
R. J. Larson *, J: w: Pederle, R. J. Shimp and R. M. Ventullo, Cincinnati, Ohio/USA

Behaviour of Linear Alkylbenzene
Sulfonate (LAS) in Soil Infiltration
and Groundw~lter* *

AIs Komponenten van Konsumgütem k6nnen Waschmittelche-
mikalien, wie z. B. LAS, in oberJliichennahe Bodenschichten
und ins Grnndwasser eingebracht werden. In den USA z. B. ge-
langen anniihemd 30% des in Wasch- und Reinigungsmitteln
verwendeten LAS in hiiusliche oder Kleinstkliiranlagen. Der
Ablauf dieser Kliiranlagen fliej3t direkt in ein unterirdisches
Drainagesystem, hier findet hauptsiichlich der Abbau statt. 1m
Vergleich zu stiidtischen Kliiranlagen k6nnen die Abliiufe die-

ser hiiuslichen Anlagen h6here Konzentrationen an LAS und
anderen Waschmittelchemikalien enthalten. Es ist daher wich-
tig, den Verbleib und das Abbauverhalten dieser Chemikalien,
die in den Boden und in das Grnndwasser gelangen, zu un ter-
suchen. Vier wichtige Prozesse kontrollieren das Verhalten und
den Transport dieser Chemikalien im Grnndwasser und in
oberJliichennahen B6den: Advektion, Dispersion, Sorption und
biologischer Abbau. Die drei erstgenannten Prozesse konnen
die relative Konzentration einer Substanz oder ihre Verteilung
(riiumlich und zeitlich) in einem bestimmten unterirdischen
Kompartiment beeinflussen, sie konnenjedoch zu keiner ÁÍtde-
rnng der Gesamtmasse fiihren, dieses kann nur mil dem letzt-
genannten Prozej3, dem biologischen Abbau, erreicht werden.
Forschungsarbeiten haben nun gezeigt, daj3 unterirdische ober-
fliichennahe Umweltkompartimente signifikante Mengen an
heterotrophen Mikroorganismen enthalten, die in der Lage
sind, Waschmittelchemikalien (einschliej3lich LAS) biologisch
abzubauen. In diesem Beitrag werden einige Ergebnisse einer
groj3eren Studie priisentiert. Die Studie beinhaltete Untersu-
chungen und Feldstudien, bei denen verschiedenartige LAS-
Expositionen mej3technisch verfolgt wurden.

As components of consumer products. detergent chemicals like
LAS have the potential to be distributed broadly to subsurface
and surface soil environments and ground water. In the United
Statesfor example, approximately 25 to 30% ofthe LAS used
in laundry and cleaning products is disposed of to home or "on-
site" wastewater treatment systems. Iñe effiuents from these
systems are directly discharged to subsurface soil drainage sys-
tems. where the majority of treatment occurs. Relative to effiu-
ents from municipal wastewater treatment systems, effiuents
from ol1site systems mar contain higher concentrations of LAS
and other detergent chemicals. It is important, therefore, to
characterize the late of chemicals in these effiuents once they
are released to soil and adjoining ground water compartments.
Four majar processes control the late and transport of chemi-
cals in ground water/subsurface soil environments. Iñese are
advection, dispersion, sorption and biodegradation. Iñe jirst
three of these processes can change the relative concentration of
a material or its distribution (both spatially and temporally) in
a particular subsurface compartment. Iñey cannot, however.
lead to true remo val and a decrease in overall mass. Only the
last process, biodegradation, results in an actual decrease in
chemical mass as well as environmental concentration. Iñis
process is key, therefore, in removing LAS and other detergent
chemicals from subsurface environments. Research in our labo-
ratories has shown that subsurface environments contain signif-
icant quantities of heterotrophic microorganisms which are ca-
pable of biodegrading a range of detergent chemicals, including
LAS. Iñis paper outlines some of the results of a comprehen-
sive research program to characterize the late of LAS in near-
surface and subsurface soils and ground water. Iñe program
included both laboratory and jield components, and was de-
signed to determine the late of LAS over a range of exposure
conditions.

