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T his section related to environmental and earth 
sciences invariably draws much attention as the 

surroundings in which we live are deteriorating be-
cause of the industrialization and globalization of our 
human development. Herein scientific reports include 
issues describing the adverse impacts of microplastics 
due to disposal in the environment, a fish model for 
paths of accumulation of lead released from the pip-
ing of drinking water, arsenic contamination in the 
surroundings of steel manufacture and groundwater, 
and an investigation of a crucial mechanism for the 
control of the fault strength during an earthquake.

Taiwan synchrotron facilities include endstations 
dedicated to provide an interdisciplinary capabili-
ty for resolving particular elements and functional 
groups, phase-contrast tomographic imaging to 
investigate scientific issues related to environmental 
contamination and microplastic materials or resi-
dues. NSRRC synchrotron-based technologies provide 
three-dimensional tomography on a nanometre scale 
and spatially resolved chemical micro-imaging, such 
as with a transmission X-ray microscope (TXM) and 
an infrared microspectrometer at TLS 01B1 and TLS 
14A1, respectively. X-ray absorption-based beamlines 
TLS 01C1, TLS 07A1 and TLS 17C1 provide the tech-
niques of X-ray absorption spectra (XAS), X-ray ab-
sorption near-edge structure (XANES) and extended 
X-ray absorption fine structure (EXAFS) for the deter-
mination of local structural geometric distortions and 
coordinate number. (by Yao-Chang Lee)
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Characterization of Bacteria-Mineral Interaction 
Using the TLS 14A1 IR Microspectroscopy Beamline
Micro-colonization of arsenic-resistant Staphylococcus sp. As-3 on arsenopyrite (FeAsS) and 
identification of functional groups that drive bacteria-mineral association in nature.

Fig. 1:  Staphylococcus sp. As-3 micro-colonization on a FeAsS surface (scanning 
electron microscope observations). [Reproduced from Ref. 3]

Fig. 2: Synchrotron-radiation FTIR analysis of bacteria exposed to various arsenic 
conditions: bacterial cell exposure to various arsenic species. [Reproduced 
from Ref. 3]

T he contamination of groundwater by geogenic 
arsenic (As) is a global environmental hazard that 

affects the health of millions of people each year. Ar-
senic under sedimentary conditions occurs naturally 
as a metalloid that is present at large concentrations 
in geological units enriched with arsenic-containing 
sulfide minerals. Their biogenic transformational fate 
is, however, vaguely understood. Unique interactions 
between the minerals and the microbes play a signifi-
cant role in mineral dissolution and weathering pro-
cesses.1 It is hence essential to understand the biolog-
ical interactions and fate of arsenic-containing pyrites 
under subsurface conditions. Whereas the release 
of As from oxidative dissolution of pyrite has been 
extensively explored, the fate of arsenic-containing 

imaging with IR focal plane array (FPA) mapping of 
a micro-colonized region of FeAsS was undertaken 
to explore the possible bridging forces enabling and 
maintaining this critical bacteria-mineral interaction.

The functional groups associated with As-3 cells 
exposed to various arsenic species and arsenopyrite 
were characterized with a synchrotron-based Fouri-
er-transform infrared (SR-FTIR) microspectrometer. 
The unexposed As-3 cells showed the typical charac-
teristic infrared absorptions of protein amide I and 
amide II bands at 1650 and 1550 cm-1, respectively, 
which were obvious under all arsenic exposure con-
ditions (Fig. 2). Under all three conditions of arsenic 
exposure, arsenic-exposed bacteria demonstrated a 

pyrites under anaerobic mi-
crobe-mineral interactions is un-
clear. Bacteria and mineral surface 
functional groups play a critically 
significant role in the stabilization 
of bacteria-mineral interactions 
and mineral weathering. 

In this work, we explored the 
subsurface biomatrix of the most 
abundant As mineral, arsenopy-
rite (FeAsS). Through bacterial 
adhesion on the surface of a toxic 
mineral, we showed that an ar-
senic-resistant Staphylococcus sp. 
As-3 micro-colonized on FeAsS 
(Fig. 1) could drive the solubiliza-
tion of arsenic under anoxic con-
ditions. 

