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Abstract 

The most abundant I~~~~-moI~c~lar-mass organic acids in cigarette smoke are glycoiic, lactic, formic and acetic 
acids. In this study, these substances were detected and determined by high-performance liquid chromatography 
(HPLC) and by capillary ~~e~tro~hores~s (CE). HPLC analysis used ~reco~umn derivat~zatio~ with the p- 
bromoFh~naey~ bromide. The two methods were compared. The levels of each organic acid in a typical ‘<European 
blend” cigarette smoke measured by WPLC and CE were comparable. The corresponding run-to-run relative 
standard deviations (R.S.D.s) ranged from 6 to 12.7% for HPLC and from 2.8 to 12.4% for CE, The 
smoking-to-smoking reproducibility (R.S.D.) was between 4.2 and 11 .O% for HPLC and between 1.2 and 14.0% 
for GE. The limit of detection, calculated at a signal-to-noise ratio of 3 for each acid, was about 10W6 mol/l for the 
two methods, corresponding to 5 pmol of analyte injected for HPLC and 0.5 pmol for CE. CE was shown to be a 
good alternative to HPLC. requiring almost no sample preparation other than dilution, and giving a short analysis 
time (less than 15 min). 

The mainstream smoke aerosol 
duced by burning tobacco is a complex matrix 
composed predominantly of water, nicotine and 

organic molecules. Several organic acids have 
been identified in cigarette smoke: low-molecu- 

lar-mass organic acids [l-5], mainly acetic, for- 
mic, lactic and glycolic [6]; aromatic acids [7,X]; 
and high-molecular-mass organic acids [9- 11). 
Analytical approaches adopted for the measure- 

ment of these compounds have been based on 
gas chromatogra~~~c (GC) methods with deri- 
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vatization steps [G-13] or high-~erf~rrna~c~ liq- 

uid ch~~~matography (HPLC) [14,15]. 
GC methods used the conversion of organic 

acids into methyl [7,9,10], butyl [6] and penta- 
fluorobenzyl [ 12,131 esters, or trimethylsilyl de- 
rivatives [2,6,8,9]. In all instances, complex 

extraction steps were necessary, because these 
methods were not specific for organic acids and 
the reagents used could interact with many 
compounds containing functional groups with an 
active hydrogen_ Moreover, CC methods were 
dif~cu~t to use in a routine manners 

We have found no report on the use of high- 
performance i~~-~~c~~sion chrorn~~og~~~ 
the analysis of tobacco smoke and only two 

reserved 



references to anion-exchange chromatography. 
This is probably because smoke produced by 
burnish tobacco is largely i~solubIe in water and 
most samples for ion chromatography are aque- 
ous or are solubilized in an aqueous medium. As 
with GG met~ods~ the HPLC methods also used 
complex extraction steps followed by s~~a~tion 
on an anion-exchange column. Owing to the 
poor resolution of the analysis, only acetic and 
formic acids could be detected and dete~i~ed 

PI. 
Current HPLC or GC methods thus lack 

specificity and ruggedness for routine work. The 
aim of this work was to develop a routine 
method for the determination of the four most 
abundant low-molecular-mass organic acids (gly- 
colic, lactic, formic, acetic} in cigarette smoke. 
We focused our attention on reversed-phase 
HPLC, including a derivatization step with p- 
bromophenacyl bromide, and capillary electro- 
phoresis (CE). GE is a method with great 
potential for the big~-resolution separation of 
various substances 1161. The detection and de- 
termination of organic acids by CE has been 
carried out in many raw materials such as wines 
[17], sugar reentry juices [18] and food samples 
[19]. To our knowledge, no report has been 
published concerning the GE separation of or- 
ganic acids in cigarette smoke. 

2. Experimental 

HPLC 
The HPLC apparatus used in this study con- 

sisted of an LRCiMilton Roy Constametric I 
and II solvent-delivery system and an LDC/Mil- 
ton Roy SM 4000 UV detector. The separation 
was carried out with a ~u~leosil 5C,, column 
(12.5 cm x 3 mm I.D.) from Macherey-Nagel 
equipped with the corresponding precolumn (8 X 
4 mm I.D.). Samples and standards were in- 
jected using a Rheodyne 5-~1 loop. 
tion and treatment were accomplished by using a 
Minichrom data acquisition system (VG Data 
Systems). 

CE 
The CE instrument used was a Quanta 4000 

(eaters Cb~omatogra~hy division of 
with a Maxima 820 data station (version 3.30). 
Conventional fused-silica capillaries (100 cm X 
375 pm Q-D, x 75 pm I.D.) were used. Detec- 
tion was carried out by measuring the absor- 
bance on the column at a position 10 cm from 
the end of the capillary tube. All pH values were 
measured with a Schott Gerste Model 6820 pH 
meter calibrated immediately prior to use. 

