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Assessment of heavy metal pollution in the surface soils of
different land use patterns in Caohai, Guizhou

ZHAO Bin'*  ZHU Sixi"** LI Xiangxing"* YANG Dongfang'*
YANG Xiugin'* ZENG Long"?
(1. Institute of Karst Wetland Ecology, Guizhou Minzu University, Guiyang, 550025, China;
2. College of Eco-environment Engineering, Guizhou Minzu University, Guiyang, 550025, China)

Abstract; It is of great significance to analyze the pollution sources of soil heavy metals for their
prevention and controls under the situation of increasing heavy metal pollution in soils. This study
focused on the surface soils (0—20 cm) of the marsh lands, cultivated lands and forest lands in
Caohai, Guizhou. The concentrations of six heavy metals in soils including Zn, Cr, Pb, Ni, Cu and
As, were determined by ICP-OES and AFS. Source analysis and pollution status evaluation of the

heavy metals in soils were carried out. The results showed that the average concentrations of Zn, Cr,
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Pb, Ni, Cu and As in the surface soils, were 144.75, 93.03, 45.33, 45.08, 29.48 and
25.19 mg-kg™', respectively. Among them, the concentrations of Zn, Pb, Ni and As were
significantly higher than the soil background values of Guizhou, which were 45.48% ,28.78% |
25.97% 15.29% , respectively. The concentrations of As, Cr, Cu, Pb and Zn in the three land use
patterns were significantly different ( P<0.05), while there was no significant variation in Ni (P>
0.05). Zn, Pb, Ni and As in the surface soils mainly derived from human sources such as industry,
agriculture, and transportation. However, Cr and Cu came from natural sources such as parent rock
weathering and vegetation litter. Based on the evaluation of soil heavy metal pollution, it can be seen
that the surface soil heavy metal pollution in different land use patterns was mild and did not cause
serious potential ecological risk in Caohai, Guizhou Province. Therefore, this study can provide a
data reference for the rational planning of land use, protection of soil resources and the prevention
and control of heavy metal pollution in Caohai, Guizhou.

Keywords : soil heavy metals, Caohai, land use pattern, Nemerow comprehensive pollution index,

ecological risk index.
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1 #BS 7 ( Materials and methods)

1.1 A5 X SRt

FOUR SR SR N e KA AR IR K IBIYA , i T L0 %) v S A= 25 R 40, 7 T 5 M 48 BT Ll P
(26°49'—26°53" N,104°12'—104°18" E) . HIHK 20 2171.7 m , J& T HHFIEIE 22 XS5 AR R RR &l
950 mm, JoFH 1] 208.6 d,4F H FARTELZY 1805.4 h. 1 2 n) P12 IUVH M BRIP40 A1 4 Jr) | A 2
oA S PRI | (R AE T KA AR B L MK TR R K A A R A R
TR A= S R GRS MEATE/ MR, I = B FAMR AR IR 58 A REARRAE T HLARARZ Jy v &Iy | ez
AR FE N BT, AR 56 R, K AR PERE2E AR I ADRE T ZE ISR oK Tk 3, Ry =8
HHM(HR) EM(ER+DRE AE+30K) % BEMIITZ) 2547.4 hm® B2 4200.00 hm® | FR 12
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1929.59 hm™ > BUIREA FH B4 2838 37 Rl A e v i . L 3nl sy 3R R ERS A J i 20) w dh JD shy foA 1X i S
PEAE Al AL R 1500 Al 33k 634 25 X6} BT A 25 2R G0 A Ry
1.2 B3RS IRE S 0T

