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Abstract

The anoxic condition in sediment resulted from exhaustion of oxygen by the decomposition of
organic pollutants accumulated in the sediment notably affects porewater properties of the
sediment, and the biogeochemical behaviors of metals, thereby alters the phytoremediation
effect of the metal polluted sediment. With simulating different levels of sediment anoxia by
adding different dose of sucrose into the sediment, we investigated the effects of redox condi-
tion and submerged macrophyte Potamogeton crispus L. on the physicochemical parameters of
porewater and releasing potential of metals in sediment. The results indicated that the sedi-
ment anoxic treatments reduced the oxidation-reduction potential (ORP) in sediment and the
pH of porewater, conversely improved the total organic carbon (TOC) concentration in pore-
water. The effects of sediment redox condition on the reactivity of metals are specific. Sedi-
ment anoxia increased the concentration of Fe, Mn and Cr in porewater, especially for Fe and
Mn, which had a mean concentration in the sever sediment anoxic treatment as high as 15.4
and 4.0 times of that in the non-anoxia treatment. However, sediment anoxia showed some-
what inhibitive effect on the release of Ni and Zn during the initial phase of the experimental
duration (0 - 56 days), which became negligible thereafter. The concentration of Cu in pore-
water was not affected by the redox condition of sediment. Although the Potamogeton crispus
L. could significantly change the concentrations of TOC and Fe in the porewater, the effect on
other metal elements was limited.
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B EMRHE ARSI BN REFF S B2 5 R Ve 15 BRK BEAL 1 SR M B £ R I AR VI Hh BRL 24 1E

N TEESBERREAEDBERR. A FTESRERPEMAFERERE, EUAFERERS
IR FEIREE, FITEREALE R MNP KT E (Potamogeton crispus L)%t )& V& 18] B /K B4k P 57 A0
EREBIGRERBBIE. & 5ERE, BEREAEEZEMRK T RIEBEIIER BAL(ORP)F B BEK HIpH,
B THEBAKFESFEIR(TOCHIRE. BREREXENAFAEBBEENEMERKER. REL S
EEWINERBRK+HFe. MnfICrBRRE, HPXFeMMnERABANHE. EEREXMG THE
K FeMIMn iR BT AR AIERE N R A 15.4014.01% . ZEZRFTHI(0~56K), REFFBMH| T
JREFNIFAZn B, ERREHEWAEE. NEMIRNBRE, REFFENEIEME BRKH Cul
HMAEZE. JUKBEYEEBRAENSNERERESE, BERRKERBKTOCHFeRE, ENRES
BRRMEMERRK.
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1. 5|8

BEEBMEEBWIW Cr, Ni, Cu, Zn, As, Cd, Hg il Pb)j& B B (3154, BB h 4
T Er P RE R A R e A SRR . 1 2 AR 0 B ORI T R R S m R, RO
BAPETRA, THRUK, 4 AWt i ™ 58 (0 6 R £ 5 [ 1] A WF 038 BA [ 2 HE N IRT 3 )35 G4 o
HA 1%L F BT /K, 48585075 Y 2 DURTE IR GTRR P o G N 7K AR 1) 3 4 8 K0 43 7R BT
VE A EEIR P SR R KA N A, DU TR VE R . TERREE %R pH . SIS JFIRES . A1E
FARK SN 1 R A AR AL BB IE S — RPN ER . (b 25 AE ) 3ok R 2 3 R b N TR R/ R, 3 ik
TSy, B EYR U - K FHEI pH. ORP Al Fe. Mn. S 28705 M EALIE JR AL X R Ve B 48 o B 1
BEBOLFR AL B G MEAE F (3] [4]. 1E&E BRMAIRE =T, ABAR AV RPN, XA L
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JoT R 27 BR AR W 7 bt R 0 JER 5 Y VA AR SRR L P 1 32 A, I b 7 KR Y i 4 ) JES 5 ) b 8 9 IO
FARMG, A AL N B4R BT, RV BIREVRE . RV IREEM ST 2 B3 Mg
EHACTERT, (R 4 208 B B AE DR SRR, AT JH R JER VG 1) [ B 7K DR T80 A S M o

HEYNE 2 & — MRS AR B A UF B R BOR[5]. MR RBF S AN SC BRI, AR 3 HI AMIR TS L)
AU N, UK EE G, FAEYBEIEM, kARl Eemis Ra R zik. 1F5
KA RG R EEL LTy, AKAEEPICHAZTUKIEY), AT DU I AR b 4 O3 AR B JE ot ) 48U S
Jot, HE TS < RS S RN AE YA Rk (6] (7] RIS, & & SR KAR bR TR B R A 25 8 25 5
JR TR AL e 5 [ UK Z [ B P45, AR S8R REMHEYEE SR RHRkiECH
RZ, AHJERYE RIS B 4 i T3 e Je FE B S BCR ST AN Z AL .

