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TOM TAT

NGHIEN CUU PHUONG PHAP PHAN TiCH CAC HQP CHAT PARABEN
TRONG MAU NUGC BE BOI

Nghlen clru da phat trién _phuong phap xac dinh dong thoi 7 hop chat paraben trong mau nudc bang phuong
phép sic ky long ghép néi khdi phd (LC-MS/MS) két hop vai ki thuat chiét pha ran. Paraben duoc tach sic
ky trén cot C18 (Kinetex: 150 mm x 2,1 mm, 2,6 pum, P/N 00F-4462-AN), vdi pha dong (A): acetic acid
(AcOH) 0,05% va (B): Methanol (MeOH). Mau nuéc duoc axit hoa dén pH~3 bang axit formic. 100 ng mdi
chat ddng hanh (13C-MeP and 13C-BuP) duoc thém vao 100 mL nudc. Mau nudc sau d6 duoc cho qua cot
SPE (Oasis HLB 500 mg), di duoc hoat hoa trude d6 1an luot biang 3 mL MeOH va 3 mL nudc siéu tinh
khiét. Céc chat phan tich dugc rira gidi bang 5 mL MeOH. Dung dich sau rira giai dugc co ddc dén 1 mL
dudi dong khi nitrogen. Dung dich cubi cing duoc loc qua gidy loc Whatman (kich thuéc 15: 0,2 pm) va tién
hanh phan tich trén thiét bi LC-MS/MS. Pudng chuin cua cac chit phan tich duoc xay dung trong khoang
nong d6 0,5-200 ng/mL (R2 > 0,997). B thu hdi cua cac chat dong hanh *C-MeP va *C-BuP tuong ttng
trong khoang 85,5-105% (RSD <9,5) va 88,0-110% (RSD < 8,0). Gidi han phat hién cua phuong phap ddi
VGi céc chat paraben trong mau nudc nam trong khoang 0,2 dén 1,6 ng/mL. Phuong phap tdi uu da duoc &p
dung dé xac dinh ndng do cac paraben trong 24 mau nudc bé boi thu tai khu vuc Ha Noi va bude dau danh
gia mirc d6 phan bd cua paraben trong cac bé boi.

Tir khéa: Paraben; LC-MS/MS; SPE; Nuéc bé boi,

1 INTRODUCTION hydroxybenzo!c aciq esters or 4-

hydroxybenzoic  acid, are mainly
Swimming is a globally popular sport and produced synthetically by esterification of
recreational activity, offering benefits for p-hydroxybenzoic  acid  with  the
people of all ages and physical conditions corresponding alcohol (e.g., methanol,
[12]. In addition, concerns about ethanol, or n-propanol) in the presence of
emerging organic contaminants in the a suitable catalyst (concentrated sulfuric
pool  environment are increasing. acid or p-toluenesulfonic acid) [2].

Parabens, one of the most common
endocrine-disrupting chemicals (EDCSs) in
pool water, have been largely unstudied
[20]. Parabens, also known as p-

Parabens are widely used in cosmetics,
personal care products, foods, and
pharmaceuticals, subsequently released
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into water, soil, and the air environment.
They possess the ability to effectively
inhibit microorganisms and yeasts, thus
extending the shelf life of products
without diminishing their efficacy [4,6].
In 2022, over 22,000 cosmetic products
were statistically classified as containing
parabens alone or in mixtures as
preservatives, a multi-fold increase
compared to the previous period [19, 8].
An earlier study reported concentrations
of parabens found in several indoor dust
samples collected in America, Korea,
Japan, and China up to 23,000 ng/g [14].
In 2015, the mean total concentrations of
7 parabens found in swimming pool water
samples collected from Beijing were 114
ng/L (outside pool) and 6.78 ng/L (inside
pool) [3]. Parabens in swimming pool
water originate from many different

sources: disinfectants and swimming
equipment (e.g., paddleboards and
swimsuits), and from the swimmers
themselves  through  personal care

products, sweat, urine, and saliva [4, 7].
Once these compounds enter the water,
they will participate in reaction and
transfer processes, accumulating over time
due to the circulating water system with
infrequent replenishment. Although these
parabens are usually present in water at
low concentrations ranging from ng/L to
mg/L, prolonged exposure can pose
significant health risks [2]. Parabens are
considered endocrine-disrupting factors in
animals and humans. Humans can absorb
them through the skin, respiratory tract, or
foods containing this substance. Then, they
are rapidly metabolized by the liver and
are excreted in the urine within 24 to 48
hours [6], causing infertility in men and,
breast cancer in women and skin problems
[9, 15].

