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Abstract

Analysis of breath acetone has been used as a diagnostic tool for diabetes. Due to its nature of volatility and activity, it is very difficult
to accurately measure the concentration of acetone in human breath by gas chromatography—mass spectrometry (GC-MS). To overcome
this problem, we developed a new method using GC-MS and solid-phase microextraction (SPME) with on-fiber derivatization to determine
acetone in human breath. Breath gas from controls and diabetic patients was collected in 3-1 Tedl@rhHags5,6-(Pentafluorobenzyl)
hydroxylamine hydrochloride (PFBHA) in solution was firstly adsorbed on the SPME fibergigiolydimethylsiloxane—divinylbenzene
(PDMS-DVB), and then the fiber was further headspace exposed in exhaled gas in the Tedlar badat4itin. Finally, the formed acetone
oxime on the fiber was desorbed and analyzed by GC-MS. Using external standard method, acetone in the human breath was quantitatively
analyzed by measurement of its oxime. The method provided a low detection limit of 0.049 ppbv for acetone in breath, relative standard
deviation (R.S.D.) value of 3.4%, excellent accuracy. In addition, the method required simple sample preparation and no organic solvent.
Acetone in diabetic breath was found to be higher than 1.71 ppmv, while its concentration in normal breath was lower than 0.76 ppmv. The
results show that GC-MS and SPME with on-fiber derivatization is a simple, rapid and sensitive and solvent-free method for determination
of low concentration acetone in breath and analysis of breath acetone can be used as supplementary tool for diagnosis of diabetes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ple in the United States, or 6.3% of the population, who have
diabeteg1]. In China, about 40 million people have diabetes
Diabetes is a chronic disease in which the body does not[2]. In general, diabetes is diagnosed on based of glucose con-
produce or properly use insulin. Insulin is a hormone that is centration in blood. A noninvasive method, breath analysis
needed to convert sugar, starches and other food into energyas been developed for diagnosis of diabfde§]. Acetone
needed for daily life. The cause of diabetes continues to beis produced by lipolysis, absorbed into the blood stream, and
a mystery, although both genetics and environmental factorsexcreted in the breath. Diabetes patients are either unable to
such as obesity and lack of exercise appear to play roles.make insulin or the insulin is not able to work effectively
Diabetes mainly includes type 1 diabetes, type 2 diabetes,and their body use fat instead of glucose for energy, which
gestational diabetes and pre-diabetes. Type 2 diabetes is théead to large amount of acetone in blood and breath. Acetone
most common form of diabetes. There are 18.2 million peo- concentration was found to elevate by at least two degrees
of magnitude in the plasma of diabetic patiefdt$]. Breath
* Corresponding author. Tel.: +86 21 65643983; fax: +86 21 65641740, 2C€tONe in diabetic patient was also found to be much higher
E-mail addressxmzhang@fudan.edu.cn (X. Zhang). thanthatin contrdl3,5]. Acetone has been regarded as anim-
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portant disease marker of diabetes and ketoaci8sis 7] Louis, MO, USA). Solid-phase microextraction holder and
Analysis of acetone in breath has been used as supplementarthe fiber of 65u.m polydimethylsiloxane—divinylbenzene
tool for diagnosis of diabetes. (PDMS-DVB) were from Supelco (St. Louis, MO, USA).
Breath analysis is a noninvasive technique and has beenThe magnetic stirrer was purchased from ShiLe Company,
used as a tool for screening of many dised8ed1]. It is Shanghai, China. Tedlar gas bags (31, 0.05mm thickness)
very important to develop breath analysis to early diagno- equipped with PTFE-coated septa were from RenHe Com-
sis of diabeteg12]. Acetone and other volatiles in breath pany, Shanghai, China. Stir bars and 8-ml PTFE-capped vials
are present in nanomolar quantitites. To improve the sensi-were purchased from AnPu Company, Shanghai, China. PF-
tivity and precision of determination, many techniques in- BHA solution (17.0 mg/ml) was made by dissolving PFBHA
cluding chemical, adsorptive binding and cold trapping were into bisdistillation water. One milliliter of PFBHA solution
developed for preconcentration of exhaled breath before as-and a 1-cm stir bar were introduced into an 8-ml PTFE-
say with gas chromatography—mass spectrometry (GC—-MS)capped vial.
[13—-17] However, these sample preparation technigues were
tedious and time-consuming procedures. Lord et al. devel-2 2. Diabetes patients and controls
oped a semi-continuous method for breath analysis and mon-

