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BIODEGRADATION OF THE TETRONIC-TYPE NONIONIC
SURFACTANTS UNDER STATIONARY CONDITIONS

PART II. DEGRADATION OF TECHNICAL GRADE
AND PURE SURFACTANT AND SEPARATED BY-PRODUCTS

A technical-grade Tetronic-type block copolymer containing polyoxyalkylene glycols as by=
-products as well as pure fractions of the adduct and polyglycols have been subjected to biodegrada- .
tion under stationary conditions in the presence of the bacterium strain Bacillus sp. The polyether
was the sole source of carbon and energy for the bacteria. It has been found that under conditions.
used the polyglycols are the most easily degraded component of these surfactants.

1. INTRODUCTION

In our previous paper [2] we have shown that polyoxyalkylene glycols present in the tech-
nical grade preparations of the Tetronic-type block copolymers interfere with the determi-
nation of their biodegradability. It has been also suggested that polyglycols, including po-
lIyoxyethylene glycols (PEG) and a copolymer of propylene oxide (PO) with ethylene oxide
(EO) which are formed in the subsequent stages of synthesis, are the easiest degradable
products, thus that bacteria adapt themselves mainly to this source of carbon.

In order to confirm the above-mentioned hypothesis, we have carried out degradation
tests using a sample containing a high content of polyglycols as well as isolated fractions
containing these polyglycols and the main copolymer being an adduct of alkylene oxides
to ethylenediamine which was used as a polymerization initiator. Biodegradation was car-
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ried out under stationary conditions in the presence of bacterial strain Bacillus sp. The
latter was isolated previously from wastewaters from the Chemical Works ,,Organika-
-Rokita” in Brzeg Dolny which, among other pollutants, contained similar nonionic sur-
factants. It has been shown that this strain is able to degrade many kinds of surfactants of
the alkylene oxide copolymer type. In these experiments we have used a lower concentration
of polyethers (0.3 wt. %) than in the previous ones [2] in order to lower their toxicity to
bacterial cells. The changes in the bacterial growth, the amount of the product remaining
after the predetermined time of biodegradation, and the changes both in the concentration
of various types of carbonyl groups and ethylene oxide content in the polyether have been
assumed as criteria of the progress of biodegradation.

2. EXPERIMENTAL

The Tetronic-type copolymer 2300/20 having M, = 2700 was obtained according to [2]
and separated into the main alkaline adduct, and the neutral polyglycol fraction via ionic
adsorption on a macroporous cation exchanger Amberlyst 15, as reported earlier [3].
The alkaline fraction constituted 81.99%, of the product, the remaining 18.1%, being the
neutral fraction. The determined content of ethylene oxide in both these fractions was
20.9 and 36.7 wt. 9, respectively.

Biodegradation tests were carried out according to the method given in [2] at 301 K.
A flatbottomed bulb filled with broth was inoculated with such an amount of bacteria
that at 4 = 550 nm the extinction measured with a Spekol (Zeiss-Jena, spectrophotome-
ter) was 0.1. The growth of bacteria was assessed by determining optical density of the cul-
ture at the wavelength given above. The results obtained were then recalculated into the
dry weight of bacteria by using a calibration curve.

The strain of Bacillus sp. isolated from industrial wastewaters was initially adapted to
the starting copolymer 2300/20. This strain is an acrobic moving Gram-}-bacillus, forming
endospores; it decomposes glucose, saccharose, and lactose without gas evolution but with
the formation of acid, it hydrolyses protein and starch and acidifies milk.

The IR spectra were recorded as reported in [2]. The absorption value for the indi-
vidual bands was calculated from peak heights at ¥ = 1675, 1730, and 1760 cm~! using
the base line drawn parallel to the abscissa and tangent to the absorption curve at
¥ = 1820 cm!.

The ethylene oxide content in the polyether was deterimend by the *H-NMR spectro-
scopy according to [1] using a Tesla BS 497 100 MHz spectrometer.

3. RESULTS AND DISCUSSION

Preliminary biodegradation tests of Tetronic-type copolymer 2300/20 and the isolated
alkaline and neutral fractions with the strain Bacillus sp. have shown that the loss of polyet-
her weight determined by the extraction method is relatively low (fig. 1). For the initial
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preparation this loss was ca. 20%, being similar to the results already reported [2]; for the
polyglycol fraction, however, it did not exceed 10%. Like in the case of mixed popula-
tions of bacteria [2], after a certain maximum value of the weight loss was exceeded, the
amount of extracted polyether increased again. The second maximum of the weight loss,

Fig. 1. Amount of extracted biodegradation
products versus the time of the process
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so characteristic of the mixed bacterial populations, was observed only in the presence
of the main adduct (the alkaline fraction). At the present stage of our studies it is difficult
to decide definitely whether this phenomenon depends on the strain of bacteria or on
the lower concentration of polyether in the medium (0.3 vs. 1.0 wt. 9%). The amount of
extracted degradation products exceeding 1009, has not been explained either.

In view of our previous studies [2] it might be expected that the polyglycol fraction
should exhibit a markedly higher material weight loss than the starting T etronic. If, how-
ever, the degree of decomposition (fig. 2) is measured by the increase in the bacterial
mass, then it can be seen that the degradation of polyglycols proceeds many times faster
than that of the remaining two polyethers, for which an increase in the dry weight of bac-
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teria differs only slightly. In the case of these two last preparations some changes in bacte-
rial growth seem to indicate that readaption of this strain takes place.

