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Tab. 1 Characteristics of soil sampling points
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Fig. 1 Schematic diagram of soil collection sites
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2.2 HEmAibIE

WA [0 S 55 5 Y - A S CE T R B TR T HJE TS G 58 AR KT BERL 2~ 3 om AT S Y
JERE B Z, L BRE A A Bk LA Zh AR W R AR OB T IS SR S BCTE A AL B AR b TR R RO
SRR ZBR A BUR TEATER N TS L5 20 B JE Je b . 3 0 5 79 b SRR A 280 S8 0 B PR IR 205 L R T o3 1
WOy s — 3 A7 BT RE 2 53 — 3 43 75 IR FE BIF Bk A AT B L B8 J5 i 100 H Je Je i, T R 8 & s O
ESR T
2.3 HmNE

- e i T 4 R o0 R R A S T S T e (HLT 832-2017) X - R AT I A B 4 PR R A S
B TR T A 22 AR VNI, Cu, Zn, Cd. Pb B9 BT & & 5, FH R 7 28 06 40 e 06 B8 11 s = 384 5
2.3.1 V.Ni.Cu,Zn.Cd fil Pb i &

PR AL H1 R 1) £ 3 RE 0.5 g THCE T M BE b I R 258 K IR AR RN A R R (0 =1.42 g/mL)
6 mL, MR (o=1.19 g/mL)3 mL LA KSR (p=1.16 g/mL)2 mL, & FERE 5 AT % WOR & 2450 5 N 25 47
BRI AR T 2B N SRS TR AR T A P s L 4 BRER 2 0 TR AR T HE AT TR I A RO T A R S
A A Ul 2 U I T S L 9% G W P T O AT T T A . T A D VR B A R DU R & 0
B K 2 30 5 A T 9 I BE A AR R A b TR R IR AR TR RE R L Y VA B R B IO HE e ATV A
% 2657 B/ i TR A YR 0 1T 108 R B RIS 4 1R i R A E T S P BE L sk A R ERAE 2~3 RS
B R R 2 25 mL BRI AR BOE 2 RS HE 1 h 5 R B SRS A 55 B IR
X HEAFE 4 )8 VNI, Cu,Zn, Cd F1 Ph {9 57 & 2 k.

%2 E4RE V,Ni,Cu,Zn,Cd 1 Pb IR E B A BT
Tab. 2 Microwave digestion heating program of heavy metal V,Ni,Cu,Zn,Cd and Pb

THEBSE)/min R/ C PREEEE/ min || FHRETE]/ min - FRZE/C REFEE/min | THEBE/min - W#EE/C AREFIE/ min

7 120 3 5 120—>160 3 5 160—>190 25

2.3.2  As WIE

FREUAL B () HERE Y 0.5 g JICHE T M B b O b i ok 53 F KR AR KO AR R (p=1.42 g/mL)
2 mLAEIR (p=1.19 g/ mL)6 mL, +-3EFE 5 R A IRTR & 3550 Jo 0 35 7 5 K T ffe 0 206 A S8 T O T D
TH A 258 B v, 4 BRER 3 8 T IR AR AT OB T A S T A 2 RS VR A R IR B A IR L I O A
2% G M RSO AT I I A o S S R T AR D S R R 25 mL AR H R ABE T RER VR
A1 #E 1 h B IEGEA TS AR 5 mL, B A 1 mL REREW (o=1 g/L) M12.5 mLEEIKH1T
WL PR VR A W R PR IA TR (c =6 mol/LEA R 10 mL AR HCEZ 15 min J5 il FH R 72666 it
XS S R AR AT 0 A

F3 As BN MIRER

Tab. 3 Microwave digestion heating program of As

THR B[] /min T fff I/ °C PREFIS ]/ min TR B ] /min T R /°C PRAFFIE ]/ min

7 ZEi—>120 3 10 120—>180 15

24 EEBRIHFRRITMTE
2.4.1 TG Qe dE Bok
ST TR B0 T S A R A T Y R B EUR B A T S e T 4 3 e BRI B S (D)
2 PP A ofE DL 3% 4.
P,=C,/S,, (D
AP NN T RIEEGC, h EEPEGR A (E, me/ke; S, WA RZ L EE & RTSE,
mg/kg. W3 5.
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Tab. 4 Evaluation criteria of soil single factor pollution index

