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Abstnlact T];u: glohqﬁ)uunemes of lake eutrophication hdu‘{f led to dl?;il bloz
mater T)QM into the lake water. Algae-derived DOM could regulate the ‘quantity and composition of DOM in lake water and further impact the hiogeochemical cycles of multiple

e subsequent algal decomposition, releasing high amounts of algae-derived dissolved organic

elemen13 / Tn this study, the dynamic changes in the quantity and quality of DOM during algal decomposition under different eutrophic scenarios (e. g., from oligotrophication to severe
eutrophication) were monitored, and the corresponding environmental effects (e. g., microbial responses and greenhouse gas emissions) caused by algal decomposition were further
explored. The results showed that algal decomposition significantly increased the DOM levels, bioavailability, and intensities of fluorescent components in the water. The total DOM
levels gradually decreased, whereas the average molecular weight increased along the decomposition process. Furthermore, unsaturated hydrocarbon and aliphatic compounds were
preferentially utilized by microorganisms during algal decomposition, and some refractory molecules (e. g., lignin, condensed hydrocarbons, and tannin with high O/C values) were
synchronously generated, as evidenced by the results from ultra-high-resolution mass spectrometry. The dominant bacterial species during algal decomposition shifted from
Proteobacteria (46%) to Bacteroidetes (42%). In addition, algae addition resulted in 1.2-5 times the emissions of CO, and CH, from water, and the emission rates could be well
predicted by the optical index of a,5,in water. This study provides comprehensive perspectives for understanding the environmental behaviors of aquatic DOM and further paves the
ways for the mitigation of lake eutrophication.

Key words: dissolved organic matter; hioavailability; relative molecular weight; algal decomposition; greenhouse gas

I T AT R R S O B A A R TS K E
Fz o 1] E2 HE WA KA A5 00 5 R A A
U ) K R TR) A — 1 AR T AR A 25 km 98]
T, A 60% AL T8 5 FR RS i3 E ik 3 &
FEAL RS B9 K ALWEIA (i AR T 10 km?®) £ 2 W 28 &
B 85%'". WA & B IR AT KA A 25 R G ok
J A f T ) e A5 0T 2 AR W b BR Ak 2 9 2R
FrAE PR AE R WA e — R T -
TR -FET IR A IG IR 7E S A6 R 2 B BE L V7 A

W) A 7 g AN, S B T B B i A A
T i B B, O A 1 O T 2 ) K R R TR
B« SRR 5 28 A5 W 5, 1A T K R A A
HLET (DOM) (¥ 5 25K 5. DOM & 7 4% A= i )P &5 B

WKfs B H: 2023-05-15; 1T HHA: 2023-06-12

E&TH: MR AARR¥IELTIH (42107383) s VLI A AR B 3L
G300 H (BK20200322) 5 PR 58 K85 35 Ge 42 4 [ 5 i 1k
A S8 % L I 2 9 35 H (20K02ESPCR)
TEER AN TRFE(1999~) , Lo W WF o8 A4, EBEREIE ) Mt a
BB B9 A BE 4T 0 530, E-mail ; zhangjin@smail. nju. edu. cn
* E{EVEH ,E-mail: peilei@njnu. edu. cn



1540 E7S 5

B 455

TG HLBR 4 S B 4717, 5 %o 5 e (A 0 4 ) LA L
TS YL W) A5 ) B A AT R AR B AT R AR R
W7 DOM B 4% 2 5 /K AT MLk sh 506 2R 2L 72, 356 4y
T T R 2 3 M 20 43 T DA SO 0 R 9T B CO, R CHL,
19 T8 2R T 0] A, 1T 53— 350 4 X 8 i 24 3 D0) LA A
Xof 1 A ML A I X OR A7 LE 0 K A R LA A v
PR I 4 T T iR 9 AR 68 ok B b DOM P B 9 A8 Ak, XF

