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1,2-Diaminobenzene reacts with nitrite in acidic solution to form In-benzo- 
tria.zoIe, which can be extracted into ethyl acetate. After evaporation of the ethyl 
acetate, lH-benzotriazole is determined as its trimethylsilyl derivative by gas-liquid 
chromatography on a cohunn of 15 o/0 SE-30 on Cbromosorb G HP at 200 “C with 
flame-ionization detection. The nitrite concentration is calculated from the peak 
height- Amounts of OS-10 pg of nitrite-nitrogen can be determined. For the deter- 
mination of nitrite in foods, clean-up of the crude extracts by ion-exchange column 
chromatography allows the satisfactory elimination of interfercnts and permits 
concentrations down to 0.41 ppm to be determined. The recovery of nitrite added 
to foods at the 4.1 ppm Ievel ranges from 94.6 to 98.7 oA and at the 8.2 ppm level 
it ranges from 95.2 to 9S.S”~. The trimethykilyl derivative of lH-benzotriazole 
was identified as I-trimethylsilylbenzotriazoIe by combined gas chromatograpbic- 
mass spectrometric examination and nuclear magnetic resonance spectrometry. 

INTRODUCFXON 

Sodium nitrite is widespread in nature and is also used as a food preservative. 
In rcceut years, there has been concern over the potential health danger from 
&rite additives k foods becz~use of the possibility that nitrite may react with S~XXXI- 
daq amines present in the body and form carcino_genic nitrosamim&. fn several 
countries official tolerance limits have been established, and it is important that 
sensitive and acmrate methods be available for the determination of nitrite_ Such 
methods should also be simple and rapid and capable of determining &rite in various 
types of real samples. 

There are numerous methods for determinmg nitrite, in&ding dour reactions 
ami ahxption measuremen+ W and I.R spectrophotometry. fluorimetxy= polaro- 
graphy and gas chromatography. Many calorimetric methods2-6 have been reported 
and in mare recat methods sulphanilic~acid is dkotized and coupled with l-naph- 
thylamine or N-(1-naphthyl)ethykm&mine to form a coloured azo dye7ss. All of 
these calorimetric methods are limited by the fact that occasionally turbid and 
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slightly coloured food extracts cau tiect the colour of the azo dye and, consequentiy, 
the aaauacy of the nitrite determination. 

l&sentiy, the determination of nitrite by gas-liquid chromatography (GLC) 
has been describedg-“. Wu and Peti applied an ekctron-capture detector (ED) to 
nitrobenxene after nitration of nitrite and benzene, and found a detection limit of 
about Cc04 ppm of nitrite; however, this method was not suitable for routine use 
because of the complex procedure and the vigorous reaction conditions required. 
Akiba et alp studied the determination of nituite as IH-benzotriazoJe after reaction 
with 1 ,2-diamiuobeuzeue’2 in acidic solution by GLC with a flame-ionization detector 
(FJD) and found it diEcult to obtain good accuracy and sensitivity; they recommended 
the luse of another method. 

However, we have found that the trimethylsilyl (TMS) derivative of 1H- 
benzo~tiazole is over 40 times more sensitive than IH-beuzotriazole in GLC; it can 
be prepared quantitatively by reaction with N,O-bis(trimethykilyl)acetamide (EEA) 
in ethyl acetate. This reaction scheme is as follows: 

The TMS derivative was cietectt quantitatively with a detection limit of OS ng 
for nitrite-nitrogen (NO,-N). Nitrite in foods was extracted with an alkaline solution 
and purified by ionexchange column chromato_graphy10*13 Dowex l-X4 (Ci-)I. This 
GLC method is simple and sensitive and offers a practical means of determining 
nitrite in various foods. The recovery of nitrite added to foods was satisfactory. 

Reagenrx md apparams 
AU water uss for preparing solutions was triply distilled and deionized. 

Sodium nitrite was dried at 100 “C under vacuum immediateiy before use. A stock 
nitrite solution was prepared by dissoiving 0.493 g of sodium nitrite in distilled water 
and diluting to Jo00 ml to -j$ve a concentration of 10 pg/ml of NO,-N_ 1,2-Diamiuo- 
benzene solution (O-I%, w/v) was prepared by dissolving 0.1 g of the reagent (special 
high _-de material, recrystaflized three times from benzene before use) in 100 mI 
distilied ‘water. 

