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John Frenz of Genentech entitled his Pittcon 2003 presenta-
tion “You Can’t Spell (Or Do) Biotechnology without HPLC” (1).
It might seem that biotechnology has a lock on HPLC, but

a host of other applications rely upon this critical separation
method for purification and analysis. Despite the excitement
currently being generated in proteomics and genomics, HPLC has
also found a home in servicing a host of other applications, from
industrial production to environmental analysis. The high-perform-
ance mode of liquid separation is one of the hottest areas of instru-
mental research—especially because of the power gained by modern
interfacing techniques that can integrate HPLC with MS. And the
pressure, both figuratively and literally, is on to make HPLC
capable of even more. 

Environmental Chemistry
Perhaps the broadest and most important category of nonbiolog-
ical uses for HPLC is in its growing acceptance as a tool for envi-
ronmental chemistry and pollution monitoring. Although by no
means replacing GC in all applications, HPLC is recognized as a
valuable adjunct, and in many cases, the preferred means of analy-
sis, even to the point of being admitted to the ranks of methods
sanctioned by the U.S. Environmental Protection Agency (EPA).

Polycyclic aromatic hydrocarbons (PAHs) are common indus-
trial- and energy-related pollutants formed by the incomplete

combustion of hydrocarbons. Several of these compounds have
been linked to breast cancer, in part because they are lipophilic
and concentrate in breast and other fatty tissues. PAH pollutants
can be found in water, air, and foods, and recently they have been
associated with the smoking and charbroiling of meat. The EPA
has included HPLC methods (EPA 550 and 550.1) in its list of
approved methods for monitoring PAHs (2).

Pharmaceuticals. Water contamination from pharmaceuticals
and personal care products is a rapidly growing environmental
concern. In the study Pharmaceuticals, hormones and other organ-
ic wastewater contaminants in U.S. streams, 1999–2000, D. W.
Kolpin and colleagues used HPLC in combination with ESI-MS to
determine the presence and concentrations of a variety of contam-
inating pharmaceuticals and antibiotics at 139 stream sampling
sites across the United States (3). Typically, pollutants have
been studied primarily using other methods. But according to
the researchers, “many of the constituents determined in our
study, including a number of pharmaceuticals and most of the
antibiotics, are not amenable to GC-MS” (4). This is because most
of the compounds being studied are polar. The problem remains,
however, that, “unlike GC-MS, standard reference libraries of full-
scan spectra are not available for HPLC-MS data.” Not until such
data are routinely available is the full power of HPLC-MS likely to
be attained. EPA-sanctioned methods for monitoring environ-
mentally contaminating pharmaceuticals are not likely to be avail-
able until legislation requires monitoring of these compounds
(www.epa.gov/nerlesd1/chemistry/pharma/faq.htm#Canpharma
ceuticals).

Pesticides. Contamination of the environment by agricultural
and home pesticides is an ever-expanding problem, to which a vari-
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ety of HPLC techniques have been applied. EPA methods based on
HPLC have been approved for determining water contamination
by the herbicide glyphosate (EPA 547), the highly toxic herbicides
diquat and paraquat (EPA 549.2 Rev 1.0), and insecticide compounds
in the N-methylcarbamoyloxime and N-methylcarbamate families
(EPA 531.2 Rev 3.1), which are anticholinesterase inhibitors and
suspected endocrine disruptors (2). 

Beyond water quality, postharvest accumulation of pesticide
residue in foods is also of significant interest to regulators and
consumers. For example, researcher
Cristina Blasco and colleagues at the
Universitat de València (www.uv.es/
~uvalen/cat) used solid-phase micro-
extraction (SPME) connected via a
Supelco SPME-HPLC interface LC system
using a C18 column and a methanol–
water mobile phase to analyze fungi-
cides known to induce cancer in labo-
ratory animals (dichloran, flutriafol,
o-phenylphenol, prochloraz, and tolclo-
fos methyl). The researchers collect-
ed fungicide-contaminated fruit
samples (cherry, lemon, orange, and
peach) from several markets in Spain.
They detected fungicides using either
a photodiode array detector (DAD),
MS, or tandem MS. The utility of the
different HPLC detectors varied wide-
ly, in part depending on the
compound. But overall, limits of quan-
tification ranged from 0.25–1 µg/g for
DAD to 0.0005–0.01 µg/g using MS-
MS, showing the benefit of using the
tandem system with HPLC (5). 

