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!BSTRACT
/FFLINE BREATH ANALYSIS BY THERMAL DESORPTION GAS CHROMATOGRAPHY MASS SPECTROMETRY
�4$
'#
-3	 REQUIRES THE USE OF SORBENT TRAPS TO CONCENTRATE AND STORE VOLATILE COMPOUNDS� 4HE
SELECTION OF WHICH SORBENT TO USE AND BEST PRACTICES FOR MANAGING HIGH RELATIVE HUMIDITY ARE
IMPORTANT CONSIDERATIONS TO ALLOW FOR REPRODUCIBLE� UNTARGETED� BIOMARKER DISCOVERY IN WATER
SATURATED BREATH SAMPLES� 4HIS WORK AIMS TO ASSESS THREE COMMONLY USED SORBENT MATERIALS FOR
THEIR USE IN BREATH VOLATILE SAMPLING AND DETERMINE HOW THE HIGH RELATIVE HUMIDITY INHERENT IN SUCH
SAMPLES EFFECTS THE CAPTURE OF VOLATILE COMPOUNDS OF INTEREST� 4ENAX'2� 4ENAX4!�#ARBOGRAPH�4$
AND 4ENAX4!�#ARBOGRAPH�4$ TUBES WERE SELECTED AS THEY ARE THE MOST COMMONLY USED SORBENTS IN
THE BREATH SAMPLING LITERATURE� 4HE RECOVERY OF �� COMPOUNDS IN A STANDARD MIX LOADED USING HIGH
HUMIDITY GAS WAS TESTED FOR EACH SORBENT AND COMPARED TO LOADING IN DRY GAS� 7ATER RETENTION AND
DRY PURGE RATES WERE DETERMINED FOR EACH SORBENT FOR ��� ML AND ���� ML BREATH COLLECTIONS�
&INALLY� BREATH SAMPLES WERE COLLECTED SIMULTANEOUSLY ON TO EACH SORBENT TYPE USING THE 2E#)6!
AND ANALYSED BY 4$
'#
-3� !LL THREE SORBENTS EXHIBITED ACCEPTABLE REPRODUCIBILITY WHEN LOADED
WITH THE STANDARD MIX IN DRY GAS �23$ � ���	� ,OADING THE STANDARD MIX IN HUMID GAS LED TO
REDUCED RECOVERY OF COMPOUNDS BASED ON THEIR CHEMICAL PROPERTIES� $RY PURGING PERFORMANCE FOR
EACH SORBENT MATERIAL WAS ASSESSED AND WAS SHOWN TO BE ����� ���� AND ���� MG (�/ MIN−� FOR
4ENAX'2� 4ENAX4!�#ARBOGRAPH�4$ AND 4ENAX4!�#ARBOGRAPH�4$ RESPECTIVELY WHEN FLUSHED
WITH �� ML MIN−� OF .�� ! COMPARISON OF BREATH PROFILES ON DIFFERENT SORBENTS SHOWED DIFFERENCES
IN BACKGROUND ARTEFACTS �SULFUR DIOXIDE� CYCLOPENTEN
�
ONE AND �
NONENE	 AND ENDOGENOUS BREATH
COMPOUNDS ��
METHYL
FURAN AND FURFURAL	� 4HIS WORK DEMONSTRATES THAT HIGH RELATIVE HUMIDITY
DURING SAMPLING REDUCES THE ABILITY OF SORBENT TUBES TO CAPTURE VOLATILE COMPOUNDS AND COULD
IMPACT METHOD DETECTION LIMITS DURING BREATH SAMPLING� 3UFFICIENT WATER TO IMPAIR ACCURATE
ANALYSIS WAS RETAINED ON ALL TUBES� -INIMAL DIFFERENCES WERE OBSERVED BETWEEN SORBENT MATERIALS
WHEN USED TO SAMPLE BREATH� HOWEVER� SUGGESTIONS ARE PROVIDED FOR SORBENT SELECTION FOR FUTURE
STUDIES�

�� )NTRODUCTION

5NTARGETED ANALYSIS OF BREATH IS A BURGEONING FIELD
WITH THE POTENTIAL TO ENABLE EARLY DETECTION OF A
RANGE OF DISEASES IN A NON
INVASIVE MANNER �7HITE

AND &OWLER ����	� #URRENTLY� THERMAL DESORPTION
GAS
CHROMATOGRAPHY
MASS SPECTROMETRY �4$
'#
-3	 IS
THE GOLD STANDARD FOR UNTARGETED ANALYSIS� OFFERING
HIGH SENSITIVITY PAIRED WITH THE ABILITY TO ACCURATELY
IDENTIFY COMPOUNDS OF INTEREST �2ATTRAY ET AL ����	�

Ç ���� 4HE !UTHOR�S	� 0UBLISHED BY )/0 0UBLISHING ,TD
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4YPICALLY� FOR ANALYSIS BY '#
-3� VOLATILE ORGANIC
COMPOUNDS �6/#S	 ARE CAPTURED ONTO SORBENT TUBES�
ALLOWING THEM TO BE TRANSPORTED FROM THE SAMPLING
LOCATION AND STORED FOR SEVERAL WEEKS �(ARSHMAN ET AL
����� +ANG AND 0AUL 4HOMAS ����	�

! LARGE VARIETY OF DIFFERENT SORBENT MATERIALS ARE
AVAILABLE TO RESEARCHERS �7OOLFENDEN ����	� 3ORBENT
TUBES CAN BE PURCHASED READY PACKED OR MADE IN

HOUSE AND REQUIRE THOROUGH THERMAL CONDITIONING
BEFORE USE� ! LIST OF DIFFERENT SORBENT MATERIALS THAT
HAVE BEEN USED TO PRE
CONCENTRATE AND STORE 6/#S
IS PROVIDED IN TABLE 3�� !S MOST APPLICATIONS IN THE
BREATH SAMPLING FIELD INVOLVE BIOMARKER DISCOVERY�
THE POROUS POLYMER SORBENTS 4ENAX4! AND 4ENAX'2
HAVE BEEN THE MOST USED �,AWAL ET AL ����	 DUE TO
THEIR WIDE SAMPLING RANGE �-AIER AND &IEBER ����	�
4ENAX'2 IS GENERALLY PREFERRED TO 4ENAX4! DUE TO
A SLIGHTLY GREATER BREAKTHROUGH VOLUME ARISING FROM
THE ADDITION OF GRAPHITE TO THE POLYMER� 4HE BREAK

THROUGH VOLUME FOR A SPECIFIC COMPOUND IS DEFINED
AS THE AMOUNT OF GAS THAT CAN BE PASSED THROUGH A
DESORPTION TUBE BEFORE THE ELUTING VAPOUR REACHES ��
OF THE APPLIED TEST CONCENTRATION �#OMES ET AL ����	�

