J. Lake Sci.(#1764+5) , 2019, 31(4): 950-960
DOI 10. 18307/2019. 0408
© 2019 by Journal of Lake Sciences

KRB X AR YRS D RS ERIRE S

Famg!? g RN FA ZMAN R, ZEAT

(1: BRI R AF FRBE 2 ¢, B AT 210023)

(2 VLI035 BRI & SR R oG L SR AR 5 A B @R E S S = LA K LA EASEBE
LFESEHEE , FE At 210023)

(3: EREARIEK AR G B, D% 5 %M 02115)

O LUKV A IR X8 R X R R K 3 3 b 80 X 3ok %o 42, SHIURR Y rh R A B 0 AR EAT ST 45 R R, & X
BICRR ) P Ak e i 47 BB 40 B3 B, 4 22 SR P D 1 0 AT R B R KA 28 2 ZE 4R TP 1 0~ 15 em RJZTURRY). FF KR
LI RE T (dS™) B Sk AT & AR (AVS) TUR, BB IS8 s — ks 7 (dFe® ) SEk B o dS™ 11 5.2
1%, LA UBUWIM LA JE N 2 G 3 I X B BR R 1 JE T ( SRB) AT 32 8 45 dS™ & 34 2 B A IX s e e (%, Lo 1 gt
Fe BRI, FE AT IR T Bidkis U HEFT. B3 IX 2 TR SRB AHXT £ K] 2.7% , HLH B dS™ #1 AVS (i 12 5 Tt
i, UL UTRR M v % A 26 5 U 1A B s S 76 2 E DT B T A S dFe™ R, s I 5 2 1 ks IR, (H AR
Yk SR (FeRB) B9S24 32 BE AR 0.6% 3 — B (-5 HLAb X IsM L, S SR 0 19 0 30 i X5 LAt IX g G BYy dFe™ 22
5, B P08 RO EAS R SGR R E 2. ZIR BB S WIS Fe( ) S THFE— S, TR 194k
5L ESZ’%‘EFEM SRR SR 32 G dFe™ XUk Ny dST R 4.8 47, WIS SR DTG dS?  dFe® A5 Ak IR ) s Ji
RSB JFOH RO 7.4 7%, PRI R EA) OB SR BR. (H R T AVS BODURING S By #E , 1T STRR 4 J5 I R v T
HE.
KRR : BRI G s AR I s = BRI 5 SR X T VR X T AR oKl

Iron-sulfur distribution and its environmental significance in three typical areas of western
Lake Taihu

WU Songjun"?, WANG Xuan'"?, JI Qiuyi'?, WANG Mingyue'”, ZHAO Yanping'® & WANG Guoxiang'***

(1: School of Environment, Nanjing Normal University, Nanjing 210023, P.R.China)

(2. Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and Application, Jiangsu
Key Laboratory of Environmental Change and Ecological Construction, Jiangsu Engineering Lab of Water and Soil Eco-re-
mediation, Nanjing 210023, P.R.China)

(3: Department of Civil and Environmental Engineering, Northeastern University, Boston, Massachusetts 02115, United
States)

Abstract: Geochemical characteristic of sulfur and iron was investigated in three types of sediments including algae accumulated
sediment, dredged sediment and sediment away from lake shore. It was found that iron reduction dominated in all sediments rather
than sulfate reduction. Both reduction concentrated in 0—15 cm surface sediments according to the distribution of microorganisms of
iron and sulfur species. Accumulation of dS*~ and acid volatile sulfide( AVS) was not observed in sediment away from lake shore,
indicating that sulfate reduction is minor. Iron reduction was more active than sulfate reduction as the mean concentration of dFe®*
was 5.2 folds of dS*. Sulfate reducing bacteria ( SRB) abundance and dS* content in dredged sediments were the lowest and
dFe®" release was not found, suggesting the depressed iron and sulfate reduction by dredging. SRB abundance in algae accumulated

sediment reached to 2.7% and intensive dS>~ release and AVS deposition were found , indicating the strong sulfate reduction. Active
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2* concentration in algae accumulated sediment. However, the mean abundance of iron

iron reduction was also found with high dFe
reducing bacteria (FeRB) was only 0.6% , which was similar to other sediments and was obviously not able to explain the huge
difference of dFe** concentrations. Thus, microbial iron reduction was not the main pathway of iron reduction. Considering the cor-
responding dissolution of Fe( Il ) oxides and deposition of iron sulfides, sulfide-mediated chemical iron reduction was the domina-
ting pathway. The mean concentration of dFe** was 4.8 folds of dS?, and iron reduction rate was 7.4 folds of sulfate reduction rate
by monitoring dS*~ and dFe>* variations, suggesting iron reduction was more active than sulfate reduction. However, as AVS gener-
ation could consume dS®”, the real rate of sulfate reduction was higher than the measured rate. Transition of iron and sulfur cycling
would cause various negative effects and even extreme cases including “dead zones” in marine and “black bloom” in freshwater
lakes. Although similar phenomenon was only observed in algae accumulated sediment, concern should still be raised.

