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FOREWORD 

The OECD Joint Meeting of the Chemicals Committee and Working Party on Chemicals, Pesticides 

and Biotechnology (the Joint Meeting) held a Special Session on the Potential Implications of 

Manufactured Nanomaterials for Human Health and Environmental Safety (June 2005). This was the first 

opportunity for OECD member countries, together with observers and invited experts, to begin to identify 

human health and environmental safety related aspects of manufactured nanomaterials. The scope of this 

session was intended to address the chemicals sector.  

As a follow-up, the Joint Meeting decided to hold a Workshop on the Safety of Manufactured 

Nanomaterials in December 2005, in Washington, D.C. The main objective was to determine the “state of 

the art” for the safety assessment of manufactured nanomaterials with a particular focus on identifying 

future needs for risk assessment within a regulatory context.  

Based on the conclusions and recommendations of the Workshop [ENV/JM/MONO(2006)19] it was 

recognised as essential to ensure the efficient assessment of manufactured nanomaterials so as to avoid 

adverse effects from the use of these materials in the short, medium and longer term. With this in mind, the 

OECD Council established the OECD Working Party on Manufactured Nanomaterials (WPMN) as a 

subsidiary body of the OECD Chemicals Committee in September 2006. This programme concentrates on 

human health and environmental safety implications of manufactured nanomaterials (limited mainly to the 

chemicals sector), and aims to ensure that the approach to hazard, exposure and risk assessment is of a 

high, science-based, and internationally harmonised standard. This programme promotes international co-

operation on the human health and environmental safety of manufactured nanomaterials, and involves the 

safety testing and risk assessment of manufactured nanomaterials.  

This document is published under the responsibility of the Joint Meeting of the Chemicals Committee 

and Working Party on Chemicals, Pesticides and Biotechnology of the OECD. 
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CONSIDERATIONS FOR USING DISSOLUTION AS A FUNCTION OF SURFACE 

CHEMISTRY TO EVALUATE ENVIRONMENTAL BEHAVIOUR OF NANOMATERIALS IN 

RISK ASSESSMENTS: A PRELIMINARY CASE STUDY USING SILVER NANOPARTICLES 

 

1. INTRODUCTION 

 

1. Manufactured nanomaterials (henceforth referred to as nanomaterials) enter the environment at 

various life-cycle stages (e.g., from manufacturing, end-use products, recycling, etc.). To assess their 

safety, governments are supporting the OECD Recommendation of the Council on the Safety Testing and 

Assessment of Manufactured Nanomaterials [C(2013)107] and are continuing to apply existing chemical-

based regulatory frameworks. These frameworks, which currently rely on endpoints developed for 

conventional chemicals may not be equipped to deal with the behaviour of nanomaterials. The dissolution 

behaviour of manufactured nanomaterials, in addition to other parameters/properties such as size 

(Peretyazhko et al. 2014) and surface reactivity, can affect their short and long-term fate and toxicity 

(including bioavailability and uptake pathways). An important challenge is therefore to distinguish if the 

effects are a result of the novel properties displayed by the nanomaterial, degradation of it, the release of 

ions or most likely a combination of all. Currently, there is no guidance on how and/or when to use 

dissolution information in risk assessments for nanomaterials. For example, risk assessors focusing on 

chemical composition and structure (the typical approach used for conventional chemicals) will assume a 

worst-case of the particle being transformed completely into component/secondary ions; while risk 

assessors focusing on the nano-properties will assume negligible dissolution (in the absence of appropriate 

information) and complete preservation of any unique properties (such as effects resulting from quantum 

confinement). These two approaches are not always appropriate to assess the safety of nanomaterials in the 

environment and broader nano-relevant guidance is needed to properly evaluate the fate and effects of 

nanomaterials in the environment.  

