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Transformations of Fractions of Exogenous Chromium ( IIl ) in Manural Loess Soil After Long—term Fertil—
ization

LI Yu-hui', ZHANG Shu-lan', FENG Yong-tao?, SUN Ben-hua', YANG Xue—yun'

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China; 2.Agricultural Technology
Extension Service Center, Baoji, Shaanxi 712100, China )

Abstract : Fractions and bioavailability of heavy metals in soils varied among different soils, thus impacting soil resilience to heavy metal
contamination. We spiked two levels of Cr( Il ) (0 and 500 mg-kg™) to soils subjected to different fertilization for 23 years and incubated
the soils for three months. The fertilizer treatments included (1)no fertilizer (CK ), (2 )mineral nitrogen, phosphate and potassium (NPK),
and (3 )organic manure integrated with NPK(MNPK ). Soil Cr fractions were measured with sequential extraction. Spiking Cr decreased soil
pH by 0.4 to 0.6 units. Long—term fertilization significantly reduced bioavailability of exogenous Cr. Compared with no fertilizer (CK ), soil
bioavailable Cr was 34% lower in NPK and almost 100% lower in MNPK. In NPK soil, iron and manganese oxides bounded and organic
bounded fractions increased by 12% and 38%, respectively; exchangeable Cr contents decreased by 27%; no significant changes were ob—
served in carbonates bounded and residual Cr fractions, as compared with the CK. In MNPK soil, contents of exchangeable, carbonates
bounded, iron and manganese oxides bonded Cr were 100%, 44% and 29% lower; whereas organic bounded and residual Cr were 72% and
17% higher than in NPK, respectively. These results suggest that long—term organic—inorganic fertilizer management can significantly im—
prove the resilience of loess soil and thus alleviate the impairment of chromium contamination.

Keywords: manural loess soil; long—term fertilization; bio—available chromium; fraction of chromium
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1.1 ik 11

isn s S = ME P S i o AR [uy = &Y G TR ARILEAS
My AN TR R R B A o7 1t e 2
b A T 1 R R AR PV A i R X
JLA(34°17'51"N, 108°00'48"E, ik 516 m), EHX,
W13 °C, =10 CFUR 4 196.2 °C, 4EHIFEKE 550~
600 mm, FEEFE 7—9 A AFENZE K F 993 mm,
ToFE] 184~216 d., K HAAERLE A7 56 HF 4R F 1990
o o) s o2 /NS B - w5 198

AR SZ I3 B A 6 3 A 3 Ry < % R
(CK), KA AT AT N AL ; it E B (NPK) s A HLIE +
R (MNPK) o 301 BE b A0 130560 /)N 22 23 it A
(4554302 )N N 165.0.P 57.6 K 68.5 kg-hm?, F K
Z % N 187.5 P 24.6 K 77.8 kg hm™, Hr priiti &0 K
PRZ (& N & 46% ) , BN i BR85S (7% P05 12% ),
BRIE A BRI (1% K0 1R 50% ), HHLIE M 426 .
MNPK 4b 3 it JE £ 76 /N 27 28 2 NPK 4 2 i AE 5 119
L5 A, SAGR M 30% M AL SR, 70% H A PLIE$
i F K= MNPK (it it &5 NPK ZbFEAHE , Y45k B
FRRE, BfA HLAE it A BB R T AR RE A SR
LT 2013 45 5 J & /N2 WORHT , R R 0~20 em, R
FERFE R/ NX 2 i IR RS, i S = KT e
LBRAEYER ALY, o 2 mm

AL PR A S BRALE R LER 1.
1.2 #itELRE

B E 48 K Cr(Il), L CrCly-6H,0 (43474k)
B mEa, R R AR (GB15618—

1995) ) 2 A 5 X T AR IR G, BVES N Cr ¥

1

1 At T EARE MR (2013 £ )
Table 1 Basic physico—chemical properties of tested soils(2013)

——— . Ei,ﬁé%ﬁjﬁi; BRFRES HHLIE SOM 2R(N) AW Olsen-P S5t (K) &K (Cr)
cmol - kg g-kg mg-kg!
CK 8.14 20.14 91.69 13.05 0.87 2.44 162.98 25.35
NPK 7.93 21.63 89.81 16.07 1.21 30.54 245.73 25.77
MNPK 7.80 22.54 95.31 25.40 1.97 207.59 433.05 30.74
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30 min, .00, 55 B, FRE T — IR AR
T IR Cr RIS Cr T Cr IS AR 4 (i
FHEF- W53 D66 BE 0 5 (Z2-2000) . - HEAM RIS
JnCr( D) 283 90 d By REFRM & Cr B2, 115 CK.
NPK .MNPK = /N Ab 3 Cr (9 1] 0508 4 51k 99.1% |
100.9% .99.6% (& Cr AL HEAY S TEZ Cr &1 501
FOBRASEIN Cr AH [ AR HXT R 45 TE A Cr 5 2 5 108

