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Abstract: With the rapid development of nanotechnology industry, there is an increased discharge of engineered nano-
particles ( ENPs) into aquatic environments; therefore, the study of their ecotoxicity and environmental risk is urgently
required. This paper reviews the toxicological mechanisms of ENPs and the filter of model organisms. Researchers have
pointed out two main traits of nanoparticle cytotoxicity: affection of cell signaling pathways and reactive oxygen species
(ROS) -related changes in gene expression. Oxidative stress caused by ROS production inside cells can change the levels of
anti-oxidative enzymes, and then destroy the balance between oxidation and anti-oxidation. Thus, cells are damaged by ROS

accumulation, leading to a series of consequences, such as lipid oxidation and inhibited cell growth. Previous studies have
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suggested that photosensitivity of ENPs and their ROS production under high-intensity light with specific wavelengths may be
related to their ENP toxicity. The adsorption of ENPs on the surface of microorganisms or cells can hinder their normal
physiological functions; in addition, the adsorption of ENPs can also enhance the absorption of hazardous substances in
microorganisms or cells. Since the toxicity testing conditions of ENPs may vary, and there is no uniform requirement for
solvent type and use; therefore, toxicity research of ENPs is not based on the same principles. In the ecotoxicological
assessment of ENPs, the effects of solvents should be taken into consideration, and it is necessary to assess whether other
substances will produce toxicity under the influence of ENPs. In addition, solubility, surface characteristics, forms of metal
oxides are also important toxicological mechanisms of ENPs. In nano-ecological toxicology studies, the filter and
determination of optimal model organisms is vital. It has been widely demonstrated and recommended that fish should be
considered as a primary model animal for the evaluation of the potential acute aquatic toxicity of ENPs. Fish are the most
dominant vertebrates in the aquatic environments. Fish demonstrate high sensitivity of behavior endpoint and obvious
concentration-response relationship in bio-toxicity experiments. Therefore, fish are considered to be the most suitable model
organism in aquatic ecotoxicological research. A few studies have shown that behavioral endpoints of developing fish are
more effective in detecting toxicity of ENPs compared to traditional studies such as embryonic development and fatality rate.
It is emphasized that in ecotoxicological research of ENPs, further aquatic invertebrate testing will be of great significance,
particularly studies on bioaccumulation and chronic endpoints with long-term low exposure. Bivalves represent an ideal group
for studying the effects of ENPs, since they are abundant in both freshwater and marine aquatic environments. In addition
phytoplankton are important producers in aquatic environments, occupying an important place in aquatic ecosystems. Toxic
effects of ENPs to phytoplankton and saving of ENPs by phytoplankton can directly or indirectly affect the entire aquatic
ecosystem. Invertebrates and phytoplankton are both dominant in aquatic environments, and are highly sensitive to
pollutants ; they have significant enrichment and amplification effect on harmful substances. Therefore, they also have a

certain advantage as model organisms.
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VEFR R KA Ty S A=yl R FEPE AR 2 1) 1t 28 BORE R ; DOM AFERHE T S SR A ZE R 2
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Table 1 Ecotoxicological mechanisms of engineered nanoparticles
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Photocatalytic activity Wy i 4 St

I A
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Surface absorption
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olubility, chemical speciation and surface characteristics
SRR 1 5 SRR B 15 e 0 D O S -
synergistic effects of ENPs with other W2 ENPs HORREASE 3255 ENPs S0 DA AL [43-47]

SR AN YA

environmental contaminants

21 SR BN E N 4
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HAaITEITTE ENPs XK Az AR MR PR A SRR PR B 18 F b, IO vl LAGkE S e AT 4 1) 2R Wy e U RHITE 22
WHRES . HATC AL CT ENPs 180N A= A B (CAnRAG I Qi 0 RRLAFE39) 1 A s A 1Y
WA, O R fa g fn 8160 5 A9 AT T2

W H N AR IE ENPs X 28 (O B ME 2L 55 T 4 J8 ENPs , 53X 6 IR W B00E 5, 76 JF FE R 68 o (4 S Ak Ry 38, LA
B PMERG B2 i 0 AL ZVE AR TR ] SR 20 ENPs (1) 208 E Y . ENPs 1] ABUR7ESLA
JFFREZELZR e, AT 5200 €028 I IR 4K P (R RE 0, O 8 S SR LB & A2 2011 AR ARG T ENPs T4k
IKA A (PR A0 ) A= 1 SR R SO K 3%, 5 1 ENPs 7642 Bl AR G /K 1 %o B i p) A B T HLA VR TE
sz 7 Katuli SFRFFE R BINK Ag 23Xt AR BE 1 10 2140 A v 2 I AR G R 6 0% A 7= 2 o 7 D 5 2 o L
HAAR TR, OIS A st CRE £ i 298] 3L

10 S A M B SR B K R R O HAS R A M IR 1 R e B R AR ARG, TR A DL 2R O T
FERS G RIS B WS ICN T EL . Zha SERTSE T A RIGK ALY X B 5 £0 IR R 10 28, 45 2R 2
FNEAK ZnO Xt BE St R B RE IR R (B R 96 /NINFSEI) | I ARG A9 K 7, I HLARE I W Sk A 7R S A0
MK AL O, 590K Tio, % B8 IR BRI B MR IR B 7, 50— T 98 7R 990K Co R Cop X BELh 11
JUR I 040 B PR A T 42 0T, 200 g/ L 114 570 b 0t 2 S BOHRE 2D £2 IR i 1) W 28 e fERCHG A 35 2385 AR T, KGR Y G
(OH) o, X 5 1 e ARSI TC B b () A P, 3ok W BB U1 4% 3% 1o S AT PR A VR, AR T LR o
7R ENPs 1] LU T4 ] 145 B A% 3 SR S R ISR () U R B

UTARSRA A5 ) BESE ENPs X IEAE A7 H I M8 47 o g a7 RS0 FUAIEFE AL A R R A8 HA 7
AR 2SR IS ST PTREXS [ B AR USRI T S H IS B KO, X2 1

SRR ITAE PR R ARG A T R SRR A RS PRI B 0 DR, X AT i

FRAFFZ T R ELOULAY S B ENPs X e il i A= 9 s 1

BAA AR AR A AN SRR A O SE36 5 4 NI 17 ELIR BE A0 R RN BBtz . TE/KAES RS,
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Table 2 Advantages and representative species of aquatic optimal bio-models ( fish, invertebrates and phytoplankton)

S WER ] P R 275 3CHk
Model organisms Advantages Representative species References

IRIRIE R EEL A HESI Y 5 47 Do it s Y R

BE £ ( Zebra fish) H PN ( Japanese

2k B KRB TP B ) R B A Y RS 4 medaka) MTE§40 ( Rainbow trout) (BASLJ:f  [5, 14-15, 17, 19, 30,
Fish YIRS I B AR AOC R 38 TET4  (Fathead minnow ) | # f8 ( Carp) . = #il fo 45, 47-48, 53-61]
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