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Abstract: In this study, we set out to investigate the mechanism of apatite-mediated dissolution and
transformation of ferrihydrite in lacustrine sediments, and the synergic environmental effect of both
minerals. We carried out in-situ ferrihydrite transformation experiments in the Dianchi Lake, Yunnan
Province, China. The results show that ferrihydrite remained stable in 1-month cultured samples, whereas in
apatite-added samples we observed obvious mineral phase transformation after 3-month culturing. The
change of newly formed iron mineral assemblage composition with depth in the top 50 cm sedimentary layer
were goethite + magnetite/maghemite — goethite + lepidocrocite — goethiten in the winter experiments, or
goethite + lepidocrocite + magnetite/ maghemite — goethite + lepidocrocite — no new mineral in the summer
experiments. Transmission electron microscopy observations show that magnetic minerals formed in winter
are nanosized magnetite and maghemite, while in summer they are mainly magnetite. X-ray photoelectron
spectroscopy analysis only found P in 3-month cultured samples in winter at a sedimentary depth of no more
than 20 cm. The experimental results suggest that the progressive steps in the apatite-mediated ferrihydrite
transformation process in lacustrine sediments are as follows: (1) apatite is dissolved by microorganisms and
P is released during dissolution; (2) dissolved P promotes iron-reducing bacterial growth; (3) iron-reducing
bacteria promote ferrihydrite reduction and release of dissolved Fe?” ; and (4) dissolved Fe*™ catalyzes the
transformation of ferrihydrite to goethite, lepidocrocite, and magnetite. In winter at the sedimentary redox
boundary, the functional microorganisms responsible for apatite dissolution and ferrihydrite reduction can
grow better, thus the risk of endogenous phosphorus release is much greater.

Keywords: ferrihydrite; apatite; lacustrine sediment; redox boundary; stability; transformation

¥ OE.Ad AR R R, FFRIRT T Ha AR b B G ) 2 KAk B R A AL S AL AR =
FEBUOTREAR, BREAWN BRETXENRBHT LR T YRR E R EHILE 3AA
BLR B R B R PRGT R AT REWME T, AR2-2 A) FH P A0S R A6 T A S
HAEGT TR BT A 5T 45 AR (69 A)ER P R IIR A TR A
Hor +808r tEGR ST 485 + 487 > k3, EREES M ERBTLARER b A R
Pk BN A AR BT Ry AR Tl T AN 2 h e ks, X HE L FiEss
RETAREAEZERHBEARG PEE. WAV GIARBRY THR BRA KK Hegid s,

I F5 B #8:2020 - 04 - 20; & B H#: 2020 - 06 - 28

EETA : HK A REARATH (41462003,41872043)

YEE B 9505 (1976, I A PRI, FENFIRG 525 55D ) 2%0F 58 . E-mail: luoshaoyong@kust.edu.cn
CBEEEE N RA956—), B L B FENGRET Y SEY T YT . E-mail: 2942848030@qq.com

http://www.earthsciencefrontiers.net.cn 35 474 ,2020,27(5)



B8 JHBR KX 2/ W F AT (Earth Science Frontiers)2020, 27 (5)

219

(DB AMRBBER BEM; (DR GEMBBRYPRHBLTZRAAK; LT RARIKET TR
(DR T TG =AY RS FET LR T Q4T  He 5 ek 3L, AR B RB AT R
RERETHRCHMAKEREER . RKET i PR AL T 3%, 485 1 KR BB %0 R

