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Abstract : 
 
Both macroplastic and microplastic contamination levels were assessed for the first time in a tropical 
river estuary system, i.e. the Saigon River, that traverses a developing South East Asian megacity, i.e. 
Ho Chi Minh City, Vietnam. The analysis of floating debris collected daily on the Nhieu Loc - Thi Nghe 
canal by the municipal waste management service shows that the plastic mass percentage represents 
11-43%, and the land-based plastic debris entering the river was estimated from 0.96 to 19.91 g 
inhabitant-1 d-1, namely 350 to 7270 g inhabitant-1 yr-1. Microplastics were assessed in the Saigon 
River and in four urban canals by sampling bulk water for anthropogenic fiber analysis and 300 μm 
mesh size plankton net exposition for fragment analysis. Fibers and fragments are highly concentrated 
in this system, respectively 172,000 to 519,000 items m-3 and 10 to 223 items m-3. They were found in 
various colors and shapes with smallest size and surface classes being predominant. The macroplastics 
and fragments were mainly made of polyethylene and polypropylene while the anthropogenic fibers 
were mainly made of polyester. The relation between macroplastic and microplastic concentrations, 
waste management, population density and water treatment are further discussed. 
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Highlights 

► Both macro and microplastic assessments were made in a tropical river canal system. ► About 4.4 g 
inhabitant

−1
 d

−1
 land-based plastic waste entering the river was estimated. ► High microplastic 

concentrations were found for both fibers and fragments. ► Characterization was carried out for 
macroplastics and microplastic. 
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43 1. Introduction

44 Plastics are polymers designed to be lightweight, resistant, and durable (Thompson et 

45 al., 2009). Their numerous advantages have led to a considerable increase in their production 

46 in the past 60 years: 1.7 million metric tons produced in 1950 compared with 335 million metric 

47 tons in 2017 worldwide (PlasticsEurope, 2018). However, plastic products are often 

48 mismanaged or abandoned in illegal dumping sites (Barnes et al., 2009), which can lead to 

49 environmental pollution. Their persistence in the environment makes them a good proxy of the 

50 Anthropocene’s exponential consumption (Steffen et al., 2007).

51 Plastics are estimated to represent between 50 and 80% of marine litter (Barnes et al., 

52 2009). Some chemicals are used as additives (e.g. alkylphenols, phthalates, bisphenol A, 

53 organophosphates, PBDEs) during plastic production to give it particular properties (durability, 

54 resistance, flexibility, reduced weight, ignition inhibition). On the one hand, plastics have the 

55 capacity to adsorb persistent organic pollutants (POP) (Bakir et al., 2012, 2014) as well as trace 

56 metals (Mato et al., 2001; Turner and Holmes, 2015) once they enter water bodies. On the other 

57 hand, animals can become entangled in large items, or smaller plastic particles can be ingested 

58 by fish and other organisms (Peters and Bratton, 2016; Sanchez et al., 2014; Silva-Cavalcanti 

59 et al., 2017) and once they are ingested, they can clog the digestive system or release adsorbed 

60 hazardous chemicals that could harm the biota (Bejgarn et al., 2015).

61 There has been increased interest since plastic was first assessed in the marine aquatic 

62 environment in 1972 (Carpenter and Smith, 1972) and has been expanding to the continental 

63 aquatic environment for the past few years (Dris et al., 2015a; Eerkes-Medrano et al., 2015; 

64 Horton et al., 2017; Wagner et al., 2014). Plastic debris is generally assessed according to size: 

65 macroplastics, i.e. plastic items superior to 5 mm, and microplastics, i.e. plastic items inferior 

66 to 5 mm (Arthur et al., 2009; Barnes et al., 2009; Thompson et al., 2009). More precisely, 
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67 microplastics can be classified as (i) primary microplastics that are specifically engineered to 

68 be used in this form, mainly in cosmetic products or as preproduction pellets, and as (ii) 

69 secondary microplastics that come from the degradation of larger plastic items mainly due to 

70 photo-degradation or mechanical action (Cooper and Corcoran, 2010; Derraik, 2002; Napper et 

71 al., 2015; Williams and Simmons, 1996). In the continental aquatic environment, microplastic 

72 assessment is conducted to estimate contamination of the environment and influence of 

73 anthropogenic activities (e.g. Faure et al., 2015; Mani et al., 2015; Zhang et al., 2015), and also 

74 to evaluate microplastic ingestion and impact on organisms (e.g. Jabeen et al., 2017; Jemec et 

75 al., 2016; Rehse et al., 2016).

76 With regards to macroplastic, it is widely considered that around 80% of marine debris is from 

77 land-based sources (Allsopp et al., 2006), even though a recent study estimated that 30% of 

78 coastal plastic debris comes from marine activities and 47% corresponds to unidentifiable 

79 fragments (Expéditions MED, 2016). Therefore, the macroplastic assessments from in situ 

80 sampling aim to both quantify the floating debris (Morritt et al., 2014) and estimate the riverine 

81 plastic fluxes or plastic exported to oceans (Estahbanati and Fahrenfeld, 2016; Gasperi et al., 

82 2014). The mass estimate of continental plastic waste entering the ocean can also be calculated 

83 using a statistical approach based on governmental databases as exposed by Jambeck et al. 

