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Heavy metal pollution characteristics and assessment in soil of a typical
abandoned sulfuric acid site

MAO Pan' WANG Mingya' SUN Ang' CHEN Chun® FENG Xixi'
HAN Qiao' WANG Mingshi' ™
(1. School of Resources and Environment, Henan Polytechnic University, Jiaozuo, 454003, China; 2. Henan Key Laboratory for

Environmental Monitoring Technology, Zhengzhou, 450004, China)

Abstract There may be serious pollution of soil with heavy metals in the sulfuric acid production
sites, therefore the safe utilization of such sites should be based on the investigation and analysis of
soil heavy metals pollution and migration law. This study takes an abandoned sulfuric acid site as an
example, the contents of Pb, Cd, Cu, Ni, As and Hg were determined in soil with depth of 0—3 m.
The spatial distribution characteristics, the sources and migration behaviors of heavy metals were
analyzed. The heavy metals pollution was assessed by the Nemerow comprehensive pollution index
and potential ecological risk index. The results showed that the contents of Cd, Cu, Ni and Hg were
lower than the filter values of the second type of land in GB36600—2018, while the over-standard

rates of Pb and As were 8.33% and 43.3%, respectively. The surface heavy metals were mainly
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distributed in the accumulation areas of raw materials and waste residues. The heavy metals were
aggregated on the surface as a whole except for Ni and showed obvious vertical migration. Pb
exceeded the standard only in sulfuric acid and superphosphate raw material area, while As exceeded
the standard in all functional areas. There were still sampling points exceeding the standards at the
bottom of the soil layer (the depths of 3 m), and the maximum exceeding multiple was 20.3 times in
the sulfuric acid raw material area. The pollution levels and potential ecological risks of soil in
different functional areas were as follows: superphosphate raw material area > sulfuric acid raw
material area > sulfuric acid waste residue area > sulfuric acid production area >finished products
warehouse area > superphosphate production area > restaurant and warehouse area. All the functional
areas are at the serious pollution level. Except for the superphosphate production area and the
restaurant and warehouse area belong to the strong ecological risk, other functional areas are in the
extremely strong ecological risk. Pb and Cd in the site soil are mainly derived from the
superphosphate materials, Cu and As are mainly affected by the sulfuric acid materials, Hg mainly
comes from the production of sulfuric acid, and Ni is both controlled by production activities and
geological background.

Keywords sulfuric acid site, heavy metal in soil, spatial distribution, migration, pollution

assessment.
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2016 4 KA (15 G M e 4 SRR A BRI GRAT) )P, B Tl ¥ G 37 Mo A I ) FH i 7 W ff P
FHIE 573 b+ HE o 4 Ja V5 Y AE B RUSIR B, 37 a5 8 B 4R AUK TS . S5 LRI E e TR
Mo A HETE A R V5 Y T IOBOR 2, an XL R AR R R )L T
SEU R R AT DXOR A 3 U, SR — e R RE A T A R S U LR S R BE S [ AT
(P SE

BRERBEFR A« Tl 22 B 14, S BE Rl (%) A6 T Uk K [ B R = o S th 35 7 1), (A JLARFE R AR L T
Yy WIRAER Z AR T, AR EIHB R/ A4k 5= p=0e 20 53 88 7 KRR R FE . A= 7= iR (4%
e A IR P, As, Cu, Hg., Pb, Cd, Ni SFS 2880 1400 R, Hh As. Pb 2 Gmekn™ i) & Wt
AR 2 BRER B A 7 U B TR | R T FIBR R S (R A, DA R AR R i e S AT, R A
FHBLA A P2 R R AT RE 25 [ 0 4 J8 B BT M SERRSE s, BRIR A9 AR 7= 7% shds il 7 /™ i Y 3 i 4
JE 5 YL, WX B RS % B R I /K V5 4 X Cd. Pb &40 %o 11.83, 1052.63 mg kg™, it ThRifE
{8, H B 5 30 B A R KI5 Y X SR g e A5 20 2 LR R iR T £ b As 9 & Bl 2.2—
1640 mg-kg ", filt e XU 0 48 HE RT3 52 K7 DAAE RO 9% R Bl 2k F=n i i £ & @ 15 YL fit T2
% ABOC T B R 7 1, - 958 1 43 i ¥ AR B R s W) A3 A R A IR 35 A0, o g b i 4 Ja 7 A RS 1 3 K
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PR, AR SCRAE R SEa R | A 9], %1% 5 A W) D) i DX K [R) R BE 1 384 S v ) Pb., Cd., Cu, Ni,
As. Hg &8I0 B, BRI 5 48 R IE SRR AT o0, A M2 256 T YA B0 A A= 25 AU
T BN T 4w IS Y AT ITANY, DA i S e R S b - S Y S RIME 5 R AR AR AR

