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Distribution characteristics and ecological risk evaluation of heavy
metals in grassland soils in the east-central region of Inner Mongolia
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Abstract To investigate the characteristics and ecological risk of heavy metal pollution in grassland
soils in the east-central region of Inner Mongolia, soils were collected from Siziwang Banner, Sunit
Right Banner, Shangdu, Xilinhot, Xiwugqi, Xinbahuzuo Banner and Ewenke Autonomous Banner.
The total and available content of heavy metals (Cd, Cr, As, Zn, Pb and Cu) in soils were determined,
the spatial variation characteristics of heavy metal contents in grassland soils of Inner Mongolia were

analyzed using spatial interpolation method. The ecological risks of heavy metals were also evaluated
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using the geological accumulation index, the potential ecological risk index and the risk assessment
index. The results showed that the average total contents of Cr, Cu and Pb in the grassland soil of the
east-central region of Inner Mongolia were relatively low, while the average total contents of Cd, As
and Zn were 3.58, 1.53 and 1.98 times of the background values respectively. The results of the
evaluation of the ground accumulation index show that the pollution level of Cd is the highest, while
those of other elements is relatively low. The evaluation results of potential ecological risk index
showed that Cd was the most important potential ecological hazard factor in the soils of the study
area, followed by As, and the other elements were in low ecological hazard. The results of risk
assessment index method showed that the available heavy metals in the soils of the study area
accounted for less than 10% of the total heavy metals content, indicating that the bioavailability of
heavy metal elements in the soils of the study area is low and the risk posed to the environment is
relatively low. In general, there is a certain potential risk of Cd in the soil in the study area, which
needs to be highly valued by relevant departments and strengthened monitoring.

Keywords inner Mongolia, grassland soil, heavy metal pollution, risk assessment.
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1 MBLE )7 (Materials and methods)

1.1 A58 XA

SR DX I T ST F IR X AR HLIX., Hh 2R ) 98 430 R SR 5o i B IR T (EWK) L 3 B R 18 Ac
(XZQ) . Vi 1 (XWQ) . B MIEHF(XLHT) . F#L(SD) . B4 A (SNTYQ) . PU-F L (SZWQ), T
M9 043, 2.20, 2.25, 1.47, 0.43, 2.23, 2.55 J7 km® WF5TIX H 4[] P62 45 A9 35 28 e 00 0 B - |
TR - IO AR TR A3 I AR R R MU TR TR VR A X A R R, &
el KU E, HZRRPVE AR, AR K B R 190—442 mm. 2 4E 2T 5 X b 7 X, 4F P2 XU 7
3mes™ Db, S KRXGE AT K 20 mes™ DA L.
1.2 FEA AR AT

FEa R AR T 2019 4E 2= (7 H b T A)) . AR AE R BUR R ZE B 58 XN R 23 16 AR, TEAEAR B
k1R, AT IR ES T RS RERZ LT 020 cm WIREG L. G RE S HEF M I
104 14

1 LHERHFER

Table 1 Soil sampling information table

i el i i 2o T3R/m SR S A
Number Sample number Latitude Longitude Altitude Number of sampling points Grassland type
1 U5 TR 1 111.9014  41.7850 1454.30 3 T 5
2 P9 E A2 111.9933  41.9729 1498.20 6 Tl F )5
3 Y E RS 1119972 419778 1503.00 18 B EA
4 MY¥ R4 112.1908  42.1355 1347.76 18 B 5
5 e R 1 112.5493  42.6040 1163.06 3 Tl F )5
6 WERATEAE2 1132477 43.5407 983.21 13 T B 5
7 Bt R 1 116.6773  43.5634 1227.04 2 MR 5
8 By Rl 2 116.5593  43.5432 1182.20 19 JTRY R JiT
9 BRI R 3 116.6979  43.5844 1212.34 3 HAYRL ]
10 B R 4 116.6972  43.5824 1240.35 1 M AL B 5
11 PG 5 AT 119.1073  41.5543 990.95 3 TR
12 SRR FIAEREL 1197077 48.5129 720.30 3 B ) B
13 SRR SO FUATEFEN2  119.7132 48.5197 717.58 8 FARE
14 BOUREAEREL 1182716 48.1963 613.10 3 ) 5
15 B RIRAERET2 1184293 48.1735 670.00 3 B ) B
16 TIHREEA 113.3901 41.4881 1391.00 3 Tl B )5

