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Abstract

The Mekong River delivers substantial plastic debris to the sea, and microplastics (MPs) are
routinely detected in the surface water and sediment of its Vietnamese delta; their ecological
implications remain unquantified. Because polymer types differ by orders of magnitude in the
toxicity of their constituent monomers and additives, particle abundance alone is an incomplete
measure of hazard. We compiled published MP records for the Delta and, for context, for other
Vietnamese river and coastal systems, and evaluated them with two separate indicators: the
pollution load index (PLI), which scales abundance against a reference, and the polymer hazard
index (PHI), which weights the polymer assemblage by chemical hazard score. Records were
analysed within sampling-method strata rather than pooled. Contamination factors were referenced
to an external low-impact value from the rural upper Mekong at Kampi, Cambodia (2 items m-3),
the only mainstream point sampled with the same 300-um method. For the two method-
comparable 300-um net surveys in the Delta the pooled PLI was about 29, well above the
Tomlinson pollution threshold of 1; because it rests on a single reference point and the coarsest
available mesh, we report it as an order-of-magnitude, lower-bound estimate rather than an exact
class, and show that it ranges from roughly 15 to 59 as the reference is varied between 4 and 1
item m-3. Only one Delta survey reports polymer proportions (polyethylene 56%, polypropylene
41%, polystyrene about 3%); its PHI of 7.5 falls in the moderate band (level 1), and a qualitative
screen found no Lithner class V-V polymer in any Delta assemblage. We do not combine the two
indices into a single ecological-risk score, because a bulk contamination factor and an assemblage-
level hazard index operate at different levels of aggregation. A northern contrast, in which
polyurethane is reported for the Red River estuary, rests on one qualitative sediment sample and
is presented only as a hypothesis. The principal limitation is the small, method-heterogeneous

evidence base, which we document study by study.

Keywords: contamination factor, Lithner classification, polyethylene, polyurethane, Red River

estuary, sediment, Southeast Asia, surface water

1. Introduction
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The Mekong River contributes substantial plastic debris to the ocean, and its Vietnamese delta,
home to about 17 million people and much of the country's rice, fish and shrimp production, both
receives upstream plastic and generates its own. Over the past decade several surveys have
characterised MP abundance in Vietnamese waters, reporting that fibres and fragments of
polyethylene (PE), polypropylene (PP) and polyester or polyethylene terephthalate (PET)
dominate the particle count (Lahens et al. 2018; Strady et al. 2020, 2021; Kieu-Le et al. 2023;
Mendrik et al. 2025). Their ecological implications, however, remain largely unquantified.

Particle abundance alone is an incomplete descriptor of hazard, because the monomers and
additives of different polymers differ by orders of magnitude in toxicity: a small number of
polyurethane or PVC particles may matter more than a large number of chemically inert ones.
Lithner et al. (2011) ranked polymers on this basis, and their scores underpin two indices used in
the MP literature, the pollution load index (PLI; Tomlinson et al. 1980) for abundance and the
polymer hazard index (PHI) for assemblage toxicity (Ranjani et al. 2021). We apply these two
indicators to the Mekong Delta using only published data, as a screening exercise intended to
prioritise, not replace, dedicated field risk assessment. Two design choices follow from the data.
First, incompatible sampling methods are analysed in separate strata and the reference
concentration is taken from outside the dataset. Second, PHI is computed only from reported
polymer proportions, and treated qualitatively where proportions are absent, so that no figure rests

on an assumed composition.
2. Materials and methods

2.1. Literature search and study selection

We searched Google Scholar, Scopus and ScienceDirect (January 2015-June 2025) with
combinations of "microplastic* and "Mekong”, "Vietnam", "Saigon”, "Red River", "surface

water", "sediment” and "river", and screened the reference lists of the retrieved primary studies. A
study was included if it (i) sampled surface water or sediment in Vietnam, (ii) reported a numerical
MP concentration with defined units, and (iii) described its sampling and identification method.
Studies reporting only mass concentrations, only biota, or no method were excluded. Eleven
records from ten primary studies met these criteria, seven surface-water and four sediment, of
which three records are from the Mekong Delta. The selection is summarised in Figure 1, and
every record is listed with a full citation in Table 1. The size and unevenness of this evidence base

are addressed in Section 3.5.
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Vietnamese studies of MP in surface water or sediment, identified
from databases (Google Scholar, Scopus, ScienceDirect; Jan
2015-Jun 2025) and reference lists

