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Abstract

A sensitive and selective post-column detection system for nitrosamines is described. The principle upon which the detector works is that
UV irradiation of aqueous solutions of nitrosamines leads to cleavage of-hON\bond. The amine generated is subsequent detected by
chemiluminescence using tris(2[&pyridyl) ruthenium(lll), which is on-line generated by photo-oxidation of the ruthenium(ll) complexin the
presence of peroxydisulfate. Factors affecting the photochemical and chemiluminescent reactions were optimized to minimise their contribution
to the total band-broadening. This detection system was testédthidrosodimethylaminelN-nitroso-diethylamineN-nitrosomorpholine,
N-nitrosopiperidine andN-nitrosopyrrolidine, which were separated on an ODS column by isocratic reversed-phase chromatography with
acetonitrile—water containing 5 mM acetate buffer at pH 4.0. A linear relationship between analyte concentration and peak area was obtained
within the range 0.13-500g I-* with correlation coefficients greater than 0.9995 and detection limits of between 0.03 apay0-¥6ntra-
and inter-day precision values of about 1.2% R&B 11) and 2.5% RSDn(= 10), respectively, were obtained. The sensitivity may increase
from 9 to 280 times with respect to UV detection, depending on the nitrosamine in question. An automated solid-phase extraction (SPE)
system was used in conjunction with HPLC to determine nitrosamine residues in waters. Detection limits within the range 0.18-3.0ng|
were achieved for only 250 ml of sample.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and biological systems, it must be fast, sensitive, and specific,
while, at the same time, providing a high degree of accuracy
N-Nitrosoamines (NAm) are known to be carcinogenic in and precision.
a variety of animal specig4,2]. NAm require metabolic ac- High-performance liquid chromatography (HPLC) is a
tivation by cytochrome P450 for their carcinogenicjg}, useful technique for trace quantitiesiitroso compounds
yielding an alkylating agent that may react with DNA and and specific post-column approaches based on the cleavage
protein[4]. The carcinogenicity of NAm, and the apparent of the N-NO bond have been reported. This cleavage can
ease of formation with which they are formed in air, water, be carried out by hydrolysis with aqueous mineral acids and
soil and even in man, when the appropriate amine and nitrite heating[5] or UV irradiation[6,7] or by denitrosation with
precursors are present, makes the analytical determinatiorhydrobromic acid—acetic anhydrid®,9]. The amine or ni-
of the compounds important. For a particular analytical tech- trite thus released can be detected. Nitrite has been monitored
nique to be useful for trace analysis of NAm in environmental by spectrophotometry with Griess-type reagdats11], or
by measuring the fluorescence of€érmed when this an-
* Corresponding author. Tel.: +34 968 367407 fax: +34 968 36414, 10N is oxidised with C&" [5] or by chemiluminescence (CL)
E-mail addresstpr@um.es (T. Brez-Ruiz). using the classical atmospheric nitrogen oxide detga&jr
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Detection of amines has been carried out by reaction with ~ Standard solutions of NAm were prepared by dissolving
dansyl chloride to the fluorescent dansyl derivatii&43]. the pure compounds in water (@ mi~1). Working NAm
Increasing sensitivity was achieved using bis(2-nitrophenyl) solutions were prepared by diluting the standard solutions.
oxalate and hydrogen peroxide as post-column CL reagentsAll solutions were filtered with a 0.45m membrane filter
for the dansyl derivative®]. (Millipore Ibérica) and stored in the dark at@.
In recent years, CL as a detection technique for use with
HPLC has become more attractive due to its high sensi- 2.2. Apparatus
tivity, wide linear range and simple instrumentatifi#].
The CL from tris(bipyridyl)ruthenium(lll) [Ru(bpyP*] has The instrumental setup used in this stullig( 1) consisted
emerged as a versatile detection method for the determina-0f an HPLC Beckman Coulter (Fullerton, CA, USA) instru-
tion of a variety of compounds containing amine functional- ment composed of a System Gold 125 NM solvent Module,
ity [15,16] Common to all these applications is the forma- @ System Gold 186 diode array detector and a Rheodyne in-
tion of Ru(bpy}3*, which is then reduced by the analyte to jection valve. An Aspec XLi (Gilson, Middleton, WI, USA)
emit light. The active reagent Ru(bpy) has been generated Wwas used for the injection of the sample into an Ultrasphere
by chemical, photochemical and electrochemical oxidation column (Beckman) (f.m Cyg, 250 mmx 4.6 mm). The CL
and in situ electrochemiluminescence (EQLY]. Despite ~ detector was a Camspec CL-2 (Cambridge, UK) luminometer
the large theoretical potential of ECL, only certain reactions equipped with a three-port flow cell (two inlets and one exit).
have been found widespread applicability in analytical sci- The CL detector was connected to the HPLC equipment by
ence, because significant limitations such as the presence ofmeans of an SS420x interface (Beckman).
interfering species, the complex optimisation and the lack of ~ The post-column detection system is depicted schemati-
reproducibility make ECL less attractive than conventional cally inFig. 1 Two Gilson Miniplus-3 peristaltic pumps were
CL [18]. In previous works, it was found that the photochem- used for the addition of reagents. Except for the pump tubing
ically assisted oxidation of Ru(bpyA* to Ru(bpy}3* in the (Tygon), PTFE tubing (0.5mm 1.D.) was used through the
presence of peroxydisulfate is very effective and reproducible manifold. Two photoreactors, each consisting of PTFE tub-
and it has been successfully used in the CL determination ofing (0.5mm1.D., length =300 cm and k=100 cm) coiled
several analytel 9—-22] around Spectronic (Westbury, NY, USA) rod-shape low pres-
The aim of this work was to develop a simple, automatic sure mercury lamps (50 mm5 mm diameter) were incorpo-
and sensitive HPLC method for the determination of NAm, ratedinthe manifold. The lamps operated at 6 W and the main
which can be easily applied to the analysis of real sam- spectral line was at 254 nm. Both photoreactor-lamp assem-
ples. The post-column detection system used two photore-blies were housed in fan-ventilated metal boxes covered with
actors, in one of which Ru(bpyd* is generated by on-line  aluminium foil to increase the photon flux by reflection.
photo-oxidation of Ru(bpyf* with peroxydisulfate while All extraction steps were performed automatically using
in the other the NAm eluted from the column are first pho- the Aspec XLi coupled to a Gilson 306 pump so that large
todegradated to the corresponding amines, which react withvolumes of sample could be used. Strata X, surface modified
Ru(bpy}3* to give strong CL. styrene—divinylbenzene polymer (Phenomenex, CA, USA),
Finally, a solid-phase extraction (SPE) system was usedwas used as the solid phase in the extraction.
in conjunction with HPLC to determine NAm in natural wa-
ters. In the proposed approach, sample preparation, sampl@.3. Basic procedure
concentration, separation and detection were all automated.
The NAms were separated on an ODS column with an iso-
cratic elution program at a flow rate of 1.2 ml mih The mo-