2.2. Reagents 

Deionized water (produced with a Millipore 
Milli-Q water-purification system) was used to 
prepare all solutions. Acetonitrile was obtained 
from Merck (~ichrosolv grade), rn~t~~no~ from 
Carlo Erba (for HPLC grade) and acetone from 
Merck (for analysis grade). All solvents were 
used as received. Sodium hydrogencarbonate 
was obtained from Fiuka (~icros~~e~t grade). 
Sodium hydroxide (1 M) was purchased from 
Merck. The reagents used for HPLC were p- 
b~omophena~yl bromide (Merck) and two crown 
ethers, di~yclohexane-I~-crown-6 and 1,4,7,10, 
13,16-hexaoxacyclooctadecane (Fluka). The in- 
ternal standards were 2,5-dimethylacetophenone 
(ICN) for HPLC and methylsu~~ni~ acid (F’luka) 
for CE, The electroosmotic Ilow modifier (OF&I 
Anion-BT) was obtained from Millipore. It is 
composed mainly of tetradecyltrimethylam- 
rno~i~rn bromide (I-TAB). The UV-active com- 
ponent used for CE, with the same charge as the 
analytes, was potassium hydrogenphthalate (Al- 
drich). The standard samples used far calibration 
were sod~~rn t-lactate ~~~~ka, ~~~urn~~ potas- 
sium acetate (Prolabo, Normapur), potassium 
formate (Fluka, Microselect), glycolic acid 
(Merck, for analysis) and sodium succinate 
(Merck, for synthesist. 

2,3. Mechanical smoking of cigarettes and 
trapping qf smoke 

Mechanical smoking of cigarettes was carried 
out under normal conditions [20]. A twenty- 
channel Filtrona 300 smoking machine was used. 
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The particulate phase of the smoke was trapped 
by filtration through a normalized Cambridge 

fibre-glass filter (Borgwaldt, Hamburg, Ger- 
many). Twenty-five cigarettes were smoked for 

each determination. 

2.4. Procedures 

HPLC 
Immediately after smoking, five Cambridge 

filters (each corresponding to the smoke of five 
cigarettes) were placed in 25 ml of an acetone 
solution containing the internal standard (2,5- 

dimethylacetophenone, 0.5 pliml). After mix- 
ing, the filters were allowed to stand overnight in 
the acetone solution, which is the necessary 
duration to perform the extraction of the acid 

fraction of the smoke. The day after, the filters 
were crushed and the extract was filtered. The 
derivatization reaction was then performed fol- 
lowing Durst et al.‘s procedure [21]: 500 ~1 of 
the extract were added to 100 mg of sodium 

hydrogencarbonate, 100 ~1 of a solution of p- 
bromophenacyl bromide (80 mg/ml) in acetoni- 
trile and 100 ~1 of a solution of dicyclohexane- 
18-crown-6 (8 mg/ml) and 1,4.7,10,13,16-hexa- 

oxacyclooctadecane (8 mg i ml) in ace tonitrile, 
The reaction was allowed to proceed at 80°C for 

1 h, then the preparation was injected into the 
liquid chromatograph without further purifica- 
tion. The mobile phase consisted of a mixture of 
39% acetonitrile-methanol (52:48) and 61% 
water between 0 and 20 min. then a linear 
gradient between 61 and 0% water was applied 
for 3 min. The flow-rate was 1 ml/min. All 
HPLC solvents were filtered and degassed prior 

to use. The absorption of the eluate was mea- 
sured at 255 nm (direct UV detection). All 
experiments were performed at room tempera- 
ture (22°C) _ 

CE 
Immediately after smoking, five Cambridge 

filters (each corresponding to the smoking of five 
cigarettes) were placed in 25 ml of acetone 

containing the internal standard (methylsuccinic 
acid, 50 ~1 of a 0.52 g/l aqueous solution). After 
overnight extraction, the filters were crushed and 

the extract was filtered. Sample solutions were 
placed in the CE apparatus after diluting each 
acetone solution with four volumes of deionized 

water. The background electrolyte was 5 mM 
potassium hydrogenphthalate + 1 mM OFM 

Anion-BT (ITAB) flow modifier. Its pH was 
adjusted to 5.6 with 10 mM NaOH. The indi- 
cated concentration of OFM Anion-BT refers to 
the concentration of the commercial solution; 
5% (v/v) is equivalent to 1 mA4 active substance. 
Samples were introduced hydrostatically by ele- 
vation of the sample vials to 10 cm for 30 s. The 
migration voltage and the current were kept 
constant at 18 kV and 5.8 PA, respectively. 
Analyte zone were detected by indirect UV 
absorbance at 254 nm. The total analysis time 
was 15 min. The capillary was purged with 1 M 
NaOH for 10 min, followed by a 5-min purge 
with deionized water and a 5-min purge with the 
separation buffer, prior to the initial run, It was 
also purged with the separation buffer for 5 min 

between each run. All experiments were per- 
formed at 24°C (internal temperature of the CE 
apparatus). 

