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Fig.1 Flow chart of reconstruction of tillage layer soil by
sediment

1.3 FERNA

JECYR T HEAE 2 1k e AR R R YR L A h
TAEH S W, FIHBR IR, SRAE 1A i
BT 12, NP, ra bS5, ANyt
BT E NS NHHE S LIRS, A BIRERE TR LT
N H M &R TR KN TR G T A RN
JReE S BAREE ST R duE 38 TR AN
ORI IS T T, RN AN

D JEVEIEE ZAE S WA VEOY AR AR AR -EAT ]

TR VR B R GEAT RURE s 0 R i JEAT = ARSI 23 #T 5
WA AR VP Fi5 b S BRABBEAT IRV A i P4 858 KA g o
Ty TRUIIT IR AR R PE TS R Vo Qe 15 YSE
Pov VSR PRRIEIE R TRIRDL it
IrR. CRGRIRIRITT S5 A R IR B R e 2R
AMTTIE, IR IR IR SN .

2) R EGBEENBEE: EARENB R T
Ge LS rp AR E A, IR R R B AR
EEMEE HI, & S E EE AR I 5
FAT7 1, e e Jm A BRI A 2 RUE B R
Bty RVRER TS B 10l T SR ARE B B2, B
BT RIRTe N IE RN G, (RS A HEATRE FIRC 5 11 IE
AERE, P FIRRACRAE . ARSI E (i
TRTE. ZHRERERNTT 5.

3) Rt HE TR AR IX A biE B DY
Ty B R A RV S L J) R GF S5 RS L (R Al R 1
B SiEIUH XIS, B RYE R T 5.

4) RIS PR B 2 B i A T
AL RO, EYESESE. YR,
TR 2t S F AR I BRI T e 28R DAY B A
P o

2 RIFEMEREAIBETN

2.1 SRSHIPE

FIRIHE A A PSS, 1) R IR AL 2K 5 b
AKERIRARS VTS TR TE S WA K . W
LR EWTIER . AKSOKBRIESE, 1E N N RV
URREIERb AR s 2) WIS hr: TR, Tk
i VoY RAE, TS T R JE AN ATV
2.2 JRRRFERFEREN

JEEJRAT ARG R GEE . AR AirE . Bl
PR ESR RN, AR COURA R A VA T ) 7
LSS, R RS AT AT I A v, BEAT IR
Ve R G AT R o RAE T H O MR AR 48 (grab
sampler) BETHGACKFES (core sampler) , MG K
Ve IR FERf 2 IV RIS . R (HI/T 166—2004 +
BB W ARG Y PO YR R i T 4 AR S 4R b
HEATRI, 3B s A S B, IR BIAH IR S K
2.3 ERENFHZE

SES R R B AR AR T AR EGE, S
(LR TR FRUE GB15618—1995) (4% k-
e A Ay ehRitE: IR FEAR R VP BRAE ) MR AE (XS
JERVEHEAT VAN o IRYEFRBEVAN & R LA R LM 70 D
JESYE T 4 e PRy YedR Ak, I DA SR IUER A 1) B 4
JETG YT R g YR 2) WM Lo deda sk, M
CAVEAN JES Y 555 G int TSR BT s (5 m, iRy 1
R AR S Y AR BOR R 2 SR TR 5 A e S 2 ),
JE e & VG P AN E A S ERMEZ 135 3) W
ERfEFEREE, REGFHEBREESES®. B4R
RSN IREERON S FE A, R EA WL, S
JEEFEEIY POFAT VAN, WA S G e 5 obn itk



244 Al TR 2

2015 4F

Wk 2; MRPRLREESNEAFLONIV .V INAE IR
AR LA
®1 HBESREKEDRITE

Table 1 Standard of soil pollution classification
€374 ) P ol 1YL 15K
Grade ' Degree of pollution  Standard of pollution
1 P<1 Px<0.7 w7 I
2 P<l 07<Pz<I M W Vi
PN TR, IR
3 1sP<2 1P ;<2 BeEE ey
EiTR PP
4 2<P<3 2<P ;<3 SRULREE S AR B R G
. AR ¥ % 7S Y O
5 3<P; 3<Psx CIRGE W
TR e

e PRI V5 R FRAREG P o RIS R LR BT
158G TR NHES ER T YR AL

Note: P;is environmental quality index of individual contaminant in the sediment;

