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Background

Surfactants are used in large guantities in a variety of domestic and industrial products. Despite efficient removal during wastewater treatment, fractions of surfactants may reach aquatic and eventually
marine environments. Screening tests for ready biodegradability describe the ultimate biodegradation potential of chemicals, but there Is a lack of systematic biodegradation data across various classes of
surfactants in the marine environment. In addition, few studies have focused on biodegradation of polymeric surfactants in natural seawater.

Materials and Methods

The biodegradability of Amphoteric, anionic, non-ionic and cationic surfactants was tested In Surfactant

seawater (SW) from a Norwegian fjord (Trondheimsfjord) according to OECD 306 Cocoamidopropyl betaine (CAPB) — amphoteric T Ry
A total of 18 surfactants (Table 1) were included in the study, of which 11 were polymeric Sodium dodecyl sulphate (SDS) - anionic ~  C12H2504SNa 2884
ethoxylates with 22.5 moles of ethylene oxide (EO) groups C12:13EO4 S =anionic C20 H41 08 Na 464.6

2 mg/L active ingredients were tested in amended SW at 20+2°C for up to 65 or 75 days g:g;;::::::fic Eﬁi :ii 822 2(5,22

Ultimate biodegradation determined by biochemical oxygen demand (BOD) as % of theoretical €12 EO11 C - anionic C34 H70 012 C 670.9
oxygen demand (ThOD) C12 EO5 - non-ionic C22 H46 06 406.6

Ready biodegradation were concluded if >60% biodegradation were obtained within 28 days €12 EGS — non-ionic €30 H62 010 582.8
C12 EO23 — non-ionic C58 H118 024 1199.6

Primary biodegradation of polymeric C12-EQ9; (500 pg/L final concentration) and its (PEGylated) C12 EO40 — non-ionic C92 HIS86 041 | 19485
metabolites was assessed in a rotating (0.75 r.p.m.) carousel (Fig. 1) in natural and sterilized (100 C10 EO8 — non-ionic C26 H54 09 510.7
mg/L HgCI2) SW by targeted LC-MS/MS analyses. €13 EO18 = non-lonic €49 H100019 995.3

: . . - : - C16-18 EO50 — non-ionic C116 H234 051 2445.1
One experiment was performed in SW containing marine particles (marine  phytoplankton | "o 0 e’ o1 copyranoside (DDGP) - non-ionic N C18 H36 OE 2485

(Skeletonema pseudocostatum, 1x104 cells/mL and kaolin, 5 mg/L). n-Dodecyl B-D-maltoside (DDM) — non-ionic C24 H46 011 510.6
Dodecyltrimethylammonium chloride (DTAC) — cationic -- C15H34CIN 263.9
Hexadecyltrimethylammonium chloride (HTAC) — cationic C19 H42CIN 320.0
N-Benzyl-N,N-dimethyltetradecan-1-aminium chloride - C23 H42CIN 368.0

Fig. 1. A slowly rotating carousel system with two units containing (BAC) — cationic

eight 2-L flasks with test solutions and with 300 mL headspace in

the flasks (A). In experiments with marine particles, samples (100 Table 1. Surfactant properties: C-chain, average EOs, structural formulas (SF) and molecular weights (MW). ThOD,,,,
mL) were filtered through steel filters with mesh size 20 um (B) to was calculated for all surfactants and ThOD,,,5 for nitrogen-containing substances.

separate particles/aggregates and filtrates (C).

Ultimate Biodegradation Results

CAPB- - C10 EO8- Fig. 2. Ultimate
biodegradation of the 18

. . - |
12 of the 18 surfactants reached 60% biodegradation after 28 days and are Cirin Eod s o f,‘f!ﬁ%‘;tﬁg’ff,ﬁféiﬁZagniajﬁﬁf

considered readily biodegradable in SW C16-18 EO50- 64/75 days for those not

C8 EO5 C+

6 of the tested surfactants were able to reach 60% biodegradation by extended reaching 60%
Incubation time Cl2Eos e PDGP- biodegradation after 28

. . — . : : _ days. The results shown as
Reduced biodegradation of some cationic surfactants are associated with their ClzEoLLC DDM- mean + SD. Results for

Known biocidal activity and toxicity to microorganisms C12 EOS- . nitrogen-containing
DTAC- i

Polymeric alcohol ethoxylates with the highest numbers of EO groups (40-50) p— surfactants report both to

. . B 28 days
were less promptly biodegraded than those with lower numbers (4-23) A = ooy ; oo mgff”éﬁti’o”j T7/jhOeDle’CZ)3/<€n
ays-nitrirication :

All surfactants showed >20% biodegradation after 28 days, indicating primary Bm 28 days-nitrification _ B3 64/75 days-nitrification lines describe the pass level

C12 EOQ40 ' =

biodegradation in SW — . . _ L | of 60% for demonstrating

S D © S S © S ® S ultimate biodegradation.
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Primary Biodegradation Results

|
{ J Fig. 3. (A) LC-MS targeted analyses of

C12-EO9 depletion (SEO homologues)
| in normal SW (nSW) and sterilized SW
- 2C12-EO9 in nSW (sterSW),  (B)  ratios  between
== ZPEGin nSW concentrations  of  PEGs  after

2C12-EO9 in sterSW incubations for 2 to 14 days (Cn)

(Fig. 3A) .
i i i 2PEG terSW
PEG concentrations became 12 times higher after 2 days than at the start of e EZZVS,‘Z “"’ZS tomesct,%rt iCO;gDReZ;Ic/tSm%g

the experiment, and temporary PEG accumulations occurred across the EO5 | S Y B 5 10 1 1o 13 14 15 16 17 18 replicates.
to EO18 compounds after 2-4 days of incubation, followed by rapid decline EO groups (no.)
(Fig. 3A and B).
 This indicated central fission as a mechanism for rapid biodegradation
of polymeric alcohol ethoxylates in SW | |
Near-complete depletion (295.5%) of C12-EO9 after 7 days of incubation at ';’g('j"' () Depletion of C12-EQ3 ajter
. _ _ _ ays of incubation in natural SW
20°C was also determined Iin non-amended natural SW with suspended | and natural SW with SPMs, which
particulate materials (SPMs) by targeted LC-MS analyses (Fig. 4A). were applied as phytoplankton (Phyt),
When filtrates and particles >20um were separated by filtration (steel filter), B Filtrate (<20 um) kaolin (kao), or as phytoplankton and
: L T : : kaolin (Phy+Kao). Sterilized controls
particle association was also indicated from the measurements, since fractions

_ _ _ _ were also included. (B) Depletion
of the surfactants were measured in the filter-trapped materials (Figure 4B). determined  as  reductions  in
é surfactant concentrations compared

Rapid primary biodegradation of C12-EO9 polymeric alcohol ethoxylate (99%
depletion after 2 days in nSW) was determined, and parent surfactant
depletion coincided with temporary formation of PEGs with 5 to 18 EO-groups
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Conclusions

Biodegradation testing indicates that most surfactants tested exhibited high biodegradation potential in SW and will be quickly degraded in the marine environment if directly discharged (e.g. from ships
or offshore oll and gas installations) or indirectly via sewage runoffs.
When released to SW, surfactant associations to SPMs may be expected, although SW with SPM did not affect primary biodegradation of a selected polyethoxylated surfactant when compared to the
SW without SPMs.
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