
HAL Id: hal-02430016
https://hal-enpc.archives-ouvertes.fr/hal-02430016

Submitted on 25 Feb 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Temporal dynamic of anthropogenic fibers in a tropical
river-estuarine system

Emilie Strady, Thuy-Chung Kieu-Le, Johnny Gasperi, Bruno Tassin

To cite this version:
Emilie Strady, Thuy-Chung Kieu-Le, Johnny Gasperi, Bruno Tassin. Temporal dynamic of an-
thropogenic fibers in a tropical river-estuarine system. Environmental Pollution, 2020, pp.113897.
�10.1016/j.envpol.2019.113897�. �hal-02430016�

https://hal-enpc.archives-ouvertes.fr/hal-02430016
https://hal.archives-ouvertes.fr


Temporal dynamic of anthropogenic fibers in a tropical river-estuarine 

system*

Emilie Strady a, b, c, *, Thuy-Chung Kieu-Le b, d, Johnny Gasperi e, f, Bruno Tassin e

a Aix-Marseille Univ., Mediterranean Institute of Oceanography (M I O), Marseille, Universit´e de Toulon, CNRS/IRD, France
b CARE, Ho Chi Mi n h City University of Technology, V NU -HCM, Viet Na m
c Univ. Grenoble Alpes, CNRS, IRD, Grenoble INP, IGE, F-38000, Grenoble, France
d Faculty of Geology and Petroleum Engineering, Ho Chi Mi n h City University of Technology, V NU -HCM, Viet Na m
e Ecole des Ponts ParisTech, Universit´e Paris-Est Cr´eteil, AgroParisTech, Laboratoire Eau Environnement et Syst`emes Urbains, U MR -MA 102, Cr´eteil, France 
f Water and Environment Laboratory (LEE), Geotechnical engineering, Environment, Natural hazards and Earth Sciences  Department (GERS),  French 

Institute of Science and Technology for Transport, Development and Networks (IFSTTAR), IRSTV, 44340 Bouguenais, France

A R T I C L E I N F O

Keywords: 

Microplastic 

Vietnam 

Saigon River 

Microfiber

A B S T R A C T

Anthropogenic fibers, gathering synthetic fibers, artificial fibers and natural fibers are ubiquitous in the

natural environment. Tremendous concentrations of anthropogenic fibers were previously measured in

the tropical Saigon River (Vietnam), i.e. a river impacted by textile and apparel industries. In the present

study, we want to examine the role of contrasted seasonal variation (e.g., dry and rainy seasons), via the

rainfall and monthly water discharges, and of water's physico-chemical conditions on the concentrations

of anthropogenic fibers in the surface water. The one year and half monthly survey evidenced that

concentrations of anthropogenic fibers varied from 22 to 251 items L—1 and their variations were not

related to rainfall, water discharge or abiotic factors. However, their color and length distribution varied

monthly suggesting variations in sources and sinks. Based on the 2017 survey, we estimated an annual

emission of anthropogenicfibers from the river to the downstream coastal zone of 115e164× 1012 items

yr—1.

1. Introduction

Plastic pollution in the aquatic environment is a worldwide

issue that affect both the marine and the freshwater environments.

Plastic in the aquatic environment are categorized according to

their size. Macroplastic refers to plastic items larger than 5 mm

while microplastic to items comprised between 1 mm and 5 mm

length size (Barnes et al., 2009; Gigault et al., 2018; Hartmann et al.,

2019; Frias and Nash, 2019). Microplastic are composed of frag-

ments, fibers, pellets and microbeads originated from both primary

and secondary manufacturing.

Among microplastic, fibers are the most prevalent ones

observed in the natural environment (Browne et al., 2011) and

micropollution fibers are more and more of concern. Anthropo-

genic fibers, as we defined in Lahens et al. (2018) refer to the

synthetic fibers from petrochemical origin (i.e. polyester, poly-

amide, polypropylene, etc.), to the artificial fibers from artificial

cellulose or silk (i.e. viscose, rayon) and to the natural fibers (i.e.

cotton, wool), all used in textile and apparel industries. The syn-

thetic fibers are released to the aquatic environment mainly by the

use of synthetic polymers in textile and garment industry (e.g. 98

million tons of polyester fibers in 2018, Textile Exchange, 2018), by

nets and other materials like geotextile. Synthetic fibers and arti-

ficial fibers are found in all aquatic compartments: lake, river, es-

tuary, sea an ocean, atmospheric fallout (see reviews of Cesa et al.,

2019; Gago et al., 2018; Blettler et al., 2018) and can be transferred

through freshwater and marine foodwebs and have implications to

human health (see review Carbery et al., 2018; Blettler et al., 2018).

