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Abstract; Riverine sediment cores from three branches of Xiangyang section, Hanjiang River, were taken to analyze physical and chemical properties,
vertical distribution characteristics of both ammonia (NH}-N) and orthophosphate (PO3™-P) from the overlying water to pore water, and heavy metal
contents in the surface sediments. Fluxes of NH}-N and PO3™-P were calculated from pore water concentration gradients with a one-dimensional transport-
reaction model, and the environmental risk of heavy metals was assessed by effects limits, sediment enrichment factor ( SEF) and sediment pollution index
(SPI). The results showed that NH}-N concentrations were far greater in the pore water than that in the overlying water, and both NH}-N and PO} -P
were released from sediments to overlying water, clearly revealing an internal nutrient releasing risk in the selected branches of Xiangyang section,
Hanjiang River. The NH}-N influxes across the sediment—water interface varied from 42.431 to 81.369 mg-m™-d™", and for PO,*-P, that were from
0.745 to 1.437 mg-m™>d"!. Sampling site of Hangkong Road had the maximal levels both for NH;-N and PO} -P influxes. The contents of Cu, Cr, and
Ni in the surface sediment from Xiaoqing River were 131.17 mg-kg™", 57.97 mg-kg™', and 398.59 mg-kg™", respectively, all of which exceeded their
SEL (severe effect level, NYSDEC guidelines) values, denoting severely sedimentary pollution. It had been further substantiated by the SPI value of 11.8

in Xiaoqing River, significantly higher than 6.10, the SPI value for a moderate risk. SEF for Cd in surface sediments from three selected branches was
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4.57, revealing Cd in sediments was the most vital contributor to riverine sediment pollution. With the sharp decrease of hydrological flow of the Hanjiang

River and the resulted weakened purification ability, the internal nutrient releasing risk, burdened by a moderate risk of heavy metals, could result in

potential threats to the water security and ecosystem biodiversity and therefore should be paid more attention.

Keywords: Hanjiang River; nutrient; heavy metals; sediment-water interface; diffusive fluxes

1 5|5 (Introduction)

ORI 0T 30 2 A AR Y5 Y iy o B Y 1
G PR T AR E SRR SE A YR DU R
BIF AW sh A R ) KRB (Hu et al.
2001) Y AN 55 3 17 g 15 20A B wUs , RS
FRARREI 2 R BOK B SR ER Wk BN A AU, B
A ) KA & B SR AL IE AR A S HE I & (Jeppesen
et al., 2005; ZEMAMREE ) 2005) . TLE AL BRK &
IK-UTRRA) F T AR ) Hh Bk Ak 2 N 1 R ACEE R
(Urban et al., 1997) , LB /K A5 ff 2578 FF R 38 1o
K -UCRRA AL ) B K IO N R B SRR R
FER AR, XF K AR Al 2 M TR RN 4 A 3 R
(KK, 2004). T ffE7K-UTR A1 (B BEK FLBR
K EFRERVR B A A B TR DO E R
ERBEABS F-AE ( Pogodaeva et al., 2007 ) 7K ARTTFR
YRl BE & K B35 Hh 1 4 @ 1Y BB B FUE (Gao and
Chen, 2012) , Z % 4 J& PE A KA 5 0k ks 4 Wi o
HAEUURY o BRL, MoK IR 8E 45 A i, LAY
A A T R R S BOUK R RIS (Yi
et al., 2011) . JLAb, UURRY L 2 IC A 2 ) 1 i 8. 37
BT, o A B E 4 I n] B ak R e 0 K A AR
ABEEAER, 8 8 W BE AL 3 R N S i
(IRFRAREE, 2011) SEAG TR 4 08 1Y 75 YLtk i
A2 KA Bl T U 50 TR A % 7K 5 4 4 R 1Y
T XU

