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Ecological risks of heavy metals and the relationship between sources and sinks in an abandoned mining area

of Guangxi Zhuang Autonomous Region

MAO Zhi—qiang'?, TIAN Kang”, LIU Ben—le’, ZHANG Xiao—hui'?, BIAN Zi—jin’, HUANG Biao’, YUAN Xu-yin', WU Long—hua®, LUO
Dong—yuan®

(1.College of Environment, Hohai University, Nanjing 210098, China; 2.State Key Laboratory of Soil and Sustainable Agriculture, Institute
of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3. Scientific Research Academy of Guangxi Environmental
Protection, Nanning 530022, China)

Abstract: To explore the influence of an abandoned mining area on the surrounding environmental media, quantify the contributions of
heavy metals (HMs) in farmland soils, and estimate the source and sink fluxes of HMs, a typical polymetallic abandoned mining area and
its downstream area in Nandan County, Guangxi Zhuang Autonomous Region were selected as the study areas. A total of 151 samples of
tailings (16 ), farmland soils (113), and river sediments (22) were collected, and 9 typical HMs (Cr, Ni, Cu, Cd, Zn, As, Sn, Sbh, and Pb)
were determined in these multimedia samples. The pollution statuses of the HMs were assessed using the geo—accumulation index and
potential ecological risk index (RI). The source apportionment of HMs in farmland was explored using an absolute principal component

multiple linear regression and the relative importance of the variables. The source and sink fluxes of HMs were also calculated in the study
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area. The results showed that the geometric means of the HM contents in tailings and sediments (except for Cr and Ni) were significantly

higher than those in farmland soils, and those in the three media exceeded the background values. Cr and Ni in the farmland soils mainly
originated from natural sources. Cu, Cd, Zn, As, Sn, Sb, and Pb in the farmland soils of the upstream area mainly originated from upstream
abandoned mine tailings. In farmland soils of the downstream area, Cu, Sn, Sh, and Pb mainly originated from downstream abandoned
dressing plant tailings (contributions of 85.11%, 92.04%, 64.15%, and 57.57%, respectively), whereas Cd, Zn, and As mainly originated
from upstream abandoned mine tailings (contributions of 59.28%, 59.61%, and 93.81%, respectively). The main pollution elements in the
farmland soils and sediments in the study areas were Sn and Sb. The farmland soils and sediments exhibited relatively high ecological risks
in both areas (R[>300), and the main ecological risk factors were Cd, As, and Sh. Farmland soils were major sinks of HMs because the
input fluxes of Cu, Cd, Zn, As, Sn, Sb, and Pb in the upstream and downstream farmland soils were 132, 3, 1 348, 302, 139, 149 kg+hm~,
and 238 kg+-hm™ and 36, 2, 746, 177, 271, 211 kg-hm™, and 455 kg hm™, respectively. In conclusion, the tailings as the main sources of
HMs still contain a large amount of HMs and have a high potential to release HMs. Thus, more attention should be paid to the source—sink

relationships of HMs in multimedia samples in abandoned polymetallic mining areas. Relevant departments should strengthen the pollution

prevention and risk management of HMs according to the pollution status of different media and regions and ensure tailing control.

Keywords : multimedia sample; heavy metals; source analysis; ecological risk; source—sink flux
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Table 1 Characteristics of heavy metals content in three media in the upstream study area

