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Single and joint toxicity of zinc oxide and titanium dioxide nanoparticles for freshwater algae

WANG Zhuang', JIN Shiguang', ZHANG Fan', WANG Degao®

(1.School of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China;
2.College of Environmental Sciences and Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: In this work the single and joint toxicity of zinc oxide (ZnO) nanoparticles (NPs) and titanium dioxide (TiO,) NPs to two
freshwater green algae, namely Scenedesmus obliquus and Chlorella pyrenoidosa, were investigated. Results showed that at different
exposure durations, the growth inhibition toxicity of ZnO NPs to freshwater green algae was significantly higher than that of TiO, NPs. In
addition, the contribution of dissolved Zn*—ions to the toxicity of ZnO NPs to S. obliquus was higher than that of dissolved Zn*'—ions to the
toxicity to C. pyrenoidosa. The joint toxicity of ZnO and TiO, NPs to S. obliquus was greater than their joint toxicity to C. pyrenoidosa, and
the toxicity of ZnO NPs accounted for a higher contribution to the toxicity of the binary mixtures. The joint toxicity of ZnO and TiO> NPs to
S. obliquus was additive when the mixed concentration was less than 1 mg- L' and was antagonistic when the mixed concentration was more
than 1 mg- L. The joint toxicity of the binary mixtures to C. pyrenoidosa was synergistic at 24 h and antagonistic at 48 h and 72 h. The
prediction power of the independent action model for the joint toxicity of the binary mixtures of ZnO and TiO, NPs was better than that of
the concentration addition model. Furthermore, the mechanism of the joint toxicity of ZnO and TiO> NPs to the two freshwater green algae
species was related to the generation of intracellular reactive oxygen species induced by the NPs, which resulted in oxidative stress on the
algal cells.
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Figure 5 Concentration—response curves for Scenedesmus obliquus and Chlorella pyrenoidosa exposed to

7n0 NPs,TiO, NPs,Zn*, and ZnO+TiO, NPs
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Table 1 Mean effect concentrations(ECsy) derived from concentration—response curves of the single test materials and

the binary mixtures to Scenedesmus obliquus(mg-1")

WAL 8L Test material 24 h

48 h 72 h 96 h

bk Zn0 NPs 0.20 [0.12~0.29]
Single toxicity Ti0, NPs 15.85 [1.44~30.26]

Zn® 0.41[0.30~0.52]

PGtk 0BS 0.24 [0.01~0.46]

Joint toxicity 1A 0.10[0.09~0.10]

CA 8.40 [8.40~8.41]

0.130.10~0.15]

13.55 [6.43~20.66]
0.15[0.07~0.24]
0.18 [0.13~0.24]
0.11[0.09~0.12]
5.82[5.46~6.18]

0.19[0.16~0.22]

16.95 [12.36~21.55]
0.15[0.08~0.21]
0.26 [0.21~0.32]
0.17[0.16~0.18]
8.26 [8.12~8.39]

0.230.19~0.27]

19.75 [17.02~23.00]
0.16[0.12~0.19]
0.330.25~0.41]
0.21[0.20~0.22]
9.81[9.68~9.94]

T [ PRBUE A 95% U E A X 18] ; OBS = WLZZAH ; TA = ST AR s CA=MEE AL, FIH .

Note: The 95% two—sided confidence intervals are shown in [ ]; OBS = observed toxicity ; IA = independent action; CA = concentration addition. The

same below.

R2 BERE-R A 25 E) A — KA R TR S N & B i/ NKRR B ERER E (ECs), mg- L)

Table 2 Mean effect concentrations(ECsy) derived from concentration—response curves of the single test materials and

the binary mixtures to Chlorella pyrenoidosa(mg-L™")

XA} Test material 24 h 48 h 72h
gk Zn0 NPs 10.12 [3.73~16.51] 1.10[0.59~1.61] 0.50 [0.32~0.68]
Single toxicity Ti0, NPs 23.60 [-5.71~52.92] 3.13 [<0.19~6.45] 5.38[3.36~8.23]
I’ 12.53 [-2.98~28.04] 5.56 [4.18~6.94] 2.76 [1.85~3.67]
KA 0OBS 3.33 [1.46~5.20] 0.71 [0.45~0.96] 1.05 [0.68~1.42]
Joint toxicity IA 1.07 [1.00~1.14] 0.21[0.19~0.22] 0.30[0.27~0.33]
CA 21.23[19.61~22.85] 2.69 [2.68~2.70] 2.90 [2.86~2.93]
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Figure 6 Observed toxic units as converted from the toxicity data of Scenedesmus obliqguus and Chlorella pyrenoidosa following

exposure to the mixtures of ZnO NPs and TiO, NPs
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Figure 7 Relative levels of reactive oxygen species(ROS)

detected in Scenedesmus obliquus and Chlorella pyrenoidosa
exposed to single ZnO NPs and TiO, NPs,

as well as their binary mixtures
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models at 24,48,72 h,and 96 h
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