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Living by the sea has many benefits,
but also brings problems, not least the
corrosive effect of the air. My first house
was about 20m from the sea, and the
windows required frequent repaint-
ing and one side of the car rusted far
more quickly than the other. However,
the views were fantastic! The first arti-
cle in this issue by Héctor Morillas, Maite
Maguregui and Juan Manuel Madariaga
is on “Spectroscopic evidences to under-
stand the influence of marine environ-
ments on Built Heritage” and it looks
at the use of Raman and XRF spectros-
copies to investigate the different dete-
rioration processes caused by marine
aerosols. These techniques can detect
the decay compounds and the origi-
nal composition of the different materi-
als from historical buildings close to the
sea, which can then be used to explain
the reactions that take place on them.
This helps in the development of reme-
dial actions and preventive conservation
strategies for historical buildings.
Earthworm secretions are of inter-
est to Mark Hodson, Liane Benning,
Gianfelice Cinque, Bea Demarchi, Mark

Frogley, Kirsty Penkman, Juan Rodriguez-
Blanco, Paul Schofield, Emma Versteegh
and Katia Wehbe in “Synchrotron-based
micro Fourier transform infrared mapping
to investigate the spatial distribution of
amorphous and crystalline calcium
carbonate in earthworm-secreted
calcium carbonate balls”. Several earth-
worm species secrete very small gran-
ules of calcium carbonate, and the
authors think these are involved in pH
regulation. These granules contain differ-
ent polymorphs of calcium carbonate,
including the amorphous form which is
very unstable in the laboratory. To inves-
tigate this they have FT-IR spectroscopy
and mapping, and are continuing this
work with Ca XANES.

Christian Huck and co-authors look at
“Infrared spectroscopic techniques for the
non-invasive and rapid quality control
of Chinese traditional medicine Si-Wu-
Tang". They have used benchtop mid-IR
and NIR as well as portable NIR instru-
ments for quick and non-invasive quality
control of this traditional Chinese medi-
cine. Adulterations could be detected,
as well as the raw herbs and different
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sources of the Si-Wu-Tang. The success
of the mobile NIR instrument is particu-
larly interesting due to the growing inter-
est in such technology for its ease-of-use
and cost.

In their Sampling Column, Kim
Esbensen and Claas Wagner stray into
Quality Matters territory as they look at
standards and how they work with the
Theory of Sampling. Kim and Claas are
concerned that many international stand-
ards do not comply with the TOS and
that this compromises the results.

In the last issue, | reported on many
new products introduced at Pittcon. This
time, I've been to Analytica in Munich,
Germany. Whilst many of the new prod-
ucts there had already been seen at
Pittcon (and so are not included again),
there was still plenty of new instrumenta-
tion. We also have a short New Products
section and a Product Focus on Imaging
Spectroscopy.
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The sea can be a damaging environment for
buildings. Find out how spectroscopy is being
used to understand the mechanisms causing
damage and to develop conservation strategies
in the article starting on page 6.
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Spectroscopic evidences to
understand the influence of
marine environments on Built
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Héctor Morillas,® Maite Maguregui® and Juan Manuel Madariaga®
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PO Box 644, 48080 Bilbao, Basque Country, Spain. E-mail: hectormorillas@ehu.es

PDepartment of Analytical Chemistry, Faculty of Pharmacy, University of the Basque Country UPV/EHU, PO Box 450,
01080 Vitoria-Gasteiz, Basque Country, Spain

Introduction

Marine aerosols are chemically complex
systems formed by inorganic salts and
organic matter, together with airborne
particulate matter from the surround-
ing environment. The primary particles
transported in marine aerosols (PMA)
can cause different chemical reactions
in the atmosphere, promoting formation
of so-called Secondary Marine Aerosol
(SMA) particles.

These kinds of particles, together with
the natural crustal or mineral particles
and the metallic airborne particulate
matter emitted by anthropogenic sources
(road traffic, industry etc.), can be depos-
ited on building materials from a specific
construction following wet or dry deposi-
tion processes.'™

The interactions of the natural and
anthropogenic stressors present in
marine atmospheres with building
materials immersed within these kinds
of atmospheres result in the forma-
tion of different types of pathologies.
Examples of this are the alveolisa-
tions or loss of material, which are the
consequence of salts (marine aerosol)
deposition/redissolution cycles on the
surface of facades,* or water infiltra-
tions containing harmful ions,>”” which
can penetrate the pores of a material
by capillarity, forming in some cases
efflorescence. In other cases, biological
patinas can be formed on the buildings’
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materials, acting sometimes as protec
tive or as degradation layers for the
material itself.?2 SO, emissions can also
promote decaying processes on lime-
stones® and carbonated sandstones.’
This acid gas can be deposited follow-
ing a wet process causing the formation
of new sulfates on the material. These
compounds, more soluble than carbon-
ates, can be washed out due to the
rainwater effect promoting the loss of
material. On the other side, dry attack
results in the formation of the so-called
"black crusts”, a patina made up of
gypsum (CaS0O,-2H,0) in which atmos-
pheric particulate matter (crustal and
metallic particles, organic compounds,
soot etc.) is trapped.

In this work, the usefulness of a non-
invasive analytical methodology based
on the application of molecular (Raman
spectroscopy) and elemental (X-ray
Fluorescence, XRF) spectroscopic tech-
niques (both single point and imaging
analysis) was tested to understand the
negative influence exerted by marine
environments (with or without the influ-
ence of urban—industrial activities) on
the conservation state of building mate-
rials close to the sea.

Instrumentation

The molecular analysis was performed
using three different Raman spectrom-
eters, all of them with an excitation

laser of 785nm: (a) a portable Raman
spectrometer (innoRam, B&W Tek Inc.,
USA), (b) a Raman microprobe (RA100,
Renishaw, UK) and (c) a confocal
Raman microscope (inVia, Renishaw,
UK) equipped with a 20x and 50x
objectives.

For the elemental analyses, the M4
Tornado benchtop instrument (Bruker
Nano GmbH, Berlin, Germany) was
used, with single point and imaging
analysis options, operated under vacuum
and equipped with a micro-focus side
window Rh tube (powered by a low-
power HV generator working at a maxi-
mum voltage of 50kV and at a maximum
current of 700 pA) and implementing a
mechanical collimator allowing one to
acquire measurements under 1mm
lateral resolution.

Buildings object of studies
Two buildings located in marine envi-
ronments were considered for this
work. One, the lIgueldo lighthouse
(San Sebastian) with direct marine and
diffuse influence from an urban—indus-
trial area was studied. In this historical
building, cementitious materials, bricks,
limestones and gypsum plasters were
analysed. The other study was of sand-
stones from La Galea Fortress (Getxo),
a building with direct marine and direct
influence of a nearby urban—industrial
area.
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www.spectroscopyeurope.com
mailto:hector.morillas@ehu.es

VOL. 28 NO. 3 (2016)

Table 1. Summary of the characteristic Raman bands of some decay compounds identified in the building materials from the Igueldo Lighthouse

and La Galea Fortress.

Decay compounds

CaSO,2 H,0

CaSo,

Nay(S0,)(NO5)-H,0
Na,Ca(S0,),H,0

KsNa,Mg,(50,)s(NOs),-6H,0)

K,Ca(S0,)-H,0

K,Ca,Mg(S0,),2H,0

CaNa,(SO,),
(NH,),50,
CaS0,-2H,0

K,SO,
Fe,(S0,)59H,0

MgSO,-4H,0
MgSO,-6H,0
MgSO,-7H,0

BasSO,

[CagAl,(OH)1,(S0,)526H,0]

Na,SO,
Na,SO,-10H,0
KNO,

Ca(NO,),-4H,0

NaNO

Ba(NO5),
Mg(NOs),
NH,NO4

Mineral name Building materials

Bassanite

Anhidrite type Il

Darapskite
Eugsterite

Humberstonite

Syngenite

Polyhalite

Glauberite
Mascagnite
Gypsum

Arcanite

(para)coquimbite

Starkeyite

Hexahydrite
Epsomite

Baryte
Ettringite
Thenardite
Mirabilite
Niter
Nitrocalcite

Nitratine

Nitrobarite
Nitromagnesite
Nitrammite

vs, very strong; s, strong; m, medium; w, weak.

Analytical approach

First, an in situ screening of the afore-
mentioned building materials was
performed using a portable Raman
spectrometer in order to extract prelim-

Www.spectroscopyeurope.com

Bricks, sandstone, limestones,
mortars, cements & gypsum plasters
Bricks, sandstone, Limestones,
mortars, cements & gypsum Plasters

Gypsum plasters
Gypsum plasters

Gypsum plasters
Gypsum plasters
Gypsum plasters

Gypsum plasters

Sandstones, bricks

Bricks, sandstone, limestones,
mortars, cements & gypsum plasters
Limestones and sandstones
Mortars, limestones and sandstones

Limestones and sandstones

Limestones and sandstones
Limestones and sandstones

Limestones and sandstones

Cements

Bricks, mortars, cements, limestones
and sandstones

Bricks, mortars, cements, limestones
and sandstones

Bricks mortars, limestones and sand-
stones

Bricks, mortars, limestones and sand-
stones

Bricks, mortars, limestones and sand-
stones

Limestones and sandstones
Cements, limestones and sandstones
Limestones and sandstones

inary results. After that, samples were
extracted from selected areas and they
were analysed in-depth in the laboratory
using micro-Raman spectroscopy and

energy-dispersive-XRF (ED-XRF).

v (cm™)

429m, 487m, 627m, 668m, 1015vs, 1128 m

420m, 490m, 630m, 673m, 1025vs, 1167m.

472vw, 619w, 640w, 707w, 729w, 993s,
1059vs, 1084w, 1122vw, 1354w, 1416w.

1084s, 1124s

184vw, 217m, 457vw, 611 m, 632s, 7225,

1013vs, 1048vs, 1067s.

441s, 472m, 492w, 603m, 621 m, 633m, 642m,
661m, 981vs, 1006vs, 1082m, 1119m, 1139w, 1165w.
236m, 438 m, 4655, 623vw, 653m, 989vs, 1016vs,
1071m, 1093m, 1131 m, 1165m.

453w, 471s, 485m, 619 m, 624m, 636m, 644s,
1001vs, 1106w, 1139s, 1156m, 1169 m

449m, 614w, 622w, 974vs, 1104vw, 1417vw.

413m, 492m, 619m, 673m, 1008vs, 1132m.

455m, 619m, 988vs, 1092w, 1103w, 1144 vw.
500m, 600w, 1025vs, 1094vw, 1176vw, 1197 vw.
147w, 232w, 312w, 462m, 613m, 1001vs, 1084 vw,
1115vw, 1155vw, 1603 vw.

249w, 361w, 442w, 464vw, 603w, 982vs, 1083 vw,
1148 vw.

362vw, 445w, 462w, 609w, 985vs, 1082vw, 1145vw.
460s, 618 m, 648 m, 987vs, 990vs, 1084m, 1104 m,
1141w, 1169 m.

218w, 361vw, 448 m, 544m, 648 m, 857s, 890m,
986vs, 1061m.

450w, 465w, 621 m, 632m, 647m, 992vs, 1101 m,
1132m, 1152m.

446w, 458w, 616m, 628 m, 989vs, 1108 m, 1120m,
1130m.

712w, 1342w, 1357w, 1048vs, 1777 vw.

719w, 745w, 1048vs, 1352w, 1437m, 1640vw.

188 m, 414vw, 518 vw, 533vw, 7225, 1067vs, 1383w,
1663vw, 1775vw.