M X,

R ARG T B R G AR B AR R AA T M AL
hESHEES P579;P571; X142 CEMFREE:A 3LESHRS:1005 - 2321(2020)05 - 0218 - 09

Rl IR R A TEE ABINA SO DUR Y g, 25
XPUTRRIREE B il A A= 2 A EE 5 ), 3 1 i 24 350
U Bk WL AT R PEAR . ZEDTR) 4
=3 It LT e FER R R A AR W e R T B Ak
2k i R 7 (dissimilatory iron-reducing bacteria,
DIRB) (45 HI R AR A3 5 23 S Pt g gk —
ARG, 5 BR R AR AL W TE B R 31 38 I AT (sulfate-
reducing bacteria, SRB) 8% H,S fEFH T & 4= 3k —2
WIFAE . A R R B A
ML A0 AR HIAS 210 38 5, o357 4 FH A1 ke 3z 21 41
2y, MeAh, ik ST R A B R 2 S T
IS 7 IR AR BRI AR 45 , 07 ) () DR 4800 A HH 25
SOV B TR R 1R B K B I A AT Bl AR
KB, BRETHEVF 2RI AE7E R NP i A
TR K 0 E B SRR AR Y Ak
A oA POREHIOGHE K PR STERAS T 20
] WSO URR ) rh A 1) 3 e AL R g R 3R
XF T AR PORECRIINN & E TR A R L

R LR S e 7 S p S DO T E= R 7]
30 i il AT B e A LB A AN SN e pHL,
Eh R 8] BK BRAG I B A= P40 50 55 1 25 5 e 4
W) o fife (R AR DY L B R Ay AT, T LA
3 3 A ] B K ) by S A ) SR A 2 kAR A o3
fife ARAE X 7 T N TR IR A . A DR )
P B ZRIEA B TEMES AL 58 Fe 454
BB HEBEAS AIES HEEE,
REWBA P AT ZBNAT0RY b XA R i &
T ARG AR KR SR U rh AT
XY P& m i USSR A AR K i
JE7S P ol Xt A A K STk e . SR, —
SETEAE R B AS P Y STRRAS AT 20, QNS B A oY
R IRVF 200 E T L b A R K A 43 e 5 )
I, 58 & BLER - 1A i i s PS5 HABE SR P e
JEIEARSEH S RIAYE DU IR B h R A T IR A 1Y)
SRR P EEAG. Y8 A A K A X TR
FRUCRRYI 3 DL W) S A2 ) P 1 O3 i 5 2
AHE AR T BT B A=Ak SR A S A U S 2

AMERF I )AL

PO T L 4R — BAL T E R E SRR L W
IKFITURRYI R NP 2 SR E IR AR AR A 5
P (5 ABRS BT XA A= AR i A G ik 2 R
P FRBE TR B . A IR B W R AR
BB P o R T HA R sE i
TFIRIFAL 25, R 188 P ZEDTARY) b i Ra e M
AR X R SR A R A2 P 52 W0 X T T Al
Mo K AT IR IR A B2

1 BRI

FT 3 I R RIEROK A (Fe; HOs « 4H, O)
FERESZES : (1 /KR 2 b FFREE A Ak (20D 4
e 5 (2) HHAWERE ALY A L, KR A2 T /N
(KRG L 45 P AT R M RE ST 8 s (3) KR 2
TEPER 22, R T S 0558 53 i T BT Fe FLE
FEOCE At 2 B B A VR A UK R
X SFEATHH o #r (X-ray diffraction, XRD) 3% B 4 A,
TR KR . RE A TR A 4
A TF RS, XRD K itk s i R0 £
AR IR K A s g 2 /b A 0 L 0 W ANy
o BB R BB a0 ok BORE AR /N T 200
H RE i T30 5

PREL 5 g B0 A1 14 2B A B T 48 Ot 3R
WR R . FLA2 14 000 d, BP SR iF 4 F /N ZE )
il WL LY 2.5 nm) B HTASE 152 A
T3 — D RAE AR BT A Rl BT ZE SRS e A 5 g
IRERA™ A AMAE 3 11, ARSI AN A 1e B L i .
UM 0 T DR 2 B mT AL RE S B e D7 F SR
i, SOAT Jht A R A5 b 0 5 R S 1 T B0 A
ISR R M, S50 PR ) R AR 2 R AL I
B (E102°36'47.15", N24°46" 33.16") Ji¢ e 3 {5 iF
IR E =50 em; 7EREJK IR A PVC % L O FF
A E N ARV THAR H) F 10,20,30,40,50 cm &b
(B 1a) B I 1AL TR B KR S« B Je F
BRI 1 PVC AR 1 (B 1k 584 AT

http://www.earthsciencefrontiers.net.cn 35 474 ,2020,27(5)



