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ABSTRACT

Plastic debris was separated from Saigon river sediment using a microplastic sediment separator
(MPSS) for the first time. A separation fluid of ZnCl, solution (1.6 kg/L) was used to separate lower
density materials (floating on the top) from higher density materials (sinking in the bottom). Plas-
tic and plastic-like materials were collected and analyzed by an FTIR spectrometer to determine
plastic composition. The results show that a total of 350 items (0.0485 g) of plastic debris were ex-
tracted from 1,500.00 g dry sediment, including 11 items (0.0130 g) of macroplastics (> 5 mm) and
339 items (0.0355 g) of microplastics (0.3-5 mm). Polyethylene (PE), polypropylene (PP), and PE-PP
mixture were the most major plastic types with 225, 85, and 21 items, respectively. Others, includ-
ing polystyrene (PS), polyurethane (PU), silicon, rubber, and nylon were also found in the sediment
sample. Fragments were the major shape with 300 items while other shapes of sheets, fibers and
beads were also recorded. The advantages of MPSS are high capacity, high separation efficiency,
and low-cost operation. The disadvantages of this apparatus are high pollution due to using ZnCly,
bottom stirrer is easily stuck, and uncertain efficiency with small microplastic particles (< 0.3 mm).
A significant high number of microplastics in sediment environment indicates that microplastics
could be a potential risk for benthic organisms and aquatic food web. Various types and shapes of
plastics also suggest that macroplastics and microplastics in sediment could originate from various
sources. It is said that, for the first time in Vietnam, plastic debris, in particular with microplastics,
can be efficiently extracted from a large amount of sediment sample (up to 1.5 kg dry sediment).
These findings could be an interesting reference for researchers who may want to obtain a large
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amount of microplastics for further investigation of microplastic toxicology.
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INTRODUCTION

Plastic debris in aquatic environment has drawn great
attention in recent years. It was easily found in sur-

tl,2

face water, water column, and sediment “*. Plastics

exhibit high resistance to biodegradation with half-

lives varying from days to centuries®

. Low density
plastics, e.g. polypropylene (PP, 0.855-0.946 kg/L),
polyethylene (PE, 0.926-0.940 kg/L), or polystyrene
(PS, 0.96-1.04 kg/L), can float in surface water while
high density plastics, e.g. polyethylene terephtha-
late (PET, 1.38 kg/L), polyoxymethylene (POM, 1.41
kg/L), epoxy resin (1.1-1.4 kg/L) or polyvinyl chlo-
ride (PVC, 1.1-1.45 kg/L), are expected to sink in sed-
iment. This simple prediction may be misleading be-
cause over time most surfaces develop a biofilm or
form aggregations which could eventually cause even
buoyant plastics to sink*.

Sediment environment is suggested to be a long-term
sink for plastic debris®. Table 1 summarizes maxi-
mum concentrations of microplastics (< 5 mm) sep-
arated from sediments worldwide. Recently, several

methods of microplastic separation have been pub-
lished. Most of these methods are based on the princi-
ple of density which causes the floating of low-density
materials and sinking of high density materials. In
2015, the National Oceanic and Atmospheric Admin-
istration (NOAA) of the United States of America®
reported laboratory methods for microplastic sep-
aration in marine sediment samples. In brief, an
amount of wet sediment (400 g) was soaked in lithium
metatungstate solution (d = 1.6 kg/L, 300 mL) to sep-
arate microplastics. In 2016, Quinn et al” validated
the recovery rates of different salt solutions for mi-
croplastic separation. An amount of marine sediment
(66.66 g) with 0.066 g microplastic were transferred
in sodium chloride (NaCl), sodium bromide (NaBr),
sodium iodide (Nal) and zinc bromide (ZnBr;) for
the study. In 2017, Coppock et al® suggested an im-
proved small-scale sediment-microplastic isolation
unit to separate microplastics from sediments. Sim-
ilarly, an amount of dry sediment (30-50 g) was
soaked in ZnCl, solution (1.5 kg/L, 700 mL) to sepa-
rate microplastics. Nevertheless, these methods were
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implemented with a small amount of sediment sam-
ples (tens to hundreds of grams) while a larger amount
of microplastics could be essential for various pur-
poses of microplastic investigation. For instance, peo-
ple need to analyze not only composition of plastic de-
bris but also other associated chemicals such as persis-

%10 "and bacterial!. In ad-

tent organic compounds
dition, toxicological assays for investigating the im-
pacts of microplastics on aquatic organisms also need
a large amount of microplastics.