Their concentrations in seawater (e.g. ND - 450 items m—3; Gago

et al., 2018) are in the same range as in most riverine waters (e.g.

5e398 items m—3; Dris et al., 2018 and reference within) but their

dominant polymer's type differ between environment. Poly-

propylene (PP) fibers were found the most common in the marine

environment (Gago et al., 2018) while polyethylene terephthalate

PET (Dris et al., 2018) and polyester (Lahens et al., 2018) were the
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dominant one in rivers, pointing out the different sources of fibers

to the environment. These features evidenced then the need to

better understand the sources, the fate and dynamic of synthetic

fibers from river to sea.

Despite the possibility that the South East Asian countries are

among the ones emitting the most plastic to the ocean (Jambeck

et al., 2015), the majority of plastic assessment's studies in fresh-

water environments were conducted in Europe, North America and

more recently in China (see review Blettler et al., 2018), pointing

out a clear lack of data in South East Asia. Vietnam is the third top

garment exporters in the world after China and Bangladesh

(International Trade Administration, 2016). There are about 6000

textile and apparel manufacturing companies, employing 2.5

million workers, which 60% of them are located in the Southern

part of the country (International Trade Administration, 2016). In

the Saigon River and its canals, crossing the megacity Ho Chi Minh

City (HCMC; 8.4 million inhabitants (GSO, 2017)) in Southern

Vietnam, tremendous concentrations of anthropogenic fibers were

measured (e.g.172e519 items L—1 Lahens et al., 2018) in the dense

and urbanized part of the River. Their synthetic origin, with 70% of

them being made of polyester, evidenced that textile and apparel

industry are the main sources of fibers in this River and that,

associated to poor wastewater treatment, it impacts the quality of

the River (Lahens et al., 2018). In line with the previous study, the

main objective of the present study is to characterize the temporal

variation at an annual scale of the anthropogenic fibers in the

surface water of the Saigon River, a tropical river-estuarine envi-

ronment characterized by two contrasted seasons (e.g. rainy and

dry) and by tidal influence. We hypothesized that the contrasted

seasons via the rainfall, the change of water discharge and the

intrusion of the salinity front will strongly influence the concen-

trations of anthropogenic fibers in the river. We examined the

impact of (i) the season via the rainfall, (ii) the monthly water

discharges and (iii) the water's physico chemical conditions on the

seasonal dynamic of fibers. We also aim to quantify the emission of

fibers by the Saigon River to the coastal zone. Accordingly, we set up

a monthly monitoring survey during eighteen months in the sur-

face water of the Saigon River at a sampling site located in the dense

urban zone.

2. Material and methods

2.1. The Saigon River Estuary system

The Saigon River Estuary system (250 km long; 4717 km2),

located in Southern Vietnam, originates from South Eastern

Cambodia, forms the Dau Tieng Reservoir (120e 270 km2; 470-1680

million m3), flows through the economic capital city of HCMC,

confluences with the Dong Nai River (470 km long) and then flows

into the Can Gio mangrove and the South China Sea (Fig. 1). The

Saigon River is under a tropical monsoon climate with a rainy

season lasting from May to November and a dry season from

December to April (Nguyen et al., 2019a,b). The River is affected by

asymmetric semidiurnal tides (e.g. tides up to 3 m) that can reach

up to 30 km downstream the Dau Tieng reservoir. The saline

intrusion is recorded around the Saigon Dong Nai confluence dur-

ing the rainy season and upstream HCMC during the dry season.

