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Effects of organic matter content on nitrate reduction pathway in
the hyporheic zone of Lake Taihu
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Abstract: Laboratory experiments using an undisturbed sediment core were conducted to explore the effect of organic matter (‘humic
acid) on the nitrogen transformation and the nitrate reduction pathway in the hyporheic zone of Lake Taihu. Results show that, when
only the nitrate was input along with the downwelling flow , nitrate reduction rates were 0. 087-0. 186 pg/(cm® - d) with an average of
0.162 pg/(em’ - d), and the nitrate apparently accumulated in the hyporheic zone. Both the humic acid and the nitrate input along
with hyporheic flow gradually promoted a reduction environment in the hyporheic zone within 21 days with Eh of below —200 mV.
Nitrate reduction was greatly enhanced under this condition with an average reduction rate of about 0.220 pg/(em’ - d) from 0.092 to
0.251 wg/(em’ + d). These indicated that added humic acid substantially promoted the nitrate reduction process. At a shallow depth
of the hyporheic zone (0-22.5 cm) , the contribution of denitrification to the nitrate reduction reached more than 90% , indicating that
the denitrification was the main pathway of nitrate reduction. At the deep depth of the hyporheic zone (22.5-45.0 c¢cm), due to the
deficient nitrate source, the contribution of nitrate reduction to the whole hyporheic zone accounted for less than 10% , and the
denitrification accounted for about 39.5% . Dissimilatory nitrate reduction to ammonium, as a secondary pathway of nitrate reduction,
was obviously influenced by organic matter content, and its contribution to nitrate reduction decreased from 14.0% to 2. 7% when
organic matter concentrations decreased from 6. 92 mg/L to 3. 32 mg/L. Overall, supplementary organic matter was helpful for the
nitrate reduction mainly by denitrification particularly at the shallow depth of hyporheic zone, playing a great role on the cycling and
removing of carbon and nitrogen in a lake aquatic system.
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Fig.2 Inorganic nitrogen vertical distribution in sediment and pore water of the western hyporheic zone of Lake Taihu
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Fig.3 Mass concentration variations of nitrate nitrogen, nitrous nitrogen and ammonia nitrogen in
pore water at different depths of undisturbed sediment column
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JE A Z AR P TR, b RS 55 RIGHIRFTE 0. 15 mg/L Zify i T2 55 RIG 552 T i
e BARUELE 0.20 mg/ L BrBe YU 4% )2 S AU B W BERI RS BGE , 4EFF7E 0. 01 ~ 0. 17 mg/L Z []
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TESS 21 RIGAIA 4REE R AT I 2GR -387 mV , By BE 1T 3 ANTREE A Wi sS4k Eh 878 £ 8 B A
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FRBCOTRS B IESE T BB T AR B ik 1 N R R IR, 5 131 KJE 3 A MES AL DOC,, 5
TR IS BETR BB I A TR 4 M 4. 32 mg/L. 3. 32 mg/L A1 2.33 mg/L, Wik b B I h
2 DOC,q, JotH Vi J3E 52 I 1 S T R S B A A e 3 T 200 46 B v B A v, WA AR R, 56 21 R k%
R BB 1452 DOC,q, R BEFE 1.34 ~6.31 mg/L P30, SF¥8 3.32 mg/L,
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e BE A I A A AR At BRI IC T FERF ST I L LS ORI A AR AR I & B, BB NH, -N i i
M 0. 05 mg/L B4 /M3 0. 85 me/L, A H KM (4. 58+0.62)mg/ (L - d) FFE £ (28.16+2.27 )mg/ (L - d), 1E
MR R A R R R, DUR At A 5w IR R A AT T o 7 BRSS9 9 3 18 X LR
IR AR A TS TR AR AT 58 b 2 IR, DR AR S A 38 AL B /K 22 2600 v S G B R ALY =0 28 AR AT | B
FERAAFRWEM 1. 02 mg/L(HEZ) THEE 3. 16 mg/L(FkF) | KA E A AL H R 6. 57 pmol/ (kg « h) FHEs
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£10. 11 pmol/ (kg « h) o 35k, FURTIBRMIHE ik P fRRER I U A, WL 1, 26 21 RGN bR
BT, Eh {HAE-200 mV AR I8 B RR AR IR B R AE T