Since the early years of 2010s, a microplastic sedi-
ment separator (MPSS) or the so-called Munich Plas-
tic Sediment Separator was launched in Munich, Ger-
many. This apparatus can operate with a large amount
of sediments (up to 6 L of wet sediment) and there-
fore is expected to separate a larger amount of mi-
croplastics than previous methods. In 2012, Imhof

129 was the first author who evaluated the effi-

et a
ciency of the MPSS. A volume of 1 L of the river Wiirm
sediment was inoculated with artificial reference plas-
tics (ARPs) of different size-classes (large microplas-
tics 2-5 mm; small microplastics 0.040-0.309 mm).
It is reported that the recovery rates of this apparatus
were reported of 100 % for large microplastics (1-5
mm) and 95.5 % for small microplastics (< 1 mm).
In 2016, Zobkov and Esiukova?! re-evaluated the ef-
ficiency of this apparatus with ARPs (fluorescent PET
with thickness of 0.46 &= 0.39 mm and side sizes 0£0.90
4+ 0.39 mm) and without ARPs in natural marine bot-
tom sediments. The results were then compared with
the separation efficiencies of the MPSS method pub-
lished by Imhof et al?* and the modified separation
method published by NOAA®. It was reported that
while the ARP extraction efficiency from natural sed-
iments by the MPSS was really high (97.1% + 2.6%)
the extraction efficiency of marine microplastics was
considerably lower (13-39 %) than that obtained with
the NOAAs method. Zobkov and Esiukova’! sug-
gested that the MPSS is a useful tool for Microplas-
tic extraction from large sediment samples but it is
needed to further testing and elaboration of standard-
ized extraction procedures.

According to our knowledge, since the publication
of Zobkov and Esiukova®!, no further study using
MPSS has been published. Furthermore, there are
no previous studies using the MPSS to separate plas-
tic debris in riverine sediments, particularly in Saigon
river sediment. This study, therefore, aims to test the
MPSS for separation plastic debris in a Saigon river
sediment. Wet peroxide oxidation, Fourier-transform
infrared (FTIR) spectroscopy, and stereomicroscope
techniques were then applied to identify quantity and
quality of plastic debris.
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MATERIALS AND METHODS

Sediment sample

Sampling site (10°45°03.4”N 106°44’43.6"E) was lo-
cated near Phu My (PM) bridge, a downstream posi-
tion of the Saigon rivers where it just flows through
Ho Chi Minh city (Figure 1) before confluence to
Dong Nai rivers and pouring to the South sea of Viet-
nam at Can Gio estuary. This site is expected to be a
sink of plastic debris because the rivers could trans-
port a large amount of solid waste including plastic
debris from urban and industrial areas sitting along
the upstream. Sediment samples were collected at
three different positions (~10 kg/position) across the
rivers (Figure 1a) using a Hydrobios bottom sam-
pler (Ekman-Birge type, box sizes of 15x15x20 cm,
grasping area of 225 cm?, Figure 1b). The samples
were stored in 15 L stainless steel buckets with closed
caps and transported to laboratory in the same day.
These replicates were then welly mixed together to fi-
nally get a composite sediment sample. It was kept in
dry and dark area at room temperature (25-28 °C)
until used. Physico-chemical characteristics of the
PM sediment sample was analyzed in laboratory and
presented in Table 2.

Chemicals

Zinc chloride solution: ZnCl, (27 kg) purchased from
Hsien Ang Industry Co., Taiwan with 98.3 % pu-
rity was mixed with DI water (20 L) to get the fi-
nal ZnCl, solution with density of 1.6 kg/L. Hy-
drogen peroxide (30 %) and H,SO4 were purchased
from Fisher Chemical, USA. Iron Sulfate Heptahy-
drate (FeSO4.7H,O) with 99 % purity was purchased
from Xilong Scientific Co., China. Other chemicals
were used at analytical grade.

