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pubs.acs.org/fac

dx.doi.org/10.1021/ac402980q | Anal. Chem. 2014, 86, 2270-2278

Single Particle Inductively Coupled Plasma Mass Spectrometry: A
Powerful Tool for Nanoanalysis

Table 1. Size and Element Mass Detection Limits Reported
for Selected Nanoparticles Determined by SP-ICPMS

nanopartice
Ag

Au

u

ALD,

710,

ThO,

TiO,

FeOOH (goethite)

LOD

size
18 nm
<20 nm
20 nm
33 nm
30 nm
21 nm
25 nm
17 nm
10 nm
30 nm
70 nm
80 nm
100 nm
200 nm

LOD

32 ag
<44 ap
44 ag
200 ag
535 ag
94 ag
158 ag
331 ag
106 ag
30 ag
735 ag
24 fg
L3 fg
10 fg

ref
15
20
34,28

At present, SP-ICPMS is particulardy suitable for NPs
consisting of one element only and sizes higher than ~20
nm. In order to enhance size detection limits and implement
multielement capabilities for heterogeneous NPs, improved
commercially available ICPMS instruments are needed.

Because the duration of the transient signal generated by an
individual NP is in the range of hundreds of microseconds, the
multielement detection of transient signal generated by
individual NPs involves the use of simultaneous or fast
scanning instruments, able of recording full spectra of a mass
range of interest at frequencies around 10° Hz.*> Apart from
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Figure 2. Mumber concentrations at dwell times of 5 ms b} and 50 ps (). Blue line = theoretical calculations; red line = experimental results (60 nm An NP5, cquisition time =60 sec).
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Figure 3. Size distribution histograms for: 60 nm Ag NPs (a-d); 60 nm Ag NPs + 1 pg/L dissolved Ag (e-h); and 60 nm Ag NFs + 4 pg/L dissolved Ag (i-1). .
at a concentration of 25,000 part,/mL and were analyzed with dwell times of 100 ms (a, e,i), 5 ms (b, £ j), 100 ps {c, g, k), and 50 ps (d, b, 1)

. All sodutions contained Ag NPs

9 PerkinElmer Application Note: A Comparison of Microsecond vs. Millisecond Dwell Times on Particle Number Concentration Measurements by Single Particle ICP-MS
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- NIST 801110 nm NIST 8012 - 30 nm NIST 8013 - 60 nm

Apie WHNE | THEE | BRORE | GRRE | FORE | WRAR | GREE | FORE | WERE
(nm) (nm) | (PART/mL) |  (nm) (nm) | (PART/mL) | (nm) (nm) | (PART/mL)
| 9 89 B 283 5 56.6

20058 H41 315

1 9 89 20622 pi 33 49391 5 3.7 31,007
3 9 8.1 230 i 82 49763 5 510 31,585

" A Tuble 4. Particle Size Results Determined with Particle and Dissolved Calibrations.
o |
Certificate Particle Dissolved

" Blank Sample Value Calibrations Calibrations

el (by TEM; nm) (nm) (nm)
i NIST 8011 89201 884003 88003

: [ NIST 8012 276+0.1 278 0.06 279003

S T O O V I | Il NIST 8013 56 +0.51 5612037 5624030

a0 pre= uan e

[ 10 nm Au o i — 13 4] —
INEEISEE : /é“il. AN
L G ——
. = Figure 4, Particle sze distribution for NIST W:Tllmnm Au NP, ftted with a Gaussian distribution.
10 PerkinElmer Application Note: Accurate Sizing and Precise Counting of 10 nm Gold Nanopatrticles using the Enhanced

Sensitivity of the NexION 2000 ICP-MS
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Table3 Calculated width and length data for nanorods as determined
by high resolution splCP-MS measurements. The relative error is
calculated with respect to the data shown in Table 2

width Length
(nm) (nm)

Rel. error for

the length (%)

Rel. error for
the width (%)

