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Distribution and ecological risk assessment of heavy metal
elements in the surface sediments of Bagaxue wetlands in Lhasa

LI Wei BU Duo SUN Jing SHAN Zaiyt LV Xuebin XIONG Jian™"
(College of Science, Tibet University, Lhasa, 850000, China)

Abstract; Bagaxue wetland is one of the representative wetlands in the Lhasa River Basin of Tibet.
Surface soil samples of the Bagaxue wetland were gathered in October 2018, and then detected the
contents of heavy metals such as Cu, Zn, Cr, Ni, Pb, Cd, As and Hg in soil so as to understand
the distribution characteristics of heavy metals in the Bagaxue wetland. The mainly methods used for
heavy metal pollution assessment include Nemerow comprehensive pollution index method, Geo-
accumulation index method and Potential ecological risk index method. The results indicated that the
average contents of Cu, Zn, Cr, Ni, As and Hg were lower than the first grade of the environmental

quality standard for soils ( GB 15618—1995 ), while the contents of Pb and Cd were higher.
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Meanwhile, it was concluded that the average contents of Ni, As, Cr, Hg were lower than the
environmental background value of Lhasa, whereas the average contents of Cu, Zn, Pb, Cd were
higher. The mean value of the Nemerow comprehensive pollution index Py in study area was 1.50,
which manifested that the wetland as a whole was in light pollution. According to the second grade of
environmental quality standard for soil (GB 15618—1995) as the background value, the calculated
Py was 0.64, which belonged to the safety level. The average value of Geo-accumulation index was
within the range of —2.587 to —0.744, and /. <0 indicated that the region as a whole was pollution-
free. The average RI of the potential ecological risk index was 72.779, which belonged to low risk.
The overall correlation among elements combinations was insufficient, which indicated that the heavy
metal accumulation mode was multi-source. In short, the overall ecological environment of Bagaxue
wetland was better than that of most wetlands in China. Hg, Pb and Cd elements in the surface soil
had strength variation and obvious enrichment in some sites, which were affected by haman activities
and should be paid more attention to.

Keywords : Bagaxue wetland, heavy metals,ecological risk assessment,Lhasa River basin.
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et M5 30 e 2 e ) A S A B AR AR Bl

1 #BF1 7 5 Materials and methods)

1.1 5 XL

Xt T 5 Y6 b 2 T T A Sk 11 S 14 R AR 5 SRR b 2 — | M AR T ik A BN £ VIR S R (b4
29°41'58.42"N—29°42'58.42"N, R4 91°25'34.55"E—91°25'58.20"E) , I A% A 0.16 km*, 1@ Hi 7K 7% 5
AR AR R F 5, % XA ROK ARBOW AN AE A5G 8 5 4G 2 T2 S, [l i PR L R 1) SR A5 AR
PR 51T A TS S R — RS s Bt &
1.2 B FERAR Rk gy i

2018 410 H 2 B, KA B, 8 8 A B 25 0 b 1 S b B A | 8 i R AR [ R 18 BR B W I 4 R
L, M4 N TR Sh 52, 255 25 e B PE ARk R B T 9 SRR (I 1) TR M JE T e
M, 4R RPN ARG X T KRR ] e AR 2 IR U AR ) R S 2% TR AL AT A2 m,
Z 8 A R A T DL B) X B D, Hodh D4 DS SO AK T KR 4T D3 S BT S, 7
D8 I AP B A B He B« S SR IR 2 1 RE(0—20 em) 1 kg 247 TR OHkE & 148 | R 3837
TCSEAE AR DGR AT B R 8 FLAR T o2 ot BRI |, o 7/ S5 TolAh PR T I 36 A\ S50 38 R AT % 1
5 .Cu Zn $2 18 GB/T17138—1997 .Cr #21 HJ491—2009 \Ni #218& GB/T17139—1997 AUFRAE, 4351 FH k
Y4 SR F WIS A3 YE G EE T (280DUO) Ml ; Ph A1 Cd #%2H8 GB/T17141—1997 bR, A 8800 R F WU 43
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JEEET(GTA120) iz ; Hg F1 As #% 18 GB/T 22105.1—2008 , JHJF 15 G REH ( AFS—8220) iz, Hor
Cu.Zn .Cr Ni Pb.Cd . As F1 Hg K HBR 20514 1.0.5.5.5.0.01.,0.01.,0.01 ,0.002 mg-kg ", X 2515
KT 10%.
1.3 WMk
1.3.1 L35 YeRGIEA
Tt 5 S RO R FH A 5 s A B A T b 12
TR
P,=s/S, (1)
o, PR BRIGTS Y 0TS Jo B8 s, ol - LIS YLy () ST B S R B S, oA BB Y M 3 o T
SR AR
Py=[(P,..PL,)/2]" (2)
K, Py AN SR B TS Y48 8L, P, o T35 Y dB B KA, P, R 138 i G g BT 2 (. 9 5
GRS ANERARER P, <1 BTG 1<P, <2 B RMOIG Ys , 2<P, <3 B R E 5 4L ,3<P, <5 B 5
Y P.>5 I EEETG YL RTINS LA IS YRR, Y P <0.7 PSS (26 4Y) ,0.7<Py=<1.0 I i 3 17k (%
FBR) ,1.0<P <2.0 RIS YY 2.0<P <3.0 BTG gL P >3.0 I Fy5 e 13,