2. Dissolution of inorganic nanomaterials in the environment generally encompasses both kinetic 

and thermodynamic processes including surface degradation. During dissolution, component ions and 

reaction products are released from the nanomaterial, and both these processes are considered for the 

purposes of this project due to the lack of delineation between these two processes in literature. In order to 

consider dissolution in environmental risk assessments of nanomaterials, this project was initiated with an 

aim to identify an approach to help guide current regulatory environmental risk assessments when 

http://acts.oecd.org/Instruments/ShowInstrumentView.aspx?InstrumentID=298&InstrumentPID=314&Lang=en&Book=False
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evaluating dissolution information using the current state-of-the-science; and extend, as far as possible 

using our current understanding from silver nanoparticles (the case-study) to other metal-based 

nanoparticles. Consistent with one of the primary objectives of the OECD Programme on Manufactured 

Nanomaterials i.e., to develop approaches to support ongoing risk assessments of manufactured 

nanomaterials, outcomes of this project will need to be continually refined and updated as relevant science 

and standardized test methods become available. Silver nanoparticles (AgNPs) were selected as a case 

study in this project since numerous studies have been published dealing with the dissolution of AgNPs 

with different surface modifications under different environmental conditions. The fact that AgNPs 

undergo an oxidative dissolution, although important in terms of understanding mechanisms, is not 

relevant for this project since we are interested in developing an approach on how to use dissolution within 

the context of an environmental risk assessment. The findings in this document are expected to apply to 

nanomaterials as powders and in liquid suspensions and not to releases from solid matrices. In addition, the 

recommendations developed herein must be considered along with all the considerations and uncertainties 

outlined throughout this document so that they can be used in an appropriate context.  

3. Surface modification is just one parameter affecting dissolution of nanoparticles (among other 

factors such as temperature, solvent interactions, etc). Surface modifications are often intentionally applied 

by the manufacturer to stabilize nanoparticles in media and include those which interact: (i) 

electrostatically (charge repulsion such as citrate modifications), (ii) sterically (by spatial repulsion such as 

polyvinylpyrrolidone modifications), and (iii) electrosterically (a combination of electrostatic and steric 

modifications) with the particle and media (El Badawy et al., 2012; Misra et al., 2012). Other factors that 

influence dissolution of AgNPs include changes in pH, temperature, presence/absence of organic matter, 

oxidation potential, etc. (Kent et al, 2012). It should also be noted that literature pertaining to dissolution of 

AgNPs in biological media (i.e., human health relevant test data) was not considered as it is outside the 

scope of this project. 

4.  In addition to the types of surface modifications highlighted above, silver undergoes sulfidation 

and other surface reactions depending on environmental conditions. For clarity, it was agreed that to 

support the objective of this project which is broader than only AgNPs, surface reactions such as 

sulfidation would be considered on a case-by-case basis in risk assessments (see section on sulfidation for 

discussion).  In addition, it is also important to highlight that for the purposes of this document AgNPs 

represent a class of substances that can include many combinations of silver nanomaterials and associated 

modifications. Additional considerations are also highlighted in the recent report by the Danish 

Environmental Protection Agency (Hartmann et al., 2014) which discusses key factors associated with 

dissolution of various nanoparticles, including silver. 

5. For clarity, the data collected from literature and the OECD dossiers is organized by media type: 

Natural media (i.e., real environmental samples (e.g. river waters), synthetic media (including OECD 

media and laboratory water modified with organic matter), artificial soil media, and ultrapure water.  

6. Summaries of relevant research studies are presented in Section 2 and, using information derived 

from these, recommendations to consider during the regulatory risk assessments of metal-based 

nanoparticles are discussed in Section 3.  

  

http://www.oecd.org/chemicalsafety/nanosafety/testing-programme-manufactured-nanomaterials.htm
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2. DISCUSSION 

7. Dissolution from AgNPs to silver ions is an oxidative process involving protons (H
+
) and 

dissolved oxygen. Under controlled experimental conditions the dissolution is governed by Equation 1 (Liu 

and Hurt 2010):  

2𝐴𝑔(𝑠) +
1

2
𝑂2(𝑎𝑞)

+ 2𝐻(𝑎𝑞)
+ ⇔ 2𝐴𝑔(𝑎𝑞)

+ +  𝐻2𝑂(𝑙) (1) 

8. There are no standardized test methods, including OECD Test Guidelines, specific for evaluating 

dissolution of nanomaterials. The lack of a standardized test method made it impossible to collect relevant 

studies which could be considered predictive of environmental behaviour. As an interim, we considered 

existing OECD Test Guidelines for chemicals used to evaluate solubility and dissolution only to select 

appropriate data from literature. While these methods may not be suitable to evaluate nano-specific 

behaviours (e.g., aggregation kinetics), we considered the test duration to be applicable to nanomaterials.  