30.9 47.5 1.4 1.0
32.9 66.7 2.3 1.6
30.3 63.7 4.3 2.7
29.9 67.8 4.9 3.0
17.2 46.3 1.7 1.1
28.9 85.2 5.4 3.1

Table 1 1CP-MS instrumental settings and 15.9 55.7 1.8 2.7

Parameter/device NexION 350 15.9 74.7 1.6 1.9

RF power 1400 W -

Plasma gas flow rate 20.0 L min "’ JAAS

Carrier gas flow rate 1.05 L min ' A

Plasma sampling 4 mm PAPER View Journal

depth

Measurement mode TRA | M) check for updates | Dimensional characterization of gold nanorods by
It 20 ps Gite thie: 001 101058/ m00s06s SO bir!ing r_nillisecon_d and microsecond temporal

L . resolution single particle ICP-MS measurementsy

Acquisition time 60 s

Nebulizer MicroMist ke Kalomiste” Apert Ker B Dita Unggiy Edit Csape.™ imre Dekary.

Spray chamber Cyclonic

DOI: 10.1039/c7ja00306d

A systematic investigation of single particle inductively coupled plasma mass spectrometry (splCP-MS)
signal profiles recorded with normal (ms-range) and high (us-range) temporal resolution for spherical
and rod-shaped gold nanoparticles was performed. The experiments with nanorods were carried out on
hemispherically capped cylindrical particles synthesized in the aspect ratio range from 1.5 to 4.5 A
comparison of NP signals and time profiles for spherical and rod-shaped NPs revealed that (i) the volume
of the particles can be assessed by conventional spICP-MS measurements using a joint, linear calibration
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Sweeps / Reading  Est. Reading Time  MassCal File

1 0:00:00.004 defaulttun

Readings / Replicate  Est. Replicate Time ~ Conditions File

25000 0:02:00.000 defautt.dac

Sample TE Batch

Replicates Est. Sample Time P K - - -
| 0:02:00.000 - Acguisition Method - C:\Users\Public\Documents\PerkinElmer Syngistix\ICPMS\Nano\._\Au-Lu method.nmth
Int Mass Sean Mode McA Dwell Time Integration Profie Ammonia Haium Oxygen RP RP . . . - .
ora | Anabte | L ‘ e ‘ Chanmels ‘ per AMU (s} ‘ Time () Corractions [ ‘ Fow E ‘ Flow ‘ £ ‘ a | Parameters Calibration Pump Settings Sampling Device
1 U 7.016 Peak Hopping |1 0.1 0 Standard 0 0 0 0 0.25
2 Be 0.0122 Peak Hopping |1 0.1 2 standard 0 0 [ 0 0.25 ~ D : i - +
| 2] - rpm well Time (us Settling Time Scan Time (s Deflectar Vialtage (V]
3 Na 220808  Peak Hopping 1 0.1 2 standard 0 0 0 0 0.25 Stop Pump 5.0 hd P (ks) g (ks ) g8 (V)
4 Ma 23.985  PeakHopping 1 0.1 2 Standard 0 o o [ 0.25 30 125 B0 -10.7
5 K 38.9637  PeakHoppng |1 0.1 2 standard 0 0 0 0 025 Sample Flow Rate Q01 mL/min
[ Ca 42.0588 Peak Hopping 1 0.1 2! Standard 0 0 o 0 0.25
7 sc 44.0550  Peak Hopping |1 0.1 2 standard 0 0 0 0 0.5 . - Mass Density Mass lonization
8 Ti 47.948  PeakHoppig 1 0.1 2 Ca Standard [ 0 o [ 0.25 Calibration Analyte (amu) Structure (g/em®) Fraction (%) Efficiency (%) RPg
9 \4 50.944 Peak Hoppins 1 0.1 2. Standard 0 0 0 0 0.25 -
10 o 51.0405  Ppeak Hn:;ni 1 0.1 2 standard i 0 0 0 0.25 [Pamde v] [Au 186.967 v] A 196.967 N - 193 100.00 100.00 0.25
11 Mn 54.0381 Peak Hopping |1 0.1 2. Standard 0 0 0 0 0.25 u - ane " : - -
12 Fe 56.9354 Peak Hopping |1 0.1 2. Standard 1] 0 o 0 0.25
| 2| -
= s w532 IpeacHong |1 o 5 coondond . . . . p [ Analyze Blank l [Analyze Peak Shapel Lu 174941  None 8841 100.00 100.00 0.28
14 Ni 50.0332 Peak Hopping 1 0.1 2! Standard 0 0 o 0 0.25
15 c 62.0208  Peak Hopping 1 0.1 2 standard 0 0 [ 0 0.25 Analyze Standard 1 -~ ) Cell Parameters
16
% Profile Gas Flow {mL/min) AFT (V)
19 -+ .
— [ Analyze sample ] | A NP+Beads -6 | Ammonia DRC 035 50
21 ;
22 _—
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25
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27
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7. Occurrence of Ti-, Fe- and Zn- NPs and dissolved elements in sludge samples

