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The biodegradation of linear alkylbenzene sulfonate (LAS) and linear alcohol ethoxylate (LAE) by the
microbiota associated with duckweed (Lemna minor) and the roots of cattail (Typha latifolia) was investigated.
Plants were obtained from a pristine pond and a pond receiving wastewater from a rural laundromat. Cattail
roots and duckweed plants were incubated in vessels containing sterile water amended with [14C]LAS,
[14C]LAE, or '4C-labeled mixed amino acids (MAA). Evolution of 14Co2 was determined over time. The
microbiota of cattail roots from both ponds mineralized LAS, LAE, and MAA without lag periods, and the
rates and extents of mineralization were not significantly affected by the source of the plants. Mineralization of
LAS and LAE was more rapid in the rhizosphere than in nearby root-free sediments, which exhibited
differences as a function of pond. The microbiota of duckweed readily mineralized LAE and MAA but not LAS.
The rate and extent of mineralization were not affected by the source of the duckweed.

Many aquatic environments are characterized by the
presence of floating, submerged, and emergent plants. These
plants provide food and habitat for a variety of animals, and
their surfaces are colonized by a range of microorganisms.
Aquatic plants are known to take up xenobiotic compounds
from solution and biotransform them in conjunction with
their associated microbiota. For example, Pignatello et al.
(6) observed that Lemnna minor and Potamageton crispus
contributed to the removal of pentachlorophenol from
stream environments through a combination of degradative
activities of epiphytic microbes and uptake and biotransfor-
mation by the plants themselves. With rooted plants, the
rhizosphere also represents an important site for degradation
of xenobiotics. Hsu and Bartha (3) have shown accelerated
mineralization of diazinon and parathion in the rhizosphere
of bush beans compared with that in root-free soils. Micro-
bial populations in the rhizosphere are 1 to 2 orders of
magnitude larger than those in adjacent soil without roots
(11). Rhizosphere microbes also tend to have faster growth
rates and to differ in their nutritional requirements and
metabolic capabilities. Some aquatic macrophytes transport
oxygen from the shoots in the roots, thereby creating aerobic
conditions in otherwise anaerobic environments (4). Much
interest exists currently for using artificial wetlands and
aquatic macrophytes for treating wastewater (1, 5, 12).

Investigations of a pond system in north-central Wiscon-
sin formed almost entirely by wastewater from a rural
laundromat revealed that oxygen levels were higher and
concentrations of surfactants were lower in the water and
sediments of portions of the pond colonized by macro-
phytes, including cattails (Typha latifolia) and duckweed (L.
minor). The objectives of this work were (i) to determine the
ability of microbial communities associated with cattail roots
and duckweed plants to mineralize surfactants and amino
acids and (ii) to establish whether a history of exposure to
surfactants affected the biodegradative capabilities of these
communities. The surfactants tested were an anionic surfac-
tant, linear alkylbenzene sulfonate (LAS), and a nonionic
surfactant, linear alcohol ethoxylate (LAE). Approximately,
3 to 4 million metric tons of synthetic surfactants are
produced yearly in Western Europe, Japan, and the United
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States (10). LAS and LAE account for 28 and 13% of this
total, respectively.

Cattail and duckweed plants were collected from two
ponds in northern Wisconsin. One pond was artificially
formed by discharged wastewater from a rural laundromat
operating since 1962 (2). The other pond (control) was
naturally formed and unaffected by any anthropogenic in-
puts. Cattail plants and nearby root-free sediments were
recovered from both ponds. Sediment was gently washed
from the roots with sterile water. Intact cattail plants were
incubated in natural light by using the apparatus shown in
Fig. 1, which is a modification of that described by Hsu and
Bartha (3). The roots were submerged in 400 ml of sterile
water containing 1 mg of the radiolabeled test compounds
per liter in a side-arm flask. 14CO2 was trapped in 1.5 N KOH
contained in a sidearm test tube attached to the flask by
rubber tubing. Three plants from each site were utilized for
each compound. Triplicate samples of root-free sediment (20
g) were amended with 1 p.g of the test compounds per g and
incubated in 40-ml vials sealed with stoppers possessing
suspended reservoirs containing fluted filter papers soaked
with 1.5 N KOH to trap 14CO2. Ten duckweed plants were
placed in 25 ml of sterile water amended with 1 mg of the test
compounds per liter in 40-ml vials as described above.
Triplicate vials were sealed and incubated in natural light.
'4CO2 evolution was measured with time by analyzing KOH
or KOH-soaked filter papers for radioactivity by liquid
scintillation counting.