The ion-exchange resin Dowex l-X4 (Cl-) used in the clean-up stage was 
obtained from Muromachi Kagaku Kogyo (Tokyo, Japau). The silylating reagents 
used were BSA-trimethylchlorosilane (TICS), BSA, TMCS-hexamethyhiis&zane 
(HMDS), N,O-bis(trimethylsiJyl)trifiuoroacetamide (BSTFA) and N-trimethyIsilyl- 
imidazofe (SJM), all obtained from Tokyo Kasei Kogyo (Tokyo, Japan)_ The interna! 
standard sohrtion for GLC was prepared by dissolving 5Opg of guorene in 1 ml of 
ethyl acetate_ 

The coh.mm pecking materials for GLC, viz., Chromosorb G HP, SE-30, 
DC-200,0V-IOi, OV-17 and Triton X-305 were obtained from Nishio (Tokyo, Japan). 
AU other reagents and solvents were of high purity and were obtained from Wake 
(T’okyo, Japan). For identi&ation of the trimethylsilyl derivative of IN-benzotriazole, 
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a ShimaW LKB-9000 combined gas chromatograph-mass spectrometer was used; 
for GC, a gJ&s tube (1.5 m x 3 mm LD.) packed with 15 % of SE-30 on Chromosorb 
G HP (80-lOOmesh) was fitted. The flow-rate of helium was 30 ml/mm, and the 
column temperature was 200 “C. For mass spectrometry (MS), the separator tempera- 
ture was 260 “C and that of the ion source was 290 “C. The trap current was 60 PA. 
The electron energy was 70 eV and the accelerating potential was 3.5 keV_ NucIear 
magnetic resonance (NMR) spectra were measured at 60 Hz with a Varian EM-60 
spectrometer. 

Preparation of TMS derivative of IN-&m0 triazoIe 
A suitably diluted solution of nitrite or the efEuent from the ion-exchange 

cohmm was placed in a lOO-ml beaker and adjusted to pH 1.045, then 1 mi of L,2- 
diaminobenxene solution was added. After reaction at 80 “C with occasional shaking 
for 10 mm in a water-bath and cooling to room temperature, the solution was re- 
adjusted to pH 2.0-2.5 and transferred into a 1~ml separating funnel, then 5 g of 
sodium chloride and 10 ml of ethyl acetate were added- The mixture was shaken 
vigorously for 5 ruin and the ethyl acetate layer separated and dried with 2 g of anhy- 
drous sodium sulphate. The ethyl acetate extract was placed in a 50-ml round- 
bottomed flask with a ground-glass stopper, and the solvent was removed by evapora- 
tion under reduced pressure at room temperature. To the dried residue was added 
1 ml of internal standard solution and 50 ~1 of BSA, and the reaction was allowed to 
proceed at room temperature for 10 min (although it was usually complete after 
5 min). A 3~1 volume of the 6na.l solution was injected into the gas chromatograph. 

Gczdiquk2 chromatography 
A Shimadzu CC-5AWF gas chromatograph with an FZD was used for ah 

analyses. The column consisted of a glass tube (1.5 m x 3 mm I.D.) packed with 15 % 
of SE-30 on Chromosorb G HP (SO-100 mesh) and was conditioned at 200 “C; the 
detector and injector temperature were 290 “C and the flow-mtes of nitrogen carrier 
gas, hydrogen and air were 40,4O and 800 m!/min, respectively_ 

Caiibration graph 
A series of working-standard nitrite solutions were prepared by dilutiug the 

stock solution with water. Ahquots were placed in a beaker to give amounts of 0.5, 
1.0,3.0,5.0,7.5 and 10-O (rg of NO,-N. According to the procedure described above, 
10 ml of ethyl acetate extract were obtained in each instance, and then removed by 
evaporation. After trimethyIsilyhtion by addition of BSA and the internal standard 
soiution to the residue, a 34 ahquot of the mixture (1050 yl) was injected into the 
GLC c&mm. As shown in Fig. I, the retention time of the TMS derivative relative 
to that of fluorene was 0.63. The peak-height ratio of the TMS derivative to fluorene 
was plotted against the amount of NO,-N analysed; a typical standard graph is 
shown in Fig. 2. 