Keywords: Sulfate reduction; chemical iron reduction; Fe ( Il ) oxides; algae accumulated sediment; dredged sediment;

sediment away from lake shore; Lake Taihu
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i, PRER 10 em 9 L BK, B 57 RBERE 1T 40 AR I 2845 31, ZE VKB A L4 T F 4 h P9y [l S2 0 =
4301

HORBEHERT 1~9 em 24 1 em —J2,9~78 em 5 3 em — 217402 K402 5 MORESL 57 B3 A B0
IHAETE N, 20 s JE I35 ES 0 (5000 4%/min, 10 min) 755 [ Bk, dS* A1 dFe” ¥ B 37 BV & , FLEAx 1] Bk 98 b
TE 48 h PYINE , TIRBEARTE 5 d 52, TURRA DNA $RECEERE 202 24 b Y52k
1.2 [E KRR RER . KT

JITA TR B KR Sh 29 28 0.45 wm 38 JE 5 385 I 5. SOT W ¥ 2 MR Tabatabai' ™ (1) il B [ €035 £ 47 900 5.
dS™ ik i IV R LS L I 52 ), dFe® ¥k B B Ferrozine [b @ el sg2 ™ ZEIIA 10% [ £k ik 52 B v 0K
dFe™ B 5, Fe*' J& , 2 Ho (o )5 1T 45 dTFe.

OB P Bk AL 1 T 5 2 B8 Rozan 287° 070k % 4 g $UIR LR 10 g APBERRBAAN 10 g BRR S 4T
F 200 ml 54K S IR0 FR L BOR , 17 0.4 g LRI N A 10 ml 48 BUE 7K ¥ (50°C, 200 #4/min) 24 h
RN ICEIE =Mk (Fe oo ) IR, K 20 g 3% W AR ERENIE A 5 200 ml 0.35 mol/L ZFRENIAT K it
BT PP IO 10 ml im A 0.25 g PLA Y, IR % (R, 200 F/min) 2 d 15 2 B S M EE Y
(Fe( ) e ) BOFFIUI . K513 001 8 J5 ) Ferrozine Hb 300 5 dTFe ¥R, £ HAS B Feo Fe () .
T B MR (Fe,, ) Bl Fe( ) o IR DS Feyoo f . IR Fe o EERNTE L, 0T AEML &
D FeS, L 5 B GHMEIM TR Fe (1) N Fe(ID) ALY S Fe,,, 33045 A8
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XTI 6 h, FTAF IR Y dS™ Mk e e A9 1) AVS & . RSO , FAZE Zn RER SR Cr( 1)
VRO UUBU AR 48 b, BT A5 WO Y dS™ ok JBE 28 4 545 3] Pyrite-S & &, A5 A9 AVS EZ AT F B &5
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WRRE (FeS,) , RS YRIRaE I A,
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BRERIER 24 b (25°C) . RBREDT , RIS ZIUR AN R, B INA 0.5 mol/L K, SO, i W 4k %

_dST(dFe’) e AR AL (mol/L)
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(1)

30 min (200 %%/min) , 33365 FH TOC Z3H7{Y ( Analytik Jena HT1300) ll5E TOC & &. [FFLLEHEZEE 2 H
X R TR TTIE AT
FIEHE Y ik (mg/kg) = 2.64x T2 5ORTEZE HIA LK & w1 22 (H (2)

VIR 0~10.10~40 cm 432, #RHE Ultra CleanTM Soil DNA TIsolation Kit ( Mo Bio Laboratories. Inc) i}t
WIS 0 5 L AR B AS E DU ) DNA. RS i) DNA A Nano Drop 17Ky 45 ,260/280 7% 1.8 ~2.0 Z 4], Jf-
19 ST EERE HL vk A DU DNA $2 0BT 4

