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Emergy benefit analysis of Cd polluted rice plantation system by using stabilizing amend-
ments. LAl Xing', YUAN Lin', HUANG Yin-chun®, LI Yan', LUO Wei', ZHANG Xiao-
hong', WU Jun'" ('Collage of Environmental Science, Sichuan Agricultural University, Chengdu
611130, China; *Nanchong Environmental Engineering Evaluation Center, Nanchong 637000,
Sichuan, China).

Abstract; In this study, emergy theory and method was used to examine soil heavy metal pollu-
tion remediation. We integrated the disability-adjusted life method and evaluated the superior sta-
bilizing amendment technology from the perspective of emergy value, to provide a basis for the
optimization of soil heavy metal pollution remediation. A rice plantation field experiment was car-
ried out on a lightly Cd-polluted farmland. The conventional plantation ( CK) was set as the con-
trol, and lime (LI), sepiolite (SP), lime + sepiolite (LS) , straw biochar (SC) , organic ferti-
lizer (OF) stabilizing amendments were set up, to analyze the emergy input and output, emergy
loss rate and emergy sustainable development index of each system. Across the six treatments, the
values of renewable organic emergy, total auxiliary emergy and total emergy input followed the
trends; LS<CK<OF<LI<SP<SC. The fertilizer emergy value was mainly attributed to compound
fertilizer. The non-renewable resources were mainly attributed to soil phosphorus. The tendency of
emergy output was presented as CK<SC<LI<SP<LS<OF. Compared with CK, stabilizing amend-
ment increased emergy self-sufficiency rate, reduced emergy loss proportion, enhanced emergy
input-output ratio, and decreased the damage to human health. On the whole, lime +sepiolite
(LS) stabilizing amendment treatment was the best technology of pollution passivation and reme-
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diation with the best emergy value. To prevent the imbalance of soil nutrients caused by the appli-

cation of passivation materials, it is necessary to properly apply potassium fertilizer, phosphate

fertilizer and organic fertilizer. Meanwhile, we should pay more attention to the improvement of

mechanical modernization, adhere to the production principle of “reduction, resource, and harm-

lessness” ,

reduce emergy input, and further increase the emergy input rate, reduce system envi-

ronmental loading rate, and enhance the ability of sustainable development.

Key words: soil; cadmium pollution; passivation; rice; emergy analysis.
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Table 1 Emergy input and output analysis of each amendment treatment of rice planting system

WH SRR iz e SE KIHAE(H (sef)

K 1l sp I8 SC oF (s (K I p N s OF
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sej+ $71)
MR
AIéagtaE()) 1L18E+09 100 AEX 1.18E+09
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AR 1.34E+06 L27E+04  Odum, 199 1.70E+10
FKALERE() 1.27E+06 229E+04  Odum, 1996 291E+10
AT R A
THEAHR () 0 1332 60168 93647 0 0 TUEHM RS 2002 0 LOSE+08  478E+07  7.44E+07 0 0
AE(g) 0 0 0 0 0 0 4.49E+09  Campbell et al.,2014 0 0 0 0 0 0
BE(g) 0 0.3 0.3 0.16 1.02 0 239E+10  Campbell et al., 2014 0 S50E+00  T.65E+09 3.82E+09  2.44E+10 0
WE () 0 218 043 216 0 141 1L40E+09  BERRS52 2002 0 3.05E+09  6.02E+408  3.02E+09 0 1.97E+09
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B (kg) 0 0.15 0 0.15 0 0 L6IE+09  Zhang ef al., 2009 0 240E+08 0 2408408 0 0
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Lou et al.,2013
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Table 2 Analysis of the emergy value structure of each amendment treatment of rice planting system ( sej)