PR AR B RS [P S 00 5 I S IR, TS Pk A A T L REAAR | 8R4, SR 4 i 20 B
F1 100 H i . 38 42 J8 0 K (Cd. Cr. As. Zn, Pb Fil Cu) i) 4> % Ji HNO,-HCI-HCIO, 3 TH fiRl7,
AR DTPA IR TE SIS, FH A IEHE & 45 B 1 R SHE AL (FEBR K, ICP-MS) #4731,
W5 IX 41 HE 4 @ 0 A1 A JR R FH s B B9 A FE 72 (inverse distance weighted, IDW) #4743 Hr 2. L Ji 21
BB A 1 A A T P 2 A SRy s Sk P b i A 5 A A BE B SO M. % R 5B T BARZ I B4
T S I R AT 43 BT 0 T AR T VR I A, PR 22 W AR 45 Bl GIS A v,
1.3 KUESTEM ik
1.3.1 MRS Y8 BT (Te,)

i B FRS Geig B0k Rl i 25 18T RIS SR E R A4 B b B R R 1 PR 4 5 i 2, 3% 1 AT DA
TR 4 JE T I F AR A REAE. AR UR:
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Igco = logz[cn/KX CO]

P, Lo M RTG Y8 HG C,(mg-kg™) O T IERE S P S8 0 AYSEPRIEE; Co(mg-kg™) A H 35
(B, A SCRH NS T BIG X S S ES); K o5 RS S A S B IE 2L, ASCHUE 1.5. Hh BFFE L
PR IS e e B R AR 0 R T AN SFEGR, A TC TS B (1geo<0) « TEi5 Ge-rPri5 4t (0<lyeo<1) . {554 (1<
Lgeo<2) « TG YL -IRIG YL (22,0, <3) « SRIG YL (3<Lpeo<4) . BRIG YL IR Y4 (4<Lyeo<5) « LBRTT Y (Lyeo>5).
1.3.2  WEA SR PEH (PERD

WEAB KNI BTN LN GG % R T E A & i SACE IS X 5 4 8 15 4 i fus vk
SRR 2 B T PEAG I R BT vh T A A S U B A O

RI= ZE = Z[zjPs/P,,]

KX, RINES BB LESEENGIREG E, VA ESBBRELASEERYE i NS i MES
J&; P(mg-kg ') b 4 @ b e B S P(mg-kg ) S EAH, ANSE i X+ S0 S Y
T, A EEPEW N R %L, Zn, Cr, Cu. As, Cd. Pb IYFEVEMT R R E5r 510 1. 2, 5, 10, 30, 5% BTG AEA:
BIEEFRBOR 15 AR B 50 R 5 A EG, SRS fEE (B <40) | B E (40<E'<80) . B
A 15 (80<E'<160) . H A& a5 (160<E'<320) FIJ™ H A= & fa 5 (£1>320) . LR i e A e F 5 5L
BTG YRR R 430 4 NG A3 IR AE G #E (RI<150) . 45 A 515 # (150<RI<300) , ARG E
(300<RI<600) F1/™ 8 4 5 f&: % (R1=600).
133 XU PEAL 45502 (RAC)

DRI VA i 5 2 A i 4 S 55 I A LS %) o i - 50 XU DA 8 5080 43 S T S 0. 3
FA:

RAC = (C;/Cy) X 100%

A, € Cmgrkg™) 4 B i i T G I 5 R 4R IS B WL Co(mgrkg™) A T A S B 4 B L
RAC<1% I}, 54 Ja 5 A= 40 ] 1) FH PR R P A KRG, 6 3885 T KURS: s 24 1%<RAC<10% s}, A 4 ml ) v A
FE A, X FR BE AR XUES 5 2 10%<RAC<30% B, A= % vl FI) FH o4 A% B b 45, % 264 v 48 KU 5 2
30%<RAC<50% B, A= 4 0] Il FH R B v, X 2858 o0 8 IXURS: ;24 RAC=>50% Hif, Al s XU

2 ZE B 59718 (Results and discussion)
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i ¢ 2 n] 1, WO X £ 5845 H 4 JB JC & Zn, Cr. Cu, As. Cd. Pb 19 5. & & V- {H 4518 116.87.
27.14, 12.79, 11.51, 0.19. 11.50 mg-kg™, Cr. Cu Fl Pb JC & Wk B (X T N 52 175 518, Zn. As.
Cd W9 P2 B2 43 R L5 5o (E Y 1.98 £5 . 1.53 {11 3.58 5. Pb 4b T 454 e B B, R oo R Wb F
AR S R Zn, Cr. Cu. As il Cd 78RR X 1) 5 4 i BRAUR B 22 A K, & Fhoe Z e 25 Rl 0 A b
FETEAT A AN S M B, i HLHLA Jm & ka3, Hoh ) Cd /9 7 35 B (875 Se(E A o T e o
2, ULEEIE X 3 Cd & B2 TS Y.

