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A method is described for the determination of the two title compounds in various cured smoked meats, 
including bacon, smoked poultry products, and smoked cheeses. I t  is based on (a) extraction of the 
sample with methanol or acetonitrile, (b) removal of fats and lipids by partitioning of the extract with 
isooctane, (c)  cleanup and separation of the two compounds on an acidic alumina sample preparation 
cartridge, (d) derivatization of 2-(hydroxymethyl)-N-nitrosothiazolidine-4-carboxylic acid to its methyl 
ester (HMNTCA-ME), and (e) determination of HMNTCA-ME and 2-(hydroxymethyl)-N-nitrosothi- 
azolidine (HMNTZ) by high-performance liquid chromatography thermal energy analyzer technique. 
The recoveries of HMNTHZ and HMNTCA added to various products a t  10-20 and 50-200 ppb, 
respectively, varied between 82-11276 (mean, 94%) and 58-101% (mean, 79%). Confirmation was 
carried out by gas-liquid chromatographic-mass spectrometric analysis of HMNTHZ as ita 0-methyl 
ether and of HMNTCA-ME as its heptafluorobutyryl derivative. 

INTRODUCTION 

Recent research has shown that certain foods, especially 
cured meats and fried bacon, contain a number of both 
volatile and nonvolatile N-nitroso compounds (Hotchkiss, 
1987; Sen, 1990; Tricker et  al., 1984). 2-(Hydroxymethyl)- 
N-nitrosothiazolidine-4-carboxylic acid (HMNTCA) and 
2-(hydroxymethyl)-N-nitrosothiazolidie (HMNTHZ) are 
two of the latest nonvolatile N-nitroso compounds that 
have received considerable attention. HMNTCA was first 
detected in raw bacon by Massey et  al. (1985) and later 
also reported to be present a t  l e 1 3 0 0  ppb levels in various 
smoked meats and cheeses (Mandagere, 1986; Tricker and 
Kubacki, 1991; Sen et  al., 1991a). HMNTHZ (traces-13 
ppb) has been detected mainly in fried but not in raw 
bacon or in any other cured smoked meats (Sen et  al., 
1989). This suggests that i t  is most likely formed by heat- 
induced decarboxylation of HMNTCA during frying of 
bacon (Figure 1). Nothing is known about the carcino- 
genicity of the two compounds, but HMNTHZ is muta- 
genic (Umano et  al., 1984). Because of this, there is 
considerable interest as to their presence in foods. 

A variety of methods have been reported for the de- 
termination of both volatile and nonvolatile N-nitroso 
compounds in foods [reviewed by Massey (1988) and Sen 
and Kubacki (198713. In their preliminary study, Massey 
et  al. (1985) reported a brief description of the method 
used to isolate and detect HMNTCA in raw bacon. The 
quantitation was carried out by high-performance liquid 
chromatography thermal energy analyzer (HPLC-TEA) 
determination of the underivatized HMNTCA. On the 
other hand, Mandagere (1986) first derivatized i t  to its 
methyl ester before analyzing by gas-liquid chromatog- 
raphy TEA (GLC-TEA). No details of the various steps 
or of other analytical parameters (e.g., percent recovery, 
precision) of the method were reported. In our preliminary 
work, we observed that although these methods were 
workable, they required further refinement and modifi- 
cation. Furthermore, there was a need for a method for 
the direct simultaneous determination of both HMNTCA 
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Figure 1. Chemical structures of HMNTCA and HMNTHZ 
and conversion of the former to the latter. 

and HMNTHZ that would be useful for investigating heat- 
induced decarboxylation of HMNTCA to HMNTHZ. We 
have developed such a method, the details of which are 
reported in this paper. 

MATERIALS AND METHODS 

Apparatus. The HPLC-TEA unit used for the determina- 
tion of HMNTCA and HMNTHZ was as described previously 
(Sen et al., 1989). A 250-mm X 4.1-mm (i.d.) stainless steel column 
packed with Lichrosorb Si 100 (5 X 10" m) (Alltech/Applied 
Science, State College, PA 16804) was used as the analytical 
column. Both isocratic programming (mobile phase, 20% acetone 
in n-hexane) and solvent programming (mobile phase, 5 % acetone 
in n-hexane increased linearly to 20 % over 10 min) using a mobile 
phase flow rate of 2 mL/min were used for the HPLC analysis. 
The TEA was operated as described previously (Fine et al., 1976). 
A mixture of dry ice and ethanol was used to cool the two cold 
traps. 

