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Abstract The static floating chamber technique and the diffusion model approach are the two methods most commonly
used for quantifying methane (CHy) and nitrous oxide (N,O) fluxes from water bodies. However, the comparability of
these two methods for measuring gas fluxes remains unclear. In this study, the water—atmosphere exchange fluxes of CH,

and N,0 were simultaneously determined using both methods under variable conditions to investigate their comparability.
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The results showed that most of the CH, fluxes determined by either method negatively and linearly correlation with the
dissolved oxygen content in the water (significance coefficient P<<0.001). Meanwhile, the N,O flux results from either
method could be expressed as a compound function of water temperature, ammonia, nitrate, dissolved carbon, and
oxygen following Arrhenius kinetics, by which 86%—90% of the variances in the N,O fluxes can be jointly explained by
these five factors (P<<0.0001). The fitting functions provided an apparent activation energy and a temperature sensitivity
coefficient (Q;0) of 47-59 kJ mol ' and 1.92-2.27, respectively. The CH, and N,O fluxes measured using the diffusion

model method went from 13% to 1.75 times and from 15% to 2.4 times the results from the chamber method, respectively.

The magnitudes of the differences varied between the adopted methods. The differences in the gas fluxes between the two
methods ranged from 20% to a 12-fold increase, with a mean of a 2.3-fold increase. Our results suggest that applying a
single method exclusively to estimate the CH4 or N,O fluxes may inevitably yield huge errors, although the flux results
from both methods can consistently reflect the processes of gas production kinetics. Our results also suggest that further
studies are still needed to verify and quantify the systematic errors which are likely being caused by either the chamber

technique or the diffusion model approach.
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Fig. 1 Schematic diagrams for the procedures of measuring dissolved CH, and N,O concentrations [V and 7| denotes the volumes of helium headspace and

water volumes within the gas-tightly-enclosed container (a syringe here), respectively]
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Table 2 The chamber observations of methane (CH4) emission fluxes and the corresponding environment variables

3 IREE NI

TR IHAS A IR RS R TR g KPR AR KRS ECHy KIHRL L 10m  CH, @ & P44 & btk
WEE/mg L™ (N)  kBE/mg L (ND kBE/mg L™ (C) #EE/mgL”!  °C W /umol L™ mERH/ms™  #%/ugm?hT (C)
1 15.3 10.4 46.3 9.6 25.6 10.7 1.8 16755+17.2
2 11.2 10.9 58.2 6.8 21.6 0.8 1.7 113.0£0.3
3 2.6 2.8 8.2 53 29.6 1.5 1.8 196.3+5.4
4 2.1 1.0 6.0 6.5 32.0 43 1.6 4545+11.2
5 9.9 8.5 437 2.9 27.6 5.7 1.9 895.9+23.9
6 12.0 2.0 23.7 7.5 27.1 0.2 33 424+1.8
7 12.3 8.7 339 4.7 28.3 4.0 1.9 635.84+20.4
8 10.7 7.0 44.0 14 28.1 10.1 1.8 1452.0+6.3
9 9.7 9.9 427 24 229 6.1 1.8 1180.3+31.7
10 15.0 11.0 453 11.0 26.5 6.3 2.1 1506.3+27.0
11 14.9 11.0 453 10.2 27.2 6.1 2.1 1506.24+14.0
12 15.0 11.2 46.0 11.6 27.0 6.1 2.1 1550.84+20.1
#3 BSEERAMNMEACTIR (N,O) HMBEREMNHMETENEE

Table 3 The chamber observations of nitrous oxide (N,0O) emission fluxes and the corresponding environment variables

IR SR AR T
KPR A A K AR IR PR Al e KPR A KPRAE N0 ZKHLLE 10m  NoO sl EFHE + 4%
WE/mgL™" (N) W E/mgLl! (N)  #E/mgL! (C)  #E/mgL" °C W /umol L7 R /ms™  MEIRZE/ugmZhTt (N

