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Abstract

In this study, a sorbent was immobilized inside a needle resulting in the development of a needle trap (NT) device. This device was applied to
extract organic components from gaseous samples and to introduce an enriched mixture into a conventional gas chromatography (GC) injector.
Construction of this simple and integrated sampling/extraction/sample introduction device was optimized by considering different ways to
immobilize a sorbent in the needle, packing single and multiple-layer sorbent beds, and applying different desorption strategies into the GC in-
jector. A carrier gas system was modified to minimize the carryover for the needle trap with a sealed tip (NT-1), and a narrow-neck liner was used
for the blunt-tip needle trap (NT-2). Breakthrough in the device was investigated by connecting two NT-2 devices in series. The needle trap per-
formed very well as an exhaustive spot sampler, as well as in atime-weighted average (TWA) operation. The linear velocity of the mobile phase
has no influence on the sampling rate of the needle trap. Validation results against the standard NIOSH 1501 method using charcoal tubes for
indoor air surveys demonstrated good accuracy for the NT approach. The reproducibility of the NT-2 was about 1% for benzene. The detection
limits for FID detection and for 25 ml gas sample were 0.23 ng/l, 2.10 ng/l and 1.12 ng/I for benzene, ethylbenzexgdamel respectively.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Needle trap devices; Exhaustive extraction; Time weighted average sampling; Volatile organic compounds; Gas chromatography

1. Introduction tion (GC-FID) or with mass spectrometry (GC-M%)}-11].
Compared to passive badges and sorbent traps, the TO-15
There is increasing interest in the accurate determinationmethod using canisters is useful for a wide range of volatiles.
of volatile organic compounds (VOCs) attrace levelsinambi- However, the cost of canister sampling methods is higher
ent air. VOCs are emitted from a variety of sources including due to the need for the specialized equipment. The sorbent
fabrics, upholstery, carpets, adhesives, paint, cleaning matetrap technique provides many advantages over canister sam-
rials and exhaust fumes from vehicles. Other sources includepling. However, it requires considerable sampling expertise,
fuels and lubricants. Although the contribution from any one and sample preparation with the use of organic solvents is
product may not be significant, the cumulative effect of the time-consuming. Therefore, the need for a faster, simpler,
emissions from these products is becoming a major concern.and cost-effective sampler has been identified, as well as a
Exposure to VOCs might cause eye, nose and throat irrita- more robust field sampling technique.
tion in addition to damage to the liver, kidney and central Solid-phase microextraction (SPME) was developed inthe
nervous system. Some VOCs are suspected and confirmediate 1990s and is a successful small size extraction technique,
carcinogens in humargd-5]. VOCs also affect the global in which the extraction phase is coated on a fidd]. To
environment by accelerating the global greenhouse dgct  perform sampling, the fiber is exposed to the sample, and
Determination of VOCs is typically performed with pas- analytes are partitioned between the coating and the sample
sive badges, canisters and sorbent traps, followed by separamatrix. Desorption is done by directly exposing the fiber to
tion using gas chromatography with flame ionisation detec- a GC injector or HPLC. SPME is used for sampling VOCs,
formaldehyde and volatile organic sulfur compounds in air

* Corresponding author. Tel.: +1 519 888 4641; fax: +1 519 746 0435, I addition to passive time-weighted average (TWA) sam-
E-mail addressjanusz@uwaterloo.ca (J. Pawliszyn). pling of airborne VOC$11-17} Compared to conventional
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sampling methods, the advantage of this solvent-free technol-

ogy is that it integrates sampling and sample preparation into . \ ﬂ
one step, thus decreasing the analysis time and simplifying T

the analysis procedure. Moreover, it does not use solvents for Gauge 21
desorption of the concentrated analytes, therefore, reducinc J,

the risk of technicians’ exposure to toxic substances and the

pollution to the environment. SPME reduces the cost of anal-

ysis because it is reusable. In addition, a number of MiCro Quartz wool
extraction techniques based on coated needles or capillarie! %
have been described as wglB—21] They are operated on & Sample DVB
similar principles as SPME. In these approaches, partition-

ing between sample matrix and needle or capillary coatings

is achieved during the sampling.

