
lable at ScienceDirect

Environmental Pollution 219 (2016) 724e734
Contents lists avai
Environmental Pollution

journal homepage: www.elsevier .com/locate/envpol
The partitioning behavior of persistent toxicant organic contaminants
in eutrophic sediments: Coefficients and effects of fluorescent organic
matter and particle size*

Wei He, Chen Yang, Wenxiu Liu, Qishuang He, Qingmei Wang, Yilong Li, Xiangzhen Kong,
Xinyu Lan, Fuliu Xu*

MOE Laboratory for Earth Surface Processes, College of Urban & Environmental Sciences, Peking University, Beijing 100871, China
a r t i c l e i n f o

Article history:
Received 4 March 2016
Received in revised form
14 May 2016
Accepted 5 July 2016
Available online 15 July 2016

Keywords:
Persistent toxicant organic contaminants
Partition coefficient (KD)
Organic carbon normalized partition
coefficient (KOC)
Organic matter
Particle size
Fluorescent organic matter (FOM)
* This paper has been recommended for acceptanc
* Corresponding author.

E-mail address: xufl@urban.pku.edu.cn (F. Xu).

http://dx.doi.org/10.1016/j.envpol.2016.07.014
0269-7491/© 2016 Elsevier Ltd. All rights reserved.
a b s t r a c t

In the shallow lakes, the partitioning of organic contaminants into the water phase from the solid phase
might pose a potential hazard to both benthic and planktonic organisms, which would further damage
aquatic ecosystems. This study determined the concentrations of polycyclic aromatic hydrocarbons
(PAHs), organochlorine pesticides (OCPs), and phthalate esters (PAEs) in both the sediment and the pore
water from Lake Chaohu and calculated the sediment e pore water partition coefficient (KD) and the
organic carbon normalized sediment e pore water partition coefficient (KOC), and explored the effects of
particle size, organic matter content, and parallel factor fluorescent organic matter (PARAFAC-FOM) on
KD. The results showed that log KD values of PAHs (2.61e3.94) and OCPs (1.75e3.05) were significantly
lower than that of PAEs (4.13e5.05) (p < 0.05). The chemicals were ranked by log KOC as follows: PAEs
(6.05e6.94) > PAHs (4.61e5.86) > OCPs (3.62e4.97). A modified MCI model can predict KOC values in a
range of log 1.5 at a higher frequency, especially for PAEs. The significantly positive correlation between
KOC and the octanol e water partition coefficient (KOW) were observed for PAHs and OCPs. However,
significant correlation was found for PAEs only when excluding PAEs with lower KOW. Sediments with
smaller particle sizes (clay and silt) and their organic matter would affect distributions of PAHs and OCPs
between the sediment and the pore water. Protein-like fluorescent organic matter (C2) was associated
with the KD of PAEs. Furthermore, the partitioning of PARAFAC-FOM between the sediment and the pore
water could potentially affect the distribution of organic pollutants. The partitioning mechanism of PAEs
between the sediment and the pore water might be different from that of PAHs and OCPs, as indicated by
their associations with influencing factors and KOW.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

In an aquatic ecosystem, sediment traps and releases persistent
toxic organic contaminants (PTOCs) such as polycyclic aromatic
hydrocarbons (PAHs), organochlorine pesticides (OCPs), and
phthalate esters (PAEs) via the settling of suspended particulate
matter and the resuspension of sedimentary solids (He et al., 2013a;
Liu et al., 2013; Qin et al., 2014). To visualize the environmental
behavior and the bioaccumulation of PTOCs in sediment, an
equilibrium-partitioning model (EqP) is typically employed (Kraaij
e by Eddy Y. Zeng.
et al., 2003; Ololade et al., 2012). In brief, the EqP model assumes
that the partitioning of PTOCs between three compartments, the
lipids in organisms, the pore water, and the sediment organic
matter, is in equilibrium (Kraaij et al., 2003). The pore water links
the sediment solids and organisms in that model (Ololade et al.,
2012) and exchanges with the overlying water (Booij et al., 2003).
In addition, the mobile pore water were much earlier to be ingested
by benthos than sediment. Furthermore, most toxicity data and
bioaccumulation calculation for aquatic organisms were based on
exposure in water. Those are reasons why pore water are more
appropriate for risk assessment than the sediment (Hawthorne
et al., 2007a). Thus, ecological risk and environmental quality
standards for PTOCs in sediment is generally assessed by directly
determining the PTOCs in the pore water or indirectly calculated
based on the PTOCs in the sediment and the partitioning behavior
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(Neff et al., 2005; Dueri et al., 2008; Smedes et al., 2013; Charrasse
et al., 2014). Although direct measurement of the PTOCs in the pore
water is more accurate than drawing inferences from sediment
concentration (Arp et al., 2009; Yates et al., 2013), we still need
alternative indirect methods when the PTOC concentration in the
pore water are not available (Neff et al., 2005; Persson et al., 2005).
Furthermore, the partitioning behavior of PTOCs in sediment is of
great concern because it can predict the PTOC content of the pore
water and their potential risk (Kraaij et al., 2003; Shi et al., 2012;
Smedes et al., 2013; Li et al., 2015). Recently employed equilib-
rium passive sampling methods for the direct risk assessment of
PTOCs in sediment are also based on the PTOC partitioning
behavior (Haftka et al., 2010; Smedes et al., 2013; Yates et al., 2013;
Charrasse et al., 2014).

