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Aging Process of Cr(IIl) in 22 Typical Soils of China and Influence Factors

Analysis

ZHENG Shun-an' , ZHENG Xiang-qun', LI Xiao-chen®, LIU Shu-tian', YAO Xiu-rong'

(1. Key Laboratory of Production Environment and Agro-Product Safety, Ministry of Agriculture, Tianjin Key Laboratory of Agro-
Environment and Agro-Product Safety, Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China;
2. Department of Environmental and Municipal Engineering, Tianjin Institute of Urban Construction, Tianjin 300384, China)
Abstract: Aging process is a key factor influencing the availability and toxicity of heavy metals in soil. However, the aging of
chromium (Cr) in soils and its influence factors are still unclear, as a result of complexity of soils in China. This study was conducted
to investigate the aging process of Cr( I) in 22 typical soils of China by using 0. 01 mol-L ' CaCl, as the extractant for available Cr.
The results manifested that Cr spiked in the soil was time-dependently transferred from the available fraction into less labile fractions.
Two regions could be distinguished: the first one for short extraction time (¢ <21 days), corresponding to a faster transformation of
metals and the second for longer extraction time (¢ >21 days) where the transformation was relatively slower. The decrease of Cr in
available fraction during the incubation could be simulated by the Elovich equation, and decrease rates were applied to reflect the
transformation rates of aging process among various soils. Multiple regression analysis showed that decrease rates might be related to the
organic matter, pH and amorphous Fe oxides of soil, and organic matter was the key factor to the aging process.

Key words : chromium; typical soils; aging process; kinetic equation; influence factor
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Table 1 ~ Selected properties of tested soil samples
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S1 &AL Kt 4.46 15.73 11.26 17. 68 1.61 300. 9 54.42
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S3 B B i 4.62 51.77 17.31 31.57 1.94 269.5 51. 06
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S5 LTIRM bt 5.37 21. 81 15.74 11.95 1.67 299.9 43.82
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D) EkRih <2 wm A YR

Htik e pH 7E 4. 46 (FEPRE (M 1) ~8.27
(Bevadas +) Ju Bl oy, iR+ 3 8 Ff (pH 4. 46 ~
6.08,S1 ~S8) , it 14 3 Ff (pH 6.72 ~7.08,59
~S11), g Pk + 3 11 FF (pH 7.41 ~8.27,S12 ~
S22). BR)TPUMLIX Y 2 A R HELLAMAY 20 A A
Cry ¥ R@BH — R LRE FME (0

mg-ng ), )T PUHE X A 2 b A S R T bR
e BRI S U 3 T ARG Y .
1.2 SRS

FREL 1000 g A XF 1 F 1000 ml ¥k} K ke
Ferfr, LA CrCl, -6H,0 (946 ) 1 A I i 20 R 5 4
J& , Cr' T IR B R B R A BRI I — e, D



700 EZN

B i

pH < 6.5 } 150 mg-kg™", pH 6.5 ~ 7.5 Jy 200
mg-kg ' ,pH >7.5 H 250 mg-keg . K EEH S+
SR A G B T IR IR R FR A b B oM 2
SRR} B I FT AL AR R, B R A IR R O E A
25°C MR BE R 75% . Bt NI A 25 85 17K Al £ 38K
A3URERE 75% HARE/K A 355 57 10 ) 38 5 o ok 30 10
TN B Kl 3K o QRS E . B ARSI
440 ER.
1.3 HUFEE

EEEA RS R—EGIARZE T2
s, HETEP 0.01 mol-L ™" CaCl,fdi 4%, Kl
AT 5T A At PRGN [ 45 2 2 e B ] 1
P, BURERTE] R SEER IR 5 — R I AK A3 5 B3R 1
7,21, 42, 84,126, 168 d. BUFERTSSH H3EIR AT LU
PRUEILHR BE 35— 30, SR 5 BRI 2 50 ¢ 9 4.
FIEWCH 5 5 RSy, — o AR, 105 CHE T
JETHEHOK o3 & i, o3 — 8B o AR & K SR A A
(AT £ 1,000 g) BT 50 mL B0, LA 10
mL 0. 01 mol -L ™" CaClL,iAW, T 25°C F¥k¥% 2 h, Fifr
4000 remin "' FE.L 20 mln,ﬁﬂﬁ,ﬁi{jﬁz{&,{ﬁﬁﬁ%
[ Varian /A 6] AA220-Z KIF-£1 885 A s 15
FECEETHINE Cr WREE I H 3P RES Cr B It
el (530S Cr & &/Cr i),
1.4 hJj iR