Jagat Rathod and Jiin-Shuh Jean 
from National Cheng Kung Uni-
versity and Yao-Chang Lee (NSR-
RC) in joint efforts utilized the 
IR-microspectroscope platform at 
TLS 14A12 to elucidate various 
functional-group signatures asso-
ciated with arsenic species such as 
As(III) and As(V), as well as FeAsS 
exposure to arsenic-resistant 
Staphylococcus sp. As-3. Chemical 
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Fig. 3: Infrared (IR) microscopic images of a bacterial micro-colony on arsenopy-
rite demonstrating the various components of the cell, such as the cell wall 
(1072 cm−1), protein (1665 cm−1) and lipid (2825 cm−1) FPA.  [Reproduced 
from Ref. 3]

decreased intensity of the amide bands of a protein 
relative to that unexposed to bacteria. Furthermore, 
responding to arsenic exposure, the intensity of the 
glycosidic bond C-O-C of polysaccharide at 1085 cm-1 
and lipid-dominant characteristic absorption lines at 
2815 cm-1  (methoxy, methyl ether OCH3), 2960 cm−1 
(methyl group), 2925 cm−1 and 2850 cm−1 (methylene 
group) were more intense than those for the unex-
posed cells (Fig. 2). All bacterial samples also showed 
an absorption at 1085 cm-1 that was attributed to the 
νs (PO2

-) mode of the DNA/RNA, an absorption band 
at 1241 cm-1 assigned to νas (PO2

-) of the DNA/RNA 
molecules, an absorption band at 1395 cm-1 assigned 
to the bending vibration of the methyl group and an 
absorption band at 3300 cm–1 assigned to the (-NH) 
stretching vibration of amide A of a protein.3 A broad 
band about 3445 cm-1 is associated with the peptido-
glycan specific –OH stretching vibration of polysac-

charide of the cell wall, indicating that polysaccha-
rides could play an important role in the adhesion of 
arsenopyrite by the As-3 isolate (Fig. 2).

Additionally, SR-FTIR spectral images were construct-
ed based on the peak height of the characteristic 
absorption of the functional group corresponding 
to specific cellular components, such as absorption 
of the amide I band of proteins at 1665 cm-1 and the 
lipid-dominant absorption (νs CH2) at 2825 cm-1  of 
the bacteria bound to the arsenopyrite. Upon adhe-
sion to FeAsS, the biomolecular phosphorus group 
resulted in a strong absorption band at 1072 cm-1, 
indicating the formation of P-OFe bonds for bacteria 
adhering to the mineral surface (Fig. 3). This observa-
tion corroborates previous work on the bacteria-min-
eral interaction.4 In the future, we believe that chem-
ical imaging of the section focal plane that provides 

a better resolved interface region 
between bacteria and mineral 
could further enhance our under-
standing of life on surfaces.

The use of SR-FTIR spectra and 
FPA mapping could be pivotal in 
extending the spatial chemical 
characterization of biological 
interactions occurring in nature 
(e.g. biofilm or micro-coloniza-
tion) or under controlled labora-
tory conditions (e.g. microcosm). 
Along with physical mapping 
with an atomic-force microscope 
(AFM), elemental mapping with 
scanning electron microscope 
(SEM) or transmission electron 
microscopy-energy dispersive 
X-ray spectroscopy (TEM-EDS), 
or microscopic isotope-signature 
mapping with nano-secondar 
ion mass spectrometry (SIMS), 
we foresee the future utility of 
IR-microscopy to elucidate spatial 
functional-group mapping on 
a microscale. Combining these 
high-resolution physical and 
chemical imaging techniques 
holds a path forward to an inclu-
sive characterization. (Reported 
by Yao-Chang Lee)

This report features the work of 
Jagat Rathod and his collaborators 
published in Sci. Total Environ. 
669, 527 (2019). 
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TLS 14A1   BM — IR Microscopy
•  SR-FTIR, FPA Mapping
•  Bacteria-mineral Interaction, Arsenopyrite (FeAsS), 

Micro-colonization, Chemical Imaging
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Microplastics at the Northern Coast of Taiwan
Micro-colonization of arsenic-resistant Staphylococcus sp. As-3 on arsenopyrite (FeAsS) and 
Microplastic pollution is a global issue and greatly affects the environment in which we live. 
Synchrotron-based infrared microspectroscopy provides a precise identification of microplastic. 