To date, most studies have focused on the sediment e pore
water partitioning of PAHs and their derivatives in harbors (Arp
et al., 2011), coastal seas (Ololade et al., 2012; Smedes et al., 2013;
Yates et al., 2013), wetlands (Cao et al., 2015), rivers (Hawthorne
et al., 2006; Yu et al., 2009; Shi et al., 2012), and lakes (Qiao et al.,
2008; Haftka et al., 2010). In both anthropogenically impacted
harbor sediment and a natural mangrove wetland sediment, PAH
partitioning was highly variable and typically correlated with
organic matter in sediment solids (Gao et al., 1998; Arp et al., 2011).
In detail, clay and sand particles, containing more organic matter,
trap more PAHs compared with other sediment solids (Gao et al.,
1998). Haftka et al. (2010) found that the distribution between
PAHs in the pore water and PAHs in the sediment exhibited a sig-
nificant dependence on the phases containingmore organic matter.
Temperature might decrease the partitioning of PAHs into the
particulate phase of the sediment via thermal adsorption (Haftka
et al., 2010). Chemical compositions and structures of both PAH
and organic matter essentially associate the PAH’s partitioning
between pore water and sediment solids (Qiao et al., 2008; Shi
et al., 2012; Qin et al., 2014). For example, PAHs with a high num-
ber of aromatic rings (e.g., indeno(1,2,3-cd)pyrene, dibenzo(a,l)
pyrene) are seldom detected in water phases because their aro-
matic rings help to highly associate with sediment particles
through p-p electron donor-acceptor interactions (Qiao et al.,
2008; Arp et al., 2009; Tao et al., 2014). The organic matter frac-
tions most affected include black carbon (Hawthorne et al., 2007b),
soot carbon (Qiao et al., 2008), and aromatic carbon (Haftka et al.,
2010). Moreover, coal combustion contributes more highly to the
PAH partitioning than vehicular emissions and emissions of pet-
rogenic origin (Shi et al., 2012). Conversely, the sediment e pore
water partitioning of OCPs and PAEs is of less concern than their
sediment e overlying water partitioning and PAH sediment e pore
water partitioning (Williams et al., 1995; tenHulscher et al., 1997;
Dueri et al., 2008; Dai et al., 2013).

Due to PTOC association with organic matter (shown by organic
carbon, OC), the OC-normalized partitioning coefficient (KOC) is
typically calculated to indicate the diverse partitioning behaviors of
various PTOCs into/onto organic matter in the field (in situ) or the
lab (ex situ) (Williams et al., 1995; Arp et al., 2009; Shi et al., 2012;
Cao et al., 2015). In addition to the experimental measurement of
KOC, two other popular categories for the estimation of KOC based on
organic matter content of the sediment exist ((e.g., a carbon model
and an amorphous organic carbon (AOC) and black carbon (BC)
model) and a quantitative-structure activity relationship (QSAR)
approach (e.g., a KOW related model, Raoult’s law, a poly-parameter
linear free energy relationship (PP-LFERs)) (Arp et al., 2009;
Hawthorne et al., 2011; Martinez et al., 2013; Charrasse et al.,
2014). Multiple models have been typically employed to estimate
the KOC of PTOCs in sediment in recent studies (Martinez et al.,
2013; Charrasse et al., 2014).

To our knowledge, few studies have investigated the sedimente
pore water partitioning of PTOCs, including PAHs, OCPs, and PAEs in
eutrophic lakes based on field investigations. Although ratio of the
organic matter content (as indicated by the OC) in the sediment to
that in the pore water might affect PTOC partitioning behavior, the
parallel factor fluorescent organic matter’s (PARAFAC-FOM’s) ef-
fects have not be sufficiently investigated. Furthermore, PARAFAC-
FOM has been shown to associate with PTOCs in previous studies
(Hur et al., 2014). Thus, It is worth investigating whether the dis-
tribution behavior of sediment organic matter revealed by FOM
also affects PTOC partitioning behavior. In summary, this study
focuses on 1) discriminating the partitioning behavior of PAHs,
OCPs, and PAEs in a eutrophic lake, 2) the applicability of multiple
models to estimate the KOC of various PTOCs, and 3) the effects of
particle size, organic matter content and PARAFAC-FOM on PTOC
partitioning.

2. Materials and methods

2.1. Sampling and pretreatment

Nineteen surface sediment samples were collected from loca-
tions and with methods used in previous studies (Jiang et al., 2014;
Kang et al., 2015; He et al., 2016a). Briefly, in May 2011, ten lake sites
(L01~L10) and nine river estuarine sites (R01, R03~R10) were
determined in a large, shallow, and eutrophic fresh water lake, Lake
Chaohu (Fig. 1). This lake is located in one of the most developed
areas of China, the Yangtze River Delta Economic Zone, and has
experienced serious nutrient, heavy metal, and persistent organic
pollutant contamination due to a significant increase in human
activity during the last 35 years (Jiang et al., 2014; Qin et al., 2014;
He et al., 2016a). After collection using a stainless steel Ponar grab
sampler (Omwoma et al., 2015; He et al., 2016a), homogenized
surface sediment (<15 cm based on the angle of that system),
samples were centrifuged at 5000 rpm for 30 min in the laboratory
(Yu et al., 2009; Ololade et al., 2012). Generally, to expel the par-
ticulate organic matter or mineral solids and obtain pore water,
0.1e0.7 mmpore sizemembranewere employed (Wang et al., 2011).
The pore water was filtered using 0.7 mm glass fiber membrane and
stored at 4 �C until analysis in this study. Then, the sediment was
freeze-dried, ground with an agate mortar, and sifted through a
200-mesh sieve. Before extraction and cleanup, a composite sam-
ple, mixed thoroughly with a sub-sample, was prepared to mini-
mize the sampling error caused by the sampler.

2.2. Reagents and materials

A standard mixed stock of 25 PAHs, 25 OCPs, and 19 PAEs as well
as the internal standards (ISs) and surrogate standards (SSs) were
purchased from AccuStandard Inc., NY, USA and are listed in
Table S1. The ISs for PAHs were acenaphthene-D10, anthracene-
D10, chrysene-D12, naphthalene-D8, and perylene-D12, and PAH
SSs were 2-Fluorobiphenyl and p-Terphenyl-D14. The IS and SS for
OCPs were pentachloronitrobenzen and 1-bromo-2-nitrobenzene,
respectively. The PAE ISs included 3,4,5,6,D4-diethyl phthalate and
3,4,5,6,D4-di-n-octyl phthalate, and their SS was 3,4,5,6,D4-di-n-
butyl phthalate. HPLC-grade methanol (MET), n-hexane (HEX),
acetone (ACE), and dichloromethane (DCM) were supplied by J & K
Chemical Ltd. in China. A solid phase extract (SPE) device and C18
SPE cartridges (ENVI-18, 6 ml, 500 mg) were purchased from
Supelco Co., Bellefonte, Pennsylvania, USA. Anhydrous sodium
sulfate (analytical grade, baked at 650 �C for 6 h before use),
alumina (200e300 mesh), silica gel (200e300 mesh), sodium hy-
droxide (NaOH, analytical grade), concentrated sulfuric acid
(H2SO4, 98%, analytical grade), and copper granules were purchased
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Both



Fig. 1. Location of Lake Chaohu and the sampling sites.
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the silica gel and the alumina were baked at 450 �C for 6 h and
activated for 16 h at 130 �C before use. Ultrapure water (3 g) was
added to 100 g of silica gel or alumina to form neutral silica gel and
alumina. All glassware, including the Soxhlet extractor, columns,
flasks, bottles, vial insert tubes, and vials, were ultrasonically
cleaned with distilled water, washed with ultrapure water, and
baked at 450 �C for 6 h. The microwave-extract ion cylinders, plugs,
and lids were ultrasonically cleaned with distilled water, washed
with ultrapure water, rinsed with ACE twice, and placed on filter
paper to dry.

