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RIRFRHEIERIBOE . 458 W8, CroNiZn As Pb - 3{H 43 51 98.44.73.14.,148.67.,21.93.54.32 mg/kg, 5 1 4
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H B 1.379 >N ilE (1. 372) > HifE(1.303) , ¥ )@ T P 815 JeFe . WA A S XU AN 3R B L 5 Pl 4 8 W 7
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Y, {75 300 1 T BRI L N A= 25 2R G2 T I 8 BIL
(Wang et al,2009; Wu et al,2015),
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Fig.1 Location of surface sediment sampling sites in Suohuangcang wetland
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43966 FEEH (Perkin Elmer A Analyst 800) I 52 , fif
(As) & o R 26 6 0 22 A CAFS — 930) Il %2 (A
B 2011 B TS ,2017) L BUHR IR 250 5 % L
PN BT 25 SR A R
1.3 HELAERSW
iz Ffl SPSS 17.0 4t i 4b B 5 46 B4 . i 17 46 ¢
PEFNFE 85353 1, 25 W) 4 {32 HT AreGIS 10.5 3
LA K Origin 9.1 fEA
1.4 M F*E
L4177 g A ag 3k SR TS e 0 i 48 B0k
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(IR 55,2013 2R 55 ,2016)
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LA T 5MEH B, .
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PLIL,,.=./PLI, X PLIL, X --- X PLI, ®
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Tab.1 Standards for contamination levels

¥4 e £ pf 75 4L 15 Y
PLI<C1.0 pREE S
1.0<PLI<(2.0 o S G Y
2.0<<PLI<(3.0 TG Y

PLI=3.0 R 5 5 Y

PLIfHiE R — Ui E &R & 85X
SR e S SR (L LU R BT IR A S Y BN R TS
4.2 BEESRABRIEHE RHUEWMLP 2R
Hakanson(1981) 4 Hi 1 78 7 A= 25 KUK 18 B0k oE A7
JBS P 35 R
PRI G RIS ERB(ED
C.

Er:Tr§ @

T AE AR S KU $8 80 (RD

RI=3 E; ©

X E AR —E R IIE A S E R
BT, MHE—EERT KT R AR
GJBITHR Zn.Cr Pb Ni, As B FEME R E5 510 1,
2.5.5. 10(FR 4+ Jid ., 2008) . YLRLY) b 5 45 I T A
HAESEE R EHFHRBSBELSEHERE S
FhrE L 2.

K2 EERAEMEBEEESEETREMN
&SR 1R oY PR
Tab.2 E: and RI grading criteria

HEBfEHERE A S XU %L fa, & T
Ei<40 RI<C150 B
40<<Ei<80 150<<RI<C300 4
80<<E: <160 300<<RI<600 R
160<<E; <320 RI=600 AR5t
Ei=320 % i,

E; 5 RIEMIETORY & & )5 & & 2 2
P 25 A1 LA B0k K A A A0 R S W o 4 J Y R
1.4.3 AKX WA AHOCHE 2 g ] TR il 4
R e DR UL 0 G A A BT e PR A AR S e B
% (Bastami et al,2015) , iV P ELE & &
AR AR R IR MG 545, 2013) , K 40 b 2 AH G 1Y
JCER Z (A 3 AL AR R 25 5% . 38 3 Pearson AHG
FR PR T e PE G R GRS A
2017)  HAF B A UF
NXxy,—2x, 2y,
N2xi—(2x,)" JN2yi—(2y,)?
Xz, 5y, BARWDAFZE; N AR
Bk s R WSS 5 22 8] AR DG

