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Effects of irrigation using antecedent reclaimed water and livestock wastewater on the cadmium adsorption
capacity of soils

LI Bao—gui'?, LIU Yuan'’, TAO Zhen'?, ZHAO Zhi—juan'”?, FAN Tao"’, LI Zhong—yang"*"

(1.Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2.Graduate University of
Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3.Key Laboratory of High Efficient and Safe Utilization of Agriculture
Water Resources, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract: In order to reveal the effects on Cadmium (Cd) adsorption by soils antecedently irrigated with unconventional water sources and
the influencing factors, fluvo—aquic and red soils were used, and deionized—water irrigation was set as the control (CK). Cd adsorption
kinetics, isothermal adsorption, and Cd form desorption experiments were conducted. Compared with CK, reclaimed water irrigation
significantly reduced Cd adsorption by these two soils; livestock wastewater irrigation significantly reduced Cd adsorption of both soils at
lower Cd concentrations (5 mg- L™ and 10 mg+L™) but increased Cd adsorption at higher Cd concentrations (25 mg- L™ and 50 mg-L™").
The Freundlich model fitted Cd adsorption of all soils well, and the fitting results indicated that the Cd adsorption capacity of soils irrigated
with livestock wastewater was stronger, whereas the opposite was true for reclaimed water. Cd adsorbed by these two soils mainly existed in

the complexed form. Livestock wastewater and reclaimed water irrigation could affect soil pH, clay, salt and Cu contents. Consequently, the
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complexed and exchangeable form, as well as the total Cd adsorbed by these two soils, were altered. In conclusion, the Cd adsorption

capacity of soils is reduced after reclaimed water irrigation, while the scenarios vary depending on initial Cd concentration after livestock

wastewater irrigation.

Keywords: antecedent irrigation; reclaimed water; livestock wastewater; soil; cadmium; adsorption
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Table 1 Chemical characteristics of reclaimed water and livestock wastewater used in this study
,—Ttl‘f—‘ E» v . 5 . ) R AT %‘»
KRR pe) oA B Mgt MeT ezt Cd b A B -
Water type H (pS-rm") Total N/ Total P/ (mg-L’l) (mg‘L’l) (mg-L’l) <;Lg'L71) (}Lg'Lil) (;Lg-L") Inorganic carbon/ Dissolved organic ~ Suspended solids/
’ / c (mg+L") (mg-L") (mg-L™") matter/(mg-L™") (mg-L")
Ak 746 1885 13 0.13 80.49  48.08 0.12 1.8 19.2 0.16 28 8 15
Reclaimed water
FHEK 928 4250 315 067 1252 3740 001 306 03 0.71 248 116 18
Livestock wastewater
F2 R TR AR ER
Table 2 Physical and chemical properties of soils used in this study
+ 4 WL PHES F=e & BB B Mechanical composition/% cd/
Soil type Organic matter/(g-kg™) Cation exchange capacity/(cmol-kg™)  0.05~2 mm  0.002~0.05 mm  <0.002 mm (mg-kg™)
#1+ Fluvo—aquic soil ~ 8.28 20.14 65.6 4.59 86.4 9.04 0.08
Z1 4% Red soil 5.84 56.84 52.5 4.19 89.3 6.52 0.53
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Ao ASHRTTALE RS I BR K IR LA SR B 25 PR — 3
FIRTHE T, FERRYE A BH i A P A 2K RN 5 5 /K IR
DLW 5 | R K A ALY 7 3 RS LRAEH
XS CARE IR . R FREs G, BT B
R o 43 FH LA BEAL A Joel e , Fx T bt 20 g
2R BT . Ki R 5 0 RE S e o 2 B T
FKUEBE + (FDS) \FRFE R KB BRI + (FLS) (P4 K
W £ (FRS) 25 B F/KHE R 213 (RDS) 3751 %
IKHEBEZ1 4 (RLS) I A /K HE IR 213 (RRS) o
1.2.2 Cd W {50 g 23k

