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Introduction
Nitrite and nitrate are normally added to meat products as canned sausages, ham and salam 

is aiming at preventing the formation of toxins from Clostridiun Botulinum [1,2]. Nitrite is also 
responsible for the development of the cured flavour and the desirable red coloration which are 
characteristic of these products [1-4]. The undesirable reaction between nitrite and amine or amino 
derivatives, like chloramines [5-7] can produce nitrosamines. The nitrosamines can be found in 
different environments, such as water [8-11], rubber products [12], cosmetics [13,1], fish [14], Beers 
[15-17] and meat products [18-22].

Nitrosamines have been receiving considerable attention as they are highly toxic [23]. 
Approximately 80% of the known nitrosamines have caused cancer in laboratory animals. These 
compounds are amines with specific functional group formed by a central nitrogen bonded to 
another nitrogen and an oxygen (N-NO) [1,3]. The alkyl nitrosamines are carcinogenic and 
mutagenic, being activated by oxidation and subsequent generation of carbocations, which can 
promote the alkylation of the DNA [1,23]. The levels of nitrosamines in food it has been calculated 
that the tolerable level of the most volatile nitrosamines for humans should range from 5 to 10 
µg.Kg-1 of body weight. The minimum detection limit of 10 µg.kg-1 has been normally accepted for 
meat products [24,15].

The analysis done by the Thermal Energy Analyzer detector (TEA), it being recognized as specific 
for nitrosamines, it is based on the chemiluminescence generated by the decay of the NO2 group 
when they are electronically excited [1,13,25]. These methods require long cleaning procedures to 
remove interferences, what increase the chance of analytical error [1,14]. This system also demands 
for the unequivocal detection of the chromatographic peaks, and the use of the mass spectroscopy 
[1,26,27].

The determination of the nitrosamines in foods it is very complex and may not be achieved 
directly without a pre-concentration step and/or sample clean up. Therefore, the combination of 
vacuum distillation with solid phase extraction - SPE [8,7] solid phase micro extraction-SPME 
[16,28] and liquid extraction [2,26] have been used in the process of the sample preparation. 
Activated carbon has been chosen for extraction and pre concentration of the analytes from aqueous 
extracts because it is cheap, versatile and easy to manipulate [21,29,30].

This study aims to develop the extraction, identification and quantification of nitrosamines in 
canned sausages using methodologies easy to implement, combined with activated carbon SPE and 
more sensitive and selective equipment such as GC / MS.

Materials and Methods
The analytical reagents were purchased from Fluka and Sigma. The standards as 

recommended by the EPA 8270 method were purchased from Sigma Aldrich and kept at 4°C in 
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Abstract

This study shows a method for the detection and quantification of six volatile nitrosamines, 
dimethyl nitrosamine, diethylnitrosamine, N-nitrosopyrrolidine, N-nitrosopiperidine, N-nitrosomorpholine, 
N-nitrosoibuthylnitrosamine in meat products. The procedure based on: (a) Isolation of the compounds by 
vacuum steam distillation, (b) extraction in solid phase - SPE - from aqueous distillates using activated carbon 
and (c) analysis by gas chromatography-mass spectrometry. The recovery of the compounds from fortified 
samples (sausages and their preserved liquid) with 200 µg.Kg-1 ranged between 10.9 - 61.7% to solid sample and 
20.9 - 80.4% to liquid sample. The direct application of this method to samples of canned sausages allowed the 
separation, identification and quantification of the nitrosamines at the µg.Kg-1 level with detection limit varying 
between 0.2 to 1.0 µg.Kg-1.
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the dark. The nitrosamines used in this work were the following: 
Dimethylnitrosamine (DMN), Diethylnitrosamine (DEN), 
N-nitrosopiperidine (NPIP), Dibuthylnitrosamine (DBN) and 
biphenyl (internal standard-IS), all beingn-Nitrosopyrrolidine 
(NPYR), N-Nitrosomorpholine (NMOR), supplied by Sigma. 

The canned sausages used in this study were bought in local 
markets. After opening the cans, the sausages were separated from 
the liquid and both parts were analyzed in the same way.