3. Results and discussion 

3. I. Identification of low-molecular-mass 
organic acids in cigarette smoke by HPLC and 
CE 

The samples of smoke treated as described 
above were analysed by HPLC and CE and 
compared with a mixture of synthetic products. 
The corresponding chromatogram and elec- 
tropherogram obtained from a typical “Euro- 
pean blend” cigarette smoke are shown in Figs. 1 
and 2, and those corresponding to the synthetic 
products are shown in Figs. 3 and 4, Peak 
confirmation was achieved by comparison of 
migration times and co-injections of authentic 
standards with the smoke samples. Four organic 
acids were detected by HPLC, glycolic, lactic, 
formic and acetic acids, and five were detected 
by CE, formic, succinic, glycolic, acetic and 
lactic acids. 
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Fig. 1. Chromatogram of a European blend cigarette smoke. 
Peaks: 1 = glycolic acid; 2 = lactic acid: 3 = formic acid: 4 = 

acetic acid: 5 = internal standard. 
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Fig. 2. Electropherogram of a European blend cigarette 

smoke. Peaks: 1 = formic acid: 2 = succmic acid: 3 = internal 

standard; 4 = glycolic acid; 5 = acetic acid; 6 = lactic acid. 

Fig. 3. Chromatogram of a standard mixture of four syn- 

thetic organic acids in acetone-water (9:l). Peaks: 1 = 

glycolic acid (52.6 pgiml); 2 = lactic acid (57 pg/ml); 3 = 

formic acid (110 pg/ml); 4 = acetic acid (196 pg/ml); 5 = 

internal standard (0.5 pi/ml). 

3.2. Quantitative study of the three main 
organic acids (lactic, formic, acetic) in a 
“European blend” cigarette smoke 

Kinetics of the derivatization reaction (HP&) 
The kinetics of the reaction were studied 

directly on the smoke acetone solution. HPLC 
analyses of the reaction mixture were carried out 
at regular time intervals. The reaction was com- 
pleted in 1 h (Fig. 5). A slower reaction rate was 

noted for acetic acid. The products formed were 
stable in the reaction mixture for at least 24 h. 

Reproducibility and detection Limit 
A sample of the acetone smoke condensate 

was injected nine times into the HPLC apparatus 

and eight times into the CE apparatus. The 
reproducibility (R.S.D.) of the retention times 
was found to range from 1.4 to 1.7% for HPLC 



Fig. 4. Elcctropherogram of a standard mixture of five 

synthetic organic acids in acetone-water (9:l). Peaks: 1 = 
formic acid (27.3 pg/ml); 2 = succinic acid (26 pg/ml): 

3 = internal standard (2 ~1; ml); 4 = glyeolic acid (2X.3 pg! 

ml); S = acetic acid (97.5 pg:ml); 6 = lactic acid (30 @g:ml). 

Before injection into the CE apparatus. the standard solution 

was diluted with four volumes of deionized water. 

and from Il.4 to U.f%- for CE (Table l)_ The 

~u~~e~~ra~i~~ r~~rod~ci~~li~~ (R.S.D.) was h- 
12.7% for HPLC and 2.8-10.56/c for CE (Table 

2). R.S.D.s obtained for retention time (Table 

3) and concentration (Table 4) by repetition of 
the smoking were of the same magnitude: be- 

tween 4.2 and 11.0% for HPLC, and between 
1.2 and 14.0% for CE for concentration. 

The detection limit. calculated at a signal-to- 
rtoise ratio 3 for each acid, was about 10ph molil 

for both methods. corresponding to 5 pmol of 
analyte injected for HPLC and 0.5 pmol for CE. 

Standard samples were t~bt~~~~d by dissolving 

the acids, or their salts, in deionized water. 
Least-squares calibration graphs were con- 

structed for lactic, formic and acetic acids (three 
concentration points). The HPLC calibration 
appeared to be linear in the concentration ranges 
14-57 pgirnl for lactic acid (&c=: l.OO), 27-110 
pglml for formic acid (R’= 1.011) and 49-396 
p.gfml for acetic acid (R’ = 1.00) and CE cali- 
bration in the concentration ra’nges 7-30 pgiml 

far lactic acid (R’ = l.Wj, 14-55 /ql 
formic acid (R’ = ~.~~~) and 25-100 FgJml for 
acetic acid (R’ = I .OO ). 
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Fig. 5, Kinetics of the derivatization reaction with p-bromo- 
phenacyl bromide. Amount (pg per cigarette) of (A) acetic 
acid, (~cT1) lactic acid and (*) formic acid derivatized versus 

the heating time (min). 

