Mercury Emission from Coal Plants in Thailand
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Long-range mercury transport

1- [ Major emission areas — Major winds
Mercury deposition > 20 g/km?/year — Major ocean currents
Mercury deposition > 12 g/km/year
High annual mercury fluxes to oceans

(o] High annual mercury fluxes in major river mouths

Source: Adapted feom AVAP/UNEP 2008, Techical Backiround Report 19 the Glodal Atmosphenic Mescury Assessment; UNEP, Global Mercury Assessment 2013: Seurces, Emissions, Releases and Emvircamental Transport, 2013
Designed by Z6i Envirorment Network / GRID-Arendal, December 2012
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1'7;31'1 : Mercury emissions estimates from the Global Mercury Assessment 2018
(UN Environment - 2019)
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Species Variations in Mercury Content (ppm)

Source: Blue Ocean Institute (2012) (Data Sources: USFDA and USEPA, 2010. Graphic by John Blanchard)
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¥ Quantities of mercury emitted to air from anthropogenic sources in 2015, by different sectors.

Mercury emission  Sector %

R (range), tonnes of total
Artisanal and small-scale gold mining (ASGM) 838 (675-1000) 377
@ Biomass burning (domestic, industrial and power plant)* 51.9 (44.3-62.1) 233
@ Cement production (raw materials and fuel, excluding coal) 233(117-782) 10.5
Cremation emissions 3.77(3.51-4.02) 0.17
0 Chlor-alkali production (mercury process) 15.1 (12.2-18.3) 0.68
@ Non-ferrous metal production (primary Al, Cu, Pb, Zn) 228(154-338) 10.3
Large-scale gold production 84.5(72.3-974) 38
Mercury production 13.8(7.9-19.7) 0.62
Oil refining 14.4(11.5-17.2) 0.65
Pig iron and steel production (primary) 29.8(19.1-76.0) 1.34
Stationary combustion of coal (domestic/residential, transportation) 55.8(36.7-69.4) 251
Stationary combustion of gas (domestic[residential, transportation)  0.165(0.13-0.22) 0.01
Stationary combustion of oil (domestic[residential, transportation)  2.70(2.33-3.21) 0.12
Stationary combustion of coal (industrial) 126 (106-146) 5.67
Stationary combustion of gas (industrial) 0.123(0.10-0.15) 0.01
Stationary combustion of oil (industrial) 1.40 (1.18-1.69) 0.06
Stationary combustion of coal (power plants) 292(255-346) 13.1
Stationary combustion of gas (power plants) 0.349 (0.285-0.435) 0.02
Stationary combustion of oil (power plants) 2.45(2.17-2.84) 0.11
Secondary steel production * 10.1 (7.65-18.1) 0.46
@ Vinyl-chloride monomer (mercury catalyst) * 58.2(28.0-88.8) 26
@ Waste (other waste) 147 (120-223) 6.6
@ Waste incineration (controlled burning) 15.0(8.9-32.3) 0.67
Total 2220 (2000-2820) 100

Colour coding indicates main sector groups
(Stationary combustion, dark blue; Industry, light blue; Sectors associated with Intentional use,
dark orange; ASGM, light orange).

* Sectors included for the first time in the 2015 inventory.
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<4 Regional breakdown of global
emissions of mercury to air from
anthropogenic sources in 2015.
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Comparison of regional results
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5197 4-1 SyBnnsuanuassusenaintsslningudiu e U 2561

No. Power plant name Ownership Operating Hg emission (kg/year) Location
Capacity "y iHg| He' | He® | He | Latitude | Longitude
(MwW)
1 Ajinomoto AJINOMOTO (THAILAND) 8.6 1.5 0.82 | 0.50| 0.15 13.98 100.53
2 Asia Craft Paper power plant ASIA CRAFT PAPER CO LTD 9.0 1.7 0.96 | 0.68| 0.17 13.55 100.25
3 SAMPRAN power plant CHIEM PATANA KNITTING CO 14.9 3.6 2.0 1.2| 0.36 13.74 100.24
LTD
4 AYUTHAYA MILL Panjapol Pulp Industry PCL 60.6 9.2 5.3 3.7| 0.12 14.26 100.47
5 BAN PONG SKI SIAM KRAFT INDUSTRY CO LTD 71.5 12.6 9.0 3.4 | 0.08 13.85 99.85
6 BAN PONG SPI SIAM PAPER INDUSTRIES CO LTD 15.3 3.7 2.0 1.2| 0.37 13.85 99.85
7 BANGKOK HSFC PLANT HIANG SENG FIBRE CONTAINER 49.5 11.9 6.6 4.0 1.2 13.75 100.47
Co
8 Map Ta Phut BLCP power BLCP LTD 1434.0 230.4 74.9 | 82.6| 72.9 12.64 101.16
station
9 Ekarat Pattana EKARAT PATTANA CO LTD 3.0 0.51 0.29 | 0.17| 0.05 15.37 100.24
10 ELITE KRAFT FACTORY ELITE KRAFT PAPER CO LTD 9.8 2.7 1.8 | 0.89| 0.05 13.92 101.91
11 Environment pulp and paper | ENVIRONMENT PULP AND PAPER 32.0 5.5 3.1 1.9| 0.55 15.38 100.24
CO LTD
12 GHECO ONE GHECO-ONE CO LTD 660.0 279.5| 206.6 | T72.4| 0.56 12.67 101.13
13 | Glow Energy power complex | Global Power Synergy Public Company 360.0 87.4 63.5 | 23.3| 0.41 12.68 101.14
14 KAENG KHOI FACTORY THAI ACRYLIC FIBRE CO LTD 27.3 2.2 1.6 | 0.57| 0.00 14.57 100.97
15 KRABI ELEC GEN AUTH THAILAND 0.00 0.00 0.00 | 0.00| 0.00 7.99 99.05
(EGAT)
16 Kitis Bioethanol Ktis Bioethanol Co Ltd 3.0 0.83 0.46 | 0.28 | 0.08 15.37 100.24
17 MAE MOH ELEC GEN AUTH THAILAND 2400.0 | 1618.1 | 1177.0 | 361.2| 79.9 18.30 99.75
(EGAT)
18 | Mahaghai Craft Paper power Mahachal Craft Paper Co Ltd 0.0 N/A NfA | N/A | N/A 13.59 100.26
plant
19 MUANG COGEN IRPC PCL 108.0 21.6 15.5 5.8| 0.1 12.67 101.33
20 Nanyang Energy NANYANG ENERGY CO LTD 1.8 0.31 0.17| 0.10| 0.03 13.68 100.28
21 PRACHIN BURI IPC INTERPACIFIC PAPER CO LTD 9.5 1.9 1.4 0.52]| 0.01 14.02 101.27
22 PRACHIN BURI TCP THAI CANE PAPER PLC 26.0 5.4 3.0 1.8 | 0.54 13.95 101.81
23 PRACHIN BURI UTP UNITED PAPER PUBLIC CO LTD 33.5 6.1 4.4 1.6 | 0.04 14,02 101.31
24 Rachachurot Power plant Rachachurot Co Ltd 19.0 3.6 2.0 1.2| 0.36 13.86 99.83
25 RAYONG TUNTEX TPT PETROCHEMICALS PCL 55.0 8.1 4.5 2.7| 0.81 12.80 101.20
26 THA TUM NATIONAL POWER SUPPLY PCL 328.0 18.1 13.1 4.9 0.11 13.93 101.59
27 Kanchanaburi TCP THAI CANE PAPER PLC 11.6 1.6 1.1 | 0.42]| 0.01 13.95 99.87
28 WANG SALA MILL SIAM KRAFT INDUSTRY CO LTD 99.5 30.4 21.9 8.2 | 0.18 13.94 99.71
29 TPI Coal power station TPI POLENE POWER CO LTD 196.0 12.6 9.1 3.4| 0.08 14.65 101.13
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Accumulated | Reservoir’s Reservoir’s Fish Mercury
Fish
Station Latitude | Longitude | mercury (kg/ |surface area | volume (million weight |concentration| mg/kg
quantity
year) (km?) m?) (g) (mg/kg)
Kiew Kho Ma dam
18.81392 | 99.639533 |  26.9788 1275 170 15 206+31 0.258+0.2 40
(Lampang)
Huai Tha Khoei
13.28116 | 99.418369 |  23.8504 147 234 9 232+70 0.04+0.14 0
reservoir (Ratchaburi)
Vajiralongkorn dam
14.82931 | 98.597683 |  27.5311 388 8.1 20 19.75+5 | 0.03x0.01 0
(Kanchanaburi)
Dan Chumphol
12.46916 | 102.64807 | 253288 4.8 5.6 10 117433 0.16+0.14 16
reservoir (Trat)
Huai Luang dam (Udon
17.36118 | 102.59574 |  19.5689 666 1800 6 122437 0.02+0.01 0
Thani)
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Mercury
Fish Fish Fish
Station concentration
species |weight (g)| quantity
(mg/ kg)
Kiew Kho Ma damn Walking
757 1 0.36
(Lampang) catfish
Huai Tha Khoei
Java Barb 213 1 0.07
reservoir (Ratchaburi)
Dan Chumphol Marble
169 1 0.2
reservoir (Trat) goby
Clown
132 1 0.008
) featherback
Huai Laung dam
Giant
2,492 2 0.03
snakehead
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Accumulated| Reservoir | Reservoir’s Mercury
Fish Fish Fish
Station Latitude | Longitude | mercury surface volume concentration | mg/ kg
species | weight (g) | quantity
(kg/ year) |area (km”)| (million m?) (mg/ kg)
Asian redfin 607 0.09
catfish 1,936 3 0.09
Thale L (Uawmaufq)| 607 0.09
ale Luang
Iridescent 1,710 0.04
reservoir 17.05187 | 99.796897 18.1812 11.28 324 2 0
(Sukhothai) shark (Uan 1,336 0.02
u ai
One spot
pangasius 757 1 0.03
(Uauwlw)
Total Hg DryDep Rate FullEmis Annual Avg Total Hg DryDep Rate FullEmis Annual Avg Zoomed
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Total Hg WetDep Rate FullEmis Annual Avg

