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SKIR. ARRRAEYTF Y, FERASGRESE:
(1) KWK DON WREFEEERNFTMEEER: X 2008-2016 F A
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Abstract

Abstract

Sources, compositions, transformations, and fates of nitrogen (N) are important
factors influencing the eutrophication of lake ecosystems. For a long time, inorganic N
forms such as ammonium (NH4"), nitrate (NO3), and nitrite (NO2") have received
much more attention in lake eutrophication due to their well-known high bioavailability,
while the contribution of dissolved organic nitrogen (DON), of which the concentration
is usually higher, was overlooked. Traditionally, the DON pool was considered to be
primarily composed of recalcitrant components that were difficult to be utilized by
phytoplankton, and therefore showed low bioavailability. However, in the past few
decades, the DON pool in total dissolved nitrogen has attracted renewed attention
because a growing body of evidence shows that phytoplankton can obtain substantial
N nutrition from numerous DON components. DON even becomes a major contribution
of nutrients to some waters. Due to the wide range of sources and the complex
composition, DON was once considered as a huge “black box” in the food wed of
aquatic systems. Therefore, studies on the source, composition, transformation, and
bioavailability of DON are important to comprehensively understand the mechanism of
eutrophication.

In Lake Taihu basin, sources and compositions of DON are complicated due to the
high spatial heterogeneity and strong interference of human activities in this area.
Furthermore, the bioavailability of DON origining from both autochthonous and
allochthonous sources to microbial communities is also unknown. Because
cyanobacteria are more competitive on utilizing DON as a substantial N nutrition than
many other algae species, studies on DON dynamics in Lake Taihu are particularly
important for understanding its eutrophication. This dissertation reveals the
concentration, source, composition, and bioavailability of DON in the water column of
Lake Taihu. Major findings include:

(1) Significant seasonal and spatial differences in DON concentrations were
found in Lake Taihu: Analysis of the temporal and spatial variation of DON
concentrations between 2008 and 2016 suggests that DON concentrations ranged from
0t02.91 mgL™!, with a mean of 0.74 £ 0.55 mg L™! (n = 2160), and showed significant
seasonal and spatial differences. Seasonally, DON concentrations were the highest in

spring (1.10 +0.56 mg L), followed by winter (0.87 + 0.58 mg L") and summer (0.54
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+0.37 mg L), and were the lowest in autumn (0.44 = 0.38 mg L™). Spatially, DON
concentrations in Zhushan Bay (1.30 = 0.60 mg L"), the southwest coastal area (0.98
+ 0.59 mg L), and Meiliang Bay (0.75 + 0.53 mg L") were higher, followed by the
open area (0.68 + 0.47 mg L"), Gonghu Bay (0.63 + 0.45 mg L™), Xukou Bay (0.45 +
0.33 mg L) and East Taihu Bay (0.38  0.29 mg L"), and were the lowest at Lake
Wauli (0.26 + 0.20 mg L™1). The ratio of DON to TDN ranged from 0% to 85%, with a
mean of 38 = 17%, and was relatively stable from season to season; spatially, this ratio
at Meiliang Bay, Gonghu Bay, Xukou Bay, and the open area was higher, followed by
East Taihu Bay, the southwest coastal area, Zhushan Bay, and Lake Wuli. Correlation
analyses showed that the concentration of DON in 2016 was significantly and positively
correlated with alkalinity, conductivity, and the concentration of dissolved oxygen,
sulfate, total dissolved carbon, and total inorganic carbon (p < 0.01), while significantly
and negatively correlated with pH and water temperature (p < 0.01).

(2) The composition of DON from typical sources was characterized using
multiple techniques: DON from both autochthonous and allochthonous sources was
investigated at the molecular level using the electrospray ionization coupled with
Fourier transform ion cyclotron resonance mass spectrometry. Optical properties of
DON were also investigated using the UV-visible (UV-Vis) absorbance spectroscopy
and the three-dimensional excitation emission matrixes (3D EEMs) florescence
spectroscopy techniques. The autochthonous sources of DON include: algae-derived
water, macrophyte-derived water, and sediment porewater; the allochthonous sources
include: upper stream, groundwater, agricultural runoff, domestic sewage, soil leachates,
and rainwater. Results showed that the number of N-containing species varied
significantly with the source of DON, while lignin-like components were the most
abundant for all sources, accounting for 49%—80% of the total assigned DON formulas.
Among the autochthonous sources of DON, algae-derived water showed the highest
fraction of N-containing formulas and magnitude-weighted N/C ratio, and was
considered to have the highest lability. Allochthonous anthropogenic sources (e.g.,
domestic sewage and agricultural runoff) contain higher fractions of labile DON
components than natural allochthonous sources (e.g., rainwater and soil leaches), which
contain considerably higher fractions of refractory DON components with high double
bond equivalent (DBE) and aromaticity index (Almod). Thus, this study confirms that

human activities can increase inputs of easily degradable DON to Lake Taihu.
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(3) The contribution of each source to DON in Lake Taihu was analyzed: By
measuring stable carbon and nitrogen isotopic natural abundances (8'°C and §"°N) of
samples from each lake area in Lake Taihu and in different source waters, combined
with the MixSIAR stable isotope mixture model, the relative contribubitons of different
sources to DON in Lake Taihu were quantified. Meanwhile, sources of DON in Lake
Taihu were also predicted by measuring and analyzing UV-Vis and 3D EEMs
parameters. Results based on the stable carbon and nitrogen isotope data showed that
soil leaches water was the largest contributor (22.4%) to the DON in Lake Taihu,
followed by upper stream water, sediment porewater, agricultural runoff, algae-derived
water, and groundwater (> 10%). Domestic sewage (7.9%) and macrophyte-derived
water (6.2%) were two relatively small contributors to the DON in Lake Taihu. Results
based on the spectral data showed that DON in winter primarily came from
allochthonous sources, while in summer a larger part of DON might come from
autochthonous sources. Therefore, seasons should be considered when predicting
sources of DON in Lake Taihu.

(4) The photodissolution source of DON from resuspended sediments was
revealed: An outdoor simulation study on the transformation of sediment particulate
organic matter to dissolved forms (ie, photodissolution) driven by natural sunlight
radiation was conducted. Results showed that that continuous natural sunlight exposure
(10 days) eventually resulted in a significant increase in dissolved organic carbon and
DON concentrations (p < 0.01). However, natural sunlight did not cause a significant
increase in DIN concentrations, indicating that the photodissolution of resuspended
sediments in Lake Taihu was a relatively more important source of DON than that of
inorganic N. For changes in the DON composition, continuous sunlight exposure
resulted in an increase in the abundance of the humic-like fluorescent component, and
led to an increase in the relative abundance of DON components such as lignin,
unsaturated hydrocarbons, and tannins, and the labile N-containing components were
lipids, proteins and amino acids. Upon 31 days’ sunlight exposure, the Almod, DBE, N/C
of DON increased significantly.

(5) The photochemical metabolism source of DON from phytoplankton was
revealed: The production of DON from phytoplankton under natural summer sunlight
and outdoor simulation conditions was studied. Results showed that the phytoplankton
species experienced the processes of death and revival. The release rate of DON (based

on bulk concentrations) during the degradation period was higher than that during the
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growth period. Upon 18 days’ exposure of sunlight, DIN and PO4>~ was almost depleted,
while the concentration of DON increased to 271% of the value at the beginning of the
incubation and was significantly lower than that of the dark control (p < 0.01). During
the degradation period of phytoplankton (0—3 days), concentrations of the fluorescent
components (C1—C3) increased with the incubation time. During the revival and growth
period of phytoplankton, the components of humic-like C1 and protein-like C2
decreased for a short period and then increased slowly, which suggests that DON
produced by the self-degradation of phytoplankton can be used as N nutrition again at
certain conditions to support the growth of phytoplankton.

(6) The bioavailability of typical natural and anthropogenic sources of DON
in Lake Taihu was clarified: Typical natural sources of DON include algae- and
macrophyte-derived water; typical anthropogenic sources of DON include domestic
sewage, industrial wastewater, and paddy agricultural runoff. Domestic sewage and
industrial wastewater had been treated by wastewater treatment plants. Results showed
that the concentrations of chlorophyll a within the DON addition bioassays increased
significantly at day 5 during the incubation with increase values of 22.58-92.37 pg Chl
a L1, which were significantly higher than those of controls. The aromaticity of DON
within the industrial wastewater addition bioassays decreased, wihle the aromaticity
within other DON addition bioassays increased (the spectral slope S27s.205 decreased).
DON from algae- and macrophyte-derived water and domestic sewage were more
bioavailable than from other sources. These results confirm that DON from some
natural sources of Lake Taihu and anthropogenic sources (such as domestic sewage)
have strong bioavailability and can be an important nutrition for phytoplankton in Lake
Taihu.

This dissertation conducts a systematic study on the concentrations, sources,
compositions, and bioavailability of DON in Lake Taihu. In the future, it is still
necessary to optimize the estimation method of different source contributions to DON
in Lake Taihu. In addition, the transformation and bioavailability of DON at the

molecular level should be emphasized.

Key Words: dissolved organic nitrogen (DON), concentrations, sources, compositions,

bioavailability, Lake Taithu
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1.1 MREX

RS A H1E (Dissolved Organic Nitrogen, DON) & ¥ fi##SA M5 (Dissolved
Organic Matter, DOM) FEf—#4r, RAVNANEZARM, JFEEBRESSE
HLE (Particulate Organic Nitrogen, PON) #£4k, [ 41 [A] 4 5 (Berman and Bronk, 2003;
Aluwihare and Meador, 2008; Johnson et al., 2013b). 7K 1) DON <& 18 & Lh ¥
fEASTCHLE. (Dissolved Inorganic Nitrogen, DIN) HIWREE &, I+ HAEM S, Ll
ZTFKIEA LISk A A 2 MR AR 1)+ B R BE A4 i BT R A (Bronk et al., 2007). IT4F
KR LN, KiEFEIRE DON M4ERFEF-ERMERTIEEFRENER,
DON FEAbFah i Frid e, HAMRREAmIE N EKRIBEIR, IERERFIT
YDA 3 N3R5 & B 75 (Bronk et al., 2007; Voss et al., 2013). —J7TH, Fif
A YEEE T LR FH B35 DON TE N I Z MRS B E RRBERMARE S, Fla
DON HfJJRE %R FREEAXZ 20 43 FT LAAR R i R A7) R 4 T T ) e )
Fi(Bronk et al., 2007; Qin et al., 2015); 55—, AR BEFRFAEYFAARLLES
BREMBESIRF, X R R0 T £ ) # V& 10 8 241 i(Berman and Chava,
1999; Berman and Bronk, 2003; Glibert et al., 2016). £ 2 24 LB 5 FA/E A —%IR
i, AR AR BRI A KR E A= & 14 B & = (Berman and Chava, 1999). —
e P AN /K e R 2238 (Aphanizomenon flosaquate) FIERSEIYEEBE (Microcystis
aeruginosa) ETHESRZ M ANA G ERMNEKRE, £/UMHELERTER
B3R {1554 /7(Berman and Chava, 1999). 82N A5 i A 4 72 I F BB (B N 2R
KIEFRN, fEAMEBRLETELHAAGREE F,2010), EHEEHRFEIE
YIE BRI A MR B KR SRR — /B4, DON BOKAEE AR BRI
Bz —(EWIE %,2005; REE %,2010). HHR/KAESF DON HAZEER, 7T
CMERTRIEEYETER] . BERNEIRERNEIR, &0 88y E E A AL (Berman,
1997; Berman and Chava, 1999; Berman and Bronk, 2003; Sipler and Bronk, 2015).
Kltt, DON fENKAEESRFHEER N ZEENSS5E, REENALR
B e AR, BE R A XTI KK 4k (Berman and Bronk, 2003).

VETREAZ AT E RN EERNEE, 28 . BB TIABEESR
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B AR EERMNEERSIFE T GEAR, 2002). RELEJLHFEHXEE
LY FHT T REF R AR LR, (B iKiEEEFUNBEENTEEE,
— B ClAW) IS K R R R4 R (Qinetal,, 2019). JEFREIW
R, ARa5E 5 AR DON IV J A ] A P E — L BE AR O 2
it T DIN(Petrone etal., 2009). Fit, DON HIVEICEFEHF FoxT 787 R VA A
FA R EERUNEEFEEEENE N, FAREMAAKE X EEHMA @
BRIk JURW-/KFI7K-) DON {44 a7 F M AR 40 B R M IR 22 7 T
(REE % 2010), ST ERHAHABARZ . B BHTERSERTEE
FIF DON BEA—EMESMHY, DON RIFESHEMIT AN RS NREKE R
BEEFMEEER I NEE,

1.2 ERIMMARIREES
1.2.1 DONKIKE. HRKRIE

St DON HIRFF 97 % B B 12 B L AT 2 19 7 vE S DON R EZRE T mifs R E &£
(Bronk and Ward, 2000). f£4tf) DON Mll5E 7 AR ZRIE, HEEFGERES
% (Total Dissolved Nitrogen, TDN) FIAERAIREEME, FRE RIS SR

(NHsD. BEAE (N0 FIEREESR (N0 REZ M. ZRiZEME DON K

FERIERTYEZ: T TDN. NHe'. NOs/NO, = FHEIMIHTiRZE, BEARARNERYE
(BH% %, 2010; Sipler and Bronk, 2015). V£ WL K 7 DON i€ ik HItL
B 544, (Bronk and Ward, 2000; Sharp et al., 2004; Torres - Valdés et al., 2009; 4]
E 455, 2011; Chen etal., 2019), fRTIEA —F7¥E LR B A LENE, DIN/TDN
Eb AR 5 7 2 1R 2 1 32 EE SRR (Sipler and Bronk, 2015).

7K A2 DON J& B4 43U ¥ Tl REFEAE B 1R 2584k . H BT DON BIAR QI 7T
TERAEERE. LE. WOMARESRS, MHAESRSS DON 3/
LML RBRARE, WAWESARAESRSS TDN M DON WRE ILE
1.1. Zhang Z£(2015)FF 5% T E A 17 AN AR EBEKBIA K DON R RIS =424k, 5
JH3EE DON IREELZERE (0.004-0.666 mg LD, ARe SULARMIRIA K,
i B 21545 (0.006-0.335mg L), AI&E SR8 AN4H R X DON B A 2%,
T H R R PR T R R R o YH AT, DON WREFF 463N . & B 57(2017)
WA T B TSR AZES (2015 4E 10 A1 2016 4E 1 A) DON iR R =304

2



F1E ZiR

fE, DON WHEHELAZEETKE, BEENE., WOXSTELKX, IR
T RRAIE R, FAEIR TR DON YR E 5K R 25 B 2R B2 fUAH9%(p<0.01),
S, BRRIKEEREZEEMAR (p<0.01), MEHERE o IKE. BHRE
WREE . pH (EER EE W HKIRFEEARME . EEBEQLLN R m R X
DON ¥R E R S AR AR, DON WESHEEBE AR, Br2s
Ffi AR K IR, [RI DON WREIE 5@ E EFMRRR, HIES AR
IR IR IEA B3, AT Ae 1 T 7RI AR DON 4 # 25 tRIE H 4% . Chen ££(2015)
Xf G IBHEETT RSB YT DON IKERH A Z7~, DON 5 TDN [ 37 + 5%, I
BITHEREX 4 T HMW-DON 1 LMW-DON, HMW-DON Al LMW-DON 435 &
DON [] 84 + 3%F1 16 + 3%, HIKEWELZESEZEK. 54h, Collos %(1996)
FKARERRMRRNFAR T —MEEIhYE DON FIHZ M, DON REHARE
w, WIARAR, FFS5MMREIRE RV ARG (RSFERERIR L W] #RRE 74%H7
DON WA, B F bk B SR FAL =452 8 PN AR BHIFLX —
=.(Collos etal., 1996), b4, “BERZEANERILEE (Rubisco, FTH BIFRAAEYH
BHERID NEHRHEKREMR, p-RUBNERFIKREAR K, Rubisco 5 DON
[A] K ANAE 5<22 B DON £ #5577 AE ¥ BT A1 H (Collos et al., 1996). 7E 24 /N 4 DON
A4 AT Redn DIN —REsRZN, DR UL TE BAR B B 70 - A BE 4 & (Collos et al,
1996) . Zehr 55(1988)iZ £ =4FXJ .1 LLi 77 [1] Castle 81 DON 3 /7 %W 71 27~ DON
WRESBRASR . FIFEFEEMT SRR ERRIH — B AEME, T DON
WEELTPHEKE LA BEFTHEKRSTHI LS.
R 11 HowhESWRAES RS DON WKE K H 5 TDN K L4

Table 1.1 Concentrations of DON and its percentages in TDN in some lake and

river ecosystems

- . DON & TDN &%  DON:TDN ;
7. [5' Y3 Z%
RFEH R H (}i (molNL)  (umol N L) (%) SR
E

B 2016/07/29 RE 70.1 +3.4 94.6+3.5 53.0+£0.7 REREIE

A8 2016/0729  EHE 0.1+0.3 53+0.7 1.5+34 RERHEE

Eh 2016/07/30 EE 244 +8.0 43.0+£24  403+12.5 RAEREIE




RKEEBESTHEIRIE. ARV AT

AL 780 2016/08/22  ERE 105.9+5.7 REREYE
TR 8 2016/08/23  F#ZE 58.5+92 RRFREIE
T 5 2016/07/05 =2 34.5+14.0 87.5+16.0 275+6.1 HRERHEIE
o 2016/07/06  RE 204+29 69.9+53 20814 KREREIE
R BH 2016/10/10  FE 51.5+222  129.6+37.8 28.6+95 REFHIE
=i 2016/07/19  RE 346+13 186.5+4.4  504+25 FRERHIE
VI 2016/07/20  F#E 19.3+15.4 80.4+16.1 48.8+18.2 FKAkFHIE"
EEE 2016/0724  HE 45+29 117.5+23  233+122 XREEHE
NER 2016/0725  RE 125+59 1429+1.6 309+13.4 FEEHIE
TR 2016/0727  EE 87.1+4.7 317.9+29  499+21 KREEHIE
T 2016/07/28  FE 323+394  272.0+344 247+21.0 FRREKFHIE
RE 17 MK 2011/11 (Zhang et al.,
e oopgy 054 0.3-47.6 20.0-53.6 22-56 2015)
" 2011/11 — (Zhang et al.,
HBFHIEA 2013/05 xRE 12.4 41.5 30 2015)
s 2011/11 = (Zhang et al.,
K 5013/05 xRZ 15.1 30.8 49 2015)
e 2011/11 (Zhang et al.
};‘Z\ — E)
e B 5013/05 KE 5.0 23.0 22 2015)
H 4 AvE
Arbutu (Kang and
dEs B e 3 11.4 Mitchell,
2013)
iy ool 2009/09 (Kothawala
T g b
pES b 25010/06 4 279+ 11.4 etal,, 2014b)
(Takahashi
H A& Kizaki 8 4.8-12.5 15.9-24.0 and Saijo,
1981)
e B - (Mitamura,
H 7 Biwa 7 4.0-7.2 7.0-8.0 1981)
/[ Pl (Miinster and
e mussee 0-15 47.1 51-104 Albrecht,
1994)
2 [E Mendota . (Wetzel,
i xE 44.7 423 2001)
3 E York 7] 2009/08 e 20.5+0.1 21.6+0.1 94.9 (Baer, 2013)
RE (Cooper et
2 2003/06 _ al., 2008;
Yenisey I i xE 12.5+0.07 183+1.0 68.3 etecher o
al., 2013)




(Cooper et
&% 57 Lena 2003/06 = al., 2008;
. 25006/11 R 16.6+0.9 20.1£1.1 82.6 I etechiorat
al., 2013)
% [H Delaware _ (Wiegner et
T 1998/07 =RE 7.8 +0.7 66.0=1.2 120+1.0 al., 2006)
%[ Savannah - (Wiegner et
- 1998/07 xRE 84+1.8 42.6+1.6 20.0+4.0 al., 2006)
HTIRE N R KRR

DON 7EA M FRZMEMIAESSREY, ALbERREAS EHWE
HUNEE, ST RRBIRTERIRE) . EARELY (5FHEx) kKE
HEFEMRE Sy (BUF) FRD=EHR, HPFSHES SR, WRE. KE
MESEER (DCAA). KIEMFERER (DFAA). BHER. 5 BB A
B EDIIZTR . PERS BE0E . FZ . JLER%%(Antia et al., 1991; Sipler and Bronk,
2015). DON 7EA % L RA ZRAMEME ettt H B RISk = X DON B3 4% i [
FHIR, FINEZEHFKF ESTITERI RS, S8 DON FKEH S EY
HBAIAR SR, FTM DON 738 RAEM E BX XL o] AR E R EE,

X DON 2H st 78 1 S5 2% DON #4773 B - DON 43 B 472 — TR HE I AE
FHERESG—REEERNTE, YN TEROEHASHFREEFRA
DON MR, %5B314H LR (Aluwihare and Meador, 2008; Worsfold et al.,
2008). H AT DON 43 B R F & & 10 7V I8 B e . gyl st sT RFRAhay
2% (Kaiser and Benner, 2009). [E#HAEEY (Dittmar et al., 2008). 5 Bk 1515 (Vetter et
al., 2007; Koprivnjak et al., 2009)F1 FiZ 1 (Vetter et al., 2007; Chen et al., 2019)55

(B 1.1, 12 GRS ST /KB AL 22 A8 8% P4 MIK DIN B9V T $2 1% DON
EHIUERRZ (Xu et al., 2010a; Bin et al., 2011; Huo et al., 2014). H4h, #id 24 /Nt
(RIVE T T AL 2 A B R 2k 4R A SR TRAL B AT RE PR DIN WHERRIERIR I, 58
L) I /] %5 45 (Wontae and Paul, 2005; Ambonguilat et al., 2006). Huo £5(2014)%
GURKILIETRALER M T VERT AL T A6 3 BLARTT 52 ZR bk A [ A DON FI9R 5 S 28 LR 550
NF270 bt NF90 JE7E (% DIN/TDN #1# 8 DOC ERIMFE 9, DON £ LA/»
S FAFE(<3kDa i BT 48%), W E a5 0.01-0.83 mg L™ (Huo et al., 2014).
EHIRE, BEESRETIHNNKSFE (Low Molecular Weight, LMW)
HAEYIIIRE . DCAA Fil DFAA % 7 /& DON EH4) 5%-10%, T DON FEHIR
£ 30%MH 5 F&= (High Molecular Weight, HMW, >1kDa) {b&44H L, XEB
43 HMW-DON £ 20%—30% E 7] 7K A ff1 S R IR At R i R, A8 95 T B L o 4G
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RIK BB ESENERIE. HR R EY AT A

TR BE B A e # 3R B2, HMW-DON AR L3 T 55 5 i 28 43 (Sipler and Bronk, 2015).
B TR S T BRI T, DON HIRAE IR £ H /77, T DON HY
B R B W R AT B R AL AOFE B B TR 8 R A A I 43 B85 0535, 5 B &
B R, AW — R 7 v s R A L (Sipler and Bronk, 2015).
VP 2 AV BRI R T B O Bl S R 4E DON, B REFL 4R 6 1EVE (NMR )(Aluwihare
etal., 2005; Maie etal., 2006). 1% B H-A5 B 7 [6] he L IR =1 7 i (FT-ICR
MS) (Kujawinski et al., 2004) [ 483 B 5 1% 4 #T(Knapp et al., 2005). JTCER T
LTAMMT (IR). B EE (HPLC). BB HEIKIE. XS4k, madE
k% (Maie et al., 2006; =3 E %5,2010; Sipler and Bronk, 2015) (B 1.1). &
EVEEAE TR TRIE. BRARERMLE. 2 FRERIMER B IHTE. Maie 55
(2006)FFF 52 T {8 % Bk N VRV VEE (FCE) TR AN O IR S8 IR IS AR S A Bl
(Ultrafiltered Dissolved Organic Matter, UDOM, < 0.7 um, > 1 kDa) HISRIR. &4
AR PR R IRAS o LB 78 B A 38 SRR A, B A e e iz i3Ik (CPMAAS-NMRD
M X BB TEEE (XPS) 44T T UDOM HIERAS, NAKEERERER
(HAAs) VR B A4 Bk IPAN UDOM HIAE 4 vT I VRN BUE RS, LA 284
H] AT RRAE DL K B B A i RIAL & HLE SR IPAY UDOM . [FISRIEMIZ) /157
HEEENT RN FCE XBAFEUBKESHFE, FEENRAr tHERE
FEHTER, XPS AT EoRMt e B AR E S H AR AR HLTE FCE-UDOM iRk 1R &
(21.7+£2.7%), HHF AR L FhEARFTTVE BN B3 DON £V HERL £
INRIR 28 B(Maie et al., 2006). Goldberg Z5£(2015)HF 71 &7 ¥ FEf# Y] DON 7£ 5
YR T IR . Kang A1 Mitchell Z5(2013)FF 7T T A0 Arbutus 3RS
DOC 1 DON IR &M AR 4 F R DNREMLRESRHE £
HyE]F F 9 DOC (Bioavailable DOC, BDOC) FlIZE#) A FI| F ff] DON (Bioavailable
DON, BDON) W JFHETEE 25BN 6%—18%F 12%-43%, A& DOC F
DON K EE LB X R EE M, FFAEZNESTE (HMW) BIRERERA
4% (HMWDOC: 55%, HMWDON: 60%), DOM 175 & W, T Arbutus
WA LL A= AT R A B DOM (Bioavailable DOM, BDOM) 1 LMWDOM A E &
(Kang and Mitchell, 2013). & 1.2 B45 T = £ LR A FIRIE DON 4R S B
WHHE, ATLAER], ARIEShaR. 7. W AEESEN DON KA L HAE
VIR R A B E BRI, TR Nk A= 4w LA 1 89 DON 40 /Y
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BOREERIE: 2R [ ¥ T TDN, NH,*, NO,/NO, - = F 45T ]
| (TDN-DIN) #; DIN/TDNH/E T H =R EF E TR
DON e — BRI A (NVR) I e
[Kaiser‘a.nd Ben::er 2009 ) (4B Ert S8BT FIHESERMA B (FT-ICR-MS) ], i‘%’{?ﬁ“
[ REEDIN, i ] (EEATRBEAMEMT EREERD )| e, 21
WRPE FEARAERL ( =&t ED-EEM) )| s, B4
5B  Dittmar et al., 2008 ] - KPR
FAE ( EhEs Oy )
BRREE = TS TR,
( R AR | wwamREs
( Koprivnjak et al., 2009 ) [ BRI EBEE @PLO) ] Fitpom
sl [ BRERE )
[ Vetter et al., 2007 ] \{ X-ﬁ‘j’ﬁ/ﬁfﬁﬁf ]

B 1.1 DON W4 & 5RAE 71

Figure 1.1 Methods for the isolation and characterization of DON

R 12 SCRFY KB FRIE DON HI4H BURHE
Table 1.2 Compositional characteristics of DON from multiple sources according to

some references

. . A WAy X
\‘/\ n 7/;%

DON ki FERIN I 1 EPE
BRI BN (5N FRCHIBRER SRR E)
92 KJ5, BIEW T DON (5 TDN K] 94%, 5N [H

. WRETIER RS (44%48%) , BEFFFEE

IR AE R (Lusk et al
(18%33%) REE (10%-13%) Kz, BIEW _ ”

IR ER 2018)

Bk (<3%) . FT-ICRMS £EHES SN2 F
KRS, BAK. WKL EMMAR ZEEY
T

R R B BN 22540, % DON
Ho5h FHLALIRA, ARERTEY S T TDN B
61%. DON HRIBSHEAL Y. 45 EER AT
RSB BAL &I MRS £ 55 DON R

gk EM%. DON WBEMREMENASEEnEE TUT  ieta,
EEEE, BRI R AT ANk VR 2019)
& DON 7 FA M FE IR . HFFRUES AT
MR A Be B 520 DON 45 A%



KK R HERIE. AR E TR A

EERISEE T
2

AR
A ARl F 3,
TR
Caloosahatche
el (fRZE

M, RED

TR AL H

7K

PRI

W KRR
FATH 7K 7 BE
FEREK

DON &4 57.2% BmEABRFIFEHRIT
%, WHFEIEEHEEANRBENIE
5 % DON f1%1 19.3%. BEHI SUVAzss (0.02)
F Asss/Azes (0.06) ZEFH DON FEMIEEK,
E,/E; (6.84) 1 E4/Es (1.84) M{ERUEHEIE
EEME, 5 ESIFT-ICR MS HI&R—E.

DON (5 TDN #7 61%—99%, FHFEWA A/

DON (BDON) H{EA 15%, TEEAN-12%~

61%, HEfE K EFE Okeechobee Wi7K %I A5
EERRAKRIER . ESIFT-ICR MS HBRBEIAT A
Sk TR R WIX DON EWF  Fim
BEENKESE. EVEFITRCRER

5T%BDON ¥ &2 80 H X 4 5 A= 47 &/ DON

AR BER.

23t 48 /NI IRIERE TR, 15K K
DON IR R EESRE TR, RAHH
(79%-100%) KIREHT. FEHEHH SR ED
WER, AINEEEHASERETE.

