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Abstract: Microplastics pollution is an emerging environmental concern. However, there are almost no MPs 8 

numerical simulation studies in the Yangtze Estuary which is considered as the largest plastic export in the world and 9 

quantitative simulation is not carried out in the existing models. Therefore, completing quantitative simulation and 10 

exploring different patterns of MPs transport are the main objectives of this study. In addition, the concentration 11 

distribution and risk of MPs are also analyzed. Mass-Number method is proposed to quantitatively simulate 12 

microplastics concentration in Feb. and May with errors of less than 18%. Compared with sediment flocculation and 13 

settling transport, independent floating transport is more susceptible to surface currents resulting in increased 14 

beaching and more inhomogeneous concentration distribution. Meanwhile, under the influence of current, local 15 

topography and salt wedge, the MPs perform linear motion and clockwise spiral motion inside and outside the estuary 16 

and rapidly form a "hot spot" on the southeastern part of Chongming Island and 57% to 90% of MPs are beached or 17 

settled inside the estuary, especially on the north shore. Therefore, MPs risk in some sensitive targets should be 18 

concerned according to risk assessment results. Our results break the space-time limit and explore the fate of MPs in 19 

the Yangtze Estuary and provide new idea and concern of MPs numerical simulation. 20 
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1 Introduction 22 

As early as the 1970s, humans have discovered the existence of microplastics (MPs) (＜5mm) in the ocean 23 

(Carpente.Ej et al. 1972). The Fifth United Nations Environment Assembly held in 2022 have established the first 24 

global treaty to tackle plastic pollution. Plastic debris is now ubiquitous throughout both marine and freshwater 25 

environment ( Ling et al. 2017). MPs take advantage of huge specific surface area and hydrophobic functional groups 26 

absorbing dissolved organic matter and they are easily ingested by marine organisms such as zooplankton, 27 

invertebrates and fish and then pass and accumulate along food chain through predatory activities (Derraik 2002, 28 

Zhang et al. 2020, Farrell and Nelson 2013). Subsequently, contaminated microplastics not only have toxic effects 29 

on organisms but also pose immeasurable potential risks to ecosystem and human (Castelvetro et al. 2020, Derraik 30 

2002). 31 

Numerical simulation studies of MPs have been carried out in only a few estuaries, coasts and bays in the world. A 32 

dynamic study of MPs along the coast of South Africa found that different destinations for high-density and low-33 

density MPs (Collins and Hermes 2019). The study in the Arabian/Northwest Persian Gulf has showed that wind 34 

condition has a significant impact on the transport and distribution of MPs (Alosairi et al. 2020). The study in Jervis 35 

Bay has found that relative to turbulent dispersion and washing-off, MPs fates are more sensitive to MPs dynamical 36 

properties, in particular plastic density and biofilm properties (Iwasaki et al. 2017). The simulation of MPs in 37 

Delaware Bay has indicated that the buoyant particles created “hot spots” within hours (Cohen et al. 2019). In China, 38 

a Short-Term MPs simulation has been carried out in Lai Zhou Bay (Ding et al. 2019). Previous study focused on 39 

changes in particles trajectories under the influence of weather and MPs dynamics. But the chemical composition of 40 

MPs is not considered. It is worth noting that the chemical composition of MPs is diverse and significantly affects 41 

the transport pattern of MPs (He et al. 2021). Lots of research have been shown that the type of MPs can determine 42 

the pattern of settlement, individual or aggregation with suspended sediment due to different aggregation barrier 43 



(Andersen et al. 2021, Kaiser et al. 2017, Li et al. 2019). What’s more, previous simulation studies only focused on 44 

the trajectories. Thus, a quantitative simulation of MPs for different chemical compositions is presented in this study. 45 

Around 51% of Global plastic is produced in Asia (Mai et al. 2020). The Yangtze River, the largest river in Asia, is 46 

considered to be the largest plastic export river to the ocean in all existing modeling studies (Schmidt et al. 2018). 47 

However, there is no study on numerical simulation of MPs in the Yangtze Estuary. Therefore, the aims of the present 48 

study are as follows: (1) Based on previous field sampling, a quantitative simulation of MPs concentration (MPC) is 49 

implemented. (2) Different simulations for MPs with different chemical compositions is performed. (3) The 50 

characteristics of MPC distribution are analyzed. (4) Risk analysis of MPs in sensitive areas is performed. 51 

2 Methods and Materials 52 

2.1 Study Area 53 

The Yangtze River located in the subtropical monsoon climate is the third longest and fifth largest river in terms of 54 

discharge volume (~900km3yr-1) in the world (Wang et al. 2020). The Yangtze River receives a large number of 55 

materials from a drainage area of 1.8106km2, encompassing 1/6 of China (Feng et al. 2014).  56 