2 HRE5SMH

21 BEERESHEIE

SN A G DR 4 R o0 R I R S A
W 3, Cr.Ni.Zn,As.Pb A {H 43 5k 98.44 .
73.14.148.67.21.93.54.32 mg/kg. FHIE & & £ M
M Zn>Cr>Ni>Pb>As, ¥t 555 i &8 Ap
HE(GB15618 —1995) ), B& As Lo, Hh B4 8 o &
PR g E R bR, EAE As HE R B IR R R
19.70% . S55HRMA L HEE 48T S A .5 F
HEJE S EYMWE; P Zn Ph NI BORE S A
T SE e T 95 % A B Cr Fl As BORE & 258
B SMEIPITE 60% 15 70 % 4.
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DUy v o 4 T 70 3 o U i HH — 7 1T o
TURRRE 5T 20 1 (Eh W 345, 2016) 5 73 —J7 Tl i AR AE
AR 7 aed i bl 2 B 0 K S R e R A OC
GFME5,2015) o K FR AR TS e My BOR IR 32 2047 =
— 2 B T M R P Y DA AR 2 T R B L A A
IR TG . As F2ZR I T A% HU) A8 Rl Al
HEA T BEAE , 2018) 5 Cr ok PR 52 3] A HE B J5T 1 ARl
WSR2 (2 45, 2017) . 280 R b3
Pl A 5 288 X0l 19 B 28 2 A S T B Y ] e
AR e 2 S R S AR
SeyEm X BN £ Zn NI i O KU AR
2018) . =R AUE O A T FE T i, AT PrE

B HEK 2R G8 AME TS e W B3 AR T E
X R 28 0K FH A iR B BB, R IR IR BE Y B R B R I A
A E BRI K T AR X AR AL A 55 75 55, 2017) L IR i
o Zn Pb & e B ZE R R K R P iR A
() 4 & 1B 0 MR AR KRR DTS Jr kA
W S0HIA T, S B S W N T Y E o T
(MRS EF,2009)

AT ZRBCCV) I R /INE W R R 25 (8] 42 5
MR, WESR R EE, & EEEE S REBHEX
BN(13.9400 ~21.55 %) s Ni B 78 53 RALEDN, As
AR S BB RS AR N E A R Vg e
AR 75 EL A ARARL » 2 1) 43 A AR 14150

®3 HEECRENRUESEMBESRIT

Tab.3  Statistics on heavy metal content of surface sediments in Suohuangcang wetland
= = 7 = = , — " o=
e F/ME/ R/ Ha/ T v 22 / 3 v e e e RFEBAME /) HRE/
mg * kg mg * kg mg * kg! mg * kg™ % mg * kg™ mg ¢ kg™
Cr 53.00 137.00 98.44 16.59 16.86 -0.72 1.35 200.00 95.90
Ni 41.00 93.00 73.14 10.19 13.94 -0.66 0.55 50.00 51.20
Zn 107.00 239.00 148.67 27.72 18.65 1.18 1.94 250.00 99.50
As 12.10 34.9.00 21.93 4.73 21.55 0.32 0.70 25.00 20.00
Pb 32.10 73.00 54.32 8.38 15.43 -0.41 0.43 80.00 35.20

e F R R ERR S BT AR E) (GB15618 — 1995) I % — 4 bR T pH 76 6.5~7.5 BY{H.,

Note: * The secondary standard (pH=6.5 - 7.5) from Environmental quality standard for soils (GB15618 —1995).

5 ME 4B IR WA 2 Pon . Bk
B OE A L DTS YRR B RO T, i P AR IX
BT G AR R X R, S B AR 1) VY 3 DR Y A5 (] 43
AR T 3 DS T i X BT 55, 5 G B A X 4R
S, DX T S A S () A AR S i B AR
W R NG EFEURCR,

HaJE CroNi Pb 1 BUALAY 25 6] 73 A B
23 [01) 3 A1 A 8828 2 die /N R e R AEL 3 3 A 53~
137 mg/kg.41~93 mg/kg.32~73 mg/kg,3 P
42 )8 JC 3R W e KA 24 o B /MBI 2 A% DL b5 A2 3K
FIAb | b i o3 S B O DA KT 9 v AL O 1) 347 i B
B A 78 Pl PG AR 7 1) X B /M (S12,813)
B DX B AN K 2/3, A KB Cr N
Pb {5 Y L™,

Zn 053 A R AE 3228 52 B0 R 1) b 3 e i R g
B RAB Fd5e /MBS 318 239 mg/kg Fil 107 mg/kg.
e DX 3 32 AR b A A e i R K E R R
TR it /DML DX I 3] A XY 83.3 00

