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AIT’s Contribution to SINTEF - OPTOCE Project
I SSS———————————

Environmental Engineering and Management (EEM) has collaborated with Geoinformatics
Centre (GIC) for mapping and quantification of plastics and microplastics from the dumpsite to
the nearby waterbodly.

Objectives of the Study:

a) Classify and quantify the types of plastics among the various solid waste fractions present
at two sampling locations in a dumpsite by compositional analysis and aerial mapping
techniques.

b) Quantify microplastics migrating from the dumpsite to the nearby waterbody.

Covering /%/ti/o/é Plastic (ssues from Dumpsites!
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Research Path

/ Mar & Apr 2021 \

But until
Mareh 2022

Sep 2020 - Nov 202 Jan 2021

Rainy Season

COVID-19 COVID-19
Lockdown Lockdown

\ Oct 2020 / \Dec 2020/ k Feb 2021 / K May & June 2@

September- November 2020 Activities during December  Activities during Jan and Feb March — June 2021

1) Sampling Location 1) Excavation and Categorization 1) Excavation and 1) Characterization of plastics

Selection of plastics from legacy wastes  Categorization of plastics from  obtained from different locations
2) Initial Drone Flights Location - 1,2 legacy wastes - Location 3,4 2) Characterization of Microplastics
3) Initial Microplastics and 2) Microplastics and Residual 2) Microplastics and Residual from dumpsites

Residual Sampling Analysis Wwaste Analysis waste Analysis 3) Drone Quantification of iIaStiCS

C .Visvanathan / Asian Institute of Technology, Thailand



Klong Sam Dumpsite, Pathum Thani - Site Location o
o

Pathumthani Province it
b D : o Guangzhou L
St Mymanse O s e * Klong Sam dumpsite in Klong
ont TR Pathum Thani, Thailand was
o .. {:‘__V'i;m S g chosen for the study.
i) Phgffg'?"%hﬂi“f e Phﬁg‘l B
iLanka s B GTwuE e The total area of the dumpsite
. el mmm@gg@rs B was 16,000 m2 and dumping of
B o gl MSW has been carried out since

g5 2012.

« The Klong Sam canal is
connected to the Klong Rangsit
canal and it is connected to the
Chao Phraya river .

Dumpsite Close to the Waterbody & Padily frebde/




Klong Sam Dumpsite - Excavation Plan
-

Klong Sam Dumpsite is located close to a waterbodies and paddy fields and constantly leak microplastics and
microfibres due to the break down of plastic products dumped in the dumpsite.

Surface runoff GHG Gas Emission

In adequate soil cover

Key Observations:

a) Recently Dumped
Wastes contain Higher

Leachate | Organic Fraction.

L~ nfiltration b) High Moisture content
of the waste is the
major problem

3 associated with
No lining system excavation.

Leakage of Microplastics and Microfibers
to the Nearby Waterbodies
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Flow Chart of the Dumpsite Mining at Klong 3 Site

C_:qllectlon Trommel Screen Plastic Shredder Refuse Derived Fuel
Receiving the waste Separ h . . . (RDF)
. eparates the Size reduction of Plastic
and manual segregation Plastic fraction Wastes Shredded RDF sent to

Cement Kilns

gl B U Overview 00( ﬂ/&/‘aﬁ'm& " /ff/?/y Sam ﬂmyoe/'z‘e/
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Locating Sampling Points using GARMIN GPS

Leachate Collection Points
1 2 3 4 5

Frecise Locatin af Fonts
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Excavation Points
4 321

S. Location Latitude Longitude
No.
1 Excavation Sampling 1 14°08'25.3"N 100°40'25.8"E
2 Excavation Sampling 2 14°08'25.4"N 100°40'26.3"
3 Excavation Sampling 3 14°08'25.4"N 100°40'27.2"E
4 Excavation Sampling4 14°08'27.19"N  100°40'28.58"E
5 Leachate sampling 1 14°08'28.0"N 100°40'14.9"E
6 Leachate sampling 2 14°08'26.7"N 100°40'16.6"E
7 Leachate sampling3  14°08'27.9"N 100°40'19.4"E
8 Leachate sampling 4 14°08'28.3"N 100°40'23.2"E
9 Leachate sampling5  14°08'28.2" N 100°40'20.8" E
10 Leachate sampling 6 14°08'23.4"N 100°40'28.9"E




Excavation and Sampling of MSW

Waste composition

Different Components

Paper

Organic waste

Textile

Wood, Grass and
Straw

Plastic
Leather and rubber
Metals
Glass and Ceramic

Plastic Waste was the target materia for in—depth anabysic
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Portable Sieve Setup at Klong Sam Dumpsite

Size Classification using Portable Siever ‘ Type and Layer Classification

50 mm

25 mm
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Coning and Quartering of Wastes — Sieve Separation

« All the components of the waste were weighed and preserved for physical and chemical
characterization.

