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Dissolved greenhouse gas concentrations and the influencing factors in different
vegetation zones of an urban lake

DENG Huanguang, ZHANG Zhibo, LIU Tao, YIN Shanhong, DONG lJie, ZHANG Ju & YAO Xin
(School of Environment and Planning , Liaocheng University, Liaocheng 252000, P.R.China)

Abstract; Dissolved concentrations of carbon dioxide (CO, ), methane (CH,) and nitrous oxide (N,0) in the surface water were
measured using the headspace equilibrium method fortnightly from April to November of 2015 in the Potamogeton crispus zone,
Nymbhaea tetragona zone and Nelumbo nucifera zone of the Lake Lingdang in Liaocheng City. The saturations and emission fluxes of
the greenhouse gases were calculated based on the two-layered diffusion model. Moreover, water temperature, pH, dissolved oxygen
(DO), chlorophyll-a and the nutrient concentrations in the water body were also measured in order to investigate their influences
on the dissolved greenhouse gas concentrations. The results showed that the dissolved concentrations of greenhouse gases in different
vegetation zones were all supersaturated, which indicated that Lake Lingdang was a source of atmospheric greenhouse gases. The
concentrations , saturations and emission fluxes of CH, in N. nucifera zone were significantly higher than those in P. crispus zone but
no significant difference between the data of N, O and CO, in different vegetation zones. The concentrations of DO, total nitrogen
(TN), total phosphorus (TP) and nitrate (NO3-N) in three vegetation type zones also had significant differences. The average
concentrations of DO, TN and NO3-N were highest in the P. crispus zone and lowest in the N. nucifera zone, but it was on the con-
trary for the average TP concentrations. The results of correlation analysis and multivariate regression analysis between the green-
house gases and the water environment parameters suggested that the aquatic plants could affect the production and emission of
greenhouse gases by influencing the physicochemical properties of water body. Greenhouse gas concentrations in lake water were
mainly correlated to NO3-N, NO3-N, water temperature and DO in the P. crispus zone, while mainly correlated to TP and pH in
the N. tetragona zone, and pH, NO3-N and DO in the N. nucifera zone.
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Fig.1 Sketch of Lake Lingdang showing the vegetation zones and sampling sites
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OLTP#RIE) , 6 SUZFE R B 2 E T, TR ISR RS2 B R A8 B K — 5 T i 2 A i HE i i
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B0 0 5 FHE TG 5 1] 1) 22 57 R F SRR R 5 22 4387 (One-way ANOVA ) 7 0.05 (1 825 ACE LTk s, &
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I Chl.a SP259R BETC 5122 5 (P>0.05) , i DO TN TP Fl NO;-N P29 FEH A 35 22 5 (P < 0.05) , H
# DO TN FiIl NO3-N ¥y BUM iR IR BE fre iy, SERE XU RARG, 17 TP W M IE S AR, SR FERE X K
TP R fRe s, LA XA RN TUARES) , 7E AR KOS AR el A T €O, JFARIK O, , ik
i DO WRFEREN, A AT N AORSALIE AT, [ R K bl LA B0 i e A ™ T O 52 S A 4390
TR RE KAL), e A RS T B S K T, AT T R RO 1K P2 e a i, &
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Tab.1 The water environment parameters of Lake Lingdang

DO/ N/ Tp/ NO3-N/ NOZ-N/ NH;-N/ DIP/ Chl.a/

T
v pH (mgL)  (mgL)  (mgLl)  (mgL)  (mgL)  (myl)  (mgl) (pe/L)

HEX 23.4:6.60" 8.87:0.22* 9.35+1.37" 2.77:1.27* 0.092+0.038" 1.43+1.31* 0.029+0.018" 0.183+0.069" 0.019£0.014*  33.2+24.6"
HIESEE X 233£6.61" 8.71:0.22% 7.82+1.81"  2.08:0.62* 0.120+0.042" 0.73£0.91° 0.023+0.013* 0.246+0.123" 0.018£0.016*  38.3+22.4*

