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in paddy soils derived from six parent materials in Hunan
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Abstract: The adsorption and desorption characteristics and influencing factors of cadmium and arsenic were investigated in
paddy soils derived from six typical parent materials from Hunan, using single element equilibrium method. The studied six
materials were eel clayey soil, red clayey soil, alluvial sandy soil, granitic sandy soil, sour purple sandy soil and grey clayey
soil. The results showed that the isothermal adsorption curves of cadmium and arsenic in paddy soil were nonlinear. The
relationship between the concentration of cadmium or arsenic in the solution and the adsorption amount of cadmium or
arsenic in the soil was significantly fitted by Langmuir, Freundlich and Temkin models, and the determination coefficient(R?)
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was 0.842-0.994. Among them, the fitting of Langmuir equation(R? mean value 0.964) was better, but the optimal equations
of different elements in different paddy soils were different. The cadmium in the grey clayey soil and the arsenic in the sour
purple sandy soil were better fitted by the Temkin equation. The arsenic in the eel clayey soil, red clayey soil and alluvial
sandy soil were better fitted by the Freundlich equation. The adsorption capacity of cadmium in soil was greater than that of
arsenic. The Langmuir fitting equation showed that the maximum adsorption capacity(Xm) of cadmium in different paddy
soils was the highest in the grey clayey so0il(1379.9 mg/kg) and the lowest in the sour purple sandy soil(527.8 mg/kg); and
that of the arsenic in red clayey so0il(587.4 mg/kg) was the largest and that in grey clayey s0il(266.6 mg/kg) was the smallest.
The desorption amounts of cadmium and arsenic in soil increased with the increase of the adsorption amounts of cadmium
and arsenic. The desorption rates of cadmium and arsenic were 23.2%-93.8% and 0.5%-44.2%, respectively. The cadmium
desorption rate of sour purple sandy soil was the highest(mean 83.9%), while that of grey clayey soil was lowest(mean
43.7%); and the arsenic desorption rate of sour purple sandy soil was the highest(mean 20.3%), while that of red clayey soil
was lowest(mean 7.2%). Correlation analysis showed that soil pH value and free ferric oxide content were the main factors
affecting the maximum adsorption capacities and average desorption rates of cadmium and arsenic, respectively. Among the
six parent paddy soils, the partition coefficients(Kd) and retention factors(Ko) of Cd were the highest in the grey clayey
s0il(5.86-11 557.25, 0.08-387.37 L/kg), and the lowest in the sour purple sandy soil(1.89-2765.17, 0.02-47.31 L/kg). The Kq
and Ko of arsenic in red clayey soil (6.17-406.29, 0.31-770.85 L/kg) were the highest, and the lowest in sour purple sandy
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s0il(2.34-22.51, 0.05-3.50 L/Kg).

Keywords: paddy soils; parent materials; cadmium; arsenic; adsorption; desorption; Hunan
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Table 1 The basic information of tested soils

KAEL BEJFHHY SR A5 LU
B8 H BRI W) KW BB T8 ES =R 112B75'E. 28°369'N
AR/ AU AN R TR Kb BBREFIURR KA 113268'E. 28°368'N
JRAD e H 1ERE KAL) KD B IR R 2 1R 5K 112796'E . 28°384'N
TS SP/TRUL ALY Kb Bt iR g At X 22 My sk 2 113B40°E. 28°475'N
FRERPUR L TUE KA T T A IS S 1139434'E, 27°530N
YR AR ) LN AT 8= RES R TP Y 110384'E ., 28°346'N

AT LA FRRI 2023 4 3 A A4 B9 RE48 5 = U A S AT LI R R G a4 R T A 4, SRR TR JR I 2351 S5 )

B 5 IR A S A RGP A S R FH ISR
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Table 2 The basic physical and chemical properties of tested soils