84 (2015). Indeed, the mass of mismanaged plastic waste generated by populations living within 

85 50 km of the coast and the mass of plastic marine debris potentially entering the ocean were 

86 estimated for each country. Over the ten top ranked countries, eight originate from Asia and 

87 five are considered as lower middle-income countries by the World Bank: Indonesia, 

88 Philippines, Vietnam, Sri Lanka and Bangladesh (Jambeck et al., 2015). It is important to note 

89 that microplastic and macroplastic assessments are scarce in these lower middle-income 

90 countries (Rochman et al., 2015) and that most studies are conducted in high-income countries 

91 (e.g. Chae and An, 2017; Dris et al., 2015a; Eerkes-Medrano et al., 2015; Horton et al., 2017; 
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92 Wagner et al., 2014). Furthermore, Asia is one of the least studied continents in term of 

93 microplastic contamination, which is contradictory with recent estimations showing that Asian 

94 rivers introduce most of the worldwide continental plastic into the oceans (Lebreton et al., 

95 2017).

96 Ho Chi Minh City (HCMC) is the economic capital of Vietnam and is one of the most dynamic 

97 developing megacities of South-East Asia. The increasing population (over 8 million 

98 inhabitants, 3% growth per year; Kieu-Le et al., 2016) and its economic and industrial 

99 development (7% of gross regional domestic product in the beginning of 2017, VGP News, 

100 2017) have tremendous consequences on the quality of its aquatic environment, especially on 

101 the Saigon River estuary system and its canals which intersect the city (Le et al., 2016; Strady 

102 et al., 2017). Most of the city’s wastewaters are discharged directly into the Saigon River and 

103 its canals because only 10% of the total produced municipal wastewater is treated with activated 

104 sludge (FAO, 2014). The major floating macroplastic contamination observed in the canals for 

105 the last two decades (Givental, 2014) has led HCMC’s environmental public institution to 

106 reinforce the floating debris collection in the biggest canals. Between 2,000 to 13,000 metric 

107 tons of floating debris are collected annually on the main urban canals (Kieu-Le et al., 2016). 

108 Plastic waste mismanagement in Vietnam (4th world ranked according to Jambeck et al., 2015) 

109 is a critical issue which has important environmental consequences. In this context, we selected 

110 the Saigon River system to implement the first assessment of both macroplastic and 

111 microplastic contamination in a tropical, urban river estuary system intersecting a South East 

112 Asian megacity, HCMC, in the lower middle-income country Vietnam. The aims of the study 

113 were (i) to evaluate the rate and type of macroplastics in the canal floating debris, (ii) to estimate 

114 the land-based plastic debris entering the river per inhabitant, (iii) to assess the microplastic 

115 (anthropogenic fibers and fragments) contamination levels in the canals and Saigon River 

116 surface waters, and (iv) to compare the results to studies conducted in high-income countries. 
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117 For this comparison, we focus on the megacity of Paris crossed by the Seine River as a similar 

118 methodology is used for both micro and macro plastics in each study (Dris et al., 2015b; Gasperi 

119 et al., 2014).

120 2. Materials and methods

121 2.1 Study area

122 The Saigon River is located in Southern Vietnam and is about 250 km long with a 

123 catchment area of 4,717 km². It originates in southeastern Cambodia, flows through the 

124 economic capital city of HCMC where the river is connected to a dense urban canal network 

125 (700 km length), confluences with the Dong Nai River (470 km long), and then flows into the 

126 Can Gio mangrove and South China Sea (Figure 1). The Saigon River is in a tropical monsoon 

127 climate (one rainy and one dry season) and is affected by asymmetric semi-diurnal tides. 

128 Despite a tidal range up to 3 meters, the resulting water discharge over a tidal cycle is low and 

129 present a mean annual flow rate of 85 m3 s-1 (Nguyen et al., 2011). The canal network dynamic 

130 is partly controlled by floodgates and has low current velocity. The canal water quality is poor 

131 (e.g. Strady et al., 2017) and has been deteriorating for the past four decades due to natural and 

132 socioeconomic factors, including flood sediment deposition and maintenance neglect (Givental, 

133 2014). The river catchment basin drains most of the untreated wastewater  from dense urban 

134 districts (up to 40,000 people km-2, 2014, HCMC Statistical Office) and industrial zones (17 

135 zones), which include textile, apparel, plastic and packaging production industries.

136 This study focusses on the Saigon River and four of its main canals (Figure 1). The macroplastic 

137 assessment was conducted on the Nhieu Loc - Thi Nghe (NL) canal. We note that the floating 

138 debris of this canal is collected daily by a municipal company (Kieu-Le et al., 2016). The 

139 microplastic assessment was conducted on the Saigon River at Ben Cui (BC), 85 km upstream 

140 HCMC, and at Bach Dang (BD), in the city center, and on the four main urban canals: Nhieu 
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141 Loc - Thi Nghe (NL), Tau Hu (TH), Kenh Te (KT) and Lo Gom (LG).

142 2.2 Macroplastic assessment

143 Sampling

144 Five representative sub-samples (3 to 5 kg each; 21 kg total) of floating debris were 

145 collected on the NL canal in April 2016 (two campaigns). The floating debris collection (from 

146 water surface to up down to 70 cm depth), under the supervision of a public company since 

147 2012, aims mainly at improving the cleanness of the surface water for esthetic and population 

148 perception purpose. Workers collect the floating debris manually from boats using nets (2 cm 

149 mesh size) towed on each side of the boat and also by using landing nets when floating debris 

150 is less accessible (Supporting Information Figure S1; Kieu-Le et al., 2016). We note that as the 

151 mesh size is of 2 cm, the fraction of macroplastics between 5 mm and 2 cm is discarded and not 

152 taken into account in the total mass calculation. The floating debris sub-samples were separated 

153 in the laboratory into the following categories: vegetation, plastics and others. The plastics were 

154 visually sorted into three groups: plastic bags, food packaging and other plastics. Finally, each 

155 category and sub-category were weighed and the wet mass percentage of each was estimated. 