!N INCREASING NUMBER OF STUDIES HAVE TAKEN
ADVANTAGE OF THE LARGER BREAKTHROUGH VOLUMES OFFERED
BY MULTI
BED TUBES THAT COMBINE 4ENAX4! WITH
GRAPHITISED CARBON BLACK SORBENTS SUCH AS THE #AR

BOGRAPH MIXES �'ALLEGO ET AL ����	� !S THE SORPT

IVE STRENGTH OF THE SECOND SORBENT INCREASES� A WIDER
RANGE OF 6/#S CAN BE CAPTURED ON TO TUBES� 4HISMUST
BE BALANCED WITH THE AMOUNT OF WATER THAT IS RETAINED
AND OTHER FACTORS RELATING TO DURABILITY AND STABILITY OF
THE TUBES�

! LARGE VOLUME OF WORK HAS BEEN CARRIED OUT
TO INVESTIGATE THE PROPERTIES OF SORBENT MATERIALS IN
THE FIELD OF AIR QUALITY ANALYSIS �2OTHWEILER ET AL
�����7OOLFENDEN ����� $EWULF AND 6AN ,ANGENHOVE
����	� 4HESE HAVE DESCRIBED THAT THE BREAKTHROUGH OF
6/#S IS AFFECTED BY THE RELATIVE HUMIDITY �2(	 OF THE
CARRIER GAS �0ENG AND "ATTERMAN ����� 4RABUE ET AL
����� (O ET AL ����	� )F SAMPLED DIRECTLY FROM THE
MOUTH� EXHALED BREATH HAS CLOSE TO ���� 2( AND�
AS SUCH� THE RETENTION OF 6/#S ON THE TUBES IS LIKELY
TO BE AFFECTED� 7HILE ALL OF THE COMMONLY USED SORB

ENTS IN BREATH SAMPLING TEND TO RETAIN LESS WATER THAN
THE MOLECULAR SIEVES THAT ARE PREVALENT IN AIR QUALITY
MONITORING� THERE ARE DIFFERENCES IN HYDROPHOBICITY
BETWEEN THEM THAT MAY AFFECT THEIR SUITABILITY FOR PRE

CONCENTRATING EXHALED 6/#S�

$RY PURGING WET SAMPLES IS IMPORTANT TO ENSURE
REPRODUCIBLE ANALYSIS OF TUBES SAMPLED IN HIGH 2(
�'AWLOWSKI ET AL ����	� !S LITTLE AS � MG OF WATER
REMAINING ON THE SORBENT TUBE CAN AFFECT THE 4$

'#
-3 PROCESS IN SEVERAL WAYS� &IRSTLY THE EXCESS
WATER MAY CAUSE THE COLD TRAP IN THE THERMAL DESORP

TION UNIT TO DOUBLE FIRE AS ICE FORMS DURING TRAPPING�
3ECONDLY� THE RAPID EXPANSION OF WATER ON THE TRAP
THAT OCCURS DURING FIRING CAN ALSO LEAD TO AN IRREPRO

DUCIBLE SPLIT DURING INJECTION INTO THE '#� &INALLY�

FURTHER PROBLEMS OCCUR DURING THE TRAP DESORPTION
ONTO THE COLUMN AS TEMPERATURE RAMPS OFTEN START
WELL BELOW ��� ◦#� ALLOWING THE WATER TO CONDENSE
ONTO THE STATIONARY PHASE� /NCE CONDENSED� WATER CAN
INHIBIT THE INTERACTION OF ANALYTES AND THE STATIONARY
PHASE LEADING TO POOR PEAK SHAPE AND IRREPRODUCIBLE
PEAK RETENTION AND SENSITIVITY� OR MAY REACT WITH THE
STATIONARY PHASE INCREASING THE COLUMN BLEED�

4HIS STUDY� AIMS TO ASSESS HOW HIGH 2( AFFECTS
6/# RECOVERY ON THREE COMMONLY USED AND
COMMERCIALLY AVAILABLE SORBENT TUBES� 4ENAX'2
�'2	� 4ENAX4!�#ARBOTRAP�4$ �4!�4$	 AND 4EN

AX4!�#ARBOTRAP�4$ �4!�4$	� IN ORDER TO DETERMINE
THEIR RESPECTIVE STRENGTHS AND WEAKNESSES FOR BREATH
SAMPLING� 4HE REPEATABILITY OF LOADING A STANDARD
MIX ONTO THE SORBENTS IN DRY GAS IS DETERMINED AND
THE IMPACT OF HIGH 2( ON THE ADSORPTION OF 6/#S
IS CHARACTERISED� &URTHERMORE� THE WEIGHT OF WATER
RETAINED ON THE SORBENT TUBES DURING SAMPLING IS
DESCRIBED AND DRY PURGING TIMES ARE SUGGESTED FOR
EACH SORBENT� &INALLY� A DIRECT COMPARISON OF BREATH
SAMPLES TAKEN ON THE THREE SORBENT MATERIALS IS MADE
AND DIFFERENCES BETWEEN THEM ARE HIGHLIGHTED�

�� -ETHODS

���� 3ORBENT TUBES
!LL SORBENT TUBES WERE PURCHASED NEW FOR THE STUDY
�-ARKES )NTERNATIONAL� ,LANTRISANT� 5+	� 4HE TUBES
WERE PACKED WITH A TOTAL OF ���� ��� AND ��� MG OF
SORBENT FOR 4ENAX'2� 4!�4$ AND 4!�4$ RESPECT

IVELY� 4HE RATIO OF SORBENTS IN THE DUAL BED TUBE IS
UNDISCLOSED BY THE MANUFACTURER�

���� 3TANDARDMIX
! TOTAL OF �� 6/#S� REPRESENTATIVE OF COMMON COM

POUNDS FOUND IN BREATH AND AN ALKANE LADDER WERE
DILUTED INTO METHANOL TO FORM A STANDARD MIX� TABLE
3�� !LKANE LADDERS CONSIST OF A CONTINUOUS SERIES OF
STRAIGHT CHAIN ALKANES �I�E� HEXANE TO PENTADECANE	
WHICH ALLOW THE CALCULATION OF GENERALISED RETENTION
INDICES FOR THE COMPOUNDS IN BREATH� 4HE STANDARD
MIX WAS LOADED ONTO SORBENT TUBES USING A CALIBRATION
STANDARDS LOADING RIG �-ARKES )NTERNATIONAL	 WHILST
BEING PURGED WITH ULTRAPURE (ELIUM AT �� ML MIN−�

FOR � MIN� 4O ASSESS THE RELATIVE STANDARD DEVIATION
OF RECOVERY FOR EACH COMPOUND� SEVEN TUBES OF EACH
SORBENT WERE LOADED WITH � µL OF THE STANDARD MIX
BEFORE ANALYSIS BY '#
-3�

���� 'AS LOADING RIG
4HE GAS LOADING RIG �',2	� FIGURE �� WAS DESIGNED TO
ALLOW THE SIMULTANEOUS LOADING OF A 6/# RICH GAS
ONTO MULTIPLE SORBENT TUBES� "REATH OR THE STANDARD
MIX WERE LOADED ONTO 4!�4$ SORBENT TUBES WHICH
WERE THEN PLACED INTO AN 5LTRA AUTOSAMPLER �-ARKES
)NTERNATIONAL	 CONNECTED TO A MODIFIED 5NITY �
THERMAL DESORPTION SYSTEM �-ARKES )NTERNATIONAL	�
4UBES WERE DESORBED AT ��� ◦# FOR � MINS WITH THE

�



*� "REATH 2ES� �� �����	 ������ -7ILKINSON ET AL

&IGURE �� $ESIGN OF THE GAS LOADING RIG� ALL FRACTIONS ARE IN INCHES�

TRAP NOT IN
LINE AND FLOW WAS DIVERTED THROUGH ���′′

4EFLON TUBE CONNECTED TO A ���′′ 04&% TEE PIECE WITH
THE THROUGH PORT BLOCKED OFF TO CREATE AN ELBOW JOINT�
4HIS WAS CONNECTED TO ����′′ 4EFLON TUBING WHICH SPLIT
FLOW INTO TWO THROUGH A ����′′ 0&! TEE PIECE� #ARRIER
FLOW WAS CONSTRICTED BY THE 4EFLON CAPILLARY TUBING
AND CONTROLLED BY THE PNEUMATICS ON A ���� !GILENT
'# �!GILENT� 3ANTA#LARA� #!� 53!	� $ESORBED 6/#S
WERE DYNAMICALLY DILUTED IN TWO ���′′ 04&% TEE
PIECES
�3WAGELOK� 3OLON� /(� 53!	 WHERE THEY MIXED WITH
DRY OR HUMID .� BEFORE BEING PURGED ONTO TARGET
SORBENT TUBES FOR ANALYSIS AND COMPARISON�

$RY AND HUMID DILUENT WAS GENERATED BY FLOW

ING .� �/&.� "/# GASES� 5+	 THROUGH A "IG UNIVER

SAL TRAP �!GILENT	 TO A STAINLESS STEEL TEE
PIECE �3WA

GELOK	 AND� ONCE SPLIT� THROUGH ��� ML GLASS $RESCHEL
FLASKS WHICH WERE EITHER EMPTY OR CONTAINED ��� ML
OF WATER� 4HE FLOWS OF HUMIDIFIED AND DRY .� WERE
BOTH MAINTAINED AT ��� ML MIN−� USING NEEDLE VALVES
�3WAGELOK	� 4WO LOADING VOLUMES� ��� AND ���� ML
WERE USED TO MATCH THE COLLECTIONS VOLUMES OF THE
2E#)6!� 4HE FLASKS WERE PLACED ON A HEATER PLATE
�#OLE
0ARMER� 3TAFFORDSHIRE� 5+	 SET TO �� ◦# AND
WERE WRAPPED IN HEATER TAPE �"RISKHEAT� #OLUMBUS�
53	 SET TO �� ◦#� !LL TRANSFER LINES FROM THE FLASKS AND

THERMAL DESORPTION SYSTEM TO THE TARGET SORBENT TUBES
WERE ALSO HEATED WITH THE SAME TAPE�

���� $RY PURGING EXPERIMENTS
! TOTAL OF FIVE TUBES OF EACH SORBENT TYPE WERE LOADED
WITH WATER USING THE ',2� %ACH TUBE WAS PURGED
AND WEIGHED AT MINUTE INTERVALS TO ALLOW THE RATE
OF PURGING TO BE ASSESSED� 4HE AVERAGE WATER WEIGHT
LOADED ONTO SORBENT TUBES WAS CALCULATED FROM EIGHT
BREATH SAMPLES FOR EACH SORBENT TAKEN ON THE 2E#)6!�
4HE OPTIMAL DRY PURGE TIME WAS DETERMINED BASED
ON THE VOLUME OF GAS REQUIRED TO PURGE THE MEAN
MASS OF WATER+ �σ� ENSURING COMPLETE WATER REMOVAL
FOR ������ OF POSSIBLE BREATH SAMPLES� 4UBES WERE
PURGED USING A 4#�� �-ARKES )NTERNATIONAL	� A PUR

GING RIG DESIGNED TO BAKE OUT SORBENT TUBES� SET TO AN
INPUT OF �� PSI ���� K0A	 CLEAN .�� RESULTING IN A PER
TUBE FLOW OF �� ML MIN−�� 4HE TUBES WERE NOT HEATED
DURING PURGING� !LL PURGING WAS CARRIED OUT IN THE
DIRECTION OF SAMPLING TO MINIMIZE BREAKTHROUGH OF
6/#S�

���� "REATH COLLECTION
"REATH WAS COLLECTED USING A 2E#)6! �/WLSTONE-ED

ICAL� #AMBRIDGE� 5+	 SAMPLING DEVICE CONNECTED TO

�
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A #!30%2 AIR PUMP �/WLSTONE MEDICAL� #AMBRIDGE�
5+	� )N BRIEF� THE 2E#)6! IS A FACE MOUNTED SAMPLING
DEVICE THAT RECEIVES �� L MIN−� OF 6/# FREE GAS FROM
THE #!30%2� 0ARTICIPANTS WERE INSTRUCTED TO BREATHE
NORMALLY FOR �� S TO TRAIN THE 2E#)6! ON THEIR BREATH

ING PROFILE� 4HE SAMPLER IS CAPABLE OF COLLECTING SPE

CIFIC FRACTIONS OF EXHALED AIR BASED ON THE EXHALA

TION PRESSURE PROFILE� 4WO PUMPS WITHIN THE DEVICE
ALLOW SIMULTANEOUS COLLECTION OF DIFFERENT PORTIONS OF
EXHALED AIR FOR COMPARISON�

)N ORDER TO COMPARE THE SORBENT MATERIALS� FOUR
SAMPLES WERE COLLECTED SIMULTANEOUSLY� WITH BOTH
PUMPS SET TO COLLECT ON THE LOWER AIRWAY FRACTION OF
BREATH AT A FLOW OF ��� ML MIN−�� ! � MIN WASHOUT
PERIOD PRECEDED EACH BREATH SAMPLE TO REMOVE LIGHT
EXOGENOUS COMPOUNDS FROM THE AIRWAYS� 3IX SEPARATE
BREATH COLLECTIONS WERE PERFORMED� 4HREE COLLECTIONS
WERE COMPLETED AT ��� ML AND THREE AT ���� ML REP

