Single particle ICPMS for characterizing metal-based nanoparticles

and monitoring transformation processes in surface water
E. M Heithmar, U.S. EPA, Office of Research and Development, National Exposure Research Laboratory

Environmental Sciences Division, Las Vegas, NV, 89119, USA

Introduction
- The U.S.EPAIs g and val g metheds for el
(ENMz) in malrices. These melhods \MI be used to:
=S50S Oorumenc e of ENMS in it and et

—support Ishoratory sfudies of ransfomabions, ransport, and fate of ENMs
=presidie input parameters tor anvironmantal nodets, and valdate Mose modeds

= Current meihods for measuring and sizing metak-based ENMs in surface and ground waler are challenged by
the low mnuﬁrﬂrﬂlﬂn of ENM; and the presence of rnn-hrgll M) eonlalnhg 1the metal of interest. The most

uch a Fi th
coupled pl.usma mass smmmw (ICPMS) delection. SLnl:n Ioclrliques are very usnmlcifur?uamlngéuwl
assessments.
~Hyphanatod mathods maasune anayts metal concantration assocatod with size fractions of paricles and, tharofors,
iy e ickentify samplis that poteeds dlly contain target ENMs
o, thy do nol measur the number density of nanopartickes of the metal comont of indnidusl nanopanicles and,
Eharefore. they do not duatinguesh the matal content of the fh‘h‘\.‘lan!hnmﬂ corfents assoastedvath other naturally
nanopasicies (p.g , minerals, natural organic matter)

= Single paricle (SP)-ICPMS. introduced by Degueldre. el al, (2003), and expanded on by others (see
references), provides dala that are complementary to these provided by hyphenated methods,
SE.ICEMS momsures the number density of indidual g the any 1, a5 weoll &= the motal
ant of each particle
dods not maa: 7o of the nancpamclas
—Stard-aions SPACPMS could be used a5 a screaning technique for identifing water samples pot emlab, COntaning
metatbased ENME I has the advantage of samgie throughput potiantially an ordes of magnisude greater than

hyphanated methods.
=SPICPMS could be usedin concert With parcle Saing methods. such as FRF | for selective determinaton of metal.
Based ENMs
—SPUICFMS could be usedto moniter transformation processes that are oo rapid fo menor by hyphenated methods
« The h goal of the ntal Divsion Is to develop SP-ICPMS as a practical analytical
que for ENM A
- The abji of the work p here islo the p of SP-ICPMS, and lo determine
the major exp p affacting that p

Materials and Methods

= Gold was chasen as the modal analyte for these investigations because of the avallabllity of well characterized,
menadisperse suspensions thal are stable for long pericds,

= Suspensions of Au ENMs in water (20, 50, 80, 100, 150, and 200 nm diameler, C V. < 8%) were oblained from
Corpuscular, Inc. (www microsphere s-nanospheres.com).

= ENM sizes were confi 'y #lectron

* Most SP-ICPMS nis and all with individual
of lass than 10 ms wera performed on a DRC-2 ICPMS (Perkin Eimer, Waltham. MA. LISA).

(L.e., dwell imes)

« Some measurements with 10-ms dwell lime were performed on a 7500 ex (Agilen! Technaologies, Sania Clara,
CA, USA).

- Unless otherwise indicated, the ICPMS was luned for oplimal Au sensilivity with an appropriate dissoived gold
standard,

Results and Discussion

Principles of SP-ICPMS detection

= Analyte bon fux is contained in fen plumes from individual nancparticles vaporized by he plasma. The flux of
nanoparicles in the plasma is:
Gy =6 Q6 /ED
nanoparticle concontration in sample (ml1)
sarrgph flow rate (mimin
= nedulization aMoency

+ Analyte lons are detected only during the lime (r, = 104 5) an fon plume transils to he deleclor; otherwise,
Intensity al the delector, |, is due lo bu:hgmnn;

« The key to SP-ICPMS is fo measure the signal with high temporal resolution (i.e.. dwell time, 1, >>1 second) so
the number of backgreund lons delected In each dala point is much less than the number of lons produced by a
nanopariicle lon cloud.

= The number of parlicles counled per second, is equal 1o the particle ux glven in the equation above (i.e., every
particie entering the plasma s counted).