1 MRLE )7 (Materials and methods)

1.1 5T X MR
ARG W IR FERBR) O T e A £ B 7= X — AR, e R il & 34755 J1 t, 5
G 41%2, X PN A9 B AR R R0 pE A B R OB AR P i, AR AR R T IX N S — R E
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A BB 1. 3% A T AR AR B et b B e, s SSeARAR, 325 KU Dy AR D 2R, 7 P - 45
[t O 4, Ay R L

)T 1957 AETFIRLE S, 2 BT IR AT LB TR 3B K T S 58 AU SEE, Z 2010 AR5, B MO
B2 i WERRES, BRI AR T2 F B AR IR BE . & SO, M TR IR AL B e b Sl T IX
HuTHI AR 2 73260 m?, J3 BRI JFURHIX | BRIR I X | B AR A= 7 X | B S JRURE X | dd MM A5 Ak 7 XA
HEREBEX (& 1), 81T, %3530 0 R 0 HUF 5T b, AR 20 DR s R, s R R 475 4
Tl T, TS FE PR A BT TRAE M AN 24, A 1 Bk R LR AL, K ALHESE BLGE, JE
TTER T s 15 QL.

S9
I BERRETA X
Superphosphate production area
BITREEKX S13
Restaurant and Vyare area 15 . S16
\ \

RiHR AP

Factory boundary Finished products warehouse

RS *S17 —
___ Sampling site —_—
= peRuRA

Area boundary 0 25 50 100m

B miiR) XA PR S

Fig.1 The location of the sulfuric acid plant and the sampling scheme

1.2 FESCRES 50T

B EBRIR | AT T Bl 0 LA PR, AR IR 1 b R 43 S N TR D) AR X, [ 2 R (R FH b 1
s YR Ol PR A HOR S 0 ) (HI25.1—2019) , >R FH WA a0k, B 21 ASRAE (] 1), JEH GPS Xk
FERUE N, SR JE AR T SRR AR R 3ERE 5L, JF TR i (L0 OGIE SO0 48 & | T 9]
TG 5 . AR H 2R, BT LA 0.1—0.5 m AL+ 2, 340X 1.5 m LR34 Wk, HIR
TRENE 3 m R EE, B RAESYSRE RS2 LI LR, B2 0—1.5 m - IR RAE 60 ML,
1.5—3 m IRBERAE 26 AFE i, HERAERE i 86 . i [l i) - 5JekF S AE B AR 41 T XU, 3 B B 3
IR R | WA SO, Fr S R 100 H R TR, 26 A A 5484 H.

FFANFE AR 0.1 g AT M BE T, A 4 mL 9 HNO,. 1.5 mL % HF 1 1.5 mL A9 H,0,, 7&
Multiwave Pro 24 %I {3 % T8 e e J5 135 A fRiT b 38, e & F F 820—MS B ICP—MS JFi %X X} Pb. As,
Cd. Cu. Ni & AT AE . 38 i T KT A 75 T 1 R A 34, SR J5 1L Model— I 29 ¥ Ji 5 56 I R A
X Hg & 2 g A7 00 2 . B4 S 560 AR A b BB 20% B9 25 R 10% B4 S A7, 9 R 1 5 b i+ A
(GBWO07401) I T B4l (3 1).
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R BRMERE R i N E SR (mg kg ™)

Table 1 Content and determination results of standard samples (mg-kg™)

FrifEY) 5T Standard substance As cd Cu Hg Ni Pb
FRUE(E 34+4 3.4+0.4 2142 0.032+0.004 20.4+1.8 98+6
GBWO07401 i
M E 32.37—34.88 332—3.50  18.5—21.7 0.031—0.033 19.5—20.7  97—102

1.3 EEEGYIE Ik
1.3.1 WP G 15 e aadiak
DI 255 15 Y AR B0 S — R e & 8 V5 YL AL 4 05 ik, %07 1k TR % 58 T S35 (8 A K
(LIRS, B8 5 1 22 Fh 3 4 T8 IR A5 U K27, 3R A R
P;=CiS, ¢))

) =2
pa = || Lot @ @

X, G S, PGB ICER ( RS INAE L X 89T F 4 R T R T S E SR A 115 e 48 8 P
Py ST LR TG YAE R IR T RAH; Py R N S5 515 AR PR 0 G, DL 2.
&2 ISR GARIE