2. Experimental bile phase consisted of 5mM acetate buffer at pH 4 and ace-
tonitrile (95:5, v/v). The outlet of the chromatographic col-
2.1. Reagents umn was connected to the photohydrolytic reactpmnihere

the NAms were converted to the corresponding amines. The

All the reagents were of analytical grade. Ultrapure water effluent from the photolysis coil was added to the 100 mM
from a Milli-Q plus system (Millipore llerica, Madrid, phosphate buffer at pH 7 through a T-connector and finally
Spain) was used throughout. Acetonitrile, acetone and directed to one of the flow cell ports. Ru(bp¥j was on-line
methanol were of HPLC grade (Romil, Loughborough, generated by photochemically assisted oxidation of 2 mM
UK). N-Nitrosodimethylamine (NDMA)N-nitrosodiethyl- Ru(bpyk?* with 1.5 mM peroxydisulfate along the photore-
amine (NDEA), N-nitroso-morpholine (NMOR), N- actor L, and pumped to the other inlet of the flow cell. Thus,
nitrosopiperidine (NPIP) andl-nitrosopyrrolidine (NPYR) the mixing occurred in the flow cell. Finally, the CL emitted
were obtained from Sigma-Aldrich (Madrid, Spain). light was measured without wavelength discrimination. The
tris(2,2-Bipyridyl)ruthenium(ll) from Fluka (Steinheim, tubing between the two photoreactors and the flow cell was
Switzerland) and potassium peroxydisulfate and Dowex covered with black insulating tape to prevent a fiber optic
2X8-100 ion exchanger from Merck (Darmstadt, Germany). effect from introducing stray light into the detector.
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Fig. 1. Assembly used for automated SPE and HPLC determination of NAm in waters using on-line post-column CL dete6tibM Phosphate buffer of pH
7.0; R: 1.5x 103 M peroxydisulfate and 0.03 M phosphate buffer of pH 5.7; Rx 103 M Ru(bpy)?*; L1, L2: photoreactors; EC: exchange minicolumn;
D: CL detector.