DU R R  SU , ARHH 25 T R 22 JAE W
KK IR 55 DiRe , T K B 2 AR 4R R5 7 11 2%,
VAR, I U e JR i an 22 BH b e A ek i A O R
PR Tl HURE e FE R | YT S 3 42 A % 75 7K
i H ZE 30, XTI R 7K 5 i ™ 2 M. AT
SCAE A DT 15 G AR E 2R IR, TR
B IR RO 42 J& 15 Y vl BB 52 ) UYL I K
ol = i 1 we) AN O 1 e 81 e s S B o
HY7K BT 7K i R EPR B 45 B 45 5 T (R, 2005; Chen
et al., 2007; KM KB, 2008) , % A VLS Ui
RIGTRIIE Y 0 19 XU R AE OG TR A X 358 /0 AR B 5%
T HRIT 28 PH B 5 AV SR R MR 5% X 38
U2 DR AL R K, 355 6 FLBR K P & AL

BARPRER #0100 AW RS AR M 97 HGE B AT BT, IR EAG
RIZ VUYL B 1 15 Ge e BE FIER I8 KR , S L
AR K XU ] 45 7K 75 e B 3 S A 3R ATl

2 MBS 7 & (Materials and methods)

2.1 FFR KR MIA

PUL i 2B va b M4, 2K 1532 km,
R RN 5.91x10° m*, W AN 1.51x10°
km® 328 14 4~ BT, R DU A KT (7 8375 45
2014) AE AT iE fe RS2, DU AN % 42
U BHAT e 1) B ZLALIE 2 — |, H R 7 i R
TR EERFE S HLOZN AR E)HEZ
T AT T 45 ) A DT R s (A 1a)
Pl I AGE 6.38%10% km®(FEF, 2005; 5K AFEFlE
BRI, 2010) . 3 FHAL T BT 3 H i b B, 2 18
A6 5 — R 22 BH T BT R Wi R Tl R
7K .COD Sz R A ik it 5Tk 53 3 R 53% 45% Fi
25% , AR Tl 75 Yo BTk e R b 2 Tl (B kA
S, 2014) UYL 5% BH B B0 AN R T R
F AT p R VAT R 3 AR A L R R R B
T ZH RN, U 2 0 b 32 BH T SUA B A T RN, AR T
BV ADUT A, WK 310 km, s i 2N 2.5% 10
ke SR A YA] T 30 J5E 0 4008 Tl PRI ALY, s PR G
Ui FE IR A R U 2 K S TS DU, T R YT DU A
DU AR DT sl e K i — 45 5,
SEDUTAR T P AIRAE DX, KA [ ¥ B8 ) 85 22 (X /N
45 2014).

PEA VTR I 25 51 25 W I 5 7= UYL 9 2006—
2010 4FFEAAOK BT e PR RFLE 11 28 (H i3]
Ui, 30015 et b St 3o B R A LT AR R i IR AR 5
TR A U 3T TS K HE A B PR
K KR TR 52 it S 50T 30 7K B 58 25k A 00N T
VL FK R R IR DUUE F A s R 7K R T2, p kb
WL TR MR K ZER 751K, SR K 95 12
m’ LR 130 12 m* , 7K R AR IR 1 K AR S R 58 4
ZAET K (e, 2003) . KL IE TRk TR
BT 2014 AFEIHEE 7K, PRI KT 17 o K e
oA 7 o & AN R N R < i = 4 N 1B
IKBEFEHIFEAR 0.5 m, K IREE 2 T R 269% (B4 4k+:
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35 %

&, 2014) AH L T IRZK R, 2 TR A9 St {8 LT
HR IR AR S BT AL T B A RS S5 A
SUMRFLE N -38% ~ —65% ; i WK B KW
RS 1 5 0 1 B 0 BB AL T - 40% | —20% ( #55 KAF
FIE 206, 2010) DUV /K AR TG B 5 ¥ RE 10855 ,
W 7™ T B DT R R U K 2 4 DU R
i AL SR ) 2 S AR 8 7 A KR R AT S R S e
1515 K HE TS AR BE AT O 55 v 1 U AR V5 e £ A
FEaRe TG e s T T 3 O a2 U T AR R 1 BE
TR 553 32 X T K 5 2 Gy A v e XU

