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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] Eastern Yunnan is an important coal base in southern China. To reveal the sources and ecological risks of heavy metals
in sediments of small watersheds in typical coal mining areas is of great significance for the protection and treatment of ecological
environment in coal mining areas. [Methods] The surface sediment samples were collected from small watersheds, and total
contents of As, Cd, Cu, Pb, Hg, Mn, Ni, Cr, Zn and V were determined. The pollution degree and potential ecological risk of the
heavy metals were evaluated by the geo—accumulation index and potential risk index, and their potential sources were analyzed
based on mathematical statistics method. [Results] The results shows that the heavy metals in the sediments of small watershed
exceed the soil background value of Yunnan Province except As and Pb, but only the average content of Cu exceed the risk
screening value. In terms of spatial distribution, Cr, Ni and V are of medium variation while the other heavy metals are of highly
variation. The pollution degree of each heavy metal can be ranked as Cr > Cu > Cd > Mn > Zn > V > Ni > Hg > Pb > As, in which
the pollution of Cr is of moderate degree, the pollution of Cu, Cd, Mn, Zn, V and Ni are of mild degree, and the pollution of As, Pb
and Hg are clean and pollution—free. The potential ecological risk of heavy metals in sediments presents a low risk to medium risk.
Cd and Hg are the main ecological risk factors, showing moderate risk, while the ecological risk of other heavy metals is relatively
low. The results of correlation analysis, principal component analysis and cluster analysis show that the contents of heavy metals in
sediments are controlled by human activities and natural background, in which Mn, Ni, V and Cr are mainly from natural sources,
As, Hg, Cd and Pb are mainly from man—made sources, and Cu and Zn are comprehensively affected by both of natural and man—
made sources. [Conclusions] Although the study area is a typical geological high background area in eastern Yunnan, the potential
risks caused by human activities such as coal industry to the ecological environment quality of sediments in the basin cannot be

ignored, especially the monitoring and treatment of Cd and Hg.

Key words: coal mining area; small watershed; sediment; heavy metals; sources; risk assessment; environmental geological survey
engineering; Yunnan Province

Highlights: (1) Providing a better understanding of heavy metal pollution characteristics and potential ecological risks in sediments
of small watersheds in typical coal mining areas in eastern Yunnan; (2) By using mathematical statistical methods such as correlation
analysis, principal component analysis and cluster analysis, we clarified the sources of different heavy metals, and provided a basis
for the effective prevention and control of heavy metals in sediments of coal mining area in eastern Yunnan.
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Fig.1 Location and distribution of sampling points in small watersheds in typical coal mining areas of Eastern Yunnan
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Cd 0.21~2.41 0.51 0.36 0.31 0.46 90.18 0.6 0.218
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Table 4 Comparison of heavy metal contents (mg/kg) in sediments between small watersheds and other areas
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Table 5 Heavy metal geological accumulation index of sediments in the surface sediments of the study area

; 5 YRR %
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34 0 0 0 0 0 0 0 0 0 0
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Fig.3 Ecological risk assessment results of heavy metals in sediments of the study area
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Fig.4 Integrated ecological risk index of each sampling point in the study area
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2015) . A3 SPSS Hi 4, £ 485 22K IEAC i
)G BRBUFIEE R T 1A 6 AT, BEUBTHCR
H93.91% (3R 7) ; [AlAs}, 16 HI 25 25 J7 Fil (ward ) 592
AR B HE AT R BRI/l R K 4F,2016) 157
PR R (B S)  FEfE gy st M E4A R T
FRh 635, 5 F T 3BT R R

F AL F1X RS 25 1 STk RN 23.05% , &
Z T Mn NIV, =38 2Z [0 3 B A 0C, HAR &

FEEERAIG , 7625 (0] L A AR 3450, Ui Bk S iR
B GRAR A E 273K ,2020) , 524 i 75 519
Pl . BFFTE Y,V ONI R Mn 2 338/ 5 AR AE T
K (Post, 1999; W7, 2018) , il LR A LB W 4%
oV N R Min (1 55 e A g, e g S X
KA B 65 21 3 v v N FI Mn & 243 31 S0 243.0,
224.4 F11960 mg/kg, H V FINi 7% iz 5 15 Mn 5 &
S 3 B Y IE R DG (FE A AT X B, 1994) 6
HEARZRA P RRE RS SRV,
Ni Fil Mn (BiREA5,1999) , IR (2021) B9F5E

