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Abstract: The morphological distribution and bioavailability of cadmium (Cd) in soil and the migration and trans-
formation of Cd in soil-alfalfa system were studied by carrying out pot experiments. Cooked sludge were added to
loess at the ratios of (0%, 0.5%,1.5%,3%,6%,10% and 15% ). With the increases in sludge ratios, some Cd in
unusable state (or residual state) in the soil was transformed to potential available state (iron-manganese oxidation
state). Also, the sludge application increased the bioavailability of Cd. The planting of alfalfa had a passivation
effect on the morphology of Cd in the rhizosphere soil, where the form of Cd was transformed from the potential a-

vailable state to the unusable state. All organs of alfalfa plants had the ability to accumulate and transfer Cd. The
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regularities of the distribution of Cd in the organs of alfalfa plant were root > stem and leaf. A stepwise regression

analysis showed the carbonate-bound Cd was the main contributor to the accumulation of Cd in the leaves and

roots of alfalfa. Therefore, the application amount of sludge must be strictly controlled in agricultural practices to a-

void the accumulation of Cd in alfalfa that may pose risks to animals and human health.

Keywords: cooked sludge; Cd; alfalfa; morphological distribution; bioavailability
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1 ##l57i% (Materials and methods)
L1 e

TR A O B2 i 4 R AR R MR
St A XA L R SRR X SR A S AR bR Sy 35057
07.4"N,104°08'49 4"E, +HEHLIR] 5 & T 3R -
FIuAb A AR X, iR, SIBRAE I AR 1A A k55 59,
it 2 mm Je Je i, R4 A

S HEAMENE V5 U, 2 i A 22 M TR
TR AR IR RS B M 7K V5 Ye A AR 22 A (T B i L
H7 s DRGNS, #T 2 A H N T EHE 8 S
IS HERE AR AR E AT 118, SR I K ME T ¥ e B e
A, HE FHENR S Je BA PR I Cd & i
MR,

F1 MHXELFEETREAERE CdESE

Table 1 Physico-chemical properties and concent of Cd of tested loess and sewage sludge
R - EC HHLUF(OM)(g-kg™) MAAg-kg!)  MBE(g-kg!) CEC/ M Cd /(mg-kg™)
. P
Material Kps+cm™) Organic matter (OM)/(g-kg') TN/Ag-kg") TPAg-kg') (Cmol(+)-kg") TCd/(mg-kg™)
.
Aot 8.12 886.5 721 043 0.82 1.54 0.11
Dry loess
i
HEIETS T 6.83 3142 210.1 30.76 18.42 3193 146

Compost sludge

T EC #R 13 3¢ CEC 7R L I B 7504, TCd R & Cd,

Note: EC represents the soil electrical conductivity; CEC represents the soil cation exchange capacity; TN represents total nitrogen; TP represents total

phosphorus; TCd represents the total Cd.
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HY 60% ,F20E 30 d, SR )5 He B VRS BE T 2014 4%
71 8 HAERA LA TG T 10 MEEM T FH
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TF

2 R 5417 (Results and analysis)
2.1 Jpnisle)s b ESE Cd MBS SR
165 7 ARk

WNEY5)eH B 4 & Cd 1 Tessier LA FEPUE S
mk 3 Fron, ML e Cd EE LT3 O E,
i 60.15% ;T2 Fl T4 W2, 535 14.52% F114.55%

R2 ZIWRIHAR

Table 2 Design of experiments

Aib B K-
PO (0%) P1 05%) P2 (15%) P3 3%) P4 (6% ) P5 (10%) P6 (15%)
Treatment level

5 18 e A1)

0 0.5 1.5 3 6 10 15
Sludge ratio

# A+ LA

100 99.5 98.5 97 94 90 85

Loess ratio
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AR5t A )5 L3P E SR Cd i & &
oG ol 4 Fios , 5% BAL(PO)YAH tL , Fifi 5 B
d it inHERE 5 e LB R3S, 5 Cd TE A
M EBEIM BEARNEE, (ALEAZE AR
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(12.87%) > K,(3.93%), UtHH T5 1 T2 M+ Cd
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s K Ky WIASWIECD i HE AR TS
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Jiti AR PR TITTEG I, T R DR HE AR IS e v A A
BRI T3 25 Cd s, YHMENLTS Ve A BT LI, B
g5 | - S A BT SR o O & R AR AR A HE T
SN AT T R M IRAAE A SR R
R R

