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Abstract

We investigated the adsorption of phenanthrene (PHE) onto estuarine sediment with varied salinity 
and concentrations of anionic surfactant (sodium dodecyl benzene sulfonate, SDBS). It is a critical 
step for better understanding of the migration of polycyclic aromatic hydrocarbon (PAH) pollutants 
to seawater. The concentration of PHE in the experimental system was detected by a fluorescence 
spectrophotometer and the results were expressed by partition coefficient (in terms of Kd). It found that 
the salinity promoted and the SDBS inhibit the adsorption of PHE onto sediment in a single system. 
The combination effect of SDBS and salinity enhance this adsorption behavior but varied significantly 
with the ratio of salinity to surfactant. It is a confirmed fact that the mobility of phenanthrene in water 
increased with the combination of the salinity and SDBS. It would lead to the pollution of PHE change 
from point model to mobility model and increase its flux into the sea. However, the mechanism of those 
adsorption behaviors is unclear and may relate to the interactions between sediment and SDBS, SDBS 
and salinity, and sediments and salts, which need further study. 
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) refer 
to the compounds composed of two or more benzene 
rings obtained by high temperature in a linear, angular 
or string arrangement [1]. Those compounds have 
great environmental hazards such as carcinogenesis, 
mutagenicity, and distortion, which has been significantly 
released into the environment with human activities [2-
5]. The adsorption onto sediment is one of the main 
retention behaviors of PAHs in the environment because 
of its high hydrophobicity [6-8]. And this behavior could 
affect by salinity and the organic matter of the ambient 
soil or sediment solution environment. Salinity mainly 
changed the properties of the solubility of the PAHs, 
and structure of the sediment or soil in order to increase 
the fixation of PAHs in the sediment [9]. However, the 
opposite effect of this behavior was also found. The 
increase in salinity, especially the Ca2+, inhibit the 
adsorption of PAHs onto sediments. This phenomenon 
is attributed to the change in the characteristic of the 
organic matter in the sediment by inorganic ions [10]. 
Therefore, the geochemical behavior of PAHs in saline 
water is complicated. Most researchers attributed this 
phenomenon to salting out rather than changing the role 
of organic matter in the adsorbate [11-12].  

Surfactants are agents commonly used to repair 
polycyclic aromatic hydrocarbon pollution in sediment 
[13-14]. It could affect the migration and transformation 
of PAHs in the environment by changing the solubility, 
desorption, and biodegradability of this pollution 
in the sediment [15-16]. However, the surfactants 
are also a contaminant. The concentration of this 
compound in water and sediment has been on the rise 
in recent years [17-18]. Hence, surfactants may affect 
the biogeochemical behavior of PAHs in some water-
sediment environments. At this stage, most researchers 
attributed the repair of PAH pollution in terrestrial 
sediment [19]. There have been few studies on the 
biogeochemical behavior of PAHs in the water-sediment 
area with a variety of contaminants and large changes 
in salinity gradients. The estuary area is an important 
channel for pollutants to enter the ocean. This region 
has dramatically varied salinity and physicochemical 
factors that could affect the characteristics of the 
biogeochemical behavior of PAHs and surfactants. 
Therefore, researching and revealing the adsorption 
behavior of PAHs onto the sediment in the presence of 
surfactants in an estuary water-sediment environment 
is necessary. Our study is a critical step for better 
understanding the migration and fate characteristics of 
PAHs in a river-ocean intersection environment. 

Phenanthrene has a typical polycyclic aromatic 
hydrocarbon structure and is recognized as one of the 
carcinogens to be controlled [20]. This contamination is 
widely distributed in the environment, which includes 
sediments, water, animals and plants, and even in 
remote island plastic residues [20-22]. Furthermore, 
phenanthrene also has significant bioaccumulation in 

benthic organisms, plants, and even microorganisms [23-
24]. Therefore, it would create enormous environmental 
and health risks. In general, it is necessary to study 
the geochemical behavior of phenanthrene, which 
is important evidence to clarify the contamination 
process of PAHs in the environment. In this research, 
adsorption experiments were conducted to investigate 
the geochemical behavior of phenanthrene in a water-
sediment system with estuarine mix conditions. 
Because the dissolved organic matter in the estuarine 
is complicated [25-26], the situ river water (not contain 
salinity) after removal of organic matter is used. In 
this study, we only focused on the role of the salinity 
and SDBS in the fractionation of phenanthrene in a 
seawater-sediment environment. The effects produced 
by living organisms were not taken into account. 