AW FT LA A T B LT R e AT TERT R, T RERE 7 WAL B IR S5, AU IO K AR ) T
(Potamogeton crispus L)YSAAEYME R, B 50U AL IR TR IR 5 T eCUe 1] B /K BRAL 14 S5 (R A8 4k, 43 AR
JRE YR S TR A S5 A0 PR A2 AE R TR R DR Y e e B < Jm RIS I, DA 3 < s 75 G JEC e A )
BERBEB B IKIEMNSE

2. IEMPEHFE
2.1. BN

AR H 18 M x %8 x B =235 cm x 35 cm x 60 cm BB AR . BN N CE 20
cm x 20 cm x 15 cm [ PVC 8l &, HTEEER. LW HRERELSIETEE IR . KYEIT 0.85 mm
FLETH, B RPR A . LRIV B EFabs W22 1,

Table 1. Chemical characteristics of the sediment

F 1. R R

pH Eh/mV Metal element mass fraction (mg/kg)
Fe Mn Ni Cr Cu Zn
7.30 160.1 20260 576.7 33.10 72.75 44.71 1713

S5 A RV I E SRR B 27K 3, 1) e H 4 C B BGA MK NiSO, 7THO K,CrO7. CuSO,4
A ZnCly. 7% GB15618-1995 H -3 PA 55 o 3 — 2 b #E 4B RN P i BH A Sz 56 45 2R (8], FEIN Niw Cr. Cus
Zn B4 5108 2504 600, 270 A1 300 mg/kg (KVeTH). HiFEEIEKRVe i & 2 B e L yIaa(E, W
HEEJE Niv Cry Cu. Zn RS H0 58 262.9. 613.1. 303.0. 456.6 mg/kg (KT H). SLI6HHE
FA I EHAR RN (R S KR ], FPIRES RN — SR A ZHE T T Sk .

2.2. SEWFE

SR FH 16 JER s FH s i A 1 7 SRR e PR A G (9] BERE I HIN &N IR e T 0%, 0.5%F1 1%,
3 B R IR PR A B2 RN B2 IR UKo BT ARy 543 il 20 mL VR AN [F] 78 b o &
SRR BN PVC N ERE, Frifla el 5 RSN I 3.5 kg JiETR, JRIEIEZLN 6cm. 1
VBRI — 2 b, /KT 22 285 [R] B 7K BRURF 2% (Rhizon CSS, Rhizosphere Research Products, fif=2), HUFE#E
HEFEA 20 mL VRS AR, ATHRECSLRSUK. 181 R EREE.

AN PVC EREANER A ZE, MIEEERN 16 REE. HEREAMER AN PVC &% A, B
I E 3 MRIEIREKE < 2 NE LA =6 MEERA, 7551 8: 0% + C HEEREXT ). 0.5%
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+ C LR FERENT IR 1% + C 4L(FEZEREN A 0% + P HEEREMEDA). 0.5% + P HL(RZRA
YA 1% + P AGEEREHYA). BMEHA 3 A NEE . BEMEREE T Aot d, e
INiE B R AK (B RAK G50 48 AP S AR, XFseieeim), KRBt R rms.