2.3. Extraction and cleanup

The same extraction and cleanup procedures of PAHs and OCPs
for both the sediment and the pore water as described in previous
studies were used (Liu et al., 2013; Qin et al., 2014). In brief, the pore
water was extracted by an SPE system after the SPE cartridges were
prewashed with DCM and conditioned with MET and ultrapure
water. The SPE cartridges were N2-dried and eluted with DCM. The
sediment was extracted with a HEX/ACE (1:1, v/v) mixture using
the microwave-assisted extraction (MAE) system MARS 5 (CEM
Corp., Matthews, NC, USA). The crude extract was concentrated to
1 mL, transferred onto an anhydrous sodium sulfate/silica gel/
alumina (1 cm/12 cm/12 cm) column (10-mm i.d.), and eluted with
a HEX/DCM (1:1, v/v) mixture for cleanup. Both the pore water and
sediment refined extracts were concentrated to a volume of 1 mL
with a vacuum rotary evaporator. After the IS was added, the
sample vial was stored at �20 �C until analysis by gas
chromatography-mass spectrometry (GC-MS).

The PAE extraction and cleanup procedures were also from
previous studies (He et al., 2013b; Kang et al., 2015). The pore water
was acidified to pH ~2.0 before following the same SPE procedures
as for PAHs and OCPs. The prewashing and eluting solvents were
replaced by HEX and HEX/DCM (1:1, v/v). The sediment was
extracted with DCM for 48 h in a Soxhlet extractor. Activated
copper granules were added to remove elemental sulfur. Concen-
trated extracts were transferred onto an anhydrous sodium sulfate/
alumina/silica gel (1 cm/12 cm/12 cm) column (10-mm i.d.),
cleaned with DCM/HEX (3:7, v/v), and eluted with ACE/HEX (2:8, v/
v). The refined elutes were treated the same as the PAHs and OCPs
described above.

The sediment organic matter, also known as the alkaline-
extractable organic matter (AEOM), was extracted from the sedi-
ment following procedures employed in previous studies (Hur
et al., 2014; He et al., 2016c). Briefly, the sediment sample was
soaked with 0.1 mol L�1 NaOH and shaken for 24 h with nitrogen
purging before centrifugation and filtration using a pre-washed
0.45-mm pore-sized membrane. The supernatant was diluted, and
the pH was adjusted to ~7. Interfering cations were removed from
the alkaline extracts with a cation exchange resin. The purified
AEOM solution was stored at 4 �C until spectroscopic analysis.
2.4. Instrument analysis

The instrument conditions for the GC-MS analysis of PAHs, OCPs,
and PAEs are listed in Text S1. Quantitationwas performed using an
internal calibration method based on a six-point calibration curve
for individual PTOCs. The method detection limits (MDL) are listed
in Table S1. Total organic carbon (TOC) in the sediment was
analyzed by a TOC 5000A coupled with an SSM-5000A sampler
(Shimadzu Corp., Japan). Potassium acid phthalate was used to
calibrate the TOC analyzer. The AEOM and pore water were char-
acterized using a PerkinElmer Lambda 35 spectrometer with a 1-
cm cuvette to scan the absorption spectra from 200 to 800 nm,
and the fluorescent excitation emission matrix (EEM) was deter-
mined with a fluorescence spectrometer (Hitachi F4500) at the
excitation/emission wavelengths of 200e400/220e600 nm with
excitation at a 5-nm step and emission at a 2-nm step. According to
an inter-laboratory standard method proposed by Murphy et al.
(2010), the EEM data were corrected with a water blank and both
primary and secondary inner filter effects using the automatic
Matlab code FDOMcorrect. The particle size was measured by a
Fritsch A22 laser particle analyzer. Clay, slit, fine sand, and coarse
sand fractions were identified based on the particle size
distribution.
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2.5. QA/QC

The extracted sediment and ultrapure water were spiked with
PAHs, OCPs, and PAEs in triplicate to test the recovery and precision
of the analytical procedures. The average recovery percentages for
most target PTOCs were within a range of 70%e130% for sediment,
but some PTOCs were not within a reasonable range for the pore
water (Table S1). Thus, the results of sediment e pore water par-
titioning behavior of those chemicals should be suspect when used
for modeling or employed for other deductions. The SS was added
to all samples before extraction to evaluate the recovery, and the
recovery was in a range of 70%e130% for both the sediment and the
pore water. The MDLs of individual PAHs, OCPs, and PAEs were
0.021e0.083, 0.021e0.21, and 0.013e0.13 ng g�1 dry weight (dw)
for 8 g of sediment and 0.05e0.1, 0.005e0.1, 0.1e1 ng L�1 for 1 L of
pore water (Table S1). Three blank samples were analyzed for sol-
vent and glassware contamination to correct the sample data.

2.6. Data handling

2.6.1. EEM parallel factor fluorescent organic matter (EEM-
PARAFAC-FOM)

We extracted the PARAFAC based on a total of 38 EEMs in the
pore water and AEOM using the Matlab toolbox (DOMFluor) as
shown in Fig. S1 (Stedmon and Bro, 2008). The core consistency
diagnostic combined with the explained variances was used to
identify the number of PARAFAC components (Yang et al., 2015). As
shown in Fig. S1 and Table S2, a 6-component model was finally
chosen to describe the EEM features for all of the samples the core
consistency was good (67.4%) and most of the variance was
explained (99.6%) (Fig. S1). According to the suggestion of Parr et al.
(2014), a self-edited Matlab code (comPARAFAC.m) was employed
to compare the identified components with a library containing 38
PARAFAC models (Table S3) (He and Hur, 2015). Based on the
excellent coincidence of mTCC >0.95 and results from the relevant
literature, the following 6 components were identified: the protein-
like C1 and C2 components were similar to tryptophan and tyro-
sine, respectively, and indicated lability of the DOM and bacterial
production (Fellman et al., 2011). However, a protein-like C5
component was not observed in the library, so we assumed that it
was a tryptophan-like FOM that could absorb high energy light
when compared with C1. It might be refractory protein-like organic
matter. A C3, similar to a marine humic-like FOM, was strongly
associated with recent biological activity (Yamashita et al., 2010).
Both C4 and C6 were humic-like FOM. C4 was close to the “un-
known” component 1 identified by Cory and McKnight (2005). C6
had spectral features of an oxidized quinone-like DOM moiety,
which was also attributed to biologically labile organic matter
primarily rich in aliphatic carbon (Singh et al., 2013). The normal-
ized concentration in Raman units (RU) of each PARAFAC compo-
nent was estimated based on the Fmax output from DOMFluor (He
et al., 2016c).

