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Abstract: Environmental pollution and risk assessment of heavy metals in soils of iron and gold mine areas of Miyun Reservoir
upstream in Beijing were researched in this article. Soil and sediment samples were collected around the mine areas. The contents and
extractable contents of heavy metals(Cd Mn Zn Cu Pb Ni V Cr) were analyzed. Heavy metal contamination was evaluated by
the Tucker3 model and risk assessment code ( RAC) . The results showed that the concentration of most heavy metals in mine areas
were exceeded the soil background of Beijing. The fractions of heavy metals in soils were analyzed by BCR sequential extraction
procedure. The results showed that exchangeable fraction content for Mn accounted for 20% -30% of the total concentration;

exchangeable and Fe-Mn fractions contents for Zn Cd Pb respectively accounted for about 17% 24% 10% 23% 30% -45% of the
total concentration; residual fraction contents for Cr Ni V accounted for more than 80% of the total concentration. The Tucker3
model further demonstrated that potential hazards of heavy metals in mine areas. The risk indices were 0. 03% —55. 18% and 3. 94% —
67.16% from Mn in soils of iron and gold mine areas of Miyun Reservoir upstream. The risk assessment of Mn had a high potential
ecological risk. Other metals had a low potential ecological risk. The conclusion will provide scientific basis in mine environmental
pollution control and protection of Miyun Reservoir in Beijing.
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Fig. 1 Study area and sampling sites
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Matlab ~ N-way . Tucker3
-pH 1
Tucker 1966 :
N ( Pb.V
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Table 1  Distribution of average contents of heavy metals in soils of mines of Miyun Reservoir upstream
/mgekg ™!
: e oHo OM/%
Cd Cu Ph Ni Cr In Mn v
n=13 0.17+0.08 52.10+34.07 28.40+29.96 84.23+28.64 140.82+39.67 109.58+30.73 801.63 £311.32 77.27+23.14  6.84 2.46
- n=10 0.79+1.35 122.28 +88.35 37.95226.29 96.58 +23.27 200.84£52.43 164.89£94.34 926.83 +219.86 187.62+92.67  6.69 2.44
n=15 0.36+0.48 30.30+11.72 26.64+14.67 68.65+27.89 119.96+45.55 106.52+68.81 646.22+220.58 77.39+25.14  6.% 2.37
n=10 0.15+0.04 20.65+7.99 19.02+£4.52 51.77£23.73  94.95+21.58  90.79 £18.10 646.21 £94.90 120.80£39.08  6.73 2.83
10 0.12 18.70 24.60 26. 80 29.80 57.50 571.00 —
1)n OM
Cd.Cu Cr '
6.6 .6.5 6.7
19
N 1987 BCR
2.2 * _BCR
N ( Fe-Mn ). (
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Table 2 Distribution of fraction of heavy metals in soils of iron mines
/mgekg ™!
Cd Cu Pb Ni Cr Zn Mn v
<0.01 1.08£1.89 0.28+0.22 1.33x1.61 0.18+0.15 5.17+4.30 183.78 +186.13 0.11 £0.06
1% <0.01 2.16 1.30 1.79 0.15 5.21 22.96 0.13
0.02£0.06 1.79£3.00 9.07 £13.45 3.61£3.51 1.34+1.06 12.55+5.85 215.97 £236.41 4.38 +2.40
1% 9.33 3.26 31.48 4,91 1.03 12.45 26. 00 5.21
n=23 <0.01 3.79+6.05 3.43+4.13 4.96+3.09 4.48+2.85 7.78+8.08  26.67+21.52 3.78+2.62
1% <0.01 8.79 12.73 8.51 3.62 6.93 3.31 3.70
0.13+0.05 31.80 £22.33 11.58 £6.04 60.21 £28.21 115. 12 £36.90 76.29 +21.03 308. 08 +174. 84 88. 05 +36. 03
1% 90. 67 85.78 54.49 84.78 95.20 75.41 47.73 90. 96
1)n
3 h
Table 3 Distribution of fraction of heavy metals in soils of gold mines
/mgekg ™!
Cd Cu Pb Ni Cr Zn Mn \
0.06 £0.15 3.35+5.68 0.76+1.54 0.71+0.61 0.15+0.10 10.19 +18.41 228.10 +182.03 0.10 0. 05
1% 5.50 4.19 1.86 1. 16 0.12 6. 64 29.73 0.10
~ 0.12+0.23 6.87+13.48 14.71 £13.06 3.00+1.59 1.93+£1.28  26.32 +41.64 265.42 +202.62 6.25+4.93
1% 18.17 6.02 42.16 4.23 1.19 17.73 33.82 5.33
’s 0.01£0.02 5.76+7.39 6.23+7.02 3.66+2.49 4.45+2.39 6.37+5.20  20.15+8.02  5.23+3.88
"= 1% 0.57 8.77 16.29 5.38 3.15 4.98 2.75 4.34
0.34+£0.89 51.02£54.85 9.41 £4.12 72.36 +28.84 145.71 £59.94 86.69 £73.59 243.85 +211.47 109.77 £75. 87
1% 75.75 81.02 39. 68 89.24 95.54 70. 66 33.69 90. 22
1)n
Cd Rifeds [ B D SEIEE B s
B 100 o Ene s s B
Cd i e e
ey et oy o I
e e Eadacs e I Eehe
Mn +¢_¢ ] Enes S I eSeoe
e [ ] Bl B,
80 - B re A f B R
Zn.Pb il e o e R e
Fraue W oee R e Py
N v o B S ] e
. e e oy ey 0 P
& o | ]
S s T e R
£ | S E R e
2.3 B -:+¢+ ] a5 +"‘++ B [
wp i =N
-I+1+ ] s \\ Brtd] Lt
e [Fhe] RS AN ] [
e e £o0 R [
) P Ly by Dk
icidi e 230 Far RS
20 - FEES A 3% P
HEEE [ Boac [hr
el [ u s
e R N B
- R e SN RS
0 | SN ) B b bt
Cd Cr Cu Mn Ni Pb A%
T
2
Fig. 2 Average distribution of fraction of heavy metals
2. 3 g g ,

