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Abstract: In order to study the concentration of dissolved greenhouse gas and its influence factors in the surface water of eutrophic
lake, the west shore and Zhushan Bay of Lake Taihu were taken as an example. The concentrations of dissolved CH, and N, O in
the surface water of 27 sites were determined by using headspace equilibrium method. Results indicated that concentrations of dis-
solved CH, and N, O in the cyanobacteria blooms accumulated zone were much higher than those from the open lake area, with the
highest value of 3.79+0.095 and 0.078+0.003 pwmol/L, respectively. The average concentrations of dissolved CH, in the cyanobac-
teria blooms accumulated zone and open lake area were 2.33+1.46 and 0.14+0.059 pmol/L, and N,O concentration were 0.054+
0.024 and 0.023+0.012 pmol/L, respectively. The two greenhouse gases were all over saturated in the study sites, and the satura-
bility of the greenhouse gases in the cyanobacteria blooms accumulated zone was much higher than that from the open lake. Addi-
tionally, concentrations of N,O in the estuaries of inflow rivers were higher than other sites. The results of correlation analysis indi-

cated that the concentrations of dissolved CH, and N, O were significantly and positively correlated with total nitrogen, total phos-
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phorus, ammonium nitrogen and dissolved organic carbon, while the concentrations of the dissolved CH, was significantly and neg-
atively correlated with nitrate nitrogen. This study indicated that the littoral zone, especially the cyanobacteria blooms accumulated
zone plays a potential role in greenhouse gas emission from water to the atmosphere. Moreover, the occurrence of cyanobacteria
blooms may facilitated the production of CH, and N, O, but the driving mechanism and influence factors during this process need
further investigations.

Keywords: Lake Taihu; cyanobacteria blooms; surface water; greenhouse gas; influence factors
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Fig.1 Sampling sites (a) and field pictures of sampling sites 1 (b),2 (¢) and 3-27 (d)
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Fig.2 Concentrations of dissolved greenhouse gases in the surface water
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Fig.4 Concentrations of nutrients in the surface water
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Tab.1 Correlations between dissolved greenhouse gas contents and environmental factors in the surface water

pH DO ORP EC TN TP NO;-N  NH;-N  DOC PO -P
CH, -0.178  -0.083  -0.094  0.017  0.780* 0.944* -0.491* 0.926" 0.961"  —0.070
N,0 -0.210  -0.182  0.068  0.552* 0.557* 0.629*  0.111  0.582* 0.582*  -0.121

* FURAE P<0.05 7KF MG R o FRAE P<0.01 AT FARGCHE 3 n= 27.
3 it

AHIFFE S0 FE A 0 I A VR B 0 A 5 T 8 X A0z, 3 IO A A R
S AR b R TR, B AR RO HERE . WA R R U K AR R AR 1 R,
VU FR S A S A T 5 0 T A 9 K A KT 255 1 B R I R AR i, LA Ao 7
2 SR D AR BRI A O, AR A RS TR SRR R SRR i (7 TR R LU R
BLBE . 38 AN PR PRI 8 28 2 J2 TR B 2o s, 2 B R R v 0 200 B R P, R R 094 o % 50 1
ey Y R K R AU R i

CH, A HURE R A S T AR B 7 ™ = A i B BT 3 Fh 2B o ORI AR 7 &
P2 L TRANTE AT 7 TP G 4 ) 4 ASHIFE e, A0 B A0 1 2 KA CHL YR 88 A0 3 373 25 A 5401
T B PR A5 WA £ (S0 T30 2 25 AT, 1 K A KOOI I SR AR (1 Lh o) JBERE A3, IF 11 Ak A
RO R A HLR , XS WU A E W R oAk s TR, DR AEBURM b il s s S 7
WIRVE R 40 B3 1 7226 CO,LISM 3R 2724 CH,. LR RIS A s U & CH, 7= 1 S 45 7 (A
917 0 3 o e SR AL s K AR PR IR CHL YR BE (9 3h A5 BT 5E , % W CHL RSO IR T TR
Tt LIS AT L phy K 5 3 43 i o e R A WL AL T O . DR 7 A 9 CHL AR S B B B K A
FEHBAAE 1] L3RS i TR b 25 A4S RO 2UARRE , 0k O, Ak TR R 2. ARBIFZE 61, I TG 52 30T Ffy
WA RUX R CHL BT A HE I, X515 Wang 281 O RFSE— B0 b, Juutinen 257 X35 2% JLA
AT CH HER B FE A 22 00 , WIVFIE F X St CHL HE i 5 7. AW S0 A 5 R0k PR v CHL 2R3 1
FILRZS , 22 MBI B2 LAS , T80 Xt 2 CHL, v e iU

