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Abstract: Sulfur and iron are important biogenic elements in peatland. Their participation in biogeochemical process is of
great significance to carbon cycle of peatland. This study aimed to investigate impact of key elements on carbon emission of

ombrotrophic peatlands, at top broad position ( TBP) and top slope position ( TSP ) sites. The concentrations and

ESWE . [FHR A AP ET H (41877337,41601090) ; 11354 A AR &0 H ( BK20160950)
s B #1:2020-11-10; P £& H hit F #3: 2021-08- 04
# W IRAER Corresponding author.E-mail ; zhiguo.yu@ nuist.edu.cn

http ://www.ecologica.cn



9706 JAE = 41 4

distributions of carbon as DOC, GHG ( particularly CH, and CO,) were estimated through an in-situ collection of pore water
and soluble gas in peat profile. Combined with the geochemical characteristics of sulfur (S) and iron (Fe) elements, their
impacts on carbon emissions from peatland were discussed. The results showed that (1) the concentrations of total reduced
inorganic sulfur (TRIS) in TBP first increased and then decreased with depth. The average concentration of the upper part
was much higher than that of deeper part. The sulfate reduction in the upper part was strong. Combined with the
concentrations and distributions of ferrous iron and hydrogen sulfide (H,S) in the corresponding range, it is inferred that
H,S is mainly generated by bacterial sulfate reduction ( BSR) in this range. Meanwhile, during the diffusion process of H,S
in pore water, it is easy to combine with ferrous iron into FeS. And then stable FeS, was formed. The reaction process slowed
down at about 60 ecm. (2) The DOC had a strong correlation with ferrous iron and sulfate in TBP and TSP because the
fluctuation of groundwater level affects the redox degree and microbial activity. DOC had a significantly positive correlation
with ferrous iron in the two sampling sites, indicating that iron oxide was reduced to dissolved ferrous iron in the anaerobic
environment, and the organic carbon combined with ferrous oxide was released into pore water, resulting in the increase of
DOC concentration. DOC had a negative correlation with sulfate in TBP, indicating that the acidity was consumed in the
reduction process of sulfate as electron acceptor, and the pH value increased, which enhanced the activity of microorganism.
Thus the concentration of DOC was increased. (3) The concentrations of CH, and sulfate, CH, and TRIS in the two
sampling sites showed opposite trends with depth on the profile, indicating that increasing sulfate input and sulfate reduction
would inhibit the formation of CH,. The CO,/CH, ratios of the two sampling sites were greater than 4, indicating that sulfate
as an alternative electron acceptor may shift carbon mineralization under anaerobic conditions to more CO, and less CH,
production. In addition, high concentration of ferrous iron can inhibit the formation of CH,, and low concentration of ferrous
iron can promote the formation of CH,. But ferrous iron had a weak effect on the formation of CO,. The results also show that
sulfate concentration plays a dominative role over ferrous iron in CH, and CO, production. In this study, the effects of
underground geochemical factors such as sulfur and iron on carbon emissions were also discussed, which provided more

rigorous theoretical support for the correction of carbon emissions from peatlands.

Key Words: carbon emission; peatland; sulfur; iron
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HERCE EALHRIRE R DR ARS8 U 55 Yo Ak M R A7 5 A0SR A R 5 P AL UK h R BT R
BRAG A 2 SRR AR SRR LIRS DOC LL e CH,  CO, HRB R IR , B B M T bk A2 X
T AR R AL, LU 1 fifp ¢ 2 st B HIE A ) S SR 52 ey DXL 3R, Ay JEE 365 e HIE ORI AR 4 28 AR AL 1A K% 0 3 T 2
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1 HE5F®

1.1 RAEEHHES

AT A DX I 1 ] MR AR AR 2 TH b, B 458 A SRAE R R VAR A 25 (TBP) MR AR A 1
(TSP) , P4 Y R B AU TR SR AP e s . TBP SRAE ST F A3 (50°39'347N, 10°44'34"E) |, J& T R A= 4 el £ 4
X BAZ Lo b | TR 945—983 m , AEFE /K HE K 1300 mm!'® | AESE 4SRN 4°C , ZRFE S Ve R )21 S A
it 3—4 m" YRR VAR LR INEAR R F B S R TR AR TSP SR BE A TR 884—893 K1l R A
W, UV R T T AR R AR 203 4o )T AEFETR N 1230 mm, AESEEISIE N 5C  JRRZIEREIL 2.5 m, HiE
BB 26 A R BURIR/ INHEAN B 1R A