N
A R
Farmland area
LR
Lhasa Riyer

X

) Highway area

L cgend 35 A7 [1(D4.D5);
« A 5 Saimpling 51.t 4 K 11 (DS)
Wetland inlet(D4,D5)
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B OSSR A ]
Fig.1 Sampling point distribution in the Bagaxue Wetland

1.3.2 B REKEIE

3SR A S KK H AT E AR G — bR, PR T R A B AR SR Hh B AR
B AR A A 25 XU T BB v 2 A DA, DA T i B 4 T e A 1 1 25 i b o 4 s 1 A A5 AR,
RRHRBULL A H B R R AR R, =X (3).

1,.,=log,(C/kB;) (3)

R, CoNTE YW SR | B, Ry HIEIREEXT IR k= 1.5 A As a5 a7 AR LM B 251
LA 7 AN 2 1, <O 21810, 0<],,, <1 R 1<, <2 W 5 3 2<1,, <3 WS
e 3<, <4 BHRmE G Y 4<l, <S5 BIEEEVSY T >S5 B E TG Y.

WTEA S K IPAN RE N 2 K 2 2 A B2 Ui ) B 4 6 AR SR I 25 S W ZEs2 ), n= (4) —(6) .

RI= Y E! (4)
E =T xC' (5)
Ci =Ci=;~;m.u/cfl (6)



198 I 53 1k 2% 40 45

Ho RI R S B4 B AT & 4 B (T e B R, T 15 5 4 R 2 M i g R 3
Cd Hg As,Cu.,Pb Ni Cr.Zn 5331} 30,40.10.5.5.5.2,1,C N4 )@ 175 Y AL, Clyy N 4B V5 Y
WIS, € R T 4 JRIRBETY FHE L ED 42 S AN SEGE,Y E <40 IR ITAE 40 < E' <80 it R
SRR, 80 < E!<160 B /R F KUK, 160 < B! <320 I R 35 8 B MU, 320 < B! 7™ 3 B UK 5 R 43
4 ARG, Y RI<150 FonRAESfEH ;150 < RI<300 Fom P4 B ;300 < RI<600 Fm fiAE G F
600<RI F/R A G EIS

2 5 53748 (Rsults and discussing)

2.1 TR+ A E Y R

I 25 R M 4% R 55 # 42J& Cu . Zn .Cr Ni Pb Cd . As Hg P850 518 31.22 ,80.40 ,35.70 ,12.80 .
50.69.0.23.7.25.0.070 mg-kg ™", TEN W 1. 5 RS T B ARAE) (GB 15618—1995)0[ ' rh il — 2 bk
WA LU, HA Ph (Cd FRI& S AR, 20 BIE bR e Y 1.4 1.2 % BAFEDN T EBir g, Kb Cu,
Pb Cd PR 22.22% , Zn #EARFEHR 11.11%. SREETT A S E ", HE4 8 CulZn Ph Cd 97
BIE S B2 R 5CEM 1.4 £5 1.2 6% 1.6 £5 1.9 5 FTAFE AL Ni Fl As & EXRFIREEE 518, Cu Zn
Cr.Pb.Cd Hg BI#HFR R0 55.56% .55.56% 11.11% 22.22% ,66.67% 11.,119% 755 ZECHE K e A\ 2%
WS L P EA RIS YR B R B R UL A s 2 SR Y IiF 8 Heg>Pb>Cd>Cu>
ZnAs>Ni>Cr, it Hg .Cd \Pb B R ZEERIE A KT 1, 8 TS, 22 AR m B ; Cr Ni
S R T 0.3, 70 5, 2 NRIE S

