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Method of Determination of Nitrosamines in Sausages by CO
Supercritical Fluid Extraction (SFE) and Micellar Electrokinetic
Chromatography (MEKC)
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In this paper, the use of supercritical fluid extraction (SFE) and micellar electrokinetic capillary
chromatography (MEKC) is proposed for the complete analysis of volatile nitrosamines in sausages.
The extraction fluid used was CO, and variables such as density, temperature of thimbles, extraction
time, modifier, fluid flow, and kind of traps were investigated. Several experiments were carried out
to obtain the most favorable conditions for analysis of volatile nitrosamines in sausages. The recoveries
ranged from 21 to 82% for the five nitrosamines studied. The optimal condition of extraction was 0.2
g of sample fortified with 10 mg/kg, using dynamic extraction during 20 min and with adsorbent Florisil
in the trap. The solvent selected for the elution of the analytes was methanol.

KEYWORDS: Supercritical fluid extraction; micellar electrokinetic capillary chromatography (MEKC);
nitrosamines; sausages

1. INTRODUCTION minimizes sample handling, provides fairly clean extracts,
The nitrosamines are found in the environment and in several expedites sample preparation, and reduces the use of environ-
foods (1—6) and are produced by nitrosation of secondary mental toxic solvents (16—23).
amines. Their formation is influenced by several factors The determination of nitrosamines has been usually carried
including addition of nitrites or nitrates as preservativesg). out by gas chromatography (GC) using thermal energy analysis
They have received considerable attention in function of their (TEA) (21, 22). The nitrogen phosphorus detector (NPD) and
high toxicity. Approximately 80% of the known nitrosamines the mass spectrometry (MS) have also been u2ajl (
produced cancer in laboratory anima?s ). These compounds Micellar electrokinetic capillary chromatography (MEKC) is
are amines with two organic groups (R) and one NO group @ highly efficient, rapid, and flexible analytical separation
linked to the central nitroger2). The alkyl nitrosamines are technique which has become a popular separation technique over
carcinogenic and mutagenic, being activated by oxidation and the past decade. Because of its high efficiency, it has been
subsequent generation of potential carbocations, which canemployed in many applications such as analysis of proteins,
promote the DNA alkylations (10—15). pharmaceuticals, and environmental polluta@é-<26). There
Two isolation methods are currently used in the Food Safety is a sizable quantity of MEKC separation methods for a wide
Inspection Service Monitoring Program (FSIS) for analyzing variety of analytes. In the hydrophilic separation of low
nitrosamines in tissues; both have a disadvantage of the lengthmolecular weight neutral and polar compounds as nitrosamines,
of time required to perform the analyses and require, also, anit is necessary to develop the MEKC technique to enhance
extensive use of equipment and solverit§)( selectivity. The main reason is that these compounds do not
The tendency to minimize the use of solvents and the interact strongly with commonly used surfactants (e.g., sodium
exposure of the personnel of the laboratory to this family of dodecyl sulfate or other buffer modifiers as cyclodextrins in
compounds requires new extraction technologigsl6, 17). electrokinetic chromatography) (24—30).
One of these techniques is the supercritical fluid extraction ~ The present paper shows the results for the rapid and efficient
(SFE). This extractive technique has had only limited application €xtraction of five volatile nitrosamines usually found in sausage
to nitrosamines, mainly those specific in tabacco products, wheresamples, using SFE with carbon dioxide.

low extraction efficiencies were foundl§—20). The SFE
2. EXPERIMENTAL PROCEDURES

*To whom correspondence should be addressed. E-mail: elina@ 2.1. Reagents and StandardsDiatomaceous earth (acid-washed,

”frgijrF'{Gs approximately 95% Sig), sodium dihydrogen phosphate (N&@y
8 CEFETRS. 2H,0), sodium tetraborate (MB4O»10H,0), and sodium dodecil sulfate
* Universidade de Cordoba. (SDS) were purchased from Sigma Aldrich. The standards were also
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Figure 1. Comparative electropherograms for SFE extraction of spiked
samples of sausages, using CO,-SFE with and without modifier. Conditions
are explained in the text.

Table 1. Effect of the Flow Rate of CO, in the Recovery of
Nitrosamines from Sausage, Using SFE and MEKC (0.2 g of Sample
Spiked with 10 mg/kg of Each Nitrosamine)

compounds 2 mL min~t RSD (%)? 3mL min—t RSD (%)
DMN 2495.0 7.7 3539.0 8.2
NMOR 1456.0 119 1760.0 12.7
NPYR 2576.0 10.8 4677.0 119
DEN 2407.7 9.8 3580.7 9.4
NPIP 2829.0 8.5 4950.7 7.6

2RSD% = relative standard deviation for at least three repetitions for each
sample.