TR 3%
Syringe

ERE

Connector tube

[ B 7K A B
Rhizosphere re-
search products

Figure 1. Sketch diagram of device
E 1. xETEE

KRR HATIE S, HPME S 58 10.5 + 6.2°CH1 8699 + 31,431x. SLU6HAH] I [ Sk /K K Bt b 78 B BT Fp
-V

TR (R SR 2 g AR e, LA UAbade st i 57 P PRV SR 0 SR R AE o S 6 34 ) SR i Ui )
Bs7K, 5 Forh pH BT TOC W, Horh TOC R H s i AL B S A iR I B, [] IR FH A TR - UK
YETH A IR BR KRR i, FH FL A 6 55 B RS R ¥ (Inductively Coupled Plasma-Atomic Emission Spectrometry,
ICP-AES)J 7 Fe A1 Mn JC R WK, I BB A 552 P4 (ICP-MS)#ll & Crv Cu. Ni fl Zn Jt
RV o JECR 1A B /K ERALFE AR AN 42 8 o0 2 IR FE A 9 A s — UKo
2.3. HIEAE

F SPSS 23.0 AT 08T LURYE IR AR S A AR AR, I (R A Hp AR &t
JEVEIAIE/K pHy ORP. TOC <& 7o WK FEHEAT XU 3 77 % 73 H1(Two-Way ANOVA),  [R]I 734 [ 7K
&EICER GRS RKIeEALME R 2 8 [¥) Pearson A . 75 22 40 BT AT IEAT IE A M0 AT AT 2255 HEAG B0, LAY
JEHKMF. p<0.05 RPAFEEMEES.

3. 858

3.1. KRB RTL

] 2(a) s A &AL BRIV IRIBR/K pH AR GG, W0 pH EBER (B — € ks, KEEHE 42
KATFRE, BiJG R T A, fERh s sk A B4 pH T — 5. SRR H Z s REHEE
2), JRIEFRALFLXF A BR/K pH A & EEH(p < 0.01), JRIBRE/KC TR, pH EBMK. ALK
o = AN R EACH G TRT R 7K pH P21 23 58 6.87 +£0.10+ 6.65 £ 0.11 Fll 6.44 + 0.18. FH 508 H] /K pH

VR AN 2 (p > 0.05).

DOI: 10.12677/hjss.2019.71005 36 TRl


https://doi.org/10.12677/hjss.2019.71005

RIS 55

pH{H

—— 0%+C —— 0.5%+C 1%+C 0%+P —— 0.5%+P 1%+P
250
(b) .
200
150 -
100 4
S
T 504
=
o
O_
-50 1
-100
T T T T T T T _150 T T T T
0 20 40 60 80 100 120 140 0 20 40 60 80
(d) (d)
1500 -
©
1250 -
1000 -
=)
é“ 750 4
@]
o
& 500
250
0 T T i} T T ' T T T T ¥ I. L
0 20 40 60 80 100 120 140

1(d)

T T
120 140

Figure 2. Variation of Eh, pH and TOC of porewater from the non- and vegetated sediment in the three sediment anoxia

treatments

E 2. FEXRSIBFEFRMEERIEE Eh, [BIFE7K pH {EF1 TOC BIZLIFR

Table 2. Summary of the two-way ANOVAs for the physicochemical variables and metal concentrations in porewater with
anoxic treatment and the presence of Potamogeton crispus L. as the two factors

2. REREMEIHEN RRERKBUMERS BT EREXWHNERGTENRER

15V SEdriE xS

porewater property index

ZE 5 WETRE (p value)

JEJEREAL T x A T A

sediment anaerobic treatment x P. crispus treatment

pH

Eh
TOC

B

£
Ziy

#
#
#
#

JEEJE IR EAL HE B I
sediment anaerobic treatment  P. crispus treatment

<0.001 NS§?
<0.001 NS
<0.001 0.001
<0.001 0.004
<0.001 NS
<0.001 NS

NS NS
<0.001 NS

NS NS

0.015

NS

0.002
0.008

NS
NS
NS
NS
NS

NS RREFARE (P >0.05).
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] 2(b) T NS AL FRZH YR Eh (I TR R A0 i £k . IR AN EEAH )T Eh 2B 00 N RE I ETHN
g, 2R PN HRZH AN R FE IR A M A G UE Eh 7ES250 58 70 KA IA R B ARAE, R E IR F &
FEIREM AL LIS 84 RAGIXBIRAKMA . T7ZA M8 REW], U REAUE X ERVE Eh (152004 2
FH(p<0.01), FEERIREAA MRS, Eh KRN E. LLEh BUCIEE 84 KK, =ANRTE KA EA
fK) Eh “FIME 73518 90.02 + 34.13 mV. —46.75 + 42.65 mV F1-79.97 £ 16.99 mV. 5 pH fHAHLL, EE X}
JKUE Eh 15200 A 2 2 (p > 0.05).