AT RH 6 Fhah ) 2 A SR Cr 1 &1k
R TILA

Elovich 5 F%.

¢, = a + bln(t) (1)
2y o
e/c, =a+b" (2)
— PRI
lg(1l —¢,/c,) =a-bt (3)
TH
(1 =¢/c,) =a-b (4)
FERBOT R (TR R U BT
¢, = at’ (5)
IR
Lol

t ©

FEX LB J1 2 R e, R S EE SR A] ¢ AT
MY A RS Cr S (mg-kg ™) e, AR BN
Bf HIHEA RS Cr & (mg-kg ™) ,a. b HHELK =
kC2 |, RFRAE G N A 5 5, Herh ko Z 908
TIPS H kg (mg-d) ']

1.5 BdEat

Bl )AL S il R FH 28 [ Origin 23 ] 1Y
Origin8. 5 A4, 20 18119 3 #r 5% FH 5% [&] Minitab 2%
w1 Minitab 16. 0 £ 1.

2 HR5ITR

2.1 HMNE Cr #8880+ 3 v i A 72

HMIE. Cr AF ST - 398 rf 5 50 i AR R 34 D0 %]
LA RAE Y ERFRASE 1 d, A5G Cr BT Ll
43% ~T73% Wi K FRm ] R BT o LU il 22
K. BIREFREE G, ARGS Cr B FRER T —4 4
TREIKE, B e 2% ~34% . A 502 Cr Bl
B #R B SR TR, SRR NS RR LR IR. 78S
FRWIEI B AT 21 d T R R B 5 5 52 2 0%
B 50% LI L, 1 LLG AR fk e 5 218 i
4 mis s R A - B el i, HE
EHURIF AT . B AR5 I Do g KA £ | i
grage . BAS L ORES Tt FRBL L B A
RS Cr LBHPSR AR LB R B, 2 BA Bt 2 A1 5
SIBEINA A ZES Cr HeBIBE I, 1k HE 22 i [a)
FEA PR B SR B PR R AR T B — B K A i AR
Han %50 "SR, 70 9 M 1 3 SRR - 4
M Cr PR 3 5T SeER BIMER 1 2 i E
X B AN E AT R A AN S 1.

A HIEPA RS Cr B2 580K, 8 Rk
TR B WA A Cr LB 46.52% ~
64.76% ,5EFE A5 R G BEAR R 5.01% ~33.65% (K&l
la). 3 Ao £ 809 AH A Cr I N 90 81 1Y
49.9% ~ 65.49% , FEAR K 3.66% ~ 14.27% ( &l
1b). 11 Bh Bkt 4 38 09 A B0 Cr LU DT 3 1
48.85% ~72.67% ,[FIRE 2.03% ~27.46% (K 1c¢
FIE 1d). WAHRES Cr () NBEIR SRR, ik + 1
(2B — B, ARG IR 5 A BGS Cr el F
FasE | MR P - v 38 b A5 RS Cr 8 Ak
PoE IR, — N pH 5 3 8 4 8 1A Rk
A, WTE Lu 255 K Ma 21 P % Cu & Zn
AR FE T, pH 2R 39 5 4 1) % T i) e o 22 A
AR Cr AR S 14 pH IR 582Xt
NN MK E R+ B SR pH 4K (5.53) 24
A Cr 19 HLBI TR Y 54. 53% T B R 15 97 45
(5% , TP 52 A T4 + | BOR pH 356 (8. 17) L (H
BRI FLE 0 A Cr W B8R 5T 20% . i
TEATI TAERECKR, L8P IR G 2%, AE T A BB
FEH T AR 0 - SRR A b A I i A5 e X



