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Biodeeradabilitv of Ethoxvlated 
Fattv &mines a id  Amideiand the 
NokToxicity of their 
Biodegradation Products 
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Using fhe ”prolonged” closed bortle fesf (OECD Gicideline 
301 D)  the biodegradability oJ various eflroxylaled Jaffy amines 
and amides was defermined. All alkylbis(2-hydroxyerhylj~tmi- 
nes were readily biodegradable. The biodegradation ciirves of 
l e  Jnrfy amines and amides with more fhan 2 oxyethylene 
groups suggested a “rapid” mineralizarion via an initial oxida- 
fion oJfhe alkyl chain. The inrermediufes formed, viz. efhoxy- 
lafed secondary amines, were biodegraded “slowly”. This torn1 
mineralization of fhe ethoxylafed fa f fy  amines was demonsrm- 
fed in ‘prolonged” closed boftle tests by ”two phase” biodegra- 
dafion curves. In the SCAS tesf (OECD Guideline 302 A) ,  
polyoxyerhylene(l5)fallow amine (hydrogenated fallow-alkyl) 
wus immediurely converted info carbon dioxide, wafer, biomass 
and u water-soluble intermediate. The intermediate, an ethoxy- 
lafed secondary amine, was removed from rhe wasfe wafer afrer 
an adaprarion period of approximafelv fwo months. This inrer- 

Die biologische Abbarrbarkeif einiger urugewahlfer erhoxylier- 
rer Feffamine rrnd Feffamide wurde mir HilJe des verlangerren 
Geschlossenen Fluschenresrs (OECD Guideline 301 D)  unfer- 
suchf. Alle im Test eingesefzren Alkylbi.-(2-hydroxyethyl) 
amine sind durchweg schnell (readily) biologisch abbaubar. 
Der Verlauf der Abbaukurven von Ferraminen und Feframiden 
mir mehr als 2 Oxyefhylengruppen Idpr darauJ schliepen, clap 
der Abbau zunachst uber eine rasche Oxidation der Alkylkefte 
erfolgt. Die dnbei gebildefen Intermediate - efhoxylierre sekrin- 
dare Amine - werden langsam abgebuuf. Die vollsriindige Ab- 
baubarkeif der erhoxylierfen Feffamine rei# sich im veriiin- 
gerfen Geschlossenen Fluschenresf durch den zweiphusigen Ver- 
lnrtf der Abbnukurven. Im  SCAS-Tesr (OECD Guideline 
302 A)  wird Polyoxyefhylen(l5)ralgamin (hydrogenierres Talg- 
alkyl) direkf in CO2, Wasser, Biomasse und ein wasserlcisliches, 
inharent abbaubares Zntermediar umnewandelf. Dos lnrerme- . .. - 

mediate was non-foxic to the aquafic life us assessed in the algal 
growth inhibition lesi (OECD Guideline 201) and in fhe acufe 
foxicify fcsf Jor Daphnia (EEC Giiirleline 79/831). 

diaf, ein efhoxylierfes sekundares Amin, war nach einer Adnpra- 
rionsreit von rwei Monaren alcr dem Abwnsser enffernl. Dieses 
Infermediar isf fiir aquafische Organismen nicht foxisch, wie i m  
Algenwachsremrhemmungsrest (OECD Guideline 201) icnd im 
akrcren Toxiziriirstesr fur Daphnien (EEC Griideline 79/831) pe- 
zeigr werden konnre. 

1 Introduction 

Ethoxylated fatty amines and amides have at least one long 
alkyl chain and 2 to 50 EO groups (polyoxyethylene) cova- 
lently linked to a nitrogen atom. These chemicals are used in 
a wide range of applications such as agro-adjuvants, wetting 
agents and emulsifiers. Due to these uses it is reasonable to 
suppose that ethoxylated fatty amines and amides end up 
in the environment. Therefore, knowledge about their biode- 
gradability is essential to assess the impact on the environ- 
ment. 

Sawyer ctal. (1956) showed that ethoxylated amides are 
susceptible to microbial oxidation. Recently, the biodegrada- 
bility of ethoxylated fatty amines has been determined in 
screening tests and simulation tests of activated sludge plants. 
The biodegradability of the ethoxylated fatty amines de- 
creases with increasing numbers of polyoxyethylene groups 
(Schciherl et al., 1988). Ethoxylated fatty alcohols have been 
studied extensively (Swisher, 1987). The linear versions of 
these alcohol polyglycol ethers are highly biodegradable under 
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aerobic conditions (Larson and Games, 1981: Vushoir and 
Schwab, 1981; Sfeber and Wierich, 1983). Unlike the total 
mineralization of these alcohol ethoxylates, alkylphenol eth- 
oxylates are converted into carbon dicxide, water and mode- 
rately stable intermediates (Rudling and Solyom, 1974; Glger 
et al., 1981; Brrrnner et al., 1988). These intermediates, low no- 
nylphenol ethoxylates. are formed particularly at low tempera- 
tures in activated sludge plants (Kruverz et al., 1984). How- 
ever, after appropriate acclimatization alkylphenol ethoxylates 
d o  undergo complete mineralization. 

