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Abstract: To investigate greenhouse gas flux on the water-air interface in autumn, the large enclosures were built up in the near-
shore zone of the northwestern Lake Chaohu, China. The YL-1000 large-scale bionic cyanobacteria removal equipment was used to
salvage cyanobacteria in situ. The characteristics of CH, and CO, fluxes and their influencing factors in the salvaging and control

zone were observed by static chamber method equipped with a portable greenhouse gas analyzer. The results showed that the con-
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centration of chlorophyll-a and suspended solids (SS) (29.6+2.5 pg/L and 12.5+1.2 mg/L, respectively) in the salvaging zone
significantly decreased with the reduction rate of 72% and 85% , respectively, compared with those in the control. The removal of
particulate matter like total nitrogen, total phosphorus, SS and COD,, after salvaging was effective. The microbially-derived humic-
like (C1) and autochthonous protein-like (C3) components in the DOM significantly decreased during the salvaging process. The
C1 and C3 fluorescence intensity (0.18+0.02 RU and 0.06+£0.01 RU, respectively) in the salvaging zone were significantly lower
than those of control (0.26+0.05 RU and 0.12+£0.03 RU, respectively) , which suggested that salvaging can effectively control the
release of algal-derived dissolved organic matter. The average flux of CH, in the control (17.473+1.514 nmol/(m?+s)) was twice
than that of the salvaging zone (7.004%4.163 nmol/(m?+s) ). In the salvaging zone, CH, flux was significantly positively correla-
ted with Chl.a, C1 and C3 components, which suggested that algal-derived organic matter could promote CH, flux. The CO, flux
showed a significant upward trend in the salvaging zone and remained constant in the control. The CO, flux (=0.200+0.069 pwmol/
(m?-5)) in the salvaging zone was significantly higher than that in the control (=0.344+0.017 wmol/(m?*+s) ). The CO, flux was
significantly negatively correlated with Chl.a and temperature in salvaging zone. The total greenhouse gas emission reduction for
CH, and CO, is 0.275+0.076 mol/(m?+d) (carbon dioxide equivalent). The results reveal that the continuous cyanobacterial sal-
vaging process in Lake Chaohu reduces the flux of greenhouse gas on the water-air interface, and can slow down the vicious cycles
between cyanobacterial blooms and lake eutrophication and climate warming.
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Fig.1 Sampling sites (a), enclosure (b), cyanobacteria removal equipment (c)
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Fig.2 Schematic diagram of the floating chamber
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Tab.1 Description of fluorescence spectral parameter and ultraviolet-visible spectral parameter ™
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1 SS TN TP LBRZE5151 0 85% (45% \52% . FELLAT B it B FTH51X. COD,,, AR 443 W] i (P<0.01) , JA
%50 K% COD,, 27.3 mg/L FEZREE 27 K 22.6 mg/L, ZfR3 K 17.47% ; 1TH X 5 HRFTHiX COD,, V344 i
G35k 25.3+ 1.4 F126.5£0.5 mg/L, 22 5 i 35 (P<0.01) . 4THFEHIK A DOC Mk BERUR A W3 (P>0.05) ,
FEIX 5 K4TE; X DOC Wk EY R 5218 F A% (HFTH51X DOC ¥ - 34{E (15.46+0.66 mg/L) iLFAR+T
PiIX (16.73+1.34 mg/L).

R 2 JESAT 5 B A BAL R BURRE

Tab.2 Basic physical and chemical properties of cyanobacteria during continuous salvaging
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pH 8.25 8.75 8.54:0.23 822 8.28 8.23+0.09 TN/(mg/L) 14.63 7.64 11.43+2.03 15.76 12.19 13.94+0.95
DO/(mg/L)  13.71 12.67 11.04+2.01 13.51 12.12 12.51£2.05 TP/(mg/L) 0.41 0.17 0.24£0.06 0.41 0.26 0.32+0.04
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SS/(mg/L) 90.8 12.5 39.0+22.2 82.0 78.6 79.8£11.9 DOC/(mg/L) 14.33 18.66 15.46+0.66 14.80 18.67 16.73+1.34
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Tab.3 Spectral characteristics of excitation and emssion maxima of fluorescent components identified by
PARAFAC analyses compared to the OpenFluor online database
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Fig.3 Fluorescence excitation-emission matrix of DOM in the control and salvaging enclosures
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TR AT, e T 551D S5 00 50 A0 0 594, 8 174 535 25 5% (P<0.01)  RATBFIX (C3) B g
(0.120.03 RU) £ 453TH5 < (0.060.01 RU) By 2 fif. FTHIX AT H ISR ( C4) BRIE (F,.) BB
ST I, P4 2 G 0% 52 P>0.05) ATBEIX AATHHIX C4 SRIE 110 0.1020.02 RU.
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Fig.4 The variation of fluorescence intensities of C1 to C4 in the control and salvaging enclosures
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Sy M5 HUR 1940 T 52 0% Seut R AT HE X S, (1 Bl 5 IF 10389 I T 28 K, RATHEIX S, A28 fb 45
N PIEAFAE B 22 5 (P<0.05) 35X 5 ¥4 AT H5 3 8 o 1 6 0 0 DA LR MR i A 60 4T IX S,
f(5.190.35) 15 T ARFTHE X (4.89+0.09) , F WAFTHE 15 K A>T HLITHE 5y Wi Ja /Ny FATHLIT
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Tab.4 Comparisons of fluorescence and UV-vis parameters in different treatment groups during the study periods

HIX BIX FI Sg
i [a]
TP ORITEEX 4THFIX RITHIX TEIX RITHEIX 4THIX RITHIX
$0 K 2.47 2.55 1.12 1.04 1.87 1.81 4.92 4.90
$3 K 2.55 2.80 1.13 1.09 1.88 1.85 5.07 4.87
12K 2.74 3.14 1.18 1.08 1.90 1.86 5.29 4.75
521 K 2.56 3.21 1.21 1.11 2.06 1.88 5.48 4.92
9527 K 2.87 3.41 1.15 1.23 2.07 1.81 5.58 5.01

s FRTE 0.01 KF LA # FoRTE 0.05 7K L REHIC.

