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Pollution characteristics, migration and transformation of
hexavalent chromium in groundwater of a chromium slag

LYU Yonggao, CAI Wutian, YANG Li, BIAN Chao, LI Jingjie, WANG Mingguo
(Center for Hydrogeology and Environmental Geology Survey, China Geological Survey,
Baoding, Hebei 071051, China)

Abstract: The historical stockpile of chromium slag in China is large, and the hexavalent chromium in slag
leachate is highly toxic and migratory. In order to investigate the migration and transformation pattern of Cr(VI) in
groundwater under the combined effect of pollution source, site hydrogeological condition and hydrogeochemical
process, a hexavalent chromium contaminated site was taken as an example in this study, the spatial distribution,
hydrogeochemical characteristic, occurrence form and proportion of Cr(VI) in groundwater, and the main factors

affecting migration and transformation of Cr(VI) are analyzed by sampling and testing groundwater samples, and
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the combination using of methods such as Kriging interpolation, factor analysis, hydrogeochemical calculation,
Piper diagram and ion ratio. The results show that (1) the two aquifers below ground surface 40 m are polluted by
Cr(VI), but the size and degree are different obviously. (2) The main forms of Cr(VI) in groundwater are CrO3~
and HCrO}, Cr,03" content is extremely low, and the anions of samples with high Cr(VI) concentration are mainly
HCOj and S0%", the cations are mainly Na" and Ca*". (3) Precipitation leaching and seepage result in the leachate
containing large amounts of Na’, SO7~ and Cr(VI) entering groundwater. The increasing pH, high concentrations
of HCO; and dissolution of iron oxides under low oxidizing environment in groundwater can facilitate the
migration of Cr(VI). Manganese oxides and organic matter are able to change Cr(VI) content through redox
reaction. Evaporation also plays an important role on the enrichment of Cr(VI) in groundwater. The results of this
research can provide strong support for risk management and post remediation of chromium slag contaminated
sites.

Keywords: contaminated site; hexavalent chromium; speciation characteristic; factor analysis; migration and

transformation
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Fig.2 Typical hydrogeological profile of the chromium slag



2024 4F

Bk, S5 SEAR T HE TS Je R K S M B IS YRR 5 5T

AL FL A 5T - 183 -

2.3 Wb B 5 b

% Fi Microsoft Excel 2010 i#F 47 £ 3% %% 1 5 48 1,
HET SPSS22.0 eIt AT i 5~ #r, Cr( VD) i i ik
J& A5 (2R ] Sufer13.0 5 HURS 4 {75 2 i, ) ] The
Geochemist’s Workbench(GWB) /K fb 2= 8 {4 1158 Cr 5
i’@_Fﬂ( Ca™, M”55 F B & LAz mf Cr(VD iy E 2B

%, Piper =28 & 1 AqQA /K AL 2# 34226, HoAth B F
[:l:lEHﬁFHa Grapher14.0 2K F 52 i o

3 &R

3.1 MU FREAE Cr(VD) i ik
WF5E DX 3T 7K A 2 P 3T 5 R0 A 75 G W) Jo o Yk 8

B ND ~ 82.1 mg/L, %5 11 & /K 2 H#u F 7K o Cr( VD) i
T B ND ~ 21.5 mg/L, LA (b R /K S i b v ) (GB/T
14848—2017) ™" JL % 19 ME 7K Cr( VI) it & ik & BE{E
0.05 mg/L My tr i, AR A5 £ ik 1 642 P—%u 430 1,

MEOKIZHZ BRI BEE R, iS5 1. 15 7J<
JZh 4 53 (Fe, Mn il TOC)E%%M‘W‘E%&%&(C)
A3 5 K 125.4% ~ 227.8%. 178.4% ~ 181.7% H1 45.5% ~
88.8%, &% [8] 742 5 8 K, W) 20 FIWr 55 Hb T 7K 52 Cr( VD)
T YR G R4 (K°, Na', Ca*', Mg, SO . CI',
HCO; A1 TDS) it & ¥ & C, /- T 15.6% ~ 79.7%, %5 [A]
5 S 45 B3 2 88 (pH Al ORP) C, éj\j]ley 2.9% ~
3.5% F1 31.6% ~ 40.7%, %5 [A] 28 S35/, ik S5 R KA

GitaE R WA 1. 5 1 &/K)ZH T K Cr( V) T & BRI G2 T RE 1A G .