KEE+ FHUF PHRS5 1 [HETASHER 4 Fel UFES FeOof WORI KSR Fki/ ) Zx
(gkg?h) KR) (cmolkg™) (gkg") (gkg") (9kg") (gkg") (gkg") (mgkg™') (mgkg™)

i e 40.77 5.44 8.62 45.15 30.36 434 337 229 0.253 23.48
2L H 21.21 5.21 8.82 38.92 27.58 573 224 203 0.140 12.29
JFRAE 38.50 551 10.00 32.26 12.55 550 301 149 0.394 7.46
T8 4152 5.33 13.44 42.03 21.53 118 612 270 0.520 19.07
R L0 42.07 497 7.25 33.90 16.38 594 236 170 0.380 11.48
R 39.12 6.63 15.58 35.49 16.05 79 619 302 0.420 6.81
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I 2 S5k, PIE R ASEILE 3. K
i SPSS 24.0 BEATHRAML LG T5 R Hh B S Bl - 44
W 2355508 107 - g AR PR DR 22 ] PR AR G A3



234 1A R 5274l (A SR B2 )

http://xb.hunau.edu.cn 20234 4 H

#*3  HIREAEITT RN T E SRR
Table 3 Adsorption desorption equilibrium models of cadmium

and arsenic in soil
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Fig.1 Isothermal adsorption curves of cadmium and arsenic in paddy soils derived from six parent materials
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Table 4 The measured maximum adsorption capacity, isothermal adsorption equation and fitting results of cadmium and arsenic in

paddy soils derived from six parent materials

SRR Langmuir 75255 Freundlich J7 &%k Temkin Jr B2 %L
TR R eI E Xo K XK/ R? K 1/n R? a b R?
(mgkg™) (mgkg!) ™" (mgkg') F
W EJeH 1188.2 11452 0.09  103.11 0984 2410 -031 0.976° 1020 437.96 0.848"
EAR | 6115 600.8 0.11 68.99  0.990 1369 -0.29 0.953" 60.0 22169 0.867"
JFRAD e H 1058.3 1081.1  0.07 7824 0986° 2129 -031 0964 97.6 38363 0.843"
TTRBIE H 904.1 9623 0.06 6223 0993 1790 -0.32 0.950" 913 31075 0.842"
fi e wb e i 517.4 527.8  0.09 46.13 0988 1143 -0.29 0.958" 51.0 18952 0.867"
YR 1359.6 13799 012 16876 0957° 4350 -023 0.969° 1201 663.12 0978
i g 475.3 506.9 0.07 36.84  0.926" 885 -0.37 0.994° 708 9351 0.900°
EAR 4| 574.3 587.4 0.8  107.85 0936 1661 -0.29 0.974 81.8 186.42 0.955"
R 280.4 3053 0.12 3556  0.946" 774 029 0932 484  59.64 0.946"
b Ue H 463.1 4946 0.09 4537 0914 944 -036 0.939 79.3 7431 0.902
i 251.0 2765 0.08 2229 0962 484 -037 0924 559  -3.83 0.982"
YR 2522 266.6 0.16 4204 0.981" 730 -0.28 0.864° 50.3 3450 0.961"

“RTE 0.05 K- MK,

TeH . BREMEH | KUEHXTRIY Xm MRS/,

2138 TR Xon S UG FH ) 2.2 £ o [R) b KRG £ X6t
R Xm YWRTOIE), 55 EREE, &E76H
ALY HARAY Langmuir #1562 Xm BN,
HAKAE L B3R, o LU H B R 22 S de
K, BREWTEH BN 6 KRS LR Xo (H3Y
KPS, WEH2 13.1~31.6 mg/kg, Hrfld
EEJRH AP E 2250k, IR RN, Xn 5 KL
B T R ] FH A BH 4 3980 T 42 R B T i B KR i
#(MBC), % 4 E/n, KR4 MBC N
46.13~168.76 mg/kg, JKieH , SEJEH | JFRADIEH |
ZIYeH . TRNEH | RSN H A EE MBC AR
/s Fi) MBC &y 22.29~107.85 mg/kg, £IJ8H . i
RPURH ., KU | BEJRH . BREVURH . BRERDR H
B MBC AKUKIE/N. ATIL, SR LKA 4R
MBC {l /NS A+ HERR M i K/ N L —
2, 1R 2 SRR ALY BRI
—5, HAtKAE - A—E . 7 Freundlich 7 FEH
Kr RECA] RoR W i Re o rysmss, n dun]4F Sk L 4ext

