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A Study on Degradation of Nonylphenol Polyethoxylate Metabolites

Using Uv / Photocatalytic Silicagel Treatment
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Abstract : Nonylphenol polyetoxylates (NPnEOs) metabolites; nonylphenol (NP), nonylphenol monoethoxylate

(NP1EO), nonylphenoxyacetic acid (NPEC) (collectively referred to "NPE-c") were examined for their degradations

by using of lab-scale UV/photocatalytic silicagel (ultraviolet photocatalytic degradation in the presence of silicagel

coated with titanium dioxide as a catalyst) reactor. NPE-c degradations by UV/photocatalytic silicagel treatment

reached approximately 85-93 % after 40 min irradiation independently of its initial concentration (between ca. 0.5

and 2.0mg/l). Any intermediates under the NPE-c degradation were not identified by GC/MS sample analysis.

Degradations of NPE-c were followed pseudo first-order kinetics. Then, the effectiveness of UV/photocatalytic

silicagel treatment for degradation of NPE-c was in the order of NPEC > NP > NP1EO.
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Introduction

Nonylphenol polyethoxylates (NPnEOs, n;

number of ethylene oxide chains (EOs)), usually n

= 8-12), a typically used alkylphenol

polyethoxylate, are abundantly and widely utilized

not only in detergents but also in other industrial

products such as paints and herbicides. For

sewage treatment process, NPnEOs are transformed

their metabolites by means of microbial activity.

Figure 1 shows transformed process of NPnEOs in

sewage treatment process (Fujita, M. et al., 2000).

The major pathway of primary biodegradation for

NPnEOs is the stepwise oxidation of EO chains,

either by hydrolysis or an oxidative-hydrolytic

mechanism.

The EO chains are progressively removed either

by ether cleavage or by terminal alcohol oxidation

followed by cleavage of the resulting carboxylic

acid. These hydrophobic metabolites are found to

have nonylphenol (NP), nonylphenol mono and

diethoxylate (NPnEOs; n=1-2), nonylphenoxy acetic

acid (NPEC), nonylphenoxy ethoxy acetic acid

(NP1EC). Therefore, NPnEOs metabolites under

realistic environmental condition have been

identified as NP1-2EOs, NPEC, NP1EC and NP,

while carboxy nonylphenol ethoxycarboxylates

(CNPnECs; n=1-3) were additionally found as the

possible NPnEOs metabolites in the effluents from

sewage treatment plant (Ding, W.H. et al., 1998).

It has been believed that NPnEOs metabolites

cannot be completely degraded or mineralized by

microbial attack and can be accumulated long in

the aquatic environment (Tanghe, T. et al., 1998;

Tanghe, T. et al., 1999; Fujita, Y. et al., 1997).

Actually NP, NP1-3EOs, NPEC, NP1-2ECs and

their halogenated derivatives have been frequently

found from a variety of aquatic environment (Ahel,

M. et al., 1994; Rudel, R.A. et al., 1998). And it

has been clarified that NPnEOs metabolites have

acute toxicity higher than parent NPnEOs (Maki,

H. et al., 1998). Further NP, NP1-2EOs, NPEC,

NP1-2ECs possess weak estrogenic activity,

through the parent NPnEOs with longer EO chains

are considered to possess no estrogenic activity

(Colborn, T. et al., 1997; White, R. et al., 1994;

Routledge, E.J. et al., 1996). Therefore, it has

been concerned to NPnEOs metabolites pollution in
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Fig. 1. Biotransformation of NPnEOs in sewage treatment process

aquatic environment have a malign influence

upon the ecosystem, and needed to develop a

useful method to remove NPnEOs metabolites.

Chemical oxidation process and/or advanced

oxidation processes (AOPs) such as ozonation

and photocatalytic oxidation with or without

hydrogen peroxide seem promising for

breakdown of NPnEOs metabolitesas a

post-treatment in biological treatment in sewage

treatment, since a variety of aromatic

compounds can be efficiency decomposed by

these treatment. However, there are a little

research paper concerning about treatbility of

NPnEOs metabolites by chemical oxidation

process or AOPs, especially for NP1-2EOs,

NPEC and NP1EC. The purpose of this study

was to find the degradation kinetics of NP,

NP1EO, NPEC (collectively referred to "NPE-c")

by UV/photocatalytic silicagel (ultraviolet

photocatalytic degradation in the presence of

silicagel coated with titanium dioxide as a

catalyst) were investigated using lab-scale

reactors.

Materials and methods

NP, NP1EO and NPEC (collectively referred

to "NPE-c")

NPE-c standard reagents were purchased from

Hayashi Jyunyaku Co..

Photocatalytic degradation (UV/photocatalytic

silicagel)

Figure 2 represents the apparatus used. The

UV/photocatalytic silicagel treatment of each

NPE-c were performed in 3 petri dishes (93

mm diameter, 20 mm height, working volume

50ml) made of glass. A black light blue lamp

(Nippon Electric Co.) with 22 mm diameter,

410 mm length and 15 w output was located at

the petri dishes upper 10 mm height as the UV
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Fig. 2. The apparatus used

source. This has emission at 300-400 nm.

Aqueous solution of NPE-c for the

photocatalytic degradation were added in each

petri dishes with 20 g of photocatalytic silicagel,

and the reaction temperature was kept at

approximately 30 . The photocatalytic silicagel℃

used throughout the experiment was commercial

Shinto V Cerracus Co. HQC51 with an average

diameter of 3.3-4.0 mm silicagel which were

coated with 20 % titanium dioxide by unit

photocatalytic silicagel weight.

