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The sorption behavior of hydrophobic organic compounds
(HOCs) in the environment has been the focus of numerous
studies. In most of them, the role of aliphatic domains in sorption
has been ignored, even although aliphatic components make
up a significant portion of the soil organic matter (SOM). The
objective of this review is to elucidate the role of the molecular
descriptors - aromaticity and aliphaticity - of natural and
engineered sorbents as sorption domains for HOCs in the
environment. The data, collected from a large and diverse
literature data set, show that phenanthrene, like other HOCs,
has a strong affinity for aliphatic SOM domains. In many cases,
sorption coefficients are higher than those with aromatic-
rich sorbents. No significant correlations between either
aromaticity or aliphaticity and sorption affinity were recorded
for such a large and diverse data set. On the basis of the data
set from our literature review of natural and engineered
sorbents, we conclude that (i) aliphatic structures must be
considered in the evaluation of HOC-sorption processes in the
environment; (ii) neither aromaticity nor aliphaticity of SOM
alone can be used to predict the sorption affinity of sorbents
having wide and diverse properties; and (iii) these molecular
descriptors are valuable for relatively homogeneous and
chemically similar sorbents.

Introduction
Sorption (adsorption, absorption) is a process by which
organic compounds become associated with solid soil and
sediment materials. Sorption is highly important because it
can significantly affect the fate and behavior of organic
chemicals in the environment. The effects of sorption on the
fate of these organic compounds are complicated and depend
on many factors related to the physicochemical properties
of the sorbents and sorbed molecule and on environmental
conditions. It is widely accepted that sorption limits the
biodegradation of pesticides and other organic contaminants
by decreasing their aqueous concentration and limiting their
accessibility to enzymes and microorganisms (1-7). However,
some reports have shown that sorption can also enhance
biodegradation. For example, Park et al. (8) reported that
sorption enhances mineralization rates of atrazine and
Schnurer et al. (9) reported that sorbed glyphosate is
microbially degradable. Van Loosdrecht et al. (10) suggested
that sorption can increase biodegradation by decreasing the

toxicity of the substrate to the microorganisms responsible
for its degradation. Sorption is also highly important in
regulating HOC mobility and transport in the environment.
In general, a negative correlation between sorption and
mobility has been reported (11, 12). However, sorption of
HOCs to colloidal materials or to dissolved organic matter
can enhance their mobility in the environment due to colloid-
facilitated transport (13).

Strong dipole interactions between mineral surfaces, such
as aluminosilicates and water molecules, decrease the
potential sorption of HOCs to minerals and increase the
sorption of HOCs by the soil and sedimentary organic matter
(SOM). Therefore, the predominant sorbent of HOCs in soils
and sediments is the SOM, as long as the total organic carbon
is >0.1% (14). Because of the high affinity of HOCs to SOM,
sorption of HOCs is expressed by an organic carbon normal-
ized sorption coefficient (KOC) rather than on a total sorbent
mass basis sorption coefficient (Kd). Gerstel (15) reported
that values of Kd may vary by several orders of magnitude
and the use of KOC greatly reduces this variability. However,
the physicochemical nature of the SOM has been suggested
as a major factor controlling sorption of organic compounds
to soils and sediments (16-21).

SOM is heterogeneous in composition; in addition its
physicochemical nature of SOM can vary greatly as a function
oftheorigin,age,weathering,maturation,andsoildepth(22-26).
As a result, SOM cannot be considered as a homogeneous
sorption domain for HOCs. For example, Kile et al. (21)
reported that the KOC values of tetrachloride and 1,2-
dichlorobenzene by sediments were about twice those by
soils. Xing (27) reported that the naphthalene KOC values
varied inversely with polarity and directly with aromaticity.
Similar results were reported by Grathwohl (28) that suggested
that an empirical relationship exists between KOC values and
the composition of SOM.

The objective of this review is to elucidate the role of the
molecular descriptors, namely, aromaticity and aliphaticity
as sorption domains for HOCs by an analysis of a large,
literature available, diverse data set covering natural and
engineered sorbents with vastly different properties. A
positive correlation between sorption affinity and aromatic
C content of sorbents has been observed in many studies
(18, 29-32). However, a greater sorption affinity of HOCs
with aliphatic-rich sorbents has been reported by others
(33-36). This uncertainty may be attributed to the different
origin of the sorbents and sample preparation. In many
studies, the aromaticity and aliphaticity of the sorbents have
either varied within a relatively narrow range or exhibited a
wide range of values but for a narrow number of samples
that have been chemically or physically modified. This limits
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the generalization of the predominant molecular descriptor,
which regulates sorption.

