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Abstract: The Jilantai Salt Lake Basin in the northwest inland area of China was selected as the study area. A total 120 soil
samples from soil surface, 50 and 100 cm depth were collected to test for Cr, Hg, As, and the concentration of the main
chemicals. The spatial distribution characteristics of Cr, Hg, and As were identified through geo—statistical interpolation.

The pollution degree, pollution distribution, and ecological risk of Cr, Hg, and As were analyzed by a single factor index
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method, Nemero index method, and a potential ecological risk index. A source analysis of Cr, Hg, and As was performed
by a statistical correlation test and a principal component analysis. There were similar spatial distribution characteristics for
the concentrations of Cr, Hg, and As in the soils of the Salt Lake Basin. Cr was higher in the Bayinwula mountain area, the
Wulanbuhe desert area, and the hilly area of the southwest study area; Hg was higher only in the northeast local area and
the hilly area of the southwest study area; and As was higher in near the lake, the Helan mountain area, the Bayinwula
mountain area, and the Wulanbuhe desert area than in the other areas. Based on the background value of soil quality for
inner Mongolia, the order of soil pollution is As > Hg > Cr, in which Hg and As was at a moderate level of pollution above
the cumulative proportion of 45% , but Cr was only at a slight level of pollution at 7.5%. There was no clean soil in the
study area; cleaner soil only accounted for 2.5%. The beginning stages of contamination to moderate pollution in the soil are
above 50% and 42.5% , respectively. The soil risk order is Hg > As > Cr. Broadly for the study area, Hg was at a very
strong ecological risk level. A slight ecological risk accounted for 40%. Moderate to strong risk were within 20%. Most areas
were in a slight ecological risk situation. Based on the Chinese national standard value of soil environmental quality and the
assessment results from the single factor pollution, comprehensive pollution, and the potential ecological risk index, Cr,
Hg, and As in the soil do not appear in a polluted area. Although there is no Cr, Hg, and As pollution or potential
ecological risk, the concentration of Cr, Hg, and As in the study area soil from inner Mongolia was higher than that in the
other areas. In the study area, Cr may be mainly derived from a natural source of soil parental formation, where Hg and As
may be mainly derived from industrial emissions, traffic pollution, and other human-related activities. All the heavy metals

are subject to integrated impacts from human activities and changes to the natural environment.
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Table 1 Descriptive statistics of heavy metals in soils of the study area
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Cr ®E 5521 290 2827 2749 9.49 0.37 179 3400 41.40 250.00
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Fig.5 Pollution percent from the method of single—factor pollution index based on the background of Inner Mongolia
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Fig.6 Pollution percent from the method of Nemerow pollution index based on the background of Inner Mongolia
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Fig.7 Ecological risk index of heavy metal in the soil
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Table 2 The maximum, minimum and average of potential ecological risk of heavy metals

. o #EZ 50 em 2 100 em 2 ¥E
PR Ei Surface 50 cm Depth 100 ¢cm Depth Average
Reference Value !
Cr Hg As Cr Hg As Cr Hg As Cr Hg As

PG X S (i H/ME 014 000 000 030 000 016 019 000 000 021 3.87 0.65
Background value of soil quality SN 2.67 460.51  28.98 2.83 49641 2721 3.07 568.91  29.16 2.24 49641 25.61

FHM 0 137 147.03 1722 140 13233 17.01 146 12246 17.10 141 133.94 17.11
ER _RhrifE R/ME 002 0 000 000 005 000 005 003 000 000 003 0.5 0.20
National standard value RARM 044 1842 869 047 1986 816 051 2276 875 037 198  7.68

FHE 0.23 5.88 5.17 0.23 5.29 5.10 0.24 4.90 5.13 0.23 5.36 5.13

N & A4 EiY) [ 1w O

2 Surface [ g |
SocmJz 50 cm depth | (R e —
100cm/Z 100 cm depth - P S |
S Average , ] ]

0 10 20 30 40 50 60 70 80 90 100

1544 & Pollution percent/%

B8 ETHRGEREMNEEESNRERITENSLILE
Fig.8 The pollution percent from the method of Potential Ecological Risk Index based on the background of Inner Mongolia