« After Compositional Analysis, Plastic Wastes are dried to separate according to their Sizes in Portable
Siever at Klong Sam Dumpsite.
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MSW Compositional Analysis

© 1000 [ = — 080 Key Observations:
é 80 - 37 2 : - : :
= 35 39, 060 ¢ *The major composition is organic
S & | 162 =  waste followed by plastic waste.
5 ‘ - 040 2
g 40 @ ePlastic Composition increased from
2 . - -020%  15-18% in fresh MSW to 35-40% in
= excavated MSW.
0 I 0.00
2012-2013| 2013-2014 20142015 2019-2020 With increase in age, the Bulk
= Wet organic = Paper density increases due to the
Plastics HE Textiles compaction of waste over the

dumped year.

ﬂgm(aﬁm af Wet @yra/(/b@ and lwerease i Plastics 50»;00@/’&‘/’0/(/
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Plastic Classification — Based on Polymer Layers

Type and Layer Classification based on Resin code ‘ Brand auditing

Brand Auditing

Information

Collected

a) Brand

b) Plastic Type

c) Size

- 72 d) Year of
Single layer packaging ;Y PET Utilization
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Plastic Classification and Characterization

Size of 25 mm was not observed between 2014 and 2015

\
100 - Parameter 2012-2013 | 2013-2014
S 80 Moisture content (%) 0.95 0.91
< VS (% dry) 77 86
2 0 [ 3 3 Ash (% dry) 21 12
S 40 - Fixed carbon (% dry) 0.09 0.07
S LHV (KJ/kg) 28,217 30,623
2 s 1 . 20| [HHV (KJ/kg) 30,031 | 32,642
§ 2012-2013 2013-2014Y 2014-2015 2019-2020 Key Observations
ear

* With increase in period of dumping, the volatile
content of the plastics decrease while the Ash
content increase.

Also, with increase in depth, the moisture
content of the plastic products tend to increase

@200 mm 150 mm @75 mm ®50 mm =25 mm

* No significance change of the plastic size
across different year while the
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Plastic Classification Based on the Resin codes

The main composition is LDPE,
folowed by HDPE, PP, PS,
multilayer, PET, and PVC

o
o O
\ \

1007 S ——— m— . t
43

82 90 87 * The plastic type variation was the

highest between 2019 and 2020

Type of plastic (%)
N D

O _
O [ "
2012-2013 2013-2014  2014-2015 2019-2020 o Multilayer packaging has
Year increased in 2019 - 2020.

@ PET @ HDPE mPVC = LDPE m PP mPS m Other m Multilayer

Issue of Multilayer Packaging from the dumpsite and their undesirability in cement kilns prompted the
investigation and categorization of plastics according to resin codes and different MNCs responsible
for producing such wastes. The issue of Multilayer packaging containing chlorine compounds

New Plastic Froducte and MNew Frobloms!/
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Plastic Brand Auditing — Top Polluters
I SSS———————————

 Significance increase in the number of

polluter .
plastic waste
Legend: MNC Large company ® Medium size company Local
Tesco lotus, the top polluting brand
] between 2012 and 2014
70 A ﬂ Coconut cashew
T g0 - o pamira Nescafe, the top polluting brand between
2 . 2014 and 2015
2 50 4
8 d’) Ajinomoto
£ 40 “pover Pamira, the top polluting brand between
8 5 2 2019 - 2020
i 30 4 @gﬁ Wall’s
B 1229 2 Ot e Top brand polluters were food packagin
= MWA  Toti < NESCAFE vl S p p P ging
10 4 Tesco LonMAMA TS0 cafe Coffeemate Sekure pI‘Od uct
- Tao Kae noi Mitr phol i
0 b o B el 0 - ! ' ! — 8.
2001 20012 2013 2014 2015 2016 2017 2018 2019 2020 Local brand was not popularly consumed
Ve in the region
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Microplastic Analysis