Due to the prosperous economy and dense population, the annual use of agricultural plastic film in the Yangtze River 57 

Basin is about 610000 tons, which is significantly higher than that in other basins (according to China Environment 58 

Statistics Yearbook stats.gov.cn) and due to the COVID-19 pandemic, disposable surgical masks have also become a 59 

non-negligible plastic pollution, especially in the densely populated Yangtze River basin (Shen et al. 2021). Therefore, 60 

the Yangtze River is considered to be the largest plastic-export river to the ocean (Schmidt et al. 2018). What’s more, 61 

a generally increasing trend of MPs abundance from upstream to downstream is identified, which is attributed to the 62 

geographical and anthropogenic factors (Feng et al. 2014, Yuan et al. 2022, He et al. 2021) (Fig.1 b). Through the 63 

investigate in downstream, the abundance of MPs in lakes and estuary is significantly higher than that in rivers (Li et 64 

al. 2019, Zhang et al. 2020) (Fig.1 b). The abundance of MPs in estuary and ocean is 4137±2461.5 and 0.167±0.138 65 



n/m3 respectively, which indicates that the estuary is filter of MPs (Zhao et al. 2014).  66 

There are three reservoirs and three animal refuges in the estuary and two animal refuges with different conservation 67 

objectives overlap each other in the east of Chongming Island (Fig.1 c). These animal refuges are established to 68 

protect endangered species such as Chinese sturgeon, paddlefish, and migratory birds that occur most frequently in 69 

spring (Zeng et al. 2021). The freshwater resource and biodiversity of the Yangtze Estuary make the research on MPs 70 

in this region of great value. 71 

 72 
Figure 1 Study Area, (a) Yangtze River Basin Map; (b) Distribution characteristics of microplastics in the 73 

Yangtze River Basin (Li et al. 2019, Yuan et al. 2022); (c) Yangtze Estuary Map. 74 

2.2 Data Collection 75 

The model terrain and bathymetric data is provided by Taile Maps (http://www.arctiler.com/). Model ocean boundary 76 

data comes from National Marine Data Center, National Science & Technology Resource Sharing Service Platform 77 

of China (http://mds.nmdis.org.cn/) and tide data is provided by Hydrology and Water Resources Survey Bureau of 78 

Yangtze Estuary. Since the scope of Chongming District is almost the same as that of the Yangtze Estuary, 79 

meteorological data for simulation, which were measured in Chongming District, involving daily average wind speed 80 

and direction, precipitation, evaporation and temperature, comes from National Centers for Environmental 81 



Information (https://www.ncei.noaa.gov/maps/daily/) and Wheat A databases (http://www.wheata.cn/). Monitoring 82 

cross sections are shown in Fig.1 c and their details are provided by previous research (Wang et al. 2019, 2020, Zeng 83 

et al.). The salinity is measured by ion chromatography and conforms to the standard SL86-1994. The water 84 

temperature is measured by a thermometer and conforms to national standard GB/T 13195-1991, and the suspended 85 

solid concentration (SSC) is measured by the gravimetric method and conforms to the national standard GB/T11901-86 

1989. 87 

2.3 Simulated MPs Determination 88 

Based on our bibliographic search, there are only nine studies relative to the distribution and abundance of MPs in 89 

water of the Yangtze Estuary in “ScienceDirect” database. The sampling tools, especially the sieve pore size, have 90 

significant impact on the MPC (Dubaish and Liebezeit 2013). The average abundance of MPs detected by 32μm and 91 

70μm steel screens in wet season is 4137.3±2461.5 n/m3 and 231±182 n/m3 respectively, which are significantly 92 

difference (Xu et al. 2018, Zhao et al. 2014). Water season and rainfall also affect MPC (Williams and Simmons 93 

1999). The field detection of abundance of MPs of the Yangtze Estuary in Feb., May and Jul. has shown that the MPC 94 

in the dry season is significantly higher than that in wet season (Zhao et al. 2019). 95 

The shape, material, size and color of MPs are also the focus of research (Li et al. 2021). Almost all studies have 96 

shown that the MPs in Yangtze Estuary are mainly fibrous (77.8%-91.6%), followed by fragments (15.1%) (Li et al. 97 

2020, Wang et al. 2019, Xu et al. 2018, Zhao et al. 2019, Zhao et al. 2014). What’s more, the MPs detected in the 98 

Yangtze Estuary are mainly polyethylene (PE, 82.4%) and polypropylene (PP, 9.1%). The high-density MPs are 99 

mainly polyvinyl chloride (PVC, 6.5%) (Xu et al. 2018). MPs with particle size smaller than 1mm account for 68.2%-100 

82.3%, and MPs with particle size of 0.5-1mm account for 67% (Fig.2 a). However, the lack of a uniform standard 101 

for the color of MPs has led to large difference between research results (Fig.2 b). 102 

