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Ecotoxicity Studies of Photoactive Nanoparticles Exposed to Ultraviolet Light
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Abstract : As nanotechnology is a key industry, there is growing concern relating to the potential risk of nanoparticles. They are known
to be released into the environment via various exposure routes. When nanoparticles are present in water environments, they are su-
pposed to be illuminated by ultraviolet light, and the ecotoxicity of photoactive nanoparticles may be changed. In this study, a review
of the ecotoxicity of photoactive nanoparticles, including the mechanisms of phototoxicity, are presented. In order to address this issue,
studies on the ecotoxicity to soil and water organisms exposed to photoactive nanoparticles were investigated. The photoactive nanopar-
ticles chosen for this study were zinc oxide, titanium dioxide and fullerene. Microorganisms, nematode, earthworm, algae and fish, etc.,
were chosen to assess the toxicity of nanoparticles using diverse methods. However, studies on the phototoxicity potentially induced
by nanoparticles on UV illumination have been reviewed in only 8 studies. From a few studies, photoactive nanoparticles have shown
high dissolution rates under UV conditions, with the released ions observed to profoundly influence test organisms. In addition, NPs
exposed to UV produced reactive oxygen species (ROS). These ROS can induce oxidative stress in exposed organisms. Evidence of
phototoxicity by nanoparticles were found based on previous studies.
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Fig. 1. Photoactivity of nanoparticles in water environment.
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Table 1, Photoactive nanoparticles toxicity studies for aquatic organisms
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Test species Test NPs Note Reference
TiO, Synergistic effects of TiO» NPs with Cd, Hartmann et al,”?
TiO, Ecotoxicity of TiO, NPs to algae Sadiq et al.'®
Algae TiOz, WOs Photocatalytic inhibition to algae Linkous et al.'¥
TiOz, ZnO, AlOs, SiO2 Toxicity of oxide nanoparticles to algae Jietal ™
Zn0O Toxicity of nano/bulk ZnO and Zn (NOs)z Franklin et al,"®
Fullerene Assess the acute effects and oxidative stress Spohn et al ?
Fullerene Toxicity and accumulation of fullerene (Daphnia embryo) Taoetal”
Fullerene Fullerene accumulation and depuration Tervonen et al.'®
Fullerene Water characterization dependent toxicity and uptake rate Tao et al'®
Fullerene, TiO, gzzlr?a;ig;p?r:gégg;ifg:;;gat) Lovern et al ®
Cladoceran Fullerene, TiO,, ZnO, Al,O3, SW- - . ) 35)
CNTs, M’VVCNil's, Cérbon Black, Acute toxicity of six nanoparticles Zhu et al,
TiO2 Evaluation of reproduction and antioxidant enzyme Kim et al 2"
TiO2 Evaluation of TiO, uptake and depuration to O, magna Zhu etal ™
TiO, Toxicity of TiO; (Biological coating) Dabrunz et al
TiO,, ZnO, CuO Toxicity of nano, bulk, and ion toxicity Heinlaan et al *®
Cladoceran, Fish Fullerene Evaluation of survival rate and protein effects Zhu et al®
Fullerene Zumllssgi ;%xg:rstffe?ﬁto?r;c; rc;xidative stress to Zhu et aI,24)
Fullerene Evaluation of embryo and cellular death Usenko et al "
Fullerene Embryo development and adult/larva assay using killifish ~ Blickley and Mcclellan-Green®?
Fullerene Evaluation of embryonic toxicity and oxidative stress Kim et al,so)
Fish Fulllerene Total RNA extraction Herny et al
TiOz, ZnO, Al2Os Size dependent effects of D, rerio early development Zhu et al ®
TiOz, ZnO, CeOz Bioaccumulation of TiOz, CeOs, and ZnO Johnston et al ?”
ZnO Toxicity of nano ZnO and ion to zebrafish embryo Bai et al*®
7n0 EZ:;uyaggg gzx;c;ité/xgr;w:;gfno and ion using embryo Zhuetal?
Plant TiO2, Ag Growth inhibition of lemna exposed to Ag, and TiO» NPs Kim et al
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Table 2, Photoactive nanoparticles toxicity studies for soil organisms
Test species NPs Note Reference
Collembola Zn0 Toxicity of nano ZnO, bulk ZnO, and ZnCl, on soil media Kool et al®
Fullerene Fullerene bioaccumulation to earthworm Lietal®
Fullerene Implications for population dynamics van der Ploeg et al.*®
TiO, Bioaccumulation and apoptosis by TiO, Lapied et al *¥
Earthworm TiO2, ZnO Acute and chronic toxicity of ZnO and TiO Q"
TiO2, ZnO, Ag, Cu, Ni, Alz:0s, SIO2  Toxicity of inorganic nanoparticles to earthworm Heckmann et al *”
TiOs, ZnO Toxicity of TiO2 and ZnO to earthworm Hu et al ®
Zn0 Chronic toxicity of ZnO and Zn ion Hooper et al.*
2n0 ::;zgte?tz(;?slz c;;j;;)?:slzt]TeiﬁjiZ?}iorn, cucumber) Lin and Xing,SO’
Zn0 Uptake and toxicity of ZnO on Lolium perenne Lin and Xing.”"
ZnO ZnO NP and ZnO bulk particle toxicity to Arabidopsis thaliana Lee etal®
TiO, Effect of N; fixation in spinach by TiO, Yang et al*"
TiOo Investigation of TiO, on root of Zea may L, root water transport Asli and Neumann®
TiO2 Acute toxicity of TiO, on willow trees Seeger et al ™
Fullerene (Cro) Uptake, translocation, and transmission of Cr in rice plant Linetal®
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Fullerene Time dependent toxicity of fullerene Tang et al®
Fullerene Assay of activity, DNA, and enzyme Tong et al®
Fullerene Interaction of fullerene toxicity and ROS Lyon et al®
Fullerene Antibacterial activity of Ozonated fullerene Cho et al®
Fullerene Assessment of membrane integrity Aquino et al®
TiO2 Antibacterial activity of TiO2 Amezaga-Madrid et al *¥
TiO, Antibacterial activity of OH radical in TiO2 Cho et al*”
TiO2 Additive effect of antibiotics with TiO, Roy et al.*
TiOo, ZnO, Al,Os, Las0s, FexOs, SNO2  Toxicity of metal oxide nanoparticles Hu et al *°
Micro- TiOy, ZnO, Al,Os, SiO, Size dependent toxicity of oxide nanoparticles Jiang et al *"
organisms TiO,, ZnO, CuO Toxicity of ZnO, CuO, and TiO, Kasemets et al %
TiO2, ZnO, NIiO, Fex0O3, Coz04, CuO  Toxicity of metal oxide nanoparticles Wang et al ‘o
TiOz, ZnO, SiO2 Toxicity of nanoscale TiOz, SiOz, ZnO Adams et al @
ZnO Additive toxic effect of antibiotics with ZnO Banoee et al.*’
Zn0O Antibacterial effects of ZnO and morphological test of £, col Liuetal®
Zn0O Antibacterial and antifungal activity of ZnO Sharma et al
Zn0 Toxicity of ZnO micro-flowers Wahab et al*®
Zn0 Antibacterial effects of ZnO, Ag nanoparticles Sinha et al®
Zn0 QD ZnO films, PVP ZnO ;ggﬁlr?itu;/bagsgjn‘fu3|on, coating/release test using ZnO QD, Jnetal®
Zn0, CuO, NiO, Sb,03 Inhibition of colony forming on three microbial species Baek and An*!
TiO2, CeO, Measurement of gene expression, growth, reproduction, and mortality Roh et al *
Nematode TiO,, ZnO, Al2Os Toxicity and dissolution of TiOz, ZnO, Al,Og Wang et al.*®
Zn0 Toxicity of zincoxide nanoparticles Ma et al.®®
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Table 3, Studies of phototoxicity to soil and water organisms,