itoring by using membrane extraction with sorbent interface  Fifteen patients diagnosed with type 2 diabetes were from
[18]. Chemical sensors were also applied to breath analysisHuadong Hospital, Shanghai, China. They are eight women
[19,20] Recently, asimple, rapid, solvent-free and pump-free with average age of 56 years and seven men with average age
technique, solid-phase microextraction (SPME), was devel- of 52 years. Fifteen controls were from Fudan University,
oped for determination of acetone and other volatile biomark- Shanghai, China. Among them, eight women have average

ers in human breath and blog#l-23] Spinhirne et al. fur-  age of 42 years and seven men have average age of 54 years.
ther developed SPME with GC-MS for the bovine and cattle

breath analysif24,25]
Due to its nature of volatility and activity, it is very dif-
ficult to accurately measure the concentration of acetone

in human breath. To overcome it, derivatization of acetone 1 30 subjects were asked to come to the analytical lab-
is needed, prior to GC-MS analysis. In the present Work, g a10ry Tedlar gas bag was chosen as collection container
a simple, rapid and sensitive method, GC-MS and SPME (¢ oyhaled gag22]. Prior to use, the new Tedlar bags were
with on-fiber derivatization was developed for accurate de- jeaned three times by using pure nitrogen. Breath from the
termination of acetone in human breath. Atfi312,3,4,5,6- g hiects was collected via a two-way non-re-breathing valve
_(pentaﬂ'uorobenzyl) hydroxylamine hydrochloride (PFBHA) into a 3-1 Tedlar gas bag. The subjects were asked to inhale
in solution was headspace adsorbed by a SPME fiber, and,qqerately and then to exhale as much as possible in a 3
then the fiber was further exposed in exhaled gas. The ex-rgqjayr hag. The sample (31) of ambient air was collected at
tracted acetone was rapidly reacted with PFBHA on the fiber o same time. After collection, gas samples in the Tedlar
and formed oximekKig. 1). Acetone in breath was analyzed bags were analyzed in 30 min.

by measurement of its oxime by GC-MS. The validation of The 0.9, 7.2, 20.4, 40.8 and 83u&ol/ml stock solutions

the present method was studied and thg method was applieds 5cetone were prepared by diluting ©0liquid acetone

to analysis of acetone in breath from diabetic patients and it 10 ml bisdistilled water and its dilutions. Acetone gas

controls. standards with concentrations of 0.073, 0.59, 1.66, 3.32 and

6.64 ppmv were performed by injection of jLDstock solu-

tions into 3-1 Tedlar bags by septa, respectively, and then

introduction of nitrogen gas into the bags by the ratio of

2.1. Chemicals and materials 1.01l/min. Deionized water (0.12 ml) was added into each bag

by septa to obtain a saturated atmosphere. The sample bags

Acetone andO-2,3,4,5,6-(pentafluorobenzyl) hydroxy- were thermostatted at 4C for 5 min (preheating time) prior

lamine hydrochloride were purchased from Sigma (St. to analysis.

2.3. Collection of breath gas and preparation of acetone
gas standards

2. Materials and methods

F F F F
CHz _~CH3
CHy—O—1NH; + O:C\ —»F CHZ—O—N:C\
CHy CHs
F F F
PFBHA Acetone Oxime

