
Gas chromatographic determination of trace nitrite after 
derivatization with ethyl 3-oxobutanoate 

Takao Mitsuhashi 

ABSTRACT 

INTRODUCTION 

Nit&c is widcsprcad in nature and its Icvcl varies 
widely among foods tmd in the cnvironmcnt. Nitrite 
is generally rcgardcd its a hazardous compound, be- 
cause it may react with amines and amides to pro- 
duce carcinogenic N-nitroso compounds [I]. Nit&c 
is also known to produce c’sccss abnormal hacmo- 
globin, causing ~~ctha~mo~lobi~crn~ 121, The de- 
vctopmcnt of a method for the determination ofni- 
tri!c in foods and the environments is, thercforc. ot 
great importance. Scvcral tczhniqucs have been rc- 
ported for the determination of nitrite. including 
spcctrophotomctry [S-5]. polarography [6]. Ruo- 

rimctry [7]. tlow-injection analysis [8] and ion chro- 
matography 191. Gas chromatographic (CC) detcr- 
minations of nitrite have also ~RII reported using 
different dcrivatization reagents, e.g. hydra&zinc 
[lo], o-phtmylcncdiaminc [I I]. aromatic primary 
amincsfl2-- 141 and pcntattuorobcnzyl bromide [IS]. 
Howwcr. some of the GC methods have disadvan- 
tages such as instability of the reaction product. ;I 
high reaction temperature or a time-consuming rc- 
action. 

It is wcl known that nitrite reacts readily with 
cthyt 3-osobutanoatc in acidic media to give cthll 
2-hydroxyimino-Soxobutanoate (EHOB) (I 6.171: 

NO2 
CH3COCH~C0~C~Hs - cH~COCH(NO)CO~C,HS --CH3CUC( = NOHICO$Z:!Hs 

Ii+ EHOB 
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WC. have .d&lopcd a Oc &hod, using the 
aboitc reaction, ‘in which’ trace atiounts of nitrite 
are co?v$rted inJo EHOB, The dkrikatization is vc- 
ry fast and P;r’oceeiriS qtiirntitativcty without tcmper- 
a&c con&A, Owink to the high sensitivity of 
EHOB to electron-capture detection (ECD), nit&c 
at ppb levels can be succcsst\irlly determined by this 
method. 

EXPERIMENTAL 

Chromatographic analyses wcrc performed on a 
Yanako (Kyoto, Japan) G-2800 gas chromato- 
graph equipped with a “‘Ni-source electron-capture 
detector, A glass column (2 m x 3 mm I.D.) was 
packed with 5% dicthylcnc glycol succinatc f 1% 
HSP04 on 60-SO-mesh Chromosorb W DMCS 
(Gasukuro Kogyo, Tokyo, Japan). Nitrogen was 
used as the carrier gas at a constant flow-rate of 45 
ml/min. The detector, injection port and column 
temperatures were maintained at 260. 220 and 
200°C. respectively. The pepk heights wert; mea- 
sured with a digital integrator (Yanako S-1200). 

For mass spectral identification of the nitrite dc- 
rivativc, a Hewlett-Packard Model 5890 gas chro- 
matograph coupled with a Hcwlctt-Packard Model 
S970B mass spectrometer was used. An HP-I 
(100% dimcthylpolysiloxanc) (Hewlett Packard) 
capillary column ( 12 m x 0.2 mm I.D.) was directly 
interfaced to the electron-impact ion source. The 
injxtion port and interface temperatures were 
maintained at 250 and 280°C. respectively. The ini- 
tial column oven temperature was 60°C and was 
increased at 20”C/min to 200°C. The ionizing volt- 
age was 70 eV. Helium was used as the carrier gas at 
4 psi (27.6 kPa). 

Ethyl 3-oxobutanoatc was obtained from Tokyo 
Kasei Kogyo (Tokyo, Japan) and used as rcccivcd. 
All other rcagcnts were of analytical-reagent grade 
Distilled, deionized water was used throughout, A 
stock standard nitrite solution (1 mg/ml) was prc- 
purcd by dissolving 1 SO0 g of sodium nitrite (dried 

at I 10°C for 3 h) in I I of water. Working standard 
solutions wrc prcprtrcd by npproprirtto dilution of 
this stock standard solution. 

Satttp1e.s 
River water samples were collected from the city 

of Kobc. Human saliva samples (1 g) were weighed 
into a N&ml volumetric flask aud diluted to vol- 
ume with water. The samptc solutions were ccntri- 
fugcd at 3000 rpm (ca. 1000 g) for 5 min to remove 
insoluble matter and the supernatants were subject- 
ed to GC analysis. 