DOI: 10.1021/acs.est.6b05931

Table 56. Ocoumence of Ti-, Fe- and Zn- NPs and dissolved elements in sludge samples

Ti Fe In
MostFreqg. Pamt Cooc. Diss Conc. . Pam. Conc. Diss. Conc.  MoestFreg. Pam. Conc. Diss. Conc.
S;Fl‘:ff Chemical Fractions Sire (nm)  (ParslE) (gl Most Freq. Size (o) Paws) () Sim(m)  (PawE) (e
Tid, Fe,0); Fe.0y FECE)E';H FaS; Fe,5; Zo0 ZnS
2 Agid-swchangeabls faction 34 1.95E+@ 1000 57 56 a0 1.3 a1 3.83E+H9 131125 45 33 ABEE+10 T18.75
Arid-exchangeabls fraction duplicate 34 1.91E+®@ o1 58 38 a1 <13 a4 4 17TE+H@ 1406, 45 33 AS4E+ID T17.50
53 Acid-enchangeabls fraction 34 6. 0E-8 5150 47 46 50 34 31 163E+10 08500 45 33 241E+1D 128000
Acid-swchangeabls fraction duplicate 4 6. TOE+D9 5125 a7 46 S0 34 31 1 50E+10 208000 45 33 2 13E+10 1253.75
510 Agid-swchangeabls faction n §45E-08 1193 47 46 30 34 31 4.09E+10 240746 45 i3 192E+10 123000
Agid-swchangeabls faction duplicate n T.6TE+0B 50 47 46 50 H 31 J3LE+1D 437060 45 33 221E+10 1247.50
511 Acid-swchangeabls faction 29 1 92E+0B 2.61 56 6 37 37 38 TME+10 176.50 - - - 267.50
Acid-swchangeabls fraction duplicate 29 207E+0B 174 1] e ] 1] 1] TATE+1D 184.50 - - - 270000
512 Agid-swchangeabls faction 33 1 85E+07 489 40 40 30 30 31 1A0E+10 173 - - - 527.50
Agid-swchangeabls faction duplicane 36 1.84E=07 355 51 31 52 31 33 1 E+10 12550 - - - 526,00
514 Arid-exchangeabls fraction 11 1.05E+@ 1500 57 36 al 13 a2 0 TEEHIE 08662 45 33 20TE+ID 30313
Arid-exchangeabls fraction duplicate 11 L11E+® 1510 34 33 37 G2 ki 7.53EH18 MBI 45 33 2 16E+10 303.73
513 And-swchangeabls Taction T 1L.ME+® G820 52 32 56 &1 38 144E+10 103010 45 33 B.T0E+10 T05.00
Agid-ewchanpeabls faction duplicate 78 8.7TE+0B 6370 34 33 37 [ iy 1.33E+10 14098 45 33 A0GE+1D T02.50
517 Acid-enchangeabls fraction n 3GTE=R 3035 35 34 58 43 &l LO2EHDG 2475, 45 33 T03E+10 658.75
Acid-swchangeabls fraction duplicate 7 3 ME-R 3135 56 35 e 54 1] TSIEHS 246786 45 33 §BTE+IOD 65250
518 Acid-swchangeabls faction 7 1. HE+ 1104 51 31 35 1] 37 183EH9 2541 48 57 2 ITEHID 1303.75
Agid-ewchanpeabls faction duplicane 78 LITE+@ 1095 57 37 &l 1.3 a3 1. 13E+H9 271947 48 37 317E+1D 130625
519 Acid-swchangeable faction n 1.95E+@ 1588 35 34 58 43 &l J13E+10 358812 45 33 5.51EH9 09373
Arid-exchangeabls fraction duplicate 7 1.2BE+@ 1570 54 33 37 42 e 3 58E+10 563098 45 33 523EH9 ga12s
520 Arid-exchangeabls fraction 7 5. XE+08 1208 51 51 33 &0 37 1B8E+10 17302 41 48 120E+11 2140.00
Aid-ewchanpeabls faction duplicate n 3.25E+08 1305 51 31 33 1] 37 JAIE+1D 1760620 41 48 AA0E+1D 200750
521 Agid-swchangeabls faction n LO1E=® 1170 36 33 i 54 al 3ASE+10 17EB5E1 45 33 §2TE+11 3340.00
Acid-exchangeabls fraction duplicate n LO2E+@ 1175 7 37 &l 13 a3 I.T9E+10  1B137153 45 33 594E+11 3400.00
523 Acid-swchangeabls faction 7 1.I1E+® 3485 50 0 33 i 35 1.35E+09 227178 45 33 4 13E+10 58500
Acid-swchangeabls fraction duplicate 7 1. I2E+9 3513 50 0 33 i 35 1.13E+H9 2274 45 i3 3 43E+HID 57375
526 Agid-swchangeabls faction n 1.77E+0B 00 58 8 a1 13 23 1.7TE+10 §712. 41 48 4 BEE+10 140,00
Agid-swchangeabls faction duplicate n 1.83E+08 33B0 58 58 a2 13 54 1.62E+10 &7 41 48 5.00E+10 14313
Beducibile fraction 97 502E+07 ) B - - - - - - - - -
Reducible fraction duplicate ag 5.0BE+07 1182 - - - - - - - - - - -
Omidizable fraction a8 1.95E+08 3051 - - - - — - - - - - -
Omidizable fraction duplicate 7 1.92E+08 3773 - - - - - - - - - - -
—: Not Tested
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Environmental Risk Implications of Metals in Sludges from Waste
Water Treatment Plants: The Discovery of Vast Stores of Metal-
Containing Nanoparticles