Aromaticity of SOM and Sorption of HOCs. SOM consists
mainly of plant residues (e.g., cellular polysaccharides, lignin,
proteins, and cuticular materials), materials derived from
them via decomposition processes, microbial tissues, and
humic substances (23, 25). With humification, plant residues
are transformed via chemical, biological, and physical
processes into more stable forms (humus). During humifi-
cation, the amount of aromatic and paraffinic carbons
increases, whereas the level of O-alkyl carbons decreases
(37). Therefore, humification and degradation processes
result in the loss of some of the characteristic signals of
structurally identifiable materials such as polysaccharides
and in the enhancement of signals from refractory structures,
such as aromatic and alkyl compounds. On a geological scale,
diagenesis of organic matter results in the formation of
condensed coal-like solids with a low content of oxygen-
containing functional groups and a high content of aromatic
moieties (38).

In view of the dominant level of aromatic moieties in
matured organic materials, relationships between sorption
affinities of HOCs (mainly polycyclic aromatic hydrocarbons,
PAHs) and the level of aromatic carbon in the sorbent have
been extensively studied (24, 29-32, 39-41). The relative
importance of the aromatic moieties of organic sorbents in
the sorption of HOCs and the strong positive correlations
between sorption affinities and aromaticity are highlighted
in those studies. Therefore, the common hypothesis is that
an increase in the aromaticity of a sorbent results in an
increase in the sorption of nonionic organic contaminants.
For example, Chin et al. (18) and Perminova et al. (31) reported
a strong correlation between binding coefficients of PAHs
and the molecular weights and aromaticity of humic sub-
stances. It was suggested that the aromatic content of the
humic substrates significantly influences the binding of
aromatic molecules in the environment. Johnson et al. (30)
used subcritical superheated water treatment to remove polar
organic functionalities and to increase the relative level of
aromatic carbon residues in soil. They reported that this
diagenesis-like process significantly increases the sorption
affinity for phenanthrene. Xing (27) used a set of soil samples
that varied in age, level of diagenesis, and amount of organic
matter to examine the influence of sorbent aromaticity on
naphthalene sorption. In that study, naphthalene exhibited
a higher affinity to mature SOM (originated from shale), rich
in aromatic carbon (56%), than that of young SOM (sampled
from a surface soil) with low aromatic carbon content (23%).
More recently, Tang and Weber (32) used superheated water
extraction to evaluate the effects of peat alteration on
phenanthrene sorption capabilities. As shown in Figure 1, a
positive correlation between KOC values of phenanthrene and
sorbent aromaticity was obtained (linear correlation coef-
ficient r2 ) 0.957). Similar results were also obtained with
treated oak leaf and soybean stalk samples (32). On the basis
oftheirdata,theauthorsconcludedthatthesorption-desorption
properties of natural organic matter are related to their degree
of aromatization and condensation.

The higher sorption of aromatic pollutants to aromatic
rather than aliphatic components of natural organic matter
was suggested to occur in accordance with their higher
solubility in aromatic solvents, such as benzene, versus
aliphatic solvents, such as n-hexane (42). It was also suggested
that the improved partitioning of PAHs in SOM results from
the enhanced compatibility of their cohesive energy densities
with those of the aromatic components in SOM. Increasing
polarizability of the PAH in aromatic-rich humic substances
was also proposed as an explanation for the preferential
interaction of PAHs with aromatic moieties of SOM (16, 18).
The higher polarizability of aromatic-rich sorbents such as

humic materials can increase the van der Waals interactions
between the solute and the sorbate. The formation of charge-
transfer complexes (π-π interactions), where PAHs act as
electron donors and the aromatic moieties in SOM act as
electron acceptors, was also suggested as a possible mech-
anism enhancing the sorption of aromatic pollutants by
aromatic-rich natural sorbents (43, 44).

