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Ions and Water—Salt Dynamic of Artificial Soil with Dredged Sediment, Caustic Sludge and Coal Ash Under

Steadily Infiltrated Condition

HUANG Ming-yong', ZHANG Qiao®, WANG Zhen-yu', WU Jun®, ZHANG Qing'

(1. Tianjin Salina Eco-landscaping Engineering Center, Tianjin 300457, China;2. Sichuan Meteorological Bureau, Chengdu 610072, China;
3. College of Resource and Environment, Sichuan Agricultural University, Ya'an 625014, China )

Abstract : Water—salt dynamic, ions composition and desalted alkalization of artificial soil, which was mixed with dredged sediment, caustic
sludge and coal ash in optimizing proportion, were studied under steadily infiltrated condition. The results indicated that the water—salt move—
ment of the soil included three phases, desalination phase in upper layer, salt peak downshift phase and substratum desalination phase. Time
consumed and water quantity used of each layers were different with depths, it would take 2~3 days for the total content of salt in 0~40 cm
layer reaching desalting criterion, but subsoil was 18 days. The total content of salt in the soil reduced 63.5 times through washing salt, and
the chemical type of the artificial soil was from Na*~Cl™ to HCO;-Ca* with desalination. There were positively linear correlation between SAR
value with total salt content, negatively linear correlation between RSC value and total salt content with desalination, SAR value and RSC
value decreased to 1 when total salt content of the soil dropped to no more than 0.1%. The pH value did not rise, showing that the soil alka—
lization was not found in the course of desalination and the concentrations of ions had no harm to the growth of plant after the desalination.

Keywords: artificial soil; steadily infiltration; ions component; water—salt movement
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i Tl e J S R B A B RO HE, FE N A 22
TSR TREE LB GRS A, A
D7 TR S SR R HERLAE O, nl T s AR AR
HE B B AT AL AR R AR OO A R Ak B
5K AN, 3 o A S ) R AT A T O eI
DX, V5 Qe RI 20y 22 U AR FRAL
BB E IR A TR i A R IR I 3 R FE
Yo g el ARG AT R AT (E AR 5 5
L HAE AR DX A Dy 2 AL Rl AL 5 ) 7K 328 Bk B
SR B R A S B R — o AR SO i A SR O
e Hh R I LU AR, FEAN I8 Ak R oK A
Yy FEW T ERRIEOLT M BUKAB #44 T IXR
Fer KSRz B R B AU AT B R AL 7]
WUEAT THEIE. o 3 MU FEYIZR S A TR 2R
T o P A P oK SR IR HEER O sk 3% AR R Ak
B AR AR AR SR R 2R

1 #R57FE

1.1 ket

TRV P I B SRS Sk BBUBT VS S L 10 A4S
FERL, B A5 200 kg, Ht31 2 000 kg, ZefRH b D152 45
Z9, WX B 10 B (2 mm) A5 &
FH 3 72 ) 1 s e S Ui s 1 000 kg, = AT,
ERARIT, it 10 L0 s A I T AR
HL ) R BCHT I HEC R K 300 kg, ZE AT, #
Wi 10 B, 3 MURSF R LR L 1, 23h
i (g-kg™)=(HF:%-0.05)/0.375,
1.2 iK%

W 27 2R F B4 20 em K 168 em ) UPVC ¥k}
o B AR LA BRSSP RN S bR AT T, AR A
2150 em, FEHIHAE R 1.4 g-em™ FEF N E 22
20 em Ab 2B — HAER AR B , LUT 25 1% At 1) (i)
T8 20 em, FEFE1E 100 em DL R [A]BE 3 KN 40
em, TSN A 6 RER /B IRas  im A L rh

AIREE R 5 emo WL AR b - AR T AR EF 10 em 7K
3k, FESHZKAY 2 000 mL 25 f AR 8 PR Ap K Sk -1
TESE o WL fi T BREA Ao ROg 2 . FH=A
IR R HE BT L 3 3 IR A

PR HZR R K A TR E o T BRI, R
W2 Wk, Bt /K Rz sl 2R i ke, LI s 1] ] s 128
BN, e g5 S B B T RO — K, il s ER AR
SRR AR IS BRI Il SE e AR rh a5 2 1 h
T A R R TRl A A At e o SR A I e
5 RV 5 5~ 2H R o xS A T 2 O fr 4 ) TR VAT
E/NF 8 mS-em™ (XN e & /N F 3 g LE
15 R[4 & i (g L) =H1 3 %8%0.436-0.877], i s ik
VEAEZK B 36 850 mL,  [] I HUTR A5 LB 45 J2 U i
JEIRA AT it 10 H, %5 H .
1.3 HEmaH