Specifically, we consulted OECD test guidelines for chemical testing No. 105 and OECD guidance 

document No. 29 and the durations used ranged from 4 days (meant for the more soluble organic 

chemicals) to 28 days. It is understood that identifying a duration is outside the scope of this project. For 

the purposes of selecting data, the duration will be refined when the information is updated. Since this 

project focuses on AgNPs and metal-based nanoparticles, a 7 day timeframe (for short-term study) from 

OECD Guidance Document 29 on transformation/dissolution of metals and metal compounds in aqueous 

media (OECD, 2001) was considered suitable. 

9. The purpose of the approach described here is to classify a given dissolution value as high, 

moderate, low, or negligible i.e., ions of the metallic nanoparticle released after 7 days of aquatic exposure. 

The term dissolution is used qualitatively in this report instead of solubility since the behaviour of 

nanoparticles under equilibrium conditions is still not well understood and calculating rate constants is not 

always feasible Descriptors such as high, moderate, low, and negligible, although qualitative, are used 

regularly in conventional risk assessments to organize large sets of data for the purposes of read-across 

and/or focusing concerns. For example, in the Canadian New Substances Program for industrial chemicals, 

the following conventional chemical-based solubility descriptors are used to predict environmental fate and 

effects: Negligible (<0.01 mg/L); Low (0.01-10 mg/L); moderate (10-1,000 mg/L); high (1,000-10,000 

mg/L); very high (>10,000 mg/L). These descriptors are similar to those used by other jurisdictions, such 

as the US EPA Office of Pollution Prevention and Toxics which regulates new industrial chemicals. These 

descriptors, which are one of several used by the US EPA program, are: Negligible (<0.001 mg/L); Low 

(0.001-1 mg/L); Moderate (1-1000 mg/L); High >1000 mg/L). It is important, however to note that 

dissolution (kinetic metric) should not be used as a solubility descriptor (thermodynamic equilibrium). 

10.  The Expert Group for this project selected literature studies on silver nanoparticle dissolution 

based on the established duration of the test, as well as a set of additional criteria established by the Group. 

According to these criteria, to be included for review as part of this project, a study should adequately 

measure and report the following identity data and physical-chemical endpoints: 

 Substance name, composition, overall purity, identity and amount of impurities, size information, 

details on surface modifications, specific surface area, aggregation/agglomeration information, 

pH range and variation for the duration of the study, test media, ionic strength of test media, 

temperature and variation, detailed method description, number of trials/replicates, analytical 

method, changes to the substance during test, dissolution products. 
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11. The literature search resulted in identification of 39 original publications of which 10 were 

included in the preliminary findings section (i.e. the ones that had at least 80% of the parameters listed)). 

While these 10 papers were found to meet the minimum quality criteria for this project, there was still a 

clear lack of standardization in the way the tests were conducted and endpoints reported (e.g., still many 

uncertainties in the success of separating ions and particles, assessing the mass balance, and calibration and 

validation).  It should be noted that none of the publications contained all of the criteria listed above.  

 

Preliminary Findings on Dissolution by Media Type: 

Natural media:  

12. The reviewed literature indicated that dissolution of AgNPs was negligible to low in freshwater 

and seawater samples (freshwater and saltwater samples were both obtained from local sources in 

California, USA; Thio et al., 2012). Results ranged from <1% mass dissolution (of the initial concentration 

of nanoparticles)  after 30 days for polyvinylpyrrolidone (PVP) and citrate-coated AgNPs in freshwater to 

