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Emerging contaminants. James
Lymer HW (p® 8-10) report on a
meeting on emerging contaminants in
waters and soils. The theme is taken
up by David Megson HW (pp019-22),
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The World Integrated Assessment of the
Impacts of Systemic Pesticides on
Biodiversity and Ecosystems (WIA),
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toxicology testing regimes are wholly inadequate for
these pesticides, neglecting both their widespread sub-
lethal effects on numerous non-target species and
synergistic effects resulting from exposure to more than
one pesticide or to other additional stressors. For most
non-target insect and other invertebrate species that are
likely to be exposed to neonicotinoids, “no or very little
information is available about the impact of these
pesticides on their biology” [reference 1, p. 69].
Furthermore, many effects are highly variable,
depending not only on the species but also on the age of
the individual, how long it has been exposed, and many
other factors.

There are cases when neonicotinoids are clearly toxic to
non-target species. For example, some bee deaths have
been attributed convincingly to neonicotinoid-laden dust
after planting. But many other possible effects are more
subtle, and observations are difficult to attribute to a
specific cause. Pesticide concentrations in pollen or
nectar may be on the order of parts per billion, requiring
extremely sensitive measurement techniques for
detection. Effects may be cumulative over time and may
differ between species or, in the case of bees, between
different members of the society. Studies have shown
that neonicotinoid exposure at levels well below that
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Since 2002, the Environment Agency has
used the Contaminated Land Exposure
Assessment (CLEA) model to determine soil
guideline values, which are soil
concentrations that represent a minimal risk
to human health (1). A recent report by Land
Quality Management (LQM) and the
Chartered Institute for Environmental Health
(CIEH) provides an updated assessment of
suitable for use levels in soils (S4ULs) for 89
substances (2).

LQM/CIEH previously published two editions of Generic
Assessment Criteria (GAC) in 2006 and 2009,
respectively. These GAC complemented the available
SGVs produced by the Environment Agency (EA) from
2002 onwards. Few Soil Guideline Values (SGVs) have
been produced by the EA and there is little indication
that further values will be published in the near future.
Since the 2009 edition of the LQM/CIEH GAC report,
several changes have occurred in the contaminated land
risk assessment sector. First, various revised values for
exposure, toxicology and physicochemical parameters
have been adopted in the UK. Secondly, in December
2013, DEFRA produced Category 4 Screening Levels
(C4SL) for assessment of land affected by contamination
(3). This approach included new exposure land uses for
public open space, suggested modifications to the
exposure parameters, and set the toxicity value at low
risk rather than the minimal risk adopted in the
derivation of other GACs.

Considering the above developments, LQM/CIEH
published a report on Suitable 4 Use Levels in January
2015 (2). An S4UL is a soil concentration that
represents a minimal risk to long term human health.
The methodology for deriving the S4ULs is based on a
modified version of the Environment Agency CLEA
model (1). The S4ULs were derived using an iterative
approach including modification of the exposure
parameters in the CLEA model. The toxicology input
(health criteria values) is an estimated contaminant
concentration that would pose a tolerable or minimal
risk to human health and is a lower level of risk than that
used to derive C4SLs. The health criteria values were

selected in accordance with Environment Agency
guidance (1), which was used in the derivation of
previous GACs and the SGVs. The S4UL derivation
included updated contaminant toxicology input values,
fate and transport properties and exposure parameters,
such as the vapour inhalation rate as updated by the
United States Protection Agency in 2011. The report
includes suitable-for-use levels (S4UL, a type of GAC) for
89 substances including metals, total petroleum
hydrocarbon fractions (aromatic and aliphatic),
polycyclic aromatic hydrocarbons, and chlorinated
hydrocarbons. The S4UL values were derived for six
generic land uses: residential with and without home-
grown produce, commercial, allotments, and public open
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ECG committee member and Honorary
Secretary Dr. Zoé Fleming is a research
scientist with the National Centre for
Atmospheric Science (NCAS), based at
the University of Leicester. Here she tells
us about her career as an environmental
chemist.

What inspired you to

become a scientist? As a
child, there was so much about
nature that | found intriguing and
wanted to find out more about. | was
interested in how all the systems on
the Earth are interlinked. | was good
at math at school but didn’t see how
it applied to the real world, and it
only started to make sense when we
used numbers and equations to
explain  natural phenomena in
science lessons. When | was p
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Meeting Report

The 6th International Multidimensional
Chromatography Workshop

David Megson (Ryerson University and Ontario Ministry of the Environment
and Climate Change)

On January 6th and 7th 2015, the 6™
International Multidimensional Chromato-
graphy Workshop was held at the Ontario
Ministry of the Environment and Climate
Change (MOECC) in Toronto, show-
casing advances in gas chromatography
with applications in many areas, including
environmental chemistry.