SR X 42 I8 Cd ¥5 Y2 ) RS b 2 HH AT A -5 10 b P S 11 A b A= 7= 0 3h A O, MR 25 A L
3382 OV A BE S DU AR T 4 A R B RAA ER G DI AR 5 AR AR A I v VA A DX AT 0 A8 3 (K
2538 Cu Zn Pb (Cd"V AR IZAE AU Zn \PheCd Bk THIB" 8 S (H. D4 SUEHRAKICA, IE FJy
A K] B RO T R SRR, Cu  Cd 984 AT BB 5 2 A OC. DS A He & i 29 R Pig» a5 e (i)
4.4 A LT HEK TR A S J8 BRI 434 FE SRAERT 2 B4R 2E S A% XS N AROK T 31, 12 X8 28 95 4ot
MSF ELZRERAR ) ST R B A R, 2 S 2l AN i 4 25 19 38 2 1 el fe) B2 5% ) Hg & 7+
e B P AR R A R — 2P UE , e R S H 75t B A0 SR, 4 0 £ 6V
XF Hg A — & M AAE . D9 A 8U4 TP9R A, il A T B — 0, P i b 34730 2 IR JE IX, LA A
KA AHLBE 550 | B OGS TR TR AN, 78122 [X 30k PN 152 42 P 2 S AR T 2 | ) RS s Ak 145 11 K It
2SR RE T MR 55 AR S Cu Zn P Cd & B B TRIpE S 5ol 5 H& B8
SIRTES RIEAY G

F1 CETHEH L RE R A (mgkg)

Table 1 «The contents of heavy metals in soils from Bagaxue Wetland(mg-kg™")

5] Eig7 S .
RELIARE gy
i Hf AR AR 7]
) DI 02 D3 D4 D5 D6 D7 D8 D9 : B (—m) o 5
Ttem Mean N . Background value
Cv National standard f Lhas:
(level 1) o Hhasa
Cu 19.00 13.00 36.00 79.00 23.00 20.00 8.00 31.00  52.00 31.22 0.71 35.00 22.00
Zn 97.20  52.10  73.80 53.10 59.80 86.20 44.70  70.80 186.00  80.40 0.54 100.00 65.00
Cr 25.00  33.00 38.00 31.00 32.00 40.00 40.00 49.00 33.00 35.70 0.19 90.00 42.00
Ni 9.00 12.00 12.00 10.00 13.00 18.00 11.00 17.00 13.00 12.80 0.23 40.00 21.00
Ph 105.00 18.60  25.90 16.60  21.50  21.30 18.70 19.60  209.00  50.69 1.30 35.00 31.00
Cd 0.38 0.10 0.21 0.13 0.14 0.15 0.06 0.14 0.80 0.23 0.98 0.20 0.12
As 11.20 4.22 5.32 9.86 14.30 8.01 2.48 3.53 6.29 7.25 0.54 15.00 20.00

Hg 0.023  0.023  0.030 0.025 0409 0.048 0.015 0.032 0.039 0.070 .77 0.15 0.092
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2.2 TEELSEAEREAN

SR FHPLE T IR BE 15 S A | 1R 5 - A T it Anvf (—2%) AL 58 - 8 BRBE o ie An o ( ) Asif
{EDGT EL 25 1 - 398 rh B 4 R EA TN L3R 2.

PAPLE= i s st E/E AR AErT 0, 72 TR PR =I5 Yedg Biot , P, < 1 JCi5 4 i 70.8% ,1<P, <2 R idis 4
i 18% ,2<P, <3 52JE 15 YL i 2.8% ,3<P, <5 W5 5.6% ,P,>5 B EH V5 Y% 5 2.8% ; NIEZ 25515
PAREEITEM S ME Py =2.08 J % B iG gs, P 0.7<P < 1.0 MIE A 2 4>, i 22.22%;1.0<
Py <2082 15944 34, 15 33.33%;2.0<P <3.0 FREEVGYA 2 4, i 22.22% ;P >3.0 {5 2 I~
22.22%.