Pmcedzire 
A IO-ml volume of sample solution was placed in 

a 20-ml test-t&c fitted with a ground-glass stopper, 
then 0.02 ml of ethyl 3-oxobutanoatc and 1 ml of 
conccntratcd hydrochloric acid (co. I I tM) were 
added successively. The mixture was allowed to 
stand for 5 min at room tcmperaturc, then 5 ml of 
ethyl acetate were added. Al’tcr shaking for 1 min. 
the ethyl acetate layer was transferred into a IO-ml 
test-tube and dehydrated with a small amount of 
anhydrous sodium sulphatc. A 2-111 aliquot of the 
ethyl acetate extract was injected into the gas chro- 
matograph and the derivative peak height was meu- 
surcd. 

A lo-ml volume of each standard solution (O.OI- 
0.1 pg/ml) was treated in the same manner to pre- 
pare a calibration graph. The nitrite content in the 
sample solution was calculated front the calibration 
graph. 



Reaetlon time (mtn) 

Fig. 2. Muss spwtrum of rritritc tkrivotivc 01’ ethyl .t-oxobuta- Fig. 4. Elkct ol’ rwlion time on the fomntion or EHOtf. For 
now. other conriitions. see Expcrimcntai. 

RESULTS AND DlSCUSSlON 

The apptication of the reaction of nitrite with cth- 
yl 3-oxobutanoatc to give EHOB [15,16~ to the de- 
termination of nitrite has not been reported. Initial- 
ly, we tried to confirm whether this reaction oc- 
curred even at low concentrations of nitrite: a 0.8 
pg/rnl nitrite standard sotution was subjected to the 
dcrivatization. Fig. 1 shows gas chromritograms ob- 
tained for (A) reagent btank, (B) nitrite standard 
(0.1 pg/ml), (C) river water and (D) human saliva. 
Peaks 1 and 4 correspond to ethyl 3-oxobutanoatc 
and its nitrite derivative, respectively. The idcntifi- 
cation of the dcrivativc (peak 4) wits carried out by 
GC-MS. The muss sptztrum obtained (Fig. 2) cs- 
hibits the parent ion at rtrl: IS9 and fragment ions 
at tnf: 114 and 86. The mass spectrum shows the 
derivative to bc EHOB. No change in the chro- 
matograms was observed whcthcr the chromatog- 
raphy was done imrwdiatelg or after storage of tbc 

lOO* 
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ethyl acetate extract at room temperature for a few 
days, indicating that EHOB is relatively stable. 

Opfirttttm &rit~ati3ttiott cditimts 

The reaction of nitrite with ethyl 3-oxobutanoatc 
proceeds in acidic media. We chose hydrochloric 
acid, which has been widely used in nitrite reactions 
f16j. In order to optimize the dcrivatization condi- 
tions. WC examined the ef%zcts of the concentrations 
of ethyl 3-oxobutanoatc and hydrochloric acid and 
the reaction time. using a 0.1 p&ml nitrite standard 
solution. The derivatizations were carried out in al- 
most the same manner as described under Experi- 
mcntr\l. The concentrations of ethyl 3-oxobuta- 
noate and hydrochloric acid in the reaction mixture 
wetc varied separately and the peak heights of the 
res$ting EHOB were measured. 

Fig. 3 shows the cf%ct of the concentration of 
ethyl 3-osobutdnoatc on the formation of EHOB. 
When the cthyi 3-osobutanoatc concentration in 
the reaction misturc was higher than 0.1% (v/v). 
the peak height of the resulting EHOB rcxhLxi a 
maximum. Fig. 3 also shows the effect of the con- 
centration of hydrochloric acid. The EHOB peak 
height reached a maximum at hydrochloric acid 
concentrations above 0.5 M. From these scsults, fi- 
nal concentrations of cu. 0.2% (v/v) ethyl 3-0x0- 
butanoate and cu. 1 M hydrochloric acid wcw 
adopted. 

Fig. 4 shows the effect of reaction time on the 
formation of EHOB. The derivatization was com- 
pleted rapidly. The peak height of EN08 became a 
masimutn with reaction times tonger than 2 min. 
Therefore, the reaction time was fixed at 5 min. 

Several organic solvents were tested for extrac- 
tion of the rcsui&ittp EHOB. fhc distribution coeffi- 



TABLE I 

EFFECT OF FCMW3N ANIONS 

The conccntrution of nitrite was 0.1 jrg/ml. 

