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Abstract; A method based on single particle inductively coupled plasma mass spectrome-
try (spICP-MS) was established to accurately quantify the particle number concentration
of polydisperse gold nanoparticles (AuNPs) sample with two sizes of 30 nm and 60 nm.
The effect of carrier gas flow rate and sampling depth on the size resolution, as well as
the effect of acquisition time and dwell time on the measured particle number concentra-
tion were investigated. The results showed that the optimized carrier gas flow rate could

significantly improve the size resolution, while the impact of the sampling depth was
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relatively negligible. The highest size resolution was obtained when the carrier gas flow
rate was 0.8 L./min and the sampling depth was 9 mm, and the extended acquisition
time could effectively reduce the relative standard deviation (RSD) of the result. When
the acquisition time was increased to 180 s, the particle number concentration of 30 nm
and 60 nm AuNPs in the polydisperse sample was lower than 5% (n=23). When the
dwell time was selected as 0. 1 ms, the result was consistent with the prepared value,
and the particulate and ionic Au could be entirely separated. Under the optimized condi-
tions, the detection limits of particle size and particle number concentration were 10 nm
and 49 NPs/g, respectively. The established method was employed successfully to
quantify the polydisperse sample with different mixing ratios, and the results were con-
sistent with the standard values, proving the reliability of the method. Finally, this
method was successfully applied to tap water, spring water and lake water, and the
recovery rates of the three water samples were satisfied in the range of 80%-120%. The
method has the advantages of high size resolution, better precision and low ion interfer-

ence, which is an accurate method for the quantification of polydisperse nanoparticles in

EoERE

the environmental matrix.

Key words: gold nanoparticles ( AuNPs); polydispersity; particle number concentra-

tion; single particle inductively coupled plasma mass spectrometry (spICP-MS)
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Table 1 Comparison of spICP-MS with TEM and NTA measurement results (n=7)
FE i Ji ik K UL B ok
Sample Method Particle size/nm Particle number concentration/(NPs/kg)

BBI-30 nm TEM 30.7£2.7 —

NTA (1.44+0.04) X 10

spICP-MS 30.4£0.4 (1.34+0.06) X 10"
BBI-60 nm TEM 63.6+4.6 —
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Fig. 2 Effect of carrier gas flow rate (b) and sampling depth (c¢) on size resolution
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Table 2 Results of repeatability (n=7)
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30 nm AuNPs, 7E& AR BE T . B kKR K
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AuNPs, 7625 bR e BE T . B 2k K b i i b Tl
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Fig.7 Recovery rate of AuNPs in natural water (n=3)
x3 KEBRSHUNESER (n=3)
Table 3 Measurement results of water sample composition (n=3)
IKEE pH {4 i ki i B
Water sample pH value K/(mg/L) Na/(mg/L) Ca/(mg/L) Mg/ (mg/L)
EE. 6.51 3.5 15.9 23.3 16. 8
SRK 8.42 0.9 12.2 28.9 3.2
11 7K 7. 64 20.3 107. 8 37.3 29.2

3 it

ABIEGEHE S T — ik T BUURL B B A
B TR B 22 43 B AuNPs B0k 5 R 1
FETE.ULEA 30 nm fl 60 nm AuNPs £
I3 TBORE il D W 58 08 5 4R 58 8T L R AR TR
J& R AE I ] A0 GE B E] 6F 23 B 45 R 0 5
FEFCLIE 0. 8 L/min RAEERSE 9 mm [, fE
VI B0 43 B3R X 43 30 nm A1 60 nm AuNPs,
TESEEEAE b R AR A2 1] 180 s 05 B2 B fi)
0.1 ms, SE B 1 LLAS [6] L 6 1R & 19 A
30 nmAl 60 nm AuNPs $ik: $5a& We BE ) ifE 4ff
FETE L2 Pk fE AuNPs FURL e vk B2 45 %
(R X BRI 25 /N F 500 . M T IR Y 2 43
BT 5T, AW 58 A2 HEI E i 22 20 WA & P AR AR
W UKL 20 73 J7 T HAT BOR G A R T

S B B 58 KA HR R G i 4 R BORE 1Y) 1T 8% e AL
5T
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