8% and 6% after 30 days for PVP and citrate-coated AgNPs in seawater, respectively with starting 

concentrations of 10 mg/L (Thio et al., 2012). Li and Lenhart (2012) observed a faster release of silver ions 

from sterically stabilized nanoparticles in suspensions in comparison to particles with other types of 

modifications (such as electrostatic or electrosteric) (Li and Lenhart, 2012). They concluded that sterically 

stabilized nanoparticles are likely to inhibit aggregation when entering water, which leads to a faster ion 

release rate compared to other types of surface modifications (Li and Lenhart, 2012). The initial 

concentration of silver nanoparticles was 1.46  mg/L, as reported by Li and Lenhart (2012). Furthermore, 

Angel et al. 2013 reported the 72h dissolution of a 40mg/L solution of silver nanoparticles in natural 

seawater was approximately 3% for both PVP coated and citrate coated AgNPs (compared to micron sized 

silver particles which had a dissolution of 0.3%). 

13.  The use of artificial surfactants (i.e. Tween) in river water to disperse and sterically stabilize 

silver nanoparticles resulted in 3% silver ion release (relative to the total silver present) after 6 hours when 

compared to uncoated and citrate coated particles which reached 3% silver ion release only after 15 days 

(Li and Lenhart, 2012). It should be noted that the TWEEN coated silver nanoparticles remained at 3% 

dissolution for 15 days (Li and Lenhart, 2012). These findings are consistent with the work done on 

polyacrylate coated silver (NM-300K) by the Joint Research Centre (Klein et al., 2011).  

Synthetic media (water containing environmentally relevant chemicals):  

14.  A study conducted by Angel et al. (2013) reports that humic acid reduced agglomeration of 

nanoparticles and only affected dissolution of electrostatically stabilized AgNPs (citrate coated) when 

compared to synthetic soft water. The results of the study using a 40mg/L initial concentration of AgNPs, 

indicate a 72-h dissolution of approximately 1.5% for both PVP and citrate surface modifications. The 

addition of humic acid to the synthetic media lowered the dissolution in citrate coated AgNPs to 0.7% after 

72 hours. It was also shown in this study that AgNPs dissolution increased with chloride concentration (72-

h study) (Angel et al., 2013).  Speciation modeling indicated that the dissolved silver formed AgClx
y-

 

complexes with the Cl
-
 ions, which are ubiquitous in environmental media. Further to this, it is highlighted 

that nanosilver dissolution is directly related to the dissolved concentration of chloride ions in solution 

(Angel et al., 2013). In this study, silver dissolution for both citrate and PVP coated nanoparticles was 

measured as a function of chloride concentration (Angel et al., 2013). After 72h at marine relevant chloride 

concentrations (564mM Cl
-
) 58% and 34% of the total silver was detected as dissolved silver in the citrate 

and PVP coated particles respectively (Angel et al., 2013). In addition, by using OECD media to determine 
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stability, it was concluded by Tejamaya et al. (2012) that charge stabilized (citrate) particles were less 

stable than sterically stabilized (PVP) particles (21 day study) (Tejamaya et al., 2012). 

Artificial soil media:  

15.  Cornelis et al. studied AgNPs dissolution in artificial soil pore water (Cornelis et al., 2012). It 

was found that AgNPs with a 0.1% PVP coating had a dissolution of <10% within a pH range of 4-9 after 

24 h (Cornelis et al., 2012). Further to this, addition of fulvic acid or citrate to the soil system reduced 

AgNPs dissolution (Cornelis et al., 2012). 

Pure water: 

16.  Studies performed in ultra-pure water by Kittler et al. show that PVP-coated AgNPs display 

proportionally higher dissolution rates relative to citrate-coated particles with increasing temperature 

(Kittler et al., 2010). Citrate-coated particle dissolution increased from 14% to 70% when heated from 

room temperature (25ºC) to 37°C, whereas PVP-coated particles increased from 9% at 5°C to 50% at 25°C 

and 90% at 37°C (Kittler et al., 2010) over periods ranging from 33 days to 125 days.  