2.6.2. Partitioning models
After measuring the PTOCs in both the pore water and the

sediment, the partitioning coefficient (KD) and the organic carbon
normalized partitioning coefficient (KOC) were calculated:

KD ¼ Cs/Cpw, (1)

KOC ¼ KD/fOC, (2)

where Cs is the sediment concentration, Cpw is the pore water
concentration, and fOC is the sediment fraction of organic carbon.

In this study, the KOC was estimated by QSAR models, including
the linear relationship between KOC and the octanol e water
partition coefficient (KOW) and between the KOC and the molecular
connectivity indices (MCI) of the chemicals, using EPI Suite™ v.4.11.
The formulas for those relationships were described in the help
documents of EPI Suite. We also attempted to use the Raoult’s law
(Arp et al., 2009):

log KOC ¼ �log
�
S*L $MWOC

�
(3)

where S*L is the sub-cooled saturated molar water solubility for the
chemicals, andMWOC is the molar weight of the total organic phase
of the sediment (223 g mol�1). The relevant parameters for each
chemical that was estimated or cited are summarized in Table S4.

2.6.3. Statistical analysis
Statistical analyses, including an independent t-test, Spearman’s

correlation, and a principal component analysis (PCA), were con-
ducted with SPSS v20 software. A significant value was assigned
with p < 0.05. The PCA was used to show the association between
the PTOCs and influencing factors.

3. Results and discussion

3.1. Occurrence and spatial variations of PAHs, OCPs, and PAEs in
pore water and sediment

In the eutrophic Lake Chaohu, PAEs were detected at the highest
concentration, followed by PAHs and OCPs in the surface water (He
et al., 2013b; Liu et al., 2013; Qin et al., 2014). This rank pattern was
also observed in both the sediment and the pore water. Further-
more, total PAEs were 100efold greater than PAHs and 1000-fold
greater than OCPs (Table 1). We also found that individual PTOCs
had different detection frequencies (DFs) between the sediment
and the pore water. Overall, PTOCs in the sediment had higher DFs
than the pore water (Table S5). High-ring PAHs were seldom
detected in pore water but often detected in sediment, indicating
that high-ring PAHs preferentially partition in the solid phase of the
sediment. Although low-ring PAHs were detected at high concen-
trations in the pore water, their concentrations were still much
lower than in the sediment, indicating that the solid phase of the
sediment trapped more PAHs than the dissolved phases. The large
order of magnitudes differences between the PAHs concentrations
in the pore water and the sediment were similar to those in Ondo
coastal area, Nigeria and Teufelsweiher Pond in Germany (Gao
et al., 1998; Ololade et al., 2012), but lower than in the Lanzhou
Reach of the Yellow River in China (Yu et al., 2009).

The DFs of the OCPs were diverse with the chemical species.
More OCPs were detected in the solid phases. Only hexa-
chlorbenzene (HCB) was detected in both sediment and pore water.
The four hexachlorocyclohexane isomers (HCHs) had higher DFs in
the pore water, whereas dichlorodiphenyltrichloroethane (DDT)
and its degradation products (dichlorodiphenyldichloroethylene
(DDE) and dichlorodiphenyldichloroethane (DDD)) had higher DFs
in the sediment. More Aldrin (Ald) was detectable in the porewater
than isodrin (ID), whereas ID was only detected in the sediment.
Generally, HCHs in sediment were 1e100-fold greater than in the
pore water (Dai et al., 2013). However, three orders of magnitude
separated the sediment and pore water concentrations in Lake
Chaohu, indicating that the eutrophic sediment might trap more
HCHs. Similar to PAHs, more PAEs were detected in the sediment
than the pore water. Nevertheless, PAEs in sediment were at a
1000-fold greater concentration than in the pore water and the
PAEs in the pore water were actually much greater than in the
surface water (He et al., 2013b), indicating a potential surface water
e pore water e sediment distribution pattern for PAEs.



Table 1
PAHs, OCPs, PAEs in the porewater and the sediment collected from limnic and riverine areas of Lake Chaohu, the particle sizes and total organic carbon (TOC) of the sediment,
and the PARARAC-FOMs in both the AEOM and the pore water.

