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Abstract

The aim of this study was to develop an analytical method capable to determine
mercaptans in air at low concentrations, lower than the ones that produce an
olfactory discomfort. A reliable, rapid, and simple high performance liquid
chromatography (HPLC) method was developed for the determination of
mercaptans, a sulphur compounds class. The developed method can be successfully
applied to the quantitative determination of four compounds (Methyl mercaptan,
Butyl mercaptan, Ethyl mercaptan and Propyl mercaptan).

Keywords: butyl mercaptan, ethyl mercaptan, mercaptans, methyl mercaptan,
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Introduction

A number of studies conducted by our team revealed the presence of sulphur
compounds in different environmental matrices (Petrescu et al 2017, Nicolescu et al
2017). Of the sulphur compounds, particular attention is given to mercaptans (thiols)
due to the olfactory discomfort they can create at very low concentrations.

These are regulated in Romanian legislation only for Methyl mercaptan, but it has
been found that the limits in the legislation are higher than the threshold at which an
olfactory discomfort occurs. The methods used and implemented at present in the
country are designed to meet the limits of the legislation. The technique of
molecular absorption spectrometry is the one recommended for these compounds
according to the standards in use. The performance of this technique cannot detect
low levels of sulphur compounds at the level at which an olfactory discomfort
occurs.

The implementation of new analytical techniques, suggested in the literature
(Moliner-Marti'nez et al 2013, Toyo'oka et al 1988, Bramantis et al 2004), such as
liquid chromatography high performance for mercaptans would compensate for this
drawback and could determine and quantify concentrations below the detectable
olfactory threshold.
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Materials and Methods

All reagents and standards were prepared with ultrapure water (0.1 S/cm) from a
ultra pure water purification systems MilliPore.

The standards were purchased commercially and were from SPEX CertiPrep. The
standards were realised in methanol. All intermediate dilutions were also carried out
in methanol. Standards were of the folowing concentrations: 1000 pg/ml of methyl
mercaptan, 1000 pg/ml of ethyl mercaptan, 1000 pg/ml of propyl mercaptan and
1000 pg/ml of butyl mercaptan.

These can also be prepared in the laboratory by purchasing the pure substance and
dissolving it in methanol.

The ortho-phthalaldehyde reagent - OPA (CsHsO2) was commercially purchased but
can be realised in the laboratory by dissolving the o-phthalaldehyde in distilled
water with 1% methanol.

The isoleucine reagent (CsH13NO2) was prepared and brought to dry distilled water
purchased as such from the trade. For the 7.4x10-3 M concentration, 0.9694 g of
isoleucine is dissolved in 1000 ml of ultrapure water.

The borate buffer solution at pH = 10 was prepared by dissolving boric acid and
adjusting the pH with 1M NaOH. Dissolve 31 g of boric acid in 1000 ml of ultrapure
water. Sodium hydroxide used for pH adjustment was prepared in the laboratory
from NaOH pellets and ultrapure water by dissolving 40 g of NaOH in 1000 ml of
ultrapure water.

Results and Discussion

Determination of thiols by liquid chromatography implies their derivatization to a
more stable form using derivatizing agents. Subsequently, the derivatization
compounds are analysed on a liquid-chromatograph.

A high-performance liquid chromatograph of Agilent 1200 coupled with a
quaternary pump, autosampler and Fluorescence detector was used to perform the
method. The chromatographic column used was Acclaim Carbonyl C18 with the
following characteristics: 250 mm*4.6 mm, and particle size of 5 um.

The mobile phase used was a mixture of methanol with gradient water and a flow
rate of 1 ml / min. In the literature, it is specified in case of derivatization with
OPA-leucine eluting with methanol and water (Moliner-Marti'nez et al 2013).

Table 1. Gradient of the mobile phase.

Timp (minute) MeOH H,O
(%) (%)

0.0 25 75

15.0 100 0

17.0 100 0

17.1 25 75

In this method of mercaptans determination, various ratios between the mobile phase
components (methanol: water) were tested to obtain the best separation in the
shortest possible time. Separation was done using gradient elution in order to obtain
efficient peaks in a short time period. The best gradient for the separation was a
5%/minute methanol increase in 15 minutes as can be seen in Table 1.
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The stock standards were purchased commercially in a matrix of methanol (SPEX
Certi Prep) containing 1000 pg / ml for each mercaptan (methyl mercaptan, ethyl
mercaptan, propyl mercaptan, butyl mercaptan)

From the stock standards, intermediate standards were realised, containing a mix of
each mercaptan, of 100 pg/ml and 2.5 pg/ml concentrations containing a mix all four
thiols. From this, the points for the calibration curves were made and then
derivatized.

The calibration curves ranged between 10-1000 pg / L (ppb) for each of the four
mercaptans. The calibration points were 10, 25, 50, 100, 250, 500, 1000 g / L ppb).
The injection volume used in this analytical method was 50 pl.

The reaction of mercaptans (R-SH) with OPA and isoleucine underlies a very good
capture / preconcentration / derivatization method minimizing the analytical
problems specific to this analysis (instability and instability). According to the
literature (Moliner-Marti'nez et al 2013), the best sensitivity to o-Phthaldialdehyde
(OPA) and isoleucine derivatization was obtained with OPA 7.4 x 10-3 M and OPA:
isoleucine (1: 1) ratio. With this in mind, each standard was derivatized as follows:
0.6 ml of supernatant was added 0.4 ml of borate buffer (pH = 10), 1 ml of the
standard in methanol, 1 ml of OPA followed by 1 ml of isoleucine. It is expected to
form a foam that leads to detergents.

The derivatization products are stable for 24 hours at room temperature, or 14 days
(maximum study time) if stored at 4°C. Under these conditions, derivatized
mercaptan solutions were stored at 4°C in the refrigerator.

The determination coefficients - R?, had values greater than 0.999, as follows:
methyl mercaptan - 0.9994, ethyl mercaptan - 0.9996, propyl mercaptan - 0.9998
and butyl mercaptan - 0.9999.

Table 2. Retention time of compounds

Methyl Ethyl Propyl Butyl
mercaptan mercaptan mercaptan mercaptan
Retention time | 10.89 11.41 1254 13.17

(minutes)

The analytical method of determination manages to separate the four mercaptans in
a relatively short time, they eluted in less than 20 minutes, as can be seen in Table 2.
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Propyl mercaptan
Butyl mercaptan

= Ethylmercaptan

Methyl mercaptan

Figure 1. Chfomatograpﬁic separation of mercaptans for the 500 ppb standard.

Figure 1 shows a chromatogram of a standard sample used to perform calibration
curves. Within this, one can follow the elution pattern of the compounds of interest.

Conclusions

In the present paper an analytical method was developed to identify and determine a
class of sulfur compounds with strong olfactory impact on the receptors called
mercaptans or thiols.

The analytical method was performed on a high performance liquid chromatograph
and is able to identify and quantify under the limits of the legislation and near the
olfactory threshold four compounds of the mercaptan class (mercaptan metal, ethyl
mercaptan, propyl mercaptan and butyl mercaptan) in ambient air and indoor air
samples.

The developed analytical method from this article can be reproduced by other
analyst thus being able to be easily implemented in another laboratory. It also offers
an alternative to methyl mercaptan determination by molecular absorption
spectrometry, being more accurate in identifying methyl mercaptan from other
mercaptans.
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