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s the nanotechnology industry con-
Atinues to expand, so does nano-

particle (NP) production, with over
2000 nanoproducts currently in the market-
place.’ As a result of their attractive antimicro-
bial properties, silver nanoparticles (AgNPs) are
one of the most abundant commercially avail-
able nanomaterials, with over 400 nanopro-
ducts containing nano-Ag.> AgNPs are found
in many consumer products (See Table 51)
such as cosmetics, plastics, water purifiers,
textiles, medicine, and every day applications.*
Consequently, this amplifies the likelihood of
AgNPs reaching water systems, with the pos-
sibility of exposing aquatic organisms that re-
side there. Research using life cycle modeling
predicts that the amount of AgNPs reaching
surface waters may amount to >60 tons per
year,” with the possibility of causing hazardous
effects in aquatic life forms such as fish and fish
embryos.®
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Category Product
Hair Straighter
Appliances Iron
Bidet
Beauty Soap
Cosmetics
Toothpaste
Food box containers
Food & Beverages Kitchen utensils
Health Supplement
Baby carnage
Goods for children
Plush Toys
Wound Dressing
Health & Fitness
Sports Socks
Faint
Home & Garden
Humidifier
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Known:

Smaller AgNPs exert more hazardous effects in zebrafish embryos and
induce more intense inflammation and oxidative stress in the lungs of
rodents than larger particles.

Unknown:

Whether different particle sizes could impact known target organs for
hazardous substances in fish, namely, the gills and intestines?

whether size-dependent variances are differently reflected in the target

organs?



Scheme 1. Schematic To Show the Experimental Layout”
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Results

Physicochemical Characterizations of the AgNPs

AgC20

in DI water

In Holtfreter’s
medium



Results

Physicochemical Characterizations of the AgNPs

TABLE 1. NP Hydrodynamic Diameter and C-Potential in DI Water and Holtfreter's Medium

DI water HM
HPs dy (nm) POl C-potential (mV) dy, (nm) PO C-potential (mV)
Ag(20 2501 £ 041 0.053 —83 15 5221+ 313 0.323 —16.6 £+ 2.1
AgC110 PEN = E 0.278 —254 + 43 3405 97 0.257 -7 126

* Polydispersity index.



Results

Physicochemical Characterizations of the AgNPs

BpCMPL in simulated intestinal fluid

AgC20 ApC110
B
(h
Simulated
intestinal
fMuid 0 hr 4 days
NPs dyp (1) Pdl Copotendial {mV) | dw (nm) Pdl C-potential (mV)
AgCli FHI25 1408 0297 -XaS5:]1 77 T30 812004 0297 277232
AgCl10 | 3911173 [T 0075494 326 74102 0338 386422 80
4 days




Results

Quantification of the Ag Content of the Gills and Intestines reveals Size-Dependent Differences.
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Figure 2. Toxicokinetic profiles of AgC20 and AgC110 in gills and intestines at 4 h postexposure (4hpe) (blue bars),
4 days postexposure (4dpe) (red bars), and 4 days p 7 days depuration (green bars).
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Results

Histopathological Features of Gill and Intestine by Nano-Ag and lonic-Ag.
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Results

Histopathological Features of Gill and Intestine by Nano-Ag and lonic-Ag.
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Results

Histopathological Features of Gill and Intestine by Nano-Ag and lonic-Ag.

Intestine
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Results

Histopathological Features of Gill and Intestine by Nano-Ag and lonic-Ag.
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Results

Ag Staining of Gill Tissue Reveals Differences in the Localization of Particulate vs lonic

(A)

| ; "_ l:nnt‘rnl_l_

b

Water flow

15




Results

Ag Staining of Intestinal Tissue Reveals Differences in the Localization of Particulate vs lonic

(B) Intestine

Control (Day 4) AgNO3 (Day 4) AEC20 (Day 4) AgC110 (Day 4)
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Results

Na*/K+* ATPase Immunohistochemistry Staining and Activity Demonstrate Size-Dependent Effects of Nano-Ag
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Results

Na*/K+* ATPase Immunohistochemistry Staining and Activity Demonstrate Size-Dependent Effects of Nano-Ag

(B) (i) GILL TISSUE ATPase ASSAY (ii) INTESTINE TISSUE ATPase ASSAY
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Results

Na*/K+* ATPase Immunohistochemistry Staining and Activity Demonstrate Size-Dependent Effects of Nano-Ag

" GILL TISSUE IMMUNOHISTOCHEMISTRY INTESTINE TISSUE IMMUNOHISTOCHEMISTRY
(iii) (Na/K_a subunit antibody staining) (iv) {Na/K_a subunit antibody staining)

Control
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