Feiyun Tou,‘\ Yi Yang,'\:"t;t Jingnan Fengi Zuoshun Niu,T Hui Pan,‘\ Yukun Qn,T Xingpan Guo,]L
Xiangzhou Meng,§ Min Liu,” and Michael F. Hochella*
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Acquisition Method - [Untitled] [Modified] Calibration - [Untitled]
Parameters Calibration Pump Settings
2350 2 rpm Dwell Time (us)  Semling Time {us) Scan Time (s}
Sample Flow Rate 0222 mL/min
I q et 7 sample | Concentration | Intensity
c A Mass Density Mass lonization . I |
{amu) {gfcm?) Fraction (%) | Efficiency (%)
Az 106.905 10.49 100.00 100.00 0.68
Au 196.967 193 100.00 100.00 0.5
-~ _~ ) Cell Parameters
Profile | Gas Flow (mL/min} | AFT (V) 1
[ Analyze Sample ] |Ag@Au 1 Ml Dil ‘ | Standard o J
Conditions File | Default.dac | [ Browse... | | |
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e A: Before nebulization C: Number o viable cels vs. nebulizer gas flow
Stock o ; ]
Before Nebulization 4500 . ﬂ
! § 0 160000
4000 | E B
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..-.3500 : = % !. E |20000§ * ! %
53000 + Cell count LS m ) 100000
% affer ' %)
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3 000 ¥ slock cells r. 3 6000 4 =
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0 O 40000 1
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’ @ S 0
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Spray chamber Baffled Cyclonic Asperon™

