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A7, KRR 87 M BRI BT SR BIIR , HKIR O 4.77 .6.98.7.49 7.49 1 7.43 mg/L. I SR BUETIIO4E 10~21 K
KPR ) SO W BE LR REFERENTK T, £ 8™ W BESZ T e, JF 438 T 0. ¥ FF A, CH 3 K 2248, SO W T2 R,
CH W BEHE L Th, IFAESS 6~9 KMl T, BEFR G, CH, M2k BE G K AR A BRSO3 e BE A B4 NI R AEK 4Rk Ay
546.39,207.24.79.61 ,37.25 1 5.56 pmol/L, CH, ¥ BE 51 iR 7K i SOF ik B S48 O I SCSC R . DRI , TR HiEITA
wWER LA Elji%iiﬁ,ﬁ'f?ﬁ%lgﬁ%ﬁLﬂ% SO HBE 415 A (1 S 0.

KRR WEFTCWINA TR b BRERER B JEUMERR AL 5 )

Effects of sulfates on methane production during cyanobacteria decay processes in eu-
trophic lakes”

Zhou Chuangiao'”, Peng Yu'?, Deng Yang"?, Lv Chengxu'”, Peng Maoyangzang', Zhang Siyuan'’, Xu Xi-

aoguang'’** |, Wang Yu', Zhang Limin"* & Wang Guoxiang'”

(1: School of Environment, Nanjing Normal University, Nanjing 210023, P.R.China)

(2: Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and Application, Jiangsu
Key Laboratory of Environmental Change and Ecological Construction, Jiangsu Engineering Lab of Water and Soil Eco-re-
mediation, Nanjing 210023, P.R.China)

Abstract: With the continuous input of exogenous sulfate (SO3™) , the SO~ concentration in eutrophic lakes continues to increase.
Long-term field monitoring results show that the SO2™ concentration in Lake Taihu gradually increases to a level of 96 mg/L in re-
cent decades. In addition, the decay of cyanobacteria blooms in eutrophic lakes will increase methane (CH, ) production and emis-
sion. However, there is still a lack of relevant studies on whether the increase of SO3™ concentration in lake water will affect the
CH, production process in sediments. In this study, a cyanobacteria-water-sediment microcosm system was constructed, and five

treatments of sulfates (30 mg/L, 60 mg/L, 90 mg/L, 120 mg/L and 150 mg/L) were added to explore the dynamics of SO%, re-
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ducing sulfides ( ,8*") and CH, in the water during the decay process of cyanobacteria under different SO%~ concentrations. The
results showed that the sulfate reduction effect was the strongest on the 6th to 9th days when cyanobacteria accumulated and decay-
ed, meanwhile, the SO} concentration in the water rapidly decreased to the lowest values of 7.65 mg/L, 8.87 mg/L, 21.21
mg/L, 41.14 mg/L and 56.54 mg/L, respectively. Coupled with the process of sulfate reduction, the concentration of ¥,S*” in the
water column continuously increased to the highest values of 4.77 mg/L, 6.98 mg/L, 7.49 mg/L, 7.49 mg/L and 7.43 mg/L.
From the 10th to 21st days of incubation, the concentration of SO in the water maintained at a low level, and the concentration of
3 8% decreased gradually and approached 0. At the initial stage, CH, slowly increased. After SO~ concentration declined, the
CH, concentration gradually increased, and then rapidly rose from the 6th to 9th days. At the end of incubation, the accumulative
CH, concentration decreased with the increase of initial concentration of SO in water, which was 546.39 wmol/L, 207.24 pwmol/
L, 79.61 pmol/L, 37.25 pmol/L, and 5.56 pmol/L, respectively. There was an exponential negative correlation between CH,
concentration and initial SO~ concentration. Therefore, to accurately assess of methanogenesis process in eutrophic lakes, the in-
fluence of rising SO~ concentration should be considered.

Keywords : Eutrophic lakes; cyanobacteria; methane; sulfate; reducing sulfides; Lake Taihu
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@AM AR CH, AT B 1 SR HEHR 2 — A T AR o5 BRI M 3 T AU 3.7% , (ELHCRS K
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Tab.1 Composition of cyanobacteria
o Jisgiin YR KRR R 3 AN KN He

i kb 2.4% 4.44% 0.88% 1.72% 57.37% 4.77% 28.42%

# 2 BRORW B GURYIR 56 BAL R b

Tab.2 Initial physical and chemical indexes of overlying water and sediment

TP TN TOC TR so¥
Ak (0.02£0.006) mg/L (0.28+0.06) mg/L (8.61+0.69) mg/L — (28.35+1.8) mg/L
TR (1312.5£10.2) mg/kg  (840.12+13.4) mg/kg  (11.96%2.8) g/kg  38.17% (9.5+1.8) g/kg
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Fig.1 Microcosm system simulating the decay of cyanobacteria bloom of a lake
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[t B8 S, MR SO WREE | X S VR LB (TP) LEVEL(TN) JAR4(DO) VEALIRJF LA (ORP) A it A
Bl (DOC) .