Identification

Studies screened against the inclusion criteria

Screening

Excluded:
not Vietnam; not water or sediment; review or

modelling paper
Y
£
= Full texts assessed for a numerical concentration, defined units
= c .
= and a described sampling method
=)
Excluded:
no numerical concentration; method not
described;
Y mass units only; biota only

Records included (n = 11)
surface water (n = 7). sediment (n = 4)
from 10 primary studies; 3 records from the Mekong Delta

Included

Figure 1. Flow diagram of study selection (not a formal PRISMA census; database hit counts
were not logged). Eleven records, seven surface-water and four sediment, from ten primary
studies met the inclusion criteria; three records are from the Mekong Delta. Exclusion reasons

are shown at each stage.

2.2. Unit harmonisation and method stratification

Surface-water values were expressed as items m-3 (items L-1 multiplied by 1000) and sediment
values as items kg-1 dry weight (items g-1 multiplied by 1000). Converting units does not make
methods comparable: the reported abundance depends strongly on the smallest particle a study can
capture, which is set by net or filter aperture. The two 300-um net surveys in the Delta (Kieu-Le
et al. 2023; Mendrik et al. 2025) and the fine-mesh or filtration studies (down to 48 um, or per-
litre filtration; Lahens et al. 2018; Strady et al. 2020) therefore cannot be pooled, and only the 300-

um net records enter the primary PLI. The same principle limits sediment: the sediment studies do
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not report a common detection size, so their abundances are also method-heterogeneous, and we

compare them only descriptively and with that caveat.

2.3. Reference concentration, pollution load index and its sensitivity

There is no pristine microplastic baseline, so the classical natural-background reference has no MP
analogue. Using the lowest value inside the dataset is circular, forcing the cleanest site to a
contamination factor of 1. We instead use an external, method-matched low-impact reference: the
rural upper Mekong at Kampi, Cambodia, 344 km from the mouth, where Mendrik et al. (2025)
recorded 2 items m-3 with the same 300-um method used in the Delta. The contamination factor
is CF = Ci / CO with CO = 2 items m-3, and the pollution load index is the geometric mean of CF
over records, PLI = (product of CFi) to the power 1/n (Tomlinson et al. 1980), for which a value
above 1 indicates pollution.

Two cautions attach to this index. First, CO is a single measured point without an uncertainty
estimate, so we report a sensitivity analysis rather than a single class: because the Delta PLI equals
58.7 divided by CO, it moves from about 59 (CO = 1) through 29 (CO = 2) to about 15 (CO = 4).
Second, the categorical PLI bands sometimes used in the MP literature (level | below 10 up to
level V above 40; Ranjani et al. 2021) are an adaptation and are not part of the original Tomlinson
scheme, whose only fixed reference is the value 1. We therefore interpret the PLI primarily against
that threshold and use the level labels only as an approximate shorthand. No absolute sediment
PLI is computed, because no external low-impact sediment reference exists for Vietnamese rivers;

this gap is flagged in Sections 3.5 and 4.

2.4. Polymer hazard index; and why no composite index is formed

PHI = sum over polymers of (Pn times Sn), where Pn is the proportion of polymer n and Sn its
Lithner et al. (2011) hazard score (Table 2); the level bands (I below 1 to V above 1000) follow
Ranjani et al. (2021). PHI is computed only for records that report quantitative polymer
proportions. In the Delta that is a single study, Kieu-Le et al. (2023), reporting PE 56%, PP 41%
and polystyrene about 3% by FTIR. Records that list polymer types without proportions receive
only a qualitative screen: does the assemblage contain any Lithner class V-V polymer
(polycarbonate, polyurethane, PVC or polyacrylonitrile)? An equal-share calculation, assigning
each identified polymer 1/k of the particles, is reported only as a labelled upper-bound screen

(Section 3.4) and is never treated as a measurement.

We deliberately do not combine PLI and PHI into a composite potential ecological risk index of
the form CF multiplied by PHI. In the Hakanson (1980) framework, the ecological risk index is a
sum of per-substance terms, each the product of a substance-specific toxicity factor and a
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substance-specific contamination factor. Multiplying a bulk contamination factor for total particles
by an assemblage-level hazard index, itself already a weighted sum over all polymers, mixes two
different levels of aggregation and has no basis in that framework; and the polymer-specific
contamination factors that a correct per-polymer index would require cannot be recovered here,
because no polymer-specific reference concentrations exist. Load and polymer hazard are

therefore reported as two separate indicators.

