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Aging kinetics and main controlling factors of Cr( VI) in typical farmland soils in China

MU Zu-ting', ZHANG Yan-yi*, MA Yi-bing”’, LI Shi-wei', LI He-lian', HAN Xue-mei'

(1.School of Water Conservancy and Environment, University of Jinan, Jinan 250022, China; 2. High—tech Zone Branch of Qingdao
Municipal Bureau of Ecology and Environment, Qingdao 266000, China; 3.Macao Environmental Research Institute, Macau University of
Science and Technology, Macao 999078, China)

Abstract: Soil properties play an important role in aging of Cr( VI ). Owing to the diversity of soil types in China, the aging process and
main controlling factors of Cr( VI ) in different farmland soils still need to be investigated. In the present study, 12 farmland soils with
different properties, in China, were collected and spiked with Cr( V). A solution of 0.05 mol+ L' EDTA was used to extract available Cr( VI )
and Cr( Il ). Their dynamic process and main controlling factors were investigated using a combination of HPLC—-ICP-MS, dynamic model
fitting, and multiple linear regression. Results showed that the available Cr( VI) decreased rapidly from 6.71%~68.71% to 4.53%~45.17%
at the initial time(1<60 d), and then decreased slowly and equilibrated gradually (3.25%~34.35%). Pseudo—second—order model described
well the aging process of Cr( VI) in all soils during the entire aging time (R*>0.99). Results of multiple stepwise regression analysis showed
that soil pH was the main factor controlling the aging rate of Cr ( VI ). Based on the pseudo—second—order model, the approximate aging

equilibrium time of spiked Cr( VI ) was derived to be from 6 to 158 days; soil pH and organic matter content were the main controlling
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factors. In addition, the available Cr(Ill ) generated from the reduction of Cr( VI) increased rapidly and peaked(0.27%~3.27%) at 2 to 30
days, then decreased rapidly, and finally attained equilibrium (0.01%~2.19% ). The aging process of Cr( Il ) may be related to Cr( VI )

reduction and aging and Cr( Il ) self-aging.

Keywords : hexavalent chromium; soil; aging; pH; organic matter
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Table 1 Physical and chemical properties of the experimental soils

TE R Pl el A Bl 245 6 s S R A T A A

G . ) + 3 F A FH i) 47K dek AL Organic
Number iz Location Soil types Land use types Field capacity/% pH matter/(g-kg™)
S1 VLPH(28°11'44.30"N,116°56'47.14"E) EAR: 3| 25+4 4.9120.03 10.120.15
s2 Z(30°5719.49"N, 118°44'07.25"E) gz ARH (£14) 24+2 5.29+0.01 21.94+2.96
S3 TR (29°48736.58"N,106°24 ' 34"F) gk A H 5 b 22+3 6.40+0.01 17.01£1.26
S4 W (27°51'21.7"N, 112°36'32.6"F) KFE L A OKF) 28+2 6.60+0.34 27.62+1.06
S5 WITT.(30°51741.91"N, 120°41'44.49"E) IKFE AR H OKAS) 32+1 6.82+0.01 33.43+1.04
S6 (420287 12"N, 124°51'36"F) B A< H 34+4 7.92+0.04 33.3021.10
s7 JE5T(39°32'N, 116°24" E) s+ A OB 3E) 23+2 8.09+0.18 15.13+0.57
S8 4k (38°31728.13”N, 115°25'28.10"E) 1 A H (EK) 23+0 8.21+0.14 7.90+0.07
S9 1145 (36°2331"N, 116°06'52"E) w1 PR (FK NERAE) 22+4 8.24+0.14 8.04£0.15
S10 B (35°14" 13.6"N, 107° 40'48.9"E) By PR (UNEE  EARFEAE) 23+0 8.25+0.11 14.60+0.01
Si1 11175 (39°58"44.5"N, 113°25'39.3"E) TRA - A (F2K) 25+1 8.39+0.06 21.63+1.79
S12 TH (38°07'04.31"N, 106°50'59.84"E) K5+ A< 1543 8.89+0.02 3.31£0.24
45 BHETRE Fkigi JOEA Fe Unformed JOER! Al Unformed  EDTARERZS Cr(II)  EDTAREGS Cr(VI) . Cr Total Cr/
Number CEC/(cmol-kg™) Clay content/% Fe/(g-kg™") Al/(g-kg™) EDTA-Cr(1I)/(mg-kg™") EDTA-Cr(VI)/(mg-kg") (mg-kg™)
Sl 12.0720.57 38.56+4.92 3.45+0.84 2.12+0.23 0.10+0.01 0.16+0.01 83.1
s2 14.41+0.06 29.64+0.51 1.98+0.20 1.30+0.05 0.02+0.01 0.98+0.17 69.8
S3 24.25+1.25 17.94+1.90 2.95+0.34 0.57+0.07 0.04+<0.01 1.10+0.04 60.2
S4 13.90+0.50 33.74+0.76 5.46+0.37 1.29+0.02 0.08+0.02 0.20+0.01 77.9
S5 20.42+0.46 26.24+0.96 6.11+0.19 0.89+0.02 0.02+<0.01 2.55+0.04 75.5
S6 28.26+0.77 36.18+0.71 1.95+0.07 1.56+0.02 0.02+<0.01 0.65+0.03 56.0
s7 10.40+0.14 20.61+0.05 0.64+0.01 0.69+0.11 0.13+0.01 1.08+0.05 41.1
S8 9.50+0.42 14.35+0.35 1.25+0.13 0.73+0.02 0.01£<0.01 0.05+0.01 54.5
S9 5.40+0.35 5.34+0.44 0.35£0.16 0.29+0.01 0.162<0.01 0.2420.01 49.4
S10 10.5420.21 15.12+0.94 0.52+0.07 0.70+0.01 0.03£<0.01 0.2420.02 63.3
S11 17.280.21 16.69+2.76 1.4320.20 0.80+0.13 0.08+<0.01 0.49+0.02 61.3
S12 4.87+0.16 12.52+0.54 0.21x0.03 0.2120.01 0.08+0.01 0.4320.01 43.1
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K& Elovich 77 72 (R*=0.83~0.97, P<0.01) , 1 #ib 17 £&
JrFE(R=0.51~0.75, P<0.01) I &3 #8025 . — R
72T {1 BRI 2o R R A R R R
SRAZAERYIL T8 S 0L, (F AT DUASEHEL p S5 PN 3 1
IR Sy 4 W B 2 7240 TR, AT A A A 0 2 T W A
AfgESE Cr(VD) ik b — s, Y
T PEEE DB 7 45, Co( VD AT seY #8 +
s rh W B P A FL B R RN R 1Y) A%
L ALY B R R T R SR R (a20) , B
B BVE AN 2 Ce (VD) Z AL B ME— 2 B4, Elovich
D7 R SR AR 38 v 35 93 075 Y 1y 104 W2 50 0 i i
Sl fysEal B 3R RS Ce(VD 978 1B 1T LU
Elovich J7 B 88 ip- UL 4, Ui B 3 v Ce (VD) i 224k
A AEAE SR 2 A — R N R A i el 2

