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Characteristics of Methane Flux Across the Water-air Interface in Subtropical

Shallow Ponds

LONG Li', XIAO Shang-bin'* , ZHANG Cheng’” , ZHANG Wen-li*, XIE Heng", LI Ying-chen', LEI Dan', MU
Xiao-hui' , ZAHNG Jun-wei'

(1. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang 443002, China; 2. College of
Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China; 3. Faculty of Earth Resources, China
University of Geosciences, Wuhan 430074, China; 4. College of Biotechnology & Pharmaceutical Engineering, China Three Gorges
University, Yichang 443002, China)

Abstract: Five shallow ponds of Yichang were selected to illustrate the characteristics of methane (CH, ) in subtropical eutrophic
shallow ponds. CH, flux across the water-air interface was quantified with static floating chamber method for one year. Annual CH,
fluxes of the five ponds were 4. 495, 12.702, 6.827, 8.920, 17.560 mg-(m*-h) =" respectively. Diffusive CH, fluxes were 0. 075,
0.087, 0.118, 0.086, 0.151 mg-(m*-h) ~' respectively and bubble emissions were 4.420, 12.616, 6.709, 8.834, 17.409
mg-(m’+h) ™' respectively. Over 98% of total CH, flux was bubble emission and CH, flux was apparently higher than other aquatic
ecosystems. So the CH, flux of shallow waters was high and bubble emission was the dominant way. CH, emission would be largely
underestimated if the research only focus on the diffusion discharge and ignore the bubble emission.

Key words: the water-air interface; methane; diffusion emission; bubble emission; flux; shallow ponds
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1.1 ARSI

X5 A IEN FHdbE B E R X, JE T
A 25 PRI S, DX N ARS8 RE T 4 1 100 ~
1300 mm 45735 H BEAS £ 1 538 ~ 1 883 h, 41
BN 16.9°C ) KR BA (TN | B8 ik B
(TP) 43 9~ 2.0 ~ 3.0 mg-L™" F1 0.02 ~ 2.30
mg-L~". X5 ANHIE Y B AR M ERARAE LR 1.

F1 UNBIENEREARMMEREY
Table 1  Features of physical geography of five ponds

Jth I 4 FEIK G/ m A/ m? b F AR A FFFAE
1 0.6 450 30°45'43"N, 111°20'06"E KO KA A TG B, —F 3 — oK
2 1.0 200 30°45'25"N, 111°20'56"E K fadE KRGO KK
3 1.1 800 30°45'23"N, 111°20'57"E K fayh, —Fik—UoK
4 1.6 300 30°45'06"N, 111°21'01"E Tl fa 3 | R K (B 2k KR K
5 1.2 375 30°44'54"N | 111°20'49"E KA KAERIOK , KA A T 3%

1.2 AW 5K oA

35T 2014 4E 11 A % 2015 4E 10 A XEE b
X5 A IEGEAT 7O —4E A CH, 38 5 AU
S RAFSRE N B — U, T R A AT SRR R A
BRUCRFE L0900 ZEATF0R , He I 1 S5l 2
S 3 T, 4 S YE 5 St R R AT
S ()R A A 22 280K BRI Y ( DataSondeS |
S I KR (T) . pH RVl 4, fE#E XS
S0l (YGY-QXY, o [#) 3370 i KL A s
JE I RICR KPR (— RN ORAT ) . A5 HE
S NEIRAG TR AE | P A1 52 56 235 o 5 7 8] 52 36 3 7%
AVKH PARAE , I HE— JE N HEA T K AR AR 4 i
IK GRS 7% SCHk [ 24 ]
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100, 3 [H) RGMMK - A H CH, E . %l A
JEHS R | ANE I RZ BRI R DA 2R
PAEXF CH, AYSEIA  ARFR 43,30 L, IR 0. 096 m’
(HEARHM0.35 m, AR 0.45 m). @4 N TR
A2 AN DUEFE A i SRR G 3459, DLT-
100 BA & HE . mok BE R 5 A, BELL 1Hz B9
BIELE | SR LI E = A N CH, Y. AT
N AR IELPEAT T RIS A5 &AL
I 55 B3 B LR 22 15 min 2847, — S WL 52 5
W AR R B ER LEAR AR 8 AR 5 SN SR 7253 38 4t
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(60), V il 5 46 75 /K TH B AR AR N R SRR R
(m) A Rk BB (m®) , F, R pe
F| mg FALFRE(1000).

