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Introduction

Information on solubility of a nanomaterial is of paramount importance to assess or predict the effects
and risks for human health and the environment. For example, if a nanomaterial is completely soluble
under relevant exposure conditions and in relevant media, adverse effects on organisms will be caused
by the released ions and not by nanoparticles itself. The effects and risks of such a nanomaterial can
be assessed much in the same way as “ordinary” chemicals.

The main aim of Task 5.2 (resulting in deliverable 5.2) is the development of a solubility testing proce-
dure to be applied in rapid MNM screening as part of the risk assessment decision tree (Task 5.7) and
the regulatory framework/toolbox (Task 1.4). The Task will also make a link to WP4, by characterising
external and internal exposure and evaluating the relationship between external exposure and internal
dose.

Description of Work

An extensive review has been carried out on the “state of the art” concerning dissolution measurement
methods. All possible methods for dissolution measurement were identified and evaluated. The review
process was followed by experimental work. To improve comparability of the experimental work, and
thus the methods investigated, all partners used in vitro digestion juices or cell culture media as com-
plex media model systems. Several of the NANOREG core materials were selected for testing. Three
ICP-MS/AES based methods have been tested. One was based on single particle (SP) ICP-MS meas-
urement, and the other two consisted of a combination with ultrafiltration (UF) or ultracentrifugation
(UC).

Besides ICP-MS/AES based methods also colorimetry methods were tested. They have the advantage
to be cheaper and they work well with certain materials/metals. However, the choice of materials that
work well with colorimetry is limited and complex matrices can interfere with the technique.

Finally, theoretical modelling of dissolution was evaluated, which was very helpful to provide insight in
the dissolution behaviour of nanomaterials.

Main results and conclusions

UF-ICP-MS was demonstrated to be a robust technique, although interactions of the nanomaterial with
the matrix and/or filter were a limiting factor to this technique. These interactions resulted in an under-
estimation of the “total” amount of material dissolution, as only the free dissolved species could be
measured. In-depth knowledge of the nanomaterial and the matrix is essential when selecting this tech-
nique.

UC-ICP-MS was shown to be applicable as well, although results indicated that the supernatant should
always be tested for remnants of materials, as it was shown that not all material could always be
properly pelleted. Also for this technique in-depth knowledge on the material and the matrix is of im-
portance. lon-salt/protein complexes could be pelleted leading to an underestimation of the “total”
amount of dissolution; it is essential to determine an optimal centrifugation speed.
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A relative easy and highly ro-

bust method that can be used

for a rather broad range of nanomaterials appeared to be UF-ICP-MS/AES, given that no nanomaterial-
matrix interactions take place. If these interactions do take place SP-ICP-MS would be a good choice
for measurement, given that the material is not below the size detection limits. Nevertheless, to select
the best suitable method, knowledge of physical-chemical properties of the nanomaterials is crucial and
it is recommended to use a combination of techniques.

Furthermore, processing protocols (i.e. sonication, elemental detection method and procedures etc.)
were shown to influence nanomaterial dissolution and it is therefore recommended to further standard-
ize these procedures. When reporting dissolution analysis, the used protocol must be reported in detail,
including all experimental conditions in which the data were collected. Finally, methods should be vali-
dated by conducting appropriate round robin studies and suitable reference materials should be availa-
ble in order to obtain good quality results.

For more details about NANoREG please visit the official website www.nanoreg.eu.
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