PSRRI (4731 3T R Y 28%A0
83%) HEAE ZMEREMSTHL TR A
80%bh EARAREWEY, (NF %1% 5%
f# DON. 5 [%f#% DON FZE i = H/C K O/C HIK
fefi. KEAREWHEWER, TMEDRE
R T EAENEEES . WHEE(RE DON
BF. BIR S REVEMEEFIUE 5%-T1%HH L4
&7 N W% £, B DON (LEHBE 3R R E
—EKA,

DON 4= 4 e At AR /K &R B 10 %6 S A0 2
MRV K T 40%,  FF BLBIER B 7K F DON
fEENE. B0 FEIFN/KEREMR. ESIFT- —
ICR MS %5 1227 #U EMERS T, WK
BAIER H KA 13% 80 F XA, X

(Feng et al.,
2016)

(Pisani et al.,

2017)

(Mesfioui et
al., 2012)

(Lusk and
Toor, 2016b)

(Lusk and
Toor, 2016a)



F1E %

7T AMR T R B KR RAESER 7K DON
FRIEFAEY ST, WARZE. BEAR. SERE.
RFERMET . JWATERIEME (AR K Bt
¥E) AR REF AR T K A R ) AR P ER A 2
HE, P B EE R R B A MR IR
Z R HIZZIC R

FKZE REFEHEF K E DON L&Y (InfE 5
Caloosahatche ~RAEMEFHEARL) AFURKRESTAH (Osbormne et
eRiver Ib#  RFHHTFLHRK, TRIEHHREARS TR o al., 2013)
C43 55 DON EMARESEE RRIEHERES

FBXER DOM MR E (3918 557) JL R K
(15 241) HIPifE. MK DOM BB EER4SF

FKFISRRE BT B R ER R ok T 500 Mifba (Sipler and
BR W, TSRKERERRNERR KT so0 Soneen
2008)

KL &M & 24%. AV EREBRBEEES
T, TBRE T IEH AR E MR

SR PR BRI E, i H T
RUFMBRL R HEFBERTHEFHRLKEES, DOM JEHE
WEETAL WEEEE. S TEAMER. XEETOLAS
Conesus B Ez, R AL T I A DOM = (Bida ctal,
SR . —ZE¥T DOM MARBIEE R, S®IAH 2015)
A AR DOM 25 F £ (5 L e —
5.

L2337 DOC #1 DON ¥R EH#EHn, % DON f=
AFRHEREME. KRB RIZRF DOC
DON HHi ¥ Ll 4 FRIORSHEBYR A E, &

RV v EMGAE . SRR, RAIRVE 5 B R K

BREHNE R, BoTEOEEEAS (THEXEEA (Heinz et al,

WL 4 BEIEE, RO, RN DOM E 2013)

TR E R BT MR ON S BEMR, 3
FLEL R FRIR FE ) DOM 215 T B £ i1
RbFE,



KK B RSB IERIE . HR S YT AR

York River B
% (JEE) A
NARIE K
NACY G
/KD #J DON

JE R AL A

o - 3R T
B2 1 VS Ve R
BRI —ANT A

Ja R AE
Yrg s kR
%% (BNR)

R BARRIE/KFE DON A=A E ARH, HEA
JORIE (anig k) HiZKD B DOM KA E R
RSN R, RUENEHE
(DBE) FMFH4FREEM. I, AJRIR
N/C JEE/R EL i 2 B3 IiE SE 63X DIN 456 HIR
o ANNSRIERIH NG ISR DOM ALK R
MeAstk, MTTEEESA 0 DOM Mide%s. Stz K
YR Y. HBF R REIE LN E BYIRIRN
], Yot KIB R SE DON M7 1 3 ZE45 |

L

57K 7k DON HIA# Ay F FHERE C/N ELEIF
FREMRK. HlRkb, & C/NERTEKTHK
DON i F&HF MG FE< 1 kDa KERA
PAL SRR E AR/EAEZRERANS T,
XA A TR AEKER. #IRRYA, 5
KB R R R E B O/N 4% 5 F e gt
FA KK DON A5 B H.

FATHE TR & 5445 DON ¥R E 2 IEAH
%. B 70%LL LH DON NEARIE, JE~UE

(3. FEWRBER. FHELR SFK
f130% . JEAURE DON Hy ARG INATRERZ M 7
A 7K

HRTs/K &% LKEWEFHERLRE, BE
HRBRSG, WERKELEGEREEES™
A% TFEHKI DON, X#4 DON BEHREHIE
YT F F R AR R A A K

G/
L]

(Mesfioui et
al., 2015)

(Hu et al.,
2018)

(Osburn et al.,
2016)

(Eom et al.,

2017)

1.2.2 DONKIE

DON SRJFAT 43 N A IR B A FAMIRIEF A . AIREE SR EY S B REY)
CHARY = 4738 o 40 o B = B BRI B 9 R 25 51 S RO 4B I SRARD - R (4
YL MANERR. AEAREERRR R . BEMM KRR (F
WeEhE RS, HEYiEE. WY FRE (5B S A P P
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F1E i

FAR, EEFBREEYNHY) . REK B SER N EERER. HE
R AR (PRAEDIEAR . JEEMEE) . TTRIRERGINS, DON M5 EERIE
BREREHAR. HTK. KRRV Mccarthy et al., 1998; Hall et al., 2001; Bronk
and Steinberg, 2008; Sipler and Bronk, 2015). 4h, DON FISRIEE A LIEE T A
SRIE BN R 4 AN SRIER B AKER T (B 1.2,

’EEEi — VRHHEY (IR
TR -
FIE — ysk) Tk %E%‘ ﬁ’%
o R
JeT. L osmpk EARE— Tk
R Gt o
EEEe - B ARIE T
= i — AR

B 1.2 % DON RiF
Figure 1.2 Typical DON sources

Riggsbee %5(2008) M T AR F SEGIMIA R A R G BIZW KL H BB
BHBRE R ERIR, TR H YRR T FTR Y - B0% K42 DON K &
ZRYR, X DIN HEE EEMTTER. Araujo S5(2015)8F 7L T B2 Cachoeira V7]
T DON I RS TTRERIE, 43K DON KM RIFEIIERZER, £
X V2R, TR XBUTFEEEN 50-90 mol ha ! month™'. Maie £5£(2006)
B2 H 6 2 B N VR VB BRI R ANIR] F3A 5% UDOM. HE AR 85 (1 HAAs IR (4%
2% UDOC #1127 + 4% UDOM) &= HAY AR A ERA 7y, I H HAAs HRRE
%R B UDOM B G &I AEM AR, MHEEERFERNHE, ERESHe
A E AT EM BRI, XEPRATIFET FCE BAEAS RS I
UDOM M8 I A A s K. B2 FCE /KX UDOM [

FERIE, TS BIAE R UDOM = E R 2 E A (Maie et al., 2006).
Chen %£(2015)HF 5L T DON TEHS I T 2R B TTRERIE . ARfEE, LMW-
DON b 32 i S AN & MR R 220 Frig i, HMW-DON B 73 8EFR =
m, FrEEE T ARESNS RS E R BB FTE . Goma %5(1996) % 7t B
FIY B EIEE R E EFRNIEAKBIIE DON. JRERBAER B2 ER
(DFAA) I & E S JF . Hasegawa £5(2000a)iZ FH N #ric KBS A HLE(DOPN)
A SNHS BRIV FE T 187K A i A P R 2 23 )% DON 31 /121
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KK RESANERE . EREEY TR A%

B, SRFEMEE o IWESNHRERFHEPIEET DOPN R, JFH
AR 5N FRCH DON BiEZ T N RIS . H/NFFsIYI LR S E
YIS (<94 um) X DOPN MBS A EE K7 (Hasegawa et al., 2000a,
b). WIHFEEASRAFHAZHARERARIUSEREEI4ENTRE DON
B, Johnson 25(2013a)i it FEIR LN PNOs IHFI AT TT T DON K]
TEERN, $REY, DON KRR SERRETREEME, HBEBEERNH
BRH SR MERAMES. hoh, KEERATIRYRHZ DON HEE
SkYE(Tyler et al., 2001). SEET-40 40 M B (AR R A A £ DON FIEZR
B, WMERENREEY R ERYHE SRR DON KHITEM 8 E Z 6 &
(Mccarthy etal., 1998). #&H7E FUER B A FEARZFR AR 5 DON HIE ESR
JE (Wetzel and Manny, 1972). Zehr ££(1988)EL#Z 7 A48 B L/ Castle ¥ DON [
YRR RS IR IR ORIR, 45 R BRI DON S EE N
SkiE, DFAA 7E DON 1 5N T 7.5%, fEEKETRERERAR T HFRAR
.

Bk E, DON B AKI N ERIERZIEY), MR ERF RS
5 EZ ) DON Bl (B 1.3), EFSCEIRIERL 30% 8 THL AR L DON
AR B KRS, ESMNEJTTE, DON SV TDN 45 60%3F B2 F /KK EE
404y, DON it & KA VTR BT B AR Y 30%, I HIXEFIEASGES)
(A B B oA BT N (Sipler and Bronk, 2015). @it MEill DON W EAAL (13
%) By N i CEESE R AREBCEZ) ATLAJIE DON BERGE = .

1.2.3 DONY3#4

DON HIEE 375 2 B3R AR B R EM TR, BCAREMEKREMEE,
BRI SR A AR E & S 2 AR, JF %2 3 DON 1b & 90%a 2 M2 . Kang 55(2013)
SEHIFT T R 8 DOM AW FIA S 5 FRAIRR, REFEME FHERINK
J6EE, SUVA) AT LIE N B8 DOM ¢ miifeds, I HE SR ERFAAL R OITR
BF . 5 A 4y a] R B M RN RS AL /R B 2% . Berman 25(1997) WF5T T Kinneret 128
“ IR RN DON FI RIS, 4558 5K DON Rl o3 2 /N s Y
FERRIRT E B AR RL A K EER M EEK . Daggett (2015)8 7t 1 1H
FREEA1 DOM K6 B 1 N AN [R] 75 77 IR 1 0 AL 7 v A MO I 2, RIATEAL
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FBl1E ik

B3 IR A TR M S IR E R IRGIRASH O, T DOM 5#EETE
FRATLR, FrEBHEKEYER DOM REMMMmGM CREs), EEe#
HIIFDAEE . S IEMEREE, HET R A BIE IR DOM XK A4S RGTA] R
I B, Kim ££2006)8F % 7 EE# DOC 1 DON fEMRZERT £, DOM
BT AR S EHEIRE, EEZFET DOC 1 DON IR F ik I N
FHEXKBEY 4, ¥IEER DOC A DON 74 ZHARKE TREWET LR
L, BRESBIT B 8% 30%, HFFRM T KRG E DOM MBEREE
Hi, JFEMERISEEIRARE TH 1.

B T DON IR U FIEEME, DON [Tt EFEIE A R MmAEAL . PIEE
TR, Wi M. BRATURY. FiHH % . Bushaw Z(1996)IE KL
PSR DOC (B B AEME RSN ELEY, I EENBERRER
S B . BB R IR R T N B m B X (AR RR 1 =
B FNYEHEKAR) DON HIZEY ] 1] PE A g1 Z A% (Bushaw et al., 1996). Jeff
&5(2012)FF 7 T B FRWIA T DON Jefb 7 o ovEHE 2, 16 Mha 7 MEH
(] DON B LZ K E MER, EIREMINT 4%-92%, 0.18%-0.3%H] DON %%
#eoh NHs, FFERH T 2R T EMEZ . Dillon $H(2005)WF 7T 1 % AHEHA
JI DOC #1 DON %5 K S i R B8 a5, DOC i B (% B TR R =0
FEIEK T SR #AR N, X —AF 5] DON %t i T &t DOC % . DON K
HERR EEENRED . i T KA RR R R B R ST FEAKT)
(Dillon and Molot, 2005). BT REEFEA, FEIAERTE, £/ 2K H
K, BN S 808E £ 6, 42 7= f738 0 (Dillon and Molot, 2005).Johnson %5(2009)
W5 7 L3R A% DOC Al DON HR i iS55 SRR B4R 7 X A3 NHL R
BEETHARX HIZR, DOC (BEERE) TIGE 2 =T DON CHEER) A NH4,
{E DOC F1 DON fIM A% H R fgm, HH, TFaE DOC B uE 2R A
= NHWRUZEIRRE], 1T NH TR IBGE 2 2 A %2 DOC AT A A A PR il o

WAV EE B s 1 LB KRR AT E R RBEE, TRETE
DOM HIBEHGEE, %t DOC 1 DON, 1 DON tifiH & & 7= 1 & Bt 7t 14
. BT 02013)F A G B HEARF =R OEIE AR T B IR
DON 44 IS m M A . BT =459 65 4047, DON SRKA N URERN
¥, BUKA4AUISKERERNE, #H DON KIZE/KA S REEAF HKANEL
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RIKEE RS EHERE. ERIEYAAE

HOLHEE % 2013). REATZQ013)FHA =45 6HE A7 T DON FEAEDH 1
IR AR R A AR AL, VS VIAR Y DON B i 35 [ A E T 4 AL, DON A4
A A MESME A 33.23%, AYE F7=4R DON UIERER AE, 5 H DON/TDN
E, REERRERER S BB, YR DON Yyl A vk

K - A iy ]
NH; |
e oo
L IR P #
r AN A PR %
n wom bW He &
A LR L
........................ ’I’_——--__-----\ . i
EZLa DETT .
.................... 5 DON nf.,
Y 4+ L= Sty EFi ‘
K w1 i ;ﬁmlﬂman)ﬁém a ik
’ 'S 1 ToE s
L i S s L > kR
B " NH;” D
Ui el e e i

B 1.3 DON A¥kiE 5 HERKib~=E (3% 8 Sipler and Bronk, 2015)
Figure 1.3 Conceptual diagram of processes involved in situ sources and fate of DON

(revised according to Sipler and Bronk, 2015)
AIIIRRIERT N IREEROR £ 72 DON W IMUE B # 7. ITSRERE

TG BEEEARGET RIS, FHRARZEGEEX 7 DON K777
MRS K SRR IR E L8 DON 2143 76 B 40 /K S L BiRlic, X DON L
HNEEAE AL PEAR . MUORIER . Jofb2fEfd. BN ERE TERANLR. 2
¥ DON FANFIEHEM SR RICERRAENF RREEZR —REAZLRK,
FH#E =542 —# DON 7£JLRE|JUE B RE £ AP FI A (Sipler and
Bronk, 2015). F| F 44048 SCHF AR VI BR L 52 BORT FURE 2 R R OB S S AN Bk
B, H% T B TH IR ED A E 2 5T R RE 1, JFERE D
FEAM SN R L AR FE AR DON it 5 A BB EE, KRER
ST R ARG F B R A TARER . A BRI ERB(REE &,
2010; Sipler and Bronk, 2015).
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FIE EiR

1.2.4 DON5SDOC]EEXFH

Bernhardt F1 Likens 5(2002) i [AZRMEG HH NS E DOC 5T T Bk
BAEEEAHERR, 4RRH, TIE DOC RN FEHASAMESE
W A INRT B PER, DOC RIS BB ALK, (R RIrERAH T
2, XN T NEARWT K. PHAIUEHT DOC SEREAF AT ABR
5%, Petrone Z5(2009)AF 7 T ML RFI AR O 10 ASFIREAT DOC A1 DON K
AW AT R, DON FFRRTELS] (4%-44%) &F DOC (1%-17%). #Ag7E
BARMB ALK, DOC £48/K (EFE) 445, 1 DON Bi/K53KHES —&
%1%, 3 H, DOC BfE55i/KHA s &EIEAHSK, T DON FFfiE53% KK DON 4
e E2IEMR, 53£/K DOC/DON 258, Rt AFeE DON A5 HHER
5 i SRR (Petrone et al., 2009). AHELT DIN, DON ] GEXHR AN 1 A== F7iE 5]
5 & 4 F (Petrone et al., 2009). Brookshire £5(2005)tH# 1t [ B ER R G T
IS INAESE DIN 1 DOM A 5T 7 — Mk R G R EL (ERR])D ) DON 1
L5 DOC HFEE, 45 R W, i In ) DON # i i %881 7 DOC A DIN,
— RHE A A HE T 4 A 4k 3. (Brookshire et al., 2005). Johnson Z£(2012)i@d+ &
— ARV DOM FE 3 45 & THER #h 72 € R AL R NI A S BARN RR b RIS 7 V5
WA THREBEAEEER, BRMEEEEN. RIEEAERN AR IRE.
FEAFEHIGINPE REHE LR, BRI, A VR B IR AR 2N SRR 5
FEH RN PR S s AR, RS AR A ERUR B AL B X P B A IR T
2, BT &6 BT AR B R AE BE A 2 2 BT R B R R B MU 1 e 57
FEE FLIR I (Johnson et al., 2012). R FMBEEEEY TR R, Gl
i WMAEDF LM RN R AR AR R G KOZEEH
(Johnson et al., 2012).

125 HFEMBEERKFRGE

H Al © B R Z UEER B DON 1 Ak 25 20 43 /2 7K A it A7 R0 40 B 1 1
ERYIR, SHRSKEESRASWREEEEEELEMW, FHHBEEERNL
ARERIEBERREER, EE8E 7T TIERENTR. XL TEFESU)
T DON 2 #i KA AR A, AMAESRAaTE—SMA. 5k, EEE
ERER)IB RN B MFRAE DON WRE K HARKRFAE S, RE DON KEH
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KIKEE RS ANERIR. HR R EYTFRIAE

M5 TDN #1 DIN K E I E R IR E , TR ZE &4 17 (Sipler and Bronk, 2015).
HYR, P35 DON (4 Yya] R FA R 4y, 18 BA WA S5 K 1 o & A2 )75 %04 DON
B 25 070 . AR K2 B, T AR TT R A AR i E A R R
HIHE, NHENEEEETEEAE XML, £AFKFR AT RVEER
F4EEE %, 2010, THE %%, 2010). XFEERERERAEN DON KE
3%, T4 DON (UDON) 2 DON FEM—/Nfs, BAFEE SIS
fti< 1 kDa 43 RZ M LT TR Z —, TFEKE DON 73 BHKEMELA .
=, 387 DON S5HAKAEMIERFEARXR, W DON HKETHL AT
4% % (DON 5N ARMPUEINE S5HL). DON 5ENBERBERER.
DON 5H A R4 MBI DON SIHEKERERERFBERERE, K
HE T4 DON KRR, BUFIAE, AKEEEFURIEERHERERK
W&, FEN TR AR R E 2T SR

13 MREBSHARERF

KR T2 kE. NOBRFEMKIT T iX, RRES=RWAKH, K
T AR 2338 km?, “THI7KIE 1.9 m, &AL )7 #Hvir KRB 7K H1H (Qin et al., 2007,
Qinetal, 2010; Xuetal,, 2014). _EHLNTFEMRLIR, FEERBA TR
NEEEEE, KK EEFRUEEARINRE . REIEFEdRET ARG KW
AR BERAESIEMEIR, WA EERUREAEEK, EEFKERKN
AR BRI 25, 2019). ERRIEFRER BN (islRdds) +,
FENTENFAER. SBRMEIERS SR, ZKT DON X K# HEK
OB VS AE SRR BT TSRS P 1 v B 2 1) S o P A SR 2 A ST B T30
DON RIFEFMA K+ E L, SFNINEZHIRE, AFERIER DON X ESR
(A AT R R PSR A0 . b4, X DON SRIE AN AP0 o] R F P R R IR B L AR
DON ¥ & M R AR 2R o &SR8 AWK & DON 3 /7 22 A SO 70 A8 B
HEZEA: I S48 R— R E— RV AT — WIR R AR — A T R A . Bk
I BARA: R AKMKA DON HRE MR 4% 8 L H SHEE TR KR,
FAE SRS ERAT 5 A2 SRIE DON 6 SRR I 4 F 4L R E s 5Kk & DON
ARSI TR E ; Rk DON AR, SmEEFIIH
SR R EE SO ST A E FF P BRI S RS R AN B A2 RYE DON
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FIE FR

SHRWE A E K RIEER, VAR, Wik & A FRIE DON £E KK
18 B IR SR R K R YRR L] T AR 2.

1.4 MRAS
1.4.1 XHDONKEMMEZMERESHERFHXE

Xt DON ¥ fIl 2 K 20 4 I RAE =W 77K DON Zh /)7 B2, AFET
W K I Z2 U= TR 15 KI5 2008—2016 4F (8] DON IREHR, 44 A7k 44 DON K
B2 H R, 3454 DON WRE EHERE FRIKAHR K RN E DON IKEKI#
e AL o

1.4.2  XKHRERE N EBKIFEDONR H BRI

iz F B RTME— RS 7E 4 T /K -3RAE DON IR 4 #8% FT-ICRMS, &tk
i AT RSO . = HESOBIETF B, X ORI /K A 2 A A1 AT Y B ORIR
DON Ktk A1 o F B T ECA3RAE, 4 DON JFILEAE R KB T 5
SERA. MASMERIBEGSTE: BARKLEMNE. BRRRESL. F£EEK. B
AR AT HRKS RRBUIRE: BN ECRIEARE: BREE. KEREE. I
TP IEIBRIK o

1.43 KHKIEDONEZRENEEE

DA 7K A R 3 9 S 2R SRYE DON 4H LR AE LR, 4565k BARERM
EHAREENE, £HEBAIER DON RIFRE. W5 A KR K iis iy L2
KRR RS A HLR B =4 5Ot e AR B IR AR AR §°C. 8N FRHE, A%
SE AR RIB A MixSIAR 7 EZ FRECE RS DON KR, ZilxA
FISRIEHATIEE & .

1.4.4  KHKAEDONHEBIF RRY S E M8k iR

KAk DON &t B A RIEH ST R FEaFEY S EMAFEYTEE. £
W EERRIRERBRB L AEN SRR, AT L HFERETZ
k. MIEEE R FE R, DR AY KR, EAERKE
DON I EZRiF . FIF =7 J% FT-ICR MS HAR G & & 4t 10 5 4h- 7T IR ot
W K = T E VE RS> T /K878 DON B ERIE . AT EETEHE
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KIAKAR RS EHERIE . ERSEY AT A A

BRI BRI FIRL, M & E BT, HiriEsral)E e
i DON ¥R KA RMZEL, R4 FI/KF LB Rk DON B 2F IR
TCH R o

145 KHIKEDONHIT IS ML 2R IF

TR AR B AR R BRI, R AR FT
ICR MS HARLE A F 4510 % 50- 71 TR 2 S 43t I A BT 95 4T
R DON YR RARITEN, 4Tk LIFABIK DON #iF
e eSS

1.4.6 XHEE B AARIEDONKE A F H 1%

S AR R T 72 AT SR B SR AN AN SRIE DON Xof A VR i 8 SR AR K Y
{EHEIER, BRI RIF . eI fEH DON WRE. HAh-7T IIRBOLTE
=SHRIOEESHIA, AT DON EEFERE KPR ERM.

1.5 AR
AXBARBLIE 1.4,

1.6 BlFT=

AT T R G AT T K8 DON IR ERIR =48 R R AR, Samiii
PR B AR B R IR S R AR R ARG RS- RO, =
YR IE T BN G F 7K ERAE T ARWIK RSB RIR DON FIZH BRAFAE, €
B 7 KifK{k DON EARFERIFEMNE, T K DON B HEFTIRYIRIE
VA ARSIIEANIE D, Rl A IR S — e s 7Y 5 SR A A SRR DON AR
BRI A AT A

18
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DONIREESHT B 2 H R
DONREEZEAL
KA 41T YHEET

H*EiHE

Bl 1.4 AICHEREL
Figure 1.4 Technical route of this study
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Ho&E KWK DON IR ER % R R SHERE T RIKR

g8 KHKEDONKENZERERESHEEFHXRR

2.1 5|8

K DON R ER E B MR R RS, GOFRE. SEFENETUL
WE A (G, WA RERE, AR, ASOERE. RV IR
IR, BEFALTEE SR DON DTN E R, Bk L, BRI
VVEEEK AR DON W ERIERE . 1 0 KIMiRK, BIRIER TR RES,
HEFFHA G0 O 5 K 46 XA e R R (B i, 2011; Sipler and
Bronk, 2015; B' & £, 2017). DON IRERIFEWEBUMMUGESRGRE LI
HAAE %, BS5KEEEFRNEER R, flin, RfIEHasE I7/K ik DON
WSS 2 BB E R T 2 (Karl et al., 2001; Knapp etal., 2005), & & b AREZK
R B G BN KA DON WREETRMEARE, WbiEr oL s ik,
BIRM B FEREZFEm TR A ETTE(CAE S (Butler et al,, 1979; Holmes et al.,
2012). Zhang Z£(2015)%F E P 17 /N7 B0 /KB1E B9 DON ¥ B2 I 22 AR AL BT 7T
WERB, FER A SR ERBE DON IRER R, Bna ARG
DON HAE IR, thoh, FHEDRI KT MR TIRYRER SR Al R
% DON RE M=k, HRT AL, ¥ &MHAES RS+ DON IRER =&
AR LR FUBCRER S, ISR AT — B BV DON B ERAL 15
TR R AR B A A EEZE

TR B I KRR K B B SR, KIERE. TIEARESFERZER
=AY S A 5, 352 B AMEH I T PY 3 A /K A R A R T SRR
LA, BeAh, FFRRATEE MR A 2R AR S5 R R B s K
DOM ¥k FE R4 A i 25 (A1 22 2, 4 DOM R I H FE 4L = AR P IR A 5, 4551 /2 DOM
o JEE S R 20 45 TRV ¥ (Yao et al., 2011; Zhou et al., 2018). #ATI, BRI KAMIK
AR, THRRER ST TEE, SRZ0KEKAE DON IR E I =224
MRS AT, 28T DON ERME EFU IR IEETTI. AR EEELS
BT DON R ER 4% /A ML SHERE FRIR R, B2 KW DON i[RIz
R s, NIEANEFRS DON 3 /7 358 F il
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KWK VS RASEVUECRIR. H R VTR A

22 MERE5REE
22,1 RESTH

A2 i 20082016 4 8] &K AE MUK RS A (TND. TDN. NH4' NOs™~ NO»~
VR BESHE LA 2016 4F- &% Kb AUK B h AT R BUE (BFE pH. KiR. &
fRE. S, WEMBELS) b EREER KWL S RER FER

B RIR AL R 14 MEEA (0L 1. 3-8, 10, 134 14, 16 17, 32 5 &)
B AREG R AR 18 MEASEE (2 A5 .8 A 11 A)#Ham (n=2160),
TRE S 2.1 Fim. ZEL, XSRS T 8 MARAREX, i
RS (MB). STHIE (GB). 2117 (ZB). FHE (XB). JHHiX (OA).
TR E (SCA). ZRAWIE (EB). TLEM (WL), LME/HT DON KRESH
A 2 TR AR AL o

PRE SRR, 3 A FLBSROK 28 REWIARE 0.5 m A/KBETERDLE (10%
HCD MR ZWEM (1L &, BEEERERERTBA KR REA T, B
WIHAEZS RGH s LT R e AL L .