JUT M8 . e o T IR, 7 3 1+ i XU 4 o
. — > + \‘( 2 N E,E\ — 2 — s
_ L IR gy SRR g o TR R kR
i H TLE Median/ . R Arithmetic mean+ . Background . . . .
Range/ Geometric mean L Coefficient Over—limit ratio  Over—limit ratio
Ttems FElement o (mg' N standard deviation/ . . . values/ i i
(mg-kg ) ke ) (Geometric standard (me-ke) of variation (me-ke) based on risk based on risk
& deviation)/(mg-kg™") metke metke screening value/% intervent value/%
RN Cr  46.3~129.2 749 75.4(1.30)a 78.0+22.2 0.284 82.66 — —
(Taﬂli‘;g) Ni o 339-924 629 60.6(1.35)a 63.0£17.9 0.284 26.47 — —
n=
Cu 85.0~265.0 144.0 152.6(1.48)a 163.5+64.1 0.392 17.9 — —
Cd 7.63~28.37  10.94 13.01(1.56)a 14.28+6.71 0.470 0.503 — —
Zn 766~3 647 1983 1844(1.54)a 1 990+769 0.386 81.4 — —
As 412~2 482 1319 1207(1.79)a 1377574 0.467 17.7 — —
Sn 33~1 894 772 533(2.97)a 755+531 0.703 3.30 — —
Sh 106~1 328 671 507(2.36)a 657+403 0.614 3.00 — —
Pb 221~2 414 900 670(2.49)a 956+803 0.840 40.8 — —
A FH 4352 Cr 17.5~87.4 56.6 54.4(1.34)b 56.4+13.9 0.223 82.66 0 —
Fafmlj‘i‘“d Ni 133-60.1  39.0 32.4(1.54)b 35.2413.0 0370 2647 0 —
soi
(n=62) Cu 29.0~149.1  68.7 71.2(1.44)b 75.8+£27.0 0.356 17.9 66.1 —
Cd 0.33~7.98 1.16 1.37(2.15)c¢ 1.86+1.63 0.874 0.503 100 56.5
Zn 106~2 145 516 529(2.05)b 673+464 0.689 81.4 91.9
As 5~737 89 90(2.94)b 150+159 1.060 17.7 71.0 30.6
Sn 2~463 25 30(3.53)b 64+87 1.350 3.30 — —
Sh 8~430 37 46(2.40)b 68+71 1.030 3.00 — —
Pb 17~657 103 107(2.15)b 145+132 0.906 40.8 58.1 1.61
WEGRY Cr 40.7~99.5  59.6 58.6(1.30)b 60.4+16.8 0.278 82.66 — —
Fluvial Ni  252-553 394 38.8(1.33)b 40.2+10.9 0271 26.47 — —
sediment
(n=10) Cu 48.9~2159 111.1 101.8(1.66)a 113.6+54.6 0.481 17.9 — —
Cd 0.25~15.65  5.57 3.48(3.38)b 5.54+4.58 0.827 0.503 — —
Zn 452~2 638 1201 1177(1.56)a 1281+564 0.440 81.4 — —
As 130~1 473 528 472(1.98)a 572+375 0.657 17.7 — —
Sn 105~1 184 276 294(2.11)a 381319 0.838 3.30 — —
Sh 42~902 383 277(2.62)a 389+296 0.760 3.00 — —
Pb 215~1 171 458 472(1.68)a 535+302 0.564 40.8 — —

T AN F/NE SR 3 A0 BT[] G 2 4 22 5 25 (P<0.05) 5 IR A ERR I B it A% FTT b 1 3875 Y RUR: 8 FE A (1047 ) ) (GB 15618—
2018). I

Note: The different lowercase letters indicate significant differences in heavy metal content between the three media at P<0.05; *Retrieved from Soil
Environment Quality Risk Control Standard for Soil Contamination of Agricultural Land (GB 15618—2018). The same below.
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Table 2 Characteristics of heavy metals content in three media in the downstream study area

JUfT ¥ {8 ARSI = e TR O B 5T XU R i
s oex  E O CREEC O OLERREX)  bREE RSERMC DT ERE ik
Items Element Range/ Median/ Geometric mean Arithmetic mean+ Coefficient values/ Over=limit ratio  Over=limit ratio
(mg-kg™) (mg-kg™) (Cgogletric standafi standard de\iilation/ of variation (mg-kg") base_d on risk . based on risk
deviation)/(mg-kg™") (mg-kg™) screening value/% intervent value/%

=<tn Cr 36.1~91.8 51.3 53.7(1.50)a 57.4+23.7 0.414 82.66 — —
E i‘i‘sn)g Ni  384~96.1  47.8 53.3(1.43)a 56.4+23.0 0.409 26.47 — —
Cu  88.7~171.8 1277 124.8(1.27)a 127.629.9 0.235 17.9 — —