Side hole PDMS Carboxen

Septum Gauge 22

Recently, a NT device packed with quartz wool was de- ‘ l
veloped to trap particulate matter and aerosols if24j. i / :j:l:m
The NT device combines the concept of active sampling and
SPME. For extraction, the sample is drawn, and the analytes Carboxen Side hole

are concentrated by the quartz wool. Desorption is performed

by inserting the needle into the GC injector port and inject- it

ing 10pl of clean air in the syringe to the injector, which *

aids the introduction of the desorbed analytes to the column. gy 1. schematic of the NT-1 packed with PDMS, DVB and CARBOXEN

This device shares the advantages of SPME described aboveparticles (a) and the NT-2 filled with Carboxen 1000 (b).

Specifically, the in-needle trap device is robust because the

needle protects the quartz wool. However, this device is lim- generaten-alkanes and BTEX. Ultra pure air at 50 psig

ited by memory effect and limited reusability. (1 psig=6894.76 Pa above atmospheric pressure) was used
In this manuscript, the concept of the in-needle trap was to sweep the permeation tubes in order to dilute the gases. A

applied to develop a sorbent packed NT device. Also, differ- wide range of concentrations ofalkanes and BTEX were

ent approaches were carefully evaluated for the transfer ofobtained by adjusting both the air flow-rate and the tempera-

enriched components in to the analytical instrument. In addi- ture of the glass cylinder. Sampling chambers were installed

tion, applications of the NT device for exhaustive extraction downstream from the standard gas generators.

and passive TWA sampling are discussed.

[@) J— Sample

2.3. Needle trap

2. Experimental Two types of needle traps (NT) are introduced in this pa-
per.Fig. laillustrates the NT device with a sealed tip (NT-1)
2.1. Chemicals and materials in which sorbents were packed layer by layer with PDMS
particles, DVB particles and Carboxen particles. The thick-
The n-alkanes IG-octane, n-nonane, n-decane andn- ness of each layer was 3 mm, 2 mm and 2 mm, respectively.

undecane) and BTEX (benzene, toluene, ethylbenzene andQuartz wool was packed between the tip of the needle and
o-xylene) were obtained from Sigma-Aldrich (Mississauga, the side port because it was difficult to remove the analytes
Canada). Needles and syringes were obtained from Hamiltonthat were extracted by the sorbent near the tip of the needle.
(Reno, NV, USA). SPME fibre coatings, narrow-neck liners Fig. 1b illustrates the second type of NT device with a
and gas-sampling bulb (1L) were purchased from Supelco blunt tip (NT-2) presented herein, in which the sorbent (Car-
(Mississauga, Canada). Segmental needle trap filled withboxen 1000) was packed near the tip of the needle. The needle
polydimethylsiloxane (PDMS), divinylbenzene (DVB) and size was gauge 22. If the needle was bigger poor resolution
Carboxen particles was from Restek (Bellefonte, PA, USA). was often observed. If it was smaller, the needle was easy
The timer was purchased from VWR (Mississauga, Canada).to be blocked. The distance between the sorbent and the tip
Ultra pure hydrogen, nitrogen and helium were purchased of the needle varied according to its application. If the NT
from Praxair (Waterloo, Canada). The 5-min epoxy glue was was utilized for passive TWA sampling, the distance could

purchased from Henkel Canada (Brampton, Canada). not be zero. For exhaustive sampling, the sorbent could be
packed to the tip of the needle. The side hole (1.D.: 0.016in.;
2.2. Standard gas generator and sampling chamber 1lin.=2.54cm) was drilled, and positioned 3 cm from the tip

of the needle. To immobilize the sorbent, the mixture of the
US National Institute of Standards and Technology (NIST) 5-min epoxy glue and the sorbent was packed into the needle.
traceable certified permeation tubes (Kin-Tek, La Marque, Before the glue cured, a syringe was connected to the needle
TX, USA) placed inside a glass cylinder were used to trap, and the syringe was pushed and pulled to prevent the
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Fig. 2. Schematic of the NT-2 field sampler.

