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ABSTRACT

Blooms of phytoplankton, which are common in freshwater ecosystems, might not only affect quality of
water but also influence biogeochemical processing of pollutants. Based on three years of field obser-
vations in sediments of Tai Lake, China, concentrations of organochlorine (OC) pesticides and polycyclic
aromatic hydrocarbons (PAHs) in areas where blooms occurred were 2.4 and 3.4 times greater than
concentrations in areas without blooms. Concentrations of octylphenol (OP), nonylphenol (NP) and
bisphenol A (BPA) in areas where blooms did not occur were 3.8, 4.4 and 2.6 times greater than con-
centrations in areas where blooms did occur. To explain the differences, simultaneous, seasonally de-
terminations of the water-sediment-phytoplankton-snails disequilibria were determined empirically.
Greater sinking and lesser diffusion were shown to be probable drivers of the burial of 3-HCH, 4-ring and
5-ring PAHs in surface sediments of areas in which blooms occurred, being as much as 0.58, 38 and
45 g month~. Large biodegradation and low burial was shown to be the probable reason of the inverse
proportion of NP, OP and BPA in both water and sediment to biomass which might be due to the
enhanced metabolic capacity of bacterial community associated with algae blooms. These phenomena
further influence the persistent hydrophobic organic chemicals in the snail species (Bellamya quadrata)
being greater in winter but lesser in summer, which is probably due to the positive relationship with the
concentrations in sediment when snails were dormant and with the concentrations in water after
dormancy. Thus, in Tai Lake, the fate and distribution of persistent and biodegradable contaminants in
sediments and snails is influenced by blooms of phytoplankton, which should be included in models of
environmental fates of contaminants.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

especially more persistent organic pollutants (POPs) in the envi-
ronment is deserving increasing attention. Efforts to control sour-

Sources and fates of hydrophobic organic chemicals (HOCs), ces of predominant organic pollutants and eliminate emissions

have been implemented in many countries, including China
(Breivik et al., 2004). Due to the reduced production and use of
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polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane
(DDT), hexachlorocyclohexane (HCH) and other organochlorine
chemicals that has historically been issues, concentrations of these
POPs have been decreasing in air, water and biota (Tieyu et al.,
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2005; Carlson et al., 2010). However, sediments can serve as sec-
ondary sources of POPs and are important in the environmental
fates of chemicals.

To predict their environmental fate, models of HOCs should
include their mobilization to and from sediments (Streets et al.,
2006). Understanding of biogeochemical processes is indispens-
able for migration of HOCs to sediments of aquatic environments.
Aquatic macro-organisms such as salmon, and seabirds have been
demonstrated to transfer contaminants to sediments and some
recent work has highlighted the role of phytoplankton (Krmmel
et al., 2003; Blais et al., 2005; Everaert et al., 2015). A theoretical
assessment to understand influences of plankton on trans-
formation of organic contaminants, especially POPs, from air to
water and sediments has been developed (Dachs et al.,, 1999). A
series of studies, based on concentrations from simultaneously
collected environmental compartments, have suggested that up-
take of POPs by marine phytoplankton with subsequent transfer of
bound POPs to sediment promotes fluxes of POPs from sediment-
to-water, water-to-biota and air-to-water (Meijer et al., 2006;
Galbn-Malagn et al., 2012; Berrojalbiz et al., 2011a). For example,
results of a recent study demonstrated that, in the North Sea,
biomass of phytoplankton are positively correlated with the annual
maxima of PCB concentrations in sediments and are negatively
correlated with concentrations of PCB in blue mussels (Mytilus
edulis) (Everaert et al., 2015).

In freshwater ecosystems, blooms of phytoplankton, which was
characterized by increased biomass of phytoplankton in water, can
influence sedimentation of organic pollutants (Krmmel et al., 2003;
Carstensen et al., 2007; Janetski et al., 2012). Organic contaminants
in bottom sediments can be buried by accumulating sediment, or
recycled to the water column, or re-distributed to depositional
zones under influence of blooms of phytoplankton (Fernandez
et al,, 1999). These contaminants sediments are believed to influ-
ence contaminants in benthonic organisms (Hughes et al., 1999).
Although well-described in theory and a field evidence has also
shown the effects of biomass on distributions of PCBs in
zooplankton and fish, but influences of increased biomass on
accumulation of organic contaminants by freshwater benthonic
organisms was still less well understood (Meijer et al., 2006).

Some blooms of phytoplankton in freshwater system are pri-
marily formed by cyanobacteria, which might cause not only
sedimentation but also dilution and degradation of organic con-
taminants (Paerl et al., 2011; Subashchandrabose et al., 2013). Due
to dilution as the same mass of pollutants are partitioned into a
larger mass of phytoplankton if mass of POPs in the system
remaining constant, concentrations of some POPs in phytoplankton
were inversely proportional to biomass of phytoplankton due to
dilution as the same mass of pollutants are partitioned into a larger
mass of phytoplankton if mass of POPs in the system remains
constant (Larsson et al., 1990). Although this phenomenon has been
well-characterized for POPs such as PCBs and organochlorine (OC)
pesticides, field evidence for effects of dynamics of phytoplankton
on more degradable compounds was lacking. Previous studies have
indicated that bacteria-phytoplankton dynamics in lakes might
result in biodegradation of organic contaminants (Stets and Cotner,
2008; Sundh, 1992). However, the empirical evidence of the
effectiveness of biological process on biodegradable organic pol-
lutants and their occurrence in sediments are limited.

Tai Lake (Ch: Taihu), the third largest freshwater lake in China, is
a wide, shallow, hyper-eutrophic lake, that has been affected by
expansion of economies, industrialization and urbanization (Paerl
et al,, 2011; James et al., 2009), and is thus influenced by both
eutrophication and organic pollution. Concentrations of POPs have
been observed to be greater in sediments of more eutrophic areas
in the northern part of the lake (Wang et al., 2003). While inputs

from rivers is still the primary source of contaminants, relative
proportions of contaminants in sediments and benthic organisms
associated with greater biomass of phytoplankton during blooms
were lacking.

The objectives of the study, results of which are presented here,
were to: 1) examine spatial occurrences and sources of organic
residues of varying persistence in sediments of Tai Lake, China. 2)
determine temporal and inter-annual variability in distribution,
fate and disequilibria of persistent and degradable contaminants in
sediment and biota as functions of coupling with primary producer
biomass dynamics.

2. Materials and methods
2.1. Chemicals

Eight OC pesticides, sixteen polycyclic aromatic hydrocarbons
(PAHs), bisphenol A (BPA), nonylphenol (NP) and octylphenol (OP)
were purchased from Sigma Chemical (Co., St. Louis, MO, USA).
Internal standards including *C-PCB 141, acenaphthene-d10, pyr-
ene-d10, bisphenol A-d14 and dibenzo (a,h)anthracene-d14 were
purchased from AccuStandard (New Haven, CT, USA). Information
of these chemicals is provided in Table S1 in supporting informa-
tion (SI).

2.2. Study area

The study was conducted in Tai Lake, China (Fig. 1). Locations 1
and 2 were located in the eastern part of the lake where fewer
cyanobacteria occur. Locations 4, 5 and 9 were in the vicinity of
outlets from northern areas of Tai Lake, which is characterized by
accumulation of cyanobacteria. There are few incidental sources of
pollution in the northern portion of Tai Lake. Riverine inputs were
one of the primary sources of pollution at Locations 6, 7 and 8 (Yang
and Liu, 2010). Locations 3, 10 and 11were in the central open water
area of Tai Lake, which is remote from sources of pollution and thus
the least contaminated part of Tai Lake.

2.3. Sampling and preparation

To describe spatial variations of organic contaminants, surface
sediments (0—2 cm, 2000 g wet mass (wm)) were collected in Nov.
2009, 2010 and 2011 at the above mentioned 11 locations. The
season during which blooms developed was from April to late
October, with greater biomass occurring from early May to late
October. To further confirm driving factors and temporal variety of
distributions of organic contaminants, surface sediment and water
were collected simultaneously from locations 3, 4, 5,9, 10 and 11, in
April, July and October of 2013. Samples of phytoplankton were also
collected from areas in which blooms of phytoplankton were
occurring, including locations 4, 5 and 9. Snails (Bellamya quadrata),
one of the most common benthonic organisms in Tai Lake, were
collect at the beginning and end of blooms (during April and
October, 2013) to describe variability of organic contaminants in
benthonic organisms related to blooms. Water, sediments, phyto-
plankton and B. quadrata were given codes that consisted of a letter
followed by locations and time (see Supporting Information (SI)
Methods for details).