The saltwater intrusion upstream HCMC is controlled by the water

management at the Dau Tieng Reservoir in order to limit its

intrusion for irrigation purposes and water pumping for domestic

use. The Saigon River water discharge distribution is controlled by

precipitation seasonality and artificially by the reservoir during the

dry season to limit the salt intrusion and during the rainy season

when the reservoir water level is too high. Accordingly, the mean

net inter-annual discharge calculated over the 2012e2016 period

was of 50 ± 20 m3 s —1, despite high positive and negative instan-

taneous water discharge (i.e. more than 1000 m3 s —1; Camenen

et al., 2017) with the lowest monthly discharges recorded in

January 16 ± 42 m3 s —1 and the highest in October 118 ± 80 m3 s—1

(Nguyen et al., 2019a). Because of the tide dynamic and the intense

navigation traffic, the Saigon River is a highly turbulent system with

a well homogenized water column regarding temperature, salinity,

TSS, pH, Chl-a, with a punctual and local stratification regarding

dissolved oxygen concentrations (Nguyen et al., 2019b). HCMC is a

dynamic megacity (8.4 million inhabitants) with a dense urban

zone in the City Centre fluctuating from 10,000 to 40,000 in-

habitants km—2. The sampling site, Bach Dang, is located close to

those dense urban zone and close to the main urban canals (e.g.

Nhieu Loc Thi Nghe, Tau Hu, Kenh Te; Lahens et al., 2018). This

specific site was already characterized by high human pressure on

the water quality regarding microplastic (Lahens et al., 2018),

macroplastic (van Emmerik et al., 2018; 2019), eutrophication

(Nguyen et al., 2019a,b) and trace metal contamination (Strady

et al., 2017). At a larger scale, the urban, industrial and de-

mographic growth of HCMC coupled to poor industrial and do-

mestic wastewater treatment facilities impact the quality of the

Saigon River Estuary system (Vo, 2007; Strady et al., 2017; Thanh-

Nho et al., 2018; Lahens et al., 2018; Babut et al., 2019; Nguyen

et al., 2019a,b). The Saigon River catchment basin drains most of

the untreated wastewater from dense urban districts and industrial

zones from HCMC and Binh Duong Provinces, which include textile,

apparel, plastic and packaging production industries as main group

of industry.

2.2. Sampling

2.2.1. Monthly sampling

From July 2016 to January 2018, at a monthly frequency, riverine

bulk surface water was collected in duplicate during the end of the

low tide (i.e. to get the riverine and continental tidal signal)

(Figure Supplementary Material 1) using a bucket and a volume of

300 ml was immediately stored in a 500 mL glass bottle, according

to the protocol of Lahens et al. (2018). This low volume results from

a compromise between the high concentrations of anthropogenic

fibers in this river, the turbidity of the water, the local cost of the

consumables and the time of observation by stereoscope. The

samples were taken from a boat in the middle of the stream of the

Saigon River, at the sampling site Bach Dang (Fig. 1). Conductivity,

pH, oxygen and temperature were measured using a multi-

parameter probe WTW® while total suspended solids (TSS) were

determined by filtration on GF-F filters (Strady et al., 2017). In this

river-estuarine system, conductivity and TSS are a proxy of water

body specifically saline intrusion (Strady et al., 2017), temperature

of seasons while low oxygen and low pH are a proxy of anthropo-

genic pressure and bad water quality (Nguyen et al., 2019a,b).

2.2.2. Additional punctual sampling in industrial zone

Two additional bulk surface water samplings were performed in

December 2018 at one-week interval in the Thi Tinh River and its

affluent, the Sunrise River, both crossing the industrial zone of My

Phuoc and confluence with the Saigon River. The My Phuoc In-

dustrial Zone present plastic and textile industry. The sampling

methodology was the same as for monthly sampling.

2.3. Treatment and analysis

Bulk riverine water samples were treated based on the protocol

of Mintenig et al. (2014) which is composed of three successive

reagents addition to the sample (i) 1 g of Sodium Dodecyl Sulfate

(SDS, Merck®) at 50 ◦C for 24 h; (ii) 1 mL of biozym SE(protease and



amylase, Spinnrad®) and 1 mL of biozym F (lipase, Spinnrad®) at

40 ◦C for 48 h; (iii) 15 mL of hydrogen peroxide (H2O2 30%, Merck®)

at 40 ◦C for 48 h. During each step, the bottle was closed and

maintained in a laboratory oven. Then, the samples were filtered

through a glass fiber filters (GF/A, 1.6 mm porosity) using a glass-

ware filtration unit with a cover to prevent airborne contamination.