A FMIC L £ i DXV e A 25 XU 22 50 31 5 13 K 7
(AR KT 300) , 7620 2= LD AEHS RIS = A Fvd
BEHL X (SRS ZECNT 75)  EE SRl g B Al
(A= 25 U R BTE 75—150 =2 00)) R i iors Je K F, 4%
MR ZES R SIS R 25 Y48 He &2 25 5
ARFAESEAAH [F], BIF 5 X 5B 43 s He & S 408, ek
AN ST S AE 0 14.25 7%, H Hg SEWFSE X 81k
AT AR 3 A 25 RS K, Hg S F 5% DX A 25 VRS 2R 80
TG LA e A 25 KU 8 B STk R ke 3 AR
FHo T35 22 Z2 50 100 M X, W AE A 25 KUR: 15 B AE 7
75—150 Z 0], AR A 28 RS R

2.4 HIEPEF R 0 RIS B AR
2.4.1  IEE TR C BT EEHHR
IR 3 A SR R A7 A 1B R AR B BRI NS0 Bl P s R 48 5
B S | A 5 A AR DL 25 5 350 g8 rp L S 0 jli ] C1o—7s W 150—225 [ 300—400
[ 75—150 M 225—300 [l 400—507
B — S AR AR A0 IR, A S F 43 =2 ) A
SRAERT DABE Bt sl HE i) - 498 0 4 J 15 YL oR IR RN R A A Y HERESEHEESRRENSXE
gfa‘ﬁ‘ , %ﬁ%\‘- IEﬂ FH 3‘@[@ ﬁ%@ﬂ‘& E%‘ , )l'l[J %‘:Z Eyq ﬁ% lEﬂ Fig.9 Distribution zone of Potential ecological risk index for the
— A IR R R B S5 T heary metal

MFE 3 ATHL FJZE Cr 5 Hg Ca®™ Na® Mg™ fl Cl™ g
FHIE; Heg 5 Cr As Mg™ NO; Ml pH B 3EAMC; As 5 Heg A1 K™ B3 AHC, Hirp Cr—Hg  Hg—As 5 22 [8] 4 5
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REO R R-0.34 -0.38, Z IR E HAHSCHE  ULBHIFFE X He  Cr F1 As 27— I FEJEPE, Cr 55 Ca™ Na*|
C1™ il Mg JC 2 P 19 22 [] S PR3, IRl MgO . CaO Al NaCl Je: Jit e A ik AR T A i B 2 72 ), e
SRR IC R 5 IX S IC R A B AR IEE 1T Hg Al As 5 Ca™ Na® [ CI™Hll Mg*” Z [a] 1564522 , W BE &%
N 3 1) 52 i 1
XFF R EE 50 em Ab,{U Hg 5 As Al NO; (As 5 Hg A1 PH HA W& HIEE, 20 As 5 Hg fA7E R RE
BISEVR . T HIEREE 100 em 4k, Cr 5 As K* Mg™ .SO?” #l NO;,Hg 5 As SO 1 NO;,As 55 Cr Hg BA
B RAOCHE LT HIERE, Cr Hg Ml As fEECREY), R ASORIRMICER | 5 M i B Bk KU TE i
SOBER I bToe = 5 W e SR G N P