In 2010, the European Society for the
Scientific Study of Consumer Safety
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(SCCS) recommended a limit
concentration of no more than 0.19% for
propylparaben (PrP) and butylparaben
(BuP) in cosmetic products. The
European Union (EU) and the US Food
and Drug Administration (FDA) require
that the concentration of individual and
mixed parabens should not exceed 0.4%
[1]. The EU has limited the concentration
of ethylparaben (EtP) and BuP in
cosmetics from 0.4% to 0.14% since
2014. In  Vietnam, the  Drug
Administration banned five types of
parabens (isoPrP, isoBuP, phenylparaben,
BzP, and pentylparaben) in July 2015,
while also stipulating that propylparaben
and butylparaben, along with their related
salts, can be wused individually at a
maximum concentration of 0.14% or in
mixtures with a total concentration not
exceeding 0.8% [1, 5].

Despite the high demand for paraben
consumption and  their  significant
emissions into the environment affecting
both environmental and human health,
there is still limited research on paraben
pollution levels in swimming pool water.
To provide more information on the level
of pollution as well as a reliable analysis,
the aims of this study are (1) optimizing
the analysis process of seven typical
parabens (MeP, EtP, PrP, isoPrP, BuP,
BzP, and HepP) in water samples; (2)
monitoring the distribution of parabens in
swimming pool water samples collected
from Hanoi urban areas, Vietnam.

2. EXPERIMENT
2.1. Chemicals and Materials

Seven native standards (purity =99%)
including methylparaben (MeP),
ethylparaben (EtP), propylparaben (PrP),
isopropylparaben (isoPrP), butylparaben
(BuP), benzylparaben (BzP),
heptylparaben (HepP), and two surrogate
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standards including **C-methylparaben
(*C-MeP) and *3C-bultylparaben (**C-
BuP) were purchased from Sigma-Aldrich
(USA). Analytical grade methanol
(MeOH) was obtained from Merck KGaA
(Germany). The native and surrogate
standard solutions were prepared in
methanol. HLB  Oasis solid-phase
extraction (SPE) cartridge (500 mg/5 mL,
30 um, 60 A), HLB Oasis (60 mg/3 mL,
30 um, 60 A) (Waters Corporation,
Milford, America), CNWBOND C18 (45
um, 60 A, 500 mg, 3 mL),
CHROMABOND C18 (45 um, 60 A, 500
mg, 6 mL), 12-position Vacuum
Dispenser-Complete  (ANPEL  Inc.,
Shanghai, China), and pH meter (HI2215
pH/ORP, Hana, Rumani) were used to
investigate sample extraction conditions.

2.2. Sample collection

Twenty-four swimming pool water
samples were collected in Hanoi urban
areas of Vietnam from October 2023 to
October 2024 (the survey results of
sampling conditions are described in detail
in Section 3.1). All water samples were
contained in glass bottles before being
transported to the laboratory and prepared
immediately for paraben analysis or stored
at 5 °C for no more than one week.

2.3. Sample preparation

The sample was prefiltered through
Whatman filter paper (20 um). 100 pL of
3C_paraben solution (1000 ng/mL) was
added to 100 mL of water sample. Formic
acid was added until pH~3 by pH meter
(pH HI2215 pH/ORP); then, the sample
was gently shaken and equilibrated at
room temperature for 15 min. The
extraction was performed according to the
following steps. The sample was passed
through an SPE column (HLB Oasis, SPE
500 mg/5 mL) treated with 3 mL of
MeOH and 3 mL of UPW using a 12-
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position Vacuum Dispenser-Complete.
The target compounds were eluted with 5
mL of methanol. Finally, the eluted
solution was concentrated under a gentle
stream of nitrogen to 1 mL, filtered
through a Whatman membrane filter (0.2
um), and transferred to a 1.5-mL vial for
LC-MS/MS instrument analysis.