Extractimz at& ciean-up procedure 
To 10 g of &rely ground sample in a LOOmI ffask with a ground-glass stopper 

were added 40 ml of hot (7040 “C) water @H 9-O); after occasional shaking in a water- 
‘bath at SO “C for 40 mm and cooling to room temperature, the extracted solution was 
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FG. 1. Gas cbromatograms of lH-bemcotriazok (A) and the TMS derivative (a-e). 7%~ silyIi&ng 
ag!sts zdded to 42Spg of lEf+mzotriamIe acre (a) HMDS-TMCS, (b) BSA, (c) BSA-TICS, 
(d> ELTITA and (e) SM. The reagcttts woe dissolwd in 1 ml of ethyl acetate, and the sample size 
was 3 pl. -I 1, TMS derivative of lH-bcazotriuo~ee; 2, ffuorene; l , lEhbenmtriamk_ 

Fg_ 1- Caliiration graph for nitrite-nitrogen. Sify!ation ETS carried out at room tempcratue for 
10 min. Ihe sznpk size for GLC was 3 ,ul; the c&mm temperature wx 200 “C and the nitrogen 
fbwra* sxs 40 ml/min_ l-he abs5ssa shows the llitritMitrogen contcct of the rzaction mixtuiq 
azd tint oniii~tc the dttator rsponse nxasurcd as the peak: l&&C relatiw~ to the internal standard 
(fiuoreEe; 50 tlg per Jd of rGiction tsxture). 

Cltered and diluted ace-mtely to lC0 ml with water. A 4knl volume of the S&rate was 
decanted and passed through an ion-exchange column (30 x 1.0 cm I.D.) containing 
Dowex l-X4 (which was regenerated with 1 N s&km hydroxide solution and 1 N 
hydrcchloric acid before =rse). The column was then eluted successively with 200 ml 
of water, 50 ml of 0-l o/o sodium chloride solution and 25 o/o sodium chloride solution 
at a rate of 1 ml/min. The elution with 25% sodium chloride solution was umtinued 
until tie efiluent volume reached 25 ml. After adjus+ing the pH to LO-1.5, the eiuate 
was reacted with l&Gminobenzene, extracted with ethyl acetate and then evaporated 
as descriki above. 
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contents of nitrite in foods were determined from the peak heights relative to that of 
the intend stadard on the gas cbromatograms, and comparison with &iration 

graphs- 

RESULTS AND DlSCDSSlON 

For the GLC assay using the described pnxeduxe, there was a linear relation- 
ship between peak height and amount of N&-N. As shown in Fig. 2, the c&bra&ion 
mph was linegt from 0.5 to 10 yg of NC&-N, and the average relative stihd 
deviations of four determinations were 0.4% for 1.0 pg, 0.5 % for 5 pg and 1.0 % for 
10 pg of NO,-N; the reproducibility was considered to be satisfactory. 

The tiuence 0fpH on the reaction of 1,2-diaminohenzene with nitrite to form 
IH-bcnzotriazofe was studied by mixing 5.0 yg of NO,-N and 1 mi of 1,2-diamino- 
benzene solution. The relative yields obtained after 15 min were 86.0% at pH 0.5, 
100% at pH 1.0, 99.2% at pH 1.5, 98.6% at pH2.0, 88.3% at pN 25, 53.3% at 
pH 3-O and 46.5% at pH 3.5; therefore, pM 1.0 was adopted as optimal_ 

The course of the reaction at difEercnt tcmpcratures is shown in Fig. 3. A 
constant peak he&ht was obtained after 10 mm at room temperature and 3 ml0 at 
SO “C_ After 10 min at SO “C, the amount of lH-benzotriazo~e present sIowIy decreased, 
and therefore the reaction was further studied at high temperatures. The relative 
yields obtained after 20 mm were 93.6 % for LOO “C and 63.2 % at 150 “C. The use of a 
long reaction time at high temperatures was not desirable, and therefore 80 “C was 
adopted. 