Based on the above, we generalize the MPs in the Yangtze Estuary into fibrous particles with length and diameter of 103 



0.8 mm and 100 μm, respectively (Chubarenko et al. 2016). Meanwhile, since PE MP, PP MP and PVC MP account 104 

for 84.5%, 9.1% and 6.5% in the Yangtze Estuary, we choose these three types of MPs for simulation. 105 

 106 
Figure 2 Microplastic characteristics in the Yangtze Estuary, (a) Size characteristic; (b) Shape and Color  107 

characteristics; (c) References. 108 

2.4 Numerical Model Experiment 109 

2.4.1 Simulation Scheme 110 

A variety of precious species gather at the Yangtze Estuary from Mar. to Jun. every year to lay eggs, raise young, 111 

forage and inhabit. Therefore, this period is called biological sensitive period (Fig.3 a). Especially, April 15th to May 112 

15th each year is the common residence period of endangered species Chinese Sturgeon and migration birds. 113 

Therefore, we select this period to simulate the concentration distribution of three types of MPs and analyze the risk 114 

in the sensitive areas. Moreover, in order to ensure the accuracy of simulation, we simulate the MPC in Feb. and May 115 

2017 and compare the results with the measured data in previous literature (Zhao et al. 2019).  116 

We consider the wind speed, precipitation and evaporation as the meteorological condition (Fig.3 b c). The simulation 117 

year is 2017.  118 



 119 
Figure 3 Simulation scheme, (a) Biological sensitive period; (b) Wind condition; (c) Evaporation and Precipitation 120 

conditions. 121 

2.4.2 Model Selection 122 

Aggregation behavior, including homogeneous and heterogeneous aggregation, is an important feature of plastic 123 

transport processes (Besseling et al. 2017). Compared with nano-plastics, the homogeneous aggregation of MPs is 124 

difficult (Wang et al. 2021). More than that, the probability of heterogeneous aggregation of MPs is much higher than 125 

that of homogeneous aggregation (Long et al. 2015, Singh et al. 2019). 126 

MPs biofouling and suspended sediment flocculation are two main ways of heterogeneous aggregation (Long et al. 127 

2015, Long et al. 2017). The chemical composition of MPs significantly affects heterogeneous aggregation behavior. 128 

Biofilms are observed on the surface of PP MPs within several days (Lagarde et al. 2016). In high-turbidity estuarine 129 

and coastal environment, PVC MPs readily flocculate with fine-grained natural suspended sediment (Andersen et al. 130 

2021, Huffer et al. 2017, Li et al. 2019, Pohl et al. 2020). However, as the result of aggregation barrier, fibrous PE 131 

MPs not only hardly flocculate with sediment but also are difficult to be bio-fouled (Lagarde et al. 2016, Li et al. 132 

2019). Fibrous and spherical PE MPs retain in the euphotic zone for 6~8 months and 10~15 years, respectively 133 



(Chubarenko et al. 2016, Kaiser et al. 2017).  134 

Based on above statement and density of three types of MPs (Fig.4), PE MP is considered as drifting particle with 135 

zero sinking velocity without heterogeneous aggregation. PP MP is considered as drifting particle whose settling 136 

velocity varies with biofilm growth. PVC MP is considered as particle transported by flocculation with fine-grained 137 

suspended sediment (＜16μm). PE MPs and PP MPs are independent settling particles and PVC MPs are flocculated 138 

particles. Although this is not absolute, the main possible transport patterns of these three types of MPs are used to 139 

explore the difference of different transport patterns. 140 

There are lots of uncertainties of resuspended and aging processes of MPs (Zhang 2017, Kowalski et al. 2016). 141 

Therefore, the numerical simulation of MPs rarely considers these processes. In this study, there periods (one month 142 

each) are selected for MPs simulation. Since the aging of MPs is a very slow process, it may have little effect on the 143 

results in this study (Kowalski et al. 2016, Welden and Cowie 2017). Meanwhile, although this simplification may 144 

bring some inaccuracies, Atwood believes that a simplified approach is preferable to setting an arbitrary factor 145 

(Atwood et al. 2019). Therefore, these processes are not considered in the model. But these processes need to be 146 

explored according to experiment in the future to improve simulation accuracy.  147 

2.4.3 Behavior Parameterization  148 

The Lagrangian tracking model is implemented to simulate the transport of three types of MPs. For independent 149 

settling particles, MPs behavior mainly depends on three characteristics: density; shape; and size (Chubarenko et al. 150 

2016, Khatmullina and Isachenko 2017, Kooi et al. 2017). Several studies suggest that biofouling can be visible after 151 

several days/weeks (Kooi et al. 2017). Biofouling of MPs is a complex process affected by various factors such as 152 

algal concentration, light and salinity (Kaiser et al. 2017) and is rarely considered in other simulation studies. 153 