156 The results are expressed in wet weight in order to be compatible with figures provided by the 

157 company’s database. A panel of plastics (41 plastic bags, 2 plastic cups, 2 straws and 2 plastic 

158 spoons) was characterized by Fourier Transform InfraRed spectroscopy coupled to an 

159 Attenuated Total Reflectance accessory (FTIR-ATR, UPEC, Créteil, France) using a database 

160 containing spectra references of the most common polymers.

161 Land-based plastic release estimation calculation

162 A rough estimation (minimum and maximum value) of land-based plastic waste weight 

163 entering the river was calculated (in g inhabitant-1 d-1 and g inhabitant-1 yr-1) according to a set 

164 of four assumptions. The first assumption is about the daily collected floating debris weight 

165 which fluctuates daily between 10 and 12 metric tons d-1 in accordance with the daily floating 
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166 debris collection weight database of the public collection company (Kieu-Le et al., 2016). The 

167 second assumption refers to the percentage of floating debris captured by the collection team. 

168 Although the floating debris collection on this canal seems to be visually very thorough, the 

169 collection recovery efficiency is not quantified and varies daily according to the amount of 

170 floating debris and the effectiveness of the worker. Accordingly, we estimated that the capture 

171 efficiency varies between two extreme situations: an effective collection representing a 100% 

172 recovery and a poor collection representing 50% recovery of the debris floating in the canal. 

173 The third assumption relies on the percentage of plastic debris in the collected floating debris. 

174 This percentage is estimated from the minimum, maximum and mean plastic percentage 

175 weighed in the collected floating debris. The fourth assumption concerns the inhabitant 

176 population estimations in the canal basin, which vary from 522,000 inhabitants (Thao and 

177 Godfrey, 2014) to 1.2 million inhabitants (World Bank, 2012) depending on statistical sources. 

178 We note here that as the floating debris are collected daily, we consider that the residence time 

179 of the floating debris in the surface water is short enough to be excluded from the rough 

180 estimation of land-based plastic waste weight entering the river.

181 2.3 Microplastic assessment

182 Sampling

183 Microplastics, composed of fragments and anthropogenic fibers, were sampled at two 

184 sites of the Saigon River and on the four main canals during both rainy (December 2015) and 

185 dry (April 2016) seasons from separate sampling. Contrary to previous study using an 80 µm 

186 mesh size net to collect fibers (Dris et al 2015b), the high fibers contents measured in the river 

187 water during a preliminary survey enabled us to consider a raw water sample for fibers analysis.  

188 Thus at each sampling site, a sample of 300 mL bulk water was collected using a bucket for 

189 fiber analysis. As commonly done in the literature (e.g. Eerkes-Medrano et al., 2015, Dris et 

190 al., 2015a) fragments were collected using a 300 µm mesh size net exposed in surface water for 
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191 60 seconds, combined with a General Oceanic® flowmeter to determine the sampled water 

192 volume. The net was then rinsed from the outside and the collected fraction was recovered in a 

193 glass container.

194 Pre-treatment and density separation

195 Both bulk and 300 µm fraction samples were treated based on a previous version of the 

196 protocol of Mintenig et al. (2014). At first, 1 g of Sodium Dodecyl Sulfate (SDS, Merck®) was 

197 added to the sample and kept in a closed bottle at 70°C for 24h in a laboratory oven. Then 1 

198 mL of biozym SE (protease and amylase, Spinnrad®) and 1 mL of biozym F (lipase, 

199 Spinnrad®) were added to the sample and kept at 40°C for 48h, before adding 15 mL of 

200 hydrogen peroxide (H2O2, Merck®) and kept again at 40°C for 48h in the laboratory oven. 

201 Then, a density separation step was performed using a saturated zinc chloride solution (ZnCl2 

202 Merck®, 1.6426 ± 0.0016 g cm-3). Lastly, the samples were filtered through glass fiber filters 

203 (GF/D, 2.7 µm porosity) using a glassware filtration unit.

204 Sample analysis

205 The filters were observed using a Leica MZ12 stereomicroscope at a 16 to 160-fold 

206 magnification. We note that anthropogenic fibers and fragments were counted and measured 

207 using the measuring tool of the image analysis software (Histolab®) with a lower length limit 

208 set at 50 µm as smaller items were hard to identify. In this study, we defined as anthropogenic 

209 fibers the synthetic fibers from petrochemical origin (e.g. polyester, polyamide, 

210 polypropylene,etc), the artificial fibers from cellulose (e.g. viscose, rayon) and the natural fibers 

211 (e.g. cotton, wool) used in textile and apparel industries. These fibers are transported in the 

212 environment by water (Dris et al., 2018) and by air (Dris et al., 2016) and are ingested by 

213 macrofauna (Remy et al., 2015). Anthropogenic fibers were exclusively counted and measured 

214 (length in µm) on filters from bulk samples. Fragments were evaluated (length and surface in 

215 µm and µm2 respectively) from net sample filters. The thickness of fibers and fragments was 
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216 also measured on sub-samples by raising the particles with pliers. The composition of 

217 anthropogenic fibers and fragments were evaluated by FTIR microscopy used in reflection and 

218 transmission modes (IFREMER, Brest, France) on both fiber and fragment sub-samples: 76 

219 fibers over a total of 725 fibers (about 10%) and 57 fragments over a total of 368 fragments 

220 (about 15%). The FTIR microscopy measurements were performed with a Thermo IS50 

221 infrared spectrometer coupled to an infrared Thermo NicoletTM ContinuumTM microscope with 

222 a 15x IR objective and a Mercury Cadmium Telluride (MCT) single element detector cooled 

223 with liquid nitrogen. The spectra resolution was 4 cm-1. For fibers, each fiber without size 

224 consideration was placed in a diamond micro-compression cell, one by one, and was flattened 

225 between the two diamond anvils of a SPECAC® micro compression cell purchased from 

226 Eurolabo (IFREMER, Brest, France). The identification of the fragment and anthropogenic 

227 fiber’ nature was performed using the Thermo IR polymer database.

