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Abstract-U.S. consumer and industrial use of surfactants results in down the drain disposal and release after treatment in septic 
fields or sewage plants. Effluent may contain limited concentrations of surfactant, which may remain in receiving waters, and this 
residual surfactant could become associated with bottom sediments. To assess this phenomenon, we have examined the sorption of a 
radiolabeled alcohol ethoxylate (C 15 alcohol with an average of 9 moles of ethylene oxide per mole of alcohol) to natural sediments 
under sterile conditions to assure that the surfactant was not biodegraded. Control experiments comparing sterilized systems with 
systems including I% formalin indicated that formalin could be included in the sediment/surfactant/water mixture to prevent surfactant 
biodegradation yet not interfere in the sorption process. Four sediments with 0.3-2.2% organic carbon content were used in this study 
to determine the effect of various sediment properties on the sorption process. Equilibrium sorption was established in 2-4 h. The 
equilibrium sorption isotherms were determined to be nonlinear and described by the Freundlich model, and distribution ratios (ratio 
of surfactant concentration on sediment to aqueous concentration) at I mg/L surfactant ranged from 350 to 2, I 00 L/kg. The amount 
of sorption was better correlated to the percent clay content of the sediment than to the percent organic carbon content of the sediment. 
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INTRODUCTION 

Hundreds of millions of kilograms of nonionic surfactants 
are used annually in U.S. consumer and industrial markets. In 
1991, 842 million kg of nonionic surfactants were produced in 
the U.S. with the most widely used being linear and essentially 
linear alcohol ethoxylates (AE), which represented approxi
mately 39% of all nonionics produced[!]. The AEs are rapidly 
biodegradable and show low aquatic toxicity after biological 
treatment [2- 6]. Environmental exposure from these surfactants 
results mainly from residual surfactants remaining after biolog
ical treatment in municipal or industrial plants. 

Because of this widespread use, residual surfactants remain
ing after treatment may become associated with bottom sedi
ments after discharge of treated water. While the sorption of 
many nonionic organic compounds to environmental sorbents 
has been well studied [7,8], surfactants as a class have not been 
studied as extensively. Many studies have characterized the 
sorption of surfactants to minerals and textiles [9, I 0], but few 
studies have characterized surfactant adsorption onto environ
mental sorbents [II- 14]. An understanding of the sorption of 
surfactants to environmental sorbents is necessary to further our 
knowledge of the ultimate fate of these residual surfactants. 

In this study we characterize the sorption of a model nonionic 
surfactant (an alcohol ethoxylate) to natural sediments at en
vironmental concentrations. Results of kinetic and equilibrium 
experiments are used to characterize the nonionic surfactant 
sorption phenomenon. In addition, factors that affect the sorp
tion process are discussed. 

MATERIALS AND METHODS 

Suifactant 

The surfactant used in this study was a dual radiolabeled AE 
consisting of a 15-carbon alcohol with an average of 9 moles 
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of ethylene oxide (EO) per mole of alcohol (AE5-9). The ethox
ylate distribution was similar to that of the commercially avail
able surfactants, NEODOL® 25-9 or NEODOL 1-9 [ 15]. Briefly, 
approximately 93 weight % had between I and 18 moles EO/ 
alcohol, 5 weight % had moles EO/alcohol 2: 19, and 2 weight 
%was free alcohol (no EO groups). A 'H radiolabel was present 
primarily on the a and "Y carbons of the alkyl portion and a '4C 
label was present uniformly on the EO portion of the molecule. 
Figure I shows the dual radiolabeled AE5-9 along with the 
positions of the 'H and 14C labels. The AE5-9 was obtained 
from the radiolabeled surfactant inventory of Shell Develop
ment Company (Houston, TX, USA). The purity of the AE5-
9 was 99% (i.e., 99 weight % of the surfactant were molecules 
with 15 carbons in the alkyl chain and some number of EO 
groups according to the distribution described above) based on 
thin layer chromatography methods and the specific activity was 
11.5 11Ci/g for 'H and 6.4 11Ci/g for 14C. Stock solutions of 
AE5-9 were prepared under sterile conditions in sterile MilliQ 
water to a nominal concentration of I ,000 ppm. This sterile 
stock solution was diluted to conduct the experiments. Measured 
concentrations were determined by radiolabel activity. 