4 BRI bR, n (IR, HIEXTERES )R
W VR 0/ e o FER TRIBRE KRS 8 . Al
KefH 5 UnfHA5H, Un{ES Ke (B FER S IEAR
KRR, WHICE, LZLRHM) Un{EHH-0.29, &EJR
H4-0.31, TifEe HAY Ke EHIKTL0RHE, 3£
R HLAB R /NI EAS B 8 A AR 38 X e 1 MR
e
2.3 K FE L RYIR LM B xd E AR A AR M 4 1
ZppA

M 5 ATLEH, FE Xn Fl MBC {H5 11
pH. BHE T . Bk AR & 45 G,
M-SR A B AR B B oG, (LS £+
HE pH {H 52 B Sk BB e, FIH 1 pH (H
TR XA X A1 MBC A9 EZ N5 Ay
Xm Fl MBC B 5 1 85807 29 A b Bk Fn 2k 5 1 52 TEAH
X%, 5 pH {E. AHUSTAIEHR SRR A, Hp
X TEA 500 25 AR AL 5 52 i 5 IEAH G, MBC {HL
5 AR G B E T K e

5 HiX HBEMMEAXFIMBCES HEBHERMEXRE

Table5 Correlation coefficient between the Xm and MBC values of cadmium and arsenic in tested soil and the soil physicochemical properties

oz S R AREL

APBTERE pH  BHRFAciuE AEGE Ak DREE mREE Fildi

] Xm 0.403 0.840" 0.710 0.125 -0.151 —-0.670 0.680 0.575
MBC 0.106 0.964™  0.680 0.011 -0.079 —0.605 0.565 0.668
fie Xm —0.575 -0.406  -0.210 0.778 0.880" 0.088 —-0.149 0.109
MBC -0.966™ -0.109  -0.058 0.208 0.509 0.164 -0.228 0.049

ks SpRIZRTE 0.05 /K B EA . 7R 0.01 K EAR R EAR
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Fig.2 Desorption of cadmium and arsenic in paddy soils derived from six parent materials
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Table 6 Cadmium desorption rates of paddy soils derived from six parent materials under different cadmium treatments

. IR 1%
KA+

0.1 mg/L 0.3 mg/L 1.0 mg/L 4.0 mg/L 8.0 mg/L 16.0 mg/L 50.0 mg/L 100.0 mg/L 120.0 mg/L 150.0 mg/L 300.0 mg/L. +4{%
i e HH 32.0 35.6 32.7 44.9 50.3 66.3 53.7 67.2 74.7 73.8 66.5 54.3
Z1YeH 73.7 77.0 61.0 66.5 61.9 65.7 67.5 61.0 64.2 65.9 68.9 66.7
JRES YR H 40.1 46.5 334 48.1 63.6 63.9 68.9 75.9 79.6 72.6 71.4 60.4
ITRE e H 64.5 52.0 46.6 53.8 48.3 66.9 70.4 60.7 62.6 75.3 75.6 61.5
FREMMJEH 823 77.3 58.5 76.1 93.8 91.6 92.7 91.8 88.2 85.6 85.4 83.9
U H 26.4 37.1 29.8 23.2 25.5 33.2 54.4 60.2 60.3 61.5 69.1 43.7
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Table 7 Arsenic desorption rates of six paddy soils derived from six parent materials under different arsenic treatments
= TR 1%
KAE L