2.4. Automated extraction and NAm concentrations acid, stored at 4C and analysed within two days of collec-
tion. Prior to the analysis, the samples were neutralised with
Strata X cartridges (200 mg) with a 3-ml reservoir were sodium hydroxide. NAm were added to water samples by
conditioned with 2 ml of acetone followed by 2 ml of ultra- placing 10 ml of a NAm mixture solution (containing be-
pure water separated by 0.5ml of air, prior to application tween 0.5 and 24 ng of each NAm) in a volumetric flask and
of the sample. The water samples (250 ml) were pumped making up to 1000 ml with the water sample.
through the cartridge at a flow rate of 5mimiusing a
Gilson 306 pump which was controlled by the software of
the Aspec. The cartridge was washed with 1 ml ultrapure wa- 3. Results and discussion
ter and 1 ml air. The retained NAm were eluted at 1 mindin
with 2ml of acetone followed by 3 ml air. The eluate was 3.1. Study of the post-column detection system
evaporated to near dryness at’@bby passing an air stream
for 1 min. The residue was dissolved with 0.5 ml of ultrapure To facilitate the study of the post-column reactions, no
water. A 20ul aliquot was injected by the Aspec into the chromatographic column was used.
chromatographic system.
The HPLC system and the SPE worked simultaneously,
i.e., while sample 1 was being analysed, sample 2 was ex-
tracted in the Aspec.

3.1.1. On-line photogeneration of Ru(bg})

The procedure for the generation of the Ru(lll) complex
was selected on the bases of our previous stydie2]
The optimization of the FI system outlined kig. 1 was
2.5. Sample preparation procedure carried out using dimethylamine or pyrrolidine as model

compounds in order to avoid the influence of the variables

The water samples were collected, filtered through a affecting the photoconversion of NAm into its correspond-
0.45p.m membrane filter, acidified to pH 2 with hydrochloric  ing amine. The variables studied were pH, peroxydisulfate
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Fig. 2. Effectof pH onthe photoconversion of NAminto amines. (1) NDMA,;

(2) NDEA; (3) NMOR; (4) NPIP; (5) NPYR. Conditions: NAm concentra-  Fig. 3. Effect of pH on Ru(bpyf*/amines CL reaction. (1) DMA; (2) DEA;

tion, 5x 10~ M; Ru(l1l) complex concentration, 2 10-3 M. (3) MOR; (4) PIP; (5) PYR; (6) blank. Conditions: amine concentration,
DMA: 75 ng mi-1; DEA:100 ng m-1, MOR, PIP, PYR:25 ng mil; Ru(lll)
complex concentration, 2 10~3mol I=1.

concentration, Ru(bpy$* concentration, flow rate, length of

photoreactor (k). The greatest CL signal was obtained using to amines. This time was obtained using a reactor length of

the following conditions: Ru(bpyf* (2 x 10-2 M), peroxy- 300 cm and a flow rate of 1.2 ml mifh for the carrier stream.
disulfate (1.5« 1073 M K »S,0g buffered at pH 5.7), pho- It is worth noting that nitrite showed a strong inhibitory
toreactor Iz (length 100 cm) and flow rate (1.2 ml mi®). on the amine/Ru(bpy$* CL reaction, a problem that was

easily avoided by placing an anion exchanger minicolumn at
3.1.2. Photolysis of NAm the exit of photoreactori.to retain the nitrite.