17.  Furthermore, electrostatic stabilizers (e.g. citrate) seemed to be affected by changes in ionic 

strength and presence of electrolytes, while steric (PVP) and electrosteric (branched polyethylenimine, 

BPEI) remain largely unchanged by these conditions (El Badawy et al., 2012). In a study by Huynh and 

Chen, dissolution was found to be affected by ionic strength (e.g. NaCl, CaCl2, MgCl2) (Huynh and Chen, 

2011). It was determined that PVP-coated AgNPs underwent less dissolution under these conditions than 

citrate coated AgNPs (Huynh and Chen, 2011). In addition, AgNPs dissolution can be minimized under 

anaerobic conditions (Xiu et al., 2012). While the above data is informative, it is important to note that 

these dissolution percentages are significantly higher than the studies in natural media (as high as 50% in 

the study above compared to 8% in natural media reported in the above section); however they do provide 

mechanistic information on dissolution.  

Other Factors Affecting Dissolution: 

Sulfidation: 

18.  Sulfidation, i.e. reaction with sulphur or a sulphur containing molecule
 
to form Ag2S on the 

surface of the AgNPs, has a dramatic effect on the dissolution of AgNPs. Sulfidation can be introduced 

either synthetically or naturally. A buffered solution of PVP-AgNPs showed dissolution of 18 mg/L over 

30 days (initial concentration of AgNPs was 100mg/L), while sulfidised PVP-AgNPs showed dissolution 

in the range of up to 2.5 mg/L (Levard et al., 2011). It is expected that sulfidation leads to a core-shell 

AgNPs structure (Dale et al. 2013). Dissolution of sulfidised AgNPs is affected by solution chemistry (e.g. 

concentration of sulfur ions) (Dale et al. 2013; Kaegi et al. 2011). Sulfidation also affects agglomeration 

kinetics, surface charge, and adsorbed mass of modification (Levard et al., 2011). It is clear that sulfidation 

is an environmentally relevant reaction mechanism for silver nanoparticles. However, to keep within the 

confines of this project it was decided that the reaction mechanism between sulfur and silver not be used to 

formulate the recommendations. This is not to lessen the role sulfidation plays but because the 

recommendations in this report need to apply to a larger set of nanomaterials and the levels of sulfidation 

vary drastically between metallic nanoparticles. 

Other key findings: 

19.  The importance of nanomaterial dissolution has been discussed by Misra et al. (2012) and 

kinetically and thermodynamically evaluated by Liu and Hurt (2010). In the review by Misra et al. (2012), 

shape (e.g. whether the particle is a sphere, rod, cube etc. and the associated aspect ratio of that shape if 
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applicable), surface morphology, and radius of curvature were described as other important factors that 

affect dissolution (Misra et al., 2012). As well, certain crystal structures of AgNPs have different 

dissolution kinetics (Misra et al., 2012). Finally, media characteristics (e.g. pH, ionic strength, water 

hardness, presence of organic matter) play a large role in suspension stability and can lead to 

agglomeration/aggregation/dissolution (Misra et al., 2012). The interaction of nanoparticles with media 

components can also further affect their bioavailability during the process of dissolution (Misra et al. 

2012). 

Organic matter: 

20.  According to Liu and Hurt (2010) and Angel et al. (2013), humic and fulvic acids inhibit silver 

nanoparticle dissolution in a dose-dependent manner in synthetic freshwater. Liu and Hurt suggest 

mechanisms for this inhibition are: (a) through surface adsorption of natural organic matter (NOM) which 

in turn will block silver nanoparticle oxidation sites, (b) through ligand exchange with existing stabilizing 

agents (it has been suggested that in terms of AgNPs-stabilizing agent binding strength: PVP > Citrate > 

PEGylated > humic acid), (c) released silver ions reducing back to Ag(s) through reaction with humic/fulvic 

acids or (d) due to the oxidation of NOM by H2O2 produced during silver dissolution (Liu and Hurt, 2010).  
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3. RECOMMENDATIONS 

21.  Surface modifications are a major (but not the only) contributing factor in the dissolution 

behaviour and in turn the fate and effects of nanomaterials (Misra et al. 2012). As a result, the type of 

surface modification and how it is bound to the core particle needs to be considered in nanomaterial risk 

assessment.  

