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Abstract: In the present work, we analyzed the concentrgpiatterns of 20 Polycyclic Aromatic
Hydrocarbons (PAHS) in 25 surface sediments ansetliment cores from the northern part of Taihu
Lake, China. Three of the cores were dated basetf’6s activity for the deposition age of the
sediment. The spatial distributions of the PAH @nications show that the inflow rivers into Zhushan
Bay and Meiliang Bay were the main pathway for PAsrd sediment input to the northern part of the
lake. This results in substantially higher PAH camtcations (up to 5000 ng/g) and sedimentatiorsrate
(higher than the average of 3 — 4 mm/a) in the alese to the river outlets. In addition, resulsoa
show that PAH concentrations in the sediments denably increased from the early 1960s, but the
decreasing concentrations in the upper layerseo#diment could be attributed to the introductbn
measures on environmental improvement from ca. .2006re were both anthropogenic and biogenic
origins of perylene in the lake sediments, whichrendistinguished based on spatial distribution
patterns and also the concentration proportiongeoylene to the sum of the 20 PAHSs. In the cores
collected close to river outlets, the concentrapomportions of perylene typically range from 0102
0.18 and there are significant positive linear elations between the concentration of perylene and
three anthropogenic PAHs (Benzo[a]pyrene, Benzgfelme, Pyrene), suggesting that perylene was
dominated by anthropogenic input. However, the £@@lected further away from the river outlets
show the concentration proportions between 0.13 @r86, and present significant negative
correlations or no correlations between peryleng the three PAHS, suggesting that perylene was
mainly formed by biogenic activities. Furthermotiee different perylene sources accompanied with

the location distributions imply that anthropogea@tivities could inhibit its biogenic formation.
Keywords

Taihu Lake in China; Lake sediment; PAH distribati®erylene source

Capsule

This study provides an insight of anthropogenicastp on PAH deposition in the sediment of Taihu

Lake and also clearly distinguishes biogenic arilrapogenic origins of perylene in the sediment.
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1. Introduction

Taihu Lake, located in the Yangtze River Deltamlas a large and shallow freshwater lake with an
area of 2338 kfn The lake plays an important role for flood cohirothe region and also for tourism,
shipping, aquaculture, and as a raw source fokitignwater supply in the neighboring cities of
Shanghai, Suzhou, Wuxi and Huzhou (Qin et al., 200rig. 1a). However, decades of rapid
development of industrialization and urbanizationthis area caused serious pollution in the lake
ecosystems, especially the northern part of the (8ang et al., 2003; Wilhelm et al., 2011, Jiahg e
al., 2012; Xu et al., 2014; Tao et al., 201Bjis is due to the discharge of large amountaiadfistrial
effluents and improperly treated municipal sewate the lake, the diffuse pollution from agricuttur
and aquaculture, or the wet and dry atmospheriosigpn of dissolved and particulate matter from
traffic and biomass burning. In 2007, e.g., exaessiutrient input into the lake caused a massive
cyanobacterial bloom with the formation of volasialfide compounds, resulting in a serious drinking

water crisis in Wuxi City (Zhang et al., 2010).

Lake ecosystems are particularly sensitive to aptbgenic impacts as they can act as repositories fo
contaminants in the aquatic environment. Espechattyrophobic persistent organic pollutants (POPS)
can easily bind to organic matter and then deposiediments. After deposition, such contaminants
are less susceptible to microbial degradation dueagir strong sorption and ageing, which reduces
contaminant bioavailability (Erickson et al., 1993atzinger and Alexander 1995). Lake sediments
therefore may contain continuous archives of saghits with an annual to decadal resolution. With
this, the analyses of lake sediments that may hagemulated over decades or centuries can provide
insights into background conditions, and into histd, present and potentially future anthropogenic

impacts (Hollert et al., 2018).