It should be noticed that in the presence of the starting preparation, i.e. the one used
for the adaptation of the strain, bacterial mass begins to increase markedly after 1-2 days
of biodegradation, and that in the case of adduct and polyglycols the same growth rate is
observed as late as after 5-6 days of incubation. As far as the adduct is concerned this phe-
nomenon is quite understable but, according to our earlier data [2], it is difficult to explain
the induction period in the case of polyglycols.

A markedly higher biodegradability of polyglycols was further confirmed by determining
the changes in the absorption bands for carbonyl groups of the carboxyl (1760 cm™1),
ester (1730 cm~?), and amide (1675 cm~?) types (fig. 3). Some content of the latter groups
in the starting materials resulted from the oxidation with atmospheric oxygen during
their purification and extraction as well as from evaporation of solvent. The presence of
amides in the polyglycol fraction is related to their neutral characteristics.
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In general, the changes in intensity of bands at v, = 1675 and 1730 cm~! are consi-
derably smaller than at 1760 cm~'. The intensity change of the 1760 cm~! band is
particularly large in the case of polyglycol fraction. This may indicate that biodegrada-
tion of polyethers leads to the increasing content of carboxylic groups. This observation
is in agreement with the known mechanism of biodegradation of nonionic surfactants
belonging to the group including polybxyethylates and polyglycols [4]. A temporal
decrease in the intensity of all the bands mentioned above, observed for the adduct
after 30 days of biodegradation, was manifested in the loss of its dry weight. Similar
correlations have been observed when mixed populations of bacteria were used [2].
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The ethylene oxide content in the polyglycol fraction decreases in the course of the pro-

cess, but in the adduct it increased temporarily after the first 10 days of biodegradation
(fig. 4). The decrease of ethylene oxide fraction may indicate that the decomposition rate of

the polyoxyethylene groups present in both the fractions studied at the ends of macro-
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Fig. 4. Changes in ethylene oxide content during
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molecules is higher. The mentioned temporal increase of the ethylene oxide fraction in
the adduct seems to be closely related to the bacterial mass loss (fig. 2) as well as to the
increasing amount of the extracted polyether (fig. 1). In such a case, however, the partly
decomposed polyether, which initially should be accumulated in these bacteria and sub-
sequently released because of their destruction, should contain a different ratio of both
alkylene oxide units, namely a marked predominance of ethylene oxide.

4. CONCLUSIONS

1. Under stationary conditions the biodegradation of polyoxyalkylene glycols (in the
forms of homo- and copolymers) being the by-products in the technical grade Tetronic-
-type surfactants is considerably faster than that of the main copolymer based on ethylene-
diamine as a polymerization initiator.

2. The evaluation of the biodegradation degree based on the polyether weight loss,
determined via extraction, can lead to erroneous results when the process is carried out
under stationary conditions.
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BIODEGRADACJA NIEJONOWYCH SURFAKTANTOW TYPU TETRONIKOW
W WARUNKACH STACJONARNYCH
CZESC 1I. ROZKEAD TECHNICZNEGO I CZYSTEGO SURFAKTANTU
ORAZ WYDZIELONYCH PRODUKTOW UBOCZNYCH

Techniczny kopolimer blokowy typu Tetroniku, zawierajacy glikole polioksyalkilenowe jako produ-
kty uboczne oraz czyste frakcje poliglikoli, poddano biodegradacji w warunkach stacjonarnych w
obecnosci szczepu Bacillus sp. Polietery byly jedynym zrédlem wegla i energii dla tego szczepu.
Wykazano, ze w badanych warunkach poliglikole sa najtatwiej rozkladanym skladnikiem.

BIOLOGISCHER ABBAU NICHTIONOGENER TENSIDE
VON TETRONIC-TYP UNTER STATIONAREN VERSUCHSBEDINGUNGEN
TEIL II. ABBAU EINES TECHNISCHEN UND REINEN TENSIDS
SOWIE DER NEBENPRODUKTE

Es wurde versucht, ein technisches Blockpolymer von Tetronic-Typ, als auch das eigentliche
Additionsprodukt der Alkylenoxide an Ethylendiamin und die als Nebenprodukte gebildeten Poly-
oxyalkylenglykole, in Gegenwart des Stammes Bacillus sp. biochemisch abzubauen. Fiir den erwihn-
ten Bakterienstamm waren die Polyether die einzige Kohlenstoff und Energiequelle. Unter den ange-
fiihrten Bedingungen wurden Polyoxyalkylenglykole bevorzugt abgebaut.

BUOJEI'PAINALINA HEMOHHBIX TMOBEPXHOCTHO-AKTHMBHBIX BEIIECTB THUIIA
TETPOHUKOB B CTALIMOHAPHBIX YCJIOBUX
‘ YACTB 1I. PA3JIOXKEHUE TEXHUYECKOI'O M YUCTOI'O ITABA
1 OBPA3BOBAHHBIX ITOBOYHBIX ITPOYKTOB

Texuuyeckolt 60k-comonumep tuna TeTPOHMK, COAEPKALMHA MOTMOKCHATKEHIIHKONH Kak MOGOou~
HBIC NPOAYKTbI, & TAKXKE U YHCTbIEe (PaKLUM COOCTBEHHO anayKTa M TOJMIJMKOJH, NOIBEPrajich GHO-
Aerpazauui B CTAUMOHAPHBIX YCIIOBHSAX M NIPU HAIH4YMU ImTamMma Bacillus sp. EIMHCTBEHHBIM MCTOYHM~
KOM yriepoa M SHEPTrHH IS 3TOrO IuTamma ObuiM monuddupel. Jloka3aHO, YTO B MCClenve - ~
YCTIOBHAX MOJTHIIMKOIM SABJISAIOTCSA JIyYlIe BCErO PasiaraeMbiM KOMIIOHEHTOM.