T H ik RIS

CK LI SP LS sC OF

REMHIZA  PIEER AR R UR EmR 1.37E+11 1.37E+11 1.37E+11 1.37E+11 1.37E+11 1.37E+11
NI [E73 A A EmN 0 8.65E+09  8.30E+09  6.92E+09  2.44E+10 1.97E+09
BRI B A EmRI=EmR+EmN 1.37E+11 1.46E+11 1.46E+11 1.44E+11 1.62E+11 1.39E+11
JIEAL B EmF 2.47E+11 2.34E+11 2.50E+11 2.45E+11 2.34E+11 2.50E+11
AR TALAHBIGE  Eml 2.53E+11 2.40E+11 2.59E+11 2.55E+11 2.40E+11 2.56E+11
A A LEE EmO 3.61E+12  3.82E+12  4.04E+12  3.50E+12  4.06E+12  3.65E+12
SN B REERE A EmU=EmI+EmO 3.86E+12  4.06E+12  4.30E+12  3.76E+12  431E+12  3.91E+12
RABEAEA EmT=EmRI+EmU 4.00E+12  420E+12  4.44E+12  3.90E+12  4.46E+12  4.05E+12

M= KFERERL EmY1 1.I2E+08  1.19E+08 1.20E+08 1.22E+08  1.17E+08  1.32E+08
IKAEREFF EmY2 4.74E+07  5.04E+07  5.06E+07  5.14E+07  4.93E+07  5.57E+07
JREME EmY=EmY1+EmY2 1.59E+08  1.69E+08  1.71E+08  1.73E+08  1.66E+08  1.88E+08
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Table 3 Evaluation system of emergy value indicators for each amendment treatment of rice planting system

REHIRFR X ik CK LI  SP LS SC OF

] R B IR/ B R (A A (x ATEDEIMREE SR G SRR ER A EmO/EmT 9.02 9.08 9.09 898 9.10 9.02

107"

ANETE G Tl A B A/ S REE A A AT R TS Bh AR 5 S REEE A Eml/EmT 6.33 571 5.84 652 538 6.32

(x107%) H A

AR RE (L S BEEAR A (x1072) NEAHREAE o B REE A A LU AH EmF/EmT 6.19 558 5.64 629 526 6.18

HERHRE B, Tk A BhRE (x107") RERHRE(E 5 Tl S B AE HL (8 EmF/EmI 977 9.76 9.66 9.64 9.77 9.79

ANFTHEH Tl 4 Bl BB REBEA R gy Tolk 8 Bh a8 5 M B BER  EmI/EmU 6.56 592 6.04 6.77 559 6.55

(x1072) ALE

REMHIEAZE(x10) SR 2 G0 6] PR BT BER 0 ) R AR B EmU/EmRI 2.81 278 295 261 266 281

(Emergy input rate, EIR)

fEf A% (x1072) R RGP IR PR AE (A BB EmRI/EmT 3.43 347 328 3770 3.63 3.44

(Emergy self-sufficiency rate , ESR) B0 L) K A B S HrRE

REfE™ 1T % W ZR G R A YRR = K, 2R AE EmT/EmU 1.04 1.04 1.03 1.04 1.04 1.04

(Emergy yield ratio, EYR) A RIS S ) A AR

eI F(x107") W5 P Pxt REABE IETERR W F/EmY 9.92 8.09 838 3.85 842 8.68

(Emergy loss proportion, ELP)
PR (% 10)

( Environmental loading rate, ELR) 7N
R I HR8 R AR R (x1072)
( Emergy sustainable index, ESI)
R =8t (x107%)

( Emergy input-output ratio, EioR )

WSS AR
B B GERY RE(RLA: 77 R

W R GERT AR AR ERIR A 2K B R
PRBLZR GERY R S0 3 AL 74 0, F

(EmN+EmI+EmO+ 281 296 3.14 274 3.15 285
F)/EmR
EYR/ELR 3.68 3.50 3.30 3.79 3.30 3.63

EmY/EmT 3.98 4.03 3.84 444 373 4.64

R4 BHULEKBHERFGE PN Cd SEXT ANERER
BEEIRE

Table 4 Damage to human health emergy value of grain
Cd content in each amendment treatment of rice planting
system

