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OVERVIEW

Environmental chemistry is a very broad
topic (Jardim, 1998; Ventura et al., 2009;
Kubicki and Mueller, 2010; Steinbach
and Hoffmann, 2010; Subramaniam, 2010;
Caumul, 2011; Gao et al., 2011; Humphris,
2011; Wirth et al., 2011). This subject
spans aspects of all states of matter and
various phenomena including pollution,
(Ashmore and Nathanail, 2008; Busca,
2009; Carls and Meador, 2009; Feldmann
et al., 2009; Steinbach and Hoffmann,
2010; Gao et al., 2011; Humphris, 2011;
Wirth et al., 2011) the generation of new
materials, health, medicine, and energy.
With ever increasing population con-
straints on resources demand interest in
sustainable technologies and these must be
green in nature.

In terms of energy, there are envi-
ronmental chemistry concerns regarding
solar, geothermal, nuclear, fossil fuel, and
other forms of energy. In the area of
materials, nano-size systems are currently
of tremendous interest and such systems
pose environmental and health threats
that are just beginning to be formu-
lated (Ashmore and Nathanail, 2008; Gao
et al., 2011; Humpbhris, 2011; Wirth et al.,
2011). Feedstocks of all types are sub-
ject to contamination from a variety of
sources. Analyzing such feedstocks and
determining exact concentrations can be a
challenge. Computational modeling stud-
ies are often useful in understanding such
complex systems (Ventura et al., 2009;
Kubicki and Mueller, 2010). Continual
new regulations and protocols based on
new data influence our world every day.

The characterization of materials is an
area that continues to improve. The chem-
ical and physical properties of systems and
their environmental effects are often chal-
lenging especially with real world sam-
ples that are not pristine and may have
a multitude of components. These days
composite materials or multi-component
systems are being developed to solve

complex problems. The synergetic effects
of such composites are often not well
known and the potential environmental
problems associated with such compos-
ites are also not well known (He et al.,
2008; Carls and Meador, 2009). The devel-
opment of novel methods of analysis to
study such complex systems and concomi-
tant environmental chemistry problems is
amajor area of research. In situ monitoring
and miniaturization of such instrumenta-
tion are some of the goals of this area.

There is a continual need for basic stud-
ies of air, water, soil, and artificial/man-
made materials. How all of these systems
interact with various life forms is of con-
siderable interest. Interactions of bacte-
ria, viruses, and cells in these different
environments continue to be developed.
The political, legal, and social aspects of
results of these studies are constantly being
explored.

INNOVATION

There need to be new developments in
the accurate measurements of environ-
mental threats. This includes exact pro-
cedures to be used that are acceptable
to everyone. New instrumentation that
allows in situ monitoring of environmen-
tal chemistry would be invaluable. Such
real time monitoring should help elucidate
reaction mechanisms and provide ideas
about how to combat environmental prob-
lems. Methods to extract natural chemicals
from the environment to use in remedia-
tion and the generation of materials would
be extremely helpful as regards sustainabil-
ity and resource management.

FUTURE CHALLENGES

Translating basic research into applied
areas will be the subject of several stud-
ies in the future. Reclamation of land
from contaminated landfills, regeneration
of polluted sources of water and air, and
use of wastes need to be pursued. Catalysis
and rational design of materials to be

used in such processes will be key factors
in realizing these goals (Subramaniam,
2010). How to measure properties of liv-
ing systems in real time including imag-
ing is a grand challenge that has multiple
implications in the field of environmen-
tal chemistry. Integration of new materi-
als, processes, protocols, and analyses to
understand environmental chemical sys-
tems is another important grand chal-
lenge. Novel intelligent sensors also need
to be developed to monitor environmental
species of all types.

CONCLUSIONS

The area of environmental chemistry is
ripe for continued growth and develop-
ment. As populations continue to grow
and there are more and more demands on
all resources there will be an intense need
for green materials, green energy sources,
green processes, a green viable solutions to
problems that need to be solved to pro-
mote growth in a healthy environment.

ACKNOWLEDGMENTS

I acknowledge the support of the National
Science Foundation under a GOALI
project CBET grant number 0827800.

REFERENCES

Ashmore, M. H., and Nathanail, C. P. (2008). A
critical evaluation of the implications for risk
based land management of the environmental
chemistry of sulphur mustard. Environ. Int. 34,
1192-1203.

Busca, G. (2009). Bases and basic materials in indus-
trial and environmental chemistry: a review of
commercial processes. Ind. Eng. Chem. Res. 48,
6486-6511.