P4 is comprehensive environmental quality index of all contaminants in the
sediment; / is the Nemerow pollution index.

x2 BINIRGEBEETREITMIEHR S RIFAE
Table 2 Individual and general indices and grade for ecological
risk assessment
BT S XU A5 2

EENE e YR 2

E/ Individual ecological RI General ecological
risk grade risk grade
E/'<40 7 RI<150 Bl
40<E/'< 150<<RI .
80 e <300 eIl
R0<E,< B 300<<RI N
160 i <600 Il
160<E,/
’ p— > p—
<320 AR5 RI=600 IRaEIV
E/=320 L& - LG

e B SIUESRKSTEEG RUNEE& A S MR EEL
Note: E,' is individual ecological risk indices; RI is general ecological risk
indices.
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Cd. Pb S msmiEGREMESR, ek, 5
REMNY) R 0% 251270 45 8) BCR(European
Comuntities Burean of Reference) ZEZEHREE 2 HTECTE
Cu. Zn. Cd. Pb FS9MRAEHES b, WIbJRds K
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Fig.2 Technological process chart of reconstruction of soil by
sediment
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AIREG M4y . Cdy Pb SrRIGMENET 3. &
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Table 3 Contents of nutrients, Cd and Pb for sediment in study area

FE#5 Index YJ{H Average
pH 1 6.182
4% Total N/(g'kg™) 2.8717
427§ Total P/(g-kg™) 1.1824
458l Total K/(g'kg™) 9.3000
H HLT Organic matter/(g'kg™) 92.9408
5 Cd/(gkg™) 0.4245
Y Pb(gke™") 42

5.2 KHEIKEEIT

2013 AR A R A W I T AR DB B N SN
(R TR 73t bR 7RG IO 2 3R g N R AT
T ARUCRIAL IR TR 2 3R A0 K AR o
JEUe K s AR e B SRR F et b PR — NX R 5)
— R HT R RE o TP HR G- TRACR IR

PHRJRTE N Cd V5 g, BWE 3 ANRTR AR B
20%- 40%- 60% (el 5 BE 5 2 5+ 10 FT 15 em)
ZNERHHR G Cd J5 Y B o o ARIR E
(0.33 g/kg) « TIRIE (0.47 glkg)  mRIE (0.67 g/kg) ;
EL 6t HI/T 332—2006 brifk, 13 Cd AR AR £ 4 3 4
1.10 £ 1.57 f5H1 2.23 %, &AELE SD Jy N EYE
RAEFAFREAL, LP. SP. MP 235y ARl Fis 2
EFRAL, 1. 24 3 20t cd BAREG. T Enk
FEAREE . ELAARTRIS A EE R inAs e AR R A 0L R
T4 AAMIENEE 3 NI PX, BAPXGE 4 m, K 5 m,
MR 20 m* RIG K RS0, R 25 03 25
e L BRI ) EE SR R AR A )
Fhr, DA URJEYE TR 2 13 i B T RUR ),

F4 BEFMHE. AERZLOREMHNCIEE

Table 4 Type and dosage of stabilizers, Cd content in water
spinach stems and leaves

T
o o CdEH
il LT W R~ Cd content

R posiiil e K in water

Sepiolite/ .