228 Expression of results

229 The anthropogenic fiber and fragment observations were expressed in number of 

230 particles per m3 (items m-3). We also estimated anthropogenic fiber and fragment particle mass 

231 concentrations (mg m-3) based on two assumptions relative to polymer density and particle 

232 volume. Concerning the estimation of polymer density, we took into account the lowest and 

233 highest densities of polymers sampled in surface freshwaters (this study; Di and Wang et al., 

234 2017) in order to have a rough density estimation range: the lightest (0.9 g cm-3 – polypropylene 

235 PP) and the heaviest (1.6 g cm-3 – polyvinyl chloride PVC). Concerning the estimation of 

236 particle volume, the individual measured length of fibers and surface of fragments were taken 

237 into account with a rough estimation of fibers diameter and fragments volume based on a 

238 minima and maxima measurements made on fibers and fragments sub-samples, respectively 

239 from a minimum of 8 µm to a maximum of 20 µm for fibers and a minimum of 10 µm and a 

240 maximum of 40 µm for fragments.
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241 3. Results and discussion

242 3.1 Macroplastics

243 In the Nhieu Loc - Thi Nghe (NL) canal, vegetation (e.g. water hyacinth and coconut) 

244 made 67% of the wet weight while other debris (e.g. aluminum cans, glass bottles, clothes) 

245 accounted for only 7% in mass. Plastic debris mass ranged from 12 to 43% of the total debris 

246 weight with a mean of 26% (Figure 2.A). The sorting of plastic debris highlighted that plastic 

247 bags represented 37% of the total plastic debris mass (Figure 2.B), namely 9% of the total debris 

248 mass. These bags were found in many different colors and textures. Food packaging items made 

249 of polystyrene represented 9 to 22% of the plastic mass (Figure 2.B) and 2 to 7% of the total 

250 debris mass. Other plastic debris was composed of plastic bottles, drinking recipients and plastic 

251 cutlery. This category constituted nearly half the weight of the plastic debris (Figure 2.B) and 

252 around 11% of the total debris weight which is in the same range as observed in the Seine River 

253 (Gasperi et al., 2014) and the Thames River, where it amounted to around 30% of plastic debris 

254 (Morritt et al., 2014). The qualitative screening of a panel of plastic bags, cups, straws and 

255 spoons showed that they were made of polyethylene (PE, 79%), polypropylene (PP, 15%) and 

256 polyethylene terephthalate (PET, 4%) (Figure 2C). We note that one plastic bag was made of 

257 both PE and PP (Figure 2.C). These proportions are coherent with the global production of 

258 polymers (PlasticsEurope, 2016).

259 Considering the set of four assumptions used for the estimation of the land-based plastic release 

260 to the river (section 2.2) and the estimated minimum and maximum plastic percentages (12 and 

261 43%), the land-based plastic waste entering the NL canal was found to lie between 0.96 and 

262 19.91 g inhabitant-1 d-1 (for calculation refers to Supporting Information Table S1), namely 350 

263 to 7,270 g inhabitant-1 yr-1. The median was calculated at 4.43 g inhabitant-1 d-1, namely around 

264 1,620 g inhabitant-1 yr-1. This daily land-based plastic waste entering the river per inhabitant 

265 (0.96-19.91 g inhabitant-1 d-1) is smaller than the plastic release into the river (13.5-36.0 g 
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266 inhabitant-1 d-1) estimated by Jambeck et al. (2015) from governmental data using conversion 

267 rates (e.g. 15 and 40%) of calculated mismanaged plastic waste into marine debris. This 

268 difference of land-based plastic waste entering the river could be related to the difference of 

269 methodology between the two studies. In the NL canal, only the floating debris superior to 2 

270 cm is collected: the debris, including macroplastics, that sink or settle on the riverbed are 

271 neglected. In the Thames River, Morritt et al. (2014) point out that a large, unseen volume of 

272 submerged plastic is flowing into the marine environment. The underestimation of this 

273 subsurface component in our study could lead to an underestimation of the floating debris and 

274 therefore to a lower estimation of plastic release per inhabitant. Secondly, the estimation of the 

275 daily land-based plastic waste entering the river per inhabitant of this study is partly based on 

276 a field campaign conducted on the main canal of the country’s economic capital, whereas the 

277 release calculated by Jambeck et al. (2015) is based on a theoretical approach at the country 

278 scale. It can be easily assumed that the waste management disparity observed at the scale of 

279 two canals in HCMC by Kieu-Le et al. (2016) (i.e., technical support and constraint, human 

280 resources), would be even more pronounced at the scale of the city or the country. A great 

281 difference could be expected for instance between rural provinces and high-income provinces 

282 such as HCMC. In a high-income country, the estimated plastic release to the river per 

283 inhabitant of a similar river system, i.e. the Seine River crossing the megacity of Paris (10 

284 million inhabitants) in France, is of 2.3 g inhabitant-1 yr-1 (e.g. 1.3-8.2 g inhabitant-1 yr-1, Gasperi 

285 et al., 2014), namely 700 times lower than the plastic release calculated in HCMC’s canal 

286 (median: 1,620 g inhabitant-1 yr-1; min-max: 350- 7,270 g inhabitant-1 yr-1). Based on these 

287 estimations, it appears that land-based plastic waste entering the river is directly related to waste 

288 management at the national, regional or district level. On a global scale, plastic release found 

289 in HCMC is one order of magnitude higher than world estimates of land-based plastic waste 
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290 entering the river per inhabitant (153 to 321 g inhabitant-1 yr-1) estimated by Lebreton et al. 