22 NBRMEREREL S

221 WABRAAEERXE  DDULERBWX i
DI RAEASZi ik58 X 3R, 45 6 OB F5 A, 3B T
FRWRAE 2 6 > (18] 1b) 12011 4F 12 7 FIHIAEIR R
Jets (Corer 60, Uwitec, Austria) REETIFRYHIRFE
FEBDK  BEAFERCPATREEREAE 2 AR, 235 70T
TR R T8 A o0 AT AL BROK i R 4 HoR 4 6 R
(M, S1.83.85 ST Ui AE s, IS B RBORL T 5k
KRR , SR ERIZK).

33°0'0"N 1
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31°0'0"N 4~
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Fig.1 Distribution of sampling sites for sediments from the branches of Xiangyang section, Hanjiang River

222 MR EEE ST BRI TR
Yt 1 em 23p)2, T DU LB AL$5 B3 1000 €
I3 R FE R PR AT ] 5236 % 0 2 DU A e A
FHHE RN E & ARG ML (LA 7R Loss
On Ignition, LOL) (¥EI%SE, 2010) , HEOEKRLE 43 Hr
A% ( Mastersizer 2000, Malvern, UK) | @ BTk 45
O3 AR ST Z ARV VR T8 (FD-1, Jb i 8 AL R
BARA D) J5 A DL R T, SRR | D52
LA AR S 2 T, S S WF R i J5 2ok 100 H
i g& FH. o6 & 20 H14% ( Vario EL III, Elementar,
GRE) Ml & YL AW vh Sk, BV A & 7 (2 4%,
2013) 5 FIH SMT 305 TR St % 1, RIS BTN
Vg T 5 g A5 5 A HCL $2 B0 1 3 W ik
W (Ruban et al., 2001; F 2% %i, 2013). % 4
HNO,-HF-HC10, 7% ( Presley et al., 1992) 7E % 18
fi#t{ (Mars X Press,CEM, USA) 1§ , 7£ ICP-OES
(Optima 2000DV, Perkin Elmer, USA ) 1 ICP-MS
(7500a, Agilent Technologies, USA )M Al .Cd .Cr.Cu,
Ni Pb .Zn % 7 Fha @ e R & & Hrid B R P =5

LK R U0 W & 4 4 0 bs HE W) i GSD-9
(GBW07309, [ -+ B¢ 5 8 W) AL PRI 55 0T ) e 452 1l 5
S A HERRVE RS B 1 (R HE AR A5, 2012) , IAS AR ifE
YEih & EE R S RN T 15%, % 28T ER
ISR TE 85% ~ 120% =[] 5 i< 2 H i 370 2 M 4
ali, i FH K 25 9 88 4l K (Milli-Q Advantage A10,
Millipore, USA).

223 EFEAKGLBARES SN ATIRIEEK
FFLBK P OB R AR 5 2% 3 0F R R IR AE R
Pz IS = FE — %, T bR OR A2 s i i #E rh
()T HE. FH AT I K K - R A b i L K e
5 cm FEAT50 EFEG TIREEAEHZ 0~ 5 em 0.5 cm
BE S5 em 5 1 em 530)2 MBS £ 0.45 wm KR
TAL o o 3 15 3 L B K. PR T AR BCFL B K R R A
(3~5 mL) B A3 6 BE VA E DL S B 2R i
P FH 4 H sh Ak 24 20 M1 A% (Smart Chem 200, AMS,
USA) X FLER 7K H & & ( NH-N ) FIB R £k (PO; -
P) VST .
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23 K-ABHRBEERLET HAEHFHEA
IK-UURR ) 518 ) B B A4 43 Uk BE A
JE 7P A B S AR TR T4 147 HO=
AT K- A v g R e ny £
TE X, Ho HiGH 3l 5 R H Fick 55— @ At Al 5
(Kuwae et al., 2003) .
dc
F:€DXDSX£ (1)

