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Fig.1 Map of sampling sites in Hongfeng Lake
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SEHUAE R T 2009 4 9 H SRAEIA A ZIARIAS /KW, AR S7 A TRl 423k T 62 R 48 (GPS) Xf
FFE RN R R PSR EWIAFER 0—10 em MIUTFMFE N BB A G BAR
4%, Bl SZEE L 4000 remin ~! A BDL 20 min, BLORRE TR T AKX, #F40, i 0.25 mm §JE
e e i B B R
1.3 Ff SR AL PHE Rt

BRI TFES (0.1 +£0.0002) g FRIUFH LMk rh, inA 25 mL % HNO,/HF/HCIO, (2:1:2)
TRA ARG BT R E A 2 i, IRk e A 258 T, B &S 5k A 5 mL 10% i) HNO, %5 f#
FEHEB T/KERZR 25 mL, BARAE R

4B S T P Cd Cu A S/ JOA IR TR BRI E " 5Zn Fe Mn Al K Ca il Na I
PR £ 5 B TR SO I A 5 As Rl Hy SR BT 2 it a2 ' 5 SR ) W 06 e e
S UURR R A AL 1) 7 it DL Be 200 5 (ORI AR 48 105 CHET) , FBe 2k & (Loss of Ignition,
LOL) FAE"™ . BrA AORE S B0 B A PATRE 008 A S 3 WBOF- M8, A3 A shinBRiti s ([, 52
I T FAR ) 25 2 A 4. ESS-1( GSBZ 50011—88) Fil ESS-2( GSBZ 50012—388) XM+ & 4@
TR

2 HRSiE

2.1 HRAIEPESENS E

TEAE BT S E M A b, S+ 5 Cd Pb As Hg,Cu.Zn Mn Fe [} 15 & 553
J70.659 mg-kg™' . 35.2 mg-kg ' .20. 0 mg-kg™'. 0. 11 mg-kg™'.32.0 mg-kg”'.99.5 mg-kg",
794 mg-kg ™' 4. 17% , % [H - HEH T (H A F e MR TR 16 S S 4R 51 Cd 0. 052—0. 103 mg-kg ™',
Pb:21.1—26.2 mg-kg ™', As:8.8—11.7 mg-kg ™', Hg:0.001—0.034 mg-kg ' ,Cu:18.8—23.4 mg-kg ',
Zn:63.8—76.0 mg-kg ™', Mn;487—609 mg-kg ', Fe:2.49—2.89% "' A YR H A rh £ B X 3% 8 Fi
BRI LIEP P SRR L NIRRT LA, SUNE1Z 8 ME SR HE SEHITm T4
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Table 1 Heavy metal background value of Hongfeng Lake

SRR Cd Pb As Hg Cu Zn Mn Fe/%
Hat+O 0.34 33.5 82.6 0.88 16.5 167 490 3.8
HRtQ 0.03 22.7 64.7 0.29 48.0 105 60 5.2
TE+0 0.23 10.7 37.7 0.71 30.5 149 682 5.9
Hrt® 0.06 29.0 12.4 0.17 79.5 88 952 5.0
FHE 0.16 24.0 49.3 0.51 43.6 127 546 5.0
LR < 0.2 35 15 0.15 35 100 — —
TR < 0.6 350 30 0.5 200 300 — —
S < 1.0 500 40 1.5 400 500 — —

H:0.Q .0 @A IEWIE L A3 SERAE AT+ P E PR B i brifis (GB 15618—1995) , A SCHUF M AR FH 2% {H.