2.5. Compiled dataset and study metadata

Table 1. Compiled records with sampling method and full citation. Comp. = compartment (W
surface water, S sediment); detection = smallest particle captured; type = polymer proportions
quantitative (Q) or qualitative only (q); n.r. = not reported. Concentrations are items m-3 for
surface water and items kg-1 dry weight for sediment; we report the study-reported mean where
one is given (marked "mean™) and otherwise the reported range. Only the mean values for W1,
W?2 and S1 enter the calculations; a value-by-value reconciliation against each source is provided

in the workbook.

ID Study Region Comp. Detection Conc.  Polymers (type)

W1 Kieu-Leetal 2023  Mekong Delta W  300umnet; FTIR  53.8 PE56/PP41/PS3

(mean) Q)
W2 Mendrik etal. 2025  Mekong Delta W 300 um net; 64 (Can PET-dominant
FTIR/Raman Tho) (a)
W3 Lahens et al. 2018 Saigon W nets 48-300 um; 172,000- PP, PE, PES (q)
(context) uRaman 519,000
W4 Strady et al. 2020 Saigon w filtration, per L;  22,000- PES, PP, PE (q)
(context) uRaman 251,000
W5  Strady et al. 2021 Vietnam W net; uRaman 0.35- n.r.
(context) 2,522
W6 Nguyen et al. 2022 Da Nang W surface net 293- n.r.
(context) 6,510
W7 DaoDinhetal. 2021  Thanh Hoa W surface net 29.8  PS/styrofoam (q)

(context)

S1 Kieu-Le et al. 2023 Mekong Delta S grab; FTIR; size 6,000 PE56/PP41/PS3

n.r. (mean) Q)
S2 Leetal. 2023 Red River S grab; FTIR; size 2,188 PP,PE,PU,PAPS
(context) n.r. (mean) (o)
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ID Study Region Comp. Detection Conc.  Polymers (type)

S3  Viet Dung et al. N. Vietnam S core; size n.r. 0-4,941 n.r.
2021 (context)
S4  Linhetal. 2023 Hai Phong S core; size n.r. 1,309 n.r.
(context) (mean)

Table 2. Polymer hazard scores Sn (Lithner et al. 2011). PET and polyester share one entry
because PET is chemically a polyester. Class IV-V polymers (bold) trigger the qualitative hazard

flag.

Polymer Sn Polymer Sn
Polypropylene (PP) 1 Polyamide / nylon (PA) 47
PET / polyester (PES) 4 Polycarbonate (PC) 1,177
Polyethylene (PE) 11 Polyurethane (PU) 7,384
Polystyrene (PS) 30 Polyvinyl chloride (PVC) 10,551

Polyacrylonitrile / acrylic (PAN) 11,521

3. Results and discussion

3.1. Pollution load, and its dependence on method and reference

Against the upstream low-impact value at Kampi (2 items m-3), the two 300-um net surveys in the
Delta give contamination factors of 26.9 (Kieu-Le et al. 2023) and 32.0 (Mendrik et al. 2025), for
a geometric-mean PLI over the two 300-um records of about 29, roughly thirty times the
Tomlinson threshold of 1. Three qualifications are essential. The two contamination factors are
not equivalent: the factor of 32.0 is a within-study, same-method comparison (Mendrik et al. 2025
measured both Kampi and Can Tho), whereas the factor of 26.9 pairs Kieu-Le et al. (2023) with
Mendrik’s upstream reference from a different study, year and season, and is therefore weaker; we
weight the interpretation accordingly. This value rests on the single Kampi reference, and as
Section 2.3 shows it ranges from about 15 to 59 under a plausible two-fold variation in that
reference; the exact level label should therefore not be over-read. It also rests on the coarsest
method available: the 300-um net records 53.8 items m-3, whereas fine-mesh and filtration surveys
elsewhere in Vietnam report 1.4 by 1075 to 3.5 by 10”5 items m-3 by counting particles far below
300 um. The load estimated here is thus a lower bound set by the counting method, and the true
particle load is very likely higher. The downstream increase from Kampi to Can Tho is consistent
with along-river accumulation, but with only one upstream and two downstream points it cannot

be separated from local urban inputs at Can Tho, and we claim no more than consistency.
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3.2. Polymer hazard from the one study that reports proportions