F2.233~15.874 .12.501 ~ 17.502 nmol/ (m” +s) JEFE N, i 7E7E B E 22 52 (P<0.01) s R FTH X CH, 3l 45
B (17.473+1.514 nmol/ (m*+s) ) MFTHEX (7.00424.163 nmol/ (m® +s) ) BYIT 2 1%, U BH T 35 5% 155 % v b 7k —
AP CH, i B B BB, SR A T, T H X CH, B AT 9 K PR F R -9.12x10°
nmol/(m*+s”) (R*=0.94) B 9 KJ5 T FH RS AR S A-4.21x10"° nmol/(m’-s>) (R*=0.80).

W T S T AR R IR K — R AT CO, T8 BERfR &l 5b TR, T4 KR FTH5 X CO, @ =34
FE, K — AT COL I & R RCIRES. FTHIX COEERT 18 KE FTHE%H, 5 18 KAs ki T2, %t
CO, i AL RS BITEATERVERL A, I CO, i AL R 43 58 4.12x107 wmol/ (m*+s*) (R*=0.95) il
0.12x107" wmol/ (m*+s*) (R*=0.23) . SLEG R FTH; X CO, 38 AL AR &, 4b F-0.371 ~-0.313 pwmol/
(m®-s) JEFE. FTHEIX CO, Mt IsE & (—0.200 + 0.069 wmol/ (m*+s) ) B AR T AFTHEIX (-0.344£0.017 wmol/
(m’+s)) W EAFAE B35 2252 (P<0.05) AW T W e 4T85 35 5 i K - il CO, el B, 22 LA T
B2 FTHS X COLB AT 15 K EFFESEA 1.15%107 pmol/ (m*+s*) (R?=0.95) 55 15 KJi LTHHE |5 5818
g 4.02x107 pmol/ (m*-s*) (R*=0.02).
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Fig.5 Variation characteristics of CH, flux (a) and CO, flux (b) on water-air interface

in the control and salvaging enclosures
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& 6a iR, FTH; X AATTH; X CH, H i 52 34 4 B8, WK —UR T CH, 2 R ERHORE. RITH X
CH, HF-¥yil 5 (0.267+0.119 mmol/ (m*-d) ) £ JyFT4551X (0.183+0.082 mmol/(m’ -d) ) iy 1.5 43, W e &
FIPFE B XK — 5 CH, 38 1 B 0. $TH7 DR 45 X 5B CH, i 1348 T (8], H. CH,id &
BN B E2ER(P<0.01),Hi% CH, &t B A8 L 1 H FFE 1500, 50518 1.461+0.821,3.293+0.312
nmol/ (m”+s) ; W 1Y CH, @ & H 8L A3 BAE 100, 4351 1.322+0.143 | 1.521£0.544 nmol/ (m’-s).
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(=29.424+7.470 mmol/ (m*-d) ) 2 R 4THE X (-6.723£12.222 mmol/ (m*+d) ) (1Y 4.4 1% VRS ATH G e )5
XK= A CO, i i B H B 0. T4 KRR ITH X CO, BB m T hE, FrERER (P<
0.01) , 3 B A fL I Y R TE 5:00, 43> 5124 0.054+0.016,—0.227+0.041 pmol/(m’ +s) ; A8 4 BL7E
1500, 5351 5-0.323+0.046 . —0.518+0.057 wmol/(m’+s). FTHF X FE 07:00~ 1700 K} B Py CO, i & H i,
19:00—¥K H 05:00 BBt AR IE(E, B 1 4T57 X CO, 3 & /S 48] 53501 A W RO AS s RATHE X CO,

AR EWIBCRE.

71 (2 (b) T
02f --a-- THIX
-a-- T HIX o
6F g —a R X
- - RATHK| 2 }-4 AT
%) 2 - \ .
st T o %
E 5
= =1 { {
g 3} g -02 % /
£ S TPy
=l 5 ¥
S | S & 04
1F
ok -0.6
S OO S
S I DL SIS S SO ST/ DS S
QI ITINHE LI QI TINHE LI
IR ] R[]

(& 6 LT H; f5 /K— M CH,(a) ,CO,(b) 8 2 B 4B LRI
Fig.6 Diurnal variation characteristics of CH,(a) and CO,(b) fluxes on water-air interface

in the control and salvaging enclosures

SITH Rk —SAE CH, .CO,BE 5/KEFEELIERZ BN X R

ﬁfﬁﬂf“l%xﬁk ST CH, (CO, 3@ & RS20, XF CH, \CO, 3@ 8 FIFREE H T 347 TC4 457 (RDA)

(B 7), 55— 5%t CH, \CO, @ & Jy 228 fb W B i ol 10.4% , 38 — ERW M R A8 5o 78.7% . Hoh EC
DOC 1 T 54— 3l &2 25 IEAHSC ; pH A1 ORP 545 — I E GiAHIE; C2 F1 G4 555 — HRh 2 B 2 EAH G
ORP DTN .DTP .DO.C1.C3.COD TURB.Chl.a TN TP FI SS 545 — FHh 2 AAHXE. Al UL, K& B Chl.a 5
FRERAKT A MY T LUK pH BT 85 i s Bk — <AL T8 CH, CO, 3l i —E 52 M. CH, 3l i 32 Chl.a ¥
FES 4k, H 'S SS. TN TP \,TURB,COD,,, .C1.C3.T & W#FEM & (P<0.01) ;1 CO,H &5 ORP,C2 EC
EEEEMK(P<0.01),5 T.C4 2R FTHX 5K X EAH B 25 (P<0.01),#TH; X Chl.a SS,
TN TP ,COD,,, \C1.C3 V¢ Ji 52 b 25 B (AU B 2 25 55 | R AT 4T 67 0 B R 80U B AT IR AR R AT 37 X 3R
T B e, O EE , B S FH B X, X8 XA T5 CH, il it CO, 3 it 43 B T8 45 [ H 43
i3], Chl.a \C1.C3 & CH, i & f A ff B i (CH, 38 2 = 0.02 Chl.a+83.60 C1+57.20 C3-10.71,R*=0.95,
P<0.01) ;Chl.a T & CO, il & AL i A B (CO, 3l 5 = 0.547-0.003 Chl.a—0.028 T,R*=0.86,P<0.01). X} £
I X W IREE 75 CH, 3l 5, CO, il it 43 31| 1F ﬁﬁ*ﬁ@ﬂéﬁﬁﬁiﬂ C1.C3 2y CH, il it A28 & (CH,