1.2 kA%

s BSR4, SRl GB/T 6433 — 2006/1S0 64921999 i 5= 4 A5 i , 9130 5 &1 (GB/T 6432 —
2018 ) i 72 7 19 5T, Z2 W 0 2 o R B R AR 12: (NY/T 1676 — 2008 ). DO ,ORP it FiI 7K B U 72 {1 ( YSI, Pro-
fessional plus, USA) &, RFEEERE IS , 10 S AH N £R0/E.

SO e & 218 Tabatabai 933 (R HEATI5E 7 FREL0.15 ¢ BARSH AT 50 mL K, FEAIA 2 g
BaCl, -2H,0 $it14ff5 , A 50 mL 0.5 mol/L {1 £5 RV, i 4 BURR g 71, IR 100 L fyRRE RIFN L 0.45
pm B 100 L (/K EERIA 96 FLEFARAR 1 , 45 B AR 4R 3% 60 min J& , LEFFR{ T 450 nm ZbJ05E 1 AE.

3 ST L A R E O BRI S0 g ZnAc, -2H,0 Fil 12.5 ¢ NaAc-3H,0 3 F L8 Tk H &
7528 1000 mL, B8 2 R EE - 2 RRANVA W FRI 2 ¢ N, N-Z BT BEEXF K et iR £hvA T 200 mlL 2258 Fok i, 4%
PIMA 200 mL ¥k HRR , 2HUS FIKFRE, 4% 1000 mL, Ji2 B N, N-2 F 0 25 e e, 26 A S5 A R
ZERIEH ; FREL 25 g Fe(NH,) (80,),-12H,0 FF &4 5 mL KGR 150 mL 8Tk, & B KRR
%250 mL, 3 A RIE T BLE AR BREREE W (10% ) . MRER AR IR AE 96 FLINERFRAR A 60 pL i) 28R
BE—Z 540,120 pL ik 0.45 wm BERZKEE 30 L (5 N, N-Z B SEE 28 i K 20 L (% B i iz , 4 T A A
P2 30 min J5, FEFHRALT 665 nm AbiE % SEAA.

W AEPE S (DTP ) ¥ B (% 22 ff i GB 11893 — 1989 $HR £ 43 )t 6 Bk, DTN ¥k J& (9 Il =2 fifi il GB
11894 — 1989 Tl P 3 Bk FR B0 IS il 25 A6 EE . DOC ¥k B FH C/N /3 H74Y (analytik multi N/C 3100) 5 ,
TEN R 800°C R, AR AR A 300 L, A5 AR A2 (H.

CH, %5 i FHA I (3% 13 ( Aglient, 7890B ) i & "> | 46 0 % Ay K A B 46 00 ¢ ( FID ) A1 FiL -3 246 00 25
(ECD). 43 FID ECD #&:0 £58 15 B 43> 5 7 55.200,300°C . 3% FIJ 99.999% I & 28 & S AE R 8, iy 2
mL/min ; 3% ] 5 40 U 28 VR R, T 43518 40,400 mL/min, CH, (RS HIFR Y 0.13 pg/L, iR 2575 1%
PLIY.
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SPSS 18.0 44, # KA TR FH Pearson #5575
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2.1 /kffkh DOORP LUK BEEFNH. B HRENHEEN

Rl 25 W B I R T A~ E AL SCH REGK A TN TP 1 DOC ¥k & 8 25 T (B 2a~c) , RIS K4
1) DO ¥ & (ORP U FEAK ([ 2d, 2e) , B HA LI RG22 MTCH 2 5. DO YR #)E 0~2 d Z2RF
BRI ARME (<0.9 mg/L) , M5 B 445 763X — K F (& 2d) , ORP E il )5 0.5 d P9 F B3] -120 ~
-110 mV,2 d J5REFE-270~-230 mV (& 2¢). TN . TP ¥ fE7E 0~4 d L FFBiRE M, A 41 TN ¥k ELELS 4
FoBf e R oA 34.17 mg/L( & 2b) , TP W LRSS 3 KREFA RN, 0 3.88 mg/L( & 2¢). /KEH ) DOC He & 7
0~6 d TRy BRI, 7255 6 KA, B 4 DOC ¥k & I 57, o 55.46 mg/L( &l 2a) . I B RAET IR,
DOC TP 1 TN ¥ R MR EE BT, 1 DO VB ORP K T B, IF (i AK M ik B3 IR AU JFUR . F 4Bk T DO
WEAERIIA /MR T2 4M, ORP . DOC TN L J TP ¥ & Jo e i A5 1k
2.2 jkfkrr SOY ¥ S* #1 CH, iR EHIZh AT