Cd  5.60~12.80  7.70 8.01(1.36)a 8.33+2.72 0.327 0.503 — —

Zn  743~2683 1482 1444(1.59)a 1570+712 0.453 81.4 — —

As  305~1540 579 770(2.07)a 9324579 0.622 17.7 — —

Sm 591~2927 1416 1463(2.00)a 17471075 0.616 3.30 — —

Sh 277~1418 549 616(1.83)a 712+439 0.616 3.00 — —

Ph 510~2422 1099 1220(1.97)a 1451897 0.618 40.8 — —

oA H 43¢ Cr 56.5~126.2  83.0 84.6(1.20)b 86.0+£16.0 0.186 82.66 0 —
Far(“:f‘;“li)”ﬂ Ni 38~582 124 13.9(1.98)b 17.5£12.7 0.728 26.47 0 —
Cu 182~779 313 32.1(1.35)b 33.6+11.5 0.342 17.9 5.88 —

cd 0.18~448  0.82 0.94(1.93)b 1.17+0.88 0.750 0.503 98.0 17.6

Zn  105~1327 270 329(1.88)h 409306 0.750 81.4 725 —

As 21~418 65 75(1.94)b 95482 0.865 17.7 92.2 13.7

Sn 13~570 95 85(2.43)b 122108 0.883 3.30 — —

Sh 15~378 55 69(2.20)b 9689 0.925 3.00 — —
Pb 31~1055 138 166(2.28)b 240+245 1.02 40.8 745 9.80

FEEERI A Cr 30.3~137.5 523 55.3(1.57)a 61.0+31.1 0.510 82.66 — —
Fluyial Ni 17.7-1270 281 36.7(1.87)a 44.8+32.9 0734 2647 — —
sediment

(n=12) Cu  214~1612 790 70.3(1.86)a 82.5+45.6 0.552 17.9 — —
Cd 1.16~5.90  8.14 3.33(1.65)a 3.67+1.44 0.392 0.503 — —

Zn  299~1356 1347 822(1.54)a 886+323 0.364 81.4 — —

As 124~1045 551 417(1.79)a 481265 0.551 17.7 — —

Sn 161~2612 214 773(2.19)a 1001741 0.740 3.30 — —

Sh 134~609 440 372(1.66)a 411164 0.399 3.00 — —

Pb  205~1055 735 593(1.63)a 654270 0.413 40.8 — —

K, 1 Cr Ni,CuZE 5 RBOHXTAIK, ZANEE 48 15
Y 52 i A X /NP, BIF ST X pH (E AR S R BN T
0.070~0.196 (% 3) , 28 PR AR X 42 /)N , 2 B pH (B %S (1]
DA E] =R Rl A H R
P pHAE LT 2418 53 31 0 6.15.5.93 F15.94, R i e
B A% H 4 3 0 U0 AR Y A pH A L AR 295 43 90
5.12.5.89 F1 6.31, B 57 X pH {E & 1A 52 80 55 g Pk

T 1 F RS (PCs) , BRFRAR R AR 57 2219 73.2%,
Horp g — F Ay (PC1) 1A 7 22 5Tk % 0 50.4% , %
A 2 A €045 Cu.Cd \Zn \As .Sn Sh Al Pb,iX 7 FC &
f) 5 1 34 WY SR S S {E, Sn Sb LRI A (R 2
MEE AN ML E. Rt ET E2 8B H,
P42 Sn . Sh,As . Cd Fil Cu & K, B EH 4 8 i
PrAa bR ", HR A HE 25 5 o3 A AR i 1+, 40 A

pH B O 7 2 184 i 6 4 J 1) A R0 TR Ik ) B
JE AT X pH AL fi A1 DX 30 2 4 i 1 1 15 in = 25005 4
TR 1 XU o
22 RELTEEESEWIREN
2.2.1 b e 4 )R R A

2 4 AT, AR A SRR 2 AR AE (R K

1% WHART]