HH=0.018 C1-0.057 C3+0.016,R*=0.61,P<0.05) ; T.SS Jy CO, i £ fc LM B8 & ( CO, E & =0.002 SS—
0.004 T-0.432,R*=0.53,P<0.05).
3 it

31 EGTHEREEMNA—SAE CH,BENZMEEAESE

TEFTH X ST s b, CH B B R B TR, CH BB 5 s L B FIEMH X (R =
0.86,P<0.01) ( [&] 8a) ;3T 2K 1 7 Chla ¥ M 137.7 pe/L Bl E] 29.6 we/L, CH, i i A 15.874 nmol/
(m®+s) A8 A% 2.233 nmol/ (m’ +s) . MiAFTH; X B A 5L i F CH, il B AR (b AR K. RITHF X Chl.a ¥ W 255
TFATH X, A CH, M B A i 25 53 (P<0.01) . RATH X CH, il & B 8 = T4 5 X, A W5 2 8, Wi
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Fig.7 Redundancy analysis(RDA) of CH,, CO, flux and physicochemical indexes under continuous salvage

AT A K AR M RUIX R 2 /K MR CHL YR8 8 FIF R X7, 09 CHL R 38 A 72 A Y AU X IR, i 5 A
TSR AR —3 X LB AR R 58 SR A0 B D BT A I 57 R B0, BE R T 85 X CH, 38 i (17.473+1.514
nmol/ (m®+s) ) B i 25 T AWM 42 75 (4.862+1.243 nmol/ (m®+s) ) FRIAERM (11.124+1.510 nmol/ (m’+s) , X
FIRBSR R ARAT B X 3% 5 (124.5+9.5 pg/L) W 5 &5 TRk 28 R 3205 (60.5 ~ 69.3 pg/L) (sl IUIR ]
(59.2+18.3 pg/L) , W5 3 i 5 HE R BIG I T 7K A rh g YR PE A AL, S 7™ FR B 1 7 B e 3R 4L T 58 R IR . 4T
Pt B AR AR S T A FTH X CH, 38 AT 9 K FREHER (-9.12x 107 nmol/ (m? -s*) ) B i P56
9 K5 FHEHHE(-4.21x10° nmol/ (m’+s>) ) , 45 9 KRTHIE 9 Kii/5 CH, B & T-HME 4 11.932£3.213
5.381+1.512 nmol/ (m’*+s) , $THHE WAL FE T 9 K Chl.a YEEF (99.9+24.0 ng/L) I B 5 T4 9 KI5 (52.2+
14.5 pg/L) | FEMLAE" Xob L1 A% T 6 3 R AR T 45 S e W1, R R0 7 A /K TR 94 T AR 8% 45 o i 4
PP A PRSI VRS IE T 99.81% , MELEFTHE I BERT O K AT HEXT /K (A rh B IR Uk 253 A H A i s A i R
(SS HAL##E-5.2 mg/(L-d) ) Bl = T4 9 K5 (SS HAE L H A -2.0 mg/(L-d)) , 53 CH, @ & 25 fb
R CH, INIEY) 55 0T A2 (B AR B2 0. 157 35 385 1157 X B 1% CH, ~F #4538 & (2.120+0.952 nmol/
(m?s) )% T Fk 2= A W Mg 2 785 (4.862 = 1.243 nmol/(m® +s)) ™7 BRI A W (11. 124 £ 1. 510 nmol/
(m’s)) 1 AT R K AR T Chla W 5 008K 29.6 pe/L, A% T AR M2 TS B DU, AT
W T KA B YR ).

GBI LM T B R T 87 X CH, 38 i 5 3058 (T 40 B 25 RA3 8], T8 X Chl.a ,C1,C3 X K—S A1
CH, il & HETTET (TR LA 3 20.72% (27.76% (33.51% ). 1A 7 F ki P = AR AE T 1000
TR AU Y B PR AR BRIE Ppr L T P 1 SR AR P S A A P R R AR A, — PR S DT R
BN R B VIR TR b B Be B 40 = R e, 55— RS U 1 30~ 300 o A7 458 9 J0RE A5 i e R AR AR B v
IR 0 S 25 1 T DA IR BRI AR B 7 R e ST 3 A R LR K A e R A
HET A B e B AT 55 B8 A A e R 25 5 9, SO ek, 1 TR 7 s 4 TR 0 ,
T KRR TR R SR N T, TR T CH, 8 . S AT 57 X, Chl.a ¥R BEAS AT #5 X CH, il 2 Y 1
FEMRRAR i, C1 . C3 S RITHF X CH, 38t i AR AR AR 1k, 3] B2 PR A S 30 A ) SR T 45 X Chl.a A2 4R3I,
U R BUR HEATHT 5 A B, 358 20 SR B B B8 T RO DA LR (C1.C3) 00 AT Ay 7™ P o 1 it 78 A2 1)
Y LTS AR COD,,, .DOC DOM(C1~C4 4143 2K AT WL B 55 CH, 3 Bk 3 5 15 2 17 AR )¢
(P<0.01) , 3@ F FEMLAR AR 3T CODy, .DOC . DOM X CH, i f F 2 PEAR B 15 2, COD,,, . DOC . DOM T Z 4 [
H A3k 27.18% (12.7% 40.11 % , ot DOM 244 I Hefi oK, Ui B /K 74 rh DOM X CH, 3@ & A5 5 252 .
WS IR A ] e B AR G S P IR A LR RN G DA ML A T il P
BEB B A TSR, SR SR VA ML (RS ) 5 TR e B U I T R A LR 2
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RN T RS A5 VA 3G | DT 2 35 f k7 Y et L 5@ i X 4T HE X DOM Hf C1,C2,C3.,C4 4143 5 CH, i i
PEATBENLER ARSI BTS2, C1(35.81% ) \C3(37.36% ) 404y T B PR AR 5 et K, C1,C3 415343 5 M ik A
WA B KR AR (AR T IR A AL (C1.C3) X CHL 3@ ki k.
3.2 EETH LR ENASRE CO,BENFMEEEE