1 1.5 0.8 3.2 7.0 22.9 0.03 1.7 6.2+0.2

2 4.2 2.4 8.3 6.6 14.7 0.05 1.8 16.7£0.8

3 7.5 11.4 12.6 32 16.0 0.05 1.9 21.3+£0.5

4 5.6 6.0 6.9 6.8 21.6 0.08 1.7 22.940.2

5 6.6 6.4 7.2 5.7 19.6 0.06 1.9 25.940.6

6 6.3 32 35.6 4.7 18.7 0.07 1.9 32.6+1.5

7 5.0 1.6 10.3 5.2 14.2 0.08 1.6 27.8+0.6

8 5.1 1.4 15.3 5.7 17.0 0.09 1.8 33.1+04

9 2.8 10.8 12.7 6.5 23.7 0.11 1.8 40.8+0.3

10 8.4 10.0 45.7 4.9 224 0.11 2.0 57.3£0.9

11 7.5 11.4 12.6 4.7 22.6 0.12 1.7 45.54+0.4

12 12.4 11.0 15.0 7.8 21.6 0.13 1.7 51.5£0.6

13 8.2 10.2 55.2 53 233 0.14 1.9 63.7+0.6

14 15.3 10.4 46.3 6.5 233 0.15 2.1 78.5+0.3

15 10.5 10.3 23.5 3.5 22.2 0.16 1.9 70.0+0.8

16 12.7 15.9 54.2 4.2 21.6 0.17 2.2 98.61+0.6

17 13.0 10.6 55.0 4.0 25.5 0.23 1.8 88.4+0.7

18 8.6 11.5 60.2 8.0 254 0.25 2.0 122.0+1.2

19 13.5 10.4 35.7 3.1 21.0 0.26 1.8 109.14+0.6

20 15.0 11.0 453 11.0 26.5 0.42 2.1 150.7+4.1

21 14.9 11.0 453 10.2 27.2 0.42 2.1 1443+39

22 15.0 11.0 46.0 11.6 27.0 0.44 2.1 150.6+3.5

AT 1.6~33ms ' 2], HER %,M Wi
ey AR %%nykzﬁf\%ujy 1.0~11.1 mg L™ (N,
2.1~153mg L™ (N). 6.0~582mgL ™" (C)., 1.4~
11.6mgL™" (O) Ml 21.6~32.0°C (£ 2),
SRS T 22 AN NoO 3l it A DG HR
AR R AL I, W5 K B A 5 X S RS Ll K

£, i'ﬂ'J?%i 17K N2O ¥

BATIRSEARA AT 0.05~0.27

pmol L™ 2 [i] (?% 3), W TR IE R
F? 0.013 umolL
fE1.6~22ms ' 2], &,
?ﬁﬁﬁﬂ%ﬂ7ﬁ/a’\%ﬂ7’3 0.8~15.9 mg L (N), 1.5~

153 mgL

(N), 3.2~602mgL"”"

[R5 (1) 10 m gy B AR A,

%L,w NG 127/

(C). 3.1~11.6
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mgL™' (0) Ml 142~272°C (£ 3),
3.3 FEFEMTBEEANE M SKEE R E AT
KIMNET S KRBT
Wiz 2 Pror, FAVENE N CHy B/ T 42.4~
1675.6 ugm ~h ' (C)Z [A][F-HI{E K 882.4 pgm *h'

T8 pgm >h' (C) . HT LM86, W92a, W92b
1 RCO1 AEIA H 1) CH4 HEOE 553 73 T 15.5~
248.8.53.0~871.3.75.3~213.0 £1213.0~2966.1 pg
m>h' (C) W (& 2).

e 3 fros, AVEIE K NoO JE AT 6.2~

N

(C) 1, @ THrRA R CHy HERGE R IR 150.7 pgm > h ' (NDZ E)[*E4 60.1 pgm > h™'(ND],

3000 4

2500 4

=
g
> 2000
E:
gﬂgj ¥ =0.98x
; R2=1.00
B 1500 -
;5 1 =0.66x
é&j« R?=1.00 B LM36
1000 1 A Kw92a
= y=0.53x
ﬁ R2=1.00 © Kw92b
500 X RCO1
YOIy gy
R%*=1.00
0 500 1000 1500 2000 2500 3000

VB R ARECH A BGE 2/ (C) m2 !
2 FRAEVRE RS BRI E P hE (CHA) HERCE IR (AEEE AL R R0R 3 IRTESE Mbrul i 2 AR 1) 2 Sl e
TR PTG K A TR EIN AN LM86 B
Fig. 2 Comparison of the methane (CH4) fluxes between the chamber approach and the dispersion models (given data are the means and their bars are the

standard errors of three replicate measurements; differences among the models are determined by the K\, values defined in Table 1; LM86 was not included to

get the means for models)