2

KR4 25 . AMIRCe( 1) 7EFRIE 22 Fb 8 - 3 v i) AR K SRS I [R5~ BIF 5 701

SN Cu, Zn BEALHTIE e (4 LR 30 3 il
(£03  KAE L W), H pH & i 3 A LS
AR, NILA S E R 2 RS pH
BRI R, H5ZHELW, 76 Lu 55 5T,

90

) H 4.46~6. =Gt
80 | (2) Bpkk:(pH 4.46~6.08) ol
70 E —— BN g
60
£
g 50
B 40 M
3 30 &%
% R
€ 20
10
O =
| | | | | 1 1 | |
0 20 40 60 8 100 120 140 160 180
100
(c) Btk LT (pH 7.41~7.9) —=— B
80
§., 60 %
=
kN b
4% 40 A%
:gg 1\
e 20 |2
0
| | | | | | | | |

0 20 40 60 8 100 120 140 160 180

TEHC T VLV | USRS VLAY 3 A R R pH #5
e B AL S AR RO AT HIL. T2 R AR H
PEFUHZE ORI ) AR N R 278 A4
B — 2L

80 | 727, —a— B 1
(b) H:+(pH 6.72~7.08) o feim
70 —o— TR B

60
50
40 Ly
30 X
20
10

0,

100 120 140 160 180
80

S 97~8. —=— Rt
ok (d) Bk 11 (pH 7.97~8.27) +J(@%i

60 —— gt
50 k%
40

30 X

| | | | I | | I |
0 20 40 60 80 100 120 140 160 180

BRIt fa/d HIeatE/d
1 BRE CrAiGkflEZRENERESR
Fig. 1 Proportion of available Cr fraction as the function of incubation time
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Table 2 Parameters of kinetic equations used to describe aging of available Cr fractions in soils

Elovich 772 ¢, =a +bIn(t)

TR BTE ¢, = at’

ke 1

LRHS a b R SE2) s b R SE
st 51.313 ~6.44 092097 " 4.96 52.867 Z0.132 0.9191"" 4.76
2 62.479 ~6.40  0.9253°°" 3.36 64. 137 ~0.157  0.9114"" 3.71
s3 52.758 ~8.78  0.9588° " 4.10 59.258 ~0.281  0.9300°"° 3.97
s4 43.034 ~10.25  0.9788*"* 1.89 60. 453 ~0.521  0.8872"" 1.97
$5 47.927 -5.61  0.8883"" 3.04 48.081 ~0.081  0.8826"" 3.36
s6 50. 900 ~9.47  0.9706° " 1.53 80. 373 ~0.605  0.8255° .54
7 66. 481 ~6.87  0.8727°" 5.46 70. 648 ~0.158  0.826" 5.83
S8 49,485 ~5.29  0.8555"" 2.35 50. 960 ~0.14 0.7794* 2.30
9 50.616 ~14.52 0.92047 %" 0.94 61.951 ~0.535  0.9478°°° 113
510 42.953 ~14.03  0.8919** 0.97 48.152 ~0.449  0.9520°°° 1.20
si1 47.431 ~9.11  0.9862°*" 3.21 81. 882 ~0.638  0.7745" 3.52
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516 46.438 ~8.06  0.9949**** 2,49 55.852 ~0.351  0.9352°°° 3.10
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*rE IR P<0.0001, " * FR P<0.001, " * FR P<0.01, " #5% P<0.05; 2) SE = [
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Table 3 Regression model for aging constant b from soils as related to various soil properties

At HAE EX P T PRE FRAL [l )= 7 R e REL
WAL 0. 458

AL SR b HILE (g-kg™") 0. 097 0. 001 0.5888
pH 0.73 0.015 0.0860 R?=0.7624
EE (g kg™") 0.43 0. 043 0.067 8 P <0.05
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