Table 2. Effect of the Dynamic Extraction Time in the Recovery of
Nitrosamines from Sausage, Using the Same Conditions as Table 1

peak areas
10min  RSD(%)? 15min  RSD (%) 20min  RSD (%)
DMN 2107.0 6.8 2209.0 79 2870.0 78
NMOR  1872.0 8.6 2560.0 9.1 2622.3 129
NPYR 2416.7 117 2871.0 12 4895.0 11.9

DEN 2831.0 131 3241.0 10.7 4095.3 9.8
NPIP 2982.7 11.9 3019.0 9.5 5054.6 8.3

2RSD% = relative standard deviation for at least three repetitions for each
sample.

Table 3. Effect of the Extraction Temperature in the Recovery of
Nitrosamines from Sausage, Using the Same Conditions as Table 1

peak areas
40°C  RSD(%)? 50°C RSD(%) 60°C  RSD (%)

DMN 1369.0 5.4 1380.0 79 2960.6 74
NMOR  1180.0 12.7 2291.0 10.6 2629.0 6.9
NPIR 4599.0 11.6 4321.9 12.6 4817.0 8.4
DEN 3552.0 9.8 3327.0 9.9 3598.0 7.6
NPIP 5543.0 8.5 5499.0 5.9 5520.0 71

4RSD% = relative standard deviation for at least three repetitions for each
sample.
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Table 4. Effect of the Kind of Trap in the Recovery of Nitrosamines
from Sausage, Using the Same Conditions as Table 1

peak areas
Florisii  RSD (%)? diol RSD (%) CN

DMN 2065.3 9.8 nd® nd

NMOR  4864.7 8.7 12502.7 75 5916.0 7.9
NPYR 191117 13.8 27028.3 12.7 2562.7 11.9
DEN 26527.7 8.6 23079.7 8.8 34144.0 8.1
NPIP 32395.3 8.4 31408.0 6.9 0 10.1

RSD (%)

2RSD% = relative standard deviation for at least three repetitions for each
sample. ?nd = not detected.

Table 5. Optimization of SFE Variables

variables range studied optimum value
modifier/methanol (%) 0-15 0 (without modifier)
flow rate, mL min—! 2-3 3
pressure, bar 129-360 360
extraction time, min 10-20 20
temperature thimble, °C 40-60 40
trap type Florisil, cyano, diol Florisil

standard solutions were prepared daily by diluting the stock solution
with methanol.

The work with nitrosamines is extremely dangerous, a risk situation
being any exhibition form. In this work, even the manipulation of the
nitrosamines standard solutions as well as fortified samples was made
in fume hoods, using gloves and protection masks. On the other hand,
SFE is a closed system of extraction which represents an advantage in
the handling of hazardous samples.

2.2. Supercritical Fluid Extraction (SFE). SFE was carried out in
a Hewlett-Packard 7680T supercritical fluid extractor equipped with a
Hewlett-Packard 1050 isocratic modifier pump with an automated
variable restrictor. Various packed traps were used, such as diol, cyano,
and Florisil (purchased from Supelco). Extractions were conducted in
7-mL thimbles. Each extraction was performed in triplicate and the
extraction recoveries reported are the average of at least three
extractions. Samples were submitted to dynamic extraction for 10, 15,
and 20 min and to static extraction for 2 min. In the static way, the
sample gets in touch with the fluid extractor and the thimble is closed,
being that the sample is in contact with the same amount of supercritical
fluid. After this period of time, the thimble is “opened” and the fluid
extractor passes through the sample, under constant flow, dragging the
analytes in the current until the trap where the analytes will be captured.
The extraction was accomplished at a pressure from 129 to 360 bar
using pure CQ@or with methanol as modifier for the GOMethanol
was used to enhance the extraction power of B€zause of its polarity.

The trap and nozzle temperatures were@5and 70°C, respectively,
during the extraction and 2%8C during rinse. The rinse flow rate was
1.0 mL mirmr%. Methanol (0—15%) was mixed online with GOThe
extraction temperatures tested were 40, 50, anfiG0rhe flow rate
was varied from 2 to 3 mL mint and the extracted analytes were
collected in a solid sorbent trap of three packing materials: Florisil,
ciano, and diol. After each extraction, the analytes were eluted from
the trap at 20°C with 2.0 mL of methanol.