MR HE AR ES R AR AR (R
CH,) e B2 2080 17+ FIH DLT-100 (=5 4R 1
P TG B R . a5 A R 1 BB ARy
e Jext— B HLRRE 1 BB, Bl AB, 64T
LNERG 2] CH, ¥ Bk B 55 1 8] (9 A8 £k 5 72
FEARYE Ly BB B R A, B C AL CH, B9
B s WL A )R D ik CH, By SEIvE S C
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5 LI ] K IR 6. 34°C, B9 30.90°C , 73
40 Kl 18.4 ~20.5°C (K 2) . KMIEALL T rp Pl 55
oL Bk, fe/y pH 6. 95, K pH 9. 61, F-¥{H 7. 95 ~
W fil/min 8.86. WA ZILI K, TE 1.68 ~22.28 mg-L7' 2
= s -1 <
1 BSREABBER CH, REMMN BT RE I E, FHIE 6.19 ~13.75 mg-L~". M4 a 18
Fig. 1 Changes of CH, concentration with time /f‘t % j( 5 % /J\ 7.1 mg-*m - s i?i j( IT'% ]‘i 553.6
in the presence of bubbles mg-m -3 y j@’f_ﬁ 99.0 ~317.6 mg-m _3. ﬁ%%ﬁﬁﬁ
&2 WMHEKE, pH, REEMHEE afFRY
Table 2 Water temperature, pH, dissolved oxygen and chlorophyll a during the observation period
K/ C pH
b 2 2
RS min max ave std (% min max ave std CvV
1 6.34 30. 60 18.4 9.29 0.50 6.97 9.12 7.95 0.73 0.09
2 6.54 30. 30 19.0 8.81 0. 46 7.16 9.61 8.10 0.82 0.10
3 8.62 30.70 19.4 8.72 0.45 7.76 9.43 8. 86 0.59 0.07
4 7.93 30.90 19.8 8.98 0. 45 7.42 9. 60 8.63 0.73 0.08
5 8.30 30.03 20.5 8.32 0.41 6.95 9.61 8.31 0. 81 0. 10
N %W’f—k/mgi’l Chl—a/lrng-m’3
‘ﬂliné &
LR min max ave std (% min max ave std CvV
1 1.68 12. 31 6. 19 2.73 0.44 25.1 222.2 110.8 67.18 0. 61
2 1.75 11.61 7.12 3.51 0.49 106.0 553.6 317.6 134. 98 0.43
3 7.05 21.55 12.95 4.51 0.35 7.1 386. 8 99.0 119. 69 1.21
4 8.68 22.28 13.75 4.09 0.30 28.0 281.8 133.7 70. 47 0.53
5 6.39 16. 39 10. 32 2.82 0.27 51.2 103.2 77.1 15.52 0.20

1) FRH min N iR/ME, max KA, ave S FI9{E , std W bnifEfi 22, CV SR R4, T IH

N, AR A A pH A ARAR /N, T K I | S A AR
ISR a (Y22 FARXTEOR  iX 5 2528 AT ¢, )
N T HLER (1) B 2 oK BH AR 5

SN PN AR . AR AU B AR fR 5 1 DLk 3,
AT e/ NSIRR 6.0°C , Fe i ol 41.7°C
SRR 17,7 ~27.2°C (£ 3). ENSIEZIR

/N, B /N K 986.9 hPa, fi KA 1024, 2 hPa, ¥ 1A
1002.6 ~1005.5 hPa. X KGR AR /N, K £ %k
TEOLAL T IC KRS (PRI AE 5 R BRI
{20.65 m-s™" S RGE 0. 06 ~0.28 m-s~'. il
RV RS Al i 197 T Bk 1Y B 4% AN 15 DL R BH
FRYT.