in soils of iron mines

Cr.Cu.Ni.V
Cd-Mn.Pb.Zn 50% « 30% -

Mn.Pb Zn 20% -



1711

Pb.Zn

Cd
s6

Cr-Ni.V.Cu
2
Cd

90%

s2.56.s10.s12.h3

O BifRzs Bl

N

N 5 &ks

%

P ne e e e e na a aE
R T

e S o S0 00 3 S

S S S ST ST S
REPERE PP P L o o o T T o T T
dhadichaaddiibebabandiitatat ittt et i b b A et b
7
B e b \ H =
fhab ettt et i =
P ndadhite fob b bt ot 7
T P P e -
o e O ol i 0 o o 0 A e nelae nor e et e R At A A =2
dhedirbatahtatebatanistebabadtebebat s abebebandhabebebaiohet

Mn

o oy =
e o e e T e e o e [&]
D S B B B BN B D S I S B B B B B I B I I B S B S

b o S S L o o e S e

£ L,
Y

Cr

T T T T T S A T S T A T T AT A R R T,
T o e e e e e e e
e
L e e e R R e e e

1 1 1 1 1

(=3 (=4 (=3 (=4 (=1 (=]

o o0 o =+ ™

Yo/t

80%

Eh

80%
Mn.Pb.Zn
. Mn
Zn

. Pb

s5.86.57s9

S6

Mn.
BREE B HAtE 0S8R RE Bichd

ion of heavy metals

mes

Is of gold m
. Cd

SOL

m

Fig. 3 Average distribution of fract

60% ~ 40%  30%

oy
=
H 2
= S S A S T I M
e e T T TR | 80000a00aOB0BNBEONONOEND 7 Mm— 555
o m— i ) i
s}
w
(=
| %
SOBOOBOOCOOOE 7 I 4113
 ————————— 1
e ——— 1355
3/ R 115153113 4 53 FE AT |
Efffrrrerentzz] e H o
DO I— 1 B ST
S S 7 B 354155
SOOI 77727 I 155 e I
L i L L L
=1 j=4 (=4 (= = (=1
= oo = = [
=2
Err e e ey g |
B S S S S S S R A
e
=
o238 >
w I —
— =
=3C) 2
w
o~
w
<t
n
— B RO
=2 =
= =
o b=
= =
(2] o
= =
[a2] o
| — —_ O
v n P
= =)
=1 -
0 7
~ ~
w w
<t h-d
n @
] o
3 o DGO OEOOOCOCNOONNCOOOOON0N 77N W
= B
| T e e e e P R e
] T NS A B R
= 7 =
q e R e T e T e R R P T e e
d ory OSSOSO S S si 7  [
= BOOOOOGOA0000000000OM00C00000B000NE 77! =]
BEOBOABOAOGOOHONNENBONBOABOONION 777/
g e L P PP E] o
-0 BAOBAOAAREOOMOBORBABROBROBNNNN0SN ! il
w @
oo = =
== =2
] “
~ o
) *
<t <t
i @
77777 -
]
v E £ i
L L L L I
=4 =3 =4 =4 = =1
< 0 = = ]