sorbent from blocking the needle trap. After the glue com- 3. Results and discussion

pletely cured, the needle trap was conditioned in a GC injector

at 300°C for 5 hto remove impurities, and the NT device was 3.1. Desorption

ready for use. During sampling, the needle was exposed to

the sample, and the side hole was sealed with a septum. Ac3.1.1. Different ways of packing sorbent

tive sampling required that the needle be connected with a Desorption is a limiting step in the operation of a needle

pump or syringe. trap. The preparation of the needle trap (NT-2) packed with a
single layer sorbent was very simple, but one type of sorbent
2.4. Needle trap field sampler does not cover a wide range of volatiles. In addition, when

a single type sorbent is used, broad peaks are more likely,
It is necessary to develop a portable sampling device for especially for the higher-boiling-point compounds.

convenient on-site applicatioRig. 2shows the schematic of Another way of packing sorbent in the needle involved
the needle trap field sampler. The field sampler includes five the use of sorbents with different adsorption/absorption
parts: the hubcap, the shield, the NT holder, the sealing cap,strengths.Fig. 1a illustrates the needle trap packed with
and the NT device. The material of the shield and the NT multiple segments of sorbents. The adsorption (DVB and
holder is aluminium, and that of the hubcap and the sealing Carboxen) or absorption (PDMS) strengths of the sorbents
capisbrass. Inthe hubcap and the sealing cap, there are PTFRere graded; Carboxen was the strongest and PDMS was the
partsinserted, which are used to seal the opening of the needlaveakest. For extraction, the sample flowed from the left of
and the hub. PTFE was chosen to seal the NT device becauséhe needle to the right through the sorbents, and the higher-
it is soft and it can seal the needle trap very well. Another boiling-point compounds were extracted by the weaker sor-
advantage of this material is that it does not sorb organic bents[23-25] When sample desorption occurred, the flow
compounds well compared to PDMS. The PTFE parts are was reversed, and the highest-boiling-point compounds were
easily replaceable if they are worn out. In addition, since the desorbed into the carrier gas.
PTFE parts are inserted into the caps tightly, they are not
easy to be lost. Passive TWA sampling was performed by 3 1 2 NT-2 Field sampler

retracting the needle and exposing the opening of the needle 14 test the storage ability of the NT-2 field sampler, ben-

to the sampling window. To perform exhaustive extraction, ,ene was extracted by active sampling from the standard gas
the NT device was rempved from the field sampler_holder generator using the NT-2 device and a syringe with a sample
and connected to a syringe or a pump. After sampling, the \,5jyme of 10 ml, followed immediately by GC analysis. This
NT device was disconnected from the syringe and inserted gy periment was repeated six times, and the relative standard
into the field sampler for storage. During desorption of the yeyiation (RSD) was 4%. In addition, the above experiment

analytes, the sealing cap and the shield were removed and thg 55 repeated, but the NT-2 device was stored inside the NT-2
needle was inserted into the GC injector port.

25 | . Table 1
-. Instrumentation GC parameters for the determination of BTEX andlkanes
A Varian GC-FID system was used for separation and Ar_]alytes BTEX Alkanes

determination of the target compounds extracted by the NT niector (C) 300 300
device. A narrow-neck liner (1.D. 0.8 mm) was connected to Initial column temperature’ () 5o 3

. - Final column temperaturéC) 120 250
a RXT-5 column (30 mx 0.25mm [.D., 1.Qum film thick- Heating rate {C/min) 20 20
ness). The flow-rate of the carrier gas was 1.8 ml/ifétole 1 Detector {C) 300 300

lists the GC parameters for the determination of BTEX and ~a rqr 1 min.
n-alkanes. b For 2 min.
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field sampler for 24 h. The results show that there was no sig- gas line was connected to the needle of the NT-1 device, and
nificant difference between the initial mass of benzene andthe second carrier gas line was directly connected to the in-
after 24 h of storage, which means that volatile samples canjector port. During standby, the second gas line was opened
be stored in the field sampler for at least 1 day without loss. to provide carrier gas to the GC system. After sampling, the

A 6% loss of benzene enriched on the Carboxen sorbent waseedle trap was connected to the first carrier gas line. The

observed after 4 days of storage in the field sampler. needle was inserted into the GC injector and the valve was
quickly switched to open the first line. The desorbed analytes
3.1.3. Direct syringe desorption were swept by the carrier gas from the firstline into the GC in-