Samples of sediments were collected by use of a gravity corer.
Phytoplankton which consisted primarily of cyanobacteria was
collected by use of a plankton net (mesh size, 10 um; diameter of
net opening, 20 cm). Five samples were collected from each area
and composited into a single sample. Five liters of water, 2000 g
(wm) of surface sediment, 2000 g of phytoplankton and 1000 g of
B. quadrata (wm) were collected at each location and transported
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Fig. 1. Distribution of Organochlorine (OCs) pesticides, polycyclic aromatic hydrocarbons (PAHs), nonylphenol (NP), octylphenol (OP) and bisphenol A (BPA) in surface sediments of
Tai Lake, China in spatial variations examination. Concentrations were measured during the late cyanophyceae bloom season of 2009, 2010 and 2011. Samples from east bay, area
characterized by blooms, inflows of rivers, open lake were colored by red, fuchsia, yellow and purple, respectively. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

immediately to the laboratory. Transparency and depth of water
were obtained in situ. Water temperature, pH, dissolved oxygen
(DO), concentrations of chlorophyll a (Chla) and transparency were
measured in situ by use of an YSI Environmental Monitoring System
6600 (YSI Incorporated, Yellow Springs, OH, USA). Concentrations
of Chla were used as a proxy for phytoplankton biomass (Everaert
et al.,, 2015).

Sediments, phytoplankton, B. quadrata and water were extrac-
ted and fractionated by use of previously described methods (Khim
etal,, 1999; Snyder et al., 1999; Shi et al., 2012). Briefly, 15-g aliquots
of sediment, phytoplankton and B. quadrata were extracted by use
of Accelerated Solvent Extraction (Dionex® ASE 300, Dionex,
Idstein, Germany) after frozen dried and extracts were purified
with a gel permeation chromatography column (GPC; Bio-Beads®
S-X3, ]2 Scientific, AccuPrep® MPS, 20 cm length and 3 cm i.d). Solid
phase extraction (SPE) was performed for 5 L water samples using
500 mg Oasis HLB cartridges (Waters, USA) after filtration to extract
the dissolved organic contaminants. GPC and SPE fractions were
concentrated and passed through 10 g of activated Florisil (60—100
mesh size; Sigma Chemical Co., St. Louis, MO, USA) packed in a glass
column (10 mm i.d.) for clean-up and fractionation. Detailed in-
formation about sampling and preparation of sample is shown in SI.

2.4. Instrumental analyses

Organochlorine pesticides and PAHs were quantified by use of a

Thermo series Il gas chromatograph equipped with a triple quad-
rupole mass spectrometer (San Jose, CA, USA) operating in
multiple-reaction monitoring (MRM) mode. NP, OP and BPA were
quantified using a reverse-phase high-performance liquid chro-
matography with tandem mass spectrometric (Thermo Electron
Corporation, San Jose, CA, USA). Concentrations of all residues are
reported on a dry mass basis. More detailed information for
instrumental analysis, procedural blank and QA/QC is listed in
Table S2.

2.5. Calculation of sinking, diffusion and burial

Vertical settling of HOCs from the water column depletes the
photic zone of dissolved concentrations, through flux of HOCs to
the surface sediments (Jurado and Dachs, 2008). Vertical flux of
HOCs out of the water column (Fsine [mg m~2 d~!]) (Bauerfeind
et al., 2009; Dachs et al., 2000) was calculated (Equation (1)).

Fsink = Fom x Cp (1

Where, Cp, is the concentration in phytoplankton [mg kg~ ']). Foum is
sinking flux of biogenic material [mg m~2 d~']. By assuming that
Fom is equal to vertical flux of organic carbon (Foc), Foc [mg m—2
d~1]) can be calculated (Equation (2)).
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log(Foc) = 1.82 + 0.62log(Chla) (2)

Where, Chla is the concentration of Chla [mg m~3]. It was then
possible to estimate rates of removal of HOCs removed by sinking
from concentrations of Chla in area where blooms of phytoplankton
was occurring from May to October, and the average concentrations
of residues measured in plankton. Rates of diffusion and burial
were calculated based on the previous study (Meijer et al., 2006;
See equations S1 to S3 in SI).

2.6. Estimation of biodegradation

Probabilities of rapid aerobic biodegradation of organic com-
pounds in the presence of mixed populations of microorganisms
were estimated by use of the Estimation Program Interface (EPI)
Suite from US Environmental Protection Agency. Six types of re-
lationships were used, including: Linear, Non-Linear, Ultimate
Biodegradation Timeframe, Primary Biodegradation Timeframe,
MITI Linear and MITI Non-Linear.

2.7. Data analyses

To detect relative similarities of profiles of pollutants and spe-
cific properties in sediments, principal component analysis (PCA)
was performed using Simca-P 11.5 software (Umetrics, Sweden). All
concentrations of classes of organic contaminants including OC
pesticides, 2-, 3-, 4-, 5-, and 6-ring PAHs, NP, OP and BPA were
included in the analysis. To give all variables the same importance
variables were “auto scaled”. This was done by subtracting the
mean from each variable then each variable was divided by its
standard deviation. Numbers of significant components were given
by the eigenvalue limit of 2. The relevant loadings describe how the
original variables contribute to each principal component. Corre-
lations of contaminants and Chla were analyzed by use of Origin 8.5
(Origin software Inc., San Clemente, CA, USA). Homogeneity of
variances and normality of data were tested by use of Levene's Test
and Shapiro-Wilks normality test, respectively. When necessary,
data were log-transformed to obtain homogeneity of variances and
normality. When these assumptions were met, significant differ-
ences between different groups of samples were analyzed by one-
way analysis of variance (ANOVA), followed by Duncan's multiple
comparisons test (SPSS 11).

3. Results and discussion
3.1. Spatial variations of organic contaminants from whole lake

For samples collected from the three years' field investigation,
concentrations of OC pesticides, PAHs, NP, OP and BPA were
detectable in surface sediments (Fig. 1). Total concentrations of
DDTs and HCHs ranged from 2.0 to 9.7 ng/g, dry mass and
1.0—14 ng/g dry mass (Table S3), which are comparable with results
of other studies (Peng et al., 2005). Total concentrations of PAHs
were less than 450 ng/g dry mass (Table S4). Mean concentrations
of HCHs, DDTs and PAHs in surface sediments from areas where
blooms were occurring, including locations 4, 5 and 9, were 2.4-,
2.5- and 3.4-fold greater than concentrations in sediments from
areas where blooms were not occurring, including locations 1, 2, 3,
10 and 11. These concentrations were also greater than concen-
trations in sediments from riverine inputs near locations 6, 7 and 8.
Among the chemicals studied, 5-ring PAHs in sediments from areas
where blooms were occurring exhibited the greatest differences,

which were 7.4 times greater than those from the area where
blooms were not occurring. These results are consistent with those
of previous studies which indicated that areas where blooms were
occurring, in the norther portion of Tai Lake, were more polluted
(Wang et al., 2003). Measurable concentrations of NP, OP and BPA
were observed in all sediments, with concentrations ranging from
4.8 to 34, 16 to 5.6 x 102 and 29 to 15 x 10° ng/g dry mass,
respectively (Table S4). Greatest concentrations were found in
sediments near riverine inputs. Mean concentrations of BPA were
greater than those from sediments of Xiamen Bay and the Pearl
River Delta in southeastern China. This is due to production of BPA
from dozens of chemical plants in the vicinity of Tai Lake. Mean
concentrations of OP, NP and BPA from areas where there were no
blooms of phytoplankton were 3.8-, 4.4- and 2.6-fold greater than
concentrations in areas where blooms occurred. There is little
historical data regarding NP, OP and BPA in surface sediments of
freshwater lakes in China, thus the data presented here establish a
baseline for future monitoring and management of these com-
pounds in this area (Liu et al., 2011).

Principal component analysis (PCA) used for concentrations of
residues in sediments classified three principle groups (Fig. 2).
Sediments from areas in which blooms occurred at Locations 4, 5
and 9, were classified as a distinct region. Loadings were primarily
contributed by y-HCH, 3-HCH, p, p’-DDE, o, p’-DDT, 4- and 5-ring
PAHs and other persistent chemicals (class 1) (Fig. 2A). Areas near
where rivers enter the lake, at locations 6, 7, and 8, were classified
and characterized by greater concentrations of 2- and 3-ring PAHs
(class 2). Other areas were characterized by greater concentrations
of NP, OP and BPA (class 3). Regions where rivers enter the lake
were characterized by a different profile of contaminants than the
area where blooms of phytoplankton occurred, which indicated
additional contribution for contaminants in those areas where
blooms occurred. PCA loadings separated persistent HOCs
including HCHs, DDTs and 4-, 5- and 6-ring PAHs (Fig. 2B). NP, OP,
and BPA being more degradable were also separated (Chang et al.,
2004; Ying and Kookana, 2003; Heitkamp and Cerniglia, 1989).