Reports of positive and strong relationships between the
sorption affinity of organic pollutants and sorbent aromaticity
are not limited to PAHs. For example, Kulikova and Perminova
(41) reported that, among the tested molecular indices, the
strongest relationship (r2) 0.91) between atrazine KOC values
was with the percentage of aromatic carbon (calculated as
the 165-187 ppm region in 13C NMR spectra) in humic
samples. On the basis of their data, it was concluded that the
aromatic core of humic substances provides a better hy-
drophobic sorption domain for atrazine than the aliphatic
structures of the humic substances. However, this mechanism
could not predict the observed low atrazine sorption by a
sample containing relatively high aromatic contents. Ahmad
et al. (45) reported a significant positive correlation between
SOM aromaticity and KOC values of hydrophobic pesticides.
Moreover, they concluded that the aromatic content of SOM
can be used as a good predictor of the soil’s ability to sorb
nonionic pesticides. However, this theory failed to predict
high sorption of both pesticides to a soil sample containing
highly aliphatic SOM. This latter soil contained a substantial
amount of waxy materials, which were suggested to be
responsible for its exceptionally high sorption of both
pesticides. In another publication, Chiou et al. (42) reported
that sediments rich in aromatic carbon exhibit higher sorption
than soils having low aromatic carbon content but that the
differences in aromaticity do not provide a convincing
explanation for the differences in observed KOC values
between the two data sets.

In this report, we collected a large set of published data
on phenanthrene sorption and on the aromaticity and
aliphaticity characteristics of sorbents. The relationship
between phenanthrene KOC values and the aromaticity level
is presented in Figure 2. Unlike the above mentioned positive
correlations between KOC values and aromaticity, which were
reported for limited and uniform sets of samples (example
in Figure 1), no specific correlation between the two
parameters is exhibited when a large data set is plotted. It
is important to note that the data presented in part A of

FIGURE 1. Relationship between KOC values of phenanthrene (at
an equilibrium concentration of 10 µg/L) and aromaticity of peat
samples treated in superheated water for 5 h at different
temperatures. Aromaticity was calculated from 13C NMR data by
expressing aromatic carbon (100-165 ppm) as a percentage of
the aliphatic plus aromatic carbons (0-165 ppm). Modified from
Tang and Weber (32) and Weber et al. (92)
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Figure 2 are only for natural sorbents, including humic
substances from different sources, biopolymers (such as
cellulose, chitin, lignin, cutin, and cutan), diagenesized
samples such as kerogen and humin, and biological samples
such as algae, cuticles, and leaves. A larger data set for
phenanthrene KOC and aromaticity values is presented in
part B of Figure 2 (124 data points). This figure contains, in
addition to the data presented in part A of Figure 2, data for
chemically or physically modified samples. These modifica-
tions include bleaching, acid hydrolysis, charring, and harsh
extractions.

In part B of Figure 2, although a significant linear
correlation between sorption affinity and aromaticity was
not obtained, a general trend of increasing KOC with increasing
aromaticity was observed. This trend was due mainly to the
modified or engineered samples, as observed in Figure 1.
Apparently, when a sample is chemically or physically
modified to remove specific functional groups (e.g., polar
moieties), a strong correlation between sorption affinity and
aromaticity is observed (30, 32). However, the data presented
in Figure 2 suggest that aromaticity cannot be evaluated as
a sole or even major factor influencing the sorption of HOCs
in natural samples.

In another report, Chefetz et al. (34) studied the sorption
of pyrene to SOM fractions with varying aromaticities. They
found the sorption affinity of pyrene to a humin sample
composed mainly of aliphatic structures (aromaticity value
of 8%) was significantly higher than the sorption affinities to
highly aromatic samples such as humic acid, lignin, and
lignite (aromaticity values of 30, 40, and 55%, respectively).
More recently, Lin et al. (35) showed a negative correlation

between phenanthrene sorption affinities and aromaticity
of tea leaf powders. They concluded that aliphatic fractions
rather than aromatic moieties regulated the phenanthrene
sorption of the tea leaf powders used in their study.

