
Authors  
Daniel B. Cardin
Tom Robinson
Sophie Zhang
Victoria L. Noad
Entech Instruments
Simi Valley, CA 93065 

Overview  
 A new preconcentrator design is presented 
which eliminates the need for liquid nitrogen or 
complicated electronic cooling while performing US 
EPA Method TO15 analysis1.  A new technology called 
Multi-Capillary Column Trapping System (patent 
pending), or MCCTS, is used to concentrate all TO15 
compounds at 35°C, which is achieved simply by using 
cooling fans.  Two stages are used: the first to trap the 
sample, calibration standards, and internal standard; 
and the second to further focus the concentrate prior 
to GCMS injection.  
 
 The new solution uses multiple capillary 
columns in series with increasing strength to trap 
compounds boiling from -50°C to >230°C, using 
volumes from 10-500cc.  The trap design shows 
considerably less susceptibility to contamination 
when exposed to high concentration soil gas samples, 
reducing the downtime laboratories experience when 
accidentally analyzing these samples prior to dilution.  
Full TO15 validation is demonstrated, including blank 
levels immediately after running higher concentration 
samples containing BTEX, PCE, and TCE, which 
are compounds often found in soil gas at elevated 
concentrations.

Introduction 
 The need for accurate monitoring of 
chemicals in ambient and indoor air continues to 
grow in importance as our understanding of their 
impact on human health continues to evolve.  Many 
of these compounds have been shown to interfere 
with the hormonal system (endocrine disruptors), 
which is particularly concerning during prenatal 
and early development.  Improvements in analytical 
technology for accurate determination of chemicals at 
PPB and sub-PPB levels are critical to obtaining more 
accurate and sensitive measurements on a wider 
range of compounds to allow the most comprehensive 
monitoring possible.
 
 Analysis of hazardous Volatile Organic 
Compounds, or VOCs, from sub-PPB  to  PPM  levels 
can be performed in a few different ways, but the gold 
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standard continues to be the use of stainless steel 
canisters as described in US EPA Method TO15.  
 
 Unlike thermal desorption tubes which 
extract the sample from air at the time of collection, 
thereby altering the preconcentration system with 
every sample collected, canisters follow the Scientific 

Method more closely by simply collecting the entire, 
unmodified sample in the field for transport to a 
laboratory for analysis. In the lab, canister sample 
preconcentration prior to GCMS analysis is performed 
on a fully validated system. By running quality 
assurance (QA) checks on these systems, such as 
calibration curves, continuing calibration verifications 
(CCVs), and blanks, the number of uncontrolled 
variables are reduced using canisters. In general, more 
sophisticated preconcentration techniques can be 
employed in the laboratory, rather than using a simple 
tube with 1 to 3 adsorbent beds, a technology which 
first appeared approximately 40 years ago. 

Elimination of the Channeling Effect
 Cryogenic preconcentration systems for 
canister analysis which utilize three trapping stages to 
perform sample preconcentration, water management, 
and on-column focusing for rapid injection, have been 
the leading solution for performing US EPA Methods 
TO14A and TO15 for the past 25 years.  The design 
of these systems allowed them to remain very stable, 
easily meeting TO15 calibration and blank level 
requirements.  By eliminating the strong, multi-stage 
adsorbents found in non-cryogenic systems, these 
LN2 based solutions clean up faster when exposed 
to higher concentration samples.  However, all TO15 
preconcentrators until now utilize packed traps and 
are susceptible to “channeling,” a phenomenon which 
negatively affects system precision, while also adding 
to the potential for system carryover.  

Figure 2 Schematic of TO15 sample flow path. Both stages contain multiple columns which allow the trap and release of all 
compounds. Each stage is back-flushed to minimize residence time in heated columns.

