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® Periphyton was capable of simultaneously entrapping Cu and Cd from paddy fields.

® Cu and Cd bioavailability decreased with time after exposure to periphyton.

® Periodic adsorption-desorption was the main mechanism used to remove Cd and Cu.
® Periphyton was able to adapt to steady accumulation of Cu and Cd.

® The inclusion of periphyton will help entrap heavy metals in paddy fields.
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The ubiquitous native periphyton was used to entrap Cu and Cd from paddy fields. Results showed that
Cu- and Cd-hydrate species such as CuOH*, Cuy(OH),%*, CAOH*, and Cuz(OH)42* decreased with time in
the presence of periphyton. When the initial concentrations of Cu and Cd were 10 mg/L, the heavy metal
content in the periphyton fluctuated from 145.20 mg/kg to 342.42 mg/kg for Cu and from 101.75 mg/kg to
236.29 mg/kg for Cd after 2 h exposure. The concentration of Cd in periphytic cells varied from 42.93 mg/kg
to 174 mg/kg after 2 h. The dominant periphyton microorganism species shifted from photoautotrophs
to heterotrophs during the exposure of periphyton to Cu and Cd co-contamination. Although Cu and Cd
could inhibit periphyton photosynthesis and carbon utilization, the periphyton was able to adapt to the
test conditions. Cu and Cd accumulation in rice markedly decreased in the presence of periphyton while
the number of rice seeds germinating was higher in the periphyton treatments. These results suggest that
the inclusion of native periphyton in paddy fields provides a promising buffer to minimize the effects of
Cu and Cd pollution on rice growth and food safety.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

There has been increasing pollution of cropland by heavy metals
around the world, especially in China. Generally, combined heavy
metal pollution (e.g., Zn, Pb, Cd, Cu and As) occurs in intensive
agricultural areas such as paddy fields [1,2]. Heavy metal con-
tamination in croplands can result in dietary exposure through
the soil-plant-food chain transfer, causing elevated levels of toxic
metals in human organs. The combined toxicity of multiple heavy
metals [3] might pose a higher potential risk to organisms and
ecosystem health than a single heavy metal [4-6]. For instance,
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the combined effect of Cu and Cd is more toxic to animals such
as Hemigrapsus crenulatus [7] and humans [8], than each metal
individually.

Many approaches have been proposed to remove heavy metals
from the environment [9-11]. These can be divided into three gen-
eral groups. The first group immobilizes (inactivates) heavy metals
and subsequently reduces their bioavailiablity using specific mate-
rials such as biochar and rice straw ash [12-14]. The second group
“consumes” or “takes up” heavy metals using hyper-accumulating
plants which are then removed from the land [15,16].

The third group employs native specific functional microbial
communities such as algae [17], fungi [18], and bacteria [19] to
immobilize heavy metals in the environment. Although this group
has proven a promising approach for i remediation of heavy metal
contamintion [12], the removal process is dominated by single
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process-adsorption [20-22]. These adsorbed heavy metals could be
released into environment again under certain conditions. More-
over, microbial communities dominated by a single species or
group are generally vulnerable to shifts in environmental condi-
tions such as pH, temperature, nutrients and multiple contaminants
[23].

Compared with single microbial communities, microbial aggre-
gates (e.g., periphyton), contain many organisms and have more
complex structures [24]. There are many micro-porous structures
of various sizes in the periphyton [25,26], which allow the trans-
formation of nutrient substrates such as phosphorus and nitrogen,
and contaminants such as heavy metals in the cavities [27-29]. Dif-
ferent nutrient and contaminant (microcystin-RR) adsorption and
desorption processes might occur due to the different active sites
on the periphyton surface [30,31].

The main chemical compositions of periphyton are metal oxides
(e.g., iron, manganese and aluminum oxide), organic matter (e.g.,
sugar, protein) and other inorganic chemical compounds (e.g.,
calcium, phosphorus and silicon) [25,26]. The periphyton com-
munities are enclosed in a matrix of extracellular polymeric
substances (EPS) [28], comprised of protein, polysaccharides and
other unknown organic matter [32], which may chelate heavy met-
als. As periphyton is ubiquitous in paddy fields, it is possible to
employ native periphyton in the effective removal of heavy metals
in these areas [30].

Previous studies have investigated the response of microbial
communities to heavy metal pollution. For example, the photosyn-
thesis of Penicillium chrysogenum and Bacillus licheniformis ceased
due to pollution by heavy metals such as Co, Cd, and Pb [33,34].
Periphyton, with more complex components however, contain
many microbial species such as microalgae, cyanobacteria, bacte-
ria, fungi, actinomycetes and protozoa [35,36], forming a relatively
stable microecosystem of hierarchical structure (i.e., producers,
consumers, decomposers). As periphyton is sensitive to habitat
quality and can respond quickly to any changes in its habitat, its
response to heavy metal contamination may differ from that of a
single microbial community.

While a large number of heavy metals have been found con-
taminating cropland and crops in China, the latest data published
by China EPA [37], reports that Cd and Cu contamination in soil is
significant, accounting for 7% and 2.1% of all sites sampled. In many
sites Cd and Cu occur simultaneously. The interactions between Cu
and Cd could alter the absorption kinetics and dynamics of metals
[38] thereby exacerbating the toxic impacts on specific organisms
[38,39]. As Cd and Cu often coexist in soil and water in paddy fields
[39], the development of a multi-functional in-situ remediation
technology for combined heavy metal pollution in paddy fields is
critical.