Materials and Methods

Regents and Experimental Apparatus

The regents used in this research were guarantee 
(GR) grade, and the phenanthrene and surfactant 
(sodium dodecyl benzene sulfonate, SDBS) were 
supplied by Sigma-Aldrich China Inc. The other regents 
were supplied by Sinopharm Chemical Reagent Co., 
Ltd. The material of the experimental reactor was 
polytetrafluoroethylene (PTFE), which was highly inert 
to the phenanthrene and SDBS used in the experiment. 
These controls could eliminate and decrease the errors 
introduced by the interaction between regents and rector. 
The sample collectors were brown amber glass bottles 
(CNW) supplied by ANPEL Laboratory Technologies 
(Shanghai) Inc. The experimental apparatus was first 
cleaned with 10% Decon 90 and soaked in 10% HNO3 
for 24 h. Then the apparatus was rinsed five times with 
Q-water (18.2 MΩ-cm, PALL) and dried in a clean 
bench [27-28]. The water used in this study was the 
surface water from the estuary area of the Yellow River 
and the sample process derived from previous research 
[27-28]. About 4 L water was sampled and the sample 
site is shown in Fig. 1. The sediment used in this study 
was the >63 µm fraction of the surface sediment, and 
the sampling process followed a previous study [29]. The 
>63 µm fraction sediment was filtered by nylon mesh 
and dried in a clean bench. The sampled water was UV-
irradiated for 24 h in a quartz rector to eliminate the 
dissolved organic matter before use (S≈0, DOC<0.02 
mg L-1). The stock solution of 1000 mg L-1 (w / v) of 
phenanthrene was prepared in methanol and the SDBS 
stock solution of 0.1 mol L-1 was prepared in natural 
UV-irradiation water (NUVW) before the beginning of 
each experiment. 

Adsorption Studies

The adsorption studies were carried out in a  
300 ml PTFE tank with a lid customized by Nanjing 
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Nick technology development co., Ltd. The schema of 
the adsorption process is shown in Fig. 2. Four types 
of solution environment were conducted to investigate 
the effect of salinity (S), 0, 5, 15, 35, respectively, on 
the phenanthrene adsorption on the estuarine sediment. 
The artificial seawater, S = 35, was prepared in NUVW 
according to the standard method D1141-98 [30]. The 
different salinity was obtained by diluting the artificial 
seawater (S = 35). The experiment was conducted 
according to the following brief process. 1.000 g 
sediment was transferred to 300 ml PTFE tank and  
198 ml of solution was added. The reaction solutions 
were stirred by a magnetic stirrer under a rotatation 
speed that accorded the average speed of the sample 
sited (0.5 m s-1) before beginning the reaction. There 

were three processes: 1) only phenanthrene added; 
2) the SDBS added first and stirred 40 min, then the 
phenanthrene added; 3) the phenanthrene and SDBS 
were added at the same time. The concentrations of 
SDBS were 0, 0.1, 1, 5 μmol L-1. Those designs aimed to 
investigate the preferential adsorption of phenanthrene 
and SDBS by sediments.

The final concentrations of phenanthrene were 
0.5 µmol L-1 which are close to the PAH average 
concentration of some estuary and costal area [31-32]. 
The pH of the solution was adjusted to 8.0 by adding 
a volume of non-complexing Tris-HCl buffer solution 
(pH~8.5) to maintain it. The volume of the final working 
solution was 200 ml. The experiment was conducted in 
the dark and sampled at 0.25, 0.5, 1, 2, 4, 6, 8, 12, 14 and 

Fig. 1. Black point with red cycle is the location of sampling water and sediment.

Fig. 2. Flow chart of the adsorption procedures – PHE: phenanthrene; SDBS: sodium dodecyl benzene sulfonate.