20mg/L  50mg/L 10.0mg/L 15.0mg/L 20.0 mg/L 30.0mg/L 50.0mg/L 80.0 mg/L 100.0 mg/L 120.0 mg/L  #4{H
i )¢ H 1.8 2.2 34 4.4 6.2 8.3 15.0 17.8 15.1 145 8.9
EARAE 05 0.9 1.8 2.0 2.6 4.1 75 134 19.7 19.8 7.2
JRSE H 1.8 1.8 5.2 71 85 10.6 13.3 375 36.8 37.6 16.0
e H 0.7 1.2 1.9 2.7 3.7 5.0 9.9 14.6 214 23.7 8.5
1% £ 10U 12.6 5.9 6.4 7.8 104 14.9 24.6 324 44.0 44.2 20.3
YRIA 6.9 35 5.3 5.8 7.3 10.9 17.7 29.7 331 35.6 15.6

ANIGSER S APALBET, R . R AR
R AR AN E B (R 8) s , IR |
KSR R ) pH (A A R o i
BFEGAS, SRNAIE L5 | B R b
SN 2, AR IE A B . 3222 Bl
PraR B, R Pl KORS L 5 - 247 i 3 B it PR AT

66.1% KR T+ pH {H, H7fE R Y=170.83-
19.78XpH, R2=0.661, P<0.05; Ml fbiks ik
E T MR R 57T 7% AR, HoOr RN
Y=25.40-0.61X weums, R2=0.577, P<0.05, A, 1
¢ pH (BRI B3 AU AR i s e 4964 | i
SRR A B IR

&8 X HIRBAA RN ES TR UM RNEX R
Table 8 Correlation coefficient between average desorption rates of cadmium and arsenic and soil physicochemical properties
S VEPE e
AL AL pH FHES ot efkah WERABE R BbaEh HyRL e i Bk
) UES -0.066 -0.854" -0.735 -0.262 -0.082 0.674 ~0.652 -0.677
Tl 4 0.491 0.119 -0.090 -0.809 -0.814" 0.185 -0.129 -0.341

R URTE 0.05 K B E MK
25 EFEAUILH SRR RIS R
&R

H2 9. £ 10 Al E ), ALK R 1 X4 A Y
Ka 1 Ko A bR fI T v B 4 (<1.0 mg/L) L fifi(<10

mg/L)ib AR, RN, W7E 1.0 mg/L
A AL B , PR RS LR Ko F Ko ¥k K,
BB B S A A | BSOS, Ko B Ko
(HIZHRN, B LIERIR 22 St /N . BAORE