Table 2 Soil pollution classification standard

B EREY HHIKF WS SR TG YR EL EHIKF
Single pollution index Pollution grade Nemerow comprehensive pollution index Pollution grade
P<1 i Py p<0.7 i
1<P<2 R Y 0.7<Py; »<1.0 IR
2<P<3 SRR 1.0<Py2<2.0 Ry
P3>3 TG Y 2.0<Py:<3.0 SREREEC
Py:s>3.0 ALY

1.3.2  AEA SRS 8 50
Ve A S ARG 48 B0 Y I T 4@ i EE RO, . S R R, MUBEER I 2R E 4 R BEE
Mo, 38 0] LAFE %5 [ S e &, A A 15 ge il Hoat B A =0h.
iCi

T
= 3
E, g (3

RI:EEI (€Y

i=1
PRI AR 5. 10, 40, 30, 5, 5% 7% RI A ZEA AR A SRS H8 20 XU 70 Hbn v, W3k 3.
£3 FELBEITCEWAE ALK ARE

Table 3 Classification of potential ecological risk

TR S X R TE AR rhE KU g AR5 U A
Potential ecological risk Mild Moderate Relatively strong Strong Extremely strong
E; <40 40—80 80—160 160—320 >320
RI <108 108—216 216—432 432—864 >864
L4 HdErbr

Mo ZETt A Y v B AR (L B W T S G 1 S (R A R e A vw L AR {EL A TR
JE RIS AT A I O, A B AT A IS0, SR AR B S AT 5 TE 25 20 A sl Bk 25 0 A
FH ArcMap 10.6 HE LGS T 0] T DI RE, XF 2% 4 Jm & B E AT 2P A8 S R AU LU, IR P 2 iR 25 4
T 0, BT ARRZE/NT 1Y SR 5 i AR AR AN S B0, e A, BT s 4 e e {7 1 24 3 1
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vE A A, Hrh3RE LT Pb. Cu S ZR 4 W A AR 28 KU 45 £50d 1 FH T8 2080, As, Hg £F G 8K
TSR, 1M Cd., Ni WU 5 2 A 8 B U 2. SR FH Excel 2016 F1 SPSS 21.0 #EATEHESE i1, S84 . B2
g3 A K g6y K AH DG A% 43 A, 4 Origin 2018 il /f 25 JE & Fi48 X D, JF 1] ArcMap 10.6 Fil CoreDRAW
X8 2zl X AE SR A L 1 25 1] A

2 ZE R 59718 (Results and discussion)

2.1 BMEE SR & EAE

i 0—1.5 m HIEES PR ELR T B RNE 4 SEA HECRET REPCF XKRE =
)M L, 96.67%. 80%. 100%. 76.67%. 48.33%. 98.33% iy +IEFE S H Pb. As, Cd. Cu. Ni, Hg &5
T Bl B SR R A AY 135,71, 107.02, 40.27. 153.3. 5.32. 56.18 ff. Pb. As. Cd. Cu. Ni,
Hg 75 3¢ )2 1 HE 0 735 5 & 49 0l 0 398.45. 294.64, 0.88. 180.87. 37.7. 0.78 mg-kg ', /3 il & 15 S+ {H 11
20.33,25.85, 11.82, 9.18, 1.41, 22.95 1. 5 (L EFREE B it A e ] b - 93835 g XU A8 2 s v (ilAT) )
(GB36600—2018) 111145 — 25 H M i BEAE ) (F SCHR I HEfH) A L, Cd. Cu, Ni, Hg 197 & ¥ 7EPRHERR
HYLFE N, 1] Pb. As B HBAR T )& 8.33%. 43.3%, )2 T HEMAR R & 20.0%. 65.0%, Hx K bR
fE%0y )2 3.33. 20.33.

®4 WRYMLIEE SRS R (ngkg!)

Table 4 Heavy metal concentration in soil of sulfuric acid site (mg-kg™)

12 HEJR R I A 5 R E 413 (S GE ) ipi(c)
Soil layer  Elements  Content range  Average value Coefficient of variation Kurtosis Skewness Background value Filter value

Pb 28—2660 398.45 1.70 6.01 2.41 19.6 800

As 8.36—871 294.64 1.08 -1.05 0.80 114 60

=2 Cd 0.08—2.89 0.88 1.06 0.12 1.26 0.074 65
(0—0.5m) Cu 2.48—1280 180.87 1.70 8.72 2.88 19.7 18000