Ko, F O K-GO B HGE B (mg - m ™ d )
dc/ o M ST Y T FERS B (mg - L™ em™ ) ; D%
JETTRR) S i 3800 1) SEBR o T3 8RB (m™ 57" ) 5
HE5LBEZRMERE KR D, =eD,(¢<0.7) ;
D, =@’ Dy(¢>0.7) , Hrh D,y o B R 1 V0 11 AR
PECRR( 2555, 2008) . % T POT-P, D, =6.12x

10%em? s™' 5 XF F NH;-N, D, = 17.6x 10 cm*+ 87"
(Warnken et al., 2000).¢ 2 JZTTRYIFLBL R %
SCHR FP R 1 2 SEAT TS (Urban et al., 1997).
2.4 RENRMESETRITFNF %

RIZ VUM 32 IR AT AT S A2 4 FH 5
Foh B AT B35 B 0T I A 3l ) 57 A R Y 7 5 AR
WL (FE OB, 2013) , PR 18 R J2 TR )
F315 G075 e R 0053 B FUXURS DAY — R 2 3T
FPE 0~5 em, A] BT 10 4FAYTTRRY TS BRI
24.1 FEAKFIEN GIADALM LI R bR ifE
(NYSDEC, 1999) >k 56 BH TR ¥ 5 45 J@ 1 15 YL IR 1.
I ARIEAT 2 DTS Y B (3R 1) < SRR B
(Lowest effect level, LEL) F % 55 % [ {H ( Severe
effect level, SEL).

®1 NRMEXESEERE

Table 1 Background values of heavy metals contents in the sediments mg-kg™!
251 Cd Cr Cu Ni Pb Zn
AR B{E LEL(NYSDEC, 1999) 0.6 26 16 16 31 120
RN B SEL(NYSDEC, 1999) 9.0 110 110 50 110 270
r R R (RO ) R 0.11 66.9 23.4 30.5 29.2 71.8
242 EABWEE UVBYEERBGE 1990).7 HEASE i SN HE T, KB EEK

( sediment enrichment factor, SEF ) 2% FHE 1 % IR X 2
HLICR SHMMECA 2 L, SR IFM TR ) 4 R T 4R 2
&2 W Ie R A0S PO vh 40 BORLAR G 107 5.3
N DU Al JTER TR A2 3 7 i Y
oM PP K U R B AT AE 28, R R AR
Z: WG ( Chabukdhara and Nema, 2012) . B4 B E
RRBR M 1 A #1711 5 (Zhang and Shan,
2008) : B AR ETE 0.5~ 1.5 Z I, W & 43 ) 56 4>
U5 A s MU A R B SR KA A SR 1.5,
PR N A C G0 H 4w 1 — B B R
2.43 REIFHN RV I5 G458 8 ( sediment
pollution index, SPI) AR 2V H 43 & A4 A X
W 3207 1K A A B 53 AR (SPT<2) IR
(2~5) B (5~10) = KB (10 ~20) K fE
(>20)5 554 ( Singh et al., 2002).

SPL= Y [T, x (C./C)]/ DT, (2)
i=1 i=1

{ob,C, PR G R @ AR SEIIME; C, AR
S S (E; SPL g AR 5 R h Tk = DUL
TR R UMY 5 1 SR, DUV R
PATARIE D 3, SOR AT A I - S i = 4 s i g o
ERRITREGE DAEAS P RIS IR,

SRR A ket YT G SRR B T 6 4 JE
I 7 T 435028 Cd(300) ,Cu(5) \Ni(2) .Ph(5) .
Cr(2) Zn(1) (Ha%, 2012).

3 Z£R51Fi8 (Results and discussion)

3.1 WLARE AR AT

X IUTT 3% BH B AT S i U0 A B E AL 38 b
HEATGETE, WL 20025 IR/ N Tl A s DU B K
TR LR I 2 R R B 50% K% 2 30%. 11 5
FATRE s U B K A E TR n] B AR AN, HEHFAE
60% A2 A7 , 3% W] Rl A FH A [T 3 T AR PR 35 1) AN [
B A LR S TAE 1% ~ 3% 2 18], FeBE B 28 Ak 4
P KRR — B A RN AR R 2T
Y S S 1300 mg- kg™, Bl IR 5 3 5
EEFA TR T RE A DT BB B o 570 ~ 730
mg-kg™ A5 R AL BR R IR A AR SRR
0. 14% ~0.24% .0. 86% ~2.28%.