The objectives of this study were to investigate (i) the capacity
of periphyton to entrap Cu and Cd from the aqueous phase, (ii)
the response of periphyton to Cu and Cd in paddy fields, (iii) the
relationship between heavy metals (Cuand Cd) and the community
structure properties of periphyton, and (iv) the effect of Cu and Cd
onrice seed germination and heavy metal accumulation in rice seed
in the presence of periphyton. The findings present an attractive
option for simultaneously entrapping Cu and Cd at the soil-water
interface in paddy fields.

2. Materials and methods
2.1. Periphyton sample collection and culture
Periphyton was collected from six paddy fields in Chang-

shu City in the southeast of Jiangsu province (120°33'-121°03E,
31°33’-31°50'N). To reduce bias and error, all sampling sites had

similar physical and chemical conditions (such as light, shade, sub-
strata, water depth and flow velocity). Periphyton was peeled off
rock surfaces using a sterilized brush and mixed together for indoor
culture. The mixed periphyton was transferred into a spiral glass
pipe for culture in the laboratory. The external and internal diame-
ters of the spiral glass pipe were 4.0 mm and 2.0 mm, respectively.
The total length of the pipe was 76.4 cm.

Prior to experiments, the periphyton was colonized in glass
tanks with tap water in an open system at ambient temperature
(10-25°C) for three weeks. The periphyton was then transferred
into six spiral glass pipes (length: 76.4cm, internal diameter:
2.0 mm) with Woods Hole culture medium (WC media). The peri-
phyton in the spiral pipes was cultured in an incubator with light
(power: 18001ux), a light/dark regime of 12h/12h, and air tem-
perature (2541 °C). When the periphyton matured, i.e., the color
turned to deep green, they were used in experiments.

2.2. Accumulation experiment

To investigate the accumulation of Cu and Cd by mature peri-
phyton, a series of experiments were conducted under different
conditions in the spiral glass pipes previously described. The mix-
ture solution containing 10 mg/L Cu and 10 mg/L Cd was prepared
by dissolving CuSO4-5H,0 and Cd(NOs3),-4H,0 into deionized
water. The mixture solution was then pumped into the spiral glass
pipe at a velocity of 0.01 mL/s. The influent and effluent samples
were collected at 0, 2, 18, 30,42, 54, 72,102, 144, 168 and 240 h for
the determination of Cu and Cd in aqueous phase. The spiral glass
assembly with periphyton was placed in the incubator with light
(power: 1800 lux), light/dark regime of 12 h/12 h, and air temper-
ature (25+1°C).

2.3. Rice seed germination experiment

The rice germination experiment was conducted to investigate
the effect of periphyton on rice submerged in a mixed solution of
Cu and Cd. Whole, similar sized rice seeds were selected for this
experiment. The rice seeds were immersed in a 1% NaClO solution
for 20 min to sterilize the causative agent adhered to the seeds then
washed with deionized water to remove the residual NaClO. The
seeds were placed on filter paper in a Petri dish for culturing under
different conditions. There were 20 rice seeds in each dish.

There were three different groups in the experiment. The treat-
ment group was cultured in Petri dishes containing 5 g periphyton
and 15 mL of the mixed Cu and Cd solution. The first control group
was cultured in 15 mL deionized water only while the second con-
trol group was cultured in 15 mL of the Cu and Cd solution but
without periphyton. The experiment was conducted in triplicate.
The Petri dishes were transferred to an artificial incubator with
temperature (25+1°C) and a light/dark regime of 12h/12h. To
avoid drying out in the incubator, 15 mL of the corresponding solu-
tion was added to each dish every day. The number of germinating
rice seeds was counted every day. The concentrations of Cu and Cd
in rice and the liquid phase were measured by inductively coupled
plasma mass spectrometry (ICP-MS) after seven days.

2.4. Sampling and analysis

The concentrations of Cu and Cd in the influent and effluent
of the spiral glass pipes were measured by ICP-MS after filtration.
The speciation of Cu and Cd in the sample was obtained using the
visual MINTEQ 3.1 software [40]. The accumulated Cu and Cd in
periphyton were calculated using the following equation:

Q:=V(Co—Ct)/B¢
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where Q; is the entrapped content of heavy metal (Cu/Cd) at
time t; V is the total volume (L) of heavy metal solution pumped
into spiral glass tube until time t; C, is the original concentration of
the Cu/Cd in the influent (mg/L); C; is the concentration of Cu/Cd in
the effluent (mg/L), and B is the biomass (g) of periphyton at time
t.

To evaluate the amount of heavy metals (Cu and Cd) accumu-
lated in periphytic cells, 4 M ethylenediaminetetraacetate (EDTA)
was added to desorb the Cu and Cd adsorbed to the surface of the
periphyton. The accumulated metals (Cu or Cd) in the periphytic
cells were calculated using the following equation:

Qt,c=V(Co—Ct,c)/Bt

where Q; is the accumulated content (mg/kg) of heavy metal
(Cu or Cd) at time t; G is the concentration (mg/L) of Cu or Cd in
the effluent when EDTA was added to the influent.

To avoid destroying the community structure of the periphyton
on the inner surface of the spiral glass tube, the periphyton and
the glass pipe were placed in an oven at 60 °C for 30 min after air
drying at 20-25 °C for 6 h. The net biomass of periphyton was cal-
culated from the difference between the total weight of glass pipe
containing periphyton and the glass pipe only.

