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Abstract

In order to explain the effects of mining production and metal smelting on the growth and quality
of crops around non-ferrous metal mining areas, taking mulberry, a characteristic crop in north-
west Guangxi as the research object, the heavy metal content in 0 cm~20 cm surface soil of mulberry
roots, stems, leaves and roots was determined by inductively coupled plasma mass spectrometer.
Single factor pollution index, Nemerow comprehensive pollution index and geo-accumulation index
were used to evaluate the soil pollution status of mulberry field sample plots in different investiga-
tion areas. The results showed that the contents of manganese, copper, zinc, arsenic, selenium, cad-
mium and lead in the soil of most mulberry plots were higher than the background values in
Guangxi, the maximum multiples of exceeding standard were 187.58, 10.42, 40.80, 87.69, 12.76,
270.08 and 37.24 respectively, and the most serious was cadmium. The heavy metal pollution in the
soil of the mulberry field in the adjacent mining area is more serious than that in the non-adjacent
mining area. The Nemerow Comprehensive Pollution Index of the soil in all the mulberry plots was
over serious. According to the national standard of heavy metal limit for food, feed and Chinese me-
dicinal materials, the heavy metal content of some mulberry roots, stems and leaves has exceeded
the standard, and the heavy metal content of mulberry soil around the mining area is higher, how-
ever, the content of heavy metals in mulberry is relatively low and the enrichment coefficient of
heavy metals is relatively small, which indicates that mulberry has a strong tolerance to heavy met-
als. Therefore, it can be seen that the heavy metal pollution in the mulberry soil around the non-
ferrous metal mining area in northwest Guangxi is serious, and mulberry varieties with low accu-
mulation of heavy metals and strong tolerance are planted, supplemented with necessary agro-
nomic measures or other measures to improve the soil, the aim of quality safety of sericulture prod-
ucts and rational utilization of land resources can be achieved.
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2.4, BURALIE ST

FEAFE A NE S EA B, GRBCFE, BUEH P + brdEzE” FoR. Bl a5 i
Excel 2010 A1 IBM SPSS Statistics 22 i#47, #:FIH Origin 2024 347

3. B/RE S
31 RELTRHNECRIE

ANEAA R S I pH MBS RS8N K 1AE 2. SBHEIICERN 16 -8 5E[19], 1E
Mo A, s L B TR AL AR RS EIN A AR AR, RO ARATECD 0N 187,58, 10.42.
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Table 1. The pH value and heavy metal content of mulberry plantation soil in different survey plots

=1 AREIAEH#BRELRN pH EEESE

REH 2 E s .
Sample plot  pH value Heavy metal content/mg-kg
number Mn Cu Zn As Se Cd Pb

