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Abstract; The objective of this study was to investigate the distribution, sources and contamination
degree of heavy metals in gold mine area soils of upstream part of Miyun Reservoir in Beijing. The
average concentrations of heavy metals in soils exceeded the background value of Beijing except Zn
and Co. The concentrations of heavy metals decreased from northeast to southwest, mainly enriched
in tailings. Multivariate statistical analysis ( correlation analysis and principle component analysis)
showed that Hg and Pb may come from anthropogenic source via beneficiation method and
transportation activities, respectively. Cu, Cd and Zn were associated with a mixed sources through
mineral exploitation and natural weathering of rock. Co and Ni had natural sources, deriving from
geochemical activity and soil parent material. Assessments by single factor index, Nemerow
integrated index and potential ecological risk index showed that the soils were seriously polluted by

Hg and Cd, especially Hg. The pollution level of Pb needs atrention while Cu, Ni and Zn are at
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relatively safe level.
Keywords: gold mine, soil, heavy metals, spatial distribution, Multivariate statistical analysis,

pollution assessment, Miyun Reservoir.
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— (AR K JEHE R b A TRELLLBHER” Z K. 25 25 7K PR M AR bR 24 SR JL 26 400237, R 48 116°50, 7K JEE 1 X
249180 km? , F=ZEA RN AT | 10T, LS 240 M IRT G i 7K T | 1 SG3RT % GR30T. % = oK e i s T
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1:5)2" 3 rh SR (TOC) F Liqui Il TOC 1% ( Elemetar , Germany ) WP B s Fas e Ak
B R AT i

Sy BTt R i R , 35 A R 9 4l , AR o 43 B 2. S 56 it A L34 7E 20% 19 il 1 v iR
24 hDL b s B A AR 1 2 e, IR PP A TR R i 00 A4 000 2 42 A ot DS B ol i B2
S i B FE AR MEY BT ( GSS-3) #EA T BT s 5], 5 TC R I AR 22 ¥ 7E 5% VLN 1CP-OES [a] il



2250 B2 5% 1k 2 34 %

E 2 TR Jm TR ARG BRARS, mT R R DT R AR DN 25K AFS 52 Hg BT ER N 0.011 pg-L7".

P& 45
&H

~ ¥

o TR,

1 BFFEIXIBCRAE K

Fig.1 Schematic map of the study area and sampling location
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Table 1 Standard of soil pollution classification
[EES =1 1 2 3 4 5
Py Pppn< 0.7 0.7 < Py < 1.0 1.0 < Pyp< 2.0 2.0 < Pya<3.0 Pyn> 3.0
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Table 2 Classification of importance and weights for heavy metals

EEIR Hg Pb Cd Cu Ni 7n
2851 I | 1 I I I
A 3 3 3

1.3.2 WS EERE

VTR AE S FE TS EUE R 1980 4F-Fi R} %2 K Hakanson MG 4 8 M o S IR B2 47 e i, NUTFR
FRERE Y, T s TR b 4 R R TR AR S A E M A — Rl 35 AR

Ci=C/C ;E =T xCi;Rl =Y E (3)

Kh, ¢ BRRANELBERR CORIEX VIR ESR ¢ S50 S & (mg kg™ ) ; C, SZITRE XN
2 A, AT LA 50T 1383 SHEAE A I (mg kg ™) 5 B SR 5L BT 4 R I T 1 AR 5 5 3 2R 8
T RSN 4B BT RN I 28, A B9 L Hakanson 2 (4R HE 1L T 42 J8 7 P R %4( Cd. 30, Hg: 40,
Pb:5,Cu:5,Zn:1,Ni:5, Bl mg-kg™" ) IPPRIE " RI & H s UUR Y h LR & B e L S G E
FEE A H A O R ARIE L 3.

R3I WEAFESRESTHRBEEZARCR

Table 3 The relations between potential ecological hazard value and pollution level

R L i g 9 T s
Ci <1 1 <Ci<3 3 <Ci< 6 Ci=6
E < 40 40 <Ei< 80 80 <E'<160 160 <Ei<320 EL =320
RI < 150 150 <RlI< 300 300 <RI< 600 600 <RI< 1200 RI = 1200
1.4 Fdssit

K Excel \SPSS 21.0 , ArcGIS9.3 4 XM B AT GE TR 00T, JEH Origin7.5 fEIE. A8 5 R ELCV =
(BRHfEZE/FHIE) x100%.