A 1000 µg.mL-1 stock standard solution of each analyte was 
prepared in methanol and stored in the cooler without contact with 
the light. Working standard daily prepared by diluting the stock 
solution with ultrapure water (mili Q System millipore, bedfofd, MA). 
The granular activated carbon 8-20 mesh, untreated and granulated 
was purified by soxhlet extraction with Dichloromethane (DCM) for 
24 hours and dried in an oven at 105°C.

A Gas Chromatography (GC/MS) instrument with Mass 
Spectrometer Detector (Shimadzu QP5050A) was used for both 
confirmation and quantification purpose. A 30 m X 0.25 mm x 0.25 
film thickness fused silica capillary column (sigma-aldrich) and HP-1 
(0.25 µm film thickness) and a 30 m X 0.25 mm fused silica capillary 
column Carbowax 20M (0.25 µm film thickness) were used for the GC 
separation. The temperature of the oven was programmed as follows: 
35°C (3min hold) with heating up to 70°C at 5°C min-1 and 6 heating 
up to 200°C at 15°C min-1 (10 min hold). The interface and injector 
temperature were of 200°C. The volume of 1.0µl was injected in split 
1:20. The detection was done mainly in the Selected Ion Monitoring 
(SIM) mode (at m/z 74 u to DMN, m/z 102 u to DEN, m/z 116 u to 
NMOR, m/z 114 u to NPIP, m/z 100 u to NPYR, m/z 158 u to DBN, 
m/z 154 u to Biphenyl). In some applications, the full scan spectra 
were also obtained.

Calibration curve was constructed without any pre-concentration 
of the sample which ranged between 0.5 and 10 mg.L-1. The Limit 
of Detection (LOD) was calculated by using 3-times the standard 
deviation of the linear coefficient divided by the slope, whereas 
Limit of Quantification (LOQ) was calculated by using 10-times 
its standard deviation of the linear coefficient divided by the slope. 
Eleven replicate analyses were performed on a synthetic sample 20.0 
mg.L-1, in order to evaluate the precision of the method for each of the 
compounds analyzed.

The extraction of the nitrosamines was carried out by vacuum 
steam distillation. This procedure was adapted from the method 
originally described by Telling [31] that was used modified later by 
Sanches [30]. It was weighed 150 g of the sample (solid or liquid) and 
mixed with 100 ml of double distilled water, 30 g of sodium chloride, 
10 g of potassium carbonate and leaving macerate for 10 min. After 
this time the flask containing the mixture was connected to the rotary 
evaporator and the distillation took place. Maximum vacuum of a 
rotary oil pump was applied and the water bath heated to 65°C. The 
condenser was cooled with water (4°C) and the distilled substance 
was received in a flask of 500 ml in ice bath, the whole procedure 
lasted for approximately 60-90 min. The distilled product was kept at 
0°C in the dark.

In the Pre concentration – SPE The aqueous distillate of each 
sample passed through the 1.0 g of granular activated carbon at 
2.5 ml.min-1 in a column of 11.0cm x 1.1cm. The liberation of the 

compounds from the adsorbent was done by elution with 10 ml of 
acetone, 10 ml of dichloromethane and an additional volume of 10 
ml of DCM. The optimization of this methodology was presented in 
previous works [21].

Results and Discussion
The fractions were concentrated under stream nitrogen in ice 

bath. The volumes were adjusted to 1 mL and 2 mg.L-1 of biphenyl 
was added as an internal standard. All the determinations were 
made at least in triplicate. The levels of recovery of N-nitrosamines 
studied were obtained by extracting the sample fortified with 30 µg of, 
DMN, DEN, NPYR NPIP, NMOR, DBN, before the vacuum steam 
distillation. The extracts were analyzed by GC/MS using SIM mode 
and the percentage of nitrosamines recovered was calculated [14].