A VG Analytical hybrid mass spectrometer (Model 7070 EQ) 
attached to a Varian (Model Vista 6000) gas-liquid chromato- 
graph was used for GLC-MS analysis. Some samples (e.g., pure 
standards) were analyzed using a direct probe. A 30-m X 0.22- 
mm (i,d.) fused silica capillary column coated with DB-5 (0.25 
X 10-6 m film thickness) (J&W Scientific Inc., Folsom, CA 95830) 
was used for the GLC separation. Temperature programming 
used was 70 "C for 1 min, raised to 150 "C at 50 "C/min and then 
to 220 O C  at 3 OC/min. 

Reagents. L-Cysteine and glycolaldehyde were purchased, 
respectively, from Aldrich Chemical Co. (Milwaukee, WI) and 
Sigma Chemical Co. (St. Louis, MO). All organic solvents used 
were of glass-distilled varieties. Acidic alumina for column chro- 
matography was supplied by ICN Biomedicals, Inc., K & K 
Laboratories (Plainview, NY). All other reagents were of 
analytical grade. Acidic alumina Sep-Pak (2 mL) and reversed- 
phase LC-18 (3 mL) sample preparation cartridges were pur- 
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Figure 2. (Top) Electron impact ionization mass spectrum of 
HMNTCA standard (probe sample). (Bottom) Chemical ion- 
ization mass spectrum of HMNTCA methyl ester heptafluo- 
robutyryl derivative using methane as the ionizing gas (sample 
introduced through GLC). 

chased from Waters Associates (Milford, MA) and Supelco 
Canada Ltd. (Oakville, ON, Canada), respectively. 

HMNTHZ and HMNTCA Standards. HMNTHZ was 
synthesized as described previously (Sen et al., 1989). HMNTCA 
was prepared by nitrosation of 2-(hydroxymethyl)thiazolidine- 
4-carboxylic acid (HMTCA), which was synthesized by conden- 
sation of L-cysteine and glycolaldehyde according to the method 
of Umano et al. (1984). The only modification made was that 
the reaction mixture was heated in a boiling water bath in a 
nitrogen atmosphere (to prevent oxidation of the SH group) and 
a reflux condenser was attached to the flask to prevent concen- 
tration during heating. The product (HMTCA) was crystallized 
from a mixture of ethanol and water (l:l), washed with ice-cold 
ethanol, and air-dried before use; its identity was confirmed by 
mass spectrometry (not shown). 

About 55 mg of HMTCA was dissolved in 20 mL of water and 
then mixed with 150 mg of sodium nitrite. The pH of the solution 
was adjusted to -2.5 (i0.2) with 1 N H2S04, and the mixture 
was allowed to stand at  room temperature for 2 h in the dark. 
At the end of this period, excess nitrite was destroyed by the 
addition of 300 mg of sulfamic acid to the solution, requiring 10 
min of reaction time. The solution was saturated with sodium 
sulfate and extracted with three 30-mL portions of ethyl acetate, 
and the ethyl acetate extract was dried for 2 h over anhydrous 
granular sodium sulfate. The extract was then fiitered, the filtrate 
concentrated to a small volume ( - 2 mL) using a rotary evaporator 
(under vacuum), and the residue transferred with rinsing to a 
small screw-cap vial. Finally, the solution was evaporated to 
near dryness by blowing down with a gentle stream of nitrogen 
(water bath -30 "C). HMNTCA was obtained as a light yellow 
oil which on mass spectrometry (direct probe) gave a spectrum 
(Figure 2) with major fragments at mlz 162,132,117,86, and 59, 
corresponding to (M-NO)'+, (M-NOCH20)*+, (M-NO-COOH)+, 
(C3HdNS)+, and (C2HsS)+, respectively. The molecular ion at 
mlz 192 was not visible. However, when the compound was de- 
rivatized to its methyl ester heptafluorobutyryl derivative, as 
described later, and analyzed by GLC-MS using the chemical 
ionization (CI) mode, the protonated molecular ion was clearly 
visible as a fragment at mlz 403 (MH)+ and an adduct ion at miz 
431 (M + CzHd+ (Figure 2). 