BFES VTR LU b £ b AR+ A L
BAE TR /N Bifi 2 TR R ) 8 I, i 25 B /N T R
DURRWI L AR R A B ka3, AR 2 6% 15
SN2 13% s BH A LA 0] DA 3R J2 1) 30% a1 3] i
JZ 1 20% ;3% W5 130 AR ) 52 10 ik 455 iy UKL 1) 52 1)
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Fab & B R RO D AP RIS L AARRNE B EEAR T 5%.
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®2 NRYMENBLERSGIT

Table 2 Statistics of physical and chemical properties of the sediments

. - P . L - v iR,
KM BE/em EYES LOI B/ (mg-kg™) =t SR, Py prem 5
fiizs % 0~5  48.929%=%3.71% 3.22%+0.26%  1327.09£56.70  1.97%+0.08% 0.24%+0.01% 5.75%=0.84%  59.76%+2.04%  34.49%x2.59%
(S2) 5~10  35.16%=5.70% 1.91%+0.63%  1115.94255.94  1.22%0.35% 0.14%=+0.04% 8.12%%2.59%  56.04%+3.34%  35.84%=5.88%
10~15  26.63%%2.19% 1.21%%0.10%  969.91£60.78  0.86%%0.05% 0.11%+0.01% 14.52%=1.45% 64.19%+4.41%  21.29%%5.41%
JINEI 0~5  50.05%=8.145% 3.445%+090%  1341.87£76.50  2.28%0.48% 0.21%=0.05% 6.50%+1.24%  64.33%+3.02%  29.17%+3.82%
(B1) 5~10  2861%1065% 1.46%+0.49%  834.99x152.84 1.15%£0.28% 0.09%=+0.03% 6.80%=1.39% 68.47%+4.86%  24.74%+4.41%
10~15  35.43%+3.87% 1.29%%0.16%  673.31x45.67  0.96%+0.09% 0.10%=0.01% 12.28%+2.88%  64.74%+7.52%  22.98%+9.93%
15~20  31.09%+4.83% 1.22%%0.29%  561.85+88.85  0.89%%0.30% 0.08%+0.02% 13.01%=2.11% 64.20%%6.51%  22.79%=+8.06%
R 0~5  63.17%%2.46% 1.93%+0.29%  727.35+41.97  1.27%+0.05% 0.15%=+0.01% 15.57%%0.94% 82.32%+2.45%  2.11%x1.88%
(B2) 5~10  59.20%%3.60% 2.09%+0.34%  648.8+100.70  1.35%0.24% 0.16%+0.03% 15.48%=1.26% 79.71%+0.99%  4.81%%2.07%
10~15  58.88%+2.64% 1.86%+0.20%  569.70+48.02  1.30%%0.12% 0.14%=0.02% 18.20%+2.74%  80.65%+2.58%  1.14%+0.43%
15~20  59.27%1.27% 1.93%+0.28%  618.21+21.51  1.35%%0.16% 0.16%=0.04% 17.53%+0.87%  80.86%+1.03%  8.04%+0.98%
20~25  60.04%+2.86% 1.70%+0.19%  575.86x104.80 1.41%+0.19% 0.17%=0.03% 18.50%3.07%  77.58%=+3.40%  3.93%+0.51%