Fig. 3. Time course of production of the lhl-benzotriuole. To 5,ug of NOrN was added 1 ml of 
0.1% 1,2-diamiaobenzene at various temperatures, folIowed by silylation accorciing to the described 
procedure and analysis by GLC. O-O, Room temperatu~; O-O, 50 “C; x-x, SO “C. 

lf we zsume that 1 mol of 1,2-diaminobenzene reacts with 1 mol of nitrous 
acid, then 39 pg of 1,2-diaminobenzene is required for 16.8 pg of nitrous acid (5 pg 
of NO,-N). The relative yields of lH-benzotriazole for various amounts of 1,2- 
cfiaminobenzene added to 16.8 pg of nitrous acid in a total of 26 ml of soiution were 
96.5% for 50 fig of l,%diaminobenzene, 99.4% for 100 pg, 99.8 % for 200 pg, 100% 
for 300 cc& 989 % for 5QO c(s and 99.7 % for 1000 ,ug at SO “C with a reaction tune 
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of 10 min. To some extent therefore, addition of 1R;benzotriazoIe in excess gave a 
good result. and in practice 1 ml of a 0.1% reagent sohltion was used. 

Extractim 

11%BeuzotriazoIe can be extracted iuto au organic sokent over the pH range 
2-7. When the pH of the aqueous phase is higher than the pK, (the acid dissociation 
constant of monoprotollated 1,24ialxlino benzene), the excess of reagent wouki be 
extracted into an organic sohent together with the lH-knzotriazole_ Cmssuentiy, 
IR-benwtriazole shouId be extracted at a pH Iower than the pK,. When the pH of 
the aqueous phase was 4.0 or above, it was impossible to arm&se lH-benzotriazole. 
Therefore, the optimum pH range of the extraction adopted was 2.0-2.5. The use of 
various solvents as extractauts was examin ed_ When a polar solvent such as effiyl, 
ri-propyl or n-Duty1 acetzte was u-s the extraction yield of lH-benzotriazoIe was 
high, but it was lower if a non-polar solvent such as n-hexaue was used. Thus, 
ethyl acetate, the most vofatile of the selected polar soIvents, was adopted. 

Influence of evaporation of the solwnt on the recovery of IH-henzotriazole 
Prior to triiethyIsilylation of IH-beuzotriazoIe it was necesszy to evaporate 

the ethyl acetate, wi&& the risk of loss of volatile lH-benzotriazoIe_ A IO-ml volume 
of ethy1 acetate which contained 42.5 pg of lH-benzotriazoIe (corresponding to 5 pg 
NC!,-X) was evaporated under reduced pressure at room temperature_ No loss of 
lH-benzotiazole during the evqmrdon wzs observed, However, after the ethyl 
acetate had beeu removed and ZH-beuzotriazole remained as the residue, the decrease 
in the amount of lH-benzotriazole was signilicant, as shown in Table I. When the 
evaporation was performed at up to 40 “C, a significant decrease in lH-benzotriazole 
was observed_ The recoveries obtained after 15 min were 73.4% at 50 “C, 23.5% at 
80 “C and 20.9 % at 100 “C. Therefore, the sample should be trimethyIsiIyIated within 
1 min after removal of the ethy1 acetate at room temperature. 

TABLE I 

DECREASE OF IH-BENZOTRIAZOLE RESIDUE AFTER EVAPORAITON OF THE 
SOLVES-r 

lHd3mzotriazoIe content before evaporation was 42Spg (X02-N: S.Opg). The tests were cairiai 
out at room trature. 

0 loo 5 100 
1 100 10 975 
2 :: ii 92_7 
3 90.7 

Tr&zethyi’sily?ation of IH-bemotriazoie 
Tote rhromatograms of the ThfS derivative of lH-benzotriazole are shown in 

Fig. 1. The retention time of the TMS derivative was 6.0 min_ The optimal amount 
of reagent and the optimal zztion time were investigated by using BSA, and the 



Fig. 4. Effect of amaunt of BSA on production of the TMS derivative of ldp-benzotriazole. To 
425pg of 1E-WMEe <coxrespnn~ to 5.Opg NOIN) was added BSA in 1 mi of ethyl 
aQtatcatroomfemperatme,andtheproduawasznalyseabyGLC~lSmin. 

