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oxidize bisphenol A (BPA) under simulated sunlight. The effects of pH, temperature, light
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intensity, anion and cation on the degradation of BPA were analyzed. The photodegrada-
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tion process of BPA was discussed. The optimal photolysis rate was 0.031 min−1 when the
temperature was 30°C, the light intensity was 2.67 × 104 Lux, and the pH value was 9.0. The
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of BPA. Except for nitrate ions, anions and cations can inhibit the photodegradation of BPA.
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Compared with cations, anions have a greater inhibitory effect on BPA degradation. The

Degradation

degradation products of BPA by NCM were analyzed by gas chromatographic/mass. This

Illumination

study may provide useful information for the BPA degradation by NCM in complex water
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samples.
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Introduction
In recent years, endocrine disrupting chemicals (EDCs) have
a wide range of effects on human beings, animals, and the
environment because of their cumulative effects (Lv et al.,
2019). As one of the most common EDCs, bisphenol A (BPA) is
widely used in the production of polycarbonate, epoxy coatings, and other consumer products (Allsop et al., 2019). The
Environmental Protection Agency noted that BPA is classified as a hazardous pollutant and requires the highest attention (Yang et al., 2018). A high concentration of BPA has
been detected in natural water. The average concentration of
BPA in the Liao River of Northeast China is 1.13 × 10−3 mg/L
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(Tan et al., 2018), and the maximum concentration in the
Great Lakes of USA is 2.70 × 10−3 mg/L (Elliott et al., 2018). At
low concentrations, BPA can affect human health, such as fetal development, cancer, cardiovascular disease, and obesity.
(Allsop et al., 2019; Quagliariello et al., 2019). BPA is widely distributed in the environment because of its high toxicity and
endocrine disrupting effect. Therefore, increasing attention
has been given to the treatment methods of BPA.
BPA degradation by traditional treatment methods is
prone to incomplete degradation and secondary pollution
(Choi et al., 2006). Advanced oxidation processes (AOPs) have
been used in the treatment of waste water containing organic pollutants and have become a popular topic of research. Hydroxyl radicals can be produced by AOPs, such as
light, ultrasound, and catalysts, to oxidize and degrade organic pollutants under certain conditions (Sable et al., 2018;
Nikfar et al., 2016). The main AOPs methods for BPA degra-

https://doi.org/10.1016/j.jes.2020.05.012
1001-0742/© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences. Published by Elsevier B.V.

194

journal of environmental sciences 100 (2021) 193–202

dation are Fenton oxidation, ozonation, electrochemical oxidation, and photocatalytic oxidation (Kanakaraju et al., 2018).
Kim et al. (2015) found that the oxidation efficiency of BPA increased as temperature increased using the acid-treated Feamended granular activated carbon. Water composition also
affected BPA degradation. The addition of magnesium and calcium ions increased the adsorption of iron oxide nanoparticles (IONPACs) on BPA, whereas anions inhibited BPA degradation by Bi2 WO6 material (Park et al., 2015; Wang et al., 2012).
In the photo-Fenton system, light intensity promoted BPA
degradation by the Ag/AgCl/Fe-S plasma catalyst, which was
beneficial to the BPA degradation in the acidic environment
(Liu et al., 2017). Photocatalytic oxidation has strong oxidation
ability and can effectively degrade organic pollutants. NanoTiO2 is a promising green photocatalyst, which can be used to
remove pollutants in water together with other technologies.
For example, the TiO2 /UV photocatalytic system can effectively remove BPA under the optimum conditions (Wang et al.,
2009). TiO2 /WO3 /GO nanocomposites also showed high photocatalytic activity, and BPA degradation rate of reached more
than 80% after repeated use under visible light irradiation
(Hao et al., 2017). However, the disadvantages of TiO2 -based
materials are their small absorption range and low photocatalytic quantum efficiency (He et al., 2017). Fenton oxidation, ozonation, and electrochemical oxidation have high cost,
complex operation, and secondary pollution. Therefore, developing new materials and methods to improve the efficiency of
pollutant degradation is necessary.
Nitrocellulose membrane (NCM) is a new type of photochemical material, which has the characteristics of high hydrophilicity, surface charge, and microstructure (Sun et al.,
2020; Squires et al., 2008). NCM is widely used in virus and
medicine detection and organic pollutant removal in water
(Jones et al., 2014; Hu et al., 2014; Li et al., 2007). The nitrate group of nitrocellulose can react with the carbonyl group
of organic matter to reduce the concentration of pollution
and achieve the purpose of purifying water (Fernández et al.,
2015). The electrostatic reaction of NCM, surfactants, and
contaminants can remove low molecular weight pollutants
from wastewater (Olcay et al., 2016). With the increase of external radiation, the free radicals formed on the surface of
NCM can accelerate the progress of organic chemical reaction
(He et al., 2017). Berhumeyrie et al. (2014) found that nitrocellulose was denitrified during photooxidation to form photooxidation products with the functions of lactone and anhydride.
Our previous study revealed that hydroxyl radicals can be produced on the surface of NCM under simulated sunlight, and
the amount of hydroxyl radicals are approximately 2.46 times
that of TiO2 (Tai et al., 2018). The mechanism of hydroxyl radicals produced by NCM is mainly related to the nitrogen dioxide
groups on the surface of the membrane. Although NCM has
been applied to the treatment of organic pollutants in water,
environmental condition, water composition, and light intensity also affect the degradation of pollutants. Therefore, it is
necessary to further study the effects of the above factors on
the degradation of BPA.
The purpose of this study was to analyze the factors affecting for the degradation of BPA by NCM under light irradiation. The optimum conditions of degradation reaction were
also determined. The effect of different ion concentrations on