Polycyclic Aromatic Hydrocarbons (PAHSs) are suchraup of POPs and ubiquitously distributed in
ecosystems. They have been emitted since prelsisbore through e.g. wild fires (Vila-Escalé et al.,
2007) and volcanos (Kozak et al., 2017). They &e iadicators for anthropogenic activities resgti
from incomplete combustion of fossil fuels and baw® (Zhang et al., 2008; Shen et al., 2012; Wu et

al.,, 2017)and from various industrial processes (Yang et 2002), substantially raising PAH
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abundance in the environment. Some of the PAHs aschenzo[a]pyrene, dibenzo[a,h]anthracene,
benzo[a]anthracene are classified as mutagenicancthogenic and are listed as priority pollutdnts

US EPA (EPA US, 1993; Boffetta et al., 1997; Kimakt 2013). Consequently, once these PAHs
accumulate in the environment and biomagnify indfahains, they ultimately pose considerable
threats to human and ecosystem health (Geffartl, 2003). A specific PAH, perylene, can also be
formed biogenically in sediments after depositierg. probably from diatom (Louda and Baker,
1984), fungi (Suzuki et al., 2010), crinoids (Waikein et al., 2006), plants (Marynowski et al.,201

Grice et al., 2009) or microbial transformationdlifBan et al., 2000). Therefore, its occurrence in

sediments may indicate anthropogenic PAH inputadsad biogenic formation.

A certain amount of studies on PAHs in the sedinedrifaihu Lake has been conducted (Qu et al.,
2002; Peng et al., 2005; Qiao et al., 2006; L&let2014; Tang et al., 2015; Lei et al., 2016)jclh

conclude that main PAH input are from the denselyytated and industrialized region in the north of
the lake. However, the historical PAH inputs arch&port patterns in the lake are still not wellwno

In addition, perylene sources and formation haveyeb been studied in Taihu Lake. In the present
work, we analyzed 25 surface sediment samples aisg¢diment cores from the northern part of Taihu
Lake for a more detailed investigation of PAH com$eand patterns in this region of the lake. PAH
concentrations in the surface sediments were wsellineate current PAH input into the lake, and
PAH concentrations in the cores to record the teaipthanges of PAH input. Specific attention is
paid to the concentrations of perylene in relatiorthe other PAHs to potentially distinguish the

anthropogenic sources and biogenic formations ofig@ee in the environment.
2. Materialsand methods

With a mean depth of 1.9 m and a maximum depth@®fi®, Taihu Lake is a characterized by a rather
flat lake bed. There are around 120 inflows andl@us around the lake, with the inflows mostly

located in the northern and western part and tltows in the eastern and southern part of the lake
(Qin, 2008). Some are occasionally reversing iwfttrection, depending on the lake water level. The
shallowness of the lake and the hydraulic condstioesult in complex flow patterns, and the spatial

and temporal current patterns in the lake areudtyt finderstood (Qin et al., 2007).



98 These complex flow conditions have an influencetton spatial distribution and deposition rates of
99 sediment in the lake. Sediment thickness variesdri 0.5 and 2 m in most parts of the lake with the
100 greater in the northern and western parts andrlessiment thickness in the central parts, refhecti
101  the prevailing wind and resulting water circulatipatterns (Luo et al., 2004). In the upper layers,
102  sediment textures are dominated by clayey silt @agl (Jin et al.,, 2006; Qin et al., 2004). It is,
103  however, likely that during strong winds or floosisdiment scouring and resuspension can alter the
104 sediment stratigraphy (Qin et al., 2004), compiigatthe interpretation of dating results and

105 contaminant profiles.

106 2.1 Sample collection

107  During five sampling campaigns (May 2015, Novemd@t5, June 2016, February 2017, September
108 2017) a total of 25 grab surface sediment sampldsld sediment cores ranging between 12 cm and
109 40 cmin length, were collected from the northeart pf Taihu Lake, covering Gonghu Bay, Meiliang
110 Bay and Zhushan Bay. The surface sediment sampes stored in polyethylene bags. The cores
111  were taken using a gravity corer with a core lossventer (uwitec, Austria), and they were
112 subsequently sliced into 2 cm segments (147 id)tatad stored in aluminum screw top jars. Before
113 further analyses, the samples were stored at —2@xX€xpt during the air shipping from China to
114  Germany.

