
Gas chromatagraphic determination of Nn’&asaamino acids 

N-Nitrosoamino acids, except for N-nitrososarcosine (NSAR), have been 
reported to be non-carcinogenic to experimental animals. However, these acids may be 
converted into carcinogenic N-nitrosoamines by decarboxyiation during high- 
temperature cooking. N-Nitrosoproline (NPRO), for instance, was reported to be 
converted into carcinogenic N-nitrosopyrrolidine in a model system using conditions 
simniating the frying of baconz. 

In the gas chromatographic determination of N-nitrosoamino acids, methods 
have been reported for *he derivation of the carboxyl groups by methylation2v3 or 
siiyIatior3 to form vo!atile derivatives. 

We have developed a method for the determination of trace amounts of N-nitro- 
soamino acids, inclcding hydroxyIated N-nitrosoamino acids such as N-nitrosohydroxy- 
prohne (NHPRO), based on the following principle. The carboxyl groups of NSAR, 
&PRO, NHPRO and N-nitrosopipecolic acid (NPIC) were ester&d with diazo- 
methane, and the nitroso groups further oxidized with peroxytrifluoroacetic acid 
(LTFA) to give N-&roan&o acid methyl esters. The hydroxyl group of NHPRO 
methylester was acylated with trifiuoroacetic anhydride PA). 

The derivatized N-nitrosoamino acids can be determined with high sensitivity 
usmg a gas chroma%omph equipped with an e!ectron capture detector (GC-ECD); in 
addition, these compounds can be confirmed by gas chromatography-mass spectrom- 
etry @C-MS)_ 

Reagents 
NSAR, NPRO, NHPRO and NPIC were synthesized by nitrosation of the 

corresponding ammo acids according to the Lijinslq method’. Each N-nitrosoamino 
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acid was dissolved in ethanol-ethyl acetate (I 3%) to a level of 5 f@nl am1 this solu- 
tion was employed as the test sointion for derivative formation. 

lWeriication. To 0.1 ml of the test solution in a glass-stopxxed test-tube was 
added I ml of diazomethane-saturated &ethyl ether, the mixture was ahowed to stand 
for 30 min at room temperature, and was then evaporated to dryness under a gentle 
stream of nitrogen. 

Ox&a%tio~ mrd acyhtikn- To a test-tube containing an N-nitrosoamino acid 
methyl ester, 0.2 ml of FTFA reagenP*’ to.4 ml of S5-90°~ hydrogen peroxide and 
2.5 ml of TFA were added to a IO-ml volumetric flask containing a few milhlitres of 
dichloromethane; after gently shaking this mixture, CHzCl, was added to make the 
voiume exactly 10 ml] and 1 ml of CH,CI, were added. 

After brief shaking, the tube was heated under refine for 2 h at 40°C. Following 
the oxidation reaction, the reaction mixture was evaporated to dryness under a gentle 
stream of nitrogen and 0.2 ml of TFA was added to the tube, which was then ahowed 
to stand for 30 min at room temperature_ The reaction mixture was then evaporated to 
dryness under a gentle stream of nitrogen. The resuhing derivative was dissolved in 
I ml of CH,CI, and employed for GC-ECD analysis. 

Operating conditions for GC-ECD and GC-MS 
A Shimadzu GC-4BF gas chromatograph equipped with an aNi electron- 

capture detector was used for the GC analysis of the derivatives of N-nitrosoamino 
acids; a g!ass cohrmn (2 m x 3 mm I.D.) packed with 3 oA DEGS-OS% H,PG, on 
Chromosorb W (&I-Z30 mesh) pre-treated with HMDS was empioyed. The carrier gas 
was nitrogen at a flow-rate of 40 ml/mm. The temperature of both the cohtmn and the 
detector was 170°C. A Shimadzu-LKE !IQOO gas chromatograph-mass spectrometer 
was used for GC-MS analysis of the derivatives of test N-nitrosoamino acids. The glass 
column (2 m x 3 mm I.D.) was packed with the same materials employed for GC- 
ECD analysis- The carrier gas was helium at a Bow-rate of 30 ml/nun. The tempera- 
tures of the injection port and cchrmn oven were 240 and lgO”C, respectively, and 
those of the separator and ion source were 250 and 26O”C, respectively. The eiectron 
energy was B-70 eV, the accelerating voltage was 3.0 kV and the trap current was 
60 PA. 