The periphyton samples were collected at the beginning and the
end of the experiments. The community structure of the periphyton
was observed by optical microscope and scanning electron micro-
scope (SEM). The maximum electron transfer rate (ETRnax), total
chlorophyll, and the algal species and their chlorophyll in the peri-
phyton were determined using a Phyto-PAM fluorescence analyzer
(Waltz, Germen). The biomass of each species of algae was calcu-
lated by the concentration of its algal chlorophyll multiplied by the
volume of the periphyton in the spiral glass tube. The biomass of
the heterotrophs was calculated as the difference between the total
biomass of the periphyton and the biomass of all algae.

Carbon source utilization by periphyton was assayed using
the commercially available Biolog™ ECO Microplates (Hayward,
CA, USA). The detailed analysis process is described in our previ-
ous study [41]. The functional diversities of the periphyton were
obtained based on the utilization of different carbon sources.

Statistical Package for Social Science (SPSS Version 17) was used
for analyses of the Biolog data. The linear relationships between
Cu and Cd in periphyton (cells), and between AWCD and the con-
tent of Cu and Cd were analysed using regression analyses in Excel
2010. Statistically significant differences between the data were
evaluated using One-Way ANOVAs. @ was set at 0.05 for all analyses.

3. Results and discussion
3.1. Heavy metal removal and their speciation distribution

Cu was more easily accumulated by the periphyton than Cd.
When the initial concentrations of Cu and Cd were 10 mg/L each,
the removal rates of Cu and Cd from aqueous phase fluctuated from
39.2% to 68.8% and 22.5% to 49.9%, respectively (Fig. 1a).

During the experiment, the aquatic environment, especially the
pH value, changed with periphyton growth and influenced the
Cu and Cd speciation distribution [42-47]. Different Cu- and Cd-
hydrates such as Cd20H+, Cuy(OH),%*, CdOH*, and Cus(OH)42*
were analyzed in the experiment. The toxicity of the Cu- and Cd-
hydrates affected the substance transportation between cells and
habitat [42,43]. The results of the heavy metal speciation analysis
shows that Cd20H+ and Cu,(OH),%* were the dominant forms of
the Cu- and Cd- hydrates after 2 h, accounting for 19% of the total
heavy metals (Fig. 1b). They sharply decreased to 6.26% and 0.58% of
the total content at 18 h and then remained stable until increasing
to 2.9% at 102 h.

Cu3(OH)4%* and Cu,OH3* were only detected at 2h and 102 h.
CdOH* was the only species of Cd-hydrate observed, making up
0.03% of the total Cd?* amount (Fig. 1b-d). Cu(OH), (aq) was very
low during the whole experiment, only nearing 0.08% of the total
Cu(Il) at 2h and 0.01% at 18 h (Fig. 1b-d).

3.2. Cuand Cd accumulation in periphytic surfaces and cells

Periphyton can entrap Cuand Cd through surface adsorption and
accumulation inside cells. The surface adsorption occurred through
extracellular polymeric substances (EPS) which can absorb metal
ions as the first defensive line protecting the community system
[48-50]. The heavy metal contents entrapped by the periphyton
fluctuated from 145.20 mg/kg to 342.42 mg/kg for Cu and from
101.75 mg/kg to 236.29 mg/kg for Cd after 2 h. The concentrations
of Cd accumulated in the periphytic cells (heavy metal in periphy-
ton extracted by 4 M EDTA) varied from 42.93 mg/kg to 174 mg/kg
after 2 h (Fig. 2). More Cu than Cd was observed on the periphy-
ton surface but no Cu was detected in the periphytic cells after 54,
192 and 240 h. These results showed that the periphytic cells were
more inclined to accumulate Cd than Cu.

The relationships between Cu and Cd content on the periphyton
surface and in the cells were studied during periphyton culture in
the mixed solution of Cu and Cd. Significant relationships between
Cu and Cd content on the periphyton surface and in cells were as
follows:

Cd(mg/kg) = 0.5884 x Cu(mg/kg) + 23.561(R*> = 0.80,p < 0.05)
(1)

Cd(mg/g) = 0.7809 x Cu(mg/g) + 50.775(R* = 0.47,p < 0.05)
(2)

The correlation coefficient between Cu and Cd in the cell was
lower than that on the periphyton surface. These results demon-
strate that Cu and Cd could be simultaneously entrapped by
periphyton, but that the presence of Cd had negative effects on Cu
accumulation by periphytic cells.

3.3. Effect of heavy metals on periphyton growth

To determine the effect of heavy metal contamination on peri-
phyton growth, total periphyton chlorophyll was measured in the
presence and absence of heavy metals (Fig. 3). During the first 2 h
after exposure to heavy metals, no variation in total chlorophyll
was observed. After 2h, the total chlorophyll decreased sharply
from 2.08 mg/L at the beginning of experiment to 0.13 mg/L at the
end of experiment. The total chlorophyll in the control treatment
increased from 2.77 mg/L to 5.61 mg/L during the same period. This
indicates that the presence of Cu and Cd inhibited the growth of
periphyton. A slight increase in chlorophyll was observed in the
middle stages (from 18 to 54 h) and the late stages (from 78 to 240 h)
in the presence of heavy metals, implying that the periphyton is
able to self-regulate.

The maximum electron transfer rate (ETRmax) is a critical
parameter for characterizing the rate of photosynthesis of micro-
bial aggregates, such as multiple algal communities, and the
state of algal growth [51]. Results showed that the ETRpax
of periphyton in the control treatment fluctuated between
0.205 pmol/(m?2s)~! and 0.379 wmol/(m?2s)~! during the experi-
ment. The ETRpax after exposure to heavy metal pollution however,
sharply decreased from ~0.268 pmol/(m?s)~! in the beginning to
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Fig. 3. Variation in the total chlorophyll and maxmium electron transport rate (ETRyax ) of the periphyton in the presence and absence of heavy metal contamination.