FIWrix 7 B oC R AT REAAE IR MER . R HE iy X
i Y I BB UR: e b AN @ T N R/ 2 )
FHEAL S A PCLAR R T HiED X R
SENJ R . 5B F A (PC2) 1Y 32 2 B 47 2 fr 42
i Cr AN, 254 Cr FNi i & SRR 32 R i
BRI /N o JE HE SN 7 SRR X I 9 M
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Table 3 Characteristics of the pH value in three media in the upstream and downstream study areas

S K IRGESI IR TR i) PRI R e RN
15 H Items . Geometric mean(Geometric standard Arithmetic mean+ Coefficient
Range Median - . L
deviation) standard deviation of variation
RS X e Tailing 4.11~743 643 6.15(1.16) 6.21+0.83 0.133
Upstream study g6 1 -3¢ Farmland soil ~ 4.08~7.48  6.01 5.93(1.13) 5.97+0.72 0.121
area
VL) Fluvial sediment  4.82~6.31  6.13 5.94(1.09) 5.96+0.46 0.076
TSR X e Tailing 4.05~6.22 529 5.12(1.22) 5.20+1.02 0.196
Downstream study 4 1y - 3¢ Farmland soil 448~728  6.13 5.89(1.15) 5.95+0.83 0.139
area
FE YR Fluvial sediment 5.11~6.98  6.45 6.31(1.08) 6.32+0.44 0.070

x4 MRXRETESEEEIHRS SN ERE
Table 4 Component matrix of principal component analysis of

heavy metal in farmland soil of the study area

Jiek% I I F- 2% A Rotated component matrix

WH i A AR 1
Ttems Upstream farmland soil ~ Downstream farmland soil
PC1 PC2 PC1 pC2 pPC3
Cr 0.142 -0.932 -0.171 -0.286 0.898
Ni -0.405 -0.703 -0.189 -0.013 0.942
Cu 0.563 0.531 0.827 0307 -0.140
Cd 0.863 0.312 0.591 0.721 -0.231
7Zn 0.839 0.293 0.589 0.721 -0.072
As 0.816 0.428 0.273  0.893 -0.244
Sn 0.677 0.057 0.849 0.228 -0.189
Sh 0.781 -0.107 0.771  0.540 -0.214
Pb 0.924 0.146 0.725 0.598 -0.244
FRAEAH Eigen value  4.537 2.047 3360 2714 1972
RBUFETIAE 504 732 37.3 675 894
Cumulation

contribution rate/%
Hu 88PN B AR X B 58t % B Cr  Ni 8 53 7
— A FRSY I HFEREF R AT, itk pe2 £t

B %
PC1

- 1.89~3.80
B 1.04~1.88
B 0.48~1.03
[ -0.03~0.47
1 -0.42~-0.04
1 -1.27~-0.43
A JEFEE]T Abandoned dressing plant

— {3 River

TT (AR .
222 T EE S E R E

T R T 3 MR AEAE R T 1R
4y, BRI RE AR /7 2219 89.4% , Hovh PC1 1K) )y 22
TTHR R 37.3% , B 53 #far (45 Cu . Sn .. Sh Hl Pb
(£4), LIED X BT M FHEF L] B H Sn
SRR R 225 (P<0.05) , i MI # HA —En 22
Sk, AT REXT A H 38 AR R R RS2 . PCLIR Cu,
Sn . Sh Fl Pb =B X 240 A fE R Sk | R HE Je I
WA ARAE AL TR ST R e 4 (1A
2), HNEm o8 X 4R FH A= 4% vp Sn 1 P 5 5 3% T
ST X (P<0.05) , Sb & it i T E i, 3% AT R
S RS S A 1 K ELHE R AL 4
;L H R S EUR RS N, T LR
XA B B A B 25 ) i o B IR B v,
R A HE JE W e HR i X 4 A 1 A2 B B
., AR LI AT Sh S5 PhEEE R
&8 H ALY, W06 B AT T (PhsShaSy) & B 45
(PbSbO.C1) %5, fifi Ph 5 Sh £ 25 [A] i g5 b FLAT i FE A