Microplastic separation using MicroPlastic
Sediment Separator

Sample pre-treatment: the sediment sample was dried
(60°C, 48 h). Dry sample (1,500.00 g) was ground by
a mortar and pestle and then sieved by a 2 mm sieve
to remove any large and hard components (> 2 mm)
which could lock the stirring motor. The upper-sieve
portion (> 2 mm) was inspected to collect all plastic
and plastic-like materials by a forceps and a stereomi-
croscope x 30 (Olympus SD30, Japan). Large plastic
and plastic-like materials were washed with distilled
water and dried at room temperature (25-28 °C, 72
h) before analyzing by an FTIR spectrometer. The
under-sieve portion (< 2 mm) was applied for mi-
croplastic separation using a microplastic sediment
separator.
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Table 1: Maximum concentrations of microplastics separated from sediments worldwide. All concentrations are
expressed as either number of items kg ! dry sediment or mg kg~! dry sediment.

Country Location Maximum concen-  Unit Refs.
tration
India Ship-breaking yard 89 mgkg~! 12
UK Beacha 9 #kg 1013 3
UK Estuarinea 35 # kg 1P L
UK Subtidala 86 #kg 1P 1k
Singapore Beach 16 #kg! =
UK Sewage disposal site 15 #kg1P 16
Belgium Harbor 391 #kg! 1/
Belgium Continental shelf 116 #kg! L7
Belgium Beach 156 #kg™! 7
Tunisia Lagoon-channel of Biz-  3,000-18,000 #kg™! B
erte
Canada Lake Ontario 760 #kg! e
Canada Etobicoke Creek 28,000 #kg™! 19

¢ Only fiber concentrations were reported.

b Original unit (# fibers 50 mL~! sediment) converted using an average sediment density of 1600 kg m > and 1.25 as average wet sediment/dry

sediment ratio."

Table 2: Physico-chemical characteristics of the Phu My sediment sample

Parameters Particle size distribution
Sand (0.075- Silt (0.002-0.075
0.250 mm) mm)

Values 46.7 % 43.0 %

Clay (< 0.002
mm)

10.3 %

TOC Moisture

(mg OC/ g sed) (%)

3.23
1.63.35

Microplastic sediment separator (MPSS): MPSS man-
ufactured by Hydro-Bios Apparatebau GmbH, Ger-
many was used to extracting plastic debris from the
composite sediment sample. Based on different den-
sities of materials, plastic debris, normally with low
densities varying 0.9-1.4 kg/L, can be separated from
sediment through a high-density separation fluid e.g.
ZnCl, solution (1.6 kg/L). The advantages of this
method are high capacity (up to 6 L of wet sediment
sample for a single run) and high efficiency (up to
100 % recovery rate for large plastic items (> 1 mm)
and 95.5 % recovery rate for small plastic items (< 1
mm))2022,

Figure 2 presents the structure of an MPSS. It is di-
vided into three major components: (1) a sediment
container: (17 L) equipped with a rotor for main-
taining a constant stirring (0-30 rpm); (2) a stand-
pipe: with gradually reduced diameter for achieving

a high particle concentration; and (3) a sample cham-
ber: equipped with two glass tubes for easy supervi-
sion of the separation process.

Microplastic separation process by MPSS: at first, the
bottom standpipe was mounted on the sediment con-
tainer. A volume of ZnCl, solution (~25L, 1.6 kg/L)
was filled in the standpipe up to about ~85 % high.
The stirring motor was turned on to agitate the solu-
tion (~25 rpm). While the motor was revolving, the
sediment (under-sieve portion, < 2mm) was gradu-
ally introduced to ZnCl, solution through the open
sediment inlet flange. It was noted that high feeding
rate could result to the increase of possibility of plastic
items being pulled down and buried in the sediment.
The stirring motor continued to work for 2 h to allow
a first separation where the floating materials, includ-
ing plastic debris and organic materials, had enough
time to separate from the sinking sediment.
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Figure 1: Sediment sampling site near Phu My bridge (10°45'03.4”"N 106°44'43.6"E): (a) three sampling positions
across the cross section of the river and (b) a Hydrobios bottom sampler (Ekman-Birge type, box sizes of 15x 15x 20

cm and grasping area of 225 cm?) for sediment sampling.

After stirring, the separation fluid was settled down
for 2 h. The top standpipe and the sample chamber
were then installed. A fresh ZnCl, solution was intro-
duced using the bottom valve to elevate the fluid level
and lift the floating materials through the open valve
into the sample chamber (Figure 2a). The ball valve
was then closed. The bottom valve and the vent screw
were opened to lower the fluid. The sample cham-
ber, containing trapped floating materials, was de-
tached. By turning the sample chamber upside-down
and opening the ball valve, the trapped floating ma-
terials were collected by draining the separation fluid
using a vacuum filter.