0.008 pmol/(m? s)~1 at 102 h (Fig. 3). Interestingly, a slight increase
in ETRmax of 0.008 to 0.015 pmol/(m?s)~! was observed between
102 h and 240 h, with another increase to 0.105 pwmol/(m?s)~! at
960 h (data not shown in Fig. 3). These increases may be due to the
periphyton adapting to the contaminated conditions.

3.4. The evolution of the periphyton community

Algae (such as Cyanobacteria, diatoms), bacteria (such as anti-
nomies and Nitrobacteria), fungi (such as trichobacteria and
Candida) and protozoa were the dominant taxa in the periphytic
communities at the beginning of the experiment (Fig. 4). After expo-
sure to heavy metal pollution the periphyton community changed
with algae becoming the dominant species.

Blue algae (Cyanobacteria), green algae and brown algae were
the dominant algae identified by chlorophyll content (Fig. 5a and b).
The biomass of these three algal groups rapidly declined over time
with brown algae becoming the main component of the periphy-
ton in the later stages (from 102 to 240 h) in the presence of heavy
metal contamination. In the control treatment, green and brown
algae were the dominant species after 18 h. These results suggest
that only the brown algae could withstand the combined pollu-
tion of Cu and Cd, though it was also inhibited to some degree. The
biomass of heterotrophs was calculated as the difference between
total biomass (represented by total chlorophyll) and autotrophic
organism biomass (represented by green, blue and brown algal
chlorophyll).

The results showed that the biomass of heterotrophs in
the control treatment fluctuated periodically due to the aging-

regeneration shifts of the periphyton. In the treatment with Cu
and Cd, the biomass of heterotrophs sharply increased from 8.23 to
21.43 mg after 2 h (Fig. 5c). These results show that the dominant
periphyton species changed from autotrophic organisms (i.e. algae)
to heterotrophs to adapt to the contaminated conditions. The abil-
ity of microorganisms to utilize amines and amino acids increased
in the periphyton compared to the control (Fig. 5d), suggesting
that the proportion of heterotrophs in the periphyton increased
gradually [41].

3.5. Mechanism used in heavy metal removal by periphyton

Microbial metabolism activity based on the utilization of carbon
sources is usually characterized by average well-color development
(AWCD) determined using Biolog EcoPlates™ [41]. In the control,
the AWCD significantly increased from the beginning to the middle
of the experiment (p <0.05) and then slightly decreased in the later
stages (Fig. 6). The AWCD values increased with incubation time at
each period of the experiment (the middle stage and the end of the
experiment) in the contaminated treatment. There was a positive
linear relationship between AWCD and the contents of Cu and Cd
in the periphyton as follows:

AWCD = 0.0219 x (CuandCd, mg/kg) + 0.0384(R?
= 0.70,p < 0.05) (3)
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These results showed that although the presence of Cu and Cd
decreased the ability of the periphyton to utilize carbon, the peri-
phyton had the ability adapt to the contaminated conditions.

Diversity indices (Simpson, Shannon, McIntosh and Pielou
indices) calculated based on AWCD values were used to charac-
terize the function of periphyton [41,52]. Although the Shannon,
Simpson and Pielou indices decreased with incubation time in the

presence of Cu and Cd, the average McIntosh index increased from
1.98 at the beginning to 2.01 at the middle stage of the experi-
ment (Fig. 6). This implies that the periphyton had experienced
a self-adjustment period to maintain the evenness of periphytic
communities [41]. This result is similar to previous results demon-
strating that the dominant species changed from photoautotrophs
to heterotrophs.
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Extracellular polymeric substance (EPS) is the main chemi-
cal component on the periphyton surface [36], and has a strong
affinity for heavy metal ions. High molecular organic matter such
as proteins and polysaccharides in the EPS might change the
adsorption-desorption processes of Cu and Cd. In addition, the
negatively charged protein groups containing amino, amide and
carboxyl group in the EPS might lead to competitive adsorption
of coexisting metal ions such as Cu?* and Cd2* [11,53,54]. Conse-
quently, the amount of Cd accumulated on the periphyton surface
and in the cells differed from the amount of Cu accumulated.The
capacity of the periphyton to accumulate heavy metals is higher
than in some previous studies. For instance, the maximum capacity
of Cd entrapment by the Cd-hyperaccumulator Solatium nigrum L. is
124.6 mg/kg [15], which is lower than our results (Cd capacity up to
174 mg/kg). Moreover, using periphyton permits the simultaneous
removal of Cd and Cu while the specific heavy metal hyperaccumu-
lator can only accumulate single species heavy metals [12,15].

Due to the diverse compositions of periphyton, the periphy-
ton forms a self-regulating hierarchical microecosystem [36]. Due
to this self-adjusting ability, the use of periphyton has potential
for in-situ remediation of heavy metal contaminated paddy fields
(Figs. 5 and 7). In addition, the complex structure of the periphyton
is beneficial for entrapping multiple heavy metals. In this study,
the Cu and Cd were first adsorbed by periphyton and then des-
orbed (Fig. 1a). Compared to single microbial communities such as
algae [17], fungi [18], and bacteria [19], the heavy metal contents
desorbed from the periphyton were low. A Cu and Cd removal effi-
ciency of approximately 22.5% to 68.8% was observed with initial
concentrations of 10 mg/L (Fig. 1a).

