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Abstract: Thirteen groups of samples (overlying water, pore-water and sediment) were collected from Hongfeng Lake,
located on Yunnan-Guizhou Plateau in southwestern China, to study the behavior and fate of six heavy metals (Cd, Pb, Cu,
Zn, Fe and Mn). The results demonstrate that pollution levels of these metals in overlying water and pore-water share the
same order: Fe > Mn > Zn > Pb > Cu > Cd, while metal concentrations in the sediment is slightly different: Fe > Mn > Zn
> Cu > Pb > Cd. For a single element among these heavy metals, its concentration in sediment was highest, and then that
in pore-water was higher than in overlying water. This phenomenon probably means that the heavy metals in the sediment
of the lake may be released from the sediment into the overlying water. Although statistical analysis suggested that there
was no significant correlation between the concentrations of these metals occurred in overlying water, pore-water and
sediment, there are some correlations between these elements. To present a more insight analysis, principal component
analysis was applied to study the pollution source of heavy metals concerned. It was found that only one component
(representing 67.7% of total variance) was extracted for concentrations of these elements in sediments and two
components for those in pore-water (representing 73.6% and 16.73% of total variance respectively) and overlying water
(representing 44.2% and 25.1% of total variance respectively).
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15 AR NIk R, SR 2 — RV R S A I R, a0 2 1A 4 . MR PR
T RIS BRI, B DA A ek A ETTIE Y . FITUE v AR A G e R K R 1% S T AR A
A I R AFAE N AR B DAL AR Tt P — A DGR B 8 A KR TR 1 TR 42
R BRIE e, N5 3l 3 BT K HECH I yas g, 2010-07-00
HEEICR UAFRRIEN TWIHKE LR geme. w50 mp 4% H (20967003)
YRR OIS 4 R A DU /AR FL T HEAT 4 * SefEfid, #02, jiweihu@yahoo.com




482 e b7

£ 31 3%

»2
=

— 8 B PR B4 HF R, n] e B RTORE BRI R 2 DT
R 1) K Hp I i A 4 sl B AR 2 5 R (]
B B K E R T EAE A BRI R
VIR RGP A BT AL . — HESE
AT TR 7K PR A 2 1) B K A AR o] R AT
B WAL 0E N Fr 0, B A S BUE A KR B0 A
S DL B N LR S i 700 SR T B R
Cd. Pb. Cu. Zn. Fe. Mn £EiZiH1iH LA K.
)2 VOR8] B K B2 J2 DR Hh (1) 5 40 A
85 B0, FF 0] T 4 Ja AE — 3 Ta) (PR B8 JEAT AH G 4
AT 38 3 B A 25 K AR B B L 4 S R R I
F 0 S KRB BTG REAT 70 2K, F 48X 6 MR

<o o A LA 7K AR 1) 5 2 23 A R A, DA 20 G
KRR AR A T A A

1 MRERZE

KA AT

AR Pl (RIS SN b R 8]
T, 0 B BH T 1R 28 R K U5 L I 4R 1108 m, 78
WAL 32.15km? FR RN 1596km”, I13F#h A
RBUE 49.64, 5 KK 45m, P-4 7KEE 9.3m 317K
P I 0.325 4N AR A LR 13 4K
B 5545 AR IR S IR 58, RAE A B
P 1 BT (R R A K Y5 b, R FE S A BEEN).

1.1

Hh - SR N
Plye v |
W\?ﬂ? *3 A
Bl f\’fN x4 - r'
*6 1.7k (MT)
2 Xl (DB)
3. ¥ (JMY)
LA ?/f a. &M £ OFS)
é‘jd 5. A#I#).C; (BHILX)
6. R (TX)
L 7. 6@ (YD)
= . 8. T @ FAHF HIYDDQ)
*1 9. M7 (AL)
B 10. 5 HW)
o AL 11. BFEE (X7)
Rl a 12 E5H LHW)
&= ﬁt, 13. KL Kl [WHDC)
fd TS &
HFet 03D
ran B 0 5 km
Bl 1 SREES R