DL R LR B R AR (— 2% ) V15, w1 72 T N R V5 e dq 50, P, <1 iS5 4 86.1%, 1<
P <2 Bi5 Y 5 6.9% ,2<P, <3 B I5Y 5 4.2% ,3<P, <5 IS Y 5 2.8% ; MR L5475 Ye e ik
PEN HSEIME Py=1.50 ARG Y, Hih P <0.7 3T (% 4) H 14104 22.22%;0.7<P < 1.0 MiHIEH
34,15 33.33%;1.0<P, <2.0 BRIEVSIA 14, d7 11.11%;2.0<P <3.0 FETG Y E 24, 5 22.22%;
Py >3.0EIGHRA 14,4 11.11%.

DL R A REE it bn o ( ) 115, T 72 WA R R V5 e g B, P 1 R P 97.22%, 1<
P <2 BBRis e 2<P, <3 BRI YA 7 1.39%. NG 23515 Y Pe BUL T rHEXME Py = 0.64 R i i
K, Hrb Py<0.7 W5 (222 H T4, b 77.77% 50.7<P < 1.0 IHTEA 1 0 11.11%;1.0<P <2.0
RS 1A, b 11.11%.

®2 IEEG R R TS YR EO R G S R AR BT
Table 2 Single factor index( P,)and Synthetic pollution.index( Py ) of heavy metals of soil

T H Ttem D1 D2 D3 D4 D35 D6 D7 D8 D9
Cu 0.86 0.59 1.64 3.59 1.05 0.91 0.36 1.41 2.36
Zn 1.50 0.80 1.14 0:82 0.92 1.33 0.69 1.09 2.86
Cr 0.60 0.79 0.90 0.74 0.76 0.95 0.95 1.17 0.79
AT B Ni 0.43 0.57 0.57 0.48 0.62 0.86 0.52 0.81 0.62
Background value of Lhasa Pb 3.39 0.60 0.84 0.54 0.69 0.69 0.60 0.63 6.74
Cd 3.17 0.83 1.75 1.08 1.17 1.25 0.50 1.17 6.67
As 0.56 0.21 0.27 0.49 0.72 0.40 0.12 0.18 0.31
Hg 0.25 0.25 0.33 0.27 4.45 0.52 0.16 0.35 0.42
Py 2.58 0.72 1.40 2.64 3.28 1.12 0.76 1.16 5.09
Cu 0.31 0.37 1.03 2.26 0.66 0.57 0.23 0.89 1.49
7n 0.97 0.52 0.74 0.53 0.60 0.86 0.45 0.71 1.86
Cr 0.28 0.37 0.42 0.34 0.36 0.44 0.44 0.54 0.37
P& 378 Ni 0.23 0.30 0.30 0.25 0.32 0.45 0.28 0.42 0.32
R (—2%) Ph 3.00 0.53 0.74 0.47 0.61 0.61 0.53 0.56 5.97
National standard(level 1) Cd 1.90 0.50 1.05 0.65 0.70 0.75 0.30 0.70 4.00
As 0.75 0.28 0.36 0.66 0.95 0.53 0.16 0.24 0.42
Hg 0.15 0.15 0.20 0.17 2.73 0.32 0.10 0.21 0.26
Py 2.22 0.46 0.86 1.66 2.02 0.73 0.44 0.73 4.42
Cu 0.11 0.13 0.36 0.79 0.23 0.20 0.08 0.31 0.52
Zn 0.39 0.21 0.29 0.21 0.24 0.34 0.18 0.28 0.74
Cr 0.08 0.11 0.13 0.10 0.11 0.13 0.13 0.16 0.11
FIP g 87N Ni 0.18 0.24 0.24 0.20 0.26 0.36 0.22 0.34 0.26
AR (2 Pb 0.35 0.06 0.09 0.06 0.07 0.07 0.06 0.06 0.70
National standard(level 2) Cd 1.27 0.33 0.70 0.43 0.47 0.50 0.20 0.47 2.67
As 0.45 0.17 0.21 0.39 0.57 0.32 0.10 0.14 0.25
Hg 0.05 0.05 0.06 0.05 0.82 0.10 0.03 0.06 0.08

Py 0.93 0.26 0.53 0.59 0.63 0.37 0.18 0.37 1.94
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2.3 BRI AN
2.3.1 S BEBUHEEGE

3R HIPLBE T PR 75 5 (E | 1 5K T PR Bt b o (—4%0) %of L0 I35 360, - 38 v o 4 1A 7 3 2R
BUREE T, 458 W3 3.