F1 ARXHTKUFERSHESRYRERESITR

Table 1 Statistical table of groundwater components and characteristic pollutants mass concentration
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Table 2 Matrix of rotated factor loadings
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Cr(VI) 0.981 0.128 0.030  -0.074  —0.023
LERORIER 5.98 5.50 3.39 2.17 1.43
DTk % 27.18 24.99 15.42 9.91 6.51

ZIFTTRRE% 27.18 52.17 67.59 77.50 84.01

B Cr( VD) I8 1 O 8 i
42 Cr(VD)JEAFHE

Cr( VI) 7E # F /K ¥ 3= % L HCrO;, . CrO; il Cr,02
W AEAE Sk — 25 W5 X L R K TP AS TR 2K
Cr( VDAY 5 L, R GWB # {4 SpecES8 fHt i1 5, 1%

B (4 O s A T AT W] B 2% f R K pHL ORP DA Kz
BB f Ca¥', Mg¥, K', Na', HCO; . SO} ., Cl L7471}
Cr(VD) A 7E B X S Wy B i 2 ™0 T3 45 R R B
2 F K E i Cr(VID) £ 2 DL CrO; . HCrO, B A7 15,
CrO; 5 tb KT 80%, HCrO, /5 FL A /2 20%, Cr,0% (5 L
AR (& 4)
4.3  IKALEAFRE

FH IF 5% X M R 7K Piper =2k B (& S) AT 565 1 &
KEH R K S PHES FLL Na™, Ca®™fl Mgk £, [ F
PLHCO;, F1SO; 0 3, K Ab2E 28 A B R B8 HCO,—
Ca*Mg #H1 HCO,*SO,—Na*Ca BI; 45 1 & /K ZH T /K
JEPHES T LA Na', Ca® Fl Mg> o &, (HBA 8 7 JLF 4
PLHCO; b &, 7K k2% 288 3 %2 R 3 o HCO;—Na-s Ca
R, KN, Cr(V1)<0.05 mg/L 197K s B2 5~ LAHCO;
JyF, BHE T LA Ca™h 35 Cr(VI) =0.05 mg/L 47K A5 1
BT LLHCO; f1SO; 2y 3, BHES Lk Na'fil Ca* >k 32, 7K
{2425 K1 HCO,* SO,—Na*Ca /Y,
4.4 Cr(VD)iER Ak m K =
4.4 BEERAPE T L SIS YR

Na', SO} 5 & Cr. Cr( VD) ##fiEi5 4 b+ ] — A
T F, ', &M Cr 5 Na', SO; ¥y Tk i AH A o Ji 4 46
T 3R A S K b 1k AR 7 21 LB (Na,Cr,0,) 45 %
RPN H A 7 o 8 v 2R ] H,SO,. NaHSO, 14 2 i

Cr (V) Jlridye i/
(mg-L™")
70
60
50
40
30
20
10
0.05
S16 507
«S13
as14 =815
=S10 Q 2505
[ms12] R /K RAE A
(=] s ki
0 100 200m
| IS |

Cr (VI) FihtikpE/
(mg-L™")
21
i HE
17
13
9
5
0.05
D16
AD07
ADI3
aD14 aDI5
D10 ‘
[sD10] M1 T 7K SR A
=] T ki
0 100 200m
| IS E—

(a) 55 1 8K2

(b) H M EKZ

B3 AEE&KECr (V) REREEESZ

Fig.3 Contours of Cr(VI) mass concentration in two aquifers
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