the degradation of BPA in the solution was studied, and the
ion components which could promote the degradation were
also determined. Through the analysis of photolysis products,
the possible degradation pathway of BPA was revealed. This
research can provide theoretical support for the further degradation of phenolic pollutants by NCM under light irradiation.

1.

Materials and methods

1.1.

Chemicals and materials

NCM and BPA (C15 H16 O2 , 99%) were purchased from GE Healthcare Life Science (Whatman TM, UK) and Tokyo Chemical
Industry (Japan), respectively. Sodium nitrate (NaNO3 , 99%),
sodium chloride (NaCl, 99.5%), sodium carbonate (Na2 CO3 ,
99.8%), sodium sulfate (Na2 SO4 , 99%), and isopropanol (IPA)
(C3 H8 O, 99.7%) were obtained from Kermel Chemical Reagents
(Tianjin, China). Bis(trimethylsilyl)trifluoroacetamide (BSTFA)
(C8 H18 F3 NOSi2 , 98%), methylene dichloride (CH2 Cl2 , 99.8%,
chromatographic purity), and acetonitrile (CH3 CN, 99.9%,
chromatographic purity) were purchased from J&K Scientific Ltd. (Beijing, China). Magnesium perchlorate (Mg(ClO4 )2 ,
≥83%) was purchased from Sinopharm Chemical Reagents
(Beijing, China). Calcium perchlorate (Ca(ClO4 )2 , reagent
grade) was obtained from Alfa Aesar Ltd. (UK). All chemicals
were of analytical grade purity and used without any purification. Millipore-Q water was utilized throughout this study.

1.2.

Photodegradation test

The schematic diagram of the photochemical device is shown
in Fig. 1. The device consists of 160 W self-ballasted flood
sunlight lamp (BL-PAR38 PTD, Mega-Ray, USA) as simulated
light source, photochemical reactor, and a quartz glass plate.
The simulated light source was located above the photochemical reactor. The distance between the light source and
the photochemical reactor was 10 cm, and the corresponding light intensity was 2.67 × 104 Lux. The NCM was placed
at the bottom of the reactor, and the quartz glass plate
(10 cm × 10 cm × 0.6 cm) was placed at the top of the reactor to prevent the volatilization of the solution.
After preheating 5 min, the light source reached the stability of the reaction conditions. In general, the concentration of
BPA was 1 × 10−5 mol/L, the volume was 50 mL, and the temperature was 30 °C. 0.3 mL BPA sample solution was sampled
at a given time intervals within 2 hr. All the experimental data
were repeated 3 times to take the average.

1.3.

Experimental methods for temperature, pH and ions

The reaction temperature was controlled by external circulation water bath (XOGDH-1010, Nanjing Xian’ou Instruments,
China) and the solution was stirred by a magnetic stirrer (85–2,
Changzhou Putian Instruments, China). 0.02 mol/L phosphate
buffer was used to adjust the pH value ranging from 2 to 10.
The concentration of typical anions and cations was adjusted
by adding perchlorate of corresponding cations and sodium
salts of corresponding anions to the BPA solution.
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Fig. 1 – Schematic diagram of the photochemical reactor.