3.2. Temporal changes in concentrations of persistent contaminants

Disequilibria of concentrations of residues in water-sediment-
phytoplankton, studied by use of simultaneous samplings, at lo-
cations 3, 4, 5,9, 10 and 11 in April, July and October of 2013, were
used to determine sources of contaminants in sediments (Fig. 3,
Table S5). For locations 4, 5 and 9, where blooms occurred, con-
centrations of y-HCH, d-HCH, p, p’-DDE, 4- and 5-ring PAHs in
sediments significantly increased during the season in which
blooms occurred. Concentrations of Chla in water were correlated
with concentrations of 8-HCH (r° = 0.58, p < 0.05), p, p’-DDE
(? = 0.35, p < 0.05), 4-PAHs (° = 0.44, p < 0.05) and 5-ring PAHs
(? = 0.31, p < 0.05) in surface sediments (Fig. 4). These results are
consistent with persistent chemicals at these locations being clas-
sified as class 1 locations by the PCA. This result indicated that
increased biomass in areas where blooms occurred contributed to
greater concentrations of persistent contaminants in surface sedi-
ments. This observation is consistent with results of previous
studies, which indicated that phytoplankton can influence the
mobilization and fate of organic contaminants in aquatic environ-
ments (Galbn-Malagn et al., 2012).

Concentrations of HCHs and PAHs were observed in water
during simultaneous sampling, ranged from 2.3 to 13 and
0.39-6.0 ng/L, respectively. Concentrations of DDTs were less than
the DL (Table S6). Correlations of concentrations of HCHs and PAHs
in the water with biomass were not statistically significant, and
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exhibited spatial and temporal variability in dissolved concentra-
tions, which indicated the combined result of both flux from air to
water and water to sediment. This is consistent with results for
HCHs in sea water in the North Atlantic where blooms occurred
(Zhang et al., 2012).

Concentrations of DDTs, PAHs and some HCHs in phytoplankton
(Table S7) in the area where blooms occurred, at locations 4, 5 and
9, were inversely proportional to concentrations of Chla (SI
Figure S1), which is consistent with the “biomass dilution” hy-
pothesis. Associations for 3-HCH, 5- and 6-ring PAHs were stronger
(? = 0.36, p < 0.05), while other chemicals exhibited weaker re-
lationships. Generally, the more hydrophobic the congener, the
stronger the decrease of concentrations in phytoplankton. The
slope “m” depends on physical-chemical properties of compounds.
This is reflected in the different values of m fitted for 3-HCH, 4-ring,

5-ring and 6-ring PAHs, which has the same trend with the octanol
water partition coefficient (Kow) of different compounds
(Figure S1). Larger values for m suggest greater control of these
hydroponic compounds by plankton biomass. Lesser concentra-
tions of persistent organic pollutants (POPs) have also been re-
ported in phytoplankton when biomass in oceans and lakes was
greater (Galbn-Malagn et al., 2012; Berrojalbiz et al., 2011b). This
result is consistent with the results of the present study.

3.3. Drivers of persistent chemicals in sediments

The surface layer of sediment can receive inputs from sinking
particles, by diffusion from the water column and removal pro-
cesses include resuspension, diffusion to the water column and
burial to deeper (more permanent) sediment (Fig. 5). Among these
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process sinking and diffusion from sediment to water were
considered to be dominant processes. Results of previous studies
have indicated that sinking contributes 93—98% of water to sedi-
ment flux and diffusion contributes 68—100% for sediment to water
flux for PCBs (Meijer et al., 2009). To determine which factors were
driving scavenging and sedimentation of organic pollutants, verti-
cal sinking flux and diffusion of HCHs, DDTs and PAHs were
calculated. Sinking flux ranged from 3.0 to 8.0 ng m 2 d ', 1.3 to
3.7ngm2d ! and 42 to 91 ng m2 d~! for HCHs, DDTs and PAHs,
respectively, in the region of maximum blooms of phytoplankton
(SI Table S8). These fluxes are similar to those previously deter-
mined by use of a sediment trap to measure fluxes of Hexa-
chlorocyclohexane in Tai Lake (Chi et al., 2008). Sediment to water

diffusion fluxes ranged from 5.1 to 12 ng m™2 d~! and 6.6 to
45ng m~2d~! for HCHs and PAHs (not available for DDTs because of
the undetectable concentrations) (SI Table S9). Generally, diffusion
flux for lighter compounds were greater than those for heavier
compounds. Integrated fluxes indicated that, for 3-HCH, 3- ring, 4-
ring and 5-ring PAHs, the overall sinking was greater than the
overall sediment to water diffusion transfer (Fig. 5). Predicted
sediment burial indicated the same trend (SI Table S10). Total ap-
proximations of burial including sinking and diffusion were as
much as 0.58, 38 and 45 g month~! for 8-HCH, 4-ring and 5-ring
PAHs for Meiliang Bay, which was the most eutrophic region with
an area of 129.3 km?. Larger sinking and lesser diffusion is the
probable driver of accumulation of these HOCs in sediments.
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Fig. 5. Migration and transformation of organic pollutants in a eutrophic, freshwater
lake mediated by phytoplankton migrations.

Results of previous studies have suggested that persistent HOCs
associate mainly with organic particles in the water and the greater
rate of sedimentation caused by phytoplankton would result in
contaminants being moved to sediments where they could be
buried and that eutrophication would enhance this flux of material
from the water column (Berglund et al., 2001; Gunnarsson et al.,
2000). Moreover, results of a recent study suggest that alterations
in communities of fishes, caused by eutrophication, could directly
affect aquatic communities and aquatic ecosystem function but
might also indirectly affect migration and transformation of con-
taminants by altering aquatic biomass (Jones et al., 2013). Thus,
blooms of phytoplankton and related biomass might be one of the
reasons for the greater amounts of persistent HOCs observed in
sediments in blooming area, especially during the period of
biomass climax.
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3.4. Influence of blooms on concentrations of biodegradable
contaminants

Lesser concentrations of degradable compounds including NP,
OP and BPA, observed during simultaneous samplings, were in
sediments from areas where blooms were occurring and concen-
trations of contaminants were inversely proportional to concen-
trations of Chla in the water column (Fig. 6). Concentrations of NP,
OP and BPA were less than the detection limit (DL) in all samples of
phytoplankton. This indicated a weak accumulation in phyto-
plankton and the related weak sedimentation. Results of previous
studies have indicated that these contaminants degraded relatively

[S)
90
]
-9 °
o ‘. .
°
°
o e @
e R=052 . o
0
0 10 20 30 40 50 60 70 80
Concentrations of Chla (ug/L)
140
°
120
=0
gh
f 100
z
Z 80
< . @
m | e ) N
=60 | T
E ° = %
Z ® e
3 e Tt
- 40 ° a ® . °
,3 [ ] .'Om.
2=0.3002
20 R2=0.300. °
0
0 10 20 30 40 50 60 70 80
Concentrations of Chla (ug/L)
600
o
Zb 500
2 °
< 400 T @ ®
2 o
E .
z 300 e ® ..
-1 ® 0. ‘‘‘‘‘‘‘ o ©®
e
..
o ® R2=0.3667
°
0
0 10 20 30 40 50 60 70 80

Concentrations of Chla (ug/L)

Fig. 6. Correlation of biodegradable contaminants in surface sediments and Chla in the
water column for correlation coefficients at location 3, 4, 5, 9, 10 and 11, collected
during April, July and October in 2013.

rapidly in sediment and water, and are more rapidly degraded by
microbes at higher temperatures (Tanghe et al., 1998; Ying et al.,
2003). Concentrations of these degradable chemicals including
NP, OP and BPA in the water of more eutrophic areas were inversely
proportional to the mass of phytoplankton (° > 0.47, p < 0.05) (SI
Figure S2). This is in accordance with the distribution of degradable
chemicals in sediments, which is similar to that observed previ-
ously for lesser molecular weight PAHs in sea water (Berrojalbiz
et al.,, 2011b).

Effective degradation during periods of greater biomass of
phytoplankton and associated bacteria which is greater during
greater blooms of phytoplankton and higher temperature, may be
the reason for the results of NP, OP and BPA in freshwater (Gasol
and Del Giorgio, 2000; Kirchman et al., 1991). Results of previous
field studies have shown that greater supplies of N and P during the
season when blooms occur can also enhance biodegradation of
chemicals (Graham et al., 2000). Values of ko, were similar among
the chemicals studied. However, NP, OP and BPA were more
degraded than other more persistent chemicals (SI Table S11). Re-
sults of studies in marine systems also indicated biodegradation of
some contaminants by phytoplankton or bacteria (Becquevort and
Smith Jr, 2001). The proportion of bacteria were considered as the
most important cause (Van Wambeke et al., 2002; Lancelot et al,,
2000). Weak sedimentation and increased degradation can prob-
ably induce the observed phenomenon for NP, OP and BPA.

