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Abstract

A miniaturized and improved method for Apparent Total Nitroso Compounds determination in liquid matrices was 
developed. The main improvement is based on a miniaturized and modified apparatus for chemical denitrosation 
of nitroso compounds by hydrogen bromide in a glacial acetic acid mixture. The reaction is carried out in a teflon 
reaction coil while the reaction product, gaseous nitric oxide, is drifted to a chemiluminescence detector by the flow 
of argon together with a vacuum obtained by the detector's oil pump. The apparatus significantly increased the effi-
ciency of the Apparent Total N-Nitroso Compounds determination (compared to the previous method), specifically, 
the dead volume of the apparatus was significantly decreased, and the effect of the reverse reaction was eliminat-
ed as well. The apparatus shortens the analysis time (1.4 min/injection), further it provides a lower detection limit  
(3 µg(N-NO)/l), quantification limit (10 µg(N-NO)/l), and method uncertainty (15%), and is simpler for the operation.
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1	 Introduction

	 N-Nitrosamines, especially volatile ones, are highly 
toxic substances occuring in lots of food and beverages, as 
well as in plastics, rubbers, and paints. Their concentra-
tions in beer are usually lower than 0.2 µg/kg (Vrzal and 
Olšovská, 2016), and the most frequently detected N-ni-
trosodimethylamine (NDMA) mostly originated from malt. 
However, non-volatile N-nitrosamines are not generally 
known (except N-nitrosoproline) and their occasional oc-
currence in beer is obvious from Apparent Total N-Nitroso 
Compounds (ATNC) determination, sometimes referred 
to as Total N-Nitrosamines – TONO (Piazzoli et al., 2018; 
Kulshrestha et al., 2010), where most of the ATNC content 
is attributed to the non-volatiles (Čulík et al., 2012). There-
fore, ATNC determination has still great importance in the 
beer quality/contamination monitoring process.
	 The original method for ATNC determination was pro-
posed by Walters et al. (1983) and was based on chemical 
denitrosation of an N-nitroso group by a hydrobromic ac-

id-acetic acid mixture. The reaction usually takes place in 
a heated reaction flask with a reverse Liebig condenser. 
The formed gaseous product (nitric oxide and/or nitrosyl 
bromide) is then washed by hydroxide solutions, further 
cleaned by condense traps, and detected by the Nitrogen 
Chemiluminescence Detector (NCD; named also as Thermal 
Energy Analyzer (TEA) in the past). The whole procedure is 
performed in a glass apparatus under an inert gas atmos-
phere, see Figure 1. Since the original procedure is associ-
ated with many disadvantages and practical difficulties, few 
modified methods of that analysis were developed. Some of 
these drawbacks are high dead volume that results in long 
analysis time, low throughput, excessive peak tailing, diffi-
cult operation, and negatively increasing influence of the 
reverse reaction and water content to the peak shape and 
limit of detection across the analysis batch. Most of the mod-
ified procedures use apparatus which are easier to operate 
with, use a lower amount of chemicals, and/or different 
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principle of denitrosation (Breider 
and von Gunten, 2017). However, 
a  comparison of their denitrosa-
tion mechanism and knowledge re-
garding selectivity reveals consid-
erable doubt whether the original 
and the modified methods deter-
mine the same compounds in the 
analyzed sample (critical mainly in 
the fields where the original meth-
od is considered as a standard and 
is used for a routine quality-check). 
For these reasons, we decided to 
improve the original method while 
preserving the original principle.
	 The aim of this study is to de-
velop and validate an improved 
method for ATNC determination in beer. The major im-
provement lies in the miniaturization and modification of 
the apparatus used for the ATNC determination resulting 
in the efficiency increase of the method, and lowering the 
quantitation limit and uncertainty.

2	 Material and methods

Chemicals
Used chemicals are as follows: 33% hydrogen bromide 
in glacial acetic acid (Merck), N-nitrosodimethylamine 

(100 µg/ml in methanol, Agilent Technologies), N-nitroso-
proline (100 µg/ml, Isconlab, Germany), potassium hydrox-
ide (Penta, Czech Republic), ethyl acetate (≥ 99.5%, Honey-
well), ammonium sulphamate (> 99%, Merck, Germany), 
sulphuric acid (96%, Merck, Germany), methanol (≥ 99.9%, 
Honeywell), hydrochloric acid (37%, Merck, Germany), dry 
ice (Linde), deionized water (prepared by MilliQ system).
	 The reaction mixture was prepared by mixing 60 ml 
of ethyl acetate (with 1 g/l ammonium sulfamate) with 
40 ml of 33% hydrogen bromide solution in glacial acetic 
acid. The reaction mixture was held in a closed flask and 
always freshly prepared before the analysis run.