R9 6MBFK FHKFEL PRSI ARFREETF

Table 9 Adsorption partitioning coefficient and retention factor of cadmium in paddy soils derived from six parent materials L/kg
KFE K“
0.1mg/L 03mg/L 10mg/L 40mg/L 8.0mg/L 16.0 mg/L 50.0 mg/L 100.0mg/L 120.0 mg/L 150.0 mg/L 300.0 mg/L
i ¢ 714.90 593.93 6293.85 298.78 20148  112.66 40.52 15.77 12.65 10.77 4.94
FARAzE 239.22 144.62 3580.19 93.66 58.73 46.50 16.02 6.86 5.39 4.99 2.27
R AL 377.68 317.63 5319.87 289.28 119.33 85.08 30.32 14.23 10.98 10.30 428
ke H 260.57 215.67 1684.88 125.22 97.63 47.27 24.87 11.87 9.64 8.52 3.55
IR ERPIEH 155.76 269.93 2765.17 87.83 47.55 29.27 11.58 5.28 5.19 4,01 1.89
TR UEH 904.10 797.04 11557.25 8335.00 7025.21 3517.07 73.58 25.16 20.38 14.76 5.86
KFE o
0.lmg/L 03mg/L 10mg/L 4.0mg/L 80mg/L 16.0mg/L 50.0 mg/L 100.0mg/L 120.0 mg/L 150.0 mg/L 300.0 mg/L
i )¢ H 22.35 16.67 192.75 6.66 4.00 1.70 0.75 0.23 0.17 0.15 0.07
21 H 3.24 1.88 58.67 141 0.95 0.71 0.24 0.11 0.08 0.08 0.03
JRTSE H 9.41 6.82 159.48 6.01 1.88 1.33 0.44 0.19 0.14 0.14 0.06
ke H 4.04 4.15 36.17 2.33 2.02 0.71 0.35 0.20 0.15 0.11 0.05
TR S0 e H 1.89 3.49 47.31 1.15 0.51 0.32 0.12 0.06 0.06 0.05 0.02
YRIEA:E 34.27 21.47 387.37 359.29 275.51 105.83 1.35 0.42 0.34 0.24 0.08
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Table 10 Adsorption partitioning coefficient and retention factor of arsenic in paddy soils derived from six parent materials L/kg
K “
20mg/L 50mg/L  10.0mg/L 15.0mg/L 20.0mg/L 30.0mg/L 50.0mg/L 80.0 mg/L 100.0 mg/L 120.0 mg/L
i )¢ H 188.32 104.26 56.58 26.28 21.52 14.12 9.35 6.49 5.94 4.94
EARAE 406.29 359.89 160.26 76.40 46.08 28.12 16.34 11.20 7.81 6.17
R AL 63.55 84.56 21.17 17.79 14.37 9.85 7.35 4.09 3.26 2.61
Tbe H 117.46 31.84 78.63 36.96 23.89 13.33 10.03 8.15 5.70 4.60
Ik LRI 6.49 16.46 2251 13.96 10.94 7.05 4.90 3.53 2.87 2.34
BeH 17.22 29.92 26.53 19.58 17.09 9.04 5.94 3.59 2.89 2.34
KL o
20mg/L  50mg/L 10.0mg/L 15.0mg/L 20.0mg/L 30.0mg/L 50.0mg/L 80.0mg/L 100.0 mg/L 120.0 mg/L
i 3¢ H 103.43 48.44 16.82 5.95 3.47 171 0.62 0.37 0.39 0.34
EARIA 770.85 417.35 91.27 37.49 17.72 6.92 2.17 0.84 0.40 0.31
JERICYE 35.79 47.88 4.06 2.50 1.69 0.93 0.55 0.11 0.09 0.07
b H 172.23 26.02 42.49 13.77 6.46 2.69 1.01 0.56 0.27 0.19
R #mb e 0.51 2.81 350 1.79 1.05 0.47 0.20 0.11 0.07 0.05
YR 251 8.60 5.04 3.38 2.33 0.83 0.34 0.12 0.09 0.07

PJeH  SEJEH . RREPURH . WIRPURH . £LYeH |
R DY X R Ko A Ko MUK/ N Bl Kg F1
Ko LAZLYE H K, TR b iR/, Tnffbie
FfiE e FH A SR T I FRRRD e A

3 HFR5Tie

AW, 6 FIBEBTKAE LTS . Y SR
B 23y AR L, X SR BL01-201 i g 28 L
—, XAIRe S TR ATESBE . fINAE 2 A s
FRTETVENE P S L A E IS5 G . Cd2+ 45 FH
BT SEESEERE. REEALAM My 222, ik
BRIV N i B SRR, PR B v R AR
IR A IRREAL SR, BITE—& +4% pH {H
JLEIN, HIERTAFRLIM, kA aEkE pH H
B2 TSN, ST 5 A R B e TSRl 2 800 o AsO4®
DAL 27 S e TR LE A I oy 061020 ikt
BT BE T AsOL3 5 ER A SO A e kAL
SN, BT v B AR R AsOLS R RESE A FRIETTT
VEVER S8 W) SN A s B, -3 ik
FT R DA E LT 0y N B g me =LA TR T
VA VR R A 1 R - K e 1 R R G
Z JH Langmuir , Freundlich 71 Temkin 45 3 Fl )5 #248
HYIEREKT, HARRKLL Langmuir 7RERHL
G, X 5AEN . B IEEXR 5 Ak

Fit B KA A VTP A SRR T W AR
W gsie—3, i Langmuir J5 406 i R ff
5 S R R AR 22 5, X T B KA
T PRI R AR 22 5 S . BT R AR LA
A G, Y CA? e FIRIE NS —E RN, mREAL
FURBIFN, A S0 5 R W B S I & g
R (B RR AL AW BT, B B S - AR e M T
Rr021-221 0 AsO4% 5 PO HIWFHALEIARTE, AHIF]
WIS, HIEUERE POS; 4 AsOS R T
PO BT, PO AsOs% M - e R T et 23241
AU P ER RN B R TS BR R . A,

EE G ER WA ey (e N R L I = S i
53kt A R A G, P2 ee®
KB, SO SEXTER | AR A% g PR R A A 1
pH fH. AHU . ZhkL. T Sk & 28 hn .