As 123 [0 73 A7 KRBT & 8K 1 o0 A L 1R
T DX 3l T G R R R 5 9 e KB A B /ML 53 3 Ry
34.9 mg/kg f112.1 mg/kg, m KAE L h i/ ME T I
3 A 5 25 (8] 43 A A7 A AR X SR 25 5, AR X AR 34 4,

i o R BT B e KA (S8) B8R A IX I
FHEA X IHE 50.0 %, 0T WL As I5 YL L™,
22 EERTEXRBEHBN

PR A I 25 725 o 22 [ 1) B 25 4 G 2R B0 20 B L [
TR EEARE . SR eCRBVNRY I ESE S
ZIH] ) Pearson fH R R T anE 4 s, Cr 5
Ni Fl As S0 b 35 2P IE A 56 (P <<0.0D) , M E R
B 0.683,0.710,0.507 , YW 3 Fhoc K Z A
R L D6 &R L 3 B 4 JE o0 R AR 1T AR W] — A
A s Zn K1 Pb AR RE 5 R 0,723, AR W 4
PEIEAHSE (P<C0.01) , AT RESR A AR A5 Y i, 5 B
A A2 B A AR R R R S R Sk L A A2 BN R A
ESIUR

KT i — A 8 G DU P 4 JE SR IR Y
FHHEE,ERWNF o8 KMO il Bartlett BRI #&
IS5 A R 0.575 F10.000, 3% B AR HEAL 5 1 %L
I . o RO o 5 W o[ BN (< ) B
FRAEAE 48 30 0.149.0.294,0.474.,1.572.2.512,
R T 1R WA 0 56 R AE . L BR R AE 1 R
TFoTk RN 81.671 % ; MBS, e #% o K 7 f 1) R AT
BRI IR F] 81,671 % . KW H 4 )8 81.671 % M Sk I
N P EOES a3



2021 £ 5 1 H] FHEEF.FMNAFCERARDELE ZE 20K EENEF N 53

HFLHF

RRE e Py

= Hi

L papap papap i papap 6

L o i i
72 84 96 108 mg/kg 53 61 79 87 mglkg 38 46 54 62 mefkg|
s o e
& AR = s, & Py
[ E E
g ANk prenen
= & &
& =
AL HILHE
BRE i PR\

& ke
1papap i ipapap FH
Ui g

130 155 180 205 mg/kg, 14 18 22 26 mghkg

U FURH
2 79k 2 HRE
Lt kW
SN gk
& o B b
= -
E2 HECRERRYELRERETEALSF
Fig.2 Spatial distributions of the five heavy metals in surface sediments of Suohuangcang wetland
F4 YHCRENRHESELSEZ HAOMEXM 4w & i FE A e A . Cr o NiL As Bl P
Tab.4 Correlation between heavy metal concentrations in pan &ﬁ%ﬁ[@g I:[q%_ FEHAADH %ﬁ-’\‘ i3k 3 %‘{E s
surface sediments of Suohuangcang wetland ﬁﬁ’%ﬁﬁiﬁ ':F'% - ﬂ‘iﬁﬁ (A2)Zn #1 Pb %B%EEIE H iff
EER cr Ni Zn As P e D ST 5 3 e X i o3 I T B I T A I R
o ' ATt Cr NI T A's #5380t 800 P 970 o I 2 A
Ni 0.683" 1 v
Zn 0.069  0.113 1 W A2 Zn H Pb #R 3R B BRI 7 G AT
As 0.710" * 0.507**  -0.093 1 435 Cr Ni fl As, A2 4045 Zn Fl Pb, A8 & F W45
Pb 0.421"* 0.287* 0.723"~ 0.139 1 *ﬁ%éﬁ%'—?*ﬁ%ﬁﬁ*ﬁ*ﬁ—ﬁh
T F SRR TE 0.01 (XU T 0.05 CBUID /K7 i 35 AR G iZEH] SPSS 17.0 78O £ RMAY E LR
Note: ** highly significant correlation (P<C0.01, two-tail) ; ?)ﬁﬁﬁﬁﬁ*ﬁﬁ%m [g] 3
n Zh I °

* significant correlation (P<C0.05, two-tail).