2017 4F 7 A X RS AR S R GE IR T S0 2 2 R R S AR S A 2 S5 R kB A 1 R
) 1 A A B R S (T 1) 45 100 mx 100 m (AR PRAR A1 B, W WG AR 0] 1 26 b S5 B B 1 8 A i A M R
A TR PR B A 5 O AR 7 a5, AR IR 4 NSO, 64T 176 KA AL, B R SUH GPS i sk i 3
AsER T HCRAE TR BRI AS 0—20 em 3 MiHI SR A1E MR Z L RE LBRAYIRR 1
A1 A B I XS AR O T % v AS A PR e, a7 [l S 30 & 28 [ SR KT, 4 FH F Bk s A
JE& 3 100 H i , 8 A8 AT R P R - S0 TR - e S R Bl e T 0 ) SR S A B R A B T DB-
3A AU AL B b (bRt i 2 AR AR A BR A 7] ) KPR 2R BRI 2 2%, d5c i (o FH L B 5 4
BT R SEHEL (ICP-OES) (%5 . Thermo630, 2 [§ ThermoFisher ) I & #£ & H1 & 43 J& Zn .Pb Cr.Cu Ni
i, 1M As R T2 L (AFS, Jb a3 KA A FRA R W e, [FAE ik E 3 WHE. H LR
JEARE KT F AR EY) T ZE FPl & 0K ISR K 89.4%—108.7% i FIFR Y St g4, /K by B 4l /K ()
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104°10'E 104°15'E 104°20'E
L}

R ER AR R X

Caohai National Nature Reserve

26°55'N |
N

LR

Jiangjiawan

LEELSR

Miaojiayuanzi

26°50'N |

X FK A
% Liujiaxiang
Rader

Baijiazui

Wangjiayuanzi
Zhujiawan

oqsm L 2 km
WASNE W EH R AE Wetland sampling
* i RAE Farmland sampling
B kSR A¥ Forest sampling

v Eii§45 %4 Caohai management committee

1 BEFELCRAE KA 5]
Fig.1 Map of the sampling sites in the study area
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FICE i WRLEDPY A As=Pb=3>Cr=Cu=Ni=Zn=2;P NEAP FI5 Q465024 PAE KT 1.0 A, ¥
B 3 4 R 15 Y 2 OIS SIS PN T 1.0 B R AZ RIS AR D Z B A G B il Py, RN TOR i
(R B KI5 YR P n PR 42 B A28 A5 Y8 8, 15 B S L3R 1.
1.3.2 RS KR IEEGE
R HH AL E K Hakanson FOTEEA A XU HE 250, AR AT .
E'=TP, (3)

RI = EE (4)

S(3) (4) B TR E A A e RGP A (1) s TN AR ILE | MR EM L2 R
WA Zn=1<Cr=2<Cu=Pb=Ni=5<As=10"" ;RI N n T4 JBLEAEA SIS TEEL; 6 F R faHE
B A A 1 R

R NP LEET5 YR BOMIRTE A S B A8 K0 SR ofi

Table 1 Grading standard of Nemerow pollution index and potential ecological risk index

N E 25615 YL 38 % Nemerow pollution index W e A A G EF5HL Potential ecological risk index
. BAGL TREE . " R
I Pollution grade Pollution degree o Risk degree
Sz ok . T e E
Py<0.7 I i Fi<d0 RI<150 REESEE
Clean Slight ecological risk
0.7<P;<1.0 I = fﬂ(‘_ ) 40<E <80 150=<RI<300 EPJ%EE f . .
Warning line Medium ecological risk
JoYL _ Afak
1.0<P; <2.0 i Rk S0<Ei<160  300<Ricgoo  WESEE
Slight pollution Strong ecological risk
Yo Yu ) 1 e
2.0<P; <3.0 I\ s _ 160<E}<320 RI=600 ReEseE
Medium pollution Very strong ecological risk
Ne=2iin X Riny j{—: =4
Py3.0 v wER Fi=320 BEESaE
Heavy pollution Best strong ecological risk

1.4 Fisabri
K H Microsoft Excel FI SPSS23.0 # {4 X £ i Ab B 73 Hr , B s #B R {H. One-way ANOVA LI 4>
J& S L ) () 25 5 | 22 5 1B I EFT Duncan’s test 28 AL KL 1 CAD2007 . origin8.0 %1452 1.