£33 MWRPRLLIN LSRR SR ()

Table 3  Geo-accumulation indexes of heavy metals in the Bagaxue Wetland(/,,,)

Iif D1 D2 D3 D4 D5 D6 D7 D8 D9 ;&ﬁ
Cu  -0.840 -1.360 0.120 1260 -0.510 -0.710 -2.060 -0.090 0.660 -0.392
Zn  -0.004 -0.905 -0.402 -0.876 -0.706 -0.178 -1.127 -0.462 0.932 -0.414
Cr  -1.333 -0.932 -0.730 -1.023 -0.980 -0.655 -0.655 -0.632 -0.932  -0.875
ETATEI TR =Y (c] Ni -1.811 -1.392 -1.392 -1.675 -1.276 -0.808 -1.519 -0.889 -1.276 -1.338
Background Pb 1.175  -1.322 -0.844 -1.468 -1.114 -1.126 -1.315 -1.245/72.167 -0.566
value of Lhasa cd 1.078 -0.847 0223 -0.470 -0.362 -0.264 -1.586 -0.362 2.152 -0.049
As 1423 -2.826 -2.498 -1.604 -1.068 -1.905 -3.591 =31083 =2.252  -2.250
Hg  -2.582 -2.582 -2.204 -2.466 1.567 ~-1.519 -3.198 -2.109) -1.821 -1.879
Cu  -2252 -2.017 -0.544 0.589 -1.191 -1.393 -2.711 -0:760 -0.014  -1.144
Zn  -0.625 -1.526 -1.023 -1.498 -1.327 -0.799 ~~1:747 =1.083 0.310 -1.035
Cr  -2.432 -2.031 -1.830 -2.124 -2.075 -1.756 -1.756 —-1.463 -2.031 -1.944
P&t £7813 Ni  -2.737 -2322 -2.322 -2.585 -2.206 -17737 -2447 -1.189 -2206  -2.194
FriEAnfE(—4%) Pb 1.000 -1.498 -1.019 -1.668 -1.289 =1.300 -1.490 -1.421 1.993 -0.744
National standard(level 1) cd 0.341 -1.585 -0.515 -1.206 -1.099 -1.000/ -2.322 -1.099 1.415 -0.786
As  —-1.006 -2.416 -2.079 -1.191 =0.682 -1.490 -3.184 -2.674 -1.840  —-1.840
Hg  -3.293 -3.293 -2.907 -3.171 01862 -2.229 -3.907 -2.816 -2.528  -2.587

DARLEE T A5 AR AR EARIE A2 (3) TR 1 0T #F 2 1 4 3t B R A8 0T 59 {1l 76 -2.250
#-0.049 JEEAN, 1, <0 XIEEARTCIS Y £ S KURITUF Cd>Cu>Zn>Pb>Cr>Ni>Hg>As AH D3 £ 21 #)
Cu.Cd,D9 #E A TP Cu . Zn Hb AR 255043 514 0.120,0.223 .0.660,0.932 J& T4 BE V544 ; D1 K 44 Ph,
Cd, D4 FE5 Cu, D5 FE S Hg MR 485007 515810175 1.078 ,1.260 . 1.567 J& Tl EET5 4% ; D9 KE 4 Pb
Cd 43 9°h 2.167 2.152 J& T 5 4.

DA 58 - A T s b (200 YESIARUERR AR 252X (3) 71 1, , T B R i 46 i 1t B R 4 B0
YIMEAE-2.587 $-0.744 JE IR, 1, <O DXIEAARTCTS e, 15 P BT S5 Hip% 35 5 T A —2(H DI
FEM Cd, D4 55 Cu, DS KE S He, D9 KE 5 R Y Zn A 2355053910 0.341.,0.589 ,0.862.0.310 J& T4%
BET5 4% D1 FESS P, D9 FE S P Cd 435128 1.000,1.993 (1.415 J& T o 15 4L,

SRR ECERRIFI PR Bt 1 SRR AE A2 Sl X FRBE 09 5 0, A i 1, BIE/N T 0, R T
XA SR BT BT BT (E 43R AU ) 32 43 J e R A 5, Pb  Cd  Hg 75 44 [n) L4 R B b Jg T
it HFRE ¥ G 3 L A I LS Y8 M A S ER BT A2 B ST sh I A 5
232 WEASKETEEE

A3 SR FHBL B T PR EE T S | 1 5 - SRR i bm o (—2%0) %o EL M S50 b+ 38 v F 4 S EA TV A
A S RBP4 4T, D3R 4.

