NSC92-2113-M-041-003-
92 08 01 93 07 31

93 10 12



4 =N Niﬁiﬁgﬁ'w’%ﬁ{ ?‘;*%vmn»%éﬁd

e epdpa

it g P N-Tr Al AL = o fLpsssip) 2 > 2 27

PREE L v BEAR R IR el

24 % 1 NSC92  —2113 —M  —041 —003 -
HEHF: 92 0 & 8 » 01 p x93 7 131

Sk
2
Yt
L

FEELEFU(REF P FERTHR) v
%¢%$4ﬂ#uw@a%7q¢:

AR LSy B E - &

MESRNCE I BN

(N A REERERFRLEFL2LHY £- &
I:'EQ“]K%S‘AIFEZIW),L%H }/Eﬁ érl];/_l,’___ ]/)7\

JedE > 5N K//fé_g
21
P
%

NEE R L FRPRAFFECF )

i F X F 93 ¥:2 10 112 p

FREATAELR L MP T h S R 2



s eed N-T Al k= o ARARRIE 2 227 g

P L
B
=4 é#‘%_ﬁ

KR AR K AT R F R 2 N-3
Ao Az TRHARLY - T
W R B B LT R -
B~ RARR A E NG B o AT iR
BT LT e PR RpE TR E T
Fos R RS 87 N-Za A

P N R S
Mt it ARl B Frs hR

W, 5 oAk it m N-T A - o Aps e
it s &
Abstract

The polarographic detector for high
performance liquid chromatography has been
designed with respect to a model compound,
N-nitrosodiethanolamine, and mixtures of
nitrosamines. The effect of modifying kind of
metal ion, the thickness of modifying film,
supporting electrolyte and pH composition
and flow rate has been investigated in the
pulsed and DC modes. Analysis at nanogram
levels is demonstrated. These electroreduction
process are applied for the detection of
N-nitrosodiethanolamine in various cosmetic
products.
Keywords: Liquid chromatography-
polarographic detector; Thin- film modified
metal electrode; nanoparticles catalysts;
N-nitrosodiethanolamine; cosmetics.
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Di- and triethanolamine or certain
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derivatives there of, such as diethanolamines
fatty acids are used extensively as cosmetic
ingredients [1-3]. The high reactivity of
secondary amines such as diethanolamine
with nitrosating agents such as nitrite, can
result in the formation of
N-nitrosodiethanolamine (NDELA), a potent
carcinogen. Diethanolamine is the major
amine precursor of NDELA in cosmetic.
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The European Economic Community (EC)
Cosmetics Directive which states that fatty
acids diethanolamines raw materials should
contain less than 5 % diethanolamine and less
than 50 ppb NDELA and that cosmetic
products should contain less than 0.5 %
dialkanolamine [4-5]. NDELA can easily
penetrate human skin and has been found in
the urine of exposed metal workers [6-9]. It is
therefore considers necessary to establish a
method which would detect the sub- ¢ g/l
level in the urine samples.
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Methods for determining N-nitroso
compounds in foods, biological fluids and
cosmetic  products include a  gas
chromatography method coupled either with a
thermal energy analyzer (TEA) or with a mass
spectrometer (MS) [10-12], a

high-performance liquid chromatography

method combined with either a UV detector or

MS [13-15], chemiluminescence detection



after reduction of nitrite to nitric oxide by
[16-17], and a
polarographic method [18-22]. The present

suitable  reductants

study was to design solid electrode such as
gold, glassy carbon electrode, which was
modified by a film that contained metal ion as

the working electrode.
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Preparation of thin-film metal electrode

surface

The thin-film metal electrode was
produced by the following method, prior to
analysis, the glassy carbon ( 3 mm diameter ),
carbon fiber ( 6jam diameter) and gold ( 3
mm diameter ) electrode was mirror polished
sequentially with aqueous suspension of 1.0,
0.5 and 0.05pam alumina, respectively. The
electrode was rinsed with deionized water and
electrolytically plated with lead and mercury
metal ion from 25 ml of perchloric acid and
acetate buffer (pH 4.5) that was 5.0 x 10 to
2.0 x 10 M, respectively. Plating time was 4
min. with a potential scan from —-0.8 to 0.0 V.
Sample preparation
Taking into account about the N-nitrosamines
content of the hair shampoo, foam bath and
shower gels, washing creams, samples
(approx. 1.0 — 3.0g) of the latter were weighed
accurately in a 15 ml beaker, dissolved in 8 ml
of ethyl acetate and mixed by vertex treatment
for 15 min. A sufficient amount of sodium
chloride was added to the mixture to break up
the emulsion and the addition of ammonium
sulphamate (500 mg) prevented the formation
of N-nitrosodiethanolamine. The mixture is
placed on a 9 cm length of glass column (1.5
cm i.d.) packed with 3.0 g silica gel 230 - 400
mesh). The ethyl acetate fraction was
discarded, and the column was then washed