200w, 731m, 1025vw, 1046vs, 1402vw, 1631vw,
729s, 1059vs, 1359m, 1432w.

7145, 1040vs, 1288w, 1412w, 1464w, 1654 m.

Results and discussion

The different decay compounds detected by
Raman spectroscopy in the building mate-
rials from Igueldo Lighthouse and La Galea
Fortress are summarised in Table 1. These
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www.spectroscopyeurope.com

VOL. 28 NO. 3 (2016)

M)

Raman Intensity

Wavenumbers {car’)

Excitation
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(San Sebastian, Spain)
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Raman Intensity
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(Getxo, Spain)

Raman Intensity

260 ) 660 800 1000 1200
Wavenumbers (cm!)
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Figure 1. Representation of a sample being analysed by Raman spectroscopy (top-left) and Igueldo Lighthouse and La Galea Fortress as building
objects of study (top-right). (A) main Raman bands of gypsum, syngenite, glauberite, polyhalite and humberstonite on gypsum plasters from Igueldo
Lighthouse; (B) main Raman bands of nitratine, niter, thenardite and epsomite on sandstone from La Galea Fortress; (C) main Raman bands of
thenardite and calcite on sandstone from La Galea Fortress; and (D) main Raman bands of mascagnite and calcite on sandstone from La Galea

Fortress.

compounds were formed by chemical
reactions between the emissions and/
or infiltration waters coming from both
surrounding environments and the origi-
nal compounds in the respective materi-
als of the two buildings. In this sense, the
formation of detected sulfates, nitrates
and mixed sulfates—nitrates can only be
explained by the reactivity between the

8 SPECTROSCOPYEUROPE

wet deposition of atmospheric gaseous
acids (CO,, SO, and NO,) on the carbon-
ate compounds present in the original
materials.

It is important to highlight that the
combination of different molecular anal-
ysis techniques is necessary in order to
confirm and complement the results
obtained with only one analytical tech-

nique. In this sense, the combination of
Raman spectroscopy and X-ray Diffraction
is a good strategy to obtain complete
molecular information. In some cases, if
the analysed matrix is complex and lots
of compounds are present, the Raman
bands assignation is difficult. Even more
so, if medium and weak bands related
with each compound are not evident,

Www.spectroscopyeurope.com
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thereby making this task more difficult. As
an example of this casuistry, in the Figure
1A different Raman bands obtained
from gypsum plasters of the Igueldo
Lighthouse are presented. The signals
at 981cm™" and 1006cm™' (shoulder
in 1000-1010cm™" region) correspond
to syngenite [K,Ca(SO,),-H,0], the
band at 1001cm™" belongs to glauberite
[CaNa,(SO,),], the bands at 989 cm™
and 1016cm™' (shoulder in 1010-
1030cm™! region) correspond to those
of polyhalite [K,Ca,Mg(SO,),-2H,0]
and the 1008 cm™' peak to the main
band of gypsum (CaSO,-2H,0).
Finally, the bands at 1013cm™" (shoul-
der in 1010-1030 cm™" region),
1048cm™' and 1067cm™" are clearly
related with the bands of humber-
stonite [K;Na;Mg,(SO,)s(NO5),-6H,0].
Analysing the whole spectrum shown in
Figure 1A, the secondary bands of these
mineral phases can also be ascertained.*
As has been described in the literature,
marine aerosols carry airborne partic
ulate matter from sulfates and nitrates.
Nitrate particles can be formed follow-
ing a reaction between marine aerosol
sea salts and NO, gases (NO,, N,O,
CIONO, etc.) emitted into the atmos-
phere (e.g. road traffic source etc.). HNO;
formed after the inclusion of NO,, in
rainwater or humidity is reported to be
the most important cause of the nitrate
particles formation. These particles can
react with building materials giving rise to
different types of nitrate salts. An exam-
ple of this is the presence of KNO5 and
NaNOj; identified by Raman spectros-
copy in the sandstone from La Galea
Fortress (see Figure 1B). The bands
at 1067cm™' and 724cm™ belong to
nitratine (NaNOs), while niter (KNO5)
was identified thanks to the presence
of its main band at 1048cm™" and its
secondary bands at 712cm™, 1344cm™!
and 1358cm™". In this spectrum (Figure
1B) thenardite (Na,SO,, main band
at 992cm™' and secondary bands at
451cm™, 467cm™, 620cm™!, 630cm ™,
644cm™', 1100cm™', 1130cm™' and
1151cm™") was also detected. Apart
from this compound, a band at 985cm™
was also observed, belonging to the
main band of epsomite (MgSO,-7H,0).
Marine aerosol can carry magnesium

Www.spectroscopyeurope.com

sulfates with different hydration degrees.
These sulfates can be deposited on
the surface of the building materials as
airborne particulate matter.>'0"

In other cases (see Figure 10C),
thenardite (Na,SO,) can be observed
together with the presence of calcite
(CaCO5, main band at 1086cm™,
together with secondary bands at
712cm™" and 280cm™"). In Figure
1D, mascagnite [(NH,),SO,, the main
Raman band at 975cm™'] was iden-
tified. Apart from this sulfate, peaks
at 152cm™', 280cm™', 712cm™" and
1086cm™! belonging to calcite (CaCOs)
and 465cm™" belonging to quartz (SiO,)
were also detected. Mascagnite could
be present in the material as airborne
particulate matter present in the material
following a dry deposition. The depos-
ited ammonium sulfate can penetrate,
dissolve and migrate to suffer a recrystal-
lisation process in the inner parts of the
material (sandstone) promoting loss of
material during time.

In order to extract more information
about the decaying compounds and the
original composition of the materials,
additional elemental analyses based on
XRF were carried out. In the Figure 2, an
exhaustive XRF analysis on the sandstone
from La Galea Fortress is presented. In
this case single point and imaging analy-
ses were performed. As can be seen in
the accumulated spectrum (see Figure
2 top-centre) of the imaging analy-
sis (21.4mm height x 25.9 mm width,
13,803 pixels) the presence of Al, Si, S,
Cl, K, Ca, Ti, V, Mn, Fe, Co, Ni, Cu, Zn,
Ga, Pb, As, Br, Rb, Sr, Y, Zr, Sn and Ba
was detected. According to the semi-
quantitative values determined by the
software, Si, Al, Cl, Kand Fe are present
as major elements; S, Ca, Ti and Cu as
minor elements; and the rest as trace
elements. This observation confirms that
this kind of sandstone has a considerable
proportion of calcite. It is important to
highlight that sometimes the bremsstrah-
lung continuum in the spectrum using a
Rh tube can contribute to decrease the
limit of detection for elements appearing
at energies between 7 keV and 18keV.
To increase the limit of detection, lower
electron acceleration voltages or filters
can be used. An example regarding the

use of filters can be observed in Figure
2 top-right. In this case, due to the use
of a 630 um aluminium filter, the K-lines
of Zn and As, elements present in trace
levels in the sandstone can be observed
more clearly when compared with the
measurements without the filter.

Apart from single point analysis, XRF
imaging helps us to observe different
chemical tendencies along the sand-
stone. As can be observed in the Al-Si—K
map (see Figure 2), pink areas repre-
senting the coincident Al-Si distribution
are observable. Moreover, in some areas
Siis also related with K (light blue areas)
suggesting that some of the alumi-
nosilicates in the sandstone could be
present as potassium aluminosilicates.
In this elemental map, dark blue areas
are also highly distributed, representing
the a-quartz presence, which is a major
component in the sandstone. According
to the Cl and Br maps (see Figure 2),
these two elements are almost homo-
geneously distributed on the sandstone,
confirming the deposition of these salts
coming from the marine aerosol. In the
Ca-Sr distribution map (see Figure 2)
green areas are observable, representing
the combined presence of Ca (yellow)
and Sr (light blue). Calcium carbon-
ate could contain Sr in its structure,
thus it is not surprising to find a corre-
lation between the distributions of both
elements. This observation confirms the
presence of calcite in this kind of stone,
previously detected by Raman spec
troscopy. However, in the same Ca—Sr
distribution map, certain hot spots of Ca
(yellow) and Sr (light blue) are observa-
ble. It is well-known that Sris highly emit-
ted by marine aerosol, thus Sr hot spots
can be related with depositions of this
element emitted by the marine aerosol.

In addition to chloride salts, marine
aerosol also carries sulfate salts [e.g.
arcanite or K,(50,)?]. Looking at the
S—K map (see Figure 2), the distribu-
tion of both elements is coincident in
certain areas (orange coloured regions),
suggesting a possible deposition of
arcanite or a possible chemical transfor-
mation of calcite present in the sand-
stone due to the SO, coming from the
atmosphere. Finally, in the Ca—S distri-
bution map background, pink areas can
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Figure 2. Energy dispersive XRF spectrometer set up illustrating the measurement of a sandstone fragment from La Galea Fortress (top-left), the
obtained XRF accumulated spectrum from the XRF imaging analysis (top-centre), spectral results obtained from the XRF single point analysis without
(red) and with (blue) a 630 um Al filter (top-right), Al-Si—K, Cl, Br, Ca—Sr, S—K, S—Ca distribution maps obtained from the XRF imaging analysis (see
also the visible image of the mapped sandstone area) of the sandstone and a line scan (bottom-right) showing the variations of the Ca and S K-lines
absolute XRF intensity (counts) in the line drawn in the S—Ca distribution map.

be observed. This coincidence in the distri-
bution could point to a transformation of
the calcite present in the sandstone into
calcium sulfate due to the SO, coming
from the atmosphere. On the contrary,
the pink hotspots could suggest possible

10 SPECTROSCOPYEUROPE

calcium sulfate depositions. Calcite parti-
cles can be emitted to the atmosphere
due to the erosion of rocks. This carbonate
compound can react in the atmosphere
with the hydrated SO, acid gas (H,SO,)
to give rise to calcium sulfate. This sulfate

can suffer a subsequent deposition in the
building materials following a dry deposi-
tion process. The higher signal input (abso-
lute intensity in counts) of Ca and S in the
hot spots can be observed in the line scan
performed (see Figure 2 bottom-right).
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Concluding remarks

In this study, it was possible to charac-
terise different deterioration processes
caused mainly by the influence of
marine aerosols (wet and dry deposi-
tions), infiltration waters, salts migra-
tions, atmospheric acid gases impact
(wet and dry depositions) etc., due to
the combined use of Raman spectros-
copy and ED-XRF. The high amount of
sulfates and nitrates present in these
atmospheres coming from the marine
aerosol itself or from acid gases (SO,
and NO,) emitted by urban—industrial
sources can modify the original compo-
sition of these materials.