22.  In order to promote consistency with existing chemical frameworks and to ensure future linkages 

between nanomaterials and the corresponding larger particles, it is recommended that the duration and test 

conditions of any dissolution take into account the OECD Guidance Document No. 29 on Transformation/ 

Dissolution of Metals and Metal Compounds in Aqueous Media (OECD, 2001) while taking nano-specific 

characteristics and behaviour (e.g. agglomeration/aggregation kinetics) into consideration (until a nano-

specific test guideline is available).  

23.  These considerations developed on the basis of this dissolution project link with two new 

projects being led by the US and Germany; A new test guideline on dissolution is currently being 

developed by the US and a guidance document on the fate decision tree on dispersion and dissolution 

behaviour is being led by Germany. It is expected that the new test guideline on dissolution will express 

results as a rate instead of a percentage loss relative to the parent nanoparticle used in this project. Once 

this test guideline has been validated for its use in risk assessment, this project will be updated to account 

for rates in terms of data selection and expression of the recommendation. The duration of 7 days discussed 

in this project will, if needed, be amended in a future revision of this document in order to be consistent 

with the new test guideline on dissolution. The duration selected should account for the dissolution of 

surface modified nanoparticles which may not reach equilibrium in the short-term and will likely release 

ions over time.   

24.  Finally, the analysis of the data suggests that artificial, synthetic, and pure water media may not 

accurately predict the complexities of real environmental media and how biotic and abiotic interactions 

influence bioavailability and toxicity. Ideally, a standardized artificial system which extrapolates well to 

environmental behaviours needs to be identified so there is consistency across the tests. At the moment 

however, the only surrogate that can be used to determine environmental behaviour of silver nanoparticles 

is by studying AgNPs in real environmental media (e.g. river/marine waters, soil leachates) and use that to 

extrapolate to real environmental scenarios. The scientific literature shows no clear linkage between 

artificial systems and environmental behaviour at this time. This is consistent with the assessment of bulk 

and ionic metal-based particle dissolution which apply a correction (when appropriate) to account for 

extrapolations from pure water to the environment (e.g., accounting for water chemistry, such as free metal 

speciation) (Janssen et al., 2000; Janssen et al., 2003).  

25. According to the data presented above, a coated silver nanoparticle would be expected to have 

<10% dissolution in real environmental media, while the use of synthetic media could result in artificially 

high dissolution of silver nanoparticle with the same modification under the same duration. However, since 

the durations and starting concentrations in the studies vary quite a lot in our dataset, this conclusion needs 

to be carefully evaluated for AgNPs and additional studies may be needed (the data would likely be of 

much more value if rate constants were reported).  In addition, the approach described below does not 

account for dissolution dynamics. It is understood that while risk assessors are more interested in 

understanding how nanoparticles will behave in the short to long term (i.e., under equilibrium like 

conditions), the test guideline being developed on dissolution will need to carefully evaluate 

thermodynamic factors.   

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2001)9&doclanguage=en
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26. The following approach (and its descriptors) was developed using the AgNPs case-study and 

information collected on other metal-based nanoparticles and may be only applied, when appropriate, to 

powder and liquid-suspension forms of metal based nanoparticles (see Section 4 below for discussion) 

being released into the environment and not to evaluate releases from solid products. In addition, the 

approach has two considerations.  The approach described below provides guidance based on the scientific 

datasets available now, and it is evident that this will be modified as we have better data based on 

appropriate guidelines.  

Approach: Dissolution is considered negligible if <1% dissolution, relative to total silver content, 

occurs (i.e., primarily focus in the assessment may be on particles), low if between 1-10% (focus in 

the assessment may be on particles taking into account small amounts of dissolved species), moderate 

if between 10-70% (focus in the assessment may be on both particles and dissolved species and high if 

>70% dissolution occurs (focus may be on dissolution species). Risk assessors can use these 

descriptors to focus their assessments. In the case of soil; the descriptors can be used to identify which 

species to focus on in soil pore water after accounting for binding kinetics between soil particles and 

charged species of the nanoparticle. The following two considerations support this approach:  