[U-'4C ring]sodium tridecylbenzene sulfonate (LAS) with
a phenyl isomer distribution similar to that of commercial
LAS and a specific activity of 8.69 mCi/mmol was obtained
from New England Nuclear Corp. (Boston, Mass.). Purity
was 98% based upon thin-layer chromatography on silica gel
G with chloroform-methanol-water-formic acid (80:25:3:1).
Radiolabeled LAE was synthesized by Procter and Gamble
and had the following formula: CH3(CH2)1314CH20(CH2
CH2O)7H. Its specific activity was 1.84 mCi/mmol, with a
purity >97% based upon thin-layer chromatography on silica
gel with methyl ethyl ketone-water (95:5). The L-
[U-14C]amino acid mixture (specific activity, 50 mCi/mmol)
was obtained from ICN Pharmaceuticals Inc. (Irvine, Calif.
with a purity >98%.
Data were expressed as the cumulative percentage of the

radiolabeled compounds recovered as 14Co2. The data were
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FIG. 1. Apparatus used to determine mineralization in the rhizo-
sphere of cattails.

corrected utilizing controls containing sterile water treated
as above but without plants or in the case of sediments,
abiotic controls treated with Formalin. Figure 2 shows the
mineralization of LAS, LAE, and mixed amino acids in the
rhizosphere of cattails and root-free sediments of the laun-
dromat wastewater pond and control pond. LAS was min-
eralized without a lag and at a similar rate and to a similar
extent by cattails from both sites. Mineralization in root-free
sediments was slower and less extensive and affected by the
source of the sediments. LAE likewise was mineralized
without a lag and at a similar rate and to a similar extent by
cattails from both sites. Mineralization of LAE by root-free
sediments from the control pond was minimal. LAE miner-
alization by root-free sediments from the laundromat pond
was more rapid and extensive but was slower than in the
rhizosphere and exhibited an S-shaped pattern. Amino acid
mineralization did not differ significantly in the rhizosphere
or root-free sediment of either pond.
Recovery of radiolabel was 14CO2 from the cattails aver-

aged 17% for LAS, 36% for LAE, and 26% for mixed amino
acids. Of the total radioactivity added, 1 to 5% was associ-
ated with the roots and 0.4 to 14% was still in solution at the
termination of the experiment. This poor mass recovery
indicates that radiolabel was being lost from the system,
probably as a result of translocation into the shoots and
transpiration. Therefore, although this test system is useful
for demonstrating the potential for mineralization in the
rhizosphere, it is only semiquantitative, and its utility is
likely to decrease with longer incubations.

Despite these methodological limitations, the data indicate
that the rhizosphere of cattails represents a potentially
important site for removal of surfactants from the sedimen-
tary compartment of some aquatic environments. This ob-
servation is consistent with the lower sediment concentra-
tions of surfactants in the weed bed compared with those in
open-water zones of the laundromat wastewater pond. Fur-
thermore, biodegradation in this habitat is of practical sig-
nificance in the laundromat pond because approximately
one-third of its total area is colonized by macrophytes and
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FIG. 2. Mineralization of LAS, LAE. and mixed amino acids in
the rhizosphere of cattails and sediments from a laundromat waste-
water pond and pristine control pond.

the colonized portion is connected hydraulically with an
underlying aquifer, which is used as a source of drinking
water. The data also indicate that mineralization in the
rhizosphere is not determined by prior exposure to surfac-
tants. Accelerated mineralization in the rhizosphere could
result from both the elevated oxygen levels near the roots as
well as the composition and activity of the rhizosphere
inhabitants. Although incubated with oxygen in the head
space, the root-free sediments were anaerobic based upon

VOL. 55, 1989

1C



APPL. ENVIRON. MICROBIOL.

80 Laundromat

70 O-OLAE *---LAE
1- A h-ALAS A--ALAS

60O-3 Amino Acids *---Amino

cl 50

> 40
0

30

~20

w

c-)

0 10 20 30 40

TIME (days)

FIG. 3. Mineralization of LAS, LAE, and mixed amino acids
incubated with duckweed from a laundromat wastewater pond and
pristine control pond.

their low redox potentials. The low level of LAS mineraliza-
tion by root-free sediments, even those with a long exposure
history to LAS, was likely related in part to oxygen limita-
tion. Current evidence indicates that oxygenases play a

pivotal role in LAS degradation (8). In contrast, recent
reports (7, 9) indicate the existence of anaerobic pathways
for LAE degradation.