JEC T IR SRR 1 r B] BRK ) TOC BT Bk B354 S Tt i 5 BRI a5, £E 58 70 R e A 43 ik 31 fe K AH
R RET B TOC JREIWRE A 1191.42 + 170.00 mg/L (4 2(c)). JE Y6 R AL B R B K TOC F 540
WAEZE@P < 0.01), [EIFRK TOC W JEREHE K Te REKF- G I Fh e %2 B8 R0 H R DRAEU HEZH TR] B 7K
TOC P 5359 A AR PR T BRI 5.84 AT 14.90 £i5 o BhAb, JEc e PRAIREE 1 A 8 5 14 JEC U ) B /K Hh TOC
(1 0 AR B N K T AR AR B X R 2 (p < 0.01)

3.2. [EFRKFPEB Fe F1 Mn JRERTL

[l TOC I [EI A (b A AL, R TE IR AL ERAL R BR/K h Fe S &3 2O FTHE NS, 755
70 RETTFZEEAAE, SR IREPEAR, 7503045 R S5 9E RES A F s T — BB 3(a). TEREA
SERR R, R R R R IR AN HR AL TR R 7K Fe JoT &R FE 1R~ 3848 43 ) bL Al IR 00 B ZH 7 52.79 1 102.26
mg/L. [ Al v 5 1 IR R BR /K H Fe iR B3 52 B BAR TR PR 6 REZH (p < 0.01) o 525 1 8 IR A4
TN ZH 53 ) L 8] PR KT R0 REZEL TR BRK Fe Jit 2R BEAIR 10.15 F142.37 mg/L
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Figure 3. Variation of Fe and Mn concentration in porewater from the non- and vegetated sediment in the three sediment
anoxia treatments

E 3. AEIREAIEMIEFRMTEZ R RBERRK S Fe F1 Mn 3RE RIES B ZELIFSR

[ Bs7K h Mn 5 Fe HIIK AL B W3 1 IEAH G R (K 2) o BRJE AN FE IR, [ FE/K Mn 5 &
W2 EFE FRERERA, 7R 70 RS Mn i8R E 5 508 25 K (18.1 mg/L 1 28.7 mg/L), A
TR o Ve PREE AL BN TR B 7K Min 3% 52 (1) 52 10 1 2 4 55 25 7K ~F(p < 0.01), Mn 3% 5 B IR S8 /K ~F 13 n
i b Fb o AR T ARG TN T B 7K Min 9K FE 52 AN 5235 (p > 0.05).

3.3. [EPRKHESE Niv Cry. Cu F Zn JRERTL
F% Zn 2 4k, [BIBRKHHE ZM&E TRk E AR 2 a1 4). EREHEEE 56 KfE,
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HALHE Niy Cr Al Cu HIIRE B R — 2 /KPS A E P H44E 43 B 7E 15.32 pg/L 0.029 mg/L 1 0.74 pg/L
B sl YR SR SR 26 A X AT BR K 7 Cr AT N 3R BE B2 2 N B3 1 (R 2, p<0.01), Hrf Crik
£ i T Ve PR AR /K P RT3 i vy, = AN IRAAAL B 1)~ 359 FE 43 31l 22.69 + 16.41 mg/L24.17 + 15.79 mg/L
13438 +£2542 mg/L. 5 Cr MR, VR IR AL H 254 T (52 RN 21 R IR AR R TRI BR 7K N P339 FE 43
5125 0.080 + 0.112 mg/L 1 0.094 + 0.133 mg/L, KK T AEREA IR 0.164 £ 0.172 mg/L. 75 =ik
PR, JRTeRE KA AT FBRK Cu AR B B (p > 0.05), % AHA K Cu & &% 57
IR/, INEE 56 R A SEE 4HIRIBR/K Cu SR BT 0.002 mg/L LR o Zn FRF RIS 34 5 H & =
Fi&@ It RAR, ERWRELE 112 KGN EETHERE, SAO0F-PIE RIS R/ CGE 140 K)
5% 0.12£0.03 mg/L, 2 & TERITFIERGE 14 K)H 0.099 +£0.023 mg/L. X+ Zn K, JKIERAK
SR H R P A AR (p > 0.05), HFERT 56 KA, JE R 8] K i Zn & B S BUNE T IS
U RAR, FEoP S5 B 2 T PR B o ASHIF 78 HR LA (G 05 AR [R] PR AR P TR TR TRTBR /K Hh 22 46 N
Cr. Cu. Zn [R5 H00 %3 M2 (p > 0.05).
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Figure 4. Variation of concentration of Ni, Cr, Cu and Zn in porewater from the non- and vegetated sediment in the three se-
diment anoxic treatments