An aliquot of the underivatized HMNTCA standard was 
further purified by chromatography on an acidic alumina column 
(HMNTCA finally eluted with 1 N HzS04). The eluate was 
extracted with ethyl acetate and the extract dried and concen- 
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Figure 3. Flow diagram of the overall analytical scheme. 

trated as above. On HPLC-TEA analysis (as methyl ester), both 
the unpurified and purified standards gave very similar (peak 
heights within f5% ) results, suggesting that the former could 
also be used as an analytical standard. Because of larger quantity 
of the unpurified standard available to us, it was used in most 
of our studies. 

A 1-2-mg aliquot of each compound was accurately weighed 
on an ultramicro balance and dissolved in ethyl acetate to prepare 
the necessary standards. HPLC-TEA analysis of HMNTCA 
resulted in two peaks, presumably corresponding to the syn and 
anti isomers. Similar observations had also been made by Mas- 
sey et al. (1985). HMNTHZ, on the other hand, gave only one 
peak on HPLC-TEA analysis (see later). 

Caution. Since most N-nitroso compounds are potent car- 
cinogens (Preussman and Stewart, 19841, proper precautions 
should be taken while handling or workingwith these compounds. 

Procedure. An outline of the overall method is presented in 
the form of a flow diagram (Figure 3). The details are as follows. 

( a )  Extraction. A 10-20-g aliquot of a well-homogenized 
sample was mixed with 10 mL of 0.5 N HzS04 solution containing 
1 % dissolved sulfamic acid (to prevent artifactual formation), 
and the mixture was extracted with 100 mL of acetonitrile (for 
processed meats only) or methanol (for all other products 
including bacon) for 2 min using a Sorval Omni Mixer (Du Pont 
Instruments, Newton, CT). After filtration (Buchner funnel), 
the residue was extracted further with two 60-mL portions of the 
appropriate solvent and then filtered as above. The entire 
contents in the mixer were poured on the filter funnel and rinsed 
with an additional 30 mL of solvent. The combined filtrate and 
the washings were transferred to aseparatory funnel and extracted 
with 80 mL of isooctane, which was discarded. 

One milliliter of NHdOH solution (one part concentrated NHI- 
OH plus four parts water) was added to the extract and the 
mixture was evaporated to 10 mL using a rotary evaporator (water 
bath 35-10 "C; under subdued light). The residue was quan- 
titatively transferred into a 50-mL glass-stoppered graduated 
cylinder with adequate rinsing of water. The volume was made 
up to 50 mL with water. A 10-25-mL aliquot was saturated with 
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sodium chloride, the pH of the solution adjusted to 2-2.3, and 
the solution extracted with three 50-mL portions of ethyl acetate. 
The combined extract was concentrated to -1 mL by first 
evaporating using a rotary evaporator, transferring quantitatively 
to a test tube, and then blowing down with a gentle stream of 
nitrogen. Extracts were not dried over anhydrous sulfate at any 
stage of the procedure. 

(b) Separation of  HMNTHZ from HMNTCA. The acidic 
alumina cartridge was deactivated and conditioned by passing 
3 mL of 20% water in acetonitrile, waiting for 30 min, and then 
washing with 5 mL of ethyl acetate. The concentrated sample 
extract from (a) above was passed through the cartridge, and the 
cartridge was washed with 5 mL of ethyl acetate containing 20 % 
ethanol. The combined effluent and washings were collected in 
a graduated test tube, and the solution was concentrated to 1 mL 
under a gentle stream of nitrogen. This was the HMNTHZ 
fraction. Finally, HMNTCA was eluted from the cartridge with 
4 mL of dilute NH4OH solution (one part concentrated NHdOH 
plus four parts water) and the eluate collected in a rotary 
evaporation flask (100 mL). The eluate was evaporated to -2 
mL (rotary evaporator), acidified to pH 2-2.5 with 1 N H2S04 
(-4 mL), and saturated with sodium chloride. The solution was 
extracted with ethyl acetate and the extract concentrated (without 
drying) to 1 mL as described above at the end of section a. 

