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Heavy metal characteristics and potential ecological risk assessment of the soil and sediment in the Digou coal
mining subsidence area, Anhui, China

CHEN Cheng'?, LU Xiao"?, YU Kun"?, ZHANG Ming—zhu"?*, SUN Qing—ye'*"

(1. School of Resources and Environmental Engineering, Anhui University, Hefei 230601, China; 2. Mine Ecological Restoration
Engineering Laboratory, Anhui Province, Hefei 230601, China)

Abstract: Understanding the characteristics and contamination status of heavy metals in the Digou coal mining subsidence area will shed
light on how to use water and land appropriately. We collected 23 soil samples and 35 sediment samples in the subsidence area and
analyzed the content of elements Cu, Zn, Pb, Cd, and As. We evaluated the status of heavy metal pollution and the potential ecological risks
of the soil and sediment in the Digou coal mining subsidence area using the geological accumulation index and potential ecological hazard
index methods. The results revealed the following:the As, Cd, and Cu content in the soil and sediment, and the Pb content in the sediment,
is higher than the background value; the Cd content in 21.7% and 80% of soil and sediment samples, respectively, is significantly higher
than the soil pollution filtered risk value of agricultural land, but still lower than the pollution risk control value; the overall heavy metal
content in the Digou coal mining subsidence area is lower in the land area than the water area, higher in the central area, and lower in the

east and west areas; and according to the evaluation results of the geoaccumulation index, the soil and sediment pollution status in the
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Digou coal mining subsidence area generally ranges from clean to slightly polluted, and the main pollutants are As and Cd. According to the

evaluation results of the potential ecological risk index, the ecological risk of the soil and sediment in the Digou coal mining subsidence

area is low, and the sequence of potential ecological hazards of heavy metals is Cd>As>Cu>Pb>Zn. The overall ecological pollution risk of

the soil and sediment in the Digou coal mining subsidence area is relatively low, but the potential pollution risk of Cd and As should not be

ignored.

Keywords: soil; sediment; heavy metal; geoaccumulation index; potential ecological risk; coal mining subsidence area
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Cd 0.093 mg-kg™',Pb 28.03 mg-kg ™', As 8.21 mg kg™,
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Figure 1 Schematic diagram of the soil and sediment sampling points in the study area
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Table 1 Evaluation index of potential ecological risk degree

5 YL 5 E R Degree of pollution hazard E; RI
4 Minor E<40 RI<150
FRZE Moderate 40<E/<80  150<RI<300
5 3 Strong 80<E<160  300<RI<600
5% Seriously 160<E,<320 RI=600
A P2 #8 Excessively E>320

Fh

2 ZER5WR

2.1 TEMARYHIHNESEESE

F W2 s, VA SRR X 4 Cd L As . Cu

1 & B AE 20 ) e b 3% B 4 15 519 2.69.1.26 ,1.10

3 HEREA R 95% T0% T4% . ITARIH Cu . As .,

Cd.Pb [ & & ¥IE 43 5 & R H M 1.15.2.87.1.72,
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1.03 155, AR 43 51 H 66% . 100% .86% . 51%. ¥41T
FRY) A+ SEAH L8, e Cu F1 P 5 AR 2E 80/ (H
DU ) As  Zn 5 S BB i, R Cd Sl
1o AR R R K ek v T R s R

S (L ERBE i R FH b - 8 g XU 4 4
FrufE GRA7)) (GB 15618—2018) , 38 75 i XU i &
{8 FIAE HRIESE— R 1 5.5<pH<6.5 Fl pH<5.5 5 ™ #5114
(B, B bR E AR BE B Zn  Cu FAS HIME, 23 AEAC ) Cu FI
As O PR T8, 21.7% MIREAS Cd & & 1 T
VEAE (L i ALK 465 Wi AL 5 W0 AR A 1 s e 1 A A8 o (R
FH pH>7.5 O E , i 80% FUREAS As 7 i T 0 ik
B H RSB RIE . U, BT IX P 3 Cd #
PR 21.7% , DI As BB FR % 80% .

AR5 R B(CV) AT B2 RE AR (1) 5F- 39 A8 SRR
A TN NICV<0.15 R 55748 5, CV>0.36 M5 AS 5+
20 0L, + 3 Cd 178 5 R AL 0.36, R B K
SRAR S, As RILNHEAEAE K DU T Zn F1 Cd 19 2R
FRBIIKT 036, R ARAER, Cu A7
Pk ULEIIF Y X 4 B U R m A AN A, Ho
Zn il Cd Bk i 25, 2 BN R IR R K .