Neb gas flow (mL/min) 0.92 0.32

Make up gas (mL/min) 0 0.7

Sample flow rate (mL/min) 0.283 0.015

TE 2.5 um beads (%) 0.04 30.84

TE 60 nm NIST (%) 5.42 31.33
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3,000,000
3,000
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B 33,000 part./mL

From supplier

Measured using ionic calibrations in SC-ICP-MS (ag)

N
Atoms per Size
Element bead ass (ag) (nm) 1 2 3 4 erage | STDE
(x15%)

Ce 140 19.9E6 4626.26 109.7 4519.76 4560.64 4749.98 4698.90 , 4632.32 94.98
Eu 151 11.3E6 2833.38 101.1 2960.52 3011.75 3122.76 3075.32 3042.59 61.61
Eu 153 12.0E6 3048.75 103.6 2903.66 3239.50 3113.54 3061.42 3079.53 120.42
Ho 165 7.6E6 \ 2082.32 / 76.8 2157.37 2227.98 2576.47 2354.24 \2329.02 159.33
Lu 175 9.8E6 \2847.82/ 82.1 2920.82 2779.02 2965.16 2892.10 \?{389.28 68.77/
Number 34323 33145 34696 34821 34246 | 661.67
particles
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New Research Evaluating
Cisplatin Uptake in Ovarian
Cancer Cells by Single Cell ICP-MS

Introduction
Cisplatin, carboplatin, and
oxaliplatin are the most
widely used of platinum-
based cancer chemotherapy drugs in the Western world. Cisplatin's effectiveness is due to
its ability to bind to the DNA, resulting in DNA-platinum (Pt) adducts, which bend the
DNA. The cells must then repair the DNA damage, otherwise DNA replication is blocked
resulting in cell death'.

Many cancers are initially sensitive to platinum-based treatment, but patients frequently
relapse with tumors displaying resistance to further cisplatin therapy. Cisplatin drug resistance
is due to three major molecular mechanisms: increased DNA repair, increased cytosolic
inactivation, and altered cellular accumulation. Decreased cellular uptake or increased cellular
export of asplatin constitutes the mechanisms involved in altered cellular accumulation'.
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widely used of platinum-
based cancer chemotherapy drugs in the Western world. Cisplatin's effectiveness is due to
its ability to bind to the DNA, resuiting in DNA-platinum (Pt) adducts, which bend the
DNA. The cells must then repair the DNA damage, otherwise DNA replication is blocked
resulting in cell death!.
Many cancers are initially sensitive to platinum-based treatment, but patients frequently
relapse with tumors displaying resistance to further cisplatin therapy. Cisplatin drug resistance
is due to three major molecular mechanisms: increased DNA repair, increased cytosolic
inactivation, and altered cellular accumulation. Decreased cellular uptake or increased cellular
export of asplatin constitutes the mechanisms involved in altered cellular accumulation'.

[ Re

PerkinElmer’
For the Better

L8

#

73 7%

bl = .
7 T e

=
F
L
&l
t- 5
il o
Bniilh
" A
]
o
,- y
4
2
&
B
- By
]

4h

A2780/CP70 Cells

A2780 Cells

e

8h
i
e 4ot} . »
‘M@L]'hﬂlfﬁ,ﬂhg\!lell.l"dr!hﬁ]alut|wm.s::‘-,llw...w [ P

25

..niﬂllllIllilnhlm.@L..,. erhlt‘h .. =
£ 1207 A2780 g 801 CP70
g € 6.
g . - Control gz"' -+ Control
g = Serum Starve 8 \ = Sn:j::: starve

Time (hours)

Time (hours)

PerkinElmer Application Note: New Research Evaluating Cisplatin Uptake in Ovarian Cancer Cells by Single Cell ICP-MS