&2 WX IIEPARE SRR BT BSITER (ngkeg)
Table 2 Total contents of different heavy metals in soil of the study area(mg-kg™")
LR STONI-} RAME S CFIE GES b2 A R PRMELH 5
Element Maximum Minimum  Average Background Standard deviation Coefficient of variation  Average/Background value
Zn 411.07 34.21 116.87 59.10 82.53 70.62% 1.98
Cr 60.84 8.49 27.14 41.40 10.22 37.67% 0.66
Cu 110.38 2.90 12.79 14.10 15.94 124.57% 0.91
As 44.41 4.21 11.51 7.50 44.18 71.76% 1.53
Cd 1.10 0.03 0.19 0.053 0.11 60.98% 3.58

Pb 18.04 3.84 11.50 17.20 3.60 31.32% 0.67
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1 AFIHIX 44 R O R & A 1E
Fig.1 Distribution map of total heavy metal content in different regions
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Fig.2 Evaluation results of ground cumulative index
232 hIEE SRS KSR
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HARITER B LE 2518 T AT AR X B . AR RT3 F 5 DX BT P A A 256 3 il AR, AT Cd oeRM LT
Hfoo R BA — 2 MR Efa .

[ r>320 160=<Er<320E=] 80<<Er<160
EE40<<Er<80 B Fr<40

0 26 46 66 éO 100
Proportion of pollution level/%
B3 RS IX IR A S G N A5 2R
Fig.3 Evaluation results of single potential ecological hazards in the study area
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As JCERTE Y7 E A IR JE A e L b b T8 AR A a3, e MaE 1 b ab T rp SR AR S AR, H
RUPFE XA TARAE S AEH . WP IX 852 Cd 5 Y80 ™ 5, 101~ E . IR e Refa e By pkit e s
i ve 8 A e Cd 240 T HE AR G, P SR O L 2R R R R 0 4 g b U Ak R AR S
faE. WERE, RZHE SR T I E LS H R EAR, ERFEX L5 Cd Jus M A AR5
T AU AN 28 0.
233 e E XA

H 4B HIEAE T Z R IRAETE A, AR BCR SR 2157 0] LUK L2 h R $2 US| T i 5
SRR AMDEER) RS CHEILE G ) FEk 2. BRI 248 vl g o WsoR FH i — 2 4
J, PR 4 S TR S AT 0 A e A N L Oy 1 DR A v R Y A A KU, X
TP R SR ITR WA RS S I T TR AR 3 R LA, B S A RCE R E SR S e
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Fig.4 Evaluation results of potential ecological hazards in the study area

R3 WX ERPAE RS EICRA RS R (ng kg )

Table 3  Statistical table of available state contents of different heavy metal elements in soil of the study area(mg-kg ")

PIES A IZONI:I /ME iz LB S RACY
Element Average Maximum Minimum Standard deviation Coefficient of variation ’
Zn 2.63 6.89 1.40 0.02 44.05 2.25
Cr 0.94 1.32 0.68 0.00 10.43 3.46
Cu 1.84 8.53 0.84 0.08 60.19 7.07
As 3.21 3.63 2.41 0.05 9.55 6.22
Cd 0.03 0.05 0.02 0.24 3241 1.06
Pb 0.99 2.30 0.54 0.03 42.63 2.93

2.4 SEH R TR G JE R IR

NS AR XCHUSRAL I, 577 SRR & X EA O B T oA 76 N Sk TR R, il in
A DL IR T AL TR | AR ey L SR A B AR S 88 B A LY. S Cd JT &K | As JTER M Zn JT R 1945 (] 704 €]
AL, IR JE R A O X S Cd A As LR SR vE % FHB HEHY Zn & B HAT B i R AR TR
P E R BB BBT IR 34 B, i HAT I LM R0 A 20 Ff, SRR ST A R DHEE™ X2k
1] i 1 T K ) TR B R 22—, BRI Z AMIHEORE L 2w RS 21 2011 4F, BT L) B LA ik
340 J7 T 5L, Y fe K AGTE AL )20 R MR 7 B R A O il e T BT I X < 7 e i R
Z—. I WA PR SR AT A n] BEA GO T R I R SRR AR B R IR, A (A m R A A
KL A R A GBI R, 1l R BT KB I RS . I3 e A I U2 B g wp It o 5 Rl
A, FBETRZN, Z TR, DU 28 80K AR B AT i v X, — B o 3— 5 9, Rl ik
9—10 g%, V¥ X A1k 5.5 mes'C, I3 Je e A R e 1 A D, HC i S AR DA A, By XU T RE T B,
ST 2 ] e KU BEAT B B A% . 55— D e 7= B PR SR A i A 2 7 A R R K
K, IRBEPE K S A B T A E G R TR, G HEK s K Y 5 A B KR S v T S e
ARSI, SR SR FVA R FEAT AT B PR A TR R v e R 237 A — SR Ll o PR R, A
I WA HL R 7K S KRS, 0 5T+ HE K 206 K Hh B T 3 s 1 B 2 e s R a5 v, e T
J R G U e BRGSO, HAB A EIE st n] GRS DR A S M IX F G R 15 e i IR N 2 —,
CA A A R, 78 A iz e R e, P4 R I« R e B )RR R S ) o i T S AT e A
45 TR 2 58 110 XS 5 30 3 L SRR A 5 TR G 25 Ok ] R 0 L KA L AEL ) A —E I L BRI 2
Bt E TR T B A5 AT Dl 2 ol 25 M ) e S AR 2 52 B b, NSRS A A AR MR A
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PEREAR D 2T BI04 4 1 (1) 2 52 i) e 24 3 BORE 0 % ¥ 4 I 1) W B 68 T I B, PR P I T 4 I o