Quantitative determinations were done in the extracts obtained 
from both kinds of samples. The average recoveries and relative 
standard deviations (%RSD) of nitrosamines from solid sausages 
were 38.4%±23.3% DMN; 47.3%±16.4 DEN; 10.9%±34.8 NPIR; 
15.2%±13.9 NMOR; 38.6%±12.5 NPIP e 61.7%±15.2 DBN, and 
from preserved liquid WERE 51.3% ±15.4 % DMN; 63.4%±12.8 
DEN; 20.9%±20.3 NPIR; 40.7%±17.2 NMOR; 45.2%±21.0 NPIP e 
80.4%±8.9 DBN. These results of recovery showed the difficulty in 
extracting the compounds of the solid matrix when the vacuum steam 
distillation method was used. When the sausages are grounded in the 
presence of water, it forms an aqueous dispersion that is constituted 
by non-polar and water immiscible compounds. The lipid-containing 
matrix influences the efficacy of the extraction and decreases the 
recovery of nitrosamines [20]. Low recovery values are common 
for both SPE and LLE. Nitrosamines are usually polar compounds, 
soluble in water with a low partition coefficient in Octanol/water and 
therefore, difficult to extract with organic solvents. The compounds 
are not adsorbed on non-polar surfaces [7]. One other factor that 
may contribute to the low levels of recuperation is the competition 
between nitrosamines and other compounds present in the distilled 
samples during the pre concentration process with activated carbon.

Calibration curves were used to calculate the result for the 
real sample and the results were corrected by a factor based on the 
recovery obtained by the standard addition method. The curves 
showed linear correlation coefficients between 0,999 a 0.990 with 
an accuracy ranging from 0.8% (NPYIR) to 2.9% (DEN, NPIP). The 
detection limit for each nitrosamine was: 642 µg.l-1 DMN; 550 µg.l-1 
DEN; 840 µg.l-1 NPIR; 500 µg.l-1 NMOR; 570 µg.l-1 NPIP and 165 µg.l-

1 DBN and the quantitation limit was 1706 µg.l-1 DMN; 1880 µg.l-1 
DEN; 1840 µg.l-1 NPIR; 1670 µg.l-1 NMOR; 1900 µg.l-1 NPIP e 540 
µg.l-1 DBN, limits considered high when related to the requirement of 
the legislation that is 10 μg.Kg-1.

Analysis of the Real Sample
The Figure 1 presents the order of elution of the standard from 

two columns, HP1 and Carbowax 20M. The change in the elution 
order is caused by the difference in the polarity of the stationary 
phase. The same comportment can be observed in Figure 2 in the 
analysis of the real sample.

 The combination of SPE with GC/MS procedure improves the 
sensibility and the selectivity of the chromatographic analysis. The 
detection limit of all the procedures, extraction, pre concentration 
and the analysis by GC/MS was calculated considering the signal 
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of the blank (Ratio between the area from blank and the area of the 
internal standard), adding the standard deviation value multiplied by 
three, and LOQ adding ten times the value of standard deviation to 
the blank value.

Table 1 presents all the values ranging between 0.2 to 1.0 µg.Kg-1, 
to LOD and 0.6 to 2.4 to LOQ, which are lower than the values 
determined by Ozel et al [18] and Andrade et al [20].

Analytical Applications
To demonstrate the applicability of the proposed method, we 

used it for the determination of nitrosamines in spiked and not 
spiked samples. The analysis with GC/MS of the eluates along with 
the study of retention time and mass spectrum, confirmed the 
presence of DMN, DEN, NPIP, NMOR, and NPIR. DMN, DEN and 
NPIR are normally originated from amino acids compounds. NPIR 
is a compound mostly found in products treated with nitrites that 
contain protein. Nitrite concentration and levels of hydroxyproline, 
proline and pyrolidine are involved in its formation [32], depending 
on the cooking temperature. The presence of these compounds is in 
agreement with the studies of Campillo [25].

NPIP originate from piperine, present in some pepper used as 
spices, but according to Drabik-Markiewicz [33] their formation is 
directly related to the presence of biogenic amines, such as cadaverine 
for exemplo, associated with high temperatures and high levels of 
nitrite in the manufacturing process.

Figure 1: Chromatogram GC/MS to standard mix 10mg.L-1 in 
two chromatographic columns. DMN: Dimethylnitrosamine. DEN: 
diethylnitrosamine. NPIP: N-nitrosopiperidine, DBN: dibuthylnitrosamine. 
NPYR: n-nitrosopyrrolidine. NMOR: N-nitrosomorpholine.