01 4.55 +0.09 345.75 £ 54.19 56.84 £9.55 234.81+£36.95 36.89+4.50 238+0.21 0.47 £0.07 54.17 +£3.88
02 524 +0.01 660.38 + 125.92 45.67 £8.99 203.10£37.46  61.09+9.79 145+0.23 0.63+0.13 36.09 £2.79
03 6.71+£0.00 770.79 £ 128.90 7097 £12.42 35154+59.32 36.94+4.74 1.99 +0.05 0.78 £ 0.06 107.73+7.49
04 6.87 £0.01 837.57 £ 144.18 60.06 £10.26  345.25+62.26  69.04 +9.96 235+0.28 1.04+0.11 64.00 £5.34
05 7.33+£0.07  1090.09 + 160.68 100.18 +17.49 1147.75+191.86 118.03 +16.94 4.49 £ 0.69 2.85+0.20 201.09 + 13.29
06 6.18 £ 0.02 565.97 £ 69.01 32.41+£3.22 119.84 +7.64 61.31+5.66 2.76 £0.33 0.57 £0.09 40.56 £4.11
07 542+0.66 18327.94+3541.66 216.64+40.02 423.16+49.72 872.55+221.84 5.08+0.57 2.97+0.40 336.45+37.91
08 5.09 £0.08 829.87 £1.51 28.32 £1.56 80.12+9.29 55.30 £ 0.58 1.65+0.03 0.22 £0.02 30.60 £0.43
09 4.09 £0.02 928.05+7.11 37.19+1.44 89.83 £12.90 63.08 £ 0.54 2.58 £0.09 0.22+0.01 39.94 £0.43
10 583+0.02  2726.27 + 443.50 64.43+12.03  353.42 +64.18 42.67+£7.01 322+0.14 1.06 £0.12 85.49 £5.95
11 6.13+0.01 15017.66 = 2026.70 5047 £4.11 155.06 +7.29 20.14 £1.26 2.25+0.22 2.12+0.16 42.34 £3.39
12 7.46+£0.01 27173.25 + 2363.86 43.42 £2.55 188.01 +4.04 27.07+£1.01 2.88 +£0.37 2.24+0.17 35.63 £1.67
13 752+0.01 32405.61 +2736.84 4150 £2.33 199.57 +4.44 2294 +1.10 3.40+0.18 2.90+0.13 208.89 + 11.29
14 7.63+0.03 25193.35+94.89 40.71£1.03 128.63 +3.42 23.93+0.57 2.33+0.01 1.54 +0.02 37.56 £ 1.26
15 6.33+0.05 15779.16 +185.29 42,51 £0.53 138.96 +4.79 21.34+£1.33 1.39+0.13 0.64 +0.02 34.43+£0.77
16 8.06+0.01 26708.58 + 319.68 47.92£1.15 187.81 +0.00 28.77 £1.00 3.56 +0.03 2.45+0.07 31.53 £0.69
17 545+0.04 23637.16 + 149.22 65.61 +0.69 223.80 £0.00 27.87+£0.95 3.10+0.12 1.72+0.03 34.14+£0.16
18 469+0.28 20358.04 + 303.02 45.06 £ 1.06 186.62 + 3.92 21.12+0.20 251+0.11 1.90+0.03 35.98 £0.56
19 6.80£0.03 24756.86 + 307.87 47.81£0.66 206.24 £13.84  22.21+0.04 218+0.25 2.56 £0.02 36.09 £ 0.56
20 5.87+0.04 12321.38 +430.08 40.27 £0.20 120.20 £ 9.57 23.10+£0.35 1.46 +0.07 0.43+0.03 35.01+0.14
21 6.39+£0.01 1595.54 + 226.13 50.66 +5.08 646.13 + 43.16 33.72+£3.67 2.89 047 1.09+0.12 411.37 £37.45
22 7.20+0.01 1187.77 £ 194.76 3559+4.04 189416 £179.14 93.48+11.00 2.08+£0.48 16.21+1.73  700.88 + 74.97
23 7.05+0.01 336.90 + 78.69 20.29 £ 4.06 118.27+18.04  22.94+4.83 1.03+0.45 0.78£0.18 30.89 £4.94
24 7.60 £0.02 616.49 + 153.80 71.69+15.29 72487 +11444 81.72+16.65 1.91+0.49 516 £ 1.01 476.9 £ 71.53
25 790+0.02  1288.99 + 289.47 44591522 255945511 61.21+26.82 1.39+1.34 1.23+1.23 34.09 £14.92
26 7.70+£0.14 346.60 £ 73.13 47.03+£7.13 422.78+133.76 54.93+2.80 0.73+0.33 471+1.08 117.39+8.18
27 7.29+£0.04 238.04 + 65.86 53.00+6.70 631.99+111.80 63.92+25.64 1.30+0.30 231+1.48 92.61+11.16
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28 6.40+0.02  3562.12 +555.51 64.43+4.84  481.14+10.51 7458 +4.57 7.53+0.11 13.86 +£1.08 92.64 +8.54

29 6.92+0.01 103.09 + 10.09 3511+2.36 107.57 +2.20 12.50 £ 0.76 1.33+£0.02 0.78 £0.04 40.44 +2.86
30 594 +0.01 113.25 + 31.96 1744521  163.61+37.13  16.86+4.71 0.83+0.51 0.96 +0.23 45.48 +27.70
31 7.55+0.02 263.45 £ 39.98 15.82+£1.94 131.92 £ 9.96 16.82 £ 1.68 1.50 £0.40 1.99+0.16 27.36 +3.44

32 6.64 +0.02 268.28 + 76.35 16.57 +4.26 200.55 + 38.95 13.85+3.48 1.89+1.11 2.20+0.46 32.07 £5.32
33 7.31+£0.01 456.16 + 117.64 35.08 £8.10 339.19+£59.39  39.75+10.07 0.98 £0.42 1.35+0.29 38.84 £5.90
34 7.20+0.01 865.42 + 106.65 93.85+7.29 22478 +1059 2458 +£2.02 6.57 +0.47 2.19+0.23 69.52+6.11
35 5.48 +£0.02 347.98 + 106.90 174.69+51.85 121.86+19.88  22.62+6.29 0.60 +£0.40 0.99+0.34 37.70 £6.96
36 6.82+0.01 209.87 +45.84 2528 +5.13 163.52 + 24.40 16.86 +3.37 1.18+0.57 1.89+0.53 35,57 £5.41
37 6.89 +0.02 376.88 + 99.06 20.30£5.01 259.97+171.42 20.61+5.04 2.26 +0.93 1.88+0.35 27.29+4.70

38 4.41+0.02 413.61 +£104.25 40.91 +£9.06 156.15+£29.37  26.84+4.70 0.95+0.37 0.35+0.06 58.06 £9.91
39 5.58 +0.01 536.81 + 156.38 31.63+846  236.16+51.26  29.81+8.66 3.05+1.20 1.76 £ 0.46 63.54 £11.29
40 557 +0.02 839.72 + 209.64 5918 +12.73  254.32+4154 6756 +15.37 1.86+£0.85 1.63+0.37 75.10 £11.65

W RCER )T P R S BN B 172.75 mg/kg, 1 20.79 mg/kg, %% 46.43 mg/kg, fif 9.95 mg/kg, i 0.59 mg/kg, 4% 0.06 mg/kg, %% 18.82
mg/kg.