2.2 PRI IER & Lo A

LINITTRRY & e R SRR 20 R 2 thaT LUE L T TTAR Y 8 M G SR vk 2 BRI T
S A HEAE: Fe > Mn > Zn > Cu > Pb > As > Cd > Hg, & & LT Fl & Fe:3.5%—5. 0% , Mn;367—
916 mg-kg ™', Zn; 72—208 mg-kg™', Cu: 44—174 mg-kg ', As: 22. 5—49. 9 mg-kg™', Pb; 29.2—
80.0 mg-kg™',Cd:0.6—3.6 mg-kg ' ,Hg:0.35—1.42 mg-kg™". LI IR-1E i KA 2 AL, A6
Py e 4 g 1% e ke T R T DX 3R BEARNIZ AL PR PR AR A DG, PR AL A0 g I8 S i e R b (1B
IR - A6 AR R ) 4 45, 91K 32 2y e T i s B AL, TR ) 2 B B it i 7L I K S R T
R, I Z BRAE VTR R0 22 AL 5 KT e A AR AL AR vh & 0 2R 5 45 e s R B A 3 AR
Tt CAF B JRRZRTT S5 75900 ), A5 R HA AR K 5 2 i R4, Il A B 32 V5 YRR BE RN IR A& T R
P R AT, LA 4t SR 5 B R AT R A A R S BB Cu Pb s T3 41,
HAJURPOTRARA B TR R e m#ption R Cd AIXBRAR T 5 A%, He & Hsib 17—, w2 B o i
AT T A ] 0 TR N DR R v g B, 2R S 30 7 G ™ B Al 2 AR B G P, I 138 8 95 B 00 8
N T AT 15 G e 30 ) FRAEF5 R R A N A BT A8k 15 1997 4F 5 LR A RS SR AR He 42, H
HTLLARH) B 4 A M g L (H Hg A Zn & HEAYKIZ 3] 10 4FFiT Y 35 K -F-

T2 LIRWFRBEVRY DA TR S (mgrkg ™)

Table 2 Concentrations of heavy metals in superficial sediment from Hongfeng Lake

SRAE S cd Pb As Hg Cu Zn Mn Fe/% Al/% K/% Ca/% Na p LOL/ %
53k 3.6 39.8 36.9 0.74 76 138 723 4.3 6.5 0.8 50 513 330 14.6
JeHL 1.5 36.1 38.8 0.66 121 189 578 4.7 81 1.00 2.5 557 286 13.4
| 2.8 54.8 49.9 0.51 124 117 707 4.2 6.2 0.83 6.3 529 342 13.8
Kk b 2.4  67.0 49.6 0.49 165 142 604 4.7 7.5 0.92 4.2 646 328 13.4
At 2.5 80.0 44.1 0.52 174 161 916 4.9 7.5 0.94 50 793 397 15.0
N 1.0 56.1 32.4 0.46 141 124 617 5.0 7.9 0.95 3.3 554 290 11.6
PRI 1.2 30.9 38.5 1.42 52 74 633 3.6 5.1 0.61 8.2 370 274 11.5
WAk 0.9 359 259 0.66 51 72 525 4.0 5.6 0.68 7.4 453 271 13.9
11 7 0.8 34.1 22.5 0.48 55 138 401 3.8 5.6 0.67 8.6 274 241 12.9
JE1L 1.2 38.8 32.7 0.35 63 208 455 4.5 7.3 0.90 4.0 501 313 12.7
e 0.6 32.8 28.3 0.54 44 96 556 4.0 6.4 0.80 9.1 491 336 12.8
EIET 0.7 30.0 22.8 0.45 45 83 377 3.5 5.4 0.63 9.9 315 202 11.8
JEHRKHE)T 0.8 29.2 31.8 0.43 55 79 367 3.7 5.7 0.67 9.9 5l 254 13.4
/M 0.6 29.2 22.5 0.35 44 72 367 3.5 5.1  0.61 2.5 274 202 11.5
IS oN] 3.6 80.0 49.9 1.42 174 208 916 5.0 81 1.00 9.9 793 397 15.0
SEHIE 1.5 43.5 349 0.59 90 125 574 4.2 6.5 0.80 6.4 501 297 13.1
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Fig.2 Box and whisker plot of concentrations of elements in sediments from Hongfeng Lake
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X8 A E AR ITR BT R A HURMARGHE ISR 3, B A7 =, Ca™ FULFP T 42 )8 (R Hg 41)
AR ARG 3 T BEJE PO IR A B A7 AR T 1 PR KA 2 A FIBRR S A B DI B G, INAR Ik
RAE AL K], TR K KPR Ca®* B AR AR, HCOS fiims , pH ARFFm (', BT LAZ T 151K
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Table 3 Correlation coefficients between the concentrations of pollutants