These results highlight the impor-
tance of the use of such analytical tools
to detect the decay compounds and
the original composition of the differ-
ent materials from historical buildings
close to the sea, which is fundamental in
order to be able to explain the reactions
that take place on them. This method-
ology can assist in the design of recov-
ery actions and in the development of
preventive conservation strategies for
historical buildings.
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Introduction: earthworms
and calcium carbonate
Several species of earthworm, including
Lumbricus terrestris, often called the lob
worm or night crawler, secrete millime-
tre-scale granules of calcium carbonate
(see Figure 1)." A number of questions
are posed by these granules, not least,
the function that they serve (we think
they are involved in pH regulation). This
article addresses questions about the
mineralogical composition of the gran-
ules. The granules start off life as a milky
fluid, actually a suspension of micron-
scale amorphous calcium carbonate, in
the rear-most of three pairs of pouches
that together form the earthworm’s
calciferous gland. This gland is located
between the 10" and 12" segments

12 SPECTROSCOPYEUROPE

of L. terrestris. The milky fluid passes
from the rear-most pouch to the fore-
most and, in the process, the spherulites
aggregate together and largely recrystal-
lise to calcite prior to excretion into the
earthworm intestine and from there out
into the soil.? The curious thing about the
mineralogical composition of the soil-
secreted granules is that whilst they are
predominantly calcite, a common crystal-
line form of calcium carbonate, different
polymorphs (same chemical composi-
tion but the atoms and molecules are
arranged differently to give a different
mineral form) of calcium carbonate can
also be found in the granules—arago-
nite, vaterite and amorphous calcium
carbonate (ACC).%* We have detected
amorphous calcium carbonate in gran-

ules that are several years old, which is
rather surprising. If chemists make pure
amorphous calcium carbonate in the
laboratory using inorganic chemistry, it is
extremely unstable, transforming within
minutes to the crystalline polymorphs
such as calcite. There is experimental
evidence that organic molecules can
stabilise amorphous calcium carbonate,
either by binding to the surface of amor-
phous calcium carbonate molecular clus-
ters and inhibiting their dissolution and
recrystallization, or by binding to Ca®*
ions, inhibiting or retarding their interac
tion with HCO;™ and CO5.*™*

In this study we wished to determine
whether the ACC in the granules was
stabilised by organic molecules. Aside
from good old fashioned scientific curi-
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Figure 1. Granules of calcium carbonate
secreted by the earthworm L. terrestris. Top,
scale bar 400 um; middle, scale bar 100 pm;
bottom, scale bar 20 um.

osity there are potential industrial bene-
fits in understanding the stability of the
different forms of calcium carbonate as
this material is used in a whole host of
industries.

Initially we worked on the bulk compo-
sition of the granules using Fourier trans-
form infrared (FT-IR) spectroscopy but
then we carried out some spatially
resolved analyses with synchrotron-
based p-FT-IR mapping at Beamline
B22 (Multimode InfraRed Imaging And
Microspectroscopy, MIRIAM) of the
Diamond Light Source, in the UK.

Www.spectroscopyeurope.com

The bulk composition of
the granules

Our first challenge was to collect
some granules. We purchased some
L. terrestris earthworms from Worms
Direct (Drylands, Ulting, Nr Maldon,
Essex CM9 6QS, UK). Thanks to fish-
ermen and gardeners there are good
commercial supplies of this species
of earthworm. We collected soils
from a range of different locations
around Berkshire, UK, dried the soil
and then sieved it to <250 um. We
then moistened the soil and culti-
vated earthworms in it for 27 days. The
earthworms were removed and the soil
sieved to <500 pm. This allowed us to
collect the granules, that are ca 2mm
in diameter, which had been excreted
into the soil. Subsamples of these gran-
ules were ground and the powders
analysed by FT-IR spectroscopy using
an A2-Technology (Danbury, USA)
MicroLab portable mid-IR spectrometer
fitted with a diamond internal reflection
(DATR) capability in order to determine
the form of calcium carbonate present
and by liquid chromatography for their
amino acid content.

Calcium carbonate is easily identified
using FT-IR spectroscopy (see Figure 2).
Crystalline carbonate phases such as
calcite have distinct bands at ~714cm™
(v,), ~866cm™" (v,), ~1084cm™ (v,)
and 1420-1470cm™" (v5) whilst ACC
lacks the distinct vibrational band at
~714cm™.

The FT-IR spectra of the bulk gran-
ules had differing peak area ratios for
both the v,:v, and the v5:v, bands
indicating differing ratios of amorphous
calcium carbonate (higher ratio) to crys-
talline calcium carbonate (lower ratio) in
the granules. We could not detect bands
in the spectra corresponding to organic
molecules present within the granules
but this could have been due to low
concentrations and detection issues.

The liquid chromatography that we
carried out on the granules did indicate
the presence of a range of amino acids.
These may have been present initially
as amino acids or proteins, our extrac-
tion method breaks proteins up into
their amino acid building blocks. When
we compared the amino acid content
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Figure 2. Typical FT-IR spectra of calcite, a crystalline calcium carbonate, and amorphous calcium

carbonate.

of the granules to the peak area ratios
we saw good correlations between the
two for various amino acids such as
aspartic acid/asparagine, glutamic acid/
glutamine and phenylalanine. Although
correlation does not equal causa-
tion, this suggests that the proteins

or amino acids might be stabilising
the amorphous calcium carbonate. To
investigate this further we decided to
carry out spatial analysis to see whether
the organic molecules were associated
with the amorphous calcium carbonate
or not.

Spatial analysis of the
granules
First, we collected some more earthworm
granules. We embedded these gran-
ules in EpoFIX (Struers) resin blocks and
ground away the resin to expose cross
sections through the granules. These
samples were analysed at beamline
B22 of the Diamond Light Source using
a Bruker Vertex 80 V FT-IR instrument
connected to a Hyperion 3000 micro-
scope to produce p-FT-IR maps. Spectra
were collected in reflectance mode with
a liquid N, cooled Mercury-Cadmium-
Telluride (MCT) broadband detector, and
at a resolution of 4cm™ by co-adding
between 128 and 1024 scans per
point. Both large (ca 700 um x 700 pym,
20-25um aperture, internal globar and
synchrotron sources onto a gold mirror
and zinc selenide substrate, respectively)
and small (ca 100pm x 150 ym, 6pm
aperture, synchrotron source, gold mirror
reference) scale maps were produced of
areas of the granule cross sections.

We attempted to map out the distri-
bution of amorphous calcium carbonate

EEEEEGECEESCEREERREERE

i »
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Figure 3. Images and intensity maps from synchrotron-based p-FT-IR mapping of a earthworm-secreted calcium carbonate granule. Scale bar in

a) is 200 um. a) Reflected light image of a cross-section through a granule; b) 855-890cm™"(v,), ) 695—716cm™' (v,) and d) v,:v, ratio inten-
sity maps suggesting the presence of amorphous calcium carbonate in the lower half of the map and calcite in the upper half; €) cluster analysis
maps showing areas of distinctly different FT-IR spectra in the upper and lower halves of the map; f) amorphous calcium carbonate and g) calcite
component regression intensity maps suggesting amorphous calcium carbonate in the lower half of the maps and calcite in the upper half. For
p-FTIR intensity maps, red indicates high intensity and blue indicates low intensity. This figure is taken from Hodson et al. (2015).°
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in the granules by processing our data
in four independent ways using Opus
7.2 (Bruker) software. In the most direct
approach we mapped out the intensity
of the FT-IR signal between 855cm™
and 890cm™' (for the v, peak) and
695cm ™" and 716cm™ (for the v, peak)
and the ratio of the two. The v,:v,
peak ratio should be highest for regions
of ACC. Second, we carried out clus-
ter analysis on the second derivative of
the 855-890cm™" and 695-716cm™
regions of the spectra following vector
normalisation. Although this method
did not allow us to identify amorphous
and crystalline calcium carbonate it iden-
tified areas with similar FT-IR spectra.
Finally, we used standard amorphous
calcium carbonate and calcite spectra
(see Figure 2) to carry out component
regression on our maps, considering
the 650-1200cm™' range. The result-
ing intensity maps show how good a fit
there is between the standard spectrum
(either ACC or calcite) and the spectrum
at each point on the FT-IR spectroscopic
map. These four independent methods
all identified similar areas as being likely
to comprise amorphous calcium carbon-
ate (see Figure 3). There was good
correspondence between areas with a
high v,:v, peak ratio and the areas that
showed the best match to the standard
amorphous calcium carbonate spectrum.
Similarly there was good correspondence
between the areas with a low v, :v, peak
ratio and the areas that showed the best
match to the standard calcite spectrum.
Finally, the cluster analysis identified
areas with distinct FT-IR spectral char-
acteristics that corresponded to the high
and low v,:v, peak areas.

Having identified ACC we had hoped
to identify bands related to organic
compounds in our spectra as well to
see whether there was any relation-
ship between the two. We did not see
a peak at 1650cm™" where the amide |
band should occur and unfortunately our
spectra had a broad peak in the 1570-
1350 cm™' wavenumber range where
we had hoped to see distinct peaks at
1540cm™" and 1450cm™' correspond-
ing to the amide Il and lipid/amide
Il bands, respectively. The v peak of
calcite is also present in this range (at

Www.spectroscopyeurope.com

1420-1470cm™"). To date we have
been unable to deconvolute this mixed
component peak. We are now attempt-
ing to use another spectroscopic tech-
nigue—scanning transmission X-ray
microscopy—at the Diamond Light
Source (Beamline 108), to do the same
job using Ca X-ray absorption near edge
spectroscopy (XANES) maps to identify
the form of calcium carbonate present
and C XANES to determine whether any
of the carbon present in amorphous
calcium carbonate regions is present as
organic carbon rather than carbonate.
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Introduction

A fast and non-destructive quality control
of Si-Wu-Tang (SWT), one of the most
used Traditional Chinese Medicine (TCM)
formulae against women'’s diseases is
presented in this article. The authenti-
cation method was established using
attenuated total reflectance-mid-infrared
(ATR-MIR) and near infrared (NIR) spec
troscopy in combination with multivariate
data analysis (MVA). Measurements were
performed applying MIR and NIR bench-
top spectrometers. Additionally a labora-
tory-independent hand-held NIR device
was employed enabling on-site charac
terisation. The spectra were subjected
to different data-pretreatments such as
multiplicative signal correction (MSC),
first and second derivative to remove
systematic errors and then evaluated
applying a principal component analy-
sis (PCA). A distinction between SWT
samples and its adulterants could be
achieved with all three devices. Because
of its ease of use, and its fast and reliable
analysis results, infrared (IR) spectros-
copy is becoming increasingly important
for the quality control of pharmaceutically
relevant herbs.

16 SPECTROSCOPYEUROPE

Traditional Chinese Medicine as a well-
established health care system is increas-
ingly gaining popularity worldwide. It has
been used in China and other Asian coun-
tries for over 5000 years for the preven-
tion and treatment of many different
diseases. Compared with Western medi-
cine, TCM uses a holistic and synergistic
approach to restore the body's homeosta-
sis.' Due to its growing popularity, more
and more scientific studies deal with the
quality control of such products. Several
analytical techniques like high perfor-
mance liquid chromatography, gas chro-
matography or capillary chromatography
for the analysis of bioactive constituents
have been reported in the literature.>* All
of them are destructive, time and chemi-
cal consuming. Therefore the aim of this
study was to establish a simple, rapid and
non-invasive authentication method for
one of the most popular TCM formulae, Si
Wu Tang (SWT), and its raw herbs using
MIR and NIR spectroscopy.

Si Wu Tang

SWTis used for the treatment of women's
diseases such as the ease of menstrual
discomfort, dysmenorrhea and other

oestrogen caused inconveniences.” It is
widely used in Asia, especially China, but
as shown in a recent study it can also be
integrated into Western medicine as an
alternative therapy.®

It is composed of four herbs, i.e. Radix
Paeoniae Alba, Rhizoma Chuanxiong,
Radix Angelicae Sinensis and Radix
Rehmanniae Preparata.® The main
secondary metabolites present in these
four herbs are phenolics, phthalides,
alkaloids, terpene glycosides and iridoid
glycosides. The identified bioactive
components reported in the literature
are gallic acid, paeoniflorin and paeonol
from Paeonia;’® ferulic acid, Z-ligustilide
and senkyunolide A from Angelica;'®"
ferulic acid, Z-ligustilide, ligustrazine,
butylphthalide and senkyunolide A from
Chuanxiong;""'** and catalpol from
Rehmannia."® For paeoniflorin, ferulic acid
and Z-Ligustilide, antimutagenic, antioxi-
dative, antiallergic and anti-inflammatory
activities have been reported.”'®

Materials and methods
Materials

All samples were provided by the School
of Pharmacy and Institute of Chinese
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Medicine of The Chinese University of
Hong Kong (CUHK).