This event appears to be growing in popularity each year
and attracted over 150
participants from industry,
academia and government,
with 32 speakers from
around the globe, including
Australia, Europe and North
America.  The  meeting
proved a great place to
discuss recent advances in
multidimensional
chromatography and also
see what new and diverse
applications the technique
is finding in the field of
environmental chemistry.

The first day contained a variety of interesting talks with
several speakers explaining how to optimise analysis
through the correct column combinations and
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This scientific meeting aimed to present
a number of perspectives on the
chemical sciences of  emerging
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environment and may have no regulatory standard.
Examples include pharmaceuticals and personal care
products. Due to improved monitoring techniques and
increasingly sensitive analytical methods, more emerging
contaminants are being detected in the environment,
particularly in surface water and groundwater. Emerging
contaminants can be broadly defined as any synthetic or
naturally occurring chemical or microorganism that is
not commonly monitored in the environment but has the
potential to enter the environment and cause known or
suspected adverse ecological and/or human health
effects.

In the developed world, there has been a gradual
decrease in the environmental concentrations of
common environmental contaminants such as heavy
metals, polychlorinated biphenyls (PCBs), dioxins, and
polyaromatic hydrocarbons (PAHs). This improvement
is largely due to stricter regulations with improved
monitoring, cleaner industrial processes and waste
disposal practices. There is a how

a focus on contaminants of

emerging concern.

Many of these newly recognized
contaminants are  produced
industrially yet are dispersed to
the environment from domestic,
commercial, and industrial use
including pesticide distribution to
land, wastewater  treatment
effluent discharges, landfill sites,
and sewage sludge spreading to
land.
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leading to lower detection limits. These compounds
include pharmaceuticals and personal care products,
lifestyle compounds (nicotine, caffeine) and food
additives and their metabolites. Sources in the urban
environment include sewage treatment effluent and
landfill site leakage. Marianne reported on groundwater
monitoring studies in the Sherwood Sandstone aquifer at
a site in Doncaster and another in Nottingham, which
indicated that emerging contaminants are present at
significant depth (=50 m)

and that wastewater was the

likely source.

A presentation by Barbara
Kasprzyk-Hordern
(University of Bath), entitled
Stereochemistry of
pharmacologically active
compounds: a new paradigm
in environmental analysis
and risk assessment.
focussed on the significance
of chiral organic
contaminants such as
pharmaceuticals in  the
environment. Chiral
pharmacologically active
compounds (PACs) enter the
environment mainly through
sewage, waste effluents from
manufacturing processes,
runoff and sludge. They are
bioactive, ubiquitous and
persistent, with synergistic
properties. Considerations
of the environmental fate
and effects of these
substances do not often take
into consideration that the
enantiomers of the same
substance can have different
effects. Barbara presented
results from the monitoring
of  several  wastewater
treatment plants and receiving waters and considered the
implications of enantiomer-dependant fate and
ecotoxicity of PACs.

Zulin Zhang (James Hutton Institute) spoke about Short-
and long-



On 10" December 2014, the
Environmental Chemistry Group and the
Molecular Physics Group of the Institute
of Physics co-organised a half-day
meeting to discuss recent applications
and developments of soft chemical
ionisation mass spectrometric techniques
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spectrometry) over the last fifteen years and the
consequent advances in flux quantification.

The second speaker, Dr Racheal Beale (Plymouth Marine
Laboratory), described her work in quantifying
concentrations and air-sea exchange of acetone /in situ.
She discussed the importance of acetone in the
troposphere and the uncertainty in the extent and
drivers of net oceanic exchange resulting from the sparse
number and limited duration of measurements. The
speaker described a novel membrane inlet PTR-MS
technique for measuring acetone in seawater and
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digit accurate mass with confirmation by MS/MS (Figure
1). Phase | and Phase Il metabolism were identified, and
all ion fragmentation spectra were useful for
identification of the conjugates. Details of the metabolic
pathways of each compound type were determined.

Use of metabolomics in solving environmental
problems 'U -DNH %XQG\ ,PSHULDO &ROOHJH /RQGRQ
8.