TEEAT T 18 4 Ja IXURS: PPl S LA 4 6 o <6 JR A DA VAl - 438 Jo () ME— At AR TR 1), S B
XoF Nt FREAR BRI 9 T 2R A S T 4R AR KU DA 48 550 (RAC) PRAL 45 2R R 5 X T 4 )|
ARl R PR, B2 Cu JEZR RN As TG ZE A0 VRS P4k 48 25 f v, He 32 22 R U AE T K 2480 Cu JL R 160
PR T LATTIE I X AFAE T 3RS b, (AT — 3800 25 0k A MR A T W BFF, - 498 P 5ty e X - 3
FETUSHR o Jy RS 4 L TG £ PR - SR BT I B 19 Cu i BE 239 Ca? 840 T ok, DA fifi 15 148
WA RS Co & B As 7 LI IR AR S 535500 pH A ¢, A WF5E 45 24 pH 7E
2—7 WG FE N, HHEXS As (ORI BE J7 4858, 24 pH > 10 5 < 1 I, T 3EX%F As 40 B RE ) e 5507 N 52
i X 43 pH i KT 7, PR RS R RS As A9 i S AR . BRI 9T X A RS
4 8 X BRI M i XU AR . X AT BE S ST X S FL M Rt A — @ E &R IR B R NS HIR
DXE R TATBCA 74.9185 U7 km? AR Hb IR BL A 8 A1 I - A AT B AR 1R, A e A i
W, BRAEAE TR (A bbb 2E 0 AR R, O R R AL T R A LT, NS M X R TR R R 25 3
K, FEAEY) o A HUTE R 2 B s m, A HLSURR R 2B, LR R s fb s b & AR | o
ALY, PSR A X T 4R A [ L R 2 AR N S b X 3 pH i KT 7. AR SRR R, B
TN E SR S RDTTE, 8 B2 7E 2R . T U E &R RAPE SR E, B4 mx TAESTEE
F14) e 3 A IR

R4 b SRS B0 P TR 25 615 A8 B0 I PR 45 51 1T LD PN 58 oty o 2R 30 s X i+ 398 ] i
FEAE Cd V5 YL ) B, Sk i 4 535 Y Biis, d i dbsm s ml XUSE 2k, AR A iF 5% 25 SR 4 AN R JL A Bl iR
W OFF R R 388 4w 5 Y PR A A o8 FUXUS PEr TR, Sl RURS: 45 R DX 35, AR AN (7] U 4
G DI A B B A R O BA A IR A 1 b A JE TS R VR B s Y Tk, DU T RS HE Y A
W5k B4 s @43 Hr L3 b H 4w WA A, BT LA -0 R 8 v (R RS R, DA SR BUA A4
Bl 6 it FAAIC TR 4 i o+ MO AR S R BRI BEIR.

3 2512 (Conclusion)

(DAFFR X LR T 4R ICE Zn, As 1 Cd TR V¥ & & m TN B3 Sl o e 5l
[ 1.98 £ 1.53 %51 3.58 15, HA G R & RT3 S (H.

(2) W5 XN 7]l IX. 4 48 v 8 4 J o0 R V5 YL FE AN [R], Zn o0 2 7 S0 R S0 1R 36 I X3 o
As TCEFEFT R R 22 AN 95 2 A8 A0 T LA A i 1 BB Cd Je R AE SRR e R IR IEE . 7 S0 | B MRk
BRI XTE

(3) IAURSE PPAk 38 ok DPAN 45 5 B, I 5 IX T 4 i A 0 vl ) P P A R, S0 R 058 g g DXL 1 A
BAIK.

(4) b BEUE BN DB E LRI EBOIM 5 R TR, 8 X 3 Cd R X S I i 78
fEEAK, Hfh ot R MNEAR G R T LS G E . T BT IR0 51 6 = 5 S0, s 3h 245 W), ik
LfB iR TAE, D80 5 4 R V5 Y R A 25 R G R
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