For direct syringe desorption, sampling was performed by sert. The needle was then removed from the GC injector, and
drawing a known volume af-alkanes from the standard gas the second gas line was opened immediately. The carryover
generator through the NT-1 device with a syringe. A volume of Cg—Cy1 by PDMS-DVB-Carboxen segmental NT-1 device
of 1.5 ml of after-extraction air was keptin the plunger and the with a sealed tip was less than 1%, which was caused by the
rest of it was pushed out of the syringe. Following sampling, analytes trapped in a dead volume filled with the quartz wool
the needle was inserted into the GC injector immediately and near the tip of the needle. Chromatograms obtained by the
the airinthe plunger was injected to aid desorption of the ana- segmental NT-1 device and the new carrier gas line system
lytes. To observe the carryover, the needle was re-introduceddid not exhibit problems of peak broadening, peak tailing or
into the GC injector once the NT-1 was withdrawn from the peak-splitting.
injector. Carryover was determined by the percentage of the
target compounds identified in the second desorption of the
NT-1 device. Although this desorption method was simple

the carryover ofralkanes was very high (20-25%). In ad- For NT-2, a GC injector with a narrow-neck liner was used

ditiols ,bthedres_ulting chr(()jmbato?ram; exhib_ited pl;joblenlls O‘;_ to desorb the analytes enriched by the NT-2 deig. (4).
peak broadening caused Dy slow _esorpt_lon and peax sp ItFor desorption, the hub of the needle was sealed and the
caused by two desorptions occurring during one injection.

When the needle was introduced into the injector port, the
air inside the needle expanded significantly due to the high Carrier |

3.1.5. Desorption of the NT-2 device with the narrow
' neck insert

temperature in the port. The expanded air went through the gas
needle and swept part of the analytes into the GC column,
which was the first desorption. The plunger was pushed to [
force the air in the syringe to flow through the sorbent and
into the GC column, which was the second desorption. In
order to solve these problems, the following two different
desorption modes were introduced.

Side hole

3.1.4. Desorption of the NT-1 device by diverting the
carrier gas

To improve desorption, a new carrier gas line system was Sorbent
constructed to use with the NT-1 devidéd. J). In this sys-
tem, the carrier gas line was split into two lines by a T valve,
which controlled the state of the two lines. The first carrier

1to the NT-1 -#4+— Liner

h J

Valve
2to the liner ol Column

!

Carrier gas

) ) ) ) Fig. 4. Diagram of the coupling of the NT-2 with the narrow-neck glass
Fig. 3. Schematic of the new carrier system for desorption of the extracted Jiner. The carrier gas enters the needle through the side hole, flows through

analytes by the NT-1. The carrier gas line (1) was connected to the NT-1 and the sorbent and facilitates the introduction of the desorbed analytes into the
the line (2) was connected to the GC injection port. GC column.
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Response(v) Benzene desorption efficiency for BTEX by the NT-2 device packed
with Carboxen 1000 when the injector temperature was set at
0.3000 Toluene 300°C. The appropriate desorption time for this NT-2 device

was 1.5min and no carryover was observed. If the desorp-
tion time was less than 1.5 min, carryover was detected. In
0.2000-] addition, the sealing between the needle and the narrow-neck
liner was important for complete desorption. Good sealing
caused more carrier gas to pass through the needle and en-
sured complete desorption of the analytes, while poor sealing

0.1000— . .
caused a carryover effect. To ensure good sealing, the tip of
Ethylbenzene o-Xylene . .
the needle should be well squared and fit the liner.
The capacity of the needle trap was enhanced with the
0.0000 increasing sorbent length, but it was limited by the uneven