120°0'E 120°30'E 121°0'E 121°30'E 120°0'E 120°10'E 120°20'E

a

31°35N

Changzhou City

31°40N

C}%ﬁg’hu City

\ & TaigujRiver

31°30N

31°20N

Yixing City

31°25N

Taihu Lake

Shanghai Chity

31°0N

HuangptRiver

0N

Fs
Huzhou City
e [ lakes
Jiaxing City I rivers

—— streams

Zhushan Bay
o— Meiliang Bay
A~ Gonghu Bay

30°40N

115

116 Fig. 1 a Overview of the area surrounding Taihud;ak Sampling sites for surface sediments and sadim
117 cores.Exact coordinates of the samples and the sampimg éare listed in S Tab. The rivers and canals
118 around the sampling area are generally only inflou the lake. The Wangyu River connecting Tailake.and

119 the Yangtze River, however, can act as an outfiotiné rainy season.
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2.2 Sample preparation and PAH analysis

All sediment samples were silty-clayey and therefohole samples were freeze-dried and milled in a
vibratory disc mill. Between 7 and 12 g of each gknwas then extracted with 35 ml of acetone for
30 min using Accelerated Solvent Extraction (Dio®E 300) in static conditions (100 °C and 10
MPa). After extraction, 100 pL of an internal stardlwas spiked to each sample extract. Extracts
were then cleaned using a glass column filled widss wool, 2 g silica gel, 2 g A3 and 0.5 g
N&SO, to remove the residual water and interfering commois. After clean-up, the column was
eluted with 15 mL of n-hexane, followed by 5 mL af 9:1 (v/v) mixture of n-hexane and
dichloromethane, and 20 mL of a 4:1 (v/v) mixtufenéhexane and dichloromethane. The eluate was
concentrated to around 2 mL using an automatic @edipn-dryer with nitrogen. Then 1 pL of the
concentrated eluate was injected into a GC-MS @ilr890A/5975C) in pulsed splitless mode and

detected in the SIM mode of the MS.

For quantification, PAH standards (PAH-mix 14, Ptk 45 and deuterated PAH-mix 31) were
obtained from Dr. Ehrenstorfer Augsburg, Germanye Tstandards were diluted together in
cyclohexane to four different concentrations foteemxal calibration and response factors calculation
The internal standard (dilution of deuterated PAK-B1) with 5 deuterated PAHs was then used to
guantify the analytes. All solvents and cleanupndcals were purchased from Carl Roth GmbH +

Co.KG, Germany.

Including 16 EPA PAHs, a total of 20 PAHs were gmad (2-ring: naphthalene, 2-methyl-
naphthalene, 1-methyl-naphthalene; 3-ring: acemgférie, acenaphthene, fluorene, phenanthrene,
anthracene; 4-ring: fluoranthene, pyrene, benzofatacene, chrysene; 5-ring: benzol[b]fluoranthene,
benzo[k]fluoranthene, benzo[e]pyrene (BeP), berpyfane (BaP), perylene; 6-ring:

dibenzo[a,h]anthracene, benzo[g,h,i]perylene, infle,3-cd]pyrene).
2.3 Quality control
For testing the reliability of this method, a cietl soil from a gas works site (European Reference

Material ERM-CC013a) was purchased from the Fedastitute for Materials Research and Testing

BAM (Berlin, Germany). The reported uncertainties fhe concentrations of the different PAHs in



147  the certified soil were between 5% and 20%. Théfisat soil was extracted and measured identically
148  to the field samples. Average recovery rates (9a&es) in our tests were typically between 95% an

149  130%, indicating good recoveries.