U DA R R 104 FH 3R A 25 AR (o A 62,
22 TEMARYPEESENZTELH

14 SR AU X R Cu Pb . Zn Cd, As B9 7 2 H
A 5225 (P<0.05) , ) S 1 B AR R (7515 2 F
FEIX 5 FhEE 4 7 A 45 ) A0 A A LI 2., F R 2
AL, CuZn T 5 HLAT ALY 23 8] 40 A BLAE , 7 4 49
H A AT DU , A XN Ha v Zn 5 B
KIXDG26 H1 Cu % i i . FUIRTE DG26 KA A Zn
R, (HALE ] T 70 mg kg™, RWIZRAR
FARIR IR R B — 2 A Zno A X0 3 7]
P, 4 S BRI, T B A D) o e iy, A
AT YIS R . HA LI K DG26 SR FE S JE A E %
£ T KSR R & 5 HE 0 IR AR K (A5
ORI B R 5 e b Cu Zn 5 B S [m) AR 3 184
W DL 8 & IR R K REAE i 3 Y Zn  Cu 75
St A A 5 T S

AsTEDLR h & i , M E X E 2 F HI

K3 EtmMBERESEESE(mg-kg")

Table 3 Heavy metal content in other subsidence areas(mg-kg™)

SKIHDU X Coal mining

350 T E N AE ORI TTRE XA 5% Y 1 e As  Cu  Zn Cd  Pb ik
FOCRH T G 5 ko HAORARTTRE AR LE il 7 TR TR — 2224 36537 0.67 29.10 [27]
SRR DX TR As 5 B 2 At b X ) 2~ VT — 2021 34256 044 3761 [27]
8.11% ,Zn Cd . Pb ¥ m AHXT AL , Cu 7 &8 A H A TG BERBKEL T 53 3073 439.80 535 2536 [28]
AR 2255 /0, 108 B 31 4 SR BT R (X As A 5 YL i) SR WM R 5 29 2468 6631 3.74 37.11 [29]
AW VBN K B A e ¢ RO 10 B 6600 - 214 1)

2 HRRXRTEMABYESERESRIT
Table 2 Heavy metal element content of soil and sediment in the study area

WFFE%F 42 Research object T H Ttems As Cu Zn cd Pb pH
14 soil e KAE Max/(mg-kg™) 16.06 38.79 83.71 0.48 54.88 5.96
(n=23) 15/ M Min/(mg-kg™) 5.96 1965 31.05 0.06 2224 455
M Mean/(mg-kg™") 1035 23.69 46.46 0.25 28.01 5.34
A5 RECV 0.25 0.13 0.11 0.39 0.13 0.06

HARH Over—standard rate/% 70 74 4 95 35 —

Gt PEAH (pH<5.5)Screening values/(mg-kg™) 40 50 200 0.3 70 —

i YE1E (5.5<pH<6.5)Screening values/(mg-kg™) 40 50 200 0.3 90 —

41 (pH<5.5) Control values/(mg-kg™) 200 — — 15 400 —

I (5.5<pH<6.5) Control values/(mg-kg™) 150 — — 2 500 —
YU Sediment I KAH Max/(mg-kg™) 35.22 83.49 500.16 0.31 36.52 8.82
(n=35) I5/ME Min/(mg-kg™) 15.71 15.34 18.77 0.003 22.60 774
(i Mean/(mg-kg™) 23.54 24.74 69.67 0.16 28.96 8.12
TS FRECV 0.13 0.22 0.58 0.44 0.12 0.03

AR Over—standard rate/% 100 66 29 86 51 —

i VE1E (pH>7.5) Screening values/(mg-kg™) 20 100 300 0.8 240 —

AR (pH>7.5) Control values/(mg-kg™) 100 — — 4 1000 —
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Figure 2 Spatial distribution of heavy metals in soil and sediments in the Digou coal mining subsidence area
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Continued figure 2 Spatial distribution of heavy metals in soil and sediments in the Digou coal mining subsidence area
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Yyrb 5 P 4 R EST B R B IMEIR N Cd L As
Cu.Pb.Zn, Hid Cd Fl As B AE S KIS e i o 7EREERY
58 MFEAHT, As Cu . Pb.Zn 1Y E,; /NT 40, 844 3%
BARMAESAEE, LMY S Cd i EEME
4 81.59 F148.07 , KR4 Ab AE th A& KUz /K- DA F o 3
i, e Cd R As XF R 53k R4 31 R 77.3% Al
11.9%, JLFR Wy v Cd 1 As X RI B 57 8k 2 43 51 Ky
54.2% F132.6%, 7] L H Cd 1 As 2 RI Y 32 22 51k
JUER, M TTH R IE S 89.2% F186.9% . ML ILE ME
ZEA T, RO AE S fE T O R A 5
BIh 82.6% F11 17.4% B ik b RBUN R MA G Ul
U1 H 8 T RGO & 100%, 3214 -
R MBRMESEE .