3.6. The accumulation of Cd and Cu in rice seed

The rice germination experiments were conducted to investi-
gate the effects of periphyton on heavy metal accumulation in rice
and rice germination. The results showed that when water (with-
out heavy metals and periphyton) was used to culture rice, the
concentration of Cu and Cd in rice was very low, 0.49 mg/L for Cd
and 10.08 mg/L for Cu; and the number of rice seeds germinating
increased with time, implying that the rice seeds were healthy.

The concentration of Cu and Cd accumulated in the rice in the
treatment (with heavy metals and periphyton) was lower than
those in the control (with heavy metals but without periphyton,
Fig. 7). Cu was more easily accumulated by rice seed than Cd in the
different treatments. Although the number of rice seeds germinat-
ing increased with incubation time under the different conditions,

the number of rice seeds germinating in the control with heavy
metals only was lower than in the treatment with heavy metals
and periphyton. These results suggest that periphyton reduces the
toxic impacts of Cu and Cd on rice.

3.7. Implications for in-situ remediation of heavy metal
contamination in paddy fields

Due to increasing mining activity and the overuse of chemi-
cal fertilizers on paddy fields, more attention has been paid to the
remediation of heavy metal contaminated paddy fields. The reduc-
tion of heavy metal bioavailability and the accumulation of heavy
metals by hyper-acccumulators have proved to be two effective
measures [12]. The immobilization and accumulation of Cu and Cd
by environmentally friendly materials such as rice straw ash and
biochar [13,14] or hyper-accumulators such as S. nigrum L. [15] and
Commelina communis [16] have been widely employed.

The additional materials such as rice straw ash and biochar how-
ever, might adsorb and/or desorb other contaminants including Cd,
Cu,Pband Zn[13,14,55] or nutrients such as phosphorus [56], lead-
ing to shifts in the balance of the element biogeochemical cycles
in paddy fields. Additionally, the in-situ remediation of contami-
nated paddy fields using hyper-accumulators might be impractical
at large scales.

In this study, the removal process of Cu and Cd by periphyton
was a periodic cycling of adsorption-desorption. While the use of
periphyton is a stable method for the removal of heavy metals such
as Cu and Cd from paddy fields over the long term, the periphyton
containing the accumulated Cu and Cd must be removed from the
paddy fields before the heavy metals are desorbed. This periphyton
removal should be done in non-planting seasons.

The toxicity of Cu and Cd in paddy fields poses an ecological
risk to rice safety and human health [57]. These multiple contam-
inants also cause heavy damage to periphyton in the early stages.
Although the periphyton was stressed by Cu and Cd, the activity
and functionality of the periphyton recovered to some degree after
adaption. The periphyton in this study exhibited an ability to adapt
to the combined pollution of Cu and Cd through changes in photo-
synthesis, microbial composition, utilization of carbon sources and
functional diversity (Figs. 3, 5 and 6).

In the study, the pH decreased from 6.63 to 5.6 during the intro-
duction of periphyton, which is needed to keep the heavy metals
dissolvable at the early stage of the experiment (Fig. 1). As these pH
levels are similar to those occurring naturally in rice paddy fields,



J. Yang et al. / Journal of Hazardous Materials 304 (2016) 150-158 157

150 -
Eb EHCd ®mCu
& J
g 120
2
=)
.8
= 90
2
=
=
g
3 60
E]
=]
]
T 30
=
O

0 I
water heavy metal periphyton + metal

25 9 —=— water
§ —4— heavy metal
- 20
P:; —x— periphyton + metal
g
E 15
D
o0
[}
=
s 10
5
£
2 5
[}
-=
=
1 2 3 4 5 6 7
Time (d)

Fig. 7. Variation in heavy metal accumulation in rice and the number of rice seeds germinating under different conditions.

little modification will need to be made in relation to periphyton
performance in natural pH conditions.

From an ecological point of view, the microorganisms in
periphyton have the ability to self-acclimate and thus can
adapt to various contamination levels [24,30,36], as seen in this
study (Figs. 3, 6 and 7), leading to a relatively steady entrap-
ment/accumulation of heavy metals by periphyton. In the paddy
field environment, sediments provide a habitat for native microor-
ganisms, which in turn supply microbial species for the aggregation
of periphyton on the surface of the sediments, thus facilitating the
decontamination of heavy metals.

4. Conclusions

In this study, native periphyton was proposed to entrap Cu and
Cd in paddy fields. The periphyton in paddy fields kept Cu-and
Cd-dissolvable and then accumulated the heavy metals from the
aqueous phase. The periphyton had a high capacity to accumu-
late Cu and Cd from water. As a result, the Cu and Cd contents
in rice were low and the number of rice seeds germinating was
high compared to the control (without periphyton). Cd was accu-
mulated more by the periphytic cells than Cu. Although Cu and Cd
negatively affected periphyton growth, the periphyton exhibited
significant potential to recover its photosynthesis ability, metabolic
activity and functionality by altering its community structure. The
findings in this study provide a promising and environmentally
benign biomeasure to simultaneously entrap Cu and Cd from paddy
fields, and also offer some valuable insights into the adaption of
periphyton to ecosystems contaminated by heavy metals.

Acknowledgements

We sincerely thank Dr Clare Morrison from School of Envi-
ronment, Griffith University, Australia for her valuable comments
and revision of this manuscript. This work was supported by
the State Key Development Program for Basic Research of China
(2015CB158200), the National Natural Science Foundation of China
(41422111 and 41171363) and “Grand Challenges Exploration” of
The Bill & Melinda Gates Foundation.

