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Distribution of nitrogen forms in suspended sediments and surface sediments of East
Tiaoxi River, upper reaches of Taihu Basin and their influence factors

JIN Jing, YUAN Xuyin™ , CHEN Shiwen, LI Zhengyang, YE Hongmeng & XU Haiyan
(College of Environment, Hohai University, Nanjing 210098, P.R.China)

Abstract: Nitrogen is a dominant nutrient influencing and controlling eutrophication, and different nitrogen forms can make diverse
contributions to water quality. The contents of different nitrogen forms in suspended sediments and surface sediment of East Tiaoxi
River were determined by sequential extraction procedure. In addition, their distribution characteristics and influence factors were
discussed. The results showed that the nitrogen pollution in East Tiaoxi River were serious with an average concentration of 4.48
mg/L, and the water quality in the middle reach of East Tiaoxi River was better than that in the upper and lower reaches. The a-
mounts of four nitrogen forms in suspended sediments were significantly higher than those in surface sediment, in addition, the per-
centage of iron-manganese oxides bound nitrogen (IMOF-N) with the mean concentration of 1506.94 mg/kg were higher than that
of other three nitrogen forms in suspended sediment. The percentage of organic matter-sulfide bound nitrogen ( OSF-N) with the
mean of 625.31 mg/kg was highest in surface sediment. IMOF-N and OSF-N contents were significantly affected by cation exchange
capacity and particle size in both suspended sediments and surface sediments, and they were also significantly correlated with total
nitrogen( TN ) ,indicating that IMOF-N and OSF-N were the main fractions of TN. The correlation results showed that the water
quality had significant influence on IMOF-N and OSF-N,and the influence of water on suspended sediments was stronger than that
on surface sediments. Furthermore, suspended particulates were beneficial to produce nitrate nitrogen in water. In contrast, sedi-
ments were available for generating ammonia nitrogen in water, and to some extent, suspended sediments has inhibitory effect on
algae.
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Lo A 05 5 TN 2 2R FHEILECTH R A2  CEC SR S R B 58 . B iR AL AR vh (W mT # AL S 2R
24 1 Ruttenberg 734 1% S0 U B HEATHEERC =", Bk 405008 I KCI(1 mol/L) \HAc—NaAc(pH=5)
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Tab.1 The essential parameters of the overlying water body 2.1 skfh B HIFN AR Y oh T 2 M B A AE
b5 TG BME ORI ERAEK TR AR B BEAL S 20T LR Bk Btk 8. A
pH 7.97 7.04 8.49 0.06 FK IR W, RE R EEK pH (2 M55
DO/ (mg/L) 5.46 4.11 6.80 0.18 W, BME N 7.97; TN HREEAF 2.77~7.15 mg/L, ¥
EC/(uS/em) 328 194 396 0.19 (B 4.48 mg/L, N TN SEFRITAN , AR5 R K ZRIK
TP/ (mg/L) 0.38 0.13 0.86 0.71 Eﬂ:@%<f@%§ﬂ(%ﬁﬁﬁﬁiﬁi(ﬁ>(03 3838 —
IVmg/l) 448207 03 2002) % V 3 K e U5 Y U L TP IR EAT T
WAA/ (my/L)  1.20 0.43 2.47 0.62

0.13~0.86 mg/L, ¥#J{H 4 0.38 mg/L, H-A 60% )
FAEWIEE TV Rk T BRI B 3y
BRI (TN.0.88 ~4.6 mg/L, TP;0.05~0.16
mg/L) " F AR R X A K T LA AR A TR K. 3 A, AR R K M e TP A TN R B3 5 T P 1Bk
(015 1 4.27 mg/L) 2" X AT RE R I T AR EEEP SRR R KK R KT S 5 0 A Rk
BRI AT H ) AR A A TN TP e BE AR U 38 , 3395 R 00 A A e 4.