220

B, R K. K/ #F AT (Earth Science Frontiers)2020, 27 (5)

T rh sk A5 v JEC YRR S B 10T D) 47 A TR M TTCRR
H L BRUEAS HR RS TS -5 K —UORR ) i i ) e JE— 35
P SEIOAT: [E 7E— FE RS N AR . R ECR
IKGH XS RRSCIRAE . 4001 12 AR 6 F i SE g
FE BRI/ TOHE A SE AR 45 6 MR, 4 I TESL 80 1E
A7) 1A A F 3 A BTEURE (B 1b) , [ — 45500 A
FRURE 3 AR oK S B0 Hh A A B I X H v A AR
W A BT IR, A S g5 07 0 AXY-Z, Hor
A RFSIAKR (12 ASE8 R A6 H 558 B s X
18k 2, 1 ARFSEIEHT] 1 A, 2 AR A 3 4
Y R 1EC2,1 X BRECES, 2 A BEe 1 S5 5
Z R UURRE R S B B K DU P R
b g R

"
-------
"""""""""
o
o, 7
0 o
O .
N o
----------

e
......
reaaa

a—LHREE ; b—SIREE o R ASES R R
Al EREERHFS
Fig.1 Photo showing the experimental setup (a) and
samples (b) and schematic cross-section of the sampling bag (c)

SRR 19T DX-2700 %1 X SR AT 44T
WIS SF 0 Cu B Ko 2R (A= 1.54 A) 4511 %
40 kV, A IR 30 mA, 1 BEYE I (20)10°~70°, 94l 2
£ 0.02°, 3145t A] 0.2 s, % Bartington MS2 I {i#
5 2CREAL SRS 22 A S RE AL A% 0.465 kHz, R
FA S S 4R HE 2 Rk B i R Fe? ' At
TR B S I E B T, X RE S T ) Fe P
FonFE IR X GG H FRE K (X-ray photoe-
lectron spectroscopy, XPS), {¥ &% il &5 ESCALAB
250X (FRER KHMLIR) L X Bk Moo Al Ko £, BT
500 pm, XNPAE S FEAT RE A L O K W48 ) i U2
i W [ 5 J5 #4732 9T HL B (transmission electron

microscope, TEM) WL %<, (Y #5 # 5 JEM 2100F (H
ASHL ) L N HL T 200 KV,

2 #ZRH1he

2.1 XRD &R

FrA 14 H 2R B9 XRD FE 34 R
d=4.2.2.5 F1 1.5 A 1y 3 A~ sefilitie, 207E 1 4
H B SZE R PY , AKAER PR RS 2 I A KAk
SCEGHEATE] 3 AN H B, X RSB Hh K B AT R R AR
7 XRD K35 A & 3055 H A R0 AH G 0 177 5 i
(F 2,3) . BB A 25 K R A T B
YIABFAR B AR E A = 2 Rk kT
FRE RO, 2R, 10 S 20 em IREEANHT A=
FYIAE R SR ARG 0, 30 S 40 em TRBEAL Ky
T R, 50 om WREEAL AEHERE™, LAk, 3
e TR B A L, AT RE AR S AL B AR R YT
YLRrEl, ST AH B B A AR AT B I A T . 2R
PSS SR A, SRR, H R SEE Y, 10 J2 20 em
UREBEAL BT A= WA R B R0 L 4 e RTG530 ]
40 cm AMY G/ w AT LR, 50 em Ab B BT
HEYIAE. XTI ZE S, TR TR T (=30 em) 7K
R A R AT B S W e AL 3 S DR h (<
20 cm) 7K TR R4k =4 HAT B S 4t

S & GGt
MMMWWMMW .
s A5050
MWWWWT&MMM A22:20
WWWMWMWWW«WMM ASGAT

WWWWWWMWWMAn-so

T T T T T T T 1

10 20 30 40 50 60 70 80
20/(°)
Gt K0 s Lp: ZF807 s Mt K5 Qz: A1
M2 ARINMALBEASLT 8 XRDAR
Fig.2 XRD patterns of ferrihydrite samples after

3-month culturing in winter
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