Ni 8—120 37.7 0.88 1.07 1.49 26.7 900

Hg 0.03—1.89 0.78 0.63 —0.09 0.72 0.034 38

Pb 18—435 87.6 1.15 8.02 2.84 19.6 800

As 4.31—1220 213.04 1.68 2.56 1.88 114 60

= Cd 0.08—1.93 0.65 1.07 —0.92 0.95 0.074 65
(05—10m)  cy 123020 2214 3.00 1935 448 19.7 18000

Ni 12—115 40.65 0.71 0.85 1.26 26.7 900

Hg 0.13—1.91 0.58 0.82 1.74 1.43 0.034 38

Pb 13—1430 156.25 2.03 15.17 3.77 19.6 800

As 2.1—844 85.49 221 15.39 3.80 114 60

T2 Cd 0.09—2.98 0.68 1.33 2.31 1.90 0.074 65
(LO—15m) ¢y 5—463 110.75 127 138 163 19.7 18000

Ni 16—142 47.45 0.78 2.72 1.73 26.7 900

Hg 0.05—1.83 0.48 1.07 1.76 1.64 0.034 38

Ha RS RZABN I MCERLZINAR R WY RRED, L2 P2 TEHERS TR ES
ZBHEF 23 518 : Pb=Cu>As>Cd>Ni>Hg. Cu>As>Pb>Cd>Hg>Ni, As>Pb>Cd>Cu>Hg>Ni, & T2 E 4 &
AR 5 REO KT 0368, YJm T = AR 5, R\ E 48 & B2 iR A = 1S s R K. &)= A
JZ 3 Pb, Cu AYIE AR AR, 2 13 Pb., As B4 B il B 4Kk, 268 Pb 1764 + 2 HIAETE
Jri BB AT R AR, Cu £E R 2 M 2 A AR R 3R A e AL, As 78 T 2 R AR SRR A e R AR 5
Ah, BFFEIX 0—1.5 m ¥ 5 + 35 pH (E A9 75 FEIAE 3.08—10.25 Z ], SE4{E K 7.56, 375 Hb + 35 K 23 5L 56
PE. 0—0.5 m. 0.5—1.0 m. 1.0—1.5 m IREE V-3 pH A 738 7.27. 7.55. 7.79, H 5 g P (pH<
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5.5) . 59MRYE(5.5<pH<6.5) . H114:(6.5<pH<7.5) . fi Pk (7.5<pH<8.5) FlI5R G (pH>8.5) A= HEAE 5t 73 5] o
FE &L B 6.7%. 5.0%. 15.0%. 60.0%. 13.3%.

Al M, T Rt A AR 2 X b 4 T AR A AT o, T IX L LB I R 4 JE S Y T 5T
W, Wz A X 3 H90—1.0 m 13 Pb, As, Cd, Cu, Hg iY-F34(E 5351k 982, 26.7, 14.6,
214, 1.14 mg-kg !, %0 X2 MAN K @ H, B SHEREICER, S, MR As &=
R TR 0—1.5 m HIEVREF Pb. As. Cd. Cu. Ni. Hg B F2I{E 53 %M 15537, 9.88,
0.20, 614.68. 324.38. 0.59 mg-kg', 5t L, AR HAY Pb, As. Cd & & B & 5. 1 LU e hy
JFORH ALt e A RIS YL, R & B0 L e S ARk B S ) R )2 1+ As| Cu, Hg fJ-F
518 11.29, 24.51, 0.24 mg-kg', SULZHAH LL, BRER A HLAY As. Cu. Hg & &1 B 5 4. R, 54
KM H, Bl Y e T R AN A 2, N R AL
22 HHEEE 4R 25 (A5 A FRAE

YR T A TS Y (07 8] 20 A7 A 2 0 591 - 398 7 e IX 3 LA R T Yol R AT R T BERT, i 3 v
HERENIT, 5 8% B4R ARZE L[5 A (K 2). 241G shi i m, bk He 4h, B4R fEY
MR R AT B A I DX, ek Wl 5 A 7 DXORITAE h J2E DXR R A I, 7 I 1 ol ol P 5 R IX L A R e
DX, R P2 s DX R R A 7™ X A Wk B 5 5. 3R )2 H P, Pb. Cd. Hg W& it ¥l 15 5e{l, As Fl Cu &
S RCHB R AT - TS B, Ni (9 B s o TS SR (E, P (AR W R B DX RN B R A= 7 DX R34 a5
NEABFR, As 7637 B K43 X B bR

) ) )