JLER Cd Ph As Hg Cu Zn Mn Fe Al K Ca Na P LOI

Cd 1
Pb  0.57° 1

As  0.75%  0.69° 1

Hg 0.08 -0.24 0.15 1

Cu  0.56F 0.92¢ 0.76® -0.21 1

Zn  0.34  0.38  0.32 -0.35 0.47 1

Mn  0.73* 0.75¢ 0.70° 0.27  0.68%  0.24 1

Fe  0.43 0.76* 0.53 -0.31 0.84% 0.70® 0.598 1

Al 0.31  0.60F 0.45 -0.37 0.76* 0.77¢ 0.42  0.95% 1

K 0.47 0.64# 0.55 -0.35 0.77% 0.78% 0.53  0.95% 0.98% 1

Ca -0.49 -0.55% -0.54 0.11 -0.72* -0.77¢ -0.50 -0.91* -0.89% -0.90* 1

Na  0.54 0.81* 0.70® -0.23 0.82* 0.43  0.72¢ 0.80* 0.73* 0.77* -0.61% 1

P 0.666 0.73* 0.70® -0.05 0.63% 0.43 0.84° 0.66° 0.54 0.67F -0.51 0.83 1

LOI 0.67% 0.44 0.40 -0.22 0.36 0.28 0.52  0.33 0.22 0.3¢4 -0.24 0.598 0.62° 1
TE: o FORMCHE B EKT 0.01(BUR) 58 TR M . E K- 0.05(XUR) .

FEAUHEFEH AT HLBS H@ MM AR, LOL A Cd B B A G, 1X 5 — Mg kTl
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A [t T R AR P R 5 D TR g X 3 S e i A R A, 9 D R T R R el T A
WA (I RAE FUKTRIYTE 15—20 m Z[0)) |, FURRPIAL T DA e )3 JEE PR 85 v, T 28 9 38 A
PRSI ) B8 K, S BRI 2 1 W B ) LR J2 TR 4, (A5 DU AR D0 T 5 i 1 A TR B R, S R
KA T 4 R TG YL YA BT A A e S
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PR FE TR A M AE A S KU PR AN JE T AVS/SEM HC AR A T2 AR W R AN 1 b 3 T
4 S B AR KU VEAY T B0 BB Rk Y DR R R AL O SR 0L
VOB TR IEAE s ST A5 A VA A 25 RS DA 5 B8 U A M 5 i A A A A LA IR R
M S RB0L . s A LB A S R I A R G F AR B R R h 4R
A G FH AT T

AR,

E =T xC,
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6 6
RI = YE = YT x
i=1 i=1 n

b RUNTUB T SRR SRS AE S EIREGC = C/C O TS Yeis e S50 C R 94IE,
CohZ U, 2 U BCRIABR Tl AL LART AT R A T 43 1 5 15 S s 3 RN 1 75 S
B2 TS | G R I FEER B 4) , SRR KPR D0 HTS Y BURAR E R 5 | Fh R
R VLA G E RGN AL S A A A A 56 b SRR A I, 5 AR BIF 50 o 9 A A 2 X B
PR R LR A S R B N S HE (R 4) 25 G 1990 AF 4x (] + 5008 £ 530 45 75 5
L, FiT S BRI (9 ST YRR E i 8 WU S R T T PR ARG 75 YRR E , — 38 AR 2 4 REAR A b S T8 7
AEMAE S ERRE.

Hakanson M\ JC3 = BEJF U " 0 T0 R BEURE™ 119 3 BEA 08 5 DU TS YesmBERI 4 Ky 5 2
E! <408% RI <150 A#g A A ;40 < E) < 80 5 150 <RI <300 K54 S XE;80< E, <160 1§
300 <RI <600 A= Z5 MUK ;160 < E, < 320 5 RT= 600 AR A SR £, = 320 A A= 25 KB
TAEA G E REE,) AR TS5 YW MRS 5 A G{H ; T 7E AR S8 AR B (RD) J2 4
BREZNERMEHE RBNEREE, 700 4 M. BB RESFH W — 8 E P8 A9 285 gtk
DL, BRI Sk VS E AR 25 A T AR A () 48 WL 0 10 325 | R DG T, 0% 19 e i 1 L g 3 28, WA 3¢
NI AT RIS, X 4 s ZAR) B 4 T S A IR, DA A F TR B RS