Anion Added as Conccntru&3n Rclutivc 
Wmlf peak height” 

-- 

ratio of the concentration or peak response of the 
first to that of the second extract is equal to one plus 
the distribution coefficient (D) times the ratio of the 
volume of the organic phase (V,) to that of the 
aqueous phase ( VE)): 

Cl/C2 = I + DV,/V, 

The distribution coefficients arc 53 for ethyl acetate, 
27 for dicthyl ether, 0.27 for cyclohexanc and 0.02 
for n-hexane. When ethyl acetate was used as the 
extraction solvent, cu. 96% of the resulting EHOB 
in the aqueous phase was transferred into the ethyl 
acctatc extract in this method. 

NORC 
a- 
F- 
Br- 
I‘ 
I- 

NO, 
so;- 
so:- 
sof- 
CO:- 
HCO, - 
HP0.p 

VW 
CH,COO - 
SCN - 
SCN - 

N&i 
KF 
KBr 
KI 
KI 
KNO, 
Na,SO, 
Nit,SO, 
Na,SO, 
Nu,CO, 
NuHCO, 

K,HQ 
KH&‘% 
CH,COONit 
KSCN 
KSCN 

100 
too 
100 
I(10 

IO 
100 
100 
100 

IO 

100 
100 
100 
100 
iO0 

100 
10 

100.0 f l.H 
101.4 f 0.4 
99.5 f 3.2 
99.4 * 0.9 
69.5 * 0.7 
93.8 * 0.6 

100.9 f 2.2 
98.9 f 3.2 
69.0 f 3.0 
96.1 f 1.6 
98.4 f 3.9 

100.7 -1: 3.4 
96.8 f 3.4 
99.9 * 3.3 

101.3 rt 1.9 
87.9 f 2.9 
94.3 f 2.1 

’ Mean + standard deviation for thrw dotcrtttinations. 

Gent of EHOB, defined as the ratio of the conccn- 
tration in the organic phase to that in the aqueous 
phase, wcrc mcasurcd by a double extraction. The 

TABLE 11 

A calibration graph was constructed by plotting 
the peak height of EHOB Q) wrswx the concentra- 
tion of nitrite (s). A good linear relationship, J+ = 
0.358.~ + 0.021, with a correlation coefficient of 
0,998, was obtained in the range 0.01-0.1 j&g/ml. 
The relative standard deviations for five rcptieatc 
derivatizations of nitrite wcrc 3,4O/u at 0.01 p&ml 
and l.SO/u at 0.1 ~g/*t,i. EHOB has a high ECD rc- 
sponsc, and the detection limit of the method was 
found to bc 0.02 116 of nitrite in 10 ml of aqueous 
sample. 

DETERMiNATlON OF NITRlTE IN RlVER WATER AND HUMhN SALIVA WlTlt RECOVERY TESI 

SuSttplc NO; uddcd” 

--- 

-- 

NO; found” Rcctwory 
-- p/u) 

Speclrophotottxtric GC nmhod 
mot hod [4) (this work)” 

___.__. __ 
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Effect of foreign anions 
The effect of foreign anions, which may co-exist 

in the sample, on the determination of nitrite was 
studied. Table I shows the results ofinterferenees by 
Cl-,  F ' ,  Br-, I - ,  NO~, SOl-,  SO~-, COs:~-, 
HCO~', HPO~-, H2PO~, CH~COO- and SCN-.  
Most of the anions examined, at a concentration of 
I00 gg/ml, did not interfere with the formation of 
EHOB. On the other hand, I- ,  SO~- and SCN- 
interfered seriously. The interferences by I-  and 
SOl- may be attributed to the reduction of nitrite 
by the anions. However, these three anions at a con- 
centration of l0 #g/ml showed no significant inter- 
ference, The levels of I - ,  SO,~" and SCN- in ordi- 
nary environmental samples are usually lower than 
the interfering concentrations shown in Table 1. 
These results suggest that this method can be used 
for the determination of nitrite in environmental 
samples. 

Applications 
River water and human saliva samples were ana- 

lysed by both this method and a spectrophotomet- 
ric method [4], Recovery tests with nitrite added to 
these samples were also carried out in order to as- 
sess the efficiency of the method, Fig, I shows typ- 
ical gas chromatograms obtained for river water (C) 
and human saliva (D). Table II shows the results for 
the determination and recovery of nitrite in real 
samples. The nitrite concentrations for each sample 
determined by the two methods were in good agree- 
ment. The rccoverics of the spiked nitritc wcrc 
greater than 94%, The results in Table II indicate 
that there is no significant interference from the 
sample matrices in the derivatization step and in the 
GC determination. 

CONCLUSION 

A simple and sensitive GC method was devel- 
oped for the determination of nitrite at trace levels. 
The reliability and selectively of the method are ex- 
cellent, and it can be used to determine nitrite accu- 
rately at ppb levels in a variety of samples. 
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