Fo6 MRARMAYEESESERXXR

Table 6 Correlation coefficients between major ions of the study area

As Cd Cu Pb Hg Mn Ni Cr Zn v

As 1

Cd 0.46™ 1

Cu -0.03 -0.01 1

Pb 0.43" 0.17 -0.17 1

Hg 0.76™ 0.43" 0.14 0.06 1
Mn -0.16 -0.11 0.08 -0.23 0.19 1

Ni -0.21 -0.06 0.32 -0.33° 0.12 0.80" 1

Cr -0.28 -0.23 -0.11 -0.12 -0.23 -0.01 0.28 1

Zn 0.07 0.14 0.85" -0.21 0.20 0.15 0.38 -0.29 1

A% -0.11 -0.29 0.12 -0.15 0.10 0.59" 0.60™ 0.38" -0.08 1

T R BIRAE0.01 ZKF-COU) b B350, * /R A1E 0.05 /KF ORI | i F ARG,
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Table 7 Rotational composition matrix of heavy metal samples from sediments in the study area
ol EL i ARTF 2
Fl F2 F3 F4 F5 F6
As -0.15 0.00 0.88 -0.10 0.30 0.17 0.93
Cd -0.07 0.03 0.33 -0.07 0.07 0.91 0.95
Cu 0.07 0.96 0.04 0.03 -0.04 -0.08 0.95
Pb -0.16 -0.12 0.13 -0.05 0.96 0.06 0.99
Hg 0.16 0.10 0.93 -0.10 -0.07 0.16 0.94
Mn 0.96 0.00 0.00 -0.16 -0.10 -0.03 0.95
Ni 0.88 0.30 -0.06 0.21 -0.15 0.09 0.94
Cr 0.10 -0.13 -0.17 0.95 -0.06 -0.07 0.96
/n 0.11 0.93 0.06 -0.20 -0.11 0.14 0.95
\% 0.72 -0.02 0.14 0.39 0.00 -0.39 0.84
LRI 231 1.92 1.82 1.19 1.08 1.07
DR /% 23.05 19.24 18.24 11.88 10.80 10.69
RHTTHR /% 23.05 4229 60.53 72.42 83.21 93.91
HLFE H TE PG b X A 39 b i S B N R TR T 0 S 10 15 20 25
KA B AN FL EEZFZRE Cu : : : : |
KA - FI52m . FE A Fa X R 22 59 kRl l l I : :
11.88%, FEAM 0 Cr, 8 R GRS . AW | | | : |
CREFMED R, 201248 i, PEAKRGBS T | | | | |
Cr 2K PET RN B, R AR IX , =& : | | :
F I A BT Y KRR IR E N : | | |
(BRHERNEE 20163 HAFEE,2019) , ol H -+ HORTHTAR | | I |
Wy R AR Cr, T AR IO S (R v | | l |
4 2021) ; JE453% (2020) F5% % BRBRRR £ /N BRI | | | |
B Crdr liems  SPIE X LR b iy, O | | | |
LA OB Cr BB R Tk A | | | |
WEIB AR [, F 1A 76 SRS T J | | | |
BAIA R , BLA —E AAME BB FLRTFAAREE g, JE | |
TUUET 4R 2O B T SR | | | |
TS F2 SR N 16.58%, FEAM N Cufl Cd ! | f f
Zn, CuflZn 785 AR5 51 49.59% Fil 54.88% , & I | | | |
BHEASSE  BR A (202) BRGNP EPE# Cu, TP ! ! ! ! !

Ni.Zn F1 Cd 1 /&5 75 DX Sz ik i 10 2 ko s i,
R A (2021) WA H VE AR SR |l X B Y Cu
M zZn & F2 S5 )E 1 Z A AR 2 A K
FE B3 45 (2020 )t 2% Bl 2 1 B BLRS H  3E Cu iy
TR ELES T IARENEX ., TEXHE
KIGE LA, Cufl Zn (U E S 20 TR X
R MR A X s, PR F2 AT RESZ 2] T Z A A
FRRRE IR o AELRI RS AR5 X AR 36 B 2 3k, T

KRG AL S ES

Fig.5 Clustering tree of heavy metals in sediments

JE 10 1 AR A e Tolk ok i I AR 22 TN
WF5E 2R Cu Ml Zn 0 324V 3l CAn AR AR 2555) |
T3 Bl (R ) AN A HE RS 52 ) (75 75 A 1
H R, 20125 BRHERN 45, 20195 745 55, 2020) , A
¥ X Cu il Zn A BEIA A 43k B BRI A28 Aol
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AN SN RS F2IRE T AR A
KIRIZEB S