 Consideration 1: In the short-term, real-media (e.g. aquatic river samples, soil leachates, etc.) 

that are well characterised (since dissolution will depend on the media used) should be 

considered in dissolution studies so the data can be extrapolated to real environmental 

behaviours. Consideration may be given to other real media which is predictive of behaviour in 

different environmental processes, such as using wastewater media/conditions to simulate 

wastewater transformations/removal.  Criteria are still needed to define well characterized media 

so that extrapolations can be made across substances and tests
1
. In the medium-term there is a 

need to conduct more accurate and precise studies in artificial media so these may act as better 

predictors of environmental behaviour. This is consistent with the approaches currently used for 

bulk metal-based particles.  

 Consideration 2: This approach may not be unique to silver nanomaterials and may be used for 

other metal-based nanoparticles (as appropriate and as scientific information becomes available; 

see examples in Table 1).  This extrapolation is largely dependent on the utilization of similar 

sample preparation protocols. Refinements of the applicability of this approach will be 

considered as science and methods becomes available.  

  

                                                      
1 As science continues to develop, standardized representative media will be identified, similar to the OECD media currently used for the testing of 

chemicals. Since this standard media is lacking for nanomaterials, natural media which is well characterized is the only real predictor and is 
being suggested for use in the short to medium-term in this document.  
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4. COMPARISON TO OTHER NANOMATERIALS: 

27.  The thresholds found in literature varied in test duration from 6 hours to 30 days, and 

standardization is suggested to increase confidence in comparability in the data. In order to determine if 

these thresholds can be used for other metal-based nanoparticles, the percent dissolution of several 

nanomaterials has been compared below (Table 1).  

28. For dissolution descriptors, it should be noted that the rates of dissolution are dependent on the 

media used and as such the most relevant media should be considered in the test which would allow 

appropriate extrapolation to the relevant environment. 

29.  The dissolution data presented in Table 1 reports the data as a fraction (expressed in terms of 

percent dissolved silver) of the initial concentration of particles and the concentration of that fraction (in 

mg/L). The data was either initially reported as a percent or converted into a percent using the model of 

Thio et al. (2012). In order to calculate the percentage of dissolved silver (i.e. free silver ion) the initial ion 

concentration measurement of the stock solution must be determined. For example, Thio et al. used 

Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) to deduce a particle concentration 

of 1100 mg/L. From there, the equation c1v1=c2v2 (where c is concentration and v is volume) was used to 

calculate the volume of the initial stock solution required to make the necessary concentration of solution 

(10mg/L) for an experiment. The amount of free silver ions in solution was determined by using the 

10mg/L solution in the experiment (Thio et al., 2012). In this case, 0.6 mg/L and 0.8 mg/L free silver ion 

are measured (Thio et al., 2012). Dividing the final concentration values by the initial concentration and 

multiplying by 100% gives the value of free silver ions in percent (Thio et al., 2012). Since this project 

focuses on the impact of surface modifications on nanoparticle dissolution using a percent ion lost 

calculation, it does not always account for other variables affecting dissolution such as the possibility of 

nanoparticle recombination, and the relationship between dissolution and particle size (Peretyazhko et al. 

2014 and Mitrano et al. 2014).  

30.  It should be noted that by viewing the data qualitatively at first glance, all these particles would 

be considered under the ‘low’ descriptor (with the exception of one zinc oxide measurement which would 

be moderate) if treated as conventional chemicals using the chemical-based descriptors mentioned in the 

introduction.  However, using the approach developed in this project, we can see that in most cases the ions 

and particles need to be considered in the environmental risk assessment. In addition, the data seems to 

show similar behaviour across the metallic nanoparticles considered below. Thus, using the approaches in 

this document, risk assessors can focus efforts on more relevant environmental compartments and ensure 

effects studies account for relevant nanoparticulate and secondary ionic species.  
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Table 1: Applying Negligible/Low/Moderate/High Criteria to Example Nanomaterials 

Substance  
(size in nm) 

Endpoint  
%Dissolution 

(Concentration) 

Media Dissolution 

High (>70% dissolution) 