2.3. Sample Preparation.Sample preparation was studied using
three extraction procedures.

Procedure 1: SFE of Spiked Sausag@se-half gram of diatoma-
ceous earth and 0.2 g of sample (ground fresh sausages) were put in

purchased from Sigma Aldrich and were those recommended by the the extraction thimble. To this thimble was addeduIOof a working

EPA 8270 method. They were maintained atGl in the dark. The
nitrosamines used in this work were dimethylnitrosamine (DMN),
diethylnitrosamine (DEN)N-nitrosopyrrolidine (NPYR)N-nitroso-
morpholine (NMOR), andN-nitrosopiperidine (NPIP). All the reagents

standard solution with 100 mg/L of DMN, DEN, NMOR, NPYR, and
NPIP, corresponding to spiked sausage with 35 mg/kg of each
nitrosamine. The same procedure was repeated by addipd; 90 a
working standard solution with 100 mg/L of the nitrosamines (spiked

and solvents used were, at least, of analytical grade, and were purchasedith 3.5 mg/kg). These procedures were used in the step of optimization

form Merck.

A 1000 ug mL™? stock standard solution of each analyte was

of the main variables of the extraction procedure.
Procedure 2: SFE of Spiked Blanks (without Sausa@es)en-tenths

prepared in methanol and was stored in the refrigerator. Working of a gram of diatomaceous earth andudOof standard solution at 100
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Table 6. Recoveries (%) of Nitrosamines by SFE and MEKC

diatomaceous earth spiked (0.7 g) diatomaceous earth spiked + sample (0.5 g + 0.2 g)
compounds 10 mglkg a¢ RSD %¢ 10 mgrkgbe RSD % 10 mg/kg® RSD % 1 mg/kg® RSD % 0.4 mglkg® RSD %
DMN 103.5 5.8 70.9 8.9 60.5 9.7 29.8 13.7 20.9 12.9
NMOR 86.6 7.0 78.7 8.0 74.7 8.9 54.8 23.0 50.7 21.0
NPIR 82.4 7.6 63.5 7.6 53.9 8.0 61.9 11.7 65.5 12.6
DEN 84.3 3.8 77.9 5.1 70.3 6.1 87.9 12.0 81.6 9.8
NPIP 99.1 6.0 71.9 115 68.7 59 79.7 85 4.7 12.7

@ Compounds extracted alone, determined by UV-vis. » Compounds extracted together, determined by MEKC. ¢ Final concentration of the spiked analytes in the sample.
9RSD% = relative standard deviation for at least three repetitions for each sample.

or 10 mg/L of each analyte separately (corresponding to 10 mg/kg or higher than 10%, and there was a decrease in the area for the
1 mg/kg) were added to the extraction thimble. The extraction was g]| compounds. So, the performance of extraction without
carried out for each compound and the control was done by UV mqdifier was selected to further experiments.

spectroscopy. The influence of the dynamic extraction time and flow rate

Procedure 3.0ne-half gram of diatomaceous earth was added to : : : L
L ’ was studied by using procedure 1 with a spiking of 10 mg/L of
0.2 g of sample in five thimbles (total mass of sausages g) and DMN, DEN, NMOR. NPYR, and NPIP.

each thimble was spiked with 28_ of a 10 mg/L standard solution. .
The samples were preconcentrated in the trap by five successive TWO flow rates (2 and 3 mL mir, Table 1) and three
extractions and only one elution time. This procedure was repeated in €Xtraction times (10, 15, and 20 mifable 2) were studied.
the same conditions with nonspiked sausages. All the experiments were made at least in triplicate. A flow
2.4. Analysis by Micellar Electrokinetic Capillary Chromatog- rate of 3 mL min~! gave the highest recovery in all cases. The
raphy (MEKC). Experiments were carried out with a Beckman P/ACE  study of dynamic extraction time indicated a light increase in
5500 CE instrument for the separation and quantification of the analytes. the recovery of the analytes with increasing the time to 20 min
The system comprised a-30 kV voltage built-in power supply, a  with very good results. The best group of the conditions that
diode array detector (DAD), and PACE software for system control yegylt in minimal time extraction and maximum recovery was
data processing. The fused silica capillary used (S0¢5 2m 1.D) 2 min for static and 20 min for dynamic extraction time.

was obtained from Beckman Instruments (Fullerton, CA). The tem- The effect of extraction pr re on the recovery w. tudied
perature was controlled by using a fluorocarbon-based cooling fluid. € eftect or extraction pressure o € recovery was studie