However, in order to gain insight into the importance of this process, the empirical value in Jervis Bay is used for the 154 

biofouling rate, 5 × 10ିସ mm/day (Jalon-Rojas et al. 2019). For the settling velocity of fibrous MPs, both models 155 



proposed by Khatmullina et al. and Waldschlager et al. overestimate the settling velocity, with average errors of 74.1% 156 

and 34.3%, respectively and the model proposed by Dioguardi et al. underestimate the settling velocity, with an 157 

average error of 64.5%. Compared with these models, the model proposed by Zhang et al. can better estimate the 158 

settling velocity of the fibrous with an average error of 18.8% (Dioguardi et al. 2018, Khatmullina and Isachenko 159 

2017, Waldschlager and Schuttrumpf 2019, Zhang and Choi 2022). Meanwhile, the formula is developed for drag 160 

coefficient and settling velocity of non-spherical particles (Zhu and Zeng 2016).  161 

Thus, fibrous MPs settling velocity:  162 

𝑪𝑫 =
𝟓𝟖. 𝟓𝟖𝑨𝑺𝑭𝟎.𝟏𝟗𝟑𝟔
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where 𝐶஽ is drag coefficient, 𝐴𝑆𝐹 is Aschenbrenner shape factor, 𝑅௘ is Reynolds number, 𝜗 is kinematic viscosity of 169 

the fluid, 𝑢௧ is settling velocity, 𝑉 is the volume of a microplastic, 𝜌௠ is the particle density, 𝜌௪ is the fluid density, 170 

𝑔  is the gravitational acceleration, 𝑑௘௤  and 𝐷௘௤௩  are equivalent diameter of maximum cross-sectional area and 171 

volume of microplastic, respectively, 𝐷௅ , 𝐷ூ  and 𝐷ௌ  are the longest, intermediate and shortest lengths of a 172 

microplastic, respectively, Herein, for fibrous microplastic, 𝐷ூ=𝐷ௌ=2*r and 𝐷௅=𝑙 (Fig.4).  173 

Biofouling process causes changes in the size and density of MPs. Thus, density and size of bio-fouled fibrous MPs 174 

(Chubarenko et al. 2016): 175 

𝝆𝒎 = 𝝆𝟎

𝒓𝟐

(𝒓 + 𝒅)𝟐
+ 𝝆𝒇 ቈ𝟏 −

𝒓𝟐

(𝒓 + 𝒅)𝟐
቉ ൫7.൯ 176 

𝑫𝑰 = 𝑫𝑺 = 𝟐 × (𝒓 + 𝒅) ൫8.൯ 177 



where 𝜌଴ is the density of PP MP, 0.946 g/cm3, 𝜌௙ is the density of biofilm, 1.2 g/cm3 (Fisher et al. 1983, Macleod et 178 

al. 2016), d is the thickness of biofilm, r is the radius of fibrous (Fig.4). 179 

According to above formulas, we simulate the transport process of biofouling PP MPs. The initial conditions of MPs 180 

need to be considered when biofouling MPs are simulated. That means not all MPs are clean when released. Since 181 

biofilm growth is measured in days, we classified MPs into 31 contaminated states. 182 

For sediment flocculated particles, the presence of MPs has no significant effect on the dispersion of suspended 183 

sediment (Andersen et al. 2021). Therefore, the transport of PVC MPs is simulated by simulating the diffusion of 184 

fine-grained sediment (＜16μm). Due to the lack of research on the distribution law of MPs in the solid and liquid 185 

phases, the model simplifies the positive correlation between the amount of PVC MPs and concentration of fine-186 

grained sediment. Form fine-grained sediment flux and MPs flux in XLJ, it is obtained that each kilogram of fine-187 

grained sediment (＜16μm) contains about 0.023g MPs. The suspended sediment is divided into four fractions (＜188 

16μm, 16~32μm, 32~64μm, ＞64μm) according to the content of sediment of different fractions (Gao et al. 2018).  189 

 190 
Figure 4 Model Selection and Behavior Parameterization. 191 

2.4.4 Governing Equations 192 

Water current simulation 193 

The water current is simulated by hydrological model of MIKE 21. The hydrodynamic control module equations are 194 



in DHI (DHI, 2011a). 195 

Sediment transport simulation 196 

Since resuspended process is not considered, the settling process is focused. Suspended sediment transportation is 197 

simulated in fraction groups. With low concentration of suspended sediment, due to the low probability of collision 198 

between cohesive particles, it is a possibility to give a rough estimate of the settling velocity of a single free particle 199 

through Stokes law. With increasing concentration, flocculation and hindered settling need to be considered. 200 