T he purpose of the invention of plastic bags in 1959 was to save the planet. Nowadays, it is ironic that plastic 
pollution is growing as a result of the plastic industrial development. According to a document of the World 

Health Organization (WHO), microplastics have been found in our living settings and even in food, of which the size 
of tiny plastic fragments less than five millimetres is defined as microplastics. If the size is larger than 150 microme-
tres it is unlikely to be absorbed in the human body, whereas the uptake of smaller particles is a small possibility 

Fig. 1: Maps of the study area and transects within Wanli Xialiao Beach near Jinshan, 
New Taipei City, and northern Taiwan. (a) Map of northern coast of Taiwan 
with a rectangle showing the study areas. (b) Map of northern Taiwan with the 
location of Jinshan, as well as locations of four beaches (Shalun, Baishawan, 
Waimushan, Fulong) that were sampled for microplastics. (c) Detailed map of 
the study area. The locations of the investigated transects on Xialiao beach 
are indicated with red dots. Numbers 1 to 4 represent transect 1 to transect 4. 
[Reproduced from Ref. 1]

according to WHO investigations. 

Based on the growing microplastic 
problem, a research team of Taipei 
Medical University, National Tai-
wan University and National Sun 
Yat-sen University investigated 
since early 2015 the microplastic 
and mesoplastic pollution of an 
area of Wanli Xialiao Beach near 
Jinshan in northern Taiwan using 
SR-FTIR microspectroscopy and 
ATR-FTIR microspectroscopy. The 
research team studied a sand 
sample of depth under 1 cm from 
the surface that was collected in 
a systematic manner. In total 80 
samples were collected along four 
transects; the plastic particles (≥ 
1 mm) were extracted and quan-
tified. In total, 1939 microplastic 
particles were recovered, with an 
average 96.8 particles per square 
metre. Statistical analysis showed 
that the backshore had signifi-
cantly more microplastic particles 
than the supra littoral or intertidal. 
Approximately 6.8 million plas-
tic particles (≥ 1 mm) weighing 
about 250.4 kg were estimated in 
the surface layer of Wanli Xialiao 
Beach on extrapolating the num-
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bers of plastic particles found. Resampling curves were created from the data set, which showed that 20 samples 
as a minimum should be taken to estimate adequately the mean particle abundance.  

Wanli Xialiao Beach in Jinshan is located on the northern coast of Taiwan (Fig. 1) and is part of a beach system 
developed along the floodplain of the Huang River and Yuantan River. Zhongjiao Beach and Xialiao Beach are 
separated by the Shitoushan Hills. Xialiao Beach has length 2.33 km; the width, measured from the dune to the 
high tide line, varies from approximately 70 m in the northwestern part to approximately 30 m in the south-
eastern part. The total area of the beach is estimated about approximately 70130 m2 based on satellite images 
provided by Google Earth. The northwestern part of the beach is bordered by the mouth of the Yuantan River. 
With length 6.2 km and catchment area 22.33 km2, which is mostly in unpopulated mountainous areas, the river 
is relatively small. 