# T GTHEA P E” £ PR B B (R < 3.9 wm) YD ORISRl 3.9 ~ 62.5 pm) B CRLEEEFA 62.5 ~ 2000 wm).

3.2 K-V R E IR EE 2L

AL PO A R BB LK 2] 6.0 mg- L', S 5 $00ek 38 8 35— B AR 15 21 35T

AP, FEOKEEWRE N 1.5 mg- L7 9 5L 51

e ELE DB AR R BN O S U BWRE ALK T R R 20 mg - LT (]
ATR-DURR S S R SRS LI/ ETRE 2b) ALBUK R R R T2 S IR 15 GOk Ok

S SE (mgL ) B E (gL ) B (mgrL ™)
0 . 5| i 1|0 . l|5 i 2|0 . 2|5 0 . ? . lIO i l|5 . 2]0 i I25 0 i 5I . lIO i ll5 i 2|0 i I25
20 1 20 —1 20 -J
| il I\
10 i 10 -l 10 _l
STl I )
m ol A | | scnpnn || KA
»@g a “\k‘\‘\k | —“‘&LA
_ f\&‘ i “ y;
10k 10 ST S
~ | ~—
o Lo 52 oL b1 oL B2 *
BERRALIKSE /(me'L ) BERRALIKPE /(me'L ) BERRALMCE /(me'L ™)
0 . 0|.2 i 0i4 i 0i6 0.I8 0 i 012 i 0,I4 i 0,I6 . 0,|8 0 . 0.I2 i O.AII i 0.? . 0.8I
20 T 20 -T 201 X
] ] ]
10 I\ 10 'XT 10 %
E L - .
,;‘; ‘K KB T KB AT ‘1 KB AT
Lo 0 —— 0 —
S10F e 10 %/ —10-\f(\7>v
I S :
ol d RS2 oL e /i BI LUF pEe B

2 EEKFMIABKPER HEBREEE S HFE

Fig.2 Vertical characteristics of NH}-N and PO} -P in the overlying water and pore water
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B3 SRR A IR 25 Z2 b S G (/MR 46,
2010) BT 22 FH Bt 32 AR i P8 L i 95 S
N UUERW 5 G A2 7R B 5 | T A 90 0 A
MU 322 DR 8RS8 5 18 ik IR 3R, AR
W AVE I . (R 2 LB K R g T 2 1 A
(Grenz et al., 2010) JEJZUIAY S A2 E & =, A
M R SR A R 2 E R SR
SeAl , TR I H R Z TR FL B K A & 2T

SRR )2 B A AT RE B (X2 A, 2012).

Gt K N2 DT LR OK SRR
I s A s B K 2 BT SR e, 3K 6.137
mg - L7 /NG R AR 8 K R4k
JEXMET 1.5 mg- L7 (3 3) , X A g5 A [A]30] 3 42
205 YL A R A G 45 R 2 DT FL K
AV ELE 6.604~15.243 mg-L™", AR S 07
FEAKPEASE 2~ 8 1%

R3 LEKMILBKER BB E ST

Table 3 Statistics of NH}-N and PO3™-P contents in the overlying water and pore water

. TR K #J2(0~5 cm) FLEFIK
Min ~ Max MeanS.D. Min ~ Max Mean+S.D.
AR e % (S2) 6.027~6.246 6.137£0.075(n=6) 12.426~16.926 15.243+1.421(n=9)
/NI (B1) 1.396~ 1.649 1.510+0.0.086(n=6) 5.529~19.089 12.277+5.106(n=9)
JE 19 (B2) 1.087~1.443 1.246+0.123(n=6) 4.171~8.807 6.604+1.213(n=10)
WL A (S2) 0.121~0.165 0.141£0.017(n=6) 0.356~0.787 0.611£0.120(n=9)
/NEI(BL) 0.047~0.063 0.055£0.006(n=6) 0.201~0.625 0.392+0.119(n=9)
JE AT (B2) 0.127~0.153 0.140£0.010(n=6) 0.308~0.577 0.414+0.078(n=10)

s 7 BN IR mg- 171 s Min  Max 1 Mean 43531 26 7% ¥ B fi /IMEL B KA AT SE 24 5 S.D. 4 Standard deviations , /R bR i 22 5 n G0 FE