T T T T

I — temperature distribution of the injector heat zone. To obtain
0.5 1.0 1.5 2.0 2.5 3.0 Time(min)

the high capacity of the NT-2 device and ensure complete
Fig. 5. Separation of BTEX obtained with the NT-2. desorption, the temperature distribution of the heating zone
of the 1093/1094 injector of GC 3400 was tested by inserting

septum was removed to open the side hole. The needle wag thermocouple into the injector. It was observed that the
inserted down to the narrow part of the liner so that the liner heating zone in which the temperature was above°800

sealed the needle tifFig. 4 illustrates the coupling of the ~ Was 1.3 cm long away from the narrow part of the liner. For
NT-2 device W|th the narrow_neck |iner during the desorp_ eXhaUS“Ve eXtraC“Oﬂ, the Iength Of the SOI’bent COU|d not be

tion position. The carrier gas entered the needle through themore than 1.1 mm. However, the sorbent length could be more
side hole, passed through the sorbent and aided the delivihan 16 mm because the sample extracted was located on the
ery of the desorbed analytes into the GC column. Following tip of the sorbent for TWA sampling.
desorption, the NT-2 device was removed from the injector, ~ Sometimes chromatograms obtained by needle trap with
and the system was then ready for another sampling. ThisCarboxen 1000 exhibited peak-tailing and peak-broadening
desorption method was convenient, and no memory effectProblems, which could be solved by decreasing the initial
was observed, which was simpler than the method associatedVen temperature with carbon dioxide. Various initial column
with modification of the carrier gas lin€ig. 5 shows the ~ temperatures (35, 0°C, and—15°C) were used to test the
chromatogram of BTEX obtained by the NT-2 device. influence of the initial oven temperature on the peak shape
The injector temperature influences desorption efﬁciency, of n-alkanes. The results suggest that a lower initial column
and it increases with the increasing affinity of the analytes temperature results in better peak shape. Rather, when the
to the sorbent. For the sorbent Tenax, desorption temperadnitial oven temperature was low, the analyte re-focused at
ture of BTEX is 250°C which is lower than that of Car- the head of the column, thus leading to a narrow band.
boxen 1000 (300C) because the affinity of Tenax to BTEX Compared to the method in which the diverting carrier gas
is lower. In this Study’ the desorption efficiency of the NT- flowis USEd, use of the narrow-neck liner with the NT-2 device
2 device packed with Carboxen 1000 was investigated with s desorption method is more convenient because it does not
the analysis of BTEX. When the injector temperature was require modifying the gas line, the sampling procedure is
higher than 300C, desorption was complete, and no car- Simplified, and carryover is also eliminated.
ryover was observed. If the injector temperature was lower
than 300°C, the analytes could not be completely desorbed, 3-2. Applications
thus resulting in carryover. Furthermore, the carryover in-
creased with the decreasing desorption temperature. It was3-2.1. Exhaustive sampling
observed that the carryover reached 25% when the injector One of the main advantages of the NT method is thatit can
temperature was 25C. Desorption efficiency also depends be used in an exhaustive extraction mode. Exhaustive mode
on desorption time that is the time the NT in the injector. Means that analytes are completely extracted by the sorbent

Table 2presents the effect of the different desorption time on inside the needle before breakthrough occurs. The amount of
the analytes extracted by the NT device is proportional to the

Table 2 sampling volume when the concentration of the analyte and

Carryover of BEX for different desorption time the sampling rate is constant.

Desorption time Carryover Carryover Carryover To perform the exhaustive extraction, the NT device was
(B, %) (E, %) (X, %) exposed to the-alkanes gas from the standard gas generator,

30s 0.40 1.10 1.60 and the sample was drawn with a syringe. The enriched ana-

1min 0.10 0.20 0.20 lytes on the sorbent were thermally desorbed and separated in

1.5min n.d? n.d. n.d. the GC. The results of the exhaustive extraction volume pro-

a Not detected. file of the NT-1 device packed with PDMS-DVB-Carboxen
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1200 In this study, two methods were introduced to test the
. breakthrough volume. First, the NT-1 device packed with
1000 T PDMS-DVB-Carboxen was introduced into the sampling
- chamber to extract the analytes. After obtaining the desired
Rt sample volume, 1.5 ml of after-extraction air remained in the
;, - i " x syringe. The needle trap was disconnected from the syringe,
= S o and another clean needle was connected to the syringe. The
gl ? A 1.5ml of air was then immediately introduced into the GC
: « * + Octanc injector to check analytes in the air. Sampling volume was
0 :;‘C’f;‘:: increased until the analytes in the 1.5 ml of air were detected.
’, ¢ Tridarstis The sampling volume equaled the breqkthrough volume. The
0 ; = 1 breakthrough volume of the NT-1 device was 72 ml for oc-
& 20 40 o o tane and nonane and 140 ml for decane and undecane. The

