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JEEEANE, FEKIRIGEE TR PR T 2 R, (B A7 TR A R . e TMERE . —ki5 e
i T A A6 e ) T A7 T L) JEL B D 2 5 e e ISR R Il AR L AR SRR AR, AEJE K A Y
RV PRI TE e AT E AL, DS EIE AR, EIRIRAESTIREM BN . MK
SALAE, JRAIE R BT O — A, O ATk Ao AL B A AR ks Y AR NEL, R AR
BOCHEB B, AR Z 858 K

WS ER R T AR T 18 B £ AR — R IR AR B R o RS PR ER I T, B Tk 40 Bl 64 76 1
BV, b S SR RO AR TR A 2 AR D FE 32 IR AR IC U T A ALY (NO,™+ OMSN, + CO,)P Y,
F 35 SRS AL R AR R 3k R HL T 2 (R AR IR e i B AL 1 (NO,™ + S 5N, + SO, ) 3K 5113 bR ik Uie
BB (H,S. FeS %) FIA MG P W R0 o il BRI VA& 2 1% nl it e A% 49 W /<0 70 SEUME LA 28 M e /K AL
AT PR R, ) FH A TR 58 1) 5 7K VS 1 ARG I i A T 1) i Ak R M TR SR A B RIS IR ), R HL v i i
JEVRJEALIABE T s (H i T AN AR ER AU I T BEXTF A AR 5 | G 3 T e UG 7t Bl 1 L P HE)

A = N e o A AR A TR S g, R A AR A5 5 52 28 RIS U8 o R v 1B K A
IR ST P S ] T BT, UL T A A TR S IS e 18 R R I RO S KU, I R A T B R 1 8 4 Ak
5%,

1 #MRl5RE*%
1.1 #iKREE TR R

B3 I Y 0 B A TR E5 2% R UL AR A B AR B AR W W o T & R T (R RS
201610316764.0), % WUk LUK Je ek, &£ T R RIRAE, 356 211.7 mgg ' E RS R
B5 Wi 45 SedCaN ki .

1.2 ERRHELE

Shy 56 AE i PR 6 2 T R X PR BL R IR B AR, B B SE R R IR R S T E N R A E E 5L
B o RAEM I AR BT AE 0~15 em 19 708 )2 I e Al 15~30 em W IR IR JZIE U8, IR K 2 AP U %%
1.57 kg #E ROy ZROFREAN S LR, HE V6 1d. 2@0@, IREBMEE N 1.25kg L, HifFEAML
i, {3/ (oxidation-reduction potential,” ORP) k-450 mV, & /KF K 68.5%, AU &= N 14.6%, MW .
SRR K& M (acid volatile sulfide, AVS) & H/435°0 8 760, 3 450 F11 440 mg-kg ',

BEHE 4N, 435~ <SedCaN+JF/K” . “SedCaN+Hi BEK” . “CK+E K", “CK+Hi B
Ko Hidr, SedCaN A¥sfil SedCaN ki kb BRZ , CK AR UN NN SedCaN Wik: iy % BE4H , F~Ab BRZH
2AEE . % HE SN IR RR S F B 19 5%, SedCaN BURL I IR N 32 4 5 kgm 2, FAEW
ZI e 2 [al s

MRS A 4L BEK, KIRIEARILE 1o LB KRR A% aE , 03 7 2 B K ik
[7i] B BB 2 3T 7K 258 oK R B 8 A%, BRABLI AK AN SR R It N A T o Sk HE R S 28 R AR W 3 B
T, A HEH K R, PR K R R (DO) 1 0.5 mg- L' LA o Ak 3 5 (4 90] 7K K iR 15 A
WUF R, TIULIE K2 8 A5 T 1A (bR K REE F i AR vfE (GB3838-2002) ) 1 V K AR

*1 ERRHEIE EBKIER

Table 1  Overlying water index in indoor mud colum experiment

ARV DO/(mg'L™) pH ORP/mV  COD/(mgL™) SR/ (mg L) HAZ/(mgL™) S/ (mg L")
BAJFK 0.5 7.68 -219 64.00 13.39 N.D. 0.74
K 0.4 7.89 -114 10.21 1.67 N.D. 0.09