#3 HEFSREPEELE Cd FHEMSHILLE
Table 3 The proportion of various forms of heavy metal Cd in compost sludge

B /(mg-kg™) Cd/(mg-kg™)
Total content/(mg-kg™) Tl T2 T3 T4 TS
HENE 58
146 0.093(7.08) 0.192(14.52) 0.799(60.51) 0.192(1455) 0.044(3 34)

Compost sludge

TE: DT FRoR Al S80S, T2 FORBRIREL A 375, T3 Rk A, T4 R AL &8, T5 Rk, TR, 25 NBFEREIES

SERRE (%),

Note: 1) T1 represents exchangeable; T2 represents carbonate bound; T3 represents Fe-Mn oxide bound; T4 represents organic bound; T5 represents re-

sidual. The same below. 2) The numbers in parentheses represent the percentage of each form (% ).

x4 HEMEENTEECRESENHM
Table 4 Effect of sewage sludge application on heavy metal Cd content in soil

b B 7K S B /(mg-kg) Cd/(mg-kg™)
Treatment level Total content/(mg-kg™') T1 T2 T3 T4 T5
PO 0.112¢g 0.008b (3.93) 0.059¢ (28.99) 0.048g (23 40) 0.026d (12.87) 0.063a (30.81)
P1 0.183f 0.012a (5.61) 0.054f (26.25) 0.058f (28.00) 0.027cd (13.08) 0.056b (27.05)
P2 0.197¢ 0011a (5.00) 0.060de (28.44) 0.062¢ (29.31) 0.028bc (13.30) 0.050c (23.95)
P3 0208d 0.008b (3.88) 0.061d (2846) 0.066d (30.63) 0.028bc (13.05) 0.051c (23.98)
P4 0214c 0.004c (1.85) 0.063c (28.87) 0.082c (37.52) 0.023e (10.39) 0.047d (2137)
P5 0227b 0.002d (0.72) 0.074b (3133) 0.096b (40.71) 0.029b (12.16) 0.035¢ (15.08)
P6 0239a 0.004c¢ (143) 0079a 3202)  0.105a (42.78)  0.031a (1243) 0.028f (11.34)

T DI WA BCTUR SRS B B 70 (%) o 2)IRIFIAR Rl PR 3R 45 b 31 2 18] B9 22 520 B35 (P < 0.05),
Note: 1) The numbers in parentheses represent the percentage of each form (% ). 2) Different letters in the same column indicate significant differences

between treatments (P < 0.05).
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Fig. 1 Relative change rate of Cd in rhizosphere

soil before and after alfalfa planting
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1 ~3.5 4%, I HAETS WAt K F- 2k PS B 35 £l K,
43514 0.78 020 .0.19 .0.14 #10.14 mg-kg™ .

L F 4 AR B X 4 i ) R A R R 1 AL
il S E X E AR Cd BT IR 2 R R AEARTS,
MAEZEM SRR SR A/ FE A5 Ve it Jin EL 31 (P1
~ P2 R EAE ZE T Cd R W 5 G R
H(POYTC I35 25 57, TE 8w 15 Ve it fin L A9 (P4 ~ P6)
B 3 E A 2R Cd B I S X HEZ.(PO)
Z A2 53 3 (HA AN HKSF- 2 [R5 22 5,
H i, WETE X4 R Cd iU RT LI B AK L
Bl HERE S et A B R 25t rh E 48 Cd ey
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ST E AR Cd 7E B T8 AR B A Ak 27 2 A8 DL AR

& ZE A R

2.3.3 Cd WA EESHRED
BEE D —FpPrasi thom AR i m RIS

PEAGR B PR B A RO R o A

LSBT H Cd e 1S 25 0SB B AR

Ko Cd PUE 1 MR 5B 1) L 138 40 1) 7 B 100 LB R
el 2] 3y 49 ) £kt Bl LA R[] 2 Wi 4G 35 N 28 1Y A= i fidk
B, LG A 4 )8 & % & % (bioconcentraction
factor, BCF)A1%% #% 2 %X (transfer factor, TF)K iF4f
0 4 w1 SRR RN EE A ) M bR 1)
BT,