Total Hg WetDep Rate FullEmis Annual Avg Zoomed
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Scientific name: Hampala macrolepidota

Kingdom Animalia

Phylum Chordata

Class Actinopterygi
Order Cypriniformes
Family Cyprinidae
Genus Hampala

Species H. macrolepidota
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® Previous Data from USA
ey A This study
08 —
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ﬁ | Lampanhg &_@0—] [ [
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e i 1 Kanchanaburi
O.O ﬂd;on Tham: x l l 1 II anchanaburi,
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Wet Atmospheric Hg Deposition (pgm‘zy'l)

JUM 4-16 AudunusTeninsmnututuvesUsenluiiovan wasmsnnasauuwuy
\Weansiuveslsanainynunadiian (Total Hg Wet Deposition rate (ug/m?/year)
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GI']S’N‘VI 4-5 ﬂ’]’i’)Lﬂ3’]°"ViLGZNﬂﬂﬂa‘c’J‘W‘ViﬂﬂJLWEJ‘Vi"I‘iji]%‘EJ‘I/IlIﬂ'J']lIﬂiJW‘IJﬁﬂUﬂ”Iiﬁ“ﬁﬁJ
?Jﬂﬂﬂi@ﬂiuﬂa']ﬂiuﬁ‘l]‘llﬂ‘\]”lﬂ 5 amﬁglumu'mau (GI'JMU’]?!LLﬂ\‘iﬂE]{]‘\]‘\)EWINU‘EJﬁWﬂZU
mqqaammamaamsmmmmmLsumusuaaﬂsaﬂumaﬂmﬂsuawm

Factor t sig
Natural organic compound concentration in water 3.556 0.001
Mercury concentration in water 0.205 0.838
Fish weight -0.308 0.759
Fish body width 2.507 0.015
Fish body length -0.193 0.848
Fish body thickness -4.364 0
Size of the basin -0.205 0.838
Surface area of the reservoir -0.205 0.838
Volume of the reservoir 3.357 0.001
;lo;r?tsmercury deposition from domestic coal .0.205 0.838
Wet mercury deposition from domestic coal plants | -0.205 0.838
Dry mercury deposition from domestic coal plants | -0.205 0.838
Total mercury deposition from every source 3.692 0.001
Wet mercury deposition from every source 0.205 0.838
Dry mercury deposition from every source -0.205 0.838

*sig <0.05 uansinmndadinnudunusessliusdnay

81



dl 1.4 = |
UNN 5 UBLAUDUBINIUNDY

- Y

1. AvuaA1NesgiunsUdassdsenanlssiniauiuiasunasantanegiu
1 (Stationery Sources)

2. nMualnusenaglulydsiedeuanwilinung (Target substances
/pollutants) Ngnmuusdulunguunaseanuiaslamedoyanisuaseias
asuguaITuaNwEdaIIndou (Pollutant Release and Transfer Registers:
PRTR) G4in15m59970 S1891ULALINELNS a5 s v Udnsannela

3. antiumuuInsnislude 8 (Article 8) vasaydyaiuIuIngIRI8UsoNN
JatudInIsAIvANLArann1sUaeY (emission) ﬂiamaaﬂausimmﬂmﬂ
Lmaqmmﬂmmﬂmmmmuau(pomt sources) mmflamsmsuﬂl*ﬁu
AANLIN D (Annex D) wasaydayayn® sulaun Tsalwnauiiu amafmmsum
Tgauitu Wudu

4. gnianlasenislsylniiaiuiiulug nsimuaunuszezelunmsuanszang
Isslnnhauitungssniiunisegvasusemalng

UDNINNLY ﬂmmmmimmLﬂumuwuqauuauﬂmmi S189ULAZ LU ALY
mauamsﬂaaauavmaaumamsuawwamufmaau 1vmfm°zrmwauauawmﬂu
ammmﬂswuwu YUV "l,mn https //thaiprtr.com/