Mol o) lower breakthrough volume of octane and nonane might be
_ , _ _ _ due to the fact that the weaker affinity to the sorbent.
Fig. 6. Extraction volume profllesforexhau;tlve gxtractlon by the segmental The second breakthrough investigation method involved
NT-1. Before breakthrough occurred, the linearity of the mass vs. volume > 8 ; ’
was good. connecting two NT-2 devices packed with Carboxen 1000 in
series with a universal GC column connector. The hub of the
are presented iig. 6. Before breakthrough occurred, there- front NT-2 device was cut so that it could be coupled to the
sponse of the analytes and the volume exhibited strong linear-back NT-2 device. To test for breakthrough, the two-section
ity (R? was between 0.9968 and 0.9986). After breakthrough NT-2 devices were connected to the sampling pump, and the
occurred, the response versus the sampling volume was nofront NT-2 device was exposed to the sample. The sample
linear. The concentrations ofg€Cy1 obtained by exhaus-  was drawn through the two NT-2 devices at a sampling rate of
tive extraction using the segmental NT-1 were 3.65ng/ml, 4.8 ml/min, followed by desorption of the analytes enriched
4.87 ng/ml, 1.97 ng/ml and 1.90 ng/ml, respectively. For the by the two NT-2 devices inthe GC. The sampling volume was
NT-2 device, benzene and xylene were used as analytes anéhcreased until the analytes extracted by the back NT device
the concentrations of benzene and xylene were 3.74 ng/mlicould be detected by GC-FID. It was observed that the break-
and 0.32 ng/ml. through volume of benzene, ethylbenzene axylene was
The reproducibility of the NT-1 device fon-alkanes more than 1000 ml, and the mass of benzene extracted by the
(Cg—Cyq1) with a sampling rate of 5ml/min and a sampling sorbentwas more thandy. The breakthrough volume of the
volume of 9 ml ranged from 3% to 5%, which indicates very NT-2 device packed with Carboxen 1000 was greater than that
good reproducibility despite the fact that it is a manual op- of the NT-1 device packed with PDMS-DVB-Carboxen be-
eration system. The reproducibility of the NT-2 device for cause the affinity of Carboxen 1000 to the analytes is stronger.
exhaustive sampling of benzene was 1% with a sampling This two-section NT-2 method was more accurate than the
rate of 10 ml/min and a sample volume of 10 ml. first method to test breakthrough volume.
The limit of detection (LOD) for the NT method was deter-
mined by exhaustive sampling of BTEX using the NT-2 de- 3.2.3. NT-2 device for passive TWA sampling
vice with a sampling speed of 20 ml/min and a sampling vol- ~ For TWA passive sampling, the sorbent of the passive sam-
ume of 25 ml. The NT-2 device was exposed to the standardpler should be a zero sink for the target analytes. The zero
gas that was diluted by pure nitrogen in a 1-l gas-sampling sink effect of the sorbent inside the NT-2 device was tested by
bulb. The LOD was 0.23 ng/l, 2.10 ng/l and 1.12 ng/l for ben- intermittent and continuous exposure to the standard BTEX
zene, ethylbenzene aoekylene, respectively. In this exper-  gases. For the intermittent mode, the NT-2 device packed
iment, the volume of the gas-sampling bulb limited the sen- with Carboxen 1000 was inserted into the sampling chamber
sitivity of the NT-2 device. A greater volume of sample can to extract BTEX for 15 min, and it was then exposed to pure
be drawn during field sampling, however, therefore, allowing nitrogen for 15 min. The NT-2 device was then exposed to

for a greater method sensitivity. BTEX for 15 min and then to nitrogen for 15min, etc. The
total exposure time to BTEX was 45 min and the total ex-
3.2.2. Breakthrough investigation posure time to pure nitrogen was 30 min. For the continuous

