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[(FE] LIRS A /NSO S R IR H 48 Cu.Zn Pb Cd 1 Cr 175 YR BLRIR IR , 45 F %
H3:0~31 cm YUBREXI REUTRAFAR A 1881-2011 4F  SEXUIAGHE SRR 0.20 em/a. Sk 20 4D 60 FF1CZ A&
HE BRI P& B AR E, 2 R 20 LT Rm R Ear vIE Y £ )2 E £ )8 IR KUK i
K. AR S ERBOEIEN B8, CuZn Pb.Cd Al Cr B—JuREERE SN . PEAE PEEE BMEE.
Wi fE AR e 5, 16 AR AL RI BRI, - Thas ARG FEoRk A Cd tR. MNARIES B IR ES &=
KFE S EEE IS A A SE E X K /ANF K Cd>Zn>Cu>Cr>Ph. NFIBTTRY H Ph 5 CuZn 5 Cr 7£
0.05 /KR 3 B A AR R B R 0.45 F110.38. HEIE 428 15 YR IR A9 =A%, 454 78 VD /NG sk i Ak
)2 e b X T 2 R LA, & X I 4 TR V5 Y R ORI A - Bk AL TR K HERL BTk R 27.06% , 7 b R
TN T RN 538 32 4 B 22 I BTN 25.03% , b RN T /K 9 BTRRER y 21.94% , A 7 25.97%.
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Pollution and Sources Study of Heavy Metals in Sediments of
Xi Baisha Small Watershed in Dianchi

Xie Yun,Wang Yanhua,Yang Hao
(School of Geography Science,Nanjing Normal University , Nanjing 210023, China)

Abstract : Taking Xi Baisha small watershed in Dianchi as the study object, heavy metals of Cu,Pb,Cd,Zn and Cr pollu-
tion status and source in sediments were studied,and the results showed that:0-31 cm samples time was 1881-2011 in
the deposition,the average sedimentation rate was about 0.20 cm/a. The contents of heavy metals in sediments were
generally lower and more stable before 1960, and then showed up was ward trends. As time went on, the closer to the
surface of the sediments was, the greater the environmental risk of heavy metals was. The potential ecological hazard
index method showed that the damage degree of single elements in Cu,Zn,Pb,Cd and Cr were moderate, moderate ,
minor, extreme and minorand ,and the hazard index RI showed an upward trend as a whole. The ecological risk of pollu-
tion mainly came from Cd elements. From the unstable content of different heavy metals, the heavy metals had great
ecological harm to the environment. The order of risk was Cd>Zn>Cu>Cr>Pb. Pb and Cu,Zn and Cr in the sediments of
the small watershed were significantly correlated at 0.05 level,and the correlation coefficients were 0.45 and 0.38. The
extraction of three principal components of heavy metal pollution sources, analysised with industrial development in
Yunnan area,the main sources of heavy metal pollution were:chemical wastewater emission of iron and steel accounted
for 27.06% ; mining processing and transportation of dust contribution rate was 25.03% , the contribution rate of mining
processing wastewater was 21.94% ,other sources accounted for 25.97%.

Key words: Dianchi, Xi Baisha,sediment, heavy metal
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Fig. 1 Sampling points in watershed
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Fig. 2 Trends of >’Pb,, and sediment deposition by the CRS model in the profile samples from deposition column
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Fig. 4 The content of five heavy metals in different years of the sedimentary layers
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WEE 5 e 4 @ ] d JE A AT S AL S AR L, T LLR BBR T Zn 583, Pb Cu,Cd Fl Cr STTER B[
T DR AR AT A S B R BE T [ BTG, Zn 0 2 (04 0] 28 B 2 B B8] I [ 38 im v 34 m , 1 AR AR S
BEESH ]G IS/, RR Zn STRBTER , A2 5 AL MBI T R IE S S5, R F AT Zn
TCE LA, 25 A5 i sc e FaT B8 | Sl sk oA 55 Ak f A PRI, 536 IR 1Y) Zn JC R A2 B2 ), T %
Vi BRI
3 e
3.1 MRYELEEBELESEEITN

SR ] Hankanson' ™" $ H AV 75 A A5G B8 K050 VG (VD WU DT Hh 2 Fh 48 15 Y R dE 47 3
W A E IR

