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Abstract : The nanotoxicity of ZnO nanoparticles used in cosmetics and tire industry is one of emerged issues. Herein, the
removal of ZnO nanoparticles dispersed in aqueous phase and its ecotoxicity were investigated. In the short-term exposure for
fertilized eggs (O. latipes), the deformity was observed at 5 mg L™ of ZnO nanoparticles in some individuals and delayed hatching
of eggs by retarded growth was observed at 10 mg L™ of ZnO nanoparticles. This result show that ZnO nanoparticles have cytotoxic
effect to the organisms lived in water phase. Therefore, herein, the removal of ZnO nanoparticles in aqueous phase by chemical
precipitation was investigated. After addition of Na,S and Na,HPOy, the precipitated ZnO was transformed to ZnS and Zn3(POs),
particles, respectively. The removal efficiency of ZnO was reached to almost 100% for two cases. In addition, the toxicity tests
about ZnS and Zn3(POs), particles showed no acute toxicity for D. magna. This implies that transformation of ZnO to ZnS and
Zn3(POs); particles with very low ionization constant might decrease effectively the toxicity of ZnO.
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Table 1. Summary of ecotoxicity (ECsos) of ZnO, TiO,

Studies ZnO TiO, Test organisms
Yu et al(2011)[6] |3.97 mg L' Zebrafish
2.3 mg L' Crusteans
0.08 mg L' Algae
Bondarenko O., 1 B
et al.(2013)[7] 0mgl Fish
500 mg L Bacterial
43 mg L' Mammalian cell
20ug L’ Psubcapitata
1.28 mg L' D. Magna (ISO)
139 mgL" D. Magna (EPA)
3.25mgL’ D. Magna (M4)
NIER(2012)[8] 0.97 mgL" D. Magna (ISO, dark)
0.88 mgL" D. Magna (EPA, dark)
1.91 mgL" D. Magna (M4, dark)
-1 D. Magna
0.06 mg L (chronic NOEC)
Zhu et al(2008)[9] [1.793mg L’ Zebrafish
Hamide et al 0.01 mg L C.vulgaris
(2013)[10] 0.09mg L’ S.dimorphus
Ma et al.(2012) 29.8ug L' | D. magna
[11] 22mgL" | J. madeka
Amiano et al 1.2~34
(2012)[12] mgr! |D-Magna
Hall et al(2009) 7.6 mg L | Ceriodaphnia dubia
[13] 9.2 mg L | Daphnia pulex
Lovern and Kapler .
(2006)[14] P 55mgL "I D. magna
Zhu et al. (2010)[15] 2.62mg L D. magna
Xiong et al. 124.5 .
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Figure 1. Result of ecotoxicity evaluation using oryzias latipes with different concentration of ZnO nanoparticles on ninth day after exposure
((a) comparison group, (b) occurrence of deformity in 5 mg L' ZnO nanoparticles, (c) growthretardation in 10 mg L' ZnO nanoparticles).
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Figure 2. Result of TEM analysis of ZnO nanoparticles in synthesized
sewage after 24 hr.
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Figure 3. Change of HDD of 10 mg L™ ZnO nanoparticles with time
in DW (distilled water) and synthesized sewage.
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Figure 4. Particle size change of ZnO nanoparticles with time in DW (distilled water) and synthesized sewage.
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Figure 5. Zeta potential of ZnO nanoparticles with time in DW
(distilled water) and synthesized sewage.
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Table 3. Change of concentration, HDD And removal efficiency
before and after precipitating ZnO nanoparticles

Sample ZnO B ZnO + ZnO +
100 mg L™ | Na,Ssalt | Na,HPO4
Concentration of Zn (mg L 100 0.033 0.147
HDD (nm) 65-70 | sediments | sediments
Removal efficiency (%) - 99.97 99.85

Figure 8. TEM analysis of precipitated ZnS and Zn3(POs)».
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Figure 9. EDX analysis of precipitated (a) ZnS and (b) Zn3(POy),.
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Table 4. Acute toxicity evaluation of ZnO, Zn3(POs), and ZnS

Classification Zn0O Zn3(POy), ZnS
24 hr ECsp, mg L™ | 11.23(8.68-13.79) >10 >10
48 hr ECso, mg L™ 5.02(4.09-5.94) >10 >10

N
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