' »
Periinl Irmer’



E-TF B 4HB-ICP-MS X4 488 Bk IR Uit

APPLICATION NOTE

ICP - Mass Spectrometry =1

Author; 1
Stafan Wilhelm z
Stephssscn School of Rlocdical Englnecicg g5 |
Usiveraity of Oblshama T
Noman, Oblsboms E

Ryan C. Bensen, Nuga Rama Kothapaki,
Asthoay W. G, Burgett
Chemistry sod Blochemiatry 51
Ni o I
o Ll 111,

Ruth Merifidd, Clady Stephas 20 3@a 47.7 636 674
Dlamutur {nm)

Quantification of Gold
Nanoparticle Uptake into Cancer Introduction

= ¥ Cancer & 3 dssase Tt is characteszed by -

Cells using Single Cell ICP-MS o uncenicies gowen and soead o 3
atnomal cels. Acconding 10 the American

Cancer Sooety, cancer is the second mest g

mmd“lh&'wmhwmwmm 8—

.

-

¥ Alough these herapies may improve patients’
overall suavival and Gualty of He, they also have several Bmiations. For example, in comentonal cancer

chematherapy smallmolecule-based cancer therapeutics dstribute nonspeciically thioughout the entire
human body The consequence & That fhese drugs do not only kil cancer cells but o destroy heatthy / J
cells in e for d 10 a reed for new that
P oSt s e 71093 2093 3093 4093 5093 €093 7093 8093 9093
ancpatces (45) hav been o sgrifian s cves e st two decads 2 thy ot aacie Mass (ag)
benefts for g debery o anbe
to cary drugs ,,Mshmm-dﬂww-q
a5 be designed 1o spedificaly target dissased $5sues and cells in the body. A number of NaNcparscs- B 12 4
based cancer Sherapeusics hawe been approved for chnical use andior ase curvently under development 4%
Adwntages that aticnally engineessd oy offer over smalmalecue drugs
include: §} proicnged crculaticn time in the body; () reduction of nopecitc celatar cptakie and
\ndesiatie o¥-target and side efects and in cefusar thicugh speatic

o
§
cancer coll tangeing moketies. E—
3
2

| Be

Forthe Better 1 2 3 - S
Nanoparticles/Cell

26 PerkinElmer Application Note: Quantification of Gold Nanoparticle Uptake into Cancer Cells using Single Cell ICP-MS

Periinl Irmer’



ET B A-ICP-MSHIR KRN ENAKBAME R FRIBNTAHR

1 NP/Cell
APPLICATION NOTE
35%
Mass Spectrometry %1
25%
u2hours
Authone 20% %29 hours Average amount of Au contained in a single algae
Ruth Merrified" 159 =353 hours cell for ionic exposures
Jam'e Lead! =77 hours
Chady Sephan® 10% 1 = A
' Center for Environs NanoSciens 5% @
ll}'..\’t;l,.\:r.:ld\' 0% - D.A 0.030 ¢
ER—— 20000 o000 E 3 0025
“PerkinElmer loc. 2
Shelon, CT E '2, 0.020 4
2 NPs/Cell §Z 015 = 2hours
B E 3 0010 4 u 28 heurs
u 5% L : ’ “ T4 hours
o o m 0.005 4
z =y
o 4% @® 0.000
£ 2 1pph 2 ppb 3 ppb
.E 1 =2 hours q I .t. ' mti
s 3% —— nitial exposure concen on
. : 5 P ®53 hours
Monitoring the Uptake of 8 R —
P . el
Na_mopartnclas and Ionic/ M. R o™ % of cells containing Au
Dissolved Gold by Fresh Water 1.5 teks b ot msers - - 2 B
Algae using Single Cell ICP-MS oo smime a2 200000 600000 2 100% -
whether the metal is dissclved ‘T
nancpartides (NPs). =
Cummmwuwnm;:‘n‘:ﬁ;mm 3 NPs/Cell s
moda (efher by centrifugation o fitration), washing with fresh media solution, and C
hen add-digesting them for analyss by ICP-MS*, This methodalogy gives the total o 60%
metal of particle content In & gven number of cells rather than on a pescell basis. As 0 =7 hours
such, the metal concentration of an indhidual cell rebes on the assumpticn that al cells % = 4% 228 hours
accumdate the same amount of knic or £ metal This Is mot -g
ahways troe, 3 by such as election o =74 hours
(TEMY, scanning electson microscope (SEMY, and flucrescent tracking’. These microscopy m  20% -
techniques allow visualzation of NP uptake %o cells but are time consuming and prone B2 nours o
10 ardfacts, TEM and SEM e qualitative, and labeling may ghwe fabie positives where =29 hours o 0%
the label-NP complenes are not persistent. 1% & ot e 1 oob ! 2 ppb ' 3 ppb !
7T hours . .
e Initial exposure concentration
> o
Perkin=imer’ o0 L
For the Better . . .
Initial particle exposure concentration
27 PerkinElmer Application Note: Fl|FAEE4HAEICP-MS IRk /KERIS SILKFRANE B FIIBAITA