The settling velocity formulation of single particle is as followed: 201 

𝒘𝟎 =
(𝝆𝒔 − 𝝆)𝒈𝒅𝟐

𝟏𝟖𝝆𝒗
൫9.൯ 202 

Where 𝑤଴  is settling velocity of single particle, m3/s, 𝜌௦  is sediment dry density, 2650 kg/m3, 𝜌  is water density, 203 

kg/m3, g is gravity acceleration, 9.82m/s2, d is grain size, m, v is dynamic viscosity, m2/s. 204 

The settling velocity formulations of particles with flocculation and hindered processes are as followed: 205 

𝒘𝒔 = 𝒘𝟎 × 𝒇𝒂𝒄𝒕𝒐𝒓𝒇𝒍𝒐𝒄 ൫10.൯ 206 

𝑪𝒕𝒐𝒕𝒂𝒍 ≤ 𝑪𝒇𝒍𝒐𝒄    𝒇𝒂𝒄𝒕𝒐𝒓𝒇𝒍𝒐𝒄 = 𝟏 ൫11.൯ 207 

𝑪𝒇𝒍𝒐𝒄 < 𝑪𝒕𝒐𝒕𝒂𝒍 < 𝑪𝒉𝒊𝒏𝒅𝒆𝒓𝒆𝒅    𝒇𝒂𝒄𝒕𝒐𝒓𝒇𝒍𝒐𝒄 = 𝟏+∝ ቆ
𝑪𝒕𝒐𝒕𝒂𝒍

𝑪𝒇𝒍𝒐𝒄
− 𝟏ቇ ൫12.൯ 208 

𝑪𝒕𝒐𝒕𝒂𝒍 ≥ 𝑪𝒉𝒊𝒏𝒅𝒆𝒓𝒆𝒅    𝒇𝒂𝒄𝒕𝒐𝒓𝒇𝒍𝒐𝒄 = 𝟏+∝ ቆ
𝑪𝒉𝒊𝒏𝒅𝒆𝒓𝒆𝒅

𝑪𝒇𝒍𝒐𝒄
− 𝟏ቇ ൫13.൯ 209 

Where 𝑤௦ is the particle settling velocity, m3/s,  𝐶௧௢௧௔௟ is total sediment concentration, kg/m3, 𝑐௙௟௢௖ is flocculation 210 

critical sediment concentration, 0.01kg/m3, 𝑐௛௜௡ௗ௘௥௘ௗ  is hindering critical sediment concentration, 7.8 kg/m3, ∝  is 211 

gradient coefficient, for calibration (DHI, 2011c).  212 

Particle tracking simulation 213 

The random walk particle tracking model is used to simulate the transport of suspended substances discharged in 214 

estuaries. The model can be described as advection and reformulate as diffusion is also included. 215 

𝑿𝒕ା∆𝒕 = 𝑿𝒕 + 𝑼∆𝒕 + 𝑹(𝒕)ඥ𝟐𝑲𝒉∆𝒕 ൫14.൯ 216 



Where 𝑋௧ and 𝑋௧ା∆௧ are the passive particle position vector time of 𝑡 and 𝑡 + ∆𝑡; 𝑈 is the velocity vector of model 217 

flow field; ∆𝑡 is the time step of the random walk; 𝑅(𝑡) is a uniformly distributed random number in the interval, 218 

which is given by Fortran 90 random number generator; 𝐾௛ is the eddy diffusion coefficient of the horizontal random 219 

walk, which is derived from the hydrodynamic model (DHI, 2011d). 220 

2.5 Mathematical Analysis Method 221 

Quantitative evaluation of MPC 222 

The average MPs fluxes of surface water in the Yangtze Estuary in spring and winter in 2017 are 45.4n/m3and 83n/m3, 223 

respectively (Zhao et al. 2019). Based on measured flow, the release of MPs per second in May and Feb. 2017 is 224 

31114n and 24983n, respectively. The huge release quantity of MPs is the difficulty of numerical quantitative 225 

simulation. According to experiments, the average mass of MPs is 3.3×10-5g (Zhao et al. 2019). Assuming that the 226 

mass of a single MP remains unchanged, a quantitative simulation method for MPs based on the Mass-Number (M-227 

N) relationship is proposed. At present, almost only the surface water and sediment of the Yangtze Estuary have been 228 

carried out field sampling and measurement. Therefore, we implement numerical simulation research on MPs for 229 

surface water. 230 

The relationship between MPC and mass concentration of MPs： 231 

𝑴𝑷𝑪 =
𝑴 × 𝟏𝟎ି𝟔

𝒘 × 𝒎
൫15.൯ 232 

Where, 𝑴 is the mass concentration of MPs, which is obtained by averaging the values of each grid in one region, 𝒘 233 

is the surface water coefficient referring to 30 cm depth, which is 0.022 in winter and spring (Zhao et al. 2019), 𝒎 is 234 

the average mass of MPs, 3.3×10-5 g. 235 

In addition, two methods, HI and PLI, are used to assess the risk of MPs and the specific calculation methods are in 236 

the Appendix (Yin et al. 2021, Xu et al. 2018). 237 

3 Results and Discussion 238 

3.1 Model Performance  239 



The model area is 4.08104 km2, including four inflow boundaries (Yangtze River, Qiantang River, Huangpu River, 240 