Blank tests using 1 L of purified water (Elga®) were performed

using the same protocol and evidenced fiber's concentrations of

7e12 items L—1. The length of those fibers being different and

longer than the one of the samples (median 152 mm; min 39 mm,

max: 2211 mm), we believe that the contamination is linked to

purified water and specifically its production which requires a first

manual distillation step. We consider that the contamination

doesn't affect the samples as no purified water is used during the

treatment, except the rinsing of the filtration device using

10e20 mL of purified water maximum. Therefore, the fiber's con-

centrations in the samples were not corrected from the blank

values.

2.4. Sample observation

The filters  were observed using the stereomicroscope Leica

Fig. 1. Map and sampling sites.



S6D® with HD camera. Morphology of fibers was measured, i.e

length and diameter, using the LAS software® and their color were

recorded. The minimum length size of anthropogenic fibers

observation was set up at 40 mm, as it is difficult for lower size to

ensure visually their synthetic origin, while the maximum one was

of 5 mm. However, the precision of the Leica S6D allows to measure

the diameter of the fibers at a minimal limit of 2 mm. We defined as

anthropogenic fibers elongated fibers being equally thick, not taper

towards the ends, having a three-dimensional bending, having no

visible cellular or organic structures and being homogeneously

colored (red, blue, green, grey, black). We excluded straight fibers

and transparent or whitish fibers in order to exclude biological or

organic origin (Nore´n, 2007).

2.5. Rainfall and water discharges data

Daily rainfall data for 2016e2017 at four stations located near 

the Saigon River (Phuoc Long; Binh Chieu; Thanh Da; Cau Bong)

were measured from the Department of Natural Resources and

Environment of HCMC (DONRE) and gathered monthly (Table 1).

Water discharges data for 2016e2017 were measured by the Centre

of Environmental Monitoring (CEM) from DONRE at the sampling

location Binh Phuoc. The monthly water discharges were calculated

as presented previously by Nguyen et al. (2019a) (Table 1). We note

that current velocity data and wind data are not available for this

system.

3. Results

Over the year and half monthly sampling, a total of 1055

anthropogenic fibers were observed and measured. The fiber's

concentrations vary through the year, with a minimum of con-

centrations of 22 items L—1 observed in July 2017 and a maximum of

251 items L—1observed in August 2016 (Fig. 2). The difference be-

tween the two duplicates ranged from 2% to 65% with a mean and a

median of 25%, showing that anthropogenic fiber's concentrations
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Table 1

Monthly raw data of minimum and maximum concentrations of anthropogenic fibers, abiotic conditions (temperature, pH dissolved oxygen, conductivity, TSS; Bach Dang, 

rainfall (4 gauging sites) and water discharge (Binh Phuc).

Fig. 2. Monthly net water discharge estimated at Binh Phuoc by DONRE and monthly minimum and maximum concentrations of anthropogenic fibers sampled in the Saigon River 

at Bach Dang site from July 2016 to January 2018. Dashed area represents the rainy season period.