1.2 EEFZE

el 20 B s BCRAE 2 B (MLP ) JRU SR 4 TBP A1 TSP 2R b i U 7% 3835 1 vp A FL B K | SRR B 8]
2018 4F 6—7 A . #§ MLP REEGE T L3P V-7 4 85 7 BORFEFLERIK . TBP H1 TSP KA R R AL TR 73 5]
4 270 em H1200 em, HA1 150 em PREELLELL 10 em 3 FERRERE M 107 150 em PREELUFLL 20 em 3 HF5R
R BEREFEMAE TN 20 mL TS FEAIH T, TEAEAKIFH 0.2 pm BEBE S, #a— B
[ J5 , 76 TS BRSO 2 mL SRRE S KA 50 wl 6 mol/L HCI (9 7.5 mL T4 #E SR, A T 3644
JiZ %€ (Wicom, Heppenheim, Germany ) € 1, M2 nlE MR = SRR, IR REZ LY HER L 22 FE TG
BR, TR R TH 2 60 em TRAYTURRM JZ 2 Il A 40 B 3t M die vy 1 398 AT 2 AR b R 2 3% 3 110 S i DXl
i K A 60 em IR HER (1 em) FLBRACRAERS (DC) RAERZFLEUK . RFESRE T HHOhSE#7 4 )5 2
BORAEFLIBRUK KU M FLBR KRR i 7 AJBA 20 wL 6 mol/L HCL 1 1.8 mL T0ZS A P 4 T, T vl i 1k
SRV, AT LU TR R U8 5 HUAF XS 78 SV /I | H T B A0SR AR (1 I T R 2 ] LA R AR B R Ay R
AR YR S 6 07 ) P S A T 0 T S 3 Ry b A AR AR I SR SRR IR A, AR5 (0 R AE S i s X i
RAEEE ALK B AU BOBC AR 2 AAE i B Sh 2 P I 45 538, 5 B AR BRSE Hh i SE PRk BE A H230T , DRI
FERLYARRIERS R, 2 A RAE S TOE R BRI TR RREE 4 8] B R RE SRR

A RS WAt AORAE AR AR Y IR T HERE i, TBP SRAEIRIE DY 340 cm, TSP RAFIRE N 210 cm, X RAEF
BV CEERR 5—10 em BEAT 732 B T RAEAR URIRAF LATE 04T
1.3 ik

(1) 2453 BeaQ IR ERARAE A E LT A LR LI 0 AT ( Shimadzu TOC 5050) 734 nl 5 4k:
F ALK (dissolved organic carbon,DOC) ¥, FIHSAH A% {Y (SRI 8610 C, SRI Instruments, USA) il CO,
A CH, , HEFFE a3 co, M CHﬂ/’ka“gj o I A ] B F 235 ( Metrohm modular IC system, A Supp 4
Column, Metrohm, Filderstadt, Germany) 7T #iFREE AHERER U . (2) X 5 70 FERFLBRACR AR R AR I RE i
DU LU NZS AR A BT YRR 5 70 60 TR i A6 B I e AL 0 (H, S ) R BB, i SR AE 2 bk a3 D6 e B
RN R AS AR MR . (3) R AR R I E AT PN (PR I R B A 5 v A o FH 4R AR
B EE B — 2D E i T RE RO HUMER ST 250 R 0 M A (EMMA ) I GV BE I FY ki 12
(Varian Cary 1E, Agilent, Santa Clara, USA) it 5% J5 0 LU H,S & &I BAHH TRIS &1,