Table 2. Statistical analysis of heavy metal content in mulberry plantation soils in different survey plots

=2 T RIAEHBRETRECR A ENRIT SN

EERAR A5 5 A
I\ — ZIN
Rl Heavy metal content/mg-kg

Detect elements Coefficient of

variation/%

1 ON Izl /M SRDA /S BAREME  JUrE
Mn 32405.61 103.09 838.65 6610.02 1518.33 152.66
Cu 216.64 15.82 44.82 53.28 45.15 71.96
Zn 1894.16 80.12 204.67 315.46 237.32 104.72
As 872.55 12.50 29.29 61.26 37.07 218.49
Se 753 0.60 2.13 2.37 2.02 62.03
Cd 16.21 0.22 1.68 2.31 1.45 136.80
Pb 700.88 27.29 40.50 100.88 62.00 140.41

Table 3. Statistics on the number of mulberry plantation whose detected element content is higher than the soil pollution risk
screening value and control value of agricultural land
# 3 KWNTRSESTRAMDIRSENEFEEMEIRENRERES T

— S
TCER AR Mn Cu Zn As Se Cd Pb
Element name
i T 10/25%  18/45%  18/45% — 38/95%  7/17.5%
Above filter value
= oS g
m TR — — 1/2.5% — 8/20% 0/0

Above control value

e © B E HT A A A H a9 XU 545 1 (GB 15618-2018) 1 /b ¥4y B & JR e B S B RAE, BT AL AB AR
Tikgi, <27 Fors @ RAPEER <17 miERETE, 2 RAZIT RS EAB R B SEIEBUL AT S 2 L.
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32. RELTIMWESETHENRA
3.2.1. BEFSRIEBMAETZESTRIER

MRHE 2.1 pysEiesids, SR TEAN TR P RIS SEH, AT AR SR b 3 SR R TS
PAREA N D SR GT5 e U H A R IR 40 W FI5 8 ECRE, 4847 (92.9 %) ir 481 X & [d
SR Sy b R A T B S G, DA 1 (58.3 %) AEUT ARH X 3% [ 458 A v v R 2 B P Bl EE Y
B o 2 S el T AR AR A L TS s MM D SR G I5 YR 8Ok E , Bl 2 Sl 338 N E V5 4

3.2.2. HIRFEH

NT DU E BT X A 1 Sl 8 AR 5 Yt L, DA B b B S AN [
HEBITR MM 2, AR E A5 G0N B, AT AN R A 1 5 Pl 1 49 7 4 & 5 G Fr
SARBOHAT LB T, BARZ R W 5.

Table 4. The single factor pollution index and Nemerow comprehensive pollution index of heavy metals in mulberry plantation soil
from different survey sites

A ANFVE IR 5 P R R SR TS R SO A B SR TS YR B

B WP SRR
b B SEREE S Nemerow
Sample Single factor pollution index comprehensive
plor; pollution index
number _ T T T T L T mhe lEES
i-Mn /‘:—féﬁ i-Cu %g& i-Zn %g& i-As %g& i-Se /‘:—féﬁ i-Cd %g& i-Pb %g& N ’Sﬁéﬁ
01 2.00 I 2.73 I 5.06 v 371 v 403 1V 7.83 v 2.88 Il 6.23 v
02 3.82 v 2.20 it 437 v 6.14 v 245 it 10.50 v 1.92 I 8.07 v
03 4.46 v 341 v 7.57 v 371 v 3.36 v 12.92 v 5.72 v 10.04 v
04 4.85 v 289 il 7.44 v 6.94 v 398 IV 17.25 v 340 IV 13.08 v
05 6.31 v 482 v 24.72 v 11.86 v 761 IV 47.50 v 1068 IV 35.49 v
06 3.28 v 156 I 2.58 11 6.16 v 468 IV 9.42 v 215 I 7.31 v