Three samples of SWT manufactured
by the CUHK according to the Chinese
Pharmacopeia 2010° with slight modi-
fications and four commercially avail-
able SWT were obtained. Furthermore,
three samples of each single herb
extract manufactured by the CUHK and
one commercially available sample of
each single herb extract of which SWT
is composed (Radix Paeoniae Alba,
Rhizoma Chuanxiong, Radix Angelicae
Sinensis, Radix Rehmanniae Preparata)
were received. The sample set also
included five non-SWT samples. These
are the commercially available Danshen
Gegen composed of Salvia miltiorrhiza
and Puerariae labata as well as Huang
Qin consisting of Scutellaria baicalen-
sis Georgi. Three non-SWT samples
were manufactured by the CUHK, i.e.
ELP (Epimedii Herba, Ligustri Lucidi
Fructus and Psoraleae Fructus), Penta
Herb Formula and Danshen Gegen.
All samples provided by the CUHK are
considered to be representative analysis
samples. For homogenisation all samples
were ground in a mortar. The samples
were stored together with a silica gel
sachet in order to avoid water absorption.

ATR-MIR spectroscopy

ATR-MIR spectra were collected with a
PerkinElmer Spectrum 100 ATR-IR spec
trometer (PerkinElmer, Waltham, USA)
in combination with a Spectrum soft-
ware version 6.3.1.0134 (PerkinElmer,
Waltham, USA). The recorded wave-
number range was 4000-650cm™" at
a spectral resolution of 4cm™". Every
sample was divided into three subsam-
ples and 16 scans per subsample were
taken. Measurements were undertaken
at 22°C.

NIR spectroscopy

Spectra were obtained with a Bchi
NIRFlex N-500 FT-NIR spectrome-
ter (Buchi, Flawil, Switzerland) using
NIR Ware 1.4.3010 (Buchi, Flawil,
Switzerland). A Buchi solids device
equipped with a vial add-on was utilised
for diffuse reflectance measurements.
Every sample was measured in tripli-
cate accumulating 16 scans for each

Www.spectroscopyeurope.com

spectrum. Recorded wavenumbers were
10,000—-4000cm™" with a resolution of
8cm™.

In order to perform laboratory-inde-
pendent measurements, a MicroPhazir
(Thermo Scientific, USA) was used,
which was operated between 6266cm™
and 4173cm™ at a resolution of 21cm™.
Each sample was measured six times
and 10 scans per sample were accumu-
lated.

NIR measurements were performed
at 22°C.

Multivariate data analysis

Multivariate data analysis was performed
with The Unscrambler 10.3 software
package (Camo, Oslo, Norway) employ-
ing PCA with the non-linear iterative
partial least squares algorithm (NIPALS).
PCA models for the quality control of
SWT and its raw herbs were devel-
oped for all three devices (for MIR and
NIR benchtop spectrometers, and for
the mobile NIR device). Prior to further
data-pretreatments, spectra were trans-
formed to log 1/R (R = % reflectance)
except for the data from the hand-held
device which were already obtained in
absorbance. All spectral data were base-
line corrected and normalised and an
average spectrum of each sample was

generated. Different pretreatments such
as first and second derivative Savitzky—
Golay or standard normal variate (SNV)
were applied to the spectra. For the
derivatives the ideal number of smooth-
ing points was evaluated and is given
below in brackets, e.g. first derivative (9).
All models were calculated applying full
cross validation.

Results

Benchtop MIR spectroscopy

An averaged ATR-MIR spectrum of all
analysed SWT samples is presented in
Figure 1. The following main bands were
observed: 3305cm™' (O—H stretching
of water and carbohydrates), 2977cm™
(C-H antisymmetric stretching),
2886cm™' (C—H symmetric stretching),
1621cm™ (C=0 stretching, conjugated;
C=C stretching) and 1011cm™" (C-0,
C-C stretching, mainly of carbohy-
drates). Band assignments are according
to Pretsch et al.”

Distinction of SWT and non-SWT

As data-pretreatment, SNV and a first
derivative (11) were employed. The
inter-spectral variance is optimally
described with two principal compo-
nents (PCs). Figure 2a shows the 2D
score plot, indicating appropriate clus-
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Figure 1. Averaged ATR-MIR spectrum of SWT samples.
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tering of the samples. The SWT samples
can be clearly separated from the non-
SWT samples. Furthermore, a distinction
between SWT samples manufactured by
the CUHK and commercially available
SWT samples is evident.

SWT with respect to its raw herbs
Successful clustering of SWT samples
and its raw herb extracts was realised
applying the first two PCs (Figure 2b).
Only Radix Angelicae Sinensis samples
are distributed widely. The SWT samples
are centrally arranged relative to its
raw herb clusters indicating that the
herbal remedy is composed of Radix
Paeoniae Alba, Rhizoma Chuanxiong,
Radix Angelicae Sinensis and Radix
Rehmanniae Preparata.

Benchtop NIR spectroscopy

A typical NIR spectrum recorded with
the benchtop NIR device is shown in
Figure 3. The characteristic bands were
assigned as: 8300cm™' (C—H stretch-
ing second overtone), 6808 cm™
(O-H first overtone, phenols, H,0),
5712cm™" (C-H stretching first over-
tone), 5172cm™" (O-H stretching and
deformation combination, H,O, poly-
saccharides), 4760cm™' (C—H stretch-
ing and deformation combination, O—H
stretching and C—O deformation combi-
nation, carbohydrates), 4368cm™' (C—H
stretching and C—H deformation combi-
nation) and 4304 cm™' (C—H stretching
and C—H deformation combination). The
vibrational bands were assigned accord-
ing to Workman et al.'® and Chalmers
etal'®

Distinction of SWT and non-SWT
The principal component analysis in
Figure 4a is based on spectra that
have been subjected to a second
derivative (11). The spectral variance
is described with four latent variables
of which the first and fourth variables
have been found to correlate best with
the investigated problem. A successful
discrimination between SWT and non-
SWT samples can be achieved and
also the SWT manufactured by CUHK
can clearly be distinguished from the
SWT samples which are commercially
available.
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SWT with respect to its raw herbs
The best results of the PCA were
achieved with a SNV pretreatment. The
score plot in Figure 4b shows that for the
raw herb samples, always one batch out
of the four batches of each single herb
extract is outside its related cluster. These
samples (marked with a circle) of Radix
Paeoniae Alba, Rhizoma Chuanxiong,
Radix Angelicae Sinensi and Radix
Rehmanniae Preparata are all commer-
cially available and were purchased
from the same manufacturer. The other
samples of raw herbs were manufac-
tured by the CUHK. Regarding the SWT
cluster it could be observed that the
commercially available SWT (marked with
a circle) which is not correctly assigned
was again purchased from the same
manufacturer as the commercially avail-
able raw herbs. Thus these samples can
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clearly be distinguished from samples
manufactured by the CUHK.

Mobile NIR spectroscopy

A typical NIR spectrum recorded with
the mobile NIR device is shown in
Figure 5. The following main bands
were assigned: 5711cm™" (C-H stretch-
ing first overtone), 5166cm™" (O—H
stretching and deformation combina-
tion, H,O, polysaccharides), 4766cm™
(C-H stretching and deformation
combination, O—H stretching and C-O
deformation combination, carbohy-
drates), 4377cm™" (C-H stretching and
C-H deformation combination) and
4306cm™" (C—H stretching and C-H
deformation combination). Band assign-
ment was done according to Workman
et al.'® and Chalmers et al.’®

Distinction of SWT and non-SWT
Because of the promising results of the
benchtop NIR spectrometer, a hand-held
NIR spectrometer was used to enable
on-site quality control of the products. As
data-pretreatment, SNV and a first deriva-
tive (7) were used. Applying the first two
PCs, the SWT samples can definitely be
differentiated from the non-SWT samples
(Figure 6a). Compared to the benchtop
NIR-derived score plot, SWT manufac
tured by the CUHK cannot be distin-
guished from the commercially available
SWT.

SWT with respect to its raw herbs
The evaluation of different data-pretreat-
ments revealed that SNV in combination
with a first derivative was most suitable
for the given application. The 2D score
plot in Figure 6b displays that the SWT
samples as well as the raw herbs are
arranged in a wider cluster in compari-
son to the benchtop NIR device.

Discussion

From the data presented it can be
concluded that vibrational infrared
spectroscopy is highly suitable for a
quick and non-invasive quality control
of SWT and its raw herbs. All three
devices, i.e. the MIR and NIR bench-
top spectrometers and the mobile NIR
device displayed satisfactory perfor-
mances. The SWT samples could be
clearly distinguished from adultera-
tions and a successful clustering of the
raw herb extracts was achieved. Best
results were produced by the bench-
top NIR device for which samples
manufactured by the CUHK could be
clearly distinguished from commer-
cially available samples. The perfor-
mance of the hand-held NIR device is,
despite its limited spectral range and
lower resolution, still precise enough
for a fast identification enabling labo-
ratory-independent quality control of
TCM products. The results of this study
are considered as an important step
towards reliable on-site measurements
of herbal remedies. Mobile devices
are becoming increasingly important
in qualitative and quantitative analysis,
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supporting the demands of laboratory-
independent methods.
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There are standards—and
there is the standard

Kim H. Esbhensen® and Claas Wagner®"
°KHE Consulting, www.kheconsult.com
PSampling Consultant—Specialist in Feed, Food and Fuel QA/QC. E-mail: cw@wagnerconsultants.com

This series of columns has come to a natural half-way stage, at which it is worth reflecting a little. The basic principles for
sampling of heterogeneous stationary lots, materials and systems have been covered—it is time start thinking of sampling from
moving lots, dynamic systems and processes. But first: the Theory of Sampling (TOS) is proclaimed to be the only complete
theory with which to address all the world’'s many types of materials with a view of guaranteeing representative samples,
and the column makes an effort, hopefully appreciated and easy to follow, to explain all the elements and their relationships
in this endeavour. However, many standards, guidelines and norm-giving documents (CEN, ISO) already exist, which include
elements of prescriptions for “proper sampling”, such as have been agreed upon by numerous task forces, committees etc.
as being fit-for-purpose within the relevant scientific, trade and technological contexts addressed. There have been many
such fits and starts towards a recommended sampling practice, but always in a partial sense only, indeed none cover the full
breadth of all that is necessary to master representative sampling (with two spectacular exceptions: the iron ore and cement
industry sectors). With so many partial recommendations available, when not in compliance with respect to TOS, there are

objective, serious contradictions. Que faire?