The 'H/' 4C ratio of the AE5-9 surfactant was used to provide 
additional detail for experimental results. Because all of the 
surfactant molecules contained exactly 15 carbons in the alkyl 
chain, the average amount of 'H was constant for each molecule. 
However, the EO portion of the surfactant can vary in chain 
length (the average EO chain length is 9). Thus, a molecule 
with an EO chain length of 9 would have a 'H/' 4C ratio of 1.80 
based on the specific activities of the AE5-9. Changes in this 
ratio would indicate changes in the ethoxylate distribution. For 
example, a solution with a 'H/ 14C ratio of 2.70 would have an 
average EO chain length of 6 due to the uniform 14C distribution 
throughout the EO portion of the molecule. This approach has 
been previously used to determine average EO chain lengths in 
AE [16]. 

In addition, an unlabeled AE5-9 surfactant (also obtained 
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Model Alcohol Ethoxylate 

3H 3H 

CH 3 (CH 2) 11 - t- CH 2- 6-0- {14CH;4CH 20)
9
H 

I 3 1 
H H 

15 carbons on alkyl chain 

average of 9 EO 

Fig. I. Model AE used for sediment sorption experiments. 

from the Shell Development Company surfactant inventory) was 
used for some of the desorption experiments. 

Sediments and over(ving water 

Sediment samples were obtained from the University of Mis
sissippi Biological Field Station (Oxford, MS, USA). Samples 
were collected by mini-ponar grab sampling and shipped to 
Shell Development Company. Sediments from this site have 
previously been used in studies concerning the bioavailability 
of fluoranthene [ 17]. Upon receipt, the sediments were sieved 
through a 2-mm sieve [ 18], thoroughly mixed, and assigned a 
sediment number. Samples were stored in sealed glass jars at 
room temperature. Sediment analysis and characterization per
formed by Soil Analytical Services Inc. (College Station, TX, 
USA) according to standard procedures (19,20] are shown in 
Table I. 

Overlying water was collected from some of the sediment 
sites for use in the sorption experiments. The overlying water 
was analyzed for pH, total hardness, total alkalinity, and total 
organic carbon according to standard methods [21] (Table 2). 

Sterilization 

Because AE are known to biodegrade [22], sterile conditions 
were used for the sorption experiments to ensure that the sur
factant did not biodegrade during the course of an experiment. 
Sterile conditions represent the most conservative sorption con
ditions because surfactant loss due to biodegradation does not 
occur. Several methods of sterility were tested including auto
claving (121°C, 15-20 min for water samples, I h for sediment 
samples), irradiation (7.5 MRad; Neutron Products, Dickerson, 
MD, USA), and the use of 1% formalin (37% formaldehyde 
solution; Scientific Products, McGaw Park, IL, USA). When 

Table I. Properties of sediments 

Sediment number 

Parameter Unit 2 3 4 

Moisture % 91.1 65.6 25.7 19.9 
pH 4.2 4.8 5.7 4.5 
Total organic carbon % 2.8 1.6 0.3 0.2 
Cation exchange capacity meq/100 g 11.0 8.4 0.8 2.5 

Sand % 29.8 36.1 91.0 54.4 
Silt % 54.4 44.7 8.6 38.4 
Clay % 15.8 19.2 0.4 7.1 
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Table 2. Overlying water analytical results 