Qian X., et al.1796

24 h, respectively. Two controlled trials that only SDBS 
and sediment in the reaction solutions were conducted. 
The samples gained in the experiments were filtered 
by the 0.45 µm hydrophilic polyethersulfone membrane 
(PALL). The separating unit was pretreated with 5 ml 
of work solution to reduce the retention of phenanthrene 
and SDBS onto membrane.

The filtered samples were transferred to 10 ml 
brown amber glass bottles (CWN) and stored at 4ºC 
until analysis. The sediment retention in the membrane 
was freeze-dried in a vacuum freeze dryer. The pH of 
the reaction solution should be strictly controlled, for 
the drastic changes of pH might result in the formation 
of colloids, which could interfere with the adsorption 
significantly. The experimental errors were controlled 
by conducting three repeat operations.

Instrument and Sample Analysis

The Q-water (18.2 MΩ-cm) used in this experiment 
was produced by PALL pure water system. The 
salinity of water was detected by an SX751salinity 
meter (Shanghai San-Xin Instrumentation, Inc.). 
The concentration of phenanthrene was detected by 
a fluorescence spectrophotometer (F-7000, Hitachi, 
Japan). The detection parameters of the F-7000 were as 
follows. The three-dimensional scanning (3-D Scan): 
PMT voltage was 700 V; excitation and emission slits 
were 5 nm; the excitation wavelength and emission 
wavelength range was 200-600 nm; the excitation and 
emission wavelength intervals were 5 nm; and scanning 
speed was 1200 nm·min-1. The wavelength scanning 
conditions were PMT voltage: 700V; excitation and 
emission slits: 5nm; and scanning speed: 60 nm·min-1. 
The concentrations of phenanthrene were determined 
by standard curve method. The standard solution of 

phenanthrene is 0, 0.1, 0.2, 0.5, 1 µmol L-1. The standard 
solution matrixes were the same as the experimental to 
eliminate the interference of the different matrixes. 

Partition Coefficient

The adsorption behavior was formulated by the 
partition coefficient (Kd) of phenanthrene between water 
and sediment phases. It was calculated by a traditional 
formulation used in many similar experimental systems 
[33-34]. Kd was defined here as: 

                              (1)

…where CS represents the concentration of phenanthrene 
in sediment phase; CW is the concentration of 
phenanthrene in water phase; and CT is the total 
concentration of sediment in the solution. Kd values are 
simply reported in terms of log Kd (in L/kg). 

A fractionation factor (F) is defined as the ratio 
of Kd values between different water environments 
and are used to evaluate the fractionation behavior of 
phenanthrene by the sediment [34-35].

                           (2)

…where Kd,A and Kd,B are the partition coefficients of 
phenanthrene in A and B solutions, respectively. FA/B 
is the fractionation factor between A and B. When 
the FA/B >1 or <1, the sediment preferentially absorbs 
phenanthrene in A over B or B over A solutions. When 
FA/B = 1, the adsorption of phenanthrene on sediment was 
not affect by the salinity or SDBS.

Solution Regression equation RSD R2 LOQ

NUVW y = 46587x + 43876 0.1±0.4% 0.9989 0.08 μmol L-1 

S = 5 y = 33261x + 18364 1.5±1.2% 0.9966 0.15 μmol L-1

S = 15 y = 31275x + 15428 4.0±1.6% 0.9949 0.23 μmol L-1

S = 35 y = 27694x + 13582 8.5±2.1% 0.9905 0.33 μmol L-1

0.1 μM SDBS y = 45127x + 44825 0.5±0.3% 0.9993 0.09 μmol L-1

1 μM SDBS y = 43156x + 42632 0.7±0.5% 0.9992 0.10 μmol L-1

5 μM SDBS y = 45637x + 42159 1.0±1.0% 0.9998 0.11 μmol L-1

0.1 μM SDBS, S = 5 y = 42130x + 41678 2.0 ±0.3% 0.9995 0.15 μmol L-1

1 μM SDBS, S = 15 y = 42072x + 41553 3.5±0.9% 0.9999 0.10 μmol L-1

5 μM SDBS, S = 35 y = 41280x + 40567 3.5±1.3% 0.9934 0.20 μmol L-1

5 μM SDBS, S = 5 y = 47689x + 46351 5.8±2.1% 0.9947 0.18 μmol L-1

5 μM SDBS, S = 15 y = 49012x + 48914 4.7±1.9% 0.9935 0.17 μmol L-1

S: salinity; SDBS: sodium dodecyl benzene sulfonate; NUSW: natural UV-irradiation water

