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Fig. 1 Effect of oxygen content on methane oxidation

ERE, SRR IR 22 R IR . ) AR X Pl 22 7 1 it
DRl R] BB o T i M 30 O TV A, A A LR R
RO YDTE A, S B 7 BRI 18 m, e ifAL
WAL 84 mo R, PORIY LA K 7K 35 S A
IS IR R 2 B AR R R
SR Ty A B b R A

ST, AR S S S g F R R e R
PR, [ 228 s FR g A A 85 57 A DT AR
HH B PR I R K o
2.2 gD e A R S P 2
2.2.1 AR A T 20T B b & kBl 4 AR B [R)

AR A

NI A AR ET R, 2 P  RRA N 25 LA
R OE AP AR SR, iR A A A Rz s s
N A 2 35 2l i il Y e F) A A% o i 1, F e
(R f 2 A K, I EL ATl 8 SO A7 AE , O i3 Y b
e BUURUZ 1) EESHR BOFE DU Z Tk A2 3l
BRACIE . S BELIRE IR DTAR ) Hh i it TP e LR
e B S B AR sl A5 S AL A, 20 3 B 48 T o
AR I RN S E AL R A R B R T R
Fil e 2 ki AL s ] ) 22 A A (R 2)

M 2 AR B, PR R TT 20T, I BefE R
P2 25 R BRI A . F e & o B 4 AL s ]
A AE PR SE AR, A2 A il e 249 22 B deh i ) S
T, 33X 5 PR A e T 1140 A 00 i 105 M LR 2R A R AR
— &, FOARUEYE R 2 A R el A D iE
JOE) RO AR E A T, A R 2 ST
BU L R O M E S AR ], i
VIR FE AN AT I 22 520 B2 E W) 32 0 ) 0 A T3 Y
W, AU R ST IR S5 R X IR 1 TR AR FERL
AW FR— RS , BE A AN, I A P 69 A
KA BERE AR 7 2 i bR, (A 9 8 i s

SR (d)
P 2 AFZE PGS bR ks %

Fig.2 Change trends of methane content with oxidation time

in different conditions

AE R A9 LART RO R T [+ Bsf JE 0 1) T 6 A
AWEI . FEAXHEOUE , 405 s B K IR g
. FEXTBOUAI IR SRR FE , sEAKR
SEM o T XPBO R W BUE DB HAR K, IR al fig
WrH M, BT LIRS T RE AR, Bl
AR, iR MR B RV LT, ey
V28 itp VR AH L 5 4, HE A TE T, VB Y AU AL R i
WA R, X EOIE 2 A R R R 05 3 AT
Je B AR S 8 5% A St 1 R A A R B 1 22
SN TR TE I B i Ao e A DRAs A7 26 2251
A2 I A ARG 3 2 0 A H e 15 R A A D B
T3 37 o R e 5 AR B - 2% AR, S AL
HEAXTEY , — 3 (9 A O B FHEAT , 22 52 8T K
/o BTEFRATT AT LAHERTAH [R) 2505 T I3 AL A
HES AR L, R AT H de A S 56 14 o
i, G 2R AR o 2 252 AR T mT LA AR 31 5 8 8 9 704k 4
PORFRAC, X B 5 (o S O B A o
2.2.2 A7 H O A AL E R A

FEAR A ) AL TR (28°C) VBV BE L (Vg
Vigge =5+ 1) 8 XHEOFFE T4 R AL AN [R) 8 AR T
AL AE S A AL ) %) H e S A R 2
FIARILE 1. W1 dal WL, fiK5d (50 wl/min)
HELESA AR NI (6 2X) 5 4t A AL YA 139 (10
K A (ELRIT 2 ) A A AR TR = A
X A E -5 SR IR I U Sh A Bl DU % i o
Feor AL R U R G IR B G HEA
XPRABIG , PR A AL T5 2R S AL I TR ARE , e s R
JRRHIE, 43 50 1. 48 pmol/g - d ™" (it AL) Fil
1.31 pmol/g - d ™' (JELESAML) . MATBEALT R
A, o S A AR G S R L O B R e R

— 167 —



%2 o

http; // www. ykes. ac. cn

a0 Wt

2018 4

(1.14 pmol/g + d7"F1 1. 05 pmol/g - d™") JA —
B P, WEE M B2 B gt — B EW] T AR 251 T
ISR A AR T i 2 S A X R e S A R e 114 22
AR