£3 HREIFESERMERZAMNEXRY

Table 3 Correlation coefficient of soil heavy metals in the study area

ER s FJZ Surface 50 ¢cm J2 50 em depth 100 em JZ 100 em depth
Content Cr Hg As Cr Hg As Cr Hg As
Cr 1.00 -0.34" 0.04 1.00 -0.25 0.08 1.00 0.06 0.38"
Hg -0.34" 1.00 -0.38" -0.25 1.00 -0.35" 0.06 1.00 0.38"
As 0.04 -0.38" 1.00 0.08 -0.35" 1.00 0.38" 0.38° 1.00
K* 0.20 -0.20 0.37" 0.08 0.16 -0.15 0.33° 0.30 0.13
Ca® 0.47* -0.29 0.26 0.05 -0.05 0.28 0.29 0.03 0.12
Na* 0.37* -0.11 0.18 0.16 -0.02 0.07 0.24 -0.17 0.22
Mg?* 0.59 -0.31" 0.06 0.13 -0.09 0.25 0.35° -0.09 0.14
Cr® 0.15 0.08 -0.17 0.10 0.34 -0.34 0.03 0.07 -0.13
NH; -0.04 0.03 0.00 -0.16 -0.09 0.09 -0.15 -0.22 -0.24
- 0.35* -0.14 0.18 0.19 -0.19 0.15 0.28 -0.12 0.18
S0y 0.00 0.25 -0.14 -0.14 0.54 -0.28 0.39* 0.54° 0.17
F- -0.16 0.30 -0.09 0.23 0.29 -0.20 0.15 0.22 -0.08
NO3 -0.05 0.38" -0.22 0.05 0.53 -0.12 0.41* 0.49° 0.24
pH -0.17 0.34" -0.15 -0.02 0.30 -0.36" -0.12 0.22 0.02

0.05 7K A0 FEARECH 40

2.42 -+ Cr Hg . As 9759 80050 b
TIEFE SR FE ORI T N RS RS B, 3 s e B o] LU ROH B 4 R T R 5 e ok
PEUSES ASE R BT TGS 87.112% (% 4) , W LM B E 4R Cr Hg As BRI SHEE.,

®4 MERRIBESEETEEFHT

Table 4 Factors matrix of heavy metals in soils in the study area

KHBEJZ Depth #H 4B Heavy metal PCl1 PC2 PC3 PC4 PC5
#JZ Surface Cr 0.303 0.244 -0.240 0.612 0.272
Hg -0.456 0.113 0.048 0.166 0.348
As 0.270 -0.037 0.515 -0.483 0.491
50 cm JZ Cr 0.258 0.382 -0.482 -0.226 0.178
50 cm depth Hg -0.399 0.407 0.218 0.149 0.117
As 0.337 -0.032 0.387 0.408 0.358
100 cm 2 Cr 0.320 0.483 -0.103 -0.278 -0.005
100 cm depth Hg -0.327 0.540 0.177 -0.121 -0.005
As 0.282 0.298 0.451 0.179 -0.625
FHHF{E Eigenvalue 3.597 1.622 1.172 0.878 0.571
AT ERBRE 39.971 57.991 71.017 80.772 87.112

Contribution rate of accumulative variance/%
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55— Fr (PCL) RS HEE M 3.597 ,3%)2 Hg #1150 cm 2 Hg R T35 2] T 0.456 F10.399, If HF
PE W] Mt T NS S R ORI B T NS R A Y 3.75 A 3.25 £%, Rtk Hg JUR T2k
P8 T Tl HER A8 75 Ye 25 A6 305 55 = F 00 (PC2) BRI M 1,622,100 ¢m JZ Cr #1100 em 2 Hg %,
i, 43k 0.483 F1 0.540,100 cm Jz Cr 197248 5 20K, H 53R MR MgO 1 CaO 55 2 W Ay 1F
HHIEFER AR Cr N FSRRIE ST X Cr A& AR, YA R M I 52y R e TS (il , — ok i, Cr 2
T S R AR AR 2 s PN S g B Cr R A2 3B B A IR S Sl T A
BT 28 = E 4 (PC3) IAFAE(E R 1.172, As Fll Hg B9 RT3 fa 2351 8 0.515 F10.482, 3%)2 As I F- A &
T 5, KM S RIS S 2.99 75, - HR)Z As 5 MO Ml CaO BYFHICHERAR, A As K
FIREITTER