Figure 3 - Traps operate well below their maximum 
temperature and should last for years, however, plug-
in Multi-Capillary Column Traps are easy to replace, 
making maintenance easy for the user. 
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 Channeling is caused by the normal expansion 
and contraction of the adsorbent when it is heated and 
cooled.  Like most materials, when adsorbents are 
cooled they shrink, and this causes micro channels 
to form in the adsorbent and along the walls of the 
traps.  Considering the flow through a tube or channel 
for any Newtonian fluid can be defined by Poiseuille’s 
Law2, which states that the flow (Q) of fluid is related 
to a number of factors: the viscosity (n) of the fluid, the 
pressure gradient across the tubing (P), and the length 
(L) and the radius (r) of the tubing and is expressed as; 

 
Simply put, doubling the diameter of the channel 
increases the flow rate by 16 fold. Therefore, any 
small increase in the separation between the 
adsorbent particles or along the inner wall causes 
a huge decrease in the resistance to flow relative to 
tightly packed regions within the adsorbent, resulting 
in the flow of a relatively large amount of the sample 
through these channels thereby increasing the depth 
of penetration of chemicals into the adsorbent. 

 During desorption, heating the trap causes 
the channels to collapse as the adsorbent expands, 
eliminating these low impedance paths, and resulting 

in lower recoveries.  This increase may not cause a 
large enough issue to prevent systems using these 
traps from meeting EPA Method calibration criteria 
when concentrations are low, but channeling is the 
primary reason why high concentration samples 
create a real problem for preconcentrators using 
packed traps, especially when these micro-channels 
allow heavier compounds to reach a second, stronger 
adsorbent used in multi-bed packed traps.  
 
 A revolutionary technology has been 
developed which uses open tubular capillary 
columns with increasing strength to trap complex air 
samples containing compounds over a wide range of 
volatilities. The lightest compounds are trapped by the 
strongest stage placed in the back of the trap, while 
weaker columns are placed closer to the front of the 
trap to retain the heavier compounds.  Only the walls 
of the capillary columns are coated, so there is no 
chance for channeling to occur, as most of the internal 
diameter of the tubing contains no adsorbent.  During 
heating and cooling, the difference in the size of the 
opening through the traps is negligible, preventing the 
possibility of inconsistent penetration of compounds 
during trapping, and subsequent sealing of these 
compounds within an adsorbent bed. This just isn’t 
possible using open tubular capillary traps.  

Figure 4 - Many of the limitations of today’s preconcentration systems come from the use of packed traps 
themselves. Using capillary columns side steps many of the issues of packed traps including inconsistent 
recoveries due to the Channeling Effect described above. 
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 In addition, particles used on the walls of the 
traps have diameters that are at least 10x smaller 
with internal volumes that are 1000x smaller than the 
particles in packed traps, allowing them to completely 
release the adsorbed sample much faster during 
desorption.  Even when exposed to high concentrations, 
the particles take very little time to release everything 
back into the gas phase, virtually eliminating memory 
effects in the trap.

Superior Water Management 
 Water management is also improved with the 
Multi-Capillary Column trap design.  Water is almost 
unretained by the traps, resulting from both the 
hydrophobic nature of the adsorbent, and the much 
smaller adsorbent particle sizes than those used 
in packed traps.  Even though they are hydrophobic, 
any particles with pores will have water molecules 
diffusing through them, and the larger the particle, the 
longer it will take for the diffusion to release enough 
water during dry purge water removal so the GCMS is 
not affected.  The extremely small particles in the new 
capillary traps require almost no dry purging to remove 
the water because water can more quickly diffuse in 
and out of these particles.  In contrast, packed traps 
can require 50-200cc of dry purging to remove about 
97% of the water, with the negative affect of pushing the 
sample even further into the trap, affecting recoveries.   
  
 Packed traps cannot use extremely small 
particles (mesh 1000) because there would be so little 
gap between the particles that the pressure drop across 
the trap would be too high and the resulting flows too 
low to be practical.  This is not a problem when the 
particles are only coating the walls of the capillary 
traps.  Typical water peaks when scanning m/z 18 are 
up to 10,000 times smaller than when using packed 
traps or cold trap dehydration, meaning that the GCMS 
spectrometer will have almost no water to bake out, 
resulting in vastly improved sensitivity stability even 
when running an increased number of samples in any 
given day with shorter intervals between injections.  
 
 Finally, systems which eliminate water via cold 
trapping at -10 to -40°C show losses of more highly polar 
compounds such as 1,4-Dioxane, many alcohols, light 
fatty acids, and mono-glycol esters.  These compounds 
are recovered perfectly using the new Multi-Capillary 
Column Trapping System, offering a more complete 
solution for measuring a wider range of compounds.