Fig. 1. Schematic of the reaction between breath acetone and the derivatizing agent (PFBHA) occurring on the SPME fiber.
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2.4. Extraction conditions thermally desorbed in splitless mode for 2min and after-
wards the splitter was opened and the fiber was removed. The
PFBHA in solution was adsorbed by a SPME fiber priorto chromatography column was a 30-m (0.25 mm i.d., .86
extraction of acetone. Polydimethylsiloxane—divinylbenzene phase thickness) HP-5MS fused-silica capillary column (Ag-
(65um) fiber was selected because it adsorbed PFBHA with ilent, USA). The carrier gas was helium with flow rate of
greater reproducibility than the other fibers such asl®0 1.0 ml/min. Split ratio of 30:1 was used. The column temper-
polydimethylsiloxang26]. The effect of loading time onthe  ature programs were: initial temperature of°€Q) increase
mass of PFBHA was investigated in our previous W@X]. to 150°C at 10°C/min, then increase to the final temperature
The mass of PFBHA loaded on the fiber was found to increase of 300°C at 20°C/min, hold for 1 min. Total ion current was
as the loading time. The equilibrium time is around 15 min. monitored for all samples using electron-impact ionization
Because of nanomolar concentration of acetone in human(70eV). A scan rate of 1 scan/s was applied. Quantification
breath, the mass of PFBHA loaded on the fiber in extraction was performed using characteristic mass. The peakzAt81
time of 10 min is enough for derivatization of acetone in 3| was used for quantification of acetone in breath.
breath gas.
The temperature of adsorption of acetone was used as2.7. Linear range, limit of detection, precision, accuracy
40°C [22]. This temperature was chosen to ensure evapo-and recovery
ration of all condensed water and acetone in expired gas as
well as standards. Higher temperatures could damage the bag The linear range of the method was investigated by de-
material and in the case of lower temperatures water conden-termining calibration curves in the concentration ranges of
sation on bag walls and the fiber itself occur. interest. Acetone gas standards with concentrations of 0.073,
Adsorption time of acetone was investigated. The extrac- 0.59, 1.66, 3.32 and 6.64 ppmv were analyzed. The line of
tion time profiles were established by plotting detector re- best fit for the relationship between peak areas (obtained by
sponses against the extraction time (10, 60, 120, 180, 240,integrating the selected ian'z181 chromatograms) and con-
300, 360 and 420 s) using the acetone gas standard with vol-centrations of acetone was determined by linear regression.

ume of 31 and concentration of 0.59 ppmv. Six replicate measurements of the calibration gas
(1.66 ppmv) in six gas bags were performed. Precision was
2.5. SPME procedure assessed by calculating the mean, standard deviation (S.D.)

and relative standard deviation (R.S.D., %) of the observed
Before the SPME procedure, the PDMS-DVB fiber was values.
pretreated in the injection port of a gas chromatograph at  The limit of detection (LOD) was estimated based on the
250°C for 10 min. signal-to-noise ratio obtained for calibration gas at low con-
The syringe needle of the SPME device with the centration. The LOD was defined as that concentration of an
PDMS-DVB fiber was inserted into the 8-ml headspace vial analyte that produced a signal 3S.D. above the mean of a
with 1.0 ml PFBHA solution. The fiber was exposed on the blank sample.
headspace of the solution for 10 min. Adsorption temperature  The accuracy of the method was investigated by creating a
of 25°C and stirring ratio of 1100 rpm were used. five-point calibration curve for acetone in the range of inter-
After adsorption of PFBHA, the syringe needle was in- est (0.073—-6.66 ppmv). A gas standard (0.88 ppmv) was pre-
serted into the sample bag with breath gas and the fiber wagpared by injection of 1l stock solution with concentration
further exposed in breath gas at the temperature 6€40r of 7.2pmol/mlinto 3- Tedlar bag. Triplicate measurements
4 min. The needle containing the SPME fiber was withdrawn of the gas standard were carried out and its concentration was
and introduced into the port of a capillary gas chromatograph. calculated based on the calibration curve.

Port temperature was 25C. The SPME device was held in The recovery was investigated by addingud®f a stock
the port for 2.0 min to allow complete desorption of acetone solution with acetone concentration of fuol/ml to a dia-
oxime. betic breath gas (3 1) and a normal breath gas (3 1) containing

The same procedure was applied to the analysis of acetoné&known amounts of acetone, respectively. Triplicate analyses
gas standards ranged from 0.073 to 6.64 ppmv. Replicate fourwere performed.
analyses of the same concentration of acetone gas standards in
the four 3-1 gas bags were performed to obtain the calibration 2.8. Storage time and temperature of the samples
curve of quantification of breath acetone.
Tedlar gas bags were applied to collection of human ex-
2.6. Gas chromatography—mass spectrometry haled ga$22]. Considering that the sample loss might occur
duo to adsorption or diffusion through the bag walls, the ef-
Acetone analysis was performed on a Finnigan Voyager fect of sample storage time and temperature on the acetone
gas chromatograph—-mass spectrometer. The fiber with ex-concentration in Tedlar bags was investigated. Storage tem-
tracted analytes was inserted into the split/splitless injector perature higher than 4@ could destroy the bag wall, so
of GC and heated up to 25C, where the compounds were 40°C was selected as the storage temperature. A standard
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42 - extraction times. The extraction time profiles are shown in