TETE ORI IS | PR T R 1 A | 25 TR B2 AL il 25 U B e ViR P 22 AR 285 39 RGBT HE , o
21—80 K JFUARAE - Rl A5 A SR R 0. 230 g/ (em? - d) SAEQUR A GHBRER B BT, B 25 580 SO fi 25
RETH B RBG , BrBe LR (5 106—138 K) i TAE P75 B BE 1 577 19 SRR A D fif BR £ 148 It vy i
TR IR EL B RSV Y IR ER I S AR AR, O 0. 172 pg/ (em® - ), TTE 138 KIGHEH
A S EUHE AR FE P 2 A 25 U S A R 22 0. 155 g/ (em’ - ) RBNE (R4 AJRTHIR S , 0
FAER AU AR T RS EUR AR IR 25 7 I 2 ] O (R B 5 R T X UK AR (S U
R T 141 mg/L) M55, KAH DOC B 5 ik B 5 U SRl A v T A7 e 50 B I A 5 % 28, DOC
S SRHAVE 7 TR P R . B bR A 2 A BT OB S A A R A RS T R B, FEAS S A AR
TEOUT BB IR AT KA HLBR BT B R B2 A 2. 4 me/L I, SRS AL 3 LU IR K B2 5 1 64. 3% , RITA LK
By AR PR ER 0 A BT A e EAE

x1 ENRPHBHIFEEMNEFREZRARTEREERBMOGE
Table 1 Estimated nitrate reduction quantity, reduction rate and contribution by

different reduction pathways during each stage

S BRI i Bt DNRA

DOCys, )/

B Wi, AR, EERY  RREE SRR R pp( ( Nof‘N))
mg (pg« (em® -d)™) mg (pg - (em -d)™h) mg (pg- (em’ -d)™h) )
BrBe 1 (% 0—21 K) 32.21 0.192 9.68
BB T (4521—48 K) 51.26 0.238 44.08 0.205 7.18 0.033 6.95
BrEE T (55 48—80 K) 56.99 0.223 54.41 0.213 2.58 0.010 5.40
BrEx I (45 106—138 K) 43.84 0.172 42.62 0.168 1.22 0.004 4.53
BBl (45 138—162 K) 29.62 0.155 28.83 0.151 0.79 0.004 2.23

BEE FATKTIIB A AR NS JF R 2k, b2 SRR ERE 0 8, B I mis, b
SRR R 2 5 R TR A B R 1Y 83. 1% , 2 15 15.9% , BRI IS R £ & e rp 12, Bifi
HIREE RN, 2 R BTSSR B IR FERR A TR 22. 5 em A0 1924 BT vk BE A5G, 7 0. 69 mg/L, K25 T )2
PR TR SR SRR AR | PRI T 2 AR AR TR A A AIG , HLAT 78 /2 19 DOC AE Sk HiL TR (R X AR %6 34 I 5T ik
FEXF A/ R A A SR A 24k AR TR 1%

AHEEBYEE T, BB TR J2 25 R i e o R S5 R (4 L3 0, R 5. 4% , 3 AT REJ: PR R il R S 36 D
RN, FH22. 5 em AMEASE BRI 5, 45 T 2R SR R L T RN I, (BT i v 1 238 )
T ERERAS 5 IR R Y 94. 6% , Shelley %5 ZERF T JL[E Rother YA i — 4% S HE & B, ZEVIE 60 em TR
PLIT  EIR ARG I 6 PRI, A A IR I /N T 1 wmol/h, TTFEBIR TR (0 ~ 40 em) H  RHIRE A S5
PR AR ELY SR, A A JF 3 AE 0 ~ 17 pmol/h Z [A], SR b iR £ 140 J5 s LA XS i Ak AE
S5 J3E it 35 R I T S 00, Lansdown 252 XFHEE Leith {0 3t AT HLHE (5 ~ 86 em) BEATHIFST , 45 SR B R,
B KSR IR 5.9 nmol/ (g « h) (LAEGT) , M BLZETREE 5 ~ 10 em, FLBE T4 in 07 50855 , 3 A v
T 22 5 B MR R SR 18 SR 1