The purpose of our study was to determine the biodegrad- 
ability of various ethoxylated fatty amines and amides in the 
closed bottle test and to assess the toxicity of intermediates 
formed during biodegradation processes. Closed bottle test 
results were compiled and compared in order to formulate 
a biodegradation route and general rules on the biodegradab- 
ility of these compounds. 

2 Materials and methods 
2.1 Chemicals 

The ethoxylated fatty amines and amides (trade names: Etho- 
meen S112, Ethomeen T112, Ethomeen HT112. Ethomeen 
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Table 1. Biodegradation in closed bottle tests of various ethoxylated fat- 
ty amines on day 28 and at the end of the prolonged tests 

Test compound Yo at %at end of 
day 28 the test: last 

day between 
brackets 

Taliowbis(2-hdroxyeth yl)amin@ 60b 

Oleylbis(2-hydroxyethy1)amine 63b 74 (42) 
Oleylbis(2-hydroxyethy1)amine 13 54 (126) 

Polyoxyethyiene(l5)tallow amine 42 61 (214) 
Polyoxyethylene( 15)tallow amine” 28 67 (214) 
Polyoxyethylene( 15)oleyi amine 23 64 (126) 

Tallowbis(2-hydroxyethy1)amine 52 64 (42) 

a Hydrogenated alkyl chain 
b Silica gel added 

T/25, Ethomeen HT/25, Ethomeen S/25, Ethomeen HT/60 and 
Ethomid HT/15) were obtained from Akzo Chemicals BV, 
Deventer, The Netherlands. All other chemicals used (reagent 
grade) were purchased from Janssen Chimica, Beerse, Belgi- 
um. 

2.2 Inoculum and settled sewage 

Secondary activated sludge and primary settled sewage were 
obtained from an activated sludge plant treating predominant- 
ly domestic sewage. 

2.3 Test organisms and maintenance 

The algal growth inhibition test was carried out with the uni- 
cellular green algae. Selenastrum capricornutum, ATCC 
27,662. This strain was maintained on mineral salts agar slants 
in light at room temperature. The acute toxicity test for 
Daphnia was carried out with Daphnia magna maintained in a 
continuous culture on synthetic medium. The animals used 
were less than 24 hours old at the start of the test. 

2.4 Test methods 

The closed bottle tests were carried out according to an 
OECD test guideline (1982). The introduction of a few minor 
deviations and the prolongation of the closed bottle test have 
been described by van Ginkel and Stroo (1992). 

The SCAS test was carried out according to an OECD test 
guideline (1981). The test unit was fed with settled sewage and 
50 mg/L polyoxyethylene( 15)tallow amine (hydrogenated tal- 
low), whereas the control unit was fed only with settled sew- 
age. The incubation temperature was 20°C. 

The algal growth inhibition test was carried out according 
to the OECD Test Guideline (1984). One deviation from the 
protocol of the algal growth inhibition test was introduced. 
The algae were not inoculated in the OECD medium but di- 
rectly in filtered effluent from the control unit. 

The acute toxicity test with Daphnia magna was carried out 
in accordance with an EEC directive (1989), the only devia- 
tion being that 5 animals were used instead of 20. 

2.5 Determination of oxygen, NPOC and cell density 

The dissolved oxygen concentrations were determined electro- 
chemically using an oxygen electrode (WTW Trioxmatic EO 
200) and meter (WTW OX1 530). 

Cell densities of the algae cultures were determined spec- 
trophotometrically using a Shimadzu, UVlVIS Spectrophoto- 
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meter UV-160A. These determinations were carried out at 
436 nm in a cuvette with a light path of 4 cm. 

To determine the non-purgeable organic carbon (NPOC) in 
the effluent of the SCAS units, samples were filtered using 
Schleicher and Schiill filters (8 pm) to remove any sludge par- 
ticles. The filtered samples were acidified prior to injecting in 
a Dohrmann DC-190 TOC apparatus. 

3 Results and discussion 
3.1 Closed bottle test results 

Table 1 shows closed bottle test results of some ethoxylated 
fatty amines. When discussing these results the following defi- 
nitions are used “ready biodegradability” is a legislative con- 
ception for compounds reaching 60 per cent biodegradation 
within 28 days, an organic compound is “rapidly” or ”slowly” 
degraded when the biodegradation curve obtained is steep or 
flat, respectively, and “completely mineralized” compounds 
reach 60 per cent biodegradation or more and are probably 
converted completely to carbon dioxide, water and biomass. 