ES 8

FLBR K il 2 2 7F 5 18 50 A SR R B
SR KN (A 7E R Z ALK 3 B A LR
FIRRE A B, K BERR R MR 0.14 mg- L7,
HEATK-UURR W 5 T, 98 2 6 e A A R R
I, ZEFRE T 3 em A HEURKAE, 3% 0.577 mg-L7';
Wi i R T R Ak o S RO T AR
FLHF 10 em WEAERFAE 0.05 mg- L7 (& 2f) -4
I 2 ORI 0T 8 0 WA BT, PR 40000 0 1l B 0
R ) FLB K R T ARy v R RS Bk A =R AL
Wy B A 4 W B F7 (Cha e al., 2005) , AT,
IK-TORRA A DL SR b Bk SR A T I AL
B e A, DA T 5 S0 8 2 K R ) 8 B i AR
R — 2 VR B J A S 3 S 2% (PR I AT 5 T Ml P UV

LB K i Ao gt B e ( B AR SE AR, 2013) 0T
25 B R R S K TR B R SRV BRI T 0.1
mg- L7 T /N TTAE A 7 K e B R Ak R R X A
1%, 100 0.055 mg- L. R EFLBUKBERR £ 24k &
9 0.392~0.611 mg-L™", & KA 4~7 5.
33 KNBHREERLYT HBEFH

JK-UURR W 5 T 7 R HIGH A 53 45 2R DL 3k
4.9z PR A AN HOE & 3 R SRR e, A
81.369 mg-m™>d™" ,/NE A A A Y HGE
R 42.431 mgem™>d™' 47.613 mg-m >d”", [t
A DUTFE P B A VL SO s A X R B R Hh TR
Yy i) b KRR, B2 B DT 22 PH B S K R A7 AE
AU 2 R T XU (X AT 45,2009 ) , AT BE 23 XX

x4 K-TMBRYREERNBREY EE"

Table 4 Diffusion flux of NH}-N and PO} -P across the sediment—water interface

R, TR s 0 Do b -
(mg-L ™" em™) (em>s7h) (em>s™) (mg-m™d™)
HA ias #(S2) 15.295 70.46%%3.00% 17.60x1076 8.74x107° 81.369
/NEW(BL) 7.759 71.11%%6.32% 17.60x107° 11.57x1076 42.431
FEEI(B2) 5.878 81.06%+1.61% 17.60x1076 8.90x107° 47.613
[ HIzEN Mizs B (S2) 0.836 70.46%+3.00% 6.12x107° 3.04x107° 1.437
/NFEI(B1) 0.340 71.11%%6.32% 6.12x107° 3.10x107° 0.745
JEHE1T (B2) 0.320 81.06%=1.61% 6.12x107° 4.02x107° 0.901

1) SRR E R AR ALK TSR BE L 25 °C, T LU 25 °C I JEFRAG B I P 1 209 BOR K 2) FLIREE @ BGR)Z (0~ 5 om) TLAYY
SEIIME ;3 ) de/ 9 T F BB IEFR W0 BT FLBRUK ) _E ALK, S 513 il BBk 1 LB K 971
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VLTI 4ERe 11200 R /K BT . 3 A s K -0
TR S T Wi 2 R A 25 R B Sk el AR W ) b B K R
TR, (1A B SR K B PN TR TR A TR T XU A 2
[ /INTE AT R R YR R B R T IO 43 )
1.437.0. 745 mg-m~>d™" F1 0.901 mg-m>d™" A=
PEAE R PR Dy BT B S Tk R R R i A H:
PR R PRI i A K. R 1 T i T % R VA B
JEART /NG AL 5 (HE FR R 08 s = T/ NE
XA RE S R TR AR E DU B R R A
T E B (% 2) B B FLBRES ) R TS e aT
A HCA < GRS, 2013).