3.5. Influence of blooms of phytoplankton on contaminants in
B. quadrata

Concentrations of HCHs, DDTs and PAHs in B. quadrata collected
in April from areas in which blooms occurred (locations 4, 5 and 9),
were 1.6-, 4.7- and 1.8-fold greater than those from areas in which
blooms did not occur (locations 3, 10 and 11), respectively. This
result is consistent with greater concentrations of contaminants
observed in sediments at these locations (SI Table S7). Concentra-
tions of HOCs in areas where blooms occurred decreased signifi-
cantly after the season during which blooms occurred (SI
Figure S3). This result is different from the greater concentrations of
contaminants in sediments caused by greater biomass during
blooms. A recent study has demonstrated a similar negative cor-
relation between concentrations of PCBs in sediments and in blue
mussels at large spatiotemporal scales in the North Sea. This was
likely reason to be related to the cleansing phenomenon during
blooms and filtering of water by blue mussels from the overlying
water, which is independent of sediment concentrations (Jiao et al.,
2013). The lesser concentrations observed during the present study
might also due to the filter feeding of B. quadrata. B. quadrata had a
dormant phase in the sediments before April every year, during
which they filter relatively polluted pore water resulting in greater
concentrations of contaminants in tissues. Also, shortages of food
and a faster metabolism of accumulated fatty tissues in winter
might also contribute. This dormant phase in sediments might
cause greater concentrations of contaminants in benthonic organ-
isms in more polluted areas in which blooms occurred. After
dormancy, B. quadrata came out of sediments, and filtered cleaner
water because of the increased biomass and sedimentation,
resulting in decreased concentrations in tissues. The trend
observed is a combination of the living habits of biota and
blooming-driven equilibrium partitioning between the water,
sediment, and biota. Important to note is that April is the most
popular season to eat B. quadrata and other snails because they are
fleshy and tender at that time. To reduce ingestion of contaminants
by humans, it is suggested that B. quadrata should be collected in
April from areas where blooms do not occur and in October from
areas in which blooms do occur.
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4. Conclusions

Spatio-temporal coupling between the seasonal dynamics of
blooms of phytoplankton and organic contaminants in sediments
and a mollusk were determined for a eutrophic, freshwater lake.
Spatial differences in concentrations of HOCs between areas in
which blooms occur and those they do not occur have been theo-
retically described. Here, we provide the field verification to
demonstrate that biomass from blooms of phytoplankton contrib-
utes to increasing concentrations of persistent HOCs in sediments
or enhancing decreasing of degradable contaminants by either
subjecting HOCs to greater sinking and lesser diffusion or by sub-
jecting them to trophic transfer in a shallow, eutrophic, freshwater
lake. A positive correlation between persistent HOCs in B. quadrata
and sediments were found in April, which is probably related to the
dormant under surface of sediment. Furthermore, a negative cor-
relation with concentrations in sediments and a positive correla-
tion with concentrations in water was found in October, which
might be due to the filter-feeding behavior after dormant, being
staying on the surface of sediments. This is the first evidence to
confirm that the influence of biomass on the disruption of organic
contaminants in sediments and benthic snails is essential for the
areas in which blooms occurred in Tai Lake.
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Table S1 Name, CAS no. and purity of tested chemicals.

Chemicals Abbreviation ~ CAS no. Log Kow P(Lf)z;y
a-HCH 319-84-6 3.72 99.5%
B-HCH 319-85-7 3.72 99.5%
v-HCH 58-89-9 3.72 99.5%
6-HCH 319-86-8 3.72 99.5%

p,p’-DDT 50-29-3 6.91 99.5%

o,p’-DDT 789-02-6 6.91 99.5%

p,p’-DDD 72-54-8 6.91 99.5%

p,p’-DDE 72-55-9 6.91 99.5%

Naphthalene Nap 91-20-3 3.30 99%

Acenaphthylene Acy 208-96-8 3.94 99%
Acenaphthene Ace 83-32-9 3.92 99%
Fluorene Flu 86-73-7 4.18 99%
Phenanthrene Phe 85-01-8 4.46 99%
Anthracene Ant 120-12-7 4.45 99%
Fluoranthene Flt 206-44-0 5.16 99%
Pyrene Pyr 129-00-0 4.88 99%
Benz[a]anthracene Bla]A 56-55-3 5.76 99%
Chrysene Chr 218-01-9 5.81 99%
Benzo[b]fluoranthene B[b]F 50-32-8 6.13 99%
Benzo[k]fluoranthene BIK]F 207-08-9 6.11 99%
Benzo[a]pyrene Bla]P 50-32-8 6.13 99%
Dibenz[a,h]anthracene DBA 53-70-3 6.75 99%
Indeno[l,2é3—c,d]pyren Ind 193-39-5 6.75 99%
Benzo[g,h,i]perylene B[ghi]P 191-24-2 6.63 99%

Nonylphenol NP 2515??'52' 4.5 99.5%

Octylphenol OoP 271983 -28- 5'5(06(1;)0 ulate g9 5o

Bisphenol A BPA 80-05-7 3.32 99.5%




Table S2. Recoveries and limit of quantification (LOQ) for chemicals.

Water (n=3) Sediment (n=3) Biota (n=3)
Procedural Matrix spike Procedural Matrix spike Procedural Matrix spike
Chemicals LOQ recovery recovery LOQ recovery recovery LOQ recovery recovery
(ng/L) RecoveryxtRSD Recovery+tRSD (ng/g) Recovery+tRSD RecoverytRSD (ng/g) RecoveryzRSD Recovery=RSD
(%) (%) (%) (%) (%) (%)
a-HCH 0.35 90+5% 93+7% 0.01 92+2% 94+5% 0.06 95+2% 1024+9%
B-HCH 0.31 91+4% 96+8% 0.01 98+3% 99+6% 0.05 99+4% 102+6%
y-HCH 0.29 86+6% 91+9% 0.03 93+7% 97+5% 0.07 92+5% 98+8%
3-HCH 0.27 89+5% 94+3% 0.09 96+8% 99+7% 0.06 94+2% 98+11%
p,p’-DDT 0.14 86+3% 89+7% 0.06 101+8% 101+12% 0.05 93+6% 99+9%
o,p’-DDT 0.18 98+3% 102+7% 0.01 95+2% 99+7% 0.08 96+4% 100+10%
p,p’-DDD 0.33 91+9% 98+13% 0.03 102+2% 102+7% 0.04 87+7% 94+8%
p,p’-DDE 0.52 88+6% 97+12% 0.02 96+5% 100+8% 0.07 92+2% 94+6%
Nap 0.97 63+9% 64+11% 0.63 68+4% 77+11% 0.77 71+9% 74+9%
Acy 0.28 81+4% 84+8% 0.13 104+6% 102+9% 0.19 98+7% 99+6%
Ace 0.24 93+5% 95+4% 0.22 105+4% 104+8% 0.28 102+3% 99+9%
Flu 0.38 113+14% 114+4% 0.17 82+7% 89+9% 0.37 83+5% 92+10%
Phe 0.19 80+7% 84+8% 0.13 93+5% 96+5% 0.25 88+6% 94+7%
Ant 0.22 86+5% 96+13% 0.15 81+8% 86+6% 0.44 82+9% 94+13%
Flt 0.06 96+18% 99+8% 0.17 84+3% 90+8% 0.45 84+7% 95+12%
Pyr 0.08 91+11% 97+8% 0.28 89+4% 95+11% 0.58 87+3% 94+8%
B[a]A 0.11 94+2% 99+7% 0.44 90+8% 95+8% 0.59 96+4% 99+7%
Chr 0.12 83+9% 93+12% 0.72 86+9% 93+11% 0.76 86+8% 93+11%
B[b]F 0.09 89+3% 96+13% 0.15 98+3% 101+9% 0.11 93+2% 98+8%
B[K]F 0.06 87+7% 94+13% 0.13 96+4% 100+7% 0.14 99+6% 102+7%
B[a]P 0.07 87+5% 94+9% 0.17 92+6% 98+8% 0.29 91+4% 104+13%
Ind 0.06 83+5% 89+9% 0.13 98+8% 102+9% 0.17 97+8% 100+8%
DBA 0.05 89+9% 95+9% 0.17 92+3% 97+10% 0.47 92+9% 98+9%
B[ghi]P 0.05 82+5% 91+10% 0.15 99+5% 105+8% 0.21 93+4% 1014+9%
NP 2.87 83+2% 93+10% 4.14 92+5% 98+7% 6.28 87+2% 94+9%
OP 2.38 84+6% 89+7% 6.83 99+2% 102+8% 10.05 89+5% 96+8%

BPA 4.93 91+2% 96+8% 8.19 98+4% 104+9% 10.56 93+4% 96+6%




Table S3. Distribution of organochlorine (OC) pesticides in surface sediments and phytoplankton
(ng/g, dm). Concentrations were measured during the late bloom season of 2009, 2010 and 2011.
Samples are named as Letter, Numberl-Number2 (letter representing type of matrix, while the
first number represents the location where the sample was taken and the second number represents
the date of collection).