1800
T 1500 | ° F\y=—220.17 ¢ +1653.30 A at
& (R*=0.91, P<0.001)
$ 1200 1
on
=
= 4
% 900
Jg
2600
=
e
T 300
0 . . . . .
0 2 4 6 8 10 12

REBKTEMBEIRE (c)/mg L
3 ERASENFAEIE M FE (CHy) HFBGH &5 R LK (10 ecm) BHiR4E (DO IREERIRER (B8 A ERRZELFRIR 3 IREIE bRk R 2,
T3 R A5 R B IR [ 73 W 45 0D
Fig.3 The relationship between CH4 emission fluxes determined by the chamber approach and the dissolved oxygen (DO) concentrations in the surface water

(upper 10 cm) (the bars for individual data are standard errors of three replicate measurements; the regression is obtained with the empty-diamond data)
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T8 5 T TR FH 7 00 S AR HE JROE B RS PR3
pgm 2h(ND. BB R, 5T LMS6.
W92a, W92b HI RCO1 43t 1] NoO HFHCIE &3 7] /1
F2.6~158. 9.3~584, 13.2~82.3 1 34.4~215.1
pgm “h' (N) 2] (£ 4),

KRBT Arrhenius 285650 1127 7 FExt
AN TR) 5 v M A 1) A 0 T A B 5 [0 0 e T K
INEEAR AR AT 22 T a4 2R a0 R

FN:(GCNH+bCN0+CCDoc+dCDO)ekTC, (10)

Eﬂ
FN = (OZCNH +ﬂCNO + Y Cpoc +5CDO)e Rl (1D

Hrf, Py 7R NoO SR : pg(N) m > h '] ennrs
eno~ epocs €po ZF AR K I IH A RIRE PR -
mg(N) L], BeAERELAR: mg(N) L] W#
PR B AL: mg(C) L IRIK s A Ik s (.
fr: mgL)s To Rl T 23 BRI ECIE CRfr: °C)
e CRfr: K) FRoRiiKild; a. b, ¢ ds
kv as By 6 WG TTRERIZE (K 4); E. N N,O
HER I FAE AL RE AR kI mol )y Ry M BE/R (5§
5 ML (8.31 Tmol ' KD: Q0 2k NO J i
A R BRI R A, RIKHR AR 23R 10 °C BT 2 1)
MR RS, e it
i BT, e S HOR R v A
N,O Jf 48 i 5 MO T % J2 /K (1 NH, . NO; . DOC
1 DO ¥R K M, HIXPPAA SR AT 2201,
(12) P58 07F28E Arthenius 7 FE KA, H.
5 AN E AR AT LR 89%~90%HI4H T2 N2O
TH A 87%~88% Y HU AL YL NLO JH AL
b, PMHELE T R B FE TR 1 3 B R A AL A AL
VAR RV SR B 3L R e (7 =0.866~0.895,

P<<0.001), & 4 FisIl & i S5 oR, ik
PEUBEALE NoO IR MG AEE (B 233k 59 F
47~55kI mol ', PIEITIERTE NoO il ) % 2K
WE UK RS 010 (RI/KIRAEAZ1E 10 °C Fr
Fom R WEEO 4300 2.27 F11.92~2.14, H.
BT ARINEAG T Ea 5 Or0 Z 1A] 3025 2k %
% (F£=0.995, P<0.001), U
E, =342 0, —18.5.

34 YEEEESREANESKBER LR

W 2 s, KT LA AT
ol , AR Ky BRSO R 22 IR K,
i, RCO1 A1 LM86 Z [ nf 42 10 f5 LA b, HHE5
FvED e il 2 I 2= I Ky B S . B
RCOT 7 (it 55 445 5L LU A 30300 B AR 38 O vt 8
Ay 3 ANBREIR A B 6 235 B 147 BU A V00 R 2 i I

(P<0.001), ¥, RCO1 45 A CHy il 2
R0 5 25 S0 1,75 435 (R RAE Dy 0 (1 B £ [ml
A FERNE R 175, 2 = 0.99), W92a. W92b #iI
LMB86  # H 1) 38 & A1 40 A AH 4 - v 000 2 1 11
66%- 53%H1 13% (AR e [ VA 77 R (1) 253
W 0.66. 0.53 F10.13, ##KT 0.99), {H RCO1,
W92a I W92b 51 il 45 25 L (1) P35 E1 5 4672200
SEBEMIA IR CEMREELEPE R FERER 2 5 A
0.98, 1= 10.99), XELLERLH], (VKT H
BRI CH, Ol &, v B84 KR e Al s A S B
¥ CHa HEjik -