RESENTING SUITABLE PARAMETERS FOR CLINICAL SAMPLING�
&OR EACH BREATH COLLECTION ALL THREE SORBENT TUBES WERE
USED WITH THE FOURTH PUMP INLET FILLED WITH A RANDOM
DUPLICATE�

&OLLOWING SAMPLING THE 2E#)6! MASKS WERE
WASHED IN DETERGENT� RINSED AND BAKED OVERNIGHT AT
��� ◦# BEFORE RE
USE TO REMOVE SILOXANE CONTAM

INANTS� ! DISPOSABLE FILTER DISK �0HILIPS 2ESPIRONICS�
%INDHOVEN� .ETHERLANDS	 WAS USED BETWEEN THE MASK
AND THE 2E#)6! TO PREVENT CONTAMINATION�

���� 4HERMAL DESORPTION
GAS
CHROMATOGRAPHY
MASS SPECTROMETRY
&OR ANALYSIS� ��� µL OF A GASEOUS CALIBRATION STAND

ARD �� PPMV� �
"ROMOFLUOROBENZENE IN NITROGEN�
4HAMES 2ESTEK� 5+	 WAS LOADED ONTO ALL TUBES AS AN
INTERNAL STANDARD� "EFORE DESORPTION� TUBES WERE PRE

PURGED FOR � MIN IN �� ML MIN−� (E CARRIER GAS TO
ENSURE AIR AND ANY REMAINING MOISTURE WAS REMOVED
FROM THE TUBES� 3ORBENT TUBES WERE THEN DESORBED AT
��� ◦# IN �� ML MIN−� (E CARRIER GAS USING A 4$

��� �-ARKES )NTERNATIONAL	 ONTO A GENERAL PURPOSE
HYDROPHOBIC TRAP �-ARKES )NTERNATIONAL	 FOR CRYO

FOCUSSING AT � ◦#� 6/#S WERE DESORBED AT ��� ◦# INTO
THE '# COLUMN CAPILLARY GAS CHROMATOGRAPH �����"
'#� !GILENT� 3ANTA#LARA� #!� 53!	 FITTED WITH A $"

� MS 5LTRA )NERT COLUMN �LENGTH �� M × INTERNAL
DIAMETER ���� MM� FILM THICKNESS �� µM� ���

0HENYL	
METHYLPOLYSILOXANE� !GILENT	 USING THE FOL

LOWING TEMPERATURE RAMP� �� ◦# HOLD � MIN� RAMP
� ◦#MIN−� TO ��� ◦#� HOLD �MIN� RAMP �� ◦#MIN−�

TO ��� ◦# TO A TOTAL TIME OF �� MIN WITH AN (E CAR

RIER GAS FLOW OF ��� ML MIN−�� ! TRIPLE
QUADRUPOLE
MASS SPECTROMETER ������ !GILENT	 WAS USED IN FULL
SCANMODE �-3�	 WITH A SCAN RANGE OFM�Z ��n��� $A
AT � (Z USING ELECTRON IONIZATION AT �� E6�

���� $ATA ANALYSIS
!LL FILES WERE CONVERTED TO THE OPEN MZ8-, FORMAT
PRIOR TO PRE
PROCESSING� #HROMATOGRAMS WERE
SCREENED FOR INCLUSION IN THE FINAL DATASET BY MANUAL

APPRAISAL AND ALL SAMPLES DECONVOLVED AND ALIGNED
USING E2AH �$OMINGO
!LMENARA ET AL ����	 FOR
UNTARGETED WORK AND -ASSHUNTER 1UANTITATIVE ANA

LYSIS �!GILENT	 FOR TARGETED ANALYSIS� &OR THE E2AH
DECONVOLUTION ABUNDANCE WAS CALCULATED AS THE PEAK
AREA FOR SELECTED IONS WHILST THE PEAK AREA FOR A SINGLE
EXTRACTED ION WAS USED DURING THE TARGETED ANALYSIS�
!LL PEAK AREAS WERE NORMALISED TO THE INTERNAL STAND

ARD ON A RUN BY RUN BASIS� $ATA PROCESSING WAS PER

FORMED IN 2� 5NIVARIATE COMPARISONS WERE MADE
WITH 7ILCOXON TESTS AND P
VALUES ADJUSTED FOR MUL

TIPLE COMPARISONS BY "ONFERRONI CORRECTION� #OM

PARISON OF THE GRADIENTS WAS BY ANALYSIS OF COVARI

ANCE �!.#/6!	� -ULTIVARIATE DATA ANALYSIS WAS PER

FORMED BY PRINCIPAL COMPONENT DISCRIMINANT FUNC

TION ANALYSIS �0#
$&!	� ,IMITS OF DETECTION WERE
CALCULATED AS THE MEAN+ ��� X THE STANDARD DEVIATION
OF THE SIGNAL IN THE BACKGROUND SAMPLES �!RMBRUSTER
AND 0RY ����	�

�� 2ESULTS AND DISCUSSION

���� 2EPRODUCIBILITY OF LOADING
3EVEN TUBES OF EACH SORBENT MATERIAL WERE DIRECTLY
INJECTED WITH THE STANDARD MIX USING THE CALIBRATION
STANDARDS LOADING RIG IN ORDER TO ASSESS THE REPRODU

CIBILITY OF SAMPLING UNDER OPTIMAL CONDITIONS IN DRY
GAS� !N ARBITRARY CUT
OFF OF ��� 23$ WAS SELECTED
BASED ON PREVIOUSLY PUBLISHED VALUES �0ARSONS ET AL
����� 4HOMPSON AND %LLISON ����	� (IGH LEVELS OF
VARIABILITY WERE SEEN FOR CERTAIN COMPOUNDS IN THE
MIX� PARTICULARLY PYRIDINE AND NONANAL� FOR ALL THREE
SORBENTS �LIKELY AS TRAP ARTEFACTS AND CONTAMINATION
FROM THE SERIAL DILUTION� RESPECTIVELY	� /VERALL� THE
MAJORITY OF COMPOUNDS ���� �� AND ��� FOR 4!�4$�
4!�4$ AND 4ENAX'2 RESPECTIVELY	 HAD 23$S OF LESS
THAN ��� OF THEIR PEAK AREAS� TABLE 3�� .O SIGNIFICANT
OVERALL DIFFERENCES IN THE REPRODUCIBILITY OF MEASURE

MENTS WERE OBSERVED BETWEEN THE SORBENT MATERIALS�
FIGURE 3� �STACKS�IOP�ORG�*"2�����������MMEDIA	�

4HE MAJORITY OF COMPOUNDS IN THE STANDARD
MIX SHOWED GOOD REPRODUCIBILITY ����� 23$	 BOTH
WITHIN AND BETWEEN SORBENT TYPES� )SOPRENE SHOWED
HIGHER LEVELS OF VARIABILITY ON 4ENAX'2 �23$ OF ���	
THAN THE OTHER SORBENT MATERIALS� LIKELY DUE ITS LOWER
BREAKTHROUGH VOLUMES RESULTING IN LESS ACCURATE TRAP