In addition to the positive correlation between sorbent
aromaticity and sorption affinity, a positive correlation
between sorbent aromaticity and isotherm nonlinearity has
been shown in many sorption studies. In general, Freundlich
N values (used to evaluate sorption linearity) decrease
proportionally with increasing aromaticity of the sorbent (24).
This behavior was explained by assuming that natural and
geological organic sorbents consist of at least two types of
sorption domains, which can be characterized as expanded
and condensed organic structures, analogous to rubbery and
glassy synthetic polymers (46, 47). Sorption to the rubbery
gel-like domain is governed by a solid-phase dissolution
(partitioning) process, resulting in reversible, noncompetitive
sorption and linear sorption isotherms. However, sorption
to the glassy (condensed) domain of SOM is generally
nonlinear, exhibiting partially irreversible sorption behavior
(desorption hysteresis). The rigid and condensed domains
are highly aromatic in nature, having a low content of polar
functionalities. Therefore, the dominant interactions between
nonpolar sorbates and SOM glassy domains are van der Waals
and π-π interactions. The condensed sorption domains also
facilitate hole-filling processes (48). Therefore, nonlinear
sorption isotherms were exhibited with sorbents rich in rigid
or condensed organic domains (49). Xing and Pignatello
(48, 50) concluded that SOM has both partitioning and
adsorption domains and that the adsorption sites are internal
to the SOM matrix and unevenly distributed with respect to
their access to sorbing molecules. Johnson et al. (30) and
Tang and Weber (32) reported that sorption nonlinearity
increases with increasing degree of condensation and aro-
matization and concluded that diagenesis of organic sorbents
facilitates an adsorption or hole-filling process that is linked
to pore sizes and surfaces. Other studies suggested that black
carbon materials, having high surface area and porosity,
facilitate nonlinear sorption behavior in soils and sediments
(51-54). It is important to note that although black carbon
materials might contribute significantly to sorption affinity
and isotherm nonlinearity, no ideal sorption behavior was
also observed by humic materials (55).

The data presented in part A of Figure 3 suggest that
sorption nonlinearity increases with increasing degree of
aromatization (condensation) of natural and modified sor-
bents. The trend shown in part A of Figure 3 is weaker than
the correlations presented for homogeneous sets of samples
(24, 32). However, the observed negative correlation for this
large, diverse data set (124 data points) between sorption
nonlinearity and aromaticity further supports the dual-mode
sorption model in which sorption to the rubbery state of
SOM occurs by dissolution, whereas sorption to the glassy
state domain occurs by concurrent dissolution and hole-
filling mechanisms (50). The data presented in Figure 2 and
part A of Figure 3 suggest that the aromatic moieties of SOM
sorbents assist nonlinear sorption but not sorption capacity.
HOCs are suggested to adsorb to micropores or microvoids
present within the aromatic domain. This process is expected
to generate nonlinear sorption. Because sorption nonlinearity
was not correlated with the aliphatic nature of the samples
(part B of Figure 3), we conclude that the nonlinear sorption
process is contributed mainly by aromatic moieties of natural
sorbents.

Aliphaticity of SOM and Sorption of HOCs. Lorenz at al.
(56) suggested that refractory SOM fractions are enriched
with alkyl-C structures that resist decomposition due to their
intrinsic molecular properties. Several other studies have
shown that, as decomposition proceeds, aliphatic moieties
(rather than or together with aromatic moieties) tend to

FIGURE 2. Relationship between phenanthrene KOC values (at
an equilibrium concentration of 10 µg/L) and the aromaticity
level of sorbents: A, data for natural sorbents; B, data for
natural (open symbols) and modified (filled symbols) sorbents.
Aromaticity was calculated from 13C NMR data by expressing
aromatic carbon as percentage of the aliphatic plus aromatic
carbons. Data were collected from refs 24, 29, 30, 32, 33, 35, 80,
81, 85, 86, 90-100.
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accumulate in soils (25, 57-60). Other studies have shown
a selective preservation of aliphatic-rich biopolymers with
little or no alteration in the environment (61-65). The main
sources of alkyl-C compounds in soils and terrestrial humic
materials are microbial lipids, plant waxes, and above- and
below-ground plant biopolymers (56, 66, 67). In marine
environments, algaenan is the main source of alkyl-C moieties
for sedimentary organic matter (68, 69).

Chemical degradation methods used to study the prop-
erties of SOM and humic materials generally reveal a high
proportion of aromatic-type compounds, but the application
of 13C NMR spectroscopy has emphasized the importance of
aliphatic structures in natural samples. It should be noted
that different NMR pulse programs likely have different
carbon observability for a given sample. In addition, detection
of structural carbons by NMR depends on many factors such
as the origin, age, treatment, and processing of the samples
and their association with minerals. In this review, we directly
take and use the structural carbon distribution data from the
literature. These data may not fully represent the actual
aliphatic and aromatic C contents. For additional information
on NMR methods used to characterize SOM, please refer to
Preston (70, 71), Dria et al. (72), and Cook and Langford (73).