@-HC B-HC y-HC &HC  p, o, D P,
H H H H p-DDE p-DDT P '[E)’ p-DDT

H1-2009 003 112 003 146 085 00l 059 095
H1-2010 047 111 004 079 175 070 003 0.3
H1-2011 012 063 033 190 091 067 051 048
H2-2009 007 045 028 134 039 031 007  0.26
H2-2010 016 044 028 121 023 149 084 017
H2-2011 007 063 010 185 159 038 022 042
H3-2009 040 043 014 121 08L 142 007  0.09
H3-2010 027 041 061 107 046 088 056  0.25
H3-2011 010 084 003 149 111 011 007  0.52
H4-2009 0.14 048 034 695 404 573 036 092
H4-2010 051 193 131 587 684 214 026 476
H4-2011 038 146 020 269 144 134 026  0.49
H5-2009 00l 120 054 641 067 098 165 087
H52010 125 242 144 283 571 320 011 132
H5-2011 039 082 089 7.61 035 439 281 171
H6-2010 00l 043 066 521 102 329 090 154
H6-2011 008 016 004 531 033 077 103 242
H7-2010 080 096 08 146 146 061 207 052
H7-2011 030 096 044 186 040 069 090 221
H8-2010 033 071 149 430 355 466 054  0.24
H8-2011 021 092 036 171 054 097 055 105
H9-2009 039 073 067 339 150 318 121 128
H9-2010 003 062 016 7.30 243 476 088 109
H9-2011 042 219 040 644 052 532 225  0.85
H10-2009 004 153 036 185 074 191 050  0.46
H10-2010 035 059 032 211 044 098 018  0.46
H10-2011 036 036 041 160 018 070 070  0.93
H11-2009 020 044 060 262 058 118 023 051
H11-2010 014 053 026 168 079 121 022 026

H11-2011 046 001 036 1.15 0.24 1.19 0.74 0.63




Table S4. Distribution of polycyclic aromatic hydrocarbons (PAHSs), nonylphenol (NP),
octylphenol (OP) and bisphenol A (BPA) in surface sediments and phytoplankton (ng/g, dm).
Concentrations were measured during the late bloom season of 2009, 2010 and 2011 (letter
representing type of matrix, while the first number represents the location where the sample was
taken and the second number represents the date of collection).

>-rin — — — —

s o o ey or e o
H1-2009 N.D. 17.36 32.73 14.20 480 65.75 155.96 1500.00
H1-2010 N.D. 15.25 28.02 14.20 0.00 4785 56.71 379.58
H1-2011 N.D. 19.57 16.49 19.58 4.48 126.05 244,78 516.84
H2-2009 N.D. 17.80 29.14 10.68 10.40 69.94 107.57 903.47
H2-2010 N.D. 14.49 28.94 14.44 1.12 340.20 252.67 352.97
H2-2011 N.D. 16.80 26.70 13.20 260 2625 126.36 570.41
H3-2009 N.D. 21.35 7.63 8.68 8.20 8262 113.26 142.72
H3-2010 N.D. 20.90 7.20 16.60 260 9234 129.96 167.24
H3-2011 N.D. 19.60 10.20 18.60 720 52.00 13342 188.13
H4-2009 N.D. 5.79 61.53 130.04 82.08 24.78 2228 244.78
H4-2010 N.D. 26.33 72.78 86.20 13.60 47.85 47.85 429.05
H4-2011 N.D. 26.67 87.76 78.96 17.96 1113 3550 2943
H5-2009 N.D. 13.88 88.87 147.56 18.06 31.20 4350 76.80
H5-2010 N.D. 25.90 104.86  225.02 37.32 5478 5787 7213
H5-2011 N.D. 11.93 74.56 259.04 099.10 4.78 15.70  281.69
H6-2010 2.42 67.70 101.92 16.96 050 85.33 18358 811.81
H6-2011 1.33 38.47 60.03 34.60 0.42 339.23 557.30 813.40
H7-2010 1.17 68.56 61.62 31.12 1.34 181.21 452.19 536.95
H7-2011 N.D. 60.07 61.35 0.58 0.24 66.69 230.38 503.24
H8-2010 1.17 68.56 61.62 31.12 1.34 90.57 13758 320.15
H8-2011 1.15 58.75 70.27 19.80 3.20 b56.12 163.36 786.81
H9-2009 N.D. 11.69 116.47 171.20 6432 1478 3955 143.80
H9-2010 N.D. 6.76 108.19 248.98 1150 63.26 82.62 442.72
H9-2011 N.D. 57.32 76.84 01.04 31.26 3356 49.65 240.44
H10-2009 N.D. 27.11 16.04 16.80 230 69.94 107.57 903.47
H10-2010 N.D. 26.61 5.68 7.38 1.62 340.20 252.67 352.97
H10-2011 N.D. 1.64 25.19 71.18 40.22 98.84 21464 1102.17
H11-2009 N.D. 33.13 8.38 9.50 1.32 8262 113.26 142.72
H11-2010 N.D. 25.00 7.20 21.80 10.60 52.00 133.42 188.13
H11-2011 N.D. 0.84 14.65 56.30 37.06 143.98 144.83 742.34




Table S5. Temporal variations of organochlorine (OC) pesticides, polycyclic aromatic hydrocarbons (PAHSs), nonylphenol (NP), octylphenol (OP) and bisphenol A
(BPA) in surface sediments (ng/g, dm) from April to October in 2013.

i i - - : ; p, 0, p, p, 2-rin  3-rin  4-rin L r
Locnatlo ;rlm o :C B :C Y :C ) |I:||C 0-DD p-DD p-DD p-DD g g g 5P2r|1|g 6P2r|l|g op NP BPA
E T D T  PAH PAH PAH

3 Apr 026 106 084 332 072 015 042 110 ND. 5.69 3‘;9 60.90 8484 DT 1009 1AL

3l 022 09 ND. 192 100 040 036 074 ND. 0903 6%'0 1386'1 1381'6 1312 1934 05
21.0 113.6

3 Ot 04 278 068 234 064 018 030 050 ND. 197 g0 4216 3236 8379 o0 77933

4  Apr. 016 39 018 440 106 066 085 130 ND. 7.55 3%6 7920 4400 A0 1038 OGO

4l 101 148 056 1214 211 046 110 069 ND. 3‘;'9 5%'1 1122 5154 1981 23.18 163.46

4  oOct. 078 164 178 1522 589 035 231 071 ND. 26;'6 827 1725'5 7896 1100 1459 78.32

5  Apr 054 418 128 258 244 131 199 065 ND. 255'1 2?;9 4784 890 S TS 74749
722 1445

5 . 034 162 13 522 078 035 18 05 ND. 862 g 40 8483 6011 3613 23216

5  oOct. 120 118 190 1238 639 037 339 049 ND. 3‘;'9 926 195"3 11;"8 1082 1356 139.03

9  Apr. 082 254 044 218 208 08 207 142 ND, 22'5 4%3 96.78 3558 o0 2 96003

9 . 08 358 128 398 406 078 065 073 ND. 43'8 41'1 9428 2308 2191 2542 28587

9  Oct 184 118 180 1408 632 052 125 085 ND. 572'3 73'8 153'6 01.04 3356 49.65 240.44

10  Apr. 018 114 024 212 032 004 054 18 ND. 558 412'6 8324 1718 % 10 3143

10 Jul. 0.44 1.02 0.94 2.94 1.09 0.22 0.69 169 ND. 900 79.1 158.2 69.18 1506 1649 493.02




10

11

11

11

Oct.

Apr.

Jul.

Oct.

0.72

0.38

0.32

0.92

1.32

0.46

1.12

0.72

0.22

0.82

0.12

N.D.

3.20

2.12

3.08

2.30

0.70

0.34

1.02

0.79

0.18

0.32

0.75

0.64

0.70

0.20

0.89

0.74

0.93

0.16

0.52

0.63

N.D.

N.D.

N.D.

N.D.

1.64

6.02

7.90

0.84

25.1

31.4

58.1

14.6

50.38

62.88
116.3

29.30

71.18

24.32

63.62

56.30

98.84
111.7

62.48

143.9
8

214.6

123.0

56.74

144.8
3

1102.1

885.17

506.81

742.34




Table S6. Temporal variations of organochlorine (OC) pesticides, polycyclic aromatic hydrocarbons (PAHSs), nonylphenol (NP), octylphenol (OP) and bisphenol A

(BPA) in the water (ng/L) from April to October in 2013.