TEFTHE X VE AT W5 W P, CO, T 4 D) S5 0 3 b T iy, 5 0 o 8 5 0 35 A 6 (R = 0.52, P<
0.01) (&l 8b) ; 3THI 52803 F2 Chl.a ¥R EEM 137.7 we/L MW F] 29.6 we/L, CO, 38 5 M —0.307 wmol/ (m’*-s) 48
JR=0.150 wmol/ (m®+s) . Wi AFTH; X A S8 72 CO,L Mt A (LA K. RATHS X Chla ¥ BE W) 2 5 THT 45
X, P CO, M A7 AE 5255 (P<0.01) . RITHEIX CO, M i B 55 THTH{ X, 3T 85 X 3T HE IS 0 5
{6 T KMk Chla #e 45 B 58 EAESCIIA Chla W5 CO, 38 5 0 3 (kI C ™™ RATHEIX CO, il it
(-0.344+0.017 mol/ (m*-s) ) B BAX T AR WIHFZEIE (-0.102+0.013 wmol/ (m’-s) ) . FIN A (0.037+0.010
pmol/ (m*+s) ) 10 SR Rl R b AR AT IX B (124.529.5 pg/L) WA 8 85 T K B KM 125 (60.5 ~ 69.3
pe/L) DRI (59.2+18.3 we/L) , i 6 i 35 B AU N T /KPR HEA TOGA VR B0 A 4 (2 2 CO, M. 4T
BEIX COLE AT 15 K EFFHEFR (1.152x107 pmol/ (m* +s*) ) W 3 F-45 15 RJF 19 FFE# R (4.021x 107
pmol/ (m?+s*) ) 45 15 KATHI 15 KJ5 CO, B FIE S 5 H-0.236+0.067 .—0.145+0.014 pwmol/(m*+s) , 5
Z ARG 15 K Chl.a W% (89.6+25.1 pg/L) B @5 F45 15 K5 (43.7£4.0 ng/L) , X o] el T 4247
P S AR PR 15 K H RS AE M R R K (Chla HAB(EIEFR-4.1 pg/(L-d) ) 1045 15 KI5 ik H
Bl Wi AR b5 2% (Chl.a HAE{LIEH-0.87 pg/(L-d) ), 30 HOE S VR IR b CO, i 7t 52 4t
AEAK. ST B S FTHE X B CO, P15 i (-0.078=0.141 pmol/ (m’ +s) ) 473 5 W ICIR 25, {H W% g it
BEAR T ARATHE X 55 Chl.a e AR T B9 HABA X R L, K2R KA R CO, W IGHE H IR T 4T 851X, i ik i
AR CO, S BEHRAR 0 L T4 S5 A VR rh i e A S B, e A 0 B 2 2 B LA K B, 8 A T
e FH 455 40 OB AT, RIS T CO, MRl e, AT B AT 1X. CO, MM 2 (I F AR T 85 I fE e T 4T 505 e
[) ENHHL ARG T A6 T2 20 itk 0 5 ol = i 12, WA T C O, BB ICE 12 5 1Ty ELFT 455 el /I (AR ek 38 b 28 ARG, ke T UK
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(R0 X A7 AE 22 9. W A TR0 D RV v s A et 5 0 1 BRI T AR AR A AR ORI, B AR T TR R
PRURPER HUTASRAFFEWITH 5L, 3 A A 4 e At o8 U 7 WL = A TR 2 S, I 0 T — R DI sk AR e
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Fig.8 Relationship between Chl.a concentrations in salvaging enclosures and CH,(a) ,

CO,(b) flux at air-water interface
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JAS TS RAGE], CO, M 5 5 Chla T #5L B 3 (A0, Chl.a T X CO, M AT % 35 oM. 5% K" i 5
AR CO VRN ZS /3 A Fp R SS SR BH KR B A 5 CO, MR E 2 W3 (A ¢, X S ACHF o8 45 S — 3.
AR WY S S Chla T 352 W3 EAR T BT 85 2 Chla YR T BRI
6, B T IR AR BV G COL M) SR T 5 ORI FT 45 X 1 26 K R 73 1 0.203 i1 0.362 '
(Bl K2 785 I A KR AR T AR ST 85 X, X R T B AR T 8 A K. AR B AR 4 7
FEFTHERT 15 25 J R R (G IR, 45 SR 2 WD 06 o T B4 T o P A, 6 9 T 3 31 | 6 o 2 g g K
W, FEOCE M BRI, X HATHIX , RITHF X CO, 3 i fe A B8 iy SS M T, i A& Chla, Jf:
H 5SS RIEL, 5 TR, KFkH SS HMAEHE T CO, B, X AT AR Pl AR AT 85 X /K M rf Chla e JiE A5
BN, T BB BUK AR T SS F2 38 R B8 TR TSR AL, B T W S M ke 2R €O, TR €O,
A 3
3.3 ELITH IR RNk —S R EIR TS E R HERUE

