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B nacmosuwee epems 0onum u3 Hauboiee nepeneKmusHbIX U pa3sueaIoWUXcs Memoo08 UCcie008aHus pasmepos
HAHOYACTNUY AGTAEMCA MACC-CREKMPOMEeMPUL ¢ UHOYKINUBHO CEA3AHHOU NAA3MOU NO Mmooy eOUHUUHbIX
uyacmuy (SP ICP-MS), nossonswowas uccedosamv uacmuybi 6 04eHb HUBKUX IKONOHUHECKU-IKEUBALCHIMHBIX
KoHyenmapyusax. B nacmoswei pabome paccmompenvi pasnuunvie MemOUKU NPULOTNOBNEHUA CYCHEH3Ull
NPOMBIULEHHBIX HaHOYacmuy 0ns ucciedosanus ¢ nomouppio SP 1CP-MS, gviopansl onmumanvhvie yciosus u

npeocmasgienvl nepavle Pe3yibmanoi.

The release of metal (and/or metal oxide) nanoparticles, such as Ag, Cu, Ni, Zn, TiO2 and ZnO, into the
environment and, hence, their inevitable interactions with natural biota are a direct consequence of the drastic
increase in the production and applications of industrial nanopowders [1]. Unfortunately, due to the lack of data
on the physicochemical properties of industrial nanomaterials, it is difficult to predict their impacts on the
environment. Therefore, it is of great interest to develop methods and approaches that would allow us to better
characterize and track the fate and the behavior of metal nanoparticles in the environment, especially in aqueous
media.

Single Particle Inductively Coupled Plasma Mass Spectrometry (SP ICP-MS) is the most (if not the only one)
appropriate technique for environmental aqueous media where the concentration of metal nanoparticles is
expected to be very low. In addition to the capability of measuring environmentally relevant concentrations (i.e.
ng/L), SP ICP-MS allows also simultaneous determinations of both dissolved and particulate metal, as well as
particle size distribution and particle number concentration [2-5]. SP ICP-MS requires highly diluted

suspensions of nanoparticles suspensions (typically below 2 ng/L). However, due to inaccuracy in weighting
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very small amounts of powder, consecutive dilutions of a stock suspension of nanoparticles until reaching the

required concentration would be the most acceptable approach leading to homogeneous suspensions of industrial
nanopowders. The main purpose of this study was the optimization of the procedure of suspending industrial
nanoparticles in aqueous medium and their analysis by SP ICP-MS. Industrial nanoparticles of Cu, Ni, and Zn
(average diameter of 100 nm, produced by "Advanced Powder Technology"”, Tomsk, Russia) were studied. The
stock suspension of nanopowders was prepared by adding 50 mg of dry nanopowder to 50 mL of 102 M HEPES
buffer solution, pH 5-7 (powder concentration of 1 g/L). The suspension was then diluted to 100 ng/L using
different stirring methods: hydrodynamic, sonication and magnetic. The concentrations of the suspensions were
determined by a PerkinElmer NexION 300X Inductively Coupled Plasma Mass Spectrometer (ICP-MS,
University of Montreal).

It was found that obtaining the predetermined concentration by dilution in buffer solution was unlikely to be
effective in the case of industrial nanoparticles due to the high tendency to aggregation and low stability in
aqueous medium. Large aggregates, prone to sedimentation, were immediately formed in the freshly prepared
suspension. Non-aggregative portion of sample remained in the supernatant forming a suspension of small flake-
oxide-hydroxide composition. The standard deviation of 5 measurements using any method of dispersion
exceeded 600%.

To avoid aggregation of nanoparticles different stabilizers, including the carboxylate anions [6], amino acids
and fulvic acids [7] are generally used. In this study the fulvic acid was used as a natural organic matter.
Suspensions were prepared as described above using a solution of 100 mg/L of fulvic acid for dilution. The
obtained results showed that fulvic acid doesn't provoke disaggregation of agglomerates. The standard deviation
was about 500%. Thus, fulvic acid was not effective in stabilizing suspensions of Cu, Ni and Zn within pH 5-7.

According to the obtained results, suspensions were prepared by separation: highly concentrated suspensions
were prepared by adding 100 mg of dry nanopowder to 50 mL of Milli-Q water, corresponding to a
concentration of 2 g/L. The resulting suspensions were placed in an ultrasonic bath (Branson V5510, 20 °C, 40
kHz, 60 min). Then, the suspensions were stirred hydrodynamically (Fisher Scientific ™ Digital Vortex Mixer)
at 3000 rpm for 1 min and centrifuged for 30 min at 4000 rpm. After centrifugation the supernatant was
immediately diluted 10 times with Milli-Q water for SP ICP-MS analysis and 10 times with 1% (v/v) HNO; for
total metal quantification. Following this procedure, the resulting concentration was found reproducible (Figure
1). Furthermore, the experiment showed that using the remaining sample precipitate instead of dry powder
following the same procedure (suspension in Milli-Q water, ultrasonics and hydrodynamic stirring,
centrifugation, successive dilutions of supernatant with MilliQ and HNOs and analysis) led to quite similar

results of metal concentration in the supernatant as shown in Figure 2 for triplicate extractions.
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Fig. 1. The reproducibility of the resulting stock- Fig. 2. Stock suspension concentration during the

suspension concentration three extractions from one sample
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The example of particle size distribution produced with SP ICP-MS coupled ion exchange resin, is shown in

Figure 3. According this result, studied powder is very polydisperse, particles size varies from 40 till 480 nm.
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Fig. 3. Particle size distribution of Ni nanopowder
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