14 Hdlakbae
A5 B AL BEAE ) Excel 2010, 7EFIf# A Sigmaplot 14.0 #2F, Geit43#fdi F SPSS 17.0 4, X i
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e T R (87 em LATR ), FEHA 130 I B 51 PRl P9 A7 R R 30 SR FR G R, W Ah SR FE 05 36 J2 TRIS W34 4 0.5
pwmol/g, H )2 E ~20 em WREE TG 28I 0, Hodh | TBP KA S AE 23 em Ab TRIS ¥ EF A K, 4 29.8 wmol/
go TE23—87 cm Ui [H  TRIS ¥ JE 2URIFEMKE 1.24 wmol/g, it 87 em J& TRIS kX T 1 pmol/g HIGH
W EN SEYEZ M 0.51 wmol/g, 5 Broder 251 7E Patagonia JE 5L PBr2 SRAE & PRI AR Ak #a S A/ L, TRIS
WRIETE 40 em R IR RIS (85 TR IR/, HEWTE i R SRRk vk B i 34 , TRIS ] BB 4R TR ek />
ALY 45 FEAE Blodau 25 2 FE NS K Mer Bleue Y A HL A B, ABFSE T TBP RAE 5 E 80% 1 B i [l N
TRIS BIREX/NT 1 pmol/g, T T Broder 252 7E PBr2 3 5 WL ] () TRIS ¥ 5 B (2.5—5 pmol/g) ,iX
JER R PBr2 3 SR SRR 28, A S R BRRRER A, 1 TBP YR 5% 2 MOBR IR SR 4 A £ Zok A R ITRE,
WK T PBr2 ¥4,
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Fig.1 Distributions of total reduced inorganic sulfur concentrations with depth in different sampling sites

F L 2 WT LA Y T A SRAS: o5 7 A v J3E B R 28 S il A 3 . E 0—20 em P, TSP 1 TBP H I 2k ik
FE5r 5 18.29 wmol/L /0% 10.72 pumol/L 1 32.99 pmol/L J/0#] 12.61 wmol/L, 7 20—60 cm JLFE N,
V2R B e S/, TSP 1 TBP Hise 3 FEl 43931 1.88—11.979 wmol/L 1 2.03—21.77 wmol/L, 14}, TBP
HI TSP 1 H,S SERWR R 228K, 20510 2.27 wmol/L F10.75 wmol/L, H FALRAEE £ H,'S e Ji A 5L Y St
JE IR EaH (& 2) , TBP 1 TSP 43 HI7E 9 em(4.82 wmol/L) Fl 35¢m (1.17 pmol/L) T EE A 3 5 K |

H,S (T8 LR 32 ZEAL RS G A M R Ak 2 1 RR 5 2 B PR B 22 2 SRR 9 X %) e 7 R,
SORTEMAEY R, WEAEYE AR H,S FZa PIRRR 55 —Fh 35 2R A 76 H 3R 0T i IS 32 5%, A2 il
19 H,S it AN o 58 R A AR W R R A SRR A ML BT s R SR SR R b A 1 1L, S, X R 7
KRR A AE YRR ER I JFEAE ] (BSR) |, A YV AR G H, S 19 FBEE 48 75 16 4% 1 R AR R B vh il 47,
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MR 2 PIE R ARG S R H,S mUP LARAR ki 3k Al B R PR 53 o0 A« (1) TRV IR b dRe
221 0—5 em TREEJEH: PERAE A H,S YA /MR EERS IS R, R0 H,S AR AR, BRE T H,S Al
LI 3 8 e 3 LR YR B BELAE I A 1, B P T e AR IR B Vi S U IR R 3 T I SR PR R AR AR
55, [AlS AT SRR G TR AR ER R I O 5 T A ad 5 H,S AL UBRR L. (2) 7E2 5—20 em
TREE G PRAE SO RV 2 2R b H,S WS 2 B /b ny a3 (181 2) o HEWTE H,S TEFLBUK Y B 72 v
o 5B Fe® 255 AL TR (FeS) , #EIMT 5 H,S .S  RBLY) 2 it — F I A= Wy M BR AL 27 1 A AR (1 3%
BT (FeS,) , W TTIAE PR W FE R0 . 5 TRIS 245 20 em 14 B 78 R WL 21 (14 725 (ELAF R 07, I T B 31 PRl 2 IR
SAIAEE IS BB ER A I T 1 A AR B, TR R R0 S A AR T SR A R o iR 2, Rt HL,S
T ok B R R 30 8 T I D AR R R A 18, T A R A R AR 85/ . (3) 1E 20 em % 35 em(TSP) /39 em (TBP) i
JEVE IR N < H,S W2 BE TR B2 5 sl % I, 7Rk B B R B8 e sl /b (181 2) o FETREEHSIN, b 37 10 25 3.k 2 Ul
D RN RN S H,S THABRBEZ D, T AR HLS RN, IF ELAAR K TN AE H,S i H,S S i
PO E 35—39em AW R, IHEE VG H,S 3 i AR SR8 R R IR Sh R R A A, (4) IR
DREESO L W RATE A H, S ARRETR EE D/ (1] 2) |, HEI I TR 8 Y0 AN 85 B R R It T A= 4 BSR PE T8, HJt
JETRBRIRER S 5 RN, EARTE MG B R B e sl A2 A AN R (181 2) , 5 H,S SO g — 2508, 3 Fl 9 oA A
FeS o FeS, & XAFHE
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Fig.2 Distributions of ferrous iron and hydrogen sulfide concentrations with depth in different sampling sites
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FE 10 cm 120 em TR BE &, 5300 0 27.93 mg/L Al