The alkyl-C contents vary with SOM fractions and the
generic properties of the sample. For example, the alkyl-C
content of marine and river sediments, soils, and humic acids
hasbeenreportedtovarybetween20and45%(22,24,25,74-77).
Zech et al. (25) reported that humic acids extracted from
semiarid soils contain a significantly higher alkyl-C content
than humics from forest soils. The high alkyl-C level of natural

organic sorbents such as humic acids (isolated from soil and
compost), humin (isolated from soil), and kerogen (extracted
from sediment) is presented in Figure 4 (13C NMR spectra).
The aliphaticity (calculated as the relative level of 0-50 ppm,
alkyl-C region, to 0-165 ppm region) and aromaticity
(calculated as the relative level of 110-165 ppm region to
0-165 ppm region) values for these samples are respectively
21 and 41% for the soil humic acid, 39 and 24% for the soil
humin, 44 and 43% for the kerogen, and 33 and 39% for the
compost humic acid. These and other published data (review
by Lorenz et al. (56)) emphasize the importance of aliphatic
structures in natural samples and especially in naturally
matured and aged samples such as humin and kerogen.

The vast research in sorption-desorption interactions of
HOCs in soils and sediments has largely ignored the sorption
potential of an important fraction of many natural sorbents,
that is the aliphatic domains. Their contribution to overall
uptake is usually considered insignificant. However, Boyd et
al. (78) reported that corn leaf residues, which are highly
aliphatic in nature, exhibit high sorption affinity for HOCs.
In the past decade, several studies emphasizing the role of
aliphatic moieties of SOM in HOC sorption have been
published (33, 34, 36, 79-81). Hu et al. (57) suggested that
humic acids contain a significant fraction of a substance
that acts like polyethylene crystallites with 13C NMR peaks
at 32.9 and 31.0 ppm. These two peaks correspond respec-
tively to the rigid all-trans and the mobile gauche-containing
(CH2)n units of a long-chain polyethylene-like polymer. It
was suggested that these mobile amorphous regions play a
role in the sorption of nonpolar molecules. Similar conclu-
sions were also drawn by Sachleben et al. (82), who used 1D
and 2D NMR experiments to examine the interactions
between pyrene and cuticular materials. Variable-temper-
ature NMR experiments showed that cutan, a polyethylene-
like biopolymer, undergoes the characteristic melting be-
havior of polyethylene-like crystallites and that pyrene is in
close proximity to paraffinic moieties after sorption. In
another study, Chefetz et al. (34) tested the sorption of pyrene
to a series of sorbents comprised of different levels of
aromaticity and aliphaticity. In that study, a positive trend
was observed between the KOC level and the aliphaticity of
the set of samples. Similar conclusions were also presented
by Kopinke et al. (79). They performed sorption experiments
with pyrene and a set of different sorbents, among them
highly aliphatic synthetic polymers. This study clearly
demonstrated that short aliphatic chains are more effective
than aromatic moieties in binding pyrene.

A similar trend was also observed with humic substances
- higher sorption affinity of PAHs was reported for humin
samples than for humic acid samples, even though the
aromaticity of the humic acid was much higher than that of
the humin (76). Additionally, Mao et al. (83) observed that
the aliphatic carbon fraction, rather than the aromatic one,
is strongly correlated to HOC sorption. They showed the
sorption of phenanthrene to be strongly correlated with
the content of the amorphous nonpolar aliphatic domains.
The hydrophobicity and relatively low density of the amor-
phous poly(methylene) regions are similar to those of alkane
solvents, and they were therefore suggested as an ideal
environment for the partitioning of HOCs (84).

The relationship between phenanthrene KOC values and
aliphaticity in a large data set is presented in Figure 5. The
data presented in part A of Figure 5 are for natural sorbents
not including samples that were chemically or physically
altered after they were extracted (this set of data is similar
to the data set presented in part A of Figure 2). The data
presented in part B of Figure 5, similar to those presented
in part B of Figure 2, are for the whole collected data set,
including the natural sorbents and the samples that were
chemically or physically altered post-extraction. The data

FIGURE 3. Relationship between phenanthrene isotherm
nonlinearity (Freundlich N value) and aromaticity (A) and
aliphaticity (B) of the sorbents. Data were collected from refs
24, 29, 30, 32, 33, 35, 80, 81, 85, 86, 90-100.