Oxidation process: The trapped floating materials were
oxidized by a wet peroxide oxidation protocol pub-
lished by NOAA © for a second separation where float-
ing organic materials were discomposed. Briefly,
Fe,SOy4 solution (0.05 M, 20 mL) was added to a
beaker containing the trapped floating materials and
agitated by a magnet fish. Hydrogen peroxide (30 %,
20 mL) was gradually transferred to the mixture and
heated to 75 °C. As soon as gas bubbles were observed
at the surface, the beaker was removed from the hot-
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plate and placed in the fume hood until boiling sub-
sided. The solution was heated to 75 °C for an addi-
tional 30 minutes. If bubbles were observed, another
20 mL hydrogen peroxide 30% was added. This step
was repeated until no bubbles were visible. The oxi-
dized solid materials were then transferred to a 0.3-
mm sieve and the upper-sieve portion (> 0.3 mm)
was collected for a final plastic separation by a forceps
under a stereomicroscope (Olympus SD30, Japan) be-
fore analyzing by an FTIR spectrometer.

Plastic identifying process: The large (> 2mm) and
small (> 0.3 mm) upper-sieve portions were iden-
tified for plastic types by an FTIR spectrometer
(FTIR-6600 equipped with an ATR Pro One Single-
Reflection, Jasco, Japan). Infrared radiation of 500
4000 cm ! and a spectral resolution of 4 cm ™! with
35 scans were applied to identify a specific spectrum
of the testing material. The spectrum was then com-
pared with the KnowItAll"™ spectral library (Wiley
Science Solutions) with an acceptable matching ratio
ofhigher than 75%. According to popular plastic clas-
sification based on size, large plastic items were listed
as macroplastics (> 5 mm) and the smaller one are
listed as microplastics (0.3-5 mm).
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Figure 2: A microplastic sediment separator (MPSS) for separating plastic items from sediment and a sampling

chamber with floating materials (a).

RESULTS AND DISCUSSION

Plastic debris extracted from the sediment sample was
presented based on size, weight, types and shapes.
According to size, plastic debris was classified as
macroplastics (> 5 mm) and microplastics (0.3-5
mm) (Figure 3). There was a total of 350 items of plas-
tic debris extracted from 1,500.00 g dry sediment (233
items/kg sediment), including 11 items of macroplas-
tics (7 items/kg sediment) and 339 items of microplas-
tics (226 items/kg sediment) (Figure 4a). A significant
high number of microplastics in sediment environ-
ment indicates that microplastics could be a poten-
tial risk for benthic organisms and aquatic food web.
Many previous studies reported the accumulation of
microplastics in benthic organisms such as blue mus-
sel Mytilus edulis L. 23 freshwater mussel Dreissena
polymorpha®*.

Based on weight, a total of 0.0485 g plastic debris (32.3
mg plastic/kg dry sediment) was collected, including
0.0130 g of macroplastics (8.7 mg/kg) and 0.0355 g
microplastics (23.7 mg/kg) (Figure 4b). This number
shows that microplastic mass is higher (approximately

3 times of this study) than the mass of microplastic in
sediment.

Based on plastic types, polyethylene (PE) is the most
major type with 225 items. Polypropylene (PP) and
polystyrene (PS) are the second and third major types
with 85 and 23 items, respectively (Table 3). Other
plastic types of polyurethane (PU), a mixture of PE
and PP, silicon, rubber, and nylon were also found
with the values of 5, 4, 4, 3 and 1 items, respectively
(Figure 4c). This observation is consistent with the re-
sults reported by Lahens, Strady ! that the major types
of macroplastics in surface water of Saigon rivers were
PE (79%) and PP (15%). In water column, plastic de-
bris in surface water will be sunk in sediment accord-
ing to its density and other environmental factors »2°.
Based on plastic shapes, fragments were the major
shape with 300 items. Other shapes of sheets, fibers
and beads were also found with the values of 21, 20,
and 9 items, respectively (Figure 4d). Table 3 sum-
marizes the number items of plastic debris according
to types and shapes which were extracted from the
1,500.00 g sediment sample. This finding is again con-
sistent with the observations reported by .
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Figure 3: Representative plastic debris separated from the sediment sample with different sizes of (a) macroplastic
(> 5 mm) and (b) microplastics (0.3-5mm); and different plastic shapes of fragment, fiber, sheet, and bead.
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Figure 4: Plastic debris separated from 1500 g sediment samples by MPSS based on: (a) number of items; (b)
weight; (c) plastic types; and (d) plastic shapes.
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Table 3: Numbers of plastic debris (items), including macroplastics (MaPs) and microplastis (MiPs), extracted

from 1,500.00 g of Phu My sediment according to plastic types and shapes.