Point 3: The corner where the new
dumpsite is entering the canal

Point 4: The canal runoff from
the new dumpsite

LN, s

Point 1: At the end
of the pond

DJI Phantom 4
90m Flying Height
2.65cm GSD

Coordinate System: UTM 47N
Date of Imagery: 22 Oct 2020

Point 6: The point where the dumpsite water is
connected to Canal

Point 2: Centre of the Pond Point 5: At the place of dumping of fresh waste
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Macroplastics to Microplastics
I SSS———————————

100
Plastics from Dumpsites
90
UW-Irradiation Microplastics in Air
Incoming Plastics 80
e DUM?SI‘I’E POND CANAL OCEAN CEs
Micro;.:alastics -------- » Microplastics in Surface Water 70
in Leachate
Microplastics Microplastics Microplastics
in Pond Water in Canal Water in Ocean Water 60
w o
. . ::'0
Microplastics in Sediments = Micoaste ]
S 50
s
by
. 2 o 40
UV-Irradiation ' X e
b e 5 30
Dumpsite ’ P ‘Microplastics e
Trucks EN S in Ajr a \,’?
- K 20
% F;,N'
B \
. " Microplastics . 10
. / in Leachate 2
& Microplastics  Microplastics e
: - in Surface Water mCanaIWater\h__ Plastics 0

Gyres P 0 40 90 140 195 255

Microplastics %
in Ocean Water g ™

B<1mm H1-5mm
* The size ranged from 0.13 -4.93 mm
* The majority microplastic size observed was 1-5 mm in
] both seasons.
" Microplastics A size smaller than 1 mm observed at Klong Sam

dumpsite was found in the nearby pond
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Forms of Microplastics in Klong Sam Dumpsite
I SSS———————————

Form of microplastics
« The majority of microplastic observed in

100 different season was fiber, followed by film.
90

fg I I « The majority form in different season are
50 1)Fragment - major form of microplastics

(
50 (2)Fiber observed all points in both seasons
40 (3) Film observed at all points in dry season
30 (4) Foam which is available only one in wet

20 . .
0 season and varied occurred in dry season.

0

Percentage (%)

Wi w2z w4 W5 we DI D2 D3 D4 D5 D6 D6 is where all types of microplastic in dry
B Fragment mFoam mFilm mFiber season could be found as it is where leachate
runoff was originating from the new dumpsite

Pf,- PP and FS are the most Mmm/y ased ,o/aeﬁb@/
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Single Trommel Machinery — Klong Sam Dumpsite

Trommel Screen 1 Size 100 mm
(Bigger Screen Size)

? RDF (Overflow)
Higher Quantity of Reject
(Underflow) fraction lesser
than 100 mm

What to do with Rejecte?
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Different Components in Reject Fractions

Small Stones

Plastics

Garden Wastes

PET Bottle Cap

Dry reject fractions of density
approximately 570 kg/m?3
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Utilization of Residual wastes

Composition of reject fractions Analysis as per Thai Compost Standards

Sieve sizes of 17 mm, 12 mm, 9 mm and 7 mm

No. ltems
. |[Fertilizer particles
: |Moisture and evaporable substance
: |Rocks and gravels
Plastic, glass, sharp particles and

1
2

3

4

other metal parts

5. [Organic Matters (OM)
6

7/

3

9

. IpH

: ’FC))arbon: Nitrogen ratio

: |Electrical Conductivity

: |Primary nutrients:
10. |Comp|ete decomposition
11. Heavy Metals
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High Heavy Metal Concentration in Residual Wastes
-

Parameters Method = 5 Samplg ) Avg. Value  Limit
Moisture Content*, % ASTM E 790-08 20.72 18.83 42.21 6.07 21.9575 _
Key Observation:
Gross CV*,callg ASTM D 5468 1,637 770 1,118 1,118 1160.75
Net CV*, cal/g ASTM D 5468 1,461 620 817 1,020 979.5 Due to the high
Arsenic (As), mg/kg <125 <125 <12.5 <12.5 <125 12.50

concentration of heavy
Cadmium (Cd) , mg/kg <25 <25 <25 <25 <2.5 2.50 metals in the residual waste
samples, the utilization as

