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Chromium fractions in soils contaminated by
chromium-containing slag

YANG Zhi-hui, WANG Bing, HUANG Shun-hong, CHAI Li-yuan, PENG Bing, SU Chang-qing

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The selective sequential extraction procedure developed by Tessier was used to investigate the contents of
various chromium fractions including water soluble chromium, exchangeable chromium, carbonate bonded chromium,
organics bonded chromium, Fe-Mn bonded chromium and residual chromium, and their distribution in soils contaminated
by chromium-containing slag in a chromate manufactory in Hunan Province. The contents of chromium in the
suspensions were determined with ICP-AES. Results show that chromium-containing slag results in a serious soil
contamination. And in the contaminated soils underneath the chromium slag Fe-Mn-bound chromium is the predominant
fraction, while in the soils in the vicinity of slag and the uncontaminated soils, residual chromium is the main fraction.
There is no obvious difference of exchangeable chromium and carbonate-bound chromium in soil profiles, but relatively
high amounts of soluble chromium and residual chromium are found in 0—40 cm of soil depth and relatively high
amounts of organics bonded chromium and Fe-Mn bonded chromium in 40—60 cm of profile layer.

Key words: chromium slag; chromium contamination; Tessier sequential extraction
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Tesssiert4 115 4 R 64 40 A HAS B TR
HE A A B A NI O AR IR A
BRI, KU RS RIAS e b e B Wk e, T SLA
108 FA BRI E DA 2™, REERBS 1 B w
PN . ULE HIBTFUIR 2 HR b 25 3 1 1 24
SR . TR MR bR t TR 2
O AT TR MU, 090 L B I O O AR AL IF
RIS R ER BRI . S SR e - s
FO84 00T SAEAT T 3R, ELIOMERIF 9 B T e
PR IR TS e 1 0, 0 S M B T
SR, o MR 1 L ST 1 % A SRR S0
e

R R B 6077t Ji4F BB
JE60077t. KIILASK, T i Hh s Ml ek it
Fy 5 M 5 A SRR S 7, Cr(VI)HE A J B - 50
TR X ERBER R TS, X AR B
I, v M T S M ST R OB,
RO R H R AR AR BN 552 . I,
RS S M2 A - S0 LT
HM AR S BRULATOIIL, 5 76 IR bt 4%
M 15 5248 BT fC

1 MR5ERZE

1.1 #HMEBIRELE

AT B b A oAb i 3 A oty 23 A A
Hidgy N FNHES JE B4 R 3 AR, e B
HEIA K L5 ke IIRF AU 3 A5 TV S A 4875 e IR 0)
W3, 235K 4E 0~20 cm, 20~40 cm, 40~60 cm,
60~100 cm, 100~150 cm + )2+ 1A FAEE X
T EBEEEAY, o 0.1 mm JE i, L
KA S B . X 20 g i 0.1 mm § ) - 4t — 2wt
B, AR 0.25 mm Je AT, HF R IE AT

1.2 #H&EBMNERE
12,1 BV e

PRI HERE S 2.000 0 g BT 2R PUSR 2451 1 e
BN 10 mL WAil%, 5 mL 1:1 (OBRERFT 5 mL S0,
e BIHAG, PEERR AT 240 Co TR
& & JT] ICP-AES ll5E .
122 H&IEEHT

SR BRIP4 SR s 45 1 A4 1 o i
HARWOE RN . FRICAE 1.000 0 g, SIS mL 8

gk, LEPRBHLEIRS) 30 min, SRJEH EIERE L,
Bt TR e AR 1 mol/L &4k
BRI, WOHAB) LB 501, 43 1h, B,
BRI TR #h 45 5 ARG IR R 45 & AR
1 mol/L [ ZI%h(pH A 5.0)082HL, #k5h 6 h, RJGH
B, BRI T ERER A A AR SRS S
A K F AL I(0.04 mol/L) 5 LIRTRA W (AR L
N LAK$EI, 7696 C FR3) 6 h, Bo.Ly, FREH T
AHLSEEPEIG APAEKRMH 0.02 mol/L MR 30%
AR, T 85 CFHEsh 3 h, 4k4:H 30%
H,O,(pH 4 2.0)F 85 ‘C Nk#)) 3 h, AR, Lig
T 3.2 mol/L B IR L5 B il IR 1A VEE ML (AR R L 1:5)
T2 MRS 30 min, B0 JIRBOLE T EIEWIT
PriEfH ICP-AES Mg o SVES S 7KW PR L AC 4
IR AS A A DAL & BRI WA Z R,
TR A