HHIX 23.3:6.44%  8.75:0.35  7.54+2.33%  1.88+0.35° 0.135£0.033" 0.43£0.35" 0.021+0.013% 0.239+0.135" 0.020£0.014*  37.7+24.3°
X 233643 8.78+0.27 824201  2.24x0.91 0.116+0.041 0.87£1.02 0.024+0.015 0.222+0.114 0.019£0.015  36.4+23.4
GB 3838—2002
T - 6~9 =2 <20 <02 - - <2 - -
VRIKbsHE

* [FFIAR /NG PR BA BE 2R (P<0.05) , MR TROR T REZER (P >0.05).

22 RHEMBRERERE AMEMHRES

N 2 foR, BRI N, O CH,F1 CO, BYPR B 5351 )y 41.4+15.2 nmol/L.,0.608+0.757 pmol/L il
347+ 1.7 wmol/L, A% TR MW & 2 i B K A MERRIX 2 KA N, O F CH, (A £ B (0.0540.024 F12.33+
1.46 pmol/L) , {H &5 FFF il 1] X 1 ¥ J (0.023+0.012 H1 0.14£0.059 wmol/L) M. fhL 1 43 51 K 304% =+
111% ,21875% +£26998% Fll 235% +68% , #4140 T 15 BE i AR ZS , Hivb CH, M 1 B JE 1Kl ol 2868% ~ 157660%
T T N,0 H1 CO, s HEll 8 &394 0.027+0.015,0.253+0.354 F1 7.94+4.32 mg/(m’-h) , ¥R KR+
TR A ARA PR AR B AR T T ) SRR B KA COL R CHL YR . ST g IX K
b CH, VR BE 00 RS RHFOE B A 3P 28 e, RIS RE X CH, e B2 IR 8 Rl o 4% 8 38 8 T
FEIX (P<0.05) , {FBE % DX RIS X (]G 1 2% 22 57 (P>0.05) s B AL IX N, O 1 CO, e A A1 2 AT e it
Yo E V225 (P>0.05).

2 BRI [ R A DR MR 2 SOV AR B AR R R HR i i S
Tab.2 The parameter statistics of concentrations, saturation and fluxes of greenhouse gases

in the different vegetation type zones of Lake Lingdang

Ml N,0 CH, €0,
vy BH
e WE RRE HEGER W TURIEE Hec it WE O aAE e R

JHHX THE 30.8£14.5"  290£73% 0.025£0.013* 0.229+£0.074*  8157+2633* 0.092+0.038* 31.3+8.4*  215+64* 6.55+3.24*
JWHE 20.3~65.2 222~474 0.007~0.048 0.092~0.384 2868~13268 0.024~0.177 21.4~50.0 147~406 3.29~16.13
BEEX P 42.2416.3% 316+153° 0.028+0.017% 1.005+1.198" 36208+42480™ 0.430+0.568" 35.4+10.5° 243+74" 8.37+4.70°
T 20.9~62.6 217~807 0.009~0.062 0.276~4.562 8784~157660 0.075~2.122 26.4~60.9 182~469 3.99~22.88
FEFEX T 42.0£16.0° 308+100* 0.028+0.015" 0.591x0.218" 212618362 0.237+0.106> 37.4£15.3% 247+67* 8.90+4.83"
JWHE 22.7~69.3 231~606 0.009~0.053 0.317~1.090 10152~37676 0.087~0.506 20.7~66.5 158~416 2.78~19.55
W P 41.4£152  304:111  0.027+0.015 0.608+0.757 21875426998 0.253+0.354 34.7+11.7 23568 7.94+4.32
JEE 20.3~69.3 217~807 0.007~0.062 0.092~4.562 2868~157660 0.024~2.122 20.7~66.5 147~469 2.78~22.88

