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Toxicity Assessment of Silver lons Compared to Silver Nanoparticles in
Aqueous Solutions and Soils Using Microtox Bioassay
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This study was conducted to assess the microbial toxicity of ionic silver solution (Ag'N) and silver
nanoparticle suspension (Ag"NP) based on the Microtox bioassay. In this test, the light inhibition of
luminescent bacteria was measured after 15 and 30 min exposure to aqueous solutions and soils spiked with
a dilution series of Ag'N and AgONP. The resulting dose-response curves were used to derive effective
concentration (ECzs, ECsg, EC75) and effective dose (ED2s, EDsy, ED7s) that caused a 25, 50 and 75%
inhibition of luminescence. In aqueous solutions, ECsy value of Ag'N after 15 min exposure was
determined to be < 2 mg L and remarkably lower than ECsy value of Ag’NP with 251 mg L. This
revealed that Ag'N was more toxic to luminescent bacteria than AgONP. In soil extracts, however, EDs
value of Ag'N with 196 mg kg'1 was higher than EDs, value of AgoNP with 104 mg kg'l, indicating less
toxicity of Ag'N in soils. The reduced toxicity of Ag'N in soils can be attributed to a partial adsorption of
ionic Ag" on soil colloids and humic acid as well as a partial formation of insoluble AgCl with NaCl of
Microtox diluent. This resulted in lower concentration of active Ag in soil extracts obtained after 1 hour
shaking with Ag'N than that spiked with AgONP. With longer exposure time, EC and ED values of both
Ag'N and AgONP decreased, so their toxicity increased. The toxic characteristics of silver nanomaterials
were different depending on existing form of Ag (Ag’, Ago), reaction medium (aqueous solution, soil), and
exposure time.
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NIER (2010)9] A7-23tollA=, Ag WHeqiatel e
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Table 1. Chemical properties of Ag'N solution and AgON P suspension.

pH EC Ag As Cd Cr Cu Ni Pb Zn
dS m’ mg L'
Ag'N 4.8 113 1031 N.D."”
Ag’NP 9.9 5.46 1048 N.D."”

YNot detected.

Table 2. Physical and chemical properties of soil used for Microtox bioassay.

Avail.
Soil texture  pH EC oM PV?)I Ag As cd Cu Ni Pb Zn
2Us
(1:5)  dSm'  gkg' mg kg’
Loamy sand 6.1 0.17 17.0 82.2 ND.” ND.” 136 705 654 150 116

YNot detected.
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Fig. 1. Dose-response curves for inhibition of Microtox luminescence determined in aqueous solutions after 15 min (a and c)
and 30 min (b and d) exposure to a dilution series of Ag+N (a and b) and AgONP (c and d) (Ag+N : silver ion solutions, AgONP:

silver nanoparticle suspensions).
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Fig. 2. Dose-response curves for inhibition of Microtox luminescence determined in soil extracts after 15 min (a and c¢) and 30
min (b and d) exposure time. Soil extracts were prepared by shaking soil samples spiked with a dilution series of Ag'N (a and
b) and AgONP (c and d) and by filtration (Ag+N: silver ion solution; AgONP: silver nanoparticle suspension).
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