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LC-MS
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A YMC-Pack Pro C18 column (35 x 2.0 mm: particle size 3 pm)
40 °C
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0.2 mL/min
MS/MS
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350 L/hr Desolvation 50 L/hr Cone
350 Desolvation 100 Source
Cone 40 V
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82% ND 0.6 ng/mL 0.18
ng/mL PFOA
22% ND 3.3 ng/mL PFOSA
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9
2 LC-MS/MS BPA
ESI-MS/MS Infustion 10
m/z 227 - 133 m/z 227 - 212
13C,-BPA m/z 230
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0.8 ng/mL S/N=4.9
BPA
LC-MS/MS

9

The first set of experiments (Set 1) evaluation of MS/MS response to the standard
injected into the acetonitrile-water base (50 50, v/v).

The second set of experiments (Set 2) wusing urine samples originating from five
different lots and spiked_after extraction.

The third set of experiments (Set 3) wusing urine samples from the same five lots
as in set 2, but the urine samples were spiked before extraction.
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The matrix effect value (MEV) Set 2/Set 1*100 (%)
The recovery value (RV) Set 3/Set 2*100 (%)
The overall process efficiency value (PEV) Set 3/Set 1*100 (%)
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1 PFOS PFOA PFOSA

Spike amount Recovery average RSD

(ng mi™) (%) (%)
PFOS* 100 95.3 3.3
10 97.7 4.6
PFOA** 100 87.2 4.0
10 82.2 2.3
PFOSA** 100 95.8 5.2
10 98.7 2.0

(n=6)

*: Background PFOS levels in the unspiked human plasma were subtracted out of tf
spiked sample levelsto alow easier comparison.
**: Background PFOA and PFOSA levelsin the unspiked human plasma can be neg

2 n=50
ng/mL
Median (%)
PFOS 99 403 16.2 100.0
PFOA N.D. 3.3 1.0 22.0

PFOSA N.D. / /
PFOS N.D. 0.6

PFOA N.D. / /
PFOSA ND.  — —
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3 LC-MS/MS BPA (2 ng/mL)
SPE dayl day2 day3 day4 day5 Av (%) SD RSD (%)
MEYV (%)

Cis 56.5 58.2 58.3 46.4 60.6 56.0 5.6 9.9
EDS-1 51.1 52.5 46.0 48.1 50.1 49.5 2.6 5.2
MAX 88.1 83.0 88.0 84.8 83.8 85.5 2.4 2.8
MCX 57.3 54.1 56.9 55.5 54.0 55.6 1.5 2.8
HLB 54.2 53.6 50.2 54.1 52.7 52.9 1.7 3.1

RV (%)

Cis 97.1 91.2 97.4 99.2 88.9 94.8 4.4 4.7
EDS-1 93.9 93.8 99.5 97.9 95.2 96.1 2.5 2.6
MAX 96.1 99.3 97.6 98.5 99.1 98.1 1.3 1.3
MCX 82.8 99.9 92.5 98.0 106.8 96.0 9.0 9.3
HLB 81.8 1009 102.6 98.1 102.2 97.1 8.7 9.0

PEV (%)

Cis 54.9 53.1 56.8 46.0 53.9 52.9 4.1 7.7
EDS-1 48.0 49.2 45.7 47.1 47.6 47.5 1.3 2.7
MAX 84.7 82.4 85.9 83.5 83.0 83.9 14 1.7
MCX 47.5 54.0 52.6 54.4 57.7 53.2 3.7 7.0
HLB 44.3 54.0 51.5 53.1 53.9 51.4 4.1 7.9
4 LC-MS/NS BPA (0.5 ng/mL)

SPE dayl day2 day3 day4 day5 Av (%) SD RSD (%)

MEV (%)

Cig 50.0 61.3 57.8 61.5 60.3 58.2 4.8 8.2
EDS-1 58.8 56.6 57.1 57.2 55.3 57.0 1.3 2.2
MAX 83.2 84.4 83.4 79.4 80.1 82.1 2.2 2.7
MCX 51.5 55.2 48.9 49.3 56.1 52.2 33 6.3

HLB 55.4 51.8 46.5 55.8 57.7 53.5 44 8.3
RV (%)

Cig 95.3 92.0 94.2 80.1 93.6 91.0 6.2 6.8
EDS-1 81.1 99.2 93.7 82.2 101.2 91.5 9.4 10.3
MAX 96.9 95.3 96.3 99.0 97.9 97.1 14 1.5
MCX 95.1 87.1 97.0 96.8 81.8 91.6 6.8 7.4

HLB 94.4 98.3 98.9 94.1 93.3 95.8 2.6 2.7
PEV (%)

Cyg 47.7 56.4 54.5 49.3 56.4 529 4.1 7.8
EDS-1 47.7 56.2 53.5 47.0 55.9 52.0 44 8.5
MAX 80.6 80.5 80.4 78.6 78.5 79.7 1.1 1.3
MCX 48.9 48.1 47.4 47.8 45.9 47.6 1.1 2.4