Analytical procedures

Before the quantification or the identification

of NPE-c and its by-products by gas

chromatograph-mass spectrometer (GC/MS), a

liquid-liquid extraction was necessary. 5 ml

samples of the aqueous solution were vigorously

shaked in the presence of equal volumes of

diethyl ether in a test tube. Ether phase was

collected and dehydrate by sodium sulfate. After

drying of ether phase by N2 gas purge, samples

were dissolved in hexane/methanol mixture

solution (v/v = 9/1) for the assay of NP,

NP1EO. About the assay of NPEC, samples

were dissolved in ethyl acetate. After

dissolution, its derivertisation into the

corresponding methyl ester was done with

trimethylsilyldiazo-methane (10 % hexane

solution).

A Thermo-Finigan Trace GC gas

chromatograph with a PolalisQ mass

spectrometer (GC/MS) was used to quantify or

identify for NPE-c and its by-products.The

condensation, derivatization and analysis of

NPE-c were performed according to the

previously described procedure (Maki, H. et al.,

1998; Maki, H. et al., 1996). All reagents were

HPLC analysis grade, and purchased from Wako

Jyunyaku Co..

Results and Discussion

Degradation of the NPE-c by UV/Photo-

catalytic silicagel treatment

Results for NPE-c degradation are given in

Figure 3. The experiments for NPE-c were

performed at three different initial concentration,

and the analysis were carried out at least in

duplicate. The data revealed in the figures are

expressed as the average value.

It was clarified that NPEC degradation by

UV/Photocatalytic silicagel treatment reached

approximately 93 % after 40 min irradiation

independently of its initial concentration

(between ca. 0.5 and 2.0mg/l), while the

reduction of NP and NP1EO was about 80-90

% and less than 85 %, respectively. Therefore,

the effectiveness of UV/Photocatalytic silicagel
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Fig. 3. UV / Photocatalytic silicagel treatment of NP, NP1EO and NPEC.

Initial concentrations of the NPE-c are indicated in the figure

order of NPEC > NP > NP1EO. It is reported

that the effectiveness of UV/TiO2 (ultraviolet

photocatalytic degradation with titanium dioxide

pouder as catalyst) treatment for degradation of

NPE-c was in the order of NP > NP1EO >

NPEC (Ike, M. et al., 2002).

Difference of effectiveness between UV/Photo-

catalytic silicagel and UV/TiO2 suggested that

the mechanism(s) of the degradation might be

different from with or without silicagel.

However, since no specific or reproducible

peaks of by-products could be detected by

GC/MS analysis, the degradation pathway of

NPE-c by UV/Photocatalytic silicagel treatment

has not yet been determined. Although it is

likely that phenolic compounds are first oxidized

into their hydroxylated by-products such as

hydroquinones, cathecols, and diols by chemical

oxidation process, further leading to oxidative

ring cleavage (Okamoto, k. et al., 2002), the

degaration pathway of NPE-c might be more

complicated due to the substitution with nonyl,

EO and/or carboxyl groups.

Compare with another research data (Asano,
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M. et al., 2002), estrogenic activity of NP was

decreased to the negative level by using of

UV/Photocatalytic silicagel treatment. Therefore,

it was expected that UV/Photocatalytic silicagel

treatment was contributed toward the reduction

of NP, NP1EO, NPEC and other NPnEOs

metabolites.

Kinetics of degradation of NPE-c

Results for the degradation kinetics of NPE-c

are given in Figure 4. The regression study

suggested that the degradation of NP, NP1EO,

NPEC follows pseudo first order kinetics.

Table 1 shows the summary of the pseudo

first-order rate constants about UV/Photocatalytic

silicagel and UV/TiO2. From Table 1, the

degradation of NP, NP1EO, NPEC was precisely

expressed by the pseudo first-order kinetics ; the

correlation coefficients were higher than 0.8.

The correlation coefficients of UV/Photocatalytic

silicagel treatment for the degradation of NPE-c

was in the order of NPEC > NP1EO > NP.

Although the correlation coefficients of UV/TiO2

for the degradation of NPE-c was in the order

of NP > NP1EO > NPEC. The reason for

difference order of correlation coefficients

between UV/Photocatalytic silicagel and UV/TiO2

is not clear. Therefore, it is necessary to

understand the degradation pathways or

mechanisms of NPE-c to clarify detailed

kinetics.
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Fig. 4. Semi-logarithmic plot of NPE-c by UV/Photocatalytis silicagel treatment
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NPIEO 0.048(R
2
=0.877) 0.044(R

2
=0.815)

NPEC 0.068(R
2
=0.923) 0.016(R

2
=0.798)

r, correlation coefficient

Table 1. Pseudo first-order rate constant of NPE-c degradation

by UV/Photocatalytic silicagel and UV/TiO2 (unit ; min
-1
)

Conclusion

In this research, it is possible to decompose

NP, NP1EO, NPEC using UV/Photocatalutic

silicagel treatment. The effectiveness of

UV/Photocatalytic silicagel treatment for the

degradation of NPE-c was in the order of

NPEC > NP > NP1EO. Difference of

effectiveness between UV/Photocatalytic silicagel

and UV/TiO2 suggested that the mechanism(s) of

the degradation might be different from with or

without silicagel. There were no specific or

reproducible peaks of by-products of NPE-c.

And estrogenic activity of NP was decreased to

the negative level by using of UV/Photo-

catalytic silicagel treatment. Therefore, it was

expected that UV/Photocatalytic silicagel

treatment was contributed toward NP, NP1EO,

NPEC and other NPnEOs metabolites.The

regression study suggested that the degradation

of NP, NP1EO, NPEC follow pseudo first order

kinetics.
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