Plastic types Plastic Fragment Fiber
shapes (items) (items)
MaPs PE 0 3
0 2
2 0
MiPs PE 197 5
71 9
PE+PP 16 0
2 0
Silicon 4 0
Rubber 3 0
Nylon 1 0
PU 4 1
Total (items) 300 20

Sheet bead Total
(items) (items) (items)
4 0 7

0 0 2

0 0 2

11 5 218

2 1 83

2 3 21

2 0 4

0 0 4

0 0 3

0 0 1

0 0 5

21 9 350

Not many previous studies reported the quantity of
microplastics in sediments based on weight (see Ta-
ble 1). It could be because many microplastic items
are so mall and light that it is so difficult to determine

their mass. Infrequently, Reddy et al'?

reported the
maximum concentration of microplastics in a ship-
breaking yard in India was of 89 mg/kg dry sediment.
This concentration is higher than our finding of 23.7
mg/kg. Different flow rates of the Saigon rivers in our
this study could result to the concentrations of mi-

croplastics in sediments.

CONCLUSION

Microplastic sediment separator (MPSS) was success-
fully used for the first time in Vietnam to separate
plastic debris, including macroplastics (>5 mm) and
microplastics (0.3-5 mm), from natural river sedi-
ment. The advantages of this apparatus are (1) high
capacity, up to 1,500 g dry sediment/time; (2) high ef-
ficiency with microplastics having particle sizes larger
than 0.3 mm; and (3) low-cost operation with ZnCl,
solution. The disadvantages of this apparatus are (1)
high aquatic pollution due to using ZnCl, solution;
(2) the bottom stirrer is easily stuck by hard and large
(> 2 mm) solid particles; and (3) uncertain efficiency
with microplastics having particle sizes smaller than
0.3 mm.

A significant high number of microplastics in sedi-
ment environment indicates that microplastics could
be a potential risk for benthic organisms and aquatic
food web. Various types and shapes of plastics also

suggest that macroplastics and microplastics in sedi-
ment could originate from various sources. It is said
that, for the first time in Vietnam, plastic debris, par-
ticular with microplastics, can be efficiently extracted
from a large amount of sediment sample (up to 1.5 kg
dry sediment). These findings could be an interest-
ing reference for researchers who may want to obtain
a large amount of microplastics for further investiga-
tion of microplastic toxicology.
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ARPs Artificial Reference Plastics

DI Delonized

Fe;SO4 Ferric Sulfate

FTIR Fourier-Transform InfRared spectroscopy
H,SOy4 Sulfuric acid

MaPs MacroPlastics

MiPs MicroPlastics

MPSS MicroPlastic Sediment Separator

NaBr Sodium Bromide

NaCl Sodium Chloride

Nal Sodium Iodide

NOAA National Oceanic and Atmospheric Adminis-
tration

OC Organic Carbon
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ZnCl, Zinc Chloride

CONFLICT OF INTEREST

The researchers declare that there is no conflict of in-

terest during and after the study.

AUTHOR CONTRIBUTION

Dr Bao-Son Trinh is the principal investigator of this

study who has designed and implemented the assays
and finally written this report.

Dam Nguyen Vu, Pham Thi Bich Luyen, and Pham
Cam Huy were the researcher who assisted Dr. Trinh

to complete this project.

REFERENCES

1.

Lahens L, Strady E, Kieu-Le T-C, Dris R, Boukerma K, Rin-
nert E, et al. Macroplastic and microplastic contamination as-
sessment of a tropical river (Saigon River, Vietnam) trans-
versed by a developing megacity. Environmental Pollution.
2018;236:661-71;PMID: 29438952. Available from: https://doi.
0rg/10.1016/j.envpol.2018.02.005.

. Lenaker PL, Baldwin AK, Corsi SR, Mason SA, Reneau PC,

Scott JW. Vertical Distribution of Microplastics in the Water
Column and Surficial Sediment from the Milwaukee River
Basin to Lake Michigan. Environmental Science & Technol-
ogy. 2019;53(21):12227-37;PMID: 31618011. Available from:
https://doi.org/10.1021/acs.est.9b03850.