1.4.
BPA and degradation production concentration
analysis

dinal coordinate.
ln

The BPA concentrations were detected by a high performance
liquid chromatography (HPLC, Agilent 1200, Agilent Technologies, USA) equipped with diode array detectors (DAD) and
Shim-pack VP-ODS (250 mm × 4.6 mm, 4.6 μm). The mobile
phase consisted of 50% acetonitrile and 50% water. The detection wavelength was 225 nm, and the flow rate was 1 mL/min
for chromatography analysis (Sambaza et al., 2019). The injection volume was 20 μL and the column temperature was 25 °C.
The Ultraviolet-Visible (UV–Vis) spectra of the product during the BPA photodegradation were analyzed by UV–Vis spectrophotometer (UV-2600, Shimadzu, Japan). The spectrum between 200 and 700 nm was recorded at the scanning speed of
1 nm/sec.
After 2 hr of photolysis, 0.3 g of sodium chloride and 15 mL
of dichloromethane were added to the 25 mL of reaction solution, and the pH value was adjusted to 2.0 with perchloric
acid. The reaction solution was nearly dried with high purity
N2 and 0.1 mL BSTFA of methyl derivatives was added. The
solution was placed in a water bath at 40 °C for 20 min. After
cooling, 1 mL dichloromethane was added, and the degradation products were determined by gas chromatography/mass
spectrometry (GC–MS, Agilent 7890B-5975C, Agilent Technologies, USA).
The GC–MS was fitted with a HP5-MS chromatograph column (30 m × 250 μm × 0.25 μm). The inlet temperature was
280 °C and the injection volume was 1 μL (Reddy et al., 2018).
After keeping the oven temperature at 50 °C for 5 min, the
temperature was then rise to 250 °C at 5 °C/min and kept for
15 min.

1.5.

Calculation of photolysis rate constants

The observed quasi-first-order kinetic rate constants of photolysis were obtained by linear fitting of the experimental data
to Eq. (1) (Guo et al, 2010). Linear regression was carried out
with corresponding time as abscissa and ln (Ct /C0 ) as longitu-

Ct
= −Kt
C0

(1)

where, C0 (mol/L) and Ct (mol/L) represent initial concentration of BPA and the corresponding time “t (min)”, respectively,
K (min−1 ) represents the first-order kinetic rate constant.

1.6.

Statistical analyses

In this study, an analysis of variance (ANOVA) test was applied
to prove the differences of photodegradation efficiency of BPA.
When the probability value was less than 0.05 (p < 0.05), it
was considered to be of statistical significance (Xu et al., 2016).
SPSS and Microsoft Excel have been considered to be useful
tools for ANOVA (Zhang et al., 2018), and SPSS Statistics 17.0
was used for ANOVA in this study.

2.

Results

2.1.

BPA photolysis by NCM

The effects of direct photolysis, NCM and IPA, and NCM system
on the degradation of BPA were studied (Fig. 2). In the condition of direct photolysis, the degradation rate of BPA was 1.44%
in pure water, and the corresponding photolysis rate constant
was 4.08 × 10−5 min−1 , indicating that BPA photolysis in pure
water can be ignored. After the 0.01 mol/L IPA were added to
the degradation reaction of NCM system, the photolysis rate
of BPA was 1.22 × 10−3 min−1 . Only in the presence of NCM,
the photolysis rate constant of BPA was as high as 4.99 × 10−3
min−1 , which was two orders of magnitude higher than that
of pure water. The above results indicated that NCM system
can significantly promote the BPA degradation. The results of
the one-way ANOVA showed that there was a significant difference in the BPA photolysis rate among the three photolysis
system (p < 0.01).
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Fig. 2 – BPA (bisphenol A) by NCM (nitrocellulose membrane) in pure water. IPA: isopropanol.

Fig. 3 – Effects of pH on the photolysis of BPA by NCM.

2.2.