1 Introduction

Ground water may be defined as subsurface water that oc-
curs beneath the water table in fully-saturated soils, rocks or
other geologic formations called aquifers [1]. Ground water is
a vast natural resource, comprising approximately 20 % of
the water found in or on the earth's land masses. On a global
basis, it is estimated that the volume of ground water is more
than 50 times the annual flow of surface water [2]. Ground
water is an important natural resource in the United States,
comprising an estimated 95 % of all the fresh water reserves

of this country. Approximately 50% of the U.S. population
relies on ground water as their primary source of drinking
water. This includes most majar U.S. cities (75 %) and virtual-
Iy all (95 %) of the rural population [3]. Ground water is algo
a majar part of the freshwater resources available in fue Eu-
ropean community, supplying on average ayer 60 % of the
drinking water used in EC Member States [4].

Although ground water is important in supplying large
quantities of fresh water to the general public and to indus-
try, relatively little research has been conducted to determine
the Cate of synthetic organic chemicals in ground water/sub-
surface soil (GWSS) systems. In general, four majar pro-
cesses control the Cate and transport of chemicals in GWSS
environments. These include advection, dispersion, sorption
and biodegradation. The first three of these processes can
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3 Results and Discussion
3.1 Surface Soils

LAS degradation in the literature (Table 2). In general, there-
fore, biodegradation proved to be an effective removal mech-
anism for LAS in surface soil environments.

3.2 Subsurface Soil Microcosms
Typical results of time-course studies to characterize the ki-
netics of mineralization of LAS in different soil types is
shown in Figure 2. AlI biodegradation studies were conduct-
ed in batch microcosms, using soil samples with no known
exposure to detergent chemicals. The specific data shown are
for a C13 homolog, tested at an initial concentration of
0.05 I.I-g/g. Similar results, however, were obtained for other
pure-chainlength homologs.

As Figure 2 indicates, the cate and extent of degradation
was generally unaffected by soil type. Cumulative values for
14CO2 production reached fairly high values (60 to 70%), and
were consistent across the range of soils tested. Oegradation
proceeded without a noticeable lag phase, indicating that soil
microbial communities were already adapted to the biode-
gradation of LAS. Biodegradation half-lives for LAS were
relatively constant and showed little variation as a function
of soil type (Table 1). Half-life values ranged from about 1 to
5 days, averaging about 2 days in the majority of samples
tested. The half-lives measured for LAS in our studies were
comparable to values measured for a naturally-occuring fatty
acid (stearic acid) and in the range of values reported for

The results of time-course studies to determine the rate and
extent of LAS degradation in subsurface soil microcosms ex-
posed to LAS for various periods of time are shown in Fig-
ure 3. A porous sand with no prior history of exposure to de-
tergent chemicals was collected from the unsaturated zone of
an unconfined aquifer (-8 m) and approximately 1 kg was
exposed to a mixture of unlabeled LAS homologs (0.2 ~g/ g)
typical of that used in commercial formulations (average
chainlength C12). At days O, 53 and 250, subsamples (10 g)
were taken and dosed with 14C-Iabeled LAS (0.8 Jlg/g) to
follow cumulative 14CO2 production as a function of time.
The radiolabel data presented are for a C12 mixture typical
of that used in commercial formulations. The data for the
C12 material, however, are consistent with results obtained in
a number of other microcosm studies where a range of pure
chainlength homologs (C10-C14) were tested.