PING OF THE 6/#�

���� %FFECTS OF LOADING 6/#S IN WET GAS
4HE STANDARD MIX WAS LOADED ONTO EACH OF THE SORB

ENT MATERIALS USING THE ',2� ALLOWING SIMULTANEOUS
LOADING OF THE SAME MIXTURE IN WET AND DRY GAS� .O
DIFFERENCE WAS OBSERVED IN THE SORBENT ONLY BACK

GROUNDS WHEN THE WET AND DRY ARMS OF THE ',2 WERE
COMPARED� ! PRONOUNCED REDUCTION IN THE RECOVERED
LEVELS OF 6/#S WAS SEEN ON ALL THREE OF THE SORBENTS
WHEN COMPARING THE WET VERSUS DRY SAMPLES� FIGURE ��
.O DIFFERENCES �P � ����	 WERE OBSERVED BETWEEN THE
AVERAGE PERCENTAGE RECOVERIES OF THE 6/#S IN WET GAS

�
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&IGURE �� "OX AND WHISKER PLOT OF THE IMPACT OF LOADING 6/#S ONTO SORBENT TUBES IN WET AND DRY GAS FOR ALL �� COMPOUNDS IN THE
STANDARD MIX� 3IGNIFICANCE LEVELS ARE SHOWN AS P � �������∗∗∗∗ BASED ON A 7ILCOXON TEST� 4HE WHISKERS HERE REPRESENT THE
QUARTILES± ��� X THE INTERQUARTILE RANGE�

BETWEEN THE THREE DIFFERENT SORBENT TYPES� 4HE PER

CENTAGE RECOVERY IS DEFINED HERE AS ��� TIMES THE PEAK
AREA IN THE WET GAS DIVIDED BY THE PEAK AREA IN THE DRY
GAS�

7HEN THE PERCENTAGE RECOVERY BASED ON LOADING
IN WET VERSUS DRY GAS IS CONSIDERED FOR EACH 6/# INDI

VIDUALLY� AN INVERSE CORRELATION WITH OCTANOL
WATER
PARTITION COEFFICIENT �,OG+/7	 CAN BE OBSERVED FOR
THE MAJORITY OF THE COMPOUNDS� FIGURE �� TABLE 3��
,OG+/7 IS THE RATIO OF A CHEMICAL�S CONCENTRATION IN
THE OCTANOL PHASE AGAINST THE CONCENTRATION IN THE
AQUEOUS PHASE IN A TWO
PHASE SYSTEM� )T IS AN IMPORT

ANT CHARACTERISTIC IN BREATH ANALYSIS AS IT WILL DIRECTLY
AFFECT THE ADSORPTION� DISTRIBUTION AND EXCRETION OF
6/#S THROUGHOUT THE BODY AND ACROSS THE CAPILLARY

ALVEOLAR BARRIER IN THE LUNGS �"UIST ET AL ����	�

4HE ALKANE LADDER IN THE STANDARD MIX SHOWS
THE CLEAREST DIFFERENCE WITH THE HEAVIEST COM

POUNDS SUCH AS PENTADECANE AND TETRADECANE BEING
RECOVERED AT ^��� IN THEWET SAMPLESWHEN COMPARED
TO ^��� RECOVERY FOR HEXANE AND OCTANE� 2ECOVERY OF
PENTANE WAS

0REVIOUS WORK IN AIR QUALITY ANALYSIS HAS SHOWN
THAT BREAKTHROUGH VOLUMES ARE REDUCED WHEN
SAMPLING IN A HUMID ENVIRONMENT �4RABUE ET AL
����� (O ET AL ����	� 4HE RESULTS PRESENTED HERE
ALSO DEMONSTRATED A REDUCTION IN THE INTENSITY OF
RECOVERED COMPOUNDS INWET GAS AND REPORT THAT COM

POUND CLASS AND CHEMICAL PROPERTIES AFFECT RECOVERY
AT HIGH 2(� (OWEVER� THE REDUCED SENSITIVITY DOES
NOT APPEAR TO BE DUE TO SIMPLE 6/# BREAKTHROUGH
AS THE LARGEST DIFFERENCES BETWEEN THE WET AND DRY
LOADING WERE OBSERVED FOR THE HEAVIEST COMPOUNDS

WHICH HAVE THE HIGHEST THEORETICAL BREAKTHROUGH�
�(O ET AL ����	 POSIT THAT AS SORBENT TUBES BECOME
LOADED WITH WATER� ACCESS TO THE BINDING SITES ON THE
SORPTIVE MATERIAL IS THUS INHIBITED� 0OLAR COMPOUNDS�
WITH LOW ,OG+/7 VALUES� MORE READILY DISSOLVE AND
ARE ULTIMATELY ABLE TO DISPLACE WATER FROM THE ACTIVE
SITES� 4HIS TREND CAN BE MOST CLEARLY OBSERVED FOR THE
ALKANE LADDER IN THE STANDARDMIX WHERE� AS THE ALKANE
CHAIN GETS LONGER� AND THEREFORE LESS WATER SOLUBLE� THE
PERCENTAGE RECOVERY OF WET VERSUS DRY IS REDUCED� 4HIS
IS AN IMPORTANT CONSIDERATION� AS IT MAY INCREASE THE
METHOD DETECTION LIMIT FOR COMPOUNDS IN BREATH
AND PREVENT HIGHLY INSOLUBLE TRACE GASES FROM BEING
DETECTED� )T ALSO HIGHLIGHTS THE IMPORTANCE OF RIGOROUS
ANALYTICAL PROTOCOLS WHEN QUANTIFYING BREATH 6/#S�
7HERE POSSIBLE SYNTHETIC BREATH GAS STANDARDS SHOULD
BE ANALYSED IN MOIST AIR AND ANALYTICAL PROTOCOL VAL

IDATION SHOULD DETAIL THE RELATIVE HUMIDITY USED�

���� 7ATER LOADED DURING BREATH SAMPLING
4HE WEIGHT OF WATER LOADED ONTO EACH TYPE OF SORBENT
WAS ASSESSED FOR ��� AND ���� ML OF BREATH SAMPLED
USING THE 2E#)6!� 4HE MEAN �STANDARD DEVIATION	
COLLECTION TIMES WERE ��� S �±��	 AND ��� S �±��	 FOR
��� AND ���� ML RESPECTIVELY� 4HE DUAL BED 4!�4$
TUBES RETAINED A GREATER VOLUME OF WATER �P � ������	
THAN EITHER OF THE OTHER TWO SORBENTS AT BOTH SAMPLING
VOLUMES�4!�4$ RETAINED THE LEAST WATER �P � ����
VERSUS 4ENAX'2	 AT BOTH SAMPLING VOLUMES� FIGURE ��

4HE ',2 WAS USED TO LOAD WATER ONTO TUBES CON

TAINING EACH OF THE SORBENTS� 4WO LOADING VOLUMES
OF ��� ML AND ���� ML WERE USED AND THE ',2 WAS
CALIBRATED TO LOAD A VOLUME OF WATER EQUIVALENT TO

�
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&IGURE �� )NTERACTION BETWEEN THE HYDROPHOBICITY OF A COMPOUND AND ITS PERCENTAGE RECOVERY WHEN LOADED ONTO TUBES PACKED
WITH EACH SORBENT IN WET VERSUS DRY GAS� 7HERE ,OG+/7 IS THE LOGARITHM OF THE OCTANOL
WATER PARTITION COEFFICIENT� VERY LOW IN
4ENAX'2 WHEN CONSIDERING ITS LOG+/7 VALUE� THIS CAN BE ATTRIBUTED TO POOR QUANTIFICATION OF THE COMPOUND DUE TO BREAKTHROUGH�
&OR ALL THREE SORBENTS ACETONE AND ISOPRENE WERE RECOVERED AT LOWER LEVELS THAN EXPECTED FOR THEIR LOG+/7 VALUES� LIKELY DUE TO
BREAKTHROUGH� THOUGH FURTHER TESTS WOULD BE REQUIRED TO DEMONSTRATE THIS�

THE LEVELS OBSERVED DURING 2E#)6! SAMPLING� 4EN

AX'2 AND 4!�4$ EXHIBITED SIMILAR RATES OF PURGING�
LOSING ���� AND ���� MG MIN−� OF WATER RESPECT

IVELY �P � ����	� 7ATER WAS LOST MORE SLOWLY FROM THE
4!�4$ TUBES AT A RATE OF ���� MG MIN−� �P � �����	�
FIGURE 3�� 0URGING TIMES AT �� ML MIN−� .� WERE
DETERMINED FOR ��� ML SAMPLING �� � AND � MIN ARE
SUGGESTED FOR 4!�4$� 4!�4$ AND 4ENAX'2 RESPECT

IVELY� 4HESE INCREASE TO ��� � AND � MIN FOR THE SAME
SORBENTS WHEN ���� ML OF BREATH IS LOADED ONTO THE
TUBES� TABLE 3��

���� #OMPOUND RETENTION DURING BREATH SAMPLING
"REATH SAMPLES WERE COLLECTED USING THE 2E#)6! AND
ANALYSED IN AN UNTARGETED MANNER� $IFFERENT NUM

BERS OF SAMPLES WERE INCLUDED IN THE DATA ANALYSIS FOR
EACH SORBENT TYPE ��� �� AND �� FOR 4!�4$� 4!�4$
AND 4ENAX'2 RESPECTIVELY	 DUE TO INSUFFICIENT DRY
PURGING BEING PERFORMED� 4HE DRY PURGE VOLUMES

WERE DELIBERATELY CHOSEN TO REFLECT KNOWN PRACTICES
AT OTHER INSTITUTIONS �$ORAN ET AL ����� 7ILDE ET AL
����	 BUT RESULTED IN DATA THAT WERE TOO LOWQUALITY FOR
INCLUSION� &OLLOWING DECONVOLUTION THE ALIGNED AND
CLEANED PEAK LIST CONTAINED ��� COMPOUNDS� 3EPARA

TION BETWEEN THE DIFFERENT SORBENTS WAS OBSERVED AFTER
APPLYING A 0#
$&! TO THESE DATA� PRIMARILY ACROSS LIN

EAR DISCRIMINANT �,$	 �� FIGURE ��

&IVE COMPOUNDS WERE IDENTIFIED� FIGURE �� FROM
THE LOADINGS PLOT OF ,$� AS BEING IMPORTANT IN SEP

ARATING THE DIFFERENT SORBENT MATERIALS� 4HESE COM

POUNDS WERE SHOWN TO BE RECOVERED AT DIFFERENT
LEVELS USING AN !./6! WITH A POST HOC 4UKEY TEST�
TABLE 3�� 4HE TUBES PACKED WITH 4!�4$ SHOWED THE
HIGHEST RECOVERY OF THREE 6/#S� SULFUR DIOXIDE� �

METHYL
FURAN AND FURFURAL� 4HESE COMPOUNDS WERE
ALSO RECOVERED ON 4!�4$ TUBES BUT AT A LOWER LEVEL�
3ULFUR DIOXIDE WAS FOUND TO BE A BACKGROUND CON

TAMINANT ARISING FROM THE SORBENT MATERIAL THROUGH

�
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&IGURE �� "OX AND WHISKER PLOT OF THE WEIGHT OF WATER LOADED ONTO THE DIFFERENT SORBENT MATERIALS WHILE USING THE 2E#)6!
SAMPLING DEVICE TO COLLECT EITHER ��� OR ���� ML OF BREATH� 3IGNIFICANCE LEVELS ARE SHOWN AS� P � �����∗∗� P � ������∗∗∗�
P � �������∗∗∗∗ BASED ON A 7ILCOXON TEST� 4HE WHISKERS HERE REPRESENT THE QUARTILES± ��� X THE INTERQUARTILE RANGE�

&IGURE �� 0RINCIPAL COMPONENT DISCRIMINANT FUNCTION ANALYSIS OF BREATH SAMPLES FROM THE 2E#)6! ON THREE DIFFERENT SORBENT
MATERIALS� 4HE OVALS REPRESENT THE ��� CONFIDENCE INTERVALS FOR EACH OF THE POINT CLOUDS�

COMPARISON TO SORBENT BLANKS RUN CONCURRENTLY WITH
BREATH SAMPLES� 4UBES PACKED WITH 4ENAX'2 DID
NOT RECOVER THESE COMPOUNDS ABOVE THE LIMIT OF
DETECTION� 4WO OTHER COMPOUNDS WERE IMPORTANT

IN SEPARATING THE SORBENTS IN ,$�� CYCLOPENTEN
�

ONE AND �
NONENE� #ONCENTRATIONS OF BOTH OF THESE
6/#S WERE HIGHEST IN THE 4ENAX'2 TUBES� 2EDUCED
CONCENTRATIONS OF �
PENTANONE WERE DETECTED� AND

�
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&IGURE �� "OX AND WHISKER PLOT OF THE COMPOUNDS SELECTED FROM THE LOADINGS PLOT OF THE PRINCIPAL COMPONENT DISCRIMINANT
FUNCTION ANALYSIS OF BREATH SAMPLES FROM THE 2E#)6!� 4HE WHISKERS HERE REPRESENT THE QUARTILES±��� X THE INTERQUARTILE RANGE�

#YCLOPENTEN
�
ONE WAS NOT RECOVERED ON 4!�4$
TUBES� .EITHER COMPOUND WAS RECOVERED IN THE
4!�4$ TUBES� "OTH OF THESE COMPOUNDS WHERE FOUND
IN THE SORBENT BACKGROUND SAMPLES AND APPEAR TO BE
CONTAMINANTS�

-ANY BREATH SAMPLING PAPERS REPORT LITTLE OR NO
DRY PURGING BASED ON APPRAISAL OF THE LITERATURE� !S
MANUFACTURERS OF BREATH GAS SAMPLERS STRIVE TO MIN

IMIZE INTERACTION BETWEEN SAMPLES AND THE SURFACES
THAT LINE THE DEVICE INTERIOR� SAMPLE FLOW PATH HAS
BECOME SHORTER� 4HIS IS PARTICULARLY EVIDENT IN THE
RECENTLY DESIGNED 2E#)6! SAMPLER WHERE THE TUBES
ARE DIRECTLY BELOW THE PARTICIPANT�S MOUTH� #ONCOM

ITANTLY� THE LIKELIHOOD OF SIGNIFICANT VOLUMES OF WATER
BEING LOADED ONTO SAMPLING TUBES HAS INCREASED� )N
THESE TESTS A � MIN WASHOUT PERIOD WAS USED TO REDUCE
THE IMPACT OF EXOGENOUS 6/#S ON THE RESULTS� $URING
THIS TIME THE THERMAL DESORPTION TUBES WERE PRESENT
IN THE 2E#)6! MASK AND IT IS POSSIBLE THAT WATER� AND
6/#S�MAY PASSIVELY DIFFUSE ONTO THE TUBES� &OR FUTURE
WORK CONDUCTING THE WASHOUT WITH THE TUBES CAPPED
OR WITH BLANKING RODS IN PLACE MAY REDUCE VARIAB

ILITY IN THE RESULTS� )T HAS ALSO BEEN NOTED THAT ON

SORBENT CHEMICAL REACTIONS OCCUR� AND MAY BE MORE
LIKELY IF THE TUBE IS SATURATED WITH WATER� PARTICU

LARLY FOR CARBONYL COMPOUNDS �3ANCHEZ AND 3ACKS
����� ,OMONACO ET AL ����	� )T MAY BE IMPORTANT
TO REDUCE THE HUMIDITY OF THE GAS BEING DRAWN OVER
SORBENT TUBES DURING SAMPLING IN ORDER TO IMPROVE
SAMPLING ACCURACY ANDMECHANISMS FOR ACHIEVING THIS
HAVE BEEN SUGGESTED IN AIR QUALITY MONITORING STUDIES
�-ACEIRA ET AL ����	� %FFICIENT DRY PURGING OF TUBES IS
IMPORTANT TO ENSURE ACCURATE AND RELIABLE ANALYSIS AND
OPTIMISED DRY PURGE VOLUMES ARE NECESSARY TO PREVENT
ANALYTES OF INTEREST FROMBREAKING THROUGH THE SORBENT
MATERIAL AS WATER IS REMOVED �'AWLOWSKI ET AL ����	�

! METHOD FOR DOING SO IS PRESENTED IN THIS WORK BUT
FURTHER OPTIMISATION IS LIKELY POSSIBLE� &OR EXAMPLE�
THE DRY PURGE FLOW RATE WAS NOT OPTIMISED AND IT IS
LIKELY THAT SHORTER PURGE TIMES COULD BE ACHIEVED WITH
HIGHER FLOWS� &URTHERMORE �(O ET AL ����	 HIGHLIGHT
THAT TUBE TEMPERATURE MIGHT BE AN IMPORTANT FACTOR
TO CONSIDER DURING DRY PURGING TO REDUCE THE LOSS OF
VOLATILES OF INTEREST� !LTERNATIVE METHODS OF TRAPPING
6/#S SUCH AS NEEDLE TRAP MICRO EXTRACTION �.4-%	
HAVE BEEN SHOWN TO PROVIDE RELIABLE RESULTS WHEN
APPLIED TO BREATH SAMPLING �&ILIPIAK ET AL ����� "IAGINI
ET AL ����	� !DDITIONALLY .4-% DOES NOT RETAIN WATER
DURING SAMPLING REMOVING THE NEED FOR A DRY PURGING
STEP AND FOR CERTAIN APPLICATIONS THIS TECHNIQUE COULD
BE USED INSTEAD OF SORBENT TUBES�

&OR UNTARGETED STUDIES� CHOOSING THE BEST SORB

ENT MATERIAL FOR BREATH SAMPLING REMAINS CHALLEN

GING� "ASED ON REPEAT ANALYSES OF BREATH SAMPLES� ALL
THREE SORBENT MATERIALS PERFORMED WELL� WITH ONLY
FIVE COMPOUNDS HIGHLIGHTED AS SIGNIFICANTLY DIFFERENT
BETWEEN SORBENT TYPES� )T SHOULD BE NOTED THAT THE
SAME TRAP WAS USED FOR THE ANALYSIS OF ALL THE SAMPLES
RATHER THAN ATTEMPTING TO MATCH THE TRAP TO THE TUBE�
)T IS POSSIBLE THAT THIS HAD A DAMPENING EFFECT ON
THE COMPARISON OF THE SORBENTS� MAKING IT HARDER TO
IDENTIFY SUBTLE DIFFERENCES BETWEEN THEM� /F THE DIF

FERENCES OBSERVED� THREE OF THE FIVE COMPOUNDS IDEN

TIFIED AS BEING OF INTEREST FROM THE LOADINGS PLOT WERE
SHOWN TO BE SORBENT BACKGROUND CONTAMINANTS� !LL
THE SORBENT MATERIALS USED IN THE STUDY GIVE OFF CON

TAMINANT 6/#S WHICH CAN AFFECT THE LIMITS OF DETEC

TION THAT CAN BE ACHIEVED FOR CO
ELUTING COMPOUNDS�
7HILE MANY OF THESE COMPOUNDS ARE FOUND AT VERY
LOW INTENSITIES THEY CAN INCLUDE ALKANES� BENZENE AND
TOLUENE� XYLENE AND SEVERAL ALDEHYDES IN 4ENAX TUBES
�-ACLEOD AND !MES ����� 5HDE AND 3ALTHAMMER

�
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����	� )MPORTANTLY� THESE BACKGROUND CONTAMINANTS
ARE OFTEN ALSO ENDOGENOUS BREATH 6/#S OF POTENTIAL
INTEREST� &OR EXAMPLE� �
METHYL
FURAN AND FURFURAL
WERE FOUND IN THE SAMPLES TAKEN ON DUAL BED SORBENT
TUBES WITH THE HIGHEST RECOVERY IN 4!�4$� "OTH COM