X TR 41 NoO W A7 5L A XU £G4l
AN Ky LA S 08 B 2 AR (B 4),
RCO1 Al LM86 Z[aln#H 2 1 MRS, [FI 55
PR g5 R ZE A K. Bk, W92a BT

(12)

F4 FUTR (NO) HEBEESARKMEEEMNXER

Table 4 Relationship between nitrous oxide fluxes and the relevant water environment variables

A (10D
a b c d K TS AU R A FEASL W R e B8 BEKF
Chamber 0.161 0.556 0.084 0.194 0.082 227 22 0.895 <0.001
RCO1 0.396 1.872 0.171 0.632 0.074 2.10 22 0.866 <0.001
W92a 0.167 0.740 0.091 0.211 0.072 2.05 22 0.876 <0.001
W92b 0.123 0.422 0.088 0.076 0.076 2.05 22 0.877 <0.001
LM86 0.033 0.171 0.018 0.066 0.065 1.92 22 0.867 <0.001
23l (1)
ax10° £Xx10° yx10° 6x10° T fE/K) mol™ FEARL AT E R BT
Chamber 31.670 109.900 16.520 39.56 59 22 0.849 <0.001
RCO1 5.730 27.990 2.540 9.56 53 22 0.865 <0.001
W92a 1.490 6.790 0.830 1.97 52 22 0.876 <0.001
W92b 3.610 12.750 2.630 5.84 55 22 0.877 <0.001
LMS86 0.029 0.155 0.016 0.06 47 22 0.866 <0.001
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H 0 AE S AR RN e A L — 30 GBEEREEIE A 0
(T LR IE R AR 0.95, =0.99), RCO1. W92b
1 LM86 52 (1438 F 34 A FVE I B (1) 2.4 £
75%F1 18% (P<<0.001), {HTA7 X L5 4 Hi 18 &
FIFAE R SRR RS CREEELERH
FREIRE K 1.07, F=099), XFEH, (UKET
HE— N BT B8 2 KR B v Al B AL S BRI N0
HE

4 it

] Py Ah 2538 DL A Bl K& CH, BT NoO HETR
TWE AT 2 ORI, (B 2% 35 R )
BRI EAE, BWHR RSy RS, R
[N T FHARSS AR AT BT AN TR], oA AT DT84
ESTEUBAGEN 2 25 R R E . A

(2011) FEALRUEE 2 7K KIS, A T 38 F A v
SE 1 CHy HEBGE 0 2984313 pgm “h' (C). F
VLS (20060 8 AT AL 8 P A 2% 725 9 DX FH i 2
FEVEN € 1428 CHy FIHEGE Y 1061354 pg
m > h' (C). Amouroux et al. (2002) 7E 2 ¥y
CIN ST LM86 Al W92a [ ki /1 y3:45 HH 1
CH, IFHEBGE 4543 528 130 1235 pg m > h'

(C)o AEIEZREE (2003) A5 AT IEA FH V527 10
HTEIE ) NoO HEJRCE RN 122.541.6 pg m > b
(NDo TS (20100 75 IR IE 5 7K 358 43 531 v FH 3
T LM86 1 W92b A A5 Ky {i M9 His k45
HAKZE NoO HEl 2 3.945.6 F1 8.3+12.0 pg
m 2 ht OND. AT B (B2 R 4), 9%
TH SRR VA AN OB VA 2 17K AR CH, 8K NLO i
S TR () 2 S DR BT P BSE AR S, CHL 38 2 11 26 5
RN T 34%~87% 18] CP¥IMZE 61%), N,O
EEMEFFEEN T 5%~140% 2 [A] CE¥HIZ
63%), ANRIARET 2 [6] () 2 SRR P Y TR 5K, A AT 22
20%~12.4 £ CPFEIAHZE 2.3 £, XU FpL &
WA, SR b O v A I R e & SR A EK
ANHENE, TRRAE A IR B A B RRE A AN ]
JTE RN E 85 RAFAE BRI AE -