—MIARy, HE pH (B, IR I P
K@Yy A B B R A B Rl sy, ST R R o
TR,

AT, A AR RS X B W B A
W3R () R -4 R T 45 pH {H, s )
e AR o . A oK RS - R PR B A B
- SRR AR B RN 2E S S 8 pH {EAR R
HASEA—E, BUKIRH pH(6.63)fk i, kRN b
TR TR pH(4.97) R A, TR - f

/No BEJRITEYG pH /NT IR TR A, {EURR I B B
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2 1LY, W11 BE LTI E LN
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2T e FH AT FH A AR e 24 e oAl
IKFERY, 5 A3 bl B A Bk s T
KRB K. Lrle HEEA SR pH (HY
T AT AR Y, SO o R
SEb IR RIS H i g Stk . k. AL
RChERE, BFR A A AR SRR, s
FRIX 2 KRR LA s /N HARZEAS R JRRED T
FH PR o S K TR S b e R L AT RS
HATHLT B AR T R S50 U8 RIS AT G AR
WFFE s 5 A AT e 5 FhEE UK RS+ A 2
- TR IR B E RO S5 e A AR T

TR S FH B A R 238 1 AR U FH A I 1K 1
J PR B pH (ELSA C, AIK pH (BER, T5EHY
By, KGR S WU R 1) L far g,
VW PATAER 2 H, W] S5k 4 30 By g 1ok
T Fscie, Frlh pH(ERER, fEUCRIGN, X 58
HAEROIF T 25— 2, B IR 5 pH (EH 2
MR, RHEEFERT GOLDBERG 421 5%
WoR, PSR R T R S S AT
BRE ELEY), SRR T ok, Bl G
Ytz , BRI WTIE AR AR SE0
W, B SEE e T bR g AR R
T3, JF HapfleR 5iie s f b & w2
TG, ASCIFEAS R 55

B Ko A1 Ko SR T R 5T vk 5 4 (<1.0
mo/L)Zb PR R, BRI EE, HhE, HRE
VNI P o YR 38 IR i N, 15 B AP o
TR R - R B B R R IR B AR, 3
X5 1) 2 A0 e e o e R B R i G n , B sl N
BT KU S /NG B K . MEa I R R E] 1.0
mg/L i, HERKRE LAY Ko, Kok Bl TERHI%
B () B IR B TRV E R i, RS Bk i
PRI AU ARR, BIZCHR BE (1) 8 Foe AN 2 i AL W A )
L, X5 ERAOR SR 25 R — 8 IRPEIREEIR
R PSS AT HEI, 6 Fp-REFOKRE - 7E B I U
AT, KM FRR, el HK, RE
WA, X5 F R ZFBS A KR EE
KZ TR E /N T IR MLL B R A 25 A& 5

LA 55 H AL <5 B0Vt Fry T v U R B HH R R
THIEHIESEH—8 HE BRIk BRIk
i, BT LSRRI XU 3 K

ARFERY Ka F1 Ko FIWT, RS HROKF T
28 AR T RS S, PRERD U TH A W] BE
H o AR e 6] AT RE DN B 2E S R AR K Y
RANANF] . A AR BT 3 KA L Hr i (20~30
mg/kg)IFFE IR KA A KA B, 45 RRY,
VPR KRR REH R, ZLBRIIIRZ, iR
RIAE05 > 24 N IS w2 PPN X R L B B 5oy
TR E IR KB T 5

gi b, SRR BOR A BT S 45 R A
Ay, TERRPERE . B{s QKT X T B R,
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