The sampling scheme was based on the Marine Strategy Framework Directive (MSFD) Technical Subgroup on 
Marine Litter report,2 Kunz3 and Besley.4 Samples were collected from a square with each side of length 0.5 
meter. Keeping the sampled area and depth as constant as possible at 1 cm using a Polyvinal chloride (PVC) 
tube frame, sand was collected from the surface with a metal scoop. The sampling depth varied from 1 to 2 cm 
in some sampling places. Each sample therefore represents an area 0.25 m2, or an estimated average volume 
0.0025 m3 but with some variation. The starting point for sampling plastic of each transect was at the fence on 
the top of the dune; a constant distance frame 2 m was moved towards the water line until the wet part of the 
intertidal zone was reached. For transect number 3, the starting point was, however, on the slope of the dune 
and not at the fence because of the dense vegetation in that area of the beach (Fig. 2).

268 potential microplastic particles were recovered from transect 2 (Fig. 1); 249 particles of these particles were 
analyzed at the endstation for SR-FTIR microspectroscopy at TLS 14A1. Potential microplastic particles were 
further analyzed with the attenuated-total-reflection Fourier-transform infrared (ATR-FTIR) microspectroscope, 
which includes a FTIR spectrometer equipped with an IR microscope coupled with a dedicated 20x ATR objec-
tive, which is an anvil-shaped Ge crystal with contact area 80 μm2. Functional groups of chemical components 
were identified based on the characteristic IR absorption lines of plastics. The FTIR spectra of each plastic particle 

Fig. 2: Sampling points along the four transects for each beach zone and each transect (the mean and standard deviation of 
potential microplastic particles per 0.25 m2 are also given). The grey square marks the starting point for each transect. Beach 
zones were assigned during field work by visual interpretation of the beach morphology. Please note that each transect was 
rotated and aligned along the fence for illustrative purpose. All transects have the same scale. [Reproduced from Ref. 1]
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adhering on the filter paper sheet were acquired with 512 scans at spectral resolution 4 cm−1 in spectral range 
4000–400 cm−1. The FTIR spectra of each microplastic particle were compared with a database of standard 
spectra (OMNIC 9.2, 2012; Thermo-Fisher Scientific Inc., Waltham, MA, USA), which the research team collected 
from various plastic objects made of varied plastic types: acrylonitrile butadiene styrene (ABS), polyamide (PA), 
high-density polyethylene (PE-HD), low-density polyethylene (PE-LD), polyethylene terephthalate (PET), polylac-
tic acid (PLA), polypropylene (PP), polystyrene (PS), polyurethane (PUR) and PVC; at least five specimens of each 
plastic type were measured with the FTIR spectrometer as described above to obtain representative spectra for 
each plastic type (Fig. 3).3 

For the microplastic pollution of Xialiao Beach in northern Taiwan, there were on average 96.8 particles per 
square meter on this particular beach because microplastics were found in 75 out of 80 samples (94%). Based 
on these findings, the research team deduced that the entire beach was polluted with microplastics – approxi-
mately 6.8 million plastic particles with estimated mass 250.4 kg at the surface of the entire beach, which should 
be present in the surface layer of Xialiao Beach. Most microplastics, identified with synchrotron-based infrared 
microspectroscopy and ATR-FTIR microspectroscopy, accumulated at the backshore with a high level of variation 
between samples, transects and beach zones (Fig. 3). Reporting a complete and unbiased picture of microplastic 
pollution, either randomly or systematically with several transects and a sufficient number of samples on each 
transect, were strongly suggested for sampling. Furthermore, the representative large number of overall mi-
croplastic pollution is necessary for sampling microplastic samples from a target area. The investigation results 
from other studies were possibly greater than that of the result of this research team in East Asia. The research 
team suggested reporting an average for the entire beach, but the number of locations at which plastic samples 
were obtained was too small, so as to cause an unexpectedly large extent of microplastic pollution. Based on the 
results of the resampling curves, we believe that our results represent the true average pollution of Xialiao Beach 
rather closely. (Reported by Yao-Chang Lee)

This report features the work of Alexander Kunzd and his collaborators published in Mar. Pollut. Bull. 140, 75 
(2019). 