P, Pi<1 1<P;=2 2<<P;=<3 3<<P;=5 P;>5
15 YRR T i RERE] LECREES HhBETS g EREE S
EY 1 Il I v vV

x5 mIIgRErEESRE

Tab. 5 Background values of topsoil in Sichuan Province

EER/ITE A Ni Cu Zn As Cd Pb

+HESEYE =MH/ (mg- kg D) 96.0 32.6 31.1 86.5 10.4 0.079 30.9

2.4.2 NI LEA TS YL AR EOE
DI 25 0 e 8 B0k mT DL 45 P 4 VG e Wt - M S [R5 e TR e 2 S T Y B R I 4 R
15 e W 4 HE PR T I 19 5 L B 3O (2) 20 PR B v L3 6.
Py=[(Pl.+PLD/2]", (2)
K Py AN LB TS Y85 P oo AN 3805 Yo v Je K BRI 4 J 15 YL 4R B0 P AR 3R S
Vb A T 4 R S e 1 B - A (.
*6 THNETEREHITENRE

Tab. 6 Evaluation criteria for soil Nemerow pollution index

Px Pn=0.7 0.7<<Px=1 1<Pyx=2 2<<PN=3 Px>3
5 Y i i 3 BTV e 1 e 75
%9 I I I N v

2.43 WBAEESEFRRBOGE
TR AR 25 T AR M0 i th B ML B 27 58 Hakanson & H 8971 3200 4 5 oA 4 Js 0 R AP KF L L

T TS e i AN [ B O R 8 P R AR S IR RO DL R AR Y R B SE AR B R HIE T
HEARE AT LS et S 2 — S AT bR B T DA £ R B < O 3 A A A XU
B2 )32 0T T A5 Bl 90 e U rp e B A 5L (30 30 () 5L W A A 25 XU 9 i 4 2 X oy
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RI =" E., (4)
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Tab. 7 Classification standard of potential ecological risk index

oy E; RI 15 YL A5 R 3 E; RI 5 YL AR
1 E.<<40 RI<C150 Bt A AU 4 160<<FE,; <320 600<<RI<C1 200 AR5 A 25 KUK
2 40=<E,;<80 150=<RI<C300 o 2 AR S AU 5 Ei>320 RIZ=>1 200 e YN 5

3 80=<<E ;<160 300=<RI<C600 o A S AU
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Tab. 8 Potential ecological risk coefficient of heavy metals

EEEILER \' Ni Cu Zn As Cd Pb
A B T R WA S KR R AL 2 5 5 1 10 30 5

3 RS

3. &@IBEEARIESESERESEFTEIN

SUPVTBERAE W B E P A FEVK I T S 48 T & a5 R gk 9 Fros. i ikt He i i A
RZHEE SR FMERN, FKYT 7 M ES S DB Pb A, AR TE 48 1973 5 2 it 408 o 0d )14 %
B TS Sl AR B R B IMKE R R CdL VL, Cu, NiLZn, As; KA T 7 #8408 HER Pb,Zn 1 As &b,
HoAR T 48 V¥ it & e M 00 )14 3R 2 T A AR B R EI/IMKIRCE VL, Cd, Cu, Nis A 7K
T 7 FhEE 4 JEBR Pb R As Ab, HORTE 4 8 P-4 T i B R R DU )1 4 3R )2 T S HAR A A K F)
/MK R Cd, V,Cu, Ni, Zn.

3 V,Cd, Cu, Ni SRR 5 4 @ (197 2 it i & e - P R RDK 8 N 3 7 )i 4 R )2
BRME. X RUEE M AFEKN T P RESE V.Cd.Cu, Ni H BT A R R A BR300 78 %)
BERAETT R0 7= Ak S8 3 4 o 4 s Vs e it e i, R R = L5 rh VL, Cd, Cus Ni, Cr, Pb fl As FH 48
[ S B ) E R R T SR R AR A BRI X I A RS PR R T R )2
15 Cd, V SFES R SRS T ERZ LS S X SRR R B 45 R AR V. Cd, Cu,
Ni 78+ He v i BRAT B 5 3 A BE BT DL R RATT R A 62 B R AR T b Ak 3R 1 74 g X3, LR Y
A8 b S5 S A R AR R VL Cd, Cu, Ni A5 8 4 8 70 21 it o 1 3 1 At DX 0+ 8 vh i) 5 i A, & VDT
SR T BE ] 300 43 A0 A VB Tl Tl DX A5 2 44 0 Al R AR T SR IR T R S RUARR A 1 AR A
KESH V.Cd,Cu,Ni HFEESBEBIAFEIMRSGHMELE ST LT STESROAEIMRSHLELS
FARUTRESCE M DT E AR 1 B R H LIRS S LA aa E 8 R E 1
rp AR (A g rh R A O

