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Abstract. Silver nanoparticles (AgNPs), as a new material with good properties, has been widely
used in many fields. With the increasing production and usage of it, more and more AgNPs are
entering the water environment, which was suspected to impose ecological risk to the aguatic
ecosystem. Based on the acute aguatic toxicity data of AgNPs, this paper established the species
sengitivity distributions (SSDs) curve of silver nanoparticles in water environment. Referring to the
proposed method of establishing PNEC in Europe TGD, acute aquatic ecological threshold of AgNPs
was calculated, and it is 7.35 pg/L. Thiswork attempts to provide a reference for the environmental
impact assessment of silver nanoparticles. The results showed that current concentration of AQNPsin
the water environment would have no significant toxic effects on aquatic organisms. However, the
environmental impact of AgNPs still needs to pay more attention.

I ntroduction

Nanoparticles (NPs) are defined as materials with two or three-dimensional scale between 1~100 nm,
which have surface effect, quantum size effect, small size effect and macroscopic quantum tunneling
effect. Due to the excellent physicochemical and antimicrobial properties, silver nanoparticles
(AgNPs) were widely used in a range of consumer goods such as clothing, household appliances,
food packing, and personal care products [1]. With the widespread manufacture and use, AgNPs are
inevitably released into the environmental [2]. The studies have shown that AQNPs are toxic to algae
[3,4], plankton [5], and fish [6,7]. Therefore, concerns have been raised about potential risk effects of
AgNPs on aquatic ecological system. However, there are seldom studies have been done on the risk
assessment of aquatic ecological of silver nanoparticles. The present study attempts to fill this
knowledge gap by calculate the acute aquatic ecological threshold.

In ecological risk assessment, the predicted no effect concentration (PNEC) is usualy used as
environmental threshold. In order to deduce the PNEC, the species sensitivity distributions (SSDs)
curve method isincreasingly used to assess the ecological risk effects and has been accepted by lots
of scholars [8]. Compared to traditional deterministic quotient approaches, SSDs have greater
statistical significance and ecological meaning. SSDs are usually constructed by development
cumulative probability distributions of NOEC (no observed effect concentrations) or LCsp (half lethal
concentrations)/ECs (half effective concentration) based on various statistical methods. However, it
is unfortunate that there are lack of data of silver nanoparticles NOEC. In the present study, we use
the acute toxicity data (L Cso/ ECsp) of aquatic speciesto deveop the SSD curve and calcul ate the acute
aguatic ecological threshold (PNECx.e). The purpose of this study is to provide a reference for the
aguatic ecological risk assessment of silver nanoparticles.

M aterials and methods

Data obtain and preparation. Because the toxicity data of AgNPs were not retrieved in the
authoritative toxicity database (USEPA ECOTOXIC), we have consulted a large number of
researches on the biological toxicity of AgNPs at home and abroad, and obtained many L Cso/ECs of
aguatic species. In the selection of acute toxicity data, the principia of accuracy, appropriateness and
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reliability are followed to ensure the quality of data[9]. In order to ensure that the toxicity data have
ability to represent the aguatic ecosystems, toxicity data of biological species should cover three
trophic levels of agae, crustaceans and fish, and the number of species should be greater than eight.
At the same conditions (experimental temperature, barometric, experimental water type and exposure
time, etc.) of the same species were used to obtain the minimum value when there are more than one
data, and the different data for the same species were used to obtain the geometric averages [10].
After being prepared by filter, the toxicity data used as establish SSDs curves are shown in table 1.

Table 1 Acute toxicity of aquatic species of AgQNPs
Particle Sizeof LCso/ECsg Data

Species

AgNPs[nm] [ug/L] Sources
M. aeruginosa 20-50 1000 [3]
S bibraianum 26.6 + 8.8 190 [4]
C. wlgaris 84.6 + 14.38 890 [11]
C. reinhardtii 25+ 13 87 [12]
O. latipes 20- 30 40 [9]
C. quadrangula 20-30 67 [9]
D.rerio 20- 30 7070 [9]
O. mykiss 10- 35 100 [6]
O. latipes 1-20 4570 [7]
L. japonicus 81 300 [13]

Establishment of SSDs. In this study, the SSDs curve was established according to the following
procedure: Firstly, arranging the toxicity data in ascending order and numbering; Secondly, the
logarithm of the toxicity data as the abscissa, dividing the numbering of each data by the total number
of data plus one as the ordinate, plotting the scatter plot; Thirdly, using the Origin 9.0 to fit the
toxicity data points for distribution curve, and determining the optimal SSD curve by the correlation
coefficient. At the present study, Log-Normal and Logistic distributions are used to fit the acute
aguatic toxicity data of AgNPs.

