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Significant concern has been laid on the environmental safety of nanoparticles due to their exposure and tox-
icity to human and ecosystems. Among the research topics, detection and analysis of nanoparticles in the envi-
ronmental matrix is regarded as the most important and pressing work. Owing to its precise and accurate
analytical power to inorganics, inductively coupled plasma mass spectrometry (ICP-MS) is a very promising
tool to detect metal nanoparticles in the environmental samples. Here, we introduced the principles and pro-
cedures of on Realtime Single Particle mode ICP-MS (RTSP-ICP-MS) technique and evaluated its applicability
to citrate-coated silver nanoparticles (AgNPs). RTSP-ICP-MS determined AgNPs of 60 nm and 100 nm to 53.0
+7.4 nm and 103.6£13.8 nm, respectively, which were the number-weighted average sizes. Comparative mea-
surements suggested that sizes by Transmission Electron Microscopy (TEM) were 60.1+3.7 nm and 96.849.5
nm and z-averages by Dynamic Light Scattering (DLS) were 59.1£0.2 nm and 95.3+0.8 nm, respectively. The
results prove the feasibility of RTSP-ICP-MS for metal-nanoparticles. We have many challenges to be over-
come for detection and measurement of metal nanoparticles in environmental samples such as fresh water,
wastewater, sludges, sediments and soils.
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Table 1. Physicochemical analysis techniques for nanoparticles
Analysis techniques Advantages Limitations Reference

Scanning Electron - size hieh resolution image surface charge effect, wet Liu et al., 2010;
Microscopy - morphology g 8 samples, coating process  Levard et al., 2011
Transmission Electron - size . .. surface charge effect, wet Badgwy et al, 2010;

. high resolution image . Liu et al., 2010;

Microscopy - morphology samples, coating process Lee ot al. 2011

Choi et al., 2008;
Benn et al., 2008;
Seney et al., 2009

surface charge effect, wet
samples, coating process

Scanning Transmission - size

Electron Microscopy - morphology high resolution image

Atomic Force - size . . .
Microscopy - morphology 3D surface image tip types, wet samples Hyning et al., 2001
Dynamic Light -Isliyztlrodynamlc non-contact, olvdisperse samples Levard et al., 2011;
Scattering size distribution POTydisp P Kittler et al., 2010
- surface charge
- size ce . Guzman et al., 2008;
UV-VIS spectrometry  concentration non-contact turbidity interference Cheng et al., 2011
 element several element Levard et al., 2011;
ICP-OES - concentration analysis, acid digestion Jin et al., 2010;
high sensitivity Stebounova et al., 2011
- element several element Navaarro et al., 2008;

ICP-MS - concentration . analy51.s., . acid digestion Zhang et al., 2011
high sensitivity
Nowack et al., 2007;

Flel(.l Flo_w -hydrodynamlc long analysis time coupled detector Klaine et al., 2008;
Fractionation size
Lee et al., 2011
Atomic Absorption . . e . . Kulthong et al., 2010;
Spectrometry - concentration high sensitivity acid digestion Zhang et al., 2009
Energy Dispersive single particle Fabrega et al,, 2009;
S geitrom?at - element inalpsis high concentration Miao et al., 2009;
P v ¥ Kulthong et al., 2010
- structure high concentration Lee et al, 2011
X-ray Diffraction - element crystal structure (1~3% wt) Guzman et al., 2008;

Zhang et al., 2011
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Table 2. Trend of research for real time single particle mode inductively coupled plasma mass spectrometry (RTSP-ICP-MS)

Ref. Main results
Degueldre et al.
(2002) o Applicability and validity of the RTSP-ICP-MS analysis technique for colloid single particles

Degueldre et al.  (80~250 nm) in the water

(2004) e Propose the equations to calculate the particle number concentration and particle size
Degueldre et al. e Detection limit: 30~200 nm

(2005)

e Study on the effect of pre-treatment such as acid digestion, filtering in RTSP-ICP-MS analysis

Mitrano et al. o It proved to be a signal that the signal of particles are separated form the background signal has

(2012) been derived by nanoparticles actually.
¢ By introducing the transport efficiency for data processing, increase the accuracy of the
calculation and measurement of a single particle
Pace et al. . LS .
(2011) e Presents 3 methods in transport efficiency calculation
e Need for lowering the detection limit of particle size
e Difficulty of environmental sample analysis
e Study on the RTSP-ICP-MS in comparison with the nanoparticle analysis methods such as DLS,
Pace et al.
(2012) DCS, and NTA

e Investigation the possibility of RTSP-ICP-MS analysis in the environmental samples using algae
e Evaluation of the optimum conditions (dwell time, sensitivity, particle number concentration,

Olesik et al. sample flow rate) of RTSP-ICP-MS

(2012) ¢ To enhance the detection limit of the particle size, various instrumental and sample conditions
shall be considered.
e Study on the factors (dissolution of nanoparticles, background signal, mass interference, and
Reed et al. metal ratio in nanoparticles) of RTSP-ICP-MS analysis
(2012) e Evaluation the RTSP-ICP-MS analysis of nanoparticles in environment by measuring the

polydisperse, non-spherical samples
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Fig. 1. Analytical procedures of realtime single particle mode inductively coupled plasma mass spectrometry (RTSP-ICP-
MS). a: Calibration curve of intensity vs, concentration, b: Calibration curve of intensity vs. mass, ¢: Raw data of
nanoparticle suspension from RTSP-ICP-MS, d: Frequency vs. intensity of nanoparticle suspension.
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Fig. 3. Particle size distributions of citrate-coated silver nanoparticles measured by realtime single particle mode
inductively coupled plasma mass spectrometry (RTSP-ICP-MS) and transmission electron microscopy (TEM). (a),
(c): Particle size distribution of 60 and 100 nm silver nanoparticles using RTSP ICP-MS, (b), (d): Particle size
distribution of 60 and 100 nm silver nanoparticles using TEM.
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Fig. 2. TEM images of citrate-coated silver nanoparticles.
a: 60 nm, b: 100 nm.
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Table 3. Sizes of citrate-coated silver nanoparticles measured by dynamic light scattering (DLS), transmission electron
microscopy (TEM), and real time single particle mode inductively coupled plasma mass spectrometry (RTSP-

ICP-MS)
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