E: N.DZRREAR TRIER .
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VA ERE IR 4 h IS TP IR R AR, R 24 K. BRI EATOK 200 mL,  HURE 5 #b 78 200 mL AH b
LK, Hod, BB I~ RCRFERIRG 4 h, 55 8~13 KR FEMIFE 8 h, 2 14~20 R FEAIFE 12 h, 4R
21~24 YR AL BB 24 ho KRR B R4 . pH. ¥ % %0 FI1 ORP & H YSI ProPlus 2 2 B 4% X /K
RS 22 5 #A% (NH,-N), iSZSA (NO, -N),  Eii (TP) filfb2:75 % i (COD) 4 5l R A 3 5%
3P FRE HI 535-2009, HJ 346-2007 HI 671-2013 . HJ 828-2017 il & .

1.3 IR LI

Sk B8 AE I S YAT T R TS A TR S UKL G IR R R L K B R, FESCE i E L B, P B, mBLRE
MLBEHR 3 ANTE]HE 15 m Y7 A5, A7 4535 B R 2 (CK) ANl AR 45 b P4 (SedCaN)2 SAab#E, 44
AhPR 2 R E R . [FIEF, A e SOk R S R e B, Sedh Tz B K, SR S 4 % X
& Fh 2547 SedCaN UKL M ATFEIR)Z VAT (#4915 em), G R E K. # M 6 PVC 4 (DN200) i A
P 50 cm, 45 B HWTH 20 cm, PVC AN KT, SedCaN 41 L) 10 kg-m 2 77 5 45 fif i 15 2% ¢
R S A RE T, Z A BE/NO VR R FE K 15 L, 8 ORI , #E 1 dJE I SREED
W MEREFEME . pH. &K . COD MR FTbr .

1.4 Iipeid L

W8 B P S I OB AL B . P B BB 3 A, KN 50~85 mo A TR TR N
FUERAFE, PEATH 75 Y0 S XK, 76T 8 S A 5 S AR . AR/ 1.5 mx1.0 m, LR
0.1 mx0.1 mo A FH 47 7% 2X A% b 25 76 2 KE AP HE A SedCaN B0k TR IRJZ T (2 15 em), Bl Xl i
HEATAMK . SedCaN FURL i & 4 10 kg'm 2,

SE W AR R eSS R R T KRR HE T AVS. TRk . Mgk, MAA . MR & B SRIrm
D 02 T 0L 225 SCHR [19-20]0 [RIA, AR 18 8 % B8 K2, oA b3 K% ff %0 . pH.
AR . MAE . COD MBS fk . SCuh sEL4E 28 d W lH], REXMNBX A RTEXFRETF &
15 cm) IR PR EE S (45 3 N FATRE), i PowerSoil™ DNA #2 BUR 77 £ #2 BURE i 5L DNA, 7E Illumina
Miseq *F- 5 I &2 16S rRNA & [l V4 X 7 51 5 38 i it & 468 il 19 75 51 5030 78 RDP 588 12 Lo X 48 15
327~447 4~ OTUs; {# FH} ANOVA 23 Hrxf IR IX R XML WHR E 57 ERKT 1% WwE), BikJr
527 M O SCHR [9-10]0
2 #BR518
2.1 ERRHEE

SedCaN FiUkLife # 5 - JIE e 2B R BRACR B . anlE 1 frs, 358 10 d J5 POk gl o7 B 1n) 12y
10 cm 4b W IR YR E 1 ROk B R G e, TR A AL )Z , JERERT W R ek A
S5 L 50 A FH A R 515 5 52 B BLRCUR A / VAR R AL S I 45 AR AL 0B AR A Y = N LS 0
FEHE LRSS, DA KRN K i, AR RS R 45 02 o R BRI B R . Toie LB KA R
K (F5V )b SEBLE K (V 25), JETER R IE BRI AT . fiS R A5 1A PN SR e R SR 1
B A SR SR ARG I 5 A A TR T i R R 1 ol CK4l SedCaN4l
VT R A6 FN A AL BT SR R A e AR Y TR IR TR
fil 4k - A A A 8 T IR U R, TR Je RSk
b F IR AR H B 79 B8R L, i
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HEARANZ LALKOR B R o Fig. 1 Apparent change of sediment color from indoor mud