Moderate(10-70% dissolution) 

Low (1-10% dissolution) 

Negligible (<1% dissolution) 

Reference 

ZnO 

(104 nm by 

SEM) 

16.9% 

(6.77 mg/L) 

Synthetic Moderate OECD WPMN Dossier 

for ZnO NM-110 

(WPMN, 2013)* 

ZnO 

(107 nm by 

SEM) 

7.8% 

(3.10 mg/L) 

Synthetic Low OECD WPMN Dossier 

for ZnO NM-111 

(WPMN, 2013)* 

ZnO 

(43 nm by SEM) 

31% 

(12.4 mg/L) 

Synthetic Moderate OECD WPMN Dossier 

for ZnO NM-112 

(WPMN, 2013)* 

ZnO 

(143 nm by 

TEM) 

16.9% 

(6.76 mg/L) 

Synthetic Moderate OECD WPMN Dossier 

for ZnO NM-113 

(WPMN, 2013)* 

CeO2 

(12 nm by TEM) 

0.0025% 

(<1 µg/L) 

Synthetic Negligible OECD WPMN Dossier 

for CeO2 NM-211 

(WPMN, 2013)* 

CeO2 

(28.4 nm by 

SEM) 

0.0025% 

(<1 µg/L) 

Synthetic Negligible OECD WPMN Dossier 

for CeO2 NM-212 

(WPMN, 2013)* 

CeO2 

(67 nm by TEM) 

0.325% 

(130 µg/L) 

Synthetic Negligible OECD WPMN Dossier 

for CeO2 NM-213 

(WPMN, 2013)* 

PVP-AgNPs 

(50 nm by SEM) 

8% 

(0.8 mg/L) 

Seawater Low Thio et al. 2012 

Citrate AgNPs 

(40 nm by SEM) 

6% 

(0.6 mg/L) 

Seawater Low Thio et al. 2012 

TWEEN AgNPs 

(88 nm) 

3% 

(~30 µg/L) 

Freshwater Low Li and Lenhart 2012 

Citrate AgNPs 

(82 nm by DLS) 

3% 

(~30 µg/L) 

Freshwater Low Li and Lenhart 2012 

Uncoated AgNPs 

(82 nm by DLS) 

3% 

(~30 µg/L) 

Freshwater Low Li and Lenhart 2012 

 

SEM: scanning electron microscope; TEM: transmission electron microscope; DLS: dynamic light scattering. 

* Data from the WPMN dossiers is still undergoing validation.  
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5. ADDITIONAL NEEDS 

31.  Short and medium-term research should be directed to fill knowledge gaps on: (1) standardized 

test methods on dissolution, sample preparation, and data modeling and standardization in the form of rate 

constants that account for time and surface area; (2) characterization of real-media; and (3) dissolution in 

real soil and sediment samples. Prioritization will need to be undertaken to target research efforts in the 

short-term. Studies are needed to make artificial media a better predictor of real conditions (i.e., to identify 

a media which allows realistic extrapolation from lab-scale studies to environmental ecosystems). This is 

consistent with approaches used for non-nano metal-based particles.  In addition, experts suggested that 

filter based studies could be considered as they would preclude the issue of reabsorption and these would 

also greatly reduce complexities in the test methodology (however, challenges such as ion sorption to filter 

material, etc. will need to be addressed). In addition, studies comparing the particles with and without 

surface modifications and the modifications alone (e.g. just citrate) are needed to identify correlations, if 

any, between the three systems. Consideration should be given to different categories of nanomaterials 

which will help prioritize research and inform on the applicability of the approach in this document to the 

different categories of nanomaterials.  Finally, much research is still needed to explore mechanisms driving 

dissolution (both kinetic and thermodynamic), in both pure and environmental media along with the 

contribution of surface topology such as roughness.  

32. The selection of real-media for dissolution testing should be a guided process, possibly a 

checklist or decision tree should be formulated in order to aid the choice, preparation and characterisation 

of appropriate test media from the environment. A set of chemical / physical descriptors for test media 

should be developed. In the longer run, suitable artificial media should be developed.  
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