. Ward CP, Armstrong CJ, Walsh AN, Jackson JH, Reddy CM. Sun-

light Converts Polystyrene to Carbon Dioxide and Dissolved
Organic Carbon. Environmental Science & Technology Letters.
2019;6(11):669-74;Available from: https://doi.org/10.1021/acs.
estlett.9b00532.

. Zettler ER, Mincer TJ, Amaral-Zettler LA. Life in the "plas-

tisphere” microbial communities on plastic marine de-
bris. Environmental science & technology. 2013;47(13):7137-
46;PMID: 23745679. Available from: https://doi.org/10.1021/
es401288x.

. Cézar A, Echevarria F, Gonzélez-Gordillo JI, Irigoien X, Ubeda

B, Hernédndez-Ledn S, et al. Plastic debris in the open ocean.
2014;111(28):10239-44;PMID: 24982135. Available from:
https://doi.org/10.1073/pnas.1314705111.

. Masura J, Baker J, Foster G, Arthur C, Herring C. Laboratory

Methods for the Analysis of Microplastics in the Marine Envi-
ronment: Recommendations for quantifying synthetic parti-
cles in waters and sediments. NOAA Technical Memorandum
NOS-OR&R-48. . 2015. Contract No.: Technical Memorandum
NOS-OR&R-48;.

. Quinn B, Murphy F, Ewins C. Validation of density separation

for the rapid recovery of microplastics from sediment. Analyti-
cal Methods. 2017;9(9):1491-8;Available from: https://doi.org/
10.1039/C6AY02542K.

SI144

8.

20.

21.

22.

Coppock RL, Cole M, Lindeque PK, Queirés AM, Galloway
TS. A small-scale, portable method for extracting mi-
croplastics from marine sediments. Environmental Pollu-
tion. 2017;230:829-37;,PMID: 28734264. Available from:
https://doi.org/10.1016/j.envpol.2017.07.017.

. Farrington JW, Takada H. Persistent Organic Pollutants (POPs),

Polycyclic Aromatic Hydrocarbons (PAHs), and Plastics Ex-
amples of the Status, Trend, and Cycling of Organic Chem-
icals of Environmental Concern in the Ocean. Oceanogra-
phy. 2014;27(1):196-213;Available from: https://doi.org/10.
5670/0ceanog.2014.23.

. Rios L, Moore C, Jones P. Persistent Organic pollutants car-

ried by synthetic polymers in the ocean environment. Marine
pollution bulletin. 2007;54:1230-7;PMID: 17532349. Available
from: https://doi.org/10.1016/j.marpolbul.2007.03.022.

. Virsek MK, Lovin MN, Koren S, Krzan A, Peterlin M. Microplas-

tics as a vector for the transport of the bacterial fish pathogen
species Aeromonas salmonicida. Marine Pollution Bulletin.
2017;125(1-2):301-9;PMID: 28889914. Available from: https:
//doi.org/10.1016/j.marpolbul.2017.08.024.

. Reddy MS, Shaik B, Adimurthy S, Ramachandraiah G. Descrip-

tion of the small plastics fragments in marine sediments along
the Alang-Sosiya ship-breaking yard, India. Estuarine, Coastal
and Shelf Science. 2006;68(3):656-60;Available from: https://
doi.org/10.1016/j.ecss.2006.03.018.

. Fettweis M, Four ID, Zeelmaekers E, Baeteman C, Francken F,

Houziaux J-S, et al., editors. Mud Origin, Characterisation and
Human Activities (MOCHA). Final Scientific Report 2007;.

. Thompson RC, Olsen Y, Mitchell RP, Davis A, Rowland SJ, John

AWG, et al. Lost at Sea: Where Is All the Plastic? Science.
2004;304(5672):838;PMID: 15131299. Available from: https:
//doi.org/10.1126/science.1094559.

. Ng KL, Obbard JP. Prevalence of microplastics in Singa-

pore’s coastal marine environment. Marine Pollution Bulletin.
2006;52(7):761-7;PMID: 16388828. Available from: https://doi.
org/10.1016/j.marpolbul.2005.11.017.

. Browne MA, Crump P, Niven SJ, Teuten E, Tonkin A, Galloway

T, et al. Accumulation of Microplastic on Shorelines Wold-
wide: Sources and Sinks. Environmental Science & Technol-
ogy. 2011;45(21):9175-9;PMID: 21894925.  Available from:
https://doi.org/10.1021/es201811s.