with 20 ml of acetone-dichloromethane (60:40,
v/v) and subsequently connected to a stream
of nitrogen to force all solvent. After clean-up,
the dried extracts were solubilized in 2 ml of
methanol-water (1:1, v/v) for HPLC and
differential pulse voltammetry (DPV)
analysis.
Determination of N-nitrosamines by DPV
Differential pulse voltammograms were
taken for N-nitrosamines in a phosphate buffer
(pH 2.6 and 6.2), water containing various
supporting electrolytes such as sodium
perchlorate, lithium perchlorate,
tetraethylammonium perchlorate,
tetraethylammonium tetrafluoroborate,
tetrabutylammonium perchlorate and
tetrabutylammonium hydroxide solution. In
order to obtain calibration graphs for the
N-nitrosamines, 10 ml of supporting
electrolyte were pipetted into a voltammetric
cell and de-aerated with nitrogen for 4 min.
before voltammetric measurement. By
micropipette, aliquots of 1000 mg 1™
N-nitrosamines solution were added. After
each addition voltammograms were obtained;
the solution de-aerated for 2 min. after each
addition before obtaining the voltammogram.
Quantative analyses were performed in the
differential pulse mode. The potential was set
at 0.0 to - 1.0 V versus Ag/AgCl electrode
(SCE) for reduction. The pulse height was 50
mV and the scan rate 10 mV s~ with a drop
time of 1.0 s. For sample solution analysis, 1
ml of the solution was pipetted into a 10 ml
calibrated flask and diluted to volume with
phosphate buffer solution. This solution was
analysed by DPV using the same condition as
for calibration graph.
Determination of N-nitrosamines by HPLC
A Phenomenex Luna CN column ( particle
size 5 pam, 250 mm x 4.6 mm i.d.) was used
for reverse-phase HPLC. The mobile phase
was methanol — 0.8 mM phosphate(5 : 95, v/v)



at a flow rate of 0.4 ml / min. The EC detector
was operated at - 0.4 V. Detection after
separation on the column was carried out
using ultraviolet detector set at 234 nm. By
means of the injection value , 25 pal of the
prepared sample solution and standard
solution were chromatographed under the
operating conditions described above .
Quantitation was based on the peak area of the
sample.
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Thin film of mercury and lead were deposited
on the gold and glassy carbon electrode
(GCE), respectively. Fig. 1 shows a typical
SEM image of mercury. As shown in Fig. 1c
and 1d, mercury nanoparticles were
distributed more uniformly in gold than GCE.
The surface morphology of a Hg/Au and
Pb/GCE nanoparticle hybrid film were
investigated by atomic force microscopy
(AFM). The mercury diameter ( ~500 nm)
on the gold surface (Fig. 2) is smaller than
lead ( ~21000 nm) on the GCE (Fig. 3). It
was found that Hg/Au film gave a better
performance than Pb/GCE.To confirm the
electroanalytical  utility of For our
electrochemical experiments the mercury had
diameters in the range 340~500 nm, and
were chosen for use in the determination of
NDELA in cosmetic products. To confirm the
electroanalytical utility of Hg/Au
nano-composite electrode, we studied the
electrochemical detector for high performance
liquid chromatography in the determination of

NDELA.
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Fig. 1 Scanning electron micrographs of
different concentration and deposit surfaces.
(a) mercury (1.0 mM) / gold (b) mercury (0.8)
mM / gold (c) mercury (1.0 mM) / gold (d)
mercury (1.0 mM) / glassy carbon
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Fig. 2 Atomic force microscopy images of a
mercury (2 mM) / gold film.
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Fig. 3 Atomic force microscopy images of a
lead (6 mM) / glassy carbon film.
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Fig. 4 Hydrodynamic voltammogram obtained
for NDELA (0.4 ng) by use of Hg/Au detector.
Stationary phase , Phenomenex Luna CN
column ( particle size 5 pam, 250 mm x 4.6
mm i.d.); mobile phase, methanol —water(5 :
95, v/v) containing 0.8 mM phosphate; flow
rate 0.5 mL/min.
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Fig. 5 Dependence of peak height (0.2 ng
NDELA) on mobile phase flow rate for the
Hg/Au detector. Analysis conditions are
identical to those listed in Fig. 4.except that
the detection was at — 0.4 V versus the
Ag/AgCI reference electrode.
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Fig 6 Chromatograms obtained by (A) LC-EC
5 ng/mL mixtures of nitrosamines; (B) (B)
LC-UV 20 mg/mL mixtures of nitrosamines;
(1) N-nitrosodiethanolamine (NDELA); (2)
N-nitroso-bis-(2-hydroxypropyl)amine(NBHP



A); (3)N-nitrosodimethylamine(NDMEA).
Analysis conditions are identical to those
listed in Fig. 4.except that the flow rate was
0.6 mL/min and detection at — 0.4 V versus
the Ag/AgCl reference electrode.
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Fig. 7 Chromatograms obtained by LC-EC
from (A) 5 ng/nL NDELA; (B) commercial
shower gel. Analysis conditions are identical
to those listed in Fig. 4.except that the flow
rate was 0.4 mL/min and detection at — 0.4 V
versus the Ag/AgCl reference electrode.

Table 1 Analytical results for the
determination of

N-nitrosodiethanolamine (DNELA) in
commercialhair shampoo and foam bath and
shower gels

Samples Concentration (ng mL™)?
Hair shampoo 24.9 (5.3 %)°

Foam bath 274 (4.5%)
Shower gels 2.81 (5.7 %)

® Number of determination (n = 3)
b Relative standard deviation
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High sensitivity and low detection limit (3 nM)
are achieved using gold modified with
mercury. The sensitivity decreases when the
NDELA concentration increased. However
linear portions enough for performing
quantitative  determinations are  easily
individuated. The Hg/Au electrode shows to
be powerful tools for the electroanalytical
determination of trace NDELA in complex
sample matrix such cosmetic products and
biological fluids. It would be very difficult to
analyze N-nitrosamines mixture by ordinary
differential pulse voltammetry. However, the
combination of the separation capability of
HPLC with the sensitivity of the voltammetric

detector results in a good chromatogram.