Instrumentation
The miniaturized apparatus (Fig-
ure 2) for ATNC determination 
consists of an injection port (1), 
reaction coil (2), Liebig condens-
er (3), stock flask (4), gas wash-
ing bottle (5), two condense traps 
(6), and capillary restriction (7).
	 The injection port (Figure 3) 
is made up of a little flask with 
a frit and screw cap with a septum. 
Argon as carrier gas (AirProd-
ucts, Czech Republic) is supplied 
to the apparatus by an injection 
needle connected to a  rotameter 
by a teflon tubing. The injection 
port is connected to the reaction 
coil by a plastic valve (designed 
by the manufacturer for the flow 
regulation during the solid-phase 
extraction). The reaction coil (Fig-
ure 4) is formed by a  teflon tub-

Figure 1	 Original apparatus for ATNC determination; 1 – syringe; 2 – reaction flask;  
3 – Liebig condenser; 4 – gas washing bottles; 5 – condense traps;  
6 – capillary restriction

Figure 2	 Scheme of the miniaturized apparatus; 1 – syringe with reaction mixture;  
2 – syringe with sample; 3 – injection port; 4 – reaction coil; 5 – stock flask;  
6 – gas washing bottle; 7 – condense traps; 8 – capillary restriction
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ing (275 cm length, 1.5 mm ID, 3.2 mm 
OD, Supelco) coiled on the external wall 
of the Liebig condenser. Water at ap-
proximately 60 °C is pumped into the 
condenser by the flow thermal block 
to maintain appropriate conditions for 
the denitrosation reaction. The tubing 
is connected to the stock flask (Figure 
5) consisting of a  50  ml heart-shaped 
flask, gas washing adapter (without an 
inner glass tube), and reducing adapt-
er. The teflon tubing from the reaction 
coil comes up to the neck of the heart-
shaped flask. The gas washing bottle 
filled with 12 ml of 33% potassium hy-
droxide solution (Figure  5) is formed 
by a test tube, gas washing adapter 
(without an inner glass tube), and tef-
lon tubing (reaching the bottom of the 
test tube). The two condense traps 
(20 × 100 mm) are asymmetrically con-
nected together, immersed in chilled 
methanol (by dry ice) in Dewar's vessel, 
and connected to the capillary restric-
tion (180 mm length, 0.32 mm ID), see 
Figure 6. Individual parts of the appa-
ratus are connected by a Tygon® tube 
(1/4 and 13/16 " ID). The teflon tubes 
are sealed by metal ferrules. All connec-
tions have to be gas-tight.
	 The apparatus is connected to the 
Nitrogen Chemiluminescence Detec-
tor (NCD 8255, Agilent Technologies, 
Santa Clara, USA) through the capillary 
restriction by teflon tubing. The reac-
tion chamber of the detector is chilled 
for -10 °C. Oxygen (AirProducts, Czech 
Republic) is used for ozone generation 
in the detector. The working pressure 
in the chamber is between 5–8 torr.

Analysis procedure
	 A beer sample was prepared 
for analysis by the following proce-
dure. Five millilitres of a beer sample 
were mixed with 1 ml of ammonium 
sulfamate (0.2 mol/l) in 0.2 mol/l sul-
phuric acid and left to react for 15 min-
utes. Meanwhile, an SPE column (Bond 
Elux SAX, 500 mg) was conditioned by 
3 ml of methanol and 3 ml of hydrochlo-
ric acid solution (0.01 mol/l). Then, the 

Figure 3	 Photo of the injection port
Figure 4	 Photo of the reaction coil
Figure 5	 Photo of the stock flask and gas washing bottle
Figure 6	 Photo of the condense traps and capillary restriction
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sample was loaded on the SPE column and the first 2 ml 
of eluate were discarded, the remaining eluate was col-
lected and analyzed. Deionized water was used as a blank 
sample – prepared by the same procedure.
	 The apparatus is prepared according to the proce-
dure in the previous section. The flow of argon is firstly 
maintained at 100 ml/min, and, after connecting the ap-
paratus to the detector, the flow is reduced in order to 
have the total flow at rotameter between 20–60 ml/min. 
Firstly, an apparatus conditioning by the reaction mix-
ture is performed as follows – the plastic valve is closed, 
200 µl of ethyl acetate is injected into the injection port 
and 1 ml of the reaction mixture is subsequently injected, 
the plastic valve is opened and approximately 300 µl of 
water is injected (for system flushing and peak focusing). 
This procedure is repeated three times. Subsequently, in-
jection of NDMA solution (200 µg/l in ethyl acetate) is 
carried out (the same procedure as previously described 
for conditioning, except ethyl acetate injection). Injection 
can be repeated when a signal of the detector is back at 
a baseline level. Injection is repeated until peak areas 
of two consecutive NDMA injections are not significant-
ly different. After these preliminary steps, the system is 
ready for the analysis itself. The analysis is carried out by 
a sequence of injections (injection procedure described 
above): NDMA solution, blank sample, sample, NDMA 
solution (each injection two times). Analysis can be re-
peated until the stock flask is full.
	 ATNC quantitation is performed by a sample peak 
area comparison with the peak area of NDMA, according 
to Equation 1.