EIr2
pPC2

BN 1.94~4.18

BN 1.07~1.93

B 0.50~1.06

3 -0.05~0.49

3 -0.56~-0.06

1 -1.67~-0.57

A 53] Abandoned dressing plant
— {l¥i River

2 THRETEECEENSBINZESH

Figure 2 Spatial distribution of principal component scores of heavy metal in downstream farmland soil
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IEER, F Ik PCLRE NI E T B
PC2 1977 22 BTk 30.2% , T2 B 4 # i £ 45 Cd
Zn As(F4) , HF o m H X F 20 A 76 T ek ot
XA 3 o Sk Fr ik ) R HERR Ay (B 2) o L
AT X A HE b AT RV R, BB R AR T
Al BN E IR AT X G R 2= R W AT X, Il
1V K HE R A Rl R R AR e, TR
UiE A R B EUE R0 X R A , LA K] K ol Rl iy
T BAE T, S8 Ui A I 3% Cd  Zn  As & BHEE B
%, 35X 15 8 H ZECORF 5 K PRV RS B4 AT R L R U
T S R V5 Y B, T B X RIVA ) R )
Tl H AR S RIS R, A
JyPC2 A FUF R X B, Sh Al Pb7E PC2 H1 1Y
B fr S Cd F1 Zn 7€ PC1 1) 247 5 35 F 0.5, 16 B 1
W B X B A% 4% [H 13 Sh A1 P, FiFRFik)
WX A A48 Cd FI Zn j7 A T —E W52 . PC3 Y
5 22 5THRE N 21.9% , FE AL/ 2K A A H5 Cr AN, 25
A Cr FINi B9 7 5 AE , R DA Ok Cr Rl Ni 32 2R I
F R FE

h T B R X R TR 5
J TR T A FH A E 4 i TR R X F ok
T R 7 Fhoc R4 545 F a4 (APCs) Z It Al
VA 43 AT RS SR X B A M o 4 SR R TR 2
A FE R B R R B 22 1) 88.6%, PC1 il PC2
)7 22 TTHR AR 9 47.9% F140.7%., R IRk
B (PC1) X N iEA H 3% Cu .Sn . Sb 1 Pb [ 57 ik %
3910 85.11% .92.04% .64.15% F1 57.57% , &% 0"
XA (PC2)XF T4 FH 43 Cd . Zn T As A 5Tk K
I35 °h 59.28% .59.61% H193.81% (K 3) . JRFEk)
A B R XA X4 T 4358 Cu, As F Sn (1 BTk R
A Z2HE A, X Cd  Zn . Sb FI P () 5T Rk R AL 225/, BF
FE45 Rt — R W] T AR B 458 Cd . Zn . Sb #l Pb 32
PEFE) R RIEN X R IR AT
23 BEEETEEN S ESREITRE
2.3.1 HB ZBFEEL

U AT X A L R 4 S v RAE RO (R
P Cr(=1.19)<Ni(-0.11)<Pb(0.81)<Cd (0.86)<Cu
(1.41)<As(1.75)<Zn(2.12)<Sn(2.60)<Sh(3.35) . Cr
R TCTE Y, Ni AF RIS Y2, Cu £ 78 B2 I B Hh B 75
e, Cd PhAFFERR TR BI T V5 UL, Zn  As AAFE SRR B ™
F{5 Y%, Sn Sh AFTE BRI BIAN ™ T Y5 Yy, H 4 @ ik 5
W T2 DL b Y5 e R 5 H B HE R R Sb(90.3% ) >Sn
(58.1%) >Zn (51.6%) >As (46.8%) >Cd (19.4%) >Pb

1% WHART]

O TFuedsk R
Downstream abandoned dressing plant tailing
O blepia X2
Upstream abandoned mine tailing
10071 71 1 1 1 1 [