HLB 52.3 51.0 46.0 52.5 53.9 51.1 3.1 6.0
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5 LC-MS/MS BPA
Concentration of urinary BPA Recovery (%) [process efficiency data]
day 1 day 2 day 3 day 4 day 5 day 6 Av. SD RSD
2 ng/ml 99.5 100.7 101.3 101.1 98.7 100.1 100.2 0.98 0.98
0.5 ng/ml 103.9 102.7 100.6 98.7 99.9 98.9 100.8 2.11 2.10
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Exposure and Risk Assessment of Endocrine Disrupting

Chemicals for Human Health

Teruaki lwamoto!,Hiroyuki Nakazawa?
Shiari Nozawal,Koichi Inoue?,Rie 1to2

1. Department of Pharmacology, St Marianna University School of Medicine
2: Department of Analytical Chemistry, Faculty of Pharmaceutical Sciences Hoshi
University

Key words: Endocrine disrupting chemicals, bisphenol A, PFOS, human
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Abstract

The SPEED '98/JEA’'s "Strategic Programs on Environmental Endocrine
Disrupters '98” from the Environmental Agency, which deal with risk assessment
of endocrine disrupting chemicals (EDCs) in Japan, have been published. A
number of studies of EDCs have been conducted in various countries. However,
the potential risks to human health and reproduction from the EDCs have not
been well established. It is necessary that the human exposure level and risk
assessment to these chemicals be assessed as soon as possible. Analytical and
medical studies of the exposure to EDCs released and originated from plastic
and/or natural materials are insufficient. Therefore, analytical methods have
been developed and applied for monitoring EDCs in human samples and the
exposure assessment of these chemicals released from plastic materials.
Therefore, in the current year, the present study reports an approach for
assessing human exposure to EDCs such as fluorinated organic compounds and
bisphenol A (BPA), and development of analytical method for determination of
these chemicals by liquid chromatography with mass spectrometry (LC-MS) and
tandem mass spectrometry (LC-MS/MS).

The specific aims of the presnt study are:

-- to development and measurement of perfluorooctane sulfonate (PFOS),
perfluorooctanoate (PFOA) and perfluorooctane sulfonylamide (PFOSA) in
human blood samples by column-switching LC-MS coupled with solid phase
extraction (SPE) (1),

and

-- to development of LC-MS/MS for determination of urinary BPA (2).
(1) Determination of PFOS, PFOA and PFOSA in human blood samples by

column-switching LC-MS coupled with SPE
The present study reports a method for determining fluorinated organic
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compounds such as PFOS, PFOA and PFOSA in human blood samples by
column-switching LC-MS. The sample preparation prior to SPE column (Waters
Oasis HLB extraction column) involved simply mixing sample with internal
standard followed by concentration and extraction. The compounds were
separated by reversed-phase chromatography with a Cs column, and detected by
MS using selected ion monitoring in the negative mode. The average recoveries of
PFOS, PFOA and PFOSA were above 80% with correction using the added
internal standard (Perfluorodecanoic acid). The limits of quantitation of PFOS,
PFOA and PFOSA in human plasma were 0.5, 0.5 and 1.0 ng/ml, respectively. The
method enables the precise determination of standards and can be applied to the
detection of PFOS, PFOA and PFOSA in human blood samples for monitoring
human exposure.

(2) Development of LC-MS/MS and SPE for determination of trace level of BPA in
human urine

The purpose of the present study was to examine whether SPE is useful for the
trace analysis of urinary BPA by LC-MS/MS in the absence of the matrix effect.
In previous analysis of urinary compounds with LC-MS/MS, human biological
samples pretreated with only reversed-phase SPE were found to be affected by
the matrix in the electrospray ionization (ESI) mode. Pre-concentration with SPE
in the mixed anion-exchange mode improved sensitivity, specificity and
selectivity and reduced ion suppression caused by acidic components in the
matrix. Trace amounts of urinary BPA were subjected to pre-concentration with
SPE in five different modes: Cis, EDS-1, hydrophilic-lipophilic balanced
copolymers (HLB), and HLB mixed anion- and cation-exchange modes, and
analyzed by LC-ESI-MS/MS. It is possible that the amount of urinary BPA is
increased by tenfold by the pre-concentration with SPE in mixed anion-exchange
mode . In addition, the overall process efficiency values for BPA (2 and 0.5 ng/ml
in urine) were higher than 75%, and that for the internal standard was
approximately 100% with low RSD (< 3%). The quantification limit in the urine
samples was 0.1 ng/ml. The SPE in the reversed-phase mixed anion-exchange
mode enabled precise determination and pre-concentration of urinary BPA and
prevented ion suppression caused by acidic components in the matrix, and can be
applied to the detection of trace amounts of neutral analytes in biological
samples.
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