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Spatial heterogeneity of oxygen exchange between sediment-water interface in lakes
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(State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, Nanjing 210008, PR. China)

Abstract: Volumetric oxygen exchange rate (O1(¢)), based on measurement by a flow-on/flow-off controlling method, is significantly
correlated with TOE (total oxygen exchange) obtained from laboratory-incubated sediment cores. The difference between TOE and
DOE (diffusive oxygen exchange in diffusive boundary layers) suggested that there is a fauna-mediated O, consumption in the two
factors. Comparison of DOE with DOE;, (diffusive oxygen exchange in sediments) from one-dimensional oxygen concentration
profiles at a steady stationary condition, O,(f) as well as TOE, is an integrated measurement for the diffusion, advection and
fauna-mediated O, consumption. Furthermore, a comparative study of TOE values among sediments from Lake Taihu and Lake
Nansihu revealed that the difference from the sites was due to the variation of organic matter concentration in the surface sediments,
additionally effects of benthic faunas.
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(bioirrigation) i] iE 237 HILAR.
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IrERFHEE O, W] LIRS — LA Y4k 24 PR 2% B 1A OF RS2 M RR A, Ebtn, JECHGAE M0 s R, ] i@ ik
S R RS 0 2 N I ) B A A R S RO Y, TR A s SR s s R, il TOE &5
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M) A SR 1, B SRR RS 34, [FIRERAE 201 BRI TE NS, FRRER, Rid/bitshi
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Tab.1 Sampling sites

REEE b RE I i) KI(@m) it

Ml 31°32'02.4" 120°12'48.1" 2005-10-01 2.1 IR AL =1l 5
M2 31°29'03.0" 120°11'56.0" 2005-10-01 2.5 WAL WO

M3 31°23'58.1" 120°11'31.3" 2005-10-01 2.0 RIS 1

M4 31°17'38.2" 120°11'4.9" 2005-10-01 2.7 I

S1 35°00'50.2" 116°50'54.2" 2005-09-28 2.4 R UL X))

S2 34°58'17.8" 116°52'53.4" 2005-09-28 3.2 R UL X))

S3 34°37'55.0" 117°15'33.0" 2005-09-29 3.2 A PO R L X))

S4 34°45'11.7" 117°04'42.1" 2005-09-29 4.0 R UL X))

S5 34°45'04.5" 117°05'43.9" 2005-09-29 2.0 A PRI X))

S6 34°12'22.9" 117°37'11.3" 2005-09-27 3.0 B VUM, RS O
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ST ARSI LA A A2 SR R B RO M B 1T (PreSens, {5 ). H % 197A R E X (sensing tip)/NTF
20pum, WA FEECHTEH 1 0%-100%2 TABFBEE KA, EAHE S56mBRMEE R, Bt v
[B)/NF 1s; BRREART, SRR S (100%% ) S NaySO; FILIF K (0% ) T s AS e, Fk
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DOE i HZ /s U A AR, T IE(E R A NI RS e A LB K KA.
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W
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DBL AR A S8 R (04(0)) B e AE VD BRI R DU rh il Y, HORAR R, 1 HAy — e e
BER R MBI VD B TR, SR 288845 1k /KA, 1% 000 2 TTORR A A TR] VR B AUk 32 B ] A
AR, FEZKIRUS LSBT Y (A 10min), S0 B R R e 19, IZESNATTRR Y, 3 Fh
TFEEEELUN F, PO VD R PR DT B o /D L. I, ARSCEG R M E DBL JZ, AT A
B A S . T DBLZ R —BEEETE 0.0-1.0mm 2 [8)27, B LUK H R B 3h B TR 2
0.2mm AFRFELC AT LG HAF R, ZAAR R R & R LA RN Oy (H
umol/(L-min)).
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Fig.1 Physical and chemical characters of sampled sediments
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DU PLER(TOC), BAE(TN)FLEEE (TP E 737K KoCrO,-H,SO,(HTIR) E k-FeSO, i 72,
K,CrO;-H,S0, WL -HLICE A kM HCl0,-H,S0, RV —4HEh b b Ak, DIFRYRLEE I & R Malven
Mastersizer 2000, 145345 R EDRIAR. FLERR(D,V/V)H A F 105°CHE 4h 5 )5 I K AR TS HETHTVTAR
YIHATA ELE. RIS 8RB D, TR FLBR T 5 kA