The situation
The publication of DS 3077 repre-
sented the world's first standard dedi-
cated exclusively to representative
sampling. Hardly any other standard
is in full compliance with the appro-
priate TOS requirements laid out here,
although partial elements can be found
in many places, e.g. see the bibliogra-
phy in DS 3077." Two notable excep-
tions exist, however, the cement and
the iron ore industries, which have been
well serviced with excellent standards in
this context for many years.
Non-compliance issues regarding
such standards, guidelines, good prac
tices as well as regulatory and legal
requirements must be handled with
insight and patience. Where found not
to comply with TOS' stipulations, it will
be necessary to start a process of revi-
sion or updating of the relevant stand-
ards or norm-giving documents—which
may be a lengthy process, and one
that requires quite some logistical and
organisational drive. While this is taking
place, or when dictated by documented
sampling variances that are too high (a
key issue in quality control and assur-
ance, QC/QA), it is always an option to
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employ more stringent quality criteria
from a TOS-based approach than what is
specified in today's imperfect standards.
As there are serious economic and soci-
etal consequences of non-representative
sampling, simply staying with “follow-
ing the book” is never a sound strategy,
scientifically as well as regarding the
economic outcome of decisions which
will then in reality be based on inferior,
non-representative data. DS 3077 has
the overall objective of establishing a
comprehensive motivation and compe-
tence for taking the stand relying only on
fully TOS-compliant sampling procedures
and equipment irrespective of the theo-
retical, practical, technological, industrial
or societal context under the law. No
standard is a legal document on its own
and is therefore not legally binding; all
trade agreements ruled by international
standards are based on a set of volun-
tary agreements. To the extent that inter-
national law on the subjects treated in
standards dealing with sampling aspects
has been adopted, this law must be
adhered to. International law imple-
mented in national laws also takes prec
edence to non-legal documents in case
of conflict.

Be this as it may, there are very many
advantages in not being complacent
with the fact that sampling issues are
mentioned in the existing body of rele-
vant standards and norm-giving docu-
ments. Mentioning is not enough, only
the principles guaranteeing representa-
tivity matter. A directed effort has been
in place for some five years, involving
a systematic critique of selected stand-
ards, specifically with respect to the full
set of sampling errors outlined in TOS.
Two examples of this work are presented
below, which suffice to show how one
should approach any part of a standard
etc. that purports to recommend proper
sampling procedures and equipment etc.

Analysis of sampling
standards for solid
biofuels

Assessment of all sampling procedures
from CEN standards for sampling solid
biomass (CEN/TS 14778 part 1 and
part 2)** has shown that most of the
recommended procedures do not lead
to a fully satisfactory result, a repre-
sentative sample. Correct delineation
and extraction of many standardised
methods as well as depicted, and thus
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recommended, tools and equipment
are not ensured. While for grab and
shovelling methods, correct delineation
and extraction is hardly ever possible,
other recommended sampling meth-
ods lack sufficient specification regarding
application conditions, which invaria-
bly increases the potential for incorrect
sampling error effects. Table 1 gives an
overview of the evaluation results with
respect to potential incorrect sampling
errors (ISE) caused by the meth-
ods stated, recommended or allowed
in the standard for primary sampling
CEN/TS 14778.%* ISE comprise the
three so-called bias-generating errors:
Increment Delimitation/Delineation Error
(IDE), Increment Extraction Error (IEE)
and Increment Preparation Error (IPE),
all concerning sampling equipment and
sampling procedures. The full assess-
ment of these sampling standards can
be found in Wagner & Esbensen.’
Insufficient specifications and the exist-
ence of incorrect sampling errors must
under all circumstances be eliminated
in sampling standards as the result will
unavoidably be an inconstant sampling
bias, always and for ever out of control;
it is not possible to make any bias
correction regarding the sampling bias,
DS 3077' and Esbensen & Wagner.®
Incorrect sampling methods, room for
personal interpretation and the vertical
standardisation approach of CEN speci-
fying different procedures for each mate-

rial group makes sampling a complicated
issue with a highly uncertain and vary-
ing validity. Any procedure and standard
that has not eradicated all such poten-
tial sampling bias elements, as illus-
trated above, does not comply with TOS'
stringent and demands for sampling
correctness. The result is always a biased
sampling procedure—which is always
unacceptable. The full assessment of
CEN/TS 14778 has been published, but
so far no reaction or response has been
forthcoming.*

Analysis of grain sampling
guide

The "Home Grown Cereals Authority
(HGCA) is a division of the "Agriculture
and Horticulture Development Board”
based in the UK, which is mainly respon-
sible for research and knowledge trans-
fer in the cereal and oilseed sector. In
2013 the HGCA published a guide on
grain sampling to define key require-
ments for effective grain sampling at
various process locations from harvest
to storage until departure and arrival
of the grain.® Besides physical extrac
tion of a grain “sample”, focus is also on
monitoring moisture, temperature, pests
and moulds, especially mycotoxins. The
described sampling practices therefore
must have an obligation to contribute
to ensure procedures that reliably are
able to assess harvested grain quality, to
protect this quality level throughout the

"

Table 1. Assessment of incorrect sampling errors of CEN/TS 14778.

storage phase as well as to determine the
quality level after storage (before trans-
portation to buyer) and upon arrival at
the buyer. For various commodities the
latter two aspects (differences in qual-
ity level at departure vs quality level at
arrival) have in the past caused major
law cases, often due to inappropriate or
inadequate sampling procedures. Besides
these kinds of discrepancies which cause
serious economic disputes, extraction
of representative grain samples is also
crucial with regard to impurity detection
(e.g. GMO quantification, toxins), as regu-
lated by international standards (e.g. 1SO
24276:2006"). Table 2 gives an overview
of the evaluation results for the HGCA®
with respect to potential TOS-incorrect
sampling errors. The full assessment can
be found in TOS forum ®

This assessment shows that most
of its recommended sampling proce-
dures and equipment (for both primary
sampling and sub-sampling) do not lead
to a representative sample. The guide’s
sampling procedures have a high error
potential for incorrect sample delinea-
tion and extraction, which unavoidably
will lead to a significantly detrimental,
or even fatal sampling bias." Most of the
guide's recommended sampling equip-
ment, when rated with TOS criteria, reveal
major incorrect sampling errors (ISE),
vastly jeopardising grain control validity.
It is noteworthy that the body respon-
sible for the HGCA guide undertook a

IDE

IEE

IPE

Three-dimensional lot

One-dimensional lot

Manual sampling (stopped
conveyer belt)

Automatic sampling

One-dimensional lot

Manual sampling

Automatic sampling
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Conveyer belt

Falling source stream

Sampling from stationary lot

Medium error potential

Medium error potential

Medium error potential

Medium error potential

Medium error potential
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Table 2. Assessment of incorrect sampling errors of HGCA sampling guide.

Process location (HGCA)

IEE

IPE

Sampling at harvest

Method 1: Sampling before cleaning/
drying—Sampling of trailer as it is tipped
into store

Method 2: Sampling after condition-
ing—Sampling from the cleaner/dryer
outlet

Sampling in store

Sampling spear (3—5 apertures)

Sampling at outloading

Sampling from loading bucket

Automatic bucket sampler

Sampling from spout loading
Jug/Bucket
Interrupter plate

Sampling from grain heap

Medium error potential

Medium error potential

Medium error potential

Medium error potential

Medium error potential

Sampling at commercial intakes

Manual or automatic sampling spear

Medium error potential

Medium error potential

careful response to the above critique,
which was published in TOS forum (see
box section).’?

It is in the interest of the science of
sampling to bring this kind of discus-
sion to the attention of everybody inter-
ested in representative sampling. While
the present authors of the critique of
the HGCA® do not agree with most of
the “reasons for lowering the stand-
ard w.rt. representativity” in the rebuttal
(see above), both science and industry
will benefit from the clearly stated argu-
mentation vs the original critique. It is, as
always, up to the reader to form his/her
own conclusions based on the evidence
presented pro et con.

Sampling for GMO risk
assessment

Currently an EFSA-funded project is
a.0. engaged in a similar critique of
all standards and norm-giving docu-
ments governing sampling for GMO risk
assessment. The project reports will,
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after approval by EFSA, be available on
the appropriate homepages within the
EFSA portal.

Examples of too glib
recommendations

For want of space, we end this column
by showing a few examples “from undis-
closed standards” of a few “recom-
mended” sampling procedures/
equipment, which would not under any
circumstances find acceptance under the
systematics of the Theory of Sampling,
TOS (Figures 1-5).

The reader is invited to try to deter-
mine which sampling error(s) are
compromised in each specific example.
It is not relevant to refer to the specific
standards from which the exam-
ples originate; they are shown here
in complete anonymity with the sole
purpose of illustrating that sampling is
not a game in which anything goes...
More seriously, they are examples of
what can happen when committees

are guided by a regimen of consen-
sus where truly anything goes, as
long as it is unanimously voted and
agreed on... Pierre Gy often used to
deliver a wry comment on this state
of affairs in his lectures and courses:
"With this approach a committee
could vote that Newton's second law
no longer applies”. The few examples
are a vivid illustration to this dictum—
very many “recommended” sampling
procedures and equipment are nothing
but a showcase of not having invested
the necessary effort to investigate the
basics of TOS principles. But, there is
always room for improvement.

Summary

There is no need for unnecessary
confrontations, but there is a need
for absolute clarity with respect to the
responsibility carried by international
(and national) standardisation authori-
ties. There is no excuse for recommend-
ing non-compliant sampling procedures

Www.spectroscopyeurope.com


www.spectroscopyeurope.com

articles

doi: 10.1255/tosf.36

A critical assessment of the HGCA grain sampling guide

Claas Wagner™* and Kim. H. Esbensen”®
“ACABS Research Group, Aalborg University, campus Esbjerg (AAUE), Denmark
°Geological Survey of Denmark and Greenland, Copenhagen, Denmark. E-mail: claas.wagner@googlemail.com

HGCA’s grain sampling guide is assessed with respect to the principles for representative sampling as set forward in the Theory
of Sampling (TOS). Sampling correctness, which requires the elimination of all Incorrect Sampling Errors (ISE), constitutes the only
guarantee for valid, representative grain quality control; presence of ISEs causes a varying, uncontrollable sampling bias that cannot
be corrected for. Contrary to a first superficial observation (“grain is grain”), many different species and varieties, as well as differences
caused by soil types, availability of local nutrients, make “grain” a significantly heterogeneous commodity, which requires special
attention when sampled at various process locations (from harvesting, storage until commercial intake). The present appraisal shows
that most of the respected HGCA grain guide’s recommendations do not comply with TOS principles of sampling correctness. The
suggested sampling procedures constitute major error potentials, which strongly compromise sample representativity.
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Figure 1. From the geological realm. Sub-sampling a drill core (verti-
cal) with an aim of providing analytical samples for diverse analytical
modalities [SEM, porosity and permeability measurements (poro-
perm), thin section (petrological microscopy), XRF, XRD]. Although a
serious attempt at creating a standardised sub-sampling scheme (left:
original recommendation), there is clearly room for improvements

as seen in the centre and right-most evolutions towards the small-

est coeval sample volume, i.e. the maximum possible joint sample
support. There are plenty of arguments from geologists to the tune:
“the rocks in the drill core are pretty well homogenous, so some
15-30 cm vertical separation does not matter much... " or endless
variations on this theme, which, however, completely misses the point:
There is no need deliberately to create significant IDE and IEE errors

in the sampling process (which is tantamount deliberately to create
the fatal sampling bias). Also, homogenous materials do not exist in
the real world, especially not in the poly-phase heterogeneous worlds
of rocks.... While there may very well be rocks of particular low verti-
cal heterogeneity that need drilling (e.g. limestone/chalk oil reservoir
rocks), setting of a standardised sub-sampling scheme for all reservoir
rocks based on this scenario can only lead to significant sampling bias.
Allowing for this is not the role of a standard.

Figure 3. A recommended sampler with a much better chance of being
approved by TOS—although the conditions under which this equipment
is to operate are totally missing, making it open to several fundamental
uncertainties.