T ARATH X, AT 55 7 B 00 CH L (P<0.01) |, RIS, 378 B 0 A A K ik CO, M et
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RAFT 500 B R CHL 8 HHERGER /N | CO, MG b,y T CHL IR 2 2 S MR B 2 9 CO, 1Y 25 43" sl it
PR BOTHHATH X SR FTHE X CH, HERG SR 5528 CO, e H 8. 5 86 A 9 R 8 3 ' & A T e R < b
COL AR BA HILIT , 1 3020 ML IR 18 5k A 8RR 8T (A 2 B 2R €O, (CHL™ | X T R b7 A CHL 3%
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Fig.9 Relationship between Chl.a concentration reduction and CH,, CO, flux in salvaging enclosures



¥ O AFEAEASHHEENKARGEEAAARB TG A 1719

355 YL-1000 7k T50 i A 2K T 5 39675 B 1 46 ( Z1200910026679.0) 1y B U FT 455 L 1 397 f 5 0 T L o
B EWEAR I, T I0T A 7 B 7 M55, A7 T 5 8 D 95008 oA PR A ) T B2
ST T T P TR IO U B 11 A 10 (AR e AT T 0 W 7T L
MR 1 SR

4 it
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2) BT B K — 5t CH, .CO, il i 5K AR IR AL br e R 2% 0], Hosp CH, i & 5 Chl.a {4910
B FE T (C1) SR AT B (C3) 2 W3 TEAE G, K A b B sk 5 A A LB X CHL 38 i B iR R AR
JH;CO, 5435 Chl.a T 510 3 GAHSE, $T 8710 2 P 3 2 B i WA T 4 e & MR O S €O, R

3) W MO S T e XK — 5 CH, \CO, R 2 T B 1 2 Al HEVE T Al HE H 3538 5y 0.275+
0.076 mol/ (m’+d) (LA CO, 4 it31) . W s FTHi 4R A, X K—< B CH, | CO, il % S MR HE VR F A K.
ot RS RPN RFAE TEAR G, HPE L RABIFIRAE TFAENIET, EEFRE
W E

5 S 3k

[ 1] Allen SK, Plattner GK, Nauels A et al. Climate Change 2013 ; The Physical Science Basis. An overview of the Working
Group 1 contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC). Computa-
tional Geometry, 2007, 18(2) : 95-123. DOI. 10.1016/S0925-7721(01)00003-7.

[ 2] Bastviken D, Cole J, Pace M et al. Methane emissions from lakes: Dependence of lake characteristics, two regional assess-
ments, and a global estimate. Global Biogeochemical Cycles, 2004, 18(4). DOI; 10.1029/2004gh002238.

[ 3] ColeJJ, Caraco NF, Kling GW et al. Carbon dioxide supersaturation in the surface waters of lakes. Science, 1994, 265
(5178) : 1568-1570. DOI; 10.1126/science.265.5178.1568.

[ 4] Verpoorter C, Kutser T, Seekell DA et al. A global inventory of lakes based on high-resolution satellite imagery. Geophysi-
cal Research Letters, 2014, 41(18) : 6396-6402. DOI. 10.1002/2014gl060641.

[ 5] Yan XC, Zhang ZQ, Ji M et al. Concentration of dissolved greenhouse gas and its influence factors in the summer surface
water of eutrophic lake. J Lake Sci, 2018, 30(5) : 1420-1428. DOI. 10.18307/2018.0523.[ =%, sk H 5, Z44%5.
B E TN E R KRR SR R FGE P . BEE, 2018, 30(5) : 1420-1428. ]

[ 6] Yan XC, Xu XG, Wang MY et al. Climate warming and cyanobacteria blooms: Looks at their relationships from a new per-
spective. Water Research, 2017, 125. 449-457. DOI. 10.1016/j.watres.2017.09.008.

[ 7] Yan XC, Xu XG, Ji M et al. Cyanobacteria blooms: A neglected facilitator of CH, production in eutrophic lakes. Science of
the Total Environment, 2019, 651. 466-474. DOI. 10.1016/].scitotenv.2018.09.197.

[ 8] Huttunen JT, Alm J, Saarijirvi E et al. Contribution of winter to the annual CH, emission from a eutrophied boreal lake.
Chemosphere, 2003, 50(2) ; 247-250. DOI. 10.1016/s0045-6535(02)00148-0.

[ 9] West WE, Coloso JJ, Jones SE. Effects of algal and terrestrial carbon on methane production rates and methanogen commu-
nity structure in a temperate lake sediment. Freshwater Biology, 2012, 57(5) ;. 949-955.

[10] West WE, Creamer KP, Jones SE. Productivity and depth regulate lake contributions to atmospheric methane. Limnology
and Oceanography, 2016, 61(S1) . S51-S61. DOI: 10.1002/1n0.10247.

[11] Hu WT, Tang Q, Sun W et al. Dissolved methane dynamics during the degradation of organic matter derived from cya-
nobacterial bloom. China Environmental Science, 2017, 37(2) : 702-710. [ #7715, BT, PMVESE. KR T 5 K 4L
fift = W e sh A RO, P EEFREERE, 2017, 37(2) : 702-710. ]

[12] Zepp FK, Holliger C, GroBkopf R et al. Vertical distribution of methanogens in the anoxic sediment of rotsee ( Switzer-
land) . Applied and Environmental Microbiology, 1999, 65(6) : 2402-2408. DOI; 10.1128/aem.65.6.2402-2408.1999.

[13] Schwarz JIK, Eckert W, Conrad R. Community structure of Archaea and Bacteria in a profundal lake sediment Lake Kin-
neret (Israel). Systematic and Applied Microbiology, 2007, 30(3) : 239-254. DOIL: 10.1016/j.syapm.2006.05.004.