120°0'0"E 120°20'0"E 120°40'0"E
| LS
N 4
A R JTHL THLOY 2
.THx.m b g’n
0 5 10 T-% .Tlll.l(v *ﬁ%g.’”"_ﬂ.; S -
L JA ® i
—%{ﬁ THLY b
° s 5 THLI3
e
HL31
JTHLO7 @
STHL _THLIS
z
2 FROMX o™ =
THL28 =
-3 THL19 =g -
i ) THL29 __ THL27
p >

x
e THL2S

FRAHE

THL23 oTHLi2

THLI
@

31°0°0"N

THL24

B 20 REEAS (UEREEBRNZEARES SEEEBANEERFEL
Figure 2.1 Description of monthly (red circles) and seasonally (green circles)

sampling sites
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27 KWK DON IRER =8/ R SHEA TR ER

222 KEERBAMRNESE

PR Z 7K A AN FE AV )5 4F B Yellow Springs Instruments (YSI) 6600 B¢ EXO
Z S HKR 5 (YSIIn., Yellow Springs, £E) MiZlE, €F pH. KiE.
BRE. HER, BEMLRE. REMKMSHIXFERFELRERE, EH
Whatman® GF/F Jf# (GE Healthcare, £, TEIED L 450°CHIE 2h) &4
BE AL UE 150 mL FERYE (10%HCD FERIRZMEMA, —20°CRIERE, =1TH
WERBASEREERENT. HRE o &R, M Whatman GF/F JE
FEILIE 100-500 mL 7KBE, BERET— 20°CAEIRTE, — AN TERIEE EFHEER o
IRERIE . R IERIE 4 KEE (25 mL) FSRIMNZE KA TN MLEBE (TP) MR
. FEFRBREMEN SR QHAEERMUAENTE CGE2RBO) (&HME
JEBE, 1990), €13% TN. TP. TDN. TDP. NHs". NOs;. NO; . BEREE (PO
FBRERZE. TN/TDN F1 TP/TDP ¥R (I 2 £ A i SR R SR VE (b AN Ot B, &
R 514 0.02 mg L A1 0.001 mg L1 NH, V& B I 7 15 A 4 IR 70 6ot &
%, RN 0.05 mg L' NOs V& B [l 52 (3 I —RERR R AL (7%, Ry
0.02mgL™"; NO WE RN R @ T 50 S A KEB G RAERERLE, B
N- (1-ZB5) Z ZfEEET pH=2.0-2.5 FARLIEBEIRL, B A5k
FEVERIE, BHFR 0.003 mg LY POS IR E I (F AR /b eEvE,
R4 0.001 mg L' (&AHAANBIEHE, 1990). MR o IENER, #H 90%# L
M EME RIS K o, FOKIRIUE B A THCE 4 /N, BE/EIRTE
JEI B R R IR B IR C B T E 43R @ R (Lorenzen, 1967). KRR
JATRAN DOC R S A W% (Total Organic Carbon, TOC) #74% (Shimadzu
TOC-VCPN, HZA) Z&EiR (680°C) EMEAIENE, EHSTHLEK (Dissolved
Inorganic Carbon, DIC) BIAVEAEZ EEkFI DOC IREZ %=,

2.2.3 K{EDONKRERITE
7KA& DON K R F Z %3k 15«
[DON] = [TDN] - [DIN] = [TDN] — [NO3] — [NO>»]— [NHs] (1)
K, [LIRTEMEESHIKRE.
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KBKBBBSEIERE. AR EYFR AN

23 H£R

2.3.1 DONiR B A 8] 35 L 45 1E
St AWK A B TSR RIRE N ERBEH S ITER, 2008-2016 F[H],
A TN (R2=0.73, p<0.01). TDN (R*>=0.81, p<0.01). NHs" (R*=0.93,
2<0.01) FINOs~ (R*=0.74, p<0.01) ¥JELEREMES (B 2.2). 2008-2016
], TN WREEEH 3.71 £583 mg L™ (n=240) FFfK%E 2.50+1.62mgL™
(n=240), BE(REZN0.12mgL " yr! (B 2.2a); TDNIKREFIIEB 2.52 +
2.06mg L (n=240) FHKZE 1.61+1.04mgL™" (n=240), FEREZFRN0.11 mg
Llyr! (B 2.2b); NHWREEKER 0.76+1.04mg L™ (n=240) FEKZE 0.25
+035mgL! (n=240), FMKERN0.06mgL yr! (B 2.2¢); NOsHFHEMH
0.92+085mgL™" (n=240) FEIEZE 043 £035mg L™ (n=240), [FFIREXRN
0.06 mg Ll yr! (E2.24d).,

4.0

o LRI E
" Cs%EEXE A | _ 254 O © b
~ 3 959 X ] 0
_1 o o o
2 3.0+ o g
= o o o A 2.0
o5 % o o {% ° o o o
{é = (@]
i Z
Z i = _
& 20 5 3307-(;8 Q230 2 s y=224.44-0.11053x i
e R*=0.81
1.5
1-0 T T T T T T T X T 1.0 | T T T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016 2008 2009 2010 2011 2012 2013 2014 2015 2016
0.8 12
0 ™0
P O
T/\ o ¢ T d
g !
2 06 o E o9{ ©
= o
B O e
= o) o
% B 5
o o 0,
T 044 y=12643-0.06256x Z 06 Q
R*=0.93 o 0
y=129.44 - 0.06398x 5
o R*=0.74
0.2 T T T T T T T T T 0.3 T T T T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016 2008 2009 2010 2011 2012 2013 2014 2015 2016
E

B 2.2 2008-2016 FRIKBIAKELER (TN) (a). BHFEMESE (TDN) (b)),
BAER (NH (o) FMEEER (N0 (D) REREREL
Figure 2.2 Yearly changes in the annual mean concentrations of TN (a), TDN (b),
NH4* (c), and NOs™ (d) from 2008 to 2016
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2% KKK DON IR 2% B R ESHERE THXR

20082016 4E 8] AWK & DON ¥R EAEALTEE A 0-2.91 mg L™, ¥{EN 0.74
+0.55mgL™ (n=2160), DON {5 TDN LA TEE D 0%-85%, HEA 38
+17% (n=2160) . X AWK A& DON iR EFRAR LR/ Hr = 8, IEFR A DON
WS EFREas, LR 2013-2016 £EiA], DON iR & 22k ETHEH(R?=0.89,
»<0.01), JREEH 0.65+0.61 mgL™" (n=240) HMZE 091 +£052mgL™ (n=
240), FFHEZ N 0.10mg L yr! (B 2.3 a). DON (5 TDN 7 Huffl s £ B Ak
B4 F TS (R2=0.58, p<0.05), JUHEZ 20132016 FE, LiEEEEMN
BZ (R?2=091, p<0.01), HLHlh 30% EFZE 56%, EFHEREN 94%yr" (B

23b)s

3.5 100

n=240
3.0 n=240 =240 - a
bip M=240 =240 B ' 807 nm2 =210

—~ 251 N n=240 n=240
1 X a2 =
™ 20- £ 60+
: 2
B 151
G 1.0 % 1
& , s a
(@) 0.5 20

0.0 A 04

-0.5 T T T T T T T T T T T T T T T T T

2008 2009 2010 2011 2012 2013 2014 2015 2016 2008 2009 2010 2011 2012 2013 2014 2015 2016

FE Fr
& 2.3 2008-2016 KB EEMBAEFIR (DOND KE (2) KILEE
fEAE (TDND Eefil (b) KRR
Figure 2.3 Yearly changes in the annual mean concentrations of DON (a) and ratios

of DON to TDN (b) from 2008 to 2016
%t 20082016 FE A K7k & DON W E L EETHERULK I TRA, FF
K4k DON K E &S, N 1.10£0.56 mgL™', KFEMEZEIRZ, 77179 0.87+0.58
#0.54+037mgL™, KERIK, 7 044+038mgL ! (B 2.42). Ki#i7K{k DON
5 TDN HIHLEIEZES EMxEE, EEKELNUZEDHON 40 £ 16%. 38 + 18%.
38+ 18%F1 38+ 17% (Bl 2.4b).
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KK B RS ENERE. AREEYAT AR

540 100
a
3 n=540 b =40 =540
80 =540 W n=540
— ‘ =540 T
1 -
:]0 2 n=540 a\\o/ 60
- 2
e =
2 ] 2 404
7 1 B Q
) A
[a] g 20 A
o % [
0 -

%% e e 27 e 5% ®= 5%
=% =1
Bl 2.4 20082016 5 [A KIAMBESHEHLE (DON) RE (a) RHSEMBSE

& (TDND Hfil (b) MZFEFEFTIERNL
Figure 2.4 Seasonal changes (multi-year (2008—2016) average) in the
concentrations of DON (a) and the percentages of DON in TDN (b)

2.3.2 DONKE = [8) T (LAF1E

%F 2008—2016 4E[A] AHAAS [F] i X 7K 48 DON K& 2 FHERM R, K
WS, TSR AR DON IRE R &, FFHUNX .. STiliE. OB Kk
RREIERZ, TLEMIKERK, DON KERIKN 1.30+0.60. 0.98+0.59,
0.75+0.53. 0.68+0.47. 0.63 +0.45. 0.45+0.33. 0.38+0.29 F1 0.26 +0.20 mg
L' (B 2.52a). DON (§ TDN HJLLFIFEMLEE . sTwlis. & HiE. i X
B, N40£17% 39+ 19%. 39+ 17%H 39+ 17%, FHIKARKNIEE. FArEiE
B SR, 0808 37 £20%. 35+ 15%. 34+ 14%H1 33 £ 19% (&

2.5b),
100
n=180
3 16 756 ' a 756 i b
7 =432 80 T nmI® i g 818 —
o B n=216 . i =216 r
o o 60
g — n=180 Z
bt < n=108 a r—l
8 . = 40 B 2
¥ n=72 >
% 14 5 —L « % L_] L] =
= : : =
I
0..
04
T T

T T T T T T T T T T T
SCA OA WL ZB MB GB XB EB SCA OA WL

Z‘B MIB GIB XB EB
K53 IX i X
B 25 KHBBEABNE (DON) KE (a) MHHEBEMERZE (TDN) H4l

(b) MI=[EARLL (2008-2016 FFZFEH IR, ZB: Z1L7E; MB: HEE; GB:
TIWATES; XB: HHE; EB: A AWIE; SCA: TR AE; OA: FFHUuHX;
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23 KWIKIE DON WREER 24 R R SRS TRIR R

WL: TLE#D
Figure 2.5 Saptial changes in the concentrations of DON (a) and the percentages of
DON in TDN (b) (multi-year (2008—2016) average, ZB = Zhushan Bay; MB =
Meiliang Bay; GB = Gonghu Bay; XB = Xukou Bay; EB = East Taihu Bay; OA = the

open area; SCA = the southwestern coastal area; WL = Lake Wuli)

2.3.3 DONRESHEETFEHIXR

HET 2016 FEHEHE (n=240), Ki#/Kik DON IR E 5/KEBEBREIKRE (r
=0212, p<0.01). BE (r=0.587, p<0.01), BHFFE (+=0.345, p<0.00),
BB EIRE (r=0.566, p<0.01). BMEMHEK (r=0212, p<0.01) MEMFE
BTHBRE (r=0212, p<0.01) HWERBZFEMR (n=240), 5KE (r=
—0.658, p<0.01). pH (r=—0.408, p<0.01) 2R ZFHX (n=240) (& 2.6).

£ TCE B EIEA TS B R, /KK DON IRE EEZ /KR, pH MBS
0, =37 LAAERE DON IKEARILE 59%. £ uEPSEIITHTEANNE 1.

% 1 7Kk DON YR EFH % 65 EIHERL (2016 404

Table 1 Multiple regression model of DSS rates incorporating SPS and water

variables
HAEE A& EHFFE (ZI0E P E D BEM R2
WT [DON] = 1.637 — 0.040WT <001 0.43
DON ¥ WT. ECs [DON] =0.975 — 0.040WT+ 0.002ECs p<0.01 0.56
WT. ECs. pH  [DON]=3.048 — 0.034WT + 0.002ECs — 0.266pH p<0.01 0.59

*[DON]A7K/E DON ik, WT F/KiE (°C), ECs A/K{ERFE (uscm™),
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Figure 2.6 Correlation analyses between the concentrations of DON and the ambient
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2 &E KWK DON IR ER TR R H SHERTRAR

FIEAMHTIE B, K7k 4k DON ¥Rk E 5 TDN Rk 2 8 & IEAHR(r=0.893,
2<0.01), FEKE NOWEFEREEHXERRR?=0.73,p<0.0DE 2.7,
AN, 7kik DON IREILS TN (r=0.459, p<0.01). NOKE (r=0.355, p<
0.01). NHsHE (r=0371, p<0.01) HEIMEEEMERX (n=240),

2.5 2.5

o° o o

a %% b 0° o g o
~ 2.0 ;)Ooo Z & o = 2.0 g 8 00
— -Qbo _‘__1 Oo% oo
é" 1.5 c o pHE oo 157 ° ® o o
N>/ : oswEfEEE | E 0

95% TR X (7] ~ |
g 1.0 i 1.0 — .
g 05 ;ngglp(o'm % 0.5 ‘ ¥ = 1,52+ 0.587*In(x+0.0300)
= - I a % R*=0.73,n =240
0.0 ‘ 0.0 ‘ Yo
0 2 4 6 00 05 10 15 20
TDN¥KE (mgL™ NO, ¥ (mgL™)

& 2.7 AWIKIK DON W 5K BB HARE (TDN) WE () MEEER
(NOsD ¥KRE (b) BIFER LG
Figure 2.7 Correlation and fitting analyses between the concentrations of DON and
the concentrations of TDN (a) and NOs™ (b)

2.4 itig

A3 A DON WK ZE T AL AT fe 2 B AN 5 IR R (yiiiy
RERHD MSSEm, F5EERNERMETEYMEX. BEEIRFEERRK
#Ala], DIN IREBICHIRIR, JEHFHESSE DON IR ISR F S SRR B th R &
k. TIHEBHNEE, JNEHAN. TRV IR AR BULFE AT R /2 DON KB B &
EH. Hhoh, KERHESEAK AT A T et 2 DON R B & 1R A
Z—. HRH 17 AHRIEABIE DON WKE K7L R ERY, #AERE DON K
BER BN, AaSTTRMRBCE R, MEREIR, ARSI RIS X
DON IR %, ToHER LIRIEYIET 4. M43 o 1HRRT, DONIKRETT
#&1 71(Zhang et al., 2015). BEAh, Vi Py 3R] LR AL H#IVA DON ¥R E
B, R AISEEI%T DON fia (540 (Zhang et al., 2015). FRETH R = R #H
STHGIAT E 169 DON WIREMZEH AL RAERIEERR S, EEMEREILH
Fa, AR, EPERE. 4 ERIEAZIXFNIE DON 40 FJE i) £ &

B0 R & (Li et al., 2008).
ZeiE] b, RWIAE LS. PERYLER. MRS DON IRERE, XJULATEILHH
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FWKAEE AT I ERIE. ARV A S

RABEREE, NBRRE, AR, T, WmiTEERSE ARSI
RIZL, A N TT B LI X DON W E B IR R o Yao 5520113 KWIAA
A B VA MY (Chromophoric Dissolved Organic Matter, CDOM) 77
FFSRIERIFT A A TN, HuUF A LR 02 R 4% 6% CDOM 3 /1%, Flinv-t
LAt CDOM ¥R BB 3t BA RVRARAE, 078 # L i T CDOM IR EE K
(I MU MRS AE . Bedh, NI IRAR KFE B B R 56 K 4 D X
CDOM (VR B J Yt 2245 14 (Zhou et al., 2019), HHT CDOM & 56l iRk BEAEAE
5 DON ¥k IEAB4(Osburn et al., 2016), A DON ¥R B AT BRIR KAEE E 52 2
Dl FREM S, Satesk, B0 DON JRIL TR MK & i LR E g A |
TR AR AR SOE AR AT LR R . I E SRAKCE RS
RGRAVEYY £ DON H B BT 2SR 7= A B B R

IEAESE (20132016 £E), AWiZK4E TN, TDN. NHs" NO; % S BAMEHE
WASELKRE RIS, T DON IRE KILTE TDN St & 218 InE5,
FE % DON 78 K 5 Kk e e ch T B R B ORI E EM(E M . H5E, FiFE
W ge i1 R i TEHL R IR RE R U R Bl DON(Seitzinger et al., 2002; Bronk et al., 2007).
HYk, WEEARN T — L HAh 3 B R DON HI#E /15 3 (Glibert et al., 2004), Jtlt
BTN EREBMEHMEN F. DON HNTHEMMRERTR, KEETIA
SERH YRR, MEE T REEENEEMLTEh AR E 8N, &
SVE BT N 193 % /1(Filippino et al., 2011). Kk, ZAIENE DON WKE A
BefE e 34k 10 B AN R R HE R ISR AR K, BIE TR RO IR L e P2 Rl TR BAIR
KT AT BE 4R H -

2.5 LR

2008—2016 FE[A]%f A DON ¥ i A B R & R

(1) A7k i DON ¥R EAALTEE A 0-2.91 mg L™, {EH 0.74+0.55mg L™

(n=2160), H} EWEZEWEFH MM ER . 17 L, FF/KE DON KERF,

KBNEBRZ, HMBRERIK. SAE, KMZELE. RGNS DON
WS, X, TS, FOBERRRERE, TEMIRERIK.

(2) AIA7K AR DON MR FE /5 S VA R AS IR B 1 EL B AR AR TE LN 0%—85%, 391E
K38+ 17%, FEE BHNFEE; FA L, X—WHIERRE. TS, FO
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552 % RiIKAk DON iR R B8R R 5 ERE TR R

B, FFHe X R, HUCARRME. FrEiER. ZULEA A R,

(3) XF 2016 FEIFEHIEMARAHRE, KIEI/KE DON IKE SEMFE. W
. BSR, RS, BEERAG BT EULEE EHER (p <0.0D),
57kik pH. KEBEEZEMHER (p<0.01). LLEIEFSHTER, K& DON WKE
FEZ/KIE. pH MEFEZW, =F7] DUAERE DON KREZLH 59%.
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533 RKIKARHLESRIE DON f4H LR AE

F3EF  Ki#kEHEEFEDONK LRI

3.1 58

WIAKAE DON PR T B ARk &P R, =25 E S 3 1R & Y(Osborne
etal,,2013). Bt5h, DON FIHFEEZRIMERRIEN 7, XERFEGFRERBEE (A0
FEY). EREY . REUKAEEY . KR, WEARE) FIIMRIE

Uil # R K. RARVIFED . BT T/KFRIABRIE, KSIBIE(Feng et
al,, 2016). LMARGL(L et al., 2018). FFHZUEM (Lusk et al., 2018). y57KJ Hi/K
(Mesfioui et al., 2012) LA VATt~ 188YH « G FIR] 17K 44 (Melendez-Perez et al., 2016)
SRR H) DON RIUH AR FABREHE. REBORZ KU R R EE S T
7KF I DON #J3R1E, {HT DON RIFEHMZ#£1E, DON K7 THRAER KRR
EABRRED. BRXLEARFERIE DON 14T 2 st EyEIC I FERT 70 DL R R R
DON FIHECE # 546 A G EF EENER ML Z L.

DON HIMEGIRE R (TDN 8% DIN) LIk 5 DON 4047 K H A 5%
77 11 58 £ 15 B (Sipler and Bronk, 2015). 3T JL 43k, tL&#/KF_ L34 DON
AR EEBECEREOEARAFEROEHERE, SFEI-TRRBOGHE. =4%
J6 %3 (Osburn et al., 2016; Hounshell et al., 2017) #8432 FT-ICR MS(Feng et
al., 2016; Li et al., 2018; Lusk et al., 2018). BHEILIRF R (Aluwihare et al., 2005;
Maie et al., 2006)%% . H, #E4 5% FT-ICR MS & B i — e 24 DON &
RTBTRE AR FARRE BREA, G5 4% % H DON ERT EAMENE
Wi F2(Sipler and Seitzinger, 2008; Osborne et al., 2013). 4k, HGHIK -
A RS . =4S IEF BIERIE DON 4k b B — AR,
MR GEAGEEER . FEREMASBRBERSE, 7£ DON Ak HIRIC T
5t 48392 N (Osburn et al., 2016; Hounshell et al., 2017).

fERH, BT EENT S AEMRIIMASES T, DON RIEARZ,
EFPNINEIL LIRS, DON 4 FAHMA R ERET R . HARENEEBRT
A: (1) FIH FT-ICR MS && &S K /- WIRWOGHE . =4500001E, #or
ORI 7K AR 41 LSRR DON [4rF BRI A (2) LS H mIKE DON
FIKEAFEE DON A HIRIE; (3) WA ARK A DON JE 1L EZ R
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KK RSB NERIE . HRREY TR A

32 MBERE
32.1 FAMEREKE

FAE IR DON SL R ANERIFRI Py 3okiR, HAsMIRIRERE: BRE
TRk, HFK. Rl (BHE) RFAK. EEEK. BAFHRIEREK. KR
VBUTRE : P ERSRIVEALF5 : T AR K B PR (LI SN R B (Myriophyllum aquaticum)
R ARIEBR K . IR, SREERMAMEORE S (THLO8) /KAEXT B 255k IR
5K 7Kk DON 2> T A RHIE R -

BN FISRIE B A O s FA R 3.0 BIVRSk. R K. ARAAZT
AETS K. TZKFIRIAMEO/KPEREERT, S 1 L &%k (10% HCD Akt
FHROBIFE. BRREFBRAZEFIKENRESNS, SR E SR =
Whatman® GF/F J£f (GE Healthcare, FE[E, THSETE 450 °CC A 2 h) ITIE,
—20°CHA AR . BRI KR TR Z AN NRFELR TR BRT FRIE.

VAR ) B K SRR, {3 Peterson JTARMISRAE 28 KA 1 E B B AMIIE
R RGH R (LT RPN B R (120.21383°E, 31.41933°N) £=
YRR (0-10 cm), ¢ [EIAHINE L6 = F R 51 50 mL R T 50 F 4000 rpm &
£ 10 min, B0 5 3RER _EFEWRZ Whatman GF/F JEE (FRSETE 450 °CHEREE 2
h) TSR, — 20°CH5{#4FE. Chin and Gschwend Z5(1991)FIHF 70 &7~ 850 /7 V25
AR TR R B A AR BB WA RS EVRIRESIE S Peeper J775AH
fle

TR KT, SREMRIEHL (120.22642°E, 31.42935°N) HARFM
BRI EHERZEHE (0-5 com), REFMEREMETEN . LT RLEE
FEEANT, REK 100g HHES 1L 47KiEE, EERFEKRA 160 /min. 25°CH
B 6h, MEEBRIUETEOLHLA 4000 rpm B0 10min, HiEREIASRIGH L
A K, {# A Whatman GF/F JBfE (F4ETE 450 °CTF#ARE 2h) ija, —20°C
BIRIRAE

KR KRB R ARV RMESE (TE-78-100, Tisch
Environmental, Cleves, 3E[E) 4.

FEFEARKYEA T, A8 PRI (64 um) SREEMG LT BB AT b A 5 Bt
VTR, RS TR B AR IS, B 100 mL #R4E#E 5 700 mL & 4L
KIBETERYE (10% HCD S5+, 2= E200 H (75 pm) W, BT REER
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3 E R SESKIE DON BIH RRAE

S0°CHFE N PEAR 2 R HEFEM S B)7K A Whatman GF/F JEE (F5EHE 450 °C
TR 2h) SR, — 20°CHARIRTE

IKELRERKAE &, WUTKEBM SINEEE (Myriophyllum aquaticum) i ]
U= 4K BEE, BEER 30 g BEINREER (<Smm), 5 1L 4UKIEET
FRYE (10% HCD JEHIBEEREAM R, % 200 B (75 um) B, BT EEEH 50°C
BRI FEAR 2 R o /KEFERR S BI7KAE A Whatman GF/F S8 (TRSETE 450 °CT#R
#2h) TEE, 20°CAHRTE.

BT R S 293 52 DOC ¥R EEFI TDN. TDP . NOs™. NO»» NHs'. POs 2%
SR AR, FRIEZIIETHE DON W . {3 F 4 4h-] ot (UV-
Vis absorbance spectroscopy ). =4I K K4 K61 (3D-EEM fluorescence
spectroscopy)~ R FEER FT-ICR MS FE4E DON Y2485 K 2 T4 Ak

R 31 REERHER

Table 3.1 Sampling sites and descriptions

DON RiF PR EASE ] ZF (B S (N°) i
SW 10/15/2016 120.23691 31.50825 T E 5 LA A R IRIE LK
GW 10/15/2016 120.22992 31.42286 M ZE IS i AR A R 7K
AW 10/22/2016 119.95135 31.36778 TEHE M ERHK
SEW" 10/24/2016 118.82196 32.07773 BRI s K EEAE K
SPW 10/15/2016 120.21383 31.41933 IR E] B K
ADW 10/05/2016 120.21383 31.41933 MR B e f K
SLW 10/22/2016 120.22642 31.42935 MEZRVE B B SRR AR A K
MDW 10/25/2016 120.21578 31.41962 JKEL (Myriophyllum aquaticum) FEf#7K
RW 09/23/2015 120.21528 31.42079 RIS S M7 T 7K
TH 07/29/2016 120.29550 31.38650 ARG 7KRE (THLOS)

"R R TS K B A BV K ) DON 4R A A S5 AR s I TE 45 i 2R3 V5 /K RO D

322 EFHFMDOCKEMZE

EARFFYR K ABKREF K TDN. TDP. NHs'. NO;™. NO; ™. PO 258 5%
BRREN SR (BAEEFRMMAENRTE) (B RO ST (S E
TEEE, 1990), FEWE 2.2.2. /KEEH) DOC W E 5 A TOC 241X (Shimadzu TOC-
VCPN, HA) ZEiR (680°C) fEMEAIENE . DON KB R T A HIZRE

[DON] = [TDN] — [DIN] = [TDN] — [NOs ] — [NO. "] - [NHs"] (1)
DON & & (AR TEE (R F iR 245 8 1 77 V57 H & (Bronk et al., 2010).
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3.2.3 KON LARULE IR E

JKREZ 0.70 pm Whatman GF/F JEE (FIZE7E 450 °CFHAKE 2 /DD 1LJ8)5
1 0.22 pm Millipore X JEEFVOLIE, BEEMEMAIAE 5 cm £ E S ANz
ShFT 0,43 636 B ( Shimadzu UV-2550PC, Kyoto, H 22l 5 3 Fl v 200-800
nm WEOTREEE, W FRGA 1om, FREABL4K Milli-Q) FASH. K
TR & K 4 Napierian U R E(Hu et al., 2002):

a(A) =2.3034(A)/r )
K, aQ)NEK 2 FREKRES (™), AQ)ABK L TRERHNBLE, 14
Ha MK (m), WIKESBIEREERN 0.005 m™. EIER IR A RIE
o NFURIY, 2 31RbHEET, FIBOLE A& T ARELRE:
A(2) = A(X") — A(700) x /700 3)

Reh, AQDFPA L FREBRTOLE: a@) K A FREENBICE: AN
£ (nm)o

JKREZE 254 nm A1 350 nm KRR R BT, B a254)F1 a(350), B AR
fF CDOM (HEFa3EE AT HMAAHLA (Chromophoric Dissolved Organic
Nitrogen, CDON)) I8 % < ¥ (Yamashita et al., 2008; Osburn et al., 2011; Kellerman
etal., 2015; Stedmon et al., 2015)-

FFF AT 2 b BT TR M0 T SR 4 A B I 8L NI HE EE ki (Stedmon et al.
2000):

a(d) = a()exp(Sho—A)) + K (@)

o, g a()sr BIRIEEK 2 IS HWK L=440nm FHRITIRE: S A6
Weal B B R K TS S B AR B R I I R R BT R E AR
3|, K N%FET B CDOM UAMIE KSR ER RS BRI E RS

f# Bl CDOM/CDON 7£ 250 #1 365 nm & fIPR UK R EELE, Bl a(250):a(365),
Sk 5E B AT CDOM/CDON AEX 4 FRERN (RIP#H5TRED, ZIIERE
% CDOM/CDON A% 4 F E 3% It/ (Helms et al., 2008). IBiHF 275-295
nm YK T Bl 5 K B Y B AR X B0 U ) CDOMY/CDON D& Ut R EUEAT
Mk VA B BERERLZE Sa7s.005, Z AT AT A T-3RAE CDOM/CDON HI 75 & 1
HAE#/N, CDOM/CDON 75 7 14 & (Helms et al., 2008; Fichot and Benner, 2011).
AR A (Sp) A 275-295 nm Al 350400 nm YK B A eI RER I
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B (B Sx75-205/S350-400)> L Sr<1 FH Sr> 1 43 HlIFR BH R 21 71 ER G VR L BEA L5
MAEEERBEES (. KESEKEEYEMSE) (Helms et al., 2008). DOC
7E 254 nm AL EHRE AN UL, Bl SUVAse, H 254 nm ZbHIRIR R %5 DOC &
2t (a(254)/DOC, BAIA Lmg'm™) HHEHAR], Z{E W LIFRIE CDOM/CDON
M55 F A EFEAGFERE, SUVAs HBK, F5FEWHEENAEE MR (Weishaar et
al., 2003; Kothawala et al., 2012).

3.2.4 ZHETREENE

BEREOR R S =R OGIERAIRE 1 cm AZEELAILA 700 VAR HI F-
7000 76 61E{ (Hitachi High-Technologies, Tokyo, HAY) FZEi& T (20+2°C)
M52 « =L eiE RN G I I K ¥ € A 200-450 nm, [8]FE 7Y 5 nmy;
RS IR K TR 5 E A 250-600 nm, [EIFEA 1 nm. BURFIR GG E B
(5 4E 55 BEH ¥ RE N 5 nm(fE 7K 58, 2017; Zhang et al., 2013b). FTA JEHEA 2400
nm/min FFEHEFETELLFRBER (S/R) K15 . WER/KEETOLEEET E Milli-
Q #BAl/KZ A SZULNT i B BT SR IE, FEMKHE Hitachi F-7000 X254 4F ¥
rh (AR AT AN AR I L A E R RAS IE (IR ER AR S GIERIE) , BEJERH
2% 571 FL Solutions 2.1 ZXAFXT 5 H i) EEMs i #EAT 408 A B AR IE (JA 7K 3,
2017; Zhang et al., 2013b).

M5 BRAK =T, I AKA S ERERTH =45 06k Rt
SR, EARERANZEAM RU, SEHOBRRKRE THAAM QSU ML, 1R.U.
= 13.04 QSU(JE /K38, 2017). ¥ MATLAB # 4 F drEEM T B &% it
47 B B B 5 KL IE (Murphy et al., 2013). BE4h, LU A FTHE & 1 AR
RN AT RS IE (Mcknight et al., 2001):

For = Fops % 10WExH4Em)/Z - (5)
A, Fops F Foor RASHERT JE Z4ERICICIE TR IGTREE, Apc F Apm AN =4E
T R AN R SR I ROGE

B A R AR S HIX 1A TR A TTRRIE 2 BIX AN SOLTEEAT Ll Al
PP CDOM/CDON JEFEALFN B FR A= ST MIAE R FEE o R FE AL 4R 2 HIX D9 A STt
K4 435-480 nm 5 300-345 nm B AR IEIREFR S R ELAE, PIE X RIBUAR K
¥4 255nm, & HIXE (10-16) RBEERMES, FERMMKIE, MkE
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(<4) 5WNIEBEEGVIRE 5<(Zsolnay et al., 1999; Huguet et al., 2009). PIJELE
YITTER IS B BIX AR ST 380 nm 55 430 nm FRIEBEE, WEBREK
#1759 310nm, & BIX (>1) 38 CDOM/CDON EZEHWNIE B A RIR BT &R
Fk#EH ) CDOM/CDON HJ7F7E, & BIX (0.6-0.7) REARIKKIAEE L
CDOM/CDON 724 (Huguet et al., 2009).

325 BEOWEREEMHTHEEFEELRIKRRENE

FT-ICR MS & H i —EEB 32t DON 4 F4H 5 EFEEF DON 7 T4 Ak
A A (Osborne et al., 2013) . KFESEZET 0.70 pm Whatman GF/F 3% (T15E
76 450 °CF#E 4 b TUEE, B2 0.22 um Millipore F4ERIEFEIL IR, T¥EF
fI7KEEFH HCL (6N WHZE pH = 2 LR E WA LR FI AR B 192 Y ZE (Dittmar et
al., 2008; Osborne et al., 2013). BR1L /5 BIAEfH A 500 mg. 6 mL B EFEAHUM E

(Varian Bond Elut PPL, Agilent Technologies, Santa Clara, 3 ) % Dittmar %5
(2008) I 7 i HEAT B AHZE BN, ZEEUA SN EE (ULC-MS 400, ZHUN, &> PPL
NEER 2 E/NERFRR R EE (ULC-MS 20 Mk, FEEHEIRILE BRI
PPL /NMEFIZHITHE N 5 mL min!, ZFEEA/DMELL 2 /AR 0.01 M
HCl 83T LLEBRE S FIRR T NHe', AAEHE4E Na (= 99.999%) ¥ PPL /M
W+, ®fE, A PPL/ME LR DON £/ 6 mL FEF (ULC-MS Z0) ¥Hflii. )R
I8 [ FH REEL AT /KR 9 DOC R T, 8 i 45 ZE BUKRE B4R AR , K 22 ELUR B4 DOC
WEEHIE 40mg L £A.