£9 AEHHENIEECERESENN

Tab. 9 Analysis of heavy metal content in coastal soil during different period mg * kg !

i 1] Bt Ee)R A Ni Cu Zn As Cd Pb
F K /M 138.0 38.4 41.9 47.7 3.3 0.16 12.1
N ] 475.0 114.0 64.8 137.0 21.4 0.37 38.2

T 251.2 54.5 52.2 111.3 13.4 0.27 24.7

PR E 96.0 32.6 31.1 86.5 10.4 0.079 30.9

oK /M 222.0 27.3 28.6 59.0 3.2 0.10 4.0
PN : 443.0 92.4 67.6 112.0 4.1 0.40 16.6

-2 {H 325.2 45.4 50.3 78.0 3.6 0.22 9.9

R 96.0 32.6 31.1 86.5 10.4 0.079 30.9

i 7K fe/MA 241.0 29.0 34.8 68.7 1.1 0.14 11.6
N 379.0 108.0 161.0 232.0 26.4 0.68 46.2

S 277.8 49.5 66.0 107.4 7.0 0.29 21.2

EE=alE 96.0 32.6 31.1 86.5 10.4 0.079 30.9
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32 @MIBKEIRIESSERETETM
3.2.1 BRI QRO

F OF AN FEK AT R 4 R T e AR B S SR 10 R E R AR TEK AR 7 R E 4 )R
A A AN R R B 075 e N 6 S B DR s Qe AR B R R L AR L S D s e R B0 bR o, KR
)R CAdBBINgPERRE, E4)E VAR HEETG Y, E4 875 0 H KE/MKIRE Cd, V, Cu, Ni,
Zn(As) Pb; PRI FEERE VARIN P EGY, B4 )8 Cd 58] PR TS Y, 8 48 15 e o 5 i K3
MR N V. Cd,CusNi, Zn, Ph, Ass Al K F 48 Cd R BI VbR E4JE V.Cu kB MR RES
Y T4 S gL B B OR B/IMKIR A Cd, VL, Cu, Ni, Zn, Pb, As.

MR F 95 Qe dR B0 el LB L OASTEDK R 28R 4R V. Cd 1975 Je g8 ok ™ EL JE
AL AR B R AR T PV RE R X R 3 - SERF S i R R TR 4 Cd Gk B 5 IS G K S ] POAE S A X 4k
R AL T AR Tl Bl X J8 11 - S sE it R R 42 J8 Cd, V. Pb A & A [ 8 5 4 75 e B 40X L 15 AR Wk A
REREA - AP ESIR V,Cd 15 P58 0™ 5 X 0l B85 B0 5= ol B F Az = 5 5 HE R 5 7K HE
DL N R I6 S A 2200 Bl 7 b 45 4 A9 A T4 Ak L ALK Tlk bl IX 2 B i 98 % T LAk A 4 VB ek ik T LU
FAERBLE R 0 =M 2584, Be XAk 7E H 8 AR 7= B Tas i b, &= KE & V,Cd, Cu, Ni
SRRSO E AR R I 23 B KUK S5 2 A A8 it A B Aol S8 i b AR Al
JEl i A M A S i DA 7 A A T L.

£10 FTAMPTESELEEFSREHITNER

Tab. 10 Evaluation results of single-factor pollution index of heavy metals in different period

i ] 5K -
v Ni Cu Zn As Cd Pb
FKIY PN 1.95 3.50 2.08 1.58 2.06 41.68 1.24
R/AME 1.44 1.18 1.35 0.55 0.31 2.06 0.39
S 4 2.62 1.67 1.68 1.29 1.29 3.46 0.80
oK 3 R KAl 4.61 2.83 2.17 1.29 0.39 5.04 0.54
R/AME 2.31 0.84 0.92 0.68 0.00 1.29 0.13
i 3.39 1.39 1.62 0.90 0.18 2.83 0.32
i 7K 441 RARMHE 3.95 3.31 5.18 2.68 2.54 8.61 1.50
R/ME 2.51 0.89 1.12 0.79 0.10 1.76 0.38
P 2.89 1.52 2.12 1.24 0.68 3.72 0.69
3.2.2 WP LG TS Qe BOF ik
ERURAN- Y S W A= e 2 W NI F11 F FERAAABATIHEESRESTHELN
KT L 4 g S AT YL 38 o Tab. 11 Comprehensive pollution index of heavy metals in soil
1A P FEA 5K KT + under different periods of wet,normal and dry water
S R N LR G T PR BN T - Px
H50 50 3.10.3.14 , RGN T 22 & FK oK ik 4
VE RPN 7 Bk L 45 T Y I 2 3k R 5.61 3.80 6.63
BT VTS e s POk T R BN 2.46 2.50 1.7
& )8 NGB LR 5 T Y dR B - H(E R T 3.10 2.94 3.14
294, BT PP S 93k B T IV 21