Cd/(mg-kg ™) W

As/(mg-kg™") Pb/(mg-kg™)
o114 B 19630 I 0.08-038
[0 11.4—60 [ 30117 0810
[ 160340 1117291 11.0-13
[ 340—493 04590 180m | 291800 04590 180m |EEH13—2.0
B 193866 S B 800—2642 S S E— 2030

>z
>z

Ni/(mg-kg™")

Cu/(mg-kg™) Hg/(mg-kg™) )\

Emo0-197 I 0.03—-0.52 \C B 0267

[19.7—411 [30.52—0.71 N [ 26.7—40

[ 1411695 [Jo071-085 \ | [J 4063

[ 695—979 04590 180m |EEH0.85—1.11 04590 180m | 63—86 04590 180m
B 9791300 A — 1188 I 36—120

2 RJZ LI E S E A

Fig.2 Spatial distribution of heavy metals in topsoil

T2, & H AR 0 S (T D I E R BRSO X Y S3. S14. S20 5 A, B IR R} IX
) S8, S21. S1 54, BRERIE# X 1Y S10. S19 5 &, HILixIg %2 + 3T 4 )8 19 7= 4 £ 22
PR 5 TR R TR D ARk A I I v M R AT % B A T i % T (R X A e R S kL B, SR
W 1R 45 SR A HE AL 22 512 Pb, As. Cd. Cu. Ni. Hg B BT, B3 W R 45 J5URHIX A1, Cu i & i & e e
S19 5 £1, Ni, Cd By i & BEAE S10 55, BT &5 2 o 32 B R 1 i 1 ME FR S e 55 K. Pb 19 e i 1% 1
FE S21 5 &, 1% A5 B9 Pb 5 37 20 G 2 IR} ) HE B ) . As B e R 7 S AE S8 5 A, Al BY S19 &
S1 By & AR =, B ABRIR R . PR i HERR AR 235 i As (R B He A & JE7E S11 5 0, it
SRR R T R AR AT L R BORERT T RECR AR T & % He BT, S8 He WE R
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H, BARIE AR E— 25898, BRIE A0, He YR EAE S8 54, S19 5 w4k /&1, nl fE2 Hh B iR Rkt | TR
EHERUITE B, 5540, BT 3 b R A B T R 6 P DX At A DX DRk DX o T 5 e DX
i, Hb IR TR MR JFURHX, IR R JFURH X B ask B 2 55 SR DX A T XUl 57 8, 7 1 A28 Tk ) o ) 6 XL
FTIEIVERTT, B IR I Ak DR i R 65 DUk X (1) 4 SR AR R T S ) X MU i JE X, 3R 2 3
S

K EEE T EE 0—1.5 m HIEEE WAL E 3 R, g B8 E N & RSB T =
B, SO (EAH LG, As WP & SR, e 4R YRR, B Ni (095 S RETEE A8 i s m sk,
Hed 4/ R RmBAE, LI B HINERE A, X 52205 G0 R 48 0 TE m T
WS 2] 5 48 R 8RR BRI E S5 e —80 T2 3% Pb, As, Cd, Cu, Hg W& &, K2
AN 61%. T1%. 22%. 39%. 38%, FHHE T K- 1 458 Jou oy # Jot 6 1 19 FE B I b 1), 1 43 Y 3R
1R AEM G555, XAl RE S R A 56, A HIEFEONES L, BRI AR, BB, AR TR
FE A ESE N TR, B, M52 RS E L, MRE SR SRR, EE R
2 Bl R B (3 0 S B ARUS TR Y, X S AR GE Y Pb, Cd Y ELA3 A — 3. 158 pH &8 i 42 )R
MRS, T IERR MR, B4 R T S Tk, S5 Bl K 1) T iR L SR R A R B, B R
f 5458 Cd. Pb. Cu HITk 2k k. A IF58 K, Pb, As &5 pH 2 W FAHE. A5 As,
Cu fERZ AT EE ST, B T35 pH BT EE A 3E s, 5 a0 ABFFEAs s - 98 m v i
5 T 4 JR AR B i RS L — B BR R R BALPE AN, )BT R B S A PE R A A R
TER BN s AR B, Cu B F B TEER T Pb A& Pb Y AKIAPEIR T Cu 800, Br Fidsh, £
Pl 4 Jm ALAF I, 25 % A v 4 ol o 0 0 W BRHVE . X4k 55044 B 9 & B, S 4 PSR G Cu ml LT €d TR
BRPAL 1 A2 4R . X D480 IR & B, Cr( VD) Fil As( V) SR I ELAG AR T AL 60 B A 76 . DY e 4 )
e EIEPGNA TE R SR — DR AR, A2 R T 2, A 50K A S EHTA E, (A
B Y 2 4 AP L 2 S & 2.