Fig. 3: (a) FTIR spectra of the three most common plastic types found in the collected samples. The reference spectra and one repre-
sentative spectrum from a sample are shown. [Reproduced from Ref. 2] (b) Number of potential microplastic particles found in 
each transect in relation to the distance from the fence on the dune at 0 m. The scales of the x and y-axes were kept constant 
in each figure to allow for visual comparison between each transect. [Reproduced from Ref. 1] 
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TLS 14A1  BM — IR Microscopy
•  FTIR Microspectroscopy
•  Environmental Science, Biological Science, Medical Science, Materials Science, Chemistry  

References
1. L. J. Bancina, B. A. Walther, Y.-C. Lee, A. Kunzd, Mar. Pollut. Bull. 140, 75 (2019).
2. F. Galgani, G. Hanke, S. Werner, L. Oosterbaan, P. Nilsson, D. Fleet, S. Kinsey, R. C. Thompson, J. van Franeker, 

T. Vlachogianni, M. Scoullos, J. M. Veiga, A. Palatinus, M. Matiddi, T. Maes, S. Korpinen, A. Budziak, H. Leslie, 
J. Gago, G. Liebezeit, JRC Scientific and Policy Reports: Guidance on Monitoring of Marine Litter in European 
Seas, Publications Office of the European Union, LuxembourgI (2013).

3. A. Kunz, B. A. Walther, L. Löwemark, Y.-C. Lee, Mar. Pollut. Bull. 111, 126 (2016).
4. A. Besley, M. G. Vijver, P. Behrens, T. Bosker, Mar. Pollut. Bull. 114, 77 (2017).

Lead (Pb) Poison in Drinking-Water Systems
Nanoscale lead dioxide particles (nPbO2) in the corrosion product formed inside lead-bearing 
pipes or lead-containing faucets in systems for the distribution of drinking water can release 
toxic lead ions (Pb2+), which cause lead poisoning in human beings, especially children. 

M any countries, including USA, UK, Canada, 
Australia and Taiwan, still have Pb service 

pipes in their distribution systems for drinking water. 
Pb-contaminated drinking water was reported to 
cause blood lead poisoning in human beings, espe-
cially children. Nanoscale Pb dioxide (nPbO2) is a solid 
particulate of tetravalent Pb oxides known to form 
on the inner surface of lead pipes with drinking water 
of high oxidation-reduction potential, such as chlori-
nated water. nPbO2 can be reduced to lead ions (Pb2+) 
when free chlorine is switched to monochloramine, 
which causes the lead water crisis. The water matrices 
that affect aqueous redox conditions also alter the 
stability of nPbO2 contributing to this Pb contami-
nation problem. The dissolution of nPbO2 increases 
with increasing concentration of dissolved inorganic 
carbon and natural organic matter and with decreas-
ing pH. Furthermore, nPbO2 can be dislodged from 
a pipe surface under large flow rates, so to enter the 
water supply and become released into the environ-
ment. Although the replacement of lead pipes with 
copper and stainless-steel pipes has been attempted 
in various countries to remove lead sources from their 
distribution systems, small segments of lead pipes 
typically remain because of the high cost and poor ac-
cessibility in private premises; this partial replacement 
can induce galvanic corrosion, releasing more lead 
into the water supply. The major sources of lead in 
the distribution system are hence the remaining lead 
service pipes and lead-containing plumbing materials 
such as solder, faucets and valves, particularly those 
made from brass that contains about 2% Pb to en-

hance its machinability. Many authors have reported 
various toxic effects induced by metallic or metal-ox-
ide nanoparticles in vitro and in vivo. These authors 
suggested that some observed toxicity symptoms of 
nanoparticles are similar to those of their respective 
metal ions. Further information on the toxic mecha-
nism of nPbO2 is essential to understand the Pb bio-
availability and toxicity in humans. 