2 5 R 51718 (Results and discussion)

2.1 HORRELEPESE G ERRSIT

AFFFE XS A IS R (£ 2) , J0E & S 4 m 2K Zn Cr Pb Ni,Cu ., As, HAE 351 K
144.75 93.03 45.33 45.08 .,29.48 25.19 mg-kg . 55 M A L IEIC KT HEA L, JLE As Ni Pb. Zn %
T 1 SE Y 25.97% .15.29% 28.78% 45.48%. 111 Cu Fl Cr f& 7 BIMK T 7.87% H1 2.99% .3
FASERFSE , H3E Cu A Cr A9 25040 T PG g A2 E %2 S5t X 5 Hop Cu A1 Cr IR T35 S 19 JR
, AT RER RO R IR 48 Cu A Cr ARAA SR b 52 M 75 S (EAR, (T B0 5 15 S {45 S M 44 38 4k
P S5ME, G H B0 J H DX o s B IR R AR 5 R AnT Pl i R h i — e R A i AR,
RO R WA R, v R LG R W & A 25 A 4 A RO 38 5910 AR AR 53 R B0 (B
5 R4y R /INVIE S (0<CV<16% ) H 258 55 (16% < CV<36% ) FlIE FEAS 5 (CV =36% ) '*' . As \Ni . Pb %
6 FHE & JE TR A [R50 40 , bR Cu(CV=60.49%) 4, Higx 5 Ml 5 2B T 19%—30% 11, A8 St RE 1
Shy v A U R ) EE A R A A AN AT DR AT BE R O X R SRR R L R A Rt IR
+ AR RN O H R AR A A 2 R AR B A PSS A T
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Table 2 Description of heavy metal concentrations in the surface soils of Caohai

FERILE Heavy metal element/( mg- kg’l )

Wi H Ttem
As Cr Cu Ni Pb Zn

#%/ME Min 10.80 44.14 10.10 20.08 25.60 76.10
e K{E Max 44.01 134.21 92.29 60.67 78.31 249.00
(. Mean 25.19 93.03 29.48 45.08 45.33 144.75
FrifEZE S.D 7.35 15.10 17.83 8.61 12.84 39.50
ARFRE CV/ % 29.19 16.23 60.49 19.10 28.33 27.29
{8 Background value 20.00 95.90 32.00 39.10 35.20 99.50

SO £ E SRR SR R ED TR

Note: The content of heavy metal elements in Guizhou province was used as the background value, the same below.

FH 3 3 AT, ZETE PR B HFARHE R 7 = i — R 4 @ e R S A fAE 2R3 i+
A7 b & e R S th = B A O TR As k> AR > VR P Hb, 76 T B 5 B AR
HIC & 225 (P>0.05) , it SHkHA B35 24 53 (P<0.05) ; JCK Zn NARHLS HFHb>TB B M, 75 3 Fh 43
FIR T R34 83225 % (P<0.05) ;G Cr,Cu Ni,Pb ¥ VB3> #f o> Mk, Hor Cr Cu \Pb 7E7H
M5 MR Y AR AR i 3 25 5 (P<0.05) , SHFHLTC I 3 25 5 (P>0.05) , 1Ml Ni 7€ 3 Fh L3 A H 5 b 3578
2R (P>0.05) JHEFEHL HIE Cr Cu Ni \Pb & it = P JE AL, W] fig 5 V8P AR R A P IR 22 Ok
IR 728 R A R A DG PR i RN 1 2% )2 - Bk 4 R A AT V5 L T o 7 99 b T e A kT 42
W, FEOR M b AR AR . G E Zn TR - B S R, SO A R AR B A PR X
BV AR s L [R5 7 (B LA T AR 3 A MR 7 AP 03 As NiLPb B Zn % R R T Cre
I Cu RIS, X 5P IR R 2+ 4w B i 25 R — 3L