Fig.1 Location

1.2 FESCRAR

FEASRFE RUCREE 3 0 B AOKFE RG]
JaBEANTISE ] HNOs W U6 /Y 500mL 5§
LI SERIA 121 1) HNO; IR (pH<2). K H]
PF ACRAE B8 R AW R 2 DU A B K TLTR
BRI JE NI IR AR b s[RI SE 56 =35 )5 7 T
EE LA 4000r/min (1938 B /0070 125, ST

of sampling stations

HIFT 0.45um FROS R 2T 4k i N 5ok i, 12 7
S8 SRR PR (1 5 .
1.3 FESAEE K IR

ARy 2 Yok 300mL AR K BE T 250mL
HEFEIR NN 10mL A8 e BT AR b k4
2 2mL Zi A7, TFH 0.5% AR 2 25 48 25mL, 74
AN,

PRk



334 IR T8 oo 33 AE B M ZEAI K A (1 70 Ak AIE 483

DU : B0 5 I DURUAIRE R e 20 T 4R
R4, 0.25mm (1) Je e 0 e i 47T B
HRARE I TR RE B 0.1g T ER VUK LA et b,
JIN 15mL f#) HNOy/HF/HCIOL (AFHEL K 2:1:2)
TRA R BT H AR Enaa i e, 14k s
AT A HE R RE FH SmL 10%0) HNO; %
i 25 B PR ERE 25mL, R 2128 44
B ORAF AR

FELBWEPb. Cd. Cu A/ KR
TG E M Zn . Fe A1 Mn DL HUBGRE &
ST TR R i i L A R B Y
2 APATRE B A S 3 OGO AL FE
FIACES 1B, 5256 T TR 034 A D 2 4, 5 56
LR AT R 7K 34 A R 4L 7K ESS—1(GSBZ500013-87)
M ESS—2(GSBZ500012-87) % i f 4 v & 43 &
WREE AT AR R

2 FR51E

21 HathEhESENSES M

FEA E AT S A A vh, BN A
15l Cd. Pb. Cu. Zn. Fe. Mn [FHE&E
4354 0.659mg/kg,35.2mg/kg,32.0mg/kg, 99.5mg/kg,
4.17%,529mg/kg. 4> 1H I SU{E Y B s s
(e BSR4 Cd 0.052~0.103mg/kg,Pb 21.1~
26.2mg/kg,Cu 18.8~23.4mg/kg,Zn 63.8~76.0mg/kg,
Fe 2.49%~2.89%. Mn 487~609mg/kg! . 74 Vi
A 2 Cd Pb. Cu. Zn. Fe Al Mn 7E#X
JAi0 - S P RSy R Cd 0.16mg/ke,

Pb 24.0mg/kg,Cu 43.6mg/kg,Zn 127mg/kg, Fe
5.0%, Mn 546mg/kg (£ 1), A3 1 7] LI H L0
T DS J) 3 - S S B N A AR R
HEEAR FORFE B R L u R T 5N
BRI (HIAE K g S EORVE L .
2.2 BEKRIER EGIRR] B K v B < vk i
FEA K A4 5 8 TC 3R IT A e A R v TR
Wb i) e B T e N TR BRUK AR S A 4
WRPEBE EEAE R 9 Hog #e 21 _EAgK b i K
) 4 B T AR R IR SR AR A T R
JE S A A5 FEUCHE AR R L R e B
e R Ta) i 7K R L 78 KA WV A 2R < s ) R AL
PP LR A A A0 LA KRR
SRR B th G e & B AR 2, MG R T
LAE H,1X 6 T 5 s 71 1% X oK Ak b d KB AN
d5 /M 2 R AH Z2 38K IR S TR BK . 5 A SOk
R IE A B AR ZKARA L, ZEE v B < e
PRy AT WA TS AEUAE o FE Ay — 233, 2T 4
WK St B vh 28 4 i g U,
MELH] 32 2K 1R - Ab ) 21 = 2L H K
AR Cdy Pb. Zn. Fe IRBEBEEITER K,
A REFE A A BOR CF- 1K 20m), E&K
S KA AT A R 52 M B A 2D, AT AR A A
AV TR T A R I 2 I U ) M
Cu [P B I IZ W A 33X AT e R /K L it
ENE I R R BK hIX 6 M < s e A8 [
HG TUAE IR (R, A Ak 35 B 78 7K AR AL,
AT R PR 1A R Ty i, N TR EE K.