Content  Treatment 2, FCP/ 2 CDP/ spinach
kem?) em?) KM 4102 stoms and

leaves/

(mgkg™")
SDI1 - - - - 0.0505aA
R fE LP1 0.3 0.3 - - 0.0085¢B
033 gkg’)  SP1 - - 0.3 03 0.0310bcB
MP1 - 0.6 - - 0.0175bAB
SD2 - - - - 0.0526aA
kR LP2 0.45 0.45 - - 0.0251bB
047 gkg")  SP2 - - 0.45 045  0.0322bB
MP2 - 0.9 - - 0.0292bB
SD3 - - - - 0.0573aA
R s LP3 0.6 0.6 - - 0.0082bB
0.67gkg")  SP3 - - 0.6 0.6 0.0202bB
MP3 - 12 - - 0.0173bB

PRAY 1 0.2

FRAH 2 0.05

e FA—F NS R FEERE P=0.05 KT ELERAEE; W—5HK
BRI IRAE P=0.01 K L2 A W IRME 1 ) GB 2762-2012 A%
FrUEPRAE; PRAE 2 4 GB 18406.1—2001 HSARHE AR .

Note: The uniform small letters at the same column mean “unobvious difference
at the level that P=0.05"; the uniform capital letters at the same column mean
“unobvious difference at the level that P=0.01"; Limit value 1 is the relative
limit value of each contaminant in the GB 2762-2012; Limit value 2 is the
relative limit value of each contaminant in the GB 18406.1-2001.
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5.3 MAMRSH

40T LLE T RGEA AL BEZL Fp s 2int cd &
YR T “LAFHR L LR MMRE, mARLH)
WA 2503 Cd A B 0.05 mg/kg FRUE, I E
FRE Cd BARIFMAE AR TEX NG KET, 1
TEAT AR Cd SRR A 83.17%
(1LP) . 38.61% (1SP) . 65.35% (1MP) . 52.28% (2LP) .
38.78% (2SP) . 44.49% (2MP) . 85.69% (3LP) . 64.75%
(3SP) 1 69.81% (3MP) , F.LEZEMH Cd & B
HAE 38.61%~85.69%, KIATLE FINGFEH e | AA R
U PR ICR

DL 3a HroR AN g5 e, B YR =38 n,  #%
JEEJe JFUBE 2 L 48 b 36 2 0o 3 7 Bt S B i, 4
HA 8.7%~13%; FeUE AN A0 i R IR,
CUAH [R] 755 G AL B B, R R0 2% 0o 38 7 5 1 (1)
BP0 0 2.77%(LP1).10.67%(SP1).4.35%(MP1)
4.35% (LP2) . 17.03% (SP2) . 8.33% (MP2) . 20.21%
(LP3) . 24.04% (SP3) il 27.53% (MP3) , UiWIEiE
JEHHEZ B3 AR m i e = N RO .
38r
3.6F
341
32
3.0
2.8F

P Yield/(kgm™2)

SDI LP1 SP1 MP1SD2 LP2 SP2 MP2SD3 LP3 SP3 MP3
i 4% &b B Experiment treatment
a. DL
a. Yield of water spinach

w}4 4 i Before construction
¥4 33 5 After construction

iOrganic matter/(g-kg™)
|38

Ji

5

A

6 SD1 LP1 SP1 MP1SD2 LP2 SP2 MP2 SD3 LP3 SP3 MP3
4% 4 B Experiment treatment
b, IEAHUE R
b. Organic matter contents of soil
B3 FRBEALETECEZSFRLEAIREE
Fig.3 Organic matter contents of soil and yield of water spinach
under different stabilization treatments
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WY e e O J2= A A B A 0 IR AL 17K
6 HFit5itit

D) s TR e B = SRR kit
SCHLCL “Jde” AR LT HNE, ZIE I
o R R R i R AE RS A, AR R
JPIRGLHEPEOY . RTeE S B EE B E . R+

S8 TR SN ORI 5 VP 25 7 TR T 3t ggs T
FErP R BOFHE 2 3 i e Rl . R BTt Uik
Jiti T2 RN TR

2) [Wggm e tIA I H AR, VENREE T B &
AL R 2 R FE L RO 7 R TER A AT B
VERE SR AT RIEIAEEVEOT . RVEAE YL R
SPRAIA, R TR TR R T R R e e A
5 ML R AN T i