The methanol extracts were concentrated in an ice bath unger N ata Cons_tant tempera’_[ure (%0). The |nves_t|gat|(_)n_ of extraction
flow and after this they were dissolved in ultrapure water (2 mL). Prior Was carried out by using procedure 1, with spiking of 10 mg/L.
to first use, each new capillary was subjected to a standard wash cycleThe studied pressures of 12860 bar at the temperature of
according to the following procedure: washing with HCI 1 mol/L 40 °C, resulting in densities of supercritical @6f 0.74—0.94
(5 min) followed by NaOH 0.1 mol/L (10 min) and ultrapure water g cn13, did not show significant differences, so, we opted for
(5 min). using 360 bar. At this pressure, the extraction of lipids was

To maintain the capillary under good working condition, its surface hindered, reducing the competition between nitrosamines and
was regenerated once a day by consecutive washing with water (5 min)these interferent compounds, and so the extracts obtained are
followed by freshly prepared 0.1 mol/L NaOH (5 min), ultrapure water s|aan.
(Ssogﬂm dag]dde::';als:u?;tf;ezs(g%)?hﬂ phosphate/borate, pH 6.6, 80 MM 1,0 jnfiuence of temperature on the efficiency of extraction

: was studied at constant pressure (200 bar) using procedure 1

MEKC separation was performed at 20. The carrier electrolyte . o )
was 50 mmol/L phosphatehorate. A voltage of 10 kV was used, which with spiking of 10 mg/L. Three temperatures were tested: 40,

produced a mean current of Z@\. Samples were injected by using 20, and 60°C. Although the general behavior showed an
the electrokinetic injection mode at 10 kV for 10 s. In this injection increase in power solvency (capacity of the supercritical fluid
method, the introduction of the sample in the capillary is made through to extract the analytes) with an increase of the temperature, this
the application of a potential difference in a period of time, being able power solvency increased more with lipids than analytes. The
to optimize these two items for each case. This way, the analites will temperature of 40C was selectedTable 3). This temperature
migrate inside of the capillary with higher selectivity. Eletropherograms yas according to one work that related it to a decrease in the
were recorded at 236 nm. Separations were ce}rried out from the,anOd%ynthesis of nitrosamines in situ (10).
to the cathode. The pH 6.6 was corr_ected Wl_th phosphoric aqd 0.1 The trapping/collection efficiency of three types of trap
moI/L._ The 'effects of buffgr _composmon_ and instrumental variables (Florisil, cyano, diol) was evaluated by comparing the peak areas
were investigated and optimized in previous works (&4). S | . . . .
obtained for five nitrosamines studied in the extracts. The

extractions were carried out with G@t 360 bar, 40C (0.94
g mL! density), and 3 mL min® flow rate for 20 min of

3.1. Supercritical Fluid Extraction. The influence of the dynamic extraction after 2 min static extraction. The experiments
amount of methanol added to G®@n the recovery of SFE  were done in samples spiked with ZQ of working standard
extraction was tested by using procedure 1 with a spiking of solution at 100 mg/L (DMN, DEN, NMOR, NPYR, and NPIP).
100 mg/L of each nitrosamine (DMN, DEN, NMOR, NPYR, Table 4 presents the results of the recovery using different traps
and NPIP). The results are shownFkigure 1. where it is possible to observe that Florisil trap showed the best

There was different extraction behavior of the nitrosamines result for all extractions.
according to their polarity: more polar compounds, such as The effect of experimental variables was evaluated to develop
NMOR and NPIR, presented increased recovery with increasinga quick and quantitative SFE method. The variables, limits
the amount of methanol while the other compounds showed studied, and optimum values found are listedrable 5.
smaller recovery. This behavior is probably caused by a decrease 3.2. Sample Application. After optimization of all the
in the trapping efficiency because of the presence of methanolvariables, the recovery studies were made bygi$ig ofsample
in the extraction fluid. This fact is more evident at amounts (spiked with 0.4, 1.0, and 10.0 mg/kg of the standards) divided

3. RESULTS AND DISCUSSION
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in five thimbles (0.2 g in each one), giving a total of five

consecutive extractions and just one elution (procedure 3). The

results are shown ifable 6. In parallel, it was applied to

procedure 2 (blank analysis) for comparative purposes. This
blank analysis was done in two ways: each compound extracted

alone (first column inrable 6) and all the nitrosamines extracted
together (third column iTable 6).

The recoveries from spiked sausages varied from 20.9% to
81.6%, and the low recovery values can be explained not only

by the competition with the lipids but also by the losses during

Sanches Filho et al.

(6) Andrade, R.; Reyes, F. G. R.; Rath, S. A method for the
determination of volatile N-nitrosamines in food by HS-SPME-
GC-TEA. Food Chem2005,91, 173—179.

