
Introduction 

A nanopartcile is defined as a 
small object, between 1 and 100 
nanometers in size, that behaves 
as a whole unit with respect to 

its transport and properties. Because of their small size and large surface area, 
nanoparticles can exhibit different chemical and physical properties from the bulk 
material. Nanoparticles have found their way into a large number of consumer 
products. As of 2013, it is estimated that there are over 1300 different consumer 
products which feature nanoparticles. Silver nanoparticles (AgNPs) are the most 
frequently found element in all varieties of consumer products (>23%)1. 
Manufacturers of consumer products use AgNPs due primarily to their known 
antimicrobial properties. Because of their very small size, AgNPs have high surface 
areas yielding high reaction rates, increasing the efficacy of silver as an antimicrobial.

The use of colloidal and nano silver is directly marketed to the public in such forms as 
odorless clothing, mildew-resistant shower curtains, food containers and food cutting 
boards and are even being promoted for direct human consumption as dietary 
supplements to fortify one’s immune system.
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SP-ICP-MS data processing is based on the ability to count every 
particle going through the plasma source, and the ability to 
distinguish between particles and dissolved metal. When analyzing 
dissolved elements with an ICP-MS, the resulting signal is essentially 
a steady-state signal (Figure 2a). When analyzing a dilute suspension 
of nanoparticles, however, the signal is markedly different, showing 
ion bursts or plumes from individual nanoparticles (Figure 2b).

Even as silver nanoparticles have become a valuable weapon in 
microbial warfare, there are increasing concerns over AgNPs release 
into the environment and their impact on plant and aquatic 
organisms. Other studies have shown that AgNPs can kill liver and 
brain cells in laboratory rats. On the nano scale, AgNPs can easily 
penetrate into organs and cells2.

To better understand the fate of AgNPs in our environment, several 
analytical techniques are usually needed to measure the following 
key characteristics: particle concentration, composition, shape, size, 
size distribution, as well as dissolution and agglomeration tracking. 
Inductively coupled plasma mass spectrometry (ICP-MS) is a very 
sensitive, element-specific technique for studying elements at 
environmentally relevant concentrations. Recently, the capabilities 
of this technique have been extended to single particle analysis 
mode (SP-ICP-MS)3, 4, a unique operating mode that allows the 
differentiation between ionic and particulate forms of prescribed 
elemental composition entering the plasma source. The resulting 
data allows for the determination of particle concentration, size, 
size distribution and dissolved concentration at very low levels, 
making SP-ICP-MS the conventional technique assessing the fate 
of engineered nanoparticles in diverse environmental matrices. 

Experimental

Instrumental Conditions
Silver nanoparticles, which are suspended in aqueous samples,  
are introduced into the plasma in exactly the same manner as 
dissolved solutions with a standard nebulizer and spray chamber 
combination. However, the data acquisition parameters are very 
different. Each small nanoparticle entering the plasma is ionized 
into a very short burst of ions. To accurately measure that burst of 
ions, the quadrupole and measurement electronics of the 
instrument must be able to acquire data in the double digit  
μsec range.  

Figure 1 shows a real-time signal that is produced from a single 
nanoparticle’s cloud of ions. In this study, the instrument is 
continuously acquiring data using a 50 μsec dwell time with no 
settling time between readings; this eliminates the chances of 
missing a particle or partially integrating a particle signal, improving 
particle counting and sizing information. The PerkinElmer NexION® 
350D ICP-MS in single particle mode routinely generates up to six 
million data points per minute of analysis time (operated at  
10 μsec dwell time).

Figure 1. Signal of a single silver nanoparticle captured by SP-ICP-MS. Data acquired at  
50 µsec dwell time and zero quadrupole settling time.

Figure 2. (a) Continous signal from dissolved ionic silver; (b) raw data of sample containing AgNPs.
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The Syngistix™ Nano Application Module (PerkinElmer, Shelton, 
CT), an extension of Syngistix for ICP-MS software, calculates the 
metal solution concentration (µg/L), the concentration of particles 
(particles/mL), the size and size distribution of the particles, shows 
data acquisition in real time, and a size distribution histogram of 
the sample (Figure 3).

Sample Preparation
Reference silver nanoparticles and the three commercially available 
dietary supplement samples were placed in an ultrasonic bath  
for more than five minutes to help ensure that the particles were 
evenly distributed in the solutions and to minimize agglomeration. 
The samples were serially diluted with laboratory Type I deionized 
(DI) water into polyethylene 50 mL sample tubes. The samples  
and reference solutions were diluted such that the particle 
concentration was approximately 200,000 particles/mL. This 
dilution allows measurements to be taken on individual particles 
and minimizes particle coincidence.