82


https://thaiprtr.com/

19NA15919D

[1] Van Der Krogt, P., 2010. 'Elementymology
& Elements Multidict: Hydrargyrum Mercury.'
(https://elements.vanderkrogt.net/element.p
hp?sym=Hg)

[2]1 USEPA., 2021. 'Mercury'
(https://www.epa.gov/mercury)

[3]1 USEPA.,2021. 'Mercury Emissions: The
Global Context.',
(https://www.epa.gov/international-
cooperation/mercury-emissions-global-
context)

[4] Yan, H., Li, Q., Yuan, Z., Jin, S., & Jing, M.,
2019. 'Research progress of mercury
bioaccumulation in the aquatic food chain,
China: A review. Bulletin of Environmental
Contamination and Toxicology.', 102(5), 612-
620.( https://doi.org/10.1007/s00128-019-
02629-7)

[5] Obrist, D., Kirk, J. L., Zhang, L.,
Sunderland, E. M., Jiskra, M., & Selin, N. E.,
2018. 'A review of global environmental
mercury processes in response to human and
natural perturbations: Changes of emissions,
climate, and land use'. Ambio, 47(2), 116-140.
(https://doi.org/10.1007/s13280-017-1004-
9)

[6] European Commission, DG Environment by
the Science Communication Unit, UWE,
Bristol., 2017. 'Tackling mercury pollution in
the EU and worldwide." Science for
Environment Policy, In-depth Report 15 (DOI:
10.2779/44615)

87

[7]1 Mercury: Time to act., 2013. GRID-
Arendal.
(https://www.grida.no/publications/194)

[8]1 Mason, R., Pirrone, N., 2009. 'Mercury Fate
and Transport in the Global Atmosphere’,
Springer (DOI:10.1007/978-0-387-93958-2).

[9] Amos, H. M. et al., 2014. 'Global
biogeochemical implications of mercury
discharges from rivers and sediment burial',
Environmental Science & Technology 48(16),
9514-9522.
(https://doi.org/10.1021/es502134t)

[10] United Nations Environment
Programme.,(n.d.). 'Hg Mercury".
(https://wedocs.unep.org/bitstream/handle/
20.500.11822/29451/CHB HgFactsheet.pdf?s
equence=1&isAllowed=y)

[11] O'Connor, D., Hou, D., Ok, Y. S., Mulder,
J., Duan, L., Wu, Q., Wang, S., Tack, F. M., &
Rinklebe, J., 2019. 'Mercury speciation,
transformation, and transportation in soils,
atmospheric flux, and implications for risk
management: A critical review.' Environment
International, 126, 747-761.
(https://doi.org/10.1016/j.envint.2019.03.01
9)

[12] Bigham, G. N., Murray, K. J., Masue-
Slowey, Y., & Henry, E. A., 2016.
'‘Biogeochemical controls on methylmercury
in soils and sediments: Implications for site
management'. Integrated Environmental
Assessment and Management, 13(2), 249-
263. (https://doi.org/10.1002/ieam.1822)



[13] Zhou, J., Obrist, D., Dastoor, A., Jiskra, M.,
& Ryjkov, A., 2021. Vegetation uptake of
mercury and impacts on global cycling.
Nature Reviews Earth & Environment, 2(4),
269-284.( https://doi.org/10.1038/s43017-
021-00146-y)

[14] Yang, Z., Fang, W., Lu, X., Sheng, G.,
Graham, D. E., Liang, L., Wullschleger, S. D., &
Gu, B., 2016. 'Warming increases
methylmercury production in an Arctic soil',
Environmental Pollution, 214, 504-509.
(https://doi.org/10.1016/j.envpol.2016.04.06
9)

[15] Wang, X., Luo, J., Yuan, W, Lin, C., Wang,
F., Liu, C., Wang, G., & Feng, X., 2020. 'Global
warming accelerates uptake of atmospheric
mercury in regions experiencing glacier
retreat’, Proceedings of the National
Academy of Sciences, 117(4), 2049-2055.
(https://doi.org/10.1073/pnas.1906930117)

[16] Schaefer, K., Elshorbany, Y., Jafarov, E.,
Schuster, P. F., Striegl, R. G., Wickland, K. P.,
& Sunderland, E. M., 2020. 'Potential impacts
of mercury released from thawing
permafrost’', Nature Communications, 11(1).
(https://doi.org/10.1038/s41467-020-18398-
5)

[17] Shannon, J. D. & Voldner, E.C,1994.
'‘Modeling atmospheric concentrations of
mercury and deposition to the Great Lakes',
Atmospheric Environment, 29(14), 1649-
1661. https://doi.org/10.1016/1352-
2310(95)00075-a

[18] Schnoor, J. L., 1996. 'Environmental
modeling: Fate and transport of pollutants in
water, air, and soil.", John Wiley & Sons, Inc.

88

[19] Junge, C. E., 1963. 'Air chemistry and
radioactivity', New York: Academic Press.

120] Tang, W., Liu, Y., Guan, W., Zhong, H., Qu,
X., & Zhang, T., 2020. 'Understanding mercury
methylation in the changing environment:
Recent advances in assessing microbial
methylators and mercury bioavailability.',
Science of The Total Environment, 714,
136827.(
https://doi.org/10.1016/j.scitotenv.2020.136
827)

[21] De Oliveira, D. C., Correia, R. R., Marinho,
C. C., & Guimaraes, J. R., 2015. 'Mercury
methylation in sediments of a Brazilian
mangrove under different vegetation covers
and salinities.', Chemosphere, 127, 214-221.
(https://doi.org/10.1016/j.chemosphere.201
5.02.009)

[22] Wu, P., Kainz, M. J., Bravo, A. G.,
Rkerblom, S., Sonesten, L., & Bishop, K., 2019.
‘The importance of bioconcentration into the
pelagic food web base for methylmercury
biomagnification: A meta-analysis', Science of
The Total Environment, 646, 357-367.
(https://doi.org/10.1016/j.scitotenv.2018.07.
328)

[23] Buck, D. G., Evers, D. C., Adams, E.,
DiGangi, J., Beeler, B., Samanek, J., Petrlik, J.,
Turnquist, M. A, Speranskaya, O., Regan, K., &
Johnson, S., 2019. 'A global-scale assessment
of fish mercury concentrations and the
identification of biological hotspots.',

Science of The Total Environment, 687, 956-
966.(
https://doi.org/10.1016/j.scitotenv.2019.06.
159)



[24] Phenrat, T., 2020. '‘Community citizen
science for risk management of a
spontaneously combusting coal-mine waste
heap in ban Chaung, Dawei district, Myanmar’,
GeoHealth, 4(6).
(https://doi.org/10.1029/2020gh000249)