150 The quantification limit for the GC-MS analysis wastween 10 and 25 pg of injected mass,
151  depending on the PAH. This limit corresponds to B rg/g of individual PAHSs in the soil samples,

152  depending on the amount of soil extracted and thenve of the eluates concentrated.

153 2.4 Dating methods

154  Three of the cores, located in the northern pamteiliang Bay (ML35), southern part of Meiliang
155  Bay (ML36) and Zhushan Bay (ZS42) were dated uslieghermonuclear by-produ€{Cs that has a
156  half-life of 30.17 years. Since a certain mass veagiired for the determination 6f'Cs activities,

157 some adjacent layers of core samples were cominéadach dating sample ranges between 2 and 8
158  cmin length and between 15.1 and 29.9 g in welgf@s activity measurements were carried out with
159  low-level gamma-spectroscopy based on the distfi€s gamma emission energy of 661 keV, using
160  a n-type coaxial Low-Energy HPGe detector (ORTE@h &n active volume of 39 chand a 0.5 mm

161 Be window. The detector efficiency and measuringngetry were calibrated with the certified
162  reference material “lAEA-375 SOIL". Each of the gales was measured at least 24 hours in 32 cm

163  cylindrical capsules. Spectra analysis was perfdrwi¢h the software GAMMA-W.
164 3. Resultsand discussion

165 Riverine runoff and atmospheric deposition are tike main pathways responsible for PAHs and
166  sediment input to a lake (Ferrey et al., 2018; Zakat al., 2002). Riverine runoff may potentially
167  contribute more significant pollutant and partidads, as rivers typically receive treated or wated
168 domestic wastewater, industrial effluents, andaaafrunoff (Wolf et al. 2013; Pal et al., 2010)e%é
169 factors may lead to higher deposition rates and RAHcentrations in the sediment close to river

170 inflows.

171 3.1 Dating of thecores
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The presence of anthropogefitCs in the environment of the northern hemisphenebesatraced both

to the atmospheric testing of nuclear weaponseridate 1950s and early 1960s and to major accidents
in nuclear power stations, i.e. the Chernobyl aaidn 1986. The latter produced a less uniform and
laterally more limited pattern since the fallout svassociated with complex short-term weather
patterns (in particular rain). Whereas (for thias@n) no Chernobyl fallout is known for the souther
hemisphere, the nuclear weapon testing falloutaiceable in both the north and the south, appearing

in the south about two years later (Rowntree arsddfp2012).

Sediment deposition rates for the three locatioasevmeasured based BfCs activities in the cores
taken from that locations. Fig. 2 shows that'ti@s activities are rather low and only detectablth@n
upper around 20 cm of the three cores, which ispawable to the results reported by others (Xue and
Yao, 2011; Liu et al., 2004). Although the detect¥€s activities in the cores do not show any
distinct peak related to any of the events, thepestlayer (at ca. 20 cm depth) at whigiCs was
detected can be consequently dated to around T®&Owould indicate that an average sedimentation
rate at these three locations is around 3 — 4 mwiiach is similar to the rates reported by Xue and
Yao (2011) and Liu et al. (2009), and is also reabty consistent with the chronological results of
spheroidal carbonaceous particles (Cao et al.,;2003et al., 2012). These three locations are some
km away from the lakefront and also away from thiéoivs into the lake. The sedimentation rates
therefore represent most likely the average ratthénnorthern part of the lake, but might not be

representative for the areas close to the lake&ndtriver outlets due to more intense sedimenitinp
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Fig. 2 Distribution of*’Cs activities in the three dated cores

3.2 PAH in the surface sediments and the cores
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Fig. 3a shows the spatial distribution of the t®AH concentrations, without considering peryldne,
the surface sediments. The concentrations range &w@und 150 ng/g to around 2300 ng/g. The
higher concentrations (above 1000 ng/g) are folmskdo the inflow in Zhushan Bay (locations 8-23,
4-41 and 3-18) and in the northwestern part of idieg Bay (location 8-24). The concentrations at the
other locations are typically below 1000 ng/g. Tehedistribution patterns, with the higher
concentrations located close to the inflows, retteat the inflow rivers are the major current padis

for PAH input.
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Fig. 3 Concentrations of the sum of the 19 PAHstHaut perylene) (a) and of perylene (b) in the atef
sediments

