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Abstract Plastic debris becomes a global problem that threatens the coastal ecosystems, and the su-
pralittoral area (beach) turns to be a place for plastic debris to accumulate. Data from the United Nations
(UN) states that Indonesia is the second plastic debris contributor in world waters. This study aimed to ex-
amine the spectral characteristics of plastic debris accumulated on the beach. The data was collected from
the coast of Makassar at 3 different stations: Jenneberang River estuary, Losari Beach and Tallo River estu-
ary. The spectral sample was measured using a 4000 A spectroradiometer that works on a wavelength spec-
trum of 340 - 1040 nm. The results showed that the optimum value for plastic debris identification in the
coastal area at low tide (dry sand) is 450-670 nm and at high tide (wet sand) is 450-950 nm. This value will
be a reference in the remote sensing method, especially multispectral classification in mapping plastic debris
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found in coastal areas, and will be one solution to effectively mapping plastic debris.
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1. Introduction

Marine debris is now a global problem that has affected
all water bodies, especially the water surface in coastal areas
(Gregory, 2009; Pawar et al., 2016; Thevenon et al., 2014). Its
influence visibly shows towards the economy, ecology, public
health, and environmental aesthetics (Krelling et al., 2017;
SCBD-STAP-GEF, 2012). Marine debris pollution is no
longer a regional problem but has scaled up into a global or
international problem (Mcllgorm et al., 2011; van Franeker
& Law, 2015). Marine debris, especially plastic in waters, has
transformed into agents that potentially bring toxic chemi-
cals, such as PCBs and heavy metals to humans (Thevenon et
al., 2014; Webb et al., 2013). Whilst microplastics, fragment-
ed from larger plastic debris, that are largely invisible to hu-
mans, can also accumulate in the food chain (Driedger et al.,
2013).

Some time ago, it was estimated that around 10% of de-
bris has been discharged into the waters (Van Cauwenberghe
et al,, 2013). Generally, marine debris from various catego-
ries (such as plastic, metal, wood, clothing, etc.) accumulates
in coastal areas (NOAA, 2015). The main sources of debris in
the waters are from recreational activities, wind or storm,
illegal dumping, sewage treatment plants, and fishing indus-
try (Driedger et al., 2013).

In 2010, it was predicted that around 4.8 to 12.7 million
metric tons of plastic debris had entered the ocean from 192
countries and Indonesia is the second contributor to the sea
debris, 1.29 million tons/year after China by 3.53 million
tons/year (Jambeck et al., 2015). With regards to this condi-
tion, plastic debris pollution will add to a very large environ-
mental and socio-economic problems in Indonesian waters
(Driedger et al., 2013).

Marine debris, especially plastic debris in the waters, due
to hydro-oceanographic influences were stranded and accu-

mulated in the beach including in the coastal city of Makas-
sar (Maulana, 2016). The identification of marine debris has
been carried out using traditional survey methods (Driedger
et al., 2013), including in South Sulawesi (Maulana, 2016).
Another alternative that might be used is to employ the re-
mote sensing method. The identification of objects using this
method is generally based on the spectral characteristics of
the object, each different material will give a different spec-
tral curve, including plastic debris will give a different reflec-
tion curve to the surrounding object (Driedger et al., 2013;
Horig et al., 2001; Pichel et al., 2007). This second alternative
enables a relatively cheaper cost and faster time. The study of
remote sensing of plastic debris in coastal areas was still ex-
perimental. However, several researchers have tried to moni-
tor marine debris in various parts of the world (Aoyama,
2014; Jambeck et al., 2015; Mace, 2012; Veenstra & Churn-
side, 2012). This study aimed to examine the spectral charac-
teristics of the plastic debris on the beach.

2.The Methods

This research was carried out in coastal areas, especially
in the beach of Makassar City, South Sulawesi Province
(5.195 S, 119.352 E dan 5.081 S, 119.429 E), at three stations
with adequately different characteristics (Figure 1.). All sta-
tions were connected to the waterways that come from the
city of Makassar that would potentially bring marine debris
to the sea: Station 1, estuary of Jeneberang River, represented
exposure area and the water influenced by Jeneberang River;
station 2, Losari Beach, represented shelter area and the wa-
ter influenced by the city small canals disembogue along
Losari Beach; and station 3, estuary of Tallo River, which
represented semi-enclosed area and the water influenced by
Paotere Canal and Tallo River.



SPECTRAL CHARACTERISTICS OF PLASTIC DEBRIS

Ahmad Faizal et al

The sample analysis was done at the Marine Ecology La-
boratory, Marine Sciences Department, Hasanuddin Univer-
sity and the Remote Sensing and Ecology Laboratory Seameo
BIOTROP, Bogor.