can be both well-homogenized and not well-homogenized in the

surface water (Fig. 2). Their temporal variation do not present

particular pattern with dry or rainy season (Fig. 2). The length and

diameter size distribution of anthropogenic fibers observed over

the year and half sampling in respect to their occurrence (Fig. 3) is

showing the clear domination of smaller fibers in the riverine

surface water: 50% of their occurrence have a size range of

40e80 mm and 82% a size range of 40e300 mm. Despite that we set

up a lower measurement limit of 40 mm, mainly due to the difficulty

to accurately identify anthropogenic fibers, we often observed fi-

bers smaller than 40 mm. We note that the fibers have a median

diameter of 12 mm, ranging from 2 to 58 mm (Fig. 3). The domination

of the smallest fibers size range points out the crucial role of the

employed methodology on the determination of fiber's character-

istics in the water. Through time, the monthly size length distri-

bution present low variation (Fig. 4) considering an upper limit size

of 5000 mm defining a microplastic (e.g. Barnes et al., 2009). The

median is always lower than 130 mm length, except an increase up

to 320 mm in November 2017. Even if the smaller fiber's size are

dominating, longer fibers were measured monthly: the maximum

length were comprised between 621 mm in December 2016 until

4935 mm in August 2016, with most of them being longer than

1000 mm. Globally, over the sampling period, the total color's

repartition of fibers present two dominant colors, blue (38%) and

red (33%), followed by grey (18%), black (7%) and green (3%) (Fig. 5).

Seasonally, blue color dominates over red, grey, black and green

(respectively 44%, 29%, 19%, 4%, 3%) during the rainy season while

red dominates over blue, black, grey and green during the dry

season (respectively 38%, 29%, 18%, 13%, 3%). The color repartition

fluctuates monthly (Fig. 5): blue fibers ranged from 11% to 69% of

total fibers (April 2017 and September 2016, respectively), red ones

from 6% to 51% (December 2017 & August 2017 and April 2017,

respectively), grey ones from 0 to 31% (January 2017 and December

2017, respectively) and black ones from 0 to 26% (maximum in

March 2017).

4. Discussion

4.1. Variation of anthropogenic fiber's concentrations and size

The range of anthropogenic fiber's concentrations measured

during this survey is lower than previously observed by Lahens

et al. (2018) at the same sampling site in April 2016 (172e519

items L—1) but much higher than concentrations reported in most

rivers like in the Seine River (0.005e0.398 items L—1; Dris et al.,

2018), the Yangtze River (1.9 items L—1; Wang et al., 2017), the

Hanjiang River (2.3 items L—1; Wang et al., 2017; the Antua River

(0.02e0.071 items L—1; Rodrigues et al., 2018) for fibers or even all

microplastic (fibers, fragments and pellets) recorded in the Pearl

River (0.379e7924 items L—1; Lin et al., 2018), the Jiaojiang River

Fig. 3. Size distribution of a) length and b) diameter of anthropogenic fibers in respect to their occurrence sampled in the Saigon River at Bach Dang site from July 2016 to January 

2018. For a) the lower detection limit to recognize microplastic was set at 40 mm. For b) the precision of the measurement is of 2 mm.

Fig. 4. Monthly boxplot of length of anthropogenic fibers sampled in the Saigon River at Bach Dang site from July 2016 to January 2018. A) boxplot: median, quartiles, min max; b) 

zoom on boxplot excluding min and max. Dashed area represents the rainy season period.



(0.1e4.1 items L—1; Zhao et al., 2015). The color domination

observed is similar than in the Yangtze River and the Hanjiang River

(Wang et al., 2017) and in surface seawater of most oceans where

blue fibers are dominating (Gago et al., 2018). The different meth-

odologies used in the above studied and the types of microplastic

targeted induced a bias in the estimation of the concentrations and

distribution size of fibers. The choice of (i) using mesh size net (e.g.,

80 or 300 mm mesh size net (Dris et al., 2018; Faure et al., 2015)) or

sampling bulk water (e.g. Lahens et al., 2018), of (ii) setting up a

lower limit size to count microplastic (e.g., 50 mm: Lahens et al.,

2018; Wang et al., 2017; 100 mm: Miller et al., 2017) and of (iii)

defining the targeted microplastic (synthetic or anthropogenic fi -

bers) induced thus a bias in the estimation of the concentrations

and in their comparison from site to site.