26 SPECTROSCOPYEUROPE

Figure 2. A particularly ill-conceived recommendation of a “grain stream
sampler”. When this example was used as a basis for an exam ques-
tion in a PhD course on “Representative Sampling, TOS" a student
wrote: “The mind boggles!”.

“Random illustration™ of thy /0rkin sampling committees, task forces ...

Figure 4. A potpourri of verbatim quotes from discussions in sampling
committees and fora. The mind boggles at the lack of respect for repre-
sentativity, while logistics, practicality and economics would appear to
be the only drivers. The effect of letting such proxies dictate sampling
procedures, operations and equipment alone was discussed thor-
oughly, and dismissed, by Esbensen et al.'®"" and Minkkinen et al.

S

B L

Figure 5. Using a cylindrical coring tool for cheese sampling (left)
does not allow a representative sample of the highly irregularly distrib-
uted components of a mature blue cheese. Only the two right-hand
approaches will pass muster for TOS.
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and equipment; the result can only be
inferior sampling and inferior, indeed
compromised, decision making. A chain
is only a strong as its weakest link.
TOS-compliance is the missing link in
very many standards etc. There is only
one remedy—get involved, get TOS liter-
ate!

There are plenty of relevant courses,
lectures, consulting companies, experts
on the subject matter of representative
sampling, all contributing and doing a
remarkable job in the last 15 years (for
some up to 40 years), but none will
receive specific identification here. All
the reader needs is a willingness to start
looking for the singular operative charac
teristic: representativeness—as in repre-
sentative sampling and the Theory of
Sampling (TOS).

Que faire?
Start here: DS 3077

oA
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Analytica report 2016

lan Michael

I am going to continue with the same layout from the Pittcon Report in the last issue, which | think works well. This report,
from Analytica, held in Munich, Germany, from 10 to 13 May is inevitably much shorter than that from Pittcon. Many new
products at Pittcon were introduced to Europe at Analytica, but we have not covered them again. However, there was plenty

that was new and interesting.

Agilent introduced a new version of their 5100 ICP-OES, the
5110. This has an integrated valve system that increases produc
tivity, running a sample every 20s. There is also a new version
of the ICP Expert software, and existing users can upgrade to
this and to the other improvements. Applied Spectra’s J200 is
a tandem laser ablation-laser-induced breakdown spectroscopy
instrument. LIBS is performed on the emitted light from a laser
ablation plasma whilst ablated particles are transferred to an
ICP-MS instrument. This enables analysis of organic and lighter
elements, elemental mapping, the normalisation of the ICP-MS
signal with plasma emission and the simultaneous measure-
ment of major/trace elements and isotopes.

Shimadzu introduced the AIM-9000 Infrared Microscope
System, a fully automated system aimed at failure analy-
sis. It provides automation of all steps in failure analysis and
micro-sample evaluation: observation, definition of measure-
ment spots, measurement and identification. The AIM-9000 is
compatible with Shimadzu’s IRAffinity-1S and IRTracer-100 FT-IR
spectrometers. With the latter instrument, it can reach a signal-
to-noise ratio of 30,000: 1 (transmission, MCT detector, 50 um
aperture, 8cm™' resolution, 2min scan). The Adulterant Screen
software from PerkinElmer automates FT-IR and NIR spectrom-
eters that can confirm authenticity and perform nutritional analy-
sis in a single step. It performs rapid, targeted and non-targeted
screening for several types of adulterants and can implemented
quickly without the need for lengthy calibration. Spectrolytic intro-
duced the static(s)FTIR which does not contain any moving parts
and is very robust. It has a spectral resolution of 6cm™, wave-
length range from 7pm to 14pm and can measure at a modula-
tion frequency of 50 Hz.

A fully automated sample preparation system for clinical mass
spectrometry came from Shimadzu. The CLAM-2000 (Clinical
Laboratory Automated sample preparation Module) automates
the pre-treatment of liquid blood or other biological systems
prior to LC-MS analysis. It is intended for those handling blood
samples in pharmaceutical departments, medical departments
or biological analysis laboratories dealing with issues of variabil-
ity in analytical results or infection risk. It processes samples in
parallel and provides full automation through to LC-MS analysis.

Bruker's Senterra Il is an easy-to-use, confocal, multi-laser
Raman imaging microscope with various acquisition modes to
optimise speed or spatial resolution. The Raman engine has
been redesigned to improve spectral resolution and perfor-
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The AIM-9000 Infrared
Microscope System
from Shimadzu

Shimadzu’s clinical

MS automated sample
preparation system, the
CLAM-2000

The Senterra Il confo-
cal, multi-laser Raman
imaging microscope
from Bruker
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mance, and imaging and wavelength calibration is provided by
SURE_CAL technology. Components such as motorised lasers,
gratings, filters and apertures allow fully automated parameter
setting. WiTecintroduced a new entry-level micro-Raman system,
the alpha300 access as well as a thorough revision of the estab-
lished alpha300 series. The alpha300 access is available at a
lower price and, as with all WiTec instruments, can be upgraded
and expanded.

Sarspec are a Portuguese company new to me. They have a
range of miniature spectrometers and were releasing the FAbS,
a new compact double-beam spectrophotometer which can also
be used as a fluorimeter. Full spectra can be collected in up to
1ms per spectrum over the full wavelength range and the optical
resolution is 0.6nm. Various sampling options can be achieved
via easy fibre optic coupling. They were also showing the S1S
fibre-optic spectrometer that can collect 10,000 full spectra per
second and has an optical resolution better than 0.2nm; this will
be available early in 2017. Mettler Toledo's UV/VIS Excellence
range includes four models including life science and pL models.
The UV7 complies with EU and US Pharmacopeia requirements
and provides advanced automation possibilities. FastTrack UV/VIS
technology incorporates fibre optics with array detection and a
Xenon flash lamp. The new spectrometers can be integrated with
other laboratory equipment using LabX UV/VIS PC software for
workflow control as well as advanced data analysis and manage-
ment, compliant with 21 CFR part 11/EU annex 11.

Bruker's S4 TStar total relection XRF spectrometer has been
designed for the requirements of increasingly regulated areas.
It has up to three different X-ray excitation modes and the
latest generation of the large area XFlash silicon drift detector.
The automatic sample changer can handle 90 samples in up
to 10 sample trays. Reduced internal air flow, special integrated
sample housing and stackable storage boxes protect samples
from contamination.

Links for more information

WITec's alpha300
access entry-level
micro-Raman system
can be upgraded

Mettler Toledo’'s UV/VIS
Excellence range can
easily integrated with
their other laboratory
equipment

Bruker's TXRF spec-
trometer, the S4 TStar
has been designed for
use in regulated areas

To simplify your search for more information on products listed below, you can connect directly to the relevant product page for each
product using the code number. If you are reading this in a printed copy, just put the number into your browser at the end of the URL
string http://link.spectroscopyeurope.com/28-03-. If you are reading this in a digital version, just click the links! Where a page is not

currently available, we have provided a link to the company's home page or the most relevant page.

ATOMIC

5110 ICP-OES is a new version of the 5100 with new software and integrated valve that can run a sample every 20s 50
(Agilent Technologies)

contrAA new generation of this series of continuum source atomic absorption spectrometers (Analytik Jena) 51
J200 tandem laser ablation and LIBS instrument (Applied Spectra) 52
INFRARED

AIM-9000 infrared microscope system (Shimadzu) 53
Adulterant Screen software for FT-IR and NIR to perform authenticity and nutritional analysis in one step (PerkinElmer) 54
SFTIR no moving parts FT-IR which can measure at a modulation frequency of 50 Hz (Spectrolytic) 55
MASS SPECTROMETRY

Autosampler for PTR-MS for VOC headspace analysis which can hold up to 270 vials of liquid, solid or gas samples (lonicon) 56

Www.spectroscopyeurope.com
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CLAM-2000 fully automated sample preparation for liquid blood samples by LC-MS (Shimadzu) 57
HiPace 30 small turbopump capable of 32 L s™" (Pfeiffer Vacuum) 58
HiPace 300 H turbopump specifically with high compression for light gases (Pfeiffer Vacuum) 59
MALDI PharmaPulse rapifleX label-free ultra-high throughput MALDI-TOF system (Bruker) 60
PesticideScreener solution based on Bruker's QTOF instruments with larger screening database (Bruker) 61
ToxScreener 2.1 running on Bruker's QTOF instruments with larger screening database (Bruker) 62
UHPLC-MS Biopharmaceutical Workflows include range of columns, instruments, software and consumables 63
(Thermo Scientific)

xr Series family of thermal desorption instruments for GG-MS (Markes International) 64
NEAR INFRARED

AvaSpecNIR256/512-2.5-HSC improved, compact NIR spectrometers with range of gratings available (Avantes) 65
PET analysis on MB3600 FT-NIR measuring % crystallanity, wall thickness and %H,O (ABB) 66
Qred miniature NIR spectrometer with cooled InGaAs detector and customisable wavelength ranges up to 2500nm 67
(RGB Photonics)

Spec NIR: small, MEMS-based spectrometer with single element detector (Sarspec) 68
NMR

Minispec G-var time-domain NMR system for determination of droplet size in food emulsions (Bruker) 69
RAMAN

alpha300 access entry-level micro-Raman system for single-spot analysis and imaging (WiTec) 70
alpha300 series has been overhauled increasing flexibility, sensitivity and speed (WITec) 7
Gemstones database of 365 Raman and 144 photoluminescence spectra of verified gemstones (ST Japan Europe) 72
Senterra Il confocal, multi-laser Raman imaging microscope (Bruker) 73
SUBRFACE ANALYSIS

Esprit Qube software for 3D visualisation and post-processing of EBSD and/or ED XRF spectrometers on electron 74
microscopes (Bruker)

TERAHERTZ

TeraScan Terahertz system with new digital control electronics (Toptica) 75
Uv/visS

FAbS double-beam spectrophotometer and fluorimeter combined (Sarspec) 76
S1S fibre-optic spectrometer (Sarspec) 77
UV/VIS Excellence is a new series of four models with fibre optics and array detection (Mettler Toledo) 78
X-BAY

Magpro 60kV 12W X-ray source for portable and benchtop instruments (Moxtek) 79
Cement-Quant ready-to-use solution for analysis of building materials (Bruker) 80
Geo-Quant M analysis solution for geology, mining and minerals (Bruker) 81
S4 TStar total reflection X-ray fluorescence spectrometer (Bruker) 82
Spectra.Elements software suite for the S2 Puma benchtop ED XRF spectrometer (Bruker) 83
Ultra-Lite Magnum 50kV X-ray source designed for handheld instruments (Moxtek) 84
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Product Focus on Imaging

Spectroscopy

Spectroscopy Europe Product Focuses highlight currently available instrumentation in a particular area of spectroscopy. This Product
Focus is on Imaging Spectroscopy, and some companies have provided information on their key products, their applications and

features.

See our media information (www.spectroscopyeurope.com/advertisers/media-packs) for details of future Product Focuses.