291 (2017) from a worldwide modeling approach.

292 3.2 Microplastics

293 Anthropogenic fibers

294 The anthropogenic fibers sampled in the four canals and in the Saigon River were found 

295 in various colors and lengths (Figure 3). The fiber size distribution of each site was similar and 

296 evidenced the predominance of small fibers (50-250 µm) (Table 1), the largest size classes (> 

297 1,000 µm) being barely represented. The cumulative number of fibers per size class sampled in 

298 the whole system (Figure 4) represents the distribution patterns observed in the Saigon River 

299 canal system. The chemical characterization of 76 anthropogenic fibers selected randomly 

300 showed (i) that 92% of the fibers were synthetic fibers, namely 70% of polyester (with 9% of 

301 polyethylene terephthalate (PET)), 5% of polyethylene (PE) or polypropylene (PP), 4% of PP, 

302 4% of PE-PP copolymer, 4% of rayon, 1% of PP-vistalon, 1% of viscose and 1% of acrylic, (ii) 

303 that 5% of fibers were natural fibers namely 4% of cotton and 1% of wool and (iii) that 3% of 

304 the fibers were unidentified. Surprisingly, in comparison to other studies assessing the 

305 proportion of synthetic or anthropogenic fibers in continental aquatic environment (e.g. Dris et 

306 al., 2018), the proportion of synthetic fibers in comparison to not synthetic fibers (e.g. viscose, 

307 rayon, cotton, wool.) is extremely high. The proportion of synthetic fibers measured in the water 

308 (i.e. 92%) is in accordance with the global fiber production market (95 million metric tons, 

309 TextileExchange, 2017) which is dominated by synthetic fibers production (65 million metric 

310 tons, TextileExchange, 2017) and especially polyester production (52 million metric tons 

311 TextileExchange, 2017). It also could reflect the possible sources of anthropogenic fibers to the 

312 aquatic environment from the textile and apparel industry in the surroundings of HCMC. 

313 The anthropogenic fiber concentrations determined at each site ranged from 172,000  items m-

314 3 at BC to 519,000  items m-3 at KT (Figure 5), resulting in a variation of up to 3 folds between 
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315 sites. The corresponding estimated anthropogenic fiber mass concentrations ranged from 4.72 

316 mg m-3 at BD considering the minimizing assumptions to 220.63 mg m-3 at KT considering the 

317 maximizing assumptions, with an overall median at 31.71 mg m-3 (Supporting Information 

318 Table S2). In the Saigon River, the difference of concentrations between the upstream site BC 

319 (172,000  items m-3), located in the countryside 85 km upstream of the city, and the city center 

320 site BD (419,000  ± 41,000  items m-3) is lower than expected and difficult to explain as the 

321 population densities between the two sites differ by more than one order of magnitude and many 

322 textile and plastic industries are located up to 20 km upstream BD. We note that this unexpected 

323 tendency was also observed in the Seine River between the sites located upstream and 

324 downstream of the Paris megacity (Dris et al., 2015b). The concentrations in the canals varied 

325 from 270,000  items m-3 in TH to 519,000 items m-3 in KT (Figure 5). The KT and LG canals 

326 flow through the districts with the highest population densities (> 40,000 km², Figure 1) with 

327 many sub-canal tributaries. The absence of wastewater treatment plants (WWTP) and of 

328 floating debris collection in this area lead respectively to a large amount of wastewater 

329 discharge and to a visible littering in these canals. The lower concentrations observed in NL 

330 and TH canals could be related to recent rehabilitation of these canals in terms of a drastic 

331 reduction in illegal housing along the canals and the improvement of water quality carried out 

332 by the World Bank (2012) and the Japan International Cooperation Agency improvement 

333 program (JICA, 2001), respectively. 

334 Compared to the anthropogenic fiber concentrations in other riverine systems, the fiber 

335 concentrations measured in the Saigon River canal system are two order of magnitude higher 

336 than in the Yangtze River (1911 ± 701 items m-3; Wang et al., 2017) and Hanjiang River (2300 

337 ± 250 items m-3; Wang et al., 2017) in China, three to five orders of magnitude higher than in 

338 the Seine River surface water (3-106 items m-3; Dris et al., 2015b; Dris et al., 2018) and six 

339 orders of magnitude higher than the Swiss rivers Rhône, Aubonne, Venoge and Vuachère (0.7 
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340 items m-3; Faure et al., 2015). The predominance of small fibers (50-250 µm; Table 1) observed 

341 in the Saigon River canal system differed also from the distribution size observed in the Seine 

342 River where the (250-450 µm) size is the dominant one (Dris et al., 2018). We note that despite 

343 the difference of context between these three systems, the methodology used differed: fibers 

344 were sampled in bulk water in the Saigon River, Yangtze River and in the Hanjiang River, using 

345 a 80 µm mesh size net in the Seine River and a 300 µm mesh size net in the Swiss rivers. We 

346 therefore conclude that the difference of sampling without net (bulk water) or with different 

347 mesh size net is important and can introduce a bias as discussed by Dris et al. (2018) in the 

348 determination of fiber concentrations and the dominant size class. Furthermore, the 

349 contamination levels are comparable to the fiber concentrations measured in raw WWTP of the 