R BEIFY P TN TP A ML & R TR ZUUR P i & i (3 2) . S WiiTag 1% TN (1458
mg/kg) 5 TP (763 mg/kg) BUFFIETS S8 ™ALL, BFSE X IRA BTR B4 b TN TP i 1 5 T L 375 5t

HA/ (mg/L) 1.05 0.72 1.50 0.32
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FCEAE 7R 222 5 BRI C/N LB 8.82~15.43, J4{Eh 12.59> 10, KW 277 ) 9 A HLIR 2 it I3
i N B K A PRI A R R (0 AL RIS 5 TR C/N HU (BT FEL R 7.29~ 11,81, #4{f H 9.30<10, FHIT7T
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2 REETMERZVURY Y E R IR I A

Tab.2 Distribution of nutrient elements in suspended sediments and surface sediments of East Tiaoxi River

) VLR By
s b7 — - — :
T i BRER T i 55 R
TN/ ( mg/kg) 2216.88 1815.37~2944.20 0.18 3292.50 2801.03~4513.03 0.18
TP/ (mg/kg) 1236.39 853.73~1783.95 0.22 2006.57 1416.92~2648.31 0.17
OM/% 2.30 1.87~2.90 0.16 2.81 2.50~3.30 0.10
C/N 9.30 7.29~11.81 0.20 12.59 8.82~15.43 0.15

22 BZY MBRYHERESESERNHELE

AREBERBEYMIBY P SIES R MEFBE (K 2) . HARRFEY P EESA S U W LT

P, HOORESTES AP S B 2EZ R, BIEY T, IMOF-N & & &, #{E A 1506.94 mg/kg, IEF-N
1%, $I{H A 82.73 mg/ke, DAL H , OSF-N A f 5, BIE 7 625.31 mg/kg, IEF-N 4%, #4I4 F7 46.00 mg/ke.
N 1 RF R IRAS RSB BT h 4 PR A A & & HEF 43 5 IMOF-N>OSF-N>WAEF-N>
IEF-N F1 OSF-N>IMOF-N>WAEF-N>IEF-N.
2.2.1 IEF-N  IEF-N B} —ZSMABICIRES B DKM 5 FIRB BT A2 ) BB T4 684 X
PR A 5 R U, e B B, L5 WK AR A BT LA 0 TR R BRI AR 2 TR IEF-N
i 4 PGS TP, 43502 42.70 ~220.34 F127.38~78.14 mg/kg, 433 5 AT 56 AL S AU 2.21% ~ 8.30%
H12.19% ~4.85% . 3% i FART T R34 NH T T U A DU H TEF-N [R5 25 51 (97.86 ~ 190.38 mg/
k) P H DR AT BT A I 2 AR Eh K, BETANER T TEF-N f)_b B K AR 0 .

B RAEERIFY T IEF-N (& i K FRZVERY & & (B 2) X5 TN TP (ot —2, £
Iy M 2 R TR R TER-N 35 ROk B2 0 A S PEREAT T RIS, 45 56 TR LA 1) ks 240 ,
N IEF-N [ F gt . B i 3R/ W e TR, IRkt TEF-N A 0% [t 68 g L TR o X
DU &, AR 28 LUiF TEF-N & B 2w T e B e rb Bif. X 32 5 R E R mEUR D
WA 06, IR B A W AR A R RURARL , 32 A 15 15 /K ) R, R Ui I R IR X 45 20, LAl T
IGO0 & BT BT IEF-N S @85, 2 TRIFY, RE R RIS HS oK HiEi iE
VAR AT K E =Y, I B T iR ) FREE  BUE TR R Y T IEF-N SR B E .
2.2.2 WAEF-N  WAEF-N {{3R 092 5591 PSR BUS A, HA5 568 77 S kMR EAH Y, DU Hh i WAEF-N £37E
Rk A5 1E T B K AR, EOBE O ME BE R I T TEF-N, 76— 5 41 F B s 2