Tel: 81-6-6878-9911

\Elale)s]atoite]s Wl info@nanophoton.jp
http://www.nanophoton.jp

PRODUCT: Laser Raman Microscope RAMANtouch

APPLICATIONS: Pharmaceutical = Semiconductor = Polymer = 2D-
material = Lithium-ion battery

KEY FEATURES: Diffraction-limited spatial resolution guaranteed for all
users = Ultra-fast Raman imaging by line illumination = Fast and accurate
laser beam scanning = High detection sensitivity of tiny particles less
than 100nm = high spectral resolution and high reproducibility

PRODUCT: Fast Screening System RAMANview
APPLICATIONS: Whole tablet Raman imaging = QA/QC of bulky
samples = Fast Raman screening = QA/QC of large sheet samples =
Raman imaging of samples in deep containers

KEY FEATURES: Ultra-wide field-of-view more than 800 mm? =
Extended depth of focus of up to about 1.4mm = Unique working
distance of more than 70mm

Tel: 33169 74 72 00
. info-sci.fr@horiba.com
SITClI{oN |\, horiba.com/raman

HORIBA

Scientific

HORIBA

PRODUCT: HR Evo Nano — AFM/Raman System
APPLICATIONS: 1D-2D Materials =
Organic molecules = Polymers =
Semiconductors = Photovoltaics
KEY FEATURES: TERS proven sys-
tem = Raman excitation lines from
DUV (229nm) to NIR (1064nm) =
Ultra high spectral resolution = Fully
automated operation = 1.3um AFM laser diode, top and side Raman-
AFM optical coupling with high NA (up to 100x, 0.7NA) = Fast TERS
mapping with SWIFTXS and EMCCD = Integrated software platform

PRODUCT: ParticleFinder for HORIBA Raman Microscopes
APPLICATIONS: Pharmaceutics = Microplastics = Geology = Mineralogy
KEY FEATURES: Automatic detection of particles = Full characterisation
of particles = Provides size, shape, number and chemical identification
of particles « Complete solution for particle characterisation and identifi-
cation

PRODUCT: TRIOS Platform — AFM and Optical Coupling
Platform

APPLICATIONS: Materials sciences = Life sciences = Custom optical
systems = Non-linear and near-field optics

KEY FEATURES: TERS imaging = Co-localised AFM-Raman imaging =
Simultaneous optical access from the bottom with up to 1.4NA oil im-
mersion objective, from the top with up to 100x 0.7NA objective, from
the side (optional) with up to 100x 0.7NA objective =« Compatible with
both XploRA and LabRAM HR Evolution spectrometers.

Www.spectroscopyeurope.com

Daylight

Tel: +1-858-432-7500 DAYLIGHT yﬁf\
jrowlette@daylightsolutions.com

SOIIVTCIR RN |\ daylightsolutions.com

PRODUCT: Spero .
APPLICATIONS: Label-free bio-imaging = Reaction ' \
dynamics = Microfluidics = Live cell studies = Materi- hra

-

als and plasmonics

KEY FEATURES: High-brightness semiconductor
infrared laser source = Real-time spectroscopic imag-
ing capability « Complements and enhances mass
spec techniques such as MALDI = Fits on a desktop
and is easy to use = No cryogenic cooling required

l focus innovations

alpha300 R Confocal Raman Imaging System

Tel: +49(0)731 140 700
Wi Enbigll info@witec.de

www.witec.de

PRODUCT:
APPLICATIONS: Materials research = Pharmaceutics = Semiconductor

and PV « Life Sciences = Geosciences

KEY FEATURES: Unmatched sensitivity and speed (0.76 ms/spec
trum) = Confocal setup: highest spatial resolution (200nm) and depth
profiling = Acquires a complete Raman spectrum at each image pixel

= 3D chemical imaging = Correlative Raman imaging easily possible:
Raman-AFM, Raman-SNOM, TERS-ready

PRODUCT: apyron Automated Raman Imaging System
APPLICATIONS: Materials research = Pharmaceutics = Forensics = Life
science = Geoscience

KEY FEATURES: Push-button principle for high performance 3D Ra-
man imaging = TruePower automated absolute laser power determina-
tion = Outstanding spectral and spatial resolution = Drastically reduced
time required to become familiar with the operation of the instrument

PRODUCT: alpha300 access Confocal Micro-Raman System
APPLICATIONS: Surface analytics = Materials research = Life sciences =
Quality control « Pharmaceutics & biomedical research

KEY FEATURES: High-quality confocal-micro Raman spectroscopy =
Single-spot & Raman mapping with exceptional spectral sensitivity =
Specifically engineered for budget-conscious customers requiring supe-
rior performance = Access to the future of Raman spectroscopy through
upgradeability

PRODUCT: TrueSurface Microscopy

APPLICATIONS: Large-area investigations = Characterisation of rough
& inclined surfaces

KEY FEATURES: Topographic Raman Imaging = Confocal microscopy
along with large are optical profiling = Precise tracing of the true surface
while acquiring Raman imaging data = Generates images revealing
chemical properties at the surface = Virtually no sample preparation of
large samples
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PRODUCT:

= Life science = Geoscience

KEY FEATURES: Correlative Raman-SEM imaging integrated in one
system = Quick and convenient switching between Raman and SEM
measurement: automated sample transfer from one measuring posi-
tion to the other = Integrated software interface for user-friendly meas-
urement control = Correlation of the measurement results and image

RISE Microscopy — Raman SEM Imaging
APPLICATIONS: Materials research = Pharmaceutics = Nanotechnology

KEY FEATURES: Reveals nanoscale chemical information = Produces
nanoscale chemical maps = Provides simultaneous colocalised Raman

and AFM data collection = Supports tip-enhanced Raman spectroscopy

(TERS) and NSOM/SNOM = TERS mapping is complemented with high
speed micro-Raman mapping

PRODUCT:

Renishaw inVia™ Qontor® Confocal Raman
Microscope

APPLICATIONS: Materials science = Semiconductors = Life sciences =
Pharmaceuticals = Chemistry

KEY FEATURES: Ultra-high performance Raman microscope = Com-
prehensive suite of mapping and imaging techniques for 2D and 3D
= kHz rate Raman spectra collection speeds = Real-time focus tracking
generates images of uneven, rough and curved samples = Extensive

range of accessories, laser, filter and mapping options

overlay
Tel: +44 (0) 1453 524524
NS As| Gl raman@renishaw.com
www.renishaw.com/raman
PRODUCT: Renishaw's inVia™ Raman-SPM/AFM System

APPLICATIONS: Graphene = Materials sciences = Life sciences = Nano-

technology = Chemistry

IR detector

Hamamatsu Photonics has introduced
the P13243 detector, using an InAsSb
sensor as an eco-friendly alternative
to lead salt. It provides high sensitivity
over the 2.5-5.3um range with detec
tivity peaking at 1x 10° (cmHz/W). The
detectors are uncooled and so have
low power consumption. Since they are
photovoltaic, they require much simpler
electronics.

Hamamatsu Photonics

» link.spectroscopyeurope.com/28-03-150

Handheld XRF analyser
Spectro Analytical Instruments have
announced an upgrade of the Spectro
xSort handheld X-ray fluorescence (XRF)
spectrometer which improves speed and
precision for light elements. It is availa-
ble in various models. The xSort Alloy
employs a silicon PIN detector and can
provide grade identification of metals in
seconds. The AlloyPlus has a silicon drift
detector for high-productivity measure-
ment and analysis.

Spectro Analytical Instruments

» link.spectroscopyeurope.com/28-03-151

|sotope ratio infrared
spectrometer

The Thermo Scientific Delta Ray is a
portable isotope ratio infrared spectrom-
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eter for on-site isotopic analysis. Its URI
Connect interface extends the continu-
ous measurement of isotope ratios and
concentrations of CO, in air to discrete
samples, such as head space analysis
or direct injection of small amounts of
CO,. By simultaneously detecting *Cand
180, it can measure both isotopologues
and concentration in one step without
destroying the sample. The URI Connect
system handles samples containing as a
little as 80 pg of CO,,.

Thermo Scientific

» link.spectroscopyeurope.com/28-03-152

Raman-SEM imaging
broadens reach

WiTec's RISE system for correlative
Raman—scanning electron microscopy is
now compatible with Zeiss' Merlin SEM.
The combined system maintains all func
tions and features of a stand-alone Zeiss
SEM and a WITec confocal Raman micro-
scope. In Raman imaging mode the
sample can be scanned through a range
of 250 x 250 x 250 um?. The micro-
scope enables software-driven switch-
ing between Raman imaging and SEM,
transformation of the Raman spectra into
an image and the ability to overlay both
images to produce the RISE image.
WiTec

» link.spectroscopyeurope.com/28-03-153

NIR analysers

Unity Scientific has introduced the
SpectraStar XT series of NIR spectrom-
eters, adding many new technologies
and components to the SpectraStar line.
True Alignment Spectroscopy (TAS) is
an instrument calibration and monitor-
ing system for instrument calibration and
validation. UScan routine operation soft-
ware has a graphical, touchscreen drive
interface for intuitive operation. There are
a new controller board, InGaAs dectec
tor, grating drive motor and high-resolu-
tion encoder. There are models covering
wavelength ranges between and up to
680—2600 nm. Ready-to-use pre-cali-
brated analysers are also available for
many applications.

Unity Scientific

» link.spectroscopyeurope.com/28-03-154

Detector for nanosecond
time-resolved imaging
Andor Technology has introduced the
iStar sSCMOS platform as an addition
to the iStar family and offering frame
rates >4000fps, high sensitivity, high
dynamic range, nanosecond gating and
high-throughput fibre-optic coupling on
an integrated unit with a high-resolution
on-head digital delay generator.

Andor Technology

» link.spectroscopyeurope.com/28-03-155
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Conferences
2016

19-24 June, Gothenburg, Sweden.
European Conference on X-Ray
Spectrometry (EXRS2016). EXRS2016,
Sweden MEETX AB, SE-412 94 Gothenburg,
Sweden, 7 exrs2016@meetx.se, @ http://
www.exrs2016.se.

19-24 June, Ludwigsburg, Germany.
Spectroscopies in Novel Superconductors
(SNS 2016). & http://www.fkf. mpg.de/
SNS2016.

19-24 June, Torun, Poland. 23"
International Conference on Spectral Line
Shapes. =7 icsls23 @fizyka.umk.pl, #y http://
icsls23 fizyka.umk.pl.

20-24 June, Champaign-Urbana, Illinois,
USA. 71 International Symposium on
Molecular Spectroscopy. Birgit D. McCall,
International Symposium on Molecular
Spectroscopy, University of lllinois, 306B
Noyes Laboratory, 505 South Mathews
Avenue, Urbana, IL 61801, USA. £ birgit@
isms.illinois.edu, ¢ http://isms.illinois.edu.

26-30 June, Montreal, Canada. SPEC 2016.
& http://www.spec2016.com.

26-29 June, Inuyama, Japan. 7'
International Workshop on Plasma
Spectroscopy, IPS 2016. #7 ps2016@
plasma.engg.nagoya-u.ac,jp, & http://www.
ips2016inuyama.com.

29 June—1July, Groningen, The Netherlands.
8™ International Conference on Coherent
Multidimensional Spectroscopy (CMDS
2016). # http://www.cnds2016.0rg.

3—7July, Aarhus, Denmark. EUROMAR 2016.
Prof. Thomas Vosegaard, Interdisciplinary
Nanoscience Center and Department of
Chemistry, Aarhus University, Denmark, 7
tv@chem.au.dk, & http://euromar2016.0rg.

3—6 July, Chamonix Mont-Blanc, France.
6" International Conference of the
International Association for Spectral
Imaging (IASIM 2016). ¢ http://iasim16.
sciencesconf.org.

3-9 July, Dubrovnik, Croatia. Mass
Spectrometry in Biotechnology and
Medicine (MSBM) Summer School. =
msbm.dubrovnik@gmail.com. & http://

www.msbm.org.