3 e

LRI D R A Cr Hg As, BT BB 28 20 A AR AL SEA AT 5 52 X 4 b ) B AL 2 R A R
SRIE B | (L2 B ST Sl i 1 7 A Je i 5 L X3, AR BRAIE 5 A0 K SR Ak 2% 8 AR AH G, G DA
24000—18000cala BP Hf 151 5.5 calka BP J& i ], 7 = 28 ER 0 40 Hh & P Ak 2% B0 3 AN WL AR 6 B AN 7 - v A
EAEPPN) Cr Hg As RIS R SCNER W A0t 4 4 T 5L /0 W, 28 R HR A0 FE T K R B R IX 08,
KT B ANE AR R IE RS A R R R AR AR b o E UG & B b SR S 8
FHh e Cr He As i Ry iB 0w i , B IL , S0 20 10 A AR 1E 502 X SR AR IR 58 25 R A 0 i 9 oK SC
JEAcAE IR SCHBERAE A S50 M S A RN NG B A 2R VR R ARG

IS X SRAE SRR A PR BRI AR B X 45 3 Jl— g 2 B R 5 i A1 shb A 240 35 ) 4 52 DXk 1) 4
+ B & R RGBS YIRS LA RN A0 15 Gk IR IR TR AR S S o, 3 R R R B SR TP MORG B, 7 2
HEFT/INRUBE (A PR ARATE 58 R 48 7~ 12 X 3 o 45 i 235 () A0 S e [r] oA RS, DA R Vb b -3 & TR PP S5 05
TR T

4 Lt

(1) W = ZEh W A L Cr Hg As BARRA RIS A/ ATRHE . Cr 7EER I 20 PH AL AR B S
L2 22 A R P53 DX 78 i L 5 b DX ) 5 A o 5 Hg AN R T8 73 1t ) 94 1 IR 1L 15 s IXC L LA K 2R AL JR)
PR DX A 5 e 5 IR 50 em DAE As TR 28R WA AR B 22 LU R L 35 S 7 L oy B B i A
TE T IEWRE 100 em REEAL As 755 22 A1 AP ISH IX & e

(2) T NFN T Cr Hg As 558, DFFE X RBP4 15 L o0 A L B PRI As>Hg>Cr, He
T Hg F1 As HEETG R 2 LB B9 RIT FE B 5050008 55% F1 50% ; 5 W5 IX - S N A 22 35 G4 B X S (B AN 2
IR AR T 38 A W 15 T R 2.5% , TF IR 52 BI05 Je i T3 L Gk 3] 50% , Hh EETS e DL b e E Ak 2
42.5% ; WF5T X HE TR KU VR P KU R Hg> As> Cr, AN [A] 1 )2 48 28RBS PRI R 462 Heg> 50 em JZ Hg>
100 em JZ Hg>3R)Z As>100 cm JZ As>50 ¢cm JZ As>100 cm JZ Cr >50 cm JZ Cr>#)Z Cr, Hg #ARAL TR
WS K-, WF9E DX 2R G AR AR AR TS Y AT AN i B2 A 2 KU o5 3 409 , HL P BE 3 8 AR 5 2417 20% LA
AL, SRR 5 A 285 XU 52 WS 20% , 10 AT 51X R s IX Ak Tl 2 28 KUK AR 50, S V6 1 A1 1L 5 e Sy 35
DX HH B e (B A S UK X

(3) BT 5 TR o i —ARUE(E AT VEA T SE X -3 h Cr Hg \As TR T e w1k Zi e
TSGR T A S KU PR E A R 0 IR AR DI, R IERTAAE Cr Hg  As V5 L B0 70 AR A8 KUK, (ELXE Iy
St B AN X R U, WS X X 8l 1338 Cr \Hg  As &8,

(4)WFFEIX e Cr TR T IR Y G B b i B SRR, He R As R IET Tl HEL 2238
TS YL IR A NRIE Bl = F K32 3 NG s A A AR IR AR 255 52
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