Carls, M. G., and Meador, J. P. (2009). A per-
spective on the toxicity of petrogenic PAHs
to developing fish embryos related to environ-
mental chemistry. Hum. Ecol. Risk Assess. 15,
1084-1098.

Caumul, P. (2011). The role of surfactants and
their intermediates in environmental chemistry.
J. Environ. Res. Dev. 5, 495-508.

Feldmann, J., Salaun, P., and Lombi, E. (2009). Critical
review perspective: elemental speciation analysis
methods in environmental chemistry - moving

www.frontiersin.org

February 2013 | Volume 1 | Article 1| 1


http://www.frontiersin.org/Chemistry/editorialboard
http://www.frontiersin.org/Chemistry/editorialboard
http://www.frontiersin.org/Chemistry/editorialboard
http://www.frontiersin.org/Chemistry/about
http://www.frontiersin.org/Chemistry
http://www.frontiersin.org/Green_and_Environmental_Chemistry/10.3389/fchem.2013.00001/full
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=SteveSuib&UID=60186
http://www.frontiersin.org
http://www.frontiersin.org/Green_and_Environmental_Chemistry/archive

Suib

towards methodological integration. Env. Chem. 6,
275-289.

Gao, P.-X., Shimpi, P, Cai, W,, Gao, H., Jian, D.,
and Wrobel, G. (2011). “Oxide-based materi-
als and devices II,” in Proceedings of SPIE 7940
(San Francisco, CA).

He, L.-M., Troiano, J., Wang, A., and Goh, K.
(2008). Environmental chemistry, ecotoxicity, and
fate of lambda-cyhalothrin. Rev. Environ. Contam.
Toxicol. 195, 71-91.

Humphris, C. (2011). Chemistry still matters. Chem.
Ind. 1, 21-23.

Jardim, W. E (1998). New challenges in envi-

ronmental chemistry. Pure Appl. Chem. 70,
2259-2262.
Kubicki, J. D., and Mueller, K. T. (2010).

“Computational spectroscopy in environmental
chemistry,” in Computational Spectroscopy, ed

J. Grunenberg (Weinheim: Wiley-VCH Verlag),
323-351.

Steinbach, A., and Hoffmann, S. (2010). New analyses
in environmental chemistry. The significance of
water analysis and other examples. GIT Labor-
Fachzeitschrift 54, 589-593.

Subramaniam, B. (2010). Gas-expanded liquids for
sustainable catalysis and novel materials: recent
advances. Coord. Chem. Rev. 254, 1843-1853.

Ventura, O. N., Segovia, M. E., Badenes, M. P,
Kieninger, M., Bottinelli, E, and Irving, K. (2009).
“Computational chemistry tools for the study
of environmental chemistry problems,” in New
Developments in Quantum Chemistry, eds J. L.
Paz and A. J. Hernandez (Trivandrum: Transworld
Research Network), 109-164.

Wirth, B. D., Nordlund, K., Whyte, D. G., and
Xu, D. (2011). Fusion materials modeling:

Some grand challenges in environmental chemistry

challenges and opportunities. MRS Bull. 36,
216-222.

Received: 19 January 2013; accepted: 11 February 2013;
published online: 26 February 2013.

Citation: Suib SL (2013) Some grand challenges in envi-
ronmental chemistry. Front. Chem. 1:1. doi: 10.3389/
fchem.2013.00001

This article was submitted to Frontiers in Green and
Environmental Chemistry, a specialty of Frontiers in
Chemistry.

Copyright © 2013 Suib. This is an open-access article
distributed under the terms of the Creative Commons
Attribution License, which permits use, distribution
and reproduction in other forums, provided the orig-
inal authors and source are credited and subject
to any copyright notices concerning any third-party
graphics etc.

Frontiers in Chemistry | Green and Environmental Chemistry

February 2013 | Volume 1 | Article 1| 2


http://dx.doi.org/10.3389/fchem.2013.00001
http://dx.doi.org/10.3389/fchem.2013.00001
http://dx.doi.org/10.3389/fchem.2013.00001
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Green_and_Environmental_Chemistry
http://www.frontiersin.org/Green_and_Environmental_Chemistry
http://www.frontiersin.org/Green_and_Environmental_Chemistry/archive

	Some grand challenges in environmental chemistry
	Overview
	Innovation
	Future Challenges
	Conclusions
	Acknowledgments
	References


