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Mass Spectrometer used in our studies

7900 quadrupole ICP-MS — ultra-sensitive, ultra-fast 0.1 ms dwell

1mm Torch




NP characterization
Single Particle ICP-MS (spICP-MS)

Each nanoparticle gives a transient signal (a plume of ions generated from the particle)

Use time resolved data acquisition and analysis

Measure particle concentration, particle effective diameter and composition

Signal from one
nanoparticle event
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What is sNP analysis?

» Sample Types for single nanoparticle analysis
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lonic Blank lonic Standard
> Blank » Dissolved metal
sample solution
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» Used to calibrate
response factor(s).

*1 New sample types dedicated for sNP analsys.
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Reference Material

» Metal suspension
liquid™2.

» Known, either known
mean particle size or
known conc is needed.

> Known conc.
» Used to calibrate

nebulizer efficiency (n,).

*2 Usually with small amount of dissolved metal as an impurity.
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Unknown Sample

» Metal suspension
liquid™2.
» To be analyzed

» Unknown particle size

and conc.



Advanced operation — Multi-Element Screening

» Sample prep: In case number of elements is 2+
e R N

o ©
PS @
lonic Blank lonic Standard Reference Material Unknown Sample

Q Contains both of Element A
AandB

Such as: Element B
1ppb A + 1ppb B
Mixture
w of Aand B

lonic Standard for
Reference Material



Reference Material
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Workflow for NP characterization

ICP-MS TRA data Response vs
frequency * Analyte response factor > Mass of
analyte in particle
E . . . .
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Application of ENMs in Agriculture

* Nano-pesticide/fungicide/bactericide

 Nano-fertilizer
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Detect ENMs in leaf tissues via spICP-MS

Organic Vegetables

Lettuce Collard Green Kale
(Lactuca sativa var. green (Lactuca sativa var. green (Brassica oleracea, var.
leaf cultivar) leaf cultivar) Acephala Lacinato)




Leaf surface roughness
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A. A. Keller, Y. Huang, J. Nelson; J.
Nanoparticle Res. 2018, 20 (4), 101.



Expose Leaf to nano-CuO

'Lettuce Collard Green Kale

2-hour air dry
A




Rinse Leaf with DI after nano-CuO exposure
Detect with spICP-MS
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Rinse 1 Rinse 2 Rinse 3

« Concentrations in first rinse around 500-750 pg/L
» Residual washable concentration after 2 rinses is less than 10 pg/L
» Leaf surface roughness may influence residual



Any nano-CuO within the leaf tissues?

Enzymatic digestion

R O T,

Macerozyme R-10 enzyme

» Mixed with plant tissue samples to digest tissues and release nano-CuO
« 24 hr digestion

« Neutral pH to avoid digesting nano-CuO

 Filtration

* Analyze with spICP-MS

Lettuce Collard Green



Yes! Leaf tissues retain ENMs
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Collecting NP samples in WWTP process

Primary Aerobic Secondary Ultrafiltration
Clarifier Reactor Clarifier System (0.1 pm)
(1) Influent (2) Post-primary
g -— Sm— I - | - 3
@ Reclaimed
= Water
G) Secondary
Sludge Recirculation = Effluent
Primary Backwash recirculation

Sludge

¢ (5) Waste Sludge

(6) Anaerobic Sludge ¢—@ Anaerobic
Digester

Sludge Disposal ¢&————

splCP-MS was used to monitor up to 16 elements simultaneously in water and wastewater samples



spICP-MS Measurement

6.0x10°
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Time resolved data for Au-containing NPs in sludge samples (A) as collected; (B) pre-centrifugation spiked with 60 nm Au
NPs; and (C) post-centrifugation spiked with 60 nm Au NPs.
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Size distribution of 60 nm Au NPs reference materials spiked at 100 ng/L detected in the retentate of activated waste sludge



spICP-MS Measurement
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Ag NP size distribution in unspiked (A) influent; (B) post-primary; (C) waste sludge; (D) anaerobic sludge; and in
spiked (E) influent; (F) post-primary; (G) waste sludge; (H) anaerobic sludge.



Mass concentration of NPs at different stages of wastewater
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Conclusions

* You need to read the papers to get the entire spICPMS NPs story for
both studies

* spICP-MS offers an excellent approach for quantitative analysis of
nanoparticles

* spICPMS provides concentration, size distribution, composition,
dissolved ion concentration

* Can be applied to water and wastewater samples

* Challenges remain with regards to samples that contain high levels of
natural NPs
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