R4 UIBWHHEXESR S ES S EREEREC

Table 4 Background values of heavy metals and their toxicity coefficients

Q.

i Cd Pb As Hg Cu Zn
1990 4F3 048 + 435975 5L/ (mg-kg ") 0.66 35.2 20.0 0.11 32.0 99.5
STAR A i RS S 1/ (mg-kg ') 0.16 24.0 49.3 0.51 43.6 127

HEEESERE 30 5 10 40 5 1
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DA s EIE A S RS RECE,) A SIEERR B (RD BT E45 55 3 WLk 5 Rk 6,
52V 1990 4EFHM A 5 P S HE. R S B, LA R SR MR S e REU(E,)
KF He T 9N B G H AP {EDN 2165 Cd P AR A 25 a5 HoF (D 705 As (Pb Cu Zn ¥4k
TRMESEF. 6 MERENTGREFNF N Hg> Cd> As> Ca> Pb> Zn. DIZAHGEMETE
A EREE(RD) R, Bl 10 4R, 20 2 2832 B R AR5 44, o 150 < RI< 300 9 IX 48 5=
SRR TEM I RORE AT 9,10 11 12 13 J& TS5 A A5G s AL WA CRAERT 1.2.3 4 5) A T2
R (300 < RI< 600) , H RIEASALIEIE Dy 349—471, i 4E # 3 MIAE 2 K AF 7050 604 il 308, 4775
BRIE S X FHIUER] T 8 - £E #0310 230 SRR . 2% SR w5 A LI O - AE £ ) > 15
e > @A = JLWIEG > R > KRB b > RIS > AL > B > MUy > JE TR > ZE T >
J& .

RS LHBIFRZURY & E SR AES KR RECE,) FB e A SR (RD)

Table 5 Potential ecological risk coefficients (£!) and indexes (RI) of heavy metals in the sediments of Hongfeng Lake

R & RI
Cd Pb As Hg Cu Zn
1.1k 164 5.7 18.5 269 11.9 1.4 471
2. Kl 68 5.1 19.4 240 18.9 1.9 353
3. &% 127 7.8 25.0 185 19.4 1.2 365
4. Kb 109 9.5 24.8 178 25.8 1.4 349
5. L 114 11.4 22.1 189 27.2 1.6 365
6. h#% 46 8.0 16.2 167 22.0 1.2 260
7. fEfai 55 4.4 19.3 516 8.1 0.7 604
8. JE iR K Hr 41 5.1 13.0 240 8.0 0.7 308
9. M4 36 4.8 11.3 175 8.6 1.4 237
10. 510 55 5.5 16.4 127 9.8 2.1 216
1. H 27 4.7 14.2 196 6.9 1.0 250
12. 25 H 32 4.3 11.4 164 7.0 0.8 220
13. G H k) 36 4.1 15.9 156 8.6 0.8 221
XM 70 6.2 17.5 216 14.0 1.2 324

T A 1990 4E UM A T R 1P RN 25 {H.

6 S LAZLAU A PR - V- B0 2 HUAE, 4 RARER T 2012 DU 9 52 P is SR I
LA 4R IR B R AU(E,) K F , Cd AR AR A5 UL, . E P (E 0 288 3 He Ry 45435
&, HAFIME N 465 As (Pb (Cu Zn PR RUE S

RO LLHUMIFRZUURY 5 B4R A S KR R ECE,) FITB e A 5 R HE AL (RT)

Table 6 Potential ecological risk coefficients (E') and indexes (RI) of heavy metals in the sediments of Hongfeng Lake