For the NT device, it is very important to investigate the mode, the NT-2 device was continuously exposed to BTEX
breakthrough volumes whenitis being used in the exhaustivefor 45 min without being exposed to pure nitrogen. It was
extraction mode. In this study, the breakthrough volume was found that there was no significant difference between the
proportional to the quantity of the sorbent, the affinity of the masses loaded by these two different exposure modes, thus
sorbent to the analyte and the concentration of the analyte. Itthe sorbent Carboxen 1000 is a zero sink for BTEX.
was inversely proportional to the sampling rate. In addition, A successful TWA sampling device also requires that the
the breakthrough volume decreased when the sorbent insidéulk analyte concentration equals to the analyte concentration
the needle trap was loosely packed. atthe tip of the needle. To facilitate this requirement the NT-2
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Table 3 60
Relationship between face velocity and sampling rate
Face velocity (cm/min) Sampling rate (mimin) 5 >
=)
12 0.00064 o 40
4.1 0.00063 %
14.4 0.00065 g 30-
1384 0.00062 o #Benzene
@ 20 M Toluene
é A Ethylbenzene

X o0-Xylene

10

device does notrequire a large sample linear velocity because : R’=0.998

the cross-section areais very snjiaf]. To validate the above 0 200 400 600 800 1000 1200

assumption and to investigate the sampling rate versus the Time (min)

linear velocity of the NT-2 device, the NT-2 device packed

with Carboxen 1000 was exposed to the standard BTEX gased-ig. 7. The extraction time profiles of NT-2 with diffusion length of 5mm

with different linear velocities, ranging from 1.2 cm/min to  for passive TWA sampling of BTEX.

138.4cm/min. The results are presentediable 3 and it

is evident that the sample linear velocity does not affect the sampling time exhibit good linearityR¢ is 0.992—0.998).

mass loaded in the sorbent. To ensure precision, the NT-2 device was used to passively
SPME was demonstrated to be a very successful passivesample BTEX for 40 min, and the experiment was repeated

TWA sampler when the fiber was retracted inside the needleseven times. The reproducibility of the method was 2-9%

during sampling26,27] The theoretical application ofaNT  for BTEX. The RSD of xylene (9%) was greater than that of

device as a TWA sampler is analogous to the use of SPME penzene (2%) because the concentration of xylene was much

[26] Based on this theory, the fOllOWing two equations were |ower. Good agreement between experimeRﬁ_ahnd theo-

o

obtained. retical R, was observed, as noted Table 4 These results
A demonstrate that the NT-2 device with a diffusion length of
Ri=D <§> 1) 5mm could be used as a TWA sampler. No external cali-

_ . _ bration is necessary as long as diffusion for target analyte is
Sampling rateR, is theoretical and can be calculated. It de- known. The NT-2 device could not only be utilized to deter-

pends on the diffusion coefficient of the analyBethe diffu- mine unknown concentration but also could be applied to test
sion path lengthZ; and the cross-section area of the needle, ynknown diffusion coefficients of analytes. The same device
A could also be used in an exhaustive mode although the ca-
Ry — n @) pacity of the NT-2 devicez=5 mm) was smaller than that of
Cit the NT-2 device witte=0, due to the smaller sorbent mass

Eq.(2) shows that the rate of the analyte madextracted by inside the needle.

the sorbent depends on the sampling Rtewhich could be
obtained by an experiment, and the bulk analyte concentration3.2.4. Validation

C;. TheoreticalR; should equal the experiment®) in an The NT device was validated against NIOSH 1501 meth-
ideal situation, andR; is constant for a given analyte and 0ds[28] for both exhaustive extraction and TWA sampling.
needle trap device at a specified temperature. The NT-1 device was used to take an air sample, in the ex-

In this study, the NT-2 device with a diffusion length 5mm haustive mode, in the hallway of the C2 building at the Uni-
was exposed to BTEX in the sampling chamber with a dif- versity of Waterloo, after one basement room was painted.
fusive sampling time ranging from 60 min to 1000 min, fol- The results inTable 5show that the charcoal tube (NIOSH
lowed by desorption and separation by GC—HF. 7illus- method) could not detect the toluene while the NT-1 device
trates the extraction time profiles of the NT-2 device for TWA could detect it. The results are based on the assumption that
sampling of BTEX. The amount of the enriched analytes and the NT-1 device did not reach breakthrough because toluene