Pei-Jen Chen (National Taiwan University) and her 
collaborators recently used adult medaka fish (Oryzias 
latipes) as an animal model to investigate the uptake, 
lead dissolution, bioaccumulation and toxic effects 
of nPbO2, microscale bulk Pb dioxide (bPbO2) and 
Pb2+ in vivo upon acute to sub-chronic aqueous expo-
sure.1 Utilizing X-ray absorption near-edge structure 
(XANES) spectra at TLS 07A1 the team found that 
both nPbO2 and bPbO2 could be reductively dissolved 
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into Pb2+ in both the intestines (major uptake route) 
and gills of the fish (Fig. 1), thereby enhancing hepat-
ic Pb accumulation. Employing a transmission X-ray 
microscope (TXM) at TLS 01B1, the team revealed 
that more nPbO2 and bPbO2 were aggregated in the 
intestine than in the gills of the medaka fish (Figs. 
2 and 3). This result is consistent with the quanti-
fication of Pb bioaccumulation analysis and quan-
titatively confirmed that medaka fish can take up 
metal-oxide particles (e.g. PbO2) mainly via their gut, 
followed by gill inhalation. Also, in the intestine, me-
daka ingested more lead particles (greater quantity 
of bPbO2 than nPbO2) than their release ions through 
their food-pecking behaviour, according to which 
aggregated nanoparticles at the bottom of the water 
column might resemble food to the medaka fish. In 
addition, the team analysed AChE activity that serves 
as a biomarker of neurotoxicity induced by heavy 
metals such Pb2+, Hg2+, Cd2+ and Cu2+ in human beings 
and other animals. The results indicated that the fish 
brain exhibited greater Pb accumulation and acetyl-
cholinesterase inhibition with Pb2+ treatment than all 
PbO2 treatments. The Pb content was greater in the 
gills, liver and brain with nPbO2 than bPbO2.   

In summary, the environmental fate and potential 
impact of corrosion product PbO2 in drinking water 
on human health and environmental safety have 
raised great concern worldwide. The investigation of 
Pb dissolution from PbO2 nanoparticles in medaka 
fish confirmed that medaka fish can take up aggre-

gated nanoparticles such as PbO2 settled in the water 
column, mainly via oral digestion, whereas suspended 
nanoparticles or ions such as Pb2+ likely enter by gill 
inhalation. Furthermore, PbO2 particles can be reduc-
tively dissolved into Pb2+ in the two uptake organs, 
intestine and gills, hence increasing the hepatic Pb 
content and conferring other toxic effects in the 
organs. The main cause of the observed toxic effect 
of metal-oxide particles such as PbO2 might be ion 
release from the aqueous dosing solutions or in the 
biological fluid of digestive or respiratory organs. The 
evidence in vivo implies the possibility of increased 
risk of exposure to Pb dissolution from PbO2 particles 
in the digestive system via drinking water that can 
enhance the bioavailability of Pb uptake and toxicity 
in humans. (Reported by Yen-Fang Song)

This report features the work of Pei-Jen Chen and her 
collaborators published in Environ. Sci.: Nano 6, 580 
(2019). 

TLS 01B1  SWLS – X-ray Microscopy
TLS 07A1  IASW – X-ray Scattering 
•  TXM, XANES
•  Environmental Science, Materials Science, Medical 

Biology, Geology, Chemistry.
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Fig. 1: Pb L3 edge XANES images of the (a) intestine at 3 h, 6 h and 24 h treated with 20 mg L-1 Pb nPbO2, (b) intestine and (c) gills af-
ter 3 d treated with bPbO2 and nPbO2 (20 mg L-1 Pb equivalent). Organs from two fish with the same treatments were pooled. 
Spectra represent a combination of three repeated scans. Laboratory-synthesized nPbO2 and analytical grade Pb(NO3)2 and 
PbCO3 were used as standard references. XANES spectra for the fish intestines and gills with background Pb2+ exposure were 
undetectable. [Reproduced from Ref. 1] 
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Fig. 2: TXM images of digestive tracts of medaka fish in (a)–(b) 
bland control, and solutions with (c)–(e) 20 mg/L nPbO2 
and (f)–(h) 20 mg/L bPbO2. [Reproduced from Ref. 1] 

TLS 01B1  SWLS – X-ray Microscopy.

