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The Accumulation Characteristics of Heavy Metals in Dominant Herbaceous Plants in the Abandoned Pb-Zn Min-
ing Area of Huize. YUAN Xin-qi'*, YU Nai-qi' , GUO Zhao-lai'> , WANG Si-chen'> , TANG Chun-dong'*, YANG Hua-
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Abstract: Soil samples were collected from the abandoned Pb-Zn mining area in Huize, Yunnan Province during October
of 2020. The dominance degree of the herbaceous plants was evaluated to screen the dominant herbaceous plants suitable
for planting in the abandoned mining areas. Soil physical and chemical properties and the heavy metal contents in soil sam-
ples were determined. Also, heavy metal contents in the shoots and roots of plants were measured to analyze the accumula-
tion and transportation characteristics of heavy metals in individual or combinations of dominant herbaceous plants. The re-
sults show that the soil in the research area is slightly acidic or slightly alkaline. The contents of Mn, Zn, Cd and Pb in
soil samples are far exceeding the background value of the area. Cd and Pb are the main pollutants in this area. There are a
total of ten dominant herbaceous plants: Setaria viridis, Artemisia lavandulifolia, Cynodon dactylon, Bidens pilosa, Imper-
ata cylindrica, Miscanthus sinensis, Woodwardia japonica, Ageratina adenophora, Chloris virgata and Polygonum hy-
dropiper. Among them, Woodwardia japonica, Polygonum hydropiper and Cynodon dactylon are excellent in the accumula-
tion of Cu, Cd and Pb ( bioaccumulation factors between 0.5 and 1. 0) , and they have a high performance for Mn trans-
portation ( transportation factors between 1.0 and 1. 5). Therefore, they can be used as a dominant combination for con-
structing plant communities. Artemisia lavandulifolia and Imperata cylindrica tend to accumulate Cu and Zn in the over-

ground part ( bioaccumulation factors between 0.5 and 1.0) and transfer Mn, Cd and Pb in the roots ( transportation fac-

YR EE: 2021-08-19
BEE£WHE . BRAKRF2EI4 (U2002208) ; = fA LT &5 H (202101A5070033,2019BC001)
@ BIE1EH E-mail; Chqduan@ ynu.edu.cn



- 400 - £ x5 &K N OB OE ¥ i

%38 &

tors between 1.0 and 1.5). Thus, they can be used as a sub-dominant combination for constructing new plant communi-

ties. The other five dominant plants have various performances in heavy metal enrichment and transportation. Among them

except for Ageratina adenophora, the other four dominant plants can be used as auxiliary species in new communities. In

conclusion, nine dominant herbaceous plants are founded to be suitable for heavy metal pollution treatment and plant diver-

sity restoration. The corresponding plant combinations can be selected according to the type of heavy metal pollution.

Key words: Pb-Zn mine; heavy metal; bioaccumulation factor; transportation factor; cluster analysis
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Fig. 1 Schematic diagram of sampling sites
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Table 1 Composition of dominant herbaceous plant species, average root length and relative importance value

e PR/ e A AL/ %
cm A B C D E F G

H BB ¥ ( Setaria viridis) 5.88+2.09 — AR A RO 28.01 4.38 10. 62 16.22
FI4E Y51 L ( Bidens pilosa) 6.24+2.29 8.40 3.42 30.92 7.02

J& B ( Chloris virgata) 9.58+3. 66 44. 67 4.35 3.50 5.28

IKE ( Polygonum hydropiper) 5.80+2.03 4.10 1.97 30.31 4.94

BF3CE (Artemisia lavandulifolia) — 6.09+1.94 ZARARA 1.96  5.03 30.99  5.00 5.58  15.95
T FAR Cynodon dactylon) 6.71+£2.19 17. 63 13.15 13.50 45.52 17.02
3 (Imperata cylindrica) 8.22+2.78 14.38  11.47 33.99 6.20 21.02
TEHE ( Miscanthus sinensis) 6.52+1.90 12.35 12.13 26. 54 10. 45 9. 65 22.59
¥ ( Woodwardia japonica ) 7.31+2.84 50.57 1. 66 8.33 4.32