& 3 AT A, 25 T TE AR A a5 fe o R IF T X
S SR, VARG X R IR AR AR

i SAFRHE B0k A A A S e FR B0 RN 2
BN —2, IR T30 Cd i As 2R IX 4
BP0 25 Y e S BRI o 2R
Dy 455 e S R b S A 9 DX s g T e i 1
24 BEEEREXESH

T4 JE 2 (A e T DR R 5 1A TR
A 5 A B 4R =22 1) ] R LA ATV A: 5 AH DG PEAIR Y
HAJRZE TR A ZRORIE, 6 nHl, Cu-
Zn . As—Cd I Cd-Pb [ 7£ 0.01 K F | B A0, Hrp
CAd AT As EFEIG YY), T Cd 5 As & B L H
A R IR

x5 MARESEEELETRERYRBEESEEREY
Table 5 E/ and RI of heavy metals in the study area

it H Ttems E RI
As Cd Cu Ph 7n

14 AR Max 1956 155.59 9.00 9.79 1.09 18587
(nsfzig) F/MEMin 726 1992 456 397 040 38.66
SFH{ Mean 12.60 8159 5.61 5.16 0.62 105.58

PR ROKRMEMax 4291 8837 835 651 291 137.55
S(e:f;l;‘r)“ B/MEMin 1913 0.88  3.56 4.03 024 47.78
A Mean  28.94 48.07 559 5.15 0.89 88.64

Fo TEMNMRYFPEESEEMEXM

Table 6 Correlation between heavy metals in soil and sediment

545 Index Cu Zn As Cd Pb
Cu 1
Zn 0.796%* 1
As 0.089 0.060 1
Cd 0.242 0.188  0.394% 1
Pbh 0.092 0.024 0.073  0.358%* 1

1 n=58,%%P<0.01,

Note:n=58,**P<0.01.

F4 ARXTBFSIRYESEHRREY

Table 4 Geological accumulation index of heavy metals in soil and sediment in the study area

/ Lo VIR P 45252815 FE Proportion of heavy metals in sediments/% 4R EE LY L Proportion of heavy metals in soil/%
Grade As Cd Cu Pb Zn As cd Cu Ph Zn
<0 i — 485 90.9 100 93.9 69.6 8.7 100 95.7 100
(0,11 RREE5Y 63.6 51.5 9.1 — 6.1 30.4 60.9 — 43 —
(1,21 fwhis g 36.4 — — — — — 31.4 — — —
(2.3] TS — — - — — - — — — -
(3.4] ISR — — — — — — — — — —
(4.5 WIS — — — — — — — — — —
"R AR
Note : “—"Means not detected.

1% WHART]
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Figure 3 Distribution of comprehensive potential ecological risk in the study area

F5E DX Tolk X A /b, B 4 JR ok U T 2 Tk i)
AIREMERS /N A BFTE B, AR TS TS K I E I S il
Herh Cd AN As 1 5 4B IR A HE RS X As T Cd 1
JIG A S5 R 5 T B0 o b i P %) i IR 2 TR 24 As Cd
GEEJEY, G456 TS 2 40 An B 05 YA 4
B, FHERPURRY b Cd I As i 2R A] fE I TR AR
AR 25 (1R o8 T 3 LA 1 T K AT D R R A LA
AR o SO0 3 20 A FR i FH AR IR 42 36 2 K HE I A
R g/ BT A HERR A R 4 i DN A TR L

3 #ie

(1) 3 VA SRAEDTRE X L4 As . Cu.Cd & 235
T EAE, DRI AY As .Cu .Cd . Pb & E T 5 (H.
FEUTRR P RN - 18 5 S i AR AR LB, DURR Y As 1Y
75 e XU e g, 3 0 Cd 35 Y KU fe i , T4 IR TG
PFREEAR YK A Cd>As>Cu>Pb>Zn.,

(2) K IR 4 o ol = 1 i S 3
MDA ) N, DA 4 o i B R, 3
R AR B DA DX e e

(3)WFFE X - RN FY) T 4 o B S n
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