AR T R BEE S VE AR EARYE A0 (4) L(5) (6) 115 EL RLAIAY) 8 Fh e 4@ e R e/
BEHRE LR REREAE 3.04 5 58.63 Ju [l N, I 7EAE B FENUT K Cd>Hg>Pb>Cu>As>Ni>Cr>
Zn, 2 Cd 7 58.63 J& T 4 KUR, HoE Ju R AR, Cd 18 76 A 8 6 RBGEFRIETE 15 2
200.10,D9 ¥ 55 Cd J& FHEE R 5 111 He W8 7F A 8 R BCE-4ME R 30.67, 3 44 & TR , (UL A
DS BE B =178 BRI 25 B T 7 A 5 M8 AR U RI, 78 28.59 #1) 273.04 Z [A], F-34{H 114.18 K2E
BARAEFE KK 1B D5 F1 D9, RI {43514 234.54 273.04 J& T4 Ak 250 A 35 XU . LA L %+ HE B 5 o
PRfE(—2%) M5, 45 R 5 DR gR T AR 15 S A B A RS FE R ECE P BMELE 0.792 F|
35.833, LA AR ARG E AR RLF34MH 72.779 P Y A S XU , I D9 #£ 5 RI=161.504, H145 X
B 38 A 0T BE e IR AE S RS R IR 222 Cd 5 He A K.
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2.33  AFEPEN AR A

o BAEHOE I 1, <0 WETEA SIS AN -TA9M8 RI =72.779 U105 X Sl (R b T 75
P RIS A S KBRS, PR A 45 5 AR — 30 55 4 8 W fE B8 U 43 91l A Cd>Cu>Zn>Pb>Cr>Ni>
Hg>As Fl Cd>Hg>Pb>Cu>As>Ni>Cr>Zn, W AT HITCER Cd J2 75 4 KUK 1Y 2R I8, AN [F A /& Cu Zn
Pb Hg A XU PPN A BT DX, 5 22 it DR 2 3K T g 32 A 0 o 5 T DX, Tl R AR Ak % e i
HIRR IS KRS A S B U O R SR #E  He Pb WAEYHE LT TR, B,
M Cu Zn AEY IR HMEEICE, T4 90 40,55 1, B L Hg 550k, T8 R >

R4 W HIEESREEAESEERE(E,) ML (R

Table 4  Potential ecological risk coefficients( E' ) and risk indices (RI) of heavy metals of soil in the wetland

IﬂE D1 D2 D3 D4 D5 D6 D7 D8 D9 ;?e Tf;l
Cu 430 2.95 820 1795 5.25 4.55 1.80 7.05-. 11.80 7.09
Zn 1.50 0.80 1.14 0.82 0.92 1.33 0.69 1409 2.86 1.24
Cr 1.20 1.58 1.80 1.48 1.52 1.90 1.90 2.34 1.58 1.70
EVA iR S =VE] Ni 2.15 2.85 2.85 2.40 3.10 4.30 2.60 4.05 3.10 3.04
Background Pb 16.95  3.00 4.20 2.70 3.45 3.45 3.00 315  33.70 8.18
value of Lhasa Cd 95.10 2490 52,50 3240  35.10  37.50.15.00  35.10 200.10  58.63
As 5.60 2.10 2.70 4.90 7.20 4.00 1.20 1.80 3.10 3.62

Hg 10.00 10.00 13.20 10.80  178.00 -20.80 2:40 14.00 16.80 30.67
RI 136.80  48.18 86.59  73.45 234541 77.83 28.59  68.58  273.04 114.18
Cu 1.570 1.855 5.145  11.285  3.285 2.855 1.145 4430  7.430 4.333
Zn 0.972  0.521 0.738  0.531 0.598 _0.862  0.447 0.708 1.860 0.804
Cr 0.556 0.734  0.844  0.688 =0.712  0.888  0.888 1.088  0.734 0.792

P& S78 Ni 1.125  1.500 1.500 1250 1625 2250 1.375 2215  1.625 1.607
R IE(—2%) Pb  15.000 2.655 3.700 2360 2.070 3.045 2.670 2.800 29.855  7.128
National standard( level 1) Cd  57.000 15.000 31.500 . 19.500° 21.000 22.500 15.000 21.000 120.000 35.833