3) MEMIGRIRIERNREREBR, SHAMShE
TR W IEARAIRK:, R 1B RRVR BRI AR,
P IIRGE T BT REACE . TRTZE. 28, #iE
BE TREAT %,

4) ARIEAIIARIE, 45 A T H X SEBRfE oL, HRE H
H A e e 3R SR S AT PE DT 56, il ek TR TR
JOHHE J 3R h 2 T 13847

5) KHFHE IR R Y], FUE R Rde | 2 AT )
UFIORRERICR, B 52)5 I Ye N ] BT R AR B i T < o5 B
WEFK, BEIRRIEA T RV SHHE L E
FEREMHE, WP i, N R TR S K.
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Construction method and application effect on tillage layer soil by
sediment in land consolidation engineering
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Abstract: Land treatment is to comprehensively treat the lands that are ineffectively and improperly used, or
undeveloped. Soil at the tillage layer is an essential part for agriculture so its treatment is a key component for land
treatment. Currently, surface soil peeling technology and soil replacement method are adopted on land treatment and
reclamation engineering. However, there are problems such as limited amount of soil replacement sources, large
deviation on application costs, incomplete technical methodology, irregular engineering process, and poor application
efforts. Utilization of dredging sediment from rivers is one of the most emerging disposal methods. Sediment pollution
and ecological risk assessment, sediment metals remediation technologies, land utilization parameters, sediment food
safety assessment, are important factors affecting sediment utilization. For the scarcity issue on regional soil at the tillage
layer, this study focused on dredging sediment utilization, and analyzed the related theories, scopes, design method,
engineering process and application efforts on construction of tillage layer soil using the sediment. The outcome of the
research was significant for both improving land treatment and maintaining the sustainability of farmland. Our results
showed that tillage layer soil construction was under the scope of land treatment, using dredging sediment with proper
farmland treatment process and with the aid of certain physical and chemical methods. This method must consider the
principles for environment, agrology, and food safety. For sediment heavy metal stabilization remediation design, we
proposed optimal stabilizers and engineering process. All of those facilitated the formulation of post-remediation soil
modification engineering approach; and its related monitoring and assessment on implementation efforts. Also, to take
samples according to “Sediment quality survey and Assessment Handbook”, based on the targets of sediment utilization
and monitoring data and documents like “Soil environmental quality standard”’(GB15618-1995); ‘“Farmland
environmental quality evaluation standards for edible agricultural products”(HJT332-2006), “National secondary soil
survey related standard—fertility indicators and evaluation limits”, the sediment environmental impact and fertility were
evaluated. Sediment quality less than slight pollution and fertility at the Level II can be considered for utilization. The
spatial analysis on sediment environment and fertility evaluation by GIS, the strategies on integrated river sediment
utilization direction, spatial distribution and stock could be identified. This provided references on stratified sediment
dredging. In addition, for sediment heavy metal stabilization, typical contaminated sediment samples were selected for
stabilization experiments. The test in laboratory was done by adding phosphates, magnesium oxides, or clay minerals
using an orthogonal design. The results showed that both stabilized BCR(European Comuntities Burean of Reference)
form of metals and leaching toxicity reached the standards. Therefore, the constituents for treatments can be considered
as the optimal stabilizing agents. Considering water content and stabilization period, the effective, low-cost and operable
stabilizer dosage, remediation process, and parameters were proposed to finalize the sediment heavy metal stabilization
approach. Moreover, sediment modification on soil remediation process needed to consider the regional topography and
landscape, irrigation system, transportation, farmland protection, and other engineering conditions. By combining
sediment pavement, land peeling, sediment heavy metal stabilization remediation into the project design, the feasible
measure on building the sediment phase tillage layer soil was formulated. Last, through the experiment on spinach
planted, the results showed that the heavy metal content in the spinach can achieve the nuisance-free level, reducing Cd
content by 38.61%-85.69%, so it can obviously reduce heavy metal in vegetables. Sediment phase tillage layer soil is
suitable for cultivation, raising productivity by 8.7%-13%, improving soil organic content by 0.95-2.18 times.

Key words: land use; soils; construction; rivers; sediments; heavy metals; remediation; tillage layer soil