RI=YE =YTxC/C,
KBRS | MR AR S E R CONEE § FhTRY H 4 8 R SCIAE; € A Fh R
SRR NS A, A 05 H2ER Tl Ak LART TR o 5 42 08 19 f5e = 5 56 { : Cu . Zn . Pb  Cd 1 Cr 53
HIIUE R 30.0,80.0,25.0.,0.5.60.0 mg/ke; T A5 i F4: & (R N R %L Cu Zn Pb Cd il Cr 43 I HUE
95.1.5.30.2. R IRPPANARIME(F 1 MIZE 2) PRSI 3.
*1 BEEEBGELESRERME 5

Table 1 Potential ecological risk factor E’ with ecological risk level

E Ei<40 40<FEi<80 BO<Ei<160 160<Ei <320 E =320
RARE Bl g R ARR R

K2 EERBHEESRERBRIZER

Table 2 Potential ecological risk index RI with ecological risk level

RI RI<150 150 <RI<300 300 <RI<600 RI=600
feERRE fRE 3 5 SR

x3 NRAYMPESEBELESETINER

Table 3 Resultes of potential ecological risk evaluation on heavy metals in surface sediment

Ay fe EFR BRI faERRE
Cu Zn Pb Cd Cr

2012 73.08 126.25 28.12 10 680.30 48.77 10 956.10 fi Y
2009 74.17 123.75 29.01 8 340.21 48.63 8 615.55 fai iy
2008 72.71 122.82 29.82 10 860.08 48.33 11 133.68 JEE
2004 65.68 108.33 28.35 8 994.04 47.34 9 243.70 JE
2000 70.84 110.56 29.10 9 096.20 46.72 9 353.22 JEEE
1997 70.64 111.83 30.67 6 180.32 45.74 6 438.88 JEH
1994 66.03 100.14 27.93 2 699.00 44.00 2 936.90 JEE
1991 85.78 92.03 30.37 2 622.31 41.67 2 871.85 JEE
1990 80.59 83.85 29.41 2501.42 40.13 2735.38 JEE
1988 67.33 65.24 21.97 2295.02 37.97 2 487.51 JTE
1985 89.97 96.39 30.05 2 127.06 36.30 2379.71 P}
1983 72.62 60.21 23.06 2173.28 34.57 2 363.66 Py
1982 64.66 64.46 27.18 1 877.31 30.10 2 063.80 JEE
1979 84.76 121.07 35.56 1 760.23 29.23 2 030.42 JEE
1976 98.01 127.92 36.73 1360.11 26.77 1 649.03 JE
1973 103.61 72.82 34.06 739.80 24.60 974.89 JEH
1970 120.16 73.70 34.02 513.05 22.50 763.38 JEH
1968 122.48 55.98 28.49 373.82 19.33 600.08 JEE
1967 109.77 65.43 19.41 252.62 16.33 463.54 G
1963 79.62 26.32 11.71 220.81 10.33 348.78 G
1960 74.50 16.87 7.11 220.04 9.17 327.25 Ci
1957 76.54 11.72 13.12 99.61 3.99 204.97 rpr4s
1953 83.50 16.88 19.09 107.43 3.87 230.74 rh &g
1949 75.97 3.84 13.01 99.62 3.18 195.59 LR
1947 77.25 3.94 13.45 73.21 3.69 171.08 rp &5
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#3% 3 Table 3 continued

BFEESEERLE,
Ay feEFRE RI o FE A
Cu 7n Pb Cd Cr
1944 78.83 4.07 13.65 56.40 3.55 156.50 LEE
1941 77.60 2.76 12.53 44.42 3.18 140.47 (95
1939 77.33 2.56 12.11 34.21 3.49 129.58 3933
1935 76.42 2.44 11.80 44.42 2.87 137.93 (393
1934 74.35 2.36 11.45 56.43 3.10 147.66 (933
1929 75.17 2.43 11.80 61.83 2.90 154.10 rh4g
1925 75.83 2.53 12.10 56.42 3.01 149.77 I3
1919 77.32 2.65 12.33 54.04 3.37 149.67 I3
1910 75.17 2.90 13.85 49.80 2.64 144.36 95
1899 76.25 2.55 13.50 55.21 3.19 150.69 (933
1895 74.75 2.19 13.00 61.83 3.08 154.82 (933
1890 66.83 1.89 12.50 47.42 2.64 131.26 LB
1881 65.24 1.95 12.12 28.21 2.68 110.19 IS
Yl 79.78 49.89 20.86 2 024.00 20.08 2 194.65 JEEE

Cu B TEAESEEREE [ATF 65.24~122.48 Z ], ¥9{H 79.78, J& T & FE ; Zn M TEAES G E
FEE, ETE 1.89~127.92 Z ], {H 49.89, J& T 'h 4863 ; Pb MW TE A B/ H REE, (HAE 7.11~36.73
Z 0], F4{H 20.86 , JB FIMEH ; Cd A S HE REE: {H7F 28.20~ 10 680.00 Z [H], ¥{H 2 024.00, J& 1)
SRIGE  Cr IVSTEA B /6E R B (HAE 2.64~48.77 Z ] Y18 20.08 , BB MUGE. Bo—F 48 15 YL i
TEADEE . Cd>Cu>Zn>Pb=Cr.