D, =D,/ (1+3(1-®)) )

2 R

2.1 ARYIMER
2.1.1 MR RO IR B/ N TR I (2 K56, P<0.05) (B La). QKM rh ki
YA 13.31um, TEE U0, 55.24pm; W DUAN G 5 9 Hh (AR AR 2 (B R LA o 38 1 25 57 (P>0.05),
R/AME A 12.80um(M1), I KAE N 13.74um(M4). 55 DU A DU Y b (R R A ki ok, I/ME A
15.66um (S3), B AN 126.31um(S4). - ITH AT FLER A B B 1E2 7(P<0.05)(E 1a). K
TR FL IR EE MM RS A6 A 3) T =AW, TR, DI Ok, S 88.28%, 1MLy Ik,
A 75.58%. wE PUMITTAR YL IR BN B B A, SeRIECH 92.63%, f/IMEH 84.42%.
2.1.2 fF R PUERY B HLR (TOC) 5 B A (TN) Z 8] H i 28 40 56 4 (P<0.001, ZetE#A). Kifl TOC,
TN LK TP M2 S0 A TRT 11 2 A0, S0 Sl AR B R 3 (8T 1), T TR & b de s, T T80
Ak, MUY TOC, TN Ml TP Z M AAR IR BEBR. 4 TOC feK{EN 70.65mg/g (S2), fie/MEN
23.74mg/g (S6). SARWIAHLL, HPUHITIARY TOC A1 TN & & B2 TR W (P<0.05); BiVUM) TP K (E N
0.96mg/g (S5), fie/IME N 0.60mg/g(S4). Ty BEHE K2, FE VU] TP & ft 34300/ AWM IS 1 M1 94K
{H(2.09mg/g); AT 5 R UMDY TP 5 K2 %A B3 (P>0.05).
22 FRRHHENEREESTIRER

FIAFIRG U 10 M7 43 9 B SR T SR B A i LK M T, B TR BE B I e S0k FBE R A1 3
G5 HAU AR SRR FE 45 AL, LTI TUR Y — B AR R AR, HAR IR E (Oxygen
Penetration Depth, OPD) ¥J{H} 5.34mm, ARk FEI7E 3.92-7.60mm Z (B (& 2), HLFNMEIAZ BIAEAE .
FEER(P>0.05, FE T
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Fig.2 Oxygen penetration depth at each site

M4 DBL 2 i 8 m AR, THEH DOE(E 3d). K1 4 A5, DOE FEAF 2 J0 3 1 {37 45
M1 25, S 764.94umol/(m*h), MRS T M3 K, N 291.45umol/(m>h). FiPUM] DOE “FH#{H K
554.07umol/(m*h), 254k L I 263.00-1021.31pmol/(m*h). 2 HIIHAY DOE ¥ Z Mt FH £ 7
(P>0.05). XU IR Z LAY, 1158 DOE, (& 3c). Kl 4 47 4% DOE, F L3 M1 £
TR M4 BHTIEAR. ARG 1393.90-396.17umol/(m*h). B PUMI DOE L) S1 8%, A 1123 .44umol/(m*h),
S6 R, Ay 895.32umol/(m*h), S4 F{&, & 447.12umol/(m*h). 5 DOE —&¢, 2 AMHIIA K DOE, U{E 2 A
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70 i 3 22 5 (P>0.05, student #-test). DOE, 55 DOE M tbE:, #i& 8B m Fodin /5. thin, S6 iy
DOE {2 DOE; [ 30.3%, M1 2} 54.9%, T S4 {155k 99.1%. {HJ2&, 4 2 M s5(S2 F1 S5)DOE %% DOE;
e, e L PR N 7. 1%F0 22.0%.
2.3 MRYHEFEFRZENEREESTIREER