s YR E A A% 5 HEMBCH H 07 mg/ (m® +h) 5 CO, Tl CH ¥R BEPALE N pumol/L, N, O ¥ BE 847 Sk nmol/L. [7]— 31 A |]
NG FRIORHA BENEZE R (P<0.05) , MR THFORTE R M2 R (P>0.05).
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4 AFEBRRET 60% F 76% 5N, O fFIEEIRA FTREAR, TREIREEZ R 28% , AT Ab it iR LR, 258 8k X
CH, SRR By v ] e PRI AR fh a3, o B2 (i S KB 38 R B AE 56 91 R (7T A 9 H) , BE3E XKk
CH, M BEAESE 91 KA 57 R (6 A 5 H) WUWE(E S 2.40 F14.56 pumol/L, 3 5 25 & 1 HoAb I 473 h B 52
DXFABESAE X CH, MR BE . 25 AR XK AR rf CO, ¥k 2 S ik 22 1A BE I [B] e RIS b T 09 B 3R I s A8 4k, B IX
TR CO, ¥R B F (B H ERFE 4 H (50.0 wmol/L) , HEEX HHELZE 7 A (60.9 pmol/L) , F#EFEXWFE 11 Ak
Hr CO, ¢ FE f¢ 175 (66.5 wmol/L).
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Fig.2 The concentration, saturation and flux of greenhouse gases

in the different vegetation type zones of Lake Lingdang
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SO, LR BRI R 3 0 £ R AR ) 7 AR ) AN HE KA 0T K R B A J5 A K S5 A AN TR B 32 D 5 7
—II TR R T, SRR, WKL ZE, &RFAERK, AFIFRN TR Hi,
R T AR A 0 el A B A 2 T 455 10 080, 3l 6 T Y T AR ik GRS T TR B e K AR ) R
JE IR AE 6 1A RS 1K (AR T 5 A R G 5 7B R S RIS A R T IR T B, LBk Ik
BEATRIR G AEARAFR TR F IR0 IHFE h DO FFRi N P 2B FR ), A ik S i AL A A N, O fy 7 A i
i, PORTEBITA R JE h B A LR TR DRSS AF T 23 2 CHL B IICHE A KRR, AT 5 B30I 34 X1 3
FE DK F il 2 AR B v T A IX
2.3 MEEF LRSI ESEBRFRENZMN

BT K R TR B B 0 K VAT 3 A A R FE R DR 3R, DRI g — 25 3B 7K J5R PR 7 5 38 7
Hhli & AR AR BERRZ R, SR ARG 0 AN 22 T 1R 3 A % JEEA T 120, sk 3 om0 XOK P
FAARRHRSE S T TP \NO5-N H1 NO,-N M HA R FAH S, B 3 X5 3 O B 35 AR S PR A K
JFie45A pH.T TP \NO,-N Fil Chl.a, TWi3%#5X & DO pH TN TP NO,-N Fil Chl.a. TP Fil NO,-N J& 3 Fhi#h
XA BIAR DGR T, (R TR [RIAEL B X5 25 2 AUUR ) A A DCOC R AR SCRE BE 45 28 5, A5 AR X TP
5 N,O CH R EEF R IEME, M5 CO, MR A NOL-N 5 N, O W2 IEMC, Hit 5¥%E/MIX CH, 2
B IEAHDE. & ABE XK dhill 2 S BE 5 NHI-N Fi DIP X0 W3 AH 61, X iz NHL-N FiI DIP ¥ i
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TEASAB R X I LE ] — e BE 7K P LA K DIP R BERRAR AT (K 1)
3 BRI [FIAE B DOR PR rh i & AR S K RS BLRN Y Pearson AHE R KL (n=13)