07 106.10 IV 10.42 v 9.11 v 87.69 v 8.60 v 49.42 v 1788 IV 80.51 v

08 4.80 v 1.36 I 1.73 I 5.56 v 2.80 I 3.58 v 1.63 I 4.49 v

09 5.37 v 1.79 I 1.93 I 6.34 v 4.36 v 3.58 v 212 I 5.17 v

10 15.78 v 3.10 v 7.61 v 4.29 v 5.46 v 17.58 v 454 IV 13.76 v

11 86.93 v 2.43 I 3.34 v 2.02 I 3.81 v 35.33 v 2.25 I 62.99 v

12 15730 IV 2.09 I 4.05 v 2.72 I 4.87 v 37.33 v 1.89 I 113.27 v

13 18759 1V 2.00 11 4.30 v 231 11 5.75 v 48.33 v 1110 IV 135.25 v

14 14584 1V 1.96 I 2.77 I 2.40 I 3.94 v 25.58 v 2.00 I 104.79 v

15 91.34 v 2.04 I 2.99 I 2.14 I 2.36 I 10.58 v 1.83 I 65.59 v

16 154.61 v 2.30 I 4.05 v 2.89 I 6.03 v 40.83 v 1.68 I 111.41 v

17 136.83 IV 3.16 v 4.82 v 2.80 I 5.25 v 28.67 v 1.81 I 98.51 v

18 11785 IV 217 I 4.02 v 2.12 I 4.25 v 31.67 v 1.91 I 84.96 v

19 14331 IV 2.30 I 4.44 v 2.23 I 3.69 v 42.58 v 1.92 I 103.34 v

20 71.32 v 1.94 I 2.59 I 2.32 I 2.47 I 717 v 1.86 I 51.24 v
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21 9.24 v 2.44 I 13.92 v 3.39 v 4.90 v 18.08 v 2186 IV 17.16 v
22 6.88 v 171 I 40.80 v 9.39 v 3.53 IV 270.08 v 3724 1V 194.59 v
23 1.95 v 0.98 I 2.55 I 231 I 1.74 I 12.92 v 1.64 I 9.45 v
24 3.57 v 3.45 v 15.61 v 8.21 v 3.24 v 85.92 v 2534 IV 62.51 v
25 7.46 v 214 I 5.51 v 6.15 v 2.35 I 20.50 v 1.81 I 15.22 v

26 2.01 I 2.26 I 9.11 v 5.52 v 1.23 I 78.42 v 6.24 IV 56.45 v

27 1.38 I 2.55 I 13.61 v 6.42 v 2.20 I 38.42 v 492 1V 28.06 v

28 20.62 Iv 310 v 10.36 v 7.50 Iv. 1276 IV 230.92 v 492 IV 165.89 v

29 0.60 I 1.69 II 2.32 I 1.26 I 2.25 I 12.92 v 215 I 9.43 v
30 0.66 I 0.84 I 3.52 v 1.69 II 141 I 15.92 v 242 11 11.57 v
31 1.53 I 0.76 I 2.84 I 1.69 I 2.54 I 33.08 v 1.45 I 24.91 v
32 1.55 I 0.80 I 4.32 v 1.39 I 3.19 v 36.58 v 1.70 I 26.35 v
33 2.64 I 1.69 I 7.31 v 3.99 v 1.66 I 22.42 v 2.06 I 16.40 v
34 5.01 v 451 v 4.84 v 2.47 I 1114 IV 36.42 v 369 IV 26.66 v
35 2.01 I 8.40 v 2.62 I 2.27 I 1.02 I 16.50 v 2.00 11 12.19 v
36 1.21 I 1.22 I 3.52 v 1.69 I 1.99 I 31.42 v 1.89 I 22.64 v
37 218 I 0.98 I 5.60 v 2.07 I 3.82 v 31.25 v 1.45 I 22.61 v
38 2.39 I 1.97 I 3.36 v 2.70 I 1.60 I 5.83 v 3.08 IV 4.63 v

39 311 v 1.52 I 5.09 v 3.00 v 5.17 v 29.25 v 338 IV 21.30 v

40 4.86 v 2.85 I 5.48 v 6.79 v 3.15 v 27.17 v 399 IV 19.98 v

e B PiA Py A AN R TG PR B SE B TS YR 8, BRI TSR Pi< 1, BTG Y, FIER: 1<Pi<2, BTREGY, HAIERR; 2
<Pi<3, BTHEFREHEEFY, HIEKR; Pi>3, BTEEFYE, AIVER. AP SEABEREHPY<0.7, BTHELEY:; 07<Py<l1,
BT I, ARG R, 1<Py<2, B TR, KR, 2<Py<3 BTG, HIER, Pyv>3, BTHEEERE, HIVER.