Elimination of Cryogen 
 After trapping TO15 compounds on a primary, 
multi-stage trap, the sample is back-flushed during 
heating to a second trap with smaller column lengths 
to allow even faster injection into the GCMS to yield 
optimal peak shape of the lightest through the heaviest 
compounds.  Both the first and second stages operate 
at 35°C during trapping, so only fan cooling is needed. 
This avoids complicated and maintenance intensive 
Peltier cooled traps.  
 
 The new Multi-Column Capillary Traps should 
last a very long time, as do GC columns which are not 
overheated or forced to forward elute heavy chemicals 
which may decompose or otherwise permanently 
adsorb to the column walls.  This creates a TO15 
preconcentration solution with improved longevity and 
lower operational costs through elimination of cryogenic 
fluids.

Significantly Minimizing Carryover 
 Carryover has been substantially reduced not 
only using capillary traps, but by eliminating sources 
of dead volume and absorptive surfaces throughout 
the flow path.  Unlike other systems, flow control 
devices are not placed prior to the traps, so there are 
no seals and sensors to outgas into later runs.  All 
Teflon, such as PTFE, has been removed from the flow 
path, as perfluorocarbons are known to absorb and 
outgas freons, as found in EPA Method TO15.  Digitally 
controlled rotary valves eliminate the potential for 
cross-contamination during stream selection, while 
robotic autosamplers are available which eliminate 
cross contamination by offering 100% isolation of 
samples from each other.   
 
 For added quality assurance, the internal 
standard is not delivered into the traps via loop 
injection, but rather via direct preconcentration, 
identical to the calibration standards and samples.  
Systems which use loop injection to deliver internal 
standards do not continually test the accuracy of their 
volume measurement systems, leading to uncertainty 
in the analytical results. Verifying consistent internal 
standard recovery when performing the same 
preconcentration and volume measurement as used 
when running samples validates that the technology 
is working correctly during every analysis.
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Experimental
 A 7200CTS non-cryogenic preconcentrator 
(Entech Instruments) incorporating the Multi-Capillary 
Column Trapping System (MCCTS) was used in the 
study.   Calibration Standards were prepared into two 
6L Silonite Canisters (Entech Instruments) using a 
4700 Precision Diluter (Entech Instruments) to create 
canister concentrations at 20PPBv and 2PPBv from 
a 1PPM stock standard (Linde) so a wide calibration 
range could be achieved3.  A 1PPM cylinder of a 
4 component Internal standard was also used to 
create a 50PPBv working internal standard in a 6L 
Silonite canister so that 50cc could be added to every 
analysis.  The 7200CTS preconcentrator was attached 
to a 6890/5973 GCMS (Agilent Technologies, Inc., Palo 
Alto, CA) using a 60m, 2µm, 0.32mm ID GC column, 
and the system was used to create a calibration from 
0.1PPBv to 30PPBv by varying the volume from the 
2PPBv and 20PPBv calibration canisters. Blanks were 
run after the high concentration standard to show no 
carryover in the system.   Seven replicates were run 
at 0.1PPBv using 12.5cc out of the 2PPB standard 
canister to determine method detection limits. A CCV 
standard was run on consecutive days to show very 
little change in system performance.

Results and Discussion
 EPA method TO15 requires calibrating 
the analytical system with a minimum of five 
concentrations and showing linearity of 30% RSD 
(Relative Standard Deviation) or less.  As shown 
in Table 1, the presented solution surpassed this 
requirement with many compounds resulting in single 
digit %RSDs.  
 
 Calibrating is easily performed by changing 
the volumes for varying concentrations.  For example, 
when using a nominal volume of 250cc of a 20ppbv 
calibration standard, 375cc is equal to 30ppbv, 250cc 
is equal to 20ppbv, 125cc is equal to 10ppbv, 50cc is 
equal to 4ppbv.  A 2ppbv calibration standard was also 
prepared from the original 20ppbv.  The 250cc is equal 
to 2ppbv, 125cc is equal to 1ppbv, 50cc is equal to 
0.4ppbv, 25cc is equal to 0.2ppbv, and 12.5cc is equal 
to 0.1ppbv.  Using this approach helps to validate the 
system is linear relative to various volumes and varying 
levels of water loaded into the preconcentrator, which 
is necessary to allow smaller sample volumes to be 
analyzed when concentrations exceed the calibration 
range. 
 