Effect of the pH value on BPA photolysis by NCM

The effect of pH value on the photolysis of BPA by NCM is illustrated in Fig. 3, which illustrates that the degradation effect is different under the acidic and alkaline conditions. In
the acidic or neutral environment, the pH value of the solution has little effect on the photodegradation of BPA. After 2
hr photochemical process, the BPA degradation rate was only
33.10%, and the photolysis rate constant was 0.0030 min−1
at pH 3.0. In the alkaline environment, the photolysis rate
of BPA evidently increased. The degradation rate could reach
94.33% in 90 min, and the corresponding photolysis rate constant was 0.031 min−1 at pH 9.0, which was approximately
10 times more than that of pH 3.0. The results showed that
the alkaline condition was beneficial to the photodegradation of BPA. The ANOVA results revealed that the photolysis rate of BPA in the alkaline environment was significant

difference from that in the acidic and neutral environment
(p < 0.01).

2.3.

Effect of light intensity on BPA photolysis by NCM

The effect of light intensity on the photolysis rate of BPA is
shown in Fig. 4. The degradation rate of BPA increased with the
increase of light intensity in the range of 1.61 × 104 –2.67 × 104
Lux. When the light intensity was less than 1.97 × 104 Lux,
the photodegradation efficiency almost did not change. Such
efficiency was significantly affected when the light intensity
was higher than 1.97 × 104 Lux. The photodegradation rate
and degradation effect of BPA were the best when the light
intensity was 2.67 × 104 Lux. The BPA photolysis rate in the
condition of 2.31 × 104 and 2.67 × 104 Lux was significantly
different (p < 0.01) from that of other light intensity. There was
also a significant difference in photodegradation rate between
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Fig. 4 – Effects of light intensity on the photolysis of BPA by NCM.

Fig. 5 – Effects of temperature on the photolysis of BPA by NCM.

the light intensity of 1.61 × 104 and 1.97 × 104 Lux (p < 0.01),
1.61 × 104 and 1.80 × 104 Lux (p < 0.05). A certain range of light
intensity can promote the photolysis of BPA by NCM.

2.4.
NCM

Effect of temperature on the photolysis of BPA by

The effect of temperature on the photodegradation of BPA was
studied (Fig. 5). The photolysis rate of BPA increased with the
increase of temperature in the range of 10–30 °C. The results
showed that the NCM reaction system followed the thermodynamic law in a certain temperature range. BPA photolysis rate
between 15 and 20 °C was no significant. There was significant
difference in the BPA photolysis rate between 25 and 30 °C (p <
0.05). The photodegradation rate of BPA was significantly different (p < 0.01) among other reaction temperature. When the
temperature was higher than 30 °C, the evaporation of the solution increased, which influenced the experimental results.
Therefore, the maximum temperature was set to 30 °C.

2.5.

Effect of typical ions on the photolysis of BPA by NCM

The effects of calcium and magnesium ions on the photolysis
of BPA by NCM were investigated (Fig. 6). The photolysis rate of
BPA decreased with the increase of calcium and magnesium
ion concentrations. Compared with the pure water system,
the photolysis rate of BPA reduced to 33.07%, and the corresponding photolysis rate constant was 3.34 × 10−3 min−1 in
the 5 × 10−3 mol/L concentration of calcium ions. The photolysis rate of BPA decreased by 25.45%, and the photolysis rate
constant was 3.72 × 10−3 min−1 in the 2 × 10−3 mol/L concentrations of magnesium ions. The results indicated that calcium and magnesium cations inhibited the BPA photolysis in
a certain extent.
As illustrated in Fig. 6, the photolysis rate of BPA decreased
with the increase of chloride, sulfate, and carbonate ion concentrations in the solution. When the concentration of chloride ions was 1 × 10−3 mol/L, the photolysis rate constant
of BPA was 3.56 × 10−3 min−1 . The photolysis rate constant
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Fig. 6 – Effects of typical ions on photolysis of BPA by NCM.

was 3.7 × 10−3 min−1 at the 5 × 10−3 mol/L concentration of
the sulfate ions that was 25.85% lower than that of the pure
water system. The minimum photolysis rate constant of BPA
was 3.62 × 10−3 min−1 at the 0.5 × 10−6 mol/L concentration
of carbonate ions. The study indicated that chloride, sulfates,
and carbonates ions inhibited the BPA photolysis. However,

the photolysis rate constant of BPA was 5.71 × 10−3 min−1 at
the 1 × 10−3 mol/L concentration of nitrate ions, which was
1.14 times higher than that of the pure water system. The difference between the BPA photolysis rate and the maximum
concentration of different ions was analyzed by ANOVA. There
was significant difference in BPA photolysis rate between ni-
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Fig. 7 – Ultraviolet-Visible spectra of BPA photodegradation: (a) pure water system, (b) the solution pH value at 9.0.

trate ions and other ions (p < 0.01). The result showed that
nitrate ion in solution benefited BPA photolysis.