Table 5. Comparison of geo-accumulation index of heavy metals in mulberry plantation soil among different sample plots

=5 TEFEHMRETHRES BB RRIEHELR

Fe g = lgeori5 44554 Pollution level
Sample plot number Mn cu Zn As Se cd Pb
01 0.42/1 0.87/1 1.75/2 13172 1.4212 2.38/3 0.94/1
02 1.35/2 0.55/1 1.54/2 2.03/3 0.71/1 2.81/3 0.35/1
03 15712 1.1972 2.34/3 13172 1.17/2 3.11/4 1.9312
04 1.69/2 0.95/1 2.31/3 2.21/3 1.41/2 3.52/4 1.1812
05 2.07/3 1.6812 4.04/5 2.98/3 2.34/3 4.98/5 2.83/3
06 1.13/2 0.06/1 0.78/1 2.04/3 1.64/2 2.65/3 0.52/1
07 6.14/6 2.80/3 2.60/3 5.87/6 2.52/3 5.04/6 3.58/4
08 1.68/2 ~0.14/0 0.20/1 1.89/2 0.90/1 1.26/2 0.12/1
09 1.84/2 0.25/1 0.37/1 2.08/3 1.54/2 1.26/2 0.50/1

DOI: 10.12677/aep.2026.162022 210 N RI R Y


https://doi.org/10.12677/aep.2026.162022

F2H, PHE F

Bk
10 3.40/4 1.05/2 2.34/3 1.52/2 1.86/2 3.55/4 1.60/2
11 5.86/6 0.69/1 1.15/2 0.43/1 1.34/2 4.56/5 0.58/1
12 6.71/6 0.48/1 1.43/2 0.86/1 1.70/2 4.64/5 0.34/1
13 6.97/6 0.41/1 1.52/2 0.62/1 1.94/2 5.01/6 2.89/3
14 6.60/6 0.38/1 0.89/1 0.68/1 1.39/2 4.09/5 0.41/1
15 5.93/6 0.45/1 1.00/1 0.52/1 0.65/1 2.82/3 0.29/1
16 6.69/6 0.62/1 1.43/2 0.95/1 2.01/3 4.77/5 0.16/1
17 6.51/6 1.07/2 1.68/2 0.90/1 1.81/2 4.26/5 0.27/1
18 6.30/6 0.53/1 1.42/2 0.50/1 1.50/2 4.40/5 0.35/1
19 6.58/6 0.62/1 1.57/2 0.57/1 1.30/2 4.83/5 0.35/1
20 5.57/6 0.37/1 0.79/1 0.63/1 0.72/1 2.26/3 0.3111
21 2.62/3 0.70/1 3.21/4 1.18/2 1.71/2 3.59/4 3.87/4
22 2.20/3 0.19/1 4.77/5 2.65/3 1.23/2 7.49/6 4.63/5
23 0.38/1 —0.62/0 0.76/1 0.62/1 0.211 3.11/4 0.13/1
24 1.25/2 1.20/2 3.38/4 2.45/3 1.11/2 5.84/5 4.08/5
25 2.31/3 0.52/1 1.88/2 2.04/3 0.65/1 3.7714 0.27/1
26 0.42/1 0.59/1 2.60/3 1.88/2 —0.29/0 5.71/5 2.06/3
27 —0.12/0 0.771 3.18/4 2.10/3 0.55/1 4.68/5 1.71/2
28 3.78/4 1.05/2 2.79/3 2.32/3 3.09/4 7.27/6 1.71/2
29 —-1.33/0 0.171 0.63/1 —0.26/0 0.58/1 3.11/4 0.52/1
30 -1.19/0 —0.84/0 1.23/2 0.18/1 —0.09/0 3.41/4 0.69/1
31 0.02/1 —0.98/0 0.92/1 0.17/1 0.76/1 4.46/5 —0.05/0
32 0.05/1 —0.91/0 1.53/2 -0.11/0 1.09/2 4.61/5 0.18/1
33 0.82/1 0.17/1 2.28/3 1.41/2 0.15/1 3.90/4 0.46/1
34 1.74/2 1.59/2 1.69/2 0.72/1 2.89/3 4.60/5 1.30/2
35 0.43/1 2.49/3 0.81/1 0.60/1 —0.56/0 3.46/4 0.42/1
36 —0.30/0 —0.30/0 1.23/2 0.18/1 0.41/1 4.39/5 0.33/1
37 0.54/1 —0.62/0 1.90/2 0.47/1 1.35/2 4.38/5 —0.05/0
38 0.67/1 0.39/1 1.16/2 0.85/1 0.09/1 1.96/2 1.04/2
39 1.05/2 0.02/1 1.76/2 1.00/1 1.79/2 4.29/5 1.17/2
40 1.70/2 0.92/1 1.87/2 2.18/3 1.07/2 4.18/5 1.41/2
E: @« RIBT AT RS @ ZIRMRBRE D EARAE, 1eo<0, N O, FoRLIGH: 0<lgo<l, N

