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TEE ES=+ION OF N-NLTROSA~UNES IN TROPICAL REGIONS BY 
REVERSED-PE%ASE PAPER _AND TEFIN-LAYER CKROMATOGRAPHY 

SUMMARY 

A simple and canvenient procedure based on resersed-phase paper and thln- 
layer chromatography is reported for the detection and estinrztion of N-nitrosamines 
in food products, particuIarPy cured meat. The method can easily be applied in 
tropic& regions when plenty of sunshine is available. It is particularly useful in 
faod-testing laboratories where sophisticated analytical instruments such as the gas 
chromatograph, mass spectrometer, etc., are not avallabfe. By this procedure, it is 
possible to detect up to tC@g and to estimate up to 75+g (reversed phase) and SO,t(g 
(thin layer) amounts of N-nitrosamines. 

N-Nitrosamines are formed during the curing of meat xv&h nitrites and 
nitrates. Recently, there has been some concern that nitrosamines are highly toxic 
when ingested in certain concentrations I+_ Manv widely used agricultura! chemicals _ 
are derivatives of afkylureas and aU@arbamic acids which react with nitrites nndeF 
mild acid conditions to form dialkylnitrosamines or an N-nitroso derivative ur a 
mixture of these compounds which are highIy to~i&~~. The formation of N-nitros- 

2 mines by nitrosation of amines may take place in the human stomach as welf as in 
crored food, and it has been shown that such compounds can be formed irz Y&V from 
s lcondary amines and nitrites when raised together in human gastric juice”.“. 
1 xause of the possible formation of nitroso carcinogens, cured meat and meat pro- 
c lets have to be thoroughly screened for the presence of such compounds. Since 
t esse toxicants occur only in microquantities, sensitive methods are required for 
t eir proper screening ami estimation. Genera!tyz gas chromatography (Cc) and/or 
r zss spectroscopic and polarographic techniques have been utilized. 

Mhougb reversed-phase paper chromatography (PC> has not been empfoyed 
f 2 the m&oseparation and estimation of nitrosamines, thin-iayer chromatography 
( XC} has been adopted by mans workersli-lT. Sen and co-workerPWL” used TLC 
E:r the t&e&on and semiquan&ative determination of nitrosamines, while Eisen- 
E:andL7 was able to estimate amounts of up to 80 pg of nitrosamines in foods by 



TLC in conjunction with ultraviofet (UV) spectroscopy. The present pap= dexr&~ 
a simpie and cmvmient pxxedure for the estimatioil of Iti-nitrosamines wbkh could 
be applied in remote areas v&re soptistic&ed and costly iixtruments are not ava& 
able. ft is possible to dotea up to IO-pg and estimare up to 7%pg LUliOUlltS Of nitiOS- 
arnines by PC z.nd XL,ug amounts by TLC. 

N-Ntroso derivatives of dimethyl-, diethyi-, dipropyl- and dibutyiamims and 
pip&dine were prepared according to the standard procedurezs. Each N-nitrosamine 
was distilied twice using an eficient column and only fractions having sharp boiling 
points were coflected. The distillate wzs dissofved in dichlorometbane, and intesering 
amines were removed by washing wirh glycine-HCl bunleer (pK 2.1 & 0.1). Further 
clean-up was achieved by means of chromatognphy OIE a~ alumina co!umn @XI-) 
using pentane as the stetionary phase. The cofumo was swzcessively washed with the 
soEvent mixerrres dichioromethane-pentane (I 50, I : IO and Z : 5). The nitrosamines 
were ekted \yi~h dichloromethane, which was distilled off under redrrced pressure 
and diEused light; they gave a single spot on two-dimensional TLC and were’spectro- 
scopicatiy pue. 

RtiSOFbt?tlFS 

The adsorbents silica ge1 0, aIumina (H-, Of-f- and neutral; Type T) and 
ma@esium silicate with 13 T/, calclrrm sulphate were obtained from E. Merck, Dam- 
stadt. G.F.R. 

All the sclvenis were dried 2nd fresfriy distiUed_ The ascending tectique was 
. employed for both PC and TLC, the terzperatum of in-igatlon being 26-28”. 