~ 40 Fig. 2 The amounts of acetone oxime dramatically increase

2 38 i/;l[,_,(}f— {_;'} from 10to 120 s. After extraction time of 240 s, increase ratio

£ 36 s of the oxime amount was very slow. Therefore, a short time of

g 34 g 240 s was selected as the extraction time of acetone in human

g 3, breath.

8 30 .

o o] s 3.2. Linear range, limit of detection, precision, accuracy

2 264 and recovery

¥ 24

L, On basis of the calculation method described above, lin-
5] ¥ ear range, limit of detection, precision, accuracy and recov-

T f T L 1
0 100 200 300 400 500
Extraction time (second)

ery of the present method was obtained. The linear range
for quantitative analysis of acetone in breath is from 0.073
to 6.64 ppmv. Precision expressed by R.S.D. was 3.4%, and
Fig. 2. Effect of extraction time on amount of acetone oxime. Extraction detection limit was 0.049 ppbv. Using the calibration curve
temperature, 40C; desorption conditions, 25@ and 2 min. of y = 6.75x 10’x + 8.38 x 10* (r2 = 0.998) (wherey is

the acetone oxime peak area anthe acetone concentra-
gas with acetone concentration of 0.59 ppmv was used in thetion with the unit of ppmv), we found acetone concentration

study. Standard gas samples were stored aC40r six dif- of 0.88+ 0.01 ppmv in the gas standard containing acetone
ferent times (10, 30, 120, 240, 360 and 600 min), and then concentration of 0.88 ppmv. Recoveries for diabetes breath
extracted and analyzed by the present method. with acetone concentration of 1.87 ppmv and normal breath

with acetone concentration of 0.54 ppmv werei9Z and 99
+ 3%, respectively.
3. Results
3.3. Breath acetone analysis
3.1. Extraction time
Fig. 3is the mass spectrum of the acetone PFBHA oxime.
After adsorption of PFBHA in solution at 2% for 10 min, Base peak atvz 181 of acetone oxime was used as selected
the PDMS-DVB fiber was further exposed in the headspaceion monitoring (SIM) for quantitative analysis of acetone.
of the acetone standard gas (0.59 ppmv) ai@éor different Fig. 4 shows the SIM chromatograms of diabetes patient
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Fig. 3. The GC-MS mass spectrum of acetone PFBHA oxime.
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1004 Acetone oxime Table 1
Acetone in breath from diabetic patients and controls
:E PFBHA Patient Acetone Control Acetone
_%’ concentration (ppmv) concentration (ppmv)
2 1 1.87 1 0.48
2 2 181 2 0.55
é 3 219 3 0.23
4 2.26 4 0.52
| 5 2.03 5 0.66
-:)(l()t) 5.000 i ()HUI}J : 7.000 ‘ 8000 9 ()‘IIEJ 10.000 ‘ 11.000 12,000 13.000 14.000 6 2.44 6 0.70
‘ . : ‘ ’ ‘ ‘ ’ - - : 7 2.50 7 0.44
(a) Retention time (min) 8 2.78 8 0.40
9 3.73 9 0.75
ely PFRHA 10 2.30 10 0.31
11 1.88 11 0.22
l 12 3.30 12 0.48
13 1.76 13 0.80
14 2.40 14 0.59
2.07 15 0.54

Acetone oxime

Relative abundance (%)
=
(6]

\ 3.4. Storage time

. Ii ‘ | GC-MS analyses using our method are difficult to carry
4000 5000 6000 7.000 x.{in() 9000 10,000 11000 12000 13000 14,000 out at the patient’s bed-side and samples must be transported
L Fetention time (min) to the laboratory. Therefore, it was essential to know how
100 _— long the samples can store in the Tedlar bags. By measuring
0.59 ppmv acetone gas in the sample bags after storage at
40°C for the six different times (10, 30, 120, 240, 360 and
600 min), the peak areas of acetone oxime obtained were 3.82
x 107, 3.81x 107, 3.81x 10/, 3.79x 10/, 3.14x 10’ and
2.67 x 107, respectively. This shows that the samples are
stable for 4 h, and that samples cannot be stored more than
6 h, probably duo to diffusion of acetone through the bag wall
or adsorption onto it.