Locnatio ;I'im a-||_—||C l3'||_‘||C Y-:::C 8-||:||C p'.%D p'.c|):’)D p'.%D p'-FI):’)D Z—Qin 3—éin 4—€;in 5—éin 6—€;in op P 5PA
E T D T PAH PAH PAH PAH PAH
3 A 060 33 P 397 ND. ND. ND. ND. NP o g 111 6275 9
3wl 13 3 P se6 ND. ND. ND. ND. NP o e o et 731 49
3 ot 105 351 06 798 ND. ND. ND. ND. NP o o 0T asze 20O
4 A 005 152 006 170 ND. ND. ND. ND. NP 5%'9 54.23 2963'2
4wl 038 05 021 477 ND. ND. ND. ND. NP o e oo o B2 o
4 ot 030 062 070 59 ND. ND. ND. ND. ND 267 062 012 00l 1113 3550 29.43
5  Apr 020 164 049 099 ND. ND. ND. ND. NP o 9‘;'3 70.99 55?'8
5wl 013 06 05 200 ND. ND. ND. ND. NP i P sseo 2420
5 Ot 046 043 072 48 ND. ND. ND. ND. NP0 o 0o ot 220 2T
9 Ap 032 099 016 08 ND. ND ND. ND. NP o o 85;-9 123-3 463-7
9wl 03 138 05 15 ND. ND. ND. ND. NP o k0 2050 92
9  oOct. 070 042 068 55 ND. ND. ND. ND. NP 11.07 1694 232
521 069 012 001 7
10 Ap. ND. 035 082 441 ND. ND. ND. ND. NP oo s o) aer 0t
10 Ju. 165 45 ND. 368 ND. ND. ND. ND. NP oo oo o0 oY 40 120
10 ot 077 130 083 167 ND. ND. ND. ND. NP o s o0 ast 254




11

11

11

Apr.

Jul.

Oct.

1.02

0.47

0.67

2.37

1.80

1.40

1.25

N.D.

0.63

7.43

5.32

3.25

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

0.81
N.D.

0.91
N.D.

1.26

0.12

0.06

0.09

0.03

0.04

0.07

0.01

0.01

0.02

49.7

30.4

244

31.87

34.94

35.30

260.9

197.2

108.2




Table S7. Temporal variations of organochlorine (OC) pesticides, polycyclic aromatic hydrocarbons (PAHSs), nonylphenol (NP), octylphenol (OP) and bisphenol A
(BPA) in phytoplankton and Bellamya quadrata (ng/g, dm) from April to October in 2013.

. . i i : i P, 0, p, P, 2-ring 3-ring 4-ring 5-ring 6-ring
Location Time a-HCH p-HCH y-HCH &-HCH p-DDE p-DDT p-DDD p-DDT PAH PAH PAH PAH PAH OP NP BPA
phytoplankton

Apr. 0.11 2.16 0.21 8.27 3.21 1.13 0.11 N.D. N.D. 6.02 625 6.88 217 ND. N.D. N.D.
Jul. 0.08 1.10 0.15 6.83 3.15 1.06 0.11 N.D. N.D. 285 361 275 123 ND. ND. N.D.
Oct. N.D. 1.12 0.08 7.37 1.15 0.47 N.D. N.D. N.D. 175 314 217 088 N.D. ND. N.D.
Apr.  0.27 1.21 0.15 8.21 2.15 1.02 N.D. N.D. N.D. 298 451 283 110 N.D. N.D. N.D.
Jul. 0.11 2.04 0.26 8.08 2.28 1.17 0.20 N.D. N.D. 508 578 196 054 ND. ND. N.D.
Oct. N.D. 0.46 0.24 7.07 2.27 1.20 0.24 N.D. N.D. 151 137 193 070 N.D. ND. N.D.
Apr.  0.18 1.10 0.39 8.06 2.37 1.48 0.34 N.D. N.D. 360 415 372 258 ND. ND. N.D.
Jul. 0.14 1.07 0.29 7.05 1.30 0.89 0.27 N.D. N.D. 191 131 234 077 ND. ND. ND.
Oct. N.D. 0.28 0.24 7.34 1.31 0.71 0.21 N.D. N.D. 191 197 139 047 N.D. ND. N.D.

QO oo b~bdDbD

Bellamya quadrata
3 Apr.  1.05 1.43 1.11  50.07 1.25 0.82 N.D. N.D. N.D. 564 2589 2469 1763 N.D. N.D. N.D.
3 Oct. 0.71 0.87 0.56 48.22 0.83 0.43 N.D. N.D. N.D. 512 1546 20.13 1041 N.D. N.D. N.D.
4 Apr.  0.61 6.38 0.33  80.15 2.14 3.27 0.12 N.D. N.D. 7.11 40.03 5231 1291 N.D. N.D. 17.90
4 Oct. 0.35 3.18 0.16 50.12 1.34 0.46 N.D. N.D. N.D. 361 18.77 2469 542 N.D. ND. N.D.
5 Apr. 177 5.62 1.69 51.34 4.23 451 0.12 N.D. N.D. 16.09 2431 30.17 1264 N.D. N.D. 11.47
5 Oct. 0.89 3.11 0.76 25.64 3.37 2.17 0.11 N.D. N.D. 854 1372 1698 542 N.D. ND. N.D.
9 Apr.  3.12 4.32 0.88  52.39 4.12 3.64 0.31 N.D. N.D. 2791 4322 48.16 19.23 N.D. N.D. 1519
9 Oct. 1.89 3.21 0.42 20.12 1.98 2.07 0.25 N.D. N.D. 6.98 2314 1967 465 N.D. ND. N.D.
10 Apr.  0.60 0.78 043  40.68 0.85 0.74 N.D. N.D. N.D. 326 19.14 1949 1340 N.D. N.D. N.D.
10 Oct. 0.53 0.96 0.66 23.71 0.32 0.21 N.D. N.D. N.D. 122 798 1136 280 N.D. N.D. N.D.
1 Apr. 098 0.56 1.01 31.76 0.46 0.67 N.D. N.D. N.D. 417 2091 2595 6.10 N.D. N.D. N.D.
11 Oct. 0.78 0.86 1.33 30.57 0.34 0.51 N.D. N.D. N.D. 371 2387 1896 544 N.D. ND. N.D.




Supporting Information, Table S8 Vertical sinking flux of organochlorine (OC) pesticides and
polycyclic aromatic hydrocarbons (PAHSs) out of the water column (ng m? d™)

. Location 9-2013 Location 4-2013 Location 5-2013
Vertical flux - - -
April  July  Oct April  July  Oct April  July  Oct
a-HCH 0.06 0.09 - 0.04 0.07 - 0.05 0.19 -

B- HCH 034 072 0.24 080 096 1.04 097 084 041

y- HCH 012 019 021 0.08 013 0.07 012 010 0.21

8- HCH 249 473 6.33 3.05 595 6.84 383 567 6.33
p, p-DDE 073 087 113 118 274 1.07 1.08 148 203
o, p-DDT 046 060 0.61 042 092 044 055 070 1.07
p, p-DDD 010 0.18 0.8 0.04 - - 0.09 - 0.21
p, p-DDT - - - - - - - - -
2-ring PAH  0.60 - - - - - - - -
3-ring PAH  11.09 1279 16.44 22.17 24.84 16.26 24.06 20.58 13.53
4-ring PAH 1279 8.81 16.94 23.02 3142 29.14 2741 3114 12.24
5-ringPAH 1147 15.67 11.95 25.36 23.97 20.15 9.29 1950 17.27
6-ringPAH 795 518 4.05 8.00 10.72 8.20 255 761 631

-: not available (because the concentrations were lower than the LOQ).



Supporting Information, Table S9 Sediment-to-water diffusion of organochlorine (OC) pesticides
and polycyclic aromatic hydrocarbons (PAHSs) out of the sediment (ng m™ d™%)

Location 9-2013 Location 4-2013 Location 5-2013

April July Oct April July Oct April  July  Oct

a-HCH 040 113 1.74 1.01 1.12 0.70 1.07 040 091
B-HCH 081 270 3.58 207 163 221 115 1.90 2.99
y-HCH  1.04 052 3.03 0.96 0.63 0.79 130 0.85 2.60
8- HCH 289 381 3.78 3.09 224 461 229 477 315
p, p'-DDE - - - - - - - - -
o, p-DDT - - - - - - - - -
p, p-DDD - - - - - - -
p, p-DDT - - - - - - - - -
2-ring PAH 1142 3.04 3.10 6.30 1.66 0.75 472 436 0.95
3-ring PAH 8.14 8.05 6.22 11.84 9.70 257 16.77 1757 5.59
4-ringPAH 359 3.45 3.09 494 368 1.88 16.56 9.26 6.47
5-ring PAH 1068 3.27 252 7.87 258 112 742 458 152
6-ring PAH - - 0.50 - - 0.28 - - 029

Vertical flux

-: not available (because the concentrations were lower than the LOQ).