Figure 2: Chromatogram GC/MS (A) Eluate acetone spiked sausage 
sample (B) Eluate acetone sausage sample (without spiked) (c) Zoom of 
the chromatogram to eluate acetone spiked sausage sample- column 
HP1. (d) Zoom of the chromatogram to eluate acetone without spiked 
sausage sample- column Carbowax 20M. DMN: Dimethylnitrosamine. DEN: 
diethylnitrosamine. NPIP: N-nitrosopiperidine, DBN: dibuthylnitrosamine. 
NPYR: n-nitrosopyrrolidine. NMOR: N-nitrosomorpholine.

Table 1: Levels of nitrosamines sample of sausages and preserved liquid by GC/MS.

Analyte
Preserved liquid Sausages LODb

mg.Kg-1
LOQc

mg.Kg-1mg.Kg-1  ± %RSD mol.Kg-1 mg.Kg-1

In DMN mg.Kg-1  ± %RSD mg.mol Kg-1 mg.Kg-1

In DMN
DMN 1.6±5.0 0.02 1.6 3.9±9.5 0.05 3.9 0.4 1.5

DEN <LOD nca nc 2.0±6.0 0.02 1.5 0.2 0.9

NPIR 81.1±2.1 0.81 59.0 9.8±12.0 0.06 4.6 1.0 2.4

NMOR 7.0±2.8 0. 06 4,4 1.1±15.9 0.01 0.7 0.3 1.1

NPIP 32.6±2.2 0.29 21.2 5.2±11.1 0.05 3.4 0.3 0.8

DBN <LOD nc nc <LOD Nc nc 0.2 0.6

total 126.8 1.18 86.2 22.01 0.20 14.0

anot calculed, values <LOD; bLimit of detection; cLimit of Quantification.

N-Nitrosomorpholine (NMOR) has been reported to occur 
sporadically in foods [34] and these authors have speculated that the 
use of morpholine as a corrosion inhibitor in boiler feed waters has led 
to the occurrence of NMOR in food. Figure 1 shows a chromatogram 
(A) of the eluates acetone, from the spiked solid sample. The figure 
also shows a chromatogram (B) of the eluates of acetone, from not 
spiked solid sample. This image shows the increase in the area to 
some peak indicated with standard name. The level of the compounds 
in the preserved liquid of the sausages was higher than the one of the 
solid sample. 
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The main compound is NPIR, for both solid and liquid samples, 
being the levels higher than the ones permitted by the legislation for 
liquid samples. It indicates the great toxicity of the preserved liquid 
of canned sausages. Figure 2 shows a GC/MS chromatogram in 
SIM mode of the eluate of acetone from the preserved liquid of the 
sausages.

Considering that each of the Nitrosamine studied shows one 
NNO functional group and that the molar ratio of each compound 
like DMN is 1:1, we converted all the analytes using their molecular 
masses for DMN. It is observed that the preserved liquid spans more 
than 6 times the recommended limit and sausage also shows values 
above the recommended.

Conclusion
The optimization of a methodology to determinate nitrosamines 

from sausages samples and aqueous sample was investigated. The 
method developed was simple and suitable for the extraction (by 
vacuum steam distillation), pre concentration (Through the SPE 
columns with granular activated carbon), and determination of 
nitrosamines (by GC/MS) in real samples. The method has limits 
of detection and quantification lower than10 μg.Kg-1, using simple 
and inexpensive equipment and reagents for the preparation of 
the sample. The use of GC/MS in SIM mode allowed the clean-up 
(electronic) of the extracts, ensuring adequate levels of selectivity 
and sensitivity to the nitrosamine concentrations found in samples 
of meat products. The samples presented concentration levels above 
the limits recommended by the control agencies, representing a risk 
to human health.

Acknowledgment
Financial support provided by, CNPQ, FAPERGS and CAPES 

(Brazil) by scholarship.

References

1. Ikeda K, Migliore KG. Analysis of nitrosamines in cosmetics. Journal of the 
Society of Cosmetic Chemists. 1990; 41: 283-333. 