R BETRY) B WAEF-N & &R 3520 173.76~247.08 1 146.54 ~215.78 mg/kg, 53 51] i Al %
LAY 8.70% ~20.31% Fl 6.18% ~12.81% (& 2). AW LI, WAEF-N 19434 5 FF B R £h & FEAR G,
IEZUIRRIIRLEE A LB i P R R AR AL s . WAEFR-N 5 4507 20 73 52 TEAH DG, 240 U 20 433 1tk
1o, A R TR, 025 5 W B 5 AR PR LR 2t e , A8 AILB A A B, ZE0 b B2 b, pH 23 R AR AR
b, S BORIR DIV S , i B AN S A 2 SR iR 45 &, TR MR WAEF-N & . 76 4 FB s
i, WAEF-N ELA7 S5/ NP 2 (8125 55 R 0, AL AR N 1 —. TR PR v BE 2 7R 3 1 _L Ve ind BRI 22 vl XUk B ot
FRTE DL A S, FURERE AR AR X A, T U 32 1 2 SR BT IE A2 VD s ), 00HE v i b DX B i AR
WIRRCRL AR /N AN U, T AILGR S 1) o3 AR VR EIAH B , 15 i WAEF-N AR — 1 737
2.2.3 IMOF-N  IMOF-N 48 iy 244 U MR B 00 20, 25 6 BE 7 55 k4 el A i 22, LR Tl R 0 7 3 FhJE L
SRR TRSN, ZIES 5B EAE R EAR OC, MR AL T8 ARSI, X RTE S WA S T MU
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Fig.2 Distribution of N content of each form in suspended sediments and surface sediments of East Tiaoxi River

7L P S

TRV IMOF-N ) 2 536 [l Jy 484.28 ~ 906.77 mg/kg, ¥J{H 7 505.75 mg/kg, & T LI
2120 (6.60~11.13 mg/kg) 5ak/NFI 2 (5.98~102.39 mg/kg) MIWFITLE S, /NF E ML) (444.45 ~3288.89
mg/kg) FBFFR 4 . R R E R AR BRI MU b A o A |32 TR A RO D 5 T B & AR . A
WRF R 1E IMOF-N LEhiiE By & i/ b Ui, e R AE IR SRR A D9, e/ IME AR R A A D7,
JRIR 2 B T Bk b SRR TR URHIR(E 2).

XT R IR Y ARZ VIR T IMOF-N & BRI A, 2 R A S B IRY h IMOF-N & 82 DU h & &Y 2
LA b RFE 5 D05 HZGRH] T 4 4%, IMOF-N 2207 h & ffi s B AS , & R yu Fh 1005.45~2109.86
mg/kg, BI{E N 1506.94 mg/kg, b FIFE LA Z1) 48.70% ~ 68.09% . 3X W %2 H T2V BT (W A AL A 85
5 AL IR B A R T IUR A o IMOF-N ffa s fide ™ Bl &7 9 IMOF-N & 0 B 45 (1 2).

2.2.4 OSF-N  OSF-N FZHEME 5 mE 5 AP M em s &8 s A, 28 e i e MLAN & fKoF
KMHEG AR, AEREY 55 SNIERT 2 FIn KB, 5341, OSF-N (B RE J1 7E 4 P ZUR A IR iR 58
[, OSE-N PEFRBFaE , 16— MBI 3 2605 ME LA K OB ZEE3I A, OSE-N X BRI Y fi B AL AT B, (1
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SR RSB, MK R S A A A, (0 QA 3 PR3 45 OSF-N £ [ 7K MBS HC S /K A 835 .

BIFY) KU A OSF-N Fl ¥ 58 Y0 B 4331 8 519.87 ~906.51 1 509.77 ~831.64 mg/kg , SF-44)& w53 5k
702.50 1 625.31 mg/kg. B TEYIHHY OSF-N e B [ W) i 52 5k 34 0 38, i 0 AR ) S 30 | 1 e 31
U IR AT X RO B, A SR RE AR P OSE-N ik B HE 18 AR 4 ek ) A B/
(AR 22 5 (PR 2) . E DA AR 30 OSF-N 434 i R 24 45 A WL & i R A% LA S A i PR 5% 45
TURWIAL TR JFEREE A R FAR A7 OSF-N, 7] IH AR A7 75 1 B S T 5 7 5 28 115 B 26 25 MUK 265
B s MR SR PR B e AN AR | L AR, 5 TR 45 & OSF-N.

2.2.5 TIN TTN B 4 FhEUB 008, 2 TN FAES: 506 PR A0 LIRS , 17 It R AT vt 5 8 S AL AR Y
TSGR RIZVOBWIAG TIN & G R 981.19~ 1574.36 mg/kg, #1f H 1139.37 mg/kg. RFREZTIH
Prebi TIN S BRI T FII (645,55~ 1461 mg/kg) ™2 i JH1% (105.26~ 123.97 mg/kg) ™,
6 TR (1052.63 ~7368.42 mg/kg) ™, Fe W AR 2R U0 AR LA R8s 1 e K VT v T eI A R 75
GRS TRl ST G D MR d €7y W o N N2 = St 7/ B YT A0 7/ L A K Ao = W20 115 8 0 b R o 7ol b1 s b M|
2) , AT, ZR 2R ik R B A U R T T A

