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Influence of Different Types-of Dewatering Agents on the Sohdlﬁcatlon Effect and
Physical and Chemical Properties of Sedlment o Y.V

REN, ]un  YIN Peng ,.WANG Wei-zhen® , TANG Wa.n Vl YTN Hong-hin** | ZHU Li Juan s |3 § & L
(1. Séhgol of Chemistry” dI]d Chemmdl Engineering,, -Nanjirig Unnerslty of,SuenC.e and Technology, Nanjislg 210094, Chinag 2. Jiangsu Water Resoumes Sen vice Centel
Nanjing 210029, Chlna 3 School of Environmental and Blologjncql Envmeerlng, Nanjing University of Sc1ence 'g:ld Technology Nan]mg 210094, China; 4. Nanjing Instltute
of Gedgraphy dnd lenology, Chinese Academy of Suenaeg, Nanjlng‘21'3008 China; 5. SGIDI Engineering Consult}ng Co., Ltd., Shanghai 200335, China)

Ahstriét Tn/ order to study|the comprehensive effects 'of diffefént types of dehvdratlng}_a,gents on the dewatering and solidification of*dredged sediments, this study took the
dredged sedlments ofyPhihu Lake s the research object and‘selectedl’n mluoorgamsmé polymeric iron aluminum salts, organic polymers, organic-inorganic composites, and
aluminum bdh mlcroorgamsms These five types of composite dehydrating dgents were used to conduct a three-month solidification test on the dredged sediment by means of
geotechnical pipe bag solidification. The results of the study showed that the dehydration efficiency of organic polymers and organic-inorganic composite chemicals was better.
After one month, the water content of sediment dropped to 61. 78% and 63.26%, respectively, which then dropped to 40. 56% and 32. 16% after three months. Compared
with that of the unsolidified sludge, the total nitrogen of the hottom sludge after solidification by the organic-inorganic composite agent was reduced by 74. 82%, reaching 591
mg+kg ™", primarily due to the reduction in ammonia nitrogen. The solid sludge contained mainly aluminum-bound phosphorus, calcium-bound phosphorus, and iron-hound
phosphorus. Among them, four groups ( organic-inorganic composite) had the largest reduction in active phosphorus, with the lowest being 64.3 mg+kg™". In addition,
organic polymer agents had the best curing effect on heavy metals, the comprehensive ecological risk index of heavy metals was reduced by 51.3%, and the leaching toxicity
concentration was far below the standard threshold. This study showed that organic polymers and organic-inorganic composite medicaments have a better effect on the
dehydration and solidification of hottom sludge and thus have good application prospects.

Key words: dredged sediments; dehydration curing agent; physical and chemical properties; nitrogen and phosphorus forms; heavy metals
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Table 1  Five groups of main components of curing materials
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Table 2 Single factor ecological risk index (E,) and comprehensive

potential ecological risk assessment index ( RI) and grading standards
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Table 3 Physical and chemical indicators of the residual water

S pH p(SS)/mg-L~! p(COD)/mg-L~! p(TN)/mg-L~! p(TP)/mg-L~!
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Fig. 1 Physical and chemical indexes of the bottom sludge of each group and sludge disposal site after one month of solidification

[k 3 A~ )5 25400 K HETe 3 SR e A v ot
ERRARLANIE 2 FEoR, HEVR 37 R U8 T M T 2 K
FH, Gt B AR AL A L S — AL T
+ TSR 2 SRR, R L, 31 80T B O 1
A H 5 £ IR Ie FHETE 7 5 e DL B 3 A~ H AL
A A I BRAGE 25 5. Bt [ A ] i | 1 958 3
A H 5 A GG B K SR IEA AR X R , A HL A2
1A~ iRl i 5 K R IR REAR , 25 41K e 5 7K 78
32.2% ~ 46.5% Z [0 U 3l S AR /=50 4 4, R
32. 2%, Fc i A 1 41 46. 5% . Bt [ AL a] 4 in

KA IRV A pH B H BL/NIR B2 9% 3, Hoh 2 2 41
() pH fERERN T 7.0 IR, X Fp AR fb Fa $5 57K 43 1)
PR LA SR a7 RN R — € KA.
UEAh  HEVE I R UE TN A1 TP F 2 19 A8 £ s 3 . 22
5545 21 25 7 A R e i AR AR B AT BT AR R]. Rk, AR
UCRAE R HER 7 R e i B R BeE A 275 R4
Mras R R, IR I o (TN) 33 3F— 2 R %, H
PRI N ES 4 21, 4R 591 mg-ke ™', T [E AL U R
P R o (TN) B HA1 325 mg-kg ' (551 4). JiE
Ve BA R 5K PR AL 5 U8 H Y RT AL He



3676 7D 53

Bl

e
&

43 %

SRR K. AN, PRI H R F AL A i
PEAE IR 2 R T R AR k. 55 TN ARG JE

o5 4 IR S AR o (TP) B T FH i M 42,

e A HBAESS 4 24, 1 347 mg-kg ™'

50 8
40 1
— e [ M T —
% 30 z
41
6 F
20 +
0 g;éﬂ %éﬁ ﬁ‘;ﬁ %‘;@. %ééﬂ Dﬁlﬂ'ﬁ ’ %iéﬂ ﬁi;éﬂ ﬁ53léﬂ %‘;ﬁ ﬂslﬁ ﬁﬁﬁ
1 500 1 500
1200 + B 1200 +
Eouo s jg 900 |
z :
3 3
600 + 600 + H H |_‘
300 H 300 H
ﬁlﬁﬂ ﬁ’ﬁ 34 %4&[ WS JHiR Wil g4l HksAl %4% %aﬁi T
e . | e/ wat%ﬁgﬁﬂ&mﬂﬁﬁﬁﬁwﬁﬁ’ & (d_~
....:‘ Flg 21 _Pﬁ:ysltdl "énd chemical mdexgﬁ of .g;é' bo om‘ slud’ge o,f each group and sludge‘ disposal site after three month of bohd‘lfl(,df' o f:“".‘;’"
1 ...\j ‘l -
2.3 T HHMC’J%IJXTT“ /J%xuﬁ;?&ﬂﬁ%ﬂra« Y4 IR, A 18 i‘;mg kg‘l 1M &% 3 41NH, *-N ﬁiﬁ—
MR A 2 TR BRI AR |\ A A 0GR 1T T 40. 3% 1 033 15 F-HE 12 7
J?A’Wmamym@ﬁwnnwm N R K545 IBA 4 RO BE K, SEF 8 0 F 563 40
ST 3 PR BT HE U A A (B A ZA RS R E S EUG