Fig. 3: TXM images of gill tissue of medaka fish in (a)–(b) bland 
control, and solutions with (c)–(e) 20 mg/L nPbO2 and  
(f)–(h) 20 mg/L bPbO2. [Reproduced from Ref. 1]
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The Role of Grain Fragmentation During an Initial 
Seismic Slip
Powders generated by fault surface comminution together with frictional melt play an im-
portant role in controlling the fault strength during an earthquake

During a major earthquake, frictional heat generated by the rapid slip of fault surfaces (velocity > 1 m/s) can 
trigger numerous physicochemical processes. These processes have been experimentally and theoretically 

identified as dynamic weakening mechanisms that can significantly decrease the fault strength;1 for example, 
flash heating and weakening triggered at initial faulting2 and melt lubrication occurred after a large slip.3 The 
transition between these two weakening mechanisms, however, remains unclear. More relevantly, how the 
associated products derived from both surface comminution and frictional melting influence the fault strength 
during a fault rupture is not well constrained.

To address the issue, Li-Wei Kuo’s team (National Central University) performed high-velocity rock friction ex-
periments on granitic gneiss using a rotary shear apparatus. The experiments were conducted in various slips to 
cover the triggered processes, including the flash heating and weakening and melt lubrication. Interestingly, the 
frictional behavior between the flash heating and weakening and the melt lubrication shows a strengthening 

Fig. 1: TXM images of solidified frictional melts in four states. 
Internal microstructures all show substantial ultrafine 
quartz grains with sub-angular and angular‐to‐spherical, 
and ellipsoidal, shapes surrounded by a melt matrix. 
[Reproduced from Ref. 5].

trend (faults become strong) that was derived from 
the combined effect of comminution products and 
frictional melts. Traditional micro-analytical instru-
ments (e.g. optical microscope and scanning electron 
microscope) show similar results of a distribution 
of particle size, but this distribution obtained from 
both optical and electron microscope methods was 
calculated from the exposed surface of the polished 
particles. With the highly penetrating synchrotron 
technique and great spatial resolution, the solidified 
melt matrix becomes non-destructively observable 
with resolution to 50 nm, which might be relevant 
to the observed slip behaviour in a transition. In this 
research, Kuo’s team and Chun-Chieh Wang (NSRRC) 
used a synchrotron transmission X-ray microscope 
(TXM) at TLS 01B14 to obtain two-dimensional radio-
graphic images of survivor grains (Fig. 1). Those imag-
es were further used to determine the particle-size 
distribution (PSD) of the survivor grains embedded 
in bulk samples (Fig. 2). Based on these results, the 
team found that the intact shape and number of 
survivor grains varied significantly in four distinct 
states. Abundant ultrafine angular quartz grains were 
also observed at an initial slip. With an increase of 
slip, ultrafine quartz grains within the solidified melts 
became fewer and their shapes altered from angular 
to spherical. This shape change of quartz grains was 
proposed to result from partial melting at the sharp 
edges of the angular quartz grains because of their 
large surface areas (Gibbs-Thomson effect). Impor-
tantly, pervasive partial melting of quartz seems to af-
fect the chemical composition of the melts (increased 
melt viscosity), which agrees satisfactorily with the 
chemical data obtained from the solidified melt ma-
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What Is to be Expected in a Contaminated Area?
When an agricultural area is located in the vicinity of a steel factory, the nature of arsenic 
retention by soil must be identified. 

Fig. 2: Distribution of particle size of surviving grains within a 
melt matrix in four states. [Reproduced from Ref. 5.]

TLS 01B1 SWLS – X-ray Microscope.

trix. They hence suggested that grain fragmentation 
during an initial seismic slip affects the melt rheology 
and transiently increases the fault strength, con-
firmed with TXM on solidified melts. 