4.2. Sources of anthropogenic fibers in the Saigon River

The anthropogenic fibers sampled in the Saigon River previously

by Lahens et al. (2018) were composed by a large majority (e.g. 92%)

of synthetic fibers, namely 70% of polyester. This high proportion of

synthetic fibers, quite specific to this environment, reflects the

impacts of wastewater and possible influence of textile and apparel

industry developed in the surroundings of HCMC. Therefore, the

sources of anthropogenic fibers in the Saigon River can be from: (i)

domestic wastewater, (ii) industrial wastewaters and (iii) atmo-

spheric fallout. In HCMC, during 2016e2017 period, only 5% of the

released domestic wastewaters were treated (426,000 over

8,400,000 inhabitants; Nguyen et al., 2019a) while the industrial

ones were estimated to be 50% (Vo, 2007). Knowing that a washing

machine can conduct up to 728,000 fibers from a 6 kg wash load

(Napper and Thompson, 2016), that 60% of Vietnamese textile and

garment industry is located near HCMC (International Trade

Administration, 2016) and that the wastewater treatment plants

rely on basic chemical treatment only (e.g. sedimentation and

oxygenation), both treated and untreated wastewaters can be thus

a source of anthropogenic fibers to the Saigon River. In developed

countries mainly, the primary sedimentation step of current WWTP

retains the major part of microplastic and fibers in wastewaters (see

in review Cesa et al., 2019). In advanced tertiary level wastewater

treatment plant, the retention can be even up to 99% after all

treatment steps (Talvitie et al., 2017). But in HCMC, it remains

difficult to estimate the impact of domestic and industrial waste-

water release on fiber's concentrations in the Saigon River, as the

removal of anthropogenic fibers by Vietnamese waste water

treatment plant is not yet quantified. Therefore, at a first step, we

sampled bulk water in the Sunrise River and the Thi Tinh River, both

crossing the My Phuoc Industrial Zone (Binh Duong Province). We

note that the Thi Tinh River is an affluent of the Saigon River already

characterized by important industrial pollution, especially the

textile industry regarding its elevated chromium's concentrations

(Strady et al., 2017). In the Thi Tinh River (60 m width) and the

Sunrise River (45 m width), the concentrations of fibers in the

surface water fluctuated from 30 to 242 and from 30 to 166 items

L—1, respectively. They are in the same order of magnitude as in the

Saigon River (300 m width, up to 20 m depth), located 66 km

downstream of the Sunrise and Thi Tinh River's confluence. Their

length distribution are also similar (first quartile: 49 and 48 mm;

median: 59 and 65 mm; third quartile 104 and 91 mm respectively in

the Sunrise and Thi Tinh River). Those findings evidenced that both 

the plastic industrial activities in the industrial zone impact the

quality of the River regarding anthropogenic fibers and that no 

dilution effect is observed from the Thi Tinh River to downstream

the Saigon River in HCMC central districts. We assumed that 

important  additional  inputs must exist along the river toward

HCMC to maintain such elevated concentrations despite water 

dilution and distance. Concerning the internal variability of these

domestic and industrial wastewater sources, in term of quality (i.e. 

color) and also of quantity (i.e. concentrations), their assessment

remains to be addressed. At an annual or seasonal scale, we can 

assume that the sources are constant and that the daily qualitative

and quantitative variability of anthropogenic fibers released by 

washing machine or by industrial wastewaters is negligible. But,

the color repartition varied monthly, evidencing that the sources of 

anthropogenic fibers in term of quality are not constant at a

monthly scale, they have internal variation, which can for example 

rely on the demand relative to textile and garment production.

Concerning the variability of the source's quantity, even if the 

measured concentrations evidenced monthly variation in the Sai-

gon, Thi Tinh and Sunrise Rivers, it is difficult to evaluate if the 

quantity measured in the river depends on the quantity emitted by

the source and/or by the factors which might control the fate and

transport of anthropogenic fibers in the river (e.g. river discharge, 

current velocity, precipitations).

Atmospheric fallouts are a source of microplastic in the envi-

ronment, especially of synthetic fibers (Dris et al., 2016; Cai et al.,

2018). In the Paris Metropole (France), Dris et al. (2016) estimated

Fig. 5. a) Global and b) monthly color distribution of anthropogenic fibers sampled in the Saigon River at Bach Dang site from July 2016 to January 2018. (For interpretation of the 

references to color in this figure legend, the reader is referred to the Web version of this article.)



an annual atmospheric input of 3e10 ton synthetic fibers. Highest

fiber's inputs were recorded during rainfall events rather than

during dry period, and in urban areas rather than in sub-urban zone

(Dris et al., 2016). The smallest fibers (i.e., 200e600 mm length)

were the most abundant (Dris et al., 2016) and most of the fibers

observed in Dongguan City's fallout evidenced degradation marks

indicating past mechanical erosion and/or chemical weathering

(Cai et al., 2018). Given the importance of annual rainfall in HCMC

compared to Paris City (rainfall of 1600 mm and 637 mm, respec-

tively), the atmospheric fallout can be considered as a source of

fibers to the environment in this system, via direct precipitation in

the River or indirectly via runoff of the surrounding watershed.