References

[1] A. Arini, A. Feurtet-Mazel, S. Morin, R. Maury-Brachet, M. Coste, F. Delmas,
Remediation of a watershed contaminated by heavy metals: a 2-year field
biomonitoring of periphytic biofilms, Sci. Total Environ. 425 (2012) 242-253.

[2] Z.Li, Z. Ma, TJ. van der Kuijp, Z. Yuan, L. Huang, A review of soil heavy metal
pollution from mines in China: pollution and health risk assessment, Sci. Total
Environ. 468-469 (2014) 843-853.

[3] A. Ippolito, M. Kattwinkel, J.J. Rasmussen, R.B. Schdfer, R. Fornaroli, M. Liess,
Modeling global distribution of agricultural insecticides in surface waters,
Environ. Pollut. 198 (2015) 54-60.

[4] R. Bian, S. Joseph, L. Cui, G. Pan, L. Li, X. Liu, A. Zhang, H. Rutlidge, S. Wong, C.
Chia, C. Marjo, B. Gong, P. Munroe, S. Donne, A three-year experiment
confirms continuous immobilization of cadmium and lead in contaminated
paddy field with biochar amendment, J. Hazard. Mater. 272 (2014) 121-128.

[5] B.Huang, Z. Li, ]. Huang, L. Guo, X. Nie, Y. Wang, Y. Zhang, G. Zeng, Adsorption
characteristics of Cu and Zn onto various size fractions of aggregates from red
paddy soil, J. Hazard. Mater. 264 (2014) 176-183.

[6] K. Zhao, X. Liu, J. Xu, H.M. Selim, Heavy metal contaminations in a soil-rice
system: identification of spatial dependence in relation to soil properties of
paddy fields, J. Hazard. Mater. 181 (2010) 778-787.

[7] J.A. Lee, 1.D. Marsden, C.N. Glover, The influence of salinity on copper
accumulation and its toxic effects in estuarine animals with differing
osmoregulatory strategies, Aquat. Toxicol. 99 (2010) 65-72.

[8] M. Hashemi-Manesh, The toxic effect of copper on human low density
lipoprotein oxidation, Toxicol. Lett. 196 (2010) S298-5299.

[9] C.Wang, X. Hu, M.-L. Chen, Y.-H. Wu, Total concentrations and fractions of Cd,
Cr, Pb, Cu, Ni and Zn in sewage sludge from municipal and industrial
wastewater treatment plants, J. Hazard. Mater. 119 (2005) 245-249.

[10] Q. Wy, ].Y.S. Leung, X. Geng, S. Chen, X. Huang, H. Li, Z. Huang, L. Zhu, J. Chen,
Y. Lu, Heavy metal contamination of soil and water in the vicinity of an
abandoned E-waste recycling site: implications for dissemination of heavy
metals, Sci. Total Environ. 506-507 (2015) 217-225.

[11] E.F. Covelo, F.A. Vega, M.L. Andrade, Simultaneous sorption and desorption of
Cd, Cr, Cu, Ni, Pb, and Zn in acidsoils: II. Soil ranking and influence of soil
characteristics, J. Hazard. Mater. 147 (2007) 862-870.

[12] G.N. Koptsik, Problems and prospects concerning the phytoremediation of
heavy metal polluted soils: a review, Eurasian Soil Sci. 47 (2014) 923-939.

[13] S.-H. Hsu, S.-L. Wang, J.-H. Huang, S.-T. Huang, M. Wang, Effects of rice straw
ash amendment on Cd solubility and distribution in a contaminated paddy
soil under submergence, Paddy Water Environ. 13 (2015) 135-143.

[14] J.-H. Huang, S.-H. Hsu, S.-L. Wang, Effects of rice straw ash amendment on Cu
solubility and distribution in flooded rice paddy soils, ]. Hazard. Mater. 186
(2011) 1801-1807.

[15] S. Wei, Q. Zhou, X. Wang, K. Zhang, G. Guo, L. Ma, A newly-discovered
Cd-hyperaccumulator Solatium nigrum L, Chin. Sci. Bull. 50 (2005) 33-38.

[16] H. Wang, X.-q. Shan, B. Wen, S. Zhang, Z.-j. Wang, Responses of antioxidative
enzymes to accumulation of copper in a copper hyperaccumulator of
commoelina communis, Arch. Environ. Contam. Toxicol. 47 (2004) 185-192.

[17] T.A. Davis, B. Volesky, A. Mucci, A review of the biochemistry of heavy metal
biosorption by brown algae, Water Res. 37 (2003) 4311-4330.

[18] Y. Xie, H. Luo, Z. Du, L. Hu, ]. Fu, Identification of cadmium-resistant fungi
related to Cd transportation in bermudagrass [Cynodon dactylon (L.) Pers.],
Chemosphere 117 (2014) 786-792.

[19] C.H. Johansson, L. Janmar, T. Backhaus, Toxicity of ciprofloxacin and
sulfamethoxazole to marine periphytic algae and bacteria, Aquat. Toxicol. 156
(2014) 248-258.

[20] T. Bere, M.A. Chia, ].G. Tundisi, Effects of Cr Il and Pb on the bioaccumulation
and toxicity of Cd in tropical periphyton communities: implications of pulsed
metal exposures, Environ. Pollut. 163 (2012) 184-191.

[21] P.Bradac, B. Wagner, D. Kistler, J. Traber, R. Behra, L. Sigg, Cadmium
speciation and sccumulation in periphyton in a small stream with dynamic
concentration variations, Environ. Pollut. 158 (2010) 641-648.