1 515F (5'-GTGCCAGCMGCCGCGG-3") #1 907R (5'-CCGTCAATTCMTTTRAGTTT-3") 8| ¥ %} V3 ~ V4
A X AT PCR 43, ¢ A2 7 : 95°C TSPk 3 min, Bl f5 #E47 27 MG FF (95°C 48 30 5,55°CiR & 30 s,
T2°CHEA 30 s) , )i 72°C LA 10 min. FHEIK R K 20 wl, A 4 pl SFastPfu 22 0,2 pl 2.5 mmol/L
dANTPs,0.8 pul 5[47,0.4 pl FastPfu B AHE, 10 ng DNA KRR . 39 58 iU 1% 5 1126 5 R W AR A R EAT
Hlumina 5. 7751 UPARSE 344, 345 97% A AH LR X5 51 147 OUT 4325, 4% OUT iR 3R 741
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X AR B A e AT T4 B RUE AN 3 20K T 115 .
ARBFFE 16S rRNA 1238 8 7 50E 1% NCBI Sequence Read Archive (SRA) $4i JZE , 7315~ PRIJ-
NA492360.

2 #R

2.1 AR E Bk PR Sk B 5 TR R AE

2 DIRITRR Y IR K SO i J3 I BE TR B4 AN T . BE X UL dSOT -4k U 0.12+0.01
(BFEEX A).0.21+0.02 (RFEX B) mmol/L,iHIRK A L F-HHeE Jy 0.33£0.01 mmol/L, i B & I TLFMIR
FEAUA 5 em, L dSOT W EEHEG (1.2240.19 mmol/L) . FFRZK ST Y dSOT MR B few , Horh 0~5 em 22
PURHAE] 1.5620.13 (FFFZKIL A) ,0.80+0.02 mmol/L( FERE/KI B) (& 1).

PURRHIEBK Y dS™ FEZRIE T SOT AR JE. BIEIX A B 5 AY 0~ 1 em RZ TR b dS™ F BB,
BEJSTE 2~30.2~21 cm PRECIVGEE: ) 1 FF, A S0 S MR B 1 3k 84.4725.39 pmol/L. 4 HTHWIREE KT 30,
21 em B BRBEX A B AT 0 dS™ v B Y4 BBV 3 I R [ S5 UK. F R K SRA 43 S 7E 15~ 20 .30~ 40 em )
VORI oA B T, BB RUR BE /N T 20 wmol/ L, 4% 45467 (Y dS™ e B 7R B AR N (< 11.3£1.82
pmol/L) P &l 7 [A] X I AT dS™ Wk JE 40 A 2 S WA M2 B35 dSOT We AR , AT 12 B0 0045 e S 24k
BEAY R 20.421.69 (EBEIX A) 31.3+2.30 (RFEIX B) 9.29+1.04 (JHIRIX A) .7.10+£0.91 (JFIIX B) . 7.41+
1.63 (FFREKIEE A) .8.88+1.52 (FFRAKIEL B) wmol/ LY 1). & ifs; dFe’ SE-Huk i dS™ 14 2.68 ~ 10.26 £i%.
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Fig.1 Vertical distribution of dSO}™ and dS* concentrations in three types of sediments

BRIFREKER A £ 2RJZ dFe™ Vi JE HhBLRR TR AR , 4% S0 DURUD 1) BSK i dFe™ Vi 32 1) 3 43 A S A Oy
BAVRIERINTI . BEWEIK A B A (VR EE IS T SO em HOTUBUIT , dFe™ W S 1 52 b7} a7 [ X B 1
Yoy dFe™ v 2 S W, PR EA S5 TR R IX > T I K B> T R X JITAT UL R dFe™ e 2 I (34 H B O~
10 em PLE R, B3R IO B J5 KR R 0.36£0.02 (R #EX A) .0.29+0.02 (EHEIX B) .0.14=0.03
GHIRIX A) .0.0820.01 (J§IX B) 0.1420.03 (JFREZAKSER A) ,0.16+0.01 (FFREKIE B) mmol/L( & 2).

BB dTFe VR HERTEEEAM5 R o T e’ BERHERTIN BN R . ST BCOSRUTR h dTFe v 9 5
515 dFe? R[], 5L 3 DS VAT —FF B /K BRI 38, P9 BE 5510 0.60£0.05 (RTEIX A) (0.4
0.02 (RFX B) 0.18+0.03 (HIRIX A) .0.250.05 (7K B) 0.1320.01 (FFRAKEL A) 0.1120.01 (FFd
sk B) mmol/L( & 2).

dFe” ERZVUR (0~20 em) [ BR/K ARG EBIRAEILAS , 2015 dTFe 1 26.8% ~91.3% , [ et U ]
BROKH A dFe® A B i REHGE B, i T dFe” EZORIE TR Fe' 5t Fe (M) .. , IR AT LA 9
LU B S TR SIS UL T dFe® 5 Wik 6319 , TS AITF K By dFe™ 5 L
23 26.1% F1 38.3% .
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Fig.2 Vertical distribution of dFe’* and dTFe concentrations in three types of sediments