However, their effect on the river as direct accumulation or dilution

(if their concentrations in the rainfall and their fluxes at the

watershed level are much lower than in the river) required to be

estimated and compared to the other sources that are domestic

wastewater and industrial wastewaters.

4.3. Anthropogenic fiber's seasonal patterns

The Saigon River is under a tropical regime with a dry season

lasting from December to April and a rainy season from May to

November which accumulate up to 1600 mm of rainfall. Even if the

water discharge of the Saigon River is controlled by the upstream

reservoir and is strongly affected by tides with important instan-

taneous upward discharge (Camenen et al., 2017; Nguyen et al.,

2019a), the resulting water discharge over a tidal cycle and at a

monthly scale reflects this contrasted seasonal regime (Table 1,

Fig. 2). Accordingly, anthropogenic fiber's concentrations are

expecting to be affected by this seasonality as we considered the

main sources stable through time.

Globally, in the Saigon River, no correlation between anthro-

pogenic fiber's concentrations and monthly rainfall can be seen

during our sampling period suggesting an absence of seasonal

pattern (Pearson correlation p > 0.05; Table 2; Fig. 6). Elevated fi-

ber's concentrations were observed at the beginning of the 2016

rainy season (July and August; 248e251 items L—1) but the con-

centrations dropped a month later (September 2016; 46e131 items

L—1) in the same time than rainfall increased (Fig. 6). During the

2017's rainy season (May to November, Fig. 6), fiber's concentra-

tions remained low and constant, with a median of 53 items L—1

over the seven months. During the first dry season (November 2016

to April 2017) fiber's concentrations were constant with a median

of 75 items L—1 while higher concentrations (139e241 items L—1

Fig. 6) were measured during the beginning of the second dry

season, especially in January 2018. We note that the presence or

Table 2

Pearson matrix correlation. Values in bold are different from 0 to a level of significance alpha ¼ 0.05 (Q refers to net monthly water discharges).

Min max Rainfallphuoc long   RainfallBinh chieu   RainfallThanh Da    RainfallCau Bong   Qmonth T pH O2 conductivity  TSS

min  

max

1 0.862 —0.069

0 .8 6 2 1

—0.090 —0.137 —0.316  0.307 —0.176  —0.037  0.104 0.050

0.213

0.030

—0.339  0.165 —0.228  —0.014  0.077

Rainfallphuoc long   —0.069  0.046 0 .7 1 7 0.223 —0.099  —0.134  —0.365

0.106

0 .8 6 0

0 .8 5 6

0 .9 0 7
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Fig. 6. Monthly rainfall measured at four gauging station by DONRE and monthly minimum and maximum concentrations of anthropogenic fibers sampled in the Saigon River at 

Bach Dang site from July 2016 to January 2018.



absence of rain events one to three days before the sampling did

not present correlation with the concentrations of anthropogenic

fibers in the Saigon River (DONRE data, not public). In the same

way, an absence of correlation was observed between anthropo-

genic fiber's concentrations and monthly water discharge, tem-

perature, pH, oxygen level, conductivity, and TSS concentrations in

the surface water over the one year and half sampling (Pearson

correlation p > 0.05; Table 2). Thus, the temporal dynamic of

anthropogenic fibers in the Saigon River is correlated neither to

abiotic factors such as the physico-chemical conditions of the water

body (T, pH, O2, conductivity or TSS concentrations; Table 1) nor to

the tropical conditions characterized here by monthly water

discharge and/or monthly rainfall.

