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Effects of bauxite residue on soil salinize—alkalization under simulated rainfall conditions

LIU Ji-dong™?, DU Ping?, REN Jie**, CHEN Juan?, LIU Xiao-lian'%, XU Gang', WU Ming—hong"

(1.College of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China;2.State Key Laboratory of Environ—
mental Criteria and Risk Assessment,Chinese Research Academy of Environmental Sciences,Beijing 100012, China;3.College of Water
Science, Beijing Normal University, Beijing 100875, China )

Abstract: To understand the influence of alkaline substances from bauxite residue under simulated acid rain and rainfall, a soil column ex—
periment with bauxite residue of different thicknesses was conducted. The soil saline—alkali indicators included soil pH, exchangeable sodi—
um percentage (ESP), and electric conductivity (EC). The pH, organic matter, bulk density, and water content of the soil around the bauxite
residues storage facility were 8.68, 25.66 g-kg™', 1.20 g-cm™, and 12.01%, respectively. Results indicated that the pH of soil at 0~10 cm
depth increased significantly, and the maximum pH was 10.18. Compared with the original soil, the soil pH at 10~30 cm depth increased to
8.67~9.12, and there were no obvious changes at 30~60 cm depth. The ESP of surface soils(0~10 c¢m) were lower than 15% in the condi—
tion of 5 e¢m bauxite residue coverage under simulated rainfall, while ESP in other conditions were higher than 15%, which indicated that the
soil alkalization occurred. The soil ESP at 10~40 ¢m depth increased to 5.38%~14.70%, which presented a trend of alkalization. With only a

slight increase of EC, the salinization of soil was not obvious. The maximum concentrations of the leachates Na, K, Mg, and Ca were 125.86,
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2.23, 57.13, and 209.07 mg - L, respectively, which indicate strong migration, potentially influencing the groundwater. Under trial condi—

tions, the effects of bauxite residue on soil alkalization were more significant and increased with the thickness of the bauxite residue cover—

age. Moreover, the effects were more serious with the acid rain leaching than with rainfall.

Keywords: bauxite residue ;soil column ;acid rain leaching; soil salinize—alkalization ; exchangeable base cations
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Table 1 Selected physical and chemical properties of the

initial samples

iR AR ELR
0~20 ¢cm 20~40 cm 40~60 cm
pH 10.60 8.68 8.67 8.52
EC/mS-cm™ 0.83 0.18 0.17 0.15
ESP/% 38.27 0.52 1.46 2.35
SOM/g-kg™ 3.58 25.66 15.28 8.91
CEC/cmol kg™ 156.48 66.02 54.06 37.17
RHE/g-cm™ 1.12 1.20
FIKRI% 46.11 12.01

FRIBIAEM 52 R A LIRS, = 100 em, NAZ 8 cm, fil] BE
AR 10 cm T30 I IOREAL , AR HEA T < JE oK
fLo EHMIE LRI OFSE A KA E 1.20 -
em™ B, Sl BECR ARSI B RS K A
T ESEN A, ARSEIE 5 om JRALD, RRAEEH 2 41
PRI IKEN 12.01% , ILBE A 1E 60 em(Fx T HB%EIH
10 em A 5Efb ), 3 10 BB R E N 5.15.25 cm
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W . FREGE 10 B X5 10.00 g F 50 mL 2R
B LGP A 25 mL 28 FK, NER TR

9

8
i
AlE 7
B
PG
RL5 R ek
e} 2
=
o—1—+
(=)
o —
= C
=
G - 60 cm
o= 13
=
= .
= 10cm 45+
SEEANL
H—27'5
KN -
.30

B 1 HaEETER

Figure 1 Schematic diagram of soil column
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Table 3 Different groups and process of leaching experiments

PRI WK

UL e
T R AR R SR RN R T

0 em(XfBE4H) AR-CK 2.5 L 14d RF-CK 25L 11d

5 cm AR-5 16d RF-5 16 d
15 ecm AR-15 22d RF-15 22.d
25 ecm AR-25 29d RF-25 29d

FIRE IR IR Y 1 min, # & 30 min J5 A0,

AR M 448 EC SR FH H AR 2 (HJ 802—2016 )l
o FREX 20.00 g 12 10 Hfi 9 RTAE 5L T 250 mL
JEHEH A 100 mL 25 87K FEK R G A b= IR
&% 30 min, & 30 min J5HEN

TR K -3 CEC R L3958 40k BH B8 b v 5
B:(NY/T 295—1995 )M . FRELEE 10 H i KT i
5.00 g & T 100 mL .08, JIA 1 mol-L™ NH,0Ac
(pH 7) %k 60 mL Ff 58404 #4557, 3000 r+min™' 2§
> 5 min, FIEWRIAES] 250 mL 2@, itk A
W BRE WAL B 2~3 IR E TG CaHr i oh 1k, )5

R2 FRPEEEUDEIE(%)

Table 2 Contents of major oxides in bauxite residue(% )

Fe,05 ALO; Si0, CaO

Na,O TiO, MgO K0

22.67+0.21 18.71+0.13 15.42+0.19 14.80+0.16

5.33+0.07 4.78+0.08 1.27+0.08 0.33+0.03

TE R B P EAR R . T,

Note; Data in table are means value+standard deviation. The same below.
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Figure 2 Changes of soil pH in different depths
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Figure 3 Changes of mineral composition in bauxite residue
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Figure 4 Changes of soil ESP in different depths
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22.63%5 23.19% ,7F 10~40 cm BR)JE T &1, 40~60
em PREE 5 X BEZHAH FUAE AN B i