Limnic locations Riverine locations All locations

Sediment
PAHs (ng g�1) 1467.76 (539.69e2395.84)a 2549.24 (197.66e4900.83)a 1980.04 (869.48e3090.60)
OCPs (ng g�1) 123.27 (13.18e233.35)a 62.25 (7.60e116.90)a 94.36 (35.20e153.53)
PAEs (mg g�1) 322.56 (256.35e388.77)a 497.87 (378.56e617.18)b 405.60 (332.38e478.82)
Clay (%) 19.2 (15.8e22.6)a 16.0 (11.8e20.2)a 17.7 (15.2e20.2)
Slit (%) 42.8 (38.0e47.6)a 32.3 (25.0e39.5)b 37.8 (33.2e42.4)
Fine sand (%) 37.0 (29.6e44.5)a 48.6 (37.3e59.9)a 42.5 (35.9e49.0)
Coarse sand (%) 1.0 (0.3e1.7)a 3.2 (1.2e5.2)b 2.0 (1.0e3.1)
TOC (%) 1.19 (0.91e1.47)a 1.86 (0.46e3.27)a 1.51 (0.88e2.13)
C1 (R.U.) 0.016 (0.013e0.018)a 0.010 (0.004e0.016)a 0.013 (0.010e0.016)
C2 (R.U.) 0.010 (0.009e0.011)a 0.007 (0.006e0.008)b 0.009 (0.008e0.010)
C3 (R.U.) 0.060 (0.055e0.065)a 0.047 (0.036e0.058)b 0.054 (0.048e0.060)
C4 (R.U.) 0.021 (0.020e0.022)a 0.024 (0.020e0.027)a 0.022 (0.020e0.024)
C5 (R.U.) 0.002 (0.001e0.002)a 0.004 (0.002e0.006)b 0.003 (0.002e0.004)
C6 (R.U.) 0.023 (0.019e0.027)a 0.024 (0.016e0.032)a 0.023 (0.019e0.027)
Pore water
PAHs (ng L�1) 0.51 (0.15e0.87)a 0.65 (0.33e0.97)a 0.58 (0.36e0.80)
OCPs (ng L�1) 0.069 (n.d. e 0.19)a 0.031 (0.014e0.048)a 0.051 (n.d. e 0.11)
PAEs (mg L�1) 0.076 (n.d. e 0.18)a 0.043 (0.003e0.082)a 0.060 (0.006e0.114)
C1 (R.U.) 0.417 (0.327e0.507)a 0.051 (0.025e0.077)b 0.244 (0.143e0.344)
C2 (R.U.) 0.137 (0.090e0.185)a 0.048 (0.028e0.068)b 0.095 (0.063e0.128)
C3 (R.U.) 0.022 (0.018e0.025)a 0.026 (0.023e0.029)a 0.024 (0.021e0.026)
C4 (R.U.) 0.011 (0.010e0.012)a 0.012 (0.010e0.013)a 0.011 (0.011e0.012)
C5 (R.U.) 0.082 (0.066e0.098)a 0.023 (0.016e0.030)b 0.054 (0.037e0.071)
C6 (R.U.) 0.033 (0.031e0.034)a 0.028 (0.025e0.031)b 0.031 (0.029e0.032)
Ratio of sedimentary FOM to pore water FOM
C1sed/C1pw 0.041 (0.032e0.050)a 0.293 (0.070e0.517)b 0.161 (0.048e0.273)
C2sed/C2pw 0.086 (0.061e0.111)a 0.181 (0.108e0.254)b 0.131 (0.091e0.171)
C3sed/C3pw 2.901 (2.336e3.466)a 1.820 (1.408e2.232)b 2.389 (1.972e2.806)
C4sed/C4pw 1.870 (1.689e2.051)a 2.039 (1.762e2.316)a 1.950 (1.800e2.100)
C5sed/C5pw 0.025 (0.011e0.039)a 0.210 (0.107e0.313)b 0.113 (0.050e0.176)
C6sed/C6pw 0.697 (0.581e0.813)a 0.853 (0.571e1.135)a 0.771 (0.635e0.907)

Note: The differences between limnic and riverine locations were tested by independent t-test. The range values in the bracket were 95% confidence interval of the mean
values. When the minimum data was <0, it was replaced by “n.d.”, The superscripts after the data indicate the similarity and differences. The same alphabet indicates that the
compared groups are similar. Different superscripts represent significant difference between the compared groups (p < 0.05).
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In Lake Chaohu, the limnic and riverine locations can be
significantly discriminated by slit, coarse and, C2-FOM, C3-FOM,
and C5-FOM in the sediment and C1-FOM, C2-FOM, C5-FOM, and
C6-FOM in the pore water (p < 0.05) (Table 1). Typically, limnic
sediment contained more slit and FOMs but less coarse sand than
riverine sediment. It seemed that PAHs and PAEs in lake ecosystem
were carried by river nets as indicated by the larger concentrations
in riverine sediment and pore water. Furthermore, the seriously
polluted rivers were caused by anthropogenic effects such as coal
combustion and plastic discarding without reasonable treatment
(He et al., 2013b; Qin et al., 2014). Conversely, OCPs were detected
at higher concentrations in the limnic sediments and pore water. It
disclosed that discharge of OCPs into rivers became weaker and
historic residuals in their sediment and pore water were gradually
released into overlying water by the strong perturbance in rivers
(Arp et al., 2011).
3.2. Sediment e pore water partition coefficients of PAHs, OCPs, and
PAEs

The apparent sediment e pore water partition coefficients (KD)
of individual PTOCs in Lake Chaohu were calculated in Table S5,
summarized in Table 2, and selectively shown in Fig. 2. KD could be
obtained for most PAHs and PAEs (>60%) but for no more than 50%
of OCPs because of inconsistent detection in both the sediment and
the pore water. Significant differences in the partitioning behavior
of PAHs (0.24e0.63) and OCPs (0.05e0.31) was indicated by their
DF values (p < 0.05). Compared with PAHs and OCPs, the DF range
for PAEs was moderate. In detail, the partitioning behaviors of 10
PAHs (naphthalene, acenaphthylene, acenaphthene, fluorine,
phenanthrene, anthracene, fluoranthene, pyrene, retene, benz(a)
anthracene), 2 OCPs (a-HCH and HCB), and 5 PAEs (diethyl phtha-
late (DEP), diisobutyl phthalate (DIBP), di-n-butyl phthalate (DnBP),
benzyl butyl phthalate (BBP), di-(2-ethylhexyl) phthalate (DEHP))
were clearly observed at most sampling locations (DF > 0.8). Those
PTOCs’ high occurrences in both sediment and pore water
reminded us that those chemicals typically exchanged among
multiple media such as sediment, pore water, and overlying water
(Booij et al., 2003; Kraaij et al., 2003). Those partitioning behaviors
would cause their ubiquity in aquatic ecosystem, which pose a
potential risk to both the aquatic ecosystem and human water
safety (Neff et al., 2005; Dueri et al., 2008; Arp et al., 2011; He et al.,
2013b). The variation of KD values was not significantly different
between river and lake locations, as indicated by an independent
t-test (p > 0.05, Fig. 2), indicating that similar partitioning behavior
occurred in both the limnic and riverine areas of Lake Chaohu. The
KD values of PAHs (2.61e3.94) and OCPs (1.75e3.05) was signifi-
cantly lower than for PAEs (4.13e5.05) (p < 0.05, Table 2), indicating
that more PAEs were adsorbed by the sediment solids.

The apparent KOC values of the individual PTOCs are shown in
Table 3 and summarized in Table 2. According to the log KOC values,
the PTOCs can be significantly ranked: PAEs (6.05e6.94) > PAHs
(4.61e5.86) > OCPs (3.62e4.97). As shown in Fig. 3a, most average
KOC values of PAHs were scattered below 1:1 line, indicating they
were larger than the corresponding KOC in the EPI Suite database.
The differences between the observed and the recorded KOC values
of the PAHs showed that the sediment in Lake Chaohu had larger
adsorption capacity for PAHs and can be linked by a factor within



Table 2
The variance of the ratio, detection frequency, partition coefficient (log KD), and organic carbon e water partition coefficient (log KOC) of PAHs, OCPs, and PAEs.