L% B4 0.01 mol - L7 4 NaNOs, fiff I 1k 4%
4 Cd(NOs), - 4H,0 Bt il Cd ¥ 5 A 25 mg - L7 Cd %
W FREUEFE50.00 g T 500 mLBEMH A RE T
BT 0B LA B CAd¥% R 500 mL ([ H
121001718 J5 289 (25+ 1) C A Rk T ah it 4k o
FERE I FERS IR E T B MA R TIRS) IRk
IR 4 A 30 RS R Y SR A K 20, e i
KR b 2 47 LK LU R AN o FEEHE I IR 19 56
0.5.1.2.4.7.10.15.30 min.1.2.4.8.12.24 h f148 h
DN W5 pHL, I [ B FH P A2 25 2 5 W BT 5 A8 W
5mL. WEHSE G FH 0.45 pm JE R 08, Bl
T W W4y 6 B 1 (AAS) (AA-6300, SHIMADZU,
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Table 3 Physical and chemical properties of soils irrigated by different water sources

st i#] £ Fluvo—aquic soil #13 Red soil
Indexes ECRN FRFHIE K AR EEFK FRIEPEIK FRAK
Deionized water Livestock wastewater Reclaimed water ~ Deionized water Livestock wastewater Reclaimed water
pH 8.44+0.03¢ 8.89+0.02a 8.52+0.05b 6.54+0.13h 8.21+0.02a 6.19+0.01¢
A FR EC/ (S em™) 692+24b 1 430+54a 1 450+123a 142+2¢ 975+4h 1 250+6a
FH 5 F 3¢ 4t CEC/(emol k™) 32.8+0.6b 36.2+0.2a 25.6x1.1¢ 26.5+1.3a 28.2+0.8a 19.9+1.7h
ki Sand/% 7.6+0.6a 7.5+0.4a 8.2+0.5a 6.0+0.4b 6.1+0.4h 10.6=1.1a
Wk Silv% 82.6+0.4a 81.7+0.3b 81.6+0.4b 85.8+0.4a 85.2+0.5a 81.4x1.1b
Bki Clay/% 9.8+0.3¢ 10.7£0.1a 10.220.1b 8.30.1b 8.8+0.1a 8.00.1c¢
CaC0/% 4.8+0.1a 4.8+0.1a 4.5+0.4a 0.2+0.1a 0.1+0.0a 0.1+0.0a
2% Total N/(mg-g™) 0.5+0.0b 0.6+0.1a 0.6+0.0a 0.7+0.0a 0.8+0.0a 0.8+0.2a
4% Total P/(mg-g™) 0.4+0.1h 0.6+0.0a 0.6+0.1a 0.4+0.0a 0.30.1a 0.4+0.0a
WA Available P/(mg-kg™) 65.6%6.2b 81.8+1.8a 87.3+4.9a 16.122.8¢ 28.7+1.4b 34.3+1.2a
R Available K/(mg-kg™) 390+3b 910+7a 396+5h 79+1c 830+10a 107+2b
HHLTOM/(g-kg™") 17+1a 19+2a 20+1a 59+4a 60+2a 56+3a
Mn/(g-kg™) 0.92+0.01ab 0.930.01a 0.90+0.00b 0.1920.00a 0.19+0.00a 0.19+0.00a
Cu/(mg-kg™) 26.1+0.5ab 24.9+0.4h 26.5+0.9a 26.8+0.1b 28.4+0.5a 28.7+0.5a
Zn/(mg-kg™) 80=1a 8lxla 80+1a 114+3a 116+1a 114=4a
Cal(g-kg™") 8.12+1.12a 8.59+0.60a 8.74+0.69a 0.18+0.01a 0.18+0.01a 0.19+0.01a
Mg/(g-kg™) 11.3£0.3a 13.4+0.4a 13.121.0a 2.4+0.2a 2.4+0.2a 2.2+0.2a
Cd/(mg-kg™) 0.27+0.1a 0.21+0.1a 0.23+0.1a 0.70+0.1a 0.73+0.2a 0.67+0.1a