Media NPs Species Note Reference
Fullerene Microorgarnisms Fullerene prepgratlgn method and UV exposure dependent effects, mea- Brunet et al”
surement of oxidative stress
TiO2 Microorgarnisms  Relation of radiation intensity and bacterial inactivation exposed to TiO» Benabbou et al ®
. ) ) . Additive effects of titania nanoparticl itin mixt f anat; n
Soil Ti0s Microorgamisms dph ive effects o. .I ania nanoparticles exiting as a mixture of anatase and Prasad et al.®
rutile on UV conditions
ZnO Microorgarnisms  Evaluation of growth on dark and light conditions Dutta et al,"®

Measurement of adverse effects and oxidative stress on nature and artificial 9
ZnO Nematode ) o Ma et al,
light conditions

Fullerene Cladoceran Mechanisms of the protective effect of fullerene on UV toxicity Yang et al”®
Water TiOs Algae, Cladoceran Toxicity of size different TiO, on UV illumination conditions. Hun-Rinke and Simon®
TiOz, ZnO, CuO Algae Toxicity of nanoparticles, and light shading -dependent effects Aruoja et al”®

Table 4, Definite information of phototoxicity studies

Stud Increased Dissolved ion Oxidative Physical Note
Y toxicity? toxicity” stress effects®
Brunet et al.” (0] (0] Preparation method dependent
Benabbou et al® 0 Intensity, UV species dependent
Prasad et al '? o} Rutile, anatase dependent
Dutta et al.”® -
Ma et al ¥ (0] (0] Size, irradiation conditions dependent
Yang etal.”® 0 Protective effects
Hun-Rinke and Simon® 0 Pre-illumination
Aruoja et al™ O Shading of light by nanoparticles

¥ Test condition dependent on each study
® Photo-dissolved ion toxicity
9 Morphological effect, nano-bio interaction, biological coating etc.
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