1720

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

J. Lake Sci.(#a#F3) ,2020,32(6)

Zhu DL. Study on the generation, release and driving mechanism of methane in taihu and Xuanwu Lake[ Dissertation ].
Nanjing: Nanjing University, 2012. [ $URRAR. KM K KBl H e AR 7= A RERCRSE AL B 58 [ #6130 ] . Bt
MRR, 2012.]

Zhang YL, van Dijk MA, Liu ML et al. The contribution of phytoplankton degradation to chromophoric dissolved organic
matter (CDOM ) in eutrophic shallow lakes: Field and experimental evidence. Water Research, 2009, 43 ( 18) .
4685-4697.

Zhou YQ, Zhou L, Zhang YL et al. Autochthonous dissolved organic matter potentially fuels methane ebullition from exper-
imental lakes. Water Research, 2019, 166 115048. DOI; 10.1016/j.watres.2019.115048.

West WE, McCarthy SM, Jones SE. Phytoplankton lipid content influences freshwater lake methanogenesis. Freshwater Bi-
ology, 2015, 60(11): 2261-2269. DOI; 10.1111/fwh.12652.

Weyhenmeyer GA, Kosten S, Wallin MB et al. Significant fraction of CO, emissions from boreal lakes derived from hydro-
logic inorganic carbon inputs. Nature Geoscience, 2015, 8(12) : 933-936. DOI. 10.1038/nge02582.

Qi TC, Xiao QT, Miao YQ et al. Temporal and spatial variation of carbon dioxide concentration and its exchange fluxes in
Lake Chaohu. J Lake Sci, 2019, 31(3) : 766-778. DOI. 10.18307/2019.0315.[ 55K, ¥ o, WM 4. LKA
TR B I A S AT R AE B HOK RSl R AR, 2019, 31(3) : 766-778. ]

Rudorff CM, Melack JM, Maclntyre S et al. Seasonal and spatial variability of CO, emission from a large floodplain lake in
the lower Amazon. Journal of Geophysical Research Atmospheres, 2011, 116 ( G4 ). G04007. DOI. 10.
1029/2011jg001699.

Xing Y, Xie P, Yang H et al. Methane and carbon dioxide fluxes from a shallow hypereutrophic subtropical Lake in China.
Atmospheric Environment , 2005, 39(30) : 5532-5540. DOI. 10.1016/j.atmosenv.2005.06.010.

Li Na, Ni JQ, Li GW et al. Analysis of eutrophication status and regional differences of typical lakes in China. Acta Hydro-
biologica Sinica, 2018, 42(4) : 854-864. DOI: 10.7541/2018.105. [ Z=Mp, 224F:96, 2R 4. v EMAWIA &S5 FH
PCBUR AT XM 22 53 A, KA 2R 24, 2018, 42(4) :854-864. ]

Yang GS, Ma RH, Zhang L et al. Lake status, major problems and protection strategy in China. J Lake Sci, 2010, 22
(6) : 799-810. DOI: 10.18307/2010.0601. [#kkil, Thoehe, sRipg4E. o (10 IR B I I A9 8 RS AR
M. WIYARL2E, 2010, 22(6) : 799-810.]

Shao LL, Lu KH. Reaserch and outloook on physical methods in situ for emergency disposal of cyanobacteria bloom in
source water areas. Shanghai Environmental Sciences, 2013, 32(4) : 160-165. [ ABR&IE, FEiTF22. RN b BHK J5 H,
TSR A RO AT KR HL. [ YBFRBERISE, 2013, 32(4) ; 160-165.]

Chen BF, Feng MH, Shang LX et al. The release characteristics of algae-derived pollutants in different salvage intensities
after cyanobacteria accumulation. Acta Scientiae Circumstantiae, 2016, 36(11) . 4077-4086. [ BRI E:, D 54E, MuNE
S RBUEHON R FTH7 98 B R B R CRHIE R IE . BREERLA22 4, 2016, 36(11) ; 4077-4086. ]

Chen BF, Feng MH, Shang LX et al. Effects on cyanobacterial growth and water quality after harvesting accumulated cya-
nobacteria in autumn: An in situ experiment in Lake Chaohu. J Lake Sci, 2016, 28(2) . 253-262. DOI. 10.18307/2016.
0203. [ BRI, Mh4EMe, 10 A K SRR A 3T X0 0 o A A MK B2 i) 14 S (02 S 6. WV R}27:, 2016, 28
(2):253-262.]

Xu XG. Occurrence principle and controlling response of cyanobacteria bloom in the water source area of Chaohu city|[ Dis-
sertation |. Beijing: University of Chinese Academy of Sciences, 2014. [ #78H. S5iH1/K R X 5 K e & Az 3 K 4 il
WA [ 2AAEESC ] dEat: hEBEBERE, 2014.]

Zhou BB, Wang GX, Yang F et al. Effect of scooping out blue algae on growth of Microcystis aeruginosa. Journal of Ecolo-
gy and Rural Environment, 2012, 28(3) : 260-265. [ D U1, THEFE, # K&, AN TATH XS ia 4 KB
BRSS9 RA RS, 2012, 28(3) @ 260-265. ]

Zhao Y, Zeng Y, Wu BF et al. Review of methods for measuring greenhouse gas flux from the air-water interface of reser-
voirs. Advances in Water Science, 2011, 22( 1) : 135-146. [ X4, WIE, SN 4E. 7K KSR R %8 A & W)
HIRERE. KRR, 2011,22(1) ; 135-146. ]

Li XH. Study of the greenhouse gas flux of water-air interface and its spatio-temporal change in Taihu Lake[ Dissertation ].
Nanjing: Hohai University, 2005. DOIL; 10.7666/d.y717045. [ ZEg546. 7K - ST L 28 S MO £ K% I 25 A8 AL A AiE
WIFE [ 2083 ] B AT TR, 2005. ]



#
[31]

[32]

[33]

[34]
[35]
[36]
[37]

[38]

[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]

[48]

[49]

[50]

[51]

LEF KEESETHEENKA—ARBREARBETH YA 1721

Hernandez PA, Mori T, Padron E et al. Carbon dioxide emission from Katanuma volcanic lake, Japan. Earth, Planets and
Space, 2011, 63(11): 1151-1156. DOI; 10.5047/eps.2011.06.038.