In summary, the utilization of a synchrotron TXM 
improved the understanding of the role of grain 
fragmentation and its associated products during an 
initial seismic slip. The additional fragmented grains 
generated from surface comminution might hamper 
an initial fault slip by increasing the viscosity of the 
frictional melt. Most importantly, this fault-strength-
ening behavior becomes noticeable at smaller 
depths, which demonstrates that pseudotachylytes 
might not always be an indication of fault lubrication 
(Reported by Li-Wei Kuo, National Central University, 
and Chun-Chieh Wang).

This report features the work of Li-Wei Kuo and his 
collaborators published in J. Geophys. Res. Solid Earth 
124, 11150 (2019).
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S everal metals and metalloids are physiologically 
essential for living organisms as trace elements 

(TE), but, when present in excessive concentrations, 
they might have harmful effects for human beings, 
animals, plants and microorganisms. In most cases, 
high soil levels of TE derive from particular indus-
trial activities; industrial areas are hence commonly 
known for their high level of contamination. These 

areas are typically contaminated with multiple ele-
ments, some of which are insufficiently monitored, 
because they contain elements that are rarely stud-
ied. Such elements include V, Mo, Se, Ag, Sn, Sb and 
Tl, whereas other elements such as As, Cd, Co, Cr, 
Cu, Fe, Mn, Ni, Pb and Zn are more often studied. In 
Greece, there are a few known contaminated areas, 
located mainly around former mining exploration 
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sites and in industrial areas of main cities, but there 
are some areas that are suspected to be contaminat-
ed but that have never been investigated. One such 
area is the industrial area of Volos (IAV); this area has 
the unique features of being (a) used continuously 
for centuries for the production of food crops, mainly 
wheat and maize, and (b) in the vicinity of various 
activities that would result in TE enrichment. Because 
pertinent understanding is lacking, little is known 
about the dynamics of TE in soil and the associated 
risks for human health in such under-explored areas. 

Vasileios Antoniadis (University of Thessaly, Greece), 
with the collaboration of Jörg Rinklebe and Sabry M. 
Shaheen (University of Wuppertal, Germany), Shan-Li 
Wang (National Taiwan University) and Yu-Ting Liu 
(National Chung Hsing University), assessed the risks 
to human health related to the pseudo-total and 
potentially available TE in soils and cultivated maize 
in the agricultural area adjacent to the IAV.1 For this 
purpose, the use of XANES at TLS 17C was an import-
ant tool for the identification of the nature of arsenic 
(As) retention in the tested soils because it is a highly 
enriched element in the studied area.

Two soils with the greatest levels of As (sample #3, 
216 mg kg-1; sample #16: 179 mg kg-1) were selected 
for XANES analysis at TLS 17C to identify the predom-
inant mineralogical association of As in the soils. The 
results revealed that in both samples Fe (hydr)oxides 
(e.g., ferrihydrite) were the predominant soil mineral 
in association with As; normalized values for As(V) 
attributed 87.3% of this species to ferrihydrite in 
sample #3 (Fig. 1); the remaining 12.7% was attribut-

ed to the much more toxic As(III) species (R-factor 
0.0031324, Fig. 2). Similarly, in sample #16, 82.3% of 
As was attributed to As(V) and 17.7% to As(III), both 
related to Fe (hydr)oxides (R-factor 0.0021428).

This agricultural field under investigation is adjacent 
to the industrial area of Volos, Greece. The soils were 
extremely enriched with thallium (Tl), a highly toxic 
metal. Along with Tl, the soils contained As in large 
concentrations. The XANES spectra of these soils have 
provided information to bring insight into the nature 
of As retention by soil constituents. This novel study 
can pave the way and create urgent future means for 
monitoring other areas in the world with similar char-
acteristics of trace-element contamination. (Reported 
by Shan-Li Wang, National Taiwan University) 

This report features the work of Jörg Rinklebe and his 
collaborators published in Environ. Int. 124, 79 (2019).
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Fig. 2:  XANES spectra of As in sample #16 of the industrial area 
of Volos, Greece. [reproduced from Ref 1]

Fig. 1: XANES spectra of As in sample #3 of the industrial area 
of Volos, Greece. [reproduced from Ref 1]
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