Fig. 5. Time cmu-sc of TMS dbivati~ production after addition of ESA to llf_bentotriazoIe. To 
42-S pg of lX5benzo~le (corresponding to S.O,ug NO&) was added BSA in ethyl acetate 
(SO @/ml) at mom teaqxrarure, and the product was ana&sed by GLC. 

results are shown in Figs. 4 and 5. For 42.5 pg of IH-benzotsiazole (corresponding 
to 5.0 pg NO,-N), at least 72.5 pg of BSA in I ml of ethyl acetate were reqCred. 
The reaction proceeded fairly rapidly and when BSA solution in ethyl acetate (50 PI/ 
ml) was added to the solid residue of lH-be~_~~otriazole~ the yield of the TMS derivative 
reached 100% within 10 mir;. 

On comparing the reactivities of various tknethylsilylating reagents towards 
IH-benzotriazole, it was observed that the reaction of BSTFA was slower that those 
with reagents BSA-TMCS, BSA and TMCS-HMDS and that the reaction with 
SIM was not complete even after 24 h. BSA-TMCS, BSA and TMCS-HMDS gave 
good chromatograms and these reagents are suitable for the silylation of lH-benzo- 
triazole. n-Hexane, ethyl acetate, cyclohexane, 4-methylpentan-2-one. dimethyl sulph- 
oxide, tetrahydrofuran ad ac~tonitrile were tried as reaction solvents. The most 
suitable were ethyl acetate and n-hexane and the least suitable pyridine and methanol, 
as shown in Table IL We chose ethyl acetate because of its good solvent properties 
for IN-benzotriazole and fluorene. 

Gas chromatographic sensitivity 
coluInns containing SE-30 (Ho/, w/w), DC-200 (15X, w/w), OV-17 (15X, 

TABLEII 
SOLVENT DEPENDEiNCE OF PRODUtXiON OF THE TMS DERIVATWE OF IIT-BENZO- 
TRKAZOLE 

Silylation and GLC conditiox~~ as in Fig. 2. Each reztion UlixNre contied 42.5 pg of l&b 
triazole (camsponding to 5 pg NO&I) and 50 pl of BSA_ 

sohv??zl’ Rehive peak height (“/o) 52heJu’ Reckrive peaG Fit&h1 1%) 

J3bylcicetate 108 Dimethyl suIphoxide 21.8 
n_Hcxarmc I00 DiithylformullI -de 16.4 
Acetonitxik 1OQ k?yrib 7-3 

Tetrahydrofuran 81.8 Methanol 3.6 
Aoztone 45.5 

.nuorerre(50~~wasdisrolvedinI.~ofeachsolvent. 



w/w), OV-101 (Is%, w/w) and T&on X-305 (15x, w/w), OQ Chromosorb G HP, 
were tested. Except with T&on X-305, the columns showed the peak for the ‘PUS 
derivative of 1H-benzotriuole; pzticukiy good peak characteristics and sensitivity 
were ac’hkved with SE-3C under the conditions described above. A high temperature 
and a short column were preferable for the GLC of the TMS derivative of 1H-benro- 
triazole. At 204) “C, a 1.5-m column containing SE-30 on Chromosorb G HP gave a 
good gas chromatogram, the retention times of IH-benzotriazole and the TM3 
derivative relative to that of the internal standard were 0.60 and 0.64, respectively. 
The ratio of the peak height for the same molar concentration of UMxnzotiazo~e 
aud the TMS derivative was 1:40, and therefore the peak characteristics of the TMS 
dzivative were better than those of the parent IN-henzotriazole (see Fig. I). After 
trimethylsiiylation, the reaction mixture should he injected into the gas chromate- 
graph as soon as possible; at room temperature, the sample was stable for at least 
24 h, but the content of the TMS derivative d ecreass to 94.8% in this period. 