%/t

Fig. 4 Distribution of fraction of heavy metals in iron mines sampling sites
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. ZnMn.V  pH ( OM)
Cr.Ni  V 4. 5
3 :
Ni (r=-0.43
3.1 P <0.05); pH
Mn (r=
o -0.41 P<0.05); V pH (r=
Cd. Cu. Pb. Ni. Cr. -0.49 P<0.05).
4 pH . b
Table 4  Correlation coefficients of heavy metals pH and organic matter in iron mine soils
Cd Cu Pb Ni Cr Zn Mn A% pH oM
Cd 1. 00
Cu 0. 06 1. 00
Pb 0.68%*  0.24 1.00
Ni -0.16 0.52° 0.17 1. 00
Cr 0.10 0.48" 0.19 0.73%* 1. 00
Zn 0.23 0.80**  0.47" 0.48" 0.47° 1.00
Mn 0.12 0.87** 0.27 0.50" 0.58** 0.85** 1. 00
\ 0. 19 -0.40 0.23 -0.36 -0.18 0.07 -0.06 1. 00
pH 0.12 -0.06 0.21 -0.08 -0.11 -0.07 -0.16 -0.20 1. 00
oM 0.25 -0.31 0.15 -0.43" -0.25 -0.05 -0.31 0. 31 -0.18 1. 00
1) * % a=0.01 a=0.05
5 pH . n
Table 5  Correlation coefficients of heavy metals pH and organic matter in gold mine soils
Cd Cu Pb Ni Cr Zn Mn A% pH oM
Cd 1.00
Cu 0.51** 1.00
Pb 0.21 0.18 1. 00
Ni 0. 14 0.33 0. 08 1. 00
Cr 0.17 0.52%* 0.38 0.76™* 1.00
Zn 0.87** 0.57%* 0.43" 0.11 0.21 1. 00
Mn 0.20 0.63%* 0.26 0.26 0.57*%% 0.32 1. 00
\ 0.23 0.85%* 0.18 0.39 0.59** 0.35 0.56™* 1. 00
pH -0.11 -0.37 0.15 -0.26 -0.30 -0.05 -0.30 -0.49" 1.00
oM -0.02 -0.30 0. 19 -0.10 -0.20 0.06 -0.41" -0.31 0.33 1. 00
1) * % a=0.01 a=0.05
.Pb Zn
Cu-Mn.Zn
.Ni  Cr.Cr Mn
Cu-Mn.Zn
Cd Zn.Cu V 3.2 Tucker3
Tucker3
Cu Cr N
(r=0.48 P<0.05):
(r=0.52 P<0.01) Cu Cr
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6 /%
Table 6  Potential risk index of heavy metals in mine soils of Miyun Reservoir upstream/%
Cd Cr Cu Mn Ni Pb A% Zn
0.00 0.02~0.63 0.05~6.90 0.03~55.18 0.12~7.20 0.00~2.89 0.04~0.45 0.06~18.33
0.00 0.15 2.16 22.96 1.79 1.30 0.13 5.21
0.00~42.11 0.00~0.66 0.07~18.25 3.94~67.16 0.01 ~6.22 0.20~7.67 0.03~0.29 0.12~26.48
5.50 0.12 4.19 29.73 1.16 1.86 0.10 6. 64
Cd Cu :
1
] 2007 ( ) 398-399.
4 2 J. 2003
20(3): 44-47.
(1) 3 —
( Pb.V ) 3 D . : 2007.
4
I 2010 38(22):
11954-11956.
pH 5
(2) ] ( ) 2004 35(6):
1009-1013.
Mn 7Zn ; Cu<Ni.Cr. 6
J. 1995 16(6) : 73-75.
\ .Cd , , \
7 Riba I Del Valls T A Forja ] M et al. Influence of the
Mn.Pb Aznalcollar mining spill on the vertical distribution of heavy
Zn metals in sediments from the Guadalquivir estuary ( SW Spain)
( ) J . Marine Pollution Bulletin 2002 44( 1) : 39-47.
8
J. D 2005 35(
( 3) Tucker3 [): 288-295.
N 9
I . 2010 30( 12): 2253-
2561.
(4) RAC 1
I 2010 9(9):
273-285.
Mn ) I
Cd Cu 2008 33(3): 131-134.
12 Pardo R Helena B A Cazurroa C et al. Application of two—
5 and three—way principal component analysis to the interpretation
( ) of chemical fractionation results obtained by the use of the B. C.
- Mn R. procedure J . Analytica Chimica Acta 2004 523(1):
Mn 125-132.
N 13 Tucker L. R. Some mathematical notes on three—mode factor
Mn analysis J . Psychometrika 1966 31(3): 279-311.
14  Ding HJ Ji HB. Application of chemometric methods to analyze

the distribution and chemical fraction patterns of metals in
sediment from a metropolitan river J . Environmental Earth

Science 2010 61(3): 641-657.
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