The top part of Table 1 shows that all alkylbis(2-hydroxy- 
ethy1)amines tested were completely mineralized within 28 
days. These results permit a ready biodegradability classifica- 
tion. SchBberl et al. (1988) reported 85 YO biodegradation of an 
alkylbis(2-hydroxyethy1)amine in the Sturm test. This percent- 
age also demonstrates the ready biodegradability of the alkyl- 
bis(7-hydroxyethy1)amines. The alkylbis(2-hydroxyethy1)am- 
ines were toxic to microorganisms present in the inoculum of 
the closed bottle test. Hence. alkylbis(2-hydroxyethy1)amines 
were tested in the presence of silica gel to reduce the concen- 
tration of the test compound in the water phase. This addition 
provides optimum conditions in the closed bottle test so that 
the alkylbis(2-hydroxyethy1)amines may achieve > 60 % bio- 
degradatibn within 28 days. As an example, closed bottle test 
results of oleylbis(2-hydroxyethy1)amine in the presence and 
absence of silica gel are shown (Table 1). 

Other ethoxylated fatty amines tested were biodegraded 
1042% on day 28 (Table l), which is comparable to the re- 
sults of SchBberl et al. (1988) and Fischer (1972). Therefore. 
amines with polyoxyethylene chains are not readily biode- 
gradable. However, in the prolonged closed bottle tests most 
of these compounds reached about 60% biodegradation, indi- 
cating slow but complete mineralization. 

3.2 Biodegradation route of ethoxylated amides and amines 

Many results available suggest a “two phase” biodegradation 
which is illustrated in a prolonged closed bottle test with poly- 
oxyethylene( 15)tallow amine (hydrogenated tallow) (Fig. 1). 
After two weeks in the closed bottle test a biodegradation per- 
centage of about 25 was reached and subsequently the test 
compound was completely mineralized at a slower rate. This 
“two-phase” biodegradation was also found in duplicate tests 
with polyoxyethylene(5)tallow amide showing an interesting 
discrepancy (Fig. 2). In one test the biodegradation curve of 
this amide levelled off at about 30%, whereas in a replicate 
test polyoxyethylene(5)tallow amide (hydrogenated tallow) 
was completely mineralized. The reason for this discrepancy 
between the test results is probably the limited inoculum in the 
closed bottle. The inoculum of the closed bottle test contained 
only 2 mg dry weight/L and therefore cannot represent the full 
potential of activated sludge plants and nature. The biodegra- 
dation curves suggest that the alkyl chains are oxidized in the 
first phase and that the ethoxylated secondary amines formed 
are slowly degraded in the second phase of the prolonged 
closed bottle tests. 
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This supposition is confirmed with closed bottle test results 
of fatty amines with various numbers of EO groups. The bio- 
degradation curves of ethoxylated tallow amines (hydrogen- 
ated tallow) with 2. 15 and 50 oxyethylene groups reached dif- 
ferent percentages on day 28 (Fig. 3). These percentages cor- 
respond to the oxidation of the alkyl chain in the respective 
ethoxylated fatty amines. For tallowbis(2-hydroxyethy1)am- 
ine largely consists of hydrocarbon whereas. polyoxyethyle- 
ne(50)taliow amine contains only a small percentage of hydro- 
carbon. The resistance to biodegradation by an increased de- 
gree of ethoxylation was first pointed out by Bogan and Saw?:- 
er (19%). These authors. however. attributed the reduced bio- 
degradability of the higher ethoxylates to transport problems 
through the cell membranes. 

From a comparison of the biodegradation curves of ethos- 
ylated amines with the curves of the amides i t  is clear that the 
first phase of the biodegradation in the closed bottle test of the 
amides was completed on day 5 whereas the alkyl chain of the 
amines \vas biodegraded on day 15 (Figs. 1 and 2 ) .  This differ- 
ence may be esplained by a rapid enzymatic hydrolysis of the 
amide bond. The C-N bond of amines. on the other hand. has 
to be split by an oxidative reaction. 

On the basis of the evaluation of the results a biodegrada- 
tion route of rthoxylated fatty amines and amides is proposed 
(Fig. 4). The central fission of the ethoxylated fatty amines 
and amides is in line with the alcohol ethoxylate biodegrada- 
tion route found by Zchikaww et al. (1978). On the other hand. 
Riidlitzg and Salyotn (1974) indicated that alkylphenol ethoxy- 
late biodegradation results in the formation of a relatively bio- 
resistant alkylphenoxy moiety. Using HPLClMS Sfephanori 
and Ciger (1982) positively identified an enrichment in shorter 
chain nonylphenol ethoxylates, which was due to the mono- 
mer-wise shortening of the EO chain. 