k243 HnXTf/JE'q“EﬁNH+-Nﬁﬁéiﬁfxi%i@ﬁjﬁiz%‘
1AAJR, 5 AR RINH, -N5 &5 i3 HE R
IR FEAR T 59.7%. 53.9%. 80.3%. 65.5%.
71.8% 5 B 1 A H MR, 3 > HJENH, -N&

— /NI BEREAR, 28 4 20 o (NH, -N)

160 - (a) 111

[_INOs-N
B&8 NHy'-N

140 +

=]
=3
T

100

>
=
T

60 |-

A RUE &S fit/mg-kg™!

40 -

20 -

gl F2dl H34l el FSH R

B3 FEAMHRFEEL1ANRAF3IANARESE

Change characteristics of nitrogen form in the bottom sludge of each group and the mud dump after 1 month and 3 months

Fig. 3

HNH, -NEY/IMIE EE R B4k 1 A I 5
5 HIRHHINO, -NTF
13.7% .
TR I NOS -N & 1 43 i A o
21.2%.

120

RREIEAS itmgkg
2 =z 3

&

=]
=

19.0% .

36. 0% #1 32.0%,

2 HER

AR IR TR AR T
3P AR, &4
— A X T

15.0% ., 16.8% ., —6.82% 1 8.85%, H

®) 344

XX

.,.,.
boteled

.'
e

%
X

..'
2K

'.
25

Hia g gm
AL HFAE

S4dl  SHSHL




7 3] AR AT . AN[RIZE R K 24550 %8 TR U8 8 A A R A B AR Jo 1) 52 ) 3677

55 4 HAEE— H N0, -NW A DB, A%
1 e BINO, NP B [B] o5 7 & 24w e T HE
TesmJFU8, UaIES 1 41 (A9 2% 25500 i 4 o vt
NO; -NHJ ZBRAFIAL.
2.4 N[EIEAK 245500 X0 G U B T 285 1) 52 i

3AAJE, £ T AR HE VR 3 57 U B 45 Fh i
BASCARAE AN 4 Fis. MRECHE R, B ]
FRAIMIK 25550 5 IS e B AR AR B R ) /2 AL-P
Ca-P Hl Org-P AR BIZ4 5 (R MEME S,
M 2 H(CRGERRERZS)  Fe-P IR A K. X L4
IR 1 A H A3 A H BEIE AR AL, 48 AL-P
Fl Ca-P & H AT J5 A2 IR R K, 31X 2R AL-P A1
Ca-P [METTA K. M RAFFEFE I 7E 5.5 ~9.0 19 pH
HIEFEN, Al-P 2 F s IR MK R R 8 o i A=
YIE R R, T Ca-P 2 —Fhk A PERE , 7E 358
PR ISR pH BREE R AL-P I Ca-P & 72 (L4
I 0TSSR 25T ( Labile-P ) J2 30 aof ) B 1 /E
FH LR R AR 25 2 W, 1A J— IR AT o A
1%, 4 IR Ve FIHEVE % S U8 o ( Labile-P) #I7E 4. 0

me-kg ™ BUF, ol 5 10 58 3 1A LR AR

(a) 141~H [__] Res-P
N 77 Ca-p
1200 (T Org-p
&4 AL-P
B Fe-P
1000 |- o [ Labile-P
'sg
.A_‘ R
£ s00 | = %
% %% /
KK e 9
E A B R R R
o B ’.’ < < ’. ,
“ Wl R KR Y
< ote I % <2 K A
] B 5 55 <2
o L3S 2 :. :.:.:
7 L .
9, o
200 [ e oo % :‘334
” D’”‘
<5 Ko
02

0
w4l WMl §3HL adl SAL JRIR

2%),43.99 mg-kg ' FER 4 Hh i Head /N ek R
. IR 4 ATAL A SE B AL IR R AL-P | Ca-P il Fe-P
JEWERY 3 FhEELE AL AR B Y R ECE (A
H41.3% ., 23. 5% F123. 0%, e 4 4 (A HLICHLE
B A FRIAEH w( Al-P) i, H 534 mg-kg ™' 52
ZH (TCHLERERERZ) H w(Fe-P) fie s, 298 mg-kg ™',
556 4 4URNSR 2 40 Bk 25500 FP R A 48 SR Fn R AR 2R
Yl HIE R R, R T 5 R Y R A9 Labile-P
Org-P Fll Fe-P SR 8 ( Mobile-P) , BATT 5T

SEO ORI, FEREE S5 F T 28 5 BRI R s 1k
IR B A BT, R Mobile-P AR N EEAN JEE TR BERE
W 0 AR bz S AN S 4 R h
( Mobie-P) 5 SIMKHES Ay . 45 2 41(323 mg-kg ™)
>4 3 4(307 mg-kg™') >4 5 4H(210 mg-kg™') >
451 41(209 mg-kg™') > 454 41(64.3 mg-kg '), A
LA 4 U CRTRLICHILAE 2 24 ) 24570 b B3 s it
TR RU L AR /. 5 TR S5 245700 TPy JE LA 43
5 U O P £ TP S R T A A O, i
A1, TEALA S TG0 S 14315 488 , 17T LG s i

TR BERRE N

(b)34~H

1200

1 000

800

600

A Al BT A A fibimg ke !