20.81 me/L, SN, TBP th DOC ¥ J BV 2k o Disolved et o/ (/L)
o OSEHE 19.79 mg/L; TSP HHAY DOC ¥k 3 FE T 1 0 o0 ? 1? Is 20 25 3?
BB AS LA 90 em BL IR ShEE K (LT 90 em J§ | e
W BN, B BE 10.33 me/L, B (% F TBP 1 DOC 50 | ....._._._-.-.-_-.:::'.'.'.j_:_j_j_",:""
e S
AR ARG TR B, TBP T DOC HWgks o T
EHIEHE ACREOD 0.507,00C SHMBLRE 5 |
FURISE MIC RN 0.609, MR 2 MIGHEATABL, &
TSP 1 DOC 574k 5 B35 TE MISE, HIDE R %00 0.380, = 200 |-
Ml DOC S HRREE o AT E, b5 et 1.2 7]
BT TSP 54 rh A BT S B T TBP, L Ah, R RS .
TSP # 1 - DOC YR BEENB A ([ 3) WA f 433 7 g LT TR

5 , D RS2 J8 DB R S e /K s B B R AR o _
LW, DOC 5 W2k B R 5 Y78 50 i A1 Gk, e ok
R AR A S — A TR R e sl HP KA 19 38 ) 255 i)
AR R EE A E T Knorr 855" 6 VAR ARAEER Y Lehstenbach Jis 148 26 M1 i A7 5% &
B, EFLBUK BRE M, DOC 5308k B 8 35 IEAH G (R® =0.78) , IESE DOC ¥R B 5 4k 1 Ak [ sh 25 48 fb i
B YIAOC BRI AT AR N e 4S8 i - 33 G A SR AR AT B, L8 o W M AL Ve VR T 5 R PLa s &
TR AR, SE B BRAR AP = A HLAR A e 1 S LA R AR, /KA b, 0 R i i A AR R R
{CE AN A A WUk, TS B0A A ML R BE A3 I, X SRR RIS R —3 ., AWF5E T DOC kB
EBRER AR SEE S Knorr 0 AOTFSE rPLER B 45 AR, 35 2 W M6 . BBRAR JE s R tE B B, 76 18
IKIRBE R, R 4 1 T st A T TS AR R B i pH A, 100 DOC (475 A B 3% pHL BRI B8 38 B (s ol
Hil pH BT = AT 4 e DOC Wk BEXE N, [ B ZEAS 5 v, PSSR B i DOC YR FE SRS IR LA pH ¥4 0 Il 2%
AHIEE , WA R LB s R £k v J 311K (0.02—0.03 mg/L JE ) |, HEWTZ X T DOC ¥ J& 5 mi A Bl i 3=
g5 b X PALRAE S DOC YR 58k WA CHEC R G R K, 7E R A BREE h | B8 Ab i S v Vs e = AR
Bk, 5 A B A LR BB R T th 4 S8 DOC M RY THm , PRI DOC ¥ J3E 55 W0 4% 528 TF AR 6 ; TR AR
RO JF A R P FERR A pH (B THE , TR SE DOC I, IR DOC e SR Eh & a6 . &k Miny Sk
S T R X U e AR B 114 4 A (Rl s e (B AR 1 — 2P 5 e

®1 FBERAEAHRE WK T% pH 5RBEVIERE Pearson 11X R ¥

Table 1 Correlations between nitrate, sulfate, ferrous iron, pH and dissolved organic carbon in tap broad position