Zhoushan River) and three outflow boundaries (South of Yellow Sea, East China Sea and Pacific Ocean). In order to 241 

ensure the accuracy of model, we give a total of 6494 nodes and 10588 triangular elements for the modeling area and 242 

set 60 seconds as the calculation time step of the model. The CFL (Courant Friedrich Levy) number is less than 0.8 243 

to meet the requirement of model stability. The hydrodynamic and sediment parameters are set according to Wang et 244 

al. and Zeng et al (Wang et al. 2020, Zeng et al. 2021). The Kolmogorov-Smirnov (K-S) test, Relative Coefficient 245 

(R2) and Relative Error (E) are adopted to judge the accuracy of model according to the flow and SSC data measured 246 

in XLJ (Fig.5 b c). This process ensures the accuracy of the simulation environment. 247 

 248 

Figure 5 Model Performance, (a) Bathymetry and Mesh of the Yangtze Estuary; (b) Flow validation; (c) 249 

Suspended solid concentration validation. 250 

Since almost all MPs in the surface water of the Yangtze Estuary are PE MPs (Zhao et al. 2014), the simulated 251 

concentrations of PE MPs in dry season (Feb.) and wet season (May) in 2017 are used to compare with measured 252 

data from Zhao et al. in same periods (Zhao et al. 2019) to complete quantitative simulation using M-N method and 253 

verify simulation accuracy. 254 

The Yangtze Estuary and adjacent sea area are divided into eight parts (Fig.6 a). The total MPs concentration (TMPC) 255 



in A, B and C are 545 n/m3, 254 n/m3 and 131 n/m3 in Feb., respectively and the TMPC in A, B and C are 484 n/m3, 256 

462 n/m3 and 177 n/m3 in May, respectively. These are much higher than measured values (Fig.6 a). The reason is 257 

that the beaching of MPs is not considered. This phenomenon is also emphasized in the study of the Sea of Japan 258 

(Iwasaki et al. 2017) and the simulated study in marine around South Africa have indicated that half of the sewage 259 

outlets have more than 90% of MPs beached (Collins and Hermes 2019). Xiong et al. also have found that a 260 

considerable number of MPs from the large river catchment do not reach the sea (Xiong et al. 2019). When beaching 261 

of MPs is considered, the suspended MPs concentration (SMPC) in A, B and C are 111 n/m3, 107 n/m3 and 52 n/m3 262 

in Feb., respectively and the SMPC in A, B and C are 64 n/m3, 52 n/m3 and 36 n/m3 in May, respectively. The average 263 

errors between the measured and simulated values in Feb. and May are 17.6% and 16.9% in the estuary, respectively. 264 

The beaching rate of MPs in the estuary are around 73.6% and 83.8% in Feb. and May, respectively (Fig.6 b). In the 265 

adjacent sea area, almost no MPs beaching occurs. The simulated MPC in E, F, G and H are 41 n/m3, 123 n/m3, 188 266 

n/m3 and 65 n/m3 in Feb., respectively and the simulated MPC in E, F, G and H are 74 n/m3, 100 n/m3, 145 n/m3 and 267 

72 n/m3 in May, respectively. The simulated SMPC in adjacent sea area is shown in Fig.6 b. The average errors 268 

between the measured and simulated values in Feb. and May are 10.6% and 13.4% in adjacent sea area, respectively 269 

(Fig.6 b). 270 

Compared with other regions, the errors in B, C, E and H are more significant. This may be due to the existence of 271 

numerous non-point and point sources of MPs along the southeastern coast of China and Yangtze Estuary (Luo et al. 272 

2019). Especially in May, since the Qiantang River is in the flood season and Taiwan’s warm current is strong (Lian 273 

et al. 2016), it may carry a huge number of MPs into adjacent sea area leading to simulated SMPC significantly lower 274 

than measured SMPC. Ocean current is an important source of MPs (Genc et al. 2020). 275 

Both the measured and simulated results indicate that compared with dry season (Feb.), the MPs are more likely to 276 

disperse in flood season (May) leading to high SMPC in E and H. It is worth noting that the peak of SMPC in May 277 



shift to the south (K point) in the research of Zhao et al. (Zhao et al. 2019). Two factors likely explain the southward 278 

shift of the peak of SMPC in May. First the strong Taiwan’s warm current carries MPs into the southern adjacent sea 279 

area of Yangtze Estuary (Fig.6 a). Second the temporary surge in MPs abundance is formed due to wave, eddy current 280 

and other reasons resulting in deviation of field measurement results (Schmidt et al. 2018, van der Hal et al. 2017). 281 

