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Cd Runoff Load and Soil Profile Movement After Implementation of Some

Typical Contaminated Agricultural Soil Remediation Strategies

LIU Xiao-li'?, ZENG Zhao-xia’" , TIE Bai-qing' , CHEN Qiu-wen’, WEI Xiang-dong'

(1. College of Resources & Environment, Hunan Agricultural University, Changsha 410128, China; 2. Key Laboratory of Agro-ecology
Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China;
3. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Owing to the strong ability to immobilize and hyperaccumulate some toxic heavy metals in contaminated soils, the biochar,
lime and such as hyperaccumulator ramie received increasing interests from crops and environment safety in recent years. Outdoor pot
experiment was conducted to compare the impacts of lime and biochar addition in paddy rice treatment, hyperaccumulator ramie and
ramie combined with EDTA of plant Phytoremediation methods on soil available Cd dynamics in rainfall runoff and the mobility along
soil profile, under both natural acid precipitation and acid soil conditions. The results showed that, biochar addition at a 2% mass ratio
application amount significantly increased soil pH, while ramie with EDTA application obviously decreased soil pH compared to ramie
monoculture. Within the same rainfall events, water soluble Cd concentration in surface runoff of ramie treatments was significantly
higher than those of waterlogged rice treatments, and Cd concentration in runoff was obviously increased after EDTA addition, whereas
lime at a 0. 3% mass ratio application amount as additive had no obvious impact on soil pH and Cd speciation change, which may be
due to the low application amount. During the whole experimental period, water soluble Cd concentration of rainfall runoff in spring was
higher than that in summer, showing the same seasonal characteristics in all treatments. Biochar addition could significantly decrease
available Cd content in 0-20 cm soil layer and with certain preferable persistency effects, whereas EDTA addition treatment obviously
increased available Cd of 0-20 c¢m soil layer compared to other treatments, and obvious Cd element activation phenomenon in 20-40 ¢cm
soil layer was observed after EDTA addition. In conclusion, lime and biochar as environmental and friendly alkaline Cd immobilization
materials showed lower environment risk to surface and ground receiving water, but attention should be paid to phytoremediation
enhanced with EDTA or other organic acid before promotion and field application for heavy metals removal from contaminated soils.

Key words: Cadmium overproof; rice paddy; soil; remediation measure; rainfall runoff loss
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Table 1  Basic properties of experimental soil and remediation materials

WH pH HHLER % FRUE/mg-kg ™! R/ mg-kg ™! S/ mg-kg ™!
0~20 cm 4.97 0. 66 2.83 +0.30 100.3 +10.9 8.72 +0. 68 4.52£0.17

20 ~40 cm 5.73 0. 35 0.55 £0. 26 19.8 £33.0 2.05 +0. 93 1.75 0. 43

AR 12.0 — — — 0.11 +0. 05

SRR 9.2 — — — 0. 00

1) =" R AR

PR K, AWk, 22K EDTA + 22 RS JLA
MFTEA R AT AY Cd V5 YL 3 B 1 i T
JREIMEARL L. AARBWNRE/NBRHE, b
HN#EH 33.5 em, FHNAEN 27. 8 cm, i IKAL %
BH—ANEHBER2 em B/NLUIFRCE R G EEVNE
FH PR B UE R, A IS /INFL A B b 7 55 5 T B 33
R4 AR R ARKT EREZ 25 ke, SN
AL B 20 ~ 40 em 2 KT HREBE RIS,
BUEIRE A 20 em,0 ~20 em + )2 FE M BUEE TG 5
1B BRI B FE 43R A, SR 2 K 40 em
b EASERR K . FESE, I EANICE 1 A H R IFR
SEHEAY, AK A AL S I S A TH 2 em CE AR IR

WO /NFL, oAt Ak 55 R - T Kb 1A AR U VR A /)
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kg-hm > (P,0,) il 75 kg-hm > ( K,0) 7 RHIRE .
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Table 2 Outdoor potted plantation experiments

B3 b3 R 152 J7 S S0 5 S g A B
CK IKAE — EEMRME KRR 3 98,4 A 23 HRH
FEYS KA FEAE I 0.3% HHE + B S S R N Y K N D LT B W
ER 7P KA Fihk 2. 0% Bz + B i e N R N DT I S
Gik/1 7 fasdiN — ARG 6tk 4 H 23 ARSI
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of%

W R
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Fig. 1 Impacts of a few kinds of typical remediation

modes on soil pH value
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Table 3 Dynamic properties of soluble Cd mass concentration in runoff water after different remediation treatments of Cd contaminated soil

o R T i oH A KR Cd ﬁ%?ﬁ?fg/ug-L’l _ _
/mm CK FaWR W R Bk + EDTA

4 A28 H 11.1 4.7 0. 81 0.79 — — —
4A29H 16.7 5.0 2.65a 1.94b 1. 04ec — —
4A30H 13.6 4.9 1.71b 1.05¢ 0.75d 3.15a 2.99a
5H14H 51.2 4.2 1.16b 1.35h 0.8lc 2.08a 2.13a
5H15H 42.9 4.7 0. 63b 0.5lc¢ 0. 50¢ 1.61a 1. 44a
5H29H 12. 8 4.9 1.9%4a 1.63a — — —
6 H10 H 20.7 5.3 2.0la 1.79b 1. 19¢ — —
6 H25 H 10. 4 4.8 1.58b 2.00a — — —
6 AH26H 16.5 5.2 0.55a 0. 46b 0. 48b — —
6 427 H 52.0 5.3 0.24c 0.25¢ 0.21¢ 1.63b 2.36a
6 728 H 42.5 5.4 0. 26¢ 0.21cd 0.17d 0. 85b 1.22a
8 H19H 10.9 5.4 — 1.34a 0.56b — —
8 H2H 8.1 5.4 — 1. 66a 0.53b — —
8 H23 | 43.5 5.6 0. 63b 0.57b 0.41c 1.0la 1.02a

1) " FIR AR LEAR W BAR VA L 0 2 M IS | [T AR /NG P R R B V22 57 (P < 0. 05)

OIAT T SR S [RME S T AR B AR IR
IKIEAS Cd i e BE R I e] sh 8 (18 2) 254k 3
KA Cd R —E RS, SRk pH (E2Z 1k
ShASA 2, W T RIK pH O [ R AR I O A S
Cd R B2 HAT R R, Rl B s,
B pH 3 [A ol A Wy 0 i ok 5 5 B 2y P
gy, t 4 pH (B 1 % 2 & Bk 1 8 W AR 0 3
SO TR R EUKIE A Cd AR H B I
AP FER S — RN (B 1, B2 Fik 3).

2.3 AR Cd B ROHAE ] RS AR

Cd e E YRt R N R L R 2 — , R
TR, g2 F T B AR T - 38 M8 A 5 i ey B T 2 )
153, JC LA g A T 3 e g SR A 4 S i
YWt A 585 B N A RS Cd KIS HI] A2
&) By e v, EL R B ) A W I A RS B
PSR T R A K i R S T Y M A S B

3.5

KiEACdpgL™!
A
= Lh = L =

=
n

=

ﬁgazn'zlelmgaﬁamm
33 T 288 858 88 8 3 3
A (H-H)

2 CdisRIERREEREERTERSD
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Fig. 2 Variation characteristics of water soluble Cd
concentration in rainfall runoff events with different

remediation strategies of Cd contaminated soil
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