4-6 July, Liverpool, UK. 18" Biennial
National Atomic Spectroscopy Symposium
(18t BNASS). & http://www.rsc.org/
events/detail/19910.

10—14 July, Stony Brook, New York, USA.
14t International Conference on Surface
X-ray and Neutron Scattering (SXNS14).

Www.spectroscopyeurope.com

Gretchen Cisco, #7 sxns14@bnl.gov, @
http://www.bnl.gov/sxns 14.

16—17 July, Biddeford, Maine, USA. Gordon
Research Seminar on Vibrational
Spectroscopy. ¥ http://www.grc.org/
programs.aspx?id=16690.

17-22 July, Biddeford, Maine, USA. Gordon
Research Conference on Vibrational
Spectroscopy. ¢ http://www.grc.org
programs.aspx?id=12221.

17-22 July, Breckenridge, Colorado, USA.
58t Annual Rocky Mountain Conference
on Magnetic Resonance. & http://www.
rockychem.com.

17—22 July, Santa Fe, New Mexico, USA. OSA
Topical Meeting: International Conference
on Ultrafast Phenomena. ¢ http://www.
osa.org/en-us/meetings/topical_meetings

international_conference_on_ultrafast_

phenomen.

18-22 July, Mauritius. International
Conference on Pure and Applied
Chemistry (ICPAC 2016). £=7 icpacmru@
gmail.com, s http://sites.uom.ac.mu/

icpac2016.

19-21 July, Hamburg, Germany.
9t International Symposium on
Environmental Analytical Chemistry
(ISEAC39). Prof. DrJose Broekaert, University
of Hamburg, Institut fr Anorganische
und Angewandte Chemie, Lehrstuhl fur
Analytische Chemie heterogener Systeme,
Martin-Luther-King Platz 6, 20146 Hamburg,
Germany. #=7 jose.broekaert@chemie.
uni8hamburg.de, & http://www.iaeac.com.

24-27 July, Heidelberg, Germany. 28
International Symposium on Chiral
Discrimination (Chirality 2016). Prof.
Dr Oliver Trapp, Heidelberg University, Im
Neuenheimer Feld 270, 69120 Heidelberg,
Germany, 7 info@chirality2016.com,
http://www.chirality2016.com.

25-27 July, Glasgow, UK. BSPR 2016:
Proteomic Approaches to Health and

Disease. Karl Burgess, = karl.burgess@
glasgow.ac.uk, s http://www.bspr.org/

node/527.

25-28 July, Heidelberg, Germany. OSA
Optics and Photonics Congress: Imaging
and Applied Optics. & http://www.osa.
org/en-us/meetings/optics_and_photonics

congresses/imaging and_applied_optics.

30 July—4 August, Szeged, Hungary. 33™
European Congress on Molecular
Spectroscopy. EUCMOS 2016 Secretariat,
c/o Hungarian Chemical Society, Panna
Korispataky, H-1015 Budapest, Hatty u. 16.
11/8, Hungary, =7 eucmos2016@mke.org.huy,
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30 July=5 August, Chambersburg,
Pennsylvania, USA. 18" International
Diffuse Reflectance Conference (IDRC
2016). @ http://www.idrechambersburg.

org.

1-5 August, Rosemont, lllinois, USA. 65"
Annual Denver X-ray Conference (2016
DXC). & http://www.dxcicdd.com.

14—-19 August, West Dover, Vermont,
USA. Gordon Research Conference on
Molecular Structure Elucidation. sy http://
WWW.gIC.0rg/programs.aspx?id=17262.

14-19 August, Fortaleza, Brazil. 25t
International Conference on Raman
Spectroscopy (ICORS 2016). s http://

WWW.icors2016.0rg.

1618 August, Campinas, Brazil. The 6%
IASTED International Conference on
Modelling, Simulation and Identification—
MSI 2016. 7 calgary@iasted.org, ¢ http://
iasted.org/conferences/cfp-840.html.

20-26 August, Toronto, Canada. 21°%
International Mass Spectrometry
Conference. =5 contact@imsc2016.ca, #r
http://www.imsc2016.ca.

21-24 August, Los Angeles, California, USA.
8" Workshop on Hyperspectral Image and
Signal Processing: Evolution in Remote
Sensing (WHISPERS). # http://www.ieee-
whispers.com.

21-26 August, Kyoto, Japan. International
Conference on Magnetic Resonance in
Biological Systems (ICMRBS XXVII). ==7
icmrbs2016@ics-inc.co.jp, s http://www.
icmrbs2016.0rg.

23-26 August, Moscow, Russia.
International Conference on Many Particle
Spectroscopy of Atoms, Molecules,
Clusters and Surfaces (MPS 2016). 7
mps2016@sinp.msu.ru, s http://www.

mps2016.ru.

24-26 August, Reims, France. 14" Biennial
HITRAN Database Conference & 13t
Atmospheric Spectroscopy Applications
(ASA) Meeting. Maud Rotger, =7 maud.
rotger@univ.reims.fr, @& http://www.univ-
reims.fr/site/evenement/asa-hitran/home-
accueil,18642,32042.html.

26-28 August, Xi'an, China. 9t
International Symposium on Photonics
and Optoelectronics (SOPO 2016). =7
sopo@sopoconf.org, @ http://www.sopoc
onf.org/2016.

28 August-2 September, Irkutsk, Russia.
Asia-Pacific EPR/ESR Symposium (APES
2016). Dr Dmitriy Polovyanenko, 7
apes2016@nioch.nsc.ru, s http://www.

& http://eucmos2016.mke.org.hu.

apes2016.org.
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28 August—1 September, San Diego,
California, USA. SPIE Optics + Photonics.
& http://spie.org/x30582.xml.

30 August—3 September, Prague, Czech
Republic. 24" International Conference on
High Resolution Molecular Spectroscopy
(PRAHA2016). Professor Stepan Urban,
University of Chemistry and Technology,
Faculty of Chemical Engineering, Technicka
5, CZ-16628 Praha 6, Czech Republic, =7
prahal6@vscht.cz, s http://www.chem.uni-
wuppertal.de/conference.

31 August—2 September, Edinburgh, UK.
Ultra Fast Imaging of Photochemical
Dynamics. sy http://www.rsc.org/events/
detail/19765.

4-8 September, Torino, ltaly. 10t
Conference of the European Federation of

EPR Groups (EFEPR). 7 efepr2016@unito.
it, & http://www.efepr2016.unito.it.

4-9 September, Bayreuth, Germany. 54"
European High Pressure Research Group
International Meeting (EHPRG 2016). ¢
http://www.ehprg2016.org.

4-8 September, Potchefstroom, South
Africa. International Symposium on
the Industrial Applications of the
Mossbauer Effect (ISIAME 2016). Prof.
Frans Waanders, z=7 frans.waanders@nwu.
ac.za, # http://www.medc.dicp.ac.cn/
news/201512/20151208_30000025.

php?id=30000025.

5-8 September, Leeds, UK. Photoni6.
Joanne Hemstock, 7 joanne.hemstock@

iop.org, & http://www.photon.org.uk/home.

6-9 September, Shenzen, Guangdong,
China. 18™ China International
Optoelectronic Expo (CIOE 2015). ¢
http://www.cioe.cn/EN.

11-14 September, Dresden, Germany.
20" European Symposium on Polymer

Spectroscopy. # http://www.ipfdd.de/
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ifpan.edu.pl, # http://www.european-mrs.

ESOPS20.

11-14 September, La Jolla, California, USA.
SMASH 2016: Small Molecule NMR
Conference. ¢ http://www.smashnmr.org.

11-16 September, Antwerp, Belgium. 5t
International Conference on Vibrational
Optical Activity. Prof. Dr Christian
Johannessen, University of Antwerp,
Groenenborgerlaan 171, B-2020 Antwerp,
Belgium, #=7 voab@uantwerpen.be,

http://www.voa5.org.

11-15 September, Seville, Spain. 6
EuCheMS Chemistry Congress. & http://
euchems-seville2016.eu.

12—16 September, Chamonix-Mont Blanc,
France. 9" International Conference on
Laser Induced Breakdown Spectroscopy
(LIBS 2016). Conference office, Université
Claude Bernard Lyon 1, Cellule Congres de
['UCBL, LIBS 2016, 43, bd du 11 Novembre
1918, 69622 Villeurbanne Cedex, France.
#7 contact@libs2016-france.org, & http://
www.libs2016-france.org/en.

13-15 September, Eastbourne, UK. 37"
Annual Meeting of the British Mass
Spectrometry Society (BMSS 2016). s
http://www.bmss.org.uk/meetings.shtml.

18—23 September, Santa Fe, New Mexico,
USA. 2016 SciX Conference (formerly
FACSS). #=7 facss@facss.org, & http://www.

facss.org.

18—21 September, Dallas, Texas, USA.
130" AOAC International Meeting and

Exposition. #; http://www.aocac.org.

19-22 September, Warsaw, Poland.
European Materials Research Society
(E-MRS) 2016 Fall Meeting. Marek
Godlewski, Institute of Physics, Polish
Academy of Sciences, Al. Lotnikow 32/46
02-668, Warszawa, Poland, =7 godlew@

com/meetings/2016-fall.

25-30 September, Copenhagen, Denmark.
41° International Conference on Infrared,
Millimeter and Terahertz Waves (IRMMW-
THz 2016). ¢ http://www.irmmw-thz2016.

org.

26-28 September, Ulm, Germany. 13t
Confocal Raman Imaging Symposium. Dr
Karin Hollricher, WITec GmbH, Lise-Meitner-
Str. 6, 89081 Ulm, Germany, #7 Karin.
Hollrichr@witec.de, & http://www.witec.de.

Courses
2016
13—16 June, Todi, Italy. Multivariate Analysis

Course, School for Novices. ¢ http://
www.cma4ch.org/frames-cou.html.

13—17 June, Warwick, UK. Interpretation
of Infrared and Raman Spectra. James A.
de Haseth, IR Courses, Inc. 165 Sunnybrook
Drive, Athens, Georgia 30605-3347, USA,
#=7 dehaseth@ircourses.org, & http://www.
ircourses.org/schedUK.html.

16—17 June, Milton Keynes, UK. 2-day The
GC & GC-MS Clinic. gy http://www.anthias.

co.uk/training-courses/GC-clinic.

23-25 November, Utrecht, Netherlands.
Multivariate Analysis Of Spectroscopic
Data. # http://www.camo.com/
training/more/en/spectroscopy.
htm?id=726&tid=20&po=1.

Exhibitions
2016

11-15 September, Seville, Spain. 6t
EuCheMS Chemistry Congress. & http://
euchems-seville2016.eu.
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Read Spectroscopy Europe wherever, whenever

you want!

Spectroscopy Europe's new Apps are available free-of-charge for
both Apple and Android devices, and can be read on tablets and
phones. So you can catch up with all our great content wherever
you are and whenever you want.

Download from the App Store or Google Play—just search for
“spectroscopy europe”.

All the 2015 to 2013 back issues are already available to you when
you install the App. Accept notifications from us, and you will know
as soon as the latest issue is available.

We now offer you many ways to read Spectroscopy Europe: in
print and digital editions, online at www.spectroscopyeurope.com
and now on Apple and Android devices. And all are totally free-of-
charge.

Download your App today.

GET IT ON

P> Google play

# Download on the
[ ¢ App Store
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Apple is a trademark of Apple Inc,, registered in the U.S.
and other countries. App Store is a service mark of Apple Inc.
Google Play is a trademark of Google Inc.
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