F1 AWHX RS RERTIEMERENREmyke)
Table 1 The value of background soil in Lake Hongfeng (ng/kg)

IiH Cd Pb Cu Zn Fe Mn
HrltO 0.03 22.7 48.0 105 51860 60
Hrlt® 0.34 33.5 16.5 167 38360 490
Hrlt® 0.23 10.7 30.5 149 58770 682
Hrl® 0.06 29.0 79.5 88 49610 952

FIEME 0.16 24.0 43.6 127 49650 546
aw: <0.2 <35 <35 <100 — —
e <0.6 <350 <200 <300 — —
=t <1.0 <500 <400 <500 — —

1O @+ @y @ LW A0 AT SRAF
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Table 2 The content of heavy metals in overlying water and pore-water from Hongfeng Lake (ug/L)

PRETS Cd Pb Cu Zn Fe Mn KAE R Cd Pb Cu Zn Fe Mn
HS-MT 0.15 552 130 354 326 26 JX-MT 1.14 149 189 700 18720 5619
HS-DB 0.07 314 063 461 131 37 JX-DB 045 99 147 969 15070 1425
HS-IMY 0.13  7.09 1.09 275 480 41 JX-IMY 3.00 467 643 1933 47390 4952
HS-DPS 012 560 068 399 138 14 JX-DPS 207 366 73.0 1743 39660 4209
HS-BHHX 0.07 356 058 337 161 18 JX-BHHX 128 273 317 843 20370 5052
HS-TX 0.10 351 090 427 182 15 JX-TX 075 272 268 1044 25430 2510
HS-HYD 0.12 451 099 379 237 20 JX-HYD 1.05 133 140 823 26490 8960
HS-HYDDQ  0.15 412 124 231 143 31 JX-HYDDQ 120 266 17.7 111.6 24990 5051
HS-AL 0.13 809 1.54 414 372 66 JX- AL 043 6.9 8.9 68.8 14550 2229
HS-HW 0.16 577 1.82 132 238 77 JX-HW 111 303 159 1233 40250 3864
HS-XZ 0.06 205 171 447 376 71 IX-XZ 042 138 6.7 67.7 19990 3195
HS-LHW 0.16 473 269 209 281 61 JX-LHW 053 239 94 69.8 18220 2633
HS-HWHDC  0.08 245 092 244 143 70 JX-HWHDC  1.17 150 167 1208 23630 2078
B/ME 0.06 205 058 132 131 14 B/MA 042 69 6.7 1933 14550 1425
IEPN | 0.16 809 269 461 480 77 ICYN: 3.00 467 73.0 677 47390 8960
HS—FH#)1H 0.11 463 124 331 247 42 IX-FHIE 112 225 245 1052 25751 3983
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Fig.2 Box and whisker plot of concentrations of overlying water and pore-water from Lake Hongfeng
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Table 3 The correlation coefficients between the concentration of pollutants

"R Cd Pb Zn Fe Mn
Cd 1 0.823%* 0.877%* 0.876** 0.840%* 0.379
Pb 0.695%* 1 0.800** 0.807** 0.850%* 0.177
Cu 0.538 0.202 0.864** 0.743%* 0.175
Zn -0.608* -0.172 -0.464 1 0.884** 0.047
Fe 0.266 0.523 0.450 0.011 1 0.297
Mn 0.075 0.033 0.644* -0.402 0.357 1

VEARAOTRSr Sy K P85 G A S R A O AR TR rh 435 Je i A S R B + AR SR IR S 2 7K1 0.01 CBUR), * AR 2%

7K3T0.05 (W)
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MU FE S WL 400 b EEE S
HILE SNPGRS RS
Tz T AR B L LY Cd 0.1~0.3mg/kg,