FEREAZEEHRY BERFEEZX LR ER 21T FT-ICR MS (Bruker,
Billerica, MA, 3£E) M5, Wl 7T ALK FEERRBURZ 1:1 MRk, #ireds
BXAMETFEATHEBEEREE (ESD DB/ MLII &Y B RT3t
(Mesfioui et al., 2015).m/z 23738 FE ¥ 200—-800, P EBEIHEJ5 I B 45 £ < 0.2 ppm,
FARYE SRR 77 F R B 45 (5 4 > 5 B (Stubbins et al., 2010; Spencer
etal., 2014), FIRBRZEELA/K PPL J-E1E AT SRR HiE. o7& Eil
{4 Data Analysis (version4.2, Bruker, Billerica, MA, 3£E) SZHl, HiZEL
R G 7 VAT 3 — 20 I R EAR YA B4 40 2 (Stubbins et al., 2010; Spencer et al.,
2014; Mesfioui et al., 2015). EFFEERZ, HTHEMFAEREME, TRESKAW
%5 M5 TR B B (Feng et al,, 2016). ARAEAL LLE HIIETREE (BIAEST BB
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FEI3E  RIIAKARHLESRIE DON i 4H R AE

THE S8 Spencer & (2014) 115 :

z=2t 6)

A, x AR B TERE, p REMERETFIERE, o &5 5 IR MRt
Rz .

FT-ICR MS KIFBE 0 #E8E/1 (>400000) FIREFREE (<1ppm) BEWS N EA
DON # i FINEM T LA EMREFE 27 R4 FT-ICRMS M€ 57~
ERRKEHIREL =N EENSEOHTHE ST, RBIXE S EDBE). FEHE
H(ADAH van Krevelen Bl (Mesfioui et al., 2015),

WL E:

ooz -1vc-(9+ () () ©
DBE RILAHAKEWANE, E6E 7TEID TP/ E.
AR

1+C-0-5-0.5H
- C—-0-S—-N-P (8)

Al & FH Koch 1 Dittmar(2006)i2H, BERMX 4 BRE R F 75 &K
(AL > 0.5) PR FZEELR (AI>0.67). FEI ALEA R RET S EER “2
&7 PR, el LA T RERE(Kim et al., 2004; Hockaday et al., 2006):

03<2<06H05<Z<08H2-=067 (9

SRTTAAK S 3R HN T Bt AR D5 e i il , RN E R B R B VURARE B 6
R EA BRI —F, NS 1 AT E A (Mesfioui et al., 2015):
Alnoa = 25 @
van Krevelen E(VK): VK E¥7r-F=H 19 O/C tWEAE A x %, HIC 1B N y Bl

MRIE FEAENALE YR AT H/C R O/C MISFERI, #5730 B fE 4 s
SFRRE. XEBTEBALEERIZN, BlnEIRES. FENEEMYE
ERMNE, s, £V FRAEARTHE van Krevelen E#E—5414 4
(Ohno et al., 2014):

> JiER:

Al

0<2<03H15<7<20 (11)
>  ERRSEER:
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KK BRESAIERE. AR ETA A%

03<2<067H15<7<22  (12)

> KEE:
01<2<067H07<7<15 (13
> K EY:

067<2<12H15<7<22  (14)

> AAMBREAEY):

0<2<01H07<2<15 (15)

0<2<0.67H02<2<07 (16)

067<2<12H05<=<15 (17)

X EERE (Myw) FRIESE (W Cys O/Cws H/Cyr DBEws Almod-ws M
N/Cyw) $2H8 Mesfioui ££(2015)%4 A RIHE . FT-ICRMS %7€ H 7053 A) 5
2% CHO-. CHON-# CHOS-Hitb&4), BT AHFRELET DON, HimE
FEHT CHON A5 F #7447, #40 van Krevelen (VKD K.

33 SZitoh

AR E T Z4HT (One-Way ANOVA) AN & RIFERIE S H P {E 18]
FBEZT, FHEANEEMXSITITFE DON HB SR HHHRKR, =
FHMFFRE p < 0.05 KFHFENNEE. Gl HT7E Excel 2016 (Microsoft
Corporation, Redmond, USA), SPSS20.0 (IBM Analytics, Armonk, USA) A
OriginPro 2016 (OriginLab Corporation, Northampton, USA) & H#E4T .

SEATFIR 44T (Parallel Factor Analysis, PARAFAC) &A=& EE RN
Hil, SAXERN ZREELIM—MEEER, sl B ARE T B T A
ZANMhSL B AT AN R EHE R ER], HE AR R ATHER IR CDOM K62 Rk
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CE R A YT 3 B S AR 4K B ¥ (Stedmon et al., 2003; Ishii and Boyer, 2012; Murphy et
al., 2013), 3F BAFFETTEEIE E R EM AT ER S O ERE W UAREL
% (OpenFluor, hitp:/www.openfluor.org). PARAFAC Z-#Tff A drEEM TR/

MATLAB (Mathworks, Natick, MA, 3%E) #H#1T, 5 Stedmon Fl Bro(2008)
45 T2 A DOMFluor TEFAME, % T EAEEN R B8 E A K(E
7K 58, 2017).

AT FE AR R FSR IR DON AR (IR R AT RE R MAR X FEALE T
BN TREENEE, BT ERKIFER DON KE. &8 VK A B EE (E
SE). FITRTEASHFEFERITERS T (PCA). HEX PCA KIFZE
BATFREAL,  DUEXT A FZKTARISRIE K DON 4 R EHE TR B LHHHE, e
f# Fl SPSS 20.0 (IBM Analytics, Armonk, USA) " HIZEAI)EETERL PCA 71T .

3.4 HR
3.4.1 EFHMMDOCKE

I 7K AR B 2 N B SR R O R AR 3B AL M T ISR 3.2 TDN IR BEERR 1 Rk AR
TFAKAN, HoAth &-SieUR TDN ¥R B35 8 T RWAMI Lok B, RIS K E g >
VEREAR > HUT K > BIRESLK > WK > LEME > JIRWEEK > £
BAK > K > KRR . NHOWREZIEREDY 0.01 £ 0.01 £ 16.92 + 2.94 mg
L7, B oREREE > KERE > WK > FRBEEK > L8NG > £
B > BRELK > KM > RIAFR > HTFK. NOsWEAMLTEREDY 0.02
+0.01 £4.13+0.17mg L™, BFAMTK > BRELK > KERFEFEK > £
B K > EESAK > BEE > KB > RVER > VIRWIEKK. PO
IWETEERN 242 F 4974+ 1569 pg L', #EAKEREME > BREME > K >
AR > VAR AK > KB > MK > EiFEAK > HEEK &R
YE3L7K ., DOC IRETEEN 1.19+0.06 & 241.27+5.53 mg L, J&HNKEREE >
HEVETEK > MR > HIEEME > K > FIRWEEK > RAVAER > Bl
Tk > WK > #HTK.

DON R EVEE A 0.08+0.05 = 16.90+2.94mg L™}, MK KEFEAFK
B, BIRESKERE, R AKERE > BEREME > HTHK > &FEK > 0
AR > HIEEMEK > K > RIFR > BiR¥EL/K.DON & TDN K
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Wi, AEiES KB (81%), HUCNKEREM . RAARRAAH (>50%),

HARIERILH RS AR > JIRMEBUK > WK > T > 23
W > BIIESLK. BIREA DOC WREMAFKRFSRNEEES (one-way
ANOVAs, p<0.01).

F 3.2 KWEH0 K& FISRIEACR E A B R

Table 3.2 Main characteristics of the water from autochthonous and allochthonous

sources to Lake Taihu

DON DOC TDN TDP NH4* NOs~ NO2~ PO#~ DON DON:TDN
%iE  (mgl')  (mgl) (mgL")  (mglh)  (mgl™) @mel") (gl  mglhH %)
SW 222 + 0.09 456 £ 020 0 +0 0.11 £ 0.1 408 £022 0=x0 2+ 2 037 £ 026 8 x5
GW 1.19 + 0.06 6.61 = 0.27 0.54 + 0.02 0.01 = 0.01 413 £ 0.17 0 =0 507 £ 21 246 + 033 37 £ 4
AW 441 = 0.04 071 £ 0.020.19 £ 0 0.08 + 0.050.21 £ 0.050.01 =0 196 = 50 042 =01 59 + 13
SEW 8290 + 1.17 1.63 + 0.050.04 = 0 2.02 + 2.06 040 = 0.38 0.1 = 0.12 6 =1 1.10 = 026 81 =1
SPW 4.64 + 0.12 1.97 + 0.06 0.12 + 0.01 1.08 £ 0.06 0.02 = 0.01 00 39 £9 0.87 = 0.11 44 + 4
ADW 2720 + 1.1032.00 + 145541 + 1.1716.90 + 2.94 036 = 0.11 0.14 £ 0.04 4273 = 465 14.60 + 2,66 46 =9
SLW 721 + 0.05 2.52 + 0.08 0.05 + 0.01 0.55 = 0.17 1.14 £ 0.08 0 =0 6 £ 3 0.82 = 0.02 33 =1
MDW241.00 + 5.53 47.7 + 0.71 6.56 + 0.13 1550 + 2.77 1.75 + 0.09 0.15 £ 0.01 4974 £ 1569 30.30 + 349 63 £ 6
RW 231 + 022 282 + 0.100.02 £ 0.00 1.09 + 0.120.52 £ 003 0 =0 15 £2 121 £ 015 43 £ 4
TH 549 + 129 0.83 + 0.34 0.04 £ 0.05 0.11 + 0.05 0.28 = 0.21 00 33 + 48 044 + 0.19 53 £ 2

"SW: EFIELK; GW: HuTF7K: AW: RALZER; SEW: HEiFEK;

SPW: JTFRAIIE]BEK;

ADW: MEFEAMRK; SLW: HEME/K; MDW: /KEMEMEAK; RW: W/K; TH: KEHEGK

3.4.2 ERSh-A ORI SRAE

TR0 B & AR R SRIEKRE CDOM/CDON MR R 5L a(254)F1 a(350)24L7E

43 513 2.28—117.39 F1 0.20-41.48 m™", FAHIBNEEREAR . K E AR T2
B HCARWET EVESK TIARYIABE KRR, BImTESkK. #TFK

FIRG /K EAE (B 3.1 ab) . Sa75-005 11 Sz 224K 43 F4 10.34-28.50 1 0.58—1.65,

KU RESFINTK > KEERE > £FESK > K# > FIRAEEK >
WA > BERELK > REMRE > HTK > RAVERAERER > K >
TR > AIEEAK > 1> KERME > LEHE > BREOK > BT
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K> RlAER > WK (B 3.1 cd)oe 7 FRDSE a(250):a(365)ZALTEFH N
0.01-30.80, #FANMAK > BERIELRK > £¥EFK > #HTFK > Kl > i
PIEIBRAK > AKEEREMRE > TR > RVAZR > EREE (B 3.1e). BENLE
£ SUVARss BHTEREN 031-11.97 L mg ! m™!, @&FAHITHE > RIZRK >
HRIK > BIIELK > VIRRPIERRAK > KEREME > BHEME > K > W
K > EiEEK (B 31 D. FARESREAENZ-TT LREEESHEDRE
#5% (one-way ANOVAs, p<0.01).

160 - 60 -
120 a !T 40 -
80— I s
ﬁ; I§, 515
g2¢l m -
'] | wn 10 ~
) o
S 1
20 - 5
I |
40 2.0
_I:R C
304 1.5
B | d
oo || 2 .
% i l * 0.5 -
|
: 0.0
15
T
@
s o] 710
5 ) <
2 | . L
wn 1 | ] | o
s N1 1 M | b
1 | 111 | 1
1 | B | |

TGN A SEW SOWADWSCWNMOW Y TH 1 S Gy A0 SE SEWADWADWD . T
B 3.1 HAFRIE CDOM/CDON KIJEIEMR I ZEL a(254) (a). a(350) (b). JtiE
RHR Sp75.005 (€)~ TEIERIR AR Sk (d)s 7 F R/ a(250):a(365) (). JETEAFEE
SUVAass () (SW: EFIELR/K; GW: HR/K; AW: R&ZE; SEW: A&
157K SPW: JIARIIEIRR/K; ADW: HEFEMEK; SLW: L3EH¥EK; MDW:
IKEEREARIK: RW: F7K; TH: ZWHBIG7KO
Figure 3.1 Spectral absorption coefficients a(254) (a) and a(350) (b), composition
parameters of spectral slope S (c), spectral slope ratio Sr (d), and molecular size
a(250):a(365) of CDOM from different sources. The bar is standard error. (SW:
stream water; GW: groundwater; AW: agricultural runoff; SEW: domestic sewage;

SPW: sediment porewater; ADW: algae-derived water; SLW: soil leachates water;

MDW: macrophyte derived water; RW: rain water; TH: centre of Lake Taihu)
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3.43 ZHETOEEIERE
IR B B A R SRR /KRR R AR B = 56 e AR (B 3.2). 4T
HF%EH=AES (B 33abe), FAHSIEHE BN RETBRRAEM R
ZANEREKERE (B 3.3 def). =47 NGIERIRS Openfluor FEL&LHEE
(Murphy et al., 2014)1 C. & R K HAh A RGER L RN B, C1 A5 (Ex/Em
= 235 (355)/476) v H A ) [k IR 5 A B8 7% Ot ] (Stedmon and Markager, 2005;
Williams et al., 2010; Zhang et al., 2010; Shutova et al., 2014; Catala et al., 2015); C2
484y (Ex/Em=275/316) AWNIRLEORRMAR AR 45 G 115 B IE(Graeber
et al., 2012; Kowalczuk et al., 2013; Yamashita et al., 2013; Zhang et al., 2013b); C3
(Ex/Em = < 230/296) AAEDIREFE R 4 5> (Murphy et al., 2011; Kothawala et
al., 2014a; Shutova et al., 2014).
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B 3.2 KBIEAFERIEFEKEE CDOM/CDON M =476 (SW: Rk

K GW: HITF7K: AW: KRR SEW: AiET5/K: SPW: JIRMIEIEK;

ADW: FEREf#E/K; SLW: JEME/K; MDW: /KEREMK: RW: F/K; TH:
AR 7O

Figure 3.2 Three-dimensional fluorescence spectroscopy of CDOM/CDON from

different sources in Lake Taihu
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W ABUIERRFINT, d. e A f BoR 3 ML BB MU A ST
Figure 3.3 Spectral characteristics of the three PARAFAC components (A, B, and C).
The largely overlapping excitation and emission loadings of the three components,
modeled on the halves of the dataset and on the whole dataset are also shown (d, e,
and f).

=44 (B 3.4ab), Cl HBIAELTEEA 5.35%70.30%, Hd A5
o> RAVAT > BIER > BRELA > TURMERAK > HTK > EES
K > Rk > K > KEREME; C2 tIlBAIEREN 18.47%-78.39%, BFH AKX
EEME > KM > AEIEEAK > VIRmIEBIK > EREMA > BTK > WK >
EFEIOK > ROWETR > HEERIEK: C3 LI TERE 2.20%-30.95%, &
FONFIK > EEEAK > BRELK > #iFK > K# > KEER > Kl
B> VUMK > IS > A, EWEREY BIX RNEEA
0.23-1.20 (B 3.4¢), B AW > EFGK > HTAK > BRERK >1> §
K > Rk > EREEK > RLER > HEME > KERE: JEL
S¥ HIX BIEEN 023-120 (B 3.4d), @ IERE > RIER > %
> BRIELK > FRmERK > #TK > EFEK > WK > K# >
TR B o
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25 = ‘
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580 B { Elci%
£ - N B b ]c2%
i 27 | B ||| o
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e | 7= i‘
g SW GW AW SEW SPW ADW SLW MDW RW TH
15 _
1
1.0 = ;
%
b= :
= s
0.5+
]
0.0

S\V G\V A\V SE\V SP\V ADW SL\V M])\V R‘V “TH 0 S\V G\V A\V SE\V SP\V AD\V SL\V M'D\V RW TH

B 3.4 KHAFNRIE CDOM/CDON &RGHSHIEE (a) KBl (b &
JRTEE BIX (¢ MEHEMIES HIX (O MR (SW: BRELK; GW: H
T AW: RIAZG; SEW: AVETG/K; SPW: VIFRPIEI/K; ADW: #FF
fl7K; SLW: LIZMIE/K: MDW: /KEFEMK: RW: F7K; TH: KWW
7K
Figure 3.4 Changes in component abundance (a) and proportion (b), BIX (¢), and

HIX (d) for DON samples from 10 different sources in Lake Taihu Basin. The bar is

standard error.

344 BEO#HERIERIE
3.44.1 DON JTELERR

EARFFRIEKFEF, VURRMREK, HIEREKFR AR L E HBS TR
HERZ (>10000), FEFEMKED (3568) (K33 FE3.5). FHHTHRELD
WIEFEA 383-596 Da, B ATIEME (5960 > KEREME (579) > RAZR
(561) > VIARPIEIRRIK (538) > #UF7K (522) > FEK (5210 > BEymIE:k
K (517) > HEiEVEK (465) > K (422) > EEPEME (383). FILEHKIS
TR+, CHO. CHON 1 CHOS TwEHEAHMKF TR G L85 FREEWN
33%—67%- 28%—63%H 0%—18%. & & 7T (CHON) &4 FREEH 7t
MIEHERATAK (63%) > BEREM (52%) > BRELK (47%) > JIRIERR
K (47%) > RAIVAR (46%) > HF/K (45%) > THEME (36%) > £
K (36%) > K (33%) > KEREME (28%). FES» T3 (CHON) &
BaFRENEFEENE S BB NERE (53%) > MK 37%) > Rk
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B (32%) > VIRRAIEREAK (32%) > HT/K (28%) > BiRIELK (19%) >
KM (19%) > IS (19%) > AEFEEK (14%) > KERERE (10%).

# 3.3 FT-ICRMS %M &AFRIE DON F KL &5
Table 3.3 Total number of compounds assigned by FT-ICR MS of ten different DON

sources
DON RiE" %gg% CHO CHON CHOS CHO% CHON% CHOS%

SW 4315 2901 2034 190 67 47 4
GW 9875 3716 4409 1750 38 45 18
AW 11099 4605 5132 1362 41 46 12
SEW 4996 2463 1806 727 49 36 15
SPW 12627 4497 5944 2186 36 47 17
ADW 3568 1162 1858 548 33 52 15
SLW 12524 6340 4531 1653 51 36 13
MDW 8559 4951 2423 1185 58 28 14
RW 5301 1977 3324 0 37 63 0
TH 4754 2543 1553 658 53 33 14

SW: ERELAK: GW: HiFAK; AW: RAARRK; SEW: EiEIS/K:  SPW: JIARHIIEIREK;
ADW: MBI, SLW: HEMAK; MDW.: /KEEMEM#EAK; RW: MzK; TH: KEIMLK

bt FTICR MS %5 I FTE 0 TR, MNETFEERETHESH
DBEy« Alys Cys H/Cw. N/Cy Fll O/Cy iEFA & AN [F SR IE ) DOM 4 A A i) 5. 2
5 (3 3.4). DBE fll DBE, ZLIGE I 7-16 #1 6-14, BHIPNMK > L
M > BIESLK > KERE > RIER > #HTK > FIRWEEK >
K > EIEEK > EEMB. Al WETMIEEAN 020047, BHEAWK
(0.47) > BEIRIELAK (0.38) > HEHEK (035 > HTFK (027 > K
W 026) = RWAEF (026) > KEREAE (0.25) = FIRMIAIKIK (0.25) >
BIEME (021) > AVEISK (0.20); T Alnoaw ZBHIBE N 0.16-0.47, EHFAW
K (047) > HITHEIK (0.37) > BERIFELRK (033) > KEREEK (027
~ 7K (0.27) > RAAZR (0260 > K (0.25) > JIARMIMEIK (0.24) >
WREAR (0.19) > AETEISK (0.16), MAKRIHEHEEH Alvs Alnod-w A1 DBEws
Cw BALTEEA 16-26, BaFATK (260 > LA (24) > BERELRK (23D >
BT (22) = /KELREMR (220 > #FK QD > FRABIAEIKRK 200 >
EEEK (19) = K (19 > BEREMAE (16). N/CwAZITEREY 0.006-0.055,
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FARONEEREMR (0.055) > PUARAIIEIRRIK (0.023) > RiARH (0.022) > MK

(0.021) > #TF7K(0.019) > K (0.015) > & (0.012) > +HEHE0.011) >
AFETSK (0.009) > KEPEAE (0.006). LiEG/KAEEERIHE &SR H/Cy

(>1.4), T7KE MM TBEMERIL &K O/Cy (>0.50),

£ 3.4 KIS ARFESRIE/KEE DON 4L &4 FT-ICR MS EENE TR H &
88 (Aly). XX E (DBEw). H/Cw. N/CwH1 O/Cy thiE

Table 3.4 Magnitude-weighted Alw, DBE, H/Cw, N/Cy, and O/Cy mole ratios
for each source of DON to Lake Taihu

DON k¥R Cw O/Cw H/Cyw N/Cw Almod-w DBEw
SW 22.89 0.43 1.17 0.01 0.30 10.97
GW 2091 0.49 1.22 0.02 0.26 9.39
AW 2241 0.50 1.23 0.02 0.25 9.90
SEW 19.32 0.45 1.49 0.01 0.09 6.02
SPW 20.50 0.51 1.25 0.02 0.24 8.90

ADW 16.22 0.46 1.45 0.06 0.13 5.99
SLW 23.88 0.53 1.03 0.01 0.36 12.63
MDW 21.80 0.57 1.16 0.01 0.25 10.28
RW 26.22 0.24 1.03 0.02 0.47 13.59
TH 19.11 0.44 1.30 0.02 0.24 7.78

SW: ERIESLK; GW: HiTFK; AW: RAIZER; SEW: AiEI5/K;  SPW: JTARMIIEBR/K;
ADW: PEFEME/K; SLW: HEMAEK; MDW: /KEFMK; RW: MzK; TH: K#IBLIK

Bt FT-ICRMS ¥ &R ST (DON FE) kit (R3.5), FHir¥
JREZAIEE N 394-571 Da, BHEANTITHEK (571 > RIAZEHIK (5500 >
BIRVELK (541) > KEREARIK (5400 > JURHIIEIBEIK (539) > 7K (519) >
HRIK (515) > AEVEVEK (512) > K (403) > #EREAEK (394). “F¥ DBE
HERN 8-17, BBEAWK (17 > HFEKREK (15 > BEIEkK (14 >
IKEREMEK (12) = RAARK (12) > JIERBIERK (11) = #TFAK (11
=~ AR (11D > K (9) > EEFEMK (8). Alme ZALTEE Y 0.19-0.50,
TR (0500 > HEEHEK (0.44) > KBl (034) > HF/K (0.30)
~ BREIK (0300 > KEREMEK (029) > RIERK (026) = FFY
[FIBEAK (0.26) > AE¥EIS/K (0.21) > EREMK (0.19). 3 N/C ZILTEE A
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0.052—0.091, FaB AR (0.091) > K# (0.076) > AEIEEK (0.065) >
AR BEK (0.063) =~ HF7K (0.063) > EFREL/K (0.061) > RlAEiR
K (0.060) > FIEWRAEK (0.055) > KEREAEK (0.052) = MK (0.052).

#35

K& AN E SkRIE DOM F1 DON ) m/z. H/C. O/C. N/C. Almod~ DBE
#1 DBE/C ¥3{H
Table 3.5 Average values of m/z, H/C, O/C, N/C, Almoa, DBE, and DBE/C for DOM

and DON from each source of Lake Taihu

DON DOM 4L/ DON 4%

AR m/z H/C O/C N/C Alma DBE DBE/C m/z H/C O/C N/C DBE Alma DBE/C
SW 517 1.11 041 0.029 0.38 14 0.50 541 1.13 044 0.06 14 0.39 0.51
GW 522 121 048 0.028 0.27 11 0.45 515 1.18 0.49 0.06 11 0.31 0.49
AW 561 122 050 0.028 0.26 12 0.45 550 121 0.51 0.06 12 0.28 0.47
SEW 465 141 048 0.024 0.20 8 0.36 512 133 043 0.07 11 0.27 0.42
SPW 538 125 049 0.030 0.25 11 0.44 539 122 050 0.06 11 0.28 0.47
ADW 383 138 048 0.048 021 7 0.39 394 134 048 0.09 8 0.26 0.44
SLW 596 1.07 0.50 0.020 0.35 14 0.52 571 096 054 0.06 15 0.44 0.59
MDW 579 1.22 0.53 0.015 0.25 12 0.44 540 1.16 0.54 0.05 12 0.31 0.49
RW 521 1.04 025 0.033 047 16 0.53 519 1.00 024 0.05 17 0.50 0.56
TH 422 128 044 0.025 0.26 9 0.43 403 1.18 046 0.08 9 0.34 0.51

SW: EFUEL/K; GW: HFAK: AW: RARH; SEW: 4i&TE/K:  SPW: JIARHIIEBR/K;

ADW: FEFEfR/K; SLW: HEMAK; MDW: /KEMEAMRAK; RW: WM7K; TH: RK#IEILIK
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B 3.5 ESIFT-ICR MS F/E&KiE DON I ARBEBZFR L (m/z) FHIMHENE
FEE (a: BRFEL (SW); b: #TFK (GW); o RRR (AW); d: 4
JEI57K (SEW) | e: JURRMIAIRE/K (SPW); f: FE[MEM/K (ADW); g HIEik
WK (SLW); h: /KEFEME/K (MDW); i: /K (RW); j: AKBIHC/K
(TH))
Figure 3.5 Relative ion abundance of theoretical masses (m/z) by ESI FT-ICR MS in

the negative ionization mode after salt removal using solid phase extraction
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3.4.42 DON JTLEERY Van Krevelen (VK) [&

FTIICR MS %5 H 104> FRAT L@ EF O/C M H/C #7=#E Van Krevelen
(VK) BRI E 8 Fhgs Wb ds: Bk, BARMERER. KRR, BK
ey, REMmumRasy. FRSE, B, HMEKim et al,, 2003; Ohno
et al, 2014; Mesfioui et al., 2015) HITA L ER AT AW & RIFERI DON AL, Van
Krevelen [EIA £ 1045 BAVEIE S B TR (CHON) (£ 3.6 fE 3.6). FAFK
JE DON BB EARELEMNH) TREER S, § a8 & ES T EE 49-80%,
IO (80%) > MK (79%) > HITF/K (74%) > /KEREME (73%) >
EREL (72%) > JURAIEIREK (69%) =~ TIBMIEK (69%) > RER

(68%) > AIETEK (59%) > BEREARK (49%). iR, TIBHE KA ZKE

5 — RASRERNHARLEY (15%). BFFE (15%) FNARBRELEY)
(10%), TixtHEAfsRIEN DON ki, &ERMEERAE _KAD, BHNE
VEVEK (22%) > BREEK (21%) > RAEFRAK (15%) > JIRRPIERTK
(13%) > KERMK (12%) > HTFK (10%) > Kl (9%). BikE, &
FRNOFRNESKES (BTIER. EFGKMERMAK, HSEEET TN
HEN 4-14%.