VOL. 43, NO. 6, 2009 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 1683



for the whole set of samples (part B of Figure 5) exhibited
no relationship between binding coefficients and aliphaticity.

Moreover, the highest phenanthrene KOC values were ob-
tained for samples having a relatively low level of aliphaticity
(<35%). However, when the chemically and physically altered
samples were excluded (part A of Figure 5), a general trend
of increasing phenanthrene KOC values with increasing
aliphaticity was observed. This trend is weaker than the
positive correlation between KOC values of PAHs and ali-
phaticity in small and homogeneous sets of samples, as
presented by Chefetz et al. (34), Lin et al. (35), and Salloum
et al. (85). This is probably because of the use of a diverse
data set covering sorbents with different properties. Within
this data set, the relative level of the amorphous- and
crystalline-alkyl structures, which exhibit various sorptive
capacities, was different. Therefore, it is not surprising that
the clear correlation curve often exhibited for small sets of
carefully selected samples was not observed here.

Hu et al. (57) suggested that nonionic organic contami-
nants would sorb primarily to the amorphous polymethylene
structures in humic materials. Thus, a better correlation is
expected between sorption affinity and the level of amor-
phous domains, rather than the total level of aliphaticity. In
accordance with this hypothesis, Salloum et al. (85) reported
that samples devoid of amorphous paraffinic carbon exhibit
the lowest phenanthrene KOC values, whereas sorbents that
contain a large amount of amorphous methylene carbon
produce high phenanthrene KOC values. For the latter sample,
the KOC value was higher than that for aromatic-rich sorbents.

The role of amorphous polymethylene structures as a
major sorption domain for HOCs is also supported by the
positive correlation between phenanthrene KOC values and
the aliphaticity of tea leaves (35). In that study, all of the
sorbents exhibited a broad peak of 0-30 ppm belonging to
amorphous alkyl-C, and no clear rigid alkyl-C peak. Therefore,
a strong and positive linear correlation was observed between
the two variables. Similar conclusions were also suggested
to explain the higher sorption of HOCs to cutin than to cutan,
even though the latter biopolymer is characterized by a higher
level of alkyl-C (86, 87). In those studies, the level of crystalline
alkyl-C did not correlate with the sorption and desorption
behaviors. It was therefore concluded that the 31.5 ppm peak

FIGURE 4. 13C NMR spectra of soil humic acid (A), soil humin (B), kerogen from sediment (C), and compost humic acid (D). Modified
from Kang and Xing (90), Mashayekhi et al. (80), and Sun et al. (36).

FIGURE 5. Relationship between phenanthrene KOC values (at
an equilibrium concentration of 10 µg/L) and aliphaticity of
organic sorbents: A, data for natural sorbents; B, data for
natural (open symbols) and modified (filled symbols).
Aliphaticity was calculated from 13C NMR data by expressing
paraffinic carbon (0-50 ppm) as a percentage of the aliphatic
plus aromatic carbons (0-165 ppm). Data were collected from
refs 24, 29, 30, 32, 33, 35, 80, 81, 85, 86, 90-100.
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in the 13C NMR spectra can be assigned to a more condensed
and rigid alkyl-C structure, rather than to pure polyethylene-
like crystallites, which are expected to be resistant to
environmental attack but to contribute only little to sorption.

This hypothesis is supported by the lack of correlation
between the linearity of sorption and alkyl-C level. Whereas
the amorphous sorption domain promotes linear sorption,
the more condensed alkyl-C sorption domain probably
facilitates nonlinear sorption (hole-filling-type sorption).
Therefore, no correlation between the isotherm linearity and
the total level of aliphaticity is expected (part B of Figure 3).
Sorbents that contain predominantly amorphous methylene
carbon are expected to exhibit linear sorption isotherms (35).
It was concluded that the mobile amorphous regions of the
alkyl-C may play a significant role in the linear sorption
(partitioning) of nonpolar molecules in soil. The rigid-type
alkyl-C domains of SOM probably promote limited-capacity
sorption, similar to the aromatic moieties. Therefore, the
relative level of each of the sorption domains will determine
the overall sorption affinity of HOC to the alkyl-C domain
and the sorption linearity. This dual sorptive behavior of
SOM alkyl-C moieties fits with the dual-mode model concept
of sorption in which dissolution and hole-filling mechanisms
take place concurrently (50).