Copper (Cu) , mg/kg 201 69.78 72.69 132 118.8675  12.50 _
agricultural wastes cannot

Manganese* (Mn), &;Lt‘ﬁ(';d(s'sa_sma 366 247 200 192 25125 12,50

mg/kg

Nickel (Ni), mg/kg EgsAo 2‘2"—843] “:jeth‘)d 2424 3056 1402 2093 224375  12.50

Lead (Pb), mg/kg S0 Metno 33.91 4066  16.82  21.03 28105 250

Antimony (Sb) , mg/kg 18.49 12.50 12.50 1250  13.9975  12.50

Thallium (TI) , mg/kg <125 <125 <12.5 <12.5 <125 12.50

Vanadium (V) , mg/kg <125 <125 <12.5 36.65 <18.5375 12.50

Zinc (Zn) , mg/kg 2,855 249 468 229 950.25 12.50

Chloride Content*, %  ASTM E 776 0.18 0.32 0.39 0.16 0.2625 0.018

C .Visvanathan Centralized Control on Decentralized Wastewater Treatment _



Drone Quantification of Plastic Wastes
o

DJI Phantom 4 Pro In order to estimate the volume Ground
Control Points were identified




Computation of Dumpsite Volume
s

. Total Total Volume Total Volume

Condition Volume Error (m?) Error (%)

(m?) ’
NADIR _ No
GCPs 102361 885.888 0.87
NADIR_4GCPs 100614 871.736 0.87
NADIR_7GCPs 107434 886.018 0.82
OBL_ No
GCPs 93777.5 1569.6 1.67
OBL_4GCPs 101291 1619.5 1.60
OBL_7GCPs 104482 1604.05 1.54

i 3
ALL No GCPs 96826.5 1291.83 133 An approx.lmate volume of 101.,966 m> of
wastes estimated to be present in the Klong

ALL_4GCPs 105670 1284.13 1.22 Sam Dumpsite
ALL_7GCPs 105238 1289.45 1.23




Quantification of Plastics and Plastic Types
I SSS———————————

Amount of Waste : Amount of Waste
Type of Plastics
Type of Waste (Tons) yp (Tons)
Wet Organic 43693.41 PET 1096.79
HDPE 3290.38
Paper 3566.81 PVC 365,60
Textiles 1783.40 | DPE 24129 46
Plastics 36559.79 PP 2559.19
PS 1462.39
Leather and Rubber 1783.40
Other 365.60
Glass and Ceramic 1783.40 Multilayer 3290 38

Quantifisation of Lack Plastic Type based on Drones and (ild Compositinal Arabysic
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Social Impact Assessment Survey
I SSS———————————

The major objective of the social survey is to understand the social, economic and
environmental impacts of the dumpsite and dumpsite mining activities on the nearby
households within the radius of 5 km, workers and managers in the dumpsite mining
facility.

Worker Survey Social Survey
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Difficulties in Implementation of the Project

A) COVID-19 Wastes Dumpsites In Klong Sam

Dumpsite and Frequent Lockdowns Frequent Rains during September - December
B) Availability of Labor and Heavy Machineries to

2020 in the Klong Sam Dumpsite
carry out Excavation Operations
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Collaboration with INSEE - Ecocycle

« Taking up SINTEF - OPTOCE gave AIT
opportunity to explore collaborations with
other partners in bringing in-depth analysis
of various issues associated with dumpsite
plastic wastes.

<< | INSEE

ECOCYCLE

Dr. Vincent Aloysius ~ A) Analysis of Chloride component in Plastic
Products

B) Analysis of GHG Emissions from Dumpsite
Mining Activities

C) Social Impact Assessment of Dumpsite
r Mining

Boonchai Pongnaravan I:;;a(;f:at Ch;}aroon 72«”& t” ‘f//VEFﬁ/‘ tgﬂ//(-ﬂﬁ Pl‘ﬂ/&dﬁﬂ/
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AIT EEM-GIC Team

\,:
Prof. C. Visvanathan, EEM Dr. Kavinda, Associate Frank Yrle, Senior
Director, GIC Researcher, GIC

by

I I
Mr. Pawan Kumar, Ms. Wipatsaya Srimanoi, Ms. Benyapha Meesuphannaporn,  Mr, Chathawal Sutrat,
Research Associate, EEM Research Associate, EEM Masters Student Masters Student
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