T H BRI R R Rk LR FOR Cr( VD)
H e bR (F£2), Hdr, S12 JrikfE 2 /) (0.010 1
kg-mg™-d™),S2 HIEME R K (0.234 6 kg-mg ™ -d ™), It

B Cr( VD) £ S2 Hh i & Ak S fe e, i e S12 v e
B 3 Cr (VD) &4k K (k) 4T Pearson AH ¢
BT (F3) 45 WM pH 5 Cr (VD) &AL UR B U
A G (r=—0.858, P<0.01) , i 54 HLE .CEC %
K T ETE Fe M E T AL o 468 1E AH 6 (7.=0.329~
0.567) . N T it — 5 AR 30 ot Cr (VD) 2
LR A2, I SPSS FK Xt pH A HLT \CEC JZh
Ko JCETE Fe  JGETE ALFI Cr( VI AL 3 R 5 %L
HEAT A A 5 BT, et a2 5 i Cr (VD) & 4L 3R 1
F A A I T AR, A (7) B .

|k|=0.3861-0.0432pH(R*=0.736,P<0.001) (7)
A kR Cr( VD) Z AR 5L, kg me ™' - d ™5 pH A £
HEpHE.

i A2 (7) AT, 358 pH 2 -3 Cr( VDD 24k
R EEET . Ce(VDREERS pH 2 HAHE, %
B Cr(VI) (12 Ak 0% B 4398 pH I T Ry A . 358
pH{EJE T Ak AV BT 285 S ™, 5k Cr( VD) A R B

F2 cr(VD 2B HZUEER
Table 2 Kinetic fitting results of Cr( VI) aging process

-~ %5 )1 )7 B Pseudo—second—order kinetics equation Elovich WP K7 2 Parabolic diffusion equation
Number ~ EHHARFEE L FHEABESHAEL Q. R " b R " b R
(kg-mg'+d™") (mg-kg™)
S1 -0.1109 2.69 0.99 7.65 -0.93 0.91 6.35 -0.24 0.69
S2 -0.234 6 3.07 1.00 4.48 -0.28 0.87 4.09 -0.07 0.64
S3 -0.096 6 10.00 1.00 14.24 -0.84 0.86 12.93 -0.20 0.51
S4 -0.076 5 1.64 0.99 3.96 -0.39 0.84 3.53 -0.12 0.67
S5 -0.125 8 3.46 1.00 4.12 -0.30 0.83 3.73 -0.08 0.69
S6 -0.0514 6.97 1.00 11.78 -0.90 0.89 10.52 -0.23 0.66
S7 -0.041 0 14.70 0.99 18.22 -0.62 0.92 17.43 -0.17 0.71
S8 -0.0139 13.40 1.00 28.76 -2.84 0.96 24.79 -0.74 0.73
S9 -0.022 3 4.14 0.99 18.10 -2.46 0.97 14.89 -0.67 0.73
S10 -0.020 1 8.28 1.00 24.60 -3.01 0.92 20.72 -0.83 0.70
S11 -0.026 4 9.94 1.00 15.99 -1.04 0.83 14.68 -0.29 0.75
S12 -0.010 1 17.60 1.00 38.93 -3.83 0.89 33.98 -1.05 0.72
F3 Cr(VDZUEREH (k)5 TR Pearson 10X RE
Table 3 Pearson correlation coefficient between Cr( VI) aging rate constant and selected soil properties
pH ATHLBT Organic matter  PHBS TS CEC Z0K0 Clay  JEMUFe Unformed Fe  JEEHL Al Unformed Al
AL -0.253
CEC -0.282 0.792%*
Bk -0.693%* 0.600% 0.523
TEMFe  -0.605% 0.656* 0.477 0.628*
TCERI AL —0.712%* 0.414 0.395 0.927%%* 0.479
k —0.858%*%* 0.410 0.329 0.567 0.497 0.500

% R P<0.05, ##3 7R P<0.01

Note: * indicates significant at the 0.05 probability level, ** indicates significant at the 0.01 probability level.
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Table 4 Approximate aging equilibrium time of Cr( VI) in different soils(d)

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
13 6 14 21 11 25 36 104 60 66 51 158
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Figure 4 Change of available Cr( Il ) during the aging process
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