N, O 72 A Tl B e A 80 B At A e 7 DR A K AR B2 2332 1) NOS -N YR JBE (9 B2 T 76 R
A NOS-N R BEARBGIEOL T N, O 20l S il (40 B 17 A v T2 AR BT RE ™ . A WSR2 11, 2ok rh NOS e
/NT 0.5 mg/L if N, O BT FERE S HEAT ™ ARBFTE S 037 2 KA N, O MR BEAT IR Fie s, (FUR A3 1 IR
TFHAMG L. CABTTEED, 0Bk L5 K2t WA BAGER ™ A T B0, D KR B A e, HOR &1
FHRE I i S T A0 AL O, , 2 A T B2 7, 4 B2 A 20 7 412 048 78 A 19 NOS-N, [N I, 7 6 Tk A
BRI, N, O BRI RAR S L AN ISR B, ph T L AT 3 S BB s T T A KR T
SV VA LT, 3 S0 L P R R AR 8 X R, 3¢ S 9 (1 7 7 T RS R BOSAE 13~ 15,19 il 21 ~
25 K AHf NOS-N ViR J3E 4 v 10 SR 2 PR RS I , A I 11 30 110 35 A 380 T 0 T 8 X O 980 X, A
AT 0 U HE G, DT SR IE K A FR R v L IR 32 T BN U L ST K I 12 1T
()85 07 1921 ~24 2K M N, O WRBEES S , Wl i T AT A S AT SR ARG AN TR
AR AL RS A A T, M7 2 N, O (B ph AT 4 A B9 R 6E N, O 777 2 Ft) 32 W FIAIL #1752 1 — A5 T
FEA BRI S5 6.

IR 0 K A R R 2ot CHL I N, O 77/ B T 352 0. CH, A1 N, O 3 Ji 5 TN TP \NH;-N |
DOC e Ji F A Sk 523 (P<0.01) , Jirf CHL e 5 DOC e i AH e vk 5y 135, WK P i DOC 75 29
(OIS T 2% CHL 77 A T BRI, A 2P SE 29 3 W1, CHL, 9 7% A 15 1] ) PP A WLR e 3 A e
Xiao 25 %6 K] CH,HER A TSR 45 S 00, AR VR 5 W32 35 7 SR B2 L B 5 98 1K A A8 23 A 5 47 % CHL,
HERCAT FESEIA. [ DOC b, /K CHL N N, O 3 5 TP e 3 5 5 35 TE ARG , iV o B A /K Ak 4 27



1426 J. Lake Sci.(#:8#2),2018,30(5)

LA i K A B IR A R BN, R WD AR B IR AR E (0 I i) =2 K AR A 7 3R e, mT RE XS K AR
CH, I N, O f957 Az HAT — 5 RN (ELR: TP Xof A i 2 ™ A= fR 52 ) mT A2 (B 42 ), B0 2 i e 2 3
BeKAE T A TS B , (2 R S AL i A BB, S 2T IR A AT

TEZ 2NN EZR, 2RI 1 km® DL AEIG 2759 4, Hp 4 =50 2 — Rk BN, 24301
FEZRER IR LR R Wk X, H30T 70% SRR IIA ™, b T30 L4 SR R 22 B S SR R 900 9 VAR 45 2
(F9FF R L33 S92 BB 2 R ' TR AN s A S TR 3 DRSS R, KA % CH,
HCRA RN, PO AR T IR ORI P i CHL e [0 R R B B vh, BEAE 1 4 S A K AT h S Ak T
FE. BRAWIFTHIRS TR WA AR, CH, 1 K ST RS 1A g 1) 5, DR b FC 3 SR A 1T S A 1 AR X A 0 4%
PABIEFEEE R, 4 T T 58 TR AL WA i 8 7K Xl 2 A ™ A HR T 52 e B ML AT 58 % T A ke e [ 181
A2 R GEl 2 AR HER A4 3 R A E 28 5

I Rl W M AR DR CHL T N, O 77 A R4 DXl , SRR S PR SR 7K PP AR B2 A9 TR0 AN g
A e G 1) DR ik, PR A K el g AR 1) R HE BOE 5 AR AR — ST Y 9 R B XL
PR JEE A R R AT G, (EU SRR /K T B AR R BE RE S T — i R b S W e 1) SRR i g 1Ak,
AR SRAR G R A ot 2 AR S T i ) S S T B €0, S 5 AT I ) | 22 a5 L B T S L.