Chemical groups Measured ratio (%) Detection frequency log KD log KOC

PAHs 64.0 0.44 (0.24e0.63)a 3.28 (2.61e3.94)a 5.23 (4.61e5.86)a

OCPs 44.0 0.18 (0.05e0.31)b 2.40 (1.75e3.05)a 4.30 (3.62e4.97)b

PAEs 63.2 0.33 (0.13e0.52)ab 4.59 (4.13e5.05)b 6.50 (6.05e6.94)c

Note: measured ratio indicated the fraction (%) of the chemicals, whose log KD or log KOC could be measured in this study; the range values in the bracket were 95% confidence
interval of the mean values. The differences among PAHs, OCPs, and PAEs were tested by independent t-test. The superscripts after the data indicate the similarity and
differences. The same alphabet indicates that the compared groups are similar. Different superscripts represent significant difference between the compared groups (p < 0.05).
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1e30 (Hawthorne et al., 2011). Most OCPs werewithin the 1:30 line
except Ald, which was 2 orders of magnitude lower than the values
in the literature. No significant differences were present for the 4
HCH isomers, which had a range of 3.72e4.04. The experimental
KOC values of DDE, DDT, HCB, and methoxychlor (MOC) were close
to the literature values. Interestingly, Fig. 3a shows that the PAEs
were scattered outside the 1:30 line, indicating very large differ-
ences between the experimental values and the literature values.
We deduced that different affinities of PAEs for the sediment might
exist in Lake Chaohu. That is, organic matter did not solely adsorb
PAEs and minerals might also adsorb the predominant PAEs,
especially PAEs with shorter carbon chains (e.g., dimethyl phthalate
(DMP), DEP, DIBP, DnBP) (Williams et al., 1995; Gao et al., 1998; Cao
et al., 2015; He et al., 2016b).
3.3. Applicability of various KOC evaluation models

Compared with log KOC,OW, log KOC,MCI, and log KOC,S, the appli-
cability of the KOC evaluation models are shown in Fig. 3. Overall,
the estimates using MCI showed the best performance as indicated
by that more positions were scattered along the 1:1 line or within
the 1:30 lines. This model predicted KOC,MCI values of PTOCs, PAHs,
and OCPs in a range of log 1.5 with frequencies of 69%, 94%, and 91%,
respectively. Raoult’s law did not show good performance, as in
previous studies (Hawthorne et al., 2011; Charrasse et al., 2014).
This model predicted the KOC,S values of PTOCs, PAHs, and OCPs in a
range of log 1.5 with frequencies of 44%, 44%, and 73%, respectively.
PAEs were not be predicted by all three models and 83% of the
species were outside the 1:30 line. Raoult’s law gave negative
values for DMP and DEP, but both the observed and the literature
values were positive (Williams et al., 1995), indicating the inap-
plicability of Raoult’s law for the estimation of the KOC of PTOCs in
Lake Chaohu. As suggested by Hawthorne et al. (2011), a weath-
ering factor (WF) was employed to correct the MCI model. After
investigating frequency variations of the PTOCs within a ranges of
log 1.5 (also within the 1:30 line) with increasing WF, we proposed
WF¼ 1.0 as a correction factor. ThemodifiedMCImodel can predict
KOC, MCI values of PTOCs, PAHs, OCPs, PAEs in a range of log 1.5 with
frequencies of 82.1%, 88%, 91%, and 69%, respectively. Although
several PAHs could not be reasonably predicted, the modified MCI
model can estimate significantlymore PAEs than the original model
(frequency ¼ 17%). Although the estimates for the KOW model were
similar to the MCI model, the modified KOW model was not as
greatly improved as the MCI model (Fig. S3).

Generally, KOC is positively correlated with KOW (Hawthorne
et al., 2006; Qiao et al., 2008; Arp et al., 2009; Charrasse et al.,
2014; Cao et al., 2015). Significant positive correlations between
KOC and KOW were observed for PAHs and OCPs after excluding
outliers and their linear relationships are shown in Fig. 4. The ratio
of log KOC to log KOW (log KOC/log KOW) was >1 for PAHs based on
the linear relationships, indicating that sediment carbon in Lake
Chaohu was had greater affinity for PAHs than for n-octanol (Qiao
et al., 2008). According to the OCPs log KOC

_ log KOW formula, log
KOC/log KOW was >1 when log KOW was <4.05. That is to say, OCPs
with lower KOW values (<4.05) might also have greater affinity for
the sediment organic carbon than n-octanol. On the contrary, no
credible linear relationship could be obtained for PAEs unless that
we excluded PAEs with low KOW (<4) such as DMP, DEP, di-(2-
ethoxyethyl) phthalate (DEEP). A better linear relationships could
be conducted after excluding more individual PAEs such as DIBP
and dinonyl phthalate (DNP). It disclosed that PAEs’ distribution
between sediment and water could not be predicted by their dis-
tribution between n-octanol and water, especially for those PAEs
with low KOW. PAEs with low KOW preferred to distribute inwater in
n-octanol e water system, whereas they had more affinity with
sediment particles in sediment e pore water system. Thus, we
concluded that partitioning mechanism of PAEs between the
sediment and the pore water might differ from PAHs and OCPs
based on their relationships with KOW.

To our knowledge, sediment consist of both organic matter and
minerals. Organic matter interacted with minerals through both
hydrophilic way (electrostatic forces and/or ligand exchange re-
actions) and hydrophobic interactions (He et al., 2016b). PTOCs had
anthropogenic origins, anyhow but was also a group of organic
chemicals. Their interaction with sediment particles was similar to
organic matter and largely depended on the their properties and
sediment composition. For example, PAHs were generally adsorbed
through p-p electron donor-acceptor interactions between PAHs



Table 3
The detection frequency (DF > 0), arithmetic mean, minimum (min), and maximum (max) of apparent logKOC for PAHs, OCPs, and PAEs in sediment-pore water system of Lake
Chaohu as well as chemicals’ estimated log KOC by octanol-water partition coefficient (log KOC, OW), molecular connectivity indices (log KOC, MCI), Raoult’s law (log KOC, S), and
measured logKOC summarized in EPI Suite database (log KOC, exp).