(c )  Esterification of HMNTCA. The fraction containing 
HMNTCA was evaporated to -0.1 mL under a gentle stream of 
nitrogen, and the residue was esterified by treating with excess 
diazomethane as described previously (Sen et ai., 1983). An 
aliquot of standard HMNTCA (1-4 pg) was methylated in the 
same manner to yield HMNTCA methyl ester (HMNTCA-ME). 

( d )  HPLC-TEA Analysis. Prior to analysis, each of the above 
fractions was evaporated to -0.1 mL under a stream of nitrogen 
and the residue was reconstituted with 0.9 mL of 20% acetone 
in n-hexane (the mobile phase). A 20-40-pL aliquot of each was 
analyzed by HPLC-TEA using either the isocratic (for both 
HMNTHZ and HMNTCA-ME) or the solvent programming 
mode (for HMNTCA only) as described under Apparatus. 

( e )  GLC-MS Confirmation. If a positive result was obtained 
for either HMNTHZ or HMNTCA-ME by HPLC-TEA, the 
respective fraction was further cleaned up and the compound 
was converted to an appropriate derivative at the OH position 
and then analyzed by GLC-MS as described below. This was, 
however, done only in a few selected cases just to demonstrate 
the applicability of the technique. 

Each extract was again concentrated to -0.1 mL under a 
stream of nitrogen and then mixed (vortex mixer) with 2 mL of 
water. The extract was cleaned up on a LC-18 cartridge as 
described previously (Sen et al., 1990, 1991b). Basically, the 
procedure involved washing the cartridge (after the sample was 
added) with 3-mL portions of water and 20% methanol in water 
and eluting HMNTHZ and HMNTCA-ME from the respective 
cartridges with 50% methanol in water and 75% methanol in 
water. The respective fractions were diluted with water and re- 
extracted with ethyl acetate. The extracts were dried over 
anhydrous sodium sulfate, and the dried extracts were filtered 
and concentrated to a small volume (-0.05 mL) in a graduated 
test tube as described above. HMNTCA-ME was derivatized to 
its heptafluorobutyryl (HFB) derivative and HMNTHZ to its 
O-methyl ether as described previously (Sen et al., 1978,1989). 

GLC-MS confirmation was carried out using the high- 
resolution (5-10K) selected ion monitoring (SIM) technique. The 
fragments monitored for the confirmation of HMNTHZ O-meth- 
yl ether were at mlz 162 (M)'+, 132 (M-NO)'+, and 117 [M- 
(CHzOCHs)] + and that for HMNTCA-ME-HFB derivative was 
at m / z  372 (M-NO)*+. Full-scan mass spectrum of HMNTCA- 
ME-HFB was also recorded for the isolated HMNTCA in one 
sample. 

RESULTS AND DISCUSSION 

Although HMNTHZ can be analyzed directly by the 
HPLC-TEA (Sen et al., 19891, the  technique proved to be 
unsuitable for the determination of underivatized 
HMNTCA. Because of ita acidic nature, an aqueous or 
acidic organic mobile phase was required for chromatog- 
raphy. Aqueous mobile phases "poison" the TEA pyrol- 
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Figure 4. HPLC-TEA chromatograms: (a) 80 ng of HMNTCA 
standard (analyzed as HMNTCA-ME); (b) 20 pL/1 mL final 
extract of HMNTCA fraction (derivatized) from a raw bacon 
showing the presence of about 55 ppb of HMNTCA; (c) 20 wL/1 
mL of the corresponding derivatized fraction from the same bacon 
after spiking 20 g of bacon with 4 pg of HMNTCA (200 ppb). 
Note: only half of the extract, which contained only 2 pg of spiked 
HMNTCA, was used for the analysis (98% recovery in this case). 
The peaks eluting before 8 min are also present in the blank; 
they originate from diazomethane. 

ysis tube and cause erratic and declining responses. The 
presence of moisture also freezes up the TEA cold traps. 
This ruled out the use of a reversed-phase system with 
TEA detection. Also, in the normal-phase system (silica 
column) using acidified organic mobile phases (e.g., a 
mixture of acetone in n-hexane acidified with trifluoro- 
acetic or acetic acids), there was unacceptable background 
noise because of thermal decomposition of the organic 
acids in the TEA furnace. In view of these difficulties, an 
attempt was made to try a newly developed HPLC post- 
column chemical denitrosation technique (Havery, 1990) 
which is compatible with reversed-phase chromatogra- 
phy and aqueous mobile phases. The technique worked 
well with HMNTCA standard, but HMNTCA resolved 
poorly from other N-nitrosamino acids (e.g., N-nitroso- 
proline and N-nitrosothiazolidine-4-carboxylic acid) which 
are often present in cured smoked meats. Hence, the 
technique was abandoned. 