T« [ — e R — A7 AR TR R Ak R R A R 3 22 57 (P<0.05)

Note: Different letters in the same line of the same soil indicate significant differences at 0.05 level among treatments.
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Figure 1 Dynamic of pH in the reaction systems
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Figure 3 Cd concentration in equilibrium solution of fluvo—aquic soil and red soil irrigated with different water sources

% 4 Freundlich #1 Langmuir F 2 &S

Table 4 Fitting parameters of Freundlich and Langmuir models

R =il VT A R Freundlich Langmuir

Soil type Water source K/(L-kg™") n R P Suw/(mg-kg™)  Ki/(Lemg™) R’ p
Wt 2B FIK Deionized water 2318.95 0.78 0.991 <0.001 1302.80 4.39 0.996  0.001

Fluvo—aquic  gemy gk Livestock wastewater 3 410.19 0.93 0.965 0.002 — — — —
. FZE 7K Reclaimed water 1792.43 0.78 0.986  <0.001 1294.75 3.14 0.993  0.002
R F B TFIK Deionized water 504.37 0.80 0.970 0.001 6 484.43 0.09 0.961  0.015

Redsoil g gk Livestock wastewater 1 439.72 1.19 0.995  <0.001 — — — —
/7K Reclaimed water 340.18 0.68 0.998  <0.001 1037.12 0.52 0.986  0.005

T "R A A .

Note: “—” represents unsuccessful fitting.

dlich BRI FE KR T HbA0L 5V R f 18X Cd AW B 3k
L RPITE0.965 DL | (P<0.01) . F7FH % 7K HE 8+
2T 3 Ko {43 B He AR L (4 X BECBE 5 47.19% AN
185.4% , A5 7K JHE IR 0 - F0 21 338 Ko {43 53] Bb o B oo
1 22.7% F132.6% . Fr5H 15 K HE W 1 F121358 n {H 53
) EE X BESE AN T 19.2% 1 48.8% , A2 K HE RT3 n
B L X BRI/ 15.0%

Freundlich #5751 GE 0% 45 1 b $0L -G AS [a) A U5 RE 38k Js
X CA W A f . BRI, E— 254558 T Cd BT
ST R B KE Ko 8w 3R 105 e A 3BV T
Hh B ) 4 AR, BAIG R B Y P Bk 75 5 U BR AT T
HAE R AL, A K R FRAE /K b PR 138 Cd 4
fic Z2 BB Cd 0 b v B 1R AR AR B an 1l 4 i o P
KA B 0 A B Ko {28 38 5 06K X B s SR 2 R /K Ak
PR 4 Ko B AE Cd W) h vk B B AR IR T % BE 7E Cd
WIUR e B e i S B R 22 5. BRI AR Cd W
A, FRFH KA P21 358 Ko B35 10 35 8 T 6 IR AR K
ALFRETHE Y Ko (E K F X5 3], 9 Cd R A s i i

WEZES . SRR X RERITE AR 2K A P ) 4 2T
KB Bl Cd e BE RGN REAIR . /8 R B8 P 7K A #4143
+ Ko Bl Cd ¥ 55 338 im0 Sl B AR, (L 28 5 4 2 7K Atk
PRJE 2135 1 Ko BB Cd VR BRI 38 htadh . FR58 0%
IKHE R A P 213X Cd AT B89 W 8 7, JE L2
TE CAd e 2R 25 mg« L' 150 mg- L' BF o b4, Freun-
dlich 05 S EK N n WIER] T 53X — 8, BT DA AE A
IR 10~50 mg- L' 1Y Cd ¥ 7 [l B A5 ik 2 355
K Kb B 2T 358 (%) F5 W 5 5, BRIV A7 A X 3 o
11 Cd [E 53 Tl R BCEERS N, BT T 25 5
2.4 REIZKREREXS 1 3R B Cd LB 0