4 &g

1) R 7 i e AR DX SR 2K R CHL A N, O PRI it 2 0 MR B R R E 1470 T O el 180 X, 2R B 38

2) AGHTRTALTAD 1T X3 N, O e Ay , 2 W AIITRT AL F) i A 05T BE 22 (e E 7K AR N, O F9 7 A (HHCHL
i e ZEHE— AT

3) RJZ KR A AR SR R B AR AROC R U, Hovh CHL S DOC R BEA G M A o 123, N, O
WPET TP Y BEAN I f o 03 5 B FEa s T s/ AR K ] REXGHBITA R & AR ™ AR HAT T2, (HH
PR RS M LA SR T B — PR

4) FETAWITELE AR, 3 TR SR AT W K A X 3 3 U™ A I 9 52 i) B HL AR BT 7 06 T oA
ST I A 25 AR Gl 2 UM A SR A B2

5 &% 30k

[ 1] Bastviken D, Tranvik LJ, Downing JA et al. Freshwater methane emissions offset the continental carbon sink. Science,
2011, 331(6013) : 50-50. DOI; 10.1126/science.1196808.

[ 2] ColeJJ, Prairie YT, Caraco NF et al. Plumbing the global carbon cycle: integrating inland waters into the terrestrial car-
bon budget. Ecosystems, 2007, 10( 1) . 172-185. DOI. 10.1007/s10021-006-9013-8.

[ 3] WuQL, Xing P, Li HB et al. Impacts of regime shift between phytoplankton and macrophyte on the microbial community
structure and its carbon cycling in lakes. Microbiology, China, 2013, 40(1) . 87-97. DOI. 10.13344/j.microbiol.china.
2013.01.003. [ K, MY, ZRA0imas. SEemy g s st Wva fi Ak W 2t b MORCIRIG IR T e R S ). 2k 1% id
i, 2013, 40(1) . 87-97.]

[ 4] Carpenter SR, Caraco NF, Correll DL et al. Nonpoint pollution of surface waters with phosphorus and nitrogen. Ecological
Applications, 1998, 8(3) : 559-568. DOI: 10.2307/2641247.

[ 5] Huttunen JT, Hammar T, Alm J et al. Greenhouse gases in non-oxygenated and artificially oxygenated eutrophied lakes
during winter stratification. Journal of Environmental Quality, 2001, 30(2) . 387-394. DOI. 10.2134/jeq2001.302387x.

[ 6] 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.

[ 77 Tranvik LJ, Downing JA, Cotner JB et al. Lakes and reservoirs as regulators of carbon cycling and climate. Limnology and
Oceanography, 2009, 54( 6part2) : 2298-2314. DOI: 10.4319/10.2009.54.6_part_2.2298.

[ 81 Battin TJ, Kaplan LA, Findlay S et al. Biophysical controls on organic carbon fluxes in fluvial networks. Nature Geosci-
ence, 2008, 1(2): 95-100. DOI; 10.1038/ngeo602.



SXRE . FERHAEERERRBEARRER LY A& 1427

Inj

[ 9] 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) . GB4009. DOI. 10.1029,/2004GB002238.

[10] 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.

[11] Gudasz C, Bastviken D, Steger K et al. Temperature-controlled organic carbon mineralization in lake sediments. Nature,
2010, 466(7305) ; 478-481. DOI; 10.1038/nature09186.

[12] Walter Anthony KM, Vas DA, Brosius L et al. Estimating methane emissions from northern lakes using ice-bubble surveys.
Limnology & Oceanography Methods, 2010, 8(6) : 592-609. DOI. 10:4319/1om.2010.8.592.

[13] Marotta H, Pinho L, Gudasz C et al. Greenhouse gas production in low-latitude lake sediments responds strongly to war-
ming. Nature Climate Change, 2014, 4(6) ;. 467-470. DOI; 10.1038/NCLIMATE2222.

[14] Wang H, Lu J, Wang W et al. Methane fluxes from the littoral zone of hypereutrophic Taihu Lake, China. Journal of Geo-
physical Research-Atmospheres, 2006, 111(D17) ; 4093-4100. DOI. 10.1029/2005JD006864.

[15] Wang H, Wang W, Yin C et al. Littoral zones as the “hotspots” of nitrous oxide (N,O) emission in a hyper-eutrophic
lake in China. Atmospheric Environment, 2006, 40(28) . 5522-5527. DOI. 10.1016/].atmosenv.2006.05.032.

[16] 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.

[17] Weiss RF, BA Price. Nitrous oxide solubility in water and seawater. Marine Chemistry, 1980, 8(4) : 347-359. DOI; 10.
1016/0304-4203 ( 80)90024-9.

[18] Wiesenburg DA, Guinasso Jr NL. Equilibrium solubilities of methane, carbon monoxide, and hydrogen in water and sea
water. Journal of Chemical and Engineering Data, 1979, 24(4) : 356-360. DOI. 10.1021/je60083a006.

