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Portable GC and GC–MS instruments keep shrinking in size as
the demand for convenience and versatility grows. Researchers
and company representatives believe the ultimate portable

GC analyzer will boldly go where few thought possible decades
ago. “How do we make it smaller, faster, portable, more sensi-
tive?” asks Geoffrey Haas of Lawrence Livermore National Labo-
ratory in California. “That’s always the quest—to get instru-
mentation like that into the form of a Star Trek tricorder.” 

Coupled with MS, portable GC systems are powerful analyti-
cal tools. The ability to miniaturize all the components in a system
allows GC and GC–MS instruments to be portable, explains Albert
Robbat, Jr., of Tufts University. “I think that the technologies
have gotten much better,” says Robbat. “They’re much more stable,
much more reliable, much more versatile.” What makes portable
GC so useful is the short time between collection and sample
analysis, and fast sample preparation methods will be important
in developing portable GC analyzers, say researchers (1). 

This review examines advancements in the portable GC and
GC–MS market since 1997 (2). Table 1 lists examples of portable
GC systems, and Table 2 lists some portable GC–MS systems
available to prospective buyers.

The Portable GC and GC–MS Market
Some scientists say new developments in portable GC and
GC–MS technology have been moderate in the commercial

sector. Ed Overton of Louisiana State University believes compa-
nies are designing streamlined, “pretty” portable GC systems that
are essentially not really new but just the same product
wrapped in a different package.

Some company representatives disagree, saying their systems
have improved—inside and outside. “It’s not rehashing what we’ve
been doing in GC,” says Ken Zeiger of Electronic Sensor Technol-
ogy (EST) about the company’s product. John Mills of Varian says
the company has improved reproducibility, maintainability, and ease
of use in its portable GC system but agreed the application range
hasn’t changed much in the past 5–10 years. Chuck Sadowski of Infi-
con predicts that new advances might reach the commercial market
in the next five years, either evolutionarily or dramatically.

The market has expanded since the early 1990s when the
environment was very much on the public and political radar
screen, and companies invested their portable GC and GC–MS
instruments in those applications. That market became saturat-
ed and never reached expectation, says Overton. Today, portable
gas chromatographs can be found in a variety of fields, such as
forensics, industrial hygiene, and on-line process monitoring. 

Scientists and company representatives say that the 2001 (9/11)
terrorist hijackings and the anthrax incidents that followed spurred
the federal government to speed up research on chemical and
biological warfare detection devices. “What you’re seeing with
9/11 is a lot of interest and a lot of people wanting, but what
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they want is something to do the job right now,” says Overton.
“So, they’re going out and buying a bunch of stuff that might
not work for these very difficult analytical jobs.” The chemical
and biological warfare detection field is “short and sweet,” and
next year, something else will be “hot”, he adds. 

Choosing the Right Instrument
Researchers and company representatives emphasize that before
customers go out to purchase a portable GC and GC–MS system,
they must ask themselves the most important question: What are
you trying to detect? 

“It seems to me that researchers aren’t the ones who are going
to be buying these [portable units],” says Robbat, who is also
director of the Center for Field Analytical Studies and Technolo-
gy at Tufts. “It’s going to be somebody who’s going to provide
health and safety, or provide hazardous waste-site investigation,
or who’s going to provide data to consultants.” 

Reliability is important, and researchers say consumers can

learn about the ruggedness of a portable system through word
of mouth. In a portable GC–MS system, the transfer line is some-
times the weak connection and can break, explains Haas. On top
of that, excessive vibrations can destroy the spinning turbo pumps
of the mass spectrometer. And when that happens, says Haas,
“it sounds like all your china dropping on the floor.”

One problem with existing portable GC and GC–MS instruments,
especially the microchip GCs, is sensitivity, says Overton. The
smaller the portable GC or GC–MS instrument, the greater the
sacrifice in sensitivity, separating power, and identifying power
tends to be. But the smaller the portable instrument, the easier
it is to carry around. Also, less power and carrier gas are used,
and although speed is not necessarily an advantage of minia-
turization, small instruments are often fast, says Overton. 