V4, RIS S
3< g0 <4, WAL, FAUITH:
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M 4 A2 S TR, EARBT MR AR T, . B B B Al R
AFRREERTG S WSROI I RRE, I MR S bE R IR A i 2
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Ga

1<lgeo<2, N2, FRPEGY: 2<lgo<3, HI3H, R[5 4e5mi5 G,
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Figure 1. Comparison of grade differences in single-factor pollution index of different heavy metals in the survey plots
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Figure 2. Comparison of grade differences in geo-accumulation indices of different heavy metals in the survey plots
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3.3. ENARMBUNESESE

AN TR A 1 SR 3 20 (25 ) RO R (IR M B 8 & i 5 R LR 6. WK ISE R,
FWAR . M PAFEESECRS BN ESERAT 0 8: o> B> 8 > > B > 8> il >
BE > B > M > B> B > MVEL > BE > M > Y > il > il > R, S EMA A SR E S,
TERL K 25 R S FR Ebndl, EBr BR. 25, ME SRS B OB, H Sk S b
DL ™ E[21]-[24]

Table 6. Contents of heavy metals in the above-ground and underground parts of mulberry trees in different survey plots

6. TEPAEHMERG ERMTHINESCRERE

TR L
Heavy metal content/ mg-kg .
ML . Y g% AR RH
Mulberry - = o o, ; Coefficient of
organization Element By‘j.:ﬁ B.i/.ME ERE VA %jtiij{%i ﬂ‘ﬁﬁjﬁ variation/%
Maximum Minimum Median Arithmetic  Geometric
value value mean mean
Mn 541.45 29.42 12.42 151.61 113.01 80.39
Cu 31.40 1.78 4.36 6.74 5.73 96.13
Zn 229.21 15.03 8.39 52.71 74.52 81.25
iR As 25.62 0.20 1.56 3.17 1.92 157.41
Root
Se 1.41 0.03 0.21 0.28 0.19 93.38
Cd 2.19 0.11 0.40 0.50 0.55 91.29
Pb 24.90 0.71 2.63 4.90 11.75 118.83
Mn 259.44 19.18 68.54 88.88 115.30 66.55
Cu 19.08 3.44 8.89 8.78 8.52 36.22
Zn 202.23 14.99 38.40 42.80 44,13 72.55
= As 46.00 0.14 1.40 3.17 1.26 229.02
Stem
Se 0.78 0.03 0.15 0.22 0.13 77.27
Cd 1.66 0.05 0.13 0.23 0.16 134.78
Pb 144.80 0.84 13.44 26.32 44,96 117.02
Mn 753.19 23.08 159.32 210.86 249.17 87.25
Cu 22.26 5.19 7.23 8.41 10.47 46.61
Zn 245.12 20.65 37.08 49.10 55.87 96.02
it As 10.69 0.21 0.98 1.91 1.92 125.13
Leaf
Se 2.44 0.02 0.22 0.33 0.16 121.21
Cd 1.38 0.03 0.07 0.14 0.13 178.57
Pb 8.09 0.81 1.60 2.24 1.80 75.89

34. EEREERN

MR A SR e I e AR AL R R, AP E AR N E SR E R R, B
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ERNE 7. NEARYERE, FWIR, Z.HESEEERKEINEFTHIN: 45 > & > & > il >
o> o> B EY > B > BB > W > B> L E > B> W > il > 8 > B > 8. Bk,
EWAFAL(R 25, XN ES B CENEER A LR, RSN FRELSE TR E £ IR
B

Table 7. Comparison of the enrichment ability of different parts of mulberry roots, stems and leaves for heavy metal elements
7. RRREMARSUMNESEETRNESEILE

‘H 4 23 Enrichment coefficient

ibeny  E Rk FARMI LTSI Coutrommt
" B = AW 2 Al I3 -
Mulper;y Element N aximum fhMA AL Arithmetic ~ Geometric Coef_f|tc3|en/2/of
organization Minimum value Median variation/%
value mean mean
Mn 0.53 0.01 0.10 0.13 0.21 96.28
Cu 0.59 0.02 0.12 0.16 0.10 90.58
Zn 1.02 0.04 0.19 0.22 0.30 76.55
1R As 0.62 0.00 0.04 0.09 0.04 14551
Root
Se 1.38 0.03 0.10 0.15 0.09 141.76
Cd 2.58 0.05 0.25 0.41 0.63 113.80
Pb 0.66 0.01 0.04 0.08 0.18 143.72
Mn 0.56 0.00 0.06 0.11 0.21 125.14
Cu 0.62 0.03 0.19 0.22 0.15 64.84
Zn 0.43 0.02 0.18 0.19 0.18 54.21
= As 0.39 0.00 0.04 0.07 0.03 121.12
Stem
Se 0.51 0.02 0.08 0.12 0.06 95.03
Cd 1.02 0.01 0.09 0.19 0.19 119.41
Pb 1.82 0.01 0.20 0.42 0.71 123.95
Mn 1.36 0.00 0.25 0.37 0.06 110.69
Cu 0.65 0.04 0.16 0.21 0.18 67.92
Zn 1.09 0.03 0.20 0.23 0.08 88.81
I
T As 0.56 0.00 0.03 0.06 0.11 182.86
Leaf
Se 0.54 0.01 0.13 0.18 0.21 89.93
Cd 0.69 0.00 0.05 0.11 0.03 144.43
Pb 0.20 0.00 0.03 0.05 0.02 99.88