Equation 1

Where x is Apparent Total N-Nitroso Compounds concen-
tration in µg(N-NO)/l, As is a peak area of a sample, ANDMA 
is a peak area of NDMA standard solution, MN-NO is a molec-
ular weight of N-nitroso moiety (44 g/mol), MNDMA is a mo-
lecular weight of N-nitrosodimethylamine (74 g/mol), k is 
a concentration of NDMA standard solution (200 µg/l).

Method validation
The method was validated according to the Eurachem 
guide (Magnusson and Örnemark, 2014; Ellison and Wil-
liams, 2012). The limits of detection and quantitation 
were evaluated by replicate measurements (10 times) of 
the reagent blank, and the obtained values were verified 
by repeated experiments in three days (spaced at least 
a week). Total recovery of the method was evaluated by 
analysis of a beer sample spiked with N-nitrosoproline 
at seven different concentrations (0, 11, 32, 54, 75, 96, 
118 µg(N-NO)/l) together with a comparison of deter-

mined concentrations in real samples by the original 
method. Linearity in this range of concentrations was 
also checked. Expanded uncertainty of the determined 
concentrations (k = 2) was evaluated by Monte Carlo 
simulation (100 000 repetitions) using the MonteCarlo 
package (v 1.0.6) (Leschinski, 2019) in RStudio (v 4.0.1). 
The simulation was based on the uncertainty of concen-
tration of NDMA certified reference standard (triangular 
distribution was used according to the Eurachem Guide 
(Ellison and Williams, 2012)), and experimentally deter-
mined standard deviation of repeated analysis of blank, 
NDMA standard and beer sample under conditions of re-
producibility (normal distribution was used).

3	 Results and discussion

The miniaturized apparatus was designed to eliminate 
the main disadvantages of the original ATNC method, 
e.g., high dead volume resulting in long analysis time, low 
throughput, peak tailing, difficult operation, and the neg-
atively increased influence of the reverse reaction and 
water content on the peak shape and limit of detection 
across the analysis batch. These issues were solved by i) 
apparatus miniaturization and ii) replacement of the re-
action flask by the reaction coil.
	 The first part of the apparatus – the injection port – is 
designed for injection and sample mixing with a reaction 
mixture. The denitrosation reaction takes place in a heat-
ed reaction coil and the injected liquid is collected in the 
stock flask. Hence, each newly injected sample/NDMA 
standard reacts with the reaction mixture in the reaction 
coil and is not in contact with reaction products of pre-
vious injections (e.g., dimethylamine from denitrosation 
of NDMA standard) which shift the reaction equilibri-
um. The reaction coil also prevents the reaction to take 
place in the environment with an excess of water from 
previous injections of a sample, since water significant-
ly slows down the reaction rate. Therefore, the influence 
of the reverse reaction and water content on the method 
performance is eliminated. The gas washing bottle filled 
with hydroxide solution is intended for acidic vapour re-
moval, and liquid droplets were condensed in the traps. 
The capillary restriction is used for a pressure reduction 
between the apparatus and detector.
	 The length of the reaction coil was optimized on ba-
sis of a continuous flow of the reaction mixture and suf-
ficient reaction time/reaction yield. An excessively long 
reaction coil caused a slow flow, partial or total evapo-
ration of the reaction mixture, and peak broadening. On 
the other hand, short reaction coils were insufficient due 
to a short contact of the reaction mixture with the heated 
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Liebig condenser resulting in low reaction yield. 
Hence, the final length (275 cm) was selected as 
optimal since fast and continuous flow, satisfac-
tory reaction yield, and sharp peaks were pro-
vided.
	 The validation results (Table 1) exhibit an 
improvement of the miniaturized method for 
ATNC determination over the original method – 
lower limit of detection and quantitation, higher 
precision of the determined concentration to-
gether with comparable recovery. Furthermore, 
the miniaturized apparatus produces sharper 
peaks with decreased peak width which enables 
a higher amount of injections in a given time.

4	 Conclusions

The improved method for ATNC determination in beer 
using miniaturized apparatus with improved functional-
ities enables use for routine analytical/quality control or 
research purposes with a high amount of samples as it 
eliminates the drawbacks of the original method. There-
fore, this relatively high-throughput method saves money 
and time, and improves the performance of determina-
tion. On the other hand, the method still requires manual 
operation, and automatization would further improve its 
performance and usability.
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method

parameter miniaturized original

limit of detection [µg(N-NO)/l] 3 6

limit of quantitation [µg(N-NO)/l] 10 20

working range [µg(N-NO)/l] 10–120 20–120

recovery [%] 101.40 ± 14.13  ~ 100

expanded uncertainty (k = 2) [%] 15 25

peak width at baseline [min] 1.4 10.5

possible injections per hour ~ 38 ~ 6

Table 1	 Comparison of the validation parameters of the miniaturized meth-
od for ATNC determination in beer with the original method
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