermal degradationof test samples was studied by 
thermogravimetric analysis (TGA, Q50, TA 
Instruments)at 10oC/min in three different 
temperatures from 30oC ranging to 500, 650 and 850 
oC. The mass loss during heating and the amount of 
resodue ash were analyzed. 

 
III. RESULTS AND DISCUSSION 
 
3.1. Release of graphene due to degradation of 
PLA polymer 
A significantrelease of graphene nanoplates was 
observedin the surrounding media after the migration 
testof PLA/GNP/MWCNT film in slightly acidic and 
alcoholic media, which simulate the treatment of 
nanocomposite wastes in compost.(Fig.1a). The 
release of graphene is probably due to the 
specificshape of nanoplateswith micron size length 
and nanosize thickness, which is facilitated by the 
decomposition of the PLA polymer at the test 
conditions. In contrast, the fibrous carbon nanotubes 
form an entangled network on the film surface when 
the PLA matrix degrade, which obviously prevent 
their release from the film(Fig. 1b). This was shown 
in more details in our previous studies[8,9]. 

 
Fig. 1. (a) ТЕМ micrograph of graphene migrants and (b) SEM 

micrograph of the film surface after migration test in 3% 
ethanolmedia. Composite sample was PLA/GNP/MWCNT 

 
Therefore, if graphene-based biodegradblenano-
composte wastes are disposed of in landfills without 

lining, the existing amount of graphene nanoplatesin 
the waste can certainly be released into the 
environment or penetrated into soil and groundwater. 
The biodegradation process of such wastes provides 
compost that is very likely to contain graphene 
nanoplates and agglomerates of carbon nanotubes. 
Since the compost is intended to be used for soil 
improvement, these nanoparticles will be released 
and there is a risk that they will fall into the food 
chain of different organisms. 
 
3.2. Release of graphene after burning of 
nanocomposite film in open area. 
The thermal degradation of nanocomposite films in 
air atmosphere is investigated by thermogravimetric 
analysis, shown in Fig. 2. The thermal stability, as 
determined from the onset of weightloss, Tonset 
,at230oC. The burning of PLA polymer is achieved 
around 420oC.With increasing the heating 
temperature, the residue ash decreases, as shown in 
the legend of Fig.2 for 500, 650 and 850oC. 

 
Fig.2. TGA curve, weight lossvs. temperature, of 

nanocomposites; the amount of residue ash decreasefrom 3.3% 
to 1.5% and 0.7% at burning temperatures of 500, 650 and 800 

oC, respectively. 
 
TEM micrographs in Fig.3 visualize the content of 
the residue ash at the three temperatures. As seen at 
500oC the residue ash contains free agglomerates of 
graphene and carbon nanotubes that are 3.3% from 
the total amount of the burned nanocomposite 
sample. At 650 oC and 850 oC the carbon nanotubes 
and graphene are still not degraded and remain in the 
residue ash, but its amount significantly decrease to 
1.5% and 0.7%, respectively.  
 
The TGA test in air atmosphere simulated the burning 
of waste at an open air, e.g. by fire in landfills. The 
vast majority of nanomaterials, especially in 
underdeveloped countries are disposed of as waste in 
landfills where waste incineration by fire is a 
common practice. The presence of graphene and 
carbon nanotubes in large amounts in the resodue ash 
creates safety concerns about the exposure of humans 
and the environment to these airborne nanoparticles. 
Therefore a risk assessment was performed for the 
impact on the environment of graphene and carbon 
nanotubes at the end-phase, e.g. disposal and 
treatment of nanocomposite wastes. 
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Fig.3. TEM micrographs of residue ash at three decomposition 

temperatures: 500, 650 and 850oC 
 
3.3. Riskassessment 
Risk could be defined as a combination of the 
probability of occurrence of an event and its 
consequences, establishing a positive or negative 
outcome. At the same time, risk assessment is defined 
according to ISO 31000 (2009) [11] as a 
comprehensive process of analysis and qualitative 
risk categorization. The risk could be assessed 
quantitatively or qualitatively, depending on the 
likelihood of occurrence of the possible 
consequences. 
  
3.3.1. Quantitative risk assessment 
For the quantitative risk assessment, in Table 1,we 
have summarized the data obtained from the 
evaluation of the effects of exposure to GNP and 
MWCNTs from PLA/MWCN/GNP,during different 
activities from the phase of nanocomposite waste 
treatment. To quantify the risk (R) of exposureto 
MWCNTs and GNP, we have adopted the three-step 
grading method for the factors Consequences (C), 
Exposure (E) and Likelihood (L)[12].  
 