Table I 
Run-to-run retention time (t,) reproducibiiity of the HPLC 

and CE analyses 

Compound HPLC CE 

Mean I, R.S.D. (5%) Meant, R.&D. (5%) 

(mint (ra = 9) (min) fn = 8$ 

kdctic acid 7.9 1.7 12.21 0.7 

Formic acid ‘2.5 1.5 9.66 0.5 

Acetic acid 12.3 1.4 12.02 0.4 



Table 2 
Run-to-run concentration (c) reproducibility of the HPLC 

and CE analyses (pg per cigarette. obtained from the peak 

area by using the calibration graphs determined for each 

acid) 

Compound HPLC CE 

Mean c R.S.D. (96) Mean c R.S.D. (%) 
(kg!cig.) (n = 9) (~gicig.) (n = 8) 

Lactic acid 32.9 6.0 22.8 10.5 
Formic acid 11.7 12.7 41.h 2.x 
Acetic acid t 1 I .4 8.7 112.3 3.8 

Table 3 
Smoking-to-smoking retention time (l,) reproducibility of the 
HPLG and CE analyses 

Compound HPLC CE 

Mean fT R.S.D. (% ) Mean t, R.S.D. (V:i) 

fminf (n=5) ~~i~~ (Fl=-ff 

Lactic acid 7.9 15 12.21 0.9 
Formic acid 9.4 2.1) 9.63 (1.5 
Acetic acid 12.2 1.5 12.00 0.3 

Table 4 

Smoking-to-smoking concentration (c) reproducibility of the 

HPLC and CE analyses (pg per cigarette. obtained from the 

peak area by using the calibration graphs determined for 
each acid) 

Compound HPLC CE 

Mean c R.S.D. ($6) Mean < R.S.D. (5% t 
(f*gicig.) (n = 4) (jAg/cig.f (n = 3) 

Lactic acid 28.3 11.0 23.0 14.0 

Formic acid 42.2 3.2 10.2 6.5 

Acetic acid 120.5 8.5 113.9 1.2 

HPLC and CE and the results are given in Table 
5. The average results for both series are com- 
parable. The calculatju~ of the experimental F 
values between the two methods gives F = 1.77 

for lactic acid, 1.58 for fo~mjc acid and 5.08 for 
acetic acid. The Snedecor table gives the critical 
F at 95% confidence level (F-: IX.51 for acetic 

Table 5 

Comparison of HPLC and CE results (pg per cigarette) 
obtained Far two smokings of 25 European blend cigarettes 

Smoking Lactic acid Formic acid Acetic acid 

HF’LC CE HPLC CE HPLC CE 

No. 1 24.3 23.4 41.1 42.1 118.6 110.7 

No. 2 27.3 24.1 38.0 41.1 118.4 115.4 

acid and 200 for lactic and formic acids). 1x1 all 
three j~stances, the calculated F value is less 
than the corresponding F value in the Snedecor 
table [22], so that one can conclude that the 
probability of the results obtained 
methods for the three acids being 
95%. 

by the two 

the same is 

The two methods proposed for the determi- 
nation of organic acids were sufficiently selective 

and sensitive to be applied directly to complex 
cigarette smoke mixtures. Both techniques pro- 
vided rapid analyses, yielding quantitative in- 

formation. They have distinct practical advan- 
tages over previous methods (GC or ion-ex- 

change HPLC): they do not need complex ex- 
traction or prepurification steps, they are easy to 
use in a routine manner and they can detect and 

determine simultaneously the four most abun- 
dant low*rn~~~cu~ar-mass organic acids in a 
cigarette smoke ~g~y~~l~~, lactic, formic, acetic). 

Only two acids (acetic and formic) were de- 
termined using the ion-exchange HPLC method. 

The agreement between the reversed-phase 

HPLC and CE methods was checked and it was 
concluded that the results provided by the two 
methods were the same. However, GE offers 

several features that make it more attractive than 
HPLC: (a) simplicity, as CE offers a rapid and 
simple means of identifying and a~a~ys~~g multi- 

~onents mixtures such as c~ga~~t~~ smoke 
acid fraction without a derivat~~at~o~ step and 
sample preparation, other than dilution, and it is 

possible to inject dilute acetone smoke solutions 
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directly into the CE apparatus; (b) speed. as an 
analysis by HPLC takes 23 mir, (plus 1 h for 
derivatization) whereas CE takes only 15 min; 
(c) low costs and low solvent consumption (milli- 
litres per day for CE versus centilitres per day 
for HPLC); and (d) the use of non-hazardous 

solvents (deionized water). 
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