[25] Costa, F., Coelho, J. P., Baptista, J.,
Martinho, F., Pereira, M. E., & Pardal, M. A,,
2020. 'Mercury accumulation in fish species
along the Portuguese coast: Are there
potential risks to human health?, Marine
Pollution Bulletin, 150, 110740.(
https://doi.org/10.1016/j.marpolbul.2019.11
0740)

[26] Zillioux, E. J., 2015. 'Mercury in fish:
History, sources, pathways, effects, and
indicator usage.', Environmental Indicators,
743-766. (https://doi.org/10.1007/978-94-
017-9499-2 42)

[27] O'Connor, D., Hou, D., Ok, Y. S., Mulder,
J., Duan, L., Wu, Q., Wang, S., Tack, F. M., &
Rinklebe, J., 2019. 'Mercury speciation,
transformation, and transportation in soils,
atmospheric flux, and implications for risk
management: A critical review', Environment
International, 126, 747-761.
(https://doi.org/10.1016/j.envint.2019.03.01
9)

[28]IRIS.,1998. 'Mercury, elementa' |, CASRN
7439-97-6, US.EPA, 28 pp

[29] Foley, M. M., Seidel, I., Sevier, J., Wendt,
J., & Kogan, M., 2020. 'One man’s swordfish
story: The link between Alzheimer’s disease
and mercury exposure.', Complementary
Therapies in Medicine, 52,

89

102499.(https://doi.org/10.1016/j.ctim.2020.
102499)

[30] Kim, B., Shah, S., Park, H., Hong, Y., Ha,
M., Kim, Y., Kim, B., Kim, Y., & Ha, E., 2020.
'‘Adverse effects of prenatal mercury exposure
on neurodevelopment during the first 3 years
of life modified by early growth velocity and
prenatal maternal folate level',
Environmental Research, 191, 109909.
(https://doi.org/10.1016/j.envres.2020.1099
09)

[31] AMAP, 2018.'Technical Background
Report to the Global Atmospheric Mercury
Assessment', UNEP pp.5-13.

[32] UN Environment., 2019. 'Global Mercury
Assessment 2018', UN Environment
Programme, Chemicals and Health Branch
Geneva, Switzerland (ISBN: 978-92-807-3744-
8)

[33] Madsen,T., and Randal, L.,2011.
'‘America’s Biggest Mercury Polluters How
Cleaning Up the Dirtiest Power Plants Will
Protect Public Health', Environment
Massachusetts Research & Policy Center.
(https://environmentamerica.org/sites/enviro
nment/files/reports/AME-Biggest-Mercury-
Polluters---WEB.pdf)

[34] European Environment Agency, 2018.
‘Mercury in Europe’s environment A priority
for European and global action’, EEA Report
11. (DOI: 10.2800/935076)

[35] Zhao, C., & Luo, K., 2018."Household
consumption of coal and related sulfur,
arsenic, fluorine and mercury emissions in
China.", Energy Policy, 112, 221-232.



(https://doi.org/10.1016/j.enpol.2017.10.021
)

[36] Slos, L., 2012. 'Mercury emissions from
India and Southeast Asia'.
(https://usea.org/sites/default/files/102012_
Mercury%20emissions%20from%20India%?2
0and%20South%20East%20Asia ccc208.pdf)

[37] Bich Thao, P. T., Pimonsree, S.,
Suppoung, K., Bonnet, S., Junpen, A., &
Garivait, S., 2021. ' Development of an
anthropogenic atmospheric mercury
emissions inventory in Thailand in 2018,
Atmospheric Pollution Research, 12(9),
101170.(https://doi.org/10.1016/j.apr.2021.1
01170)

[38] Streets, D. G., Horowitz, H. M., Lu, Z.,
Levin, L., Thackray, C. P., & Sunderland, E. M.,
2019. 'Global and regional trends in mercury
emissions and concentrations, 2010-2015,
Atmospheric Environment, 201, 417-427.
(https://doi.org/10.1016/j.atmosenv.2018.12
.031)

[39] Zhang, Y., Song, Z., Huang, S., Zhang, P.,
Peng, Y., Wu, P., Gu, J., Dutkiewicz, S., Zhang,
H., Wu, S., Wang, F., Chen, L., Wang, S., & Li,
P., 2021.'Global health effects of future
atmospheric mercury emissions. Nature
Communications', 12(1).
(https://doi.org/10.1038/541467-021-23391-
7)

[40] Ferreira-Rodriguez, N., Castro, A. J.,
Tweedy, B. N., Quintas-Soriano, C., & Vaughn,
C. C., 2021." Mercury consumption and human
health: Linking pollution and social risk
perception in the southeastern United
States', Journal of Environmental

90

Management, 282, 111528.
(https://doi.org/10.1016/j.jenvman.2020.111
528)

[41] Pierce, B.S., and Dennen, K.O., eds., 2009.
'The National Coal Resource Assessment
Overview: U.S, Geological Survey,
Professional, Paper 1625-F, 402 p.

[42] J.M.K.C. Donev et al., 2019. 'Energy
Education - Coal formation'.
(https://energyeducation.ca/encyclopedia/Co
al formation)

[43] Tewalt, S. J., Bragg, L. J., & Finkelman, R.
B., 2001. 'Mercury in U.S. coal; abundance,
distribution, and modes of occurrence’, Fact
Sheet FS-095-01.(
https://doi.org/10.3133/fs09501)

[44] Rompalski, P., Smolinski, A., Krzton, H.,
Gazdowicz, J., Howaniec, N., & Rdg, L., 2019.
'‘Determination of mercury content in hard
coal and fly ash using X-ray diffraction and
scanning electron microscopy coupled with
chemical analysis', Arabian Journal of
Chemistry, 12(8), 3927-3942.
(https://doi.org/10.1016/j.arabjc.2016.02.01
6)

[45] Epstein, P. R., Buonocore, J. J., Eckerle,
K., Hendryx, M., Stout Ill, B. M., Heinberg, R.,
Clapp, R. W., May, B., Reinhart, N. L., Ahern,
M. M., Doshi, S. K., & Glustrom, L., 2011. 'Full
cost accounting for the life cycle of coal',
Annals of the New York Academy of Sciences,
1219(1), 73-98.
(https://doi.org/10.1111/j.1749-
6632.2010.05890.x)



[46] Axelrad, D. A., Bellinger, D. C., Ryan, L.
M., & Woodruff, T. J., 2007. 'Dose-response
relationship of prenatal mercury exposure
and IQ: An integrative analysis of
epidemiologic data’, Environmental Health
Perspectives, 115(4), 609-615.
(https://doi.org/10.1289/ehp.9303)

[47] Amin-Zaki, L., Elhassani, S., Majeed, M.
A., Clarkson, T. W., Doherty, R. A, &
Greenwood, M., 1974. 'Intra-uterine
methylmercury poisoning in Iraq’, Pediatrics,
54(5), 587-595.
(https://doi.org/10.1542/peds.54.5.587)

[48] Amin-Zaki, L., 1979. 'Prenatal
methylmercury poisoning', American Journal
of Diseases of Children, 133(2), 172.
(https://doi.org/10.1001/archpedi.1979.0213
0020064013)

[49] Massie, H., & Campbell, K., 1992. The
Massie-Campbell scale of mother-infant
attachment indicators during stress',
Berkeley: Instruction Guide.

