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Preliminary Development Plan for Establishing an Intelligent
Service Platform of Climate Change Research Center
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Study on the Enhancement of Electrochemical Carbon Reduction

Technology
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Resource circulation and verification technologies for carbon
reduction benefits (2/4)
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Formulation of Measurement guidelines for Development and
Validation of Greenhouse Gas Flux Observation Technology (2/4)
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Auxiliary measurements
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Advance planning for the establishment of a social communication
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Green Inflation Impact Analysis for the Net Zero Transition
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(- ) Hsieh, P.Y., Wang, G.S., Mi, W.H., Huang, C.S., Wu, C.F.*, (2024)
"Development and Application of an Industrial Wastewater Profile
Database." Water, Air, and Soil Pollution 235, 235 (2024).
https://doi.org/10.1007/s11270-024-07047-y [SCI, Q2, IF 3.8]
Abstract:

A comprehensive profile database of industrial wastewater in

Taiwan has been developed. The dataset consists of 244 wastewater
samples containing 52 metals and metalloid elements. A Naive Bayes
classifier was applied to establish robust composite profiles for each
industrial category. Similarities in the composite profiles were
examined using a hierarchical cluster analysis, and most composite
profiles were distinct. Finally, 19 composite profiles of the industrial
categories were subsequently retrieved and utilized to identify the
marker species for each category. During the examination of marker
species through statistical methods, three less noticeable
characteristic species, Mo, Sb, and Co, were examined further:
Molybdenum was confirmed as a marker species for the
petrochemical industry, while antimony was identified as a marker
for man-made fibers and finishing of textiles. Cobalt was also
determined as a marker for nickel-based electroplating products. We
compared the regulations of other countries with those of Taiwan in
order to offer scientific advice regarding these three species. This
study serves as an exemplary application of a profile database,
showing how it can be used to analyze less noticeable marker species
among the 52 elements for different industries. Moreover, the study
results suggest that composite profiles generated from various
industries hold potential as tools for future river pollution prevention.
Overall, the continuous expansion of the database is highly
recommended to increase its practicality and relevance for future
research and regulatory efforts.

Keywords: Industrial wastewater, Source profile, Database, Metal
elements, Marker species
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(= ) Lin, H.C., Hsieh, P.Y., Wang G.S., Wang, D.-W., Wang, T.-H., Hsu,
Y.C., Wu, C.F.*, (2024) "Identification of pollution sources in rivers
by downstream analysis of low-concentration elements associated
with wastewater." International Journal of Environmental Science
and Technology, 21, 8543-8552 (2024). https://doi.org/10.1007/
[SCI, Q1, IF 3.0]

Abstract:

Accurate estimation of pollution sources of industrial

wastewater, which is detrimental to the environment and human
health, facilitates river quality management. In this study
wastewater-specific elements in downstream river water were used
to trace back to pollution origin by upstream industry categories. In
addition, a sensitivity test is performed on lanthanides to determine
the importance of low-concentration elements in the analysis. Over a
period of 45 days, water samples are obtained twice daily from a
polluted river in southern Taiwan near industrial areas. During the
monitoring period, wastewater samples from potential contamination
sources are conducted to establish the source profiles. Positive matrix
factorization is used to determine the pollution sources from the 31
elements measured in the stream. The results show that heavy metal
pollution is primarily caused by wafers and semiconductors (47%),
sewage treatment (27%), and electroplating products (12%). The
sensitivity test results for lanthanides show that excluding some or
all of them renders it impossible to classify pollution sources into the
correct industry categories. Because lanthanides are key elements in
certain industry categories, they are distinguishing factors in profiles
among industries. Therefore, the source profiles of low-
concentration lanthanides can aid in identifying pollution sources.
Keywords: River water pollution, Source apportionment, Source
identification, Industrial wastewater, Positive matrix factorization,
Low-contributing elements
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(=) Lin, H.C., Hsieh, P.Y., Wang, G.S., Wang, D.W., Wang T.H., Hsu,
Y.C., Wu, C.F.*, (2024) "Establishment of Methods to Identify
Pollution Sources in a River Reach through Receptor Models."
Journal of Water Resources Planning and Management Volume 151,
Issue 3 https://doi.org/10.1061/JWRMDS5. WRENG-63 [SCI, Ql, IF
3.0]