WwE KRR WfriB DALYe,  ATREL
Cd & TR FEAFRLH (person * FAEENES Feq
(mg-kg') CdAlt(ke) kgl (sef)
CK 0.35 2.93E-04 8.35E-06 1.58E+08
LI 0.29 2.54E-04 8.35E-06 1.37E+08
SP 0.30 2.66E-04 8.35E-06 1.43E+08
LS 0.14 1.24E-04 8.35E-06 0.67E+07
SC 0.30 2.60E-04 8.35E-06 1.40E+08
OF 0.31 3.04E-04 8.35E-06 1.63E+08

RELREEB AN L EGE T LS, 5 OF MlH, 5
LI.SP.SC &G HZEARE] 1%, CK.LI.LS.SC &5
PIRTFT BB T A BhAE(E 5 R M ARRIEZ L
RIEREIE S RG B AREEZ LR R — 30, 1
i LS>CK>0F>SP>LI>SC,, fLAEREMH i R4t Tolk 4l
IIREE L F AR LRl OF>CK =SC>LI>SP>LS,
H 3% 3 AL BR SP REME R AFE L CK & 4.98%
A, LI1S . SC #J kb CK MK, OF 5 HANSE , K/NRIL N
SP>CK=0F>LI>SC>LS, AE{H HAF RN LS>SC>
LI>OF>CK>SP, 5 Mlifb A B 2R 45 (8] 1 R (A ™= R
ZSAU R, Hrp SP &K, M LS LI, OF . SC ¥ 5
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CK FHAF, 7ERBIEIR R CK &M, 5 A4k
PR AL 1.14~2.58 15, RN CK>O0F>SC>SP>
LISLS, 87 LS [k CK K, £H N SC>SP>
LI>OF>CK>LS, BB Al #FLk Kk RIRER LS & T
CK L 4h, LI, SP SC. OF 43 %) It CK 1 1.36% ~
10.33% , &K LS>CK>0F>LI>SP>SC, 4 R4 1Y
REME =X L RPN OF>LS>LI>CK>SP>SC,

3 1 it

3.1 UR[A]EE b A X6 K R Pl RS 2R 45 RE (AL 3 A1
AU

AN B T R BT B R Y B AEL 1A 5 R R, it
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FERIN . (1) INEPEH S ABEA R, T A
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U4 (2) it F B A0 A4 Rt 25 B 0 ok A% 4 4
AR, a0 R e 3 pH (E, AU Sl -3 b 4
(NH,) K48k i) BERE IR EG o 1IBMAEY) 45
g S 22 FhE SR W R 15 M A RS ((Lorenz et
al.,2006; £ 55, 2006 5 #5545, 2018 ), B BB
S hniT s g IR A Je A, PR FE AR FH B R R
X 4w G Y R TR E R B RIS Ykl AT
B X b b 78 HLAE WAL AR AE
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AT GEET Tkl Bl BB A o] BT A HLAE , 4 ] R A A=
PRt AR TR AR T A B e A, AR AR
B FF R AR 6 = DAIA B 67 BT A R A B S
JE | WERARYE £ RGEMK R A RARDL, LIS A 1Y
J5 AT Rt AT B os B B iR, AN G T R
IRTE P T 4TS .
3.2 UR[A]EE Ak A #1X6E AK R Pl R R 45 RE AL 7= Hh
AU

AHIGE 45 RS8R R AEL ™ H TR) A, LS 45
Tt FHAS [R] i Ak b1 Ak X /K R 7™ B I S ], 445 SR
B Jiti PGP A B T 0T 25 22 6 1 KRS 7 o AR ) o
ARSEVER KT REBEE ™, X & T
MRS A KR T A THE RO R, Bs 7 HA
5, HWE 398 pH (T, 383k 1w 7 25 135
R A e T AN o N TE S = N1}
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