Only Kieu-Le et al. (2023) report polymer proportions for the Delta. Their assemblage (PE 56%,
PP 41%, PS about 3%) gives PHI = 7.5, in the moderate band (level 1), as expected from polymers
scoring 1 (PP), 11 (PE) and 30 (PS) in Table 2. This value describes that one survey (records W1
and S1) and is not a delta-wide figure. The remaining Delta record (Mendrik et al. 2025) reports
only a dominant polymer (PET) without proportions, so it enters the qualitative screen; on that
screen neither Delta assemblage contains a Lithner class V-V polymer, and both are flagged low-
hazard. Among the contextual records, the Red River estuary sediment (Le et al. 2023) is the only

assemblage whose reported polymer list includes a class V-V polymer, polyurethane.

3.3. A tentative northern contrast

The Red River estuary offers a possible contrast to the Delta, but it must be read cautiously,
because it rests on a single qualitative sediment sample that lists polyurethane and polyamide
without proportions. With that caveat, one plausible interpretation is economic-geographic:
polyurethane and polyamide are associated with textile, footwear, synthetic-leather and coating
manufacture, industries concentrated in the Hanoi-Hai Phong corridor drained by the Red River,
whereas the Delta's plastic burden is dominated by agriculture, aquaculture and food packaging
and hence by PE, PP and PET. We present this as a hypothesis to be tested with quantitative
polymer data, not as an established difference; the two basins also differ in hydrology, residence
time and sampling, and only the qualitative presence-or-absence of a high-hazard polymer is

comparable across them at present.

3.4. Upper-bound screen for unquantified assemblages

Because most records list polymers without proportions, it is useful to bound how far the hazard
index could move under different composition assumptions. Assigning each identified polymer an
equal 1/k share is an upper bound, not a measurement. Under it the Delta assemblage rises only to
PHI about 14 (still level I11), whereas the Red River estuary reaches roughly 1,500 (level V);
reducing the hazardous polymers to a more realistic 2-5% of particles brings the estuary to about
155-380 (level 1V). This behaviour is arithmetic: polyurethane scores 7,384 against 1-30 for the
common polymers, so its mere presence lifts the index almost regardless of how little of it there
is. The ecological meaning is limited, because the index weights intrinsic chemical hazard and
ignores exposure. An assemblage that is about 97% PE and PP but scores level 1V on 2-3%
polyurethane may pose much less real risk than that level implies, since the PE and PP particles
vastly outnumber the polyurethane and are what most organisms encounter. These flags are best

read as priorities for targeted monitoring, not as confirmed impacts.

Page 7



Table 3. Primary indicators. PLI is for the two method-comparable 300-um net Delta surveys;
the CO row shows its sensitivity to the reference value. PHI is reported only where polymer
proportions are available. The upper-bound (equal-share) figures are screening bounds, not
measurements, and are rounded. Note that the substantive Delta polymer hazard is the reported-
proportion PHI of 7.5 (level Il); the Delta equal-share upper bound of about 14 (level I11) is only
a screening ceiling and should not be read as the Delta value.

Indicator Basis Value Interpretation
PLI, Delta water (CO = 2 net surveys 29 far above Tomlinson
2) threshold of 1

PLI sensitivity to CO C0=1/2/4 59/29/15 level shifts with the

single reference

PHI, Kieu-Le et al. 2023  reported % 7.5 moderate (level II)

Delta assemblages qualitative  no class V-V low-hazard flag

Red River estuary qualitative  polyurethane elevated flag (one
present sample)

Red River, equal-share upper bound ~1,500 screening bound only

Red River, PU/PA/PS 2-  upper bound  ~155-380 screening bound only
5%

3.5. Caveats and limitations

The conclusions are limited by the available data. The evidence base is small and uneven: two
method-comparable water surveys for the Delta and a single study with reported polymer
proportions, so the PLI is indicative and the quantitative PHI describes one survey rather than the
region. Method heterogeneity, above all the particle-size window set by mesh or filter, prevents
pooling of abundances and makes the reported load a lower bound. The reference concentration is
a single point without an error estimate, which is why we give its sensitivity rather than a fixed
class. No external low-impact sediment reference exists for Vietnamese rivers, so sediment is
assessed by abundance and polymer hazard but not by an absolute load index. Finally, the hazard
scores capture the chemistry of constituent monomers and additives but not particle size, shape,
weathering or sorbed contaminants, so they rank potential rather than realised hazard. These gaps
set the monitoring agenda: standardised, size-resolved sampling, routine quantitative polymer
identification, and a low-impact sediment reference. With only two comparable Delta water

surveys and one study reporting polymer proportions, the quantitative basis is closer to that of a
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short communication than a full regional assessment, and we present it as a screening-level

baseline rather than a definitive evaluation.