2 ZER5iHE

2.1 WX BIEES RS 8T

55 X +35 38 M5 H Hg \Pb . Cu Cd \Ni Zn fil Co &5 7 Fh 4 J& & MO HT A PE S 145 1 0L 3% 4.
4 A LIE N, BF5E X 3P Hg Pb, CuCd Ni Zn F1 Co & {5 H 2054 0.06—63.79 mg-kg ™.
1.55—379.43 mg - kg ™' .8.20—82.98 mg-kg ' .0.19—2.05 mg- kg .13.17—119.80 mg - kg ' . 43.65—
162.57 mg-kg ' Fil 6.19—41.12 mg-kg " WFFE X H Co A& B 5L ET T LTS S (04024, Zn B9F1 5
WA SE, E4EJE He Pb Cu Cd A1 Ni V-3 & & ¥ Jbnt i 395 S8, AR50 5 h
136.8.3.5.1.6 .12.9 Al 1.5 5. 5B w2 B0 ZefF0 )L X B se 4 A b, B4R
Pb Cu Ni Zn Co [5& WA FEAK, 1 3 Hg M1 Cd & 4™ &, Jo HJE He. 5 H R 4 3R 85 i 4 (1)
K PAEE LU, 25 SR W2 S NFE 5 T LIE Y, Cu Fl Zn e — BARUELAY , K4 He (47.37% ) A/
B3 Cd(18.42% ) M it FEI K = Ghnife 5T X axX 7 Pl 4 Jm A8 S0 B R 37%—135% , N K EB/INHES I
A Hg>Pb>Cd>Ni>Co>Cu>Zn, HiHp Hg fl Pb 9748 3 REOK T 100% , J& T 58 A8 55 288 AR S5 RBUR LT
TCERTE R AR REE K, SRIIZOT R & i e W) L i AR AN 5] 32 A& 3 i T4
MR X 7 MOCE MR T 0, )8 TIE AL, RIS B AR 2 IR A RE D
2.2 HTIX 4 4 JE 25 4 AR

RG-S 4 BT R A& i, R ArcGIS9.3 23 [ (A 75 v 1 S B B IR (EL 1, % 7 Fh i 42 )8
TR IATA N, AR ILE 2 R, E AR & B A AR AR ) VG R,
TE4H X H A He Pb A1 Cd (0 A AR A B, 52 R i e 3 o i s 1) X R B AR P /e X B
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JE, I LURAT 2 D v i J BB B3 RT RESE: fh T2 L TSR (0 R S5 096 8l 7™ A 10 [ R 5 e R 1 M R
FERY PR FEFK B )T 38 A 385 1) DU &9 8. Zn \Ni T Co 28 (8] 5346 5 R0 PR A o7 B 0 LB
REZ W E X AT 2 8 10 B AR A T/ T RRF T, mT B fh A L0 35 3 R4 R UHER
TR IR A ™ A B R 35 T A 3 U RIS 42 B DIC R I 2L

R4 THEESE SRS T (mg-kg™)

Table 4 Descriptive statistics of heavy metals concentrations (mg-kg™")

Tai RME ORI P B2 T e s g A
Hg 0.06 63.79 9.29 12.53 135 2.37 7.76 0.0576 1.5
Pb 1.55 379.43 85.43 89.38 105 1.23 1.47 24.7 500
Cu 8.20 82.98 36.95 15.31 41 0.74 0.89 23.1 400
Cd 0.19 2.05 0.69 0.51 74 1.40 0.98 0.0534 1.0
Ni 13.17 119.80 42.95 20.74 48 2.01 5.74 28.2 200
Zn 43.65 162.57 84.09 30.86 37 0.91 0.14 97.2 500
Co 6.19 41.12 15.97 6.97 44 1.60 3.84 15.0

x5 EREGEAERRIETRSBIAETRTT (%)
Table 5 Percentages of heavy metals at different soil environment quality standards (% )

HE)R —& —% =% =HULE
Hg 5.26 34.21 13.16 47.37
Pb 44.74 52.63 2.63
Cu 50 50 0
Cd 2.63 55.26 23.68 18.42
Ni 42.11 34.21 23.68
Zn 73.68 26.32 0

2.3 WX - HEE R A S PE A BT

FHSENEAI BT AT A S A [v) T 4 S8 22 ) A4 4 Y5 P R b B A 2 e SR - 400 G T RE ARSI U 3% 6 M4
X 3 48 2 E M B0 T LI H Hg 55 P REIN W E W IEMI & (P < 0.01) , M R EGA
0.85L4 b, ULHA BATAY EEARIE R —FER) , X 5 2 BT A BF 8 25 -2 Pb 55 Cu .Cd & Cu 5 Cd . Zn
TE A3 rh S EERIE AR CPE (P < 0.01) , i Pb Cu F1 Cd JB TSERTE , fei 5 T3 S TB A i i
/N BR AP TE Bk B Bk A E AL B SR AR T B Y Co 5 Ni 22 fi) e B R B A IE A S (P <
0.01) ,ENME T RYICEK, R E e R A ER L T HAA —E M3 i Pb 5 Co 2IUFAEME(P <
0.01) , 78] Pb Hl Co KIE AN ; £ E 4B 5 pH . TOC Fl CEC AYHM KEMEA SRR W%, X Hg 5 TOC F
CEC R —E M i, W He B EHETRES LR A MR & A K.