F 3 FOGEAFE LR R ZE IR E S E TR S RaT

Table 3  Statistics of heavy metal elements in the surface soils of different land use patterns in Caohai

£ 3 A AT O 5L H4EICE Heavy metal element/(mg-kg™")
WiH Item

land uses As Cr Cu Ni Ph Zn

A Marsh LM Range 127—32.8  78.1—106.9 14.4—91.6 27.0—59.0 31.8-77.3 76.1—249.0

A i 22

Kaffi=brife 2 24.6+5.3ab 94.1+8.6a 31.7£22.7a 45.9+6.7a 46.4+12.9a 1344242 8¢
Mean+S.D

#ib Cultivated JL[F Range 17.2—43.3  44.9—134.2 10.3—69.4 20.2—57.5 25.1—74.6 81.8—191.0
Kaffi=brife 2 26.6+7.4a 93.6+20.6a  28.7+15.9ab 45.1+9.6a  45.5%15.1ab 146.332.6b
Mean+S.D

M3 Forest JL[F Range 10.8—44.3  71.4—114.2 16.5—36.3 28.1—60.3 31.8—55.2 103.4—240.7
Ht«brese 23.3+11.0b 89.4+13.9b 26.37.7b 43.1+10.9a 42.7+6.9b 164.8+42.6a
Mean+S.D

B 5t{H Background value 20.0 95.9 32.0 39.1 352 99.5

I B NS FREFROR S22 5 B2 (P=0.05).

Note; The different lowercase letters after the data indicate significant differences with the columns (P=0.05).

2.2 HGHRIZE T IEE SR T

Ui B 0 VI SN 0 [ 4 S P el = i -7/ T 711 0 07 N i o 1 D5 i Wl B
F 4RI R I AN (Pearson ) 20 HT, WA 52 X+ HE R 4 8 ou R )& 15 BA7 LM AT 0 ORI
SRR AR TR E 4 G R R =2 TR A7 A S A S A G DU P B e 22 o 2R R TR ik AR A
WIBAFAE R A5 e 3 4 Al B4 Zn 5 Pb NI [A] 2 8 5 M1 561 (P<0.05) , M &
B 0.550 F10.466,Ni 5 Pb BYAHICM: R ECH 0.649 , B i A1 56 (P<0.01) , % Zn 5 Ni fil Ph H.
AALTE G5 #EH Cu 5 Cr (B As 5 Pb [ALEMR B A, Zn 5 Pb Ni As [M] A SC REGE R 8 3
K [FIRERT LIAEDY Zn 5 Pb Ni | As FEAER 515 Y sk RT3 44 U8, 1 Cu AT Cr SR UEAHTR] ; ML Zn 5 Ph (1)
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I REGAS] 0.874 , M W E AN, Ph 5 Ni B A5G Ay Cu 5 Cr BRABEHL ATAR b AH— 2L
[ A i 2 A R R, 3 A b A T = 7T % Zn, Ph ONi As HAAERIEIR R, 1 H Cu A1 Cr SR JE
AR

R4 FUEEANIE] LR AR B A D

Table 4 Correlation analysis of surface soil heavy metals in different land use patterns of Caohai

P N —
TR Marsh As 1

Cr -0.109 1

Cu 0.162 -0.569" 1

Ni 0.256 0.035 0.454" 1

Pb 0.477* 0.001 0.316 0.649 ** 1

Zn 0.3 -0.318 0.138 0.466 * 0.550 " 1
B Cultivated As 1

Cr 0.418* 1

Cu -0.007 0.740** 1

Ni -0.539* 0.371 0.323 1

Pb 0.667** 0.25 -0.226 0.154 1

Zn 0.528"* 0.083 0.102 0.511* 0.545" 1
MHL Forest As 1

Cr 0.222 1

Cu 0.597* 0.694 * 1

Ni -0.26 0.323 -0.358 1

Pb 0.192 -0.011 -0.101 0.589* 1

Zn 0.667 * 0.3 0.274 0.326 0.874* 1

T o+ o FRTE 0. 01 KF(XUN) FRBFHKR; « FRTE 0. 05 KF(XUN) b BFA HEMFABEH N, =72, ki N, =32.
Note: * * significant relevant at the level of 0.01; = significant relevant at the level of 0.05; Marsh and Cultivated N| =72, Forest N| =32.