Table 1. Parameters including the regression equation, relative standard deviation (RSD), and the quantification limits of the instrument 
(LOQ) of the measured method.



Effect of Anion Surfactants on the Adsorption... 1797

Results and Discussion

Detection and Error Control

The detection errors were mainly derived from 
the operation of instruments and the determination 
matrixes. The errors of instrument operation were 
controlled by the spiked standard. Once the measured 
value of the standard sample were lower than the actual 
value by 10%, the instrument error was considered to be 
large and recalibration was required. The determination 
matrixes error was eliminated by the same preparation 
of standard solutions with the experimental solute. 
This measure could reduce the interference of the 
solution matrix on the absorbance of the phenanthrene. 
Furthermore, the relatively accurate data could be 
obtained. The Δλ of PHE was 100 nm and the excitation 
wavelength is 248.8 nm. The quantification limits based 
on 10 σ (LOQ, ten times of the standard deviation of the 
blanks, n = 11) of the instrument in different solutions 
and the relative standard deviation (RSD) between the 
three measurements of the same sample was less than 
5%. The r of the standard linear fitting equation was 
>0.990. The parameters of the measured method are 
shown in Table 1. 

The errors of this study were mainly from two 
approaches: the experimental errors and the detection 
errors of instrument. The experimental errors were 
mainly consisting of the adsorption of phenanthrene on 
the vessel wall, the precipitation of phenanthrene, and 
the operations of the experiments. In this study, we used 
the total mass balance (expressed by total recovery) 
of the phenanthrene to investigate the effect of the 
experimental errors to this study. The total recovery, 
consisting of the concentrations of phenanthrene in 
water phase and sediment phase, and the loss in the 
experiments of phenanthrene. The trend in absorbance 
can reflect the loss of phenanthrene introduced by the 
different solution systems. The results are shown in 
Fig. 3. Some slight loss of phenanthrene, about <5%, 
was observed in the SDBS-salinity environment  
(Fig. 3). The average total recoveries of phenanthrene 

in this binary system ranged from 94.8-100%. However, 
the loss of phenanthrene increased in the presence of 
salinity only. This may be the salting out of the PHE, 
which make the precipitation of these compounds. The 
slight loss of PHE in low concentrations of SDBS and 
blank system (S = 0) mean that there is another factor 
affecting adsorption, which might be the residual 
colloidal organic matter in the natural water. It has been 
proven that phenanthrene prefers to transfer into the 
soil containing dissolved organic matter [36-37]. Hence, 
the behavior of phenanthrene in the natural estuary 
water-sediment might be affected by more geochemical 
factors. In this study, the concentration of phenanthrene 
in sediment phase was calculated by the total 
concentration of phenanthrene minus the concentration 
of phenanthrene in the water phase.

The Single Effect of Salinity and SDBS

The adsorption behaviors of phenanthrene 
on sediments in different salinities with time 
are shown by the partition coefficient (log Kd) in 
Fig. 4a) (Eq. 1). The adsorption equilibrium time 
was 12 h in those experimental conditions. In the  
0 ambient salinity experiment, the adsorption of PHE 
on sediment first increases in 0-2 h, and then decreases 
in 2-24 h stages. The minimum adsorbance was the 
equilibrium adsorption capacity of phenanthrene in this 
experimental condition. From Fig. 4, we could find that 
those parameters were changed with the increase in 
salinity. The time of maximum adsorption was longer 
than 0.5 h. The absorbance of phenanthrene occurred 
in a recurring increase when the minimum absorbance 
(less than equilibrium adsorption capacity) appeared at  
2 h. Furthermore, the log Kd (Eq. 1) showed greater 
fluctuations in no equilibrium stage in the salinity 
system than in 0 ambient salinity. It could be found 
that salinity enhances the adsorption of phenanthrene 
onto sediment (Fig. 4a). However, this phenomenon 
may be related to the mineralization of phenanthrene 
in salt water [38]. The cations existing in the water 
precipitated the phenanthrene to the sediment, resulting 