Relative abundance (%)

Acetone oxime
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(c) Retention time (min)

Fig. 4. SIM chromatogramsr{z 181) of diabetes breath (a), normal breath 4. Discussion

(b) and ambient air (c) by GC-MS and SPME with on-fiber derivatization. ] ) .
Conditions: sample volume, 31; PDMS-DVB fiber; derivatization agent, To accurately measure carbonyls with high volatilidy,

PFBHA; extraction temperature, 4Q; extraction time, 240's; desorption 2,3,4,5,6-(pentafluorobenzyl) hydroxylamine hydrochloride
temperature, 250C; desorption time, 2.0 min. was developed for derivatization of the carbonyl prior to GC
analysig[28]. Carbonyl compounds in samples can be con-
verted, through derivatization with PFBHA, into chemical
forms that are thermally stable and suitable for GC analysis.
breath, control breath and ambient air by GC-MS and SPME Itis demonstrated that carbonyls after derivatization with PF-
with on-fiber derivatization. Very low amount of acetone in BHA could be accurately analyzed by GC-MS. Based simul-
ambient air was observed ifig. 4c. Higher level of ace-  taneous extraction and derivatization, SPME with on-fiber
tone was found in diabetic breath than that in control breath has developed for accurate determination of aldehydes such
(Fig. 4a and b). as formaldehyde in air and watf6,29,30] In the present
Acetone concentrations in 15 diabetic patients and 15 work, we developed GC-MS and SPME with on-fiber deriva-
controls were measured by external standard method andization for the determination of acetone in exhaled gas. In
shown inTable 1 The median acetone in control breath was this method, acetone was extracted by PDMS-DVB fiber and
0.51 ppmv, while in diabetic breath was 2.35 ppmv. The ace- rapid reacted with PFBHA on the fiber, and formed acetone
tone concentration in normal breath was ranged from 0.22 oxime in several secondBif. 1). The oxime was shown to be
to 0.80 ppmv. Breath acetone concentrations from the 15 dia-very suitable for GC analysis. In addition, the acetone oxime
betes patients were from 1.76 to 3.73 ppmv. Acetone concen-has a base peakiatz 181 ig. 3), which originates from the
tration higher than 1.71 ppmv was found in the 15 diabetes pentafluorobenzyl moiety. It is thus common to PFBHA and
patient breath. its derivativeg31]. As we know, selected ion monitoring can
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decrease the detection limit and improve the analysis sensi-breath, acetone lower than 0.76 ppmv was detected. This
tivity. The fragment ion atr/z 181 was used as monitoring is consistent with data in literatufé,11,33] These results
ion and applied to the determination of acetone in breath.  proved that obvious difference in acetone concentration ex-
Hyspler et al. used Tedlar bags to collect the exhaled gasisted in diabetes and control breath and breath acetone anal-
and applied SPME to extract of isoprene in the exhale gasysis can be used as diagnostic tool for diabetes.
[22]. It was demonstrated to be feasible to collect human
breath gas by using Tedlar baf®?]. In our study, Tedlar
bag was also selected as sampling container for breath gas5. Conclusions
However, the Tedlar bag might have two main disadvantages:
(1) Residual acetone and other impurities derived from the  The GC-MS and SPME with on-fiber derivatization is a
manufacturing process. (2) Sample looses duo to adsorptionsimple, rapid and sensitive method, which is well suitable for
or diffusion through walls. To get rid of the residual acetone, the determination of acetone in human breath. The present
prior to use, the new Tedlar bags were cleaned three timesmethod could be applied to diagnosis of diabetes and ke-
by using pure nitrogen. The prepared bags were analyzedtoacidosis.
by GC-MS with on-fiber derivatization. No acetone was de-
tected in the prepared Tedlar bags. This shows that residual
acetone was gotten rid from the new bags by cleaning with Acknowledgements
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