34 RENBHELEFTE . EEIANG

SHRZVRYTESESESHNEL)R
LEL SEL {H tb g &5 R i 3 frs. RIZ VU
Cd Cr F Ni ~F- 38 5% & B 76 AH B 8 4 )& LEL {H Al
SEL {2 8], AbF-42 B V5 Y K- /N T R 55,238 2T
W) Cu Pb 1 Zn SEX &858 131.17 57.97 A
398.59 mg kg™, Y AH N B 4 R (1) SEL {H, M
AINTE TR ) 2 B F T e s 2 B R TR A
KEVIHY E 4SS Cu Pb Al Zn HEA L T LEL
(B, b F AR 75 Ye sl 52 B 5 YooK F-, BRI R 26 K
H A e R EAE T (Liu et al., 2008).

10 acd 150 b cr 200 ¢ Cu
SEL
= SEL 150}
e 100
ERE SEL
o0
) 100{-
41
”ﬁ 50 L
501
2 LEL ,
! —1 LEL —— LEL
ol | 1 L5 o . . ; ol [ | [
S2 BI B2 S2 Bl B2 S2 Bl B2
601 120 - 5000
d. Ni SEL i
SEL e.Pb 4001
T, 40k I — 8oL
2 300+
o0
£
i 200
20l a0l
< LEL LEL SEL
100 |-
LEL
0 I I 1 0 —— L — 0 I I | | I I J
S2 Bl B2 S2 Bl B2 S2 Bl B2

B3 REMRYHTEESRESERMNNEIE

Fig.3  Concentrations of heavy metals and related effects limits in the surface sediments
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Fig.4 Enrichment factors of heavy metals in the surface sediments

MEER KT, Cd E4 R Z0TR e E R
BT 3.0 0078 B AU R S R BT e
JUFPEE 4 @ e R IR B AR B AR i/ INE TR S 3R )2
JURY) Cd,Cu Fil Zn BIFELEARRIRRE M & 4R, & 4k
ZHBT IR 8.86.4.06 F1 4.02, B AE G ™, £ W
N R B A X 2 4 Ja A T R TR (BT KA,
2009).

THEA S RZUVIEY E LR SPLH LI, %
JEUURRY BRI Ay v B XU (SPLAE R 6.1) , Horp
L2 R TR A e B R b B KU, /NI T A
KB KRS SPLE M 11.8 (K 5) . & % R BRI
AL MEZTURY) d 25w %, [
T Cd AEX T e & 4 s Ha i R4 &, A
FECATL I R JE DR S 2 B0 3 KU T
NITSZ R 222 U0 Y od B XURS: 1) B4 g 5%
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Fig.5 Ecological risk of heavy metals in the surface sediments

4 Z5i8(Conclusions)

1) K-UURRAY) 5L 1124 8 1 A8 K B LB K 7E 1
LA SARER S I 1 R g RIZ DO AL
K E BT N 6.604~15.243 mg- L', & A
IKE R i 2 ~ 8 5. B BR Eh 3 B /0 A f AF B 1A
I e KPR, 76 3R Z ALK H B i R AR
PrAL Bt K b g IR AR Y Mk B R 00392 ~ 0. 611
mg-L_l ,IEIL:J:%ZKqZﬁj/ﬁ\% 4~7 £

2) A R A B R B P R B B AR
] B AR, WA /K BT A7 78 P TR 2 Rl 1R 6 R
TR L 25 B A 20 ALY 8 i ik 81,369
mg'm_z-d_1 JH 3 AR A B /NI T R
FAY HOE S5 58 42.431 47.613 mg-m >-d ™" A5
WERRER Y B £ 4351 4 1.437.0.745 mg-m > d ™' Al
0.901 mg-m >d™".

3) RIZVIEW Cd . Cr Al Ni 24 & B 78 A0 R
H4E LEL HM SEL {2 [0], &b T4 5 Je /K -
INETTRE SR Z VTR Cu P Il Zn 148 591
A 131.17 .57.97 F1398.59 mg-kg™", ¥t SEL {H;
fitas BRI R S R Z VIR E 48 Cu Ph M
Zn HRFEAAL T LEL fH.3 NS RZ VIR Cd
ARG E P E R RBGA 4.57. DULEHBA
VLI R Z DU SR 2 3k v BE XU, SPT {E A
6.1.
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