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Abstract: Peatland is a type of wetland with global significance, and the study of the dissolution of phenolic-iron complexes by
peat derived phenolic acids helps us to understand better the iron-carbon coupled geochemical cycle. In this study. humic sub-
stances were extracted from Jingchuan peatland soils and hematite, goethite, ferrihydrite and Fe-organic associations were syn-
thesized. After that, a series of dissolution experiments were performed with three representative peatland-derived phenolic
acids, including gallic acid, caffeic acid and protocatechuic acid. Results show that the amorphous ferrihydrite and the newly
synthesized humic-Fe have weaker dissolution capacities, but the well-crystallized goethite, hematite and the humic-Fe after ag-
ing have better dissolution capacities, meanwhile the humic-Fe could be more stable in the phenolic acids solution than the pure
iron oxides. It is confirmed that the organic iron makes up higher proportion in peatland soil, while the crystallized iron oxides
make up higher proportion in mineral soils. The interaction between iron and carbon in peatland is complicated. where iron
could be exported to aquatic ecosystem such as the ocean by complexing with iron, and organic carbon could also be preserved
by forming Fe-organic complexes, thus affecting the global iron-carbon coupled geochemical cycle.
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Batreh SRRk EFENERTRZ — K&K
A FR B PR OE A B Al ik R X A 3 PR BE R e
(Reddy and Delaune, 2008). 8k Hf# S 5 — i 4
YRHAEY A e R RAEY AR EXRHEEN
B IGE (Colombo er al., 2014) .7 7 A= ¥y 41 i [H
R OGAEMER A U a5 B AR 2 K & 1y
WM R R W v o R R A 7 0 i BR A 4 JT R (Mar-
tin et al., 1990).

A K URR Y R A 2 ko LA 2R TR AL
A HL B ALY IE X AFETE (Prietzel e al., 2007), H
FAT AR 58 1) 2% 1 W B BE g A B g, mT L W R
As.Mn.Cr.Pb % & 4:J& (Lovley, 2004; Davranche
et al., 2013)Fl—Leqk & @ K B RR £ 55 &% WA & 1
(Stumm and Sulzberger, 1992) {H¥R 5 24 19 g 28
AT DL ) 2k 48 Ak W A B 1 AR P R 3R T R B AT
Tufano and Fendorf(2008) & Bt M & 1k 55 14 ¥ 1b A
I TSR AR I S AR AL 0 1 3 B A 23 1 ORI R A
ARG, AT PR BT AR T G B R L R
AW AE AR BT 103 IV A 5 A ) e A A
FHEE VIR O, RIS A= ) LA ML A0 AS s M 0 A8 AR ) o oK
Ui B, - 32 AL 3 o AR A L ARG Fe CHID 3 5
It NIX — b B A AR A T B T 5 A BE B (Lovley
and Phillips. 1988). 8L B Bt . fo 2 9 Xt £k 1 52 4L i
JEAEFE 32 3 1 4% J7 TR IR, JF BRI T OR B R
(Nevin and lovely, 2002; Jie et al., 2017).5ZFx I,
R A= 0 A T B A A LA AN o i A AL BT s AT LA
VS — 5 A R AR W B O O R LB B L B R S
(LaKind and Stone, 1989; lLarsen and Postma,
2001; Eitel and Taillefert, 2017).

e 5V B BAT A Bk SOy M 2 A, s 2 il
i o) 7 TR R R R 0 SC B I B B S R DL T
A V] L AR T T R T M R v R L T e A
EZI RGeS L 7 7 A I S (A=A VI O 4
(Krachler ez al., 2010).[RJ T}, Jé s ¥H 3 HAT 1 5 1)
M BE AR pH R B A A AR AR L I 4 A A R AR AR X
A= W) 58 4 43 f# (Mercader et al., 2014) 55 HLJ& A9
R T i DRI U8 R R S A BRI Y
Il b1 A HIL A At 122

WFFE R B BRAE DU A DLk B 2R o 72 op i 4
AT 20 A RS — W | AR B B S AL
AL DL A 5 2 0 b R AR 22 A S T vE A AN
W B4 FHE iU A LA A i v, 2 200 K B A7
T (Gu et al., 1994) . 8 T 38 # (Mikutta et
al., 2007) F1 A &5 + ¥ 55 4F ] (Elfarissi and Pef-

ferkon, 2000) .3 i 33 26 45 JHJE 1Y 8 A HL I 5 1K
BEABATT i 2338 3 2% A E S 5 OB U i &2 A 1Y
TRAEH.Chin et al (1998 FETRRIBEE T A T &
TR A B = AN S A AL A G 1K Fahmi
et al.(2010) I\ Ry 78 Ue e T 5 v 2 8 4 4k 0 DL gk
AHLE B R IE XA KR S A A] 2 i S ok 2y
ol a6 ~5%.