ER2EVE 2% (Ageratina adenophora) 9.66+3. 35 7.94 2.00 5.32 26. 35
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Table 2 The physical and chemical properties of soil in sampling sites

Py w( &)/ w( AP/ w( &%)/ KB/ Kk w/
(g-kg™") (g-kg™") (g-kg™") (g+em™) %
A 0.79+0. 19* 10. 02+1. 93° 1. 08+0. 10* 0.99+0. 02° 22.42+3.33°
B 0.86+0.11* 9.78+2. 15 1.16+0. 19° 0.95+0. 02° 19. 066. 89°
C 0. 810. 26* 8.34+3.78" 1.22+0.18* 1. 00£0. 06° 20. 43+6. 83°
D 0. 99+0. 22° 10. 36+1. 82° 1.15+0. 18* 0. 96£0. 02° 21.55+2.18°
E 1.05+0. 11" 10. 08+ 1. 82° 1.25+0.07* 1. 0420. 04* 19. 39+3. 36°
F 0. 830.27* 11.30+1.27° 1. 18+0. 16° 0.97+0. 05° 22.49+3. 26
G 0.710.12* 10. 45£2. 13 1. 13+0. 24° 0. 98+0. 06° 20. 50+2. 24°
CK 0.73%0. 14* 11.05£1. 25° 1.45+0. 09" 1.19+0. 07" 21.55+3.61°

PRI AREZE (n=5) ; [Fl—FV BRI TS/ NG TR R R R A RIRAE SRR bR 22 5+ B3 (P<0.05)

*3 XESITEESERE

Table 3 Soil heavy metal content in the sampling sites

w/(mg - kg™")

o b
REER pH Mn Cu n cd Pb
A 6. 89+0. 13° 972.34+71. 07* 251.97+65.51°  615.56+161.75° 2.77+1. 58% 692. 97+200. 81*
B 7.000. 13% 948.36+189.01°  246.25+64.52%  724.04x114.20% 2.37%1.60* 598. 89+116. 46*
C 6.99+0. 15% 927.71+111.92*  263.75+39. 67% 742.25+282. 47% 1.93+0. 96 766. 11£101. 87"
D 7.02+0. 16% 971.04+128.20°  285.13+59.21®>  835.58+134. 62" 2.72+1.21° 649. 83+128. 90°
E 6.95+0. 15% 972.43+178.59°  305.46+55.86%  641.96126. 17* 3.28+1.78% 585. 46+146. 32°
F 7.000. 10 930.75+218.61°  316.79+57.32" 614.58=114. 30 2.27+1. 04 570. 13116. 52°
G 7.03+0. 14" 919.70+126.98°  241.30£69.91*  585.10x112.31* 3.21+3. 81° 708. 05+126. 87
CK 7.02+0. 06 318. 86+83. 46" 213.30+23.91°¢ 327.70+43. 61¢ 0.27+0. 09" 107. 85+12. 68¢
g — — — — 3.00 700. 00
1)GB 15618—2018( P55 BT fit A I b 43875 YL KU A bl A7) ), H3EHE 6. 5<pH < 7. 5 S50 F I XU I {E
FEMEIRERE (n=5~8) ; “—" TR TCHAE ; IRl —FV B 5 558 S0/ NG FRER R R 7m AN R SRA o5 ) e FE A 22 57 4 35 ( P<0. 05)