B b RI
Cd Pb As Hg Cu 7n
1. g3k 675 8.4 7.5 58 8.7 1.1 759
2. K 281 7.6 7.9 52 13.9 1.5 364
3. &R 525 11.5 10.1 40 14.3 0.9 602
4. R 450 14.1 10.1 38 20.0 1.1 533
5. AL 469 16.8 9.0 41 20.0 1.3 557
RN 188 11.8 6.6 36 16.2 1.0 260
7. fEfai 225 6.5 7.8 111 6.0 0.6 357
8. fE A KA 169 7.5 5.3 52 5.9 0.6 240
9. 14y 150 7.2 4.6 38 6.3 1.1 207
10. 5T 225 8.1 6.6 27 7.2 1.6 276
1.3 112 6.9 5.7 42 5.1 0.8 173
12. %J5 1 131 6.3 4.6 35 5.2 0.7 183
13. G HAHT 150 6.1 6.5 34 6.3 0.6 204
B 288 9.1 7.1 46 10.4 1.0 362

T« DAZIARI A 2 BRI L e 3 (8 2 O
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5 3 A AR BUHEA T 5 AR SR (EL T3, 45 SR LIR30 A IR 1990 4R S48 15 53t L 8 2% (H, B
P LAZTAR J 10 B8 LI 2 . N A R B I Rl n] LU I a2 (0] 9 e R RE T 3, B
0 DX ) A 2 T 4 R ik B R TR AR AT, T 5 ST BaAART , AT AR e 9 532 DA R FH K Dt
IFEEEBAREI NS S BEATIR B 5 A6 W) 25 2 ph 22 A A AE Pl 0 (1 TT 7K R4, A5 TS R T 5 7K
DA 2 b HE G T K B HE I, ST AR (AT S g 7 i, DT i 7 £ N SR A9 FE G I3 4 52 i 5K 5 T e
T, DU R T SHEAE 0S5 e A A5 XU B4 s (Rl A A7 AR — 26 22 57

- &
* R
B w . * F-..
>
CII * 1 -
* *
* R 20 * e

RIZHE ; RIZHE o~

216-221 173-180

221-228 p 180-190

228-239 * 190-205

239-254 205-226
- 254277 - 226-256
-—277-310 m— 256-299
- 10359 - 199-361
- 59-429 - 61449
_—20-533 TR - 440-576 o 273
_—3504 0. 09 18 2736km | g sne 350 0 09 18 2736 km

B3 LOBUUR T A T
(A DL 1990 4E N TS 5 4 HET (52 (s B+ LALT AU JE 1 36 55 - 0T (5 5 U8
Fig.3 The distribution of RI in sediments from Hongfeng Lake
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GEOCHEMICAL CHARACTERISTICS AND RISK ASSESSMENT OF
HEAVY METALS IN SEDIMENTS FROM HONGFENG LAKE

TIAN Linfeng' HU Jiwet' QIN Fanxin' HUANG Xianfei' LIU Feng'
LUO Guilin®  JIN Mei’

(1. Guizhou Provincial Key Laboratory for Information System of Mountainous Areas and Protection of Ecological
Environment, Guizhou Normal University, Guiyang, 550001, China; 2. School of Chemistry and Materials Science,
Guizhou Normal University, Guiyang, 550001, China)

ABSTRACT
Eight heavy metals (Cd, Pb, As, Hg, Cu, Zn, Fe and Mn) in 13 surface sediment samples collected
from Hongfeng Lake in the karstic area of Guizhou Province, were analyzed to study contamination
characteristics of heavy metals, and the potential ecological risk index (RI) method was employed to assess
the potential risk induced by these heavy metals. The results obtained in this study indicate that the
concentrations of these heavy metals follow the order; Fe > Mn > Zn> Cu> As> Pb> Cd > Hg. Levels of
the heavy metals in the north part of the lake were generally higher than those in the south part. Statistical
analysis suggests correlations among Al, K, Ca, Na, P and the eight heavy metals, demonstrating the complex
factors affecting the distribution characteristics of heavy metals in sediments. Ca showed significant negative
correlation with most of the heavy metals, while the rest of the elements had positive correlations with the heavy
metals. According to the ecological risk assessment, Hongfeng Lake might face a regional water pollution, and
the ecological risk caused by the heavy metals in the north part of the lake was generally higher than that in the
south part. Cd and Hg were the major contributors to potential ecological risk index among these heavy metals,
and exerted a direct influence of ecological risk on the lake.

Keywords : heavy metals, risk assessment, sediment, Hongfeng Lake.