BRANA AL BT o 22 b 208 AT LA G AR A
—EREE EXTAHLYE B T O E A AR E
S Z MR R, R S A HLBT R R AN G 07 5
AL IR R A I 2 5 % 48 Eusterhues et
al .(2014) X} FEAT S 1 LU0 HE 25 1 B A DL & 7R A
W B 285 04 A LA G U B T A= ) o A R L A R R R
P XA BILJBE 2 A AR 5 B £ 37 BE 0. b IR AN
AH B BR A H ClnZK BB B 5 A DL 25 65 T8 iUk f2
SE (A5 1A Sk 3 AT LIS A 43 M i 32, BV 7 4
A 55 vt B8 1 O A HIL BT K I AR 2 (Rue and Bru-
land, 1995) 4K, 76 B8 J5UR 1 T A1 AT LL— 7€ 72
JE b RE i S G R T B B OT S R k0 AR 1 B Al
(Shimizu et al., 20135 Lu Z et al., 2017).

VFZ WSS UESE , By 2R W) It 32 2 b U W O i R
JRR A A B AR R AL L 4 WA 2R W) BT (Gra-
ham ., 1991). iy F B 28 9y i 19 55 7 0 FL oA B0 1Y o
RE S ANy B At DRI, 90 ¢ Y 336 v 5 3l A7 A R RE 1Y
Wy 259 Bt (Harwood and Parales, 1996). 1) iR 2 I
BARPETBE S BRE% A& 1 — S E Wy 2R W) i O #1455
2013) , —SEK A4 v 0 DLy R L AN ME R L B TR
S B 5 =M g M BRIE R E S A . B A
YEHBEA pH {H 1) T & 1 14 58 (Moran et al., 1997;
Andjelkovic ez al., 2006). [/ W, ¥ 2 By 25 ) i 6 A
B I8 IR 7, AT LA IA D O il — e kA A ) (La-
Kind and Stone, 1989).
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F89 751 R FH R AE i VR 0 A T BORR v T R R
R i A SR FTIR (B 20 48 6 38 43 Br
4SO Yo $5 HC A S BB R HE AT T RAIE.
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Sk kit HGATE 5 U8 i TR R R AR A LA A IR T R
M, 2EH H e Z B Schwertmann and Cornell (2000)
38 A 7 2 A BT TGS B Y KA LA R & i S R Bk
W ME T SR AT LA R T RANE & 14K,
B 0.38 g B LR I i 58 & )5 5 & 500 mL, FiH
40 g JUK G H IR ¥ ff T 500 mL M4k b K 7
FIRA A 1 mol/L 1y & E Ak B WA 1 1R G TR
pH & 7.5, R4+ 45 min, B0 R EH £ T
K UE B R LU R S <720 ps/cm K UTTE R
PRI 40 B A 4 B ) A O 1k i 45 5 —
HFES L FE T 5E pH 5 T 90 C T % £ &1k 48 h,
ZAREMTED RN LS FKREZRE TG,
AR T 40 H A .

BRATHLE AR T R AE T A 1A O™
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JoT 52 A5 R PR v 8 T2 A S - 43 500 R P DI IR AL O i
G Hr TAS-990, # HFR 2 0.012 mg/g) #il TOC
BT (Vario Toc. & HiFR > 0.9 mg/L) i & H
MR B R B S i, R RIF R B A L E &K
b L.
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Fig.1 SEM graphics of five synthetic iron minerals
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Table 1 The dissolved concentrations of iron oxides and iron-organic associations in different dissolution systems

pr— 93 1% vk i JRILZE R Wi R WEFm
(mmol/L) pH=38.0 pH=5.5 pH=38.0 pH=5.5 pH=38.0 pH=5.5
0.1 0.20540.013 0.184+0.022 0.24640.007 0.246+0.013 0.13720.013 0.14140.023
Kk 0.5 0.16420.017 0.16420.006 0.1284+0.023 0.1424+0.013 0.14240.023 0.164+0.006
1.0 0.142+0.013 0.142+0.006 0.1784+0.017 0.205+0.046 0.205+0.028 0.331+0.028
0.1 1.22240.132 0.27140.080 1.29940.273 0.22940.013 1.11240.147 1.49340.418
IR 0.5 0.906+0.196 0.16140.024 0.87540.109 0.288+0.210 0.74040.220 1.13340.060
1.0 0.682+0.136 0.090+0.042 0.60940.211 0.180+0.217 0.756+0.344 0.718+0.191
0.1 5.70940.740 1.72440.502 0.7384+0.393 2.489+0.052 2.27740.251 2.14240.497
[k RN 0.5 4.17141.044 0.948+0.233 0.43740.195 1.88740.048 1.46940.098 1.14740.020
1.0 2.7144+0.231 0.05540.013 0.072-+0.055 0.409+0.025 0.99640.073 0.120+0.010
0.1 0.377+0.046 0.354+0.025 0.359+0.023 0.577+0.028 0.504+0.017 0.737+0.013
HA-FE 0.5 0.3294+0.061 0.205+0.007 0.28240.011 0.458+0.064 0.404+0.022 0.591+0.017
1.0 0.13340.011 0.1244+0.007 0.23240.034 0.47240.050 0.345+0.028 0.582+0.073
0.1 4.21040.031 0.6460.289 5.09240.185 1.87640.075 3.88541.844 4.86540.169
LHA-Fe 0.5 1.01640.298 0.074+0.007 3.865+0.122 0.549+0.422 1.69540.589 1.12040.067
1.0 0.088+0.013 0.061+0.017 0.088+0.013 0.18740.006 0.088+0.006 0.164+0.029
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Fig.4 The concentration effects of iron dissolution by phenolic