Parameter 

pH 
Total hardness 
Total alkalinity 
Total organic carbon 

Unit 

mg/L as CaCO, 
mg/L as CaCO, 
mg/L 

Value 

8.2 
7 
7 
I 

autoclaving or irradiation were used to sterilize the sediments, 
overlying water was sterilized by autoclaving and all manipu
lations were conducted in a sterile hood. Sterility was tested by 
tube extinction dilution methods [23] using trypticase soy broth 
(Becton Dickinson Microbiology Systems, Cockeysville, MD, 
USA). In addition, 3H and 14C were also used to indicate sterility; 
when systems were unsterile, the recovery of 14C from solution 
and sediment was very low due to biodegradation resulting in 
the formation and loss of 14C02• We were unsuccessful in achiev
ing sterile conditions by autoclaving sediment samples. Irra
diation was only successful if the quantity of sediment irradiated 
in a container was small ( <0.5 g). However, the use of I% 
formalin always resulted in a sterile system. Experiments using 
formalin were less difficult because it was not necessary to work 
in a sterile environment. To test if the presence of formalin 
would affect the AE5-9 sorption process, we compared the rate 
and amount of sorption for experiments conducted with I% 
formalin or with irradiated sediment and autoclaved water. A 
sample equilibrium experiment is shown in Figure 2. We did 
not find a statistically significant difference in the sorption pro
cess between the two sterility methods. Thus, most of the results 
presented are from experiments conducted in the presence of 
I% formalin. 

Kinetic and equilibrium sorption experiments 

Kinetic experiments were carried out in 35-ml glass centri
fuge tubes by adding a known mass of sediment (typically I 00 
mg dry weight) to 25 ml of surfactant solution (I 0 mg/L AE5-
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Fig. 2. Equilibrium sorption isotherms for AE5-9 sorption to Sediment 
2 using I% formalin (closed circles) or irradiation (open circles) as 
the sterilization technique. The Freundlich parameters (and their 95% 
confidence intervals) for the two fits were K = 3.22 (3.15, 3.29] or 
3.17 [3.10, 3.26] and n = 0.64 [0.54, 0.74] or 0.66 [0.54, 0.79] for 
the experiments with I% formalin or with irradiation, respectively. 
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9) containing I% formalin. The sediment concentration was 
typically 4 g/L. Sorption experiments were performed as fol
lows: mixtures were shaken vigorously and placed on a tumbler 
for various times (0~24 h) before they were centrifuged for 30 
min at 2,500 rpm (864 g) in a Sorvall RT6000 centrifuge (Du
pont, Newtown, CT, USA) to separate the water from the sed
iment. After the supernatant was removed, water and sediment 
samples were analyzed to determine the concentrations of AE5~ 
9 in the water and in the sediment as described below. 

Desorption experiments were carried out using a similar pro
cedure. Sediment/water/surfactant (0.1 g, 25 ml, I 0 mg/L) sam
ples were first placed on a tumbler for ;:o-24 h to ensure that 
equilibrium was established (see Results). The equilibrated sur
factant solution was then removed, and desorption was initiated 
by either adding an equal volume of solution containing a higher 
concentration (500 mg/L) of unlabeled AE5~9 or by diluting 
the sediment pellet with a large volume (I L) of overlying water. 
These samples were again placed on a tumbler for various times 
(0~24 h) before they were centrifuged as described above to 
separate the water from the sediment. After the supernatant was 
removed, water and sediment samples were analyzed to deter
mine the concentrations of AE5~9 in the water and in the sed
iment as described below. 

Equilibrium experiments (to determine sorption isotherms) 
were conducted by adding a known mass of sediment (typically 
I 00 mg dry weight) to 25 ml of surfactant solution (0.1 ~20 mgl 
L) containing I% formalin. Mixtures were shaken vigorously 
and placed on a tumbler for 24~48 h (kinetic experiments in
dicated equilibrium was achieved within 24 h; see Results) be
fore they were centrifuged as described above to separate the 
water from the sediment. 

All experiments were conducted at ambient temperature(20~ 
23°C). The pH of the experimental systems (surfactant/sedi
ment/water slurries) ranged from 7.9 to 8.2. These values were 
established when the overlying water containing AE5~9 was 
mixed with the sediments. 

Swfactanl measurements 

The concentration of AE5~9 in the water was determined by 
taking an aliquot (4 ml) of the supernatant and combining it 
with 15 ml Ultima Gold""' scintillation cocktail (Packard In
strument Company, Downers Grove, IL, USA). The resulting 
solution was counted in a Packard 2500 TR liquid scintillation 
counter (Packard Instrument Company) and the specific activity 
of the dual radiolabeled AE5~9 was used to calculate the aque
ous concentration. Aqueous concentrations were calculated 
based on 'H and 14C counts. 

