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Dissolved methane concentration and diffusion emission characteristics of ponds in a typical agricultural
catchment
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Abstract: This study investigated the dynamic variability of CH, in four ponds draining distinct landscapes (sewage pond, irrigation pond,
aquaculture pond, and natural pond) in the Tongyang River catchment, a typical agricultural catchment, based on field measurements over
the period of 1 a. Results showed that these ponds were hot spots of atmospheric CHs due to agricultural activities and domestic sewage
discharge. For comparison, the estimated diffusive CH4 emissions in the aquaculture, sewage, and irrigation ponds were 6.0, 3.0 times, and

2.2 times higher, respectively, than natural ponds[(0.54+0.49) mmol - m™+d™'] with less human activity. The CHy varied temporally in the
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four ponds; however, factors influencing the CH, variability varied between ponds. Generally, the temporal variability of CH4 was associated

with water temperature, dissolved oxygen concentration, and pollutant loadings (e. g., organic matter and nutrients). Overall, the mean

dissolved CH,4 concentration in ponds of the agricultural catchment was (1.30+0.78) wmol L™, and the estimated diffusive CH, emission

was (1.64+1.50) mmol - m™? - d”, suggesting that the ponds were a significant source of atmospheric CH.. Notably, peak CHs emissions

occurred in aquaculture ponds, which should be further investigated in future research.

Keywords: agriculture watershed; pond; CHa concentration; CHs flux; influencing factor
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Figure 1 Geographical location of the Tongyang River catchment and the sampled ponds
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Figure 3 CH, concentrations in different ponds
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Table 1 Physicochemical parameters in the four ponds during the observation period

KR mp K Water DO/ cony NO--N/ NHi-N/ TN/ TP/

TR Water temperature/
Pond type Area/km’ P (mg-L™") (mg-L™") (mg-L") (mg-L™") (mg-L") (mg-L™")

depth/m C

H AR 2.0~3.0 0.004 22.62+8.27a 9.86+3.04a  3.36x0.78c 0.46+0.19a 0.29+0.09b 1.35£0.25b 0.07+0.04b

HeT5 I 0.5~1.0 0.007 22.43+9.99a  8.94+3.80a  6.84+1.07a 0.67+0.21a 0.68+0.48a 2.89+1.13a 0.35+0.25a

HEWE S 1.0~2.0 0.010 22.90+9.51a  7.73+2.77a  4.65+1.05b 0.56+0.33a 0.33+0.15b 1.45+0.35b 0.08+0.03b

FRp I 0.3~0.5 0.003 22.03£8.72a  9.29+4.25a  4.64+0.93b 0.48+0.15a 0.39+0.12b 1.33+0.12b 0.07+0.04b
A T o P (PR 2 R 0 A T8 P0.05 22 54 B

Note: Data in the table are mean + standard deviation. Different letters indicate significant differences of different ponds with P<0.05.
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Figure 4 Monthly CH, concentrations in different ponds
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Figure 5 Correlations between CHsconcentration and water temperature in different ponds
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NH:i-N TN & i 2 [F A, FRFE 5% CHLR JE 5 NOs-N
REEFEME, F, S0P AT b 4 FpR
[7] 5 08t % CHL MR B A2 {35 5 DOC ¥k JE TG (8 25 A
Ko A, BB BT A B 30 & B, 32 I 3 3 /K
& CH. AL 5 DO ¥ i (R°=0.38, P<0.05) 1 NH;-N ¥ &
(R=0.17,P<0.05) B E A%,
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Table 2 Correlations between CH, concentration and water environmental factors
Hh 2T K Water DO/ cop/ NO;=N/ NHi-N/ TN/ TP/ DOC/
Pond type temperature/C (mg-L™") (mg-L") (mg-L™") (mg-L") (mg-L") (mg-L") (mg-L")
B8 0.79% —0.77% 0.72% 0.19 0.69* 0.03 0.09 0.20
HEV5 Y -0.40 —0.70% -0.19 0.61%* 0.59* 0.71%* 0.07 0.21
T 0.45 -0.46 -0.11 -0.05 -0.20 -0.27 0.07 0.19
S5 0.76% —0.91 % 0.52 0.74* 0.03 0.72% 0.50 0.22

TE R SEMEAE 0.01 K- B35 3 R R PEAE 0.05 /K- F 835 (LA

Note: ** indicates significant correlation at 0.01 level ; * indicates significant correlation at 0.05 level (one—tailed test).

2.5 CH.¥ 801 £ = T 4F1E

FEF WP ARSI , 45 A K- A R R
FAFRNADFFE P 4R oW s CHL Y HOE . 455 3%
FIT, 0 A e 4 T S5 08 ot 3 )2 RS CHL B HE B
H AR YE RS HEVS E DL IR IE CHL Y HCHE i
543 5 M (0.54+0.49) | (1.16+0.87) . (1.62+1.59) .
(3.23+4.09) mmol *m™2-d™c FFFH M I CH. ¥ HUE =
i, 3 (P<0.05) i T B AR Tt 5 A i % 19 CHL
PHGHE &, 5 CHIS AR A —3. J4h 1
) T CHL Y HGH 5 1Y do — N T
0.003 pmol - L™, H 38 1155 1 KU R A R AE A
TF1) 7 S5 i S92 B UL K500 , 4 b S5 UL 4 CHL 7™ 150
i (] 22 AR R AL 5 VA AP VR B — B (B AR B R°=0.68,
P<0.01; 3 % 5 R?=0.78, P<0.01; H 5 5 R?=0.74, P<
0.01; F5 58 ¥ R>=0.78,, P<0.01) , 1 I A BF 5% o 4 Ffr /]
T 38 K - T CHL 50 & 2837 CHLUS AR
Kl , 5E A WA B, 2G4 S it
27 A B R Tl A S 3 A CHL Y HGE o
(1.64+1.50) mmol *m>-d™,