The second hypothesis is based on the measured SMPC results of Liu et al. in June 2019, which showed that the peak 282 

of SMPC was still located in G (Liu, 2020).  283 

Since the SMPC is obtained in dense grids and MPs form highly dispersed and polyphasic suspensions upon into 284 

waters, it is normal to detect some extreme values which are not found in field survey and some extreme values only 285 

occur in a few grids (Fig. 6b). Compared to previous studies only on the trajectory of MPs (Simantiris et al. 2022), 286 

the M-N method achieve the quantitative simulation with error less than 18%. 287 

 288 

Figure 6 Model Performance, (a) Total microplastics concentration in simulation and spatial comparison of 289 

simulated and measured of suspended microplastics concentration; (b) Suspended microplastics concentration 290 

validation including max-min error bar. 291 



3.2 Different Transport Patterns Simulation 292 

Three types of MPs are simulated in biological sensitive period (Apr. 15 to May 15). PE and PVC are only beached, 293 

while PP is not only beached but also settled (Fig.7 a). The beaching ratio of PE, PP and PVC are 88.6%, 69.6% and 294 

84.6%, respectively and the settlement ratio of PP is 9.8%. Thus, the sedimentation and sediment flocculation of MPs 295 

reduce the beaching of MPs. PP in suspension is observed to spread more slowly compared to PE and PVC, forming 296 

a smaller contamination area with smaller concentrations in the E and H regions. That maybe because vertical profile 297 

velocity is higher in the surface and lower in the bottom due to the bottom friction force. The result shows that the 298 

settlement can weaken the MPs transport effect of the tide, which means the horizontal diffusion of MPs is affected 299 

by the variation of vertical profile velocity (Yin et al. 2022). The TMPC ratios of PE MP, PP MP and PVC MP 300 

between B and C are 2.98, 2.5 and 1.45, respectively and the coefficient of variation of TMPC of PE MPs, PP MPs 301 

and PVC MPs among eight regions are 0.92, 0.79 and 0.73, respectively (Fig.7 b and Fig.8 b). These indicate that the 302 

concentration distribution of floating MPs varies greatly in space. The study in Delaware Bay also have indicated 303 

that the concentration of floating MPs varied greatly in space due to surface circulation (Cohen et al. 2019). Compared 304 

with PE MPs, PP MPs are less affected by surface circulation as the result of the continuous settlement. The concept 305 

of sediment inertia can well explain the relatively uniform concentration of PVC in space, that is, the huge inertia of 306 

suspended solid causes its transport to be relatively less susceptible to wind and current effects (Pizzuto et al. 2014). 307 

We also observe that the MPs flocculated with suspended solid have the widest diffusion range in Fig.7 a. Some 308 

studies have found that the suspended solid can enhance the MPs stability of MPs in water column (Andersen et al. 309 

2021, Singh et al. 2019), which can also explain this phenomenon.  310 

Overall, during biological sensitive period, the TMPC in Yangtze Estuary is around 4 times that of the adjacent sea 311 

area. In the Yangtze Estuary, salt wedge exists where salt and fresh water meet. This result may suggest that the salt 312 

wedge acts as a barrier for movement of MPs. The same phenomenon is also observed in Rio de la Plata (Acha et al. 313 



2003). If only the suspended MPs are considered (Fig.8 b), the average SMPC in Yangtze Estuary is about 74n /m3, 314 

which is lower than that in adjacent sea area (104n/m3). This is consistent with the field survey results (Zhao et al. 315 

2019). This indicates that lots of MPs are beached or settled in the estuary, especially on the north shore of the estuary 316 

and the North Branch (D). Although different transport patterns have little effect on the location of MPs aggregation 317 

areas, floating transported PE is more susceptible to current, resulting in higher beaching ratio and forming a more 318 

inhomogeneous concentration distribution compared with PVC transported with sediment flocculation and PP settled 319 

continuously. Additionally, the settlement can weaken the MPs transport effect of the tide. The risk of MPs in sensitive 320 

objectives in the estuary should be noticed. 321 

 322 
Figure 7 Total microplastics concentration in biological sensitive period, (a) The distribution of total microplastics 323 

concentration; (b) Total microplastics concentration in eight areas. 324 

3.3 The distribution of MPs concentration 325 

During all simulation periods it takes around 3-5 days for three types of MPs to enter the adjacent sea area. Then 326 

almost all the MPs from B rapidly gather in the southeast of Chongming Island (G) and form a “hot spot”. MPs stay 327 



in G for a long time around 7 days. MPs begin to disperse to the seas in the northwest and southeast under the action 328 

of spring tides. A stable MPs pollution range is formed after around 15 days. In addition, the particle trajectory 329 