2.4. The optimal conditions of LC
analysis

This study used Shimadzu LC-MS/MS
8040 chromatographic conditions to
analyze seven parabens. Parabens were
separated using a C18 column (Kinetex:
150 mm x 2.1 mm, 2.6 pm, P/N OOF-
4462-AN). The analysis procedure was
similar to that described earlier [10, 11,
18] with slight modifications. The
parameters were set on the instrument as
follows: column temperature 40 °C, flow
rate 0.3 mL/min, injection volume 5 pL.
The mobile phase solvents were (A):
AcOH 0.05% in water and (B): MeOH;
the mobile phase program was from 0 to
0.5 min 5% (B), from 0.5 to 1.5 min 60%
(B), from 1.5 to 20 min 100% (B), and
from 20 to 23 min 5% (B). The MS
detector was operated in the negative ion
selective mode. The fragment ion m/z for
the quantification of the seven parabens
(MeP, EtP, PrP, isoPrP, BuP, BzP, and
HepP) were 151, 165, 179, 179, 193, 227,
and 235, respectively. The surrogate
standards for each standard used carbon
13, fragment ion m/z 157 (**C-MeP), and
199 (**C-BuP) for the quantification of
the surrogate standards.

3. RESULTS AND DISCUSSION
3.1. Optimization of sample preparation

The chromatograms of all analytes are
shown in (Figure 1). The analytes give
good analytical signals, indicating that
this method is reliable for analyzing seven
parabens in water samples.
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Figure 1. The chromatogram of parabens

The corresponding retention times of 7
parabens (MeP, EtP, PrP, isoPrP, BuP,
BzP, and HepP) were 8.3, 10.6, 12.7,
13.2, 15.3, 155, and 20.2 min,
respectively, and those of 2 surrogate
standards, *C-MeP and *C-BuP, were
8.2 and 14.4 min. Two substances are
separated quite closely: BzP (15.3 min)
and BuP (15.5 min); however, they can
still be quantified because their fragments
are different (m/z for BzP: 227 and m/z for
BuP: 193). The two isomers, PrP and
isoPrP, have the same m/z fragment of
179, but based on the retention time, we
can determine that these two substances
are 12.7 min (PrP) and 13.2 min (isoPrP).

The solid-phase extraction procedure was
surveyed with four types of columns:
Chromabond C18 and CNWBOND C18,
Oasis HLB 500 mg, and Oasis HLB 60
mg (2.1). 100 ng of individual surrogate
standards (**C-MeP and “*C-BuP) were
spiked in 100 mL of ultrapure water. The
sample was adjusted to pH~3 with formic
acid and then equilibrated for 15 min at
room temperature. The sample was loaded
onto SPE columns previously activated
with 3 mL of MeOH and 3 mL of
ultrapure water. The compounds were
then eluted with 5 mL of methanol. The
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eluate was concentrated under a gentle
stream of nitrogen to 1 mL and
transferred to an LC vial for analysis on
the LC-MS/MS instrument. The results
showed that the best recovery of the Oasis
HLB column (500 mg) for the two
surrogate standards was in the range of
91.1-92.2% compared to 53.9-54.5% for
the Chromabond C18 column and 61.2—
62.2% for the CNWBOND C18 column.
The Oasis HLB 60 mg column gave a low
result of 30.2-33.4%, which was thought
to be due to the small amount of packing
material not enough to hold the analyte on
the column. Therefore, HLB-SPE (500
mg) was chosen to extract parabens in the
swimming pool water sample (Figure 2).

120.0
B13C-MeP O13C-BuP

80.0

Recorvery (%)

40.0

i ]

OASIS HLB
(60mg)

7

CHROMABOND CNWEBOND C18  OASIS HLB
: (500mg)

0.0

SPE column types

Figure 2. Extraction efficiency depends on the
type of SPE column
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The MeOH solvent eluted from the Oasis
Oasis HLB 500 mg column was also HLB 500 mg column was also changed to

studied in this report. The kinds of elution 3 and |_ncreased to 10 mL fo find the
solvents, including ACN, MeOH, and appropriate solvent amount. The results
MeOH:ACN (1:1), were also investigated. show?dt Ithatl tthg S;J%Stanfes w?trg not
Meanwhile, the factors of sample volume completely eluted at s mL, resuting In
(100 mL), pH (~3), amount of surrogate low efficiency; when increased to 10 mL,

standards (100 ng), and extraction column Fhe_ _ _eff|C|ency also increased
were kept constant. The results showed insignificantly. The research team chose

that MeOH still gave the best elution theL ?/IeOH sollventt eluc?%n yolutr_ne Ofg
performance compared to other solvents. ML 10 save solvent and drying time an

protect the environment.
 Pr—
100 mL swimming
pool water sample
pH ~ 3 formic acid
™\
Solid phase
extraction