JAE WIRR T 2R W G A AR A AN A, (5%
ISR A IR TR B T, FP b 25 DAY B9 245
li] 12 ¥ ZF 1 PURZ 19 2 2 3l A WA S S i
B B I R ORI U, PRI, I 2 S 5 s
DAL A T o

R 1 AN CH, SRR B S fhd R
Table 1 ~ Experiment time and oxidation rate of CH, in different

experimental conditions

gy TORIGE SR SN AL (pmol/g + d 1)

U gemiE (C) (R) mml bW T
0.18 1.48

AMEESL 50 ©/min 28 27 1.14

(0~10 K)(10 ~27 X)

0.42 1.31

LA 50 pL/mi 28 1.05
R S0 pl /i (0~7 R)(7~24 %)

LA 50 wl/mi 15 74 025 040 0.34
TELLE, min .
" (0~46 K)(46 ~74 %)

0.52 2.29

it 150 pl/mi 28 190
U3z pl/min (0~5K)(3~15K)

2.2.3  SEARTEL R B e SR AL T R Y 5

i 2 T ] b Ak L TR B T KR AR A 2 L
Ti REGHEA 2w, 450 AE 10.7CAA, &
ZE AR LE 20°C LA b PR, 6 A TA] i SR I
(50 pl/min) T, % b5 %58 T 4480 0% 2 A AR AN
[ A AT BE (15°C 1 28°C) X FH e S8 A VR 1 52l
SEERA R (R 1) RN SLIR IR B 15°C ), A AL S
it FBE SR T 75 15 (8] 2 74 K, 24502 28°C T 44k i
T IE] (24 ) 19 =A%, SR A . 15°C AT g
AL TS 9 (0. 25 pmol/g + d ™) A
(0.40 pmol/g - d™") F JC B F 4R . T K 28C
R, X HO0 1 P e S AL 3 3R (1. 31 pmol/g - d71) 4
HidE (0. 42 pmol/g - A=, NEEAELL
HFERE ,28°C I Y P ) A AL 3 44 (1. 05 pumol/g -
d™")J& 15°CHE (0. 34 pmol/g « d ™) My =A%, AT WL
AR BT H B AL R A 5 e o i SR T
U BB, e S B A R e S o g, i
o AR IS T, BV e AP0 S, Y B 4L T
PTG PEAR IH A 55 , HE S SR FEAT R 9218 . DRIt , it
AT F T W e 4 A AR R T A Ao Fl I
— 168 —

DU B2 DU v B Bt SR A Y — D B R R 3R
R 0% Nesbit 45 3 52 [ 5 3072 ik &
S R R B R e UMb TR AR R e N 52 L
SR . o A SCSE R Rt M B 1 DRt
IR AR
2.2.4  WBES MO H o8 A 2R 1 52 e

TERAR )AL BE (28°C) T, BIFHE T 4F S0 2
AL AN ] H B AR U B (50 wl/min F1 150
pL/min) X FUBE AL R 52 (R 1) o AFR 1 AJ
K1, AR SO L/ min KAIE] 150 wl/min
i, BB P-4 S AL M 1,05 pumol/g + d ™' SN
1.90 wmol/g - d ™", - My b 7 K42 55 2 90% , i&
IS IR, T A T Y AR AR R L —F(0. 42
pmol/g - d "1 0.52 pmol/g - d7") , FHGXFh IS
{187 D DR T R T O B0 ) AR R 30 e LA S
e A TG YE L IR AR 22 AR, E AT e
BAR B Y O AR (50 L/ min ) AT F g S8 16
T P 1 A AR 8 B K A0 5 SR, AT BR ) CH,
FALHRIR R . B, & i T e i i A5
WG ARG S A AT A AR T S e
B HE i, I IHAGEE D, et ml LA P b A Ak
5 H e SRR R L HL S R RO A
AL,
2.3 gD bR RO A 4 TR AIE
2.3.1 RGeS #e vk S R o0 3R A 8 A AL

U Be SR SR 7 3R B5dl A B T S e H AR
R A AL FNIS FRRE , R MARBIR oy B
FRAER SR . LR ST, AN
EEEURR ) b AR AR R 0 R B v e L) 7
(8" C 1 oD) A A Ak B Rl 3 (87 C) ZE Ak
MU T 1 He A i S5 R AN 1A 3 Frn