HEE TS .
F O AR KT 2 vV B AR I B 1 T R 2R G T B AR B N KL ER S T BV A A
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HRE I Y b5 R T Y 2 R RS AR I T S R AR LR WAk X L A RS e R R R LR R I
T4 B AR A T rh BE Vs YK, P 4 B VL, Cu, Cd Ab T3 B8 5 g, B TR 250750 78 B 9% 28 i 18 40 4k it 4k
WA R PR il I G m s e R R A RE I E SR A TEE S YOKE . EAeJE Cd 2 HE AN
15 Y Bl 6 X 42X 5 AR B 5T T 45 3 0 25 RS ORRE— U UK S T IR A R AR T L AR R RURE Y 58 3 12 i
[ P ) A HE R A R ) A AR TR DA B NS Sh I R W T P #0 02 S 80E O AN RUK I T & W B R e
T B B R A T A T Y I A N R
33 &NIIBEETR T EESEEBEAEESKKR S

S VDT B R AE T B+ e 4 BV AR AR ST A SR R 12 FoR. KR L 45 SR A 0BG E 4 JE TR AE A
BB LEA R RI BN 144,04, SR E RS K. E4E V,.Ni,Cu,Zn, As,Cd, Pb [ 7E 4 75 K
W 2 E, B 98 5.23,8.35,8.39,1.29,12.86,103.92,3.99 4K I 8 76 AF 25 KU 48 B0 4% % R 43 o,
S8 Cd MW7 A G FE AR B AER  HAR & 8 T TE A 506 3 0 B U S XU, T 43 J VB 7E A A 18 5
JE R BN/MRIR N Cdy As,CusNiy, Vo P, Zn F KB RI BI{E A 110,88, B4 5 B o A= 28 KUK . 5 43 )8
V,Ni,Cu,Zn,As,Cd,Pb W EAEB K ZEE, WIES 5N 6.77,6.96,8.08,0.90,1.75,84.81,1.60, 5
G208 Cd WA A G AR RSB AR & 8 W T AE AR 506 3 0 R U A8 XU, 43 J VS 7E A A G o
B R EIMRIR R CdyCusNiu V, As, Pb, Zn i KA T RI B{E N 147,15, Bk 5 F K VK —FE 2 3§
A K. B 48 V. Ni, CusZn, As,Cd, Pb B FEA B K REE, B9¥E S8 5.79,7.60,10.62,1.24,
6.77,111.71,3.43, FE 4 & Cd MR AES A HF R AR L E, 09 BE 208 A B XU B 1.4 1%, 3L
REBOBHEESEENRMAESKK, &4 R EEESAEEREH KB/NMIKHA Cd, Cu, Ni, As, V,
Pb,Zn.

F12 FEAMPATIRESREBELESINER

Tab. 12 Potential ecological analysis results of heavy metals in soil during different period

AR S KR8 E

I 1a] Bt 28 RI
A% Ni Cu Zn As Cd Pb
7K KRME 9.90 17.48 10.42 1.58 20.58 140.51 6.18 187.69
/MY 2.88 5.89 6.74 0.55 3.13 61.90 1.96 106.37
T 5.23 8.35 8.39 1.29 12.86 103.92 3.99 144.04
Uk %/ % 3.63 5.80 5.82 0.90 8.93 72.15 2.77 100.00
Sk R fH 9.23 14.17 10.87 1.29 3.92 151.14 2.69 180.76
a2 /M 4.63 4.19 4.60 0.68 ND 38.73 0.64 61.12
P 6.77 6.96 8.08 0.90 1.75 84.81 1.60 110.88
STk % 6.11 6.28 7.29 0.81 1.58 76.49 1.44 100.00
Hili 7Kk 39 xR MH 7.90 16.56 25.88 2.68 25.38 258.23 7.48 355.31
I/ME 5.02 4.45 5.59 0.79 1.05 52.78 1.88 75.06
T HME 5.79 7.60 10.62 1.24 6.77 111.71 3.43 147.15
TURRR/ %6 3.93 5.16 7.22 0.84 4.60 75.92 2.33 100.00