The concentration of AE5~9 in the sediment pellet was de
termined as follows: The sediment pellet was combusted in a 
Packard 306 oxidizer (Packard Instrument Company) for 3 min. 
Following combustion, 14CO, formed was trapped using a mix
ture of 9 ml Carbo-Sorb® solution and 14 ml Permaftuor® V 
scintillation fluid, and the 'H 20 formed was trapped using 15 
ml Packard Monophase S solution. Carbo-Sorb, Permaftuor V, 
and Monophase S were obtained from Packard Instrument Com
pany. The 14C and 'H activity of these samples was determined 
by liquid scintillation counting and used to calculate the mass 
of AE5~9 bound to sediment. Masses were calculated based on 
'H and 14C counts. Percent total recovery ranged from 85 to 
I 00% based on 'H or 14C counts. 
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Fig. 3. Sorption kinetics of AES-9 to Sediment I. Sorption was mea
sured by following the increase of AES-9 based on 14C counts on the 
sediment (a) or by following the decrease of AES-9 based on 14C 
counts in solution (b). 

RESULTS 

Kinetics of sorption and desorption 

Experiments were conducted to quantify the rate with which 
the AE5~9 surfactant would sorb to natural sediments. A sorp
tion time course for an experiment with Sediment I is shown 
in Figure 3. The sorption process was followed by measuring 
increases in AE5~9 concentration on the sediment (Fig. 3a) as 
well as the corresponding losses in solution (Fig. 3b). Sorption 
occurred rapidly, with greater than 90% of the equilibrium sorp
tion occurring within 2~4 h. Equilibrium sorption was estab
lished within 24 h. Rapid equilibrium times have been observed 
for nonionic surfactants binding to sediments and soils [II ,24 ]. 

Desorption of AE5~9 from natural sediments was also stud
ied to determine if the sorption process was reversible. Two 
types of desorption experiments were performed: (I) compe
tition experiments with unlabeled AE5~9 and (2) dilution ex
periments. Results from a competition experiment are shown in 
Figure 4. After equilibrium sorption was established by mixing 
the sediment/water/surfactant slurries for 24 h, the equilibrated 
surfactant solution was removed, and a solution containing a 
50-fold excess of unlabeled AE5~9 was added to the centrifuge 
tubes. The large excess of unlabeled AE5~9 was able to displace 
the bound labeled AE5~9 indicating that the original AE5~9 
was not irreversibly bound. More than 90% of the equilibrium 
amount sorbed was desorbed from the sediment within 2~4 h. 
Dilution experiments were performed by diluting the sediment/ 
water/surfactant slurry I 0-fold with pond water. These results 
were similar to those of Figure 4. These two types of experi
ments indicate that the sorption/desorption process is rapid and 
reversible. 

Equilibrium sorption isotherms 

Equilibrium sorption experiments were conducted with all 
four sediments. Sediment/water/surfactant slurries were allowed 
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Fig. 4. Desorption kinetics of AE5-9 from Sediment I. After equi
librium was established by mixing the sediment/water/surfactant slur
ries for 24 h, the equilibrated surfactant solution was removed and a 
solution containing a 50-fold excess of unlabeled AE5-·9 was added 
to the system. Desorption was measured by following the decrease 
in radiolabeled AE5-9 on the sediment. 

to equilibrate for at least 24 h before the waters and the sedi
ments were separated by centrifugation. AE5-9 concentrations 
were measured in the water and on the sediment to determine 
equilibrium sorption isotherms based on 'H and 14C counts. In 
all cases, the sorption isotherms were best described by a 
Freundlich isotherm model [25]: 
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Fig. 5. Equilibrium sorption isothenns for AE5-9 sorbing to Sedi
ments I (a), 2 (b), 3 (c), and 4 (d). Data are plotted based on 'H 
counts and the lines represent the Freundlich parameter fits summa
rized in Table 3. For each sediment, different symbols indicate separate 
experiments. All of these experiments were conducted with a particle 
concentration of 4 giL. 
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Table 3. Summary of Freundlich parameters' for equilibrium 
sorption isotherms 

Sediment 
Basis" number K (lJkg) n r' 

'II I 1,300 0.61 0.96 
2 2,100 0.59 0.98 
3 470 0.51 0.95 
4 540 0.59 0.98 

"C I 990 0.69 0.97 
2 1,700 0.65 0.99 
3 350 0.58 0.92 
4 510 0.53 0.97 

'Parameters, K and n, were determined by least-squares fitting using 
Equation I. 