Jia L, Pu YN, Yang SJ et al. Analysis of greenhouse gas emission characteristics and their influencing factors in the algae
zone of Lake Taihu. Environmental Science, 2018, (5) : 2316-2329. DOI. 10.13227/j.hjkx.201708123. [ S5 %:, THIi&HE,
Wi R 55 WIEERL X CH, \CO, HERURMIE B HE R K 240 RIEFL:, 2018, (5) @ 2316-2329. ]

Editorial Board of Water and Wastewater Monitoring and Analysis Methods, Ministry of Environmental Protection of the
People’s Republic of China eds. Water and Wastewater Monitoring and Analysis Methods: 4th edition. Beijing: China En-
vironmental Science Press, 2002. [ & Z¢F 5 AR 55 KRR K W0 347 5 306 ) i 22 25 K FIBEAK 0 oA i = 6
4. dbnt. sPEFRERA N REL, 2002. ]

Stedmon CA, Bro R. Characterizing dissolved organic matter fluorescence with parallel factor analysis: A tutorial. Limnolo-
gy and Oceanography : Methods, 2008, 6(11) : 572-579. DOI; 10.4319/1om.2008.6.572b.

Stedmon CA, Markager S. Tracing the production and degradation of autochthonous fractions of Dissolved organic matter by
fluorescence analysis. Limnology and Oceanography, 2005, 50(5) : 1415-1426. DOI; 10.4319/10.2005.50.5.1415.
Kelly CA, Rudd JWM, Schindler DW. Carbon and electron flow via methanogenesis, SO%™, NO3 , Fe** | and Mn** reduc-
tion in the anoxic hypolimnia of three lakes. Arch fuer Hydrobiol. Beihandlungen Ergeb Limnol, 1988, (31) . 333-344.
Huguet A, Vacher L, Relexans S et al. Properties of fluorescent dissolved organic matter in the Gironde Estuary. Organic
Geochemistry, 2009, 40(6) : 706-719. DOI. 10.1016/j.orggeochem.2009.03.002.

Chen ML, Price RM, Yamashita Y et al. Comparative study of dissolved organic matter from groundwater and surface water
in the Florida coastal Everglades using multi-dimensional spectrofluorometry combined with multivariate statistics. Applied
Geochemistry, 2010, 25(6) ;: 872-880. DOI; 10.1016/j.apgeochem.2010.03.005.

Murphy KR, Stedmon CA, Wenig P et al. OpenFluor-an online spectral library of auto-fluorescence by organic compounds
in the environment. Analytical Methods, 2014, 6(3) ; 658-661. DOI. 10.1039/c3ay41935e¢.

Osburn CL, Wigdahl CR, Fritz SC et al. Dissolved organic matter composition and photoreactivity in prairie lakes of the US
Great Plains. Limnology and Oceanography, 2011, 56(6) : 2371-2390. DOI. 10.4319/10.2011.56.6.2371.

Coble PG. Characterization of marine and terrestrial DOM in seawater using excitation-emission matrix spectroscopy. Marine
Chemistry , 1996, 51(4) : 325-346. DOI; 10.1016/0304-4203(95)00062-3.

Lapierre JF, del Giorgio PA. Partial coupling and differential regulation of biologically and photochemically labiledissolved
organic carbon across boreal aquatic networks. Biogeosciences, 2014, 11(20) ; 5969-5985.

Murphy KR, Stedmon CA, Waite TD et al. Distinguishing between terrestrial and autochthonous organic matter sources in
marine environments using fluorescence spectroscopy. Marine Chemistry, 2008, 108(1/2) . 40-58.

Chen ML, Kim JH, Nam SI et al. Production of fluorescent dissolved organic matter in Arctic Ocean sediments. Scientific
Reports, 2016, 6: 39213. DOI; 10.1038/srep39213.

Hambly AC, Arvin E, Pedersen LF e al. Characterising organic matter in recirculating aquaculture systems with fluores-
cence EEM spectroscopy. Water Research, 2015, 83: 112-120. DOI: 10.1016/j.watres.2015.06.037.

Lambert T, Bouillon S, Darchambeau F et al. Effects of human land use on the terrestrial and aquatic sources of fluvial or-
ganic matter in a temperate river basin ( The Meuse River, Belgium). Biogeochemistry, 2017, 136(2) ; 191-211.

Li PH, Chen L, Zhang W et al. Spatiotemporal distribution, sources, and photobleaching imprint of dissolved organic mat-
ter in the Yangtze estuary and its adjacent Sea using fluorescence and parallel factor analysis. PLoS ONE, 2015, 10
(6): €0130852.

Kothawala DN, von Wachenfeldt E, Koehler B et al. Selective loss and preservation of lake water dissolved organic matter
fluorescence during long-term dark incubations. Science of the Total Environment, 2012, 433, 238-246.

Gan SC, Wu Y, Bao HY et al. Characterization of DOM ( dissolved organic matter) in Yangtze River using 3-D fluores-
cence spectroscopy and parallel factor analysis. China Environmental Science, 2013, 33(6) . 1045-1052. [ HIE, &=
e, MLTHLSE. RILEARA DL = 4e5O0 eI i A7 2047, T EFRERLE, 2013, 33(6) : 1045-1052.]