Three sediment cores were also taken close tonfews in Zhushan Bay (ZS23), and in the
northwestern and northeastern part of Meiliang 847, ML24) (Fig. 1b). In line with the results of
the surface sediments, the three cores show thar tyghest PAH concentrations (without perylene),
reaching up to 5000 ng/g in core ML24 (Fig. 4). 3d¢hree cores have a length of 40 cm (Z2S23), 35
cm (ML7) and 18 cm (ML24), respectively, and th@ncentrations remain high throughout the cores.
The other cores (ML6, ML35, ML36, ML43, ZS42) calted further away from the inflows in the two
bays, however, show consistently low backgroundcentrations (below around 150 ng/g) in the
deeper parts and comparably high concentrationsiorthe upper 10 — 20 cm. These results suggest
that the sedimentation rates in the area closhaadnflows are substantially higher than the averag
rate of 3 —4 mm/a in the other locations, and tihatrivers connected to the northern part of tiese

bays are the main pathway for PAHs and sedimenit iimpo the lake.



215  These general findings are also reflected in theetttores (ML6, ML35 and ML36) located with
216  increasing distances from the river outlets in Mei) Bay (Fig. 1b). These cores present similar
217  concentration profiles, with background concentradiin the deeper layers and higher concentrations
218 in the upper layers (Fig. 4). The concentratiomsdase from a depth of 28 cm (ML6), 26 cm (ML35)
219 and 22 cm (ML36), respectively, which indicate thia sedimentation rates in the three locations
220 decrease with increasing distances from the rivetlets. In addition, core ML36 has lower
221  concentrations in the upper layers compared tamther two cores, in line with the greater distance
222 from river inflows. The two cores located in thaufoof Zhushan Bay and Meiliang Bay (Z2S42 and
223 ML43) show even lower sedimentation rates and ka@r PAH concentrations (350 — 450 ng/g) in

224  their upper layers.
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0 200 400 600 800 1000 700 900 1100 1300 1500 1500 2500 3500 4500 5500 0 300 600 900 1200
O 1 1 1 1 ) 0 1 1 1 J 0 1 1 1 ) 0 1 1 1 )
5 5 5 5 4
10 A 10 A 10 - 10 -
g 15 A 15 - 15 A 15
£ 20 A 20 - 20 A 20
by
= 25 - 25 - 25 25 -
30 A 30 - 30 A 30 A
35 - 35 - 35 - 35
40 40 40 40 -
ng/g  ML36 ng/g  MLA43 ng/g GH4 ng/g  GHI1
0 200 400 600 800 100 200 300 400 100 300 500 700 900 1100 0 200 400 600 800 1000
0 1 1 1 ] 0 1 1 J 0 1 1 1 1 J 0 1 1 1 1 J
5 5 5 5
10 - 10 - 10 - 10 -
g 15 15 - 15 - 15 -
<
= 4 - 4
z 20 - 20 20 20
= 25 - 25 - 25 A 25 -
30 4 30 A 30 1 30 A
35 A 35 A 35 35
40 - 40 40 40
ng/g  GH38 ng/g 7S23 ng/g 7542
0 200 400 1500 2000 2500 3000 0 100 200 300 400 500
0 1 J 0 1 1 ) O 1 1 L 1 )
5 A 5 4 5
10 1 10 - 10 -
g 15 15 15 -
<
- 4 J p
£ 20 20 20
= 25 25 - 25 -
30 A 30 A 30 -
35 - 35 A 35 -
225 40 40 - 40 -




226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

Fig. 4 Concentration profiles of the sum of thePl&Hs (without perylene) in the cores (differentxsascale)