400

200

0
1AL 2L B3 H4dl ESHL RR

4 FAMARFERE 1 ADR 3 AN ABREENRE

Fig. 4 Change characteristics of phosphorus in the bottom sludge of each group and the mud dump after 1 month and 3 months

2.5 R[EEK 25500 % e U8 B4 s S
2.5.1 HEJESERHE

Fif AR o R JEAE JRC G | JRC AT A= 40 K A A A A
PE B, IF K AFFAE TR R 2 R TR 2 R i 7K
2GR EL I IR 0 B 4R & EHRR I R e AR 1k
WA S BRSE 1l (AR oh AR AR i
Cr F1 Ni 5 i B HE Ve 3 35 45 K ) R B b R AIG, F
W A IAE 10, 1% ~34.0% F1 5. 62% ~27.5% . H
TS S A (AR R A2 Cr RN oKk,

H34.0%, 553 HOAHLRGWE) T Ni 1T Feig
R, N 27.5%. LRI H As, Cd Fil Pb (1)
i BRI 37 4 2 R MR A RS R A B AR, A AEK i
W TE S0% LA, HA R & FEARER o B35 1) 2
953 41, As(50.0% ) . Cd(67.1% ) FIPh(45.0% ),
Hor Cu F1 Zn 18985 2t B ARG RT3t 2 e K1, 4300
33.4% M129.0%. UL AT UL, %6 3 H(HHLREY
J8) BIMEAK [ A2 390 6T 7R IS Ve b i 2 b E 4 s 3
A BT AR e RO, X BRER 3 Ak B
FIH PASP A HIRKCFR. PASP JEZ MR IR G



3678 7D 53

L 43 %

2L
&

MRE R TEH BRI T LA 2R
A, A A PR A [l 5 240 A 1Y
HEBHETASEREEERESY. TR
20 1 A (RE2E) AL R T, H 2 I

SRS R HER A R B T W RS B R
T Cr (4.17% ) . Ni (5.89%) . Cu (17.8%) .
Zn (7.79% ) F Hg (14.3% ). NItk 55 1 204 [El 4k
B FIASHR F 5 4 Ja 0 4k, 77— KU

180 70 120 300
160 H | — ] — —
60 - -
O T — T 90 b T, 240} —
2 140 1 - {‘: 2
£ £ sof £ E
= = = =
<120 < o N
3 3 T 60 T 80t
40|
&0 30 30 120
25 24 60 0.27
2 ] -
% 2.0 “ - 0.24
T:L. ] Hch —:-n T:n
= ; 16 ol -i;‘n 0.21
£ o5t £ £ a0} £
< S 2t z = o8}
2 2 2 2
10+ L
H H HH il HHHH H 1
5 0.4 ’_I 20 0.12
gF 5 5 F F B 5 g2 5 8 F B g 5 5 F F = F FF EFE
- o oM o= o0 = O omo= a iE = O omo% n P R S S
, </ f - m¥ EaduE s R RS RS R E (— . &
Flg 5 Changes in heavy metal Lﬂnléntb in the sludge of each group dﬂer 50{dlfluat10n amL in the sludge yard -)‘

zsz G AT ,‘fﬁﬂ
i e A
E?ﬁﬁﬁ%#% JIS R T 4 Jm R T e
T AT, 8 P 4R O
WL EL AR E S % Jy: Cr (15 mg-L™') | Ni (5
mg-L™"), Cu (100 mg-L™") ., Zn (100 mg-L™")
As (5 mg-L™") . Cd (1 mg-L™")  Pb (5 mg-L™")
M Hg (0.1 mg-L~") ™ Kk, Xt 5 A58 41 K HE
Jes7 J5e B 4 Jm IR 0 BRI BE R AT T 00 b, 4
N 4. AT HEE LR, & AR P Cr AT As 1Y

N

g
47

= B R B W1 AR, R EAE 65% ~79% 5
Ho s 3 HOAVLEREGWIE) FI5E 5 A (IR HEYD
BAZ) BRI I BE L IS 4 A (CFHLEHLE
BRI 5 A R R T SR R,
KLY Ni, Cu, Pb F1 Hg 13 M 35 1k 69 71 5 R B2 mg
JIN BT FEAR HE BB 7] 0, 5 AN S gl bR e 19 B
G IR PR R L I T bR o B TR
I R A2 50 [ AL AL B S IR e A L E
& @R R HE R S R e A I T (R R IR B S
W5x 12 3200 AR AT TV — R S Ak 34

*4 BEUAEREFHNELREZHEENEL pg-L-!
Table 4 Changes in the leaching toxicity of heavy metals in the sludge before and after solidification/ g+ L ™"

SR Cr Ni Cu 7n As cd Pb Hg
514 0.20 8.30 0.73 22.02 1.22 0.04 0.13 0.10
Hod 0.12 8.23 1.61 18.45 1.51 0.06 0.12 0.10
H3d 0.14 13.31 1.61 303. 57 1.13 0.09 0.08 0. 50
544 0.14 11. 06 1.56 25.09 1. 12 0.52 0.13 0.12
5554 0.08 8.36 1.31 101. 28 1.32 0.09 0.01 0.47
J e 0.57 7.98 0.53 26.24 5.13 0.01 0.05 0.18