[19] YaoXL, Xu HX, Tang CJ et al. Denitrification potential of high suspend sediments in Poyang Lake, China. China Environ-
mental Science, 2015, 35(3) : 846-855. [Wkeie, thax i, FEMRANSE. BFHMI/KMOEIT Y SRS ALE I 5. o
EEERl 2, 2015, 35(3) : 846-855. ]

[20] Yan X, Xu X, Wang M et al. Climate warming and cyanobacteria blooms; Looks at their relationships from a new perspec-
tive. Water Research, 2017, 125 449-457. DOI; 10.1016/j.watres.2017.09.008.

[21] Chen M, Li XH, He YH et al. Increasing sulfate concentrations result in higher sulfide production and phosphorous mobili-
zation in a shallow eutrophic freshwater lake. Water Research, 2016, 96. 94-104. DOI. 10.1016/j.watres.2016.03.030.

[22] Komada T, Burdige DJ, Crispo SM et al. Dissolved organic carbon dynamics in anaerobic sediments of the Santa Monica
Basin. Geochimica et Cosmochimica Acta, 2013, 110(3) . 253-273. DOI. 10.1016/j.gca.2013.02.017.

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

[24] Lay JJ, Miyahara T, Noike T. Methane release rate and methanogenic bacterial populations in lake sediments. Water Re-
search, 1996, 30(4) : 901-908. DOI. 10.1016/0043-1354 (95)00254-5.

[25] Hu WT, Tang Q, Sun W et al. Dissovled methane dynamics during the degradation of organic matter derived from cya-
nobacterial bloom. China Environmental Science, 2017, 37(2) : 702-710. [ #1715, BT, PMVESE. KT 5 K45
ik e Sh AL RS Th EFREERL:, 2017, 37(2) « 702-710. ]

[26] Juutinen S, Alm J, Larmola T et al. Major implication of the littoral zone for methane release from boreal lakes. Global Bio-
geochemical Cycles, 2003, 17(4) . 1117. DOI; 10.1029/2003GB002105.

[27] Seitzinger SP. Denitrification in freshwater and coastal marine ecosystems ecological and geochemical significance. Limnol-
ogy and Oceanography, 1988, 33(4part2) ; 702-724. DOI; 10.4319/10.1988.33.4part2.0702.

[28] Usui T, Koike I, Ogura N. N,O production, nitrification and denitrification in an estuarine sediment. Estuarine Coastal &
Shelf Science, 2001, 52(6) : 769-781. DOI; 10.1006/ ecss.2000.0765.

[29] Johansson AE, Kasimir Klemedisson A, Klemedtsson L et al. Nitrous oxide exchanges with the atmosphere of a constructed
wetland treating wastewater. Tellus Series B-chemical & Physical Meteorology, 2003, 55(3) : 737-750. DOI. 10.3402/tel-
lusb.v55i3.16363.

[30] Jgrgensen CJ, Struwe S, Elberling B. Temporal trends in N,O flux dynamics in a Danish wetland-effects of plant-mediated
gas transport of N, O and O, following changes in water level and soil mineral-N availability. Global Change Biology, 2012,
18(1): 210-222. DOI; 10.1111/j.1365-2486.2011.02485.x.



1428

[31]

[32]

[33]

[34]

[35]

[36]

J. Lake Sci. (¥4 #F%) ,2018,30(5)

Gao YX, Cai LL, Zhao LL et al. Water quality comparison between lake Taihu and contribute river during high water-level
period. Environmental Science, 2011, 32(10) : 2840-2848. DOI: 10.13227/j.hjkx.2011.10.025. [ FK &, 2k, #X
MRBREE. K PRI L 55 3] DR LR AT ST . BREE 27, 2011, 32(10) ; 2840-2848. ]

King GM, Wiebe WJ]. Methane release from soils of a Georgia salt marsh. Geochimica et Cosmochimica Acta, 1978, 42
(4): 343-348. DOI: 10.1016/0016-7037 (78) 90264-8.

Xiao Q, Zhang M, Hu Z et al. Spatial variations of methane emission in a large shallow eutrophic lake in subtropical cli-
mate. Journal of Geophysical Research Biogeosciences, 2017, 122(7) : 1-18. DOI. 10.1002/2017JG003805.

Wang SM, Dou HS eds. Chinese lakes. Beijing: Science Press, 1998; 3-21. [ Ef R, S5, b EBIAL. dbat. B
SFH AR, 1998 3-21.]

Qin BQ. Approaches to mechanisms and control of eutrophication of shallow lakes in the middle and lower reaches of the
Yangtze River. J Lake Sci, 2002, 14(3) : 193-202. DOI: 10.18307/2002.0301. [ Z&{(135. VT F K B0 & 5 %
R AN SRR, WAR:, 2002, 14(3) : 193-202. ]

Bastviken D, Cole JJ, Pace ML et al. Fates of methane from different lake habitats: Connecting whole-lake budgets and
CH, emissions. Journal of Geophysical Research Biogeosciences, 2008, 113 ( G02024 ). 61-74. DOI. 10.
1029/2007JG000608.