Consequences (C) represent the undesirable result of 
the damage and its quantitative assessment uses 
grades from 1 to 100. We have assessed the damage 
according to the actual exposure to MWCNTs and 

GNP, relative to the recommended exposure limits 
(REL = 1 μg/m3,  NIOSH [13]). 
 
Exposure (E) represents how often the risk of release 
of MWCNTs and GNP from the PLA/MWCN/GNP 
film during the waste treatment could occur. The 
exposure estimates for MWCNTs and GNPs are 
based on the E-classification method [12], with 
arange from 0.5 to 10. Likelihood (L) represents the 
possibility for occurrence of pre-defined 
consequences from the exposure to MWCNTs and 
GNP from a PLA MWCNT/GNP film. We have 
estimated the probability according to the actual 
duration of each activity.  The admissibility of the 
health and the environmental riskis presented as a 
multiplication of the 3 factors (R = C x E x L) and itis 
classified into five risk areas: minimal, acceptable, 
high, very high and unacceptable. Table 1 presents 
the quantitative risk assessment for three case studies: 
Migration of GNP from 3wt%PLA/MWCNT/GNP 
composite film, burning of 3wt%PLA/MWCNT/GNP 
and accidental fire. 

Table 1. Risk assessment by CEL model 

 
 
3.3.2. Qualitative risk assessment 
For the qualitative risk assessment, we used the 
approach, described by Aven [14], which represents 
the dependence of the "consequences" in a function to 
the "frequency" of occurrence. "Frequency" is a 
derivative of "exposure" and "likelihood". This 
dependence is showed in Fig. 4, for the purpose of 
classification of the risk from MWCNTs and GNP in 
the PLA/MWCNT/GNP nanopomposite film, under 
the conditions of migration and open air burning. 

 
Fig. 4.Qualitative risk assessment - consequences of GNP 

exposure in function of the frequency,atmigration and burning 
of the PLA nanocomposite film 
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The Experimental points represent the risk of 
exposure to MWCNTs and GNPs from the PLA films 
throughout different activities at the waste treatment 
phase (Table 1). The lines represent the "constant 
risk" at the following levels of risk: R = 20, R = 70, R 
= 200 and R = 400, and outline the five risk zones: 
minimum (R <20); acceptable (20 <R <70); high (70 
<R <200); very high (200 <R <400) and unacceptable 
(R> 400). As shown on Fig. 4, the "Very 
High/Unacceptable" risk (R = 400) has been analysed 
for open air waste burning and the risk during an 
accidental fire is "High/Very High" (R = 200), due to 
the high concentration of powdery nanoparticles, 
containing MWCNTs and GNP, which is expected to 
affect more people and to cause significant damage to 
the environment. The migration of GNP nanoparticles 
from the PLA films in surrounding media is an 
"Acceptable" Risk. 
 
3.4. Safety concerns. 
Despite their common carbon structure, CNTs and 
graphene are two very different nanomaterials, due to 
their different physical and chemical characteristics. 
Dimensions, surface chemistry and impurities are 
equally important for determining the aggregation, 
degradation and toxicological effects of graphene and 
CNTs . Their shape (tubular vs. plane) and their 
dimensions (2D vs. 1D) are key structural 
differences. CNTs tend to form entangled aggregates, 
and graphite sheets tend to stack in several layers. 
Graphene are characterized by a lower aspect ratio 
(length/width), greater surface area and better 
dispersion in most solvents, compared to CNTs. 
However, studies comparing graphene to CNTs are 
very rare, making it difficult to analyse their overall 
safety and risk [15]. The fact that colloidal 
dispersions of graphene can be obtained without 
metallic impurities, with high stability and less 
aggregation, and the fact that graphene nanostructures 
are not fibers, could theoretically offer significant 
advantages of graphene over CNTs, in terms of risk 
management and safety. 

 
CONCLUSIONS 
 
The risk of the release of individual GNPs from nano-
waste is substantial, whereas the release of long 
MWSNTs is virtually impossible. Individual 
graphene nanoparticles and carbon nanotubes may 
prove to be a new type of environmental pollutant, 
the effects of which are difficult to predict. However, 
the accumulation of large amounts of packages, 
containing nanocomposite materials, as waste is 
necessary, in order for these carbon nanoparticles to 
pose a serious health and environmental risk. 
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