Fig. 3. Absorbance loss of phenanthrene on sediment in binary system – S: salinity; SDBS: sodium dodecyl benzene sulfonate.
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in an enhancement of the absorbance. The absorbance of 
phenanthrene in different ambient salinities not having 
sediment was investigated and the results show in Fig. 3. 
The absorbance of the phenanthrene in the water phase 
decreased with the increase of salinity. The salt out of 
PHE might be the main factors increasing adsorption. 
However, this mineralization varies with the species of 
cations. The Ca2+ may have a higher effect for increasing 
the mineralization of phenanthrene than Na+ [39]. In 
addition, the salinity also changes the structure of 
organic matter in the sediment to affect the adsorption 
of phenanthrene [40-41]. This might be the fluctuations 
of Kd in the ambient salinity experiment. In this study, 
we only investigated the effect of the salinity, and other 
reasons were not taken in account. In all, the salinity 
enhanced the adsorption of phenanthrene onto sediment. 

The effect of the SDBS on adsorption behaviors of 
phenanthrene onto sediment in the natural water with 
time showed in Fig. 3b). The equilibrium time of all 
adsorption was delayed 2 hours in the presence of SDBS. 
The adsorption parameters were also changed with the 
addition of the SDBS. The time advance of maximum 
adsorption and a recurring increase adsorption behavior 
were also observed. However, the change trend of the log 
Kd was different. The time of the minimum adsorption 
was delayed, and the hysteresis was more pronounced 
with the increase of the SDBS concentration. When the 
concentration of SDBS in the solution was the highest, 

the lag time of the minimum adsorbance can reach  
10 h. In addition, a very dramatic drop of the log Kd 
was observed with 1 μmol L-1 of the SDBS. Moreover, 
it could find that SDBS hinders the adsorption of the 
phenanthrene onto sediment. This phenomenon might 
be related to the solubilization of phenanthrene in the 
presence of SDBS in the solution. The surfactants could 
change the polarity of phenanthrene in the solution 
and inhibit the mineralization of these PAHs in water 
[42-45]. The absorbance of phenanthrene in different 
ambient SDBS was also investigated and the results 
are shown in Fig. 3. There was no evident decrease in 
absorbance, which showed that phenanthrene mainly 
remains in the water phase. However, the solubilization 
alone was not sufficient to explain the phenomenon 
that SDBS hinders the adsorption of phenanthrene 
onto sediments. This was due to the sediment used 
in this study containing an amount of organic matter 
capable of adsorbing phenanthrene [46-47]. Hence, this 
inhibitory effect might also be due to the adsorption 
of phenanthrene by SDBS [48]. In addition, the SDBS 
also could be adsorbed onto the sediment to occupy the 
adsorption site [49-52].  

From the adsorption curve, the salinity and SDBS 
enhanced or inhibited the adsorption of phenanthrene 
by changing the solubilization [43-44] or the surface 
of adsorbent [52]. However, the adsorption curve of 
the phenanthrene in the natural water did not contain 

Fig. 4. Partition coefficients (log Kd) of phenanthrene on sediment in single system – a) S: salinity; b) SDBS: sodium dodecyl benzene 
sulfonate.
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any disruptors and also did not follow the general 
adsorption model. When maximum adsorbance 
was achieved, desorption or another process may 
make the phenanthrene escape form the sediment  
(Fig. 5). Moreover, the absorbance of phenanthrene 
did not decrease in this experimental condition. This 
phenomenon might be due to the organic matter 
in sediment or water phases competing for the 
phenanthrene in the solution. However, the adsorption 
of phenanthrene on other sediments was not consistent 
with existing adsorption models [53]. Hence, the 
adsorption of phenanthrene in the interface between 
sediment and water might be dominated by the species 
of the organic matter in soil and water [54-55]. However, 
the mechanism of that adsorption remains unclear and 
requires further study. 