350 Seine River basin (Dris et al., 2015b) and in influents of Dutch WWTP (Leslie et al., 2017), 

351 and are even higher than fiber concentrations measured in the final WWTP effluents discharged 

352 in the North Sea in Sweden (Magnusson and Norén, 2014), in the Baltic Sea in Finland (Talvitie 

353 et al., 2015), and from several facilities in the USA (Mason et al., 2016). However, we have to 

354 take into account for the site comparison that each study has a specific lower observation limit 

355 for counting and measuring the fibers, from 10 to 300 µm, leading likely to a bias in 

356 concentration estimation. Experimental studies have evidenced that washing machines can 

357 discharge up to 728,000 fibers from a 6 kg wash load (Napper and Thompson, 2016), which 

358 can lead to high fiber concentrations in effluent originating from washing machine discharge 

359 (Browne et al., 2011; Dris et al., 2015b; Hartline et al., 2016; Napper and Thompson, 2016). In 

360 Vietnam, the use of washing machines is less common than in high-income countries but we 

361 do not exclude that both washing machines and handwashing could be sources of fiber 

362 discharge in the canals and river. Moreover, the presence of many textile industries in HCMC 

363 (as discussed above) coupled to the quasi absence of treatment of domestic (i.e. 10%; FAO, 

364 2014) and industrial wastewaters (e.g. discharge into the river estimated at 200,000 m3 d-1; Vo, 
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365 2007) are an important source of fiber contamination in the Saigon River and canal system. 

366 Thus, compared to concentrations measured worldwide in various systems, the fiber 

367 concentrations measured in the Saigon River canal system might reflect the consequences of 

368 inadequate wastewater treatment on fiber concentrations in an aquatic system.

369 Fragments

370 In the urban canals and the Saigon River, a high variety of colors and shapes of 

371 fragments (i.e. irregular and regular shapes, lines, ovals, films and foams) were observed, with 

372 a predominance of the blue color and the irregular shape (Figure 3). No microbeads were 

373 observed. Similar microplastic fragment diversity and absence of microbeads were observed in 

374 the Yangtze River (Zhang et al., 2015) and the Three Gorges Reservoir (Zhang et al., 2017) in 

375 China, while the presence of microbeads were observed in the Rhine River, Germany (Mani et 

376 al., 2015). The absence of microbeads in the Saigon River system could be explained by a 

377 difference in consumer habits or cosmetics composition between countries, as microbeads 

378 mainly originate from facial cleansers (Napper et al., 2015). The chemical characterization of 

379 57 fragments selected randomly showed that 40.4% of the fragments were made of PE, with 

380 19.3% of oxidized PE, 24.6% of PP, 14% of PE/PP, 3.5% of PS, 1.8% of PA, 1.8% of PVC, 

381 1.8% of polyepoxy, 1.8% of polyester, 1.8% of PE/ethyl acrylate, while 8.8% of fragments 

382 appeared to be non-plastic (cellulose, mineral). Considering that this characterization is 

383 representative of all the fragments measured (368 fragments in total), we evaluate that the visual 

384 determination of the plastic fragments on filters has a precision of 9%. The proportions of 

385 polymers are in agreement with global polymer production (PlasticsEurope, 2016) and with the 

386 characterization of macroplastics in the NL canal. 

387 The cumulative number of fragments for all sites showed that the smallest fragment surface 

388 size class (500 to 50,000 µm2) was predominant and represented half of the total number of 

389 fragments (Table 1; Figure 6).  Contrary to fibers, the fragment number distribution per size 
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390 class varied between the sampling sites (Table 1; Figure 7). The smallest surface size class was 

391 not systematically the dominant one. In TH, 70% of the fragments were in the smallest size 

392 class whereas in BC, BD, and NL, the smallest fraction represented only 30% of fragments. In 

393 terms of maximum length of the fragments, the mean value was around 835 µm and the median 

394 around 520 µm.

395 The fragment concentrations varied from 10 items m-3 in the Saigon River at BC to 223 items 

396 m-3 in the canals at LG (Figure 8). As observed for fibers, the difference of fragment 

397 concentrations is unexpectedly low between BC and BD. In the canals, the highest fragment 

398 concentrations were measured in LG and KT (223 items m-3 and 142 items m-3 respectively) 

399 while they were 10 times lower in NL and TH (19 items m-3 and 23 items m-3 respectively). 

400 This pattern is similar to fiber concentrations and could have the same explanation of lower 

401 concentrations in NL and TH canals: the difference of population density and resulting inputs, 

402 the effect of the canals rehabilitation, and the presence of floating debris collection on these 

403 two canals (Kieu-Le et al., 2016) reducing macroplastic contamination and thus its degradation 

404 into microplastic fragments. We also hypothesized that the water stagnation observed in LG 

405 canal can contribute to microplastic accumulation, as observed in the Three Gorges Dam system 

406 in China (Zhang et al., 2015). However, at KT, the water is not stagnant and is largely 

407 influenced by tides. This canal is subjected to intense maritime traffic and boat habitation that 

408 could import significant amounts of fragments from wastewater discharge and littering.

409 The fragment concentrations comparison to high-income countries emphasizes that higher 

410 concentrations were found in the Saigon River system than in the Swiss rivers Rhône, Aubonne, 

411 Venoge and Vuachère (Faure et al., 2015) and in the Tamar Estuary in the UK (Sadri and 

412 Thompson, 2014), and the same range of concentrations was found in the Amsterdam canals in 

413 the Netherlands in bulk water samples with an observation limit of 10 µm (Leslie et al., 2017). 