[50] Rodier, P. M., 1995. 'Developing brain as
a target of toxicity', Environmental Health
Perspectives, 103(suppl 6), 73-
76.(https://doi.org/10.1289/ehp.95103s673)

[51] Kjellstrom T, Kennedy P, Wallis S,
Mantell C.,1986. 'Physical and Mental
Development of Children with Prenatal
Exposure to Mercury from Fish. Stage I
Preliminary Tests at Age 4', Report 3080,
Solna, Sweden:National Swedish
Environmental Protection Board.

[52] Kjellstrom T, Kennedy P, Wallis S,
Stewart A, Friberg L, Lind B, et al., 1989.

91

'Physical and Mental Development of
Children with Prenatal Exposure to Mercury
from Fish. Stage Il: Interviews and
Psychological Tests at Age 6', Report 3642.
Solna, Sweden:National Swedish
Environmental Protection Board.

[53] Grandjean P, Weihe P, White RF, Debes F,
Araki S, Yokoyama K, et al., 1997. ' Cognitive
deficit in 7-year-old children with prenatal
exposure to methylmercury. Neurotoxicol
Teratol', 19(6):417-428.

[54] Grandjean P, Murata K, Budtz-Jorgensen
E, Weihe P., 2004. 'Cardiac autonomic activity
in methylmercury neurotoxicity: 14-year
follow-up of a Faroese birth cohort.' J Pediatr,
144(2):169-176.

[55] Axelrad D., 2007. 'Dose-response
relationship of prenatal mercury exposure
and 1Q: an integrative analysis of
epidemiologic data', Environtal Health
Perspectives,Apr;115(4):609-15. (doi:
10.1289/ehp.9303)

[56] Toxicological Effects of Methylmercury',
2000. National Academies of Sciences,
Engineering, and Medicine. Washington, DC:
The National Academies Press.
(https://doi.org/10.17226/9899)

[57] Transande et al., 2005. 'Public Health
and Economic Consequences of Methyl
Mercury Toxicity to the Developing Brain.',
Environ Health Perspect. 113(5): 590-596.
(doi: 10.1289/ehp.7743)

[58] Virtanen, J. K., Rissanen, T. H.,
Voutilainen, S., & Tuomainen, T., 2007.
'Mercury as a risk factor for cardiovascular



diseases.', The Journal of Nutritional
Biochemistry, 18(2), 75-85.
(https://doi.org/10.1016/j.jnutbio.2006.05.00
1)

[59] Salonen, J., 1998. 'Excessive intake of
iron and mercury in cardiovascular disease.',
Forum of Nutrition, 112-
126.(https://doi.org/10.1159/000059452)

[60] Lim, S., Choi, M. C., Joh, K. O., & Paek, D.,
2008. 'The health effects of mercury on the
cardiac autonomic activity according to the
heart rate variability', Korean Journal of
Occupational and Environmental Medicine,
20(4), 302.
(https://doi.org/10.35371/kjoem.2008.20.4.3
02)

[61] Valera, B., Dewailly, E., & Poirier, P.,
2009. 'Environmental mercury exposure and
blood pressure among Nunavik Inuit adults.',
Hypertension, 54(5), 981-
986.(https://doi.org/10.1161/hypertensionah
a.109.135046))

[62] Yaginuma-Sakurai, K., Murata, K.,
Shimada, M., Nakai, K., Kurokawa, N., Kameo,
S., & Satoh, H., 2010. 'Intervention study on
cardiac autonomic nervous effects of
methylmercury from seafood.’,
Neurotoxicology and Teratology, 32(2), 240-
245,
(https://doi.org/10.1016/j.ntt.2009.08.009)

[63] Rice, G. E., Hammitt, J. K., & Evans, J. S.,
2010. 'A probabilistic characterization of the
health benefits of reducing methyl mercury
intake in the United States.', Environmental
Science & Technology, 44(13), 5216-5224.
(https://doi.org/10.1021/es903359u))

92

[64] Nedellec, V., & Rabl, A.,2016. 'Costs of
health damage from atmospheric emissions
of toxic metals: Part 2-Analysis for mercury
and lead', Risk Analysis, 36(11), 2096-
2104.(https://doi.org/10.1111/risa.12598)

[65] Bey, I., D. J. Jacob, R. M. Yantosca, J. A.
Logan, B. D. Field, A. M. Fiore, Q. B. Li, H. G. Y.
Liu, L. J. Mickley and M. G. Schultz.,2001.
'Global modeling of tropospheric chemistry
with assimilated meteorology: Model
description and evaluation.', Journal of
Geophysical Research-Atmospheres
106(D19): 23073-23095.

[66] Selin, N. E., D. J. Jacob, R. J. Park, R. M.
Yantosca, S. Strode, L. Jaeglé and D. Jaffe.,
2007. 'Chemical cycling and deposition of
atmospheric mercury: Global constraints
from observations.', Journal of Geophysical
Research: Atmospheres 112(D2).

[67] Horowitz, H. M., D. J. Jacob, Y. Zhang, T.
S. Dibble, F. Slemr, H. M. Amos, J. A. Schmidt,
E. S. Corbitt, E. A. Marais and E. M.
Sunderland., 2017. 'A new mechanism for
atmospheric mercury redox chemistry:
implications for the global mercury budget.',
Atmos. Chem. Phys. 17(10): 6353-6371.

[68] Strode, S. A, L. Jaeglé, N. E. Selin, D. J.
Jacob, R. J. Park, R. M. Yantosca, R. P. Mason
and F. Slemr., 2007. 'Air-sea exchange in the
global mercury cycle.', Global
Biogeochemical Cycles 21(1).

[69] Selin, N. E., D. J. Jacob, R. M. Yantosca, S.
Strode, L. Jaeglé and E. M. Sunderland., 2008.
'Global 3-D land-ocean-atmosphere model for
mercury: Present-day versus preindustrial
cycles and anthropogenic enrichment factors



for deposition.', Global Biogeochemical
Cycles 22(2).

[70] Streets, D. G., M. K. Devane, Z. Lu, T. C.
Bond, E. M. Sunderland and D. J. Jacob.,
2011. 'All-Time Releases of Mercury to the
Atmosphere from Human Activities.',
Environmental Science & Technology 45(24):
10485-10491.

[71] Muntean, M., G. Janssens-Maenhout, S.
Song, N. E. Selin, J. G. J. Olivier, D. Guizzardi,
R. Maas and F. Dentener., 2014. 'Trend
analysis from 1970 to 2008 and model
evaluation of EDGARv4 global gridded
anthropogenic mercury emissions.', Science
of The Total Environment 494-495: 337-350.