S8 GB 15618—2018( - HE R I T 42t A% ] 4t
M YR B bR (IR ) ) RBERCE M Gk
HE Cd A B AR HE R HIE Y 1. 09 A 1. 07 i, R

FER C A1 G 13 P & &0 A AR S HIE R 1. 09
fERT L. 01 f%5, WO WFgE X 3 E 4 8 15 4L )
41 Pbh il Cd,
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R St 385 0BG 0 R #, Horp R b B
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698.13 . 71.69 ~ 165.02, 187.75 ~ 501.91,0.77 ~
2.47 F1 130.75 ~ 446.43 mg - kg™, H PR Mn

x4 RBERENARTNESCESE

Cu.Zn,Cd F Pb & &84k Fl 43 % 24 325.18 ~
662.21.63.90 ~ 210.92 141.45 ~ 572.03,0.62 ~
2.35 F1156.51~562.39 mg - kg™', Hi 3%} Mn Al
Zn FAZ T R BIAE Y 43 5 A i e R 58 250522 T
T EIRFLR Cu Ml Cd fe 2, 1o H 3R E Ph
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Table 4 Heavy metal content in different parts of dominant herbaceous plants

o w/(mg - kg™')
YA
wk ks Mn Cu n cd Ph
G [1)==A N Mol 698.13+167.77* 156.36+71. 914 187.75+279. 024 0.77+0.57* 166.28+111. 66*
i} 635. 40+388. 26* 146. 60+78. 52° 141. 45+202. 68* 0. 62+0. 45° 156. 51+99. 64
Ligiarcs Mol 522.30+378. 39F 149.78+131. 40"  463.98+296. 124 1.50+1.71* 294. 69+84. 3548
i} 449. 17+352. 16* 147.29+127. 32° 578.21+397.97" 1. 180.92% 278. 16+154. 36"
M AR Mol 431.37+250. 268 138. 55+86. 87* 395. 51+152. 554 1.85+0. 83* 363. 08+262. 3948
R 443.88+293. 41° 159. 38+109. 86* 352.42+153. 57 1.94+0. 89% 401. 77+274. 63*
H AL 7L i 363. 70+277. 2748 71. 69+46. 474 325. 58+256. 294 0.93+0.22* 232. 67+249. 968
R 325. 18+266. 10* 63.90+47. 62° 428.39+344. 67 0.77+0.27% 234. 57+255. 94°
EE3 i 407. 23+354. 508 141. 52+98. 78* 384.95+218. 06* 1.32+0. 96" 130. 75+226. 934
R 483.37+497. 37° 187.55+154. 18" 477.21+338.29* 1. 1820. 69* 172. 48+330. 60
) Hb 1 472.33+197. 4918 152.50+74. 31* 292. 11+186. 42* 2.34+3.38* 446.43+225.21°
i} 336.58+151. 82° 135. 88+69. 40° 268. 93+204. 30 1.58+1. 67% 562. 39+290. 56"
k< i 325.99+120. 4848 165. 02+85. 724 370. 30+359. 16* 2.47+1.82% 276. 67+200. 7778
it 360. 60+215. 55° 204. 65+151. 96° 445. 824492, 53 2.35+1. 60" 260. 98+150. 67°
R Hb 1 310. 89+189. 128 120.08+113. 75* 501.91+158. 934 1.88+1. 724 210. 13£230. 698
i} 411.75+281.37* 94.32+84. 59* 572.03+254. 47" 1.74x1. 63% 287. 18+314. 43*
TR Mo I 545.25+110. 1848 158. 54£80. 394 297.92+167. 53 1.19+0. 714 432.71+62. 14"
Jics 662.21+318. 41° 155.27+91. 12° 209. 58+155. 69 1.40+1.03* 446. 44+88. 21*
i€ b I 536. 78+364. 59P 155.79+120. 364 206. 53+140. 08" 1.57+1.11* 354. 73+ 147. 4278
it 528. 51+396. 78" 210. 92+176. 36* 270. 99+223. 06* 1.88+1.58® 340.27+166. 74

TR hREIE (n=4~6) ; [ — SR Fe SR 7R ) s A R LD, 1 R0 345 22 5 . 25 ( P<0. 05) 5 1Al — B BCHR s 96 30/ 7