KRR R, RS R FEKAS S ERRRR, THE L TOE(E 3b). 7EFTA L
TYHERAE b, BAAREAET, FEKES S EERGIRIP, YRS IR 2Lk T R, xR
U R AR HRE, AR T A T e B A, RIRY 4 025, A JEEAY M1 = RIHEAY M4 45, TOE
BT R W, HASME G B 2183.77-484.25umol/(m*h). F5 Ui TOE 224k y5 g 588.23-2102.81umol/(m? h).
B R A A S2 0 5, T B AIRAE & AR A S3 07 5. BE PUIHIAY TOE ${H A K WIS, 43514 1365.40pmol/(m*h)
1 1098.8 1 pumol/(m*h), {H 25 i 2 [A] RAFEAE i 5 22 57 (P>0.05, 425 K 5).
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Fig.3 Oxygen exchange at the sediment-water interface with error bars(a: O,(#); b: TOE; c: DOEg; d: DOE)

2.4 KFBH-EILENERERRTHRIEER

KRR s~ 132, ATHOKFE IR DBL J2 M5 M B RS BER RISt r ph 2k, ARG 2y
RER, AT B IRAF A A AR A T R RS HER. Og(0). SR i X6 A B e DY A e A 1 B i 7
SRR A T AT Oy, S5 ANE 3a B, KBRS0 M2 RN M4, Oy()ZHiFEAIL, H
HAE LT R 5.42-8.15pumol/(L-min); TR ILE AT M1 47, Ox()EUERH, X 36.38umol/(L-min). B
Uil On(6)ZFALTEE Ry 26.45-69.34pmol/(L-min), FLIIE R 44.99umol/(L-min), LLABIN Ox(n)¥EFRZE
(K 14.45umol/(L-min)); FEi45REM, K 0,() 5 FE MUl 2 18] 22 F 7k 38 (P=0.012, #4 -156).
3 it
31 IMAERBHATEERISSHERZZ ANER

T T R T D) VA e AR TR T RIS RS LR R S S K, U Rasmussen Fl Jorgensen PE i 14
AR AU T A9 DBL )2 FUTAR S i &R & 1 11433K4% DOE 1 DOEg; i 1RSS5 SRR, XAt T
KA SAFH RS EE R, TEASE T, RAXPIF 55 L DOE il DOE,, [A#: & M DOE, (45 fH 48
DOE Kk, HM#HZHZREARREP>0.05, F4E K58

DBL ZHUIBWIAR G, AHNTEREUE, b Z8kaish R e, 8 DBL J2ARSZ 2T
Wy B AL BE AT RS AR . DR R e e ) FLBRURE 25 5%, AAINIA vT BRI DOE, T4 Hag izt
BeAh, SR P A G AT DOE R, M lA T8, M il Geid #1453 DOE, AYfH.
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TR AR IR0 NH,', Fe? S5 St AUTESEAL)Z, dE— 0 Rk, IAImTeas A
IR, A VERER, RIZVIEWI I 5 B mrEa IR, GERSMfS DBL LI FAYRERIS N, %515
F s A9 A S R, DBL 2 T A S P A T, M CR A s e R R o A, B
4T DOE, THART L AR PR 5, X L6 R R AT RE 21 i DOE, $1{E%¢ DOE &1 i Ji A

B2, FREARIFAFIR DOE MEUE RES B IRV Y SR Sl ¥, X &Mk, DOE #
U5 A A T8 B R m A5 804y, FEAR G A PPsh, A9 0T0 LA K A 4 i 0k S i 4
FHEY RSl P 1 HL, 7R A A T A AR RS B R R, BRI R — 4R R
od, MR/ B el = 4e A B, Sebr b, TURMWIIN = dE e S5 H 2 4 m DU S S s ik
433 P4k W], TOE $li 5 DOE 5% DOEs 2 5 B3 (P<0.05, *#LE r-test), T ELJG# AR &1
41.2%-60.6%. x5 H AR 2455240, Andersson Fll Helder™*7E 3 B LA BFSE & B, TOE /& DOE
) 1.4 % 3.2 4%. Rasmussen Fll Jorgensen P Aarhus 5255 FMI BT 5T & 3K, DOE “F-3 5 TOE Y 45%, Jf:
2] TOE/DOE W AETE 1.5-2.6 JEEINZ84k. Kim ZEPY7E Taean 15 1945 -t 38 TOE/DOE A&y 2-3. 10
&, WA W TOE 5 DOE Z [AISUE A AR, AT ih i A ek, mi BT s & A
s, B e 240, R A sc el FRa 2 2 oAb Z Fh R Z o, M 530 TOE BE & T
DOE $UH IS, dtb ] W, sl TR AR R Rk B A 20 3645 TOE S A B a3 B SE i R
WA Y SR AS et 6, DOE (U A RE AR A2 h 4 1 WM M) S8 3S e %, i TOE 5 DOE
(14 25 {11, 1T A RS BP0 SF (0 S S e e R 1 £ B PO,