F is used to estimate the adsorption priority of 
the sediment to phenanthrene in different water 
environments (Eq. 2). Kd was the partition coefficient 
at the adsorption equilibrium (Eq. 1). Most of the  
FS /SDBS >1 indicate that salinity promotes the transfer 
of phenanthrene from water to sediment. However, the  
FS/SDBS <1 also appeared at another sample time, 
indicating that other substances in the solution 
participated in the adsorption of PHE onto sediment. 
For the change of FN/SDBS, all the values were more 
than 1, indicating that the SDBS inhibits the transfer of 
phenanthrene to sediment. 

Combined Effect of Salinity and SDBS

The migration of phenanthrene is often affected by 
a combination of factors. The salinity gradients and 
different amibent SDBS in the estuary area may result 
in various characteristics of phenanthrene. Different 
concentration ratios of SDBS to salinity (Figs 4b  
and 5) were used in the study (the unit of SDBS was 
μmol L-1) and the behavior of phenanthrene onto 
sediment (expressed by log Kd, calculated by Eq. 1) 

are shown in Fig. 5. The equilibrium of phenanthrene 
adsorption onto sediment was broken by the combined 
effect of the SDBS and salinity. Adsorption equilibrium 
appeared only when the ratios of Salinity and SDBS 
was 5:0.1 (Fig. 5). When the salinity was certain, the 
adsorption behavior of phenanthrene onto the sediment 
changes differently when the SDBS increased (Fig. 5). 
The higher the concentration of SDBS, the closer the 
adsorption behavior of phenanthrene onto sediment to 
the adsorption that occurred in no interfering substances 
environment. Moreover, some different behavior was 
observed in an experimental environment with certain 
SDBS concentrations. The change of the Kd become more 
stable with the increase of salinity, and an abnormal 
phenomenon observed (Fig. 5). The adsorbance of the 
phenanthrene onto the sediment enhanced at the ratios 
of salinity and SDBS, 5:5 and 35:5, and the equilibrium 
was achieved at highest salinity (Fig. 5). The positive 
effect of salinity on the adsorption of phenanthrene on 
sediment was enhanced, while the negative effect of 
SDBS on the adsorption of phenanthrene on sediment 
was attenuated. Those phenomena were different with 
the discussion at 3.2, which might due to the effect of 
salinity on SDBS and the organic matter in the sediment. 
Salinity affects the adsorption of phenanthrene by 
affecting the distribution structure of SDBS in solution 
in a binary system. For SDBS, its effect on the adsorption 
of phenanthrene on sediments was mainly achieved 
by solubilizing phenanthrene in the solution [56]. And 
this solubilization was dominated by the colloidal 
SDBS. However, the inorganic cation could enhance 
the growth of colloidal SDBS and micro-viscosity of 
the solution [57]. This promotion was more pronounced 
– especially in low salinity environments [58-59]. By 
the discussion in 3.2, the adsorption of phenanthrene 
on sediments should be inhibited. Nevertheless, the 
opposite phenomenon occurred and only the loss of 
SDBS in this binary environment (Fig. 4). This indicates 
that a strong adsorption environment was formed on 

Fig. 5. Partition coefficients (log Kd) of phenanthrene on sediment in binary system – S: salinity; SDBS: sodium dodecyl benzene 
sulfonate.
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the sediment. This environment may be formed by the 
adsorption of colloidal SDBS onto sediment [60-61]. 
Moreover, the combination of the inorganic cations and 
SDBS could expand the structure of some components 
of the sediment [62]. It could enhance the adsorption  
of phenanthrene on the sediment. Hence, the 
combination of inorganic cations and SDBS promote 
the adsorption of phenanthrene on sediments. Different 
promotional effects may relate to the effect of salinity 
on SDBS and the combined effect of salinity and SDBS 
on sediment structure. But further research such as the 
effect of the species of ions and organic matter was 
required.