IRPETEMIEAE T FZEXT 0~40 em F- 387 A= i
AERENR , =2 B T AR e TV A SR A A
HRY R 1Y Na* B e A 2 358 B 1 3 1R K
A HLJTT A B i BRSNS Ak, BT AN T REfS S 1
Ferb RS BESE R AR B TS R N (AR - e s
PR & L TS BN T 3 1 4 ESP H
e FESERG AR, IR RIS fF 1 Sl AL P2 BT LU RN
TR S A, PO R TR A5 R e B 2 1%
BN S A s e TR A
2.3 #hiBTRiXT TIE EC B9

+ 3 EC (HRAF P AT v h B, 2 R
WSz — . TEANFEMRE AT, 13 EC [ REAT
it R U JEE FEE PR I 8 A, Lt 8 8 3 %) 8 o v
N 4) BRI T, )2 (0~40 em) 148 EC {H3
e, &AHm 0.57 mS-em™, 55X %)% (0.17
mS - em™ ) A LA BRI BEHE N5 40~60 em 13 EC TG
BB AR L. MK AT, 148 EC {54E 0~40 cm RJE
HOMERERC AR, KK 0.48 mS-em™; 7E 40~60
em WA . RIS (E g b n s R Ay K R
&, 3 EC AWK bk sl 428 pH B iR
FhiEn, SRR T, e S 3 2 e R
SRRV B VR P AR S R 22—, T R A
VSR EAT B R fE kAR e rh A Eh R R

R4 HBEAERFRELE ECEZH(mScm™)
Table 4 Changes of soil EC in different depths(mS+cm™)

Kb FHZH 0 cm 10 em 20 cm 30 cm 40 cm 50 em 60 cm

AR-CK 0.17+0.003e 0.19+0.002¢ 0.17£0.005ef 0.16+0.001¢ 0.14+0.005e 0.14+0.003bc 0.13+0.001be
AR-5 0.39+0.001¢ 0.26+0.003cd 0.21+0.001bcde 0.18+0.005bc 0.16+0.005bc 0.14+0.004abc 0.13+0.002be
AR-15 0.49+0.001b 0.28+0.005b 0.24+0.001bc 0.19+0.002ab 0.17+0.002ab 0.15+0.005ab 0.13+0.003ab
AR-25 0.57+0.002a 0.37+0.001a 0.26+0.001ab 0.21+0.003a 0.19+0.001a 0.15+0.002a 0.14+0.002a
RF-CK 0.18+0.005¢ 0.18+0.002e 0.17+0.004df 0.16+0.004¢ 0.14+0.004¢ 0.13+0.001¢ 0.11+0.001d
RF-5 0.31+0.002d 0.22+0.002de 0.19+0.001def 0.17+0.002be 0.15+0.003de 0.14+0.002bc 0.11+0.002d
RF-15 0.41£0.001¢ 0.27+0.004bc 0.22+0.002bcd 0.16+0.001¢ 0.15+0.002cd 0.15+0.003abc 0.11+0.002d
RF-25 0.48+0.002b 0.29+0.007b 0.26+0.005a 0.20+0.005a 0.18+0.004ab 0.15+£0.001a 0.12+0.002cd

T RS NG FEFRR AR Z TR 0.05 K- AR FE 2R (n=3)

Note:; The different normal letters in the same columns indicate significant difference among groups at 0.05 level(n=3).
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Table 5 Correlations between exchangeable sodium and soil

salinity parameters

IbBHZH pH EC ESP

Lb3EZH pH EC ESP

AR-CK -0.201 -0.334 0.944%*
AR-5 0.994%* 0.936%* 0.994%*
AR-15 0.997** 0.950%* 0.992%%
AR-25 0.993** 0.887%* 0.930%*

RF-CK -0.246 -0.521 0.867*
RF-5 0.818* 0.713 0.827*
RF-15 0.980%* 0.962%* 0.987*%*

RF-25 0.960%** 0.923%* (.903%*%*

T * 1E 005 ACHHAT BRI 1 0.01 KP-HAT BEACN .

Note: * Significant at the 0.05 probability level; ** Significant at the

0.01 probability level.
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Figure 5 Concentration changes of cation in the leachate
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FRPEH Na* K Mg Ca® BRI et WL IE 5. BRTN
WS ST, ZEWRH AR FUNT 0.9 L B, Natifk B 4k
FELE 37.79 mg- L7 A4y A TRUE , AEII 5 1 Natilt
TR IAF] 125.86 mg- L7, kK P A K* Mg™, Ca?
T YA AR TR AR I 1 2 T R AR, 52 S A 2T
IR —3, R 73 5o 2.23.57.13.,209.07
mg- L7, WKMRIE SR, Ik 8 b DO o s 7k J3 A
P RE S BT — 2, Hor NatZe s 5 190 21 d Kk
JE 43.90 mg- L7,

e IR PR B BT YA sSHAs
BAED IKIEBFESAAAE, WS , AR08 i
f# %) Na* 55 - S AA rh 58 ek 45 B A5 A B8 50 fik
SV T it B R - 3 e (A R T Y Nat ik BE 458
15, SRR T AR IR AYES 5., LA K 338 rh gl A g 36t A
5 BRSO B P X PR TR B R . R S
R Natvk B T e R th T R
TR S N 3k BT, U8 R VA AR ) Na B 7 T
o B TIRI IR T EORYE o 2 i BNV A , BRIk
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