IRARE LB A & m i 5k (DDS-T1#Y
FLSA), T REAK A e 501, pH (B PR B s (i
~+J7i# Metrohm 744 pH Meter ), 7Kttt 4 1:1, HCO:s |
COY \CI2R H H AL i %2 7% (Hig =+ J7 38 Metrohm 716
DMS Titrino ), Ca® Mg* SO K] EDTA jiaZ ik, Na* |
K IO 6 2 (6400-A #)ML BHES T 38 e
CEC(Cation Exchange Capacity ) &} 2 1 4 — Kk ¥4t
FEBINAE o Fh oA B R FH v R 7 B pi e TSR
JIraE Y TYC— I A9 e dh A5 8t . 1THRA X
PLHE (% )= Na'x100 /CEC FE A Bk B2 # RSC (Residual
Sodium Carbonate )=(HCO3;+ CO% )—( Ca®+Mg*>)  Fl I
kit E. SAR(Sodium Absorption Ratio )

SAR=Na*/V/(Ca*+Mg*)/2
2 HERGW
2.1 BENEZHTREERKERIE

WRGEIIIR]RE B 3 2 K R R 2 BUKZ , K23 AR
FEANE, SR HCE N E 3R B K ot i
JEWE R TR R, T Bk AN B OIS 748 3

=1 3MEFYHIUFER

Table 1 Physical and chemical characteristics of the wastes samples

Tk . Seth/e kg BHFH & 7 f/emol - kg™, soil ionic components BB RE em s
material pH Total salt  Go:  HCOs G- st G Mg K+ Naw_Infiliration coefficient
T 8.21 19.7 0.020 0.540 31.25 2.24 1.20 428 0.52 27.79 107

{5 9.76 138.7 0.400  0.150  242.50 1.00 157.0 0.20 7.71 77.12 107~107
MHEIK 8.82 1.9 0.040  0.330 1.25 0.78 2.10 0.51 0.00 2.07 10%~107

TE K 1 I SE(E

Note: *The ratio of water to soil is 1:1.
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Figure 1 Changes of soil solution concentration during the

washing process
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VTR EERRAIG, MK ER ShAS W0 £ SIS 58 /K HE
FEAS - BRI A K BTN o 45 )2 o 1 A il s
] F—A~ L2 s IfRe sz - B TR
VSR, RLR 45 1 2 1) - S8 B 3 A AR Ak, B R
W%, HTRZHRSIERIEAT —)2, I L
VSR BE TR A . 20 em FESRIATR AT ERTEAS 1 d
JE ot T REBI AR MELI T ,7d J5 T3] 1 mS-em™
LR (0.94 mS-em™), MizRZLL T L2, BRAS &
Ab IR EE R R sy IR R . 100
em IR T AR AEEESE 10 d #FAKT 20 mS-em™, 140
em VRE +HEA W AR %S 6 d HRK T 35 mSeem ™,
20.40.60.80 cm )R bt 5, IR A
— HANFRRRAS ;T 100,140 em + 2 7ETE R4
i, PSR et TR S HE NSRS
A=A/, X5 R A R RS AW b bk ok

FITNHLIEA K,

(3L BEERBYBE - 7E Rz i RS i A rp, F
B ST 0 23T S % [ I O 25 B2l o = N D A
JERA SR B, I HR B A )2 g R 4
J HIEE I 5T 2. K L AT IR R+
SRR ER I 2 38.6 ms-em™ Pl 122 Eh 16 iy 2
W R R R . (HRIZ 2 A i
INZEtg . 20 em JRUGA B EARERT 42 2 d, MK )2
T2 18 d, M4l +HEA R ST W52, ek
IR BIFEAAAE RS B RS & O AR B Y I A
KR,

A AT DR A R A5 S22 R T i A s i) R
RBEAN RIS ] o 0105 43 Br 22 I Eh i R AR B 55 kit
KB E A KR y=0.007x-7.307 7 (r=0.97)( I,
Bl2), FESEierb al AR 2 SR R sSOR U 2 B AR 1
Jith , AR B K R A P
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Figure 2 The relationship between the salt peak value and the

amount of washing water

22 =R RBETHRS
2.2.1 RAFTRBERTIG 2 KB T b

H1% 2 A LR & L B e AR ek S i A
3 WRUERT A A ER E EURIMUE IS Y 63.5 £, B4
JEJT T B} HCO: 8813 i B THAb, Howes 15 b 1y
TR, IRA DR B IRy Na'—Cl AL A2 5|
HCO;-Ca™#l,

2 AT EER L F RS
Table 2 Chemical characteristics of the treatment before and after

leaching process

it 1] Sedh/g-kg! BHBH B 12 ft/emol - kg™, soil ionic components
tme P Totalsalt geos cor S0T F Cat Mg® K Na®
VR 9.10 38.1 0.100 0.075 1.55 68.75 25.68 2.08 2.34 32.54
WkE 8.43 0.6 065 0 000 013 1.05 030 0.29 0.00
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2.2.2 VEW

B2 e B, S8 Na® (CLTgEs 14t
X i s HUR R B AR R, A0 R wl %
4 50.9 cmol - L7, 2855 120 h( 3k 3 i £5 525K fir 28
Dy i) 8] ) BPREAIG ) 0.485 emol - L', N R T 104 £,
EANS &R AR 3 IE AR C ¥V=1.227 8x,
+0.045 8 (r=0.999%*) Y =0.467 lx,+0.164 9 (r=
0.999%+), X rpy Kb (g-L7),x K Na* i
(cmol L), x, & CI"& & (emol - L") , Ca®* Mg* .SO7 .
Kt o5 1 it 15 6 1 R AT et/ D BT Rkt
JE L Na* | CI2 , HCO; & AR fb e 35 LU BRI , 408
WS ERT 1oL B, B &5 & M TR, HCO;
E g It AR AR Mg e N T 1 g
L7 B, B S i i TR HCO: B B Wik . e
HERKIH COY .