2. Byun MW, Ahn HJ, Kim JH, Lee JW, Yook HS, Han SB. Determination 
of volatile N-nitrosamines in irradiated fermented sausage by gas 
chromatography coupled to a thermal energy analyzer. J Chromatogr A. 
2004; 1054: 403-407.

3. Sen NP. Toxic Constituents of Animal Foodstuffs. Liener Academic Press 
New York. 1974; 132 -193. 

4. Jo C, Ahn HJJ, Son H, Lee JW, M. Byun W. Packaging and irradiation effect 
on lipid oxidation, color, residual nitrite content and nitrosamine formation in 
cooked pork sausage. Food Control. 2003; 14: 7-12. 

5. Farré MJ, Keller J, Holling N, Poussade Y, Gernjak W. Occurrence of 
N-nitrosodimethylamine precursors in wastewater treatment plant effluent 
and their fate during ultrafiltration-reverse osmosis membrane treatment. 
Water Sci Technol. 2011; 63: 605-612.

6. Kim J, Clevenger TE. Prediction of N-Nitrosodimethylamine (NDMA) 
formation as a disinfection by-product. J Hazard Mater. 2007; 145: 270-276.

7. Nawrocki J, Andrzejewski P. Nitrosamines and water. J Hazard Mater. 2011; 
189: 1-18.

8. Boyd JM, Hrudey SE, Li XF, Richardson SD. Solid-phase extraction and 
high-performance liquid chromatography mass spectrometry analysis of 
nitrosamines in treated drinking water and wastewater. TrAC Trends in 
Analytical Chemistry. 2011; 30: 1410-1421. 

9. Pozzi R, Bocchini P, Pinelli F, Gallett GC. Determination of nitrosamines 
in water by gas chromatography/chemical ionization/selective ion trapping 
mass spectrometry. Journal of Chromatography A. 2011; 1218: 1808-1814. 

10. Andrzejewski P, Kasprzyk-Hordern B, Nawrocki J. The hazard of 
N-Nitrosodimethylamine (NDMA) formation during water disinfection with 
strong oxidants. Desalination. 2005; 176: 37-45. 

11. Fu CG, Xu HD. High-performance chromatography with post-column 
chemiluminescence detection of trace N-nitrosamines and corresponding 
secondary amines in groundwater. Analyst. 1995; 120: 1147-1151. 

12. Zwickenpflug W, Richter E. Rapid method for the detection and quantification 
of N-nitrosodibutylamine in rubber products. J Chromatogr Sci. 1987; 25: 
506-509.

13. Matyska MT, Pesek JJ, Yang L. Screening method for determining the 
presence of N-nitrosodiethanolamine in cosmetics by open-tubular capillary 
electrochromatography. J Chromatogr A. 2000; 887: 497-503.

14. Yurchenko S, Mölder U. Volatile N-Nitrosamines in various fish products. 
Food Chemistry. 2006; 96: 325-333. 

15. Tomkins BA, Griest WH. Determination of N-nitrosodimethylamine at part-
per-trillion concentrations in contaminated ground waters and drinking waters 
featuring carbon-based membrane extraction disks. Analytical Chemistry. 
1996; 68: 2533-2540. 

16. Pérez DM, Alatorre GG, Álvarez EB, Silva E, Alvarado JFJ. Solid-phase 
microextraction of N-nitrosodimethylamine in beer. Food Chemistry. 2008; 
107: 1348-1352. 

17. Glória MBA, Barbour JF, Scalan RA. N-nitrosodimethylamine in brazilian, 
U.S. domestic, and U.S. imported beers. Journal of Agricultural and Food 
Chemistry. 1997; 45: 814-816.

18. Ozel MZ, Gogus F, Yagci S, Hamilton JF, Lewis AC. Determination of 
volatile nitrosamines in various meat products using comprehensive gas 
chromatography-nitrogen chemiluminescence detection. Food Chem Toxicol. 
2010; 48: 3268-3273.

19. Yurchenko S, Mölder U. The occurrence of volatile N-nitrosamines in Estonian 
meat products. Food Chemistry. 2007; 100: 1713-1721. 