Jzrerfererrces 
Sodium nitrite can be extracted from foods with an alkaiine soWion and 

subsequently sepamted from the alkaline solution by ion-excbaoge chromatography. 
The simple and rapid extraction and clean-up procedures based on this principle 
permit the determination of nitrite in foods by GLC without effects from interfering 
substances. To investigate the effects of preservatives such as sorbic acid, benzoic 
acid, dehydroacetic acid, butylhydroxyanisole and butylhydroxytohene on the deter- 
mination, 42%pg portions of lH-knzotriazoIe (correspnding to 5 pg NOL-N) 
were added to OS-IO.0 mg of various preservatives, and each mixture %“ps analysed 
by dinxt silylation without clean-up procedure. As shown in Table III, when more 
than 5 mg of most preservatives were present (for example, 5 pg of NO,+3 and 
10mg of preservatives), the clean-up procedure descrii removed most of the 

INFLUENCE OF FOOD ADDITIVES ON RECOVERY OF NTRl-iE-MXROGEN 
Each zrzxxmt of food additive was added to a rnixturc of 425 pg of LY-bzmzotriazole (amespond- 
ing to 5 pg NO=N), 50 pl of ES.. and 1 ml of in& standard solution. Silylation and GLC 
conditions as in fig. 2. 

0.5 1.0 
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Ritylhydro.syankoIe * 
GOI 

Butylhydroxytoluene 93.0 
uw 

100 

100 

5.0 

100 

100 

10.0 

61.3 
(9i3_2J2)” 

(Z$ 
25.0 

68.5) 

(n-9, 
- 
(sz3) 



29 

‘I 

i 

I 

J 

Fig_ 6. Gas chromatograms of sirylated extra& of various foods_ Sample size. 3~1. Peaks: A. l- 
uimcthyIsiIyIbcazotIe; B, ffuorene. 

amount present_ As shown in Fig_ 6, the silylated extracts obtained from foods gave 
gas chromatograms with good peak characteristics. 

Applic4rion and recoveries 

Nitrite added to 10-g samples of pork sausage, corned beef (canned), fish 
sausage, spinach and white asparagus (canned), chopped and then grand in a porce- 
lain pestle and mortar, was determined by the proposed method. The recoveries of 
4.1 and 8.2 ppm of nitrite, given in Table Iv, ranged from 94.6 to 98.7 % for 4.1 ppm 
and 95.2 to 98.8 oA for 8_2 ppm, The detection limit was 0.3 1 ppm, 

TABLEFV 

PERCENTAGE RECOVERLES OF NKTRITE ADDED TO VARIOUS FOODS AT THE Al AND 
8.2 ppm LEVEl!S 
Each muIt is the avenge of four determinations. 

sample 

Fish sav 9s.7 98.4 
Gxtted beef (canned) 97.5 98.1 
Pork sausage 94.6 95.2 

whiteasparagus@==dI 98.4 93.8 
spinach 96.7 97.3 

I’ent$karion of rite TMS derivative of IH-benzotri&zole 

GC-MS. The mass s~tnxm of the product from the reaction of l&lkimino- 
benzene and nitrous acid was identical with the standard spectrum of W-benzo- 
triazole, with ion peaks at m/e 119 @A+), 91 (M+-Na and 76 (-NH). The mass 
spectrum corresponding to the peak obtained by silylation and GLC separation of 
the lH-benzotriazole are shown in Fig. 7, viz., m/e 191 (M+), 176 (M’-C&), 118 
(-Si (CH,)), 90 (-NJ and 75 (-NH). The pasent peak (m/e 119) for lH-benzo- 
triazole and at m/e 191 for the TMS derivative correspond to the mole&ar weight of 
each compound. The shift of the peaks from m/e 191 to 118 for the TMS derivative 
could be ascribed to l-de-trimethylsilylation and the subsequent shift from m/e 118 



to 75 for the 1H-beazotiazoIe ion could be attributed to degmbtion of the triazute 
kg- 

iVicfRspecrnm~?rry. Portions of 30 sng of I~W~ole disc&4 in acetone 
were&~~v;itEL04)flofBSA_Inthe~~ of l&Wtimk dis- 
solved in acetone, sign& zappeas at b = 7.35-7.93 ppm (tnuitip~et; 4H) which is 
indicative of an aromatic compound, and at 6 = 1456 ppm (witie singlet peak; EH), 
which is indicative of the NE3 group_ As shown in Fig. 8. in the NMR spectmm of 
t&e m derivative dissolved in acetone the singlet peak (ET) at 6 = P4.56 ppm has 
disappeared, which sugz~~~ts the koss of the NM group in the t&z.ole ring. The 
t3ifkence in the chemical shifts makes it possible to t%stiguish U%ermmiazole 
and the TMS derivative. -. 

- 