54 FA2% % 1 ¥

X &K F

& 20214 1A

1.0 .
S ° o
g
0.5
©
&
® 9
,].H N ¢
1 °o
As

0.5 o
!

-1.0

T T T T
-1.0 -0.5 0 0.5 1.0

CALE — 2 HAN50.231%)
B3 SECRERRVESETINSTR
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DX I3 Pl P 32 2 D0 AR ) P G s B A TG e A
JBE GG RAR R 1.348) o Ll L il L T 3 3R R LR
FE 4B PLIzone {HAH HLEL. B iF (1.379) = i
(1.372) > T f (1.303) . ¥ J& T %735 Je f 2 .
PR 22 SRR A 1 A SRR SR B S
YRR AR R T i R L, R Y
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Tab.5  Pollution index and pollution degree of heavy metals

for each sampling site and the entire study area

K= YN
X 1, FE S PLI{H Z’j; PLIzone i;;
¥ R F
S1 1.257 rh 4z
S2 1.595 4
£ S3 1.425 4
S4 1.238 & 1.379 rf 4
i S5 1.501 aik
S6 1.248 4
S7 1.429 rp 4
S8 1.531 4
S9 1.429 rh 4§
S10 1.314 4
N S11 1.473 4 .
i S12 0.973 x 1909 i
S13 1.017 w45
S14 1.477 rh 4
S15 1.342 &g
S16 1.41 rh 4
S17 1.418 4
S18 1.386 4
T S19 1.285 & 1.372 rp 4
S20 1.343 rh 4
S21 1.534 4
S22 1.244 &g
B A - - - 1.348 v 4

24 REMBYHELEBEESKEIEMN

B AR ZVIRY . Cr.Ni Zn, As . Pb BT
BRSNS 1~11, BEKLF. Y
AR/ N As(10.964) >Pb(7.717) >Ni(7.142) >
Cr(2.053)>7Zn(1.494) K F v &5 BT  75 A8 25 K
K65 F BRAE (E; = 40) ik B R BE V5 YL, L5 B I 7
A S KRS 8 B o 29,369, (% T FBR{E (RT =
150) , IX B BE Vs gt s BN 1 i o 46 s 25 5 W AR AR
25 U 48 B B e, R R LU i R A, B L
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Fig.4 Potential ecological risk index of each metal

for each region
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DA R S0 0 5 S i i i, D) — T T2 3R I
R 0T an v R R I A 7 AR T TR S L 38 As e DA
Tk A= kM52 . RIZVIRRY) H 48 2 5 R
TE 13.94 % ~21.55% .Cr Ni,Pb EA # L) =5 [a] 43
A HABXS 835, Zn F 2 H w10 L 0, As 4341 22
SRR H IS S ARE O, Tz 15 Je il T
P T E R W EARAE 2 Sk, AR E SRS
S A 50 A L R K T A 5 Rl R 4 8 AR AL T4 K AE L X
5 RO A A R KB OCR; BIE AN E R
AR E AT, AR B 7R X E LSS
(89 53 A B A AE A — 8 AR A .
32 AEBEHHEEHAMYERELEFTETLIE