ARG R K I 30— 1 2% s TR A S T R0 S B TR (O()). FER X — D7 IR 2117, 1071
(AT SEVEREIGTE. TR AHREDTRI K By 1.0cm/s 2245, 4.8°C41FF, f£345>0.40mm /Y DBL J2;
252°CAAMF T, BERMS>0.2mm () DBL JZ2. UG T/KIRZ LT, ZK R EDREF 5-10min, HHESR
PRIREERT DBL 2R RIRGE. ARG, SRR, el B b, FRLlic sk TF e RS I ALK O 15
1EJ5 DBL JZ2H—TRBEN 0.2mm) &8 S E ARSI, RIGEE FREREZ . 25508, 1207 ikErxd
He—FEATTE, O HA TR S M MBI AL ), X RBIIZEE REAS R AE ML A SR AR AL bl 10 S I #E
HOR, A, TR B RS, X R FRREE ST, R DBL Z2IRIE, O.(0MEUEASIR; I,
TESZPRR FHIEFE AR, Oy(0BUH A2 545 E 1Y) DBL A B 45 Ak, ABFFEiks® DBL JZH A 0.2mm(EI T
WR)Z 5 0.2mm) A TRE S Ox(n)IAIY HLERRFSY.

O,(¢) 5 HoAth ST AU A R A BN AN, Op(0) 3R — PR FR U S S R, R W AE — 7 i
()N, e s A SO B AR AR R O,(D FIFETTRR I, IRSEFRAE IR A AL )2 I B — 1oL
A, A RTIEFEESR. T 0o T DBL JZH, DBL HiY O,(6) W Tl e AE ST A Y MR AR IHRAE . i T
DBL EARZIURYA By 3v: R 5200, (Kt DBL J2 bRy £ 22 (1 DBL J2 FJ7 FAEKok i
AN TR J5 OB SIS AR AT AL 065 VR R IR BN — Fh Bl 2T, SR80 3R M, ZE/Kiife 1k
Je B SR IR] Y, DBLJZ AP A AT AR LR TR, FLIZIIA 2k B e R, I, RAEIZER 5 DBL
AR — B B m EE MR I, I Oy RIE TR 19 A ac iR, 5 8GR
FAFIILE AR F I, Oy MU & BEH, i AR A Y s e AR Z HALKH 2, %50 H 04(r)
5 TOE Ay EAHCH AT BELERIE S (K] 4). K, %8 DOE F1 DOE; Ifii 7, O(¢)RE % B il B 52 AL TR
WEIRRRAE, HIEUERENS 55 GhkRERE 3R 153K 45319 TOE #4rW)&.

32 AAESLHERNZTARRMEREEEST

M T OB A GAEAE e, WA DL 5 1 J5 3 3 4E (Organic Hot Spots)™®), ifif 5 2 HIXH R /2, SR
FARCRARE AR, HBEAR AR /NE P I A%, SR P &, A nTRES | AU T 3R A5 Sl R s
S WS BR 0 T RS el . A, i I S5 R 5 RS % DBL J2JRE B 114 2 Sl T B s/ N L 9 ST
EH AR 227 FE 2mm FUTEATE N, S ORI T REST S B 3 A0 20 f5 A9 22 5P,
EJE, A EM, 1EAR BRI AR, S T AT 345 BLSE A9 A 1 T s 518 A9,
A AR 3-7 ANESGR TR A5 A9 DOE 1 DOE, ¥ B AT /N bR 22 (1 3¢, I 3d), X RBIREH
PRSI ST WG A5 B AR v Sk,
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Fig.4 The relationship between TOE and O,(¢)

(Solid line: linear regression, P<0.05; Dotted line: 95% confidence intervals)
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B OPD HUfE A 22 502,
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WA B i W 3RAL 2 DA S A v L, oA LB T R A, JRCATE 2040 1 Bl ARV 2 DL SR v A2
W B i A R SR RO ARGE SR A B, TOE Ml O5(0)ifi S 53T TOC/TN 22 i) ELAT i 3 i AH
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