RESULTS _4ND DISCUSSION 

There are two di%erent ways of carrying out the derivatization of N-nitro- 
soamino acids to form N-nitroamin o acid me+byl esters. Firstly, after esterifying the 
carboxy group of an N-nitrosoamino acid with diazomethane, the resulting N-uitroso- 
amino acid methy ester can be oxidized with the FTFA reagent to form the N-II&B- 
amino acid methyl ester. In the second method, the nitroso group of the N-nitroso- 
amino acid is oxidized with the PTFA reagent to give the N-nitroamino acid, followed 
by esteri&xtion with diazomethane to yield the N-nitroamino acid methyl ester. In 
the present study, we chose the former method. In a previous pap&, we reported the 
rates of esterifications of N-nitrosoamino acids by diazomethane to be more than 95 % 
for four test N-nitrosoamino acids. 
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The rates ofoxidation of N-&rosoamk o tidmc&y~cstaistoformN-niim- 
amino acid methyl estes w&e dewmined in the foIIowing way. A 5-w amorm~ of 
ewh N&mo acid was c&xi&d with diazowe and the resulting methyl 
ester wzs oxidizd with PTFA reagent; then tk unzac@d N-nitrowamino acid 
mctbylestPrwas~~~asinga~~~~~phequippedwi~an~ 
fkr&onization dee. It was found that PO apxeciabIe amounts of the N-nitroso- 
amino acid metbyl esters could be Cl&~ imiicating that the conxzr!so~ of an 
N-titrosoamin o acid methyl ester to the correqoading N-nitroamino acid methyl 
ester may proceed zs.bnost to completion. It bs ken reported that t&e methyl ester of 
XHPRO exhibits a fai& low sensitivity to CiC analysis, and this m.igbt be caused by 
non-specik adsorption of this compound, which has an OH group, on the packing 
matecS~*~*~~. We found that N-nitrobydroqproline Eethyl ester showed a similnr 
low sensitivity to GC analysis, probabiy for the same reason as the NHPRO methyl 
ester; the gas cbromatogiam of this compo~lnd is i%Mmted in Fig. 1. When the OH 
group of N-titrohydroxyproline methyl ester was acyl&ed with TFA reagrzt, the 
TFA derivative exhiiited a fhiriy high sensitivity to GC analysis, as can be seen in 
Fig. 2. 

0 IO mnin 0 IQ mEin 

Fii. 1. Gs chrosatogram of tile czsmsed aEld oxid&d dcri~ti~ of Ne acids before 
a~~~icithTF~Sample~:500pgof~N-~acid.~rA=NSAR;B= 
NPIC; c = NPRO; D = NHPRO. 

Fig. 2. Gas t,&roimc..?.?~ of the cseif&d and a?cidizeci detiva~ of N-nitwstlamino acids after 
aqktionwithTFA_Sampksizeandpc&sasinFig.1. 

lHass spectra of the four N-nitroam.& o acid methyl esters are shown in Fig. 3. 
AIthongb no parent ions pf the four derivatives could be detected, some abundant 
<and cbarakeristic fragments were obsemed. That is, fragments showing the loss of 
#n/e 59 koin the respective N-nitroamin o acid methyl ester were m/e 89 for N-nitro- 
sarcoske methyl ester, m/e 115 for N-nitroproline methyl ester, m/e 227 for N- 
nitrohydroqroline methyl.ester and m/e 129 for N-nitropipecolic acid methyl ester. 

The detection limits of these N-nitroamino acid methyl esters by Gc-ECD 
zmalysis were as low as 200 pg and, as shown in Fig. 4, linear relationships were ob- 
%ti in the rzns from 2UQ to Soo-pg_ _ 
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Frg. 4_ Qliition graphs far the citerifkd and oxidized daiwatives of N-nitrosoamino acids after 
acyiaioa with TFA 0, NSAR; q . hiR0; 9,-NPIC; x, NPRO. 
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