SAHACSE VR T A BRER VR DR ) B AR 70 B T S PR 8 T st i A B B0, SRR AR A A PN T
FEE (IR RS R R AE S 21 KT, OB ALV FH AR 2 6 18 I B4 STk R 290 90. 0% 3 7E (Ui A RS R ER 1Y
O, SR AR FH Xl TR 6 38 SR BTk R 97. 3% , Meghdadi 25 i Ff [A] 3 2 40 18 40 M vk Al AL 52 &
Ghezel Ozan River ¥ I+ S iSAL B DTHR R R 73. 8% , AR AR v S A AL AVE F X Al PR 618 I B B = iY o1
ik, A LS R B R s JROR TR A N AT RE & A2 T DNRA YE T, BE & A AL vk B AU R IK, DNRA
P8 . 21 ~48 d T DOC,, 2 R E 4 6. 92 mg/L( [l 4(¢) ) ,DOC,q, 5 il A E 1 B W i 1
fH°4 6.95, DNRA YEH 5 ERSFRER IR SRR 14. 0% . i1 T ROBEALAE FH R I FEMRYR 48 d J5 DOC,s, it it vk
HE— A 48 ~ 80 d SEH R E N 4. 79 mg/L, DOC,,, S S A ¥ R R HE N 5.40(F 1),
DNRA 1EHIXHAHBRER A SR STHR R B 2 4. 5% 1B BEIE 15 A S FERR , DOC,s, -3 BTV M 3. 32 me/ L,
DOC,, 5 MR- B W B 1 LU R 2. 98, DNRA XA R ER I )5 1Y s kR E— 2B BRAK, o 2. 7% . Witk
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A AL AR B & DNRA A EZLRZ 0 N 2R, Li 25200 b vl [ pig 3R VT3] 11 A BT 2 BT, DOC J& DNRA B f A% 7
AT, 7] LU FE 63% B9 DNRA J72%, Salk 2527 7EXF Shaws 772 U0FU il IR £5 38 J5 14 42 B9 01 9% v & 0 5
C/N FBEJR L FREE B3 & DNRA RO KA RIL, 76 C/N EEJR FL AT SR RS B B T 5 31 ( DOC.,q, J5T 2 9 JE ik
D) B I (JEAMNEA LS A FLRS R ER A BT 2B ) , DNRA 32 3 T — 2 il

4 &# 8

a. RIZVIRY T FE A VLR ERRERA IR FRER AL T 78 B i AL A A P Bl B PR B T A7
AR IE AR B X BRI e WA, A MLJT T A R R A )R AT T A AR EVE T TR HLURR SR i &1 R
( BTG R 1 B A ) il R R A S 3R BRI 1 26. 4% , HLHE I TSR ER AR

b. WHARZVIRY A Z AR EZS T, WK AR P A Z AN EZE SR, E NIRRT
PRI & I, 7E A AL A A R IR 78 R AR T ERIZ VTR (0 ~22. 5 em) XS FR £R 34 5 A DT k% 99.
0% , MIRIZVIRRY (22,5 ~45.0 cm) X HBTEARXT RSN, B2 A HLET & AR BRI AT IRZ VI
(0 ~22.5 cm) iEFRER I JFAT) 5 38 I E 2 94. 6%

c. fHMRERIAIFIRIEREE A VU A FR & i L E AR IR AR b, 2= P FCR DT A B4 50 F 5%
R AEA DRSS R IRA & BT RO AEAE 2 DU h i R $h i IR ) 2 B3R A8, 2915 S i
) 90% ,1fii DNRA 1 X SR EhA A DT RAH XS 38/ (5. 4% ~14. 0% ), L5 78 i e 15 1 e AR i s 2> (°F
¥IhN2.7%) .
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