2.5.3 ﬁéﬁﬁkfiﬁﬂ S A WS 430 90. 0 AT 71.2. Cd Al Hg A fi K AH

SRR S HBR AR AN 6 s, I RIE
’JQEEETLJ%EH JEEIE X R {EL DTk KA B AR 2
AU R 7R B 4 Jm 2 Cd Fl Hg, 76 5 >S5 4L IE e

P BRAESE 1 dLRYR PR I B 1 P AT Y A
FIG QY. Rk Cd Al Hg LIS 6 Fiei 4 J@ (9 2k
AU FE B AL 15 ek P BAR A A2 9, mT LA



7 3] AR AT . AN[RIZE R K 24550 %8 TR U8 8 A A R A B AR Jo 1) 52 ) 3679

WIS T AR S AES. BAORE |, BRI IR TR
ééﬂﬂmkl%ﬁi Ry 5 A SLs gl IR LR B T TE
A 25 XU 8 50 i 15 380 3R A1 B8 R s 82 43 oy 56 3
H(51.1% ) > 555 24(50. 1% ) >4 4 4 (37.8%)
S 2 H(37.3%) >4 1 41(24.9% ) ,RI F¥{E K
264, HH I AT U [ A4 J5 0 P U6 A 245 AU 48 8 DA 2 XL

I A 1) 1 e U Y T i 8 i A VS U ) 9 DR R
TAXa‘HEEIi IR P AR B R BT AE R . —

Al g2 i THEVR 7 S e 7E U8 3K A v lie i il A8 rh i
ﬁJszMEEPiIS/\EﬁJ%E@m% 73— J7 5 K
5K R A AT 5 4R Z M 45 & F ik
G ROV ARARHE T 4 JE M AL AR e R AR T AT
Rt AR

450

[ JHg [IIPh 5 Cd &3 As
400 + FZZ4Zn EEICu ME NI Bl Cr

LN
350

14 R Y A

v R

RI1

200

150

100 +

sol B2

‘;TSI"!H 'JS’?H.

WA Hiadl S L,:Jb

7 s mRemsrssnemnnds
Fig. 6 Ecolnglcal"rlik indéx and grade of heavy metal% in "t'fle @ludg_@ -

3 ik

(1) ASTRIZE T 4 Je T i 7K 24501 X6 70 3R i TR 1R 7K
STIRBRRCR 22 R W AL 3 S A A AR & KR
FEARTRETE 32% ~40% . Forb [ A HLTCHLE A 252571
KR s, FE R TR TREWRRLAR
XTI B K B 25 B R PAM A4 22 B DT TEVE
TR IR A K [ Ak

(2) AR 25700 R ot IS U v 280 | A 2
HABKMSm. FIRE LG, TN & & KRR, A
PLRAWERAANIHE A HABE)E 1) TN &
TR K. RS S T LB S R A RS
R AR .

(3) WA 24 70 By 5 I 353 ol Y e Sl T, HL
X IR H AR 45 B A i R i i K. R TR inAa ML HIL
A HG T e S i T 181, 6%, X 524
Flh R AR ER A OC. A HLICHLEE & 225 7 %k
UV 37 A W 1 D K

(4) B PR TE h KB 4 4 SR AR AR A —
B FRBE /. He A HILIR A2 R0 IR AR

B, X5 2550 P R R AR o T
BRI 5%, H 4 Rt T R I T b v (L
A LN e 235 T 1 A 25 KRS 18 0 3l PR
P N EE KU R 1) 1 v XU v FEL
(5) LR TR bR AT, LR R A 2R, otk

PAM | FR HUILET 4E 3R 4008 T2 B A HLER S 2
AL | BB ER A R IR AR + RN IR IR ZE = 2 T 1
7N EE N AN & 28 25 R FE B IR SRR /Y
WK AL | 75 TR ER B 25 Bk LK R 4 R 5 A BRI 25
T3 B 5 38 B IR N R A4 A [ A Ak

[1] Yang C H, Yang P, Geng J, et al. Sediment internal nutrient
loading in the most polluted area of a shallow eutrophic lake
( Lake Chaohu, China )
eutrophication[ J ]. Environmental Pollution, 2020, 262 doi;
10.1016/j. envpol. 2020. 114292. e

[2] Zhong] C You B S Fan C X, e al. rnﬂuen(e p]‘{c %ed'lment
dredging on cheml(‘al forms and release ‘of pho%phorus,[]]
Pedosphere 2008, 18(1)% 34-44.

(3] T, P, ik V. F}Ilﬁiﬂj_ﬁmiﬁiﬁ’f%m
5 B R TR Fﬁ)fn[]] FHRLE A, 2015, 35(3}
911- 917 L
Ding T /Tian Y J, Liu J B .et al. Assessment nf hea"vy metal

nd 6nv1ronmentdl drcdglng depth A

status “in / sediments
Acta Scientiae Circumstantiae 201‘5 35(3‘ ),.,

and its contribution to lake

Hangzhou[ J].
911-917. ¥ ‘| F!
[4] XUmFE AR, X, 4. ﬁ{&&ﬂi&,ﬁéﬁﬁ”ﬁkﬁiﬁﬂ
SR IO (. SR TR R, 2020, 10(1) ; 6371
Liu L X, Han Y W, Liu H,t al. Dredging technology and its
effect on the treatment of polluted water [ J ].
Environmental Engineering Technology, 2020, 10(1) ; 63-71.
[5] WangJP, YuanSJ, Wang Y, et al. Synthesis, characterization

and application of a novel starch-based flocculant with high

Journal of

flocculation and dewatering properties [ J ]. Water Research,
2013, 47(8) : 2643-2648.

[6] LvS H, Sun T, Zhou Q F, et al. Synthesis of starch-g-p
(DMDAAC ) using HRP initiation and the correlation of its
structure and sludge dewaterability[ J].
2014, 103 . 285-293.

[ 7] Kasmi A, Abriak N E, Benzerzour M, et al. Effect of dewatering

by the addition of flocculation aid on treated river sediments for

Carbohydrate Polymers,

valorization in road construction [ J ]. Waste and Biomass
Valorization, 2017, 8(3) : 585-597.

[ 8] CaoB D, Zhang T, Zhang W J, et al. Enhanced technology
based for sewage sludge deep dewatering; a critical review[ J].
Water Research, 2021, 189, doi: 10. 1016/j. watres. 2020.
116650.