SR TRIN , BE B R AR T AR S (K A Ak T IR VIR I SRR S, AT R BOK A & A SR Z 4k id
SRS i T B A SR A ST, KA TR SOT BRI, 87 \CHL VR BER KT B 7F, sci it b, CH, B¢
TR B R B 2 T 4 SOZ ¥ JBE (1 484 17 17 AR KK, [N 5 S (10 e 50 Ak 32 it 25 A0 s SO R 11 444 w55 i 18 78, 4
Witk SO HE KT 90 mg/LJi, XS™ M m ik B A F AR, 46 A~E TSR RS0 KR p g SOT ¥k
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Fig.2 The dynamics of DO, ORP and dissolved organic carbon, nitrogen, phosphorus concentrations

in the overlying water

TEES 4 RIFUR 2 RIRRAL, Horb A 417855 7 Kb, SOT A FIHARAH (8.49 mg/L) ([ 3a) ,B 417E45 9 KK}, 507
WS IR T IR (8.87 mg/L) (K 3b) ,C.D .E =#1 75 9 K, SOT H AR K A 21.21 41,14 ,56.54 mg/L( &l
3¢, 3d, 3e). SSTIRIETE 4 d JGRIE LT, IAES 7 REFABIEAGE Rk R 4.77 .6.98 .7.49 7.50 .7.43 mg/L.,
C.D.E =R TS W BET A4S, CH, WX R BN WIS A, i Bl 25 SOL e B AP, CH, 3 J3E DU 7 47
Tt A ERAESE 7~ 13 KN, IR VI LR SO e J3E A4 0 , W F0 H B A0 B 1) o5 M 007 488 J. o A 410
HHBAESE 7 K, B 4 C (A MBS 9 K ,D 4 E I BAESE 13 K. SR FREE AT, A~E
FA LW ARG, CH, 77 A4 1 Bk BRIk 546.39 ,207.24 .79.61 37.25 1 5.56 umol/L. ZEREFEMGH, 1
SR ATR IR SOT HRBELESS 11~ 17 X, BRIt ml A R 3 (DB S 48 F 6. F 41Kk rh SOT Wk g
AL, 4ERFAE (90210) me/L SN, T S™ WAL T 0.01 mg/L, CH# LT 0.12 pmol/L.
2.3 CH, iRESKEBLISHRHBELR

N2 T i SOL PR BB CH, 7= A LR e SR BT T3 i v 4% 1 b 18] B9 AR B 56 2R, AR 9 X 4%
TR R THEAE M. CHL R S SOL e i 5t B 25 FMISE (R =0.99, P<0.01) , &I SO ¥k B (i i i X 15
7 B e AT B AR A (22 3) . CHL Mk BE 5 DO \ORP 2 & IFAH 56 (R® =0.58,P<0.01) , 5 DOC TN . TP
W E Z [ AHSEE 135 (R = 0.49,P<0.01) , 3 W5 36 43 fifp 1ot A s ) /K R SR B2 (0 4 2 , 7 CHL 3t it s 1l

.

3 itit

WA R o Bl b SR A AR /NS 43, VR KA CH, B S5 RHEOIR =2 — , 4l Ak 38 4 1 R Tk i 31 T oy
8~48 Tg, W R BR AR K . B B8 2L II0 DA F 25 0, 35 3 K A 10 52 e %P IIAZE 25 &
Gih & TT R B LY RAL L IR RS IR B I T 72 26T K AR 0 R e 2 6 X e S IR
S, T BAK TR R R HER T, PREUEFE KA ) DO, Wi 7EHL 2 J5 1 o3 i B v ik — 25 #E DO, 1 ik
PREY AR DR UETT S T WA K R B IR B, ASBFSE WM F 49200 R 45, DO ZE 9 A /I
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Fig.3 Dynamic changes of SO, ¥S* and CH, concentrations in overlying water
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Tab.3 The correlation between CH, concentration and physicochemical parameters of overlying water