K EEEIG YT RI DT E 5 HL UL 6. BE AR U, sk 3 ) 75 Y 22 Cu A1 Cd PEE, T3 60
A, Cd JLF A TSR TR B 4 SR IR U i 5 R R, WIIER B, Cd . Cu Zn \Pb Fll Cr 5 FhEE &2 )8
SFPRAE A 516 E VPN FEEL RI B BTk 5100 1 92.25% . 3.64% . 2.27% 0.95% F1 0.91%. it al W, JifR
HE BTG ES N F2Zk A Cd TTE.

B/ %

i bl B b

1895 1929 1944 1960 1973 1985 1997 2012
i
OC =:Cd =Pb ®Zn #Cu

H6 BADRENRYT S MESENBEESRETRMEMOTRE
Fig. 6 Contribution rate of five heavy metals to the potential ecological risk evaluation in surface sediments
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DRSS 2 BRATCE 55, 1940-1960 4%, Bifi 2 /N s8] RN 1R 38 in L Tk 22 5% 1) & J& , REJF IR ¥4 i, 15 44 1
TETEAE S NS BAEZ A N, 1960 4 LIk, i T32 3] Cd JTER 15 Y mIZV A 05200, RIAE IR BE XS N, AR
R A S N o
32 MBRYMELBESHERKE ST

FRIEBUCS 2 1T DL %5 5K IR S B R ZS R X A R i e KA —FEZS | BRI ERAS BT o5 e (91
FE T XTI 77 A 1 B AU SCHR[ 16 1 45t T IR B HRUGS BT 78 LU 451 1) R US: D70 i b « Y 1 B2 U BT
07 LB/ INTF 1%, TR 3 /N T 10% KT 1985, AR ; /T 30% KT 10% 8], 24 XU 3 /NF 50%
KT 30% K s WU, KT 50% At s KUk, i — 0o IEl 5 45 4 B R RDE S 9 7041, Ph ZEMF 5T B[R] X [H]
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A B TR 1 BRUZS #R7E JC XU 8 BT Y 5 Cr AR B BRUZSAE 1990 4F LA R 5 A8 JC XU T8 BBl Y, =2 0 57 19
MEPE BN Zn (O ERHE IS T o HLAPIE T A 5% B8] P9 438 KT 1%, 1950 4FLARITIE T 10% , )& TARRE: , Z 5
L TE 7R 1971 4RI E] 22.09% J5 /INEREAG, 3 1 8] 359 J8 XU 5 Cd JE R AE 1950 4F 11l iR B2 HUS i oy L 9]
INT10% KT 1%, J& TN, Z 5 T+ 2 2002 4 X BHI AT &7 LEBITE 30% LA, J& T HOXU: , % 2012 4F
I, o e BT 50% , J8 TR AU, Cu TR MIRIEUS AR [k 4 B 48 R [R], 7E8 R 0 i 4%
15, 1960 4F 2 BT ERFAE 6% ~T% /247, J& TARMAES , Z )5 20 FE4ERF0E 1% ~ 2% 2247, 3 30 4%, # /N F 1%,
J&F I, X T RE T F U Cu JER BRI & A T 484k, 338 WA e kA4 T o A8, S 3B b
) Cu JTCER MIE I/, SR UL Bl 2 HE ST () (R ) MBS , 32 4 Ja 1 2 0 MR R AR, 2 2 BB L 497) ik
BRI LI , X6 EREE 0 KU AR /)N, PR A TR 2, T 4 8 i A 24 A s v RO i 5
XF R P A 6

SR VT BRI U IR IR EL 45 A I8 A7, e B AR A ke i B PR AR R, 258 50 A ULRR 9 h B i
Ok MK AR AR AT RS 5 T AL S R AR, 7 — IR AR, S TR P R
. B, CRRATHRIGE AT RS AT AR R RRER . CIERERT B B A SR TR
AR E S JE , FL0 @ AR LA AE B 4 AV AR 15 YRR AE (R B U BH T UK — TR W 3 4 S v i
W AR TR ARAE A R R R YR T R, SR DI E SRR R E S E S
J& S 7 L, DL A R AR A S R E TR 25 SR LA 7.
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W AR
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Fig.7 The percentages of residual and unstable( acid, extractable and oxidizable ) fractions of heavy metals