2.6.

Analysis of degradation products and pathways

Changes in the UV–Vis spectra of BPA during the photodegradation are illustrated in Fig. 7. In the UV absorption spectrum,
BPA had two evident absorption peaks at 225 and 275 nm before photodegradation. With the increase of photodegradation
time, the UV absorption peak of BPA at 225 nm gradually disappeared, and the intensity of absorption peak at 275 nm decreased in the pure water system (Fig. 7a). In the solution pH
at 9.0, the UV absorption peak of BPA at 225 and 275 nm disappeared with the increase of photodegradation time, but the
intensity of the absorption peak at 210 nm increased (Fig. 7b).
The results indicated that BPA was decomposed into new organic compounds.
On the basis of the experiment and literature (Reddy et al.,
2018), Fig. 8 displays the possible degradation pathway
of BPA by NCM. The degradation intermediates included
styrene, phenol, hydroquinone, α,α-dimethylbenzyl alcohol,
p-benzoquinone, and p-isopropylphenol. The main degradation pathway of BPA is hydroxylation, because hydroxyl played
a major role as the main active oxygen species. The junction
of hydroxyl and benzene ring, between benzene ring and isopropyl group are easily attacked by active oxygen species. Under the action of hydroxyl radicals, p-isopropylphenol was oxidized to hydroquinone and phenol, and α,α-dimethylbenzyl
alcohol was oxidized to phenol. The para-position of hydroxyl in phenol was active and easily oxidized to ketones and
quinones. Hydroquinone and phenol can be further oxidized
to p-benzoquinone. Small molecular products, such as benzoquinone, were completely oxidized to carbon dioxide and
water under the action of hydroxyl radicals.

3.

Discussion

Under simulated sunlight, the photolysis rate of BPA in the
NCM system was significantly higher than that in pure water.

Liu et al. (2019) reported that the more free radicals produced
in the photocatalyst materials, the more conducive to the
degradation of BPA in the photocatalytic reaction. Hydroxyl
radicals were reported to produce on the surface of NCM,
which can promote the oxidative degradation of organic compounds (Ismail et al., 2016). IPA has a high reaction rate with
hydroxyl radicals (Xu et al., 2020), and it can be used as a scavenger for them to be removed from the system (Giraldo et al.,
2010). The photolysis rate of BPA obviously decreased with the
addition of IPA to the NCM reaction system (Fig. 2). The results
showed that hydroxyl radicals are important active oxygen
species in the NCM system, and the reaction rate of IPA with
hydroxyl radical was faster than that of BPA with hydroxyl radicals. The study showed that using NCM to oxidize BPA under
the condition of light irradiation is feasible.
The degradation effect of BPA in the alkaline environment
was better than that in the acidic environment. The pH value
of the solution can influence the ionization state, and the adsorption characteristics of organic compounds and change the
formation rate of reactive oxygen species (ROS) (Batra et al.,
2019; Ding et al., 2020). A previous study revealed that the
Fenton degradation efficiency of BPA in soil was the best under the alkaline condition. The generation of hydroxyl radicals was also verified to be promoted at the alkaline condition (Yu et al., 2019). The photodegradation efficiency of BPA
increased with the increase of pH value, and the photodegradation effect was the best at pH 9.0 (Fig. 3). The main reason
was that the proportion of BPA stored in the ionic state increased with the increase of solution pH value (Meng et al.,
2019). The negative charge of oxygen atoms on phenolic hydroxyl groups increased the electron cloud density on the benzene ring (Liu et al., 2009), which was beneficial to the attack
of strong electrophilic hydroxyl groups and photochemical
transformation. As a result, such groups could easily degrade
BPA. With the increased of pH value, the concentration of hydroxide ions in water increased, resulting in the formation
of additional hydroxyl radicals in the system (Kaneco et al.,
2004), thus accelerating the reaction rate of photodegradation.
Finally, the main active oxygen species in the photolysis BPA
by NCM were hydroxyl radicals. Alkaline conditions were ben-
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Fig. 8 – Possible pathway of BPA in the photodegradation.