R T T A R TR MR R SR R T 25 e 51 % 3 s A = 6 R EE 4
J& S AT BT, T AR BUE RRE(E > 1 A9 7 R SPSS23.0 Geit kXt 3 i £ b 2 AU 4 4
B IUR S RAWEIT KMO Fl Bartlett's BKIEAG S5, VA PEHL B b AUMR ML Y KMO 45 50 G2 T HE AR K R
0.439.0.710.0.662 , Mii Bartlett BRIE A I0AHFEHER A 0.021.,0.000,0.009. & 2 7T F Hi |, {83 M L oo
% As Ni.Zn Pb 7EF 1(PCAL) F HA RS E T, Cr Fl Cu 7EF 2(PCA2) A 8 284, f I
AN A S T 4 R A 2 A RO EL 53 A, BE s R 350 &K Zn Pb As Ni 7R 1
(PCAL) 3, ¥ 2(PCA2) 4 Zn Pb 8 m , Forh b AE R 1 (PCA2) &3 Cr, Mt AE [
T 2(PCA2) FHE43 As, [FIZEATHED A b ARHD A 58 (%) 85 4 JR T 2R IR 2 N LI 1 (PCAL) F 22
HE4JEITEK Zn Pb As Ni #4%, HF 2(PCA2) FZE N EH £ JEITEK Cu 1 Cr ARPEA K SCHK, TCE Ph,
As RN A5 Ye I 24575 Y IR AR TFOC R 70 | R3S A& Zn P LR TS Y fLF
HEEEE A LS A —E SR Zn As Pb ZI0E ™ J0%K Cr Cu Z M E AR HERTL R AH
AL HERTE 2247 R 12 1970—2000 AP ) R0 J& 3 7778 KA Y 2 B0 o), JF H SRR b A S &R
AR XA 2N (326 [EEE AN 102 4438 ) alad ™ Kk, B A S R G0 K Cr Cu EEORIET -1k}
B AL M TR E SRR Zn Ph Ni As FEFRIET Tolk Al A8l iz i A 6.
2.3 HURRE TR SRS PO

FERGR)Z LT JTER As Ni Pb fl Zn BB FHREUEAL T 1.1—1.6 Z (0], i%Z 4 PSR TR Z
A IE BB 10 Cu  Cr B THEHER/NT 1.0, B ICE Cu ., Cr R3Z B SR 15 3 A 2. A
CEATE QRS R | v AN R 2 H I & RS YRR A TR Y (K 3A) .6 PR 4R TR AY
I TEE G REBONKEN/INH : Zn>Pb>Ni>Cu>Cr>As, HAHEEY 1—16 /N TRMAESGH HIR
E(E =40) ;X7 T 6 PP 4 J8 0 R MU L8 A W7 A 25 KUK 18 BUEL AL T 35—40 2 [a], [a) BR i it /N T 526
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A fEFR) B BRAE (RI=150) , ) % i 3% 2 1 HE o 4 Jm A 1 2R S B 15 e e 2 N R IMUE B e

(K 3B).
8 HMarsh #t3h Cultivated
10 o oCu 1.0 oC
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Fig.2 Factor loading of soil heavy metals in different land use patterns of Caohai

P; value
<
T
L]
T and RI values

i

E;

1 1 1 1 1 1 1 ]
As Cr Cu Ni Pb Zn PTI As Cr Cu Ni Pb  Zn PTI
Element Element

B3 FfERJE LN LTS PR ORI TR AR S XK TR AL
TE:PT1 R S350 6 T 43 A58 4375 S8 BURE 78 A A5 KR 5
Fig.3 Nemerow comprehensive pollution index and potential ecological risk index in the surface soils of Caohai