The following general rules have been formulated on the 
basis of closed bottle test results and the proposed biodegrada- 
tion route. Alkylbis(2-hydroxyethy1)amines are readily biode- 
gradable. All polyoxyethylenealkyl amines are “rapidly” bio- 
degradable via an initial oxidation of the alkyl chain. The in- 
termediates formed, i. e. secondary ethoxylated amines, are 
slowly biodegradable. The alkyl chain of the ethoxylated fatty 
amines does not substantially affect the biodegradation rate. 
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3.3 Coupling of the SCAS test and aquatic toxicity tests 

The rapid initial oxidation of the alkyl chain of the ethoxy- 
lated fatty amines and amides results in loss of surfactant pro- 
perties of these compounds and probably forms a non-toxic 
organic compound. To prove this assumption, the SCAS test 
was coupled to aquatic toxicity tests. The SCAS test was fed 
with 50 mg/L of polyoxyethylene( 15)tallow amine (hydrogen- 
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ated tallow). Prior to the addition of the test compound the 
effluent NPOC (non-purgeable organic carbon) values ob- 
tained from the test unit and the control unit were comparable 
and constant. Both the calculated and the measured NPOC of 
the test compound in the influent of the SCAS test were 
32 mgL. This value was used to calculate the removal percent- 
ages. After the first additions. a removal of approximately 
55% was immediately achieved (Fig. 5). This removal con- 
firms the biodegradation mechanism proposed because the 
secondary amine with 15 oxyethylene groups could account 
for the NPOC found in the effluent. Between day 20 and day 
40 the removal percentages increased to 90-95 % (Fig. 5). The 
increased removal of the NPOC shows the susceptibility of the 
intermediate to biodegradation. The NPOC detected in the ef- 
fluent (days 0-20) did not cause foaming in the test unit at the 
end of each cycle. which demonstrates loss of surfactant pro- 
perties. 

The growth of Selenastrum capricornutum was determined 
in the effluents of the test unit and the control unit collected 
on days 1-7 and on days 15-21. Furthermore. the acute toxici- 
ty to Daphnia magna was determined in both effluents collec- 
ted on days 8-15. Growth of the algae was not inhibited and 
all Daphnids survived in the effluent of the test unit. There- 
fore. the effluent of the test unit containing the water-soluble 

microorganism f 
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Fig. 4. Proposed hiodegraduiion route of ethoxylated fatty amines and 
amides 
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Fig. 6 (righr). Toxicity of polyo.rvethy1e- 
ne(l5)tallow amine (hydrogenared rdlow) to z : l j  20 30 40 M l--/.;----1 loo Selenastriim effluent of the capricornutum control unit of determined the SCAS iesr in the 

Time (days) Concentration (mg/l) 

intermediate was non-toxic to both algae and Daphnids 
whereas the parent surfactant compound was toxic. 

For instance, the chronic toxicity of polyoxyethylene(l5)tal- 
low amine (hydrogenated tallow) to algae is shown by an ef- 
fect-concentration relationship (Fig. 6). Effluent of the control 
unit of the SCAS test was used as diluent. From this relation- 
ship an ECjo of 4.9 mg/L (3.0 mg NPOCIL) was calculated. 
This effect concentration agrees with the value described by 
Schiiberf et aI. (1988). 

The non-toxicity of the secondary ethoxylated amine shows 
that loss of surfactant properties and loss of toxicity are corre- 
lated. In the case of the alkylphenol ethoxylates. it was estab- 
lished that more toxic metabolites are produced by biodegra- 
dation (Paroczcka and Pulliam, 1990). The conversion of no- 
nylphenol ethoxylates into nonylphenol. nonylphenol mono- 
and nonylphenol diethoxylates does not result in loss of sur- 
factant properties. The different toxicity of the biodegradation 
products of various nonionic surfactants can be explained 
using their biodegradation mechanisms. Alkylphenol ethoxy- 
lates are initially attacked by shortening the polyoxyethylene 
chain, whereas the ethoxylated fatty amines and alcohol 
ethoxylates are degraded by an initial central fission which im- 
mediately results in detoxification. 

Summarising, ethoxylated fatty amines and amides are 
readily converted into carbon dioxide. water. biomass and 

. slowly degradable secondary amines. These intermediates are 
not toxic to aquatic organisms. Decisive evidence for the cen- 
tral fission of the ethoxylated fatty amines obtained in a study 
with alkylbis(2-hydroxyethy1)amine degrading bacteria will be 
reported in a later paper. 
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