Tab.3 The Pearson correlation coefficients between the greenhouse gas concentrations and the

water quality parameters in different vegetation type zones of Lake Lingdang

K THEX I £ X FEREIX

ZHC NOMWIE CHOREE  CONREE N0V CHORE  COMKE NOWE CHIKE  COMIE
DO -0.12 0.38 -0.11 -0.25 -0.54 -0.37 0.54 -0.14 -0.77°
pH 0.29 0.40 -0.27 -0.27 -0.75* -0.60" 0.68" 0.16 -0.69"
T 0.37 0.61" -0.77* 0.58" 0.57" -0.03 0.45 0.12 -0.41
TN 0.33 -0.55 -0.11 0.09 0.16 0.26 0.05 0.58" 0.16
g 0.44 0.56" -0.49 0.58" 0.51 -0.18 0.61° 0.30 -0.62"
NHj-N 0.31 -0.40 0.05 -0.27 0.06 0.36 -0.12 0.18 0.52
NO;-N 0.38 -0.61" 0.08 0.07 -0.13 0.11 0.27 0.42 0.17
NO;-N 0.78% -0.12 -0.40 0.57" 0.03 -0.15 0.25 0.62" 0.04
DIP -0.34 -0.13 0.37 -0.31 -0.36 -0.23 -0.16 -0.46 -0.30
Chl.a -0.55 0.48 -0.07 -0.04 0.57" 0.43 -0.59" -0.25 0.12

a 7R 99% 15 X ] .3 b Frm 95% B {w X Il i 3%

N 4 PR, ANFRAEEX AR E AL 5 1~ 2 A KBTI bR AR S BAT g7 78 L 2k [l
77 R AN TR AR A DX ] — ol 3 AR 1 52 T DR 7 2 A TR), NO, 7E 8 % X 32 %252 5 NO,-N I NO;-N iy 5%
Wi, FEBEE X S TP, 178 2 88 DX Sy pH; CH 7EHL 5 X T F1 NOS-N, TEREE X pH, i 753 38 X
NO;-N; CO, e B X T #1 DO, ZEMEEX N pH H TP, AR5 X Wk DO. SR UL, JHE XK iR =<
TR i £ 5 NO,-N NO;-N T Il DO A ¢ ; B Xy TP Al pH; SR X pH (NO,-N #1 DO.

TR R, — 7T, R T, KR T, AL SAEHIHER, Bkt CO MR 55— i,
AT PRI R SR R R L, IR BE TR, AT COL MK R BRI AR, W7 T B 3R] 1 1 5
B COMRE SRR W FHONC. AR CH, BRI T IUBU Y RS REAR ™, MK I o5 I A7 ) A7 4L
PIrw Ak, B e s A5 2 NOS-N YR EE R T R CH R AF R M F A F (R 4), HEHE R
FMIE (3R 3). NOL AR AL AN SR AL R A ] 7= 4, ™ AR R T K AR N AR e A o o3 B RS 26 1F, T
N, O SEFE R AL SRS 1k A P B ROt B, Pl TR K P DO R BE RS (R 1), (S
NO; 1 NOS B JFUAZ R, AL 22 2], I, N,O W& 5ok h NOS-N e B B IEMICRER. Bk
Reist, DX & AT AR 32 2% F) NO,-N \NO;-N il DO S [H 720, X A] RE-5 HAGR 1 DO A
WEAR(ED).

K 4 BRI R R DX AR P L 3 A B S K B S ) e el U 5
Tab.4 The linear regression equations between the dissolved greenhouse gas concentrations and the

water quality parameters in different vegetation type zones of Lake Lingdang

NO, CH, €0,
WEx  y=18.979+925.1215(NO3-N) - y =0.133+0.006x( T) -0.030x( NO3-N) y =32.958-1.008x(T) +2.203x( DO)
(n=13)  5.508x(NO3-N) R*=0.659 (P< 0.01) R*=0.848 (P< 0.001)
R*=0.908 (P< 0.001)
BEZEX  y =6.678+274.343x(TP) y =37.128-4.160x( pH) y =393.550-39.374x( pH) -131.003x( TP)
(n=13)  R2=0.610 (P< 0.01) R*=0.556 (P< 0.01) R*=0.608 (P< 0.05)
WXy =-226.542+30.244x(pH) y =0.395+10.568x(NO5-N) y =84.629-6.311x(DO)