P B 8 R A R ) Bh S AR AR A B R A TR B
HAEREEX
Eﬁﬂﬁ@ﬂ? N 6 v A5 T WA ) S

i 7 T DOM {45 AL SR T, L L5t & Lo F
BLRAE DOM $50E , AR F 4 i 45 78 DOM 41 il 22 1L .
AT, = 45 e 1S 3 T 57 DOM 15 6 414>
5 B (E T 5 B 9 5 - 55 H A B 1. DOM AT it
T IRCHER % M 0 4 R BT TR
5 W) 63%~949% 10 T 42 8 5 8 75 95 75 i ELAI X
ST A5 00 DOM 4153 4 4. T i o 42 I i
AR 11K R DOM IR 437 L4 A1 J% 2 0 4 R H
A HERE D TR R R
R AL 2 X4 7 56 T B 48 B AT 5 B
A 2 (LE DOM (5 H 0 A 5 A
SR #ﬁ%@ﬂ*@h% W%W*
”“%ﬂﬁA%%IHWWmﬁﬁ%@T
o i A AR 0 %mm“~
e E R ﬁmﬂqﬂ%éﬁ@%ﬁ@mﬁm#w
aﬁmmmﬂgﬁmmmar ('f /0 )

;Mm@mﬁmaxm ﬁ%wﬁ@m@gﬁf

ﬁ’%ﬁiﬁ DA 17 78 755 K 4R DOM a5 . A 5k

Vf WX 53 T I AL BN S8 4L . ok, RFTAR
[7i) )RS 119 355 BT 48 %5 DOM R AT AR X 43 o \éﬁ%%
DR SY AR I it 2ok B vh DOM AR 43 i B 28 4

B YD G T R 4 PR T (@iﬂfﬁf%ﬁw—i
T [m1fE SR R , FT-ICR MS) , A3 T 7K - 48 7% 8 1€
JE§ it it 72 DOM 4 B AE 1k . DR AL, if R A5 56 i 1 e 4k
O fife axk R v 200 DR 95 45 0 22 REME 1 8 4K DL B CO, Rl
CH,HEC 19 AR Ak, . A B 53 38 2o 4 T 448 7% 58 42 8 i ok
FErh DOM 1 s A A8 A A5 & 1 R BT R08 , LA O o
R W1 IA B SR AR BB 4 AR B S A AR 2
.
1 HMR5HE

1.1 XIHEN

SO T2 B0 AR S TR Ui A2 R K &R
A, TR S L RIR KT . S5 1 25 P K 24 55 km,
AL Y82 21 km, 7 2k JA < 29 180 km , i1 1H 11 FH 24
780 km?, XK I 2.9 m. LI A I K b 45 £ E R

H TR AR, T I 35 A Ot 2RI A
LU, L v g PR YRT AT R RT R A DR 3 459 A T
By BRI 75% UL LMY IE L 4Rk B 4
ST & A i R 7 AR R R R T K HE L
T, T T S R IR AR AR L e e
K EBEPLERA 5~8 H I 2 BUVE & A K LA A i )
O I Y R A0 2019~2020 4F B K MK B 3 Ak
FEECAE 50~70 Z (1], Forr, Vg 2 i) XK A4 B 8 R R
BOoh 61, K WAL T rp i B T E E R RS
1.2 A CRE S

ST G e W0 A b S R A IR T HE R
HEIE TS K SR B E IR AR X P Y X [ A2 AR
MR, RAE R R RV )
(AL AT . PR, e X R A AR AR A [ R 1
(a) ], DA 83 75 22 6 8 7 A0 0 30 8 18 6 A X K AR
DOM = A2 18 52 0k AN PR T80 . SR o o 8 A g ]
AW AR [P 1(h) ], B 125 Ez%ﬁﬁz%;k%ﬂf
%%%%%Kﬁ%@%@:&%%%#ﬁ%fiﬁ
AR R IR T 0 200, TR S K W5 VoA g 1 4
ﬁF%@?ﬁ?m%%ﬂﬂﬂ)]%%ﬁéﬁw%
“W%&U%%U%ﬁtﬁ@ﬁM%mﬁﬂg