(9] 254, WEWISE, RIGLT. ZKMREL VR I Ve A F BUR 5 g U Ak 1l
JHLJ]. BREE TR, 2021, 39(6) : 55-58, 71.
Li G, Han M S, Xu H H. Utilization of sediments dredged from
water bodies and its energy reutilization [ ] ].
Engineering, 2021, 39(6) : 55-58, 71.

[10] Colin F, Gazbar S. Distribution of water in sludges in relation to

Water Research, 1995, 29

Environmental

their mechanical dewatering [ J .
(8) : 2000-2005.
[11] Smith K E, Banks M K,

contaminated sediments ;

Schwab A P. Dewatering of

greenhouse and field studies [ ] ].



3680 A 43 %
Ecological Engineering, 2009, 35(10) ; 1523-1528. water content[ J]. Marine Georesources & Geotechnology, 2021,
[12] xIEty, R, %, % HIRIE V. B MG F 48 15 B 39(8): 951-961.
IREEARBIFEJ]. AKADKE TR, 2013, (3): 78-82. [24])  FoRW, PMEKHT, FNARGE, A5 (A 2R EH I8 0%
Liu Y Y, Wu Y, Hu B A, et al. Research on dehydration FE{}EWJEHHJKE’JEE?{[” Wﬁ{%%’%'ﬁ@]{ﬁ, 2012, 34(5) .
technology of dredged sludge by admixture and vacuum preloading 35-38, 42.
[J]. Hydro-Science and Engineering, 2013, (3): 78-82. YuR L, Sun T H, Sun L N, et al. Research of microbial
[13] =AY, RWkS, BAem. M A 20 0 X B R i e 7K flocculants in dredging sediment dewatering[ J]. Environmental
ME SRR BFE[T]. bR REZR(ARBIER) , Pollution and Control, 2012, 34(5) : 35-38, 42.
2019, 55(2) : 329-334. [25] F2RWN, WAREHL, 253 LMBS &bk ™ R 1 4 k0 3T
Guo L F, Chi Y L, Zhao H Z. Study on new composite Jﬁﬁ(ﬁﬁ(ﬁ(ﬂmlﬁﬂﬁ7kﬂ/]{l}f§f[ﬂ %iﬁ]:f%, 2016, 34(2) .
flocculants in dewantering of dredged sediments and solidification 108-112.
of heavy metals[ J]. Acta Scientiarum Naturalium Universitatis Yu R L, Hu X M, Li Z. Application of microbial flocculant by
Pekinensis, 2019, 55(2) ; 329-334. LMBS strain in rapid dewatering of river dredging sediment[ J].
[14]  FEAIS. Mo AR 28R 0 B R R e K By iFsE [ D]. b Environmental Engineering, 2016, 34(2) ; 108-112.
ae dbstAah AL LB, 2018. [26] &dnsh. L3l fEadrr kM. dEat. hERLFHYE
Guo L F. Study on covalently bound hybrid coagulants in H AL, 2000.
dewatering of dredged sediments[ D]. Beijing: Beijing Institute [(27] ELodh, R, wHEM, & B SIRE Y aFoT b g i
of Petrochemical Technology, 2018. TEHUVR MR AR SR ], M BEAFST, 2005, 24(2) ; 236-
[15] Ratnayesuraj C R, Bhatia S K. Testing and analytical modeling 242. -
of two-dimensional geotextile tube dewatering process [ J ]. Wang H P, Liang T, Zhang X M, ez al. qu.npzlllxison"(';f extraction
Geosynthetics International , 2018, 25(2) ; 132-149. methods onssoil-soluble inorganic nilrogen'in non:pé‘ﬁ:ﬂ' pollution
[16] ZE@E, TAM0, KIEW, 5 5 RIREBA R IR TAENES research[ J]. Geogrdphicdl Research, 2005, 24(2), 236-242.
FH&A: - KRR )], BEERLEAFSE, 2017, :i__ﬁ.(lO) . [28] Psenner Ry, Puc%ko R. Phosphoru@ fractionation : ; hdvip.tago% and
1497-1504. limits of /thé¥method | for lthe study of sedlment P“-"orlglns and
Jiang X, Wang S H, Zhang Q B, et al. ““Analysis of lconcepts, 1nleracl10n5[]]. .H,A'dvdnces in"Limnology, 1988, 3'0 4_3,459__,.-‘
conditions and (‘rﬁl(‘al problems in an1r®nmental dredgmg[ I~ [29] Rydin k. Poten’[ially obile ;phosphorus in Lake"Erken ‘:_spdiment
~Research of “I.F‘nVIronmemal Sciences, 2017 -30 (10) ”4.9'7' [J]. Waﬁer Research 2000 34(7) : 2037-2042. ,-u .
T "R ' (301 e, Bidesir AopRM., . vl k-vUR R EBILA AT
(1775, #fE iuﬁ W, S AR ra*a“)ﬁfi ﬂs.’zzk‘h:ﬁﬁﬁ KeWAERERRE D] NI 2015,27(5) « 799-810.

[19]

[20]

[22]

[23]

A
i Baliyangdia? J].
Jo1-0ah

| Bt AL 13 KB T, 2020, (S1) 721 24/
# Huang JIY, Wang 7], Xiao B, et al. Floceula.tlon deﬂyd.rauon

test / ‘and  engieering application of | dredglng %Pdlment in

CL8) P T BLAT B & 2 3
U [N UMART, 2019, 47(1) ; 58-61, 79.

Zhou X D. Study on application of inorganic-organic composite
flocculants in lake fast desilting [ J ]. Guangzhou Chemical
Industry, 2019, 47(1) : 58-61, 79.

Wang H F, Hu H, Wang H J, et al. Impact of dosing order of
the coagulant and flocculant on sludge dewatering performance
during the conditioning process [ J ]. Science of the Total
Environment, 2018, 643 1065-1073.