23 BEFMRIRYNEREBNBSTESARGERSNER

S BRSBTS TR = A7 AF 2 UUHE R VR S A I R, 3 = ) AT LA A
A6 B AR 9 1R ) G2 R 2 B A A 1 S R B R ORI B R T, R e RO S
L7 BRI BT VE BT R PRI, 0BT 45 25 22 1) J% 15 8 P2 0 L L AR ) B0 A 55 2 1 6 G, A B
TN S AT ERF B FR i R 2 AR SE T B AT 4 K S8 5 A HUR  Fe Mn % H
FEIALEHE (CEC B A% (B (Clay) JBYRE (Silt) R (Sand) ) ) YA G X . 430875 i R FHTC A 40 B
(RDA).

X FETE Y S, TN CEC  Clay , Silt, Sand i 5. 25 3y Xt 2U% 25 8008 JEAT R e (32 3) , HLB 15 BELE 95%
(P<0.05) LI_b, F A5 55 10 B VERER. 5 L3 0 S MR S B B 2 K HEAT RDA 4307, 25 SR 01, L
WA S EIF B ER AE AR 1 2 b A e R K F 0.822 0783, X N SL AR B T 84.3% I AIE A
=8 98% ) RUE A5 — B IR AL RS X6 205 8. A S ALY RS R 9 AN RGP S By RDA 25 5
FFHER (3 4) , BIRP TS B A9 0% S8 2R 4 L RAUB S -3R8E T BRUE 40 22 S/ X it i
T LA 5 AR A T LA X B PR RO A B HEA T A . (R BT 0, ZE VUM, TN OM  CEC Silt ,
Sand 1] LA I M X R SR A KO 17 .

e 3 PARME AR B N AR S A R

Tab.3 Importance and significance results of each physical and chemical variable

K62 Sk TN TP OM CEC Fe Mn Clay Silt Sand

EEMELR  BFY 0.536 0.056 0.115 0.368 0.218 0.015 0.329 0.413 0.172

MR ALY| 0.421 0.053 0.211 0.312 0.103 0.027 0.175 0.223 0.329
BEMERL BT 0.008 0.102 0.112 0.016 0.124 0.432 0.024 0.02 0.014
b 0.012 0.122 0.026 0.014 0.364 0.386 0.124 0.032 0.016

1o RS TR PR A BB ME T i RDA HEFF R B8 3)  BIgmss 1l R8s
YRR S B 2 2 AR ST E S (CEC % OM 3 &3t ORI 1 B SR 3 i e T R R 42
CEC M FRon & &t s 4 2 S0 2 o [ We SR B 2.

E—H %t RDA HEF 3472081, IEF-N . IMOF-N ,OSF-N & 535 TN TP ,CEC, Clay . Silt &1 & B #1F
HI%, 5 Sand F5 it 52 7 I E. TEF-N IMOF-N OSF-N 1 % ik BREY 504>, REAS B L 2 5 R T RU06
A S E K R IE A IEF-N SRR 2 & A R R S Tt i R g
(RS 25 5 — B0, F6W IEF-N EBAE7E TR BOBRL T, B0RL T 9 3 R /0, 3 202 o TR0 /N 0 TR 1%
B b T REUAC 2 22 R B R 5 7K 9 00 T S 451 6, i3 A7 B T TEF-N f k. IMOF-N 3 %4 ks 481k
WE A R, S R SRR AL Sl O [N 52 S AR SR S . AR R LA P IMOF-N 5 £t 15 240 5
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& 4 AR BRI AL B RDA 45
Tab.4 RDA results showing the relations between physical and chemical

variables and nitrogen forms by the first and second ordination axes

RDA
2% 1 2 1 2 1 2 1 2
IR WAL BT WIRALY]
(OB R) (9 MRRBASE) (S AMmRBAsE) (S AMRAER)
FEAEE 0.822 0.132 0960  0.021 0.720 0.083 0.907 0.006
RIBA -8 T B8 0.884  0.813  0.838  0.726 0.822 0783  0.812  0.681
FUEAEIE T 2% BFE 4 /% 81.2 90.4 96.0 98.1 76.0 84.3 90.7 91.3