Load the extract
onto the column.
Wash with 10 mL
of 3% MeOH

The type of solvent used to elute from the

Elution 5 mL S . Parabens Analysis
MeOH Filter into val I ‘ on HPLC MS/MS J
Dilute the solvent
with N; to 1 mL

Figure 3. Optimum procedure for water sample treatment
Observed LOD values of 0.01 ng/mL

were prefiltered through Whatman filter (MeP, EtP, PrP, isoPrP); 0.006 ng/mL
paper (20 um) to remove suspended (BuP), and 0.004 ng/mL (BzP and HepP)

solids. Then, 100 L of *C-MeP and “C- multiplied by an injected sample volume
BUP ' surrégate standard  mixtures of 5 pL determined instrumental detection

corresponding to 1000 ng/mL (100 ng) |I3i?|;itsis(cl)|:[>)rl|35) a%f dobogg(?g) )f(;LrM;EE) itnpci
were added to 100 mL of sample adjusted i ’ 3 (Y

. L 0.02 pg for BzP and HeP instrumental
to pH~3 with formic acid and allowed to oo T
staﬁd for 15 min to equilibrate. The Oasis quantification limits (IQLs) of 0.15 (pg),

. . 0.09 (pg), and 0.6 (pg), respectively. The
antBoF;Or?]g?ﬁaﬁgllur:nndvxgasniﬁtl\é?ti?t\r/;ggrz method detection_ limits (MDLs) for each
water; the pool water sample was loaded target compound in water were 0.5 (n_g/L),
through the column, washed with 10 mL 0.3 (ng/L), and 0.1 (qg/L), respectively
of 5% methanol, and eluted with 5 mL of (Table 1). The recoveries of the analytgs
pure methanol.' The eluate was then and surrogate standards are presented in

concentrated under a gentle stream of gable tllt J}hfsih opt[[rﬁlged rteSL:LtS
nitrogen to 1 mL and transferred to a 1.5 emonstrate that the method meets the

mL vial for analysis (Figure 3). requirements for trace-level analy3|_s_|n

_ swimming pool water samples specified
Each batch of samples was analyzed using by the Association of Official Analytical
a procedural blank. Parabens were not Chemists (AOAC).

detected in the procedural blank.

Briefly, the collected pool water samples
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Table 1. Statistical analysis parameters of parabens

Paraben Recoveries (%)
Lol sl als 6l 7 [veanlrso IDL(pg)|IQL(pg) IMDL(ng/L) MQL(ng/L)

MeP [96.4|87.2194.5|89.1191.1|89.5|93.7| 91.6 | 3.62| 0.05 0.15 0.5 1.5
EtP ]93.2187.5/94.6|92.3|90.2|89.5|85.1| 90.3 | 3.68 | 0.05 0.15 0.5 1.5
PrP [85.2189.4183.1190.5|86.4| 93 |89.2| 88.1 |3.85| 0.05 0.15 0.5 1.5
isoPrP [87.5|92.1|84.3|82.3/84.9|88.2/92.3| 87.4 | 4.40| 0.05 0.15 0.5 1.5
BuP |84.3182.1|80.4|88.2|84.7|87.1|86.2| 84.7 | 3.26| 0.03 0.09 0.3 0.9
BzP |85.1/88.1/81.3|84.9(82.2(88.1{83.0| 84.6 |3.20| 0.02 0.06 0.2 0.6
HepP |83.1|87.2|80.4181.5|81.1|80.8|84.3| 82.5 | 2.96| 0.02 0.06 0.2 0.6

*C-MeP|92.1/90.5|88.6|94.1]89.1|88.2|90.0| 90.4 |2.33

*C-BuP|89.3| 84 |87.6/88.2/90.1/89.9|84.0| 87.6 | 2.97

The mean recoveries of parabens and their
surrogate standards in the aqueous
samples diluted in a blank matrix ranged
from 82.5 to 91.6%, meeting the AOAC
requirements for recovery (80-110% at
10 ng/mL  concentrations). The
repeatability of the method was also quite
good, as assessed by RSD values ranging
from 2.3 to 4.4% and meeting the AOAC
requirements for repeatability with RSD
values <21% at 10 ng/mL concentrations.