MIE 3 AT LA AN F LI A5 T B e SR i
8" C 8D {EAE 15 N 1 P9 A B AL 38 /N , B o m]
XA B CH i CH AT CH, & B & A 1 B
ARk, BIPC/ R C HER A R AR, i —4
Wl I 1Hg P 480 PR e L B AT 2 A S AR SO, T 2 DA
it WA T O 32 X S RTSCHER 25 18— B, HT B4R
PEHE AT B G, 45 55 560 v F b <R i 87 C Al 8D
{E RS — 2, 2 [ 2028 0E s T A AL ) —
AT BR IR AL R AE (87 C) BB i . X — [l
AL BLR R, 250 A F op H Btk U R] 3 2R 1 2018
A e A R R T T R Y, Ak R
B AL TR 1SS R A oy T LR Y CHL B CHL U,
PR C0, KMk, ZJE, B CH, 88 CH, <A 1L



W T , &5 - S DR v P g S A i 3R B ) 7 3R 0 PR AL T 5

$31 6

28°C 4 # AL (50r/min)

1-20
—1-40
—1-60
—1-80
1-100
1-120
—4-140
-160

4

5C (%)
0D o (%)

10 15 20

JL I (d)
15°C % 844k (50uL/min)
_u_513CCOZ

513CCH
4

0D,

25

8°C(%o)

80

70

0 10 20 30 40 50

LR E (d)
I3 AFISEEE A T CHL I CO, R SN o 38 2 IFAIE

60

28°C % £ %Ak (50pL/min)

4-20
—-40
—-60
-1 -80
4 -100
1-120
- -140
1-160

L -180
25

4

5C (%)
0Dy (%)

15
FE I (d)
28°C Mk M £ 4048 (150uL/min)

513Ccoz
513CCH
4

0Dy,

20

4-20
- -40
- -60
- -80
4-100 &
4-120
4 -140
4-160
-180

62C (%)
0 CHA(%O)

_45 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18

SR IrE (d)

Fig.3  Characteristics of carbon and hydrogen isotope fractionation of CH, and CO, in different experimental conditions
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Study on Oxidation Rate and Isotope Fractionation of Methane
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HIGHLIGHTS
(1) Bohai Sea sediments were selected for methane oxidation experiment under different conditions.
(2) The aerobic oxidation of methane oxidation was dominant.

(3) The temperature was an important factor affecting the rate of methane oxidation.

g
0, - Culture medium

/
i . Sediments

Batch cultivation

GC-FID/TCD analysis

— —

. Culture medium

CH, 4
Sediments
}» Sediments
(=) «

Peristaltic pump
—

Continuous incubation GC-IRMS analysis

— 173 —



E= R T i

521 2018
w2 http; // www. ykes. ac. cn F

ABSTRACT

BACKGROUND

The Bohai Sea contains a large amount of oil and gas, the main component of which is methane. The influence of
natural or human factors will cause its leakage and migration and then have a negative impact on the environment.
However, most of the methane would be oxidized by microorganisms during the leakage and migration processes.
Meanwhile, the different environmental conditions will affect oxidation rate and carbon isotope fractionation of
methane.

OBJECTIVE:

In order to better understand the law of isotope fractionation and methane oxidization in the sediments and to provide
reference for further related research in this area, the Bohai Sea sediments were selected as laboratory raw materials
for the degradation of laboratory experiments and are described in this paper.

METHODS :

Gas Chromatography and Gas Chromatography-Isotope Ratio Mass Spectrometry were used to determine the methane
oxidation rate, and the carbon isotope fractionation coefficient & of methane was determined.

RESULTS:;

The results show that the aerobic oxidation of methane is dominant. Oxidation temperature and gas flow rate are the
main factors affecting the rate of methane oxidation. In the mode of continuous incubation, when the temperature
reduced from 28°C to 15°C, the average oxidation rate reduced by 60% =+ 10% , indicating that the lower
temperature is not helpful for methane oxidation. When the gas flow rate increases from 50 to 150 pwL/min, the
average oxidation rate of methane increases by 90% =10% . This indicates that the higher gas flow rate is favorable
to the increase of oxidation rate. It is also found that the fractionation effect of carbon and hydrogen isotopes are
mainly affected by temperature where the fractionation degree is positively correlated with temperature.
CONCLUSIONS :

Temperature is an important factor affecting methane oxidation rate and isotopic fractionation.

KEY WORDS: Bohai sediments; oxidation rate of methane; isotope fractionation; biodegradation; Gas

Chromatography; Gas Chromatography-Isotope Ratio Mass Spectrometry
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