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Fig.2 Variation of NO; concentration among different ZnO NPs and Phe concentrations
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Fig.4 Variation of NO; reductase among different ZnO NPs and Phe concentrations
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HZ 0.999 929 0.592 859 2.279 15
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Fig.7 Distributions of denitrification bacterial communities under the stress of ZnO NPs or Phe (A) at phylum and (B)at genus levels
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Effects of Zinc Oxide Nanoparticles and Phenanthrene on
Denitrification and Denitrifying Bacteria Communities of Sediments
in the Sea Area Near the Yangtze River Estuary

REN Zhao-Meng', BAI Jie'?, LI Hui"?, SUN Peng-Fei'**, CHEN Xi*
(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. The Key
Laboratory of Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100,
China; 3. The Fourth Institute of Oceanography, Ministry of Natural Resources, Beihai 536000, China; 4.College of Marine
Life Sciences, Ocean University of China, Qingdao 266003, China)

Abstract: For comparing the effects of ZnO NPs with Phe on denitrification and denitrifying bacteria
communities in estuarine sediments and revealing their action process and possible mechanism, surface
sediments were collected from the Yangtze River estuary and then anaerobic cultured in laboratory. The
NOj; , NO; concentration and NOj3; , NO, reductase activity in sediments were measured by physico-
chemical analysis, nirSgene abundance, denitrifying bacteria communitiesby molecular biological meth-
ods. The results showed that ZnO NPs inhibited NOj3 , NO; reduction capacity and a stronger inhibition
effect resulting from the higher ZnO NPs concentration. The reduction process of nitrite was more
strongly inhibited by two pollutants, which aggravated the accumulation of nitrite in sediment. The inhi-
bition degrees of ZnO NPs on nitrate reduction capacity, nitrate reductase activity and narGgene abun-
dance in sediments were higher than those of Phe, and the inhibition degrees of Phe on nitrite reduction
ability, nitrite reductase and nirSgene abundance in sediments were higher than those of ZnO NPs,
which indicated that the inhibitions of denitrifying reductases and denitrifying function genes were im-
portant mechanism of exogenous pollutant stress affecting denitrification. ZnO NPs and Phe reduced the
diversity level of denitrifying bacteria in sediments and changed some denitrifying bacteria dominance,
including the increase of Halomonas and the decrease of Bacillus in sediments. However, the effects of
Phe on diversity and composition of denitrifying bacteria in sediments were more obvious, indicating
that the ecological effects of Phe on the Yangtze River estuary were greater than those of ZnO NPs.

Key words: ZnO NPs; Phe; denitrification; reductase activity; gene abundance; community diversity
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