acids
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Fig.5 The dissolution curves of iron minerals under different conditions

R2 AAREGFZEHABGSERBRRETHEE
Table 2 The degrees of dissolved iron change in different

reaction systems

JILZRR IR R WETR
)
pH=8.0 pH=5.5 pH=8.0 pH=55 pH=8.0 pH=5.5
ERET 791%  2001% 113.3%  27.2%  47.2%  107.8%
B8 1103%  3034.5%  925.0%  508.9%  128.5% 1681.2%
HA-Fe  183.7% 186.2%  54.6%  222%  459%  26.7%
LHA-Fe 4684.1% 965.3% 5708.4% 904.8% 4314.7% 2860.4%
RI3I FNAREGERPETHABREE
Table 3 Dissolution rates of iron minerals in different
systems
LR U WETR
) —
pH=8.0 pH=5.5 pH=8.0 pH=55 pH=8.0 pH=5.5
k- 0.729 0.207 0.412 0.149 0.288 0.318
IR 0.202 0.080  —0.107  0.108 0.275 0.210
HA-Fe 0.059 0.026 0.052 0.053 0.146 0.209
LHA-Fe  0.117 0.007 0.195 0.063 0.127 0.131
R BOR B mg/h.
K=(A—B)/B, @D

A A AURIES B (pH=8.0) &4 Tt th iy
B ik, B ARSI MRE (pH=15.5) &4 Nl 1)
BA LA L BE Y Bk TR O 0.5 mmol /LY

R4 BENERKNREUNEAEABBRBIRPHK B
Table 4 The K of Fe-organic associations and iron oxides in

different phenolic acid solutions

HHLE AR HA-Fe LHA-Fe IRERH E ek
JRILZ R 58.2% 346.6 % 545.9% 201.6%
WE TR 11.4% 177.4% 35.7% 138.4%

W e PR 11.4% 254.7% —34.7% 28.0%

VW BN 24 b e DU AS 0 U A B

WAL R 4 AT LA L BR T AR kBT AE TR M o v R
VW B T W i, LA A 2 S e A R S SR W R
YIAE 55 R PE S5 11 B8 ) 5 e b a0 2 D L
RIRER TR IR, Bk 55T R M 551 Y
VS K 545.9% . LHA-Fe 78 3 My FRIA R i K
HAE 177.4% ~346.0% Z [A] , R B T AR K1 22
S TR X M AE HA-Fe B 520 40 v, 55 0 M 45 1F
TR R L SRR PR AU M AR R s R
11.4% ~58.2%.

— BT T B S A AS R T R BT R R
E . LaKind and Stone(1989) /1 1 mmol/L A X%f 4
T ST R R R R R R B Ak
iR bEE R R pH (A /Y T & i B K. Krumina ez
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al.COIDWIFR T AN pH ZAF T 2,6 ZH A IEX R
T X BT R ORK R A I AR S TR RR R B
M Mk & bEE pH E A T RG2S 5
S5 B 52T 55 01 A% AR T A R i R L i AR
SC A 2 S B U A R B R B pHL (E Y
R T 8 0 3158 B A R 3 0 v R O ) 4k O A 2 B
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JLZR TR MER FNE & 718 5 — I 8 i) 4% & A FH Bl
& pH AW T = 38 58 3% 5 A S S 56 45 R A —
SR T PR R R AR IR M ) pH RN S
BREGS AR VAR G, 1M pH T 85 % 38 Jit 335 fige A )
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2018) , FEL T [ B 1 AE 1 1 B T R T 1 B K.
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i P 5 T W R R 1) B 7 R A T TR A

59 S <9
i i i
Q Q Q = CH—C——
i —C—oOH —C—oOH ] CH =CH—C—OH
o,
S

Ji ) LAS R (Protocatechuic acid)
WA TR (Gallic acid)

K6 W TR LA IR AN kAR 23 T 454

Fig.6 The molecule diagrams of gallic acid, protocatechuic

WMHERR (Caffeic acid)

acid and caffeic acid
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