AN (] 7K 5 TR i ) L W BfE Cd T 285 43 A G 81 5 B
INo SXTHEAA L, Cd W) IR e B AR N, P AR K AL B R
FRRR T LK EE CdEFE; CAdPIREE R S me-
L, S5 58 5 7K R AE 7K A B8 I 25 1 1 58
HZs VIIES AL Cd & i B Cd WA E M 10
mg - L7 2 A TR AR Cd i . FRAH R K T TR
Ab PR ITTE S IR A S Cd & B AE CA N 10 mg -
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Figure 4 Solid-liquid distribution coefficient of fluvo—aquic soil and red soil irrigated with different water sources
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L IEAR ek BECA B AT, 48 25 Cd S A T T
X FR B Cd Ve B AR A, P-4 7K R 2 3 2ot a2 )
2G2S Cd 5 1 T AR X Cd W B R, SR
TR K RER XS Cdl MR B A et PRI 32 28 - 2% 5 A5 Ak

Cd ¥R R 25 mg- LB, AN [R AR B A BB A Cd %
FAARAT AR5 10 mg- L7280, AR R4 45 Cd
AR b L AU FE T Cd W BB R A AR i R R
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TR SN A L, FRAE R KRN A 2K R 4 3 AR
T LA AS Cd % i, H AR I K A BT A s
Cd & AR IR R . Cd MR J3E AR T, 79 ol 7 58 34
TR 1) - 32 B S ATIE S Cd 75 /D ARG 1 - 30t
CAW M. CAYEIE 10 mg- LI, A2 S FIER A2
I FET Cd R R R, Cd MR B R
PR T B R K T Ik /D 2T 3 AT W A Cd i H b
TNT LT A A TR AYAS Cd 5 i, NI B4 o 1™ 21 43¢
XF CAWE B o FRAE K BEIRAE CA vk A m i, i T 2 22
W T LR A Cd 5 2 AT R AR T 2038 X) Cd 1Y
W B
2.5 TEWM CARESHEE

AN T] 7K 5 T 0+ AN 2T HE A% TR A4S Cd 7 Cd W B
SR an 7 R o B A AR BT R AP 3
KAAA Cd i Hedem o W1 2SS Cd 7 H Rl Cd e B
B SEREAR SN . CAMREE N 5 mg- LB, P A2 K
T 9380 A4S Cd o G R BR, R 8 A K HE IR 1Y
] AP Cd f FEAR T X R Bl Cd ¢ B 38 i, 75
J 7K R P AR K R 45 A S Cd o E S8 R x R

ik ZI8EACH s Cd i LBl Cd v B2 38 i B ik I 52 3%
Y 0 A, R B K R AR K Y 21 RS A A
Cd 5 He 348 AR B

AR K Y5 HE R A 25 528 Cd i LR 2 3 v 7 A
R, IFAE Cd P K 25 mg - L7 e A Ak 3 0 )+ 2%
A Cd 5 AR o T AR K E I b B A 2 A A
Cd (5 HE I 0 BE, 558 202 /K O Tk A BB 1 3 = 2%
A Cd i HEBRAE Cd 1P S5 I A e e BHAIG T 0 AR,
b Cd e B Bt 24 v T X6 R R TR K R R LT B2 A
Cd 5 HeFifi Cd v BE 3G I A 522 9 — 2 BRI 3 Cd ik
PR R I, SR R K MR LT 3 45 A4S Cd o FE BT R
FIFEAE 7K V% B & T 5 CA MR 2R 5 mg» L7 AT 50 mg -
L, A K R AL B 21 R 2% A 25 Cd 5 HE IR B
FXHHE