As shown in Figure 3, prior exposure to trace levels of
LAS decreased the lag time prior to the onset of biodegrada-
tion and increased the biodegradation rateo Degradation in
the exposed microcosms followed first-order kinetics, with bi-
odegradation half-lives in the range of 20 days for both of
the pre-exposure periods (53, 250 days). Degradation rates in
the unexposed microcosms were more variable than the ex-
posed microcosms and did not demonstrate a consistent ki-
netic pattern. Degradation lag phases were also longer in the
unexposed microcosms than in the pre-exposed microcosms
and mineralization efficiencies were somewhat lower. In gen-
eral, the results of subsurface soil microcosm studies indicate
that prior exposure to trace levels of LAS (0.2 ~g/ g) leads to
the development of a biodegradation response which is sig-
nificantly improved relative to unexposed microcosms. This
response is maintained for extended periods of time (> 250
days) without additional inputs of LAS.

Table 1. Biodegradation Ha![-Lives lor LAS in Surface Soils

3.3 Laundromat Pond Studies

As part of our continuing efforts to characterize the biode-
gradation and Cate of LAS in subsurface environments, we
have been conducting field studies at a site in northem Wis-
consin located near Summit Lake. The discharge of wastewa-
ter from a locallaundromat operation into a natural depres-
sion has resulted in the formation of a permanent pond and
wetland ecosystem (Figure 4). The soil substratum beneath
the pond is a porous sand and in direct communication with
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Fig. 7. Schematic diagram of the septic tank
lile drainage field showing the location of
sampling sites and the effluent plume

4 Removal of LAS due to Biodegradation

33 34 35 36 37
Sampling site

Fig. 8. Depth-averaged half-lives lor biodegradation 01 LAS in subsur-
lace soil and ground water. Error bars represent one standard deviation
lor samples co/lected at 0.3 to 1.0 m intervals over a depth 015 m

Figure 10 is a generic diagram which indicates the relative ef-
fectiveness of biodegradation as a removal mechanism for
LAS in surface and subsurface soils and ground water. Plot-
ted are concentrations of LAS remaining as a funtion of time
for three different half-life values: 2 days, 10 days and 20
days. The 2, 10 and 20 day half-life values were chosen to be
consistent with the values reported in this paper for surface
soils, ground water and subsurface soils, respectively. It
should be noted, however, that these half-lives are fairly typi-
cal of values we have measured in a number of different
studies, and algo agree well with values reported in the litera-
ture (see Table 2).

Due to the first-order or exponential character of LAS bi-
odegradation, initial decreases in LAS concentrations occur
quite rapidly with time. Greater than 90 % removal occurs
within a period of about 1 to 10 weeks, depending on fue
half-life value. Greater than 99% removal occurs within 2 to
20 weeks. These removal rates are clearly significant from an
environmental exposure standpoint, since extended periods
of time (months to years) are available in soil and ground

indicates measured leyels of LAS as a function of soil depth.
Concentrations of LAS in the effiuent plume decreased al-
most 3 orders of magnitude, from 10,000 j.Lg/l to 30 j.Lg/l,
ayer a horizontal distance of 10 m.

~th)r

LAS MONITORI~ DATA (ug/l)
IN AQUIFER WATER SAMPLES

HOME

Fig. 9. Concentrations 01 LAS in the efj1uent
plume as a lunction 01 distance Irom the septic
tank discharge point
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water environments for biodegradation to occur. Depending
on the time-frames and biodegradation half-lives involved,
LAS exposure concentrations can be reduced many orders of
magnitude from their initial levels. Biodegradation, there-
fore, plays a major role in preventing the accumulation of
LAS in soil and ground water environments.

5 Conclusions
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A comprehensive research program has been conducted to
characterize the fate of LAS in soil and ground water envi-
ronments. Based on the results of this program, which in-
cluded both laboratory and field components, the following
conclusions can be drawn:
1. The benzene ring of LAS undergoes rapid mineralization

in a variety of different surface and subsurface soils and
ground water, with average biodegradation half-lives in the
range of 2 to 20 days.

2. The biodegradation half-lives measured for LAS in both
laboratory microcosm and field studies agree well with
each other and with values reported in the literature.

3. Biodegradation is an important environmental removal
mechanism for LAS which will limit its accumulation in
soil and ground water compartments. The authors of this contribution
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