®3 VNHEEESKEF"

Table 3 Main meteorological factors during the observation period
= 3H = s L1
S B ' g/ C : ' K JE/hPa : ' KH/m-s :

min max ave std CV min max ave std CvV min max ave std CV
1 6.0 30. 1 17.7  9.52  0.54 983.0 1023.7 1005.5 12.2 0.01 0.00 0.51 0.06 0.15 2.43
2 6.3 29.2 19.8 8.63 0.44 988.1 1024.2 1005.5 11.7 0.01 0.00 0.19 0.02 0.06 2. 68
3 7.6 30.8 23.3 8.03 0.34 987.8 1023.3 1005.3 12.4 0.01 0.00 0.26 0.08 0.11 1.43
4 9.0 40.4 25.9 9.06 0.35 987.2 1020.0 1003.8 11.3 0.01 0.00 0.65 0.32 0.28 0. 86
5 12.5 41.7 27.2  9.06 0.33 986.9 1019.1 1002.6 10.4 0.01 0.00 0.51 0.14 0.22 1.58

2.2 YHUEE SRV IATE] 1 = 3 38 Ak T HEBOIR 2 HF ik & 7 0. 028

B2 & 1 K-S CH, 3 HGH & 4R AR
T, 2015 4E 10 A CH, ¥ 8ol B8 S, 4 5,
R 1 Sl A 11 A SR NPl LIE 1,

~0.196 mg- (m*-h) ""JEREINAEIE. H,2015 485
HAH2015 48 AR CH, HEC=EK, 43504 0. 196
mg-(mz-h) “YH1 0. 166 mg-(mQ-h) THA9IANH
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FEMAE IR E A T iR b A AL
W, T ek B X Bl A 0 0 v LA E R e 0 A
M RYE CH, i E B E, WIE bR R
2015 4F 5 H F12015 45 8 H 1 -5t I 78 X0 3 ] L
AR KR AR, 7 CH, S2E WG 3% Pt A

CH i fit/mg-(m>-h) ™!
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= — —

= L = L
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2001412
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&
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Fig. 2 CH, annual flux across the water-air interface of pond 1

2 S yE K-S CH, 37 G & A AR AL
L 3, e DLE B CH, §7HiGE 7 7F 0. 011 ~
0.222 mg- (m’-h) ~' Z A4k, 5 R IEAE, U B FE
IR 2 S b T HERCIRAS. 2014 4R 12 H 2 %
b IEE UL S5 B] 0 7K IR AN AR AR A, (H L CH,,
PHGEREE A, M 0.165 mg- (m”-h) ~' X EH Tk
T 17 A 7 35 A A 1992 4F ) Tucurui 7K 2
WEFE R, KA TR A 1 DR B CH, =TT
MK BREY 1056 135172, 1995 4EAY Varzea WIBF5EH,
TR 7 55 B KT B CH, B0 2 T ) K 3
93,25 F%0. 2015 4E 9 A 2 St ¥EE) CH, BECR:
K, HoKIR AR AR AR, I Bl 22 (UR 5K IR
ZAEMZXHE ) oK. 2015 4F 10 A B9 CH, Bl
/N HHChl-a¥f B f 55, 14 553. 60 mg-m . Chl-a
WRE B WSO A AE IR EE RS R, 0, P AE s,
IR P i SR B AR N AR R 7 CH, (U2 93 M s
55, CH, F=iis/ N, XF R ) CH, B s/,

4 J& 3 S yE K-S G CH, 37 H0E AR AR
TAEBL 3 S 2015 48 2 A #sk 2015 4E 8 ~ 10
R L s A X 4 4~ H i 8dE. Wbl LA
.3 S IER CH, Bt 2 TR, 5 BT,
TRER Y, 7E 0. 030 ~0. 269 mg- (m*-h) ~'JEH A
k. 2015 4 1 H A CH, Bt i/, Wil 38 br
], AR AUK IR AR, i A R Chl-a . IR EEH
i, 7= CH, T4 9 0 35 PR ARG, S Ak 5 i U 3%

0.25

" 0.20

= 005

015-04 [

015-05 ]
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2015-07 ——
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2015-09

CHajli ft/mg-(m*h)y™!
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Fig. 3 CH, annual flux across the water-air interface of pond 2

I EREE , CH, (77 LA N IR, 2015 4E 5 H CH,
(AR TR Ha e R, ANIEE IR 43T i 7 o g 1) XL e K
PRI R, R AR, K THT A9 38 20t AH g 55
K, MK B 7K T 8 25 F BOBCR 9 CH, BT

=34
T

201507
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Fig. 4 CH, annual flux across the water-air interface of pond 3
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Fig. 5 CH, annual flux across the water-air interface of pond 4
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Fig. 6 CH, annual flux across the water-air interface of pond 5
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