5 R [ SR 9E DON %40 43 (s b xS FC LBl EL B R (3R 3.6), KR
SIS, BEAAE (88%) > MK (86%) > HiT/K (83%) > UM
AR (78%) > JKEREMEK (72%) > RUEHK (71%) >
WK (69%) > BIRIESLK (67%) > AETEEK(63%) > BEFEEK (53%).
EORANEEBNLGTEERN 0-32%, BHAERR (32%) > EFHTEK
(22%) > RAWARFRAK (16%) > TIFRMIAIKIK (9%) =~ KEEHEK (9%) >
HITF7K (6%) = KM (6%) > EIEkK 3%) > HHEMAEK (0%) = W
K (0%
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Kl 3.6 & AFEFJE DON 4H5H] Van Krevelen B (a: ZERIESL (SW); b:

T/K (GW); c: LR mR (AW); d: ZEVETS/K (SEW) ,e: UIARPIEIFRZK

(SPW); f: BEEFEfR/K (ADW); g: HIEME/K (SLW); h: KEFEAEK
(MDW); i: F7K (RW); j: RIHMI.CoZK (THD)

Figure 3.6 Van Krevelen diagrams of DON components from 10 different sources in

Lake Taihu Basin

& 3.6 FT-ICR MS %€ H BRI /K A FIRIE DON &-4H 70 F08 Lo il A S A
FE LI
Table 3.6 Total number of compounds assigned by FT-ICR MS of ten different DON

sources

EAHRM AL T 4 T
DON EES KRR  WHARKULED BFxFHE BT HAt

- HER XAty
KU (%) (%) (%) (%) (%) (%)

(%) (%)

SW 0 (0) 3(3) 72 (67) 15 (20) 0 (0) 5(2) 4(6) 1(2)
GW 0 (0) 10 (6) 74 (83) 1(1) 0(0) 4(2) 9(7) 2(2)
AW 0 (0) 15 (16) 68 (71) 2(2) 0(0) 3(1) 107 203)
SEW 1(1) 22 (22) 59 (63) 8 (6) 3(3) 1(1) 3(3) 2(2)
SPW 1 (0) 13 (9) 69 (78) 3(2) 0(0) 3(2) 9(7) 2(2)
ADW  3(2) 21(32) 49 (53) 10 (5) 3(1) 2(1) 8(3) 3(3)
SLW  0(0) 1 (0) 69 (69) 0(0) 0(0) 15 (16) 14(14)  1(1)
MDW 0 (0) 12 (9) 73 (72) 2(1) 0(0) 4(2) 7(14) 2D
RW 0 (0) 0(0) 79 (86) 0 (0) 10 (6) 9(8) 0(0) 1(1)
TH 0 (0) 9 (6) 80 (88) 1(0) 0 (0) 3(2) 4(3) 3(2)

SW: EWMUELK: GW: MK AW: RAIFR: SEW: 4iEITK;

ADW: JE[Efi#/K; SLW: 3EHIA/K, MDW: /KEMEE/AK: RW: [F/K; TH: KBEIWHICK
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B 3.7 K#HIERIE DON K ERE S THEE (SW: BEiiEkAK; GW: #iT

K AW: RAVAEN; SEW: £iE{5/K; SPW: JIRRWIREIEK; ADW: FEFEME
s SLW: HE¥EK; MDW: JKEFEMEK; RW: FZK; TH: KBGO
Figure 3.7 Bar chart depicting the number of molecular formulas asigned to each

defined compound class revealed by FT-ICR MS for DON samples of 10 different

sources in Lake Taihu Basin

3.5 itig
3.5.1 DONKERANRELET SHIKIE
ARITHIEREFR, A NKRIER DON 5 TDN KIHLGIFEST &, Bl
G KARN R . E3EG KA DON 5 TDN WFIEFTE KRB F & E, ©R
L B AR AT Almodw~ DBEw K& &I H/Cyw, FHSTEEMMER, R DON
TR E SRS IHIER S RS Al B DON 43 F38 % et i
HEAEVIBRE A, BT Alnod BLF DON 4 F(Li et al,, 2018). H4b, TERFLEM
HAEBE T, ANARIE (057K HK) # DON KA J6IE [ 208 A e R E i
RN HIFEAE, RILH DBE FI-FH 4 F R 21 N (Mesfioui et al., 2015). HIM, 4
TEY5 7K 7 17 DON A BE4R A 503 1 A2 P v] 1) MR SRR
TESMBARRIEH, A2 DON ¥R &5 TDN I HL G 8= (R T 50%),
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REKIEEBSENERIE. HRR VTR A

A VEVS 7K BE W A K BRI AL B, SR T AR AR A AR IR I8 BRI BTH
oKk, IR, RAESMEE T Z R RV (Heinz et al., 2015)F17[ X
(Graeber etal., 2015)DON WK (18 i1 . Heinz Z£(2015)5& AR IES X DON ¥Rk E
FEAE RIS EL DOC BERE. R, 28N RIIES) R S BRE YRR
(Graeber et al., 2015)F1/5¢34 % H (Bida et al., 2015; Heinz et al., 2015)% A HLAH D
(IR, X ELE S L AR B RRINE T T F 2 MRUEY) B if T 72 (Heinz et al,
2015). AT AL RIMERM, SR B RE R L2 K + #) DON
b, AML42E DON R EERE T &R TR KEAD TAIED
% N/Cy #8EZE T+, T DBEw M Al &3E K. Fit, HLRIMETR EAKRIE,
INFRAR B SRR R AR AR 3R, A SRR s 30 7T e B8 2 3 MU0 98 1 RSB A
H1 DON MIARFEEME. Hoh, TEFRIET, RAEFRRIERN DON &E 2 T3
HEHE 2, BRIELIMTBARIREAEFE LI DON L&Y,

FEKI DON B JR Hh [ A SRV A, T2 AR A8 AR /K 8 PR A 0 5 RO BT T BB
(Zhang et al., 2013a; Zhang et al., 2013b; Xu et al., 2016; Liu et al., 2017). 284h-AJ I
MR AT R = 4 57 Y6 e e 8 7 ) S8R R /K B [ >R UR Y CDOM/CDON R RE 77 5 HiT
ANBIRFFRE R 3, FGER=R Swo-soon JEIERIRLAE Sk A1 a(250):a(365)[E]
(112 B (Zhang et al., 2013a; Zhang et al., 2013b). & [ FA/KFREAERIFH) DOM
T 22 T H B I AR W B R A Y6 A [ B2 & P (Zhang et al., 2013a; Zhang et al.,
2013b). AT, HEREARSIE K DON RILH RIEHK 2 FHRE (m/z) DBE. Alno
M ERITE N/C. N/Cw PAEAHN EENETHE RS TELH, RO
SRIE IV RSEHLE 1 DON FILLBIAATR B G . soh, ARXT ISR E T
MEERFI LGSR TREELAE R, RPXLERS THAE FT-
ICR MS HI& {58 FF 51 5 (Mesfioui et al., 2015). ARFARMH, RBAKEEESE
HUFR H 2 6 R BR 4 4 1 2 B R VE 2 IR B AR T kR B A i fa A\ (Yao et al.,
2011), F HIEFGN B X B 7~ £ 1 DON FITRUHEZE 5 DON B R H 2
#H 24 (Bronk and Glibert, 1993; Bronk et al., 1994), A iBidb¥0m X G B EMEk=E
WA E PR PRGN (Xu et al., 2010b), ik, B CAHERTEE B & FE A% 45 DON
AR MR A K IEEEEN AR,
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553 E  ORIKAAR ST SRIE DON B AR AE

3.52 FEEMMEMDONASD KRS HIKIE

FESMESRIE T, KR B E K DBEw M Alnodw, 7% H A8 58 M FEARLL 4>
RItL B R . FRARE, EMBFRRBEMGT, BRRES TSR E R E
TR, TRER. REARSHK—KES (79%-100%) #HERK, HFH—LH
Ak & #0774 (Mesfioui et al., 2012; Osburn et al., 2016). A<HF5% F1, F7K DON #
P B AR R R AN B B R LB, 3= B L AT AR ROl VR i A 4 S 4T B
BEVEFTFIA, AT F SR,

FEHABAMER SRR, ERIRVER LA L IEMIE R IF S DON R I H A X B s 1
DBE Ml Almod. Heinz S5 (2015)HIBT ST RVE N HAE RS B ARMIZR DON 4
SEBRESTRENEERAS, BRIMEREHRIE. A0 7 Rk ik
7RJE DON HE A THRE (K a(250):a365)ME TR EL) HIZSEERRAE S
FIRE G TARKELG CRIGA S C1 M ELBIFNSEA B R AR I a4 1 7 08
BYEED . BIRUR SR AR bR 7K I e e R 2 T R 5 A 4 o o T
fi#, 3 B DU K A o A R A B T RSO F

3.5.3 XHDONMIBEEEXRIR

FRAER 10 FoRIEEX A& RS FREERD (<1000, K1, MHRIE
FHAEMERSTFREERS, IR YE K, RS KRR R RS
2760 MERKE RS TR (>20%). RIETRAMIEIRK (1545, 99%). H#iF
K (1528, 98%). MMLARIR (1455, 94%). FIEHEAK (1162, 75%). KEFE
K (890, 57%). BEFEMEIK (879, 57%) Hi&FIG/K (815, 52%). &R (727,
47%) MK (452, 29%) EHEMEES FRMOBERKIER . BT HEDED)
MO R MR IAFLE, A& RS FREEF Y T &K DON &4
FIRIERI TR, REwk, HERERSFX 16— EEE LIREEKH DON
el SRR IR R

BARIMRRIEANRIMIE L DI 1 R/KFINKH K DON K. &K
I FREE . N/Cy UL HAR — A RS HARRRH, E57] 582K DON i)
BEEORIE, FOYIX B SRVERT A 7K &4 A\ 805 KA 197K 22 #:55  (Kelderman et
al., 2005; Qin et al., 2007; Zhao et al., 2012). Osburn Z£(2016)JHF 7T E7~, FMEER
U IS R - SERA  3 AR LV FT T S MR BV IR Y B —IMT 7K 4& DON
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KK AR B HUERIR. AR VIR A

HE L ERIE. Hhh, BT DON S44FEH PCA ZREY 97%HIZULATLL
W5 MERAEE, T 62%MB LT LI RTHIAE RS PCL (35.8%) F1 PC2

(26.3%) R, GEETERAM . BREL. WKL EEiEK R A 5
PC1 24 FIIEM] PC2 184y, BERIXEERiEAT DON LA AT B £ BRI (B

3.8

w
o 0.2
O 04

PC2 B4y

PC2 (26.3%)

0.4

PC1 (35.8%) PC1 B4

B 3.8 T DONKE. % DON A MMM FE (FLICRMS (55) Al
S sE S A E R E R AT (a: DON HRESEFERER; b: AAH
SKJF DON B 557 ED
Figure 3.8 Results of the principle component analysis (PCA) performed using
the DON concentrations, total relative abundance (signal) of each class of N-
containing formulas, and the abundance of each PARAFAC component measured
from all sources. (a) an Eigenvector plot of the DON composition parameters that
integrating PC1 as the x axis (35.8% variation explained) and PC2 as the y axis
(26.3% variation explained); (b) a plot of the PC scores of all sources (the magnitude-

weighted nitrogen number for each source is overlaid as a bubble plot).

3.54 &7 EBARMEDONAM : —HME

R F 2 F R T B A 448 DON AR K HSRIERA T Z AT & A B S+,
T DON H R &S HA RS R, DONKE5FO6HA S CL M C2 1+
REE 2B IFHE (p<0.01), X2 —EI A7 Az A BUR & 6 E S T
DON I8 i £ fifi(Osburn et al., 2016; Hounshell et al., 2017). F+H., Cl H IR
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F3E KK S RRYE DON J4 BRAE

E SN EENE TSRS TG (7=0.699,p<0.05). FH N/C(r=0.759,
p<0.05). N/Cy (r=0.888,p<0.01) RIHXEEFENETFEARMITEBLE
=0.674,p<0.05) XL FT-ICRMS RIESHE REF LMK, M5 Cy (r=-0.633,
2<0.05) BEFMR. KEEERGAS C2 FIRESE N/Cyw  (r=0.708,p<0.05)
MAEX FENETEARMAEERILG] (r=0.718,p<0.05) BEIFMHX, M5
Cw (r=-0.674, p <0.05) MAHXFENETHIARRE LG RZE AR (r=—
0.659, p <0.05). XK —LRIFRIGHS C1 M C2 AFERA -
FRIITIERY, ERSENRNEELIES HIX 5RFFE (r=0.866,p

<0.01) FHET (r=0.878,p<0.05) FIEHNEEEEETFMRE; a(250):a(365)
5RIGH 5> C3 ML (r=0.681,p<0.05)2 Almod (#=0.751,p<0.05)+ Almod-w

(r=0.681,p <0.05). DBE/O (r=0.955,p<0.01). RHEFRHKLEAENEE (r
=0.989, p <0.01) PLRAEXFEENE T HIAEFEAILLS (r=0.980, p <0.01)
WEEZFTLMR, M5 O/CyBERMR (r=-0.904,p<0.01). XELLER K
B 3.9 A — L HABRIA R K RIENE H 2B ARF B ILFE R DON Hiix—2
TR EE .,
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Figure 3.9 Correlation analyses between multiple indicators of the DON composition.
Multiple techniques were applied inculidng UV-Vis, EEMs, and FT-ICR MS.

Abbreviaitons were explained in appendix of this paper.

3.6 5ip
Xof AT K AR B B SR YR DON 12 LR AE 45 SRR A -
(D) AEBREABE P LS E LK DON 7B ELZNEEER, EIYRAD
RAREETHINS TFREERS, AHEE0 TREHER 49%-80%-
(2) P9 VBV AR 9 18] JR 7 R A0 50 SR A 6 R L AR IR L 3K K T 1L T K
DON #FRMEHZAFEE (>4000); EEES TFTRUE HERSEINRL T T
RFERI G E, W KRIFE R AR K B = (> 50%), B PR AR /K FI R /K BUR (<35%)-
(3) Z NKB T HIANE IR (AR RRAARRD AfaE & R4 08
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3 E  REIKAEMARYR DON B4 FRERAE

DTRBEFE, MRAFRRELESHREZWieESMAEKN DON 44F. 354
TRV HIBE . UK TTRRIRI BRK 4 e IS B TR 5 K
IKFEAERI R E & 2, FIRER A DON 1 E ERIE.

(4) BT FUESE N ZRIE S IR 7T B30t B & 4R RJE DON A4 a]
I P ME B =¥ DON [ VE OB
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F4E KK DN EREARDEEE

AT KHKEDONERERENEEE

4.1 5IF

AL RIRE], DON AN R H B 4 BN RS AR 2 SR UF IE ATV 7K A
HTHESIEIE N EE R LEFE . 7€ DON HRRER -, BEHIHE DON 4k
HOFN PR UR I 78 B B SRR B E R ik S NWIVE T R ST . S DON 1Y
HiEHEAE + o EERIIE X (Osbumn et al., 2016). RERIFE+5E 2,
I BAFEN S A SEE A DS R, B9 ¥ DON el — & B AT
BORARE B RIFER TTER . Flin, feEFAR BAFE (8°C M 6PN) MOtk
HOR 45 SR HT R PR E B SR A5 DOM B DON & AN [ SRR AR AT AL E (1 F B
(Osburn et al., 2016; Derrien et al., 2018).

BT RSRIEEHLRIR G KA FRIE AR T s (LMY FE %
FReSHAMELA (0 PC/2C fBNMN) %2, HTREE LR ERER

(8BC F1 81°ND 218 B A HLF RV AT 1 58 K F B (Toming et al., 2013). #7F

FIFE Y LR E AL R 813C 1 81N 4 BRIE Bl 43 A A—22%0 ~ —19.1%0 (Gearing et
al., 1984)#1 3.0%0 ~ 12.0%0 (Wada and Hattori 1991); Tk /KIFHHEMEA R 61°C
F SN 4 AE4) 1 9—35.0%0 ~ —25.0%0 (Boutton 1991)A1 ~ 5%, (Wada and Hattori
1991). Bfk b, SREBSEVIRAAL, MIESFESEIURR 87C 18N JL
4R (Vizzini et al., 2005). #MFE DOM AL §13C 18 % AE—29%0 2—26%0 2 [8]
T A DOM H AR H—24%0 Z—20%0(Hood et al., 2009; Spencer et al., 2014). DOM
(¥ 8N {HF] LAIFRAERE T 7K 4& DON HISRIEFIEHNLGI W —SE R, FAE™
AL BRSPS B FEAL R EMNE £ 2 (Knapp et al., 2018; Ye
et al,, 2018). 4N, HMEERATFERKLLHELE /K DOM EEWH PN &
B, 218 10%0 2 20%0, T AIRE DOM HARNE A—5%0 2 5%0(Vizzini etal., 2005).

WA WL 764 RE %38 % DOM B DON K3k JE (Derrien et al., 2017).
T SEKFERM TR AN B S e B E B+ 8, WMERAZ TaTBEARFR
BEAT VR, 45 B P AT R T4 47 (Osburn et al., 2016). EEM-PARAFAC %R
SO HER B AR CDOM ¢ 28 B 45 44 i A X = B S A2 A0 1% . (Stedmon et al.,
2003; Ishii and Boyer, 2012; Murphy et al., 2013). 4h, FZ e Pr Al Lok H
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AWK EERSEIERE. HAREEYTTA A

EEM-PARAFAC BiBIZE R, k63840 (Fluorescence Index, FID (Mcknightetal.,
2001; Cory and McKnight, 2005) %55 3 Z R K [f] HIX. BIX %, IXLEFEFRHIR
VBRI B S DAY 2K EAES REF MR (Derrien et al,, 2017). 78T, (U@
TR B 2 Fe bR i MR 7K 4 DOM 8% DON I SRIBHIXT STk IT € 8, TEE
— R AR, R ARARS T (EMMA). MIXSIAR R4, JFHAEE
T E VR B AE AT S B CRIERIEIERS) (Hur etal., 2006; Derrien et al., 2018).

A2 B TEIE AT ARWEIHIX K & SRIR/KRE DON HY6 2 RF E AR E i R R A R
EAREE (51°C F1 81N sE, REBHMARRLETR FHREES, HinzsHx
PSR RS T B IPMN RWIZKE DON B A RRIEM TR, AT F0 45 Rl fEdE7R
A7k 4k DON AH%T B EAISRIFEAZFEXT KK DON HIHS =R BAE —E R Z

42 MBEFRE
421 H@mRXE

R HE o E R B WAV 2 7S R G T HURAE T 2016 £F 11 H.2017 4
2 B. 2017 4E 5 A, 2017 4F 8 ARERMBIX 32 NERMESUKEE, HROfmE
BH 221 FRIAER. IR, SREE 2016 F 11 A RBIFRENAIE 51 M REIKEE,
FREEMEBE Zhou Z(Q018)IRF M —B. M RER AV B RAKE
(UWITEC, MAFIE) RELRE 0.5 m &/KFEF 1 LERYE (10% HCD R
FERZEERES, R TREEHRRA S, BRFEER =T

St 2016 4 11 7 A X ANTERE Sl E T RERAFAR 8PN 5 8°C H
SREFE, STAMIMIX &ZFF (2016 4 11 A, 2017 & 2 A, 2017 5 H. 2017
8 A) BEMHT T CDOM/CDON HGiEFRrE .

RETW R ARHIKE DON F A FSRIER M55 3 A, FillEHR
Hh-BT LIRUSCRI = 458 itk i e R B, Bl T HRERARMR PN 5
SC BARFE

422 tfmath
4221 #tmTLIE
FAERIRE RG22 0.7 um GE/F fiE (Whatman®, GE Healthcare, USA, TRSGHE
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F4E REIKE DN ERERMNEEE

G 3h 450°CHIR 20) U8, FMAIEEREM (£1500mL) BT /KRERIRE & [ Ar
2 0PN 5 8U°C BAEENE . #5> GFF BIE/EREMS (4100 mL) £ 0.22 um
LHYERUER (MilliporeSigma, Darmstadt, Germany) UGSy, 4407 LK
WG . Z4ERIEIEIENIE

4222 FSM-FIMIRIIE . SHERAAIENE

P 2T DXRE i 0 A0 - T RIS B . = 45 Y il 2 7 VR &3
LS HHTHE R ES 3.2.3 f13.24,

4223 REWARMRLLENE

FEmRBEERAFALR 6N 5 85C BREFEMER, ShKEEEN RT3
B (10% HCI BR¥E/E 8 F/K¥E) #, A 2mol L' 38 %E pH =2 LR
WS THURRNT 81°C-DOM WIE T, ZJETE 55 £ 5°C M Bk R IR 4t
TREE (ZRER), BENRHNERSENEARET AR, FAEE
BERETFESEF.

B dh il € B S5 {1 A FlashEA® 1112 HT BREJTE 2 #74¢ (Thermo Fisher
Scientific, Waltham, USA) #4478 73 #A%e, BEJ5f#H Finnigan MAT Delta?™ XY
[A] EE S [F] 6 2 B %X (Thermo Fisher Scientific, Waltham, USA) Jll5E#E 5%
AR AR AE (PC/2C A BNMND . BRAVE R TR EE<0.1%00 M5
A5 F E Brod FH 48 .49 Pee Dee Belemnite (VPDB)FRE SR HE L2 13C/2C F
PN/MN S 58 1R e AR LA HHT IR IE .

4224 REBMIEMBETE
T At B S FALR 1A
A = [(Rsample—Rstandard)/ Rstandard] 10% (%0) (1)

1, 8A R 81°C. 8N, Reample Fo7n FTI 2 £ i ) R 25 ELAE (B 3C/12C,

PN/MND,  Retandara 227~ B B8 F RO R AR HEDD 1) R 25 ELAE .

43 Bt o

i1 DON A R SR AL E A F e R R VR A48 B MixSIAR #4: (3.1 i
) ETREBRARAMEERFEEREHRSE, AEEBIEFTEL Stock
Semmens(2016). FT =15 IGHHRE 1 KBIK A DON B SRIEALE 15 FIRE AT A
{5 MixSIAR BRAFHEAT . G40, BT SRVBRE & AT X ¢ #3565 F PARAFAC
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AWK RSB IERIR. HARRAEY A At

RERE R & Y6 4 B LR HIX. BIX &, B%& RIS IR B AR %R
B H C2%. C2/C1 A 5HMEBARIFEHF R AT NS H C3/CL. HIX {EARIZHIFAITE
Fr4#s N\ Isosource #5% (5 MixSIAR fHZEML) 53] Z-kIE A TTER (Derrien et al.,
2018). #%3kiE/KFE CDOM/CDON [f] PARAFAC %644 AHT 3= 5 DON ¥R /E
B2 AR (p<0.05), WA EEM-PARAFAC #4545 5 24Tl DON HRYE
(Osburn et al., 2016).

4.4 £

441 KMKARABKFEKEZSRKRAEEADTFE
AT R F 4T EIR CDOM/CDON =AFEER A ST 3.43 THE
(B 3.3): Cl AMMKEIREEKRAS: C2 NHERCERINARERAN S
SHREAES: C3 NMEVBEEREEBA S . =ATIGE S TE R X 8=+
FEor it 4.1 Fis.

2016 4F 11 % 2017 £ 8 A ALK ARHE SRR 5 C1 AHXT 3= EERVEEDY
021-1.13 RU., ¥MEN 047 + 0.17 RU.; EKEAAS C2 N FERLTEE A
0.38-6.40 R.U., #MEHN 240+ 1.15RU.; WAEVIREERE S C3 HXTFELN
JEEHN 0-3.36 R.U., #MEN0.75+0.45R.U.. CDOM/CDON H C1%ZAIEE Ny
25%-96%, IMEAN 64+ 14%; C2%ZILIEREN 0%—43%, FMEN 21£9%; C3%
AAIE N 3%—35%, FIMEN 14 + 6%. KMFEFEEERE S C1 MMEIERR
RS C3 Bk EZ BRI IS RERMES, mMEOAr C2 RN
KA ZETEE AL, HHEEEAILEREROES (B4,

BIIFEKFER AR (ERFET 3.4.3), FEETER C1%2 LT
H 5.35%70.30%, EFENTEEME > RVAR > EERE > BREK > 0T
REBAK > HTK > £FHK > WK > KEREMB: C2%RALTEEN
18.47%78.39%, MAFN/KEEME > ATEI5/K > TIRMIAIRIK > BERERE > i
Tk > @K > BRELK > RIEFER > LBEHEK C3RELTEN
2.20%-30.95%, #aHATAK > EiFEK > BREKRK > HTK > KEEE >
BT > TURRAIEIRIK > HIEkE > B,
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C3 W= A
Figure 4.1 Temporal and spatial distribution of the fluorescent components C1-

C3 of dissolved organic matter in Lake Taihu

442 XKKERABKFEXERERARMUZEREE

2016 F 11 HRHIKEE 8°C ZIBEDN, - 27.47%0 ~ — 25.18%0, ¥I(E -
26.20+0.43%0, RILLEFERFIERARE. TH L, FWMXEIHBENT
VS (=25.95+0.02%) > THREEIF (—26.10+0.32%) > HOE (-26.16+
0.14%0) > FFHUAX (—26.20£0.25%0) > HFZWE (-2621+£0.75%0) > HK
IS (—26.22£0.04%0) > I (—26.65+0.04%) (Bl 4.2a). 3N g
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KIAKABBEESANERE. AR EY A AE

K, H—0.82%0 ~ 13.78%0, IIMEA 6.58 + 3.24%0, =[] LRI FIBEF LT
(8.92+2.51%0) > &7 (8.38+£0.64%0) > FamWF (7.09+2.08%0) > JF
HOBIX (5.57 £2.48%0) > ZR AT (4.95+1.22%0) > TTiAE (4.81+0.08%0) >
BOE (4.65+5.51%0) (B 4.2b).

a 813C (%) I "N (%)
i m=_26.63 - -26.24 -394 -3.89

“ W -_26.23 --26.2 39483
N "’ £1:26.19 - -26.16 ‘ 1484-578
z ot -26.15 - -26.15 15.79 - 6.73
3 ‘ ©.26.14--26.14 A / T 6.74-7.67
; —06,13--26,12 ~-7.68-8.62
4 { £59-26.11 - -26.1 F 238,63 -9.57
) .26.09 - -25.95 [ @s  m9S8-105

v 7
\

B 4.2 2016 4 11 ARBBXEERARMCREREL (a:5°C; b:8°N) 1
2 (8] 7 A
Figure 4.2 Spatial distribution of stable carbon and nitrogen isotopes (a: 313C; b

8'5N) in Lake Taihu in November 2016

O DON A FESRIEKFER 813C A 8PN ZRFNEZE (B 4.3). §'°C-DOM
KU S NERGK (-19.53%) > EFMEMK (-24.55%) > HTK (-
24.70%0) > VURRMIEIRR/K (—25.91%0) > BEMIELK (-26.46%0) > LHIEik
W (—26.72%0) > FRHEE/K (8. ) (=27.17%) > FitREK (-28.76%) >
RAVART (- 31.21%0) > KEEME (— 39.17%0). 8N RILH MEH N TK
(28.09%0) > FEFEMEIK (24.86%0) > KEFEMIK (13.07%0) > TTARYIMEIRTEK
(12.09%0) > AETEIGK (8.85%0) > BEIMIELK (7.23%0) > FRFEEKK (35,
) (2.71%0) > RAWAETR (037%) > HIEHIE (-0.44%) > FigEK (-
4.95%0) o

2016 4F 11 A RIAFRMA 51 /M ERE S7KEE 813C AR 1B N~ 27.93%0 ~ — 23.88%0,
B AN—26.27+0.68%0, SARMIBIXHEIEFEEL (B 4.3), RILEE IR
M NFRE . 81N ABNEEIK, N—0.77%0 ~ — 14.98%0, HIE A 8.06 £ 2.55%0, W&
TR 8N $1H.
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Figure 4.3 Stable carbon and nitrogen isotope abundance in Lake Taihu and its

adjacent rivers as well as from typical sources

443 ETRERNRZRNKHKAEDONE EFENEH H
FT 2016 F 11 AREFRENMELIE (81°C M 35N) K MixSIAR B & H A4
PR (RS RIEKFER 81°C F1 8N EABE S AR A ) (B 4.4), KisiK
& DON A [F] SR 5 B - A K A B (22.4 £ 18.5% ), HR IR IRIE L /K (15.4
+13.4%) JURPIEIRRIK (13.5 £11.5%) RAWARFK (12.8+11.4%). FEREAE
K (112 +9.6%) FHIFK (10.5+9.7%), AEiEIFK (7.9+7.5%) F/KEEAE
(6.2+6%) mik. &AFRIFEX KB DON KA RMX Z MERFNEE,
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100 -

m R JIEL
40 4 = K
ETEISK
60 - o
& 8 o | svimsmERAk
X P BE E B B B
~ B B B B B | | -reEe
= | a2} il 5y i RiaE G
Folm = H OB OE N OE | e
Bl B u SR
B I I ; I l l I I I o
0 A o 1 1
EB GB MB OA SCA XB 7B il
DON R¥E

B 4.4 KA K& WX DON ARRIENE (EB: AK#E; GB: T
7; MB: MERES; OA: JFHUHIX: SCA: FEEVARE; XB: HHE; ZB: 1Tl
=)

Figure 4.4 Contributations of DON from typical sources to Lake Taihu. The lake area
is divided into seven subregions: Zhushan Bay (ZB), Meiliang Bay (MB), Gonghu
Bay (GB), Xukou Bay (XB), East Taihu Bay (EB), the open area (OA), and the

southwestern coastal area (SCA).

4.4.4 BT HIERKHKAEDONKIRER

Btk DON MRk HEI-AT RRIOGE & S BB HR a2 3L, &F 8
DON KJE (n = 127) 5 CDOM [ GIERIRIE Se AHR R (p <0.01) (R
4.1 FE 4.5 2), HFEEZETHI/KIEDONKE (n=31532) ¥ 5 REEERN
HER(p<0.01))(FR 4.1 T HARIRPOEIE S E U a(250):a(365)+ 52752905 F1 SUV Azsa
NEER LTS DONIREAEF EEMANE (R4.1),

2016 4F 11 A% 2017 & 8 A&FT, SREKFEMLFEIR HEN 1.15),
HZIEAE (BEN 1.18), EERS FEN 1.27) (B 45b). F£ET 3.4.2
3R F], BRIFEARE Sk (AL 0.58-1.65) RILHHHaH NEERE > Y
FRR/K > AWEEAK > 1> KERMF > LBHRE > BRiEkK > Tk >
R ZET (B 3.1d). FWAKLZE, /Kik DOM BARKDGIERE S TR EEZ
BRAARG . HUTF K B A S SN FEUR R0, S 2 DON WK E .
X 5 EA EEA TS B (2016 £E 11 A¥EE) BAWE. M2 THESLHE
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HZ, /Kik CDOM B R HIOETER R Sp AT 68 252 2R ILFEAZ . YTRA) IR FR
IKEEHIA AR (BRBCERIEAKRER Sk NBEZETZML), DON WRERIK.

2.0

(e]

159 00
) o

— 1

9S%EEXA

5%l X [A]

y=1311-0.1519x
r==10.687, p <0.01
n=127
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% @
© o
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T gees o0 o
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T
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DON¥KE (mgL™
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Bl 4.5 DON K 5IEMZE AE Sk FAHSRIENE T (a2 FREESE
#: b: FTEHEESD

Figure 4.5 Correlation analysis and linear fitting between the concentrations of

DON and Sr (a: data at each sampling site; b: season-averaged data)

R 41 KRR DON KR E 5 E40-F] WIRIOG S 5 HI 4T (Pearson XL
JZEE JER L)
Table 4.1 Correlation analyses between the concentrations of DON and UV-Vis

parameters of CDOM (Pearson Sig. (2-tailed))

SKAERT [H] ZH a(250):a(365)  Sa75:295 Sr SUVAjs4
2016 4F 11 A DON -0.874 -0.909"* —0.889 0.882
(n=32) DON/TDN 0.461* 0.491" 0.570™  —0.429"
2017 4 2 DON ~0.794 -0.865" —0.805 0.239
(n=31) DON/TDN 0.644* 0.679** 0713  -0.168
20174 5 H DON 0.153 0.027  —0.475 0.313
(n=32) DON/TDN 0.454* 0.467"* 0.109 -0.297
201748 B DON - 0.688 —-0.841"  —0.695 0.883
(n=32) DON/TDN 0.088 0.216 0.407" -0.232
o DON -0.196 —0.489"  —0.687 0.625
(n=127) DON/TDN 0.243* 0.264** 0.077 0.443™

TBEMK (p<0.05)
TREZEMHRX (p<0.0D

T8I T KW 7KK DON #E 5 CDOM/CDON =47 % 6t &S H ) 18] FH 0%
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KK BB RAEVECRIE. AR eV R

AHRIL (R 4.2), XF (2017 %2 A) /Kik DON WKE S & H I £

(C1-C3) WHRERZMEMERXR (p<0.01); MEFEMIKZE, DONIKENE
BV S TR 2E 43 C1 FIBUE VRS TR AL 4 C3 MAEX £ AR E EMHRKR;
HEEEFFGEKEE, DON RE S & RIHS M EEL AR, Mot

—

E/

-

&
S

SF
M

o

=
.
™
=

EZL)

Table 4.2 Correlation analyses between the concentrations of DON and EEM-

PARAFAC parameters of CDOM

T EHE, BERST RS K IE DON KESREAAHSHILE C2%2E
A, SEHKIEIRE DON & TDN il (DON/TDN) 5% % HHESEE
B2 AR (p<0.01). XLEFRHESLNT KT DON SRIE I Tl 7 5 2
4.