[72] Zhang, Y., D. J. Jacob, H. M. Horowitz, L.
Chen, H. M. Amos, D. P. Krabbenhoft, F.
Slemr, V. L. St. Louis and E. M. Sunderland.,
2016. 'Observed decrease in atmospheric
mercury explained by global decline in
anthropogenic emissions.', Proceedings of
the National Academy of Sciences 113(3):
526-531.

[73] Watchalayann, P., N. Soonthornchaikul,
L. Laokiat, S. Leelapaiboon, N. Eaktasang, M.
Wongsoonthornchai, B. Thitanuwat and S.
Kingkaew., 2018. 'Reducing Mercury Emission
from Coal Combustion in the Energy Sector in
Thailand'

[74] Endcoal.org., 2019. 'Global Energy
Monitor’s Global Coal Plant Tracker: coal
plants in Thailand 2018.', Endcoal.org.

[75] S&P., 2019. 'S&P Global Market
Intelligence 2019: World Electric Power
Plants Database.', S. P. G. M. Intelligence.

93

[76] ONEP., 2020.' Smart EIA Database.',
ONEP.

[77] Srivastava, R. K., Hutson, N., Martin, B.,
Princiotta, F., & Staudt, J., 2006. 'Control of
mercury emissions from coal-fired electric
utility boilers.', Environmental Science &
Technology, 40(5), 1385-1393.
(https://doi.org/10.1021/es062639u)

[78] Zhang, L., S. Wang, L. Wang, Y. Wu, L.
Duan, Q. Wu, F. Wang, M. Yang, H. Yang, J.
Hao and X. Liu., 2015. 'Updated Emission
Inventories for Speciated Atmospheric
Mercury from Anthropogenic Sources in
China.', Environmental Science & Technology
49(5): 3185-3194.

[79] Zhao, S., Pudasainee, D., Duan, Y., Gupta,
R., Liu, M., & Lu, J.,2019. 'A review on mercury
in coal combustion process: Content and
occurrence forms in coal, transformation,
sampling methods, emission and control
technologies.', Progress in Energy and
Combustion Science, 73, 26-64.
(https://doi.org/10.1016/j.pecs.2019.02.001)

[80] Driscoll, C.T., Mason, R. P., Chan, H. M.,
Jacob, D. J., Pirrone, N., 2013. 'Mercury as a
Global Pollutant: Sources, Pathways, and
Effects.', Environ Sci Technol.; 47(10): 4967-
4983.

[81] Hammerschmid, C. R., Fitzgerald, W. F.,
2006. 'Methylmercury in freshwater fish
linked to atmospheric mercury deposition’,
Environ Sci Technol.;;40(24):7764-70. doi:
10.1021/es061480i.

[82] Bourdineaud, J. P., Gonzalez-Rey, M.,
Rovezzi, M., Glatzel, P., Nagy, K. L., Manceau,



A., 2019. 'Divalent Mercury in Dissolved
Organic Matter Is Bioavailable to Fish and
Accumulates as Dithiolate and Tetrathiolate
Complexes.', Environ. Sci. Technol.; 53, 9,
4880-4891

[83] Mazrui, N. M., Jonsson, S., Thota, S.,
Zhao, J., Mason, R. P., 2016. 'Enhanced
availability of mercury bound to dissolved
organic matter for methylation in marine

sediments.', Geochim Cosmochim Acta.; 194:

153-162

[84] Backstrom, C. H., Buckman, K., Molden,
E., & Chen, C. Y., 2020. 'Mercury levels in
freshwater fish: Estimating concentration
with fish length to determine exposures
through fish consumption.', Archives of
Environmental Contamination and
Toxicology, 78(4), 604-
621.(https://doi.org/10.1007/5s00244-020-
00717-y)

%94



AMANUIN

MuagaisuA LR Ias RNALREIUNYBIRANUYATIN 6 A0l

a0l 1 L?lﬂuﬂ’lﬂi')‘lﬁll"l Q\'i‘Vi’Jﬂa”l‘U’N WA 99. 6395326 18 813923 W‘LWIN’JE’JWQ 12.8
ﬁ]']'i']\'iﬂiﬁl»llﬂ'i ‘lJill"IﬂJﬂﬂLﬂ‘UL!’l 170 a']‘IJﬁﬂ‘UﬂﬁﬂLllﬁli W‘IJ‘I/Ii‘U‘L!’] 1,275 ®199
Alaluns GNEJEJU‘Uﬂ'J’HJﬁ\‘lL‘VI‘IJEJ‘JuﬂU‘U’WIuLa 355 b6 GZNU‘iL’JiuL‘UEJ‘IJSJﬂL‘U’]ﬁ\‘I‘ZNEJ
ﬂ'J']lIﬁQL‘VIUEJiuﬂUU’WIuLaVI 600-900 tumg LLﬂuﬂJﬁ’]‘iu']VL‘Viaf\]']ﬂﬂL‘U']ﬂ\‘iﬁL‘U’eJUﬂ'Jﬂ’e)
KU

Uﬁ 16 ﬂ']‘Wﬂ']EJﬂ’I']LVIEJ"JU'%'L"JE]JL“UE]Uﬂ’JﬂE)‘WN’I JIMINAIU

2/ l
=l

a0l 2 menag Q\‘M’Jﬂ'ﬁ']‘UU’i WA 99. 4183686 13. 281 164 WN‘I/]N'JEJ']Q 0.6
ﬁl']i'NﬂIﬂLllﬁﬁ ‘U’iﬁJ"lmﬂﬂLﬂUu'] 23.4 ﬂ']uﬂﬂ‘U']ﬁﬂLlIG]'i WL!‘V]':T‘U‘L!’] 147 91579

Alaluns & maﬂ‘uummmmuai“ﬂ‘umma 230 Lung %QU?L’JWL‘U@H&JJ]L‘U"IHQ‘ZN&J
ﬂ’JWNQQLﬂUE’i“ﬂUUWW”LaW 500-700 tumng

95



SUN 17 amaneanafignusnaeianuiimgineg 3sninsisys

=

a0l 3 wamm']mﬂim ’{NW'JﬂﬂWEU‘{]uUi WA 98 5976832 14. 8293111/\114!1/] 388
miwn‘lamm Uﬁll']mﬂﬂl,ﬂUU’l 8 860 muanmﬂﬂmm ‘WL!‘VI'S‘U‘LH 1,783 A1319
ALALUAS o) maﬂuummmmuasuﬂummm 162 1umg ‘U\‘iUiL’JﬂJL‘U@‘MNﬂL‘U']ﬁQ%\‘i&I
mmmmuaiuﬂummmm 300-1600 tuns

=l

Uﬁ 18 .ﬂ']‘Wﬂ']EJﬂ']'JLVIEJ'JU?L’JWL‘U@N’J’(I%"]HQﬂiﬂJ %ﬂﬁ?ﬂﬂ"lﬂlﬂuﬂ’i

L]