T F3 BTk R A 18.24% , T B 4847 A As I
Hg; F5 Fl1F6 BTk %5351 4 10.8% 1 10.69% , £ 48
fa7 43 3114 Po AL Cd, DU e DB rh ) B 3441 (R
HR 5L T AR S (72.23%<Cv<135.61%) , 5% A
TGS IR . 3 6 ML, As Hg f1 Cd 2 7] & 3%
A, JLH: As il Hg #HOC R 4465 0.76 (P<0.01) . fF
5% X R FE B AR R Tl X, JRUAE P g e R ik
Il A 3 S 2 ) A 7= A T 1 2R
P, WFFTHE H, As Hg . Pb Al Cd J& BRI RS HE
W AR (A, 201354 715, 2020) , Tt H:
Hg — Bl 24 4E I8 R R 11 38 78 TG 2 (Streets et al.,
2005 ; (ARAETR 45, 2019) , Qi BH 3845 (2016) TA Ry I
ARG VbR R He ORI, A
KT, Talk K B Be 38 25 ) 3 4R A
B K As .Cd I Hg FE AR TR CREH ML
R, 2012; R 45, 20205 BX A AR AL E 223k, 2020)
T2 B LS b DCHRE™ J] 10 5 5 A7 E As . Cd Al
Hg 1975 4 (FE 3045, 2006 ; 72 %6545 ,2018) , 574
UIFFE A — 5, RN R F3 = B ER T RISt
e Tolb % 5 4 8 1 ik

{HJZ , F5 F1F6 533 W1, Pb Fil Cd i A7 HoAth
FEEPPRIE, XU P P S BT oA
A, 5 EUK RUUEY) R £ (A Y
(F4), HHFINNPb RS AR MbRRPETT R (SR
25,2013 EHIHE,2020) . ABATEE (2012) 7 #i B
] 22 1 VR B 4 V5 YL DR A8 A A TR A
FH RS0l 70 EE SR ) 240k T R 4 34 2 R
Pb, HHE A 4R R R 4 ) 5~6 fiF . TAEIXH
PR TR L, KBS 4 £, NI A
F5 £ BR R T I8 2SI A RE IR o TECAR Ml X2 LAY
1) 45 Cd 7 o (8 DX (R VRN 1 524, 2008 ; T
T, 2012) kTR ER 77 K B R TG DL AR AR
W R Cd R E B S AR (H 5%,
2022) , JuH R R R KA AR 4 2 R TR v
Cd &M FEZORIE (P 2 ,2018) . [RIEF, TAL A
Feig hth R R 2 — (Barcellos and Lacerda,
1994; 3% 7k 8], 2009) , Jiti AL 4 24 b [ 55 Ml
A BT BE S S ECH IR T Cd & R
87544 (Chien et al.,2009) , Jt HBE AT s A AH 24 5 1)

Cd &, WhndE T AT i Cdk E (B %R
BEAE 2014), I, AN F6RFE T AR SR
TE AL 52 . 275 K%E F3 .F5 M F6 32 3| 144
YRS TN Y By 3B I S I AR T BN S
M, AE RS Ar T A oy — 2 3R T A G shix)
HEJRA W, R FANET,

4 4 ik

(DBFFE X TR Bk As FIPb Ab , A E 48
Vit 7 o T SRE, AL Cu P E
I XU e . 45 48 R S RECK/IMKIRCH As>
Hg>Cd>Pb>Zn>Cu>Mn>Cr>Ni>V, H:H Cr Ni fll V
Fh A R SR R E AR R

(2) 1o RS EOL N W 4 R TS Y R
Cr>Cu>Cd>Mn>Zn>V>Ni>Hg>Pb>As, H:H Cr =%
ol BET5 Y, Cu .Cd Mn . Zn VI Ni 35 Ky 4% 7
1544, As P flHg EZ R ToT5 0L . WTEA SN TS
BOE VAN 22 DI 5% DX O R S A S AT KU — 45
AU, Cd Fl Hg /2 f 32 2 1 A A8 KU R, 35 3R 3R
H A XU, AR T 4 T 1 A 25 XU DU A1 o

(3) AR ST | F2 1050 73 B I B 2K 3 B 435 2R
LW W5 XU 46 s 2 B S sh A F AR
SR R, Ho Mn NiLV RT Cr 250 H ARk
U, 52 B WA s As Hg (CA MTPb 3220
N RR , 52 AR S I e Tl 3% 3y A8 HETROR A%
P15 Bh 52 5 1 Cu Al Zn A2 3] [ SR IR AN
FIELRE N
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