T “ND” R KA i

M 38 o 4 R T TR AR S T A SR P AN R L B D BB AR ) B A R B A R R A X
W A0 B3PI G R Cd AT A S8 T i AR S XU, X 5 R A5 BT I3 I 25 B AR — 8L &R
Cd EERFE TR TG HR LA T K 2 Cd BEE A3 3l ok A2 e b i, al Ly + 3 b 5 4 4
WAL Bt B E A BIAR P S R A RR L [ Cd 2 BELAS R4 B9 E W R 7 B R R ) IE AR
K IR AR A IR EE O R AR T G B Cd b At e 398 <55 TR 5 % X B I3 580 S AR 5 Wi o A S A L Sl B 0 92D
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XA 77 G R AR ak BE O S s e A DX A 5 DU A o e A L T 4 Al M A ) R KA HE T TR B AR G A7
SEHR 1T AL AT LALE A 7 Al 10 A — 6 0] T 3 J AT R AR R RO AL i S S i A I s L X
CAZ P EERIGY M LR T —E e, Uk L IRE S REMIE R B 5.

4 4 g

(D F A FK T ST B AL B i LI G )R V. Cd, Cu, Ni B & B (e T 1)1 4 %
B2 LR R, B EE)E VL, Cd, Cu, NiAFFEA R B2 B2 19 2B K SAOKII T Eam NP 51
PR BR300 3.10 A1 314, HIRE RRELE AT R G HA R VR EEFG L, PR T ESRARY 28
TGRSR T 2.94, DR G RERIRERBRNN R LR, LEPEGE Cd, Vi R8Oy E 5

()3 P KA IR T SR 8 37 B 4 0 9 A 2R A XU 45 B RT 33 {H 53 5] 09 144.04. 110,88,
147.15, SR ARSI ; B AR Cd BT 78 A2 25 XU 18 B0k o 08 7 28 25 XU O i A 28 KU L B 4 )
Cd XA 3B 1 @ T (E A — 22 G0

Z % x M
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du University of Technology,2018.
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Soil heavy metal pollution and ecological risk assessment in
Panzhihua reach of Jinsha River

Shi Peng'?, Zhu Changjun'®, Wang Shiyan®, Fan Hao', Wu Bi', Liu Chang’, Li Budong®

(1. School of Energy and Environmental Engineering, Hebei University of Engineering, Handan 056038, China;
2. China Institute of Water Resources and Hydropower Research, Beijing 100038, China; 3. State Key Laboratory
of Hydrology-Water Resources and Hydraulic Engineering, Hehai University, Nanjing 210009, China;

4. Yangtze River Water Resources Protection Research Institute, Wuhan 430051, China)

Abstract: To clearly understand the heavy metals pollution of the soil in the Panzhihua reach of the Jinsha River, the
bank soil of which in wet, normal and dry periods were taken as the research objects. In addition, the single-factor pollution in-
dex method, the Nemerow comprehensive pollution index method, and the potential ecological risk index method were used to
evaluate the pollution state of soil heavy metals and possible ecological risk in the Panzhihua reach of the Jinsha River. Apart
from that, relevant risk management and control recommendations are put forward. The results show that the average content
of heavy metals such as V, Cd, Cu, Ni in different periods of wet, normal and dry water levels exceed the background value of
the surface soil in Sichuan Province; the mean values of the heavy metals Nemerow comprehensive pollution index in the wet
and dry seasons are 3.10 and 3.14, respectively, the comprehensive pollution level reaches level V heavy pollution. the average
value of the heavy metal Nemerow comprehensive pollution index in the normal water period is 2.94, the comprehensive pollu-
tion level reaches level [V moderate pollution, Cd and V pollution in soil deserve further attention; the average values of the po-
tential ecological risk coefficients of heavy metals in the bank soil of the Panzhihua reach of the Jinsha River in wet, normal,
and dry periods are 144.04, 110.88, and 147.15, respectively, showing a slight ecological risk in general, the harm of heavy
metal Cd is more serious. and the potential indexes of ecological risk are 103.92, 84.81 and 111.71. respectively, presenting
strong ecological risk, the ecological risk of Cd deserves further attention.

Keywords: soil; heavy metal pollution; pollution assessment; ecological risk

[REHKR BELE BFRERK]