[22] D. Soldo, R. Behra, Long-term effects of copper on the structure of freshwater
periphyton communities and their tolerance to copper, zinc, nickel and silver,
Aquat. Toxicol. 47 (2000) 181-189.

[23] R. Yan, F. Yang, Y. Wu, Z. Hu, B. Nath, L. Yang, Y. Fang, Cadmium and mercury
removal from non-point source wastewater by a hybrid bioreactor, Bioresour.
Technol. 102 (2011) 9927-9932.


http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0005
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0010
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0015
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0020
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0025
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0030
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0035
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0040
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0045
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0050
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0055
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0060
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0065
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0070
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0075
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0080
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0085
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0090
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0095
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0100
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0105
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0110
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0115

158 J. Yang et al. / Journal of Hazardous Materials 304 (2016) 150-158

[24] Y. Wu, T. Li, L. Yang, Mechanisms of removing pollutants from aqueous
solutions by microorganisms and their aggregates: a review, Bioresour.
Technol. 107 (2012) 10-18.

[25] H.J. Higgins, R.E. Kling, W.D. Hecky, H.A. Taylor, The community composition,
distribution, and nutrient status of epilithic periphyton at five rocky littoral
zone sites in lake Malawi, Africa, J. Great Lakes Res. 29 (Suppl. 2) (2003)
181-189.

[26] L.L. Rectenwald, R.W. Drenner, Nutrient removal from wastewater effluent
using an ecological water treatment system, Environ. Sci. Technol. 34 (1999)
522-526.

[27] H. Khatoon, F. Yusoff, S. Banerjee, M. Shariff, ].S. Bujang, Formation of
periphyton biofilm and subsequent biofouling on different substrates in
nutrient enriched brackishwater shrimp ponds, Aquaculture 273 (2007)
470-477.

[28] J. Cui, B. Shan, W. Tang, Effect of periphyton community structure on heavy
metal accumulation in mystery nnail (Cipangopaludina chinensis): a case study
of the Bai River, China, J. Environ. Sci. 24 (2012) 1723-1730.

[29] K. Obolewski, E. Skorbitowicz, M. Skorbitowicz, K. Glifiska-Lewczuk, A. Maria
Astel, A. Strzelczak, The effect of metals accumulated in reed (Phragmites
australis) on the structure of periphyton, Ecotoxicol. Environ. Saf. 74 (2011)
558-568.

[30] Y. Wu, . He, L. Yang, Evaluating adsorption and biodegradation mechanisms
during the removal of microcystin-RR by periphyton, Environ. Sci. Technol. 44
(2010) 6319-6324.

[31] LJ. Scinto, K.R. Reddy, Biotic and abiotic uptake of phosphorus by periphyton
in a subtropical freshwater wetland, Aquat. Bot. 77 (2003) 203-222.

[32] M. Wang, W.C. Kuo-Dahab, S. Dolan, C. Park, Kinetics of nutrient removal and
expression of extracellular polymeric substances of the Microalgae, Chlorella
sp. and Micractinium sp., in wastewater treatment, Bioresour. Technol. 154
(2014) 131-137.

[33] A. Paraneeiswaran, S.K. Shukla, K. Prashanth, T.S. Rao, Microbial reduction of
[Co(II)-EDTA]- by Bacillus licheniformis SPB-2 strain isolated from a solar salt
san, ]. Hazard. Mater. 283 (2015) 582-590.

[34] A.R.A. Usman, Y.A. Almaroai, M. Ahmad, M. Vithanage, Y.S. Ok, Toxicity of
synthetic chelators and metal availability in poultry manure amended Cd, Pb
and As contaminated agricultural soil, J. Hazard. Mater. 262 (2013)
1022-1030.

[35] E.L. Quinlan, C.T. Nietch, K. Blocksom, J.M. Lazorchak, A.L. Batt, R. Griffiths, D.J.
Klemm, Temporal dynamics of periphyton exposed to tetracycline in stream
mesocosms, Environ. Sci. Technol. 45 (2011) 10684-10690.

[36] Y. Wu, L. Xia, Z. Yu, S. Shabbir, P.G. Kerr, In Situ bioremediation of surface
waters by periphytons, Bioresour. Technol. 151 (2014) 367-372.

[37] C.EPA, http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.
html, (2014).

[38] S. Henriques, A. Aradjo, V.B. Pereira, A. Menezes-Oliveira, A.M.V.M. Correia, ]J.
Soares, M.].B. Scott-Fordsmand, Combined effect of temperature and copper
pollution on soil bacterial community: climate change and regional variation
aspects, Ecotoxicol. Environ. Saf. 111 (2015) 153-159.

[39] J. Zhou, ]. Zhou, R. Feng, Status of China’s heavy metal contamination in soil
and its remediation strategy, Bull. Chin. Acad. Sci. 29 (2014) 315-336.

[40] Y. Zhang, ]. Jiang, M. Chen, MINTEQ modeling for evaluating the leaching
behavior of heavy metals in MSWI fly ash, J. Environ. Sci. 20 (2008)
1398-1402.

[41] T.Li, L. Bo, F. Yang, S. Zhang, Y. Wu, L. Yang, Comparison of the removal of COD
by a hybrid bioreactor at low and room temperature and the associated
microbial characteristics, Bioresour. Technol. 108 (2012) 28-34.