- The number of ions datected for aach plume fransi is proportional io the analyte mass In the particle and Is:
JHa A A e
rage anahte m
= Avogadr's number

= relative abundance of montored analyte 1sotops

= atomic waight of anatyte metal

ol waponzation, atomizaton, and lonizaton o ency

t = mass Spectromatir detachon effciency, INCadng factors relaied 10 10N pUme GMensons

= There ame hwo sels of melrics in SP-ICPMS, nanoparticle concentration metrics and single particle analyte
‘mass metrics, and they are conirolled by different factors. For both melrics. the following figures of merit
apply:
~ precision
~ accuracy
~ dynamic range
= detection mit
+ upper linear range

Nanoparticle Concentration Metrics

- Precision is controlled by counting statistics:
ozt
=oxigT P
+ " b = total particles cauntad
= Ty = el courting lime

A nirolied b -

= n,av:gasm WisCosity and surface tension mc( SCCuracy

n be

2 ion Limit is determined by g When this Is
the detection limit is only limited by reasonable signal
counted in 30 seconds. wilh a typical sample flow of 1 mL/min and a n'hullzlllnn al\ciunqr of 0. 02

€, 0= (609, q, )= 100 ML

= However, a practie al quantification limit (PQL) Is often definad as the concentration giving less that 1% false
negalives (zero paricles detected = Inree standard devialions below the mean lolal particle count at the
praclical quantification limil), Using counting datistics:
0= Ppoy =3P,
Pra.=9
So. the practical quantitation Emit for q, Is about 0.3 s for the above 30 second acquisition fime and assuming
the conditions for the datection limit:
Cwo =160 q,fq, &)= 200 mL!

Alternatively, POL can be defined by the
15% Is specified, the minimum q, /s 1.5 5" and C, . = 4500 ml. !

(RSD). IfanRSD =

+ Upper linear range (ULR) is delermined by he need to aveid mufliple ion plumes Iransiting the delector during
a detector dwell time 1, (Ihe sampling lime per data poinl in seconds). To aveld unacceptable numbers of these
events (~10% of total counts):

Qe S 0171,

* SP-ICPMS lo dale has been limited to dwell imes of 210 ms so the plasma particle flux should be less than
about 10 5.

- As & result, the upper linear range is often in he low ngiL (part-per-trillion) in terms of tolal metal mass
concentraion.

= Practical dynamic range with 10 ms dwell time | '] is 30 or less. This makes SP-ICPMS
for ENM inreal ‘k:.mwlk:m]

= The praclical dynamic range was increased in this study by using dwell times less than 10 ms. An aqueous
suspension of 50 nm Au ENMs al a parlicle concendration of 1.25x10% mL"! was analyzed. The resulting q, was
40-50 5 or about 4-5 times the maximum recommended for 10 ms dwell. Figure 1 shows the effect of
decreasing the cwall lime from 10 ms in Fig. 1(a), to 1 ms in Fig. (). Al 10 ms dwell, indnidual pulses cannot
be dislinguished and many dwell imes have appareni n , much greater than the actual value of 40

..lnl;-l.SilI!
«2eesRlildly

b . il ol

ST Spw b s

Figure | SPLICEMS of %) nm Auat 1 25:010° pateies mL™" (2] 10 s dwel time, (0] © m cwd Lrne

= Linear dynamic range for 0.3 ms and 0.1 ms dwell imes in Ihis study extended over al leas! bwo orders of
magnitude (1.25x10° mL'' to 1.25x10% mL'').

Single Particle Analyte Mass Metrics

« Accuracy and precision of the paricle analyle mass were both affected by ds ing the dwell
lime below about 3 ms In Bis study. Flgure 2 shows the cumulative distr butions ofn al 10,3.03. Cand 0.1 ms
dwell lime. The distribulions produced by 10 ms and 3 ms dwell limes have calculated particle diameler relalive
standard deviations of 16% and 18%. respectively. This is consistent with counting statistics and a relalive
slandard deviation of particle diamelers of 7% being the sale sources of srrer. The distribution praduced by 1
ms dwell is significantly and the 0.3 ms does not show any significant number of whole
particles (n, _ = 40).

Figure 2. Cumlative deslribusons of numoer of analyls ions delected per parmcis for (3] 10 ms, (o) 3 ms,
[£) 1 ms. nd (d) 0.3 ms owel tmes

+ This degraded parficle analyle mass characierization is an artifact of the limHtation of current ICPMS signal
handling. Even instruments thal can sample at dwell imes less than 10 ms cannol do 5o continuously. Dead
times of al least 1 ms, during which no signal is delected. occur between each data point collected. This
results in partial acquistion of parlicle lon plumes. depending on where the lan plume fransi time intersecis the
active dwell lime. The effec becomes manifes! when the fransit lime (Indirectly measured lo be ca. 0.4 ms in
these experiments) approaches the dwell ime.

- The of th article analyte mass would not accur if ICPMS
instrumentation cap-M- of cunﬁmvm umpllngal 0.1 ms dwell times were available.

Conclusions

+ The upper dynnml: range of SP-ICPMS nanoparticle concentration isir by rtional to
the dwell lime

* Disconlinueus sampling of current commercial ICPMS instruments at shon dwell imes degrades ihe accuracy
and precision of the measurement of analyte mass in nanopartices.

= Dwell limes less than 3 ms with current and op g used in ihis study are not
suitable for particle anatyle mass measurement.

= A dwell lime of 0.3 l|'|l In annjunﬂlon\mlna . coubd be useful to distinguish
hfnr nahyle adsorbed to other paricles (i.e., where the maMs mass per particle
by a'large amount).
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