Calculate PNECyte. In this paper, the SSDsis used to calculate the threshold of acute aquatic
ecological (PNECxe). For the calculation of the PNEC,e under short-term high-dose exposure, we
mainly draw on the calculation method of Europe TGD [14]. Under 95% confidence, the SSD curve
was used to estimate the concentration of AgNPsthat the 5% specieswas affected, we defineit asthe
HCs acute- According to TGD, the PNEC.e 1S defined as equation 1.

PNECacute = HCs acute / AF. Q)
Inthe EQ. 1, AF isan assessment factor between 5 and 1, which reflects the uncertainty in evaluation.
Since the toxicity datais not sufficient, we used the conservative AF to calculate PNECq e, and took
itass.

Results and discussion

SSDsof AgNPs. There areten valid acute toxicity dataof aquatic speciesto establish the SSDscurve.
Fig 1 and Fig 2 shows the SSDs curves fitting by Log-Normal and Logistic distributions under 95%
confidence. The abscissaisthe logarithm of the toxicity data, and the ordinate is the proportion of the
affected speciesin the aguatic ecosystem. Fig 1 isthe Logistic fitting curve, the Pvalue of its F-test is
1.14 x 107, and the correlation coefficient R? is 0.99. Fig 2 is the Log-Normal fitting curve, the P
value of its F-test is 1.15 x 10”, and the correlation coefficients R? is also 0.99. The F-test of the two
fitting curves are both less than 0.05 and the correlation coefficients are both high, which indicate that
the two fitting curves are related to the toxicity points at 95% confidence level. Therefore, we can
assume that both curves can be used to fit the SSDs of AgNPs, and they all have very excellent
results.
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Figure 1 The SSDs curve fitting by Logistic
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Figure 2 The SSDs curve fitting by Log-Normal

Results of PNEC,cute. As mentioned earlier, we used the SSDs curve to compute HCs aoe. Since
the two curves have both very good fitting results, we have calculated the HCs e Of the two curves
separately. The results showes that HCs e Of the Logistic and Log-Normal curves are 36.75 ug/L
and 36.72 pg/L, respectively. Obvioudly, there is no significant difference between the two
calculations. Thus, we use the arithmetic mean of the two results as the HCs xe Value for the next
step calculation, and it is 36.74 pg/L. According to Eqg. 1, we can calculate the PNECye Of AQNPSIS
7.35 pg/L. Because of the conservative assessment factor value, the acute aquatic thresholds of the
silver nanoparticles we get are relatively safe.

Environmental impact assessment. In fact, there islittle research on the concentration of silver
nanoparticles in the environment. The study of Gottschalk et al [15] showed that the predicted
concentrations of AgNPs in surface water in the United States and Europe were 0.09-0.43 ng/L and
0.59-2.16 ng/L, respectively. Mitrano et a [16] detected the concentration of AgNPs in the effluent
was between 100-200 ng/L. These studies indicate that the concentration of AgNPs in water is a a
low level, and compared to the acute aquatic ecological threshold found in this paper, we can assume
that the current concentration of AgNPsin the water environment would not produce significant toxic
effects on aquatic organisms.
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Conclusions

At this study, based on the acute data of ten representative aquatic organisms, the SSDs curve of
AgNPs in the water environment was established by two distribution curves fitting, and the acute
aquatic ecological threshold (PNECque) Of AgNPs was 7.35 pg/L. The results show that the
concentration of silver nanoparticles in water environment is not enough to produce obvious toxic
effects on aguatic organisms and aguatic ecosystems. However, with silver nanoparticles applied
more and more widely, its content in water environment is also increasing, and it is necessary for
people to pay more attention to the impact of silver nanoparticles on aquatic organisms and
ecosystems.
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