"Surfactant concentrations were calculated using either 'H or 1 'C specific 
activity as a basis. 

'Correlation coefficient from least-squares fit of Equation I. 

where C, is the concentration of AE5-9 on the sediment (mg 
AE5-9/kg dry sediment), C.,. is the concentration of AE5- 9 in 
solution (mg/L), K is a Freundlich constant (Likg), and n rep
resents the nonlinearity of the sorption isotherm. For linear 
sorption isotherms n = I. 

Equilibrium sorption isotherms for AE5-9 sorbing to all four 
sediments are shown in Figure 5. All of the data (two to five 
experiments per sediment) were used to determine a sorption 
isotherm (by least squares fitting of Eqn. I) for each sediment 
(Fig. 5a-d). All of the isotherms were nonlinear (n = 0.51-
0.69). Because a dual radiolabeled surfactant was used in these 
studies. it was possible to calculate Freundlich parameters using 
least-squares fitting based on concentrations determined from 
either 'H counts or 14C counts. Only data based on 'H counts 
are shown in Fig. 5 (data based on 14C counts is slightly shifted); 
however, all of the parameters (based on 'H or 14C counts) are 
given in Table 3. The Freundlich constant, K, ranged from 470 
to 2,100 L/kg based on 'Hand from 350 to 1,700 Llkg based 
on 14C while n ranged from 0.51 to 0.61 based on 'H and from 
0.53 to 0.69 based on 14C. 

As mentioned in the Materials and Methods, the ratio of 'H 
to 14C provides an indication of the average EO chain length of 
the surfactant. Average EO chain lengths in solution and sorbed 
to the sediment based on ratios of 'H/14C are given in Table 4. 
Based on the isotherms described by the parameters in Table 3, 
after equilibrium had been established, the average EO chain 
length for sorbed surfactant was 8.3 and the average EO chain 
length remaining in solution was 11.4. The characteristics of 
the sediment had little effect on the distribution of EO groups 
between the solution and the sediment; however, there was a 
measurable change in the average distributions. The more hy
drophilic compounds that had longer EO chain lengths (smaller 

Table 4. Average EO chain lengths of the AE in solution and sorbed 
to sediment under equilibrium conditions 

Sediment 

I 
2 
3 
4 

Average number 
of EO groups per 

AE molecule 
in solution 

11.4 
12.7 
11.3 
10.1 

Average number 
of EO groups per 

AE molecule 
sorbed to sediment 

8.1 
8.4 
8.1 
8.5 
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'H/14C) tended to sorb less. This preferential sorption for the 
shorter EO chain lengths should be taken into account when 
considering the sorption of a surfactant with a range of EO 
chain lengths. 

A distribution ratio, D, can be defined for any sorption equi
librium condition: 

(2) 

Because the equilibrium sorption isotherms were nonlinear, D 
varies with C", thereby complicating the comparison of iso
therms for various sediments. Equations 1 and 2 may be com
bined to express the distribution ratio as a function of the aque
ous surfactant concentration: 

D = KC,:·- 1 (3) 

To make comparisons for sorption to different sediments, a spe
cific distribution ratio, D,, can be defined when Cw = 1 mg/L. 
Equation 3 indicates that D, = K. This specific ratio, D,, will 
be used for the comparison described below. 

Sediment characteristics affecting sorplion 

The four sediments used in this study spanned a wide range 
of sediment characteristics. The organic carbon content ranged 
from 0.2 to 2.8%, the percent sand ranged from 29.8 to 91.0, 
the percent silt ranged from 8.6 to 54.4, and the percent clay 
ranged from 0.4 to 19.2. These sediments are representative of 
many of the sediments found in the United States [26]. 

