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During the last decade LAS, linear alkylbenzene sulphonate, has been intensively studied to 
uncover effects in the soil ecosystem (Brandt et al., 2000; Brandt et al., 2001; Petersen et al., 2003; 
Jensen et al., 2007; Krogh et al., 2007; Schowanek et al., 2007). LAS is used at a rate of 
approximately 430,000 tons y-1 in Western Europe, mainly in laundry detergents. It is present in 
sewage sludge (70-5600 mg kg-1; 5-95th percentile) because of its high usage per capita, its sorption 
and precipitation in primary settlers, and its lack of degradation in anaerobic digesters. Immediately 
after amendment, calculated and measured concentrations are <1 to 60 mg LAS kg-1 soil. LAS 
biodegrades rapidly in soil with primary and ultimate half-lives of up to 7 and 30 days, respectively. 
Calculated residual concentrations after the averaging time (30 days) are 0.24-18 mg LAS kg-1 soil. 

To obtain robust data on the toxicity of LAS, tests with the collembolan Folsomia candida L., the 
oligochaetes Aporrectodea caliginosa Savigny (earthworm) and Enchytraeus crypticus Westheide 
and Graefe (enchytraeid) were performed in a sandy loam soil. Additionally limited tests with LAS 
spiked to sewage sludge, and subsequently mixed into soil, were performed. For the endpoint of 
interest, reproduction in soil, we found an EC10 of 205 mg LAS kg−1 soil [8.6–401] [95% 
confidence limits] for F. candida and an EC10 of 46 mg LAS kg−1 soil [13–80] for A. caliginosa 
after 28 days. E. crypticus was not affected by concentrations up to 120 mg LAS kg−1 soil.  

When adding (low contaminated) non-spiked sludge to soil, high stimulation of reproduction was 
observed for E. crypticus and A. caliginosa but not for F. candida. We argue that this difference in 
stimulative response between the tested species is related to the difference in feeding behaviour. 
Sludge spiked with LAS did not significantly affect the reproduction of F. candida (fertility: 
number of juvenile offspring) and A. caliginosa (fecundity: number of cocoons) (dose equivalent to 
181 g and 91 g LAS kg−1 sludge, respectively). Significantly reduced reproduction was observed for 
E. crypticus (at 120 mg LAS kg−1 soil + sludge corresponding to 72 g LAS kg−1 sludge) compared 
to non-spiked sludge. The reproduction by E. crypticus was, however, comparable to the 
reproduction observed in the control soil without sludge. Compared to LAS directly spiked to soil, 
the reproductive output of organisms exposed to spiked sludge was either not significantly different 
(F. candida, E. crypticus) or significantly improved (A. caliginosa).  

The long-term ecotoxicity to soil microbiota is relatively low (EC10 ≥ 26 mg sludge-associated 
LAS kg-1 soil). An extensive review of the invertebrate and plant ecotoxicological data, combined 
with a probabilistic assessment approach, led to a PNEC value of 35 mg LAS kg-1 soil, i.e. the 5th 
percentile (HC5) of the species sensitivity distribution (lognormal distribution of the EC10 and 
NOEC values). Risk ratios were identified to fall within a range of 0.01 (median LAS concentration 



in sludge) to 0.1 (95th percentile) and always below 0.5 (maximum LAS concentration measured in 
sludge) according to various scenarios covering different factors such as local sewage influent 
concentration, water hardness, and sewage sludge stabilisation process.  

Based on the present laboratory studies, it is concluded that LAS does not represent an ecological 
risk in Western Europe when applied via normal sludge amendment to agricultural soil. More 
studies are needed in order to make firm conclusions on the potential effect of artificially 
contaminated sludge in soil systems. 

Field studies were performed in Denmark within the research programme of the former “Danish 
Center for Sustainable Land Use and Management of Contaminants, Carbon, and Nitrogen, 1997-
2001” with simulated sludge injection lines of 4 x 4 cm2 cross-sectional area, located in the 7–11 cm 

soil horizon of an oat field in Denmark. Sludge was artificially spiked with 10 and 50 g LAS kg-1 
sludge dry matter, resulting in 7.1 and 31.3 g LAS kg-1 in injection lines placed into the soil, as 
measured at the start of the experiment in spring (NB: for perspective, the highest level of LAS ever 
recorded in anaerobic sludge is around 30 g kg-1, which is similar to the highest dose applied here). 
The experiment included a control treatment with sludge without additionally spiked LAS. The 
sludge lines and the near surrounding soil gradually blended over the year. This experiment 
resembles the real non-homogeneous mixing scenario of practical sludge application ploughed into 
the soil. Growth of the oats was stimulated by the presence of  LAS in sludge, particularly in the 
first months. Sludge and soil were sampled during the growing season and analysed for the soil 
invertebrates: microarthropods, earthworms and enchytraeids. Short-term, i.e., within the first 
month, colonisation of the sludge by soil invertebrates was inhibited by LAS, except for two groups 
of mites. At the longer-term, the collembolans Folsomia fimetaria and Willemia sp. were negatively 
affected but had recovered in the sludge lines by the end of the season. The collembolan 
Mesaphorura macrochaeta and the prostigmatid and astigmatid mites were in excess of the control 
sludge in the two LAS treatments, and did not drop to control levels by September. Earthworms had 
also recovered in autumn. The sole group of organisms that had not fully recovered in the lines by 
the end of September were the enchytraeids (a.k.a. potworms, a family of small white oligochaete 
worms). However, the population in the soil surrounding the lines was stimulated at the highest LAS 
level. It is exactly the same group of enchytraeids that was found to be the most sensitive in 
laboratory experiments. From the above it can be concluded that LAS, at least at the extreme 
(initial) level around 31 g/kg, exerts a reversible stress on the soil faunal community and stimulated 

oat growth. The field study executed with LAS spiked sludge did not demonstrate long-term adverse 
effects in the soil, and demonstrated short-term effect not observed in the laboratory test.   
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