AN TR 7K 5 T Tk A 3 ) 3 A O UE A Cd o E S AR
“VaH, HIRE Cd ke BEXE nSeTtm E BRI . FRA K
VR - DTVE A Cd 7 H 34 R % IR, SR I K TR
W UTHES Cd 5 O AE Cd ¥ BE N 5 mg - L7 1 50 mg -
L7 Ao g 0 BE, A B AR TE B 22 5 . ANTRDK
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Figure 7 Proportion of exchangeable, complexed, precipitated and residual Cd forms in fluvo—aquic soil and red soil
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HEXT Cd W B o 758 P 7K I Ak P A 3 - £ 3 X
Cd W [ 58 7 3% fin vl BB A& 448 pH = 5 B - e 1
70 HEL A 385 0 9T B0, X — 20 R B AR Cd TR B 5K v
Ko 5 138 pH J CEC W IEAHCPE T . Cd W+
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W 56 7 X B A - SRR T B DA PR W Y
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PE A 8 Kol 0 3 Tl bE 3. 38 pH RES
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- 38 KR, TR) Ash P A K TR Ak B ) - 37 s R
Cd & J3 v F X B, 2% B A K BE Ak K1l Cd & i
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XF Cd B W RE o ELRE Cd e B8 i, Ko {E 5 1 e
CEC FZRL S HEAE Cd VR B i S8 38 1E A 56, 3R 4
J5 7 THE TR RE A% 3 i+ AN ZTHE R CEC MBRL S &
BN A= 328 A2 Cd B HE T I T Cd 1) W T R
T35 10 P AR K R ARG T 4T 3 B B 1 5 e i AN AR
s, RS T LT Cd BB RE T

4 ZEig

(1) 5555 BEAH H , 30 A K T R 4 2 G T 3
LT IEXT Cd BB, FH) IR A R K B AE Cd e
B AR B I R AT T+ AN 2T Cd AW B, {HAE Cd ik

5 Freundlich #E S8F0 + B0 M FRAB RS

Table 5 Correlation analysis of Freundlich model parameters and soil physicochemical properties

g P o . —— —
Js_flé ?;pﬁs Parfn%ers ph BC CEC zﬁfﬁ *Sbjti iﬁjﬁ CaCO, A\ﬁ?ﬁjﬁ; K Cu
Wt K 0.811% 0235  0.793%  -0357 —0.937+%  0.861*%%  038] 0.870%% -0.797*
Fluvo-aquic soil n 0.838%* 0364 0679  -0260 -0.900%%  0.865%% 0210 0.858* ~0.816%*
AR K 0.944%% 0476 0800  -0.529 —0.886**  0.912%* 0328 0.9827% -0.808%*
Red soil n 0.876*%  0.334  0.935%%  -0.527  -0.812% 0.784% 0.303 0.931%% -0.746%*
T R R P<0.05 Fil P<0.01 835 /K. T,
Notes: * significant at P<0.05,** significant at P<0.01. The same below.
Fo KBS TR EREXES
Table 6 Correlation analysis of K4 parameters and soil physicochemical properties
b AL
HeE Cﬁi f}{i Lo EC CEC Z’L f \(/1 )fgﬁ[ f’ﬁf‘y’ CaCo, Aﬁiﬁﬁ N Organit Cu Mg
Soil types (mg 1) malter
Wt 5 -0.589  —0.888** 0.182 -0.369 0259 -0472 0360  -0468  -0357 0278 -0.840%
Fluvo-aquic 10 -0.317 -0.830% 0529 -0.523 -0.028 -0.176  0.599 -0.178  -0414  0.127 -0.757
ol 25 0.304 -0.536  0.938*%F -0.736* -0.643 0423 0517 0.440 -0.454 -0.573 -0.392
50 0.677 -0.208  0.983*%F -0.664 -0.942%% 0.803*  0.451 0.767%  -0.453 -0.821%* 0.001
4143 Red soil 5 -0.525 -0.528  0.031 -0.043 0.115 -0409 0.830  -0.558 0319 -0.034 -0.492
10 0.640 -0336 0786 -0.788* 0.762* 0.728  0.669 0.580 0.786* -0.124 0.260
25 0.970%%* 0.009  0.746* -0.665 0.587 0.950%* 0.150  0.939%*  0.660 -0.291 0.271

50 0.991%#%* 0.074 0.734*%  -0.640  0.556 0.963** -0.001 0.968%** 0.551  -0.218 0.406
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