Abstract:

Given scientific and technological advances, the proportion of

industrialization has increased, making industrial wastewater
pollution more harmful to the environment and human health.
Identifying sources of pollution in specific areas helps clarify and
facilitate water quality management. This study established a method
to identify sources of pollution in a river reach. River water sample
collection was conducted twice a day for 30 days in a polluted river
in southern Taiwan at sampling sites upstream and downstream of
the river reach. Wastewater samples from potential sources of
pollution were also taken during the monitoring period. The pollutant
concentration data for the river reach was calculated based on the
mass flow rate at two sites divided by the volume flow rate. Positive
matrix factorization was applied to the 31 elements measured in the
river to resolve source profiles and contributions. The results
revealed that the contributors to pollution were sewage treatment
(37%), metal finishing (8%), and a detention pond (39%).
Furthermore, by comparing the results of the single- and multiple-
site analyses, the difficulty of identifying sources of pollution due to
the mixed-source profiles obtained was reduced. Consequently, the
applicability and effectiveness of the proposed pretreatment method
of pollutant concentration calculations from two sites were
demonstrated. The novelty of the study lies in the establishment of a
pollution source identification method that can assist in identifying
the main polluting industry categories in river reaches.

Keywords: River water pollution, Source apportionment, Source
identification, River reach, Industrial wastewater, Positive matrix
factorization
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(= ) Mao, H.I, Liu, S.H., Chu, J.C., Shiu, J.W., Chen, P.Y., Chen, C.W.*,
(2024) "Influence of magnesium and calcium sulfate whisker on
crystallization characteristics of poly (butylene adipate-co-
terephthalate) and Poly (butylene succinate)." Journal of Reinforced
Plastics  and  Composites, 2024, Vol.  0(0) 1-13.
https://doi.org/10.1177/07316844241255166 [SCI, Q2, IF 2.3]
Abstract:

Inorganic fillers of whisker-like morphology are considered

promising materials, and they have gained significant attention in
recent years as a substitute for glass fibers due to their fibrous surface
characteristics and extremely low bulk density. This study selected
magnesium sulfate whiskers (MSWs) containing crystal water and
pure calcium sulfate whiskers (CSWs) as fillers. They were
physically blended with biodegradable polymers PBAT and PBS in
a range of 0.1 wt.% to 2 wt.% to form composite materials. The non-
isothermal crystallization behavior of the composite materials was
studied using differential scanning calorimetry (DSC). The data
indicated that with an increase in whisker content, the crystallization
temperature (Tc) of composites increased, and the addition of a small
amount of whiskers led to a reduction in the half-crystallization time
of the composite materials, indicating the crystallization capacity of
the materials has been enhanced to varying degrees. Analysis via
POM unveiled a consistent pattern of decreased spherulite size and
heightened spherulite count with the introduction of whiskers. This
phenomenon is ascribed to the whisker fillers’ function as nucleating
agents within the polymer matrices, thereby stimulating the
crystallization process. Interestingly, the findings suggest that CSWs
exert a more significant influence on crystallization than MSWs,
likely due to the distinct single fiber morphology of the former filler.
Keywords: Composite, non-isothermal, polyester, poly(butylene
adipate-co-terephthalate), sulfate whisker
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(1 ) Mao, H.L, Peng, Y.K., Chou, J.Y., Wu, W.T., Chen, C.W.*, (2024)
"Synthesis of Poly (Butylene Adipate-co-Butylene-2,6-Naphthalate)
Copolymer and Fibers: Characteristics, Thermal and Mechanical
Properties." Fibers and Polymers, https://doi.org/10.1007/s12221-
024-00805-z [SCI, Q2, IF 2.2]