RGP HUSE AL S A RAH R, B4 2%
ZW e A TN T SR SO A Al .
Zappa et al. (2007) HAEARKGE S AT [F IR H
WO92b I RCO1 A xR AL S, JF4533] WI2b
(it S BT RCO1, XL 45 B 5 AR 7T — 3.
N4 Amouroux et al. (2002) [A]HFNY A W92b Fl
LM86 242U SR ¥) CH, A NLO HEjcl i, Jf H.
S RREUE LM86 11 1.8 fi5. AHLLZ T, A
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Fig. 4 Comparison of nitrous oxide (N,O) fluxes between the chamber approach and the dispersion models (the bars for individual data are standard errors

of three replicate measurements; differences among the models are determined by the K, values defined in Table 1)
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iFTH W92a Fll W92b 23 Al 51K CH4 FH NoO FF I
T REUE LMS6 [ 3~4 5% (K 2 FIE 4), 7
AR R EEER, WHES Amouroux et al.
(2002 SE i AL 0] N Py PR s AA T A3 BEAH O R
G Ko AR B A2, ARIEER 1 AT AL,
R BRI AP IR SRR, W92a, W92b Al
LMB86 A5 75 45 H (10 1 L {22 B AT 5N o

ST, EARIELT IR BRSO A
D5 CHa Fl NoO HEBOE &2 (1) 45 51 AR 2% 5%,
EP Y il R i T E AN EPS A
Bl 3), BLHIE R IAAE OB CHa R N2O I AEHETL
FAE AT 8. X ST UAA R (10D,
(1) AFLAENIE. A IR AT, i Af e
SR YT USRS, BTEUEHT) NoO 3l 5 B K FR5E
K2 GRESEHZEHRE N0 PR PR3 M 56 148
ARG AS A, R (B AT T AR IE A /KR 1 45
KRB SHAR AR, WIRRARRE N A28
BRI R BRI (°=0.866—0.894, P<
0.0001), AN[R) 5%z ) 1) 22 AR ERATE 2 Te 2 P bR
B RBON AR, HZE 15%E 11 522, i
FIZE 5 A5, T Ea A Q1o WLH 23 345 53 kI mol ' F12.0
B /NIE S (E~47~59 kI mol '; Q1=1.92~
2.27), XEEZE AL T H KT Boulétreau et al.
(2012) #FXPEEE TR K AYINE (phototrophic
river biofilms) SAHALIIFEN] E. M1 Q10 WFFTETIR
(Ey: 91~183 kI mol ™', V¥ 136 kImol™'; Qio:
42~9.8, V¥ T, HHE LHERACHRT N.O
{19 E, (50~62 kI mol', Holtan-Hartwig et al., 2002)
BRI — 30k o ARSLISRIE Ea A1 Q10 RN R
B, AN TR 7 VR0 2 17K AR N2O J8 3 LU IR AT 5 I
A FE = A %S AR Arrhenius 35 20 N 5l 1 &
g,

IXLEATNS LLAL A 2 e R /K A 22 3%, VS
R AR WIRBAKIRAN S N0 &
FOCMA XK R, M HA R NO il &A1)
87%~90%. XKW, ZIu[nlA#32]1 7R K&
HBH IR BRAEA IR A Al g0k, W w] H T
R K 27K PR 8557 5 R I (LA 7K TR NoO 3
B [AX 0. (D) ] Mk, HTEHSHEAS
[ SR B, L0 e 4 AR mT e b S o R K
(Wang et al., 2012), k2K, LM86. W92a Fil
WO2b 20 AN S F5ORE 2 2 B A5 (19 3 (T g
%o XLt uin], R ARG il RE S nTHEN,

B S B W] e A7AE 8L

I ST S ARV S T OB R S ) CH
NoO HiGH 2 AR K. XAl g A . B
Fx KT PSR T AR MRS i % (Broecker
etal., 1984), BOUMNI AR briblc 7 IR, A
AJ BE2 0T S b HEBOM f Al s SRR,
BEAL U R TSR T AN R e 4% 1 I 2236 24 500K
A AT R B, ARSI . K . T 7K
TH S5 22 B PR B DR 2 110 5 M 4T 48 AN 78 4 1t A A - 11
AARAE P TH R P R K 2, 3K T RS B AN [ A
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o IR H T RO IR A E BT e A
BRI, SAFIR I E 45 R AT g sz pr il
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(0 S AE T RE S SEAK,  H AT AR ME VA R S 56 Ty
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Bo AN, ASHEGU Tk LRSI IR A AE — A
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A% ST 0 KR AR R R B A 2 A A
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