Ultraviolet irradiation of aqueous NAm solutions led to a
rapid decay of NAm and the formation of the corresponding 3.1.3. Optimisation of CL system

amine and nitrite as the major produf#s7]. The reaction The efficiency of the light emission of the reaction between
for NDMA is: Ru(bpy)s* and the amines, DMA, DEA, MOR, PIP and PYR
CHa\ ho CHs\ was greatly affected by the pH. Data obtained for the CL
N—NO + H;0

Y /NH + HNO; signal of each amine and background at various pH values

CHs CHs are shown irig. 3. Although the background-corrected CL
NO3~ ions were generated along with MOions, but at signals increased with increasing pH, values higher than 7.5

a low level. Kinetic studies had indicated a relatively strong &€ not recommended because the backgrounds were very

pH dependence of the quantum yield for the direct photolysis Nigh @s a result of the hydroxide ion reducing Ru(y¥o

of NAm [6]. Therefore, the influence of pH on the photocon- RU(bPY** with the emission of CI[23]. _

version of NDMA, NDEA, NMOR, NPIP and NPYR to the The total flow rate is a very important parameter in the

corresponding amine in the FI system was studied by inject- CL réaction and should be regulated. When flow rates are too
ing samples of each NAmM (1Q0, 5 x 10-6 M) into acarrier ~ Slow or too high, CL is not emitted in the flow cell and hence

of a buffer solution (0.01 M sodium dihydrogen phosphate) the emitter cannot be detected. Under the above selected con-
adjusted at different pH values between 3 and 9 with a flow ditions, CL increased with increasing flow rates; an overall
rate of 1.2 mI mirr 1. The efficiency of the photochemical re- 110w rate of 6.4 mimim™ was selected, because higher flow
action increased with increasing pH up to about 4 and then rates caused more noise, h|gher pressure in the connection
decreased at higher valudsid. 2). A pH of 4.0 was consid- ~ @nd the excessive consumption of reagents.
ered appropriate for all NAm.

At a constant radiation intensity, the illumination time had 3.2. Chromatographic conditions
a decisive effect on the photochemical reaction and hence on
the sensitivity attained. The residence time of the analyte in  In developing the procedure, both the appropriate HPLC
the photoreactor L can be selected by controlling the flow conditions and the chemistry of the detection system were
rate of the carrier stream and/or the length of the reactor. An considered. Since the post-column reactions (photochemi-
irradiation time of 30 s was sufficient to achieve efficiency cal and CL) are aqueous, the use of a reverse-phase LC
within the range 77-100% for the conversion of all NAm column was essential. The Ultrasphergg @olumn with
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acetonitrile—water mixtures provided an excellent separation ]
for the five NAm studied, but a problem was encountered 103
in the CL flow system. Acetonitrile decreased the CL signal E
(10% and 20% acetonitrile in water reducing the CL by about 8]
15% and 50%, respectively). We found 5% acetonitrile/95%
5 mM acetate buffer (pH 4.0) to be a suitable mobile phase be-
cause the resolution of the peaks was good, the photoconver-
sion of NAm into amine took place under the recommended
conditions and the CL signal was not affected. The flow rate
of the mobile phase was set at 1.2 ml mirin order to attain
the optimum flow rate of 2.4 mImirt at one of the inlets of ]
the CL flow cell. 4 1
Fig. 4A and B show chromatograms of a mixture of 3
NDMA, NDEA, NMOR, NPIP and NPYR using the post- 03
column photochemical reaction—CL detection and photo- 0 5 10 15 20 25
metric detection at 220 nm. From a comparison of the two (A) Minutes
chromatograms it may be concluded that the proposed de-
tection system can indeed be employed for the sensitive de-
tection of NAm. The sensitivity can increase from 9 to 280
times with respect to UV detection depending of the NAm.

CL intensity (Volts)
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3.3. Analytical figures of merit

In order to evaluate the quantitative performance of the
proposed method, calibration graphs for each NAm were ob-
tained by injecting standard solutions of the analytes in the
concentration range 0.13-509 I~1. Each point of the cal-
ibration graph is an average of at least three injections. The
linearity between peak area and concentration was good for
all the analytes. The regression equations and other char- ]
acteristics parameters are shownTable 1 The limits of 0 : . . . .
detection were determined at a signal-to-noise ratio of 3. 5 0 4 8 2 16 20
The reproducibility of the method was studied with 11 re- ®) Minutes
peated injections of two sample solutions containing the ana- Fig. 4. Typical chromatograms of a standard solution of a mixture of NAm.
lytes at two concentration levels, 5 and@@'_l for NDMA, (A) Photochemical—-CL detection. (B) Photometric detection at 220 nm. Mo-
NMOR, NPIP and NPYR and 10 and 1009 I-1 for NDEA. bile phase: acetonitrile—5 mM acetate buffer pH 4.0 (5:95, v/v). NAm con-
The relative standard deviations (RSDs) were always lesscentration, 15ng mit.
than 1.2%. The RSD values according to the retention time
at the same day at each concentration level changed betweefft & concentration lower than 60 times of that of NAm) its
0.5% and 1.5%, indicating again good reproducibility. The effect can be obviated by comparing the measurements with
inter-day precision of the method was studied by analysing those obtained by the same HPLC system when the mercury
two samples containing the five NAm at 5.0 and 20g0~2 lamp of the photohydrolytic reactor {)} was turned off.
concentration levels. On five consecutive days, each sample
was injected 10 times every day. The RSDs for peak area3.4. Analysis of real water samples
were less than 2.5%.