Abstract:
This study aimed to improve the spinnability of poly(butylene

adipate) polyester through the addition of naphthalene ring
structures.  First,  poly(butylene  adipate-co-buthylene-2,6-
naphthalate) (PBABN) copolyesters of different ratios were
produced through a one-pot polymerization of 1,4-butanediol, adipic
acid, and 2,6-naphthalene dicarboxylate (NDC). All PBABN
copolyesters maintained good thermal stabilities. As the naphthalene
content was increased from 0 to 100 mol%, the glass transition
temperature (Tg) of the PBABN copolyester increased from — 60 to
90 °C while its melting temperature (Tm) increased from 50 to 240
°C. When 30 mol% BN units were added, the elongation at break of
the PBABN copolyester exceeded 2000%, indicating that the
addition of a specific ratio of NDC could improve the elongation of
the copolyester. Additionally, PBABN-50 material showed a higher
Young’s modulus of 79 MPa, a yield strength of 19 MPa, and an
elongation at break of 800%, which show its applicability to
packaging materials, agricultural films, and fibers. Second, PBABN
copolyesters with BN units above 50% were chosen for melt-
spinning into fibers and were post-drawn with a ratio of 3.0 to
enhance the fiber strength. The maximum stress values of the fibers
with 50, 70, 90, and 100 mol% NDC were 1.93 +0.08, 2.82 +0.06,
3.89+0.05, and 5.93+£0.12 g den™!, respectively.

Keywords: Poly (butylene adipate-co-buthylene-2,6-naphthalate) -
Aliphatic—aromatic copolymer - Melt spinning
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(+ ) Lin, C.H., Wang, D.W., Chen, Y.C.*, (2024) "In-situ Sampling of
Solid Recovered Fuel and Recycling Ashes for the Production of
Sustainable Binders." Sustainable FEnergy Technologies and
Assessments. https://doi.org/10.1016/j.seta.2024.104139 (accepted,
Dec. 09 2024) [SCI, Q1, IF 7.1]

Abstract:
Increasing waste generation and energy shortages are fueling

interest in alternative fuels such as solid recovered fuels (SRFs), but
limited studies address their compositional properties and potential
for reuse in construction. This study involved in-situ sampling at SRF
production/utilization facilities in Taiwan, with five sites substituting
30 %—80 % of their fossil fuels use with SRFs derive mainly from
plastics, textiles, and waste wood. The net calorific values of SRFs
ranged from 18.42 MJ/kg to 29.11 MJ/kg with textile-derived SRFs
containing higher sulfur (3.23 %) and chlorine (0.03 %) levels. After
incineration, SRF ashes showed increased concentrations of metals,
notably Ca (0.09-30.2 %), followed by Si (4.17-18.95 %), and Fe
(1.15-5.86 %). Metals such as aluminum and iron were found to be
more concentrated after incineration. The compressive strength of
ash-based binders increased with curing time, achieving 291 kgf/cm?2
at 30 % SRF ash content after 14 days. The study suggests that
replacing approximately 10 % of cement with SRF ash and curing
for 7 days optimizes viscosity, permeability, and compressive
strength. These findings support the circular economy by
repurposing SRF ashes for civil and environmental applications.
Keywords: Ash, Binder, Bioenergy, Circular economy, Solid derived
fuel
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1. Chuang, C.K., Wei, K.Y., (2024) "Late Quaternary calcareous
nannofossil biochronology of MD05-2925 and ODP 1115B in the
western equatorial Pacific." Vision Marine Conference, April 22-24,
2024, Kaohsiung, Taiwan. (Oral)

Abstract:

The current study establishes a detailed calcareous nannofossil
biostratigraphy of MD05-2925 (151°28°E, 9°21°S, water depth 1642 m)
and ODP Hole 1115B (9°11°S, 151°34’E, water depth 1149 m) in the
Solomon Sea on the southern periphery of the Indo-Pacific Warm Pool.