Three cores (GH4, GH38 and GH11) were taken fromgBo Bay (Fig. 1b). Taihu Lake is a crucial
drinking water source in this region, especiallyn@lou Bay provides water to 4 major water treatment
works covering 80% of drinking water supply in Wity (Qin et al. 2010; Tao et al., 2010). Gonghu
Bay is connected to the Yangtze River through tlen@lyu River. In order to alleviate algae blooms
in Taihu Lake, a project (WTYT project) was starbe®002 to transfer water from the comparatively
low nutrient status Yangtze River to Taihu Lakeotlgh the Wangyu River (Zhai et al., 2010). In
addition, sediment dredging was conducted around/¢ars ago to remove contaminated sediments
from the bay (Liu et al., 2010; Liu et al., 2016)eD et al., 2018). These activities likely hadrapact

on the contamination patterns and thickness ofs#diments. The three cores show significantly
different concentration profiles that consequentight be influenced by the activities in this bayda

may not represent the original stratification.

In principal, the PAH concentration patterns togethith the information on sedimentation rates can
be used to reveal the historical input of PAHSs itite sediments. Coal and oil are the major energy
sources in China (Crompton and Wu, 2005; Wang amngF2003), hence PAH abundance in the
sediments is a crucial indicator of energy consimmpand industrial and economic development.
After the People's Republic of China was estabtishie 1949, China started intensifying the
development of industry and economy, particulanlgdastal areas (Li, 2009; Fan, 1995), which was
accompanied with a considerable increase in consompf coal and oil (Liu, 2008; Jiang and Zhang,
2005). Furthermore, the reform and opening-up RohcChina, implemented in 1978, was associated
with rapidly growing urbanization and industriakiven (Yeh et al., 2011; Chen et al.,, 2013).
Therefore, combining the PAH concentration profilesd the dating results with an average
sedimentation rate of 3 — 4 mm/a in the sedimewtsydrom inflows, the significant increases of the
PAH concentrations documented in cores ML6, ML3%,38, ML43, and ZS42 would start from the

early 1960s.

However, the concentrations are rather stable mekow decreased in the upper layers of the cores
compared to the peak concentration in each of dresc In contrast, energy consumptions in the

catchment are still increasing after 2000. Thersftine inconsistent PAH concentration distributions
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with energy consumption could be accounted forheyfact that the Chinese government has enacted
and enforced a series of laws and regulations deggarecologically sustainable development and
resources conservation since the 9th Five-Year P1886 — 2000). From the 10th Five-Year Plan
(2001 — 2005), in particular, multiple measures émwvironmental improvement were introduced
(Schreifels et al., 2012; Chen and Xu, 2010; Zhioal.e 2010; Crompton and Wu, 2005). Especially,

Taihu Lake is one of the prioritized regions fotlption control and treatment.
3.3 Perylenein the surface sediments and the cores

Perylene concentrations in the surface sedimemrtstygically below 200 ng/g, except in the five
locations 8-6, 8-7, 8-21, 3-17 and 3-21 with higleencentrations (206 300 ng/g) (Fig. 3b).
Compared to the other PAHs (Fig. 3a), perylene eommations are relatively high in most of the
sampling locations and the higher concentratioasganerally located in the area close to the dentra
part of the lake. The spatial distribution of peng concentrations is somewhat inverse to the

distribution of the other PAHSs, which is especialyious in Zhushan Bay.

As in the case of the surface sediments, peryleneeamntrations in the cores are generally below 200
ng/g, except cores ML35, GH38 and ZS42 (Fig. 5)stme sections of cores ML35 and GH38,
perylene concentrations reach over 1000 ng/g, atogufor up to 96% of the sum of the 20 PAH
concentrations. Concentration patterns, howevethénthree cores are different. In core ML35, the
high concentrations occur in the deeper layerstia@delatively low and stable ones (around 200)ng/g
in the upper layers, while in core GH38 perylenecemtrations generally increase from the deeper to
the upper layer of the core with the highest cotre¢ion at 8 cm. In addition, the concentrations in
core ZS42 decrease linearly from the deeper lageu(d 450 ng/g) to the upper one (around 150
ng/g). Nevertheless, in the other cores, perylemeentrations are low and vary slightly, particiylar

in the upper 15 — 20 cm.
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Fig. 5 Concentration profiles of perylene in theeso(below QL: below the quantification limit)