2 KWMZKYE DON WK E 5 =47tk SH A X 21T (Pearson XU 3%

S Cl C2 C3 Cl1% C2% C3% BIX HIX
DON 0.808™ 0028  0688% 0378 —0.508" 0579 —0273  0.440"
2016 & 11 B
(1=32)  DON/TDN —0589" 0174  —0286 —0463" 0482 —0449° 0375 —0472"
DON 0719  0573" 0815 —0377°  0.105 0.171 0485  —0.174
2017 %2 A
=31
(=30 L OTDN - 0805 0255 —0.539" 0146  -0036 —0074 —0.85  0.075
DON 0.1 0211 023 0.13 —~ 025 0243  -022 0.404°
20175 A 8 6 d e >
=32
(1=32)  DON/IDN -0300 —0223 —0450" —0040 0326 0355 —0.164 —0210
DON 0.673 0029 0805  0.172 —0463" 0.631" —0220 0304
2017 £ 8 A
(n = 32) * * *x *% *x £k **
DON/TDN —0429°  0371°  —0214 —0.545" 0.546™ —0.480" 0.539" —0.540
et DON 0.110  —0233" 0188 0164 —0272" 0309" 0056  0.200"
(’l = 127) sk sk %
DON/TDN  —0.450" —0.283" —0.381 0.027 0056  —-0103 0042  —0.110

TEEMAKX (p<0.05)
THREEMK (p<0.0D)

T DON #E 54Z 2 A#/Kik CDOM &R JeH 5 FEHRMEERL, )
FRIZZE WX K& RIFEAKRE R 76 i B 45 & MixSIAR BEAUXT KK
& DON #EATHlE . 233 B IRER, BT Z47O06IEHIEMN MixSIAR E-EHEA
ML R A SR B HNERRR, SFEERAMLRERERBEK (FHE
GRRER), KUEHZ4ETOLEIETIN & RETTRFE —ERE, BEaE
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H4E KHKE DN ZRERGNEEE

MSEIFIESHXE. Derrien 25(2018)H Xz Fl =4 K EIE A Isosource ZXAFH)
KR AR AT (EMMA) Bk (5 MixSIAR BB Full 7 IR E Hl
JRE A ESRIR AR TTER, IR 45 RS FAL R T4 R AT T L R RILE
FER, FIEH RN R TS R .

4.5 iR

BrE R0, BB 5 WA YE R T DOM Hifa E MR AAL R HAREE §PCa
BBl 93 i A~ 29%0 ~ —  26%0F1— 23%0 ~ — 20%0(Zeng et al., 2008; Hood et al., 2009),
2016 4F 11 H K¥A7K 4% 8°C-DOM 2@ A — 27.47%0 ~ — 25.18%0, FI1E /93— 26.20%o,
PRI T R B 3 R JR B N IE . K38 11 A4 8'°C-DOM JEE M E 5 Z ¥ B
TR R MK B B IR AL Vortsjary 18 (—28.4%0 ~—26.1%0, FHIMEA—27.2%0) ¥
I, %I DOM A SRR 5 K ELABIIE 68%0—81%0. 41X A% 2215 BT 22 i) &Sk IRk
i, A DON SN SR JE HL A7) B IE 82.6%, B A= SRVE B A K B FEARAN o5 17.4%o,
B TR B M SR YR A 5 B B A R X R e AR P DI, AR EM B A
DOM FJ B I F AR A, AT T 0¥ Y P 358 DOM. JE O ST R/ (Toming et al.,
2013),

o AL IR A LA 45 SR S sV an 3K L IRV KK UIARW A
BRIk RALRIKE R A KE DON FEERIE. £ 3.53 #1, 2T DON
FHAYEER PCA 45 RIBH /R AWM DON A SEMFELRAK. WK, HHEMHE
KRR DON A fEA BZ AL . X5 HEE2010)1iRR—5, BIfE%R
KA, KBRS DON SR EMHER . EYFE. HIERER AR
Zehr %5(1988)%F 35 E I = & & B FRALMIIA Castle i DON K B SIS FHERIAF A
I, DON 15 3 ZRIR ] Be R UTARMIRE I, T SRR tE Y IS0 sl BT -
Osburn %5(2016) 1% T =48 R Ve G BRI AL 1 S A A3 7T 52 7 B Vg I 38k
T 7K DON BUSRIR, Hogh SUE SE4ME IR H E R A1 L3 MA & DON K

RTS8 7K s EE I DX 7K A 815N $54E 5 o, BE 7T 3B 7K DON BE £k B T4h
VB B B AR VE B 7K B AR F e AT R 7K (Vizzini et al., 2005). & RN R AT K
SRIE X 4 e AR, FAREAATEIET 2% 0 VIR 283 3 B R PE R K&
TOZHERERS (EHMAEHLE) (Bianchi and Canuel, 2011). 4R1, FEEHRER
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KWK BT RAAHERIR . R TR A

RIACZMIBEA T (51°C 1 815N B A3 A AL HEAT RIFE BR AR (Gao
et al., 2012; Derrien et al., 2018).

CDOM {1563 MR IR AL T DOM SIER A 45 R R M 4 8 <5 SEHT B0 F
B, 3R H =M 5 AT R T AN S G BT N T &M &R RKAEES
ARG F KL RIEIE. IR A SRIER CDOM 44y . %31, CDOM UM T ¥
FRAFHUR I —3B5y, I E KA RGO ICR IR A 3 ¥ (Stubbins et
al., 2014), H TS =476t SR B R MRS EIFCRIEE AA — 2R FEIR
P, BT, fFEAESWEAME S (Compound-Specific Isotope Analysis, CSIA)
BRI EY (BAR. BAKLEY. KRR, KREEMLTIE)
FRETE (I C. N) KBERARAERERAMELME (4183C. 8PN, D) Kl
RIS E HAE (ANAMC) S #ERf B B RER A MUTUORIR, RILH) 2 BN F HT
B AR EEEERSENRER 613C 1 81N MlE I Eal b, 454 CSIA JiiE,
IRNFR AR L B RIR

4.6 L5

1z RS E R R AL R A = 450tk 7%t DON SRIEH AR 45 R KM -

(D) ETRERAFMEERERE (83C F1 8N B MixSIAR FfLERE &
RUAMESE, —eE MR H A . BRER. TIRIHERK. RAERE
A3 DON BTN R m, AR & TS /K A/K B AR 5T KI5 DON HY SRR B .«
Ik, 4hERAE SRR TR I BK 2 2016 FEEKZRKIH] DON £ E A

(2) HEHIELL RELY, DON ELZFEZINFMALT, MEZEA fEER
ZH NES AR, B DON RIEFIE FEEETHEER.
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5% KiiK4k DON i) B BRI b I AR IR

FBSE  KMKEDONKNEHERMEY L BENRE

51 8§

TR EESREHEFREANG LN EEGMEE . BRI EH
RWRIR. fafFl. BREXERITRYERE, #H7E DOM 5 DON
IR FEANEFE Ry E EE A B (Huetal,, 2016). JTHEAE AR ARE I AT 1 /KI5,
RIREDE RS 5 51 SR TTRR Y M BBV . fE SN R 15 Pk IR 15 278 R H1 10
TBOLT, KR WIRE 77 BB BOS FETF R B R B 2 KISRIEGRER 45, 2001; 4k
I %,2005; BP487K 4%,2009). HHLLFARBIRISMNES S, ARG EME &
H ¥ LLFEH](Qin et al., 2019).

FE7K 4R DON JR#: B ARSI TR S, BB R A E N SHE
Vil AR e £ JL T8 2 2 3£ (Bronk et al., 1994; Mccarthy et al., 1998).
BT AR, RRIFESTHRSHENE (Particle Organic Matter, POM) 4] AR
SHEALKERE, BRI EIE 2, & DOM 5k DON H 5 —> B E R J5 18 /% (Riggsbee
etal., 2008; fA[fF 4%, 2016). AT, X—IFEIFEHZIEBHRE. FERK
MR, HRFURYKIER POM EHEMK AR LEE T EREN
DOM(Mayer et al., 2006; Mayer et al., 2011). B 7203 — >3 B9 B 58 R 756 W LR
Kt EEIEA, TR B (WREIEEER) WA KT AT
B AR B (Hu et al, 2016) . KAR BRI BT DOM w1 5 F& AR 4 4> W] ik
50%(Butman et al., 2007), FTGHRTEF K POM HAEH & /11— 4L E % 1) DOM 3k
RN AR RGEY BRI T FE (Shank et al., 2011). Ih4F, POM 6%
fEEBE W RER BRI AES RAN A BRI Y, X RGN ERIFEY,
F BRI 57 AT AR o Bl ORI AY) P B R M R AR . R 8, K98 5 POM 8 PON
KIS R IR AT RE /K (4R AL T R &AW WT FI A i) DOM Bk DON.,

HET, ST 78 &SRR YIRIE K PON 2| DON K LT 23 M2
TAFERRZ S EREANE . IR T E POM-DOM HALHLEIN THERE
HATREIERE . FEHIKARTS W BB ERMPLSE R Y (Yang et al., 2014), i
TEEN B ROGER ST N T R Y BV SRR PON [AIVA MRS FEAR 1 5= 41
BABTIT, IRAIBZR DON WIFRIECEE R — AR AR .
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KB EATIERIE. ALY %

52 MRE5FEE
52.1 HEXSKE

2016 4F 8 B 4 BT o EALE B AMBIA A S REH T u T (120.23691
E°,31.50825N°) {45158k (Peterson) RIBEREREFHY (0-10cm).
AR B HES (Ziploo) 1, BRRFEEHHESHEEFERELRE, JF
{RIELE 4°CUKFEM, 24 /NET A TF R E AR SRR

522 EIMEFREH

HERTRY R RIE AR R A 6 MEITREIERL (351x211x250 mm,
KexBx@) AT, BSR4 10%HCl B E B KRG, AN 10L&
YIKA 20 g BETARY) GRE), BT ORI MAEUF i o E R 24 b re MU -5
RS AT SRS (800 x 600 x 230 mm, HxFExm) /KIBAHEFR K
WIRFEZ 20 cm), B3R BRI BIEIT # 2 mm BRI B VLI 5 DA (R RS0
W 048 . AN BB L N BB TR AL U B G TR 2R (40 x 70mm, JVP-110, SUNSUN,
EFHLD STTRYFRRIERE . B 3 M EIEmEaE, Julryan
MRS 3 AN TAT, KB H BTG 25-38°C. RIREM AR FHRET
FE (2016 4E 8 A5 HE 9 A 15 H, 3£ 31 X)), FERHHEFAGIRA L 1900 pmol
m?2s (BT HAESEVIEEE, FEEANRIOLESIRTIZE, FHTR
ESNEED. 2016 2E 8 A S HE 15 HER BT 9 5 120 mL IR QB (&
10%HCI BRI £ B F/k¥eE) T8 PIHEHRE 100 mL /KE, H [EIHHS
1 E R E AR T, —20°CUKFER R IR . h5h, 9T 53] DON 70T 418K
Asfk, RETHIBEEFRE 0. 10, 31 REEAE S0mL A THE&EDHH#R FT-ICRMS
JRRE AT .

523 tEmOH
SREEMRERZ 0.7 um GF/F i (Whatman, GE Healthcare, USA, Ti%#ES

B4 450°CHIBE 2 0) ILUESE , SRS (£ 50 mL) A T2 47 K A TDN. TDP.

DOC. NHs". NOs™v NO #l POSWRE . FRFEME 022 um FHERIEE
(MilliporeSigma, Darmstadt, Germany) /S48, A ULES-ATRRWOLIE. =

G ST A T 23 ER BR VS 40 AT o B i & TR AR B A AT T VA L E T 2.2 A 3.2,
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%5 FE Kii/K{k DON B 5 B TR GIE R IR

53 Hito#h
XT5E TR (R % S H B IR I A AR AT T M A i . BB M7
EZR. CRAMBREHAEZERSHEH TEXHEAR T i (Paired-
Samples T Tests) FIJHIF¥A T 155 (Independent-Samples T Tests) 4347, £kt
& 1% F OriginPro 2016 (OriginLab Corporation, Northampton, USA) 3 fF523L,
B EZERHrE A SPSS 20.0 (IBM Analytics, Armonk, USA) #5231 .

54 #R

54.1 EHLEFE. DOCHIDONRIRULE =4
BRI, JLRR4 DOC WKREREEFA A2 EE A& (R? =095, p<

0.01), LFAEZEN 0.14mg L day !, T REEEHIAHN 2 B & BB (R?=0.53,
p<0.05), BAREZFEN0.02mg L day! (B 5.1a); IR DON R EFERFEN
A EEE EFH#ES (R?=037, p<0.05), EFHEZEN 0.02mgLl 'day?, T
EEEEH AR A RN BERNEETAES (R2=0.00, p>0.05) (B51b).
FHEEIEEE 10 K, DOC WEH 0.60 £ 0.10 mg L™ BEINZ 1.91 + 0.09 mg L7,
DON R H 0.10 £ 0.03 mg L™ BEHIZE 0.41 £0.10 mg L™}, 43R AT AR
FER 318%A1 410%, B2 T A EREEHIHAWKE (T Tests, p<0.05).

0.6

N~
n

g
o

T B

T

i%é%ﬂj‘ ‘J (%) ﬁ?%ﬂﬂ? (f)
B 51 DOC (a) F1DON (b) ¥KkJEFREEFRAT A fI2ELL,
Figure 5.1 Changes in the concentrations of DOC (a) and DON (b) during the

>
e
'S

n
i
N

DONRBE (mg L)

=
o

DOCIKE (mg L)

=
=)

incubation
JEHEZH TDN IR Z BB 5T 6] 2 B E KB (R2=0.58, p<0.01), FHlE
%4 FRUIRERIE (ttest, p<0.01), 77 BEEEHIM K IR Z K&
# (R*=0.29, p>0.05) (E52a). JGfEIEFRE 10 R, TDNIKEH 0.76+0.05
mg L™ FEEZE 0.46 + 0.11 mg L™ (WIAIREER 61%), B E(ET HLi 0 B4
2 (T Test, p <0.05).
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KK RRASENERE. ERS AT A

SEER4E TDP yREEBEIESERT R 2 B2 FT1#% (R?=0.75, p<0.01), EFH&
Z¥3.05ug L day!, BREEHIHBEMABE (R*=077, p<0.0D), L&
%93.57 pg L day! (B 5.2b). ¥5%E 10K, JHBL TDP WRIEH 83 pgL™
WINZE 4249 pg L7, BT LA f BEEHIE, HoFLREZER (TTestp>
0.05),

JeRRFEZ T, NOsIREES 4 RIEEEREM (ttest, p < 0.01), FFERS
RZEH 10 FFEEE 0.03+0.01 mg L' (B 5.2¢), TiBREHIL NOs IS
A B SR (R2=0.76, p<0.01), EZN 0.01mgL day™'. HIFE
10 R, JeHBZ NOs WRE B &R T BHREHA (T Test, p<0.01).

SeRRLE NH, W E B RN ] £ B E BRI (R?=0.57, p<0.0D), HEEH
0.006 mg L' day™!, T EREIEH|4 NHARERERABEHTEE (R2=027, p>
0.05) (B 5.2 d). 35 10 £, NHSWREHRYIN 0.13 + 0.02 mg L™ [FRE
0.03+0.0l mgL.

JeIRLE POL VR EBERE T ] B B3 FTHa% (R?=0.49, p<0.05), EFHE
#9073 pg L day”!, BRESHIAHERMW EAES (R =088, p<0.01),
FFbEE N 2.81 pgLlday ! (B 5.2e). BHE 10K, JHA PO/ IREH 2 +
1pg LV INE 105 pg L, A% 0 R 500%.

J¢HR 4 TDN 5 TDP fItL{& (TDN:TDP) Bai%srht (0] £ B ZFH MBS (R*=
0.76, p<0.01), EZEHR 114 day!, ERFEAHERUNFRES (R2=043, p
<0.01), HEZK10.7day! (B 521, XIEHFRE 10 X, TDN:TDP H 10335
FRARE 11 +2, {ETULEH BREEHI4E, HEREEER (T Test,p>0.05),

78



5% KKk DON K BEF IR R ERIR

-
(8

oo

=]

T | a DERA xR T
o = 60
Eos g
P " 40 -
éo.‘t J“ %
& & 20 1 %ﬁ "Lﬁ
= =
0.0 0 [H

=3

%
ol
%

=
¥}

=]
—

NO,; WJE (mg L
NH, ¥R B (mg L)

. M,

60 250

' € 2001 |

=) 1
= 150

7 8 9 10 9 10
“‘?%E‘Tﬂ (9&) i%?%ﬂ'ﬂ? (9&)

B 5.2 RBEFRIIRE K LEREE R A AL (a: TDN; b: TDP; c:
NOs;; d: NH4"; e: POs; f: TDN:TDP (JGEH))

Figure 5.2 Temporal changes in the concentrations of nutrients and TDN:TDP (mass

ratio) during the incubation

542 RESHEHTK
542.1 FINATR-RBCEIES KT

R B R 18] R Y6 R AR B F2 1 41 CDOM/CDON S M iir 28 $i B 18 A %
KEUWENREZR (B 53afMb). BREKMHT, AHEEFR A CDOM/CDON
JEIER I RBBE R KR & ERBUN (B 53a), MEREFRTERR
K, SHERBRKBEKREIINEE (B 53b).

B 77 1 (8] SR 0PI LR GE S B e B SR A B 7R A B 5.4 BT o SRS IR
FH a(350) BN A2 EE EFHER (R?=0.72, p<0.01), EFEEN0.20

m 'day”!, BEEHAHBEEE EFEH (R?=0.56, p<0.01), EFHEZEH 0.097

m 'day”! (B 5.4a). HIEEEFE 10K, a(350) H0.25+0.05m  3HHNE 3.01+
0.83m™, ABEFRITIRN AT 12 £, (5 I0E BREEHIAR aB50)RELEEER
(T Tests, p>0.05). EFFrRHANR], JeRRAEFBEEEHIZH R SUVAL s AGIERI R
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18 Sr SEEFER AR RBREE (p>0.05), JIRAR BREEH AR K ESR
HAREZ (TTest, p>0.05). T KNSE a(250):a365) BTN M 282 Lt
## (R2=0.49, p<0.05), ETFERN 0.38day’!, TiBEEIEHH 5H TR E K
LIERXBRAEE (R2=0.35, p>0.05),

120 120

a b

ESO 80
= \
W
éﬁ 40 40 P

0 : - 0

200 300 400 500 600 700 200 300 400 500 600 700
K (nm) FH (nm)
B 53 RNEREFER AT ZREEEIE (a) FREA (b) BERSEVIOEERIL
REBEEURE KA,

Figure 5.3 Spectral absorption coefficients of CDOM derived by suspended
sediments under dark (a) and light (b) incubation. The lines represent CDOM
absorption spectra of different days.

g]mMJmﬂmﬂﬁﬁ Efﬂ mmﬁmmﬁm I
£ ¢ o

& 5.4 iﬁé‘%ﬁﬁ (8] %‘3% A LIRS P S R R 57 I [ EI’BUJG (a a(350); b:
SUVAzs4; ¢: Sr; d: a(250):a(365))
Figure 5.4 Temporal changes in UV-Vis absorption spectroscopy parameters duing
the incubation. Parameters include spectral absorption coefficients a(350) (a),

SUVA2s4 (b), spectral slope ratio Sr (c), and molecular size a(250):a(365) of
CDOM/CDON

5422 ZHRANIESHHTL
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FATE T #r152] CDOM/CDON M3 Yedl sy (B 5.5), SFFREREZE
Openfluor (Murphy et al., 2014)H H At /K 25 R G H)FAT B 5 0 SR B 45 X B
f8250: C1(Ex/Em =235 (355)/442) NFH I L FE IR 4H 57 (Williams et al., 2010; Zhang
etal.,2010; Shutova et al., 2014; Catalaetal., 2015) (B 5.5a); C2(Ex/Em=275/340)
B R B 2H /> (Graeber et al., 2012; Yamashita et al., 2013; Zhang et al., 2013b) (&
5.5b); C3 A1 C4 (Ex/Em=275/310) AR 7 (Yao etal,, 2011; Zhou et al.,
2017) (B 55cHf d)s

e. Corry6 1N 04! f?Comp 2
500 \ \
5 / \ ‘
450 0.2 03
400 02
~ ~ 0.1 \
£ 5 350 § 0.1 \
=
< 300 300 3 0 R
® 250 300 350 400 450 = 300 00 500 30 400
E g.Comp 3 h. Comp 4
® 04 94
027 02"
: 300 (1Y S VP2 . —— ob— N e
250 300 350 400 450 250 300 350 400 450 300 400 500 200 400 5
WREK (nm) K (nm)

B/ 55 FATHEFAIERRKNUNRIEHAS (av by c M d) MELHTH0FRK
EEER (en fu gMTh)
Figure 5.5 Spectral characteristics of the three PARAFAC components (a, b, ¢, and
d). The model was well validated using the split-half validation procedure. The largely
overlapping excitation and emission loadings of the four components, modeled on

each half of the dataset and the whole dataset, are also shown (e, f, g, and h).

BEFRHAR], SRR Cl /IR TR A 2261 EFHEHE (R?=0.71, p<
0.01), EFHEZFRAN0.024 R.U.day'; ZREEHIE M 2L EFES (R2=0.36,
p=0.05), EREHNEHM, ~0.005R.U.day! (B 5.6a). Cl A/ kRAEAEE
REEHIAHARZEREZE (TTest, p=0.01). C2 /IR E ¢ IR TN A 40 FE 3E 77
IR R R R ARG S (p>0.05), T XCIRAR EREHRRNH BEER

(TTest, p<0.05) (B 5.6b). JHBA C3 HPWREFERE FEMT A RRILH LM
Wi (p>0.05), TEEH C3 HAMKREREFRI AR LN ETHES (R?
=0.79, p<0.01), EFHEZFH0.13R.U.day ! (B 5.6 c); SLIRAFIEREAHEE

81



KK RAGIVERIE. AR YR A A%

BAREZE (TTest, p<0.05). C4 HIUERERE IR A FR AN BRI KRR
AR T (p>0.05), YeRBAF BREA R Z R WA EZE (TTest, p<0.05)
(B 5.6 d)e WSS HLFIER T RINZ AT LAY (B 5.6 e D, HFRE
10 R, JeRE4 C1 Al C4 A0 bl 2 E 5.

1.00 1.00
2 b
~0.75 ORmA oA ~0.75 1
S =
& 0.50 & 0.50
3} 3

oQﬂmmmﬂﬂﬂ:ﬂﬂm @ammmﬂma ]

oc4
8e3
oc2
uCl

0 1 2 3 4 5 6 7 8 9 10

BEFEE (R
& 5.6 “FATHEFHIERIFEARIEHSS Cl1-C4 FXTEE (a. by c A d A
Heff] (e: BBEELH; f: SLHRA) BEREFERS[EIAIARAL

Figure 5.6 Temperal changes in the concentrations of the four PARAFAC components

C1-C4 (a, b, ¢, and d, respectively) and their percentages under dark (¢) and light (f)

incubations
A YIRS BIX JGHR AN iS4 FE 1L SR mf (M R R &b i@s (p >
0.05), TMiHMBAMEBRAHRNEINHEEZEER (T Test, p<0.01, n=10, 50

REFEERENDZHERT) (B 5.72). BHFE 10K, HEABX ZEKT
Az sHI4 (T Test, p <0.01). JEFANIRE HIX o RN B 4 BE 15 57 (7] 3
KB HLEE S (p>0.05), HIRAMBRAAEZR B AEZE (TTest,
p>005). BRE 10K, BEAEE HIX & T BEHREA (B 57b0).
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Figure 5.7 Temperal changes in the index of recent autochthonous contribution (BIX)

. the humification index (HIX) during the incubation

543 BEOBERESHNTK

JeREE IR 010 F1 31 KEF DON 43 FHRR & S HR IR 5.1 B -N/C.
DBE/C. DBE/H. DBE/O fE 555755 31 R K, 1 H/C #1 O/C £ 31 R E
Z . WL E DBE. 5 EMIEE Alnod LARX FEEME T K% 5S4 DBEw.
Alnodws Cws O/Cy H/Cy N/Cy, BEEEFERT [ELZET AN

5.1 OLEEEEFREE 0. 10 A1 31 KA DON 70 FAMRE S H RN
Table 5.1 Changes in the molecular composition of DON unpon natural light
exposure of 0, 10, and 31 days

DON 4 2 % 0 R 10 R 31 R
DBE 10.29 10.88 12.07
H/C 1.26 1.25 1.14
0o/C 0.46 0.46 0.4
N/C 0.066 0.065 0.072
Almod 0.27 0.27 0.36

DBE/C 0.45 0.45 0.51
DBE/H i 0.42 0.42 0.52
DBE/O 1.04 1.06 1.63
Average m/z 497.87 521.52 450.55
Cw 4.95 6.25 6.55
O/Cw 0.11 0.14 0.15
H/Cw 0.29 0.37 0.41
N/Cw 0.017 0.023 0.029
Almod-w 0.07 0.09 0.12
DBEw 2.25 2.91 3:35
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JeHB¥EZEE 0. 10 A1 31 KA DON 4+ TR Van Krevelen B 5.8 ft
. BT IR T, A% DON WAWE RAIFEE, (EHEZE Ak % #TH) DON
& YIHIFEE

Bk E

H/C

HIC

H/C

T T T

O-O T T T T
00 02 04 06 08 1.0 12

o/C

& 58 JeRREFAFEMET (a: 0K; b: 10 K: ¢ 31 °R)
DON £H A1) Van Krevelen &

Figure 5.8 Van Krevelen diagrams of DON components unpon natural light
exposure of 0 (a), 10 (b), and 31 (c) days
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%5 & Kili/K4E DON i) B BRI B R IE

BFEHAE, DON Hffigst. EARMEERA ST NEE KGR %
K, MAFRE. BokKAEY. BTRLGIEREEIN. fE3ih 2%BE 0, EAR
B 19%F%Z 10%, TiABREHGIH 67%EMZE 75%, BokKWEPHE B 1%
F 4%, BTH 4%EINE 5%. van Krevelen &4 KIS HIXT 35 K H Ll 3
PRI . thit, BFREE 31 R, ALOEARMRENEWHI R 5.2).

F£52 HARAEETEO0. 10 f131 K DON FHS 0 TRAEE. SN EE
pra-n- R

Table 5.2 Changes in the number and total relative abundance as well as the
percentages of each class of N-containing formulas subcategorized by van Krevelen

(VK) plots unpon natural light exposure of 0, 10, and 31 days

SRS THREE (HH1%) BRSTFREAMENTEE (EF1%)
ERAL

0R 10 R 31 R 0k 10 R 31 R

EES 96 (2) 52 (1) 13 (0) 249 (1) 83 (0) 50 (0)
EHRMEER 841(19)  811(16)  275(10) 3414 (17) 2328 (11) 2122 (9)

PNt 3014 (67) 3600 (71) 2124 (75) 14654 (73) 17207 (81) 17955 (80)

KA EY) 61 (1) 87 (2) 119 (4) 168 (1) 196 (1) 722 (3)

MNMEFBRENED 0(0) 0(0) 9 (0) 0(0) 0(0) 20 (0)
P F 12 161 (4) 154 (3) 117 (4) 554 (3) 342 (2) 413 (2)
L 195 (4) 237 (5) 133 (5) 602 (3) 648 (3) 689 (3)

HoAth 124 (3) 127 (3) 50 (2) 512(3) 475 (2) 496 (2)

55 itig

B T Z A BRI BUAT s Kk DON FISRIE K TR a5 e fh i 2s
FAMERE. AXRERER, FEFKDGRREAFE DOC KE. DON KE.
N/C FIN/Cy, & Z ¥5/0, T TDN. NHVKE S BG4 LR E K (T tests,
p<0.01), RHEESTHEME, KSTIARYIKEEMZ DOC 1 DON MHX FH EE
I5RJR. Riggsbee 5F(2008)HIHF FtH Bor, BT MUY EIZ R S8
DOC #1 DON HIB, HERPHIN 1.43+0.13 mgL " day ™' F1 0.024 £ 0.007 mg
L' day™!, T DIN MBERIBERARE. £+, DOC 1 DON MIRHOEZEI(K

(55179 0.14 mg L' day ' 1 0.017 mg L day™), AJREH T ZFIHGIE TR E R H
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KK RS ERE. AR ATRA

R G R SR B AR . FE ISR R B KT RIRZE 5 BRI =
¥, e KPR ST T BRI A L A A RE ALY DON [ BB SRVR - LA
PO A T L AR E 38, RO EHAT =, BRA LR [
VR R T B EEAIKIE (Southwell etal., 2011). DON FNTCHLBE FIRERCER
IR S S AL R AR SR B R R K

S AT B2 e FR R/ A Uk 2 1B EL R AL L AR Al REATE T LR
YE FAATAE B TS p R P4 IR GO e T AR ASCEATHE T INGERER, 6
AR TESEEEBRAN L, 5 Shank 2001 S R —E FT-ICR
MS H%: Bt — S5 iFSE, YR S5 DON KB (Alnosw Ml DBEw) H#n,
W T DON 44 EERAFRE. NEMBELENRETFLDT T 4 PEAR
DON AATELEEK. BHRMEER. 0, ARARAWBRATERE
ST RS LE SRR TR NHYT, kR, IRE LS (Bronk et al., 2010).