414 Interestingly, the fragment concentrations in the river and canals are in the same range as in the 
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415 Yangtze, Jiaojiang, Oujiang and Minjiang estuaries in China (e.g. the first ranked country for 

416 mismanaged plastic waste and marine debris entering the ocean; Jambeck et al., 2015) despite 

417 that they have an observation limit of 500 µm (Zhao et al., 2014, 2015) compared to the 50 µm 

418 limit in the present study. We also note here that the estimated concentrations of fragments 

419 depend on the observation limit, i.e. a lowest limit providing a higher concentration, the smallest 

420 fractions being the most abundant (this study, Wang et al., 2017). 

421 The fragment mass concentrations were estimated for each site from 0.01 mg m-3 in TH with 

422 the minimizing assumptions to 1.91 mg m-3 in LG with the maximizing assumptions, with an 

423 overall median at 0.15 mg m-3 (for calculation see Supporting Information Table S3). The 

424 highest concentrations were found in KT and LG. Although the numerical concentration of 

425 fragments in TH was higher than in the Saigon River and NL, its mass concentration was 

426 smaller which can be explained by the scarcity of large fragments (Figure 7) as mass estimations 

427 were done based on surface measurements.

428 Anthropogenic fibers versus fragments

429 Globally, the concentrations of anthropogenic fibers were greater than those of 

430 fragments by 3-4 orders of magnitude (fibers: 172,000 to 519,000 items m-3; fragments: 10 to 

431 223 items m-3).  The mass concentrations were 1-3 orders of magnitude higher for fibers than 

432 for fragments (anthropogenic fibers: 4.72 to 220.63 mg m-3; fragments: 0.01 to 1.91 mg m-3). 

433 The greater surface and associated calculated volume of fragments may lead to a higher mass 

434 and consequently reduce the orders of magnitude from numerical to mass concentrations. 

435 Considering the mass estimation assumptions, their robustness can be questioned as mass 

436 concentrations can have a 2-fold variation depending on the assumption on fragments thickness 

437 and by one order of magnitude when fiber diameter is changed. Nonetheless, the assumptions 

438 regarding plastic density are based on actual polymer densities and even with variations of these 

439 densities, mass concentrations stay in the same range. In this river canal system, the total 
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440 suspended matter concentrations are in the range of 30-140 mg L-1(Strady et al., 2017). It is 

441 thus interesting to state that anthropogenic fiber mass concentrations and fragment mass 

442 concentrations represent roughly one per thousand and one per million of TSS mass 

443 concentrations, respectively.

444 4. Conclusions

445 The study of the tropical Saigon River canal system, crossing a developing South East 

446 Asian megacity, has highlighted high macroplastic and microplastic contamination. Land-based 

447 macroplastics entering the river, estimated between 0.96 and 19.91 g inhabitant-1 d-1, seems to 

448 be related to local habits and waste management. The high concentrations of microplastics 

449 (fragments and anthropogenic fibers) in surface waters is related to the presence of several 

450 textile and plastics industries in the vicinity of HCMC as well as high macroplastic 

451 contamination and paucity of wastewater treatment in Vietnam. This data can thus serve waste 

452 management regulation agencies with their implementation of regulations on plastic litter and 

453 collection. This study, combining both macroplastic and microplastic assessments, has 

454 evidenced the close relationship between these two contaminants and the impact of 

455 macroplastic content on microplastic contamination via the assumed fragmentation and 

456 degradation throughout the size spectrum continuum. We therefore recommend that the link 

457 between these two size classes should not be overlooked in further studies. This study has also 

458 been the first to point out differences of microplastic contamination in the continental aquatic 

459 environments of high-income countries and lower middle-income countries. As plastic 

460 production is likely to increase over the next few years, macro- and microplastic contamination 

461 will remain an important concern: a better understanding of macro- and microplastic pollution, 

462 sources, variability and degradation processes is thus imperative.
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Figure 1: Map of the sampling sites. BC: Ben Cui, BD: Bach Dang, NL: Nhieu Loc - Thi Nghe, KT: 
Kenh Te, TH: Tau Hu, LG: Lo Gom. (adapted from Kieu-Le et al., 2016).



Figure 2: Macroplastic floating debris sort out and characterization at Nhieu Loc - Thi Nghe: 
A. Total floating debris sort out: plastic items, vegetation (water hyacinth, coconut), and others 
(shoes, mattress, wood furniture), B: Plastic debris sort out: plastic bags, plastic packaging 
(food take-out boxes, containers), and others (plastic bottles, food wrappings, cups, cutlery), C: 
Type of plastics for bBags and other plastics characterization: polypropylene (PP), polyethylene 
(PE), mix of PE and PP, and polyethylene terephthalate (PET).



Figure 3: Stereomicroscope image of fibers and fragments collected in the Saigon River canal 
system on a GF/D filter.



Figure 4: Cumulative anthropogenic fiber size distribution for all sites (n=7).



Figure 5: Anthropogenic fiber concentrations calculated in the Saigon River and canals (n=2 

for BD).



Figure 6: Cumulative fragment size distribution for all sampling sites (n=6).



Figure 7: Fragment surface distribution at each site (n=6).