FARE, FEFRHE, (AR, BRI 2 - s UL IR EE
JBUKBRITAR 1], 2t E 1%, 2020, 41(12) ; 3929-3938.
Wang D X, Tang Y K, Wu L F. Evaluation on deep dewatering
performance of dredged sludge treated by chemical flocculation-

vacuum preloading [ J ]. Rock and Soil Mechanics, 2020, 41
(12): 3929-3938.
BRIE. S R BE RIS K b B B R SR (D], AR

#2020, (30): 116-117.
Chen B. Application foreground of microbiological flocculant in

sewage treatment[ J ]. Chemical Enterprise Management, 2020,

(30) 116-117.
DIEE, FIEE, MR, KRR IR R B = NI
WEFE[T]. KITAREREBEdR, 2018, 35(4) ; 31-36.

Tang D Y, Weng H X, Shi Y N. Indoor experimental study on
flocculation settling of dredged sediment[ J].
River Scientific Research Institute, 2018, 35(4) : 31-36.
XuG Z, Qiu C C, Song M M,
fluidity and strength behavior of cemented dredged clay with high

Journal of Yangtze

et al. Flocculant effects on

Port/ & Waterway hngmeenn 20%_@ (Sl _,,.f

[31]

[32]
[33]

[35]

[36]

[37]

[38]

He J; Chen C Y, Dengl“W M, et al. Distributionwand reléase
characteristics of phosphorus in water-sediment interface .(;fdiake
Dianchi[ J ]. 2015, 27 (5): 799-
810.

James W F. Diffusive phosphorus fluxes in relation to the

Journal of Lake; Sciences,

A

sediment phosphorus profile in Big Traverse Bay, Lake of the
Woods [ J]. 2017, 33(4):
360-368.

HJ/T 166-2004 , T IEFRETHEMFAMIE[ S].

H)/T 299-2007, KR B HFEER 7 ik GLR E Rk
[S].

XUHT, #H, mRNE, S ST R BB R)E
OB G J 15 Qe e WU PRAR [0, A AR, 2016,
28(3): 502-512.

Liu X, Jiang Y, Gao J F, et al. Pollution characteristics of heavy

Lake and Reservoir Management,

metals and the risk assessment for the surface sediments from
Lake Chaohu and its main tributary rivers[ J]. Journal of Lake
Sciences, 2016, 28(3) : 502-512.

GB 3838-2002, Hi/KFRIEFTHARIE] S].

B, B, O, G RRLE MK BER M TSE 5 B
BEELT]. AT, 2019, 38(7) : 3355-3364.

Zhao J B, Wei J, Cao H,
progress of PASP hydrogel [ J J.
Engineering Progress, 2019, 38(7) : 3355-3364.

et al. The research and application

Chemical Industry and

T, WL, BETRE, SR KIBIRIRAY S 18] 43 A AN
FRALRFIE[J]. BRURHA 5 3R5E, 2003, 24(1) ; 20-28.

Yuan X Y, Xu N Z, Tao Y X,
eutrophic characteristics of bottom sediments in Taihu Lake[ J].
Resources Survey & Environment, 2003, 24(1) . 20-28.

Song Z 7, Zhang W J, Gao H Y,

assessment of flocculation conditioning of dredged sediment using

et al. Spatial distribution and

et al. Comprehensive

organic polymers: dredged sediment dewaterability and release of



7 39

AR AT . AN[RIZE R K 24550 %8 TR U8 8 A A R A B AR Jo 1) 52 )

3681

[39]

[41]

pollutants[ J]. Science of The Total Environment, 2020, 739,
doi; 10. 1016/j. scitotenv. 2020. 139884.

Huser B J, Rydin E. Phosphorus inactivation by aluminum in
Lakes Gérdsjon and Hérsvatten sediment during the industrial
acidification period in Sweden[ J]. Canadian Journal of Fisheries
and Aquatic Sciences, 2005, 62(8) : 1702-1709.

A, Bl e, X0, 45 VT Vb U R E DUER M w1
FERAE B AR BIEL)]. HEEREE, 2006, 26(3):
488-494.

Hou L J, Lu J J, Liu M, et al. Species and bioavailability of
phosphorus in surface sediments from the shoals in the Yangtze
Estuary[ J]. Acta Scientiae Circumstantiae, 2006, 26(3) ; 488-
494.

KA, WIERE, EME, & HEILSIHUIRYBIES | %=
()53 AG B R oimk [ U], BREERL= 224k, 2017, 37(10):
3792-3803.

Zhang Q, Yu Q G, Wang S L, et al. Phosphorus fractions,

[42]

[43]

spatial distribution and release contributions in sediments of
Jianhu Lake, northwestern Yunnan plateau, China[J]. Acta
Scientiae Circumstantiae, 2017, 37(10) ;: 3792-3803.

Yin H B, Zhu J C. In situ remediation of metal contaminated
lake sediment using naturally occurring, calcium-rich clay
mineral-based low-cost amendment [ ] ].
Journal, 2016, 285, doi: 10.1016/]. cej. 2015.09. 108.

Ye X X, Kang S H, Wang H M, et al. Modified natural
diatomite and its enhanced immobilization of lead, copper and

Journal of

Chemical Engineering

cadmium in simulated contaminated soils [ J ].
Hazardous Materials, 2015, 289, 210-218.

GB 5085.3-2007,, fa R B2 S ARHE 2RSS ]
ZEAPAL. 4 S YR T I Ve e E AL AR AR S [T B
H AU SR, 2018, 15(13) ; 133-134.

Li Z Q. Analysis of stabilization and solidification technology of
river sediment polluted by heavy metals [ J]. Science and
Technology Innovation Herald, 2018, 15(13) ; 133-134.