Grisss reagent: i “/;; suZphanilic acid in 309/, 
in 307: acetic acid (1 :I). 

acetic acid-O. I ‘?A a-naphthylamine 



?c AWD TLC OF N-MTROSPLMINES 

Fig. I. Reversed-phase PaWi chromatogram of N-nitrosanines and samples of mutton. -Paper, 
Whztman No. E impregn&zd ~.ith 5% decal& in iight petroleuxx (b.p. 30-60”). Irrigation, n-butanol- 
p_tidfne-water (E4:3:3) for 6 h. Cofour reagent, L % suiphanik acid in 30% acetic acid-O.1 % a- 
czqWhyLxmine in 30% acetic acid (I :I). Sampfes: A = dimethyl-N-nitroszmine; B = diethyLN- 
nitrosamine; C = N-titrosopiperidie; D = N-nitrosodipropyfamine; E = dibutyt-N-nitrosamine; 
F = a mixture of&E; G = fresh cttred mutton; H = cured cooked mutton; 2nd 1 = cured, cooked 

2nd dehydnfed mutton. ._ 

Eslimation of die iti-nitrasmtirtes. Reversed-phase paper chromatography (PC) 
was empfoyed. Whatmsn No. 1 paper (Kl x 25 cm) was impregnated with a solution 
oF 5% of &c&o in fight petroleum (b.p. &3--6W). Spots were made from 10 pLl 

(10 pgjpiccrj of each nitrosamine solution in acetone and from the various mutton 
extracts. The paper wzs irrigated with B-butanoi-pyridine-wzter f14:3:3) for 6 h. 
The entire procedure was carried out ia the dark in order to prevent photoreduction 
of the N-r&rosa&es. The chromatograms were dried, exposed to bright suntight 
for 2 h and sprayed with the Griess retzgeat. The resrrrtiog reddish-purple spots were 
WE out, elutsd with acetone, made up to a known volume and estimated cofori- 
n7etricaIIy at 520 nm. A tpiccal chromatogram is &own in Fig. I. 

Prqararion of he plar23. k homogeneous slarry of 30 g of the adsorbent in 

1 9 mf of water-phosphate buffer (pH 5)-borax buEer (pH 9) was poured on to 
t. ~1 tiass plates (20 x 30 cm), which were tilted from side to side in order to obtain 
2 &%rm coating. The plates were left overnight for d&g, and activated at 110” 
c - 1 h before use. Hates with and without thin-layer coatings wehe weighed and the 
2 x2.ge coatings {lrr mg[crrP) In each case were: kieseIge1 G, 7.2; atumina (H’), 7.4; 
E cmina (neutraf), 7.1; afu&m (OH-), 7.0; and magnesium s&ate with calcium 
S; -&ate, 8.3. 



0.86 0.88 0.90 0.92 0.95 G.SS 0.9, 
0.40 GA2 0.46 0.49 G.5L 0.72 0.7 
G.LS 0.22 0.25 0.28 0.32 G.3.5 0.3 
0.52 0.54 0.55 0.58 0.62 G-39 0.4 _ 
0.23 0.25 0.26 0.27 0.29 G-40 0.4:: 
0.55 0.59 0.61 0.63 0.66 0.52 0.5 : 
0.82 0.s O.E5 0x3 0.89 O.Pf 0.93 
0.32 G.36 0.38 0.46 0.49 G.65 0.70 
OS5 0.18 G-L9 0.21 (1.23 0.22 0.2-E 

Siffca gel G 
_ 

Hfi N2utrd 

Li b c d e CT b - 

G.2.5 0.28 G.3G 0.33 0.35 0.21 0.21 
0.86 0.85 0.89 G.95 0.97 13.25 0.32 
0.12 0.14 G.16 G.17 Ct.19 0.22 0.24 
0.33 0.25 0.27 0.30 0.33 0.23 0.29 
0.37 GAG G.Sf 0.45 0.48 0.21 0.25 
G.13 G.Ed 0.17 0.19 0.21 0.29 0.35 
0.21 0.25 0.24 0.28 0.30 0.66 0.69 
G.2G 0.23 0.25 0.26 G.29 0.20 0.25 

0.22 0.25 0.2-h 0.33 0.33 9.36 o.&? 