. Claessens M, Meester SD, Landuyt LV, Clerck KD, Janssen CR.

Occurrence and distribution of microplastics in marine sed-
iments along the Belgian coast. Marine Pollution Bulletin.
2011;62(10):2199-204;PMID: 21802098. Available from: https:
//doi.org/10.1016/j.marpolbul.2011.06.030.

. Abidli S, Toumi H, Lahbib Y, Trigui El Menif N. The First Evalua-

tion of Microplastics in Sediments from the Complex Lagoon-
Channel of Bizerte (Northern Tunisia). Water, Air, & Soil Pollu-
tion. 2017;228(7):262;Available from: https://doi.org/10.1007/
s11270-017-3439-9.

. Ballent A, Corcoran PL, Madden O, Helm PA, Longstaffe FJ.

Sources and Sinks of Microplastics in Canadian Lake Ontario
Nearshore, Tributary and Beach Sediments. Mar Pollut Bull.
2016;110:383;PMID: 27342902. Available from: https://doi.
org/10.1016/j.marpolbul.2016.06.037.

Imhof HK, Schmid J, Niessner R, Ivleva NP, Laforsch C. A novel,
highly efficient method for the separation and quantifica-
tion of plastic particles in sediments of aquatic environments.
Limnology and Oceanography: Methods. 2012;10(7):524-
37;Available from: https://doi.org/10.4319/lom.2012.10.524.
Zobkov MB, Esiukova EE. Evaluation of the Munich Plastic Sed-
iment Separator efficiency in extraction of microplastics from
natural marine bottom sediments. Limnology and Oceanog-
raphy: Methods. 2017;15(11):967-78;Available from: https://
doi.org/10.1002/lom3.10217.
HYDRO-BIOS. MicroPlastic
2021;Available  from:
product_id=105.

Sediment Separator MPSS
https://hydrobios.de/en/product?


https://www.ncbi.nlm.nih.gov/pubmed/29438952
https://doi.org/10.1016/j.envpol.2018.02.005
https://doi.org/10.1016/j.envpol.2018.02.005
https://www.ncbi.nlm.nih.gov/pubmed/31618011
https://doi.org/10.1021/acs.est.9b03850
https://doi.org/10.1021/acs.estlett.9b00532
https://doi.org/10.1021/acs.estlett.9b00532
https://www.ncbi.nlm.nih.gov/pubmed/23745679
https://doi.org/10.1021/es401288x
https://doi.org/10.1021/es401288x
https://www.ncbi.nlm.nih.gov/pubmed/24982135
https://doi.org/10.1073/pnas.1314705111
https://doi.org/10.1039/C6AY02542K
https://doi.org/10.1039/C6AY02542K
https://www.ncbi.nlm.nih.gov/pubmed/28734264
https://doi.org/10.1016/j.envpol.2017.07.017
https://doi.org/10.5670/oceanog.2014.23
https://doi.org/10.5670/oceanog.2014.23
https://www.ncbi.nlm.nih.gov/pubmed/17532349
https://doi.org/10.1016/j.marpolbul.2007.03.022
https://www.ncbi.nlm.nih.gov/pubmed/28889914
https://doi.org/10.1016/j.marpolbul.2017.08.024
https://doi.org/10.1016/j.marpolbul.2017.08.024
https://doi.org/10.1016/j.ecss.2006.03.018
https://doi.org/10.1016/j.ecss.2006.03.018
https://www.ncbi.nlm.nih.gov/pubmed/15131299
https://doi.org/10.1126/science.1094559
https://doi.org/10.1126/science.1094559
https://www.ncbi.nlm.nih.gov/pubmed/16388828
https://doi.org/10.1016/j.marpolbul.2005.11.017
https://doi.org/10.1016/j.marpolbul.2005.11.017
https://www.ncbi.nlm.nih.gov/pubmed/21894925
https://doi.org/10.1021/es201811s
https://www.ncbi.nlm.nih.gov/pubmed/21802098
https://doi.org/10.1016/j.marpolbul.2011.06.030
https://doi.org/10.1016/j.marpolbul.2011.06.030
https://doi.org/10.1007/s11270-017-3439-9
https://doi.org/10.1007/s11270-017-3439-9
https://www.ncbi.nlm.nih.gov/pubmed/27342902
https://doi.org/10.1016/j.marpolbul.2016.06.037
https://doi.org/10.1016/j.marpolbul.2016.06.037
https://doi.org/10.4319/lom.2012.10.524
https://doi.org/10.1002/lom3.10217
https://doi.org/10.1002/lom3.10217
https://hydrobios.de/en/product?product_id=105
https://hydrobios.de/en/product?product_id=105

Science & Technology Development Journal - Science of The Earth & Environment, 5(511):51137-51146

23.