The shallow water depths and pelagic setting render these two cores
contain abundant and well-preserved contained calcareous microfossils.
The existing, published astronomically tuned planktonic foraminifera
oxygen isotope stratigraphy provides a reliable chronological
framework with which the chronological ages of 5 calcareous
nannofossil datum levels are well defined: (1) the FO (First occurrence)
of Gephyrocapsa kennettii (MIS13, 520 ka), (2) the LO (last occurrence)
of Pseudoemiliania lacunosa (MIS12, 476 ka), (3) the LO of
Gephyrocapsa kennettii (MIS12, 465 ka), (4) the FO of Emiliania
huxleyi (MISS, 257 ka), and (5) the FCO of Emiliania huxleyi (MIS5, 83
ka).

Among these five, G. kennettii existing between 520 to 465 ka, a
new species we established in 2021 is worthy of further exploration for
its stratigraphic utility. Its short range of existence makes this species a
good age marker for the uppermost of MIS13 and the lowermost of
MIS12, an age interval in which no other appropriate microfossil datum
exists at present.

Keywords: Calcareous nannofossil, new species Gephyrocapsa
kennettii, western equatorial Pacific



2. Chuang, C.K., Liaw, Y.L., Kuo, C.Y., Tsai, C.H., (2024) "The age of the
Chiting Formation in Zuojhen, Tainan: analysis of nannofossils." 2024
New Prospect on the Paleontological Research in Taiwan International
Conference, September 10-11, 2024, Tainan, Taiwan. (Oral)

Abstract:

Nesorhinus hayasakai (Rhinocerotidae) is an iconic fossil species
from Taiwan, but the paleo-environment and geologyical age of its
occurrence require in-depth research. Here, we conducted extensive
sampling and analysis of microfossil assemblages at the “Rhinope
(derived from a combination of rhini and hope)” section along the
Sanchongxi (a branch of the Tsailiao River in Zuojhen, Tainan). The
Rhinope section includes a 6.5-meter thick sedimentary sequence, which
belongs to the upper part of the Chiting Formation. The lithology is
predominantly yellowish sand layers interbedded with thin mudstone
layers. A dense layer of large benthic foraminifera, Operculina, at the
bottom of the section indicates an open shallow continental shelf
environment. The middle section, from 2 to 4.75 meters, consists of thick
yellowish sand layers dominated by quartz particles, while the 4.75 to 5
meters is a thin grayish mud layer rich in foraminifera and ostracod
fossils. The high proportion of planktonic foraminifera in this layer
suggests a deep-water marine environment. Using a 1600x polarizing
microscope, we found abundant calcareous nannofossils and identified
index fossils Pseudoemiliania lacunosa along with medium and small
Gephyrocapsa. We also found a medium-sized Gephyrocapsa omega
with a bridge-like structure, nearly perpendicular to the NN19c
calcareous nannofossil biozone (0.46 ~ 1.02 Ma). Combined with
reverse magnetostratigraphic results, this further narrows the age down
to 0.46 ~ 0.99 Ma. Additionally, Gephyrocapsa oceanica replaced
Gephyrocapsa omega in the thin mud layer samples, gradually more
dominant in proportion. Furthermore, samples from the Erliao area,
representing the lower part of the Chiting Formation, include a higher
abundance of Gephyrocapsa omega than Gephyrocapsa oceanica. Thus,
the last abundance appearance of Gephyrocapsa omega (~0.61 Ma) can
effectively distinguish the geological ages of the upper and lower parts
of the Chiting Formation. Our findings indicate that the thin mudstone
layer at the Rhinope section ranges between 0.46 and 0.61 Ma, while the
Erliao area spans from 0.61 to 0.99 Ma.

Keywords: Pleistocene ~ Microfossil ~ Gephyrocapsa




3. Liaw, Y.L., Chuang, C.K., Tsai, C.H., (2024) "A Pleistocene sea turtle
from Yuching and its nannofossil biostratigraphy.” 2024 New Prospect
on the Paleontological Research in Taiwan International Conference,
September 10-11, 2024, Tainan, Taiwan. (Poster)

Abstract:

The modern biodiversity of Taiwan includes five sea turtle species,
but no fossil or archaeological records until now. We discovered a partial
hypoplastron from the Yuching Shale in Yuching, Tainan, representing
the very first documented fossil sea turtle from Taiwan. The preserved

hypoplastron shows a wide and curved medial margin as well as a lateral
notch with a right angle, both of which suggest a taxonomic affinity to
the living loggerhead sea turtle (Caretta caretta). Given the preserved
size of the hypoplastron width (18 cm), we estimate that this fossil
belongs to a juvenile Caretta caretta with a carapace slightly more than
60 cm long. In addition, we sampled the foraminiferal fossils from the
matrix of this fossil hypoplastron, suggesting that the depositional
environment was a continental shelf no more than 100 m deep. We
further prepared the nannofossil smears under the 1,600x polarizing
microscope, revealing more than 200 individuals of calcareous
nannofossils, and the composition includes index fossils, such as
Pseudoemiliania  lacunosa, Helicosphaera sellii, and large
Gephyrocapsa oceanica (>5.5um), corresponding to NN 19a nannofossil
biozone and indicating the Early Pleistocene in age. Furthermore, with
the first occurrence of the large Gephyrocapsa oceanica and the last
occurrence of Helicosphaera sellii, we narrowed down the age of this
sea turtle from Yuching to 1.57 to 1.28 million years ago. Our discovery
of this sea turtle fossil represents the first cheloniid fossil evidence in
Taiwan, and we propose that the Pleistocene waters (more than 1 million
years ago) around Yuching, Tainan, may be a paleo-breeding site for
Caretta caretta. Further fieldwork and specimen analysis aim to reveal
a large-scale evolutionary history of the large, migratory marine animals
in the North Pacific Ocean.

Keywords: Cheloniidae, Caretta, Foraminifera, Taiwan, North Pacific
Ocean, Calcareous nannofossil



4. Wei, K.Y., Chuang, C.K., Yang, T.R., (2024) "A preliminary note on
age and paleo-environment of the first skeletal fossil of gray whale found
in West Hengchun Tableland, Southern Taiwan." 2024 New Prospect on
the Paleontological Research in Taiwan International Conference,
September 10-11, 2024, Tainan, Taiwan. (Oral)

Abstract:

A quite complete fossilized skeleton set (80% of the whole
skeleton) of a gray whale was unearthed from Toukou (£f i) of the

Szekou Formation (2 /& % ) in Hengchun Peninsula, Southernmost

Taiwan in 2022. To have a preliminary estimation of the geologic age of
the whale fossil, an intercalated sediment sample near the lower jaw of
the fossil whale was sampled for quantitative calcareous nannofossil
examination using scanning electronic microscope. The nannofossil
assemblage is dominated by two key fossils: Gephyrocapsa spp.
(43.5%), followed by Emiliania huxleyi (15.2%). In correlation to the
radiometrically calibrated quantitative nannofossil record of a nearby
marine sedimentary core GR2-2 in Gaugua Ridge (4t /A /% %), offshore
of east Taiwan, the age of this sample is assigned to be ~95 ka,
corresponding to the marine isotope stage 5.4 (MIS 5.4) of the LR04
stack (Lisiecki and Raymo, 2005). We assess that the fossil whale
horizon is near the bottom of the Szekou Formation inter-fingering with
coeval Hengchun Limestone. As reported by Chen et al (1991), at the
Toukou Section (£f /& 3| % ), the mollusk assemblage in the sample
located approximately at the same position of our whale fossil site was
dominated by Eucrassatella nana, Venus faveolata and Turretella filiola,
accompanied by Chlamys nobilis, Oblimopa cf. japonica and other
minors, signifying a transgressive phase when the local relative sea level
rose. The assemblage was named as FEucrassatella-Venus (EV)
assemblage, situating in the lowermost horizon (15 - 80 cm in thickness)
of the Szekou Formation (Chen et al., 1991). The benthic foraminifera
assemblages studied by Huang (1988) at the bottom of the neighboring
Tingtoukou Section (7% £ & ¥ % ) suggests that the depositional
environment started from being hyposaline marshes (bottom at 0 m)
towards shelf sea (1 m). Therefore, we interpret that the blue whale
might have been stranded on a shallow shelf area near some carbonate
reefs, and not necessarily in a lagoon.

Keywords: whael fossil, West Hengchun Tableland, calcareous
nannofossil
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