4.4. Fate of anthropogenic fibers in the water column

Anthropogenic fibers are composed of fibers of various den-

sities, ranging from 0.91 g cm—3 (i.e. polyethylene) to 1.38 g cm—3

(i.e. polyester) meaning that they have both the theoretical ability

to remain buoyant and to sink in the surface water. Under fresh-

water laboratory experiments, the fibers' settling velocity varied

from 0.01 to 0.06 m s—1 for a density varying between 1008 and

1307 kg m—3 (Waldschla€ger and Schüttrumpf, 2019), which is quite

elevated compared to the settling velocity of suspended particulate

matter (from clays to flocs) varying from 0.01 mm s to 1 up to

several centimetres per second (Lick, 1994). The general shape of

particles (e.g., spherical, cylindrical, elongated) (Khatmullina and

Isachenko, 2017) and more precisely the spatial orientation of the

sinking fibers (Bagaev et al., 2017) were shown to be important

parameters controlling the sinking velocity of particles and fibers in

the water column. From field data, laboratory experiments and

numerical testing, Bagaev et al. (2017) evidenced that a vertical

oriented fiber sinks 3e4 times faster than a horizontal oriented

one. They also demonstrated that turbulence or currents at the

water column's surface retain light fibers in suspension and pre-

vent them to sink while in water layers characterized by less tur-

bulence and currents, fibers preserve their free-fall sinking regime.

Interestingly, the sinking depends on the diameter of the fibers, the

larger the higher velocity (Waldschla€ger and Schüttrumpf, 2019)

and is independent of the material, e.g. and so the density, of the

fibers as both heavy but small fibers were entrained in the surface

layer by turbulence mixing (Reisser et al., 2015) and as light fibers

sank due to biofouling. In the Saigon River, 50% of the anthropo-

genic fibers observed ranged between 40 and 80 mm length, and

even 73% of them have smaller length than the one studied by

Bagaev et al. (2017) (i.e. minimal length of 170 mm). We can thus

hypothesize that the turbulence induced by water current, tides,

wind and/or intense navigation keep the fibers in the turbulence

mixing layer (i.e. the surface water). The low proportion of longest

fibers in the surface water (>500 mm) may reflect the fact that they

are more likely to sink in the water column (Fig. 2). In perspective,

we recommend to address a sampling strategy considering

different tidal amplitude and so contrasted surface current velocity

to identify the effect of surface current velocity on anthropogenic

fiber concentrations.

4.5. Fibers annual emission

The annual emission of anthropogenic fibers from the Saigon

River to the South China Sea was estimated using the monthly

minimum and maximum fiber's concentrations measured at Bach

Dang and the monthly water discharge measured once a month at

Binh Phuoc by CEM, a few kilometers upstream our sampling site.

In 2017, the flux ranged from 115 to 164 trillion items yr—1. Several

assumptions underline this estimation. At first, we assumed that

the water discharge at Bach Dang is the same as at Binh Phuoc, as

no water discharge measurements are made at Bach Dang by the

CEM. Second, as water discharge are measured only once a month

by the CEM, we assumed that the river discharge is constant over

the whole month. We remind that the water discharge data

correspond to the residual discharge which is the net positive water

flow of the river from land to the sea (Nguyen et al., 2019a). Third,

we assumed that the concentrations of anthropogenic fibers at low

tide is constant over a month. Fourth, we neglected input and

output of anthropogenic fibers into/from the surface water from the

sampling site at Bach Dang until the coastal zone and we assumed

no anthropogenic fiber sinking in the water column. This estima-

tion is the first yearly emission of synthetic fibers toward the ocean.

5. Conclusions

The dynamic of anthropogenic fibers in the surface waters of

this tropical river-estuarine environment was independent of the

seasonal variability of rainfall, water discharges, saline intrusion

and others abiotic factors (e.g. TSS concentrations, pH, O2) of the

river. We suggested that their fate might rely mostly on both their

sinking properties in the water column under contrasted estuarine

water current velocities and on the sources. Efforts should be

continued on those topics to better characterize the role of transi-

tion environment from land to sea, like estuaries and mangroves, in

the fate and transport of fibers to the sea. In perspective, the sources

of anthropogenic fibers in the Saigon River system should be more

clearly identified and quantified, in order to mitigate their release

and suggest adapted policies.
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