Table 4

Results of the NT-2 as a TWA sampler

Compounds Concentration (ng/ml) Sampling rate (ng/s) R;@ (ml/s) RoP (ml/s) R2
Benzene 3.05 0.00082 0.00027 0.00024 0.994
Toluene 2.33 0.00057 0.00025 0.00022 0.992
Ethylbenzene 0.41 0.00010 0.00025 0.00020 0.997
o-Xylene 0.36 0.00008 0.00021 0.00019 0.998

2 Ry is experimental.
b R, is theoretical.
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-(I;e:)t::sesntration of the toluene in the laboratory fume hood determined by the NIOSH method and the NT-1 method

Sampling time Sampling place NIOSH method NT-1 method (ng/ml)
Front Backup

10 h after painting Hallway (10 m away from the painted room) an.d n.d. 0.570

Third day after painting Hallway (1 m away from the painted room) n.d. n.d. 0.065

The sampling rate of the charcoal tube was 0.131/min and the sampling volume of the segmental NT-1 was 10 ml.
@ Not detected.

Table 6
Concentration of toluene in the hallway near the painted room determined by the NIOSH method and the NT-1
Item Place NIOSH NT-1
Front (ng/ml) Back (ng/ml) Front (ng/ml) Back (ng/ml)
Sample 1 Laboratory fume hood T5 n.d2 146 n.d.
Sample 2 Laboratory fume hood 36 n.d. 162 n.d.
Sample 3 Laboratory fume hood 13 n.d. 154 n.d.
Average 12 n.aP 15.4 n.a.
RSD (%) 89 n.a. 52 n.a.

The sampling flow-rate of the charcoal tube was 0.121/min and the sampling volume of the NT-1 was 3 ml.
@ Not detected.
b Not applicable.

concentration in the air was very low. For high analyte con- 4. Conclusion

centration, it is important to ensure that the sampling vol-

ume is smaller compared to breakthrough volume. A two-  Aneedletrap device is avery convenient method to sample

section NT-1 device was required to guard against break-and analyze VOCs because it can be inexpensive, re-usable,

through, similar to the two-section charcoal tube used in the and easy to operate. A blunt tip needle packed with immobi-

NIOSH method 1501. Sampling of toluene using the two- lized sorbent (NT-2) appears to be the best approach because

section NT-1 was carried out in a fume hood where the cap it does not require the diversion of the carrier gas, compared

of a toluene bottle was loosened to increase the toluene conto needles with a sealed tip. The narrow neck inserts used

centration in the fume hood air. The results are presentedwith blunt tip needles are commercially available. The NT-2

in Table 6 The average toluene concentration obtained by device not only can be used in an exhaustive sampling mode

the NT-1 method was 15.4 ng/ml, which is in good agree- but also can be used as a passive TWA sampler. In addition

ment with the average toluene concentration obtained by theto using an NT device for the extraction of dissolved VOCs,

NIOSH method (15.2 ng/ml). This result suggests that the possible applications include rapid screening for fire smoke,

two-section NT-1 is also practical for sampling VOCs at high spray fog, etc. which, with the use of new sample introduc-

concentrations. tion approaches described in this report, should be more ef-
The NT-2 device packed with Carboxen (diffusion length, fective compared to previous wofk8]. Possible limitations

2.5mm) was used as a TWA sampler against a char- associated with aqueous sampling or low thermal stability or

coal tube (NIOSH method) to extract benzene and toluene non-volatile analytes exist, however, coupling with HPLC or

from the standard gas generator. For the charcoal tube, theCE might overcome these limitations.

sampling time was 1497 min, and the sampling rate was

160 ml/min. The concentrations of benzene and toluene ob-

tained were 3.05ng/ml and 0.97 ng/ml, respectively, which acknowledgement

was in good agreement with the concentrations obtained

by the charcoal tube method (2.96 ng/ml and 1.00ng/ml,  The authors thank the Natural Sciences and Engineering

respectively). . ~ Research Council of Canada for financial support.
Compared to the conventional methods for VOC sampling,

the NT method does not require sample preparation and the
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