The amount of analyte actually entering the plasma is a fraction  
of the amount aspirated. This ratio, known as the transport 
efficiency, is an integral part of particle concentration calculation5. 
AgNP suspensions of known size and concentration are available 
from several commercial sources. For size and transport efficiency 
calculations, this work used silver nanoparticle suspensions of  
20 nm, 50 nm and 80 nm nominal sizes in citrate buffer from  
Ted Pella, Inc. (Redding, CA). For the ionic or dissolved silver 
determinations, a calibration curve from 0.5 to 5 µg/L was 
constructed from PE Pure (PerkinElmer, Shelton, CT) primary  
silver standard.

All SP-ICP-MS measurements were made with a NexION 350D  
ICP-MS (PerkinElmer, Shelton, CT) operating in Standard (no gas) 
mode and with the Syngistix Nano Application Module. The 
Syngistix Nano Application Module leads the user through all the 
components of SP-ICP-MS data collection in an intelligent workflow 
manner. All measurements were made per the instrumental 
conditions shown in Table 1.

Parameter Condition

Instrument NexION 350D ICP-MS in Standard Mode

Nebulizer ESI PFA Concentric

Spray Chamber Baffled Cyclonic, Glass

Injector 2.0 mm id Quartz

Power 1600 W

Aux Flow 1.1 L/min

Neb Gas Flow 1.05 L/min

Sample Uptake Rate 0.4 mL/min

Silver Isotope 107 AMU

Dwell Time 50 μsec

Quad Settling Time Zero

Sampling Time 120 sec

Table 1. Instrumental Operating Parameters and Conditions

Figure 4. Three commercially available dietary supplements containing silver 
nanoparticles used in this work.

Figure 3. The Results panel of the Syngistix Nano Application Module for SP-ICP-MS, 
showing size distribution histogram and adjustable integration window at the bottom.

Results

SP-ICP-MS produces different kinds of information about an 
unknown sample. While acquiring the data, the ICP-MS signal 
produced can be viewed in real time. This provides instant 
information on the sample being analyzed and helps indicate if 
furthur dilution is necessary to avoid particle coincidence. After the 
data is collected, it can be reviewed in a number of ways. 
Graphically, size data are shown as a size distribution histogram. 
An adjustable integration window with slider bars allows one to 
choose a slice of the size distribution data for statistical evaluation. 
Data is also tabulated in a list of scrolling results which shows 
information on each sample such as: most frequent size, mean 
size, particle concentration, dissolved concentration and other 
information about the particle counts. This tabulated data is 
instantly updated to reflect the slice of data selected with the 
adjustable window and the type of histogram data fitting used 
(Gaussian, LogNormal, or Maximum). 
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Sample ID Mean Size 
(nm)

Most 
Frequent 
Size (nm)

Particle 
Concentration 
(particles/mL)

Dissolved 
Concentration 

(mg/L)

Sample #1 14 14 3.0 E+10 9.5

Sample #2 39 33 2.1 E+9 21.9

Sample #3 53 59 2.7 E+10 48.1

Ted Pella™ 

Ag 50 nm
43 48 2.8 E+10 -

Table 2. Results for the SP-ICP-MS Analysis of Silver in Dietary Supplement Samples

Figures 5 and 6 show the size distribution histograms for AgNPs in 
Sample #1 and Sample #2. Both are using the LogNormal fitting 
algorithm, as shown by the solid line.

The Sample #1 data show a clear distribution of particles around 
15 nm, and the Sample #2 data show a distribution of particles 
around 33 nm.

The tabulated data for the samples are given in Table 2. Besides 
the size distrubution results, the Syngistix Nano Application Module 
gives the particle concentration and the dissolved concetrations in 
the samples. The concentration results shown in Table 2 are 
corrected for the laboratory’s dilution. The Ted Pella™ 50 nm AgNP 
standard was run as control sample check. The most frequent size 
of 48 nm is in good agreement with the given value of 50 nm, 
and the measured particle concentration is in good agreement 
with the value given by the manufacturer of 2.5 E+10 particles/mL.

Figure 5. Sample #1 size distribution histogram from Syngistix Nano Application Module.

Figure 6. Sample #2 size distribution histogram from Syngistix Nano Aplication Module.

Conclusion

Using PerkinElmer’s Syngistix Nano Application Module along  
with the superior ultra-fast data acquisition electronics of the 
NexION 350 ICP-MS, silver nanoparticles were measured in three 
commercially available dietary supplements. 

Single particle ICP-MS allows for the differentiation and quantitation 
between the dissolved ionic and particulate fractions of the analyte. 
In a single analysis, particle composition, concentration, size and size 
distribution can be directly determined.

The use of the SP-ICP-MS technique has been extended to other 
elements – and beyond consumer products – into food analyses, 
biological fluids and to the study of the fate of nanoparticles in  
the environment.
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