T4 5 T TR RE AR, fEk e R, Ca™
BRI 25 B2 7 o PH S 1 £ S 7, HCOs 5 T3+
() TN o UETRER T ~A 2R ) Nat—ClL A4 AR
F] HCO;-Ca*BI($ 3),

R 3 MEEREPIREHES TN
Table 3 The changes of salts in the leaching solutions during the

column washing process

i} ) /h Gedh/e 1 BHBHES & i /emol - L™, soil ionic components

Time p Total salt HCO; COZ,( SO%{ Ccl- Ca Mgz* K* Na*
24 419 24.04 0 0 0917 509 32 02 0.87 1951
72 7.1 11.49 0.233 0.739 24.69 0.8 0.08 0.395 9.36
120 7.42 0.62 0.15 0.163 0.485 0.184 0.008 0.143 0.802
168 7.58 0.39 0.147 0.146 0.325 0.054 0 0.059 0.353
216 7.54 0.29 0.145 0.133 0.242 0.047 0.05 0.1

264 7.58 0.25 0.145 0.082 0.227 0.041 0.04 0.078

0
0
312 7.65 0.18 0.143 0.019 0.163 0.036 0 0.034 0.022
0
0

360 7.68  0.16 0.142 0.012 0.124 0.033 0.033 0.02
384 7.69 0.15 0.142 0.012 0.096 0.032 0.033 0.019

S o © o o o o o

2.3 FiEFEPHE R pH LR

h L AR A B 2R A AL S R SR 2
— P02 ST A R A SR, — e O 2 S
AR L W R T g R [ S —
FBER RN BT BE A S B - 93 7 FE R, 22 T4 Pl Ak
SRR B 30 01, 25 FE AR A [ ) S PR D4
T AT bRE =22, REFFOR A pH ., B0k
(COT+HCO:) B fb BE FHIZ R LE (SAR)4 >S4 =
VEAPFTARIE
2.3.1 RAFHR

M 4 AT LA RS BRI e e pH Bk vt
HIF R PR AT IS LT Y SAR BEIRAR K, 1 RSC 7£
VR H S 29 o (R, B [COS +HCOs PR JE—E/N T
[Ca”+Mg™, K UEFT 5 TR BL 5 B AL E R O 0, LI
AR

x4 HEEREERSHTERNEN
Table 4 The changes of salinization properties of the treatment

before and after washing

i Adh/e-kg pH SAR RSC AL
T 38.1 9.10 19.53 -550 0
WA 0.6 8.43 0 -20.5 0

232 JEW

MFE S 0T LUIE H I SAR ARk a5 I8 i 4
AR a8, BEEERE NRRMZEET N, SAR
AL AR (TS) AR W 3 A IEAH G (TS=0.191 6
MITIR r=0.99% ) JEV Y RSC bt 45 UE IR 4k
A ESEAMR, R R RSC 523
1 (TS) 5 W 77 6 (TS=-0.006 6RSC>- 0.792 6RSC
+0.516 6,r=0.99% ), JEW pH {E YA 1L 5 B0 H D sh i,
— e BT R R, BT, S R N R
/NT 0.2 g L7 I, UEWK pH [HARTR 808 o TEREAN 5K
St B ISR pH ESA AN T 8

&5 HEREERSEFERHEN
Table 5 The changes of salinization properties of leaching solutions

during the washing process

Time 24h 72h 120h 168h 216 h 264h 312h 360 h 384 h

TS/g-L™' 24.04 1149 0.62 039 029 025 0.18 0.16 0.15
pH 419 7.1 742 758 754 758 765 7.68 7.69
SAR 3346 3155 579 480 146 122 037 033 034
RSC -68 -15.27 -2.34 039 051 063 0.71 0.76 0.78

FEWEEh AR b, IR pH AR AN K S PR 25 Tk
MRS k9, pH i CaCO5 IR AR JIT R AE -
CaCOs+H,0=Ca>*+HCO;+OH", [A &y HCOs iy fk 27 -1ty
% COy BYFEM , it LI B 330 pH %1 CO, 1Y
FHRIE . T IZIRG TS AT CaCOs(Blid i1
BN ORI ES ), W LA H pH %l CO, 1)
FRRIRE o FEBIE b ARYEORIRES AR K P Y
AR A SRR Y B AR R, T DA O R AL
M :pH=6.03-2/3LogPe™, 7] LI Hi 1323 CO,
AR BBy , TRy pHOBRAIG ., 7Rt R b IR 5 5
Jh T —EAL TRUKABIRE, X5 A= Wikt ,
25 CO0.29%~0.7%, BT LAFE PR Ehad it e
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