80
60 —

401

U A X B

Relative importance of sources/%

20

0 Cu Cd Zn As Sn Sh Pb
E3 THKETESESERENHENEES

Figure 3 Relative importance of sources of heavy metals in

downstream farmland soil

(16.1%)>Cu(9.68%) (K1 4), TUEbFFE X A& H + 3
4 JE b B FRFE B R B Ni(-1.52) <Cr(-0.55)<
Cu(0.26)<Cd(0.31)<Zn(1.43)<Pb(1.44)<As(1.49)<
Sh(3.93)<Sn(4.10) . Cr M Ni A 7ERE 5 Y, Cu fFAE
BMBNRETS Y, CAAEERMEIP BES Y  In fA e
RN RIS Y, As Fl Pb A AE R I ™ B 15 4, Sn . Sb
AR MBI E 5 Y, T 4wk B b B R LA b5 e
() BE 5 He ) HE FE A Sb (98.0%) >Sn (80.4%) >As
(29.4%)>Ph(25.5%)=7Zn(25.5%)>Cd(3.92%) .

R XU Y BRI B R B R
Cr(-1.08)<Ni(-0.04)<Cu(1.92)<Cd(2.21)<Ph(2.95)<
Zn(3.27)<As(4.15)<Sn(5.89)<Sh(5.94) ; T UiF W 7%
X UC A W b B R AR B R K Cr(-1.17 ) <Ni
(-0.11)<Cu(1.39)<Cd(2.14)<Zn(2.75)<Ph(3.28 )<As
(3.97)<Sh(6.37)<Sn(7.29) (K 5) . VI ELIETS
Juig e H L, A B TR Cd
Cu.Zn Fll As 175 JL A8 FE7E T Wi 58 IX 34 A BT beAic
A H A 3ERAIR TR S B I8, U0 B R G R I X R
BB, A FH - 5 R T RR A A7 B 05 M 230 T
Sn . Sh 1 Ph i35 YL B 78 T We b7 XA i3, i BH —
U S 3 | R A X I e 5% IX 4% FH 4= 398 K 7T
TR T8 18 1 W Sk S )
2.3.2 AR KR 5L

IR 9 XA P 8 ) A 2 RUBR 4 BRI 1)SF- 2
(B4 410, b F &5 A 25 KU K, Horb 27.4% RO FE 5
W AR AR AU L 19.4% FRE i e AR 28 XU , 35.5% 1)
FE S A H AR AR S XU, S Cd A As A4 i AR 25 UK
TR 51 M 38.8% .27.0% F120.7% (£ 5 & 6) ; T
TERF 58 XA B 1558 RIAF- 35918 0 396, 40 T i A= 5 K
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5, HoH 21.6% FAFE 5 R AR s AR A8 KUK, 19.6% FOFE B
e A AR KRS, 51.0% A 5 R v & A2 25 XU L Sh o
e A A KU, Cd T As Ay v 45 AR 28 XU, BT ik 23 4 il
4 56.3% ,17.6% 1 13.6%. Sb.Cd Fl As J&#4 B 5% 4~
F 5T X A B A3 A S XU A E B V5 Yot & . s il
o 2 2 JRUBRE DX 3 2 A vh A 8 R 0 M T 1 Xk
(KE7).

R X UUELY) Cd L As 1 Sh R A i AR 2SR
W, Pb Ay i A5 AR A8 XURS 5 1 98 X TR Cd . Sh 2R
e i A2 A KU, As SR i AR A AU , Ph Sk v 4 A 25 XU
(F£5) . BB A DT A FEA 2R 8 KU, AT g
XHRMA YA E KA A #EE VR AP, Cd  As .Sb
PR T B E S OCE R R o B M I 57 K B
B P BB b A 398k 21 i AR SRS, Sh A Cd 244 B A
A e FEER TR, DI ZEA S Sh.Cd  As Fl Pb
BT IR B R A A AU, 5 A Y A — S
24 ESRRILEBEME

PG, A EUEE R 20 HE4D 8O AEFCTT SR LK,
U g X A A RV R BV T DX TS e
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Figure 4 The proportional distribution of geo—accumulation index of heavy metals in farmland soil in the study area
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Figure 6 Potential ecological risk index of heavy metals in

farmland soils and sediments in the study area
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Figure 5 Geo—accumulation index of heavy metals in sediments in the study area
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Figure 7 Distribution of potential ecological risk of heavy metals in farmland soil in the study area
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Table 5 Index of potential ecological risk of farmland soil and sediment in the study area