35 Rttt ERMINVECBILIEEE

FEYIX 4 R B Ia fig 0 ] e IE REORUEH . ARIE S B At i M E e R & &, it
SO AR B B 2 U 3R HO e I8 R AR LA 3. b ml g, B 2N g m T RN s RE A —
MIZESFE. ARXTTO S, SRR, SRS RE TR0, SATCEE)HY. W, Bh. HRFIZRE 1 BR, T
HR XY RE ) S5
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Figure 3. Comparison of the average transport coefficients of mulberry for different heavy metal elements
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Figure 4. Comparison of heavy metal content in soil of mulberry plantations around non-ferrous metal mining areas
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FERETG LA e Jm i X A L R R R b, AR S RN E SRS EEREOR, MR 7
MEEBICEKE, T X FR MR E SR 0T E& YRS TIRE WM XOLE 4), 245 R 5.
BARE. WA E. EW. ERINE NS RARRL[25]-[30]. ERERER Y, SR HEKELET
ARV B BF B, HUONHANES, 124500 5 VSR AR R Fe 4 RARA[31]. i) 0 IA S
Pl - 398 7 < R ¥ G R AL, Gl S A s AL T A R [32]-[34] . AEAEMIR B IR, fLIEAIAK
iR, o i a1 4 R S Y I SRR 2 —[35] [36]. ANIF)Sk[E LR E &R A R R, 5 e
AR R R HIR AR RN, RN “AteRes” , AtsEm LR LETN
HESHE, BT BT E AR ESCR, PRIk %, BT X RIS R TR
RIS, TR0 E TR 0 RORGEHBIX, 3 G & 5 G4in BRI AR S I A8 AT S [31].

42. ZERAFBUEECESENER

Table 8. Correlation of heavy metal content in different parts of mulberry tree and corresponding heavy metal content in soil

8 RNTAERNUEERSESTREANESRESERNMEXMY

FAH R #H 403 Heavy metal element
Mulberry organization Mn Cu Zn As Se cd Pb
R Root 0.791™ 0.071 0.348" 0.041 0.376 0.263 0.309
2 Stem 0.473™ —0.051 0.238 0.050 0.122 0.111 0.214
- Leaf 0.503™ -0.034 0.178 0.113 0.535™ 0.090 0.439™

e BPEFIFMER 7 RRBEMIKP <0.05), HFFMHM “” R RFEMILP <0.01).

B X

ELRERE
Heavy metal content / mg kg™
(=2 )

IS
1

H4RILH Heavy metal element

Figure 5. Comparison of heavy metal contents in different parts of mulberry trees in mulberry plantations around nonferrous
metal mining areas

E 5 AeeRV XEAARERMNIRMLEERESELK

S E A BRI B R T PR [37], (EAN ] S it Aot B [ — SR it o PG AN ) 3 5 0] 2 < Jo PO W AR
BRENIAH — B R[38]. HMIAE NI, FMH E AR B S R U B OR T HARER[39], (HASE
Wa R SR RABRER . ZWAFIRALY g m B Ire IR, RS A SXT EEEITRL
WRSCRIEEIZ RE A 0%, W /e S e i L3PV . B RT RN A RS R B E IS
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fitis AR SR SRR A R XEHE NI, LR SZAVEE A, JHR R b E s & T
RS, MR K E RSB SREERNESE SRR MR, B4 ER&MKAR40]. f£4K
WETEH, SREAN R B (Y B < 2 5 S ] 3 < S R A S M e S SR LR 8. L, S b
o GEAN) 4R 5 5 3 AR S R R OO, AT REAE T St B AR B AR s e T LA, HAR
AN A PR S A, R EE T RAEM R 8803, BRI TR B0 A0 4 & DR e e, IR RS B 5RO A
NFTAHEE RAEA[41] [42] 0 1T ARA X Sl -3 1) 5 < J & A O B (1 4), P bL SRR X SRl v,
SR A B < )P S B b v T AR AR X, BARTEDLILIA 5.