Is it possible to study environmental effects by
metabolomic analysis of a single species under a variety
of stressors such as pollutants, climatic conditions and
feeding levels? Earthworms were studied in the
laboratory and at 17 sites (including 6 polluted and 6
control sites) in the UK for which soil properties (TOC,
pH, moisture, temperature), and levels of metallic
contamination were determined. A total of 300 worms
were studied. 1H/13C heteronuclear NMR experiments
were undertaken on tissue extracts, restricting data
acquired to the ‘interesting’ betaine region to reduce
acquisition time (Figure 2). Although it proved possible
to link some laboratory stresses to field effects, there was
large inter- site and intra-site variation and the model
was not predictive. The number of earthworm genotypes
makes this difficult (two cryptic species are found in the
UK and there are probably several more across Europe).
Using this approach, metabolites were identified which
could distinguish the different genotypes.
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halomethanes in water over the
range 10-100 ppb and geosmin
(octahydro-4,8a-dimethyl-4a(2 H)-
naphthalenol)  (responsible  for
odour in rain and earthy taste in
fish) at 1ppt in water. The GC
photoionisation instrument
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Published by the Royal Society of
Chemistry in 2014 as volume 38 of the
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Article

Non-targeted methods for identifying

new and emerging

persistent organic

pollutants of environmental concern

David Megson (Ryerson University and Ontario Ministry of the

Environment and Climate Change, Canada),

Miren Pena-Abaurrea

(Ryerson University and Ontario Ministry of the Environment and Climate
Change, Canada) and Xavier Ortiz (University of Toronto and Ontario
Ministry of the Environment and Climate Change, Canada)

The search for new and emerging
persistent organic pollutants (POPs) has
become an area of increased research in
recent years. Analytical developments
have made it possible to identify ever
smaller concentrations of substances in
environmental samples. Techniques are
now so sensitive that polychlorinated
biphenyl (PCB) concentrations can be
monitored in a single blood spot (1). This
article highlights the advantages of state-
of-the-art techniques for non-targeted
detection of potential new POPs.

Samples once deemed “clean” turn out to contain
thousands of different chemicals. In some cases, these
chemicals are not new to science; rather, developments
in toxicology identify new hazards at a subcellular or
chronic level, making these chemicals of emerging
concern. Probably the best-known example is
dichlorodiphenyltrichloroethane (DDT), which was used
extensively as a pesticide for several decades until
Rachael Carson alerted the world to the potential risks.
Fifty years later, discussion continues over the use of this
chemical. Although banned in most countries, DDT is still
used in some developing countries to fight malaria
because it is such an effective pesticide; yet exposure can
result in severe human health impacts and damage to the
environment (2).

Similar discussions are also underway over a new group
of POPs: halogenated flame retardants. Various flame
retardants have been used throughout human history,

but flame retardants developed during the last century
are manufactured on a scale large enough to pose a
significant risk to the environment. Recent toxicological
and analytical developments have identified the use of
some of these organic flame retardants as a potential
environmental concern. There is a debate as to whether
the safety benefits from halogenated flame retardants
outweigh the environmental risks as they are persistent,
toxic and accumulate in humans and wildlife (3). PCBs
were first manufactured and applied as flame retardants
during the late 1920s. From the 1960s onward, several
other chlorinated compounds, such as
tris(2,3-dichloropropyl) phosphate (TDCPP) and tris(1,3
-dichloroisopropyl) phosphate (TDCIPP) were used,
followed by an increasing number of brominated flame
retardants (BFRs), such as polybrominated biphenyls
(PBBs) and polybrominated diphenyl ethers (PBDEs).
Following EU legislative measures and the inclusion of
BDE formulations among the Stockholm Convention
POPs, production and use of these substances have been
phased out as they are replaced with supposedly safer
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Figure 1. Isotopic contribution of bromine and chlorine
in compounds containing three halogens.
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The lower part of the Earth’'s atmosphere
(the troposphere, up to about 9 to 18 km)
serves as a sunlight-driven reactor that
removes emitted species from the
atmosphere, but that can generate
potentially harmful by-products such as
ozone and particulate matter. This (&*
(QYLURQPHQ Wddtiines%thiel ey
chemical processes involved in this
reactor system, with a focus on the role
played by peroxy radicals.

ECG Environmental Brief No 3 (1) provided a nice
introduction to the daytime chemistry of the troposphere.
There, it was shown that sunlight-driven photolysis of
ozone (03) in the presence of water vapour is a significant
source of reactive hydroxyl radicals (OH) to the
atmosphere:

Os+hK :K Onayro O(!D) + 0> [R1]

O(*D) + H20 o OH + OH [R2]


mailto:orlando@ucar.edu

Royal Society of Chemistry—Environmental Chemistry Group— % X O G-HWW 2QL5

similar across the whole range of species. For example,
all known reactions of peroxy radicals with NO have rate
coefficients that vary over a fairly narrow range, | (7-
21) x 10-12 cm3 molecule-! s (2). Thus, knowledge of the
detailed identities of organic peroxy radicals present is
often less important than knowing the total peroxy
radical concentration, and it becomes convenient to label
the entire collection of atmospheric organic peroxy
radicals as RO2 (where R represents any organic
fragment). The family of radicals that include R, RO, RO,
OH and HO: are referred to by the general term ROy
(where R also encompasses hydrogen).