I H Ttems Cr Ni Cu cd Zn As Sh Pbh
A -3 i 1.37 6.7 21.2 111 8.3 85 159 18
Upstream farmland soil N 0.42 25 8.1 20 13 3 20 95
R 2.11 113 417 476 26.4 416 1004 1366
AU 552 {(i8 {LiS 1% Ly ik g B 1%
A -3 ¥fH 2.08 3.3 9.4 70 5.0 56 223 30
Downstream farmland soil N 137 0.7 5.1 11 13 14 34 4
KA 3.05 11.0 21.6 267 16.3 282 881 129
AU 252 {[iS {LiS % hag ik hag [ fi%
IR ¥l 1.46 7.6 325 330 15.7 323 908 66
Upstream fluvial sediment B/ME 0.90 48 14.0 15 5.6 73 97 26
Iro.N:E 2.41 10.4 216.2 933 324 832 2105 144
TR 252 ik ik ik ey ik e e 5 hag
TR BESL(EN 1.48 8.5 23.6 219 10.9 272 960 80
Downstream fluvial sediment /MA 0.73 33 6.1 69 3.7 70 312 25
RKME 3.33 24.0 46.1 352 16.7 590 1420 129
TR 2 2% i {8 fi% 15 fi% =] e Hhag

A o X H Sun UG E AR RIE T2 R0 R Ak
358 F R LK S a8 FLERAY CuZn .Cd .Pb 5351 R
17.1.59.2.0.311.93.8 kg-hm™-a™" , A HF5E h A3 A i A
HH 1325 40 a [B]YC4E ) Cu Zn .Cd .Pb BB AT £
Al BESEAHEIE P AR HH 37 I 0 X R R SR e ) s
ik T 5 S 38, T A VI S AR X A /b 10 B B 4 47 1
KA B B R, B T E AR S i A
XF b, T A A 1 v EE 4 e A A A Rt A X D
o BIFGE X A FH A 8 T 4 R A AR TR X R
TESBI AR (K6, BUENRELRNFE

1% WHART]

R ATHOR BAT BRI it i ANAR 58 ) 6 I T < PO
J1o RE ARG R ZAR, CRIE T KRN
HJm M L AT RER 1 DX I TR 15 YR, AT ST
"I R P SR BCHE It R 7 B <5 Jom A DS P o o e REL BB
SRR

3 #ie

(DBFFE XA 3 R UM 232 BE A IX K
PRFTIE] B . B JE (R Cr I NSk ) & (&
BN R = TOURRY s TR 4, H¥ e T
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Table 6 Flux of sources and sinks of heavy metal in the study area

IR IX TR IX
JLE Upstream study area Downstream study area
Elements  f2" A i 4

Tailing/t ~ Farmland/t  Tailing/kg Farmland/t
Cu 146+57 2.35+1.10 69.3+16.3 0.435+0.318
Cd 12.846.0  0.055+0.066 4.53+1.48 0.018+0.024
Zn 1 782+688 24.0+18.8 854+387 9.03+8.45
As 1233+589 5.38+6.44 507+315 2.14+2.30
Sn 676+475 2.47+3.52 950+585 3.28+2.98
Sh 588+361 2.65+2.87 387+238 2.56+2.44
Ph 856719 4.25+5.35 789+488 5.51+6.75

S, A H 114 Cd . Zn . As . Cu Fl Pb £ AE A [7) R BE /Y
AR (GB 15618—2018)Fi 42 .

(2) b 43 Cu.Cd . Zn . As .Sn . Sb #I Pb, F
Je A H 43 Cd  Zn Al As YR TR 35 R ET X
W, N4 H 4 3% Cu . Sn . Sh 1 Pb I 58 T iiF 1%
FEk )R, B R WA A Cr A NG AR TR RN
A EE

(3) W5 X A HH A 4 25 Y 5L K K Sn . Sb, UL
FHY) F 5 Y JL K H Sn . Sb. As . Pb.Zn fl Cd., 5T
XA H A3 TR 43 Ak i e s A= 25 U K
A A 285 XU 1) R 26 N Cd L As F Sb.
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