so¥ 3 8% CH, DO ORP DOC TN TP

S03” 1
¥y s> -0.148 1

CH, -0.586 ** 0.032 1

DO 0.210 -0.286 ** 0.986 ** 1

ORP 0.236 ** -0.309 0.859 ** 0.986** 1
DOC -0.476 ** 0.622* -0.756™  -0.658**  -0.704 ™ 1

TN -0.216 0.531* -0.808*  -0.655**  -0.710* 0.798 ** 1

TP -0.094 0.421** -0.228* -0.823*  -0.835™ 0.712* 0.789 ** 1

# FRAE P<0.05 7K EARRME 2 5 o F7RAE P<0.01 K EARRHME 2, n=75.

W TR T ORP WU — EL{R4HF R , S R , K ik — P4 T R A5 (181 3a, 3b). T A~ E 305 20 10
RGBT O B BEETS KA DO YREE LA K2 ORP Ut R (18 3a, 3b) 5K fAkh T IR S i J5
RS Wi A R I IEAIEE R (R =0.58,P<0.01) (% 1). 55 —J7 0, e -4 WL , (2
T CH, (R, RN AR B R C N P 585 5588, 76 A~E TS R 50 KRS SR i T,
TN TP 1 DOC ¥[8 i35 b FH( P8 2) , [, BFAMK RSt ], 7 KM I 10 TRl — AN 92 X P 3T F X
CH, RSB 0.173 mmol/ (m - d) , W ik 5 FAREZRIE 9 X g Hlfic &t 0.107 mmol/ (m +d) , BAIAT 171X F] 4.0
X, B 0 SR AR (ARG, CHL 47 #c# ik R 0.173 mmol/ (m” +d) 33 %) 0.107 mmol/ (m”+d) ™).
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WFFE R IR, B TR th SO v HE e i 4510 , 3 28 S5 WA 2 SRS B WA G, 15 TN e i 6 30 1F
X XF (R =0.93, % 4). BOREAMNEMESFERIMA 51 TR NP 8 8. RSN G A K5
AR B B KA, BT R T K WA KR SOT He B A T1 . LA 81, Ak A4 v SO e i iy 20 40
50 4EAR AR ] 30 mg/L_F T3] 2010 4EE 90 me/L, HAHE— 25 b THAG RS, FE SOT VR I T i85 £ I R A 5
T LA ARG R L B TR IR Y SO IR AT WA R BB R 1 SRV R T, i
Sty MU A T PR BR T R R R S AT , B 7 7 I o (R R LA AR DR (9 A B A AL
I T ) PR BRIk VA 2300 08 T 0 7R WA (6 4) )L [N, B 3544 J5 14 (sulphate reducing bac-
teria, SRB) &% M R4 B, SRB. 32 B SOT FE g o T2 1k 5 mle DR U8, 5 Py Pl 7 445 4 S 0
(Z RN ) Al /NS T4 H, 5 SR 0 S8 SRR I R B R 6 S 2 ) | PR i, W
BT U K R BB B (8] 2¢, 2d, 2e) B3 LA LK 58 FAbAb T IR S8 JEUR S, A
TR LR SR I 19 A K AR SO vk i i 25 T JiE A8 Ak ELAT W 8 198 Ak ( R® = 0.53; P<0.05 ) , & ZE 7K &
SO W BE A FE AR A K, Bk B T 97.77 mg/L, 17 B Z2 Kk ik SOT v 2 WU A . R, 1 59.28 mg/L™.
RS, KA SRR KR T WL R P i R AR T A K R R RO e 7 5
B ATHE T AR ERIE RO PEAT , SOT e 35 I 25 Bk A IS A T T s/ (1 2, 181 3) . B ZRUiAR b HUS &
B AU A AR R 43 SOT LA HL T2 0, AT BRI 1R 8 S5 I 5 17 4 ZR UL AR 42 J2 T e A BLIR 20, 4
ML FEIE  BRBRERIE IR SIS 6k SOT f I RE IR T M. [RII, & BBl 25 IR B0 I, ol A 0 0 07
A, AR ) B R R S R, HE MUK AR A7 7 AR S B 48, 34 T 8™ 4 Ak 2l 0%
IEANA 75 s B SRR R A R A B BE T S T KRB R 2 87, B4 S W B ALk SO, BRI T 8 T & B il k
fh SO% vk i i 1T

4 KRR AEFRRE S SO e il i

Tab.4 Nutritional state and distribution of SO~ concentration in different lakes

GNIE| BIRRE TP/ (mg/L) TN/ (mg/L) S05/(mg/L) F
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