20. Andrade R, Reyes FGR, Rath. A method for the determination of volatile 
N-nitrosamines in food by HS-SPME-GC-TEA. Food Chemistry. 2005; 91: 
173-179. 

21. Sanches Filho PJ, Zanin KD, Garcia RC, Caramão EB, Rios A, Valcárcel M. 
Pré-Concentração de nitrosaminas a partir de amostras aquosas por extração 
em fase sólida e cromatografia capilar eletrocinéticamicelar. Química Nova. 
2003; 26: 193-196. 

22. Sannino A1, Bolzoni L. GC/CI-MS/MS method for the identification and 
quantification of volatile N-nitrosamines in meat products. Food Chem. 2013; 
141: 3925-3930.

23. International Agency for Research on Cancer (IARC). Some 
N-nitrosocompounds. IARC Monographs on the evaluation of the carcinogenic 
risk of chemicals to humans 17. 1982. 

24. CFIA (Canadian Food Inspection Agency) 2004. Animal Products. Food of 
animal Origin, Meat Hygiene of Procedures. 

25. Campillo N, Viñas P, Martínez-Castillo N, Hernández-Córdoba M. 
Determination of volatile nitrosamines in meat products by microwave-
assisted extraction and dispersive liquid-liquid microextraction coupled to 
gas chromatography-mass spectrometry. J Chromatogr A. 2011; 1218: 1815-
1821.

26. Scheeren MB, Sabik H, Gariépy C, Terra NN, Arul J. Determination of 
N-nitrosamines in processed meats by liquid extraction combined with gas 
chromatography-methanol chemical ionisation/mass spectrometry. Food 
Addit Contam Part A Chem Anal Control Expo Risk Assess. 2015; 32: 1436-
1447.

27. Huang MC, Chen HC, Fu SC, Ding WH. Determination of volatile 
N-nitrosamines in meat products by microwave-assisted extraction coupled 