As 7.740  2.810 3.550  6.570  9.530  5.340 1.650  2.350  4.190 4.859
Hg 6.120  6.120 8.000  6.680 109.080 12.800  4.000 8.520  10.400 19.08
RI 89.813  31:195 .54.977 48.864 147.830 50.540 27.175 43.111 161.504  72.779

2.4 RS EAH ST

FIFH Excel 2010 F1 SPSS 20 #4058 T EU N5V + 398 b 1 42 J& 22 [ A A DG, WL 5. Zn 5 Ph
Zn 5 Cd .Pb 5 Cd Z MR EINE T 0.9(P<0.01) , J i EAH 5, X 3 e R IEAE, 7T fig
ETHIFSE X PR 6 s A B TG 3 A 6. Cr 55 Ni Heg 55 As Z A 56 R 045 310 0.744 F110.684
(P<0.05) 52 B A A WIPEYE 456 Cr 5 Ni ST T 15 A8, % 0800 [ AR MUy i
1M Hg 5 As & R7E D5 SRSE(E P30 & w795 5008, L XA Tl AR I 5 8 2505 ) (R R
SR A 5 S BT S Hg 5 As FREGSRARML, Cu S HEITCE Z AR %
PR SR A SRR B B0 SRt AR R, HEDN W] 65 2 3 F A A TS ik KA — A OE T AT X Sk
)8 BBUELA 2N R TR ALA MMM KMO KB E R 0.46, L EITIE 13X 45,

RS5 HERMITRZEIRIAR R

Table 5 Correlation coefficients between heavy metals in the soils

JEZ Element Cu Zn Cr Ni Pb Cd As Hg
Cu 1
Zn 0.275 1
Cr -0.171 -0.191 1
Ni -0.172 0.108 0.744 " 1
Pb 0.238 0.950 " -0.381 -0.169 1
Cd 0.320 0.975*" -0.337 -0.102 0.987 " 1
As 0.212 0.042 -0.649 -0.215 0.077 0.092 1
Hg -0.124 -0.138 -0.179 0.086 -0.146 -0.125 0.684 * 1

W *7E0.05 KF LB EMHIK(P<0.05); * * £ 0.01 KF LB FEHIK(P<0.01). * Correlation is significant at 0.05 level;

# * Correlation is significant at 0.01 level.
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3 258 ( Conclusion)

(1) BT R R E P Cu Zn Pb Cd V8 55000 31.22 .80.44 .50.69 .0.23 mg-ke ™' & FHi
BT PR IR 5(E, Ni  As | Cr Fll Hg "3 & I8 T3R8 50, 10 DS vh Hg B8 & i 29 W P =15 S (E 1Y
4.4 1% ;% Pb  Cd W Y [ 58 LSRR i s o (—20) LAAE, e il 4 J M (AR A S A 25K, H
FEAETR AR R A DT 2 AR 1Y B4 I 4 s 2 S R AT 2 Hg>Pb>Cd>Cu>Zn>As>Ni>Cr, H
Hg Pb Cd J& ToRBEAR 5 52 NI Bl 5w 1] fb.

(2) WFFEIX Sk i) A B 255 15 YL F R BT 94 Py = 1.50, B4 K 8 TR s e, Hoh Py <0.7 1535 (%
YA 1A, 1 22.22%;0.7<P < 1.0 MG TEA 3 1,15 33.33%;1.0<Py <2.0 BETGYA 14,
11.11%;2.0<P <3.0 FRETGHAT 24>, 15 22.22% ;P >3.0 IGYA 1A, 15 11.11%. LLE R L3R5
HEARME( 90 TR Py =0.64, )8 TiE % (% 4) KF.

(3) MR BHR ATk P H AR -2.587 B -0.744 Ju N, 1, <O KIBCREIKRTCIH Y, {0 D1 £ 45 Ph,
D9 #£ 55 Pb  Cd J& T B T5 G A A S S HE B0 1 39 {E RT =72.779, )& TIRRUSERAS 2 D9 #
MRI=161.504, 1458 XK. Zn Pb 5 Cd [8],Cr 55 Ni [0], Hg 55 As [H] 3280 H 5% SEAE O 14, 156 B R R AR
L, Cu I SR B SRR E. A U R A G Z LSRR S A | B B4R R 2. i 530
b A AR AR PR BT BN T N AR 3 {H R 40 b Cd  Hig P 3 YR AU PR 38 1 5 B AR DG &R 1T 1Y
T, T e — 2 i 5 Y b A A IR BT AR
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