Pb,Cu,Zn,Cd and Cr in sediments

FEFE S b L R/NIF 2 Cd>Zn>Cu>Cr>Ph. Q2R LAAEFE € A5 19 4 HR DA B 453 J 0 BRI 19 242 25 X
W , SRR KBS K/ IMIF A Cd>Zn>Cu>Cr>Ph. X 5 54 & 70 R W e AR S KU TR ITF AR [R]. 302
VA SR PPN 25 5E 1 1 1Y 4 Ja BRI AR 8, I HLUE 230 5 8 15 ey iy s e AR s 1
SRR TAFAEAR M 30 51 4 R T R PR AR A B A G, LN SRR R S LA pHL (B L KR
JEAE A, NARRRE S & R & m PR R, 5 I8 T 8 S PR Z (A A e B e, AT LASE
VLB B B AR Y AT AR RS P A T
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3.3 MBYMEESEFRESHT

DU EE 4 I8 (SRR AT LA ok A SRR IS AN R Sl IR 2. 38 5 DA DR Hh 7 4 1) B SRR U 2 22
A A KA 20, K R R DA SR L & 45 e DU A KU R RIK i e o 28 [ AR
. BEE LU AL S A R, RS sl BE R BN, T 4 8 AN R R IR T T AR UR A
Tl = HE ; A B KB s 3ok T 2 95 V5 K HER PR R, Sl A AT,
3.3.1 ABRMESHT

FIFH SPSS 14, s At Wb 5 Fh il 428 Cd \Pb Cu . Zn 1 Cr IR GHE 25 R LEK 4. Cd TR & &S
HoAlh 4 FpEE 48 8 1A AH SCHEAIG, 0 5 At 4 Fh 4 JE SR IERTE]L. Pb 5 Cu \Zn 5 Cr #B7E 0.05
IR B 5 25 AH G FHOC R ECH 0.45 F110.38 UL B AT 43 SIAEAE IR A AT B, HLAT g™ A4 2 Gtk s .

Pb {5 YL (55—~ BRI A LR ™ A2 19 Tl 2B <, WK, Pb V5 Ye il 7= Az F 05 Hr | il 1 A FH 45
il it B T Al B HE S A S A K AR i, R R S BT B R NG B, AN R AR R T
o DU R R B AR ) A VA A B 200~ 500 mg. Cu K HAKAWris Ye i) 32 8ok 2 A BE 0 i TR Al
TR HR AN T MUBRCR 1 Bk AE 7 SR B AR Ak B W 2R 7 A AR B R A S . AR i FH A 25 FN A o
F, A2 I3 I R FNGTRRY) T i S i A5 Ph BUARTE 20 4D 60 AR S b ot H R R
AT V5 YRR A OGRS HT AR h Ph 5 Cu A B AR CE, B G EATA RS IR I B it
W, 2 RV T BB A E SR AN R A R S R DR

R4 BEADNREARES 5 HES RN R/RDELRSY

Table 4 Pearson correlation coefficients of five heavy metals in sedimentary columns in sediment of Xi Baisha

Cd Pb Cu Zn Cr
Cd 1
Pb -0.21 1
Cu 0.11 0.45" 1
Zn -0.03 0.07 0.09 1
Cr -0.09 -0.02 -0.08 0.38" 1

# E 0.05 K- (AU - i A5G,

Zn AR PR e R OUR  EE UL EE RPPIRSAA . A SRZO0R I i R
Y3 BEAL S WIAEALAR S Tolk ih F T G B e AR I T F T AR BT, 73 ol b 1 A
BEBURL @ TRRE QAL ER BURL. Cr B35 0 2 d LS 1E. SRR Rk AR diE s s
TN b R B T AR AIRHIR e HE B 5 B R R R i SRR R RS YL UL Zn 5 Cr AH
Kk, I HHAEDUR Y & i im 3R BT RESR AT & T B, i in fa B K A HERK.

Cd AR A SR CR MR R HOCER 78 FAR A R S5 AR R Cd 975 e
TR A M FAR VA T ALK, BRBRA™ A ] BT R A1 P WA £ o BT IS Fof R 3 1) 8K 5 B vy, BT
K B R BRCA RO, SR EERR, R AL S WA LSRRI, 25 G /N RS IR IR DL KN
TIRZETE KRGO, AT R/ IN T BT SR, AR 20X, Cd A& B 58 ARSIk
AR KSR IR Cd AT RESk A BT Tl K.

