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Particle Properties
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Gold Mass (ug) 1 1 1 1 1 1 il 1 1 1
Number of Particles 12 10 100¢ 1,000¢ 10,000 100,000 1,000,000 10,000,000 100,000,000 1,000,000,000
Particle Size (nm) 46,265.29 21,474.44 9,967.55 4,626.53 2,147.44 996.76 462.65 214.74 99.68 46.27

Particle Surface Area (hnm?)  6.72E9 1.45E10 3.12E10 6.72E10 1.45E11 3.12E11 6.72E11 1.45E12 3.12E12 6.72E12
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Nanoparticles in Aquatic
Ecosystems

Strombidium sulcatum
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Nanoparticle size matters to filter-feeders
(Marine ciliate) Christaki et al 1998



| :Nfahdp'ai't'ic'le's in Aquatic
Ecosystems
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Particle Size Distribution
Fullerols) Brant et al 2007

Particle Aggregation
(Fullerols) Brant et al 2007

Particle Stability
(SWNT) Roberts et al 2007



Nanoparticles in Aquatic
Ecosystems
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Figure 1. Hvdrodynamic diameter (a) and zeta potential (b) for both nanoparticles in stock
solution, moderately hard water and wastewater {after 1 hour). Each bar represents the
average of three runs = 1 standard deviation.

Aqueous conditions can also modify particle characteristics ~ Wray et al 2014, In Prep




Nanoparticles in Aquatic
Ecosystems

Filter-feeders modify nanoparticle suspensions
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(SWNT) Roberts et al 2007
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How does toxicity change between species?



How toxic?
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Release and Exposure of Nanoparticles
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Why Aquatic Toxicology?
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What is the Influence of
Particle Characteristics on the
Toxicity of Gold Nanoparticles

Particle Core

Size

ourface Charge

# treatments’
Bioassay

Gold

4. 10, 50 nm
diameter

Amine (protonated)
(cationic)

Biotin

(nonionic)
Carboxylate
(anicnic)

a0, 75 nm

Amine (protonated)
(cationic)

Biotin

(nonionic)
Carboxylate

- [anionic)

' 20 by 100 nm

20 by 400 nm

Amine (protonated)
(cationic)

Biotin

(nonionic)
Carboxylate




Shape

Sphere

Sphere

Sphere

Rod

Rod

Particle Size

(hm)

5.67 +1.28

21.25 + 2.5

30.64 + 6.00

W:17.82 + 2.03
L: 58.08 + 5.31

W:17.82 + 2.03
L: 58.08 + 5.31

Surface
Chemistry

Citrate

Citrate

Citrate

Poly(acrylic
acid)

Poly(allylamin
e
hydrochloride

)

Zeta Potential

(mV)

-39.8 + 9.94

-35.7+19.5

-20.7 + 9.33

+38.8 +17.5




Size (nm)

Surface Ligand

Kuw (L gorg d7)

ke (d7)

Model
predictions for
rate constants
and BCF using full
data set and
multiple linear
regression
analysis

Citrate

Citrate

Citrate

Poly(acrylic acid)

Poly(allylamine
hydrochloride)

5.139 +0.388
2772+ 0.247
2.679 +0.120

1.548 +0.038

L: 4.632 +0.830
H: 92.494+ 6.504

2.929 +0.140
1.840 +0.190
1.119 +0.213

2.025 +0.287

2.746 + 0.303

Individual rate
constants for
each particle
configuration

Diameter (nm)

Surface Charge

BCF

Anionic

Anionic

1750*

1460°

Anionic

2510°

Cationic

Cationic

L: 1370
H: 25400

L: 1020
H: 33500

Cationic

L: 1450
H: 47700




Au (mg) / Dry Tissue (kg)

Au (mg) / Dry Tissue (kg)
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Tissue Concentration of Gold over Time:
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Tissue Concentration of Gold Over Time: 18nm

B Egeria % Azolla
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Species
Differences

* Agquatic macrophytes
exposed to citrate coated
gold nanoparticles with 4
and 18 nm diameter

* Accumulation is both size
and species dependent



Outside Environment

.
L ; Inside Cell

S4800 25.0kV 15.1mm x45.0k TE 11/5/2010

Inside Cell

Outside Environment

trerrreened
HD-2000 200kV x110k ZC 200nm

A. caroliniana exposed to 18 (a) and
4 nm (b) gold NPs

Inside Cell

(I I I B A
HD-2000 200kV x40.0k ZC 800nm

Inside Cell

Outside Environment

(N T I I B I
HD-2000 200kV x40.0k ZC 800nm

E. densa exposed to 18 (a) and 4 nm
(b) gold NPs



Influence of Expsoure Media

A549 Cells

human carcinomic alveolar eplthellal ce
Squamous Cells extracted in 1972

| .




Cell Culture Methods

Dulbecco’s modified Eagle’s
10 Fetal Bovine Serum (
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Cell Culture Methods

Dulbecco’s modified Eagle’s M
10 Fetal Bovine Serum;m_gf-
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GJ-J_F assential AA’s
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Experimental Methods

12-well TC-Treated Plates o i
10° cells per well X Saalas
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Primary Objective

facilitate mvestlgatl n
| jJ’J




Primary Objective

facilitate mvestlgatl n
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Au Uptake (ng/105 Cells)
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Au Uptake (ng/105 Cells)
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