®6 LHEEEETES pH TOC I CEC Z [HIHYAH R LK
Table 6 Correlation coefficients of heavy metals, pH, TOC and CEC in soils

Hg Pb Cu Cd Ni Zn Co pH TOC

Pb 0.852"*

Cu 0.387 " 0.552"*

Cd 0.333" 0.542"* 0.528 **

Ni 0.144 0.094 0.281 0.245

Zn -0.072 0.334" 0.441 " 0.665"* 0.281

Co -0.388 " -0.487 " 0.195 -0.111 0.527 " 0.088

pH -0.044 -0.055 -0.106 0.383" -0.335" -0.115 -0.313
TOC -0.332" -0.305 -0.159 -0.011 -0.129 0.158 0.089 0.041
CEC -0.403 " -0.386" -0.239 -0.185 -0.294 -0.116 -0.044 0.437"* 0.318

. o# % P<0.01, * P<0.05( WEKK).
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Fig.2 Spatial distribution of heavy metals in study area

2.4 WX EIEESE T

T IEN G X Y 7 B E 4R IS Ry 22 BEEE R IEAT 1 o T A S b 7
FEEBICEMIRBUE 3 A A, BRTTIRRIA R T 85.043% , W 4B 1 KR s BL A5 — £l
(PC1) 2l T Hg F1 Pb A4 A5 ., TTHR N 32.419% , 55 Fi 181 A4 AH 56 1R 20 B 45 R 260005 45 — 840
(PC2) i Cu.Cd Zn THHL, TTRRZE N 29.306% ; 4 = F K43 i Ni Fl Co #41%, TTER %N 23.318%.

EA T L F R A TR T 4 R T SR E AR EL AT, 3K 7 RO R KRBT 4R 3 A4
KU . (1) Hg A1 Ph I AR (2) Cu Cd Al Zn FIRAHIE ; (3) Co Al Ni i SRR He A1 Ph 7EAHSEMES
Br b 5 S IR AR S, AR SR — 2y A i B IE e 2R (E, JF L4 3 5 b mt il - e vh He F1 P 3
SOE LR, A0 T S, LR He, RIE AN T2 R A IE 3 BRI, 8 04 5L 250 38 % X
BT MR R R S F AR A T & 0 SR, PRI v B T X R 30 3 rp He B9 & 4 Il Ph AT
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A FZORIE T Ais il B TR ZE R AR 4R G R Cu (Cd 1 Zn 22 [R) 52 5 35 A DG M, 7
B ARG IR B, TR 2 X Cu FI Cd 1P T RUEL, 10 Zn (97
Yy i L SE AR, BERTEA 12BN H AR ARSI, — A8 53 AT RER IR T-87 LLIT R M £ e iz i
P, 75— AT REAR VT e 5 M1 04 B IR AL AR itk AR SCAE 0 Hr 25 SR 3R W Co A1 Ph 52 I35 A9 SRR G
P, UL — 2 BRIEANTR], T Pb EZ AR, U] Co 204 AARIE.NI H 5 Co £ B3R IEACHE:, 18
F=For DA B EEE, —F AP E AR B SEA S S BT AT RE I 20 A AR TR, K
VT Mo BR AL~ 16 B - e R

®7 HHEEEGESEN IR

Table 7 PCA results of heavy metals in soils

O Hebe T A e R
y _ .