Chemicals (abbr.) log KOC log KOC, OW log KOC, MCI log KOC, S log KOC, exp

DF Mean (min-max)

Nap 1.00 4.10 (3.44e4.66) 2.86 3.19 1.27 2.96
Acy 1.00 4.60 (3.64e6.59) 3.42 3.70 1.63 3.75
Ace 1.00 4.38 (3.57e5.33) 3.40 3.70 2.25 3.59
Fle 1.00 4.55 (3.98e5.46) 3.63 3.96 2.64 3.70
Phe 1.00 4.62 (3.81e5.56) 3.87 4.22 2.84 4.35
Ant 0.95 4.62 (3.90e5.58) 3.86 4.21 4.27 4.31
Flu 1.00 5.56 (4.40e6.40) 4.48 4.74 3.54 4.80
Pyr 1.00 5.36 (4.14e6.18) 4.24 4.74 3.83 4.90
Ret 0.89 4.39 (3.51e5.34) 5.51 5.12 4.82 N.A.
CcdP 0.05 2.74 (2.74e2.74) 4.95 5.25 5.14 N.A.
BaA 0.89 5.69 (3.83e6.81) 5.00 5.25 5.04 5.30
Chr 0.68 6.25 (5.56e7.03) 5.04 5.26 5.71 N.A.
BbF 0.16 6.69 (5.84e7.33) 5.02 5.78 5.88 N.A.
BkF 0.11 6.64 (5.90e7.38) 5.30 5.77 6.15 5.60
BeP 0.11 6.99 (6.75e7.22) 5.59 5.78 5.25 N.A.
BaP 0.05 6.56 (6.56e6.56) 5.32 5.77 5.84 5.95
a-HCH 0.89 3.72 (2.19e4.90) 3.59 3.45 2.81 3.04
b-HCH 0.63 3.88 (2.10e5.50) 3.59 3.45 3.74 3.04
g-HCH 0.42 3.80 (2.69e4.87) 3.59 3.45 2.25 3.04
d-HCH 0.68 4.04 (2.55e5.33) 3.59 3.45 1.62 3.04
p,p0-DDE 0.16 5.31 (4.85e5.79) 5.65 5.07 4.55 4.82
o,p0-DDD 0.05 4.73 (4.73e4.73) 5.09 5.08 4.16 N.A.
o,p’-DDT 0.05 5.37 (5.37e5.37) 5.89 5.24 4.27 N.A.
p,p’-DDT 0.53 4.99 (4.13e6.17) 6.00 5.23 5.46 5.31
HCB 1.00 4.01 (3.00e5.06) 4.24 3.79 5.31 3.74
Ald 0.05 2.02 (2.02e2.02) 5.64 4.91 4.98 4.69
MOC 0.05 5.38 (5.38e5.38) 3.85 4.43 4.19 4.90
DMP 0.79 6.50 (5.66e7.34) 1.68 1.50 �0.66 1.60
DEP 0.89 6.63 (5.49e7.50) 2.13 2.02 �0.03 1.84
DIBP 0.89 6.61 (5.58e7.37) 3.07 2.91 2.30 3.14
DnBP 0.89 5.54 (4.17e6.52) 3.28 3.06 2.05 3.14
BMPP 0.05 6.17 (6.17e6.17) 4.35 3.96 3.99 N.A.
DEEP 0.32 7.89 (7.25e8.40) 1.77 1.84 �0.26 N.A.
BBP 0.89 6.35 (4.97e7.18) 3.41 3.86 2.72 3.72
HEHP 0.11 6.14 (5.80e6.49) 4.93 4.72 5.29 N.A.
DBEP 0.05 5.31 (5.31e5.31) 2.86 2.88 1.89 N.A.
DEHP 0.89 6.95 (6.27e7.63) 5.00 5.08 3.81 4.94
DnOP 0.37 7.28 (6.27e8.02) 5.27 5.15 4.90 4.38
DNP 0.05 6.57 (6.57e6.57) 6.06 5.67 7.66 N.A.

W. He et al. / Environmental Pollution 219 (2016) 724e734730
and aromatic rings of sediment organic matter (SOM) or/and be-
tween PAHs and aluminium hydroxides in surface of minerals (Arp
et al., 2009; Tao et al., 2014). OH-groups and coordinated
exchangeable cations were probably active positions for the OCPs’
sorption on the sediment mineral particles (Sprynskyy et al., 2008).
Furthermore, OCPs with larger log KOW > 4.5 generally had larger
molecular size, which prohibited them entering micro-pores of
mineral particles or microscopic structure of SOM (Pignatello and
Xing, 1996). PAEs are amphiphilic chemicals, consisting of both
hydrophobic fractions (e.g., aromatic rings, aliphatics) and hydro-
philic fraction (ester linkage) (Wen et al., 2013). The hydrophobic
interaction between PAEs and sediment particles is similar to PAHs
and OCPs. Furthermore, oxygen (O) atom in ester linkage of PAEs
can form hydrogen bond with sediment particles, which might
strengthen their affinity with sediment particles (Zheng et al.,
2007).

In this study, simple LFERmodels were employed to describe the
PTOC distribution in the sediment although those models have
been criticized as having a large uncertainty and limited applica-
tions to describe a large number of chemicals (Cao et al., 2015). Goss
and Schwarzenbach (2001) proposed the PP-LFER model because it
considers all interactions involved in partitioning using separate
parameters. They also emphasized that more effort should be made
to adapt and improve the more comprehensive PP-LFER model
rather than to modify existing one-parameter LFER (Goss and
Schwarzenbach, 2001). Nguyen et al. (2005) have tested the
applicability of PP-LFER to unify various groups of chemicals,
includingmonoaromatic hydrocarbons, halogenated hydrocarbons,
PAHs, and polar chemicals. Nevertheless, the parameters required
by PP-LFER are difficult to obtain. However, we still propose that
PP-LFERs be used to test KOC estimates in a future study.
3.4. Effects of fluorescent organic matters and particle sizes on KD