96



a01il 4 EJ’NLﬂU‘IJ"Iﬂ’]‘IJ‘UlIWﬁ ﬁ]\‘]ﬂ’)ﬂﬁli’]ﬂ WA 102 648074 12 469157 ‘IN‘L!‘VI 4.8
ms"mniamm Usmmnmﬂum 5.6 a']uaﬂ‘UﬂﬂﬂLﬁJG]i Wumum 42.8 71919

Alaluns & maa‘uummmmua'suﬂummum 40 N3 musnmwaumwwmmu
ﬂ’J'lﬁJE:jl\‘iL‘Wu’eJiuﬂUU’WluLaVl 200-600 tumg

‘Uﬁ 19 mwmamammusnmmqLﬂummmmwa JNNINNIIA

a0l 5 mqmuu'mmaawmq ‘\]\T%’JﬂﬁI‘U‘VIf—J WA 99, 796897 17.05187 ‘W‘L!‘VI
11.28 Gl']i']\‘iﬂial,&lﬁli ‘U’iil']mﬂﬂl,ﬂ‘U‘Ll'] 32 4 muaﬂmﬂmum mawumwmmua
sEAUUINZLA 50 LUAS L‘U‘L!EJ']\‘iLﬂ‘U‘L!'WIGN’eJEJVI']&Jﬂﬁ'N‘U@J‘UULQJ%NﬁI‘UVI‘EJ

97



a 1 = a 1 [ g 1 [} (Y LY
’i‘U‘VI 20 ﬂ']Wﬂ'IEJﬂ'I"JLVIEJ'JU?L'JZNE]'NLﬂUU'WNLLﬁax‘ma'N ﬁ]\‘l‘l/i'}]ﬂﬂI‘U‘VIEJ

a0l 6 L‘U’e)ﬂ‘VI'JEJ‘Wa'N mmﬂammu wna 102. 595736 17 361184 W‘IJVIN'JE]'N 31
C‘I']'i'NﬂIE’ILﬂJGﬁ Uill']ﬂJﬂﬂLﬂ‘U‘L!'l 113 ﬁ’]‘h!ﬂﬂ‘U']ﬁﬂLllGﬁ W‘L!‘Vli‘U‘L!'l 666 M1314
ﬂIﬁL&IGl'ﬁ' Gl\‘l’e]‘EJU‘IJﬂ'J'IﬂJﬁ\‘lL‘WIJ’e)'i"’ﬂU‘U'WI“’La 198 wums emmamﬂwauvlﬂsvawwum
QL?J'IQQGUQNFI’J'INQQL‘Vi‘lJ’é]iuﬂ‘Uu'muLaVl 250-540 wums

Uﬁ 21 ﬂ']Wﬂ']EJﬂ'l"JLV]EJ'JU?L'JE]JL‘UE]UW’JEMH’N ﬁ]ﬂﬁ’)ﬂ@ﬂiﬁ']‘u

98



dl = dl QI [ % o
M1919% 6 01U 1 LWBUNIABKUT I9KWINAT1UN

. . Binomial Weight | Length | Width | Thickness LOD | LOQ | Analyses
Number Fish species (mg/ | (mg/ | result (mg/
nomenclature (9) (em) | (cm) (cm)
kg) | ka) kg)
Jainszauin
1 Hampala 246 | 255 | 7 3.4 0 |001 0.05
H s barb macrolepidota
ampa
Jainszauin
2 Hampala 159 | 235 | 65 2.8 0o |o001 0.19
Hampala barb macrolepidota
pELLLAs Hemibagrus
3 Asian redtail nemuruf’ 158 26 55 5 0 0.01 0.63
catfish
Yainszauin
4 Hampala 206 27 75 2.7 0 | o001 0.02
Hampala barb macrolepidota
daan .
5 g’a”"sh 757 48 8.5 8 0 |o001 0.36
Walking catfish atrachus
Yainszauin
6 Hampala 257 28 75 35 0 | o001 0.28
Hampala barb macrolepidota
Jainszauin
7 Hampala 227 29 8 2.8 0o |o001 0.34
Hampala barb macrolepidota
Uainszauin
8 Hampala 215 | 265 7 3.4 0o |o0.01 0.54
Hampala barb macrolepidota
Jainszauin
9 Hampala 226 | 265 7 3 0o |o0.01 0.45
Hampala barb macrolepidota
Uainszauin
10 Hampala 213 27 7 22 0o | o001 0.15
Hampala barb macrolepidota
Jainszauin
11 Hampala 237 27 75 2.8 0o |o001 0.44
Hampala barb macrolepidota
Uainszauin
12 Hampala 185 25 6.5 2.6 0o |o0.01 0.13
macrolepidota

Hampala barb
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Uainszauin

13 Hampala 183 | 245 | 63 33 0o |o001 0.16
Hampala barb macrolepidota
Jainszauin

14 Hampala 170 | 235 | 63 32 0o |o0.01 0.04
Hampala barb macrolepidota
Uainszauin

15 Hampala 208 26 6.7 3.1 0o |o001 0.44
Hampala barb macrolepidota
Jainszauin

16 Hampala 757 48 8.5 8 0o |o0.01 0.01
Hampala barb macrolepidota

d' =1 1 <@ % 1 [ (Y] =
$197491 7 @011 2 21NN UUINLAY ‘\]\11/1'39]'5']?1143
- . Binomial Weight | Length | Width | Thickness LOD LoQ Analyses
Number | Fish species nomenclature (@ (em) | (cm) (cm) (mg/ | (mg/ result
9 kg) kg) (mg/ kg)

Yainszauin

1 Hampala 233 | 265 7 3.1 0001 | 0.005| 025
Hampala barb macrolepidota
Jainszauin

2 Hampala 350 | 295 | 85 3.9 0.001 | 0.005| 0.14
Hampala barb macrolepidota
Uainszauln

3 Hampala 204 26 6.5 36 0001 |0005| 0.11
Hampala barb macrolepidota
Jainszauin

4 Hampala 210 25 7 3 0001 | 0.005| 0.12
Hampala barb macrolepidota
Uainszauln

5 Hampala 189 25 6.2 2.9 0001 |0005| 0.13
Hampala barb macrolepidota
Jainszauin

6 Hampala 189 | 255 7 2.9 0001 |0005| 0.17
Hampala barb macrolepidota
Jainszauin

7 Hampala 153 24 6 2.9 0.001 | 0.005| 0.9
Hampala barb macrolepidota
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Uanseauin

8 Hampala 213 25 7 3.2 0.001 | 0.005| 0.13
Hampala barb macrolepidota
Uanngiingu

9 |WM Barbonymus 213 15 45 1.7 0001 |0005| 007

gonionotus

Java barb
Uanseauin

10 Hampala 350 | 295 | 85 3.9 0.001 |0.005| 0.12
Hampala barb macrolepidota

dl = dl a ¢ (Y] =
119791 8 @01 3LUBUUII1AINT U mmﬂmmﬁ]uqs
. . Binomial Weight | Length | Width | Thickness LOD LOQ | Analyses
Number | Fish species (mg/ | (mg/ | result (mg/
nomenclature (@ (cm) (cm) (cm)
kg) kg) kg)

| Uansguue | Hampala 25 13 3.8 1.4 0.001 |0005| 003
Hampala barb | macrolepidota

o | Uanszguin | Hampala 21 125 | 35 0.3 0.001 |0.005| 003
Hampala barb | macrolepidota