(n=13)  R?=0.466 (P< 0.05) R*=0.379 (P< 0.05) R*=0.615 (P< 0.01)
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SRR, SRR A A R I TP K T, B T FHDGRE A KT, ] T O SRR R A
PAERL MTERKA BTG, TR, BUEYm s, HA R i il B h 22t , KA T
FEAE R, I DO YREE B TR (K 1), IR TR R AF IR L. PRI E %
Z 5 E TR AL, B AR A AR YT R E IR UK, SRR LRI G A 7, DT 3 2o 5 i A
Wy B TR B T A PR A DS X RS A XK M e TP i 3 3 0 T X, R T
AR RN EEEE, AEBET R DURR B, DU ML) SRBR AL 1 32 50 00 5 B, [ iz 1 189
TR PR LN, A FITF CH A N, O 7=k

pH L2 5 I 5 MR 0 o 2 PR . AR DK b COL MR BE 5Kk A pH SRR G, L7 B3 XA
HEHX CO M 5 pH 2 3 FUHSE (3 3) , 305 HAOBII G AT A — 5. R4 W1 K D Bt ( 3%
1), BB CO, 5 KA T, il T 20 CO, YR BEREAR. 17 pH Xt CH, A N, O 7 A R B 520 = 2R 1 52
B R D T IR P A 1 22 SR K pHL {EAE 8.21~9.48 2RI By, 7= HIGe B 1A 75 P B pH 725 i
SEF)TAWH. SO B R KRR R K U N, O Se il B pH (5 B IEARDCOC R, it
A HABBESE " RN, O (HERC S pH (8 52 B34 UHIEC R, (AEADITOD, X N0 W 5 pH &2 i
FIEFCKFR(FR3), f1T N0 BB R Z AR B AL R AR, KOk pH B N, O HERLRY
SN AT 5 T — P PR

PR LK b DO WREE (R 1), AFIT CH R R, HAER R DO IREEMH T BBk b i S AL
F, AR X b K PR A U HGR CHL B HAT B R BRI (35 2) , BEIA/KAATR 2 R e A Bl
(9 2 R SRS P PR By R B, 5 380 K L 2 AR AV A R B A B . K R R T Lk
PRUTRE I IR P, 7o FF e v RSB AR 40 B S8 T R W IS AR IR, 5 R T CHL I N O B 72 A
T AFFEAON 2w X L K BT BT T 00T, 4 J5 3 5 25 5 SIS D8 BRAR P Bt — 28 23 M AR FE AN T
IR AR K AR 2 A A R ) R M AL

3 &t

1) BRI [RIAE B X K 8 f DO TN TP il NOS-N P ¥k B2 AT B3 25 5 (P< 0.05) , b DO TN F1
NO;-N e i F A YL 75 X > MRS X STE R X, 1111 TP e J3E W E A AR, 2 B A S48 X > S [X > X

2) BRI K PR T iR AR AL T M RLIR A, e BA 1) K ASHERIOIR 28 s AN R X K M N, O A
CO, e i 0 e FIHI G B340 B8 % P25 55 (P>0.05) , CH, kB2 0001 EE RITHE JGE 3 26 91y B 34 [X > 3
FEX>TH ALK

3) AR RN A5 A Al X 3R A MR B AR TR R JEE L 5 /K IR B SR IE/ ORI SE R, (HAS NHL-N DIP ¥k
TG 5 AN (P>0.05) 5 7K A= Hi 47388 3 5 0 7 A P9 B8R A 5 ol 2 A MR A 7 A R I ™ A B 25 1 2 S v
e, ZRIWA AR DK Al & SR EE F 25 NOS-N (NOS-N T F1 DO A 3¢ 5 BESE X AH IS4 TPl pH;
FERE XA S 40k pH NO -N A1 DO.

4 S 30k
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