2.2 AR A BB 4 TR 4 AE

AWFFENE T AR ST h AL (AVS  Pyrite-S) (B (Fe s Fe,,, Fe () 0., ) & SR
BRI JFHE R LR ST DU P B B R D

AVS Fil Pyrite-S J&38 JFHE TCHLGR 1) B 4Y. £ s TTRY AVS FI Pyrite-S & 1t () 3 AR (L ARG HAHL
PIFERZEAR, IFAE 0~ 10 em PREEPUH L, 26K BIWEE J5 RETR BERE I REAIR. AN [F] X SR TRR ) 1 it T AL
B EER = & SA AVS EE 400 6.7420.25 (BEBEX A) 5.26+0.10 ( B3 X B) .4.42+0.10
(JHIAIX A) 3.68£0.08 (VEIRIX B) 2.10£0.10( FFF7K A) \2.61+0.09 (FFfEsKIK B) mmol/kg. 1AM R
X YUY Pyrite-S & it i FHA AL, BEEX A B S & RIE(ENTE 5.9 om FEAL, A5 13.860.14
11.99+0.17 mmol/kg. Pyrite-S FHE7E 40 em LT By TR B2 AH X F 2 , 58 3 ORI [ 7K 38 1) 7 35 4% 52 4390 Ry
3.61£0.16,1.54+0.16 mmol/kg (& 3).

AVS/(mmol/kg) Pyrite-S/(mmol/kg)
0 3 6 9 12 15 10 20 30 40 50
(U3 0k
20+ 20 +
g " g "
f o REXA \j( —— REXA
th 40r —a— REXB & 40 | —m— EEIXB
> —0— VI IX A - —0— I XA
—e— It IXB —o— it X B
6o —&— FFIAK A 6or —&— FFRAKBA
—a—FFIEKEB —A— FFRE/KIEB
80 80 F

3 ARG AVS FiI Pyrite-S 35 5 (93 L7 A1 FF1E

Fig.3 Vertical distribution of AVS and Pyrite-S contents in three types of sediments

AVS 5 Pyrite-S FEE /R Lo B FIEAR F U BBk fL 5305, LU AE/N T 0.3 I, A 8 ek ]
LIA AT ARWESE i, Pyrite-S 154 s A UMW TEHUBR AL P 457 15 0K HL 091 ( 76.6% ~87.6% ) . BRI I X
A RJZUTBW) , AVS/ Pyrite-S HBE /R HLE/NF 0.3(F 1).

TIRIX JFREK IR &I 25 = Bk i & 2 B AR AE AL Fese (Fe,, Fe( T . &5 R BETTAR
WITR I F RS PN Z W R R, IR T 40 em B, JEHH A8 a3, #4576 28.3~ 57.7 mmol/kg. %3 X YL F
WIR =B e R E B, RZ VU T4 Fe oo o U4 B 0 5 94 X T R K 3K 19 57.8% ,56.8%
Fe (1) . BN IR X TF R KIS 68.1% (52.7% (&1 4) .
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1 AFXIIURY T AVS 5 Pyrite-S HFE/R L
Tab.1 Molar ratio of AVS and Pyrite-S in three types of sediments

DU TR RHEX A REEX B THIX A HIRX B FEREAKIE A FF 7KL B
0~10 cm 0.31 0.26 0.24 0.16 0.16 0.22
10~40 cm 0.26 0.26 0.14 — 0.15 0.16

>40 cm 0.23 0.19 — — 0.15 —
Fe ysc/(mmol/kg) Fe,,,/(mmol/kg) Fe(Ill) x40/ (mmol/kg)
0 50 100 150 200 250 0 90 180 270 360 450 100 200 300 400 500
T T T T T T T T T T T T T T
o ok o
20+ 20 | 20+
£
3
40| ) L . L ”
2 40 o Fwxa | 40 xa | 40 o EWIXA
—a— R¥XB —— REXB —— R¥XB
ok —0— TiftXA 60 O HRIXA | | —0— TiFtXA
—o— THIRIXB i —o— VX B —o— THIRIXB
—A— FFRRKIRA —A— JFiEKIRA —A— JFREKIRA
sol —A— JFIR/KIEB %0 —A— JTRR/KIEB sl —A— JFIR/KIEB