¢ 1\
.-"'-‘ ‘
#‘ r * "] ol
= _-_',-"',




HUANJING KEXUE Vol.43  No.7

Environmental Science (monthly) Jul. 15, 2022

CONTENTS

Development Scenarios and Environmental Benefits Analysis of Future Power Generation Industry Under Two Modes in China ++++++++- LIU Chun-jing, LU Jian-yi, ZHAO Wen-chang, et al. (3375)
Forecasting of Emission Co-reduction of Greenhouse Gases and Pollutants for the Road Transport Sector in Lanzhou Based on the LEAP Model
..................................................................................................................................................................... PANG Ke, ZHANG Qian, MA Cai-yun, et al. (3386)
Discussion of Air Quality Forecasting Evaluation for Cities Based on Half-level Method ««+veveseeeeesesnermssmenensinineniiinensenens WANG Xiao-yan, ZHU Li-li, XU Rong, et al. (3396)
Characterization and Health Risk Assessment of Heavy Metals in PM, 5 in Xiamen Port «eereeveessennmsniinie. XIAO Si-han, CAI Mei-jun, LI Xiang, et al. (3404)
Deposition Characteristics of Water-soluble Tnorganic Nitrogen and Organic Nitrogen in Atmospheric Precipitation in the Northern Suburbs of Nanjing —««+eereereseeseerereenenienenssniniincnnnnen
......................................................................................................................................................... ZHANG Jia-ying, YU Xing-na, ZHANG Yusxiu, et al. (3416)
Analysis of PM, 5 Transmission Characteristics in Main Cities of Jinzhong Basin in Winter ««+veeoeveseressernsiniiinin. WANG Xiao-lan, WANG Yan, YAN Shi-ming, et al. (3423)
Temporal Evolution and Source Appointment of Black Carbon Aerosol in Ordos During Summer and Autumn 2019 «-«-+++:+e+: KONG Xiang-chen, ZHANG Lian-xia, ZHANG Cai-yun, et al. (3439)
Characteristics, Sources, and SOAP of VOCs During Winter in Jiyuan «+eseteveeesssessssssssmtnsinnniniins e WANG Fang, LI Li-xia, WANG Hong-guo, et al. (3451)
Characteristics and Source Apportionment of Volatile Organic Compounds in August in the Chang-Zhu-Tan Utban Area «+e+eseerereeeeeeres LUO Da-tong, ZHANG Qing-mei, LIU Zhan, et al. (3463)
Ozone Sensitivity Analysis and Control Strategy in Shijiazhuang City in July 2019 ZHU Jia-xian, WANG Xiao-qi, OU Sheng-ju, et al. (3473)
Spatiotemporal Variation and Influencing Factors of AOD in the North China Plain GUO Lin, MENG Fei, MA Ming-liang ( 3483 )
Aerosol Optical Characteristics with Ground-based Measurements via Sun Photometer and Its Relationship with PM Particle Concentration in Changlan «++«+essessesrersessemenennsininense
......................................................................................................................................................... ZHENG Yu-rong, WANG Xu-hong, CUI Si-ying, et al. (3494)
Spatial-temporal Distribution and Evolution Characteristics of Air Pollution in Beijing-Tianjin-Hebei Region Based on Long-term “Ground-Satellite” Data ++++++s+sesseseeerssserenmensisnnenennnnen
................................................................................................................................................... WANG Yao-ting, YIN Zhen-ping, ZHENG Zuo-fang, et al. (3508
Ten-year Trend Analysis of Eutrophication Status and the Related Causes in Lake Hongze —+:e+eereereeesesenennimmcniennnnincneennes CHEN Tian-yu, LIU Chang-qing, SHI Xiao-li, et al. (3523)
Shallow Groundwater Around Plateau Lakes: Spatiotemporal Distribution of Phosphorus and Its Driving Factors —«+oeseseeeeereeseseseneneenes YANG Heng, LI Gui-fang, YE Yuan-hang, et al. (3532)
Characteristics and Dfferences of Dissolved Oxygen Stratification in Different Tributaries of Three Gorges Reservoir During Impoundment Period »«+xsxeesesserseesemensnssnineneiiiineinnn
............................................................................................................................................................... J1 Dao-bin, FANG Jiao, LONG Liang-hong, et al. (3543
Dissolved Organic Matter Component and Source Characteristics of the Metropolitan Lakes and Reservoirs in a Typical Karst Region ++++++++-: NI Mao-fei, ZHOU Hui, MA Yong-mei, et al. (3552
Characteristics, Sources, and Risk Assessment of Perlyfluoroalkyl Substances in Surface Water and Sediment of Luoma Lake ~++++++++++ HUANG Jia-hao, WU Wei, HUANG Tian-yin, et al. (3562

Vertical Distribution Characteristics and Influencing Factors of Phytoplankton Community Structure in Qiandao Lake

ZHANG Zi-han, ZHANG Xin-ru, JIA Chuan-xing, et al. (3587

)

)

)

WANG Ji-yi, HUO Di, GUO Chao-xuan, et al. (3575)

Chemical Forms and Spatial Distribution of Phosphorus in the Sediment of Sthe River )
)

)