W el j;” PO TS j;” o meR v PC2 PC3
1 2.999 42.840 42.840 2.269 32.419 32.419 Hg 0.979 -0.017 -0.013
2 1.913 27.335 70.175 2.051 29.306 61.725 Pb 0.884 0.388 -0.144
3 1.041 14.869 85.043 1.632 23.318 85.043 Cu 0.469 0.542 0.383
4 0.573 8.180 93.223 Cd 0.326 0.835 0.030
5 0.292 4.179 97.402 Ni 0.165 0.163 0.853
6 0.152 2.176 99.578 Zn -0.072 0.940 0.102
7 0.030 0.422 100.00 Co -0.412 -0.009 0.852

2.5 IEEGE PN T NS SRR R

ZBEFEIX R T X, I S, 2 MR IR 5K - HERR o — G B, th T [ 5 - HERR 55 i i s v R
FRE Co W) — LRI , 1T HLZ5 G AT 19 /38T Co & AL T2 G H P, AT K% 1 Co 1Y
Ta0e. 3 O BN TR BOM N 2 255 15 G R O 45 R

0.1

TTTTT

1 1 | | 1 - 1
S5 S10 S15  S20 825 S30 S35

3 R TARRCR AL SRR SO AR

Fig.3 The results of single factor index and Nemerow integrated index

M3 AT LLE BT R Cu Zn Ni A Pb BB FHEEUE PY/NT 1 R H P 4R
Cu.Zn Ni F1 Pb S ETEPF AR IEZ N, RIEIASR thik S0 R AT 32 B R 5 g% - S8 i oAy A0 3R o A
i Cd 1 PR T 1, 360 4 od B2 8 A T5 3. B3RS R LA — 2RO RES He 19 P E B
1, T EUEBAREEAR K, ik 30 1%, M B XA T R e S8 321,38 A FEd A — BRI P KT 1AL
TS YIRAS. T HAE X 75 YL b 5 N, B T S22.823 . S27 .28 %5 4 NKE Ak TR 5 e hb , Ho Ak o
P RT3, NEIG Y WD LB 18 E P 7L He 1SR T 4850 PAEZSL, BAIIZ &0 X
Fi4 @5 F B He V55,11 H He A9 2 Hi .

2.6  THEEH L EBAEA S KPR
t 3% 8 WLIE A EHERE Fh ) Cu Ni Zn 40 TRME S G F KT M P AT 44
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BIEFEKFM P 5 15.79% ,F)F 84.21%FE 5 Pb 1Y & &AL TRMUE S G EKFE; HHERES T Cd 11
A 216 WS R EEAL T 3 Tk 43 i s A A e 3 AR 9 A 2506 T AR ok A= A AE 3, 9 o e Agl 430l ok
10.53% ,57.89% F1 31.58% , Ff ity T ZL AL TAR 5 Az A AG T /K XFTAE it bR B iR i, Ak T AR 5 AR 5
He A MG KT SRR 5 3 929% L) B A 63.16% - SEAE S AL TR 58 AR 25 K, W] UURE ok
PAESEEREN . K 4 1 RIE/NT 300 RARELSBEWEAESBESH NPT EETEE BT
32 S R A G T Y A R IR S TR AR e H L UL H e H R

K8 AFEE N FHE S BB H 8% )

Table 8 Percentages of sites at different risk levels in the total sample sites (%)

15 YRR AU PR A XU Si XL AR iR KUK A AU
Hg 0 5.26 2.63 28.95 63.16
Ph 84.21 15.79 0 0 0
Cu 100 0 0 0 0
cd 0 0 10.53 57.89 31.58
Ni 100 0 0 0 0
Zn 100 0 0 0 0

w0000l L THTITH]
} N
o~

1000 -

T

100 H]

| I
S5 S10 S15 S20 S25 S30 S35

A
B4 HEmEEESEETG AR

Fig.4 The results of potential ecological risk index with hevay metals

(1) 5b5tmh R HE SEA L, % =K E e XA 5 7 B4 BB T Zn 1 Co 41, Hibx
Hi 428 (Hg Pb Cu,Cd \Ni) AP & it B b b nt vl 35 5o 3R b Hg 19T 38 i MR oA
dih Cd 1) i e T3 AR T — G

(2) MRAEAH S A0 B 32 A2 45 L, Hg 1 Ph 630 AR, 5 A RESI IE A Ve 7 vk Ko™ £
izt i Cu Cd A1 Zn R AIRAVR, WTREARIR T07 LI RACE AT i A SR XA FZ 1 ; Co FINi 2 H
SRUE, P BB R T i BR AL 27 % s BRI 45 () A A 45 SR s, 4B E R H ST X R0 FE.

(3) B TR EOR D 25 B PR B0 T AE A S KU PPN 45 R 6, T 43 +HERE 1 32 Heg 1 Cd 1)
T Y LA o He 0975 Yo a5 ol 2, P (975 Yo BB Y 5 S 58 43 6T, Cu Ni \Zn 5 e R B A0 T
X2 47K

(M) Zifr ER Z Mg AT, B 05 i 07 L TR Beas i R B 3 25 X 71X 4 4 o 4 I 1
BT T EE G Y IR K B AR ST X A T W e A R AE A B, SR BT X T
W 2 7K K AR 1l T .
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