3 |Usnswquia | Hempala 16 112 | 33 1.2 0.001 |0005| 0.04
Hampala barb | macrolepidota

4 | Uanszguin | Hampala 21 12 | 38 13 0.001 |0005| 009
Hampala barb | macrolepidota

5 | Usnaquia | Hampala 32 14 3.8 1.6 0.001 |0005| 002
Hampala barb | macrolepidota

¢ | Uanszguin | Hampala 21 13 3.2 1.2 0.001 |0005| 002
Hampala barb | macrolepidota

7 | Uanszguin | Hampala 30 14 | 45 1.6 0.001 |0.005| 002
Hampala barb | macrolepidota

g |Umniwquia | Hempala 17 11 | 35 1.2 0.001 |0.005| 003
Hampala barb | macrolepidota

o |Uanszguun | Hampala 18 11 3.2 12 0.001 |0005| 003
Hampala barb | macrolepidota

10 |Uanszguua | Hampala 27 125 | 4 1.4 0.001 |0005| 003
Hampala barb | macrolepidota
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Uanszauan

Hampala

11 | ot borb | moctenidota | 2 13 35 1.3 0.001 |0.005| 0.02

12 | YansEquin | Hampala 15 11 3.2 13 0001 |0005| 003
Hampala barb | macrolepidota

13 | UaneEqUYA | Hampala 13 10 3 1.2 0001 |0005| 003
Hampala barb | macrolepidota

14 | UsnsEqUiR | Hampala 12 10.5 3 1.1 0.001 |0.005| 004
Hampala barb | macrolepidota

15 | Usnszquie | Hampala 14 105 | 3.2 1 0001 |0005| 002
Hampala barb | macrolepidota

16 | UansEquin | Hampala 17 115 3 1.2 0001 |0005| 003
Hampala barb | macrolepidota

17 | UansEquin | Hampala 15 115 | 31 1.2 0001 |0005| 003
Hampala barb | macrolepidota

1g | UansEquiua | Hampala 14 102 | 34 1.2 0.001 |0.005| 002
Hampala barb | macrolepidota

19 |UaniEqUYA | Hampala 25 136 | 3.8 1.2 0001 |0005| 002
Hampala barb | macrolepidota

g0 |Umnszguia | Hampala 20 125 | 38 1.4 0001 |0005| 003
Hampala barb | macrolepidota
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. . Binomial Weight | Length | Width | Thickness LOD LOQ Analyses
Number | Fish species nomenclature (mg/ | (mg/ | result (mg/
(9) (cm)) | (cm) (cm)
kg) kg) kg)
Uainauia Hemibagrus
1 Asian redfin wyckioides 607 39 7.5 7.5 0.001 | 0.005 0.09
catfish
Uanane Pangasianodon
2 Iridescent g 757 46 10.5 4 0.001 | 0.005 0.03
hypophthalmus
shark
Uannaun
3 |Asienredfin - Hemibagrus 1956 | 64 | 105 13 0.001 |0.005| 0.09
catfish wyckioides
Uaunln Pancasius
4 One spot gasis 1710 56 10.5 1.9 0.001 | 0.005 0.04
- larnaudlii
pangasius
Uaunln Pancasius
5 One spot gasi 1336 55 12 8.5 0.001 | 0.005 0.02
. larnaudi
pangasius
Uanaufia Hemibagrus
6 Asian redfin ”g 607 39 7.5 7.5 0.001 | 0.005 0.09
catfish wyckioides
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Analyses
. . Binomial Weight | Length | Width | Thickness LOD LoQ result (mg/
Number | Fish species (mg/ | (mg/
nomenclature (@ (cm) (cm) (cm) kg)
kg) kg)
| Uanszguie | Hampala 100 | 195 | 59 2.4 0.001 |0.005| 0.01
Hampala barb | macrolepidota
Uaiensny
2 Clown Chitala ormata 132 25.5 8.4 2 0.001 | 0.005 0.008
featherback
3 | Uanssguua | Hampala 130 | 22 | 65 2.4 0.001 |0.005| 0.04
Hampala barb | macrolepidota
g | VAMIEQUUA | Hampala 129 | 21 | 65 2.9 0.001 |0.005| 0.02
Hampala barb | macrolepidota
5 | Uanssguua | Hampala 87 | 185 | 59 2.1 0.001 |0.005| 001
Hampala barb | macrolepidota
6 | Umnszguua | Hampala 98 19 6 2.3 0.001 |0.005| 0.02
Hampala barb | macrolepidota
7 | Vanssguia | Hampala 191 | 245 | 65 3 0.001 |0.005| 0.03
Hampala barb | macrolepidota
e | Qe
8 Giant P 2,492 58 12.5 8.5 0.001 | 0.005 0.03
Channa
snakehead .
micropeltes
I Fricocrors
9 Giant P 2,492 58 12.5 8.5 0.001 | 0.005 0.03
Channa
snakehead .
micropeltes
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. . Binomial Weight | Length | Width | Thickness LOD LOQ | Analyses
Number | Fish species (mg/ | (mg/ | result (mg/
nomenclature (@ (cm) (cm) (cm)
kg) kg) kg)

p | UAnssguua | Hampala 118 | 215 | 6.8 2.9 0.001 |0.005| 0.05
Hampala barb | macrolepidota

o | Uenszguua | Hampala 163 | 23 | 85 2.3 0.001 |0.005| 0.44
Hampala barb | macrolepidota

3 |UansEguin | Hampala 126 | 23 | 27 2.4 0.001 |0.005| 0.05
Hampala barb | macrolepidota

g | YEnIERUIR | Hampala 83 19 6 1.8 0001 |0.005| 0.02
Hampala barb | macrolepidota

5 | Umnszguua | Hampala 150 | 225 | 72 2.5 0.001 |0.005| 0.07
Hampala barb | macrolepidota

6 | Umnszquua | Hampala 64 18 | 58 1.6 0.001 |0.005| 0.25
Hampala barb | macrolepidota

7 | Venszguua | Hampala 10 | 20 | 74 2.1 0.001 |0.005| 0.08
Hampala barb | macrolepidota

g | UANIQUIA | Hampala 93 20 | 67 1.9 0001 |0.005| 0.26
Hampala barb | macrolepidota

g | Umnizguin | Hampala. w07 | 22 | 67 2 0.001 |0.005| 0.05
Hampala barb | macrolepidota
Ay Oxyeleotris

10 % 169 24 4.5 4.5 0.001 | 0.005 0.20

marmoratus

Marble goby

1 | UAnssguUa | Hampala 163 | 23 | 85 2.3 0.001 |0.005| 0.34
Hampala barb | macrolepidota
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