2 2k b K B AR 48 A 1Y A8 b Ko BR4H colum experiment
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Fig.2 Alternations of physicochemical parameters of overlying water from indoor mud colum experiment

BB 2R (R 2) SRR, B TE K
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Table 2 The correlation and difference (paired T-test) of
overlying water index from indoor mud column experiment

IKFERARR KITFRIR MG FISCHIRETEP, TR RETEP,

DO JEIK 0.490 <0.01 0.042
DO MRIK  0.684 <0.001 0.970
pH JEK - 0.760 <0.001 0.001
pH MREK  0.844 <0.001 0.001
NH,N  J5UK  0.680 <0.001 0.988
NH,-N  FfK 0770 <0.001 0.001
COD JEK 0.460 <0.01 0.281
cop  MEK 0570 <0.001 0.152
TP JK 0.869 <0.001 <0.001
TP kK 0.944 <0.001 0.233
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R M R K W ST b, o S R DI A 0 0 T ok B I8 SUAE 7 Tk L B ) ik jf
PR SRR SRy A DR, KR 1 4 A SRV 1 S B A R R rh e K S 8 1 ) S R BT, T
KR T W) T 32 K A FSURE B B i A s ol 0, 4l i T G Ak BT JEC U8 PRI A Ak AT R 22 AL
Bl (R B SO ZR B ACIE ), PR U K B T AR T RS ARG N, 0 T A Ve K S 0 B kg ag . D &6
F(E 2 fER 1) RH, KA S A BN B SC I A v, PR A B A U T RAK AL S, il
P 15 Ab B ) 7R e 25 R I 3 T R (B 2 223K P,<0.001) 5 177 78 7K AH 42 25 AR SR 3k 5 v () TR 7k S
B At YE K S8 3 T oA DRI A R T R T AT R L TR G Ak B KA A A L ok R A
FE5 (P=0.988), MLAM, SedCaN AbFH 2 (14 i 2% 20 A1 PR FL B 38 i ifif B ik £ K, (H 48 h Ji5 i Pk
THFE, M (2.72£0.08)mg L' [ % (0.59+0.03)mg-L™", 5 ZHAN %P1 S5 51| i) A 25 BRI T FE 44 3
FHIE o T A A AR S KA bl 3R 2 GV PR3 T AR, DA T 52 i) 2R S s RS A, SOAR It 52 8
G I H B ISR A REBORA . X T A8, B TRERE, RS B E
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Fig. 3 Alternations of physicochemical parameters in overlying water from field sediment column
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CK AR AR AR BAT B MGk o X UEIA A1 57 30 35 A 0. pH. COD I8 25 0 1Y 52 Wi Xt
SedCaN il CK 41JEAH R AY . el Wi DN = 2T TR AR e, al e 5 T AR S i & A Se A FH Y

2T R R (R 3), AH RS Ak B
Xt 7K COD R 48 A A W& 7w, F g6k
B pH(HH 22 0.1 4> pH), X 5% N R kE 2 50 45
RAT . T HG RS HRIG R, WA
2 AL PR 25 SRR R B TR, SR TE
b B X R ) R W 25 R . TS E Y
PN, RS W B 1) T T8 B X A A 1 45
PO SBEE TOORY b, B, 250w iR S
b FRZH L KRR A B B K R B AR (TPgogcay 0.552
mg' L' < TPy 1.224 mg'L™"), M &% 8
WOR
2.3 MHHiA LG

*3 DpEHIE EBKERPNEXHES
At TR ER
Table 3 The correlation and difference (paired T-test ) of
overlying water index from field sediment column experiment