 Table 2 shows the method detection limit 
and sensitivity is adequate to calibrate to an even 
lower concentration if needed.  Figure 1 shows the 
chromatography obtained with this cryogen free 
preconcentrator.  Figure 2 is a blank analyzed after 
the high point in the calibration curve and has no 
reportable target compounds. The peaks observed are 
internal standards and low-level siloxane compounds. 

Figure 5 - The 7650 Million Air Autosampler quickly 
screens six 6L or 3.2L canisters (shown above) for high 
concentration samples in just over half an hour, therefore 
60-80 samples can  be screened in an 8 hour shift. One 
7200CTS/7650-M can screen enough samples to keep 
4-5 other systems safe and productive. 

Figure 6 - The two Multi-Capillary Column Trapping 
Stages are shown above: Stage 1: Trap; Stage 2: 
Focus. Simple fans are used to cool traps down to 35°C. 
No complicated electronic cooling makes it easier to 
operate and maintain by the laboratory chemist. 
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Table 1 Response Factor Report  0.1-30PPBv
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Table 1 (continued) Response Factor Report  0.1-30PPBv
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Table 2 Method Detetion Limit Concentration 0.1PPBv
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Table 2 continued Method Detetion Limit Concentration 0.1PPBv
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Table 3 7200CTS relative humidty test shows little change in recoveries between 40% 
and 95% relative humidity samples 
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Table 3 (continued) 7200CTS relative humidty test shows little change in recoveries 
between 40% and 95% relative humidity samples 
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Figure 7 250cc at 10PPBv 84 Component TO15 Standard - Complete recovery through High Boilers.
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Figure 8 Carry-Over Study – Chromatogram showing 100cc of 10,000 PPBv TCE, PCE, BTEX standard. 

Figure 9 - Carry-Over Study – Chromatogram showing 100cc humidified blank run immediately following 

10,000 PPBv Standard (Figure 8). 
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Figure 11 - TO15, 84 Compound Standard, 250cc, 10PPBV - The total ion chromatogram above demonstrates the 

cryogen-free fast injection of the light end with excellent separation and little or no peak tailing. 

Figure 10 - Although the two chromatograms above are not on the same Y and X axis scale, as they were run using 

two different instruments, both chromatograms show a 10ppb TO15 standard at 50% RH. TO15 standard compound 

Bromoethene, shown at 10ppb for both runs, can be used to visually compare the relative amount of water found when 

scanning down to mass 18 for water using a packed trap vs a capillary column trap. At 25°C, 50% RH is equivalent to 15 

million PPBv of water. A typical water peak using packed traps or cold trap water management is 0.5-1 minutes wide, which 

causes MS suppression of the front-end compounds. 
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Packed Tenax Trap

Typical Water Peak

Freon 12
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Typical Water Peak
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 A cryogen free TO15 solution has been demonstrated with superior water management and greater immunity 
to contamination when accidently running high concentration samples.  The ability to clean up a system quickly 
after exposure to high concentration samples can save laboratories a substantial amount of time, reducing the need 
for long system bake-outs, trap replacements, and sample re-runs.  This means higher productivity and sample 
throughput for these laboratories to help them to meet customer demands, while achieving their own financial goals.  
  
 Even lower carryover can be achieved by eliminating rotary stream select valves found in most commercial 
canister autosamplers.  The 7650-M robotic autosampler makes only momentary contact with the sample using a 
transfer line completely heated up to 150c, and then immediately flushes the exposed line to eliminate any residual 
that would otherwise absorb into surfaces and rotors in classical rotary valve based autosamplers.  
  
 Elimination of cryogen costs and the dramatic improvement in system hygiene creates a substantial savings 
for laboratories, while increasing method accuracy and extending system capabilities by recovering a wider range of 
compounds than ever before.  As has been the case of capillary vs packed columns within the GC oven, the new Multi-
Capillary Column Trapping System may well lead to the obsolescence of prior packed trap technology.
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Conclusions
Full TO15 validation with single-digit %RSDs for most compounds for 0.1-30PPBv standard curve and  
MDLs 5 times lower than the LOQ

Elimnation of cryogen costs

Minimizing caryover by using capillary traps and eliminating dead volumne

Cleans up quickly after accidentally running high concentration samples, substantially reducing downtime  
for laboratories 

Elimination of channeling effect 

Superior water management 
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