%%%E@*%ﬁﬁ@%@%x%ﬁ%%

(MzcrocysnsSppu)ﬁﬁm X@E&@EKIMK@T :
&%%i&ﬁ]‘?}ﬁﬁ%‘ﬁhw =L H I, Mﬁ@ﬂw%ﬂ@@*
#mTuﬁﬁ%ﬁ%&lﬁﬂﬁﬁﬁwﬁmﬁ%
EEZ %El'ﬁiﬂﬁffﬁﬁ{ﬁ{ %Ebjim%/ﬁ(ﬁ%%):ﬂ(#
AR S S AR = N RS K .
1.3 LRiRE

o 3 NS NI E =0 X (i g N RSy i
B 3 IR DOM 3 25 A8 AL RFAE , AR BT 5% 1) 40 mL A 3 3E
WA 2R B0, 1.5 F1 10 mg 385, LAy AR 500 38
KR FE RGO N X)) BEEERGEN
CCmBEA”) R SR GO o) AV
BEFOE R EMEEL)ARE . & LR A KK T
U S 2 a W 43 )M (15.3+1.76) | (241+19. 4) |
(969+20. 0) F1 (1 919+59) gL, H vt 45 Jiil 34 28 - &
Kallk 5w E R KR 23R a ik ¥ R
(150~3 000 pg- L") FEA — B> 9K 15 75 1k &= &
FBE % 8, s iR A e B T e R ﬁtﬁﬁéj‘ﬁfﬁ% AT
T A 23°C (3 AR 6 A 3 o~11 F 853 9 S8 1 <
W) L EEG LLBE 1R RS 37 o R v DOM K& A= G i . TUR:
I E O, 1,3, 7, 12, 18F124 d. £ 5286201y
BEE 3 AT . AR BB ) AT Bl S M IR
KK DOC e B |, [ it %t DOM EA 748 &b -] DL 3% A =
eI RAE , LI EE 3 48 6 i A& vh DOM 1Y 3)y
ADARACKRAE . [R) 20 00 0 P AR A e AR AR IR =R



3 1 SREESE B E SR LI B

AR i 7 A O SR A HLT B 2

AR Al K FCFR S5 2500 1541

Z 31°45'

31°40

31°35

P iy

/ WhA
4 km i
| N s

%ﬁa\((%
L

117°40" E

(a) KB R AREE R, (b) R, (o) RT3k
BEl1 E#RERA
Fig. 1 Sampling sites of Chaohu Lake

TR (BLEE CO, A CH,) MR BE | DL FR T 3 45 5 fif 2 > 1 26
Boons . WAk, o SIAE RS g Er i (1 d a3 d) L 12
d) FiE W1 (24 d) %0 41 3 BORT B8 25 R v o 8 A B 4H R
i, FH T DOM 43 25 i 5 A1 DOM /5 3 H 5 i i 3%
?E,u&m%%’?ﬁ%%ﬁ’%ﬁﬁthDomﬁﬁﬁd‘@@ i I
G 2SR Ak 5 TR, T 7 R 20 TR 52 R v A
(R kS u%ﬁz@iﬁ}%ﬁwmﬁnEﬁ%@ﬁlﬁ%ﬂ%‘i%

A R IRT IR DoM st |, ) o f--
LA fibi ) V) //
1. 4 1) Dow&r“wuxzﬁ DOMi%T’?ﬁUﬁJ iéﬁﬁﬁﬁ
ﬁﬁ@ P L— {7/ --:-* ;,J' |

[ o TS KR 0. 45 um{;ﬁa,awé m@zﬁmm
1#&!' D"OM”f%’ﬁ'u T A WLa 53 i 13 (O Cv e
Shlmadgu Japan)—}wl 1w DOC (Z?r(mg L UC}%) VA
om0/ O R UE DOM A B A AL DOMEE

) ¢ i 3t A TP DOC & B B R 1] (o) B 3 25 A8 A0 A5
L, B . DOC=c,e "' +e,e ™ +eye’. ZFLHHGE T DOM
Fh 3 B A R A= 0 o] R R A 41 0 9 48 B0 ek 2 2 R 44
I AL HE T B RR AL S3 (e, ) | 2 B B Fif 2853 Ce,) FITHE % fife
53 (ey) o by B Ky 3 0 R 718 5 56 fit 8 55 4 fifk 41 0 1)
— GRS R kv F T KR DOM A=
W) W it ok B PR TR AR T R M AL A 1 e
PRARS 2,
1.4.2 DOM 54k -A] LW 135 I