The spectral identification of plastic debris in the beach

refers to the method used by Murphy et al. (2018) and its
development with the implementation stages as follows:
a. Sample collection: plastic debris were collected in three
transects lines (25 x 60 m) at each station during low tide,
sampling is only done on land (Figure 2) (Lippiatt et al,
2013). In each transect plastic wastes were collected with a
minimum size of 5x 5 cm in a trash bag. From each station,
10 dry samples were selected based on a different form of
plastic wastes for spectral analysis (Figure 3).

b) Sample Measurement: the spectral value of the sample was
measured using the Ocean Optics USB 4000 type spectrome-
ter which works on a wavelength of 340-1040 nm
(nanometer). The measurement of each sample was conduct-
ed outdoor with sun exposure (Figure 4). The spectral re-
trieval process involves spectrometers, light sources, optical
fibers, and computers. One spectroradiometer part was con-
nected to the light source and the other part was connected
to the object being measured. The position of the light source
did not directly face the sun but forms an angle of approxi-
mately 45° and 100 millisecond scanning time (Halma,
2008).

c) Spectra Collection: Reflectance values from samples were
recorded using a computer equipped with software Ocean
Optics Spectra Suite USB-4000. The spectroradiometer used
had a wavelength range of 340-1040 nm with spectrometer
components including 3648 linear silicon CCD Array ele-
ments, solar sources in the field, optical fibers with a diame-
ter of 400 um and a length of 2 meters, and a computer. The
measurement steps were as follows:
Dark Calibration, a calibration was taken with a dark
spectral technique and a reference. The dark spectral
technique was a data spectral retrieval without light
and samples, and a reference technique was taking
spectral data using a reference from diffuse reflec-
tance standard model WS-1, Ocean Optics USA.

Reference Calibration/Light Calibration: Reference
calibration was carried out by allowing light to reach
an equilibrium (takes 30 minutes), making sure all
cuvettes were clean of dust or dirt and were function-
ing normally. The integration time is optimized to
reach ~ 80%. The reference data obtained was stored
as a reference for sample measurements.

Setting Boxcar: The boxcar settings were adjusted to a
value that was approximately the same as the spectral
resolution of the spectrometer. When samples were
recorded, the boxcar setting was adjusted to simple
boxcar filtering which is a specialized case of Savitzky-
Golay filtering where the polynomial order was 0
(Halma, 2008) .

Spectral and Integration time measurement: At the
time of measurement, one optic fiber section was con-
nected to the light source and the spectrometer, other
optic fiber parts were connected to the sample. Spec-

tral reflectance of the plastic debris was measured
twice, with an integration time of 100 ms and result-
ing in 50 scans for each measurement, after which the
spectral measurement was averaged

d. Data analysis used numeric data processing devices, the
measurement data was classified by eliminating error values
and cutting off visible and near-infrared light waves. Fur-
thermore, the data was made into graphical form with
smoothing graphs and were statistically analyzed using One-
Way Analysis of Variance to evaluate differences of spectral
reflectance curves among stations. The spectral reflectance
curves were then compared to spectral reflectance of beach
sand during dry conditions (occurring during low tide or
beach sand which was not affected by tidal-range) and beach
sand during wet conditions (occurs during high tide or beach
sand which was still affected by tidal rides) by Nolet et al.
(2014).

3. Result and Discussion

Spectral measurement results of each sample at each sta-
tion are presented in Figure 5. The average spectral reflec-
tance curve of each sample shows the same reflectance pat-
tern on each wavelength spectrum. Figure 5 shows a tenden-
cy of an increase in spectral reflectance curves for each sta-
tion. At station 1 there is an increase in spectral curves at
wavelengths of 500-625 nanometers (nm), at station 2 the
tendency of the increase of spectral curves occurs at wave-
lengths of 470-600 nm and at station 3 the tendency of the
increase spectral curves happen at wavelengths of 450-570
nm. The graph in Figure 5 shows the difference in the
amount of data, this is due to noise that occurred when the
recording started so the spectral reflectance curve is smaller
than 0%, the value is eventually selected and considered as
error data and not employed. The measurement of plastic
debris spectral reflectance using radiation sourced directly
from the sun, which has a high wavelength (> 800 nm), was
found to have a lot of noise that appears most likely caused
by the low primary light intensity at the time of measure-
ment. According Schaepman and Dangel (2000) and Flani-
gan et al. (2004), noises occur at spectral reflectance record-
ing are due to poor primary light intensity from the sun and
so noise comes up and enters. They also stated that the noise
is further enhanced as a result of high sample attenuation
and making the transmitted light intensity is very poor and
thus gets noisy.

The difference in the spectral characteristics of plastic
debris at each station is shown in Figure 5. The characteris-
tics of each station are obtained from the average spectral
reflectance value of each sample at each station. The average
spectral reflectance value of each station shows the similarity
of spectral reflectance patterns. The spectral reflectance pat-
tern of each station starts to show an increase in the wave-
length of 500 nm (blue wavelength) and decreases at a wave-
length of 800 nm (Near-infrared wavelength).