2 HEREHE

21 {EMIFLIESIRSE

M1 ATCAE H, ARATHEY R4S 3k 37 S 1R 1)
g R ) B T RGeS e g VRS TR
i L, ERVEMEL R B HED R R B AR v M
K2y 5 km AbaATs G 3 S8 (1933 7 5 00 il
1 258.1, 903.4, 86.6 mg/kg, &itiiidy IR
Pl 39 rh BV S AR A L2l 2 188.0~3 203.0,
212.1~3 500.1 mg/kg . M 4 1 158 B0 B i 6 b A
GB15618—1995 %1, sy I RO eIz J& 6 135
FHURVER ) B 20 il A PR K bR AT 5.03.3.61 1%,
L RAE 73 ol 1 AR AR (1) 12,814 14.00 % 7 40
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Fig.1 Changes of total Cr content in different soil depths



s374 PR A G R AR

2008 4 6 A

em LRGP, EEHEY TR HEY) A g
(14 T 4 e 5 B T TR P TR 3G I 34K, B S S,
TEVRIE R 40~60 cm RIS gk B KA, X 5 8 AL RTR
o P B 1) B 4 4 1) S SR AE 60 em LA B4y
BRI .

22 HEHBARESKRELIEIEIH=EES
g K AR RN AT MBS AR 25 2 A AR
ELRERRL, T T R Fh 45 S AR I S B2 T
pH MM K. A% pH &0 R, 3erb memg ik
G5O A ER AR B A b AR A, T A R ) P
W, HE, WETTSE SRR, HEHEAI) pH y 10.02
fida, DAY, LA R SR A G AR I B A
EHE 1 TR, FR, BEdEg ~ gt ar sk
B ATk ORI B IR R 5 A A RS BT e A il
76.8v 19.9 1 16.3 mg/kg(FE 1), Al B &1
0.061%- 0.022%A11 0.013%(FE 2); Hilieiz H H 1-15

F1 R L o 1 2 R
Table 1 Changes of different Cr fractions in soil profiles

R PR AR B ERS (1P X B &4 il 297 11.43
H1'5.67 mg/kg, Z3 ol RS K 0.002 4%, 0.013%
H10.006 3%; BEREHE KL 5 km Ab AR5 3+ I
RV RN AT B (1P 25 |40 3l ol 1,77 1.47
2.50 mgkeg, Zall BEEER 0.020%. 0.017%F1
0.029%. HILATAN, EREHEg A LI AT A
HPERS FIBRIR Eh 45 & B I o s, T3 b sk
O BN R NE I TR, A RS kIR
B GBRAAER)Z S BEHZEA K

3 1 ATLUEH, & B AP G, B
G5O AR RN AR 1) O B B e T g oK
B TR FNIR SR A AR I i AL
G55 A RVER AR 255 AN B AR A IR P 1 B KA — R I
11 40~60 cm A, 17 1338 F ik v A% 7 25 IR FE 1R 5
—fEHILAE 0~40 cm Abs T H, EESEIMES L AR
HEd7 4 FELAD B A5 sy 5 km Ry5 L3R, B RIS &
B RAE S 736.44 1116.3 F1 34.0 mg/kg; £k

Water soluble Cr/(mg-kg ")

Exchangeable Cr/(mgkg ')

Site
-1 100—1 —-100 100—1
0—20cm 20-40 cm 40-60 cm 60-100 00150 0—-20 cm 20—40 cm 40—-60 cm 60-100 100-150
cm cm cm cm
Chromium-containing g0 o) 14505 8327 98.85 63.7 393 297 287 313 1.90
slag site
In vicinity of slag 41.00 32.13 17.53 6.03 1.20 18.60  16.20 1187 633  4.60
Uncontaminated site 2.37 1.70 1.40 1.53 — 1.57 1.37 1.50 1.40 —
Carbonate bonded Cr/(mg-kg ") Organics bonded Cr/(mg-kg ")
Site
0-20cm 2040 cm 40-60 cm 00 100 1007150 5 n 20-40 em 40-60 em 00100 1007150
cm cm cm cm
Chromium-containing -, |5 2070 21.80 16.03 1077 291.60 39057 45350 1722  58.17
slag site
In vicinity of slag 7.67 10.37 4.10 3.80 2.30 403.60 37487  83.73 12427 28.90
Uncontaminated site ~ 2.40 2.53 2.50 2.57 - 2027  17.67 1510  11.70 -
Fe-Mn bonded Cr/(mg-kg ") Residual Cr/(mg-kg ")
Site 60-100  100-150 40-60  60-100 100-150
0—20cm 2040 cm 40-60 cm 0—20 cm 20—40 cm
cm cm cm cm cm
Chmm“l‘m'c_‘imammg 471.40 145920 167940 79233  269.40 326.67 24070 11097 208.73 276.63
slag site
In vicinity of slag ~ 301.43  439.90  139.03  227.97 59.80 683.83 67747 24990 224.17 169.85
Uncontaminated site ~ 20.80  17.17 10.87 9.87 - 5743 4437 5760 4037 -
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Table 2 Distribution percentage of different Cr fractions in soil profiles