AR R A R AR TR (] R AR 22 5 3 (P<0. 05) .
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FER X2 35 M A% SR a5, A T R 4
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Je R AR T pH L X 2% .Cd Mn Al Zn 75
HHE SRR Y) T B E R A& TR TS
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71,
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Fig.2 Redundancy analysis ordination diagram of dominant herbaceous plants and environmental factors

2.4 MRREBEXAEYNELETENEES
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Table 5 Bioaccumulation factors of dominant herbaceous plants for heavy metal elements

Yy B R
Mn Cu 7Zn Cd Ph
MR 0. 69x0. 15 0. 55+0. 29° 0.27+0. 36" 0. 87+0. 38° 0.20=0. 15°
Lig'a 0.47£0.31° 0. 52+0. 38* 0. 66+0. 39* 0.45+0.23" 0.51+0. 24
MR 0. 48+0. 27* 0.55+0. 30* 0.61+0.32° 0.58+0. 17% 0.56+0. 38
BRI 0.35+0. 26° 0.31=+0.23° 0.51+0. 34° 0. 60+0. 22 0. 40+0. 40
EED 0. 44£0. 41° 0. 55+0. 34° 0.57£0. 25" 0.53£0. 26" 0. 17+0. 28°
TERE 0. 54£0. 23" 0. 61+0. 25° 0.35+0.21° 0.55£0. 37% 0. 64+0. 22"
Fts 0.39x0. 18* 0.55+0. 12° 0.43+0. 38* 0. 67+0. 38 0. 50+0. 39*
St 0.31x0. 18° 0.37=0. 35° 0. 64£0. 27° 0.61+0. 38 0.34+0. 36
KRR 0. 67+0. 18* 0. 58+0. 30° 0. 48+0. 22* 0.53£0.22% 0.72+0. 09"
K 0.59+0. 41° 0.57+0. 41° 0.41+0. 18* 0. 50+0. 09* 0.56+0. 24

SFREBRIERE (n=4~6) ; [F]l—FIRHRG3ESCNE FEA RS A A P AR 22 5 135 (P<0. 05)

FE A B A A P % 13 M Cu,Zn,Cd F1 Pb
() S R BN 32 B I S50, R 4L 8] 3 3R
BT 10 PP S AR AT R b (B 3)
WKl 3 o TEZR IR 6. 8 Abis E i Bh 2k, 4%
10 RSN 0 7 25, 5 1 R ME K3
U AR, 3X 3 FRAE X Cu ., Cd F1 Ph (1) & 4 AR
Wom(EHERBUSTE 0.5~ 1 Za) , 4 Mn BY54i8%%
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Table 6 Transportation factors of dominant herbaceous plants for heavy metal elements

Mn Cu Zn Cd Pb
G [1)==A N 1. 26+0. 44 1. 13£0.21* 1. 49+0. 40* 1.24+0.27° 1. 06+0. 33*
[igiar=s 1. 27+0. 44 1.060. 21° 0.86+0. 21" 1. 15+0. 47° 1.27+0. 52°
T AR 1. 09+0. 50 1. 06£0. 49° 1. 14=0. 15 1. 00£0. 41* 0.90+0. 14*
HAL ST 7L 1.35£0. 51 1. 1120. 40 0.77+0. 03" 1.27+0. 39 0.93+0. 16"
EEL 1. 01+0. 45% 0.92+0. 30° 0.91+0.27" 1.03+0. 48° 1.30+0. 56*
TERE 1. 46+0. 44° 1.24+0.41° 1. 23+0. 50* 1. 17£0. 47° 0.80+0. 17"
bikex 1. 11£0. 46* 0. 93=0. 30° 0. 86+0. 24" 0.99+0. 18* 1. 000. 38
BRI 0. 77+0. 10" 1.22+0. 40° 0. 990. 38" 1. 22+0. 39* 0. 84+0.27%
SRR 0.95+0. 36* 1.11+0.21° 1.57+0.26° 1. 06+0. 54° 1. 00+0. 27
pi & 1. 140. 46* 0. 98+0. 44* 0. 82+0. 18" 0. 90+0. 16* 1.08+0. 18
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