(7) Ventanas, S.; Martin, D.; Estévez, M.; Ruiz, J. Analysis of
volatile nitrosamines from a model system using SPNIEED
at different temperatures and times of extractibood Chem.
2006,99, 842—850.

(8) Cassens, R. G. Use of sodium nitrite in cured meats tdetzyd
Technol.1995,49, 72-79.

(9) Cassens, R. G. Residual nitrite in cured mé&atod Technol.
1997,51, 53-55.

the evaporation and change of solvent. This can be observed (10) Proksch, E. Toxicological evaluation of nitrosamines in condoms.

by comparing columns 1 and 3 dfable 6. In column 1, the
process was controlled by UWis using the sample directly
from SFE without changing the solvent. In column 3, the control

was made by MEKC changing methanol by water, presenting
lower values. When observing the other columns where there
was added sample (0.2 g), the values are reduced because of

the competition with other compounds.
3.3. ConclusionsOptimization of the extraction method was

obtained and the results demonstrated that this technique is a (13)

good extraction method for volatile nitrosamines with fast

analysis and reduction in the solvent waste and in the analysis

time. The recoveries obtaineddble 6) are higher than those
acceptable by EPA methods for nitrosamine3)( This

Int. J. Hyg. Environ. Healti2001,204, 103—210.
(11) Gléria, M. B. A.; Barbour, J. F.; Scanlan, R. A. Nitrate, Nitrite,
and Volatile Nitrosamines in Whey - Containing Food Products
J. Agric. Food Chem1995,43, 967—969.
(12) Mitacek, E. J.; Brunnemann, K. D.; Sutttajit, M.; Martin, N.;
Limasila, T.; Ohshima, H.; Caplan, L. S. Exposuré\initroso
compounds in a population of high liver cancer regions in
Thailand: volatile nitrosamine (VNA) levels in Thai foogood
Chem. Toxicol1999,37, 297—305.
Reynolds, C. A.; Thomson, C. Ab initio calculations relevant to
the mechanism of chemical carcinogenesisNsgitrosamines:
Part VI. The dissociation of methyldiazohydroxid&. Mol.
Struct.. THEOCHEM1987,149, 345—351.
(14) WHO - IARC — International Agency for Research on Cancer.
Some N-Nitroso Compound#RC Monographs on the Evalu-

methodology represents an advantage in application of SFE
commercial equipment. The use of the MEKC allowed the
separation and determination of compounds being considered
to be a good analytical tool to perform the extractive experi-
ments. The restrictions are the poor selectivity in detection of
real samples and the small amount of sample on the extractor

ation of Carcinogenic Risks to Humans, Vol. 17; 1978; ISBN
92 832 1217 7, website: http://monographs.iarc.fr/ENG/
Monographs/vol17/volumel7.pdf.

(15) Aygtin, S. F.; Uyamk, A.; Bati, B. Adsorption of N-Nitrosodi-
ethylamine and N-Nitrosodimethylamine on activated carbon:
A pre-concentration procedure for gas chromatographic analysis.

(thimble). The results showed that supercritical fluid extraction

presents a promising approach to the analysis of the nitrosamine (16)

isolation.

Although the nitrosamine levels found in food samples are
in the range oftg/kg, this work was developed in the range of
mg/kg in function of instrumental limitations (extraction equip-

Mikrochim. Acta2004,146, 279—283,
Maxwell, R. J.; Pensabene, J. W.; Fiddler, W. Multiresidue
Recovery at ppb Levels of 10 Nitrosamines from Frankfurters
by Fluid extraction.J. Chromatogr. Sci1993,31, 212—215.
(17) Grebel, J. E.; Young, C. C.; Suffet, I. H. Solid-phase microex-
traction ofN-nitrosaminesJ. Chromatogr., A22006,1117, 1t
18

ment and analysis method). The amount of sample used in each (18) williams, D. F. Extraction with supercritical gas&hem. Eng.

thimble should not overcome 0.2 g for this equipment, and

Sci.1981,36, 1769—1788.

therefore the amount of analyte obtained, starting from a real (19) Parkinson, G.; Johnson, E. Supercritical Process in CPI Ac-

sample, would be smaller and would disable the detection and

ceptanceEng. Chem1989,7, 36—-39.

consequently the study of the behavior of this analyte related (20) Prokopczyk, B.; Wu, I. M.; Cox, J. E.; Amin, S.; Desai, D.; Idris,

to the supercritical fluid extraction (32).
By using extractors that allow work with a larger amount of

samples and by combining other preconcentration techniques,

the SFE method can be applied to real samples.
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