Such advantages inspire companies to work feverishly to over-
come the risks associated with downsizing portable systems. Meth-
ods to accomplish this task vary, from improving column mass
transport and heating to introducing new sample preparation and

34 TODAY’S CHEMIST AT WORK MARCH 2003 www.tcawonline.org

Agilent 3000 Micro GC
1-, 2-channel systems

Agilent Technologies, Inc.
1601 California Ave.
MS 17U-4E
Palo Alto, CA 94304
800-227-9770
www.agilent.com

~$17,000–$50,000 

15 � 25 � 41

5.1

100/240 VAC, 50/60 Hz, or 200 VA

Fixed volume, variable volume/timed, or
backflush to vent; heated

Helium, hydrogen, nitrogen, argon with
1/8-in. Swagelok fittings

15–180 °C

TCD using Wheatstone bridge design

Systems compatible with mixtures that
are gaseous at standard temperature and
pressure; compatible with highly pressur-
ized (liquefied) gases (e.g., LPG) with
heated vaporizer accessory; 3-, 4-chan-
nel systems available

MINICAMS FM-2001

O. I. Analytical
CMS Field Products
2148 Pelham Parkway, Bldg. 400
Pelham, AL 35124
205-733-6900
www.oico.com

30.48 � 30.48 � 25.4

9.1

110 VAC

Air sampling via solid adsorbent precon-
centration/thermal desorption or fixed-
volume loop

Helium or nitrogen

Programmable, ramping to 200 °C

Capillary

FID, PID, tandem PID–FID

Product line includes heated sample
lines; monitoring status panels; process
control interface; accessories for multipoint
monitoring and continuous sampling; model
FM-3001 detectors: FPD, halogen-specific
detector, pulsed-flame photometric de-
tector, tandem FPD–FID

zNose Model 4200

Electronic Sensor Technology
10770 Business Center Cir.
Newbury Park, CA 91320
805-480-1994
www.estcal.com

~$21,000–$26,000

15 � 25 � 30 (chassis)
17 � 12 � 30 (head)

9.1 (chassis) + 2.1 (head)

90–260 VAC

Direct air sample or injection

Helium

Inlet to 200 °C, valve/oven 40–1780 °C,
column ramp 0–18 °C/s

DB-5, DB-624, DB-1

Surface acoustic wave

Peak locking; retention time in seconds
or Kovats index; chemical library; Vapor-
Print display; zNose model 7100 available

Product

Company

Price (U.S.D.)

Size 
h�w�d (cm)

Weight (kg)

Power supply

Sample 
introduction

Carrier gas

Temperature 
control

Columns

Detectors

Special 
features

TABLE 1: Selected Portable GC Systems

Note: Some companies offer multiple instruments. Contact the vendors for their full product lines. (FID: flame ionization detector; FPD: flame photometric detector; LPG: liquid petroleum gas;



detection systems. Experts point out that microchip GC systems,
which were developed in the 1980s and are now available on the
market through Agilent and Varian, have been “modestly” updat-
ed for today’s applications and are still effectively used for detect-
ing volatile organic compounds (VOCs) despite the relatively high
detection limits (1). Detection limits for these systems do not,
at best, reach below 1 ppm, Mills adds.

Overton emphasizes that buyers should be sure that the instru-
ment’s dynamic range—which includes sensitivity and molecu-
lar size—is sufficient for the application. Desirable detection limits
are generally in the low-ppb range, and every company should
disclose their detection limits to customers, he says. 

Overton notes that detecting semivolatiles—such as VX
nerve gas, which disrupts the nerve functions that control breath-
ing—can be difficult compared with detecting VOCs. For semi-
volatiles, the capillary columns in a portable GC instrument
must be heated, says Overton. “That’s your killer in any portable
unit,” he explains. “Every component in [the] instruments that

touches the sample has to be heated—and it’s not
just the column; it’s the whole sample processing
[system]—or you’ll have a cold spot.” Furthermore,
“If you’re going to do semivolatiles, you’ve got to
temperature program,” adds Overton. Heating columns
isothermally requires longer columns, and analysis
times are too long and the dynamic range is too short
to do fast, portable GC work on semivolatiles, he says. 

Company representatives agree with Overton
that heating capillary columns is paramount to detect-
ing semivolatiles, but they add that their current
systems can detect them. A semivolatile such as VX
can be “tricky” to detect, says Zeiger, “but not that
tricky or insurmountable.” EST trains its customers
to refine their instruments and obtain the detection
they need. And John Hintenach of Constellation Tech-
nology adds that detecting VX is “an easy one.”

Points on Going Portable
Of course, customers should be realistic about what
constitutes “portable” in today’s market. “Portable is
kind of an abused term,” says Overton. He distinguishes
between truly portable, handheld devices that have
their own battery and “transportable” ones that can
be carried but require more power than batteries provide. 