R AR B TAR A ( DON 3 — 25 MR, CRBIFRY,
B AR\ SR UE L35 't 5 M AR (¥ DON AL & HFFAE [ E IR £ S EUET I DON
o aie e . IR AR 5 DOM < 20% 8/ TR G, T s P A
M85 541 % DOM [ BoRa i 414 JE R B AT W, 7Bl RIRIHY & M
5 WAk & AT (Bushaw et al., 1996). AW HIMREARESA LR LR EI RN
ST TR BRI R Syrs.005 AR ELAH Sk a(250):a(365 )44,
TDN W IR, 1% 5 A SOy AR — 3, 4AT CDOM IR AR S
o 24 FE T T 2L 49 ViR FEE R T 2878 19 4 40 Wk FE A T3 T (Zhang et al., 2013a), 5
FARIE R 25 SBAH R . Mesfioui %5(2015)i2H FT-ICR MS W T A7 B RN
Jy5kJE DON HIALEEAE, BARERRIENEMRSHA IR DON HF=EE AR
W AMEECATRES), EANKIE (5K HAK) MERSAIURREIR
R [ R AL A S IS, F UL DBE AUTH5 FREM M, HA IR
SRS BYIKRIEIT, ¥R kIR RS DON Y5 R R AR L —
(Mesfioui et al., 2015). Funkey %(2015)& 3L BAIEI 9 INEFSEIE KT HIK 7%
4 DON #7455 DIN AfEil. Wang 20000\ A LR A& FAAERMALF,
ok P T B i o A AL SRR IR, R BUKIEN R RS54
SRR g AR, ARSI TR B Rk — DL
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5.6 it

BN E AR EER ST R R KW UTAR SRR AU 25 B ML ) A AR S AR
AR

(1) B LR B4 S8 DOC Al DON R E B ZEHN, ARtk FEH DIN
WEEERN, RPSEHEML, KBTEREISCIE##Z DON X EE K

(2) £ DON 4% I, #FFE iR S ECREREER A - R EE N, HSEUR
RE. MAFBRENEY . BTESRAD M FEERIN, THMERERSRA
SEBEREE. EARMNRER, &% DON WEWH] Alnodw~ DBEw. N/C
N/Cw .2 ¥ 1.

(3) KB B FIIRYTES PR RN G =41 DON KM FIFIF
BEARFRH—FHA
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%6 & KWK DON BRI IO ERIE

F6E KMKEDONRZIHFELRRUENRE

6.1 8IE

7K DON JF 3k B A SRR o A E B AR AT MG EEYITRE, HF
TR E BRI RS U R A E N S A SRS RE, R TEZE
V2 559 (Bronk et al., 1994; Mccarthy et al., 1998). VEIFEMEETE DON HIBEHOE
2 H X DON SR UE 1) 3.5%-85.7%, AFRIFRE RN T Z 75 K(Bronk
and Ward, 2000). HZA<ZH# (Lake Kasumigaura) HIBFFRIREN, 45 BEMETTEHT
FIEFR AR 5% DOM K 30%—50%(Kawasaki et al., 2013). ZRT0, AEXT
DON [4MNEEFE, DON WIREIEEE 2 K H 5 E I3 BAE R HHLHIE FF TR
AHF 7 (Slawyk and Raimbault, 1995).

FERR A NIRRT T, AR KR Z R EAfRE RN R PN BC RER
B, EEIHRIFE AL E BRSNS TE AR R MR REIR SRR, FRTHE
5B B 5% & (Bronk et al., 1998; Bronk et al., 2014; Baer et al., 2017). Bt A
RT4rgk . RN IEE T, EREX 5 B IR R FRIFIEYEIES DON
FRIRE BRI TR S 26 (Bronk et al., 1998). #RTM, RN RRNERTIEANBESIEES DON
SRR . BEE DON RIEBATFERIHD, LHZEm 2 PE FT-ICRMS %
BARBER, 4 T/KFIEE DON 4k EA b 72 05 5T ik i &
(Mesfioui et al., 2012; Killberg-Thoreson et al., 2013; Osborne et al., 2013).

TEXT AR AME B K BB R WTEERRNLRI B0 1, EE B A KARE. %
fitk UL % 8 5 B A 4 1 PO AH ELAE S AR A I A B R AR IE R E SR R TE 3R, A
R A A B K HE ) E E AR HLA 2 —(Sun et al,, 2017; M1 48, 2019). — 77
[, DON A RIFE T 7K AR B SRR TR E A o P 5t 72, 55— 77, DON I {E
N EEREFYR . M REERAKBAF RS BERE, 4 5Pkt
7, f#1% DON MiX— A #HE S RIEF Z I (TH %, 2016).

AT B RS BOE IR 5 R 44 T R U 2SN 4 B AR VA SRV 1) DON IR B2
KA BB R Z 5, 87~ DON JR Hh B A= SRIF GBI 2L IR IR Eh T MV i 28
SRR AL RIESHF IR MAN B RV U PEARE S B DON WEH 2 HAE
K E BRI
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TR TR A LRI . HR DT A A

6.2 MBE5FE
6.2.1 #HmXRE

2016 4 8 A 16 HAI 8 7 27 HEEM T E R B R EIEIHAES RGH Rk
M (120.23691 E°, 31.50825 N°) fHFIRIFIEMIM (64 um) REIWRYE 07 i
KT 10 L RZBBRFF, HR0 B REH SHRE R E SRR =R RRIT
Je =S IR .

6.2.2 EIMEFREHE

VRIS B AR IR IR I B IR VA S R SRR R SR IR I AL, R
F 3 MK RBEBEEL (351x211x250 mm, KxFExim) HHAT. REERITZIFE
RIEERZFAENBNFFEYN (BT FBaikmdk. BE, A3

(SBJFE 10% HCl BRYEFI KB F/KEE) WEEA 10 L Z&1H/KF 100 mL yRE4E7F

WL GEFRIRRHGRIRELN 550 mg L, BT RBEAABEFHHERE
5% 7 B B S VE T L AT B R T 2 RHAE (800 x 600 x 230 mm, Kex FEx )
IKBAFETE OKIBIREY) 20 cm), FFMAREEBALSE R 2 mm EH&E A VI
# AR IERAPTRERTFHE. B EEREESREY IR (2016 £ 8 A 18
HZ9H 10 H, 323 X), KEAZIEER 25-38 °C, BRHZAIEAIL
1900 pmol m™2 ™', BEFRHAME TAFER A (55 0-11. 13, 16. 18. 23 KD HI 120
mL FREBIEEM (& 10% HCl BREEA £ B T7K¥F) T 8B KE 100 mL
IKFE, WEHSHEEFRE AL EDIE, 20°COKFERHRRE. Wb, AT
53] DON 2 TARMMZAL, RET HLIBEFE 0.23 RERATHEES L FT-
ICR MS 4347,

% B NG RS 2514 T BEUR DON ¥R AN AR AL 5t Er, F- 2016 4F 8 A
20 HE 9 H 26 HIg 7 REEEEHIH, B3 MEEBERENIERER. BTE
BE gk, HARE R ES SRR AMAR . THRErE (5 0. 3. 4. 5. 7. 9. 12,
22 R) RE T BEEEHIAM AR, KEREFESRREMR. SERAML,
B o) 2L SR T A ] 7KL H 2R A Y8 BRURN Y B B B ] g R AR — AR Ak, (EASIREE B
FEXTELOGIRAN RIS T DON W E KA AR Z R, HERBREACRER A, &
W T HAEE IR A E S
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6.2.3 Mmoo
KEMFEHZ 0.7 um GF/F R (Whatman, GE Healthcare, USA, TiSG7E5 55

1 450°CHIRE 2h) ISR, EBAFEM (4 50mL) AT 4T/KFER TDN. TDP.
DOC. NHs'v NOs « NO; 1 PO/ R E . FIRHERE 022 pm FERER
(MilliporeSigma, Darmstadt, Germany) FXidyE, FCLES-TT WROEE. =
YET eG4 1R FT-ICR MS Fiit %S5
FE & TR AR 23 HT 7V LE T 2.2 F13.2,

6.3 R
6.3.1 FEHEFE. DOCHIDONRIRULZE =4

EEREFRHE, JGIRH DOC IR EREREFRAT [ 24 EA#EH (R?=0.98, p<
0.01), FFEZEN 044 mg L day !, BEEEHIAMEINLME LB (R?=0.82,
p<0.01), EFHERBOEIRAM, ~023mgL  day ! (B 6.1a). FHE 23 K,
JEHRZH DOC IRE B E & T BRE 6|4 (TTest, p<0.01). JuiBEFET, DON K
FERERE SR M 2IATH (0-3 R) PEsb i, 2 FEmErEs, 2k LR
I F TS (R2=0.62, p<0.01), EFHEEAN0.063 mgL " day !, R
EHIHANRIH FEERLENESE (R2=092, p<0.01) (B61b). X
B35 23 K, DOCWEH 1.66 +0.05 mg L 0= 12.91 £ 0.9 mg L™, E3E
BT LN R ) BRI R E (T Tests, p < 0.01). JHREEFRES 18 K,
DON #KEH 0.10 £ 0.06 mg L #EINE 1.93 £0.19 mg L', #EZ{LT M2

B2 E) DON WA (T Tests, p<0.01).

16 6
a2 -e-tiR4 -O- A

DOCIKE (mg L)
DONRJE (mg L)

(; 5I 16 1l5 2;) 25 25
BIRIfE (R
B 6.1 HE3RHAE DOC A1 DON ¥ B B 3% 72 A A1 1) 324k
Figure 6.1 Temporal changes in the concentrations of DOC and DON during the

algae incubation
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KK EBRSANERE. AL EWAR%E

BRI, JCRRLFIRIET T T RS SIS A KRR, TDNRE
BEE RS A BLSE I (0-3 KD FRHMETE (L5 10 REUJE) BTREN
s, REWREL)Y2.15+038 mg LY 1 BEEHEHI4 TDN W EREHE R H] £
et FFHESE (R?=0.99, p<0.01), EFHEFRN041mgL day !, KEHRY]
092+0.01 mgL?! EFFZE 9.54+0.61 mgL™" (K 6.2a).

JeER4H TDP ¥ HBl5 TDN R 2eiin (0-3 X)) FEREmEETRE

(295 5 RUUE) M ibiass, BKREL N 108 ug Lt BREFEH|4 TDP KX
BE SRR ] 248 BB (R2=0.97, p<0.01), EFHEZHN 39 ug L' day™
(B 6.2b), IKEHBYIMLINO0 EFZE 800+26 ugL™s

JIRESR T, NOsIRETE 0-3 RHEIPUERER, < /FEETFREIRE, &
KWREL790.01£0.01mgL! (B 6.2¢); T REEIEHIH NOs IR EZRERE RN M £
AL MR INEE (R2=0.65, p<0.05), HFEHN 0.0l mgL'day’, WEHETF
BHIM 0.48+£0.02mg L 0% 0.70 £0.44 mg L',

JEHBZH NH, VR RS SRS (A 2563800 (0-3 XD JERIK (583 RUJR) Hi&
e, BZIKE AN 022 +0.17 mg L7 T BRI HIA NH, W RS IR (8] 2401%
FFHES (R2=0.97, p<0.01), EFHEEA0.19 mg L™ day !, WREHRWIN
0.03+£0.0l mgL! EFAZ3.92+057mgL™" (B 6.2d).

JeRE A POSTIRE BN (0-3 KD EPuEFERMEB TR (W55
RULE) A biass, REWREN N2+ pg L™y REEEHI4 TDP WK E N FEE:
Spfla] R4 FFHES (R2=0.95, p<0.01), EFHERRN2pglday’!, H&&
WEERT] 484 +49 ng L' (B 6.2 ),

JLHB4H TDN 5 TDP HItb{& (TDN:TDP) FEREFER[A] 2ILIE I (58 0 R
) TG 2R ESE (5-18 K, SHHHME (y=a-b*In(x+c)), R*=0.92,
p<0.01); BEEEHEIELHTHERES GHEHE, R?=0.74, p<0.01) (&
6.21).
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Figure 6.2 Temporal changes in the concentrations of DOC and DON during the

incubation

632 RXESHHTWL
6.3.2.1 FIMNAT - IESHAIT L
B HE], JHRA SR RS (350) BEREFRITIAI 2L M (0-3 K) B

& (5-10 R) /@M (55 10 RLVE) K%, BRI HI4H o(350)kE5:
R B4 EAHES (R?=0.94, p<0.01), EFHEEN0.15m day!, KE
H&AH 0.09 +0m™ EFFZE 332029 m™ (B 6.3a). JIRY a(250):a(365)81
3 REFTES), BRAFEEFRIIEEEBEE EFESE (R?=0.77, p<0.01),
EFAEEF 0.13 day s T REEEHIA a(250):a(365)E5 70 A £315 TDN:TDP
DKL E TS IS (y=a—b*In(x+c)), R2=0.99, p<0.01)

(B 6.3b). JEIREICIERIZE LB Sors—0s BT 3 RFIREG BT s, HEAR LRI
HEELM EArES (R2=0.37, p<0.05), EFHEZEN0.17day . HHRLAN
ERIELE Sr 5N AL ERRAEE (p>0.05); BREEHIH SR EXTF
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KK RRSANERIR. R EY A A

1 HIR4ETORRA, I BRI AR B e n 5 B IR A& S, (EREET:
BRI LR B EZE (p>0.05).

2 e mm  -oEEA b

—_
(=)

—
(5]

a(250):a(365)

4 4
147 N
0 : : ; . 0 ; . : :
0 5 10 15 20 25 0 5 10 15 20 25
BsrmE (R)
B 6.3 VFIiEiEZiREFRHAE CDOM/CDON 45 4h-AT LR i ) itk 2 25l 15 7= B[] 149
Ak

Figure 6.3 Temporal changes in UV-Vis absorption spectroscopy parameters duing
the incubation. Parameters include spectral absorption coefficients a(350) (a),
SUVA2s4 (b), spectral slope ratio Sr (c), and molecular size a(250):a(365) of
CDOM/CDON

6.3.2.2 ZHRNNIESHNEL

FATHEF 7152 CDOM/CDON AN o 555 5.4.2 F4EF (B
5.5): C1 (Ex/Em=235(355)/442) AFGIEREERA 7 C2 (Ex/Em=275/340)
NEEEBA S ; C3 A C4 (Ex/Em=275/310) AEEEAIRL S .

BRI E], SRR S CL FIIREREREFRATIRIG DT T 26380 (0-3 KD
SRR NS B (58 10 RUUS) MIERE; mRBeEEG4A ClLKE 07 K
2R LIS, EBEANEFIEREIE EEREIETES (p>0.05) (B
6.4 a). JSEIMATOCA S C2 WERFEET T =1 E: 0-3 RIREHE LT,
5-10 RBHFEAR, 5 10 RUUSWRESCE# L =; T RRREEHI4H C2 IRERILH
&M EF#EE (R?P=0.93, p<0.01), FFHEZEH 0.03R.U.day”!, WKEHEY]
7 0.06 = 0 R.U. LF+-% 0.89 £ 0.19 R.U. (& 6.4 b). JeRBA LA C3 IKRELE
0-3 RYPUE FF+, /5 HILES, 5 10 RUJEEERFC; MREEHA C3IRE
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6% KIZK4E DON BEFF SR

BaEFERT H 24 FF S (R?=0.69, p<0.01), EFHERAN0.02R.U., K
FE ST 0.06 £ 0.03 m™ EFFE 051 £0.09 mg L™ (B 6.4 ¢). IR ERS
HRNH T C4 IR FEREEE TR AR RN H LB (p>0.05) (B 6.4d).

a -o-JtfRA -O-BREA b

T R S
B 6.4 TATEFANBRLDAEMIKRE (av by c Fld) BEFFRIAIAIZELL
Figure 6.4 Temperal changes in the concentrations of the four PARAFAC components
C1-C4 (a, b, c, and d, respectively) during the incubations

BTG LH 5 C1-C4 % H IR IR [ R BN (B 6.5), Rk
Pt 4145 Lo B B 7 T LB, TRk . JERR AT, B
R4S Cl BIERRKES (5 0 REEARSHREMR), MRERKAS
HLf Bk 2 2 I N (R2=0.75, p<0.01), JLHEAEBEREMR 0-3 RIE LA
W, REEEREA S C3 F C4 LI BINEE, £ T RERE

BE N Ja PR
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KK NERE. ARy A Y

100% 100%
a
80% A 80% -
< 60% | oct £ 0% oc4
e oc’ = oc3
540% 1 i [ o2 § 40% - BC2
20% " 20w =t
0% - 0% -
0o 3 4 5 7 9 12 22 0061 3 5 6 7 8 1011 13 16 18 23
SRR (R)
B 65 FATHETFHNERKINAHS C1-C4 B Ca: mpEde, b YRERAD
B 1% IR (8] 224k

Figure 6.5 Temperal changes in the percentages of the four PARAFAC components
C1-C4 under dark (a) and light (b) incubations

633 BEIHERLSENTN

YeERHEEEE 0 A 23 KRBT DON £ FEMZSH TR 6.1 Fim. 5H 0K
Hit;, DBE. DBE/C. DBE/H. DBE/O. Almod Al Almoaw EHEFR5E 23 RIFEK,
i H A% S804 H/IC O/Cs N/C DBEw Cys O/Cws H/Cws N/Cy 3l DON
B SA R L 475.4634 HEINZE 571.28, N/C 1 0.054 31 ZE 0.060, N/Cyw H
0.01 3= 0.03.

% 6.1 JLHREEIEES 0 123 KA DON 4 TAHMESHK W
Table 6.1 Changes in the molecular composition of DON unpon natural light
exposure of 0 and 23 days

DON # S %1 ENIDN 23K
DBE 16.02 11.52
H/C 0.93 1.29
o/C 0.25 0.44
N/C 0.054 0.060
Aliod 0.55 0.25

DBE/C 0.60 0.43
DBE/H 0.71 0.38
DBE/O 272 1.09
Avg m/z 475 .46 571.28
Cw 6.34 9.80
OICs 0.06 0.21
H/Cy, 0.22 0.57
N/Cw 0.01 0.03
Almnodw 0.13 0.12
DBE. 3.69 430
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6% KII/KIA DON BRI EE SO 6 SR IE

HT5 0 REUEERRSENIAITT 4R, HFRER A DON IERBR. HH
FEEE . AAMBREAEWERNFELS (BT FT-ICR MS iR ARBR4K
TH, B REARBKER AN . 5758 23 R, BRI SERKER
MERALEHHN™E, MEARMEER. BTEWAEMN, MAREK.
NI ED . MATEELEDELGIER (B 6.6 MFE 6.2) .

2.5 25
a.0 kR b.23 &
R BALET : =
20 - EOR fﬁﬂj{t p
O 1.5+ s O 1.5
= =
1.04 E 104 &3
8.0 <
6.0
0.5 20 0.5 1
e
0.0 i
0.0 T T T T T T T 0-0 T T T T T T  §
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
0/C o/C
K 6.6 YtRREZFRAEIN[E] N DON ZH%H] Van Krevelen & (a: 0 K; b: 10
;s c¢: 31 K)

Figure 6.6 Van Krevelen diagrams of DON components unpon natural light
exposure of 0 (a) and 23 (c) days
62 HAEHETE 0. 23 Kif DON FERAS - FREEH
Table 6.2 Changes in the number and total relative abundance as well as the
percentages of each class of N-containing formulas subcategorized by van Krevelen

(VK) plots unpon natural light exposure of 0 and 23 days

JU RS TFREE (%) ERSTFREMITERE (HLHI%)
EOR F23 R EOR 23R
[54ili] 13 (1) 93 (1) 76 (4) 133 (0)
BEARMEER 0(0) 1083 (17) 0(0) 3542 (12)
ARE 1235 (84) 4521 (71) 1732 (83) 24596 (81)
K EY 0 (0) 118 (2) 0 (0) 257 (1)
THFRENED 11 (1) 0 (0) 15 (1) 0 (0)
B 200 (14) 72 (1) 252 (12) 102 (0)
By 0 (0) 281 (4) 0 (0) 920 (3)
HoAth 7 (0) 177 (3) 6 (0) 834 (3)
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KA RAENVERIE. AR VAT A

6.4 1Fig

R SR, EXBEMEEREN (Q1>43001x 1 23°C), ik G
S ERIEEAKTBERKBES, MARLEET (<20001x), 2RETE
HEREY] 2, 2007). A, BEEEFTRINERFEEERTES, MRS
ZHA], AR T RS EENERE. B HRRECIRELR M TR
BT ATRE T A K TS S WA KT R M E L, MEE BN B 5
L AR IR B %, BITIREEAK.

EEEENR, SRR TAEESFNN DOC REMREF&IERINES,
RN 0.44 mg L day ™, T DON ¥Rk E{EER G R R, EHFH 035 mg
L'day! (0-3 F) B 0.03mg L day ! (38 3 REAF), RIJEMEKITFE DON
BHUER BRI REER (4121, RTINS RE—DRA, BER
f—EREFE] (3—-10 R), HFFFEERE S C1 M EFFRA S C2 IRELFEK, TILET
AT LR BIRS, RIITERE &M T 1R Ao TSR A 2R JE R 2
4% Cl1 MK EERAS C2 fFFE H4K, RIHWERAIER /). Zhang %£(2015)
15 H B FHAEH DON WRIE AT B 5 R I B JS 4N B X DON KM Ca 2%, T =¥
WEIIET B R . MHEE o WRET, DON IREFEEIMN, ASCHER—ERE
b 37 T IX— W A5 . Petrone Z£(2009)%HE K F ILIRHER L 10 AT R DOC A
DON {94 ¥ el FI A 50 &K B, DON MR HB (4%-44%) =T DOC

(1%-17%), DOC ZNE/K (JEHEMR) 444, T DON Bi/KEHEAKAD —E
. 3 H, DOC MR 5u/KEASSEIEM, M DON M 525 /KH DON 47y
SEETFHE, 53K DOC/DON £FH>, BnHAFE DON Ao HI3FHEE
5 S VB (Petrone et al., 2009). FlM, ATk RSN DOC 7 RE % Xk LAY
T AE IR F R B K TR FE R AL -

VR AE W EETE T DON TR AR U A R A7 AE . i AR B AR R (PND
FRICH DON (DOSN) 1 NHy™ (PNHsY) X g /K (A 3 £ MR R 2RIF 5 50
1) DON MR SRR RO 72 2 B, MR o IR FE R B R 28R 3 /(22 T DOPN
HIRRHL, FEEAR N FRICH DON BMEZ T PN R E (Hasegawa et al,
2000a). H/NEHEIVILLE SEREWRIEE (<94 pm) X DOPN BRI R
4 B E [ 8 (Hasegawa et al., 2000a, b). A58 K K FH R WZ I B R4 B 280
B B KT AR, B 55K R AT R U INR ISR, — B2 L2 7 DON
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263 KIFIZKAE DON IS b ib 2ok IR

FRIRETL

A I 45 FAIE S AW 15 % DON MR S R e R RpAE K B B L] . MBS
23 R FT-ICRMS WA & R UEH, EHRMEAER . k/KILEYFE DON
LR B IR TE, TR PN S A o Ee A 28 4378 8 5 1 A 420 ) R 4 (Lusk
and Toor, 2016b; Li et al., 2018). [FI, KWi¥EEAE HREIR FRETF=4£K DON
AT REA R B S IR . AR, KK EEBRSEIRNEEERAS B
FESRIFER AR E AT AER B EARREI (Yao etal.,, 2011). FEEFESRGT,
RSN B B B2 AE /) DON IR WCE R E 2 5 DON B IIU#E 2 41 24 (Bronk
and Glibert, 1993; Bronk et al., 1994). b X 4 2 Z= MRk Z= 11 8] PR R
SInEI(Xuetal., 2010b), [Etk, 7] LAHERTEE B 5 MR 4 DON A BEfECH#EM
WREEKTFMEEEENAG, THREAEE TR —BR .

6.5 &t

B AR JEER I T R R R R R

(1) BATIROT BN EEAKISRE. BAdHE DON RIRBUE % LA
KRR (4 12 £5), #BFHRE 18 K, ¥EFAEARN DIN Ml POLRE 2L FHER
FPRAS, T DON ¥R MBNSE IR0 271%, (B BZCT BU i) BRI 12 )
1 i) DON ¥R FE .

() MR (0-3 KD, Ay C1-C3 REWZEIGIN, MEREK
AKAE, FEERE C1 MAEER C2 Ao eRREEgNN, IEHER S
fEr= 4 1) DON TERFE 1B L T B 4R RF R AR K O IR NI & 4235 DON
WL E S EEAEERS, TaAS g,
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F1E KR BRI DON 44 a) F F i

F7E KHREEHRMAARRFEDONK E MR FI A

7.1 5§

EHR, WEMRE R T AFRIE DON AT R, SHEREEEE
SR7KAE DON HIAESHERN K H bl H| B A EERE . Seitzinger Z£(2002)H
FoT B ERRIE GRIO FCHHRIE (B4R E. W RFAR) DON K
O VR A AL, &5 SRR IR /290 DON AWl F & (59 £ 11%),
A (30+14%) FIFIPAE (23+£19%) K. Killberg-Thoreson ££(2013)i5
EYIIEETT R T AT AT IR T EK 3 F A ASRIE DON KI44m]
MM, RERER, BFE TR, XEAFFRIE DON HRINAHFE o IKE
KRESTT AR . Hounshell Z£(2017) L% T A8 HHY) . JOEHEYT . 157K
AR HIK . B SRR DOM WA A KRR BB, RIS HEYIxHE
TEMERKREER EE & T ARSI, MHARIE DOM Hind 5%
MEBHEHHZERNRE . ROt — 5 8o, XHEMAY) A4 5 AR JE RS
BRIOCH Sy (R FREREHFEFEMAE KK EERE. Sun Z(2017)KIHF
TR DB IR 57 3 R 7K RN 45 2 R 7K A A5 W P R A= ) AT 1 T DON (ABDOND 43
% 15 5 DON H7 45%-79%% 36%-79%, FHiEHESEEEEKNEEFRILES
i, BRT BERIEEARE NH O NOs 4h, R AHE DON. HAh, HHEFIESLS
KT K RO RER ¥ DON 35K 4 5 =5, H AWl I 1tk 4 45
F#E(Qin et al., 2015; BRE, 2017; Feng et al., 2019). X LA 5332 B A K& 50
USRS ROAE | ShIFRIESE RIS P YR AR S 88 i A= A e A
ML #) DON [ 33TH KA T i

NTaFrEmERIE. NOBEEREMN R EEFRNRAKBEAY, BTEE
2 [8) 3 R MR RSB ZU M A 2RTE B T3, DON R¥EAZ, SFAINEZ LIRS .
AT, REIER FZRIE A A1 TR A F= Bk AR A A 7S 157K, 1
Sh, BEETRGRABEE RN AFEETEHAE 5 RBUIH (U 2%,
2019). EFHR, BEERWKEEEFRWEEIEARWINR, WEEE. MRES
BE MR E ) E R ARIE58, WHAK S BT EK PR 20, 2
1M DON Bk E I R 2 PE MBS . WIS/ B £ RIERK DON f87%
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KK RSEIERE . AR EYAA A%

Y NTTF A R BRI A K, R 2 M E (R HER I Y A K 5 IR R R g
WM.

BISCES 3 E=IRE|, ZAIGEEM FRAMERIE GnRLER. EJREK0
DL [ AE SRVE HR B0 R AT K B R S A R LU B Y B AR DON 473 . R4, KA
Feis i & Tl 2R F=iE 3 P AR AL 5 7K H ) DON Vil ik R A AR BB Ol
SRk, FRRARN. Tk, A& DL RFERAR . /KRR T S RRIR DON B4
Wy A] R T X 7% DON 7E R B B R U P I AT AR EEE .

72 MR5REE
721 BuERSHEERE

AR DON SR B ARSRIFFI AR SRIF/KEE, Forh B RRIR OIS B
IKE AR, NSRS R AR LA Ry K A B b3 3 i A v VS 7K AL s K
2018 469 A SL &mEER LM (HDPE) EMAREMTTIT KA A H
HIAERES K. T HEXIS KU LR EREERRVAR, REAfMRIR 7.1. #
SR T B 5256 %= 40 FE A 0.7 pm Whatman GF/F & (GE Healthcare, USA,
FLETE D, #h 4R 450°CH %8 2 h) F1 0.22 pm Millpore (MilliporeSigma, Burlington,
USA) JERTNE, — 20°CARTE, FT DON RINErFRikgn. HEEMRKE
AR5 32,1 FRIE, ANERIEKEE AT R LR 7.2,

2018 4E 9 F 27 HR& F ERHERE AWHBIA A R A B ML RHIR
B (<05m) /KFEE20 L, 7KFEZ 150 um Nitex JE B W T I8 £ B KR PR3]
YIFERYE, BT (10% #H8) /51 HDPE BEHE, EER#HH S5
B E S S E 24 N AT R AV R LR
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TR ORI AR SRR DON B A= m] ) A 14

R 71 KSR
Table 7.1 Sampling sites and descriptions

DON RiE  RFEHH 7 (E°) 4E (N°) iR
an BIRMEILIS KA A E T 4L
K 2018/09 119.94203 32.12556 TRREEK
Vo34 T,
pores 2018/09 120.50333 31.57556 FEHERE K

N 2R = k N 5T B

£ 2018/09 118.80501 3105037  AFRASISASE AR
157K EEK
g;{ﬁ_ 2016/10/24 120.21383 31.41933 FUFEEISR B R kAR A
A 20161015 12021578 3141962 X (Myriophyllum aquaticum)
R fi# fil 7K
K 2018/09/27 120.21383 31.41933 IR SRR T KA

7.2.2 DONRM THEMIEF XK

FREDREN 2 A FRIE DON A el FI A, R RERTE 6.1
Fi7s. 3771 B RIS /K 1 & A FRIE DON %4, 5% KJE DON i
INZE% L S BT A BRI LR = BRI, ¥RInjE 85571k & DON RE 4
—~0.8mgL™!, ZAKIALLE DONRE (021mgL™) M4 %, BEFMEHRT
1L m#%E R M (HDPE) J7 TR 5% i T4 I 555548 (GZX-300BSH-III, CIMO,
i) AT, ARIERWAREK DON HKE. & AFBRIE/KEE DON ¥R DL & 4
B FEFR 600 mL THEAATRACHL . HEFRIREN 25°C, SRR RIE/KIREEL, )6
REEERETEIA N 16: 8ho SNMALERIHRE =TT, FFRE 0. 1. 2. 3.
5 REFREUH 100 mL 7KFE, Whatman GF/F JEfE (FiSerE D 3047 450°CHIBE 2 h)
TPE, —20°CHAERAE, =H NIRRT .
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Figure 7.1 A flow chart of the experiment design

723 EFIMHEERENZE
iﬁlﬂféi%?%% 0. 1.2.3.5 AFEEE DOC. TDN. TDP . NOs~» NO; ™ NH4"

POS K Chl a ¥RFE, WIFETES WET 2.2.2. RAZRIEHE A FE E Y
DON /& (Bronk et al., 2010).