Figure 8: Fragment concentrations in the Saigon River and canals (n=1 for each site)



Size class Sites
Fibers (µm) BC BD (1) BD (2) NL LG TH KT Cumulative
50-250 20 100 93 27 30 13 36 319
250-450 8 7 2 20 23 14 29 103
450-650 5 5 2 8 19 11 19 69
650-850 2 1 6 10 13 5 17 54
850-1,050 6 6 5 7 7 8 9 48
1,050-1,250 2 4 5 1 4 4 7 27
1,250-1,450 3 1 0 3 10 3 3 23
1,450-1,650 3 0 1 2 4 2 2 14
1,650-1,850 0 0 1 1 5 3 3 13
1,850-2,050 1 0 0 0 2 3 1 7
2,050-2,250 0 2 1 0 5 0 2 10
2,250-2,450 0 1 0 0 3 4 2 10
2,450-2,650 0 1 0 0 2 0 1 4
2,650-2,850 0 1 0 0 1 0 2 4
2,850-3,050 1 0 0 0 4 0 3 8
3,050-3,250 0 0 0 1 1 0 1 3
3,250-3,450 0 0 0 0 1 0 2 3
3,450-3,650 0 0 0 0 1 0 0 1
3,650-3,850 0 0 0 0 0 2 1 3
3,850-4,050 0 0 0 0 0 0 0 0
4,050-4,250 0 0 0 0 0 0 0 0
4,250-4,450 0 0 0 0 0 0 0 0
4,450-4,650 0 0 0 1 0 1 0 2
4,650-4,850 0 0 0 0 0 0 0 0

Fragments (103 µm²) BC BD NL LG TH KT Cumulative
0.5-50 2 7 19 19 38 86 171
50-100 2 4 6 2 2 10 26
100-150 0 3 5 0 3 9 20
150-200 0 3 6 2 4 10 25
200-250 0 2 8 2 2 7 21
250-300 0 2 2 3 1 7 15
300-350 0 0 3 0 1 1 5
350-400 0 1 1 1 0 2 5
400-450 0 0 3 2 0 2 7
450-500 0 1 1 0 0 1 3
>500 2 3 8 2 1 9 25

Table 1: Anthropogenic fiber and fragment size distribution for the six sites (two sampling at 
BD).
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Figure S1: Pictures of debris collection on Nhieu Loc – Thi Nghe canal by the municipal 

company.
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Table S1: Estimations of the daily land-based macroplastic waste entering the river per 
inhabitant (g inhabitant-1 day-1) on Nhieu Loc – Thi Nghe canal based on daily captured debris 
weight data. The estimations are based on four assumptions (refer to 2.2 Macroplastic 
assessment) relative to the daily captured debris weight, the efficiency of capture, the 
percentage of plastic items and the basin population.

Captured 
debris 
weight 

(tons day-1)

Capture 
%

Canal 
debris 
weight 

(tons day-1)

Plastic 
%

Plastic 
weight 

(tons day-1)

Basin 
population 

(inhabitants)

land-based 
macroplastic 

waste entering 
the river (g 
inhabitant-1 

day-1)
1200000 0.9611.5 1.15 522000 2.20
1200000 1.9423.3 2.33 522000 4.46
1200000 3.61

100 10

43.3 4.33 522000 8.30
1200000 1.9211.5 2.3 522000 4.41
1200000 3.8823.3 4.66 522000 8.93
1200000 7.22

10

50 20

43.3 8.66 522000 16.59
1200000 1.1511.5 1.38 522000 2.64
1200000 2.3323.3 2.796 522000 5.36
1200000 4.33

100 12

43.3 5.196 522000 9.95
1200000 2.3011.5 2.76 522000 5.29
1200000 4.6623.3 5.592 522000 10.71
1200000 8.66

12

50 24

43.3 10.392 522000 19.91
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Table S2: Estimations of fiber mass concentrations based on four assumptions relative to the 
minimum and maximum diameters of fibers (φ: 8 to 20 µm) and the minimum and maximum 
densities of polymer (ρ: 0.9 to 1.4 g cm-3).

Fibers mass concentrations (mg.m-3)
minφ - 
minρ

minφ - 
maxρ

maxφ - 
minρ

maxφ - 
maxρ

8 8 20 20

Site Sample 
volume 

(m3)

Cumulative 
length 
(µm)

0.9 1.4 0.9 1.4

Median

BC 2.96 x 10-4 3.12 x 104 4.76 7.41 29.78 46.32 18.60
BD (1) 2.90 x 10-4 4.00 x 104 6.23 9.70 38.96 60.61 24.33
BD (2) 3.00 x 10-4 3.13 x 104 4.72 7.35 29.52 45.92 18.43
NL 2.84 x 10-4 4.54 x 104 7.24 11.26 45.25 70.394 28.26
LG 2.90 x 10-4 1.39 x 105 21.62 33.63 135.13 210.20 84.38
TH 2.70 x 10-4 6.74 x 104 11.30 17.57 70.60 109.82 44.08
KT 2.70 x 10-4 1.35 x 105 22.69 35.30 142.83 220.63 88.57

Table S3: Estimations of fragment mass concentrations based on four assumptions relative to 
the minimum and maximum surfaces of fragments (µ: 10 to 40 µm²) and the minimum and 
maximum densities of polymer (ρ: 0.9 to 1.6 g cm-3).

Fragments mass concentrations (mg.m-3)
minµ - 
minρ

minµ - 
maxρ

maxµ - 
minρ

maxµ - 
maxρ

10 10 40 40

Site Sample 
volume 

(m3)

Cumulative 
surface 
(µm2)

0.9 1.6 0.9 1.6

Median

BC 0.47 2.0 x 106 0.04 0.06 0.15 0.24 0.11
BD 2.69 6.6 x 106 0.02 0.03 0.09 0.14 0.06
NL 3.18 1.8 x 107 0.05 0.08 0.20 0.32 0.14
LG 0.15 5.0 x 106 0.31 0.48 1.23 1.91 0.85
TH 2.28 3.1 x 106 0.01 0.02 0.05 0.08 0.03
KT 1.01 1.8 x 107 0.16 0.26 0.66 1.02 0.46