3.6. Toward a denser and more quantitative assessment

Three lines of work would put an assessment of this kind on firmer ground. The first, achievable
now, is a deeper secondary-data compilation. Searching Vietnamese-language and grey literature
(Vietnam Journals Online, theses, conference proceedings, and reports from the Ministry of
Natural Resources and Environment, IUCN and WWF), with Vietnamese search terms and named
Delta locations (the Tien and Hau or Bassac branches, My Tho, Can Tho, Ben Tre, Vinh Long, Ca
Mau, the Dinh An mouth, and aquaculture ponds), would add records. More important than record
count is extracting a distribution from each study rather than one number: minimum and maximum,
mean and standard deviation, number of stations and samples, season and mesh size, so that each
study contributes a range. Studies of biota or mass concentrations, although outside the PLI, still

report polymer composition and could be held in a separate tier to widen the PHI.

The second line improves comparability rather than discarding data. Instead of only stratifying by
mesh, the particle-size effect can be modelled: published power-law size distributions allow
concentrations from different apertures to be converted to a common detection threshold (for
example 50 um), each with a correction factor and its uncertainty, so that methods can be compared
quantitatively under control. In the same spirit, the single reference CO can be replaced by a
reference distribution, pooling upstream or rural points measured with the same method and taking
a low percentile (for example the fifth) as the baseline, which would give the PLI a confidence
interval instead of a point value. Uncertainty can then be propagated through CF, PLI and PHI by
Monte Carlo simulation, and, if enough studies are gathered, a mixed-effects or meta-regression
model can treat concentration as a function of method, size threshold, compartment, region and
season, controlling for method heterogeneity statistically rather than by exclusion. A preregistered
protocol, two independent screeners with an agreement statistic, and an exact PRISMA count

would complete the upgrade.

The third line, and the only durable route to objectivity, is standardised primary sampling. A
campaign designed for this purpose would use paired nets (300 um and 50 um) at each station to
quantify the size effect directly; sample the water column rather than only the surface, since
Mendrik et al. (2025) found most particles below the surface; pair water and sediment at each
point; place stations along an urbanisation and salinity gradient from upstream to the mouth; and
repeat over at least two seasons with at least three replicates at eight to ten stations, so that means
carry narrow confidence intervals. Quantitative polymer identification by micro-FTIR or Raman

on defined subsamples, with explicit counting rules and full quality control (procedural blanks,
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recovery tests, contamination control), would yield polymer proportions everywhere and hence a
PHI at every station. Including one upstream rural sediment station run with the same protocol
would supply the low-impact sediment reference this study lacks. Layers one and two are sufficient

to strengthen the present analysis; the third defines a concrete next study.

4. Conclusions

On the published data available, the two comparable surveys in the Viethamese Mekong Delta
show an elevated microplastic load, about thirty times the Tomlinson pollution threshold and
probably higher once finer size fractions are counted, together with a moderate intrinsic polymer
hazard in the single study that reports proportions (PHI level 11) and no high-hazard polymer
detected in either Delta assemblage screened. These are indications from a small dataset, not a
delta-wide risk statement; two water surveys, one with polymer proportions, cannot support a

categorical regional claim, and we frame the results accordingly.

Two priorities follow. For management, the evidence points first to reducing plastic load,
packaging, agricultural film and textile fibres, since load is the clearer signal, while polymer
chemistry remains a watch item that would become primary if high-hazard polymers such as
polyurethane or PVVC appeared, as one northern estuary sample suggests they can. For monitoring,
the field needs standardised, size-resolved sampling, routine quantitative polymer identification,
and a low-impact sediment reference, without which load and hazard cannot be compared across
studies. Until then, ecological-risk statements for the Delta should be read as screening-level.
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