3 iFig

3.1 AES=WthyE CH. IR E R EHE R E XS b 47
AT S B CHL I A B e L BRI A 4 Bl
b s o R R 5 . BUA b, AR 2
NN SRR BE /D B R D is A AR (B 1), B
A IR CHL W R HGE > FRH R A e i
49 CHL ¥ B2 AN il i, G CHL HE 2 A AR IERY 6
i FREIEHEAN A AR | 000 Tl S HAt ) o 14
P LA LT L O CHL i 77 AR S 40E T A A 2%
A0 T R KR CHL B8 S 25 HE TR R
TR AR (R 1) A BT /™ 42 19 CHL A ik
7K N, N KA CHL W A7 W B N2 Ho BRI
HEAN B PSRAE e BESR A I o A3 3 R /K AR A B (18

1% WHART]

1), 0] Sk CH. 1 77 AR S B2 A LR VR 55, B 212
W CHL R 7= A FHE RS2 sk A6 s T % S
FRFEIE LA R CHL S HE A Xk, CHL K
Heflt i = 1 B Ak

Z SR AR MY T Sh AN Y5 2K HE R g S )
TR R0 HE TS 3t ELA 5 8 1) CHL R B AN i e (14
3), VR ANHE TS BB A CHL P BCHERC S B H AR SER
225 M 3.06% . B TR HHEK T A LR
Tt , ok AR B oy i A B HE IS R A AR A
ML P 8 1 0038 CHL 9 7= A=, 5 SO R E CHL R BE L
HCHE o G 2 TP R BE A AR AR IE Y
Jit FE 2 386, R A AR A7 ey 1 A KA S T AT RS
M 7K A4 CHL 8 77 AR FHERC > HETS Sl K A28 5 e
25 AR EFRY S B A AT i —
O AA A Py ARG B, 5 30 CHL By R s HE
[, AR 36 V5 K B A o] B AR CHL B A, $2 5
CHL VR B FHEAlCE 525, (EA B RAEA UL
1590 COD FEHETS Hide i (R 1) o B, il Aol
TSRS T DL R S R Y5 /K B HE R, K Bl R A L
HEA MR , 5 A SMIR G R 25 R it i A K AR CHL ™
A PR Z W R R R, 2T K AR CHL e B R AR
W,

AN TR) b 3 CHL MR 3 AN 1 o 1) 25 57+ 2% B 3t 37
KA RAT] ZARR O R 2 . kAR A, ia K
A CHL v J3E A0 HE s i 5 T AR 2 0 8 60 A G 56
R0y S KA DR TR B AR /N B A B R CHLHE T
P AT R, R [A] 2T s CHL v B FHE
25 (EI3) . Hdr, 3 SRGE SN IR A7 ff AR B4R
L CHL e B AN HE R ARG T 4K ) 45 i Bt 31 A 2 42
(B A 3 2SR 3th i U 8 25 T BRI (. Btk
M 37 3R AN [ - st 1) FH 28 0/ P 3 /N B Sl 35 A CHL AR 3
HEik it 25 S OK, A8 A6 Bl R 0.02~7.59 mmol - m ™ -
S R B0 Y = R T L7 L7 S SN R .32
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P W TGS AS Ti) S0 XU 3t 3 CHL ¢ T 552 W 2 A [
(B 5), Horp 7K 43 5 45 1 9% 38 R 57 58 3 62% Fil
58% I CHL M BE AR Ak o [ SR 3 52 N R 1% B 5% i A i
%, R it /K 38 2 G CHL 3 38 s 1) A8 A A 5 Bt 0K 5
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PR I 30 5 T 3 2o 5 i A 2 K T 22 5 i) CHL AR FEH
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(P>0.05) , 7% &SI HEVS 5 R L F2 90 T KR AN
Ao, Jhk B X CHL Bh 2575 b B 5% i) ] B A2 21 oAt [ 26 )
il 2 .

FHOCHITZE 2R BH , HMIE 00 i i A 55 T 28 a3 % 7K
A CH 7= A= FHERCA 200, HEVS 3R 3 32 A
NI SR S, AT HLTOR S SR S S T A
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FITN 23 E IEA R (F£2) ., FEHKAKCH,
A R R B S A ML S A e, R R RSN A
A fu7 2% T S 0 A ML R A, 208 T SR8OK 4k CHL
FEAE R, 5 B A WA — 80 AR5 R
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Z N R sl i m sk S N RUK AR, HETS 8 5 2 3|
NRiE ST, AR 16 5 K HE R 2 it 5 T BOK (R 32 317
5 Y, ELBER I Rk R SR T R AR R R L B
fif I CHL AR B8 75 Rt 5 Ry RS, (HAS VR
S ARHIFST R PLHE R CHL Mk B 5 /K 1 0 B A 56
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15, VLI 5 26 B H K AR DOC ¥ (6.17 mg - L)t it
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