Compared to the other PAHSs, the concentration lpobf perylene are specific in each core, which
might result from two potential sources, anthropogenput together with the other PAHs and
biogenic formation in the sediments after depositidhree anthropogenic PAHs (BaP, BeP and
pyrene) were selected as references to distindngsheen these two sources (Venkatesan, 1988). The
five cores (ZS23, ML24, ML7, GH11 and GH4) collaettedose to the river outlets show significant
positive linear correlations between the conceioinadf perylene and the three PAHs (Fig. 6a), while
the other six cores (ZS42, ML6, ML35, ML36, ML43da&H38) collected far from the river outlets
show significant negative correlations (Fig. 6bnorcorrelations (cores ML36 and ML43 shown in S

(supplementary material) Fig. 2). The significaosifive linear correlations found close to the rrive
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outlets might indicate that perylene was depos#iethese locations together with the other PAHs
originating from anthropogenic sources in the wgzstr areas. The detailed results and explanation of

the correlation and regression calculations arsgmied in S Tab. 2 and its following text.

250 - XR=0.80%* 250 - XR’=0.76** 250 - XR’=0.58**
OR™=0.92** OR’=0.92%* OR’=(.72**
. - O R™=(.72%* . ®R’=0.25* . ‘x O R™=0.57%*
200 A OR’=0.94%* 200 o X OR™=0.96** 200 - O R’=0.95%*
*R=0.97** ﬁ * R=0.96** ;Z *x * R’=(0.84%*
o0 o0 o0
&0 150 =150 0150 .
% xx/ 2 E & x ° § o x x °
2 100 1 2100 - ° 2100 - xx 2
2 °o_~% 2 ) 2 o o
50 A 50 A 50 4 o
0 . : : . 0 ; . . . 0 ; : .
0 100 200 300 400 0 100 200 300 400 0 200 400 600
BaP ng/g BeP ng/g pyrene ng/g
a(x,ZS23;0,ML24; ® ML7; ¢, GH11; ¢, GH4. ** P <0.01; *, P < 0.05)
1200 1. sR=—0.91++ 12007 +R=-0.80% 1200 7 + R==0.89%*
@ x *R=—0.73** g% x R=—0.80** g % R=—0.76**
1000 A AR=-0.65* 1000 AR=-0.63* 1000 AR=—0.57*
,chn OR=-0.79%* s OR=-0.81%* ;’(‘D OR=-0.77**
4 x |x'o o
0800 1, 2800 1 20800 1 ¢
= I:|x = x o x = Dx
2 600 4% 2 600 A 2600 1 *
- o e o ) o
19 + 19 + 9 +
2400 1,7 x  R400 1 x 24009 x
e 2% % o x % w¢ t g,
200 - Jate 4 B, 200 DDnﬂAAL}A %2009 g B
0+ : : . 0 +H— : . ; . 0 +— ; : : .
0 20 40 60 0 20 40 60 80 100 0 20 40 60 80 100
BaP ng/g BeP ng/g pyrene ng/g

b (+, ZS42;%, ML35; A, ML6; O, GH38. ** , P <0.01; *, P < 0.05)

Fig. 6 Concentration correlations between perylane the three anthropogenic PAHs (BaP, BeP ancheyre
with (a) significant positive linear correlationach(b) significant negative correlations. Four peifrom core
GHA4, one point from core ML7, one point from cor828 and two points from core ML6 (labelled withgre
color) are outliers and are excluded from the datien and regression calculations, the detailsiabte outliers

are explained in supplementary material (below B. T

Furthermore, lower perylene abundance relative tteeroPAHs suggests that perylene mainly
originates from pyrolytic processes instead of dragic processes (Readman et al., 2002; Baumard et
al., 1998). In this study, the concentration prdipas of perylene to the sum of the 20 PAHs (S E)g.