3.2. Concentrations of parabens in pool
water samples in Hanoi

Eight swimming pools, including indoor
and outdoor pools in different districts of
Hanoi, Vietnam, were selected for water
sample analysis for parabens. The total
concentrations of parabens in water
samples (1a—8c) collected are shown in
Figure 4. There were 8 swimming pools,
and each pool collected three samples: a,
b, and c. The total levels of parabens in
the studied swimming pool water samples
ranged from 19.3 to 340 ng/L. MeP, EtP,
and PrP accounted for most of the
paraben concentrations. Samples collected
at location 7 showed high concentrations
of 340 ng/L (7a), 210 ng/L (7b), 187 ng/L
(7c). The results suggest that this
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swimming pool recently used detergents
containing parabens to clean the pool,
leading to significantly high
concentrations of these substances. The
remaining samples showed relatively low
concentrations of Xparabens. However,
this suggests that parabens in pool water
may be due to the skin care products
swimmers use before entering the pool.
These results indicate that the distribution
of parabens in pool water varies greatly
depending on the pool and the number of
swimmers. These results may be
explained by different habits in using
products containing parabens.
Environmental factors may also influence
the analysis and require further research.

Concentrations of parabens in
swimming pool water samples

[F]
i

50

n =
= =

Concentration (ng/L)
o e I L]
th < th
2

Samples

Figure 4. Concentrations of parabens in
swimming pool water samples
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Previous studies by our group on parabens
in dust samples at plastic recycling sites
from waste in Hanoi and Hung Yen
(52.7-842 ng/g) [10]. Total paraben
content in dust samples in Hanoi was
249-513 ng/g [18]. In another report by
our group [11], paraben concentrations in
water were detectable: wastewater (27.3—
1050 ng/L), lake water (18.0-254 ng/L),
river water (16.5-52.1 ng/L), tap water
(5.01-54.3 ng/L), and bottled water
(1.56-39.9 ng/L). The total paraben
content is mainly concentrated in MeP
and EtP, which can significantly impact
the environment, humans, and living
animals. Our group also studied the
paraben content in fish samples in the
coastal waters of Vietnam [16], 6.82-25.3
ng/g for mackerel samples and 6.21-17.2
ng/g for large anchovy samples. The
paraben content in water samples
collected from the To Lich River ranged
from 0.25 ng/mL to 0.84 ng/mL. MeP and
PrP  were detected at the highest
concentrations (mean concentration: 0.21
ng/mL and 0.22 ng/mL) [17]. Various
studies have reported the presence of
parabens in swimming pool water with
significant differences in concentrations.
Specifically, in a study of emerging
contaminants (including parabens), Li et
al. (2015) reported that paraben
concentrations range from 0.06 ng/L to
872 ng/L [12]. In addition, MeP was
found at the highest level, followed by
PrP and EtP [12]. Furthermore, Yue Li et
al. [13] recorded concentration values of
178 ng/L for MeP, 13.6 ng/L for EtP, 92.1
ng/L for PrP, and 19.5 ng/L for isoPrP.
These results indicate that significant
concentrations of parabens were detected
in swimming pool water from different
regions. Further studies are needed to
assess the risks posed by the accumulation
of parabens in swimming pool water.
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CONCLUSION

This study reports an efficient method for
determining parabens in swimming pool
water  samples  using  solid-phase
extraction combined with the LC-MS/MS
technique. The optimized method allows
simultaneous measurement of 7 parabens
in water with high recovery and stability
and low method quantification limit. The
method-optimized procedures, such as the
Oasis HLB 500 mg solid-phase extraction
column and 5 mL methanol elution, meet
the requirements for BP monitoring in
water samples. The method was applied
to evaluate the distribution of 7 parabens
in 24 swimming pool water samples
collected in Hanoi. The parabens
measured in swimming pool water ranged
from 19.3 to 340 ng/L. MeP, EtP, and PrP
were detected at the higher levels.
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QG.23.14 of  Vietnam National
University, Hanoi .
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