[42] C.R. Worden, W.K. Kovac, L.A. Dorn, T.R. Sandrin, Environmental pH affects
transcriptional responses to cadmium toxicity in Escherichia coli K-12
(MG1655), FEMS Microbiol. Lett. 293 (2009) 58-64.

[43] X.D. Wang, Y.B. Ma, L. Hua, M.J. McLaughlin, Identification of hydroxyl copper
toxicity to barleyA (Hordeum vulgare) root elongation in solution culture,
Environ. Toxicol. Chem. 28 (2009) 662-667.

[44] S.R. Chowdhury, E.K. Yanful, Kinetics of cadmium(II) uptake by mixed
maghemite-magnetite nanoparticles, J. Environ. Manage. 129 (2013) 642-651.

[45] T.W. Harding, Adsorption of aqueous cadmium(Il) on amphoteric latex
colloids: II. Isoelectric point effects, J. Colloid Interface Sci. 107 (1985)
371-381.

[46] A.F.Sweeney, ]J.T. O'Brien, E.R. Williams, P.B. Armentrout, Structural
elucidation of hydrated CuOH* complexes using IR action spectroscopy and
theoretical modeling, Int. J. Mass spectrom. 378 (2015) 270-280.

[47] V. Subramaniam, S. Vithayaveroj, C. Yiacoumi, Copper uptake by silica and
iron oxide under high surface coverage conditions: surface charge and
sorption equilibrium modeling, J. Colloid Interface Sci. 268 (2003) 12-22.

[48] G. Pierre, ].-M. Zhao, F. Orvain, C. Dupuy, G.L. Klein, M. Graber, T. Maugard,
Seasonal dynamics of extracellular polymeric substances (EPS) in surface
sediments of a diatom-dominated intertidal mudflat (Marennes-Oléron,
France), ]. Sea Res. 92 (2014) 26-35.

[49] LR. Jenkinson, J. Sun, Drag increase and drag reduction found in
phytoplankton and bacterial cultures in laminar flow: are cell surfaces and
EPS producing rheological thickening and a lotus-leaf effect? Deep Sea Res.
Part II: Top.Stud. Oceanogr. 101 (2014) 216-230.

[50] B. Chen, F. Li, N. Liu, F. Ge, H. Xiao, Y. Yang, Role of extracellular polymeric
substances from Chlorella vulgaris in the removal of ammonium and
orthophosphate under the stress of cadmium, Bioresour. Technol. 190 (2015)
299-306.

[51] Y. Wu, ]. Liy, L. Yang, H. Chen, S. Zhang, H. Zhao, N. Zhang, Allelopathic control
of cyanobacterial blooms by periphyton biofilms, Environ. Microbiol. 13
(2011) 604-615.

[52] A.Rusznyak, P. Vladar, P. Molnar, M.N. Reskéné, G. Kiss, K. Mdrialigeti, A.K.
Borsodi, Cultivable bacterial bomposition and BIOLOG batabolic diversity of
biofilm communities developed on Phragmites australis, Aquat. Bot. 88 (2008)
211-218.

[53] E.F. Covelo, F.A. Vega, M.L. Andrade, Competitive sorption and desorption of
heavy metals by individual soil components, ]. Hazard. Mater. 140 (2007)
308-315.

[54] E.F.Vega, M.L. Covelo, Competitive sorption and desorption of heavy metals in
mine soils: influence of mine soil characteristics, J. Colloid Interface Sci. 298
(2006) 582-592.

[55] K. Luy, X. Yang, J. Shen, B. Robinson, H. Huang, D. Liu, N. Bolan, J. Pei, H. Wang,
Effect of bamboo and rice straw biochars on the bioavailability of Cd, Cu Pb
and Zn to sedum plumbizincicola, Agric. Ecosyst. Environ. 191 (2014)
124-132.

[56] Y. Yao, B. Gao, M. Inyang, A.R. Zimmerman, X. Cao, P. Pullammanappallil, L.
Yang, Removal of phosphate from aqueous solution by biochar derived from
anaerobically digested sugar beet tailings, ]. Hazard. Mater. 190 (2011)
501-507.

[57] X.Liu, J. Wu, J. Xu, Characterizing the risk assessment of heavy metals and
sampling uncertainty analysis in paddy field by geostatistics and GIS, Environ.
Pollut. 141 (2006) 257-264.


http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0120
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0125
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0130
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0135
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0140
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0145
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0150
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0155
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0160
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0165
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0170
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0175
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0180
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://www.sdpc.gov.cn/fzgggz/ncjj/zhdt/201404/t20140418_607888.html
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0190
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0195
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0200
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0205
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0210
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0215
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0220
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0225
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0230
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0235
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0240
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0245
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0250
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0255
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0260
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0265
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0270
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0275
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0280
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285
http://refhub.elsevier.com/S0304-3894(15)30178-3/sbref0285

	Co-contamination of Cu and Cd in paddy fields: Using periphyton to entrap heavy metals
	1 Introduction
	2 Materials and methods
	2.1 Periphyton sample collection and culture
	2.2 Accumulation experiment
	2.3 Rice seed germination experiment
	2.4 Sampling and analysis

	3 Results and discussion
	3.1 Heavy metal removal and their speciation distribution
	3.2 Cu and Cd accumulation in periphytic surfaces and cells
	3.3 Effect of heavy metals on periphyton growth
	3.4 The evolution of the periphyton community
	3.5 Mechanism used in heavy metal removal by periphyton
	3.6 The accumulation of Cd and Cu in rice seed
	3.7 Implications for in-situ remediation of heavy metal contamination in paddy fields

	4 Conclusions
	Acknowledgements
	References