Figure 3 shows mineralization of LAS, LAE, and mixed
amino acids by duckweed from the laundromat and control
ponds. LAS was not mineralized by duckweed from either
pond. LAE and amino acids were rapidly mineralized with-
out lags by duckweed from both ponds. No significant
differences existed as a function of pond. These data indicate
that duckweed epiphytes play a role in the degradation of
LAE but not LAS, even though plants in the laundromat
pond have been exposed to LAS for nearly 25 years and
LAS degraders are present in the pond water. This observa-
tion suggests that factors other than those in the environ-
ment control the composition of epiphyte communities on

duckweed. It also raises a question about the efficacy of
using duckweed for secondary treatment of wastewater.

In the case of LAS and LAE, rhizosphere microbes
mineralized these compounds at similar rates and to similar
extents independent of the prior exposure of the community
to these compounds. Likewise, the duckweed community
mineralized LAE but not LAS independent of the past
history of the community with these compounds. These
observations suggest that the plant itself rather than previous
exposure to surfactants determines the composition and,
therefore, the biodegradative capabilities of the microbiota
associated with its surfaces. Hence, the microbiota associ-

ated with a plant is defined by ecological interactions with
the plant rather than with the surrounding environment,
decreasing the importance of adaptation in this key environ-
mental compartment.

In summary, this study demonstrates the potential for
surfactants to be mineralized in the rhizosphere of cattails
and by duckweed plants. It illustrates a potential role for
rooted macrophytes in accelerating the biodegradation of
xenobiotics in sediments, possibly through their mainte-
nance of large diverse microbial communities and by trans-
locating oxygen into otherwise anaerobic sediments. Fur-
thermore, the plants alone could have a role in the
biotransformation of surfactants. In this study, no attempt
was made to elucidate the relative roles of the plant and its
associated microbiota in degradation.

LITERATURE CITED
1. Anonymous. 1988. Artificial wetlands: revolution in wastewater

treatment. Biocycle 29:48-51.
2. Federle, T. W., and G. M. Pastwa. 1988. Biodegradation of

surfactants in saturated subsurface sediments: a field study.
Ground Water 26:761-770.

3. Hsu, T.-S., and R. Bartha. 1979. Accelerated mineralization of
two organophosphate insecticides in the rhizosphere. AppI.
Environ. Microbiol. 37:36-41.

4. Moorhead, K. K., and K. R. Reddy. 1988. Oxygen transport
through selected aquatic macrophytes. J. Environ. Qual. 17:
138-142.

5. O'Brien, W. J. 1981. Use of aquatic macrophytes for wastewa-
ter treatment. J. Environ. Eng. Div. (Am. Soc. Civil Eng.)
107:681-698.

6. Pignatello, J. J., L. K. Johnson, M. M. Martinson, R. E.
Carlson, and R. L. Crawford. 1985. Response of the microflora
in outdoor experimental streams to pentachlorophenol: com-
partmental contributions. Appl. Environ. Microbiol. 50:127-
132.

7. Steber, J., and P. Wierich. 1987. The anaerobic degradation of
detergent range fatty alcohol ethoxylates, studies with 14C-
labelled model surfactants. Water Res. 21:661-667.

8. Swisher, R. D. 1987. Surfactant biodegradation. Marcel Dekker,
Inc., New York.

9. Wagener, S., and B. Schink. 1988. Fermentative degradation of
nonionic surfactants and polyethylene glycol by enrichment
cultures and by pure cultures of homoacetogenic and propion-
ate-forming bacteria. Appl. Environ. Microbiol. 54:561-565.

10. Werdelmann, B. W. 1984. Tenside in unserer Welt-heute und
morgen, p. 3-21 In Proceedings of the World Surfactants
Congress 11. Comite Europeen des Agents de Surface et leurs
Intermediaires Organiques, Brussels.

11. Whipps, J. M., and J. M. Lynch. 1986. The influence of the
rhizosphere on crop productivity. Adv. Microb. Ecol. 9:187-
244.

12. Wolverton, B. C., and R. C. McDonald. 1979. Upgrading facul-
tative wastewater lagoons with vascular plants. J. Water Pollut.
Control Fed. 51:305-313.

2094 NOTES