HIES-HHENTRRZBE /% 91.6 97.6 96.0 98.1 92.8 98.0 98.6 99.3

RS R E FE, PRSI R S E A  SE T Bk R P AUE S B8, 5 1
AL PN Y TR SRR 25 (R AR — 350, A AN BURL A 1 s P 3 A 5 (1 RO 112 P 55 T 4 B0
F1A I B P 35K T R 2 98 1 V5 Y Bl R A T /K % 22 S B OSF-N R AT BLAS & 8, Hois it R
DU St ARG, AT B AT 22 AR IURL 25 5 W B A HLIE, MR A OSF-N 5 i il . CEC [k
MU PRI TR 5 1, 55 F0RE ) BROREAR A7 A S0 35 BOAR S BB FEE CEC ity , I, & AUE S S
CEC [1] ) 1 25 1 56 50 R AN HE R

TERTFY R IMOF-N &5t 5 Fe & i 5 R IEANSC, MAE DU P A A X ER S B Y 1%
UURRM T AL PRI SE AL SR A 5% T W BT AL PR SR AL i, R4 AL 5 TAFTE , T DLAR W BREE — B 2
W JEHE AR TR SRR S350, IR Y T OM & i TEF-N WAEF-N | OSF-N & £ 5 i 25 1EAH
5, 15 IMOF-N 54 B AR 56, 1] BB AT BILI -5 Bk Bl S8 A 5 4 S 3R I 9 o i I 2L

0.4 0.4
Sand (b) Sand 524

-1.5 1.0 -1.0 1.5

3 ZR R EIFEY) (a) FITUERW) (b) PRALERAE S ZOE A RDA 3l
Fig.3 RDA results of physical and chemical characteristic and N forms
in suspended sediments(a) and surface sediments(b) of East Tiaoxi River

2.4 KERXEZFYRARY h ARSI

TR R BT S DU B B, KR 1 5 8K 2 X JBL TR 40 5 U AR v (8 SR R i A S RS, Ry
HE— S HGTKAR S BTR ) B TR A DG 06 1, WK B I B AL FE AR 5 B TR ) UL AR v U 785 I AH O 1k
500, G55 (3£ 5.6) %W, pH 5 WAEF-N & i 5 fUAH 2%, 35X 5 A7 SCHI /0T —3, (% pH Al RkmR R % i, 4=
IR BRI AR B T 5 AR 25 A, TE L WAEF-N. /KR 52 TE S A A 2. EC £ 5 WAEF-N,
IMOF-N J OSF-N 481 5 1E A2, Hoip B 24 IMOF-N 5 EC 2 B IFHISE, AR 3 1B VR B R,
WEEFZV M AL A B m. BIFY R IMOF-N &5 DO ik FF K& ORP ¥J2 i % IFEAHSC, Mi7E VY h
BOREAY AR SCHE R B AR, 3 5T A AT — B0, B VR A2 K AR SR S i B K. R LEF-N Al WAEF-N
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PERGE MR, IR s 5K AR Ve B AT 0 3 A DG, A, IMOF-N | OSF-N & i 57K i TN i & A
MARWE R HIEMRER. X EEREH T IEF-N Il WAEF-N (144 IMOF-N 1 OSF-N /iy £, ] i
UL IMOF-N & OSF-N 2K R & A FERIE. T LAFE t, B IR IMOF-N & 57k i 0 e B A AR S84k
¢ OSF-N i g 3, UL A H i 15 B AR I , 26 W B 174 R IMOF-N %of 7K A e R ik dse oK, T FE LR
1t OSF-N XK & rh 1 sk e K.

RPN, B REB FE S PR A AR 2 B A, DU R 5 R S
A, R IEIFYA B KR o 00 AUk AR Al Ak SR 1) A 2 UG Ak, O WA B TR R i Uk A 8 SRR
) 2 AU Ak (32 5.6) . 3T BESR ALY IOBR T 380, 7 W] — RAEWT TR 257728 DO Wk BR &, 12 B2 %) DO
W, DU AR B R 2, B ARV E P A WA A, R IR UURR ) S8 A% 3 7 BH IR P S8 B 85, I A A it o £
SR A A AR AR R, SR R R A s e, R S S ek Bk R P &R, X
S TR RAE W A TR T B 5L T Al 45 6 T B S S A B A T L PRI, R0 2 A R B i A
R, REBKRTWTIAEERMEA(R D), MHESE SEF YR 5B E M, S sk iy
TRUIXTCLR AT R, MR A VR AT, X 5 T VRS e TR R O WP Se 4 SRl — 2. R 9
RENE T UFE SRR B AV B T A VM SRk A o, R AIG T 2R DG A VR D, WO 2R 95 B R A
. B, R — R AR LR R BT R 2 H A R .