Content/(mg-kg™") Content/(mg-kg™") Content/(mg-kg™")
50 100 150 200 250 300 350 400 04 0.5 0.6 0.7 0.8 09 36 38 40 42 44 46 48
0 T T T T T T T 0 T T T T 1 O T T T T T T
50 - 50 | 50
£ £ =
153 153 o
= = =
d% § § —=—Ni
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—— As —e—Cd
——Cu
150 L 150L 150L

B3 bt G o A
Fig.3 Vertical distribution of heavy metal concentrations along plant soil

P P 7 1, 1 Y < AR 14 22 [ A R i A, < R 8 0 A 5 37 b D R 23 DA ik ) AH S, i
UBPRTCR As, Pb fE4S D INREIX 0—3 m PR )% H3ERY & &, LUdE— DB & Jm I A%, AN 4 Firs.
SERRU R JEURE B it WA TR B JEOREME R A 2 I, P A o Wi 1 845 DU DX AL I SR DX A, R B 1 A ) o
1] 5L 7%, e 5 i ol st A o B PR JEURE X1 S20 5 MY 1—1.5 m AL, W22 2660 mg-kg !, MR G ECH
3.3 4% As TE T AT DI RE X AT AR, Y B2 # o (ELAE B R OB DX B9 ST 5 5089 0.5—1 m PR AL, 8
1220 mg-kg ™', SZHRAR FURE | B i e ik TR 8 JRUREE RR A 520, R JSURHIX | o PR 8 JUR X LA B A IR
Vs DR bR ™, B RORBARAE A o 203, 14.5, 12.4 . BRERAE ™ XN As @ AR L™ 5, 5 K bR
8k 8.3 %, Horh 55 f AL TG 8- 5 AL A2 [a) Z [0), Al 42 18] 77 AR R R AT 2 3 As i i, i T
ALY R AR, [N As B AR AT BE S i B BE I AR B9 R DTRE S B0y LA B DI REIX
As BT BT R 2 [ EA, Horh, BER JSURHHX AR RR A 7 X Mk B e KA ANTE LHER 2, BT
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REX IR IRIRFRITA As #ibn. F3 50, &IT B DX Rt I X R el e 1 45 A 7 DR A ARG A5,
R THOER, BT KO EIX | B A X T R SRR JEURE DRI B R JRURL IX A 6 ), (2 MR AR
PRy R R XU S 0 T S0 A% 368 A0 5 3t B TR B A 7 DX Y R AL 13 5 )AL T VIR 42 TR], ] BB X Uk E
Tr A BRI, S HCT 4 R

Content of Pb/(mg-kg™") Content of As/(mg-kg™") Content of Pb/(mg-kg ™)
0 500 1000 1500 2000 2500 3000 0 180 360 540 720 900 0 100 200 1100 1200 1300 1400
0 L T T T d 0 T T T T 1 0 T T s\ T T 1
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2.3 HIEE GRS ROR BT
2.3.1 MR

4 B R R A — BT R Ak AR OGP IR X B 4 R 1 i M pH UG AT (3R 5), AR
Cd 5 Pb R EAHE, As 5 Cu, Hg BB FAMISE . 15 Pb, Cd F AR, 1 ] I 40 5 3 J o I m] E— 2K
BRER A Hb, 1 BER S 14 AR 7 JFURHBR T A0 h S A B R oT R, PR BR IR M i W R A 1 A e 2
51 As, Cu, Hg. Pb, Cd. Ni 555 43 J& (9 B . pH (E15 BT A & 4 J8 & 5B 5 6 A ¢, b pH 5 Cu,
As 3 TUREIC, BRIR AR 7 1 S 808 R 10 A1 5 B 5 pH (R RRAIR, f230E T Cu. As FIREIL, 75
AR TR RYE T A As AR N 85.7%, RIZMVE AT As BARFEH 100%.
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RS HEHESEE L pH BN

Table 5 Correlation of heavy metals and pH in soil

JGLZ Element 7FiPb i As facd #iCu NI JKHg TR pH
Pb 1
As 0.534* 1
Cd 0.740%* 0.535* 1
Cu 0.257 0.690** 0.427 1
Ni 0.290 0.201 0.160 0.144 1
Hg 0.375 0.642** 0.285 0.109 0.157 1
pH -0.039 —0.475%* -0202 —0.780%** —0.065 —0.035 1