Most portable GC or GC–MS instruments run on
batteries or 110-VAC generators, and some can even
be plugged into car cigarette lighters. Haas says
NiCd and lead-acid batteries usually don’t have enough
power. However, say other experts, customers should
choose what works best for the job. “If you’re going
to be in the field for a long time, and you’re going
to do 30, 50 analyses a day, then you’ll probably want
a generator to provide more stable power,” says Robbat.
“If, on the other hand, you want to do ‘sniffing’ . . .
then you want to be mobile, and so you don’t want
to be tied to a generator.”

What to Look For
Almost all portable units today use capillary columns
because they are more efficient in separating complex
mixtures and have higher resolving power than packed

columns. Robbat says the longest column length he’s seen in a
commercial portable system is ~30 m, and the shortest is ~5 m.
For Overton, the longest has been ~10 m, and the shortest has
been 1 m. People, however, are going to smaller diameters, says
Overton. Typical column diameter sizes are 100–200 µm, he
says. If researchers want to go to a smaller column diameter,
they can go with a shorter column for complex mixtures, explains
Haas. But the trade-off is that a small-diameter column needs
more pressure to push the sample through the column. Common
carrier gases used with portable units are hydrogen, helium, nitro-
gen, and argon. The actual choice of gas depends on one’s
needs, say experts. Air can also act as the carrier gas in some
portable instruments.

Overton says he looks for the “cycle time”, which is the time it
takes to go from one analysis to the next. It includes retention time,
cool-down time, and resetting the instrument. An instrument that
has a 5-min cycle time is “pretty reasonable” for most field appli-
cations, he says. In terms of integration time, one would typically
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Voyager Portable Gas Chromatograph

Photovac, Inc.
176 Second Ave.
Waltham, MA 02451
781-290-0777
www.photovac.com

~$18,000

15 � 27 � 39

6.8

10–18 VDC, 115 or 240 VAC; adapter or
NiCd replaceable battery pack

Gaseous samples manually injected by
syringe or built-in pump and sampling
port

Ultra-zero air or high-purity nitrogen de-
pending on detector configuration

Isothermal: ≤80 °C

Factory-installed three-column
configuration 

PID with quick-change, electrodeless
discharge UV lamp, 10.6 eV (standard);
electron capture detector (optional)

Ergonomically designed for field use;
built-in refillable carrier gas cylinder and
rechargeable, field-replaceable battery
pack for operation on site for up to 8 h

CP-4900

Varian, Inc.
2700 Mitchell Dr.
Walnut Creek, CA 94598
925-939-2400
www.varianinc.com

~$12,000–$50,000 

28 � 15 � 30 

≥5.2

90–130 VAC or 180–260 VAC, 50–60Hz; op-
tional dual battery pack

Silicon micromachined variable volume
injector (1–10 µL) with optional internal
sampling pump

Helium, hydrogen, nitrogen, or argon

Isothermal: 30–180 °C

Wide range of capillary and micro-
packed available upon request

Micro-TCD

Injector heating and time-programmable
backflush are optional; repeatability
down to <0.5% RSD; optional gasifier for
high-pressure LPG or LNG samples 

s; PID: photoionization detector; TCD: thermal conductivity detector)



TABLE 2: Selected Portable GC–MS Systems
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EM 640

Bruker Instruments
19 Fortune Dr.
Manning Park
Billerica, MA 01821
978-663-3660
www.daltonics.bruker.com

~$149,530–$175,375

55 � 45 � 35 

60

24 VDC, max 600 W

Modular periphery system; combined injector/
desorber module; desorber module; split/
splitless injector module; automatic air sam-
pler module

Purified air (generated from instrument) or ni-
trogen is possible

Three steps, maximum temp of 300 °C

Accepts 0.15- to 0.20-mm i.d., 20- to 30-m
length; 0.25-mm i.d., 30-m length only; station-
ary phase according to customer
specification

1–640 

2000 amu/s

N/A

70 eV electron energy

Channeltron for counting detection mode 

70 L/s tubomolecular, viscous drag high-
vacuum pump backed by a compact, oil-free
diaphragm pump

1 ng methylsterate in full-scan mode gives a
signal at m/z 298 with S/N 10:1

1–2 � 107; analog mode ≤5 � 109

Product

Company

Price (U.S.D.)