E 4. FEIREAIEFFHERARFMEERRIEBRKF Niv Cre Cu F Zn JREHIREZELTER

% 3 B N TR R B K BRAL M T 5 4 8 JC R IR FE Fa AR 2 [A] ) Pearson AH< 2%, 1UH Fe. Mn fl Cr
Ik 5EJE pH 2R F MK, 5 TOC REZFEMHIEM>R. Zn 5 pH BIEMKK R, 5 TOC BEEF
PSS, T Cu M Ni 5 pH. TOC ¥ AN, JEJE ORP S[H]F/K Fe A1 Mn ¥ 5 5L 50 25 M bl
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FXKR, TE Cu. NiflZn WEHEIFMHEEXR,

Table 3. The correlations between the of physicochemical variables and metal concentrations in porewater

3. RRERKBUM RS BT RRERERZERERX T

pH ORP TOC Fe Mn Cr Cu Ni Zn

pH 1

Eh 0.412" 1
TOC -0.804" -0.568"" 1

Fe -0.770" -0.632" 0.942" 1

Mn -0.661" -0.621" 0.848" 0.946" 1

Cr -0.318" 0.292" 0.375" 0.257" 0.163" 1

Cu 0.001 0.594" -0.055 -0.177" -0.189" 0.765" 1

Ni 0.102 0.579" -0.116 -0.175 -0.149" 0.728" 0.855" 1

Zn 0.194" 0.518" -0.300" -0.341" —0.354" 0.059 0.358" 0.303" 1

TR 0.05 KPR, TRR 001 KT EE.
4. W1ig

FEREBR AR 15 1A LR A2 S BUR E A BRAE R /K pH BRI 32 2R ], 55 R B R 5K pH 7E 56
84 KIXFIHARME, VTR AMEREMEG: e R, R TR E— NI R . RENE I ROk \ 8] Bk 5
I3RSV oy AL RIBR K o TOC ot &7 0 my,  [E IS HL B3 i 2 v AN R S SR e v 1 324
BT FEUKYE ORP AT FE(K . 177 3E PR AR A0 28 DR AR AR I RE R, JECYE ORP AR Ak AN G JR AR b 341
R, T ORP HHL/INIE BE AR AT BE A2 DR A S0 FF AR AT, HiHE R 50 e Ve 1 I P2 468 TR U v s A 42U B 0 4
BN, SRR A ARMEDERE. HAh, DUKEPIE A KSR, — 07 AR R I VR F e 1 iR
RJE B ARA[10], EKAERYI AR ARSI ORES, AR S 7= 2R A HLER, 2 —
AR pH MFEARIMER . —J5TH, R 5 A vk 1 4 R AR BR 25 WA 1) o bt 2 2 B R
PRIECYE pHo AL, SMERE S i = BE il CAVE AE DD A0 B EAT K4 & B, 5 — D7 Tl ] DA i
W L A e A O SRR ME ) 20 A5 5, IR R B AR [ 1], AT BRI TA) B /K i TOC 11457 & 53 #4 - Elisa
A R GT Bl S5 A UK AE ) RE 1 15 7K A4 B A AL e 3G S B 12] B T R AR XA
W5 Wi 2200 B & VR AL, FEPD AR BRIE AR TIRBRRE AR, S T A M B Fvg
P, R IESEA —E AR RER T, A VA AT DUR B R BR AR . B 2 DU FUER H
HAE ) AT DA AR Bl SE(ROL) AR JIE Y8 Y pH AT ORP 25 IRBE K 2%, MM Zs 4@ R ah [ 13] [14] [15],
EAR T 7 45 S 1 B @ AR R R U AR PR B I SRR S (M E B A4 B3, X RE SRR
YRR R,