Fu PQ, Liu CQ, Wu FC. Three-dimensional excitation emission matrix fluorescence spectroscopic characterization of dis-
solved organic matter. Spectroscopy and Spectral Analysis, 2005, 25(12) ; 2024-2028. [ {#FE7, XN, RFEE. Kk
AHUBTY = LSOO GIERFAERT Y. Jei% 556185 BT, 2005, 25(12) : 2024-2028. ]

Cory RM, McKnight DM. Fluorescence spectroscopy reveals ubiquitous presence of oxidized and reduced quinones indis-



1722

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

J. Lake Sci.(#a#F3) ,2020,32(6)

solved organic matter. Environmental Science & Technology, 2005, 39(21) : 8142-8149. DOI. 10.1021/es0506962.
Ohno T. Fluorescence inner-filtering correction for determining the humification index ofdissolved organic matter. Environ-
mental Science & Technology, 2002, 36(4) . 742-746. DOI; 10.1021/es0155276.

Huguet A, Vacher L, Relexans S et al. Properties of fluorescent dissolved organic matter in the Gironde Estuary. Organic
Geochemistry, 2009, 40(6) : 706-719. DOI. 10.1016/j.orggeochem.2009.03.002.

Helms JR, Stubbins A, Ritchie JD et al. Absorption spectral slopes and slope ratios as indicators of molecular weight,
source, and photobleaching of chromophoric dissolved organic matter. Limnology and Oceanography, 2008, 53 (3) .
955-969.

Jiang T, Guo JS, Li Z et al. Air-water surface greenhouse gas flux in Pengxi river at different operational stages of the
Three Gorges reservoir. Chinese Journal of Environmental Science, 2012, 33(5) ; 1463-1470. [#i8, FpENKS, 24745
SR PER R AR T SO BRI R 2 AOMGE S RHERIR. PR, 2012, 33(5) @ 1463-1470. ]
Fan F, Li WC,Ke F. Spatio-temporal distribution of Microcystis aeruginosa colony diameters in the water source region of
Chaohu City. J Lake Sci, 2013, 25(2) : 213-220. DOI; 10.18307/2013.0206. [ JuMi, 2= 3CHA, 47 FL. 5986 15 7K 3 4
LAp B (Microcystis aeruginosa) BEPTRLAR I 25 40 A MR, WIVARL%, 2013, 25(2) : 213-220. ]

Xiao QT. Study ongreenhouse gases(CO,, CH,, and N,0) fluxes of water-air interface in Lake Taihu [ Dissertation ].
Nanjing: Nanjing University of Information Science & Technology, 2014. [ ¥ J3 . KibI/K-< A1 IR = <K (CO, .
CH, N, O) J@HATFE. FEAT: FIAUfE B LR, 2014.]

Hu CL, Wan CY, Wu SG et al. Progress in causes and ecological control of cyanobacterial bloom. Resources and Environ-
ment in the Yangtze Basin, 2010, 19(12) : 1471-1477. [ §4&HK, JT R, SAERESE. W5 WK AL A LR B H A= 2545 i
R IR IS5 3R8E, 2010, 19(12) : 1471-1477.]

Zhou YQ, Jeppesen E, Zhang YL et al. Chromophoric dissolved organic matter of black waters in a highly eutrophic Chi-
nese lake: Freshly produced from algal scums? Journal of Hazardous Materials, 2015, 299 222-230.

Drake TW, Wickland KP, Spencer RGM et al. Ancient low-molecular-weight organic acids in permafrost fuel rapid carbon
dioxide production upon thaw. Proceedings of the National Academy of Sciences of the United States of America, 2015, 112
(45): 13946-13951.

Li DM, Yu Y, Zhang TQ et al. Photochemical activity of phytoplankton in Taihu Lake in spring and autumn. Research of
Environmental Sciences, 2014, 27(8) . 848-856. [ Z=Kkfy, TTE, KM EE. KN FHR MBI Y OGS 1EH
TEE. RS RL2ETFSY, 2014, 27(8) ; 848-856.

Duc NT, Crill P, Bastviken D. Implications of temperature and sediment characteristics on methane formation and oxida-
tion in lake sediments. Biogeochemistry, 2010, 100(1/2/3) . 185-196. DOI. 10.1007/s10533-010-9415-8.

Tang XX, Shen M, Duan HT. Temporal and spatial distribution of algal blooms in Lake Chaohu, 2000-2015. J Lake Sci,
2017, 29(2) : 276-284. DOL. 10.18307/2017.0203. [ EBeSE, YoM, Beilbite. LI MK 4L 25 4343 (2000— 2015
AEY. IR, 2017, 29(2) ; 276-284. ]

Yan F. Study on fast pyrolysis of biomass and steam gasification of semi-coke[ Dissertation ]. Wuhan: Huazhong University
of Science and Technology, 2010. [ Kf=F. A= 4y B s gt M K Z8 UM [ 2 g3 ] RO A RHER
2, 2010.]

Zheng Y, Hu ZQ, Xiao B. Preliminary study on fast pyrolysis and liquefaction of algae. Environmental Science and Tech-
nology, 2011, 34(10)  58-62. [ 5%k, WA, 1L, WO 0 USRIV AL BB B 090 5 . SRBII2 5
A, 2011, 34(10) : 58-62. ]

Xu ZK. The development status and prospect of cyanobacteria health food. ZhongGuo BaoJian ShiPin, 2012, (4). 4-5.
[ Freigs. VBRSO P R BUIR ST E M@ E gL, 2012, (4): 4-5.]

Sun J, Lu SM, Tao NP. The nutritional value and health care effect of spirulina. China Fisheries, 2006, (5) : 76-77. [ #)
W, BRER, W SRER A E R E M ORE DAL K, 2006, (5): 76-77.]

Sun SZ, Gao TR, Xu R et al. Technological process improvement of organic fertilizer made of blue green algae mixed with
tobacco residue. Journal of Yunnan Normal University: Natural Sciences Edition, 2008, 28(5) : 35-38. [ #hilt, /WK
o, TRBLE. TR IR & AR A VLR T 0. =R a2 e HARBL AR, 2008, 28(5) :
35-38. ]