Pb 29.2~80.0mg/kg,Cu 44~174mg/kg,7Zn 72~208mg/kg,

Fe 34520~49630mg/kg,Mn 367~916mg/kg,Fe #
Mn {5 Bz T HAR LR E s A T
G R LI SELLGHI TR b < e B TR
AN KB GO H (1) i 3 FE 5 B SR £
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3 7KR 1] 57K R PR 2 A A g A AN ] ZERE0 ok
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Table 4 Physical and chemical parameters about the sediments from Lake Hongfeng

KA, PR 7K (m) By pH {H HHUT(%)
1 153k RRERERIN 26 Si02. CaCOs. 7.68 12.69

Na0,3FeZSi4O 1 0(0H)24H7_O
Si0;. CaCOs;.
2 K ESGER/ELIN 33 ) ) 7.54 14.81
Niz4Cu; 04As5 6(OH)16(CO3); 25°9.84H,0

Si0z. CaCOs.

3 &4 E SRR N 17 Coos(CEMER(SLADO(OH)4HL0 7.74 11.24
4 K SRR 24 Si0,. CaCO; 7.60 12.64
5 AL EERIELIN 36 Si0,. CaCO; 7.63 11.55
6 R A HRAR 25 Si0,. CaCO; 7.60 13.21
7 Aefail BENEEN 35 Si0,. CaCO; 7.66 11.43
8 TEAIE kAR LRCRERIN 25 8102, CaCO; 7.89 13.58

Na0_3Fezsi40 1 0(0H)24H20

- Si0,. CaCOs.
9 MJ PR R 25 ) 7.66 12.38
Cao_3(cr,Mg)2(Sl,A1)4010(OH)2'4H20

- Si0,. CaCOs.
10 J5 1. PR R 19 ) 7.76 9.09
Nao_3Fezsl40]0(OH)2'4H20
. . Si0,. CaCOj.
11 BiE e R 18 > 7.71 11.09
Cao,;(cr,Mg)z(SI,A1)40|0(OH)Q'4HZO

SiOg\ CaCO; N

12 ZJ5H AR 15 7.63 11.14
B C5H;1CIN,O»
) R Si0,. CaCOs.
13 BHART AR 20 ’ 7.82 10.72
Mn;Tazos

Y B A b SiOn, J5 R A IR 32 B R 4y S CaCOs, 5 I AT 1 32 BE AR 43 Nag sFeSisO10(OH)24H0, i 08 A (1 3 ZE il 40 A
Cag 3(Cr,Mg)(Si,Al)4019(OH)»-4H,O, HAl B 4 8 AW T 5 B R F e ik

£5 CHERTRNIELES Bmyke)
Table 5 The content of heavy metals in surface sediments from Lake Hongfeng (mg/kg)

PRI Cd Pb Cu Zn Fe Mn
SE-MT 3.6 39.8 76 138 42700 723
SE-DB 15 36.1 121 189 46870 578
SE-IMY 2.8 54.8 124 117 41500 707
SE-DPS 2.4 67.0 165 142 47370 604
SE-BHHX 25 80.0 174 161 49440 916
SE-TX 1.0 56.1 141 124 49630 617
SE-HYD 12 30.9 52 74 35810 633
SE-HYDDQ 0.9 35.9 51 72 39000 525
SE-AL 0.8 34.1 55 138 38310 401
SE-HW 12 38.8 63 208 45090 455
SE-XZ 0.6 32.8 44 96 39540 556
SE-LHW 0.7 30.0 45 83 34520 377
SE-HWHDC 0.8 29.2 55 79 36760 367
/M 0.6 29.2 44 72 34520 367
SEPN: 3.6 80.0 174 208 49630 916
SE—F¥{H 1.5 43.5 90 125 42042 574
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Fig.3 Box and whisker plot of concentrations of surface
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Table 6 The correlation coefficients between the concentration of pollutants in surface sediments

EhE Cd Pb Cu Zn Fe Mn
Cd 1
Pb 0.563* 1
Cu 0.556* 0.921** 1
Zn 0.337 0.374 0.466 1
Fe 0.436 0.772%* 0.852%** 0.722%* 1
Mn 0.730%** 0.746** 0.685** 0.237 0.589* 1

W AR DG R EEKT-0.01 (RUR); *AH I ik 35 7K °1-0.05 (BUR)
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