Industrial organic pollutants. World-
wide, a broad variety of organic
solvents from industrial processes wind up as contaminants in
soil, air, and water. Researchers at the Hungarian Academy of
Sciences (www.mta.hu) recently reported on using HPLC to
study the binding of a number of these pollutants to plant proteins
to develop a model for their interaction with various food
components. Of particular interest to Monika Zagyi and colleagues
was the effect of salt on the binding of 14 different solvents to
the corn protein zein, a staple food and feed commodity. A unique
feature of this study was the use of a zein-coated carbon
stationary HPLC phase to follow solvent retention using a UV
detector. Although methanol and ethanol did not bind to the
column, the other solvents, such as acetone and tetrahydrofuran,
showed differing retention times based on the cation of the
chloride salt used (Li, Na, or K). Surprisingly, zein proved capa-
ble of differential binding (in retention and peak shape) to the
degree that, for some salt–solvent combinations, it might easily
have been used as a separation and identification method (6).

Surfactants. Most home care products, including detergents,
fabric softeners, and shampoos, contain surfactants, compounds
having apolar lipophilic alkyl chains linked to polar hydrophilic
moieties. Because surfactants are key ingredients of these prod-
ucts, they are also key contaminants of the wastewater generat-
ed during their production and use. HPLC has been widely used
for the detection and identification of surfactants, generally based

on reversed-phase separation according to the length of their alkyl
chains. However, because surfactants can occur in complex mixtures
of the four families of their polar components—anionic, nonion-
ic, cationic, or amphoteric—such analysis is often complicated
and incomplete. Using a 2D-HPLC method, Oliver Haefliger of
Firmenich SA (www.firmenich.com) developed a separation method
that could account for differences in both the polar and the apolar
components of the individual surfactants. The compounds were
first separated on the basis of their polar groups using a normal-

phase gradient ion chromatography
column followed by transfer to a
reversed-phase column that separat-
ed the compounds according to the
length of their alkyl chains (7).

Metals. The detection of metal
contaminants is becoming ever more
important, both in environmental
analysis and in food and pharmaceu-
tical production. Arsenic has been of
particular concern recently because of
its global presence as a contaminant
of soil, groundwater, and vegetation.
Ruixue Chen and colleagues at the
University of Florida (www.ufl.edu)
reported at Pittcon 2003 a method
to determine which of the elemental
species of arsenic is present in vege-
tation samples using an ion-pair
reversed-phase HPLC-inductively
coupled plasma (ICP)-MS system. HPLC-
ICP-MS is well known for its utility
in trace elemental analysis. Separat-
ing and identifying elemental species
of arsenic are particularly important
because they vary widely in toxici-
ty—organic arsenic is less toxic than

inorganic, and As(V) is less toxic than As(III). The researchers
showed that the method was successful in detecting and quan-
tifying the various arsenic species in the arsenic-hyperaccumu-
lating plant brake fern (Pteris vittata) (Abstract 1410-6, 1). 

Other metal ions have been determined using HPLC in conjunc-
tion with colored or fluorescent binding compounds. For exam-
ple, Keiko Yamabe and colleagues from the Shimadzu Corp.
(www.shimadzu.com) reported at Pittcon 2003 on their use of 
N-(dithiocarboxyl)sarcosine as a colored chelator for the detection
of copper using a UV-VIS detector at 440 nm (Abstract 1780-7P,
1). Similarly, Makoto Sato and colleagues at the Shino-Test Corp.
(www.shino-test.co.jp/index_eng.htm) reported on their determi-
nation of aluminum contamination in protein solutions and
pharmaceutical raw materials using kinetic-differentiation mode
HPLC and a fluorescent detector system based on 8-quinolinol
(Abstract 1850-36P, 1). 

Applications Galore
The nonbiological uses for HPLC-based technology are so numer-
ous that only a few can be touched on in this brief review. Many
of the commercial suppliers of HPLC equipment have extensive
sets of technical notes on various biological and nonbiological
applications. These include PerkinElmer (http://las.perkinelmer.
com/home.htm), Restek (www.restekcorp.com/hplcapps), and Waters
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A Brief Taxonomy of HPLC

To many people, there is no LC but HPLC. This is
in part because no one today (at least no one with
a reasonable laboratory budget) can imagine work-
ing with older nonpressurized columns; but in the
main, it is because the numerous “species” of chro-
matography that fall under the generic category
of HPLC include nearly every branch of LC in the
analytical landscape. These most commonly include
standard adsorption chromatography (either
“normal”—polar stationary phase, nonpolar mobile
phase—or “reverse”—nonpolar stationary, polar
mobile phase), ion chromatography or ion exchange
chromatography, and size exclusion chromatog-
raphy. Varieties of affinity chromatography have
also been added to the available mix. As subsets
of HPLC, the various column types for every appli-
cation are designed for maximal performance in
sample size and injection method, optimal pres-
sures and solvent flows, and the most appropri-
ate and efficient interfacing to detectors such as
MS and UV.