B4 B TE Yok IR 5 NG B DL S S 2 DA
PIXZ& ., A Cr.Ni,As.Zn Fl Pb T4 & #E4TAH 1k
G345 FE AT 4 HT L HEWT Cr BT NI 55 As 7T VS B
PRI, T Zn A1 Pb R UEARRATT BEME R K. 2
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P FE - (8 3D, J7 25 90 IR 5T MR AE 5 — FE Ly
iKF) 50. 2310, Hi A s Em B ERE TR N
Cr.Ni,As 1 Pb, Ni 52 2| #i 5 i S HE M ) =
EE RGN 52 (7 KU 45, 2018) 5 Cr, As Ph 5 4 il %
18 A4 = TG 2l AH DG, A A B it S L 0 AR 24 A R 2 F 3K
— R EE I AR (R P4, 2017 BT 34, 2018) , A
FEZIXIL Cr 5 Ni A B 18 508 58 0 o 22
WG DTER Ry 31.441 %6, BLAR B TS W 0 3 R B
FETAE T BRMWESE TR Zn 5 Pb,
1 RATTRE R AR i 7 AR Ve AL b XY BT
AR T B P R DXAn ] 0 T A R S e R
ARAEAFBETE 5 A, i 2k 5 LA M 8 0z i L 72 Zn
5 Pb W E ERIR(F U ES,2016) , KRR L RIS
YRR AR N B A8
3.3 ADEEHKEREKRMAENESKE
WFFE XN A S PR B8 5 T A B R4 R B R
Tl ga . I Y fE 8 PLL,, fH R 1.348, % %
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29. 369, KT F BRE (RI=150) , #1 & T+ F 7,
B G R B, B As W TE AR S KU 3R
PUac o 58 (E7=10.964) . 788185 0 78 b 23 Fe 22 i
Ji ATY IR T BT BT 1 A S IR B AT A SR R
S T L T iR A b 17 R IR B AR O R ) X
SIEMEE, UK E B4 1908 1K 2 — RS 85 R
B, DA o 2 BB Ak 4 A0 AT 1 o FH DA BRT % A 3
15 7K 18 JC A EHE R, Uk /D 4 i 0 R BR L 3 A A
Wi L A 4w TS Y i 2, R A Tl K B R 4
A B 5 T8 ] o Y AT 4 A T 1 - 4 R 1
R0 AR T IR R B R S HF M 5 2016 5 2 R
16,2017 . {HX T R T 5 L N 25 A SE PR L
NGBV AT A Lk 0 1 RE S R N AT ) L s AR S BR
TR ESE. BB R A R T —2 W
WEFE T 1]
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Spatial Distribution and Ecological Risk Assessment of Heavy Metals in

Surface Sediments of Suohuangcang Wetland in Guizhou Province
WANG Bai-chun, ZHU Si-xi, ZHAO Bin, LI Wu-jiang

(Institute of Karst Wetland Ecology, Guizhou Minzu University & College of Eco-Environment
Engineering, Guizhou Minzu University, Guiyang 550025,P.R.China)

Abstract: Suohuangcang wetland is located downstream of Caohai National Nature Reserve in Guizhou
Province. In this study, we analyzed the spatial distribution of five heavy metals (Cr, Ni, Zn, As and Pb)
in surface sediments of Suohuangcang wetland and looked for common sources of heavy metal pollution u-
sing a combination of spatial interpolation analysis, principal component analysis and correlation analysis.
The ecological risk of the heavy metals was assessed using the Tomlinson pollution load index and Hakan-
son potential ecological risk index. The objective was to provide basic data on environmental conditions to
support efforts to protect Suohuangcang wetland. The wetland was divided into upstream, midstream and
downstream regions and surface sediments were sampled at 22 sampling sites. The mean values of Cr, Ni,
Zn, As and Pb were, respectively, 98.44, 73.14, 148.67, 21.93 and 54.32 mg/kg. all higher than back-
ground soil concentrations(95.90,51.20,99.50,20.00,35.20 mg/kg). Heavy metal levels, except for As,
met the secondary standard of the national environmental quality standard. The variation coefficients of all
five heavy metals were small (13.94%-21.55%), indicating a uniform spatial distribution of heavy metals
among sampling sites. Positive correlations between Cr, Ni and As were highly significant (P <C0.01), as
was the correlation between Zn and Pb (P<C0.01). Principle component analysis returned Cr, Ni and As as
the first principal component (A1), and Zn and Pb as the second principal component (A2). The results
indicate a common source of Cr, Ni and As pollution, primarily agricultural activities in the surrounding
area, and a common source of Zn and Pb pollution, primarily zinc refining and transportation. The average
pollution load index of heavy metals in the surface sediments was 1.348, indicating moderate pollution.
The average pollution load index of heavy metals for the three regions followed the order: upstream
(1.379), downstream (1.372) and midstream (1.303). The potential ecological risk indices of the five
heavy metals were all less than the lower limit (RI=150) for moderate pollution, indicating mild ecologi-
cal pollution. In summary, the Suohuangcang wetland is moderately polluted, but the environment quality
can be managed.

Key words: Suohuangcang wetland; surface sediments; heavy metals; spatial distribution; ecological risk