http://www.pdfdrive.net/analysis-of-nitrosamines-in-cosmetics-journal-of-cosmetic-science-e2088641.html
http://www.pdfdrive.net/analysis-of-nitrosamines-in-cosmetics-journal-of-cosmetic-science-e2088641.html
http://www.ncbi.nlm.nih.gov/pubmed/15553169
http://www.ncbi.nlm.nih.gov/pubmed/15553169
http://www.ncbi.nlm.nih.gov/pubmed/15553169
http://www.ncbi.nlm.nih.gov/pubmed/15553169
http://agris.fao.org/agris-search/search.do?recordID=US201400096536
http://agris.fao.org/agris-search/search.do?recordID=US201400096536
http://agris.fao.org/agris-search/search.do?recordID=US201400096536
http://www.ncbi.nlm.nih.gov/pubmed/21330703
http://www.ncbi.nlm.nih.gov/pubmed/21330703
http://www.ncbi.nlm.nih.gov/pubmed/21330703
http://www.ncbi.nlm.nih.gov/pubmed/21330703
http://www.ncbi.nlm.nih.gov/pubmed/17182179
http://www.ncbi.nlm.nih.gov/pubmed/17182179
http://www.ncbi.nlm.nih.gov/pubmed/21353742
http://www.ncbi.nlm.nih.gov/pubmed/21353742
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=203205
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=203205
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=203205
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=203205
http://www.ncbi.nlm.nih.gov/pubmed/21377686
http://www.ncbi.nlm.nih.gov/pubmed/21377686
http://www.ncbi.nlm.nih.gov/pubmed/21377686
http://opus.bath.ac.uk/24883/
http://opus.bath.ac.uk/24883/
http://opus.bath.ac.uk/24883/
http://pubs.rsc.org/en/Content/ArticleLanding/1995/AN/an9952001147#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1995/AN/an9952001147#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1995/AN/an9952001147#!divAbstract
http://www.ncbi.nlm.nih.gov/pubmed/3437031
http://www.ncbi.nlm.nih.gov/pubmed/3437031
http://www.ncbi.nlm.nih.gov/pubmed/3437031
http://www.ncbi.nlm.nih.gov/pubmed/10961337
http://www.ncbi.nlm.nih.gov/pubmed/10961337
http://www.ncbi.nlm.nih.gov/pubmed/10961337
https://www.researchgate.net/publication/223499897_Volatile_N-Nitrosamines_in_various_fish_products
https://www.researchgate.net/publication/223499897_Volatile_N-Nitrosamines_in_various_fish_products
http://pubs.acs.org/doi/abs/10.1021/ac9601573
http://pubs.acs.org/doi/abs/10.1021/ac9601573
http://pubs.acs.org/doi/abs/10.1021/ac9601573
http://pubs.acs.org/doi/abs/10.1021/ac9601573
https://www.researchgate.net/publication/222918075_Solid-phase_microextraction_of_N-nitrosodimethylamine_in_beer
https://www.researchgate.net/publication/222918075_Solid-phase_microextraction_of_N-nitrosodimethylamine_in_beer
https://www.researchgate.net/publication/222918075_Solid-phase_microextraction_of_N-nitrosodimethylamine_in_beer
http://pubs.acs.org/doi/abs/10.1021/jf960523j
http://pubs.acs.org/doi/abs/10.1021/jf960523j
http://pubs.acs.org/doi/abs/10.1021/jf960523j
http://www.ncbi.nlm.nih.gov/pubmed/20816717
http://www.ncbi.nlm.nih.gov/pubmed/20816717
http://www.ncbi.nlm.nih.gov/pubmed/20816717
http://www.ncbi.nlm.nih.gov/pubmed/20816717
https://www.researchgate.net/publication/222298623_The_occurrence_of_volatile_N-nitrosamines_in_Estonian_meat_productshttps:/www.researchgate.net/publication/222298623_The_occurrence_of_volatile_N-nitrosamines_in_Estonian_meat_products
https://www.researchgate.net/publication/222298623_The_occurrence_of_volatile_N-nitrosamines_in_Estonian_meat_productshttps:/www.researchgate.net/publication/222298623_The_occurrence_of_volatile_N-nitrosamines_in_Estonian_meat_products
https://www.researchgate.net/publication/223053785_A_method_for_the_determination_of_volatile_N-nitrosamines_in_food_by_HS-SPME-GC-TEA
https://www.researchgate.net/publication/223053785_A_method_for_the_determination_of_volatile_N-nitrosamines_in_food_by_HS-SPME-GC-TEA
https://www.researchgate.net/publication/223053785_A_method_for_the_determination_of_volatile_N-nitrosamines_in_food_by_HS-SPME-GC-TEA
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-40422003000200009
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-40422003000200009
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-40422003000200009
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-40422003000200009
http://www.ncbi.nlm.nih.gov/pubmed/23993567
http://www.ncbi.nlm.nih.gov/pubmed/23993567
http://www.ncbi.nlm.nih.gov/pubmed/23993567
https://monographs.iarc.fr/ENG/Monographs/vol1-42/mono27.pdf
https://monographs.iarc.fr/ENG/Monographs/vol1-42/mono27.pdf
https://monographs.iarc.fr/ENG/Monographs/vol1-42/mono27.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21376329
http://www.ncbi.nlm.nih.gov/pubmed/21376329
http://www.ncbi.nlm.nih.gov/pubmed/21376329
http://www.ncbi.nlm.nih.gov/pubmed/21376329
http://www.ncbi.nlm.nih.gov/pubmed/21376329
http://www.ncbi.nlm.nih.gov/pubmed/26230247
http://www.ncbi.nlm.nih.gov/pubmed/26230247
http://www.ncbi.nlm.nih.gov/pubmed/26230247
http://www.ncbi.nlm.nih.gov/pubmed/26230247
http://www.ncbi.nlm.nih.gov/pubmed/26230247
http://www.ncbi.nlm.nih.gov/pubmed/23265481
http://www.ncbi.nlm.nih.gov/pubmed/23265481


Citation: Filho PJS, Hall MS and Caramao EB. Determination of Nitrosamines in Sausages by Solid 
Phase Extraction with Activated Carbon – GC/MS. Ann Chromatogr Sep Tech. 2016; 2(2): 1022.