Supporting Information, Table S10 Estimated sediment burial of organochlorine (OC) pesticides
and polycyclic aromatic hydrocarbons (PAHs) (ng m? d™)

Location 9-2013 Location 4-2013 Location 5-2013

April July Oct April July Oct April July Oct

a-HCH 0.01 0.01 0.02 0.00 0.01 o0.01 0.01 0.00 o0.01
B-HCH 0.03 0.04 0.01 0.04 0.01 0.02 0.04 0.02 0.01
y- HCH 0.00 0.01 0.02 0.00 0.01 0.02 0.01 0.01 0.02
8- HCH 0.02 0.04 0.14 0.04 0.12 0.15 0.03 0.05 0.12
p, p-DDE 0.00 0.04 0.06 0.01 0.02 0.06 0.02 0.01 0.06
o, p-DDT 0.01 0.01 o0.01 0.01 0.00 0.00 0.01 0.00 0.00
p, p-DDD 0.02 0.01 o0.01 0.01 0.01 0.02 0.02 0.02 0.03
p, p-DDT 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00
2-ring PAH  0.01 0.04 0.02 0.00 0.04 0.03 0.00 0.00 0.02
3-ringPAH 216 4.68 5.73 0.76 3.49 2.67 251 086 3.49
4-ringPAH 484 471 7.68 3.96 591 8.78 239 723 9.76
5-ringPAH 356 231 9.10 440 5.15 7.90 0.89 849 11.38
6-ringPAH 039 0.74 3.13 048 0.17 1.80 054 084 481

Vertical flux




Supporting Information, Table S11 Biodegradability of the detected biodegradable contaminants.

Biodegradability Classification
. MITI Ultimate Primary
Name Linear Non-Line MITI Non-Li  Biodegra Biodegrad
ar Linear . .

near dation ation
o-HCH -0.059 0.000 -0.0712 0.000 1.517 2.825
B-HCH -0.059 0.000 -0.072 0.000 1517 2.825
vy-HCH -0.059 0.000 -0.072 0.000 1.517 2.825
3-HCH -0.059 0.000 -0.072 0.000 1.517 2.825
p, p'-DDE 0.009 0.000 -0.154 0.001 1.737 2.857
o, p-DDT -0.250 0.000 -0.203 0.000 1.196 2.482
p, p'-DDD 0.062 0.000 -0.220 0.001 1.658 2.786
p, p-DDT -0.250 0.000 -0.203 0.000 1.196 2.482
Nap 1.006 0.999 0.397 0.447 2.330 3.320
Acy 0.675 0.700 0.321 0.252 2.863 3.628
Ace 0.784 0.878 0.191 0.190 2.709 3.488
Flu 0.784 0.878 0.191 0.190 2.709 3.488
Phe 0.982 0.999 0.264 0.195 2.219 3.248
Ant 0.982 0.999 0.264 0.195 2.219 3.248
Flt -0.006 0.000 0.197 0.108 1.953 2.854
Pyr -0.006 0.000 0.197 0.108 1.953 2.854
B[a]A -0.018 0.000 0.132 0.068 1.895 2.816
Chr -0.018 0.000 0.132 0.068 1.895 2.816
B[b]F -0.030 0.000 0.060 0.035 1.842 2.782
BIK]F -0.030 0.000 0.060 0.035 1.842 2.782
B[a]P -0.030 0.000 0.0601 0.035 1.842 2.782
Ind -0.041 0.000 -0.0114 0.018 1.789 2.747
DBA -0.042 0.000 -0.0009 0.021 1.785 2.744
B[ghi]P -0.042 0.000 -0.0009 0.021 1.785 2.744
OP 0.813 0.797 0.1431 0.1339 2.6937 3.501
NP -0.398 0.000 0.5812 0.3499 2.5161 3.580
BPA 0.687 0.465 0.2956 0.1559 2.5953 3.444

For Linear Model, Non-Linear Model, MITI Linear Model and MITI Non-Linear Model, the value
represents biodegradability. A probability greater than or equal to 0.5 indicates --> biodegrades
fast. A probability less than 0.5 indicates --> Does not biodegrade fast. For Ultimate
Biodegradation Timeframe and Primary Biodegradation Timeframe models, result represents
classifications of rates: 5.00 -> hours, 4.00 -> days, 3.00 -> weeks, 2.00 -> months, 1.00 -> longer.



Table S12 Physical parameters in Tai Lake, China, in 2013

Dissolve c rati
Samplin . Temperatu d Turbidity Total oncentratio
. Locations . pH ns of Chla
g time re ('C) oxygen (NTU)  depth (m) (ug/L)
(mg/L) HE
Location 3 14.4 737 6.75 31.8 2.5 43
Location 4 19.3 7'18 7.23 27.7 2.2 16
April Location 5 18.2 7.4 6.8 22.8 1.8 24
2013 Location 9 15.7 745 5.99 245 1.9 12
Location 10 17.1 8.1 6.9 245 2.9 21
Location 11 19.7 748 8.56 22.8 3 32
. 1.7
Location 3 27.44 5 7.05 23.1 3 53
Location 4 30.9 840 9.27 21.1 2.1 64
2%11"3 Location 5 278 83 173 24.7 2.3 a4
Location 9 28.8 7é9 7.31 23.7 18 42
Location 10 30.2 8.2 8.71 235 2.7 34
Location 11 29.6 896 10.02 21.1 3.1 41
Location 3 28.3 7.6 8.3 245 3.2 33
Location 4 24.8 893 7.54 215 1.7 71
. 8.7

Oct. Location 5 28.9 7 8.67 37.5 1.6 67
2013 Location 9 24.3 8i7 8.08 22.1 1.55 63
Location 10 23.7 861 6.48 18.8 2.08 46
Location 11 22.7 8.7 7.24 19.2 2.65 50
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Supporting Information, Figure S1. Correlation between 3-HCH, 4-, 5- and 6-ring PAHSs in phytoplankton and Chla in the water column in blooming areas including
location 4, 5 and 9 collected during April, July and October in 2013.
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Figure S2 Correlation of biodegradable contaminants in the water and Chla in the water column
for correlation coefficients at location 4, 5 and 9 collected during April, July and October in 2013.
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Supporting Information, Figure S3. Concentrations of organic chemicals in Bellamya quadratas
(ng/g) at blooming areas in April and October.
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EXPERIMENTAL SECTION

Sampling. Phytoplankton nets were pre-cleaned with Milli-Q water and placed into a
zip-sealed bag until opening on board for sampling. Nets were also washed with on site water
samples for 3 times before sample collection. Sampling depth was from below the maximum of
chlorophyll a (Chla) density depth to the surface. Unfiltered samples of phytoplankton in blooms
were placed in brown glass bottles. Concentrations of Chla in water were measured in situ once
two hours every day. The concentrations were averaged for each month.

Surface sediments (0-2 cm) were collected by use of a sediment gravity corer. Three cores
were collected at each location at the same time, and about 2,000 g (wet mass) were composited
from the surficial 2 cm. Any pebbles and twigs were removed before mixed thoroughly.
Samples of sediment and phytoplankton were sent to the laboratory on ice and then freeze-dried
within 24 h to minimize alteration of sample constituents and avoid the need to preserve or
stabilize samples. Ground samples were stored at -20°C until extraction. Water (5 L) was
collected at each location and placed into brown glass bottles. Samples were transported and
stored at 4 °C and extracted within 24 h.  The associated bottles were combusted at 450 °C for 4
h, then pre-cleaned with high-purity n-hexane (Merck Darmstadt, Germany), dichloromethane
(Tedia Co. Ltd, Fairfield, OH, USA), acetone (Tedia Co. Ltd, Fairfield, OH, USA), methanol
(Tedia Co. Ltd, Fairfield, OH, USA) and Milli-Q water. Bottles were also washed with water
samples for 3 times before sample collection.

Sample preparation. For sediment and phytoplankton samples, 15 g of sediment or biota
samples were extracted with Accelerated Solvent Extraction (Dionex ASE 300, Dionex, Idstein,
Germany) with three extraction cycles of hexane/dichloromethane/acetone (4:4:1) at 100 °C and
103.4 bar with 10 min static time. Extracts were concentrated to 2 mL by rotary evaporation in a
thermostatic bath and treated with activated copper granules to remove sulfur from the raw
extracts (REs). Extracts were then added to a gel permeation chromatography column (GPC;
Bio-Beads S-X3, J2 Scientific, AccuPrep MPS, 20 cm length and 3 cm i.d). For lipid and
chlorophyll removal, the extracts were eluted with cyclohexane/ethyl acetate (1:1 v/v) and the
elution from 2.7 to 25 min was collected. Sediment sample and phytoplankton sample
pre-extracted with hexane, dichloromethane, acetone and methanol by ASE for 6 times were used
as procedure blank for sediment and phytoplankton respectively. The blank samples were also
extracted according to the procedure above-mentioned.