diagram shows that the MPs reciprocate in a straight line in the estuary and clockwise spiraled in the adjacent sea 330 

area (Fig.8 a). In the Yangtze Estuary, the inner part of the estuary is reciprocating flow while the water flow in the 331 

adjacent sea is clockwise under the observation by Li et al. (Li et al. 2017). Thus, the hydrodynamic conditions affect 332 

particle diffusion trajectories. 333 

The distribution of TMPC in three periods is similar (Figure 7, Figure S1). When MPs enter the estuary, more MPs 334 

flow into B resulting in a significant higher TMPC in B than in C. That maybe because runoff in the Bei Gang (B) is 335 

greater than in the Nan Gang (C). The flow field is an essential factor in the distribution of MPs (Liu et al. 2021). 336 

Meanwhile, in the Yangtze Estuary, under the influence of geostrophic deflection, the north bank with low angle that 337 

is more likely to cause MPs beaching than south bank with steep angle (Fig. 5 a). This phenomenon also be observed 338 

in the São Vincente Estuary, Brazil (Cordeiro and Costa 2010). Additionally, the narrowing of north branch (D) also 339 

leads to more beaching of MPs. These phenomena imply that local topography influence the MPs behavior. In 340 

addition, the “hot spot” of MPs locates in the southeast of Chongming Island, overlapping the location of the Estuarine 341 

Turbidity Maximum and salt wedge (salinity front). This coincidence is also observed in the Guadalquivir estuary 342 

and the Delaware Bay (Bermudez et al. 2021, Cohen et al. 2019). This maybe because the energy dissipation of ebb 343 

and flow and the confluence of salt and fresh water occur at this position. It is worth noting that the runoff is too weak 344 

in the dry season, which leads to salt water flowing back into A through D, which may cause the TMPC of A is high 345 

in February. These results indicate that hydrodynamic conditions and topography are closely related to the distribution 346 

of TMPC. These rules have significance for judging the distribution of MPs concentration in other waters. 347 



 348 

Figure 8 Particles trajectories and concentration, (a) Particles trajectories; (b) Suspended microplastics 349 

concentration in eight areas. 350 

3.4 Risk Assessment 351 

There are mainly three reservoirs and three animal refuges in the estuary (Fig.1). In the biological sensitive period, 352 

the MPs form some high concentration areas. Compared with the CH and QCS reservoirs, the DFXS reservoir on the 353 

north shore is more affected by MPs. In addition to concentration, the chemical composition affects the toxic effects 354 

of MPs (Zhang et al. 2022). In order to quantify the risk of MPs in sensitive objectives, HI and PLI are calculated 355 

according to formulas (1-4) in the Appendix (Fig.9). HI focuses on assessing risk from the chemical composition of 356 

MPs while PLI focuses on assessing risk from concentration. PVC MP is regarded as particle with much higher 357 

pollution risk than PE MP and PP MP. Based on HI value, we should focus on the conservation of species in SYECS 358 

and SCDNN, such as Chinese sturgeon and some migration birds. However, based on PLI value, we should focus on 359 

the risk of water use, especially in DFXS Reservoir, which is located on the north shore (Fig.1). 360 

At present, there is no comprehensive and fixed standard for assessing the risk of MPs pollution. Common indicators 361 

are one-sided. Therefore, it is necessary to establish standards that can comprehensively reflect the risk of MPs 362 

pollution. 363 



 364 
Figure 9 Microplastics risk assessment in sensitive targets 365 

4 Conclusion 366 

In this study, based on the previous sampling investigation, the first numerical simulation of MPs of the Yangtze 367 

Estuary which is considered as the largest plastic export is carried out. The quantitative simulation errors of different 368 

water seasons are both below 18%, which indicates the accuracy of simulation. The three types of MPs transport 369 

shows that floating transported PE is more susceptible to surface currents, beaching and forming more 370 

inhomogeneous concentration distribution compared with PVC transported with sediment flocculation and PP settled 371 

continuously. During all simulation periods, under the influence of surface current, local topography and salt wedge, 372 

high concentration of MPs is formed in the southeast of Chongming Island, north bank and the North Branch. About 373 

57%~90% of MPs are settled or beached in the estuary, especially on the north shore. Thus, the MPs risk is noticed 374 

during the biological sensitive period. HI focusing on the chemical composition of MPs indicates that the 375 

conservation of species in SYECS and SCDNN should be considered while PLI focusing on MPC indicates that the 376 

water safety of the DFXS Reservoir should be considered. 377 

Our results explore the fate of MPs in the Yangtze Estuary. However, pollution sources within and near the Yangtze 378 

Estuary and the ocean current also affect the MPC. Meanwhile, the resuspension, aging, biofouling and solid-liquid 379 

distribution of MPs should be further studied to improve the simulation accuracy. 380 
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