We examined the effect of sediment organic carbon and per
cent clay on the sorption of AES-9. For many nonionic chem
icals, the amount of sorption correlates very well with the per
cent organic carbon for sediments having 2'-0.2% organic car
bon. This process has been studied extensively [7,8] and has 
become the basis for the equilibrium partitioning approach, 
which is currently being applied in the determination of sedi
ment quality criteria (27]. However, the amount of AES-9 sorp
tion (as defined by D,) to this set of natural sediments did not 
correlate with the percent organic carbon (correlation coeffi
cient, r = 0.61; p = 0.38; Fig. 6). This suggests that the sorption 
of this non ionic AE surfactant may not follow the equilibrium 
partitioning model and another model may be more suitable to 
describe this process. 

The amount of sorption (as defined by D 1) did correlate with 
the percent clay in the sediment (r = 0.93; p = 0.06; Fig. 7). 
This result has been previously observed in the studies of 
Brownawell et al. [11]. The forces involved in this type of 
interaction may facilitate the sorption of the surfactant to sed
iments with higher amounts of clay. 

Effect of parlicle concentration 

The effect of particle concentration on the sorption process 
has been studied by many investigators [8,12, 14,28,29]. Gen
erally, they conclude that under some conditions, the amount 
of sorption is less when the particle concentration increases. 
These results may be due to a greater frequency of particle
particle interactions, which may lead to a lower sorption equi
librium. Severtson and Banerjee [30] provide a mechanism and 
thermodynamic support for a collision model, which leads to 
increased desorption from particle-particle interactions. 

We examined whether the particle concentration effect oc
curred in our experimental system by conducting equilibrium 
sorption experiments with Sediment 1 at sediment concentra
tions ranging from 2 to 24 g/L. These isotherms are plotted in 
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Fig. 6. Effect of sediment organic carbon on the sorption of AES-9 
to four natural sediments. The specific distribution ratios (D1) from 
the Freundlich parameters for the four sediments are plotted as a 
function of sediment organic carbon. The line represents the best fit 
linear least-squares model for D, as a function of sediment organic 
carbon. 

Figure 8. The AES-9 partitioned to a higher degree in the sed
iment at the lower particle concentrations. This result is dem
onstrated in Figure 9, which shows the specific distribution ratio 
(D,) resulting from a Freundlich model fit to the data in Figure 
8 as a function of the sediment concentration in the experiment. 
The specific distribution ratio (D,) decreases as the particle con
centration increases. While this effect may have been due to 
particle-particle interactions, it is also possible that it may have 
been caused by the presence of colloidal materials in the ex
perimental systems. These colloids may have not been effec
tively separated by centrifugation. Nevertheless, particle effects 
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Fig. 7. Effect of sediment clay content on the sorption of AES-9 to 
four natural sediments. The specific distribution ratios (D,) from the 
Freundlich parameters for the four sediments are plotted as a function 
of sediment clay content. The line represents the best fit linear least 
squares model forD, as a function of sediment clay content. 
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Fig. 8. Equilibrium sorption isotherms for AE5-9 sorbing to Sediment 
I at varying particle concentrations. Equilibrium experiments were 
carried out using four different particle concentrations (2. 8, 16, and 
24 g/L sediment). Data and the best fit Freundlich isotherms are plotted 
for each particle concentration. 

may result in varying distribution ratios for surfactant sediment 
sorption. 

Particle concentrations in the environment can range from 
10 mg/L for solids in suspension in rivers and estuaries to 10 
g/L for the lower limits in the beds of natural water systems 
[28]. Thus, the concentrations used in our experiments are sim
ilar to those observed for the lower limits in the beds of natural 
water systems. Higher particle concentrations may result in even 
less sorption. This particle interaction effect should be consid
ered and may make it difficult to model sorption under actual 
field conditions. 
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Fig. 9. Effect of particle concentration on the sorption of AE5-9 to 
Sediment I. The specific distribution ratio (D 1) from each of the 
isotherms of Figure 8 is plotted as a function of the particle concen
tration. 
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DISCUSSION 