BHRA DR/ HmREL/ TR/ Wk,

with depth in different sampling sites

(mg/L) (mg/L) (mg/L) (mol/g) pH
]ﬁffgimc carbon (mg/L) -0.244 -0.699 ** 0.507 -0.074
T4FRER Nitrate/ (mg/L) — -0.136 -0.031 -0.504*
AR ER Sulfate/ ( mg/L) — -0.641"* 0.392
W4k Ferrous iron/ ( wmol/g) — 0.109
pH —

w1 x SRR L 0.05 F10.01 K19 B E MR 5
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F2 REHRHAHERE MERE . T pH 53 B YA Pearson 18X R E]

Table 2 Correlations between nitrate, sulfate, ferrous iron, pH and dissolved organic carbon in top slope position

VA LR/ TR L/ iR/ W/

(mg/L) (mg/L) (mg/L) (pmol/g) oil
ﬁiﬁiﬁ?zm carbons (/L) ~0.103 ~0.042 0.380" ~0.283
THAREE Nitrate/ (mg/L) — 0.040 0.006 0.915%"
BiRER Sulfate/ ( mg/L) — -0.033 -0.123
W4k Ferrous iron/ ( pmol/g) — -0.234
pH —

1 s A3 R T 0.05 F10.01 K1Y 535 HEAS 36

2.3 JescHli CH, (CO, MR BT A2 CH, CO, HER Y M Bk fb 24 R R

W 4 i, WAL RAE &S CH YR Y BEEREE RGN in . TBP o CH, ¥4 1.88—735.90 pmol/L, iz K
He FE A 260 cm, F)ZE 60 em REEVEHIE K BRI 2,60 ecm LLUT B KRR, TSP F1R)Z 2 60
em DL EBREEYERY) CH, M BEFE 300 wmol/L 2247, e KAE HBAE 170 em TREEAL 60 em DL Sl BERC K, Ve
FEE IR 223.71—543.51 wmol/L, 1 FHu N /KA (AR T B, S0 A B A PR 7K i it 4R 2 v, 35l
F fe 8 X DA SIE Hb e 17) T S A 2250T 60 em BRBE AL , AT A TR 21 CH, AL, RIZZ 60 em FEEE TG FIY
CH, YK BN AL AL RAE AT CO, MR BEARRATR BE e hG J5 0, WAL RAE S 7E 0—60 em TR 2 Rl 4
/N, TBP FAE 90 em b3k B KHEEE 4191.94 pmol/L, TSP 7 120 cm ik & KM EE 4210.74 wmol/L, WiibF
T F TR K B e KMk JBE S 1 B VR i 22 A, TBP 7E 100 em [A{K 2= 3148.78 umol/L, TSP 7E 130 cm &K=
1464.78 wmol/L, WAL RAE R ~130 em DL IREEVE R CO, FER L uk /D, CH, BEER BE 8, & th FAERRIR
PERAR A IR 5 )2 LA HL I8 CO, ™ CH, 5 15| it r= AL 1 CH, 1.,

i f5 Methane/(umol/L) T4 ALk Carbon dioxide/(pumol/L)
0 0 200 400 600 800 0 0 1000 2000 3000 4000 5000
50 50
= 100 100
Q
= e,
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@)
=i -
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B4 RERHS R - AUBREMRESH

Fig.4 Distributions of methane and carbon dioxide concentrations with depth in different sampling sites

WK 5 FrnfE TBP Fl TSP RAE S AR R EL A1 CH, 785 ARk A i . TBP SRAF 58 CH, W B PR
SEH U PG | B £ v I TR ST S P . 80—150 em TR VU B R R R A= M 0.52 mg/L,
M CH, Y BRI 276.74 pmol/ L, B35 Bl N BR AR ER A CH, 222 Wk 25 f7UFH ¢, A OC R 8GR 81 -0.823,, TSP R
FE S BRBRERTE 40 om IA B KWK, 76 120—140 em VR VI I B2 AH X4 7 , (ELUG S FEL PN CHL, W B8 ARG B5AIK
40 cm 4b CH, %% 4 291.18 pwmol/L,120—140 em V£ 75 Bl -2 & 238.80 pmol/L, Broder %5 " i F1] J¢
IR HAIEGE e B, CH, Ve J32 S5 e () R BE X By B R Eh vk FE AR, DA L 25 SRS R\ PR W FE A = 45 T, CH AR K
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