332 ERHHH

XHPE VP ULRRE 5 R 4 )8 & AT B *5 BADAANELEIMSHITER
*ﬁ , %%EL%@ 5.5 ﬁq ﬁ % }%’ ;i j:iEéHjX 'L'IZ': 3 /I\ 3‘_: E{Z ﬁj\ , ﬁ Table 5 Principal component analysis of heavy
3ANERSMER T RZVUEY R 5 P48 74.03% 19 metals in sediments of Xi Baisha
I T3 LR B RE TR TR0 27.06% Wik —— =8 3
25.03% 1 21.94%. Cd -0.46 0.08 0.78
55— ST TTECE A 27.06% , Ht Ph Zn Cr Ph 0.60 0.55 ~0.26
AR ERE. 2R W4 5, BUA o o el o
BB R R A 2 B R KR SRR R or 0.51 063 0.16
LT MR WLAET AN IHAS R SRR %) 27.06 25.03 21.94

BRFZE(%) 27.06 52.09 74.03

A AR TR R L AL, T R X AR
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H1 P Zn REANG YL, Cr 2R BERAL T K B3, TRt 55— FE a7 1 It X B TRR W v i 4 Js AR
AIRESR F AL T K i HERR.

5 E ST TTRR 25.03% , Cu Ph IE ff 28045 8, Cr A 248 . ZEAH G i L E e, DU h
Cu.Pb ATRERVET T HEAL. VA VD AT 7E A9 M sk A & (R AE DR R A 0 & SR IR
HAbTE 4 )@ ™ 8, S5 RIE Cr Sk |, vl Wax— 32 B8 R A R DT A7 384 Cu Ph AR AT g2k
H JE FE LR 4@ 16 R 0 SR AR TR, AN 25k 5 /K HER.

5= RS TR 21.94% , Horp Cd MR . S A AR E T IO AE R Cd S 4 8 AT %
FHOCHE. BRIUE, 368 = o R ZHR/R 1002 Cd BRI, % B BT Cd W& i & T S fE, XA ik
JE 1 & AR RS Y B2 L AR P (IR ) sl R A .

NG VD /NI AL () R M X T R R R L X e By MRS o k% &, /i A 4 5
B R R BRSO, o A E e e R RN IH  SCIL RO b DX YRR A A AR
VY R H X H T B R (AE R i) B 1] VR RS 4 AN KPR X BT RS A AR
TSR VG B IX . At S PRl e 4 R BB P X 2 — , A R P DU JE 60 km JEFEIPY, AL 1.2 7 km®
X, A 52 AbwE, 5 B A B 68.64%. 54 UL B4R STk AT, AT DUHERT I X b R 4 SR e e
Sk F A LSRR 4 1 0 Tall i 2 7K BT, b Nk Ab T K HETS BTk 2y 27.06% , M 2R i T
AT 5 K AR R TTRRR N 25.03% , 3 E LTSRN TR K B ST RR o 21.94% , Hofth sk I 5 25.97% , AT RE
K A ARG T AR AR T R .

4 58

(D) PHE A/ NRSGTRRY) 0~31 em AR TTRUEACH 1881-2011 4, TAREIRAE 0.02~0.49 cm/a
2 (A1 ARk 5 B 3 s B

(2)5 FE 4B TE 1960 42 A f AR H AR e , Z 5 MR S B K%, Cu.Zn Pb.Cd FI Cr ¥7E
A fEE R E HH 51N 79.78 .149.89 .20.86.2 024.00 Fl 20.08 , & E 270 5 b . th & 5 % h 451G
E RieE SOREEMZMAEE. ROCEERRIA FIHES, S K FER A Cd TR, Biir it
REELBIAFERE R, WA E SRR E S T 8RE , X IREE = AR fEF K K/ A Cd>
Zn>Cu>Cr>Pb.

) /NRBUEYI T Pb 5 Cu Zn 5 Cr 78 0.05 /K V358 B E M, MR ECN 0.45 F10.38; 548 3
BG4 T B R 4 Vs Yok IR Y 3 A A, 45 0 D/ NI AL 1) 2 B X T & JRAF LA AT, i
DX 4 J 15 G TR AR AL TR K HE B BT RR R 27.06% , 17 Mk TSR AN LR A2 3 3 i 24 1 BTk %
4 25.03% , M RN TR KB DTHERER A 21.94% , HoAl R I8 5 25.97%. X TiZ X 8 42 )8 4341 5 5L bris
PR R BT B — .
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