To overcome the above difficulties, HMNTCA was es- 
terified first with diazomethane before analysis by HPLC- 
TEA using organic mobile phases that  are compatible with 
the TEA. This produced excellent chromatograms (Fig- 
ures 4 and 5 )  and also resolved HMNTCA-ME from the 
methyl esters of N-nitrosoproline and N-nitrosothiazoli- 
dine-4-carboxylic acid, both of which eluted earlier (not 
shown). However, being similar in chemical structure, 
HMNTCA-ME did not resolve well from HMNTHZ. This 
was solved by first separating the two underivatized 
compounds on the acidic alumina cartridge, and then 
analyzing each fraction separately as outlined in the flow 
diagram (Figure 3). 

The acidic alumina cartridge cleanup served two main 
purposes. Not only did it  separate HMNTCA from 
HMNTHZ, it also resulted in considerable cleanup of the 
HMNTCA fraction. A better cleanup could be achieved, 
if desired, by judicious washings with increasingly polar 
solvents (e.g., ethanol or water) because HMNTCA could 
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Figure 5. HPLC-TEA chromatograms from the analysis of un- 
derivatized HMNTHZ (a) 16 ng of standard; (b) 20 rL/1 mL 
of extract of raw bacon; (c) 20 rL/1 mL of extract of the same 
bacon fried (control); (d) 20 rL/1 mL of extract of fried bacon 
obtained from HMNTCA-spiked (spiking level, 386 ppb) of the 
same raw bacon. Note increased formation of HMNTHZ due to 
heat-induced decarboxylation of the spiked HMNTCA. 

Table I. Recovery of HMNTCA and HMNTHZ from 
Various Samples of Bacon, Smoked Meats, and Cheeses 

MINUTES 

HMNTCA HMNTHZ 
spiking % spiking % 

sample level, ppb recovery" level, ppb recovery" 
frankfurter 200 76 20 102 

smoked meat 100 99 10 90 
50 80 
20 66 10 93 

smoked cheese 200 78 - - 
200 73 - 
200 70 20 91 

smoked cheese 200 81 10 96 
200 64 10 82 

raw bacon 200 98 - 

fried bacon 200 101 10 85 

raw bacon 200 87 20 112 

raw bacon 200 58 20 94 

a Most samples chosen for the recovery study were negative for 
these two compounds. In the other cases (e.g., raw bacon) where the 
sample contained some HMNTCA, ita value was subtracted prior to 
calculation of the recovery data. Not carried out. 

be eluted only with a strong acid (e.g., 3 N H2S04) or base 
(e.g., 1:4 NH40H). The latter was chosen because it 
consistently gave better recoveries than the former. 
Recovery of HMNTHZ through the cartridge was virtually 
quantitative, whereas there was some loss (5-10%) of 
HMNTCA. The recoveries of HMNTHZ added to various 
smoked meats, bacon, and cheeses ranged between 82 5% 
and 112% (average,93.8%),andthatforHMNTCAranged 
between 58% and 101 % (average, 79.3 5% 1 (Table I). The 
spiking levels chosen in these recovery studies reflect 
average levels of HMNTHZ and HMNTCA expected to 
be found in these products. The recovery values for 
HMNTCA obtained in this study are comparable or better 

-b - 

- 

- 

than those reported for other hydroxylated N-nitrosamino 
acids (e.g., N-nitrosohydroxyproline) (Tricker et  al., 1984). 
There appear to be no published data on the recovery 
values for HMNTCA from spiked smoked meats or 
cheeses. The minimum detection limit (SIN 1 2) of the 
method was estimated to be approximately 2 ppb for 
HMNTHZ and 10 ppb for HMNTCA. 