Amines are tolerated because they are eluted as poorly re- The levels of NAm in water consumption must be very low,
solved peaks before NAm. If any co-eluting amine is present EPA established an average clean up level of about thgl

Absorbance (mAU)
o
2

Table 1

Calibration fits without preconcentration

Nitrosamine Intercept (f0area units) Slope (ftarea unitgig I~1) Correlation coefficient Linear rangpg|~1) DL (ngl™1)
NDMA —-6.8+ 2.8 7.50+ 0.03 0.9998 1.5-148 0.29
NDEA —-4.3+ 0.7 3.50+ 0.03 0.9997 4.2-510 0.76
NMOR —-335+ 84 141+ 04 0.9996 0.52-93 0.09
NPIP 28.9+ 9.6 35.0+ 0.6 0.9998 0.36-103 0.07

NPYR 11.24+ 3.2 49.2+ 0.4 0.9997 0.13-35 0.03
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for individual NAm [24]; hence, analyte preconcentration Table 2 _
prior to application of the proposed method is required in NAm recoveries from ultrapure water samples

order to reach sensitivity levels below the legal limits. Sev- Nitrosamine Fortification level (ng ) Recovery (%)
eral methodologies, such as liquid—liquid extraction, super- NDMA 10 39+2
critical fluid extraction and SPE have been propdgéd-27] 50 40+ 3
We chose the SPE technique for its simplicity, rapidity, easy 100 40+ 2
automation and economy. 40+ 2°

Simple initial experiments to determine SPE cartridge

suitability were conducted using 100 ml of 50 ng laque- 4218 i;i ;
ous solutions of the five NAm and using methanol as an elu- 100 50+ 2
ent. Initially, active carbon was selected because this solid b
phase has been used with NA@8,29] The carbon car- 50+2
tridges proved poor at simultaneously retaining all five NAM \yor 3 564+ 3
at acidic, neutral and basic pH values. Recoveries of between 10 54+ 3
12% and 34%, depending of each NAm, were obtained. 100 55+ 2
Polymer based cartridges were then investigated as they 55+ 3°
are much better able to simultaneously retain a wide range of
polar and non-polar compounds, for which reason they are in-NPIP 1 90+ 1
creasingly used in preference to other solid phases for multi- 138 ggi ;
analyte environmental and pesticide analy83,31] As a
surface modified styrene—divinylbenzene polymer (Strata X) 90+ 2°
gave the highest recoveries for the NAm, a cartridge contain- NPYR a8 594 2
ing 200 mg of this solid with a 3-ml reservoir was selected. 5 61+ 4
For NAm desorption from the cartridge the solvents, acetone 100 60+ 3
and methanol, were studied. Acetone was found to be the 60 4+ 3°

most suitable. The amount of solvent required for optimum
elution was determined by eluting with different volumes of
acetone and measuring the recoveries. The results demon-

strated that 2ml was the minimum volume of elution sol- fied at two concentration levels for each NAm. The spiked

ver;l} tca:j?coflrﬂ br? l:?/e? sr,rl1nce _r|1_(k)1n—3|gtn|rf]|1ca:n;déf;eErer1rce V\éerf concentrations were calculated employing the correspond-
achieved for higher volumes. 1he automate procedu elng standard calibration graph for each NAm and its average
was checked for standard samples at 1-150 hgbncen-

tration levels. The recovery of the NAm remained constant recovery in ultrapure water. The samples were also analysed
: y o X using the standard additions method in order to avoid any po-
when the water volume passing through the extraction car-

: . tential matrix effect. The results obtained by both procedures
tridge was increased from 100 to 500 ml. The sample volume Table 3 did not show significant differenceBig. 58 shows
selected was 250 ml as a compromise between sensitivity ano( '
analysis time. Under these conditions, the determination of
NAm at trace levels in water should be possible because of
the enrichment factor of 500 in the preconcentration step. 3
The recoveries of the five NAm were measured with spikes E
of 0.8, 20 and 100 ng™ in ultrapure water Table 9. The 0.8 5
differences in recovery observed between each NAm are ex-
plained by the differing polarities which affected their elu-
tion from the columns. Some of the loss of NDMA, the most
volatile nitrosamine, occurs during the final concentration
step, where the solvent is reduced to achieve an appropriate
preconcentration.