Sediment ismainly consists of organicmatter andminerals. Both
compartments have been demonstrated to bind or adsorb organic
contaminants (Gao et al.,1998; Haftka et al., 2010). Furthermore, the
pore water, which contains organic matter, also has been shown to
effect the distribution of organic contaminants (Haftka et al., 2010).
To test whether minerals, total organic matter, and the distribution
of fluorescent organic matter between the sediment and the pore
water affects the PTOCs’ sediment e pore water partitioning
behavior, a correlation analysis was conducted and the results are
shown Table S6. We found that both PAHs and OCPs were positively
correlated with the total organic carbon (TOC) of the sediment, but
somePAEswerenegatively correlatedwith theTOC, especially those
that contained tyrosine-like organic matter (C2-FOM). Most PAHs
and OCPs seemed to be positively associated with both sediment
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minerals (clay, slit, and coarse sand) and the TOC, whereas PAE as-
sociations with sediment properties were rather inconsistent and
depended on the PAE species. PARAFAC-FOM partitioning between
the sediment and the pore water (SPC) potentially affected the dis-
tribution of organic contaminants as indicated by a negative asso-
ciation between most PTOCs and SPC. This phenomenon
demonstrated that FOM exchange from the pore water to the sedi-
ment might inhibit the PTOC exchange from the pore water to the
sedimentbut promotePTOCexchange fromthe sediment to thepore
water. That is to say, FOM might compete with PTOC in binding to
sites in the sediment solids. Furthermore, tyrosine-like organic
matter (C2) was the signature FOM that demonstrated the associa-
tion between FOM and PTOC partitioning behavior.
PCA also visually revealed individual PTOC associations with
influencing factors (Fig. 5). Component 1 (PC1) and component 2
(PC2) explained 53.7% and 27.6% of the variance, respectively. And
PC1 and PC2 were associated with organic matter and minerals,
respectively. The positive side of PC1 denoted the sediment TOC
and mainly protein-like FOM’s partitioning between the sediment
and the pore water (C1, C2, and C5), whereas the positive side of
PC2 indicated sediment minerals with lower particle sizes (slit and
clay). Although TOC was located between clay and sand fractions
and in the lower right quadrant, it did not mean that TOC was more
associated with sand. Actually, TOC, coarse sand, and clay were
located in the positive direction of PC1, indicating their association
with organic matter. Previous investigation also showed that
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sediment organic matter distributed more in those fractions (Gao
et al., 1998). Most PAHs were in the upper right quadrant and
therefore associated with clay, C1, and C4, indicating that those
PAHs’ partition between pore water and sediment solids were
affected by particles’ specific surficial areas, aromatic ring-
containing FOM, and humic-like substances. Their interactions
mechanisms included both hydrophilic way (electrostatic forces
and/or ligand exchange reactions) and hydrophobic interactions
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(Arp et al., 2009; Tao et al., 2014). However, naphthalene (Nap) and
acenaphthylene (Acy) were in the lower right quadrant and asso-
ciated with sand, C2 and C5. It seemed that the sediment e pore
water partitioning behaviors of PAHs with lower aromatic rings
were manipulated by particles coated with protein-like substances
(C2 and C5 FOM). The regulation mechanisms was still unknown
and proposed to be investigated in the future study. Both C3 and C6
were labile FOM derived from recent biological activity (Yamashita
et al., 2010; Singh et al., 2013). Those recently produced FOMs
possibly associated with a-HCH’s and HCB’s distribution. On the
contrary, a-HCH’s other isomers were associated with C1 and C4.
Their different partitioning behaviors might be caused by the their
structures or/and bioavailability. Nevertheless, the present study
still could not offer direct evidences for those speculations. Still,
some credible results showed that some PTOCs’ partitioning be-
haviors were associated with TOC, slit, clay and protein-like FOMs
after combining with correlation analysis above.
3.5. Implication to of PTOCs’ partition in sediment e pore water
system

PTOC partitioning in a sediment e pore water system were of
great concern because the PTOC risk might be transported from the
water phase, trapped in the sediment, and potentially released into
the water phase by resuspension (Liu et al., 2013; Qin et al., 2014).
The KOC values in Lake Chaohu were relatively higher than those
calculated under laboratory conditions, suggesting that the
measured pore water PTOC concentrations were lower than the
predicted values. That is to say, not all of the sediment PTOCs are
available to distribute rapidly into the porewater (Qiao et al., 2008).
It also indicates caution when predicting the pore water
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concentration based on literature KOC values (Arp et al., 2009; Yates
et al., 2013). Otherwise, the ecological risks of PTOCs’ might be
overestimated. Furthermore, the relatively lower KD values of OCPs
results in more release from the sediment. Considering OCPs’ high-
toxicity, they might pose a potential risk as previously emphasized
by the priority screening of PTOCs in Lake Chaohu (He et al., 2014).
This study demonstrated that sediment minerals and fluorescent
organic matter in the sediment/pore water might affect the PTOC
partitioning behavior and that different partitioning mechanism
might exist for PAHs, OCPs, and PAEs (Fig. 6); i.e., PAHs and OCPs
had similar association with influencing factors and KOW, whereas
PAE associations with influencing factors and KOW were different
from PAHs and OCPs.

4. Conclusions

In the sediment e pore water system of Lake Chaohu, sediment
PTOCs had higher DFs than in the pore water. The spatial variation
revealed that currently anthropogenic activity affected the PAHs
and PAEs and historic contamination of OCPs. PAH log KD values
(2.61e3.94) and those of OCPs (1.75e3.05) was significantly lower
than for PAEs (4.13e5.05) (p < 0.05). The chemicals were ranked by
log KOC as follows: PAEs (6.05e6.94) > PAHs (4.61e5.86) > OCPs
(3.62e4.97). Both the MCI model and the KOW models predicted
PTOC KOC values in range of log 1.5 with similar frequencies.
However, the modified MCI model could predict KOC,MCI values in a
range of log 1.5 with a higher frequency, especially for PAEs. Sig-
nificant positive correlations between KOC and the octanol e water
partition coefficient (KOW) were observed for PAHs and OCPs and
linear relationships were also obtained. However, significant cor-
relation was found for PAEs only when excluding PAEs with lower
KOW values. Sediments of smaller particle sizes (clay and silt) and
organicmatter would have different distributions of PAHs and OCPs
between the sediment and the pore water. Protein-like organic
matter (C2) was associated with the KD of PAEs. Furthermore,
PARAFAC-FOM’s partitioning between the sediment and the pore
water could potentially affect the distribution of organic pollutants.
The partitioning mechanism of PAEs between the sediment and the
pore water might differ from that of PAHs and OCPs, as indicated by
their associations with influencing factors and KOW.
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