The precision of the method appeared to be highly 
satisfactory, especially if one considers its complexity. 
Replicate analyses in most cases gave resulh within k20 7%. 
For example, duplicate analyses of fried bacon gave 
HMNTHZ values of 5.2 and 6.3 ppb, and quadruplicate 
analyses of a fried Polish coil sausage gave HMNTHZ 
values of 9.7, 8.9, 7.5, and 11.7 ppb. Similarly, replicate 
(n = 5) analyses of a smoked chicken sausage gave an 
average HMNTCA value of 32.1 f 6.6 ppb, and duplicate 
analyses of a raw bacon gave HMNTCA values of 39 and 
42.4 ppb. 

There are four critical steps in the procedure that an 
analyst should be aware of while using the method. First, 
prior to concentration of the initial sample extract using 
the rotary evaporator, the pH of the extract must be 
brought up to 5-7 by adding dilute NH40H solution as 
described. Concentration a t  an acidic pH led to consid- 
erable losses of HMNTCA, presumably due to breakdown 
of the compound. Second, sample extracts in ethyl acetate 
must not be dried over anhydrous NazS04 or Drierite. 
This will lead to inconsistent and lower recoveries of 
HMNTCA. Third, if acetonitrile is used for extraction of 
the sample, i t  must be removed completely before treat- 
ment of the extract with diazomethane because acetoni- 
trile was found to interfere with methylation. Finally, 
methylation of cheese extracts was found to consume 
excessive amounts of diazomethane (probably due to the 
presence of excess free fatty acids). Therefore, a smaller 
amount of final extract (equivalent to 5 g of cheese) should 
be used for this purpose. All of these steps are very critical 
for the determination of HMNTCA in foods but have not 
been pointed out or investigated previously. Also, it should 
be noted that of the two solvents used for extraction, 
methanol gives a smoother product with all samples and, 
therefore, results in a more efficient extraction, whereas 
acetonitrile does so only with well-comminuted products 
(e.g., processed meats) but results in a slightly cleaner 
initial extract. Hence, different solvents are used for 
extraction for different products. 

The loss of HMNTCA during drying of ethyl acetate 
extracts was unexpected. Although the exact reason for 
this is unclear, it is possible that the drying agents or some 
unknown impurities present in them could have adsorbed 
the compound. Similar observations were made by Ho et  
al. (19811, who failed to recover N-nitrosodiethanolamine 
after it was dried over anhydrous calcium sulfate. Ad- 
sorption on the glass surface was thought to be the cause 
of the loss in that case. HMNTCA-ME could, however, 
be recovered in good yields (>go%) after drying over 
anhydrous sodium sulfate. This was necessary and helpful 
for derivatization using HFBA, a step where moisture can 
interfere with the reaction. 

The method has been successfully used for the analysis 
of a variety of cured smoked meats, bacon (both raw and 
fried), smoked chicken and turkey, and smoked cheeses. 
I t  was also used to investigate the possibility of heat- 
induced decarboxylation of HMNTCA to HMNTHZ 
during frying of bacon. The details of these studiea will 
be published elsewhere (Sen et  al., 1991a). The data 
generated using our method clearly demonstrated that 
HMNTCA in raw bacon could decarboxylate to HMNTHZ 
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smoked frankfurter. The full mass spectrum of HMNTCA 
isolated from the raw bacon is shown as an example in 
Figure 6. The mass spectrum of the isolated compound 
(analyzed as HMNTCA-ME-HFBA derivative) and tha t  
of the standard are similar; both show a strong fragment 
a t  mlz 372 corresponding most likely to (N-NO)*+. As in 
the case of HPLC-TEA, the above derivative gave two 
peaks on GLC analysis. The major peak was used for 
GLC-MS confirmation. In addition, the identity of the 
compound was confirmed by the GLC-MS-SIM technique 
using a resolution of 5000 (10% valley definition). The 
relative ratios of the relevant fragment ions (as mentioned 
under GLC-MS Confirmation) in the standards and the 
unknowns agreed well. For example, during the GLC- 
MS-SIM confirmation of HMNTHZ isolated from a fried 
Polish coil sausage the relative ratios of the three fragment 
ions (at mlz 117.0123, 132.0483, and 162.0463) for the 
unknown and the standard (both analyzed as 0-methyl 
ether) were 35:100:52 and 38:10047, respectively. 

In summary, we have developed a reliable and sensitive 
method for the determination of two difficult-to-analyze 
nonvolatile N-nitroso compounds in various smoked foods. 
I t  is hoped that other researchers will find the method 
useful for this purpose. 
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