* 8 = Dlme~Ayl-N-nitxS, b = &ethyl-N-nitrosainine, c = N--citrosopiperi&iine, d = ciipropyi-;4 
niirosaxne, znc! e = dibu~I-N-aitmszmIne. 
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.- - --__ -------__-__ _ .~__ __ 
03 0.92 a.95 0.30 0.32 0.35 0.40 0.42 
O.% 0.54 0.57 0.25 0.28 0.30 0.36 a.42 

02 OF G.46 0.42 0.43 0.4s O.f2 0.10 CF.12 O.f.5 0.13 CLfS a.14 0.20 0.14 0.22 
g.?> 0.46 0.47 0.01 G.10 a.12 a.15 0.16 
0.56 0.60 a.65 0.15 (3.17 0.1s 0.20 0.22 
0.92 0.96 0.98 a.32 0.34 0.35 0.39 0.41 
071 . - 0.76 0.80 0.28 a32 0.34 0.37 0.40 
0.X 0.28 0.30 a.12 0.15 0.16 0.19 0.22 
- 

Mqnesium silica?e 

__ .__-.. _~__ 
C d e b 

0.29 031 0.34 
0.X 5.38 0.41 
0.25 0.29 0.33 
0.51 0.5E 0.61 
0.X 0.29 0.31 
0.X 0.41 0.46 
&.sI 0.74 0.78 
Q.26 0.28 0.35 
Q.62 0.80 0.90 

0.2i 
0.19 
0.15 
0.16 
0.13 
0.17 
0.22 
0.13 
0.15 

c 

0.22 
0.18 
as5 
0.16 
0.13 
0.1s 
0.23 
0.14 
0.14 

d e a 
__-___~ __ __- 

0.33 0.34 0.46 
0.23 0.25 0.62 
0.17 0.18 0.15 
0.18 0.20 0.20 
0.16 @.I8 0.56 
0.20 a.77 wa 
0.25 0.29 0.45 
0.17 0.19 0.32 
0.17 0.1s 0.6 

& c d e 

OS3 0.52 0.55 0.58 
0.72 0.75 0.84 0.94 
0.17 0.19 0.21 0.23 
3.27 0.29 0.35 0.40 
0.5s 0.62 0.69 0.70 
0.68 0.70 0.78 0.86 
0.49 0.50 0.54 033 
0.36 0.38 0.46 0.50 
0.50 0.51 0.54 0.57 

It was possible to detect up to IO-ir.g amounts of nitrosamines on both PC 
and TLC using a UV lamp (254 om filter) and to estimate up to 75 ,ug (by P&j and 
5@yg amounts (by TLC). Use of the Griess rezgem did not produce coloured spots 

dxx the amount of nitrosamine was less than 25 ,ug. In alf [he cured mutton samples 
OAy dimethyl--~-nitrosamine was found. This was confirmed by tw3-dimensional 
?-C where an authentic sample of dimethyt-N-I;itrosamine and that Mm mutton 
F :ve superimposable spots. The samples wer e also spectroscopically identical. No 
c Joured spots were obtained for samples of cured dehydrated mutton, bit when 
V Wed under a UV Iamp the amour,t of dimetbyl-S?I’-nitrosamine present was ca. 10 pg 
v len compared ~4th the standard. It is interesting to note that the amount of di- 
i ttbyi-N-nitrosamirie in cured mutton decreased slightly OR cooking, ad decremd 
1 -gely m its subsequent dehydration. 

PC on untreated paper resulted in tailin, u of the compounds when different 
S !vent systems we= empbved. Papers treated with dimethyl suIpfIoxide (50% in 

i luene), groun&ut oil (1 %-in acetone) a.zd sikone oil (2% in a=tone) Sve poor 
I x~lutions wi& the solvent systems n-butanoi-acetic acid-water (3 :I :I); etbyi 
E Xate-acetic acid-methar,ol--water (31:7 :7 : 51, ethy : a~tate-pyridine-tetraE_J’dro- 
f. -an-water (58 ~20 : 1 f : 121, methanoi~~~ooroform-a~to~e-25 yO ammonia (4.2 : 17 : 



&@nesfum silicate wzs fomd i,o be the best adsorbent for TLC resoktions of 
~litrosamines; ihe spots were particafarly distkct when tight petroleux-cyclobexzne 
(Z9:1) and tofuerie-dicbiorome~b~~e @:I) were empbyed. In generat the mobility of 
the nitroszmi-nes on the dinerent-types of zhmina was irr the order neutra! > H’ > 
OS-. SZcz ge2 C (OH-) IXSI&& k the smallest mi_~tkms of the compounds when 
compared v;i~h the other two types of adsorbent. XaIogenated soivcnts had more 
Ginity for tie nitrosakzes wher; compred to the other solvents. 

Thariks are Gr;e to Dr. K. F&S& Direeor, Defence Food ICesearch Laboratory, 
Slysore, ~for his kiterex 21id encouragement. 
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