Periinl Irmer’



ET R M- ICP-MSHYR K FE LI EHRFRME S FRBRANT A

A
: 1P/1C 2R/1C 3p/1C prew—
1L
APPLICATION NOTE “ 7
- Lo . ,
i Vi
L f
Ll ’.'
Authone : ] I _-II
. 2 — | | L] - . Em L
Ruth Merrified' ] 108 2000 | L a
Jame Lead! = O ¥
Chady S ephan® L=
Center for Envimnmental NanoScience and Risk
{CENR), Arneld c Heal B ""'""ﬁ
: 1Pf1C 2Pf1C 3Rf1C [ ——
n
= ! L
f = y
r LY
% g, 3
ry
o = -.I I'll ll.-l - [ |
- [
Monitoring the Uptake of -
. . B -
Nanoparticles and Ionic/ Introduction ) 1P/1C 2Bf1C ETe ]
The uptaie of metaks Into
Dissolved Gold by Fresh Water 1.5 teks b ot msers - _
. . both envrenmental' and /]
Algae using Single Cell ICP-MS 2o . ; :
whether the metal is dissolved F y
of exists as nancpartides (NPs). E £
Cumently, celiudar metal content is studied by removing the cells bom Mher culture = y K
media (sfher by centrifugation cr fitration), washing with fresh media solution, and s
then acd-digesting them for analyss by ICP-MS* This methodology gives the total I= llllll al- ala _
metal o particie content In 2 ghven number of cells rather than on a pes-cell bags. As 35 = B = S =
such, the metal concentration of an indhidual cell rebes on the assumpticn that al cells =
accumdate the same amount of konic or par metal This Is mot [
ahways true, a8 by iques such as election
(TEMY, scanning efecon microscope (SEMY, and flucrescent Sracking’, These microscopy
techniques allow viualization of NP uptake 1o cells but are time conuming and prone [ [
10 arsfacts. TEM and SEM ase qualitative, and labeling may ghe falie posives where n =
1he Label-NP complenes are not perststent. ip ap p [raeaepnIee . |
xZ
15 J]
' > [ i
Perkin=imer ¥ |
- - B [ n = =
£ 3 £ 1 L p. M et
- an gy

28 PerkinElmer Application Note: Fl|FAEE4HAEICP-MS IRk /KERIS SILKFRANE B FIIBAITA

b‘)}

Periinl Irmer’



BNMAEP RS ENNE

APPLICATION NOTE

ICP - Mass Spectrometry * BB e

Authon:

Mariko Dochata ‘
Jeunifer Woolcock S &
Michad E. P Marphy i

qumnnio&'}’m&:bgy and hmumbg\'h‘- e

z > . P — -
Scences Cenkre, University of Bekish Colurmbia, - - - ~ - ~ -
Vancouver, BC Cansda '

s
s
.
i

Ruth Meeifidd
Chady Stephan

e v el s memore U
ridge, ON Canada mﬁi & /’A
168 # ‘

AR

Iron Content Measurement :
in Individual Bacterial Cells .":‘"’““‘“‘M e
s an < »
Using SC-ICP-MS o e koo E - _—
within the bactertal cell. 1t is often 2 RHA1 &
growth-limiting nutrient in bacteria, ] =
and the total Iren quota for a cell wil depend on the cells” growth states and metabolic 2 &0
requisements. Bacteria have evalved complex systems (o regulite bom levels within the cel.! x - B0 \ | ~
Excess soluble iron within the cell s scic due %0 farmation of reactive cxygen species that 9 | ;
ge celufar comp: 9 hat iron levels must be tightly reguiated. Howeves, the ! | -~
variabiy of ren regufation within indhdusl cells and Shroughout cell populations has not been i
determined. Quantifying lrom in acterial cells in near real time could provide insight into the . | B -
limits of bactenial iron tolerance when defining the effects of growth conditions and stress y
responses, including those due 10 antitiotics. Interestingly, some mineral clays and day extracts
hat are bacterickdal are high in disscived ban, which may dsrupt bacterial kon homeostast,

Voo oy
leading to death ¥ Moreover, monitoning ison levels within single aols wel provide the dsyibution
of colubar won to the homogenely of 2 popuan:

29 PerkinElmer Application Note: Quantification of Gold Nanoparticle Uptake into Cancer Cells using Single Cell ICP-MS l }. S



BNMAEP RS ENNE

APPLICATION NOTE 120 4
- 100 - L i
ICP - Mass Spectromelry 40 x
# 80
Authon: E-
Mariko Dxbota E 60 - + *ENEEY
JesniferWoslcock = - N ™
Michad E. P Marphy & 40 - . B OERERATE 1684
D, Mo‘&lmb&bﬁywﬂmmk&y,l& ¥
s,::m Cenkre, University of Berish Columbis, & 20 = 4 SIFM RHAT R
Vancouver, BC Canada N
2“:’:{;:::“‘& ﬂ T T T T T 1
,u,h,;,m_,,; 0 20000 A0000 60000 20000 100000120000
Woodbridge, ON Canada ﬂ I H l
(“i~4AB8 /mL)
120 -
53
— 100 - A
Iron Content Measurement [
in Individual Bacterial Cells ~ Mvoducten 40 80 -
s an <
Using SC-ICP-MS o v g e 3
& win e b ok R ot > & 60 . o KEHH B
growthdimiting nutrient in bacteria,
and the total Iren quota for a ceil wil depend on the cells” growth states and metabalic 5 40 - EHEF N 168 8
requisements. Backeria have evalved comple systesss 1o regulate ibon levels within the cel.!
Exmmh&lmthalhmdmblammmdmwm|M B £ A ETEREE RHAD #%
damage cefuar comp g hat iron bevels must be tightly reguisted. Howeves, the E 20 -
bty of o reguiaticn wihin indhdual cells and Shroughout cel popdiations has not been
determined. Quantiying lrom in Dacterial cels in near real time couls provide insight into the ﬂ
limits of bacterial iron tolerance when defining the effects of growth conditions and stress (1] : . . . . .
responses, including those due 10 antitiotics. Interestingly, some mineral clays and day extracts
$hat are bactericidal are high in dissoived bsan, which may disnupt bacteril kon homecstasts, 0 2 4 6 a8 10 12
feading to death? Moreoves, moniioring on levess within single s Wil prowde the dsyibution
of celubar von to the hamogeneiy of 2 popubas: !HI-E:! '[I.II'I'I]
30 PerkinElmer Application Note: Quantification of Gold Nanoparticle Uptake into Cancer Cells using Single Cell ICP-MS l >

Perkin! lmer’



E YA Aa-1ICP-MS,

31

HEERASE
B
2 2ok

A P AR Fn 4R =