FIBR LA 138 Cr B9 (500 mg -kg™) B4 Cr A 0]
I E P
1.5 #iEsbiE

IRIEE R Excel 4038, 13 DPS #5472 Ao

Uiv

2 FERE5SH

2.1 4ME Cr 34112 pH BN

Toie2E Cr MG IIAE 2d (B 1A) 2% 30 d
(I 1B), #5hn Cr( 1)y CK \NPK \MNPK &b H R
Ui Cr 19 1-3% pH B T 0.4~0.6 AL, 7EANN
500 mg-kg™ Cr( Il )J5 Y56 2 d,NPK b3 () + 3 pH
5 CK Ab BB A b 25 25 5%, MNPK b 7 %) 1- 4 pH
W ELT CK A3 MAEES I 500 mg-keg™ Cr( 1) J5
55 30 d, A ALFE pH B TU NS 026 2 d,
NPK #l MNPK AbFE () 43 pH Jo22 5 (A3 8 KT
CK b3,
22 AEMERAE TIEEHES Cr ST

55X B CCK) A E , K i A (NPK AT MNPK ) 3
BERR T HHASCE Cr &R, BAYUIES A
PRCE b P (MNPK ) X - 3845 208 Cr 75 52 1 52 i B
BFEE 2), %500 mg-kg™ Cr( I )55 2 d,CK Al
NPK b3 4 HEA RS Cr 4351 )2 6.15.5.90 mg kg™,
1M MNPK ZbPR A 2.28 mg-kg™. Bl B 55 REL A3
i, CK 4B -8 %G Cr F g AR AE il NPK
MNPK ZbPE ) 3G 3% 7 Cr S a8 ARBRER T
B, S Cr 55 90 d 555 2 d A H, NPK b3 -3 A 3%
Cr & R T 32.58%), i MNPK 434 + 45 %4 4 Cr
T TR T IE100%, BIiE A 14 90 d J5 A RGS Cr &
HILPREAE(E 2),
2.3 FEIHEABALIERT T 18 Cr LSRR
2.3.1 HHENARHAS Cr

Cr( I )ik A 145848 90 d 535 )5 , & b 38+ 32 7]

R 2 MHENARRESRIEERNAE

Table 2 Modified sequential extraction procedure for chromium fractions

IS HEWOL
LA 2 AR (EXC) FREUGTE T4 1.000 0 g, i 10 mL 1 mol L™ NH,0Ac(pH=7.0), i FIR¥% 1 h, .0, 1038, B 3w

2RI A G A (CA)

Z(1DAFMERAY, I 10 mL 1 mol- L™ NaOAc(pH=5.0) , 2 ik NHRY 5 h, B0, 338, I i el

S}
3AER RS A (Fe=Mn) 22 (2) A FR AT, il 20 mL 0.04 mol - L™ A 25% &R R 7511 NH,OH-HC1, 96 “C/KV , IR #EHL 6 h, B0 , 3

8 L AR
A HEEAEE(OM)

Z:(3) AR AY , A 3 mL 0.02 mol - L™ 1§ HNO; £l 5 mL 30%( V/V )H,0,( Jil HNO; J& pH Z 2.0),85 C/Kif, ]

Wik 2 h, A0 A 3 mL 30% f H,0,,85 C/KH, AIWR 3 h, @A 5 mL ] 20% HNO; fi i #) 3.2 mol - L™
MBS R B TR, AR 20 mL, #2355 30 min, 2.0, I U

5585 (RES)

W2 (4) IEIRRIFRAR W)/ DR BRI IR Z I3 D, I HNOs-HF-HCI0,(5: 1: 1) YR , 5% HNO; 25, 15
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8.2r a (A) 8.2r (B)
8.0f 8.0
7.8} 7.8F