Water sample was not filtered. Solid phase extraction (SPE) was performed for each water
sample (5L) using two tandem Oasis HLB cartridges (500 mg/ 6mL, Waters, USA). Cartridges
were activated and conditioned with 10 ml of high-purity hexane, dichloromethane, acetone,
methanol and Mili-Q water sequentially. Water was extracted under vacuum at a flow rate of 5-8
mL/min. Approximately 1 L of sample was passed through two tandem cartridges to avoid over
filtration, and ten cartridges were used for the water samples from one site ((5L/1L)x2

cartridges=10 cartridges). Then the column was dried completely under a gentle stream of
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nitrogen gas (99.999% pure). Chemicals were eluted with 10 mL hexane, 10 mL hexane:
dichloromethane (1:1), followed by 10 mL acetone: methanol (1:1). The SPE extracts were
combined into a composite sample and concentrated by rotary evaporation (type TVE-1000,
EYELA, Tokyo, Japan) in a thermostatic bath. The milli-Q water used as procedure blanks was
also extracted according to the procedure above-mentioned.

The GPC fractions and SPE extracts were concentrated and passed through 10 g of activated
Florisil (60—100 mesh size; Sigma Chemical Co., St. Louis, MO, USA) packed in a glass column
(10mm i.d.) for further clean-up and fractionation. The first fraction (F1) was eluted with 100 mL
of high-purity hexane. The second fraction (F2) was eluted with 100 mL hexane/dichloromethane
(4:1). The third fraction (F3) was eluted with 100 mL dichloromethane/methanol (1:1).

Instrumental Analysis. Organochlorine pesticides and sixteen priority PAHs were analyzed
using a Thermo series Il GC equipped with a triple quadrupole mass spectrometer operating in
multiple- reaction monitoring (MRM) mode. Helium was used as carrier gas and flow rate was set
at 1.0 mL/min. A pulsed splitless injector was used for injecting 1.5 pL of extract for analyzing
phthalate esters. An Rtx-5MS column (30 m x 0.25 mm, film thickness 0.25 pwm) was used for
chemical separation for the target chemicals. Temperature of the inlet was set as 250 °C. For PAHSs,
The initial oven temperature was set as 80 °C, held at 80 °C for 2 min, heated to 180 °C at
15 °C/min, held at 180 °C for 15 min, then heated to 300 °C at 15 °C/min, and held at 300 °C for 5
min. For OCs, the oven temperature was set at 150 °C, heated to 290 °C at 4 °C/min, then heated
to 310 °C at 15 °C/min, and held at 310 °C for 5 min.

NP, OP and BPA were quantified using a reverse-phase high-performance liquid
chromatography with tandem mass spectrometric (Thermo Electron Corporation, San Jose, CA,
USA). The methanol and water (1:4, v/v) was used as the mobile phase from 0 min to 5 min, and
methanol was used as the mobile phase from 5 min to 11 min. The flow rate was set as 200
uL/min. The temperature of column was set at 30 °C.

QA/QC. During the process of instrumental analysis, internal standards including **C-PCB
141, acenaphthene-d10, pyrene-d10, bisphenol A-d14 and dibenzo(a,h)anthracene-d14 were added
to the tested extracts before instrumental analysis for quality control of OC pesticides, PAHs and
phenols. The regression coefficients (r?) of calibration curves for all target chemicals were
greater than 0.99.

Blank runs of the chromatograph and direct injections of dichloromethane or methanol were
made to check the presence of target compounds in the chromatographic system. None of the
target compounds was present in the chromatograms. In the present study, procedural blank
analyses were initially carried out with Milli-Q water, pre-extracted sediment and phytoplankton
for water, sediment and phytoplankton samples respectively. A procedural blank was performed
for each batch of samples to check lab contamination. The limit of quantification (LOQ) was set at
the laboratory LOQ which was ten times of S/N. All the contaminants in the procedural blanks

were lower than the LOQ.
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When sampling in each site, Milli-Q water, pre-extracted sediment and phytoplankton
operated as the procedure of the sampling of water samples were used as the field blanks. Firstly,
these field blanks were treated using the same methods with samples. Then they were detected by
instrumental analysis. All target analytes in field blank were below their corresponding LOQs.

The procedural recovery and matrix spike recovery tests were conducted by spiking each
target compounds into procedure blank samples and on field samples. The spiked levels for
sediments and phytoplankton were 1, 5 and 20 ng/g, dm for OCs, PAHs and phenols. The spiked
levels for water were 1, 5 and 20 ng/L for OCs, PAHs and phenols, respectively. Three replicates
were conducted for QA/QC. The LOQs, procedural recoveries and matrix spike recoveries are
shown in Table S2.

During sample analysis, quality control samples were consisted of duplicate samples,
calibration check standards and solvent blanks. Duplicate samples were used to assure the
precision and accuracy of each batch of samples, and the deviations of duplicate samples were less
than 20%. Calibration check standards were run after every ten sample to check the instrument. If
the calibration check standards were out of = 20% of its theoretical value based on the calibration
curve, a new calibration curve was prepared. Solvent blanks were run prior to every ten sample to
check the instrumental background.

Diffusion and burial. The flux of dissolved compounds due to diffusion between sediment

and water (Feeqqir [ng m™ d']) is caculated as follows (Equation S1).

c
Fseaairr = —kseaaiff (Cw — de) (S1)

where Cg is the concentration in sediment [ng kg™], Keq is the sediment water partition
coefficient [m® kg™] calculated based on the study of (Meijer et al. 2006) using f,=0.041.
C/Ksq Was taken as the dissolved concentration in the pore water of the sediment [ngm™].
Kseqqite 1S the sediment water diffusion coefficient [m d'l], which was estimated from previous

detection in Tai Lake as 0.08 (Zhu et al., 2007; Qiao et al. 2008; Fan et al., 2001)

The flux of compound from the surface sediment layer to the permanent sediment layer estimated
(Equations S2 and S3).

Fyuriar = FsettiingCs (S2)

Fiettiing = Fom X 2 kg m?d* (S3)

By assuming that Fop is equal to vertical flux of organic carbon (Foc)

Bioconcentration of contaminants by phytoplankton. Knowledge of bioconcentration of
organic contaminants by phytoplankton is essential to understanding factors that control
bioaccumulation and biomagnification in the food web of the lake (Kelly et al., 2007). Lower
levels of the trophic web could induce longer persistence and magnification potential for the
organic contaminants, which could also lead to biomagnification and greater concentrations and

potential risks to health of predators (Berrojalbiz et al., 2011). The bioconcentration factor (BCF)
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value for lipophilic chemicals decreased slightly at the same location with time, which showed
greater variability for different chemicals and such that it is difficult to understand the transfer
trends in water and phytoplankton. This is consistent with the results of a study in Lake Maggiore
in Italy (Nizzetto et al., 2012). Variations in BCF during blooms of cyanophyceae are due, in part,
to changes in overall abundance of phytoplankton as well as the species present in the assemblage
(Stange et al., 1994). Initially blooms consisted primarily of Microcystis, which was then followed
by Chlamydomonas spp. in Tai Lake. Thus, greater variability in concentrations measured in the
water column would be introduced, which is consistent with what is observed. As a result, BCFs
were less useful for evaluation of transfers of lipophilic chemicals from water to phytoplankton.
Transfer trends in water and phytoplankton. The water-phytoplankton flux is useful to give
estimates of contaminants those derived from the decrease of water column concentrations.
When Fp. was calculated for lipophilic chemicals, Fp..y Was negative during the season when
blooms of algae occurred and the net flux was from water to phytoplankton. Therefore, the
water-to-phytoplankton system was presumably in disequilibrium during blooms. This trend
became especially strong during the period of maximum biomass. Lipophilic chemicals with
larger logK,,, values exhibit stronger associations with the BCF for phytoplankton (BCFy, m® kg™,
see S| Methods for details). During the period of maximum biomass, the flux into phytoplankton
of y-HCH, p, p'-DDE and 5-ring PAH was greater. Greater fluxes of biogenic matter during the
summer deplete concentrations in the water column, which results in a greater decrease in
concentrations of lipophilic chemicals during periods of algae blooms. Results of previous
studies have indicated that, annual blooms of phytoplankton could sink to the sediment as they die.
It is suspected that, during the life cycle of cyanophyceae lipophilic chemicals are accumulated,
and when algae die and settle to the bottom, organic chemicals were withdrawn from the water

column and increased the concentrations in surface sediments in more eutrophic portions of lakes.
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