Implications for Phenanthrene Reactivity 
in the Estuarine Area

From the discussion in Section 3.1-3.3, the transfer 
behavior of phenanthrene in the estuarine area was 
significantly modified by salinity and SDBS. By the 
absorbance of phenanthrene in different solutions  
(Fig. 3) and the change of the log Kd (Figs 4 and 5, 
Eq. 1), a possible migration of phenanthrene between 
the water and the sediment phase under estuarine 
mix conditions could be inferred. In the freshwater 
environment, the adsorption parameters cannot fit 
well with any adsorption kinetics curve in this study. 
Moreover, some of the equilibrium absorption capacity 
of phenanthrene was lower than the adsorption amount 
at every sampling time (Fig. 4). Hence, the migration of 
phenanthrene in natural freshwater may be dominated 
by some geochemical factors. The dissolved organic 
matter in the sediment might be the main factor that 
affects the transfer of those pollutants [63-64]. The 
adsorption process mainly occurred between the organic 
matter on the sediment and the phenanthrene in 0-2 h. 
While with the organic matter escaping from sediment 
in stirring conditions [65-66], the phenanthrene 
adsorbed onto the organic matter enter the water phase 
again in 2-24 h (Fig. 4). The transfer mechanism is 
shown in Fig. 6. Ambient salinity environment is 

another recurring process in which the adsorption 
increase occurred (Fig. 4b). This might be a result of the 
effect of inorganic cations on the organic matter and the 
structure of the sediment [67]. Inorganic cations such 
as NaCl and Na2SO4 could enhance the mineralization 
of organic matter in the water or sediment phases [68]. 
Moreover, Na+ and Cl- could shift the zero-point charge 
of the sediment to change the adsorption characteristics 
[67]. Hence, the phenanthrene interacted with the 
dissolved organic matter sediment first [69] and then the 
dissolution fraction of PHE-DOM escaped to the water. 
In addition, the structure of the sediment expanded 
by the salinity to enhance the adsorption of PHE on 
sediment. 

In the ambient salinity and SDBS environment, 
the escape process was weakened and the adsorption 
behavior was similar to the effect of single salinity  
(Fig. 5), which might be the result of some more 
intricate interactions between SDBS and salinity, 
SDBS and sediment, and salinity and sediment. The 
first factor was the effect of salinity on the structure of 
SDBS in solution. Na+ or Ca2+ promotes the formation of 
colloidal intermediates or increases the micro-viscosity 
of SDBS, resulting in an increase in the adsorption 
of phenanthrene by SDBS [70]. Furthermore, these 
formed materials can also be adsorbed by the sediment 
to alter its surface characteristics [71]. Third, salinity 
could affect the adsorption properties of sediment to 
phenanthrene by changing the properties of the sediment 
[49-50]. However, the strength of these interactions 
cannot be estimated. There was only some unclear 
support that could be found from the change of the log 
Kd and further study is required.

Conclusions

Controlled experiments were conducted on 
adsorption of phenanthrene onto sediment in different 
salinities and concentrations of SDBS water. The 
adsorption behavior showed that the SDBS and salinity 
played an important role on the transfer of phenanthrene 
from seawater to sediment. The SDBS inhibited the 
adsorption of phenanthrene onto sediment and salinity 
promotes this behavior. It appears that the combination 
of SDBS and salinity promotes the migration of 
phenanthrene to sediments. However, the adsorption 
behavior in this binary system was more complicated 
than in a single environment. This may be due to a 
variety of factors such as sediment and SDBS, SDBS 
and salinity, sediments and salts, and organic matter 
and salts. This was a series of unclear complicated 
processes and more research was required. However, a 
fact can be confirmed that the addition of the salinity 
and SDBS increases the mobility of phenanthrene in the 
water-sediment environment. In the absence of SDBS 
contamination, the increase in salinity can promote 
the precipitation of phenanthrene in the estuary area. 
However, in the presence of SDBS, the migration of 

Fig. 6. Process of salinity and SDBS affecting adsorption of 
phenanthrene on sediment in single a) and binary b) systems.
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phenanthrene to the coastal area could be promoted – 
especially in low salinity areas.
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