Equilibrium sorption isotherms are nonlinear 

The sorption isotherms determined from our equilibrium ex
periments were nonlinear and could be described by the Freund
lich model. Other investigators [I I, 13] have also observed non
linear sorption isotherms for AEs sorbing to natural sediments. 
Urano et al. [ 13] did not attempt to sterilize their systems while 
Brownawell et al. [II] used azide as a sterilizing agent. The 
amount of sorption (as measured by D,) ranged from 350 to 
2,100 L/kg in this study and from 2.2 to 720 Llkg in other 
studies [ 11,13]. The nonlinearity of the isotherms is described 
by the Freundlich parameter, n. We observed n in the range of 
0.51-0.69 while other investigators [ 11,13] observed 0.63-0.91. 
These other studies were conducted using different sediments 
and different AE surfactants. Even though all of these studies 
were conducted with a wide range of experimental systems, the 
data indicate that the sorption of AE to natural sediments cannot 
be described by a linear adsorption isotherm even at very low 
AE concentrations. In addition, AE do not appear to sorb strong
ly to natural sediments under any of these conditions. These 
data, however, may be used to estimate the amount of surfactant 
that may become associated with bottom sediments under con
ditions where biodegradation will not occur. 

Equilibrium partitioning theory does not describe the 
sorption of AE to natural sediments 

For many nonionic chemicals, the amount of sorption cor
relates with the percent organic carbon in sediments having 
2:0.2% organic carbon. Many investigators have studied this 
process [7,8]. This phenomenon has been used to derive the 
equilibrium partitioning approach, which attempts to use or
ganic carbon normalization to describe the sorption of nonionic 
compounds to sediments in order to account for the sorption 
variability observed when using different sediments. This ap
proach has been applied and used to determine sediment quality 
criteria for several nonionic compounds [27,31 ,32]. Our data 
and that of others [ 11,13] suggest that this simplified approach 
is not suitable for AE surfactants. The sorption process appears 
to be much more complicated. Rather than sorption simply being 
correlated to the percent organic carbon of the sediment, other 
factors such as the nonlinearity of the sorption isotherm and the 
percent clay of the sediment may affect the amount of sorption. 
In addition, the heterogeneity of typical AE surfactants also 
complicates the sorption process. Thus, it may not be appro
priate to use the equilibrium partitioning approach to model the 
sorption of AE surfactants. 

AE swfactants in the sediment environment 

We observed the sorption of this AE to natural sediments to 
be rapid and reversible. These sorption properties suggest that 
AE surfactants are not likely to accumulate in the sediment 
environment although this may not be true for AE with a low 
number of EO groups. The AEs have been shown to be rapidly 
degradable and evidence exists for three degradation pathways: 
central fission, separating the hydrophilic and hydrophobic 
groups; attack at the terminal end of the alcohol chain; and 
attack at the terminal end of the EO chain [6,22]. Only one of 
these pathways could result in AE with shorter EO chain lengths 
that may bind tightly to sediments. 

Biodegradation of AE is known to occur in solution, but it 
is not clear if sorbed surfactant can biodegrade. Because the 
sorption process appears to be reversible, in the environment, 
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as the AE in solution naturally degrades, a driving force would 
be established for the sorbed AE to desorb from the sediment. 
This AE would then be able to biodegrade. Dilution of sediments 
could also lead to desorption, which would enable the AE to 
biodegrade in solution. Additional experimental work would be 
necessary to quantify the competition between the sorption and 
biodegradation processes. These types of experiments could be 
conducted under nonsterile conditions to detennine that sorbed 
AE can biodegrade either on the sediment or in solution fol
lowing desorption from sediments. 

In summary, we have measured the sorption of a model AE 
to a series of natural sediments under sterile conditions. Data 
from our sorption experiments indicated that the sorption pro
cess was rapid and reversible with equilibrium being established 
in 2-4 h. The equilibrium sorption isothenns were nonlinear 
and best described by the Freundlich model and the amount of 
sorption was better correlated to the percent clay content of the 
sediment than to the percent organic carbon content of the sed
iment. 
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