** P<0.01; *. P<0.05.

Syt — RS E 4 B TR AT AT R, X 0—1.5 m b - 58 6] 4% 5 42 R 0 O B AT A JE AT,
FKIZFE LM, As, Cd, Hg & &4 I35 M4, 40572 As(0.624, P<0.01) . Cd(0.623, P<0.01) .
Hg(0.572, P<0.05), Jf- H As, Cd. Hg 7 2 LA 55 2805 T 3R )2 L858, UL R)Z LI As,
Cd. Hgm 2 LR A TER; 2 M T2 L0, {X Hg, Pb. Ni & & A W& A ¢, 70 2
Hg(0.849, P<0.01) . Pb(0.778, P<0.01) . Ni(0.601, P<0.01), Jf- H. Hg. Pb. Ni 7£JiEJZ + 3 i) 45 55 R 50
T2 5, KPR LSRR He, P, Ni [ N2 B8R A TR, X511 E 48 03 m A6 15
H—3K.

232 FEWAHT

F RSB AT AR A 0 5 B 4 A VR A A T BERY. SR B KMO Fil Bartlett 325 % 4 398 i 5 42 i 5 i
R HEATALEE, 53] KMO 4 0.534(>0.5), Bartlett BR B 50 A9 AH FEAE 2R 0.000(<0.05), FBH 0] #4732
B33 BTSN SR 4 AN REAE AR R B 53, A (A5 80 %) B B8 S, B B K Ty 25k, TR iR R
B BT R, BT 22 BTk R A 90.724% (3% 6). 4 1 1 2, 43 BI1JE& Pb-Cd Al Cu-As 1) K F 284
K, H Pb-Cd. Cu-As fib A0, WL 03 % it A (= 1B 20 A 76 218 B 12 45 Db} IXORN i 1R J5ORH X, JF H
Cu W& i R {ATE 0.5—1.0 m &b, 454 5 4R 19 & B ARAE A2 (8] 53 A ] 1, Pb-Cd., Cu-As 1) = 2RI
Shy 3 TR A U RN AT TR JEURISE AR F2 43 3 v, He, As W B[R T, H Hg-As &M 5C, Hg & B s
EAERRFR A P2 IX (0.5—1.0 m B ), 1 LSOl As FER IR AL 7= X AY & bt i, PRI Al 43 5 R TR
SRR A . ERLST 4 T, NI R E R, AR R W Ni B 20k [ A b BRI, 455 11 SO0 7 i
fiE L 23 ()53 A0 R 434, Ni BB S RBUHNT /DN, B T 8 4 Jm A B A G, T Gu i B R AR 28 U
VAR, B Ni s WA fE7ERR /0 T5 94, BT LA Ni Al g2 B AR 5 A iR & 4.

6 WA LI R M

Table 6 Component matrix of principal component analysis of heavy metal concentrations

T W4 R T ffInitial factor load JiEh% J5 T3 a7 Factor load after rotation
Element PCI1 PC2 PC3 PC4 PCI1 PC2 PC3 PC4
Pb 0.787 -0.234  -0.175  —0.509 0.893 0.077 0.242 0.185
cd 0.800 0337  —0.247 0.162 0.893 0.292 0.094 0.010
Cu 0.814 -0.199  —0.239 0.345 0.170 0.971 0.016 0.061
As 0.812 0.383 0.147 -0.154 0.343 0.670 0.607 0.077
Hg 0.639 0.703 —0.020 0.118 0.168 0.045 0.969 0.064
Ni 0.536 -0.271 0.790 0.074 0.118 0.068 0.069 0.987
FHIE(E 3.279 0.923 0.795 0.447 1.702 1.596 1.073 1.072
SRy 2 pTiHkR 54.652 70.030 83.282 90.724 54.652 70.030 83.282 90.724

24 HHEEEGIETGIEN
24.1 WP LS TSI RO
FIEF 0.5 m TRBELLT A S BRIR T A 6 sh B RAR T, B LIS 0—1.5 m R BE A F 4
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Fig.5 Distribution of the single factor pollution index of heavy metal in plant soil
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RT WIRIXAINAREX I E & R 75 YL i N 255 15 QPN 4521
Table 7 Results of Nemerow comprehensive pollution evaluation of heavy metal pollution in
different functional zone in the study area

T T R T R %
G e S B T ) AL R B S A R A A5/ %

Ebﬁ(*i:ﬁﬂﬁi). Comprehensive pollution The prop({{tion of soil samples of fflch grade to total soi} E?mples
Area (Sample quantity) index range (Mean value) ﬁfﬁ‘(ﬁ% EPEZ‘ 5L 4 W (5%}%'
Mild pollution Medium pollution Heavy pollution