4 AR IR 1 Fe e Fe, Al Fe () g 3 0T ELAM A0 HEAE 5371
Fig.4 Vertical distribution of Fe,q.,Fe, and Fe( Il )

contents in three types of sediments

oxides

2] Thomsen %1 (1948201 3% 52 B0 I 5 B B3 G 8. 435 R 3R W, 0o 5 38 300 Oy 3R 01X > ¥ it
DX = I el 2K 3, B D3 48 32 B0y SR 8 DX T 8 X > T Kk s (6 2)

2 AR X IURYIR Bk )5 5 (pmol/ (g-d) )

Tab.2 Sulfate-reducing and iron-reducing rates in three types of sediments

RPX A RHIX B THIRX A HIRKX B TP A JFREKIR B
IR Sl 0.08 0.08 0.03 0.03 0.03 0.03
BIE S R 0.62 0.57 0.21 0.33 0.19 0.26

2.3 MMM E Y BB A BN T RN ELE
AR 0 T T KA B2 0 0 1 R B ™ AT A5 0 B 0 B B 0 i
DT 7% 7 DX SR A4 S W o 22 S, S D> T K > T 0 D 1 L. 3R 2 2 SRR )
AR A B IX TP RRLK B 17 69.6% (52.0% (3 3).
% 3 R UL T RUE Rk St (me/ k)

Tab.3 Content of microbial biomass carbon in three types of sediments

TURMIRE RUWIX A RWIX B THIRX A HIRX B JFRAB A JFREAKE B
0~10 cm 3124 3225 256.6 228.2 288.6 215.2
10~40 cm 244.7 260.0 191.1 - 215.2 112.4

>40 em 264.6 2374 - - 103.0 -

FEAS ST R B SRB JE 17 A, BB X H IR X K ST (4 SRB AR 3 15 43 1A 2.65%
0.29% F1 1.43% . B ¥ X WK &5 £ S H A9 SRB K Desulfobulbus , F¥ 17K 38, Desulfatiglans. £ 2 1
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FeRB YL Geobacter i3 , FLrp B9 X T U X [ /K SR UTF 40 1) FeRB SE-34 =F B 4351 4 0.63% . 1.11% Fll
0.53% . JBIX JFREIRR)Z VIR Y SRB (& Feodil i T FeRB 147.29% (150.1% , ¥ IR X FY) SRB = B NI
F FeRB( 5).

AN, LA Sulfurisoma 2y 3 15T AALAN T (SOB) 75 3R B DX TF A A I iy AR X6 =F B 24 5 3%, 404 KL
T D> FF R K B>V 8 X BRI T ( FeOB ) 1) 43 A1 LA Jy F o K dul > TR 086 IX > W R IXC, L i it X 3R 2

FORIZ DT ) FeOB L) Ferritrophicum R (18 5).
KX 0~10 cm RFEIX10~40 cm WHRKO~10 cm | JFREZKIZO~10 cm | JFFE/KIK10~40 cm
Tron oxidizing Sideroxydans
bacteria Ferritrophicum
Iron reducing Geobacter

acteria

Sulfurisoma

Sulfurimonas

Sulfur oxidizing [~ g, 14 ifiisris i
bacteria — z
Sulfuricurvum H
Sulfuricella g
Desulfrohabdus
Sulfate reducing Desulfobulbus
bacteria Desulfobacca
>2.5

Desulfatiglans

S AR X IOTR U P A 3 2R B A i ()

Fig.5 The major genera of sulfur and iron species in three types of sediments

3 it
3.1 RE R R iR R

T B T s R AR A S R B SRB J& 17 A, Feh R K S 4 1 358 S Desulfatiglans ,
WX TR X BB N Desulfobulbus. SRB 1) Hi 5 2 B 75 25 K1 74 f5 Ml 50 [X SRt AR W) v 34 4 A s Ji

T R K 3R by AR T Rl K S0, 7K S B, e DA il — 2 B ) R SR AR )2, R VU M W i
PR (32 3) , HIXRA LB AL T R AR K 22 DU R G IR ITE 1, B SR A7 e e S, (H LUR o &
PRI SRB AP W T R KSR BRI M B A 5 1.14% . BAh, TURM R dS™ Wk B 249/ F 20 pmol/LL,
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BRIV Geobacter FpAfi 4 (1) FeRB , Ho A3 A a3 228 2 o TIR)Z DURRAY , R AR I3 B A — 000 A ik
A WA .
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dFe™ SERU B Sy dS™H 5.24 4%, BB S5 LB JE0HG BR. 35 7 DX 69155 100 45 T Rl /K 3R AR 81, A4 Thomsen'™"
SRR AE D, TR R KIS R DX AR ) B 5l 5 4 1) B3 R 2K 1) 6.83.,9.69 4%, X 15 B A WS
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