In order to check the applicability of the proposed method
to real matrices, water samples from different points of the 3
province of Murcia were analysed. The environmental water ‘Sww
sampleswere named as Al and A2: tap water; A3 and A4 irri- 0] , . . . .
gation ditch water; and A5: Segura river. An aliquot (250 ml) 0 5 o1 20 25
of each sample was first analysed following the same pro- Minutes
cedure to provide ambient-level _NAm Concer_]tratlonS; none_ Fig. 5. Chromatograms of an irrigation ditch water sample: (A) ambient-
of the samples gave peaks that interfered with the determi-jevel Nam concentration; (B) fortified with NDMA, NDEA, NMOR, NPIP
nation of these NAmMKig. 5A). Samples were then forti-  and NPYR at 18.9, 46.9, 8.2, 1.1 and 2.7 ng Irespectively.

2 Mean of four determinations SD.
b Average.

1.03

CL intensity (Volts)




Table 3

Determination of NAm in water samples

Found spiked concentratiding I-1)

Spiked concentration (nd)

Sample

NPYR
0.6840.1°, 0.6940.1¢

NPIP
1.04+0.1°,0.9840.1¢

0.93+0.1°, 0.94+0.1¢

NMOR

NDEA

NDMA
89+0.2,9.0+0.° 1934+0.2,19.4+0.X 2440.1°,2.3+0.1¢

74+0.2,7.44+0.1°

NPYR
0.

NPIP
10

NMOR
24

NDEA
20
17
19
18

NDMA
9.0
75
8.0
9.5
7.7

70

Al

0.48+0.02, 0.51+ 0.0F

16.9+0.2,16.7+0.X 3.0+0.1°,3.1+0.1¢

050
060
0.80
10

0.95
0.90

15

30
20
26
22

A2

0.88+0.02,0.89+ 0.0 0.61+0.1°, 0.59+ 0.0

189+0.3,19.2+0.X 1.9+0.1°,2.0+0.1

80+0.2,7.9+0.1

A3

0.79-+0.02, 0.80+0.0%

95+0.2,9.3+0.F 181+0.2,17.9+0.% 254+0.1°,2.4+0.X 14+0.1° 1.5+0.1°
7.6+0.2, 7.7+0.1

Al and A2: tap water sample; A3 and A4: irrigation ditch water sample; A5: Segura river sample.

Ad

1.06+0.02, 1.02+0.0£ 1.04+0.04, 1.02+0.0Z

16.8+0.2,16.7+0.X 21+0.2, 2.2+0.1¢

11

169

A5

T. Pérez-Ruiz et al. / J. Chromatogr. A 1077 (2005) 49-56 55

a Average of three determinatiossSD.
b Standard calibration graph method.

¢ Standard additions method.

the chromatogram of an irrigation ditch water spiked with the
five NAm at concentration levels in the range 1.1-46.9g |

4. Conclusions

A fully automated SPE-HPLC-CL detection system has
been developed for the determination of NAm. The CL
detection is based on the cleavage of theN® bond of
NAm to give the amine with subsequent CL detection with
Ru(bpyx3*, which was on-line generated by photo-oxidation
of the Ru(ll) complex. The main advantages of the proposed
detection system are: (a) great stability and very low back-
ground of the baseline, (b) presence of very few peaks and
(c) analyte derivatization is not required.

In the automated on-line preconcentration scheme pro-
posed, problems with analyte losses or contamination are
minimal because the extracts can be injected automatically
into the chromatographic system. The linearity of the cali-
bration graphs shows the suitability of the overall system,
including adsorption, desorption, separation and detection.
The limits of detection of NAm were set at sub ng llev-
els by sampling 250 ml of water. No significant differences
were observed in the quantification of the analytes between
the different sample types tested.
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