Size 
h � w � d (cm)

Weight (kg)

Power supply

Sample 
introduction

Carrier gas

Temperature 
control

Columns

Mass range (amu)

Maximum scan
rate

Mass axis stability

Ionization

Detector

Vacuum system

Sensitivity

Dynamic range

Special features

HAPSITE

INFICON
Two Technology Place
East Syracuse, NY 13057
800-223-0633
www.inficon.com

18 � 43 � 46

16

Rechargeable NiMH battery pack
or ac inverter

Direct internal sample pump

Nitrogen (customizable for helium)

Multiramp, programmable 
to 225 °C

Various .32-mm inside diameters;
30 m in length

1–300 

1000 amu/s at 10 points/amu

N/A

70 eV electron impact

Electron multiplier

15 L/s nonevaporable getter pump

≤ppb for most analytes 

107

Field portable; integral concentra-
tor; analytical and survey modes of
operation; built-in National Insti-
tute of Standards and Technology
library to tentatively identify non-
target compounds; can be washed
down for decontamination

CT-1128 GC-MS

Constellation Technology Corp.
7887 Bryan Dairy Rd., Ste. 100
Largo, FL 33777
727-547-0600
www.contech.com

37.5 � 57.5 � 37.5 

34

99–127 VAC, 48–66 Hz, single phase; 
500-VA peak power requirement, 
300 VA for sustained operation; operates 
reliably with portable generator

Direct injection; split/splitless 
heated injector

Internal gas supply via refillable hydrogen
tank or external tank connection to helium,
hydrogen, or nitrogen

Ambient –300 °C; oven with 
double-ramp capability

Any standard capillary up to 0.32-mm i.d.
mounted on 4-in. cage

1.6–800; 0.1 amu steps 

5200 amu/s

± 0.15 amu over 12 h

Electron impact, user-selectable voltage/cur-
rent (5–240 eV), dual filaments

High-energy dynode/electron multiplier

Two turbomolecular pumps backed by a di-
aphragm roughing pump

Full-scan mode: 100 pg hexachlorobenzene
(S/N >10); SIM: 20 fg octafluoronaphthalene
(S/N at 272 amu >10)

106

Analytical power of a benchtop GC–MS;
durable in transport and inclement weather;
internal carrier gas bottle lasts ~160 h; main-
tains rough vacuum after shutdown; analyti-
cal versatility, compatible with solid-phase
microextraction sampling syringes; typical
analysis complete in <10 min

Note: Some companies offer multiple instruments. Contact the vendors for their full product lines. (SIM: selected ion monitoring)



want 6–8 integration points across a peak, he adds. An integration
rate of ~100 Hz is generally used for fast GC, he says. Experts say
that when it comes to sample preparation techniques, solid-phase
microextration is used with fast, portable GC systems; a recent alter-
native is using sol–gel-formed sorbents in micropacked traps (1).

Portable System Detectors
There are various detectors for portable GC instruments, such as
surface acoustic wave, thermal conductivity, photoionization, elec-
tron capture, and solid-state detectors. Element-specific detectors
include flame photometric and pulsed discharge, says Overton. For
really complex samples, GC–MS is needed, and quadrupole systems
are field-rugged, says Hass. “Mass spectrometrists don’t like to
have their instruments called ‘detectors’,” says Haas, but that’s exact-
ly what they are. The gas chromatograph performs the separations
while the mass spectrometer gives a “fingerprint” of that chemical.

Robbat, who designs data analysis software, says current
portable GC and GC–MS companies provide software that has a
hard time “untangling” complex spectra for real-time mass spec
MS analysis. “Once data analysis systems are capable of handling
that . . . you can use mathematics to separate the signal of the
target compound from the interfering compound, as opposed to
using hardware, which is the GC part of the instrument.”

Robbat says that miniaturized, portable MS instruments, which
are about the size of one’s fist and could be coupled to a
portable GC, are just now becoming commercialized. As compa-
nies better develop their data analysis software, these instruments

will be more powerful and perform real-time, on-line monitoring
in a variety of markets, including security, he adds. “These are
pretty rugged, reliable units that can provide information in
seconds as opposed to tens of minutes.” 

Final GC Destination
The future of portable GC and GC–MS technology excites researchers
like Haas who are constantly trying to improve portable systems
and dream of having a kind of Palm Pilot analyzer. The fact that
there are so many types of gas chromatographs and mass spec-
trometers only adds variety, he explains. “They’re two totally
different, independent types of technologies, and a long time ago
. . . they hyphenated the two . . . and it became one extremely
powerful analytical tool.”

Although there have been some breakthroughs in portable
GC and GC–MS instruments, more is yet to come, say researchers.
Meanwhile, says Robbat, there will always be a place for the
benchtop instrument—for routine high-throughput, high-volume
analysis.
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