It is important to note that other factors such as
accessibility and conformation can also influence the sorption
ability of alkyl-C structures (88, 89). The alkyl-C structures
may not always be accessible for sorption due to interactions
with other structural components of SOM. These interactions
can physically prevent the sorbate molecule’s access to the
sorption domain (33). Similarly, polarity can also reduce the
sorption affinity. For example, Kang and Xing (90) suggested
that the high KOC values observed for both aromatic- and
aliphatic-rich sorbets was due to their low polarity. It was
concluded that the polarity of SOM is the predominant
regulator for the magnitude of HOC sorption rather than
structure properties (e.g., aromaticity or aliphaticity). It is
also important to note that a negative relationship between
polarity and the level of paraffinic carbon of organic sorbents
was reported (33, 85, 86, 88, 91). This suggests that polarity
and alkyl-C could be interactive parameters regulating
sorption of organic pollutants. The polarity data were not
available for the whole analyzed data set but analysis of part
of the samples (data not presented) exhibited no correlation
between polarity and KOC values. This emphasizes that
polarity, as aromaticity or aliphaticity, might be used as
molecular parameters to evaluate sorption but only for
chemically similar sorbents.

Prospects. In the present review, we evaluated the role
of aliphatic and aromatic structures of SOM as sorption
domains for HOCs. The vast research in sorption-desorption
interactions of HOCs in soils and sediments has largely
ignored the sorption potential of nonaromatic (i.e., aliphatic)
domains, which are considered an important and refractory
fraction of SOM. In contrast, many studies emphasize the
role of aromatic structures as sorption domains for HOCs,
showing strong positive correlations between sorption affinity
and aromaticity. However, many of these correlation curves
do not pass through the origin. This suggests that alkyl-C
moieties, in addition to aromatic moieties, can act as sorption
domains for HOCs in natural organic sorbents. On the basis
of our review of this large and diverse data set of natural and
engineered sorbents, we conclude that alkyl-C moieties can
sorb appreciable amounts of HOCs, in some cases with even
higher affinity than aromatic-rich sorbents. However, it is
important to note that black carbon materials typically exhibit
sorptive capabilities higher than humic materials and the
aliphatic-rich sorbents reviewed here (54).

In general, poor correlations were obtained between the
two investigated molecular descriptors (i.e., aromaticity and

aliphaticity) and sorption affinity. This suggests that these
chemical properties of SOM cannot predict sorption affinity
of sorbents having wide and diverse properties. However,
aliphaticity and aromaticity can be used to evaluate the
sorption properties of sorbents originating from a similar
source and/or of a similar nature.

The poor correlation between sorption affinity data and
the aromaticity of natural sorbents (part A of Figure 2) and
the positive correlation between sorption nonlinearity and
aromaticity (part A of Figure 3) suggests that aromatic
domains do not necessarily govern the sorption affinity of
HOCs; rather, they contribute to the nonlinear or hole-filling
type of HOC sorption, probably due to microvoids present
within the condensed aromatic domains. The alkyl-C struc-
tures of SOM consist of two types of sorption domains: rigid
and mobile (57). The mobile amorphous domain probably
facilitates dissolution (partitioning) and therefore promotes
linear and reversible isotherms. The rigid or condensed
alkyl-C domain exhibits lower sorptive capacity than the
mobile fraction. Therefore, the relative levels of these two
sorption domains determine the overall sorption capability
of the alkyl-C structure, which needs to be addressed in future
investigations.

To better understand the role of alkyl-C structures of SOM
as sorption domains, specific structures need to be linked to
sorption/desorption behavior. The following research direc-
tions may help to achieve this goal: improving determinations
of the contact of the rigid and mobile alkyl-C domains,
constructing multisite models to link between alkyl-C and
aromatic moieties and sorption-desorption behaviors, de-
termining the accessibility of alkyl-C and aromatic domains,
defining the relative contribution of polar alkyl- and aro-
matic-C moieties for the sorption of polar and nonpolar
contaminants, characterizing the degradability and trans-
formation of alkyl-C moieties in soils, and determining the
associations of alkyl-C moieties and minerals in soils and
sediments.
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