(www.waters.com/WatersDivision/pdfs/LYMC_AN.pdf). This diverse
portfolio of applications includes the gamut of protein biotech
applications, the detection of industrial additives, pharmaceuti-
cal analysis, and the monitoring of natural toxins and pollutants
in food. Two of the more fascinating new uses of HPLC involve
research on improving nanotechnology and the creation of synthet-
ic polymer receptors capable of recognizing small organic mole-
cules for the purpose of drug discovery.

Nanotechnology. Researchers Soojin Park and colleagues of
the Department of Chemistry, Pohang University of Science
and Technology, Korea (www.postech.ac.kr), reported on their
development of a reversed-phase HPLC system relying on a C18-
bonded silica column for the separation of nanoscale-level poly-
styrene-b-polyisoprene fractions produced by anionic polymer-
ization. The particle sizes and pattern behaviors of the fractions
differed from one another in a stepwise fashion. Compared with
the mother polymer mixture, the nine daughter fractions showed
clear internally homologous domain behavior that produced
distinct morphological pattern differences from one another.
The fractions showed less than 15% internal molecular weight
variation among polymer particles (8).

In another recent report pertinent to the eventual develop-
ment of industrial-scale nanotechnology, Imre Sallay and colleagues
from Nacalai Tesque, Inc., Kyoto, Japan (www.nacalai.co.jp/en/
guide/index.html) described how new HPLC solid phases could
be used to allow separation of gram quantities of fullerenes (bucky-
balls) using standard analytical HPLC apparatus and relatively
inexpensive solvent systems (Abstract 2160-20P, 1).

Receptive polymers. One modern form of affinity chromatog-
raphy being used in HPLC involves packing the columns with
molecularly imprinted polymers (MIPs) that act as receptors for
specific chemical moieties (usually biochemicals). MIPs are produced
by creating a molecular complex between functional monomers
and a template compound. The monomers are polymerized in
association with the template, creating a receptive cavity—
similar to pouring plastic around an object to make a mold.
Upon removal of the initial template, the imprinted polymer can
act as a chromatographic substrate that can be used as an affin-
ity packing in an HPLC column to isolate new templates or
related molecules. Sergey A. Piletsky and colleagues at the Insti-
tute of BioScience and Technology, and GlaxoSmithKline Research
and Development (www.gsk.com) recently reported on their use
of (–)-ephedrine at a variety of temperatures to create an MIP
packing for HPLC that was selective for the drug. They showed
that the polymerization temperature strongly influenced MIP
specificity and affinity (9).

End Runs
Ultimately, HPLC will likely remain closely associated with biotech-
nology in the minds of most researchers—especially because of
the tremendous benefits of linking HPLC (in all its varied forms)
to the profound sensitivity and analytical power of MS and
newer multihyphenated system concatenations such as HPLC-UV-
NMR-MS, HPLC-IR-UV-NMR-MS, HPLC-ICP-MS-TOFMS, and a host
of other possible tandem combinations of multiple columns and
detectors (Abstract, 170-5, 1). But HPLC’s wider utility for appli-
cations as diverse as environmental chemistry and nanotechnol-
ogy ensures that this paragon of LC methodology will remain at
the forefront of progress. Chemical analysis and separation will
rely more and more on HPLC (however complicated and trans-

formed) for an ever-widening circle of nonbiological applica-
tions. This is only fitting, seeing that GC, in counterpoint, is
becoming an increasingly useful technique for an expanding realm
of biological applications (see “GC and Biology: A Derivative
Affair?”, Today’s Chemist at Work, June 2003, p 28).
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Some Commercial Suppliers of HPLC 
Systems and Columns

Agilent www.agilent.com
Alltech Associates www.alltechweb.com
Applied Biosystems www.appliedbiosystems.com
Beckman Coulter www.beckmancoulter.com
Dionex www.dionex.com
D-Star Instruments www.d-star.com
Gilson www.gilson.com
Grace Vydac www.vydac.com
Hamilton Co. www.hamiltoncomp.com
Hitachi Instruments www.hii-hitachi.com
JASCO www.jascoinc.com
JM Science www.jmscience.com
Macherey-Nagel www.macherey-nagel.ch
Mac-Mod Analytical www.mac-mod.com
PerkinElmer www.perkinelmer.com
Phenomenex www.phenomenex.com
Polymer Laboratories www.polymerlabs.com
Restek Corp. www.restekcorp.com
Shimadzu Scientific www.ssi.shimadzu.com
SGE www.sge.com
Sirius Analytical Instruments www.sirius-analytical.com
Supelco www.sigma-aldrich.com
Thar Technologies www.thardesigns.com
Thermo Finnigan www.thermoquest.com
Tosoh Bioscience www.tosohbioscience.com
Upchurch Scientific www.upchurch.com
Valco Instruments www.vici.com
Varian www.varianinc.com
Waters Corp. www.waters.com
Wyatt Technology www.lightscattering.com
Zirchrom Separations www.zirchrom.com

* For a more complete listing, see LabGuideonline.com.