R5 HESREEANELIREEEANESENSH

Table 5 Distribution of heavy metals in the alfalfa after application of sludge into loess

Cd/(mg-kg™)

bHK P
Ak Bk ZEmER(Stem and leaf)

Treatment level HRB(Root)
2 —7E (First) %% —F£(Second) 2 =F£(Third) 2 UZE (Fourth)
PO 0.10 10.02¢ 0.10 £0.02de 0.04 H001e 0.06 £0.01cd 0.14 10.02e
P1 0.11 10.01de 0.10 1001e 0.04 +001e 0.05 £0.01d 042 £0.03d
P2 0.13 £0.02d 0.12 £0.02de 0.05+001e 0.06 £0.01cd 043 £0.02cd
P3 0.15+001c¢ 0.13 £0.01cd 0.07 10.01d 0.06 +0.01cd 048 +0.02cd
P4 0.16 10.01bc 0.14 +0.02bc 0.09 H001c 0.08 +0.02bc 0.57 £0.01b
P5 020 +001a 0.19 1001a 0.14 10.02a 0.14 1001a 0.78 10.07a
P6 0.18 +0.01ab 0.16 H0.01b 0.11 £0.01b 0.12 £0.03b 0.75 10.02a

T S R S A S DA S R B R 2R AR IR RSN TR] R R A5 A B T 4 22 SV 3 (P < 0.05),
Note: The first, the second, the third, and the fourth represent the number of times that the stalks and leaves are braked. Different letters in the same col-

umn indicate significant differences between treatments (P < 0.05).

6 HEENNESERESIETESERSSENETEIFFE
Table 6 The stepwise regression equation between heavy metal content in the alfalfa and

their concentration in the soil

ELEILE HBAL %A 1Al 7
. . . R R F P
Heavy metal element Parts Stepwise regression equation
cd ZE1(Stem and leaf) Y=8.758T2* * +0.861 0938 0919 14.875 <001
H & (Root system) Y=11969 T2* * +1306 0954 0.947 14.092 <0.01
E.**P <001,
Note: **P < 0.01.
1 BHE—ITERGHELE Cd EERHBAHEB R
Table 7 BCFs and TFs of heavy metals Cd in alfalfa-soil system
BCF TF
Ll\lﬂ]qu Y- Sy Sty — e ety Kby e St — ks St —= ks £
B B H=AE AU Ui B ol H=AE S IUE
Treatment level
First Second Third Fourth Root First Second Third Fourth

PO 0.89 0.89 036 0.54 125 071 071 029 043

P1 0.55 0.55 022 027 230 026 024 0.10 0.12

P2 0.66 0.61 025 030 2.18 030 025 0.12 0.14

P3 0.72 0.63 034 029 231 031 027 0.15 0.13

P4 0.75 0.65 042 037 2.66 028 027 0.16 0.14

P5 0.88 0.84 0.62 0.62 344 026 028 0.18 0.18

P6 0.75 0.67 046 0.50 3.14 024 024 0.15 0.13

TE 55— SR T3 BB A B IURE D N FRR B AR 25 AR B, BCF R 6 4R R 8L, TF RRie i 240,
Note: The first, the second, the third, and the fourth represent the number of times that the stalks and leaves are braked. BCF represents bioconcentration

factor; TF represents transfer factor.
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I A A N 2 8 P il AR 1Y 7 A T R B0
&)@ Cd 78 H 18 4 5B BCF M TF {65756 /Y
Tt et 22 A0 B S R A DG

i LA E AR Cd ol LAfE B S RN & 4R T
¥, EEJER Cd B HE MR E R, R5 % BH
SRR, e Je RN B BE 1 S R IR R, R
SRAHIE G i e s e i A 2 + )5 B S R By Cd
B oK A 3R E OB A AR E ) (GB13078—
2017), {EAE S s o HE R 5 Y8 it A B B 2507 A
il it FH o, DAk 9 Cd 76 4 1A N 5 4 16 sh ) A
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