are typically lower (0.02 to 0.18) in the five cerevith significant positive linear correlations
compared to the other six cores (0.13 to 0.96) witinificant negative correlations or without
correlations. This can be also supported by thglgme concentration distributions in the surface
sediment (Fig. 3b) where the lower concentratiores geenerally located in the areas near the river

outlets.
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Consequently, these three aspects, the positivearlinconcentration correlations, the lower
concentration proportions and the locations witbrstistance from inflows, together strongly imply
that perylene in these five locations originatedntiyafrom anthropogenic activities and were inpwyt b

river runoff. In addition, the different slopes thfe regressions (Fig. 6a) and the different pegylen
proportions (S Fig. 1) in the five cores might sesfgthat there were different anthropogenic PAH

sources in the inflow rivers.

However, in the other six locations ML6, ML35, ML3BIL43, GH38 and ZS42, perylene could be
mainly formed in situ by biogenic activities withtoabvious spatial transportation and interaction.
This is supported by the negative or no correlatibetween the PAH concentrations and also the
higher perylene concentration proportions on ommelhand on the other hand by the specific perylene

concentration profiles.

Previous studies suggested that phytoplanktonicp&atly diatom, could be perylene precursors in
deep aquatic sediments (Louda and Baker, 1984; &teslin and Kaplan1987; Soma et al., 1996).
Massive nutrient inputs have resulted in the ragliferation of phytoplankton in Taihu Lake since
the 1980s and the occurrence of phytoplankton blbecame more frequent and severe after ca. 2000
(Dong et al., 2008; Duan et al., 2009; 2015). Haveperylene concentrations fluctuate slightly or
even decrease in the upper layers of the cores. iliplies that the distribution of perylene is not
consistent with the accumulation of phytoplanktamjch agrees with Silliman’s repof1998) that
there is poor correlation between the mass accuionlaates of perylene and biogenic silica (an

indicator of diatom production) in Lake Ontario.

The results also indicate that biogenic formatibpearylene might be inhibited in the sediments wher
anthropogenic impacts are stronger, which is ctoseae river inflows and in the upper layer of the
sediments. Nutrients, organic matter and pollutievels can influence the diversity of microbial
communities and mineralization in sediments (Zeingle 2005; Haller et al., 2011; Xu et al., 2018)

and therefore could also affect biogenic formatbperylene in sediments.

4. Conclusions
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Analyses of the spatial distribution of PAHs in #eximents in the northern part of Taihu Lake revea
that the main PAH input into the lake occurs thioube inflowing rivers into Zhushan Bay and
Meiliang Bay. This coincides with higher sedimeepdsition rates close to the river inflows. PAH

concentrations in the sediments in Meiliang Bayhagher compared to the other two bays.

The temporal analyses of the cores show that isergaPAH input into the lake started from the

1960s due to rapid economic and industrial devetygnOver the years, PAH concentrations in the
sediments increased by a factor of 10 or more cosapt the background concentrations. However,
the decreased or stable PAH concentrations infiherdayers of the sediments might show the effects
of environmental measures implemented by the Chimgsernment from ca. 2000, although more

data are needed to prove this.

The spatial distributions of perylene concentrationthe sediments and its concentrations in meati

to the other PAHs suggest that Perylene originfates the same sources as the other anthropogenic
PAHSs in the locations close to the river inflowsvver, it may result from biogenic processes @ th
locations far away from inflows. Consequently, tleisuld imply that the biogenic formation of

perylene is inhibited by anthropogenic activities.
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HIGHLIGHT

River inflows are the main pathway for PAHs and particles input in the northern part of

Taihu Lake
Anthropogenic activities significantly influenced the PAH abundance in the lake sediment

Perylene originated from anthropogenic and biogenic activitiesin different sampling areas