276 ERE
741 7.4
721 7.2F
7.0 : : 7.0 : :

NPK MNPK
AbFE treatment

NPK MNPK
Kb treatment

CIoRism er(ID) &3 % Cr(11)500 mg-kg™
E R [FNE FRER IR Al — Cr 7KF N AN [l A 3R] 22 5 1 2 ml ] — AL BN F] Cr vk BE A3 380 pH (625 5 W3 , P<0.05

Different letters at the top of bars represent statistically significant difference at P<0.05 between Cr( Il ) levels for same soil or

between soils treated with the same Cr( Il ) level

B 1 & Cr(IDIEFRE L% pH BT (A HIEFE 2d;B AEEFE 30d)
Figure 1 Soil pH after Cr( Il ) spiking and incubation for 2 days( A ) and 30 days(B)

75¢
L5 6.Oﬂﬁ—1’0—__—__q::—_—“ﬁ
joé 45+ H"h—&
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Y= 30t 4 NPK
ﬁ % ‘. ~di- MNPK

£ 15} ”\-\‘_\

0
0 10 20 30 40 50 60 70 80 90 100
BEFEIFE] Incubation time/d

E 2 KEAREMIELERmM Cr( 1D FHEFRES
Cr H,delulﬂ.'.

Figure 2 Dynamics of bioavailable Cr in soils with diverse
fertilization of 23 years after spiking Cr( Il )(500 mg-kg™)

A Cr F mARXS R HALPRR) 25 55 5 2% . CK 42
T IER IS Cr & (7.92 mg kg™ ), NPK X
Z ,MNPK ZbHLEAK (K] 3), nI3c#0eds Cr Jir i 1 L B
WAR/N AL 7 1% 4547 (F 3)0
232 HEEMRIRERZE A Cr

NPK F1 CK AbFRES AN Cr 28 90 d J5 4 58 h%
RERLE A Cr i O 22 5%, MNPK b B % CK

1 NPK LB IR IRER S5 A 38 Cr S & B TR
(Kl 3), CKAbH LML 45648 O S ERE

(58.04 mg-kg™),NPK AbFf 137K 2 (56.22 mg'kg_l)
MNPK ZEPRRAR(31.71 mg-kg™) . LHERRIRELZE G2
Cr I 5 A et A /N, A T 6%~11%2 3] (% 3) .
233 HIESBREAMYS G G

AN ERE] R E A B A Cr TR A

2071
dcK b a
e 360 EINPK
7, £ 300[ [ MNPK c
% £ 240 7
0 < B
£ 7
B2 o180+ ﬁ
® 3 e
¥ £ 2op %
5 =
60 F .;,5
REXNS 114,
EXC CA Fe—Mn

RIS The forms of chromium
B HAR R /NE bR R R R S Rt A b 41 - 18
Cr &SRR E, P<0.05
Different letters at the top of bars represent statistically significant
difference between fertilization treatments at the same Cr
fractions at P<0.05

B3 KEAREMEELEERM Cr( )90 d /5158 Cr AT
Figure 3 Soil Cr fractions under different fertilization for 23 years

after 90 days of spiking Cr( Il )(500 mg-kg™)

3 ETFEMEELETEERE Cr EL5I(%)
Table 3 Percentages of Cr fractions in loess soils under different

fertilization treatments

MEREALEE  EXC CA Fe-Mn oM RES
CK 1.5a 11.1a 63.8a 13.7¢ 9.9b
NPK 1.0b 9.6b 63.6a 16.9b 9.0b
MNPK nd 6.0c 50.2b 32.2a 11.6a

T :nd FIRIZAE TR A HY (Not detected ) o

%22 5 (18 3),NPK b BRI - Sk A I 45 6 28
Cr &gt (373.36 mg-kg™), CK b H R 2 (332.70
mg-kg™), MNPK #bH {/% (265.85 mg-ke™) . 454



1150

KA IMERF 217 ERRET LR

4558 Cr 78 LR RIE A Cr i i 1 LU A
K E 50%~64% 2 7] (3 3) . MNPK iZJEZ Cr i 4 L
B AR T CK F1 NPK, J5 P& (£ 3),
234 FIEAPEES Cr

AR Cr( )22 90 d J& , = ANAbFija] iy - 4%
AHEEE Cr et A28k (B 3), KR
CKAMFE HIEA A A Cr it (71.72 mg-kg™ ) i 2
& F NPK, J5 & N3 #K T MNPK(170.66 mg-kg™).,
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3 g
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