Influence of Optimal Land Use Allocation on Phosphorus Loss in the Process of Rainfall and Runoff = «+ereeeerereerereseensecnnsicnnnenes ZHOU Hao, CHEN Fang-xin, LUO Yi-feng, et al. (3597
Distribution Characteristics and Risk Assessment of Accumulated Heavy Metals in Bioretention Systems — «++veresseesesrersessesnennesnennes CHU Yang-yang, YANG Long, ZHOU Yuan, et al. (3608
Effects of Damming and Impoundment on Planktonic Microbial Community Structure and Interspecific Interaction Patterns in Different Water Depths «+ovesveseeeeesessresieneneiiiiiisinnn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Xun, ZHANG Jia-jia, YUAN Qiu-sheng, et al. (3623)
Identification of Bacterial Flora and Metaholic Function of Sediments in Different Channels of Duliujian River Basin, Tianjin «+++eeeeeees LIU Jia-yuan, FENG Yue, YANG Xue-chun, et al. (3635)
Spatiotemporal Distribution and Source Apportionment of Suspended Polycyclic Aromatic Hydrocarbons in Surface Water PENG Ke-xing, LI Rui-fei, ZHOU Yi-chen, et al. (3645)
Spatial Variation and Potential Sources of Microplastics in Rivers in Tongzhou District, Beijing MEN Cong, LI Di, ZUO Jian-e, et al. (3656)
Effects of Microplastic Exposure on Crucian Growth, Liver Damage, and Gut Microbiome Composition —«+sessseressessssesnemnensesssinensiininennes HU Jia-min, ZUO Jian-e, LI Jin-bo, et al. (3664 )
Influence of Different Types of Dewatering Agents on the Solidification Effect and Physical and Chemical Properties of Sediment —«+«++++++++- REN Jun, YIN Peng, WANG Wei-zhen, et al. (3672)
Structural Characteristics of Micro-nano Particle Size Biochar and Its Adsorption Mechanism for Cd®* - +* MA Wen-yan, PEI Peng-gang, GAO Ge, et al. (3682)
Phosphorus Adsorption Characteristics of Different Biochar Types and Its Influencing Factors LIAN Shen-hai, ZHANG Shu-nan, LIU Feng, et al. (3692)
Development of Zeolite Loaded Mg-La-Fe Ternary ( hydr) oxides for Treatment of Low Concentration Phosphate Wastewater «++++++++- YIN Xue-jie, SONG Xiao-hao, DING Chen-man, et al. (3699 )

Succession and PICRUSt2-based Predicted Functional Analysis of Microbial Communities During the Sludge Bulking Occurrence and Restoration in One-stage Combined Partial Nitritation

and ANAMMOX Process *+++* +++ LI Ya-nan, YAN Bing, ZHENG Rui, et al. (3708)
Aerobic Granulation Stability and Microbial Diversity of Filamentous Bulking Sludge ++* GAO Chun-di, YANG Xiao-yang, OU Jia-li, et al. (3718)
Dynamic Variation in Vegetation Cover and Its Influencing Factor Detection in the Yangtze River Basin from 2000 to 2020~ «++++seseeee2 XU Yong, ZHENG Zhi-wei, GUO Zhen-dong, et al. (3730)
Enrichment and Ecological Risk Assessment of Available Phosphorus in Paddy Soil of Fujian Province Over Past 40 years «+«+++++++ CHEN Zhong-xing, QIU Long-xia, CHEN Han-yue, et al. (3741)
Effects of Land Use Change on Constitution, Stability, and C, N, P Stoichiometric Characteristics of Soil Aggregates in Southwest China Karst »«+«+xeseseereeesemenenseninenensininennne

..................................................................................................................................................................... HE Yu, SHENG Mao-yin, WANG Ke, et al. (3752)
Heavy Metal Pollution and Health Risk Assessment of Mine Soil in Yangtze River Economic Belt ~«++eeseeereererersermienenenninenieniinennen ZHANG Zhe, LU Ran, WU Si-yang, et al. (3763)
Pollution Characteristics and Phytotoxicity of Heavy Metals in the Soil Around Coal Gangue Accumulation Area + SHANG Yu, SANG Nan (3773)
Evaluation of Mercury Pollution in Soil of Different Land Use Types in Coal-fired Industrial Area LI Qiang, YAO Wan-cheng, ZHAO Long, et al. (3781)
Cadmium Enrichment and Bioavailability of Quaternary Profiles in Nansha District, Guangzhou, China «-++sesseserresreresnenennneene WANG Fang-ting, BAO Ke, HUANG Chang-sheng, et al. (3789)
Health Risk Assessment and Environmental Benchmark of Heavy Metals in Cultivated Land in Mountainous Area of Northwest Guizhou Provinge = ««+stssesreresresesensseninenennsininenne

XU Meng-qi, YANG Wen-tao, YANG Li-yu, et al. (3799)
Effect Factors and Model Prediction of Soil Heavy Metal Bioaccessibility «-««+s+esseseeereseerennenennneees ZHANG Jia-wen, TIAN Biao, LUO Jing-jing, et al. (3811)
Effect of Organic Material Amendments on Soil Respiration in Tobacco Fields of Central Henan «+«+«+esseseereereeesenenenninienennnneneenes LU Qi-fei, YE Xie-feng, HAN Jin, et al. (3825)
Methane Production Potential and Methanogenic Pathways in Paddy Soils Under Different Rice-hased Cropping Systems —++«sseseevesveseeneeees SHEN Wan-yu, HUANG Qiong, MA Jing, et al. (3835)
Characteristics and Assembly Process of Reclaimed Soil Microbial Communities in Eastern Plain Mining Areas —«+eeoeseeeeesersseesesennees MA Jing, DONG Wen-xue, ZHU Yan-feng, et al. (3844)
Differences in Bacterial Community Structure in Rhizosphere Soil of Three Caragana Species and Its Driving Factors in a Common Garden Experiment «++veeeeeeesresseessesenennsiniieinnnn

..................................................................................................................................................................... L1 Yuan-yuan, XU Ting-ting, Al Zhe, et al. (3854)
Comparison of Bacterial Community Structure and Functional Groups of Paddy Soil Aggregates Between Karst and Non-karst Areas XIAO Xiao-yi, JIN Zhen-jiang, LENG Meng, et al. (3865)
Contrasting Responses of the Microbial Community Structure and Functional Traits to Soil pH in Purple Soilg «++«+seseesreeeeseenesneees WANG Zhi-hui, JIANG Xian-jun (3876 )
Effects of Agricultural Organic Waste Incorporation on the Metaholic Capacity of Microbial Carhon Sources of Dissolved Organic Matter in Paddy Soil = «++vereeesseseerersenemieneneiniinensn

----------------------------------------------------------------------------------------------------------------------------------------------------- XIAO Yi, LI Zheng, HUANG Rong, et al. (3884 )