eficial to the production of more hydroxyl radicals (Yu et al.,
2019) and promoted the degradation of BPA.
The photolysis rate of BPA was related to light intensity
and reaction temperature, and increased with the increase of
light intensity and temperature in a certain range. ROS played
a positive role in accelerating BPA degradation, whereas light
intensity affected energy absorption in water from the ground
state to the excited state (Liu et al., 2017). The amount of active substances transferred to the excited state increased with
the increase of light intensity, which is beneficial to the photodegradation of BPA. Therefore, light intensity is an important factor in BPA degradation by NCM. In photochemical reaction systems, increasing reaction temperature can increase
the molecular movement of pollutants (Meng et al., 2019). At
the same time, increasing light intensity can increase temperature in the system. Heating promotes the photo-induced hydroxyl radical reaction of NCM and increases the probability
of binding pollutant molecules to hydroxyl radicals. Therefore, hydroxyl radicals can react with additional pollutant
molecules and accelerate the oxidative degradation of pollutants.
Dugandžić et al. (2017) showed that calcium and magnesium ions hardly affect photodegradation reaction due to divalent cations’ stable oxidation state. In this study, the addition of calcium and magnesium ions inhibited the oxidative
degradation of BPA by NCM. A previous study reported that
the addition of calcium and magnesium ions inhibited the
photodegradation efficiency of BPA under visible light. This report was consistented with the results of the current research
(Nguyen et al., 2019). The effects of calcium and magnesium
ions on the photolysis of BPA by NCM may be related to the
ionic strength effect.
Anions have different effects on the photodegradation of
BPA. Nitrate can produce reactive oxygen radicals (hydroxyl

radicals) through photoexcitation reaction (Kang et al. 2018),
thus promoting the oxidative degradation of BPA in water.
Wang et al. (2008) revealed that chloride ions can react with
hydroxyl radicals, thus reducing the amount of hydroxyl radicals that react with organic compounds. In addition, the
hydroxyl radicals generated during photoreaction converted
chloride ions into chloride radicals. The oxidation ability of
chlorine radicals was weaker than that of hydroxyl radicals
(Wang et al., 2019). In general, only when the hydroxyl radicals in the reaction system are excessive, chlorine and hydroxyl radicals can play synergistic effects on pollutant degradation (Gao et al., 2010). In this study, the experimental results
showed that the photodegradation efficiency of BPA decreased
with the increase of chloride ion concentration in the solution. The reason was that part of the hydroxyl radicals produced in the reaction system was consumed by chloride ion,
which inhibited the photodegradation of BPA after the addition of chloride ion to the solution. Carbonate is an effective
scavenger of hydroxyl radicals, which reacted with such radicals to form carbonate radicals (Pétrier et al., 2010), thus inhibiting BPA photolysis in the reaction system. Sodium sulfate produced sulfate, which inhibited BPA degradation during
photoreaction.

4.

Conclusions

The hydroxyl radicals produced by NCM greatly promoted BPA
photolysis. The degradation effect increased as light intensity
and temperature increased in a certain range. Moreover, the
alkaline condition was beneficial to BPA photolysis. The optimum reaction conditions were as follows: temperature 30 °C,
pH value 9.0, and light intensity 2.67 × 104 Lux. Interfering
ions, which affected BPA degradation, were found in water.

journal of environmental sciences 100 (2021) 193–202

The degradation rate of BPA decreases with the increase of
calcium ion, magnesium ion, chloride ion, carbonate and sulfate plasma concentrations in the solution. These ions inhibited the BPA photolysis in the solution. It was worth noting
that the degradation rate of BPA increased with the increase
of nitrate concentration in the solution, and the existence of
nitrate promoted the photolysis of BPA. Intermediate analysis
showed that BPA was degraded by NCM through the hydroxylation pathway, and the main intermediates included styrene,
phenol, hydroquinone, perylene, perylene-dimethylbenzyl alcohol, p-benzoquinone and p-isopropylphenol. This research
provides useful information on BPA degradation by NCM in
complex water samples.
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