RS BIFYIT A RILSS BEUKRBACRRAE AR DG

Tab.5 Correlation of N forms of suspended sediments and environment elements of overlying water

AL pH DO ORP T EC TP TN AR BA
IEF-N 0.108 0.311 0.056 -0.108 -0.052 -0.144 0.102 0.031 0.134
WAEF-N -0.328 0.132 -0.190 0.279 0.182 0.330 0.149 0.221 -0.132
IMOF-N 0.065 0.771* 0.465** 0.351 0.363" 0.312 0.664 ™ 0.553 ™ 0.259
OSF-N -0.072 -0.161 -0.212 -0.224 0.329 0.231 0.047 0.513 ™ 0.301
TN -0.158 0.143 0.073 0.104 0.214 0.393* 0.467 0.413* 0.319

* AE 0.05 K F WM RUBKER) , o 15 0.01 AT T B EHIE(RURKE) ,n=30.
6 PIBW P ZUB A S LD R BALERIE B AR G

Tab.6 Correlation of N forms of surface sediments and environment elements of overlying water

AL pH DO ORP T EC TP TN AR AR
IEF-N -0.189 -0.015 -0.129 -0.217 0.082 -0.215 0.126 0.034 -0.104
WAEF-N -0.139 -0.123 0.140 0.118 0.139 -0.088 0.164 0.113 0.362*
IMOF-N -0.109 0.152 0.324 -0.105 0.227 0.150 0.366" 0.259 0.375"
OSF-N -0.174 0.183 -0.361" 0.073 0.315 0.180 0.616 " 0.344 " 0.519**
TN -0.015 0.081 -0.116 -0.203 0.131 0.237 0417~ 0.206 0.348

# FRNTE 0.05 AP T B E MR (BRI , = FRTE 0.01 /KT BEANR (UK ,n=30.

g

3 £y

D) RFBET WA R E, L TN gPFA I8 bs , RIEKFU S V 2K BIFW P E R ST SRS
i T UUR BT AT BILR 32 252 Bl YR i A ) S5 B K A TR A W R A SR R R T TR b A
BT 32 R IRT K AL AR AR, AR il S AR SR B T LW R 0, 382 385 75 K xk b 3 T Bt RUE
AR 2, vl B B A2 RO T IR TS S, R I B2 SR A TS HETS K s E IS VAR R AR
EFRY B R T TR PR

2) BB EF & 2R YLL , BIF Y IMOF-N & iz i, #{ECh 1506.94 mg/kg, IEF-N 5 H 5, 1
{E 82.73 mg/kg, PLAR#H OSF-N & & &% i, #1{E M 625.31 mg/kg, IEF-N & & 5K, #{H ~ 46.00 mg/ke.
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AR BEAS RN RIS Y 2 L S R & B HERP 2090 2 IMOF-N>OSF-N>WAEF-N>IEF-N Al OSF-N>
IMOF-N>WAEF-N>IEF-N.

3) i RDA Z3#r Al 1, 7E AR 2 BALME BT IR 5o, TN (CEC DRAR 2 27 h 0B S A £ L 23K, TN L OM
CEC JRiAz ] LUAR G- b % BUE A5 i HEA 7 1 .

4) KR LA & B, pH 5 WAEF-N & 2 UG, EC 85 WAEF-N IMOF-N Jz OSF-N &
HEEIEAC, XA S E AR W L o W A SRS T W) 32 K AR SR R SR B R IMOF-N X 7K
TR STk R, TIAETUARY o OSF-N XK (At R STk k. IF B TR h 4 B B R i 2 5K P i
BRMIEA BFERCHE, VURY P B8 h S ZAA BEMCHE. J350, 7E—E R b KA i 8 e xd
B K BAIMHIER].
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