POUNDS HAVE BEEN PREVIOUSLY FOUND IN HUMAN BREATH�
FURFURAL HAS BEEN SUGGESTED AS A MARKER TO DISCRIM

INATE HEALTHY CONTROLS FROM THOSE WITH GASTRIC CAN

CER �8U ET AL ����	 AND �
METHYL
FURAN WAS LINKED
TO A LOSS OF ASTHMA CONTROL �"RINKMAN ET AL ����	�
"OTH COMPOUNDS ARE ALSO KNOWN ADDITIVES TO FOOD
PRODUCTS AS FLAVOURINGS AND ARE LIKELY TO ARISE FROM
EXOGENOUS SOURCES� 4HE COMPOUNDS SHARE HIGH LEVELS
OF STRUCTURAL SIMILARITY AND� IN THE PRESENT STUDY� IT
IS POSSIBLE THAT ONE OF THEM WAS INGESTED AND SUB

SEQUENTLY METABOLISED TO GENERATE THE OTHER� )T WAS
EXPECTED THAT THE TUBES PACKED WITH 4!�4$ WOULD
SHOW BETTER RETENTION OF HIGHLY VOLATILE COMPOUNDS
DUE TO THE INCREASED SORBENT STRENGTH OF #ARBOGRAPH
�4$� 4HIS WAS BORNE OUT BY THE HIGHER CONCENTRATIONS
OF �
METHYL FURAN�

4HIS STUDY WAS MAINLY FOCUSSED ON THE IMPACT OF
WATER RETENTION ON THE ABILITY OF SORBENT MATERIALS
TO RETAIN 6/#S� 4HERE ARE ALSO OTHER PROPERTIES THAT
MAY IMPACT THEIR USE FOR DIFFERENT TYPES OF STUDIES�
4HE FRIABILITY �THE TENDENCY OF A COMPOUND BREAK

ING DOWN DUE TO COMPRESSION	 OF THE SORBENT MATER

IALS IS ANOTHER KEY FACTOR FOR CONSIDERATION IN STUDIES
THAT INVOLVE SHIPPING TUBES BETWEEN THE SAMPLING LOC

ATION AND THE LABORATORY� 4HIS IS DUE TO THE HIGHER
CHANCE OF MECHANICAL IMPACT THAT MAY DAMAGE THE
SORBENT MATERIAL� 'RAPHITISED CARBON BLACKS SUCH AS
#ARBOGRAPH �4$ AND #ARBOGRAPH �4$ ARE PARTICU

LARLY VULNERABLE TO THIS KIND OF DAMAGE AND SCANNING
ELECTRON MICROSCOPY MAY PROVIDE USEFUL INSIGHTS INTO
THE IMPACT OF MECHANICAL SHOCKS TO SORBENT MATERI

ALS� 4HE NUMBER OF THERMAL CYCLES THAT EACH TUBE CAN
UNDERGO BEFORE THE ARTEFACTS FROM THE THERMAL DESORP

TION START TO IMPACT LIMITS OF DETECTION WAS ALSO OUT

SIDE THE REMIT OF THIS STUDY� BUT IS INTERESTING TO CON

SIDER DUE TO THE HIGH COSTS INCURRED IN REGULARLY REPLA

CING SORBENT TUBES�

�� 2ECOMMENDATIONS AND CONCLUSION

/UR RESULTS INDICATE THAT ALL OF THE SORBENT MATERIALS
UNDER INVESTIGATION ARE EFFECTED BY HIGH 2( AND THAT
THERE WERE FEW DISTINGUISHING COMPOUNDS OBSERVED
WHEN COMPARING BREATH SAMPLES� 4O HELP DETERMINE
WHICH SORBENT MATERIAL IS MOST APPLICABLE FOR FUTURE
STUDIES THE FOLLOWING RECOMMENDATIONS ARE MADE�

• 4!�4$ TUBES ARE ABLE TO TRAP A WIDER RANGE OF
COMPOUNDS THAN EITHER 4!�4$ OR 4ENAX'2� &OR
STUDIES TARGETING LIGHT 6/#S �INCLUDING ISOPRENE
AND ACETONE	 4!�4$ SHOULD BE CHOSEN AND THE
SAMPLING VOLUME SHOULD BE REDUCED BELOW ��� ML
TO PREVENT BREAKTHROUGH FROM OCCURRING�

• 4!�4$ AND 4ENAX'2 RETAINED SIGNIFICANTLY LESS
WATER� THEREFORE REQUIRING LESS DRY PURGING AND
POTENTIALLY OFFERING GREATER PRE
PURGE STORAGE STA

BILITY� 4HEREFORE� FOR STUDIES THAT ARE SAMPLED AT
SITES WHERE DRY PURGING CANNOT BE PERFORMED
BEFORE SHIPPING 4!�4$ OR 4ENAX'2 ARE MOST
APPLICABLE� /F THE TWO� 4!�4$ EXHIBITED HIGHER
BREAKTHROUGH VOLUMES THAN 4ENAX'2 FOR LIGHTER
COMPOUNDS�

• &INALLY� IF A STUDY REQUIRES SAMPLING AT A DISTANT
LOCATION FROM ANALYTICAL LABORATORY THEN SELECTING
A NON
FRIABLE SORBENT MATERIAL COULD REDUCE THE
CHANCE OF SORBENT BREAKDOWN DURING TRANSPORT� )F
DURABILITY IS A KEY CONCERN� 4ENAX'2 SHOULD BE
CHOSEN�

4HIS WORK HAS COMPARED THE SUITABILITY OF THREE
DIFFERENT SORBENTS FOR THE OFFLINE ANALYSIS OF BREATH
6/#S� !LL THREE SORBENTS PERFORMED WELL SUGGESTING
THAT SELECTION OF ONE OF THESE THREE SORBENT TUBES OVER
ANOTHER IS UNLIKELY TO BE A CRITICAL FACTOR IN EXPERI

MENTAL DESIGN� %ACH SORBENT MATERIAL OFFERS CERTAIN
ADVANTAGES THAT RENDER IT MORE SUITABLE TO SPECIFIC
STUDIES� (OWEVER� IT IS CRITICAL THAT SORBENT TUBES ARE
DRY PURGED BEFORE STORAGE AND ANALYSIS TO PREVENT THE
DEGRADATION OF BREATH SAMPLES AND A POSSIBLE METHOD
FOR THIS HAS BEEN DESCRIBED HERE� &URTHERMORE� THE
IMPACT OF RELATIVE HUMIDITY DURING THE LOADING OF
6/#S ONTO SORBENT MATERIALS HAS BEEN HIGHLIGHTED
AND SHOULD BE A CONSIDERATION IN THE DESIGN AND
APPLICATION OF FUTURE BREATH SAMPLING DEVICES�
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