7.2.4  EIN-FI MU . ZHETRIESKNE

£: 0.7 um Whatman GF/F BT JE G FIRE M —&6 4 (£930mL) £ 0.22 um 4F
YEUENE (MilliporeSigma, Darmstadt, Germany) FRIEIE, F LA S-] LK UL
JeiE . SHETEOEGIE I B FRITFEF DON Y624 Ik o TR AL, TE &
AR TES WETT 3.2,

104



FTEOKHE ERMAJIRIE DON K AEYw A i

R 1.2 EYEFRRRE A FESRIEARE ZOREAR B8 SRR E

Table 7.2 Nutrient concentrations in the five source waters of DON and in Lake

Taihu

DON  TDN TDP NHg+ NOs~ NOz~ PO+~ DON DON:TDN
FIE  (mgL™) (mgL™) (mg L™ (mgL™)  (mgL™ (ngL™ (mgL™) (%)
T
s 3675 % 463 009 =0 022 + 0.02 1465 = 031 001 £ 0 107 = 1 2187 + 481 59 + 6
&k
T 196 £ 014 004 = 001 027 = 001 027 £ 001 002 = 0 38 =0 139 = 0.16 71 + 3
e
o 876 015 011 %0 293 = 004 284 + 007 031 £ 0 144 + 2 268 =016 31 = 1
ﬁ# 3200 £ 145 541 + 117 1690 = 2.94 036 + 0.11 0.14 = 0.04 4273 + 465 14.60 + 2.66 46 = 9
.
KE
G 4770+ 071 656 % 013 1550 + 277 175+ 009 015+ 001 4974 % 1569 3030 £ 349 63 + 6
K 049 £ 005 003 + 0 0.10 £ 0.02 020 = 0 00 175 021 £ 001 42 = 1

7% &

73.1 MEREMDONKET

RE % DON IR 4R R a WREFEREA B I 5 AL A BRI AR = A
BIMAERHANEZE (p > 0.05), EHFFE 5K, % DON UIMA Chl a #EY
Wit HEES TN KZARINA (Ttests, p<0.01), WA 22.58-92.37
pngL™! (B 7.2abede). &3t 5 REEEFR, HARIEF, #EEME DON B INA 2k
R o IREEIEIMER K, 98649 ngL™!, KE[EMEIRZ, 797683 ugl™; NJk
JEH, AEiEV57K DON BN ER o WEHIMES K, 7 9237ugl™, (LT3
IR AR RIS IR Z, 4379 51.55 F122.58 pg L1

BFHAE, (EREHE/K DON HIN4M DON RE ST AR HER &
Z (p<0.05), FEHEKFI/KERAME DON #II4K DON K E 55 ARINHEEE
EER (p<0.05). FEFE SR, 5STAHEIMAME, DONKEHEE HILE
ZHIFEK (Ttests, p>0.05) (B 7.2 fghij).

Em
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Figure 7.2 Temporal changes in the Chl 2 and DON concentrations during the

bioassays

7.3.2 TDN, TDPHMEHEBREZ L

B3R AN, A2VE VS KRG H K DON #RIN4LE TDN ¥Rk 5 TN AR H A %=
BEZ (p<0.01), EFEKFNKERE DON RMASTARMAEREE (p
<0.05), FEFE 5K, % DON FINZLH TDN IREHIFEK (0.06-0.44 mg L™,
ESKREZARNAZRAEE (T tests, p > 0.05) (B 7.3 abede). FiEIT
K FEHE/KFEEMEAE DON VRN TDP WK 55t MK A B =S A =5 B
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F1E KR BRMAJRIR DON K42y m It

% (p<0.05), &VEGKAKERME DON RINASEZARNAEAZEREE (p <
0.05), ¥EFRE 5K, TDP IREWFEE, MEME (12.7-783 pg L) & TTHLEA
BEEHIEM S QRInd GERMAT QRINARSN) BEE (B 7.3 fghij).

TDNKE (mg N L)
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Figure 7.3 Temporal changes in the TDN and TDP concentrations during the

bioassays
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KK GIERE. HRBEYAA A%

% DON WRINAF, A HEFEAE/K DON FRINA R NHy WS LA BEZ ]
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Figure 7.4 Temporal changes in the NHs" and NOs™ concentrations
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R KRS AN BRI ERREYTTRAR

K13 HEFREMEMERE o« MEFRBRERZN
Table 7.3 Difference values (A) between 0 and 5 days during the bioassays for the

concentrations of Chl a and nutrients

Chl a DON TDN TDP NO;~ NH4* PO

(mgL?) (mgL?) (mgL?) (mgL") (mgLl") (mgl™") (ugl™)

{%ﬁgék 51.55 0.25 -0.15  -003 -038  -002 -—31.86
; ﬁiﬁg 76.83 -022  -067  —008  —001  -045 —79.22
ﬁzﬁ]gﬁk 92.37 0.17 —044  -001  —001  —060  —59.15
%‘é;i?gﬁf 22.58 0.16 006  -002  -009 -013  -31.56
iﬁ?ﬁéﬁ 86.49 0.20 ~-0.03  -0.05 0.16 -039  —70.70

733 DOCKREMAFSHMETWL
7.33.1 DOC iKEFMZINA R -IRBEIESHTN

B AN, FEHK. KEREMEMEEREM DON WINAH R DOC WRE S XA
TH R HIAERBE (p<0.05), {UEEFME DON RINER DOCKELE =
ARINEZEREE (p<0.01). ¥EFRE S K, BREREM DON Ringlst, % DON
TRIN4H DOC W EE3E i, $InME5 0.54-0.95mg L™}, ¥{EF = HHEIN4 DOC
il (1.42mgL™) (B 7.6abede). EiEVS/K. FEHKFKEER DON 7
INZEET a(250):a(365) 5 THLABEHIAEREE (p<0.01), FEHKHKEERE
DON ¥RINZE9 a(250):a(365) 5% AR INAEREE (p<0.05). FFE S K, B
HEFER DON WRingish, & DON BN a(250):a(365)EIF &, FefEkRi L
SRR NS (0.23-0.56) HRTITRAZ BdNAE (1.31) (B 7.6 fghij).

& DON Wi, AiEi57K. 8 HKFIKEEME DON IRINER] Sars-20s 5
TN ARSI AT ARMAZEREE (p<00D). BHEESK (R14), Kk
T¥57K DON ZRIn4Agnsh, %% DON IRINA Syrs-a0s SIFEIR (B 7.7 abede). 7
FH 7K Fl7K 25 %A% DON AR N4 AT SUVA2ss 5 AL EBEEHIAH L L T B INAE R
B (p<0.01). BFHE 5K, BEMME DON BN 4k, & DON HINA SUVA2s4
HFEAE (0.03-0.15Lmg 'm™), BEEMRFEZARMA (0.3Lmg ' m™ (B 7.7
fghij).
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7332 ZHRAXIESHEHEWL
B PATEF S HAE] CDOM/CDON U EH S 5FES 5.4.2 FHEF
(& 5.5): C1(Ex/Em =235 (355)/442) NFH RIS E R 4 47 ; C2(Ex/Em =275/340)
NREEFRE S C3 F1 C4 (Ex/Em =275/310) AREERH D -
B3, KL TI57K DON %in4i4h, % DON MNAR) C1 HRE 5L
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112



BTE ORI E R AJIHE DON § 44T A A

HEFARMAZEREE (p<0.05. FEFE SR (R74), REREM DONF
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Figure 7.8 Temperal changes in the concentrations of the PARAFAC components C1

and C2 during the bioassays
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FTE KT B R SIRIE DON KD A] F F

K14 BEFRAEEN-ATRARE=ZLEROOCEESHER (A
Table 7.4 Difference values (A) between 0 and 5 days during the bioassays for the

UV-Vis absorbance and 3D-EEMs florescence spectroscopy parameters

DOC  a(350)
(mgL™) (m™)

SUVA2s4 Cl C2 C3 C4

a(250):a(365) Sms29s (1 oty (RU) (RU) RU) (RU)

V57K
: 72 —-0.03 1.45 0.32 -0.13 0.16 0.41 0.01 0.0
wma O .
TR PR A
. 0.54 —-0.01 0.39 —-1.56 -0.15 0.06 —0.11 0.00 -0.09
KRN
HEVETEIK
. 0.76 0.08 0.23 -0.85 —-0.06 0.15 0.35 0.03 0.22
e
?ajl?[ﬂ]zgﬁ‘ 0.95 0.17 0.56 —-0.40 —-0.03 0.30 0.59 0.00 0.32
AR IK
< -0.13 0.22 —-1.81 —3.44 0.09 -0.32 —0.66 —0.04 —0.91
RN
7.4 g

EUHEY ] R A BEAENERE AN Z AT SIENE S EFRY R
YERFA K, I B S RSS2 VR AL o v 4 A A % SR BRI AT R F I U S IR
ELETEN] FARE, ERTHEEEKENERFEEFRMEAKBES, NH
PO/ B E B ABIFIHEMF A (REE %, 2010), {HEEHEEFIH M NHMYL 5
AR B E A —/NER S, DON 7K AR NH, I B EAMER B2 —(EMIE 45, 2005;
REE £ 2010). AFFFK T, &I DON RINAHGE o IREAEREFRE 5 K
BE ST X T EBHE R4, R\ ERIE P EBSEIRA S NIFE R ER
BT EIFEY ALK, IR H NHSH POSTE 0-3 RVRIFEMPCEFIA, 1£58 3-5
RIF JLFRER MRS, T DON 7E5F 3—5 RATRERTE T EEENEM, EAT
PRI E SRR E AN

DON HEFRZWAREERAS, TERZALZE TRIMIRIE (41
AVETE K ANRMARIRD AR B A SRR (I FEARUK R PARE S RA D
RILLBIE S (FELES 3 &), £ 10 MR FESRIER DON # (FENEE 3 &), £l
7K DON f] H/Cw & &, Almoaws 57 F B EM DBEy Bk, R AFE DON 4
G IR . Almoa BURK DON 4@ HHIFHEN E LHA, BT Alnod B H
HIZH 43 (Li et al., 2018), AT A ASRIE A B AR 3815 /K R I H B 5 B AR 0 v 0 A 1
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KIKAR B ESBIERIE . HR YA

(B 7.2b). BeAb, T R AN K 5 4 AR SRR (K VA AR A HUBTAE LM IR 7T
F U H AR R A A= 0 F] F A 1 (Zhang et al., 2013b). AWK, EEFERF DON H°F
¥4 FJfi & DBE F Almoa BA%, T N/C, N/Cw FIEENE TR LT3 LH
B, ISR SRIE A A FUR  DON MLLf AT et thim (L
%3 8), AIESE T RIAMHEN, BVEEREAE DON BB RAMTA M (B
T2 e)s

MR, £33 24 N HAEYIRZERE SR, BB IENFEMEES
B & B S R G, MEARRENEWHSWRE, RN~ 5Hn
724 (Mesfioui et al., 2012; Osborne et al., 2013). AHFFH, &M DON FRINA
BRIy (C1-C4) WEERIEFEE 5 KRR, HFFERAD Cl. ROFRK
4y C2. KEEEMA S C4 FIFERME R T2 ATINA, R KMEFEWREEAH
FPE AR A M 2 R LR A 4R B B AR K RIIERE S X REFEEKET
s T K A 1 S RS2 B RK T I PR, T AN 78 (0 45 SRS R e 2R B B B A
ft] DON Tl Bg RIS K BAERFEEERN . thsh, KEREME DON HINHERER
W4E 5y C2 RAEFEBMA S C4RERRETREETTEARMA (p <0.05,
F /K 442 DON it — B & o A ot RE S p R ) RIS . T IR
%5 K, NJRIE DON HINARR LA Sy C1-C4 IEIRFIMH BERIFIR.
R BEE2017)BIRT A28 B0 Tl R /K FE (R 3t B 1 AR K BRIV AR IR K S, AT
T &5 e N, 5AMER 8. BAFIFEE® STk
ToATLE A 24 53 SRR USR] F A 8% %2 DON(Bronk and Glibert, 1993), ¥ HE YIS
S35 DON BHtL K F4E, JFHBEBIEES DON KRuEEREE, A&
Z LU i 28 B 5 (Bronk et al., 1994), RG] A8 BRSO R I AE Y A KT
CDOM/CDON & 5% St 48 43 FR Xt S FE G I 1B 10, IXAEAE 4 S B0 DON WK EAE SR
EAEEERE REMAN (B 7.2 fghij). B4, HRIETOEERANS AR
DON ERI—/NEB4y, N NRIE DON FHALAZ A TRESERLT TREAL T
WEY A K EERE TR

DOM (HIJEERR) HIARZ PR F4 &N MR T AT E K NH, 23038
SR (HIR-SZN . eI REL A, SBEMINS), XEBEEE-NH SHE
R R A PR rh s i AR MR R A (Bronk et al., 2007). S DON @i 7K
FETUER KIS, DON FiaE — LR 5 £ W% fif-NH4* (Bronk et al., 2010). A
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FTE KT BRAAJRIR DON A= m] F A

R ER, BRAKEFHNERNS S5KEEEFERREBRSNBRSE Y
PR EARA, REFHREREUREHE BN E MR, HEmEm a0
) [ B3 1 (Filippino et al., 2011). b4k, FREEAEIRSRHE DON Ik B -
NH4 B i 21 J& [ #1357 (Bronk et al., 2010; Mesfioui et al., 2015). A FTH, X4[A]
AR /K AN & KUK DON f&, DON H 145575 -NHy 7 R R VR & 3 DA Ul R
WA, FMERETRE 0 KFEL DON HINAR NHSKEEE T I ABE
HAMT A (B 7.4bde), HFREREFIRFHRRE LT GE— EREE et
7 DON ) NHs B8

7.5 i

A T I A IR B T ORI BB AR GEERI /K B AR R A RIE (£
EEAK. TSR RAAERD DON ST RBIEFEREIAEKREHER, ey
A . SRR

(1) BARRIE P EREAR MK EREME DON MAYT A AR, BRI
TESRIOCHSREFEK (WRECRRAS. FHit, WEEHRTETEER
HEREEXBEFEERE TR EKENEFNEZERR.

(2) NJ9RIEHAEEGK DON BRI FAEE R, hTRKRRLZR
WEE—EWAEYIRAE. Bk, AXKIE DON (SiHAIHEEREHS) K
AR SHR RN B B E R o —EH, ARERE., &
T LSBT HNGEEE.

(3) HTE4h-7] WO = 48752 661 77715 2 DON Bk f5 R AR,
KRR TG B SR T Bl 2 X B kiF o 1 AWy el FIF 1 4H 43, 40 FT-ICR MS.
BEAh, RKANFEX L AFERIE DON LA Kk DON F LR 5 4 45 (A4 4w F1l
HRIFRGEH A
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EE REE5RE
8.1 R&
DON {EAKEABSRAFRER SN NTZEENSSE, KPR ZHSTT

DA VT A ) B B B (AR, 4R 770 DON ZE 7K & B 774k H I f e K 3
WEERAR. BIHATALE, KT KRR BIH T DON 311 Mt AN E =
It BT IR AR 2 HE Ao AR SCUARHIR T A0 5, IRANE 7R T W7k 445 DON f3R VR |
HRAAY TR AN, IR EEREARE:

(1) RIKW/KE DON KEFERENFHEF, IWRASHTT DON KE
URZIA R . 2008 2 2016 4F[H], K#i7K4E TN, TDN. NHe". NOsREFIE
(n=240) 2K, TN A TDN FKL 1mgL™, NH A NOs~ FFRL

0.5mg L. 4R, AWiZK{k DON IREZIEnas, JTHRE B 2013 £k
PEIE N, WEH 0.65 mg LN 0.91 mg L', DON & TDN HEL 1 B 30%3E
mE| 56%. Z75 b, FZFKE DON KERE, £FFEMEFRL, RERERK.
A b, K2, AERENERE DON WERE, FFIHX. TTE.
FHBRERKNHERZ, LEMRERK. 2B P REASTHEREH, K
K& DON KEEEZ/KIE. pH BHEEZN, =FTHE T DON KEZILE
58.8%. SUEMAE. WE. BIE. MERHE. BREESHAGBELTIREE
WEEIEMHRX (p<0.01), 5Kk pH. KEEEZAMHK (p<0.01). EERK
FEIAWTHE AN DON ik & & HoAE TDN H I L 7< DON fE AR R B 7 Al BEER
W E B FRUAERR T R EZENIER.

(2) FET T RWI/KAEZ Fh d1 BRIE DON B4 FAE . & A R SRIE K RE
] DON #R I RARF R/ B THS NG FRBER S . SMRIEF FITAR Y E]
BRAK. LR HEOREKFIH N KH DON 3 FRMERAFEE, MESR
o7 RBE SERSEIFRLS S FREEM G L, WKMEREKER, EE
FETKF IO KRB . 2SI T MR (WSS KFRILAER) T
EERADTRTTREEFRE, TWKFIRRIRERKEHE SR8 E R
DON 43F, MMIESEANZVES IG5 B A# DON [a] KW RIHIA «

(3) XPRWIKAE DON FAFRIEMTTEAEAT T2 8. K DON AFEkK
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AWK RASG I ERIE. ERE YA A %

VBB IR B B, FVCRBRIRIE K TIRIERRAK . RALETK. B
BRI R KFAETES K, KPR, ATTIESESMEE RN DON
(1) = E R

(4) FNIER T KKK DON FIB BRI aEFRIE. 5THEN
SRIBAR G, O T BV IR G YA ffd 72 2 DON ARXS B EZARIE . 72 DON
MR, R RE BB S IRER N, JFEFBRFER. A
eSS BT A A 4 BOAE T SR, T A B O B E R AESR
BEHRMRER.

(5) IRAIER T ARBIAKE DON M EIERIR. BRICIHETH
FEE T R A EEE KRR, M2 DON IR BRI g R thAE
KitfEdb, $3E8, DIN fl POSWRE 2L TR MIRE, T DON iREA
BN, B8 2T EZRESH A, TREIEFHERGEBERRERL TN E S
B FEAE [ F8 DON 14 (3B A R B A M IO A M 4R B B LK.

(6) BHMT AT 5 ARF0 A NSRIE DON A RIF . KIEAIK
B R4 UL % AEVEYS /K K DON HLAG AR SR AL Y5 /K RUEHT DON AA B =H]
EWTAT R A M . AL TS KRN DON 75 & MR A, A skIRA In4L DON K]
SEME N GBIBAEE Sarso0s /N, MITTIESE T AWM H ARRIEA — L A9k
JB (WAEVEYS7K) 1 DON B RBAAEM TR AYE, TaRSFEWIHEERL
MEEEFRET.

8.2 MRAE

BARA SN MK 7K DON WK SRR, 4L R AR R R FRTETT R T8OV &
G, AR, ASCE —BARZAL, EFEESFEUTIATIHE:

(1) 7EARW DON WER =8 fm A EHEE FRATTH, REELRH KB
S 4E 7K T s B 2 37 T UER A DON R FE UMY , SR AR B 45 SR AT IRAIE
W% SRR MEE S BRI AL, R EAR AR MEAR R TN DON ¥ . DON ¥R
5 CDOM/CDON FATH T #r &% A 5 EE MR R MR & SRR HATE
B, RRFHE— S BEAAREIEET O AER.

(2) FERMIAKMEIARIE DON HIH MBI L & RIENEEETTH, HT
K4k DON SRVE V2, A, SECRIERIEI DAERME, EEET IOk
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Ee8E HESEH

FH—£ DON FIEEZERIF. Bhsh, KK DON SAN S ALRIF I EFER/NX
BHE=AFATR, SPIRR S R MERARR X R —E S, RBNAR
R X ) S Y SRR A i B B 2, AR LBV . SRIFIR BT R =,
Bl =45 e BE KRR S HOE S MixSIAR #4, FEEL —EMNE
REBA B, X R K & DON Z-SRIE I #EAT R SR A5 R — TR 2+ 1 T4k

(3) TEXBIKIE DON BIJelb2AUETTH, ARFA T RELE A T MK
A RE o X B IR Y BT 8 AT IRV AL 3 R 48 SR 4l 48 s e b 2 R A
HLEL, TR 3 U AR MR IS e S AT B SR R I AW SEpr it 72, Jst
B R AT BE 1 DGR R0 T B DON SRIEALH] .

(4> FERMBATARIE DON HAEY AR AT H, EFFTHEFS
PR BE4E e HH— L RIE (R R AE K I 3% DON A Sy . KRR FEL AiB
F R FT-ICR MS FUESEHRTFB, 85 A FSRIEA 47 FIFH 4 5 ) DON
Hiy.

83 RE

DON 1EAKEESRATRMAS N ENEESSE, WEEFKTTH
THR 2 BRI HI50E . BARA SO KWK R DON WREE. SRIE. AR A
AAAETR TRARGHITA, AT, WiiH/KiE DON RIE 2, HERE,
KRR AFEIA Bl B4R SR REM TE, EEAFEU T TE:

(1) DON AT LHIRBR SR/ FiERREETERSE KB IEA
HIERE, (EXXEVE DON 3 /7 =K H R IR K 23k . Blin, DON ¥k
RIS L. DON 7+ BARIERAF BRI . DON AR N =+
E (8DOPND M T ERALSE . A&+ A EIR FT-ICR MS 2#.Z H i & st
M= PR, RM—REBES FAHRUKT LR DON HiE R ETET
DON 5 T4 FERT AR I FB, T2 R AT DON 2 RGRAE K H stk
YRR PSSR BT R . ACEFTEFRI A FT-ICR MS RAFAT DON 4
g ERANT KERE, AT, BT FT-ICR MS MlE&Ras T lES THRE
B, TEMGBEEBITRS I 75 E W EFPHT DON 4745 .

(2) A DON ¥R J 73 T 40 R AEH 4R AR B 5 404 . X DON IR B
M52 B 4053 HISRAE it — P 71 DON 3l 7122 K EE R . 7235170 DON IR ERAE L,
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KWK RSV ERIE . ERR YR A

— 5 T T EE AN B T DON W A A MR IR R B A/, A — 7
2 2 i I AT DON MR S IR F DL AT F 4 i & SO A 0 FHR R,
7257 DON B i TR AL 5 57 /8 87K 4 DON ¥KEE. 7£ DON 4R UET TH
DON Hk# 4 b &M A R 5, I B2 %] DON 48 5 RALTTERIR
MEEAFERORE, BERESTAKF LRI DON ERAHREA K ITEARE
4 (4 FT-ICR MS), 1§ DON X —BAREH BT, &% a7 PoL
W, SRTORESERRATR, BB SLIN DON SR AR Z 7 4L AL
HIBE & RAT . 3E— 25, BT/ DON ¥ B 4 AR 53R 8 I A W3 (n
FWHY . BREBAFEEERES) MOMEAKRKR, FHR DON IKE&KARKK
EKLE] . HhAh, X DON VR BRI REHE HIAR B iiE DON 3 /15455 2
HEICE AR AT B R R AR -

(3) %I DON SRIEEETFRNIBR. W FHESEARKETS, BTRES
A5 5 AR Z I N ZOE RT3, DON RIFMARIEF E4, &F M INEIRZR
VB4, DON JEAREHEST SR, RN, FitgEgdes. LML
H SITETEUK SO AR . WA R TR R . I E SR RS R R R
AR REK A DON SRIEFIE ALK B IREN R & . X EIRBF KRB T
DON ARtz fy, HxHSE DON MsTEtinf, FE#E—FHEm. UliEH
DON 4ABFMERER, S8, ARERVCREREENES, SHEKEE
£ DON & SRIB [ ST E . W] 3885 0 5 9 7K A B 3k P Ak 2 A (R SRR 7
RAG IR M S 458 . BEm ¥R FTI-ICR MS i @A R LR sDOPC
J SDOVN HHE, FIFHT P47 E T4 A FluorMod. #7738 E R RIE G A
(] MixSIAR £ 757: % FERELS IR 5] DON KIRIE, WA FSRIEHTIEEEN.
A BARSH R4 FTS &, 1 DON SRIE 32, AFERIEKEE DON KIRAER
BEEEY 7R, RERDTELDEREEZ. i, DON ARFIEEERSZSEH,
AR R AR A S B N TR AL 45 ) R ot — PR K

(4) DON KM R AFEY TR R AR . DON FEEELT
AT, HAEEMNELRERERS, N ARAYE. LEMEDFET
DON AL HLE] IR 55 28 TF/K & DON /75X — B cHE. MEEER
FERRR. B, HE. KSoKEh A, hEERARE pH. WHRE. EEE
WAL, Ay TR AT YR OB S PR R RAESE. A
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F8E RES5RYE

FT-ICRMS SR =4EF60 618 T7 LT #5017k 7~ DON f%{l
WAR. Flan, EIEx BASRIEKFEFAT A FALE T R R E AR, B
A5 K7 F2 H DON MR Koy F/KF R R, R, JEEmRE
B FhREdLA. DhReERE, A riEYRHES DON WREE . i J et 43
THRSEIE KRR Bt— B4, BGEEITH A I AE ) F0 4 B V5 0 AN [ A 22 /5 1Y
DON KRS RETT AT 7T, H A TCER A A i R MR UK DON J5 BURLAS
AMERARAN, HWaRFEAEH DON KA el FI . AFREIAE TR
FEORFRERSS CReRl R 5MESD B, ARBHESRSEERES. X, SAkE
Ffizg PN, BC REBAMEAMEE R, 7CEWEZEEmmmE
FEN Z SRR PR RER, FRARESREENXR. BE AR
D MR IEETTE, Ko BRI R EYEE N SRS AR IR
g, HhERRNESETEEESAR. EHESA. RASTIEET IEE
DON FFEEERA T IR ER - BER . RS, KA S THLEA L DON 1E A%
EYMRZEFRIHENEZM. DON £V TR AT R E — TR KN TRE, £
AT T EA WA R 3T 7KF L DON AT F| Ve R EHE, &4 E L DON 4
YIRI R RSB B, B8] DON Bh i 5HIHE B IR < &,

Liakisk, XH§VE DON AR EIER WA AT ENSHUIE, 5
WA, FFEYESEFRSGEKR T, REIERIZTEK A DON 4 AL
R FER L ARt b, X DON Hr Rk A A a1 A 4 v O 4 3 PO HE T R B 7
FARPMER AT AT T, IR, 5. @3 L AENBRTE, Nl
HEESBERMARARE.
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B FEpREE T RASANAIER

MR EREEFRESANRER

DOM: Dissolved Organic Matter, ¥&fEZSH HLH;

CDOM: Chromophoric Dissolved Organic Matter, & AR &HEE I,
UDOM: Ultrafiltered Dissolved Organic Matter, #BIEEMRSE LR ;
PARAFAC: Parallel Factor Analysis, “F4T T 44T;

TOC: Total Organic Carbon, & HLHk;

DOC: Dissolved Organic Carbon, ¥&EZSH HLER;

DIC: Dissolved Inorganic Carbon, J&fEZATCHLER;

CDON: Chromophoric Dissolved Organic Nitrogen, & & AfRESHE A
PON: Particulate Organic Nitrogen, FURIZSH HIA;

TN: Total Nitrogen, & %;

TDN: Total Dissolved Nitrogen, &A% ME;

DIN: Dissolved Inorganic Nitrogen, VAR THIA

DON: Dissolved Organic Nitrogen, &fESE LA

TP: Total Phosphorus, f;

TDP: Total Dissolved Phosphorus, ¥ fift 2% = 3k ;

LMW: Low Molecular Weight, &7+ =;

HMW: High Molecular Weight, HMW, &7 &;

NOs™: nitrate, FHASE;

NO,": nitrite, TEAEHAR;

NH4*: ammonium, 7%

PO4*": phosphate, BEEREL;

3D-EEMs: Three-Dimensional Excitation-Emission Matrices, =4E¥A - & 558 [ ;
UV-Vis: Ultraviolet-Visible, 24h-A] Ji,;

CSIA: Compound-Specific Isotope Analysis, 4% & EYIENL R DHT;
a(254): 254 nm AL HI IR IR 2R 3L

a(350): 350 nm AL HIIEEER IR R EL

275295 BY, S350400: JEIERIZE, EIE 275-295 nm BX 350-400 nm EFE Y CDOM
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RIS EHERIE. AR EYATHI A%

IR R B AL IS5 2

Sr: FEIERIFRELAE, BI S7s-205 T S3s50.400 FELAR s

a(250):a(365): 250 nm F1 365 nm AR R E EAE ;

SUVAzss: DOC 7 254 nm ALFRFESE SN, T8I T8 J5 /KAELE 254 nm AL HY
R 2305 DOC R I LB AR 2

BIX: AMUETE%, BT B A RIETTERTE 4L

HIX: BENIEE

DBE: XUEHE;

DBE/C: MUY NELES C BRFHEMNE, &IWERT 0.7 @FERER
&R BRI T5 #2477 (Koch and Dittmar, 2006);

DBE/H: ¥EMNMUEWFIELESSETHE K EHE:

DBE/O: EAMMEWTIELESER THHKHE;

Almoa: 75 B PEIREL, THEBM{E BEBFSENR P RETRASETHERN—
2,

Cw: FT-ICR MS AHXE 5 FERE T KK T8 &

O/Cyw~ H/Cy 5k N/Cy: FT-ICRMS X5 5 FENE K O/C. H/C 5 N/C EE/R
EX=R

DBEy: FT-ICR MS MHXE 5 FEAE THIX#E L E;

Alnodw: FT-ICRMS MHXHE S FEAE T W FIEIE, 1HEN U BIERSH
LR P B e SR FEE 1 —¥;

CRAM: EEREMIEH RS T4 .
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