Water soluble Cr/% Exchangeable Cr/%
Site
0—20 cm 20—40 cm 40—-60 cm 60-100 100-150 0—20 cm 20—40 cm 40—60 cm 60-100 100-150
cm cm cm cm
Chromium-containing 6.56 3.54 7.86 10.22 033 013 012 025 030
slag site
In vicinity of slag 2.82 2.07 3.46 1.02 0.45 1.28 1.04 2.34 1.07 1.73
Uncontaminated site 2.26 2.01 1.57 2.27 - 1.49 1.61 1.68 2.08 -
Carbonate bonded Cr/% Organics bonded Cr/%
Site
0-20 cm 20-40 cm 40-60cm 00 100 1007150 o o 20-40 cm 4060 ¢m 807100 1007150
cm cm cm cm
Chromium-containing 0.94 0.93 1.27 1.73 2441 1767 1927  13.69 934
slag site
In vicinity of slag 0.53 0.67 0.81 0.64 0.86 27.72 24.17 16.54 20.97 10.84
Uncontaminated site 2.29 2.99 2.81 3.8 - 19.32 20.84 16.96 17.34 -
Fe-Mn bonded Cr/% Residual Cr/%
Site — — — —
0—20 cm 20—40 cm 40-60 cm 60-100 100-150 0—20 cm 20—40 cm 40—60 cm 60-100 100-150
cm cm cm cm
Chromium-containing 5o o o900 7135 62.97 4324 2735 1089 480 1659  44.40
slag site
In vicinity of slag 20.70 28.36 27.47 38.47 2243 46.96 43.68 49.37 37.83 63.70
Uncontaminated site ~ 19.83 20.25 12.21 14.62 - 54.75 52.34 64.96 59.83 -

B 25 G AR IR E A A B T 239 7.84 1 076.5 F
27.7 mg/kg: FRIEAE MR KE S AIEE] T 761.8,
1567.2 F1 79.0 mg/kg. fEEWEMEY) N B8 HED A [H
FE B S km RTG53, AL &SI
535K 273.2. 210.5 M1 16.2 mg/kg, 705 & WAR &
1 21.7%- 23.3%F1 18.7%; HAhah & &M T ¥MH
5350 874.3. 248.8 1 14.7 mg/kg, 4l MRS
M) 69.4%. 27.5%F1 17.0%; 5 &S - 3E 50 0
233.2.,407.1 #1150.0 mg/kg, 737 i S A% 7 51 18.53%.
45.06%F1 57.72%.

RIG LR BEE BB Cr(VDHEA 3
DU, K DV as &S FANE RN E, K
S5 RACRE S P U SR . Cr(VI){E -4
Br— 3B w1 R AGERE LIS, KB4 p
T A R A IR 5, D T R TR
I HIB G4 Cr(IIDE 2 WAV af A AP 2 T A
Bt HFZRHRE, T8 AN L LR
Wk Cr(VDie R, Wb sl ik, %
B4 G ARFA LS GRS IR RO

AWFTE RO 2D RW], R EHE T e A
AR, AR R P BT 2.5%.
#& McBride WF9¢, B A1 TSR T LA b 4 W B
Pl ST e 3R, Cr(VD) A AT A $) 150
em [z AT, SR K 55 (KR RSP, AT T
Cr(VI) I -3 R

FERYERTT R L3, B DU A IR
AL, IX G BRI S0 1 -F v ) T e s
oy DR S M A A, AEIE RSO0 F XE LURE LA
BRI — B — oL, ARZT5 3 1%,
VS R, B R EOR A BRI, X B LA
FeoE, ATRERIR AR AR TR

3 it

1) DABTRG IS Bl HE] A, Bl Sy T RIS
Hi3 A FE g8 b SV IR P38 B i 2l 1258.1. 903.4
mg/kg, 73l HIEIAEE PR GB15618—1995 Arifk
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¥ 5.03 1 3.61 1%

2) fERSVEREY) T R E SRS A A S A
N, AEARVE HE S JA RN B AR v HE Y 5 km R G 0
W 4 SR AR DUTRIB S 3, KU TR . A R
1R h 455 AR I B B ARAC

3) AT He A R BK IR £ 45 & A B A0 1 385 1 v £
FAHZEAMER, 10 ]V P B R B A% 1) e K B
BUAE 0~40 cm 12, HHLE GRS LS & S5
B REE M ILEE 40~60 cm 1+ )2
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