T BERRES IFRHX (n=9) 7.84—102.05(38.64) 0.00 0.00 100.00
TR RHX (n=12) 3.37—78.92(30.69) 0.00 0.00 100.00
TR X (n=6) 9.88—49.22(22.44) 0.00 0.00 100.00
BERA = X (n=13) 4.69—47.49(18.71) 0.00 0.00 100.00
BIEFAEITX (n=6) 1.73—16.28(6.82) 16.67 16.67 66.67
T BERRES A 7 X (n=8) 2.50—26.87(8.73) 0.00 12.50 87.50
X (n=6) 6.05—45.84(18.32) 0.00 0.00 100.00
M3 (n=60) 1.73—102.05(23.78) 1.67 3.33 95.00

X T 4 R U5 Yt AT B, BB PR HEAS [, A5 1 A0 25 SRt S R [R)3), AR 5 02 A 1S 5
H 5 OARMEEAT 0TS G T4 X DL 3895 S5l o0 5 LU A R A DG I 1 1 8 6 4 SR i 5, Lilg i O &
Al Tk 3% b T 4 J8 RIME 75 Bl 87.58 —398.5984; HE 717 35 45934 4 37 M A9 RIME 35 BB A
225.74—669.8415%; FLEE 5 B i LAY RI(EVE RN 9.91—1705.19, SF-YIME A 4655 Jtefy 7 7 M il
4 )8 RUMEVEH N 90.5—1273.207; Fufafb ) + 1/ 4 )8 RUMEE R 17.3—5061.6, “F-XI{E K 1318.4"; 4
Yol R1EXHE R F UL g, 0l D& B 56 R S b+ 38 19 7 4 i v 70 A A U Ak T 458 v 7K F
IR IR SR IR 7 . 1 T 4 R 15 e I % 5 | i E A

3 %518 (Conclusion)

(1)0—1.5 m ;-4 , Pb, As, Cd, Cu, Ni, Hg & T 75 5t (5 B9 FE 5 5 e 2 510 96.67%. 80%.
100%. 76.67%. 48.33%. 98.33%, £ = T b & H &8 VP& EEH SEN 1.41—25.85 £, 5k
{EAHEL, Cd. Cu. Ni, Hg WY & S35 7Ebm i FRAAVE FEL PN, T Pb. As BB AR 7312 8.33%. 43.3%.

(2)RZ T, 4B 7E S M R AR A T S R IX | ok B RR % A= 7 DRIk it J2E DR B 31K, #E L
TS 11 e Al R S DA DX, TR DR DX | R A 9 IX R B TR A 7 DX o B A s TR L In) b, T A A R
SRR AR B[R, SR B W A ) 8, IS A S AR TR A gl A2 Ak, Ni B
LGN, Cu WY& i SE N5 FEAIS, Cd. Pb (& i e B AINUS TH, As. Hg 19 & i — LR {IL.

(3) P AN AE it 2 i sk X R okl 1R 05 IR DX A, e DK VAR JBE R A 5 50 40 ) /& 2660 mg-kg ™' Fll
3.3 4%, As TEITA D he XS4 AR, B IR JFURHIX. | 3o Wl I 105 DO DX | A 19 2 e IX s ™ T, 7 T R IR
PR, F KBPREEGE 12.4—20.3 £5. 3 AMZWIR A 7 T2 RS20, BRI A 7= X 1Y As 1 A5 ™
i, S OB EEGS 8.3 1.

(4) 5H e A i+ 4 Jm 15 YA L, Bl i h 3 4 SR V5 e i DL+ AR T SN AR
HE, 0—1.5 m VR JE b+ 14 9l 8 4 Jm V5 e, Jorh 95% B - 84k T 8 BTG Yok, BT Y
J& Hg 1 As; Yyt 4 S8 0 1 b —F A0 A= 25 KURE, 522 ) IKUBS IR 702 Hg. R [R] T B8 DX 1475 Y e 3 R s
FEAE AR RS MR IR A , o Tl 05 D e DX > 1 D e DX > 8 12 7 DX > 8 2 7™ DX > B0 s J DX > 1o g 7 465 4= ™
X>BT R EFX.

(5) 2 S ok Wl R 5 1) A 7= 34 25 77 4= Pb., Cd., Cu., Ni. As, Hg 75 4%, Jyh + 8¢ Pb, Cd 2k A
TR EG R HERL, Cu, As 2 Z iR FURHHE B 52, He 322042 B G iR A ™ i 52, 1 Ni D[R]
A 52 30 A 7= 306 B R b 5 1S S0 R
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