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Bacterial biodegradation mechanisms of non-ionic surfactants under aerobic conditions were studied by
means of matrix-assisted laser desorption/ionization-mass spectrometry (MALDI-MS). First, biodegradation
intermediates of octylphenol polyethoxylate (OPEO) were characterized by MALDI-MS. Since the formation of
carboxylated OPEO (OPEC) and the changes in molecular weight distribution during biodegradation test were
observed, it was proposed that the biodegradation of OPEO was proceeded mainly according to the exo-scission
of EO chain accompanied with oxidation of the hydroxyl terminal side. Then, to clarify the mechanisms of the
oxidative biodegradation in detail, biodegradation test was carried out using '*0O-labeled water as a incubation
medium. The incorporation behavior of '*0 into OPEC molecules suggested that the formation of an enzyme (or
coenzyme)-substrate complex linked via a covalent bond might be formed as a reaction intermediate. Finally,
biodegradation profiles of non-ionic surfactants with a variety of hydrophobic moieties were investigated using
180-labeled water. The incorporation rates of 0 into corresponding carboxylated intermediates were correlated
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with the hydrophobicity of the surfactants.
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Fig. 1. Formation of biodegradation products of
APEOs with estrogenic activity.
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Fig. 2. Structure of OPEO.
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Fig. 3. Typical MALDI mass spectra of OPEO. (a)
original sample; (b) the sample recovered after
the incubation for 48 h. * Corresponding to
impurities and/or matrix peaks.
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Fig. 5. Enlarged MALDI mass spectra (trimer region) of
the biodegraded OPEO recovered after 48 h
incubation using normal water (a) and !2O-
labeled water (b).
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Fig. 6. Possible formation pathways of OPEC molecules. X represents heteroatoms such as O, N, and S.
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Table 1. Chemical Structures of Surfactant Samples
and Their Monoisotopic Mass

Monoisotopic
mass

Sample (code) Chemical structure
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*
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(A12EO)

NN 0o ROl 5384
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* Hydrophobic moiety of NPEO has various branched
structure.
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Fig. 9. Typical MALDI mass spectra of the biodegraded surfactants. (a) NPEO; (b) branched AgEQO; (c) A12EO; (d) A14EO.
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