Page 5/5

Gr   upSM Copyright  Filho PJS

with dispersive micro solid-phase extraction and gas chromatography--
chemical ionisation mass spectrometry. Food Chem. 2013; 138: 227-233.

28. Sen NP, Seaman SW, Page BD. Rapid semi-quantitative estimation of 
N-nitrosodibutylamine and N-nitrosodibenzylamine in smoked hams by solid 
phase microextraction followed by gas chromatography-thermal energy 
analysis. Journal of Chromatography A. 1997; 788: 131-140. 

29. Kaserzon SL, Kennedy K, Hawker DW, Holling N, Escher BI, Booij K, et al. 
Development and calibration of a passive sampler for N-nitrosodimethylamine 
(NDMA) in water. Chemosphere. 2011; 84: 497-503.

30. Sanches Filho PJ, Rios A, Valcárcel M, Zanin KD, Caramão EB. Determination 
of nitrosamines in preserved sausages by solid-phase extraction-micellar 
electrokinetic chromatography. J Chromatogr A. 2003; 985: 503-512.

31. Telling GM, Bryce TA, Althorpe J. Use of vacuum distillation and gas 
chromatography-mass spectrometry for determination of low levels of volatile 
nitrosamines in meat products. J Agric Food Chem. 1971; 19: 937-940.

32. Drabik-Markiewicz G, Dejaegher B, De Mey E, Impens S, Kowalska T, 
Paelinck H, et al. Evaluation of the influence of proline, hydroxyproline or 
pyrrolidine in the presence of sodium nitrite on N-nitrosamine formation when 
heating cured meat. Anal Chim Acta. 2010; 657: 123-130.

33. Drabik-Markiewicz G, Dejaegher B, De Mey E, Kowalska T, Paelinck H, 
Vander Heyden Y. Influence of putrescine, cadaverine, spermidine or 
spermine on the formation of N-nitrosamine in heated cured pork meat. Food 
Chem. 2011; 126: 1539-1545.

34. Hotchkiss JH, Vecchio AJ. Analysis of direct contact paper food packaging 
for n-nitrosomorpholine and morpholine. Journal of Food Science. 1983; 48: 
240-242.  

http://www.ncbi.nlm.nih.gov/pubmed/23265481
http://www.ncbi.nlm.nih.gov/pubmed/23265481
http://www.ncbi.nlm.nih.gov/pubmed/9419875
http://www.ncbi.nlm.nih.gov/pubmed/9419875
http://www.ncbi.nlm.nih.gov/pubmed/9419875
http://www.ncbi.nlm.nih.gov/pubmed/9419875
http://www.ncbi.nlm.nih.gov/pubmed/21477842
http://www.ncbi.nlm.nih.gov/pubmed/21477842
http://www.ncbi.nlm.nih.gov/pubmed/21477842
http://www.ncbi.nlm.nih.gov/pubmed/12580519
http://www.ncbi.nlm.nih.gov/pubmed/12580519
http://www.ncbi.nlm.nih.gov/pubmed/12580519
http://www.ncbi.nlm.nih.gov/pubmed/5167436
http://www.ncbi.nlm.nih.gov/pubmed/5167436
http://www.ncbi.nlm.nih.gov/pubmed/5167436
http://www.ncbi.nlm.nih.gov/pubmed/20005323
http://www.ncbi.nlm.nih.gov/pubmed/20005323
http://www.ncbi.nlm.nih.gov/pubmed/20005323
http://www.ncbi.nlm.nih.gov/pubmed/20005323
http://www.ncbi.nlm.nih.gov/pubmed/25213924
http://www.ncbi.nlm.nih.gov/pubmed/25213924
http://www.ncbi.nlm.nih.gov/pubmed/25213924
http://www.ncbi.nlm.nih.gov/pubmed/25213924
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1983.tb14833.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1983.tb14833.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1983.tb14833.x/abstract

	Title
	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	Analysis of the Real Sample
	Analytical Applications
	Conclusion
	Acknowledgment
	References
	Table 1
	Figure 1
	Figure 2