Note: PT1 and RI are the comprehensive pollution index and potential ecological risk index of 6 heavy metals respectively

R 4A FTE W3 RPN E LR 7 X, As Ni \Pb  Zn JC & B 20 38 B0 40 IE 1.1—1.3
1L.1—1.2.1.2—1.3 1.3—1.7 Z N, BAREBK T 1.0, RIFERAE T As Ni Pb.Zn Z ARG S50 ; Cr Fl
Cu FIPARFHEBUE/NT 1.0, 408 E RS H 0 Cu Cr EEORIET HARIE, P45 A0 — M i N
MELR-G 15 Y880 P E R R R BE I TR /) LB AE 1.2—1.5 Z ) [/ —Fh oo R AETH I bb Bk
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FMRHD I A= A58 5 R AL AL, 3 P+ ) FH 7 b 4 8 10 15 R BN K E/INER Y  As>Pb>
Ni>Cu>Cr>Zn (& 4B) , HAGTE FIE 1—15 Z (8] ; 78 B b A b 7 78 A= A KBS AR A T 32—34 Z [H], T Ak
Hi Ky 30—32 [], Y -4 4 Jm T A AR S FR B RUAE/INT 150 B (3% 1), T4 T 4 Jm Ab T Ak 2 AU )
Bt N B HEAS [ - R 2R 382 1 48 i 4 8 1 LA TR RS

A s 36 B ez As
—*—Pb 3 ] Pb
——Cr T =]
2 (I zn
16 [ 30 B8 cu
28 - BRI
2 |- Cni
14 F 24
2 »t
<
2 Z 20
= =4
;_ = 18|
N 02 ‘z‘ 16
’-\'\l 14 -
12k ]
1.0 10 |-
8 |-
L oL s
4k
0.8 §
2k N
1 1 1 0 \ 1
Marsh Cultivated Forest Marsh Cultivated Forest
Land uses Land uses

B4 R [ s R D SRR A 255 TG e s ORI A A 25 KU i 2L

Fig.4 Nemerow comprehensive pollution index and potential ecological risk index of different land use patterns of Caohai

3 %518 ( Conclusion)

FEXF B S AN R O ) 2R 2 B P E AR As NiLPb %5 6 Fion R G it br IR g RS
PP B ERE b A5 DL R S5E

(1) SEIM Rty 1 b G JR U R & 5% 2AKIK Zn (Cr \Pb Ni Cu As, liJCHK As Ni Pb. Zn [
P T UM R 5.3 A R A = e R As E R TR ERAR PR Ry, Zn WOR TR LR
1% HRARMER S, M JCZ Cr.Cu Ni Pb &5 Zn IEAFA AR R R A 0 K & 5 B s
St BRI As TREEHURIARHLY Cr Cu Pb, LA Zn 7ETRFHL PR AA ) 22 5 8 % (P<0.05).

(2) 383 A AT AN A3 4007, TCE Zn NiAs 5 Pb [AIFEFEAH GR35, A AL IS Lok
J5,Cr 5 Cu A AR, Ca 5 Cr [ARIEAHE.3 A M A 7 X0 H 3 S8 Zn Pb Ni As
FORIAT Tolk Al A2 8is ks AN ; Cr . Cu FERIE TR KL A w5 045 [ SR

(3) il YL PR PPAR I 0, FEIEAIE ST X 8 AR A S R X Zn>Pb>Ni>Cu>Cr>As, 6 FiE 48
LA MR AL S KSR RUE AL T 35—40 2 8] ; T 77 % B 1 FNAR b A 2R DX - W A0 A 18 3 R B N
As>Pb>Ni>Cu>Cr>Zn , HAETE 30—34 Z 0] 7 LA 3R )2 + 38 E 4 Ja v A AR S AU e 35 b TR 2
JRUEG: i
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