4.3. RREEX~HEHREFIA BT

2, HFAMIPARERRE, VS EEHEEREEEELZERN, Efha L@y X E
I A 2 RS KRN - 885 52 BN [FIRR BE 1035 G, AR A A X 3y e ol L i E [31] ) A
AR S Je FoAthfe i, BTS2 B S8 S A RIAEER T2 m, K7 SR & R AR LR
i 43]. W AESAEE, S AEA. SRAZGH; SWELF4ERIE, nTUH T4, i
TEHARER TIEM B R SR eTHESSE, Wl DUE RIS e . UG ERHR K EM R, 8
T DRBUEYE RSy, T BRI IT[10] [44] [45]. 16 Z SR IRA TR AP ST R e, e s
A B AT SRR AR AT T, WA BRI vE I T A A 1 2 S sk AT G B JR AN
R, REARINEFE SR R[33]. FEAHETE AT RAE S AT I, 38 AR R B R o by,
i, 22,5001 S BRI 150 1) SR B B T T R A AR dE, 27.59% ) SR R 2.5% 0 5
MR AR T E MR AR, IR, FERTA ISR ZE R S b, AR G 1 R
T 20 mglkg, AEEEFENAMMEH[21]-[24], 245875 TSNS RARLL27], (B 518 5 BE[37]
iR e MR E e —8, FRHER, — 5 ] Gt BT I AR 78 Atk & S0 i M OR [R], 58 — D T AT RE 2
F T 3507 VR A 1t % el 398 1 R 4 R A R AT R

4.4, 7 XBL LM BTR SR A B RE

MR A IREY], SR EAEORIE SR A —E )R igae s, TRMERY X AL E SR
T e L IRAME S HEY[5] [46]. 1A S5 ABEIT 1 SR LA S S T5 BB e, BN ik
JERIEE & 77 DTPA AT Hsfirh Cd #e e iiiic be Ph SRERFE S IREL[47], NAHIZM B E LIREG)E
QR T AMEN S . B, RIETRES R RO AAEL, A FREYIE SRR E R
BRI ESR, GHIE LIRS RIS RNBEWR, T RSN I AR IR SR B A
PER, RIS HemAE A R s A2 B 3ad, ATt A (R X R Ja 10t [X e 5% vl p 8 JE 6] [39] [42] .

45 RETREECRISRIAIER

TIEEGRIGHGAEE DRI R R MR, W AEZ R, ATRE— B, LA kIRHE,
WREMHE, AR, RWAAEEREFMEMESMELL] [12] [46]. £ 2 FHRM, SRS+ E,
s R R AR 1T, HEUILA By X 10 b L3 5 S Jm s e R SR IR 2 A N A
A HE IR o TR ERE & R AEH X 3R G w5 PB B R T, 2 BB AR A A4
Wl REANEHRI . E NS0 L G s e S BT RE T AR R, IR
TS FR B R RIS 2256 [39] [48]-[501, fHAE, ANFIAT I X 4k ) 438 B e J s BRI AN ), AU EE
YRl oA ARG R A B ZE 5, BRI, et B, BRI @B AR . HAT, TRE SR
HREMBERENEZT A BEREMEE. MY - FUEYIK S 1B R[51]-[54] HAARFR A 2L R Rt
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Yz 2 [55]-[58]\ Blfk ] + HMIERE[59]-[62] B & + HMMIEE[63] [64] A 3 i Bt 12 R [65].
i B IR AR R AR AL M AT B E[66] [67], 5. EHEIN, ELREHEMALLT AT T,
VLA @ X A S LR E SRS R e 8, v DUR I AR SRR B R A SR A SR
ARV ER, IF5 AR A B AR I ROR S s B AT DO I AN < PR o R SR bl - SR A
1%, 1B 0 PR R R 0 A R S LG T AT GRAIE S (1 15 A KR ™ b A M I H R
A MNSEBREAT I RATYE A SIS, ATE ARl a4 .

5. &

AR LA b SEIG O S it 18, AR AN i

1) EEVRALA G m e X i 2 bl s i T i Qe b )™ B, A A 7 A R T AR 4R B
By Al S EY RV SE, ROOB R EEUT )y 187.58. 10.42. 40.80. 87.69. 12.76.
270.08. 37.24, Hrv, RIS Yem N HE .

2) ANAIEEIRITCER MAF S IR R e S, TR X S 3R )R S R,
AR AR X 5 bl L ) < S AN, ATV R LA™, SR E IS PR A B, P IR AR
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3) HEM RN R E R SRR, HEWNESEEERLNEZ R AL WRM N EE
JEAT PR, A BRI E G R S B B SO R .
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