AR R BRI R E K T R UK Fe & &illim, 5 Wu FISRIREER—5[16]. X2 NTE
AR BUR AR R, JRIERE S b Al RS RV B 45 & 4 Fe M/ 1B JF 3 L Fe® I ik N RT3
K171 (18] IR, REZME FEARH pH A1 ORP £ kgl if g Fe* 4k Fe’' [19], 1fi Fe’ AN 5 ik
DUGE, & RIEBRKH Fe IRETH R BRAREE2015MF AR, M RIEIRESN LWIEEE, SMmimgic
JE R PTIE  AR —A, ASis H HEE, EHRFLBRK P Fe® I Mn™ 1R BE TR . [N [ 5 76 Bk
A ERE S RN B SRR, JERR BRIV IR K o T K A AR AR 2R 40 s 1) AL
N PREME R 2284k Fe (LA Uk EUA0 2 1 [TTRFEAR SRR T Sk AR I B, 50 2 42 Jg Je & T B A
4]

DOI: 10.12677/hjss.2019.71005 40 TRl


https://doi.org/10.12677/hjss.2019.71005

RIS 55

WHIR M, pH 23 HRVE £ & BRI R N R R —, — RS IR h B8R
PGS FE[22] (23] AEAR YA 50 R Y8 RAEFA S R [ BR /K Ni FISE3G AT Zn 1S BT HEREA S, K
255 Ho MSEI0 45 AR [3]. —J7 T A RE RN Ve IR A B T I BR/K pH 8K, H AT LU 57584
VERAE G R B M P R T, AR T LLIE I v A 4 1 7 XA R Bt 1 R T BB & T4 Pt N 1) 462 )
Bei[24], B—HHEREKMS TS T 5EESBEE025), EROBADERER, SEURALME T
KA NIy Zn &8 SRR A 222 10 0 R 0 S50 o A - 338 Ni ¥ AT pHL 2[RI 2 1EAH G,
M 4892 R pH ZEAR /N IOV R A8 4k, IX R BT Ni (7 HH A 32 B FH 1 T BEAS AL 22 IR, T m]
VM NI RIBE 2 A FE B 1 /KR R AR R R AR SRV AR F[26]0 Zn & RAE RIS A B, wIRERZ A
SIS I WA SR B W BT, ARE o T RGEsh B, T A R TR YR T E AR KA e RS T HL,
SR EEBITEMIL, Zn SRR SEA IS, FWH — Vi T2 5 2 A SRR S R T AR A TR
A BRI Wi G 1[27] [28]. 5 Niv Zn. Cr AHEG, Cu BFIIREBLARN R R, X 5HIRAFZ ALK
BRI R29]. Co AR FREREAY, 5 Fe’'. F'. AP Ca”" &3 TR &5 £2 T
BB S, TERFRERSEGYI30] [31], —BAEAIN R &4 R A 2 KERK[32]. Zong-ling
Ren [33]%50 &I Cu WS FI 48 S LIl Fe/Mn ALY RN JZ R, B0 R 2 2L 155 - 50 AL
JREOE RS s B A S, A SEMBUKT C® EHRD, SRR KRR, fEhtk
JARAZR R ARG R Cu Al Zn BEARY BRI 22 PR ART, (H v o 2 i . R 7458 &, Cu
TER—MBIEEE, BTER/h, THERS SR TR E128], HEIZER PRS2 1 H
TR ERI3d 481K, 5 Zn MIHCE B RIAR E P [34].

RS Y TR B 7K F 1) 4 8 R P 2 VA 122 4 S 2 M R ] ) P e 11 B A A [ 35« JEC R P 42 8 TG R I RRAUAL
BB A, Bk TSR a A S ML, DRI P eI FEEH . Younis 5[25]K
DEANMETR Y, SR ICRNAY TR EZERRT & EE T 56, FeMn SR E
MU TR RADTRYI, M &8 BT 1A 2t S RIE R ERAIAVS) A 5. BARE
R AR RES MR Te AT, T S8 4 & 0 SR RO — & M fIPE T, (EAR SEat 25 St B g ma 2
PRI 2).

5. &P

1) iKYl K pH A1 ORP 5 JiciJe iR AR 2 DRSS, 1T TOC 2AHSES, RIAHT R 1)
FEREBAUA R Ve R KT U E R A&
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