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1 Meet the challenge

Prof. Phenole, a renowned analytical chemist, is en-
gaging into a lectio magistralis on polycarbonate ma-
terials obtained from bisphenol A (BPA). Prof. Phe-
nole pointed out that, since the 1950s, the demand of
BPA and related compounds has witnessed an exten-
sive growth. In fact, already in the 1980s, the worldwide
production of BPA exceeded million tons [1]. Prof. Phe-
nole described the great mechanical and optical prop-
erties of polycarbonates and gave an overview of the
risks related to these materials. She explained that food
packaging, containers, and water bottles made of poly-
carbonates can leak BPA, and that this estrogen-like
molecule can cause adverse health effects resulting in
the disruption of the endocrine system [2].

As a part of the analytical chemistry class, Prof. Phe-
nole has tasked the students to think about a surveil-
lance program to monitor the BPA levels in the tap wa-
ter. The first assignment was the development of an ac-
curate method for measuring BPA and top marks were
promised to those who can propose a method with a
relative standard uncertainty below 3 %.

The students accepted the challenge and began looking
for suitable approaches. They quickly found an official
method from the ISO standard collection [3]: the ISO
18857-2:2009 describes determination of BPA by GC-
MS with isotopically-labeled BPA-di¢ as an internal
standard. The students were enthusiastic to use GC-
MS for the first time, but were skeptical about the
fully-deuterated BPA-d;. Many scholars have noted
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that deuterated materials are not ideal internal stan-
dards [4-6]. For example, the properties of deuterated
compounds can be quite different from the natural com-
pounds which leads to differences in extraction yields
[6]. A good demonstration of the different chemical be-
havior between the BPA and fully-deuterated BPA can
be seen from the GC-MS chromatogram of these two
compounds - they can actually be resolved chromato-
graphically [3]. In order to limit such unwanted iso-
topic effects, the students decided for a more robust
13C-labelled internal standard with a small number of
carbon-13 atoms. For this purpose, they selected the
NRC BPAL-1 Certified Reference Material with five
carbon-13 atoms (Fig. 1) as the internal standard.
Although quantitation using isotopic standards (iso-
tope dilution) is often explained with complicated
mathematical formulae [7], all students voted to keep
things simple and use a calibration curve [8, 9]. Hence, a
series of natural BPA standards (0-500 ng/g) was pre-
pared gravimetrically. These standard solutions were
then spiked with nearly-equal amounts of the 1>C5-BPA
internal isotopic standard and the resulting solutions
were analyzed by GC-MS. The response curve (i.e. the
measured isotope ratio vs the mass fraction of BPA)
was obtained in Excel using the ordinary linear regres-
sion.
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Fig. 1: NRC BPAL-1 CRM: the five '3C labelled atoms are
marked by red stars



Enea Pagliano

Table 1: Isotope dilution with '3Cs-BPA internal standard:
calibration curve

wa mp mg wa(ma/mg)  rap

ng/g g g ng/g VIV

0.000 0.8867 0.3844 0.000 0.0149 (23)
19.66 0.8693 0.3978 42.96 0.4338 (42)
85.80 0.8835 0.3981 190.4 1.907 (18)
126.7 0.8693 0.3965 277.8 2.753 (32)
210.5 0.8789 0.3965 466.6 4.644 (60)
304.5 0.8629 0.3963 663.0 6.592 (75)
3925 0.8662 0.3971 856.2 8.415 (39)
477.4 0.8693 0.3948 1051 10.193 (33)

wa = mass fraction of natural BPA.

ma = mass of the solution having wa mass fraction.

mg = mass of the internal standard solution having wg =
94.4 ng/g.

wa(ma/mg) = corrected mass fraction (x-axis).

rag = measured isotope ratio of the blend (y-axis). The
standard deviation of triplicate measurements (applicable to
the last two digits of the value) is given in the parenthesis.

2 The challenge

The students set up the GC-MS acquisition method
by following the experimental conditions found in the
ISO 18857-2:2009. At this point, a series of BPA stan-
dards (0-500 ng/g) were prepared in acetone. The NRC
BPAL-1 standard was also prepared in acetone and
used as internal standard (94.4 ng/g *Cs-BPA). The
blends for calibration were prepared gravimetrically by
mixing approx. 1.1 mL (0.86 g) of natural BPA stan-
dards with approx. 0.5 mL (0.39 g) of the internal stan-
dard. The blends were carefully mixed and 25 pL of N-
methyl- N-(trimethylsilyl)trifluoroacetamide (MSTFA,
Fig. 2) was added to form the volatile trimethylsilyl
derivative which was analyzed by GC-MS.
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Fig. 2: BPA derivative after reaction with MSTFA

During the standard electron impact ionization the
trimethylsilyl derivative of the BPA produces an in-
tense fragment at [M-15]% (loss of a methyl group).
Therefore, signal acquisition was carried out in a se-
lected ion monitoring mode by monitoring m/z 357 (the
most abundant signal in the natural BPA) and m/z 361
(the most abundant in the isotopically-labelled internal
standard). The isotope ratio in the analyzed BPA sam-
ples was calculated by dividing the chromatographic
peak area at m/z 357 with the peak at m/z 361. All
experimental data acquired by the students is reported

in Table 1 and Fig. 3 shows the calibration curve along
with the best linear fit. The students were proud of
the calibration curve and the high value of their cor-
relation coefficient (R? = 0.9998). Things were looking
very promising.
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Fig. 3: Isotope dilution calibration curve of BPA with '3Cs-BPA
internal standard

For quality control, the students tried to perform a cal-
culation to verify if the equation obtained from the fit-
ting was suitable to back calculate the mass fraction
of the calibration standards. For example, if ag and aq
are intercept and slope of the calibration curve in Fig.
3, the concentration of the lowest standard could be
calculated as follow:

mB TAB — Qo

WA =
ma aq
~0.3978 0.4338 — 0.04856 (1)
"~ 0.8693 0.009742 o
= 18.10 ng/g

When the calculated BPA result for the lowest stan-
dard (18.10 ng/g, Eq 1) was compared with the gravi-
metric preparation data (19.66 ng/g, Table 1), a devi-
ation of —8.0 % was found. Since the calibration curve
looks so good, relative errors on the rap was <1 %
for data points above blank, and the uncertainty on
wa(ma/mgp) even smaller, students could not figure
out why this standard shows such a big bias.

Is it too late for students to get top marks in the an-
alytical chemistry class? Can you suggest a reason for
this bias and provide a practical solution?
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