KRR AR ARG AP, THISG 1) o F P,
DO 0.632 <0.001 0.355
pH 0.754 <0.001 <0.01
COD 0.344 <0.01 0.207
NH,"-N 0.343 <0.01 0.425
TP 0.114 0.388 <0.001
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Fig. 4 Alternations of overlying water index from field experiment
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Fig. 5 Alternations of physicochemical parameters in sediment from field experiment
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FIMAVE B &, Ak (AVS) TR, Hi & Desulfovibrio - —e—
2R (72.5%+1.3%), JiK)Z T % (63.2%+0.4%), Thiobacillus |- Y

e e i BT R B R 2 IR 85.2%; B S B A AL Sulfurivermis - s
Y1) B B IR R B A BE BT, BRI ER R RN e mhermomonas |- ¥

Desulfovibrio A1 %t £ & °F ¥ 42 & 5.3%(& 6). = Others
AR IS VR B Ak ) 1 A Ak SR AIG T S 0 = AR U 5K Caldisericum 1 o

5, YIN S8 LA IR R e 0 i U A R 4 Sulfuricurvum |-

8 AL % 3K 959% . ZHAN 45 PY DL B g il 43 4L PRI VA P WP I
] KU R X2 0 B A AL R R 75.99%0~98.7%, TR /%
EXFFEPRIMIEMEEC A A BB RERWE . BRI ER KT 1% WEIE; 20608 ER
Vo WAL S Fom . 8145 220 S Ak 6 JEL H 37 14 T SedCaN 4 AT F R T CK 41; 5 2y s Ferm CK LA Xt 3= B

=T SedCaN 4 .
& ] ] I 1 < U6t i JB \ i
PR/ BA L Y 0 A, % TG U 5 6 5T A0 R E R SedCaN A5

A AL R AR S A RIS %57 W g
M AASEA, A HEICH, B T iER CKEEMEELER
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Mechanism and application of in situ remediation of black and smelly
sediment by calcium nitrate sustained-release particles

WU Shanshan', LIUFU Wenxiao', XU Zhiguo', ZHONG Mi?, PU Jia’, SU Yuting', SU Lei',
YANG Xunan®"

1. Guangzhou Resource Environmental Protection Technology Co., Ltd., Guangzhou 5100075, China; 2. Guangdong Provincial
Key Laboratory of Microbial Culture Collection and Application, State Key Laboratory of Applied Microbiology Southern
China, Institute of Microbiology, Guangdong Academy of Sciences, Guangzhou 510070, China

Abstract In order to solve the problem of endogenous pollution release of sediment in water body, the
efficient sediment remediation technology is urgently needed. Nitrate is the electron acceptor of sediment
microorganisms, which can oxidize the black-odor substance through denitrification process, therefore it is a
potential agent for sediment remediation. In order to explore the remediation effects and potential problems of
nitrate in practical engineering, this study conducted laboratory and field experiments to explored the
environmental processes in in-situ sediment remediating by adding calcium nitrate pellets (SedCaN pellets). The
results showed that the addition of calcium nitrate could significantly increase the redox potential in sediment
(characterized by Fe(II)/Fe(Ill)) and promote the transformation of black-odor substances, meanwhile the color
of sediment turned from black to yellow, which-indicated that the remediation target was achieved. The
actual sulfide oxidation rate was up to 85.2%. At the same time, the remediation was not affected by the quality
of overlying water. A large number of oxygen-consuming substances (sulfide and easily degradable organic
matter) were consumed in the process of repairing sediment, which improved the overall reoxygenation capacity
of water body. The addition of calcium ions could stabilize the phosphorus as the form of Ca-P, which decreased
the release of phosphorus from sediment to water phase (TP, < TP, p < 0.01). However, the gaseous nitrogen
produced by denitrification increased the sediment porosity, which increased the diffusion flux of pollutants
from sediment-water interface surface. At the initial stage of remediation, there was a certain risk due to the
diffusion of sediment pollutants and nitrates, but in fact, it was also conducive to the accelerate the pollution
release out of the sediment. Therefore, it was suggested to block the diffusion of pollutants by combining
covering method or to accelerate the oxidation of water phase pollutants by combining aeration approaches in
the controllable engineering section, so as to achieve the best sediment remediation effect on the premise of
controlling the risk.

Keywords black-odor sediment; calcium nitrate; in-situ remediation; pilot test applicaition; bioremediation.
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