Figure 5 denotes the difference in spectral reflectance
curves between each sample with the same pattern tendency.
The difference in spectral reflectance curves of each object is
influenced by several factors; characteristics of object or sam-
ple, the amount of light penetration received by objects
(Murphy et al., 2018). Plastics found at the study site have
different chemical compositions which will give different
reflectance, plastic debris consists of several types; polyeth-
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Figure 3. Some of the plastic debris collected from each station Figure 4. Spectral measurement of plastic

( A=Station ; B=Station 2; and C=Station 3). debris using Ocean Optics USB 4000.
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Figure 5. The average of spectral reflectance curve of plastic debris for each sample at all stations.
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Figure 6. Comparisons of averaged spectral curve plastic debris with divisions based on wavelength.
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Table 1. The Range of plastic debris spectral reflectance on the visible (blue, green and red) and the near-infrared (NIR) wave-
length. Value is the average+SE

Sample and Reference Blue (450 - 510nm)

Green (510-580 nm)

Red (580-670 nm) NIR (670-950 nm)

Plastic* 41.68 + 4.11° 46.08 £ 7.592 4754 £ 4.54° 4441 + 1.352b
Air-dry Sand** 20.65 + 0.18° 24.94 + 0.40 b 28.63 = 0.21° 31.37 + 0.362b
Wet Sand ** 7.30 £ 0.39¢ 11.09 +0.39 b 1191 £+ 0.67°¢ + 0.19¢
*This study
**Spectral reflectance by (Nolet et al., 2014).
e — Plastic Debris (Measurement})
Sand-air dry [ Molet, et al 2014}
L Sand- Wet [ Molet, et al 2014}
"= I
" w
oo _..Jr.u
‘“_’ pat :/-f/,‘ L
&= - -
e+ 8 -
5 U
e
1 I = LS S — o
E i i i i i
780
443 455 43 601 B52 02 751 99 B45 B3z 937
Wavelenght (nm)

Figure 7. Comparison of the average value of plastic reflectance with sand reflectance by Nolet et al. (2014).

ylene (PE), polypropylene (PP), polyvinylchloride (PVC),
polyamide (nylon) and polystyrene (PS) (Andrady, 2015).

Different chemical compositions resulted in different
spectral reflectance values as well (Imhof et al., 2017). An-
other factor is because the found samples have been degrad-
ed and have weathered naturally or partially fragmented into
microplastic (GESAMP, 2015; Shah et al., 2008; Thevenon et
al., 2014). In different time and weather conditions, the sun-
light’s penetration that reaches to the earth’s surface also
varies, the number of wavelengths that reach the earth’s sur-
face or the object is affected by the amount of scattering and
absorption of particles in the atmosphere (Lillesand et al.,
2015; Murphy et al., 2018) (Lillesand et al., 2015; Murphy et
al., 2018).

The tendency of reflectance pattern of each sample at
every station (Figure 5) is almost the same, this is due to the
similarity of the main chemical component of the plastic
(Andrady, 2015). In several hyperspectral studies with differ-
ent objects and similar main components, have similar spec-
tral patterns, such as vegetation (Huete, 1988), coral reefs
(Hochberg et al., 2003), and soil (Lillesand et al., 2015).

The spectral reflectance pattern of plastic debris found in the
beach at all observation stations (Figure 6) shows various
spectral values with optimum records at the wavelength of
500 - 700 nm. This wavelength range includes a visible
wavelength of 450 670 nm. In detail, the visible wavelength is
divided into 3 wavelengths; Blue (450 - 510 nm), Green (510
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- 580 nm) and Red (580 - 670 nm). One factor that might
cause differences in the spectral characteristics of each
station is the presence of macroalgae that began to grow in
various samples, will automatically influence the spectral
reflection of each object at each station (Diaz & Rosenberg,
1995).

The analysis of variance on the data of all stations showed
no differences in the spectral characteristics of each station
(p> 0.05) therefore the spectral values of each station were
averaged and compiled with the spectral reflectance curves
from sand beach at two conditions of volumetric moisture
content of 32% (wet or saturation) and 0.01% (air-dry)
(Nolet et al., 2014) as in Figure 7.

4.Conclusion

This study aims to examine the spectral characteristics of
plastic debris in the coastal area (beach) of Makassar City
with a different type of exposure. Our results showed spectral
characteristics of plastic debris were not different between
stations. The optimal value for the identification of plastic
debris in the coastal beach under conditions of the dry sand-
low tide is 450-670 nm and the condition of the wet sand-
high tide is 450-950 nm. This value will be a reference in the
remote  sensing method, especially hyperspectral
classification in mapping plastic debris found in coastal

areas, and will be one solution to effectively mapping plastic
debris.
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