FI A1 - 0] WL 46 B (UV-1800, Shimadzu )
W 7K AR DOM 5841 -a] UL WSO 2 35 S Ly
200~800 nm, [H] fE & 1 nm, LA Milli-Q B 4l K AE R a3
F1 . 23 50 308 B ays . SUV AL, FIE T AL R S, 0 AR
DOM ¥ £ | DOM 35 F £ F1 DOM H X 43 F Jit
=L
1.4.3  DOM X3+ i it 43 4

X DOM #EAT AHXT 43— Btk 3 Gl g DAFR 9T i 4

J&& fit 1k A P DOM AH X431 k. a3 B AR X
4y F i i A 3500 A1 10 000 EI’J fﬁ B 4€ (SnakeSkin®
Dialysis Tubing, Thermo Scientific, USA) /{%“{# /)?—DOM
53 A A3 3 Soofﬂﬁ(/\%%ﬁﬁﬁﬁj\%
kW 3 500~ f"oooéﬂﬁ(ﬂiﬂ/\%)%wxff%%rﬁg>
10 000 L4 7 .o e — s ket it 25/
B 3 500/ 8 BT et A 20 mmﬁ@%@%
W DOM{M& 9;,}: MA & 400 mLfﬁéj?‘Mm
R E/E‘{(4 cﬁnﬁ%fﬂ%ﬁﬁm h_mﬁéﬁ
ﬁiﬁ%ﬂtﬁ;{ﬁ(&ﬂﬂﬂﬁﬁﬁ% £<3,§00?H,n\ 1]
Fhaé*ﬁﬁéﬂfﬂﬁﬁﬁm(*ﬁﬁﬁ?ﬁg@x 500) 5485 51

*ﬁxfﬁ%‘ﬁiﬁlooooﬂﬁﬁﬁ AT N — 24y

g W R AR RGBT T O RE Sk M 4 T
J57 & >10 000 2H 43, 101 375 Ay 42 40 1Y F i S AR X 53 o
i 3 500~10 000 4143 . HUREZE S , B4 21 430 4 i T
5E DOC M B LLPEAl AN [R] 320 43 1 L 461) . 43 9% DOC
) 3% A [ I R AE 93. 6%~100% =2 [1] .
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Fig. 2 Dynamic changes in concentrations and bioavailability

of DOM during algal decomposition
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AR E [ 3(e) 1, 2 B X BE 4L 7K /K DOM AH X 431
AR A K
2.3 DOM AHX 4+ Joa it A2 fk
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Fig. 3 Dynamic changes in DOM ultraviolet-visible spectra

parameters during algal decomposition
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Fig. 4 Dynamic changes in DOM relative molecular

weight during algal decomposition
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Fig. 5 Dynamic changes in relative intensities of DOM fluorescent components during algal decomposition
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Table I ~ Changes in percentages of DOM components during algal decomposition based on FT-ICR MS analysis

4 7 N 4 /% Xif B8 2 /%
1d 12d 24d 1d 12d 24d
CHO L& 35.6 29.7 38.1 38.5 39.4 38.7
CHON kL&) 47.7 51 42,9 43.5 41.5 42.7
CHOS AL G W) 16.7 19.3 19 18 19.1 18.6
e AKAE Y 2.7 4.1 32 1.8 2.1 1.5
iR 1.6 2.4 2.7 3.7 3.7 3.5
E NS 51.4 53.8 57 62.1 62.7 66.1
Jig 5t 5.3 3.8 3.4 3.1 3 2.7
KIEN 17.5 16 13.9 11.8 11.6 9.4
YT R 6.3 8.2 6.8 7.9 8.3 7.1
AN AR 14.1 10.6 11.6 8.7 7.7 8.9
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WK Y CRAM 1) 28 Y5 0 12 40 435 5 28 il — Le 7K A A )
20 J B RIS A0 1) 23 i ). %o B 4 K R DOM v X o
fift 53 1 109 LA (59% ) /&5 1 0 6 4 (41%) |, 15t B 35 U4
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