24,

Moos N, Burkhardt-Holm P, Kéhler A. Uptake and Effects of
Microplastics on Cells and Tissue of the Blue Mussel Mytilus
edulis L. after an Experimental Exposure. Environmental Sci-
ence & Technology. 2012;46(20):11327-35;PMID: 22963286.
Available from: https://doi.org/10.1021/es302332w.

Weber A, Jeckel N, Weil C, Umbach S, Brennholt N, Reif-
ferscheid G, et al. Ingestion and Toxicity of Polystyrene Mi-

25.

croplastics in Freshwater Bivalves. Environmental Toxicology
and Chemistry. 2021;40;PMID: 33928672.  Available from:
https://doi.org/10.1002/etc.5076.

Hale RC, Seeley ME, La Guardia MJ, Mai L, Zeng EY. A
Global Perspective on Microplastics. Journal of Geophysical
Research: Oceans. 2020;125(1);Available from: https://doi.org/
10.1029/2018JC014719.

Si145


https://www.ncbi.nlm.nih.gov/pubmed/22963286
https://doi.org/10.1021/es302332w
https://www.ncbi.nlm.nih.gov/pubmed/33928672
https://doi.org/10.1002/etc.5076
https://doi.org/10.1029/2018JC014719
https://doi.org/10.1029/2018JC014719

Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Trdi ddt va Méi truong, 5(S11):51137-S1146
8 Open Access Full Text Article Bai nghién cliu

Phuong phap phan tach manh vun rac nhua trong tram tich séng
Sai Gon bang thiét bi tach vi nhua-tram tich
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TOM TAT

Lan dau tién manh vun rac nhua dugc phan tach ra khoi tram tich séng Sai Gon bang thiét bj tach
vi nhuya-tram tich (MPSS). Dung dich mudi ZnCly (1,6 kg/L) dugc st dung dé tach thanh phén cé ty
I trong thap (nGi trén bé mat) ra khdi thanh phéan cé ty trong cao hon (chim dudi day). Nhua va vat
QR code and download this article liéu giong nhua dugc thu thap va phan tich bang thiét bi quang phd chuyén déi héng ngoai (FTIR).
Két qua cho thady cé 350 manh nhua (0,0485 g) dugc tach ra tir 1500,00 g tram tich kho, bao gém
11 manh nhya to (> 5 mm, 0,0130 g) va 339 manh vi nhua (0,3 = 5 mm, 0,0355 g). Polyethylene
(PE), polypropylene (PP), va hén hgp PE-PP la nhing loai nhua phé bién vai 225, 85, va 21 manh,
tuang Ung, con lai la polystyrene (PS), polyurethane (PU), silicon, cao su, va nylon. Phan loai theo
hinh dang thi manh v& chiém nhiéu nhat véi 300 manh, trong khi cac hinh dang khac nhutd, sgi va
vién cling dugc tim thdy. Uu diém cla thiét bi MPSS 1a nang suat cao, hiéu suat cao va chi phi van
hanh thap. Nhugc diém cuia thiét bi nay la c6 kha nang gay & nhiém do st dung ZnCl,, canh khudy
& ddy dé bi ket va hiéu sudt khong 6n dinh vai vi nhua < 0,3 mm. Két qua trén cho thay mot lugng
I6n hat vi nhua trong trém tich c6 thé gay nguy hai cho déng vat déy va chudi thic an. Cac loai
nhua vai hinh dang khac nhau cho phép suy doan rang nhua to va vi nhua trong tram tich cé thé
dén tir cac nguén khac nhau. C6 thé néi day la nghién clu dau tién & Viét Nam trinh bay phuong
phdp phan tach manh vun rdc nhua trong tram tich séng bang thiét bi MPSS va la nguén tham
khdo cho cac nha nghién cu muén thu thap mot lugng 16n vi nhuya ti tram tich cho cac nghién
clu sdu hon vé tac dong clia vi nhua dén moi trudng.

Tu khoa: Thiét bj tach vi nhuya trong tram tich (MPSS), tram tich séng, ty trong, ky thuat phan tach
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