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Analysis of Weed Vegetation in Vicinity
of Abandoned Mines

Sun Hee Hongl, Yong Ho Leel, Chae Sun Nal, Dae Yeon Kim'
Jeong Gyu Kim', Byeung Hoa Kang1 and Sang In Shim>*«

ABSTRACT Field study to find appropriate species for phytoremediation and phytomonitoring
with higher plants was carried out at four abandoned metalliferous mines. In order to know the
tolerant degree of plant resources collected at heavy metal polluted sites, soil and plants were
sampled at same sites and metal concentrations were determined. Most serious heavy metal
polluted in the sites was As that showed range from 29.1 to 1372.2 mg kg'1 in investigated area.
The dominant species were Oenothera biennis, Commelina communis, Persicaria senticosa, Conyza
annuus, Artemisia princeps, and Erigeron canadensis. These species were predominant species that
were proliferated in any survey area. Compared with other sites, vegetational characteristics of
Dal-Seong, a mine site abandoned early in 1973, showed higher diversity index and lower
dominance index. Distributions of weed species according to life cycle indicated that the
proportions of perennial plants were lowered in every investigated site. Although the polluted areas
were distant from each other, similarity indices among these vegetation were relatively similar.
These results means the vegetations of abandoned mine areas were beginning stage of vegetational
succession, and the vegetations were adversely affected by disturbance with heavy-metals and lack

of water in soil.

Key words: biomonitoring; heavy metal; phytomonitoring; pollution; weed vegetation.
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QUX| HX| ZA
FHR 7 ZZAAR (AT 20055 2AZR TF
A9 A7 o] ddsEE 574, A2ds), 24,
53 5 4 AGe sl 2o 2A 2E 2
| /338 5L 5H 9%”4%] ZA}S}%M AR ZAE
ZAA 99 Y] T
THFR st 2AVEIAORE WY FE AL
8%1 e, AA 2AA A di$ 915 5=F Domin
SAFES 7122 9RO E HI13t% th(Bannister
1966).

l‘-LI 1
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EY &4

Ed 42 #=2 A(hand augenE ©o|-&3t] i
E(A horizon, 20cm)9A F71&E & Hojd & A
AsAth MHL EYS o0 ¥ 2mm AE FH

AR EYS ESL AT EHEEF 200590 +
3l As, Cu, Cd, Zng ICP-OES(Varian PRO,
USA)S o]&3te] AeatAith

A=zo| EA

2 B AAe AT ABRE FFoE o
94, oda), thag o thre} 1 Mg Tak,
ZAE A4S NS IEOR F R E(species
richness, Margalef 1968),
Shannon-Wiener 1949), %

Z T (species diversity,

= (species evenness,

Pielou 1966), -%-7%(dominance index, Simpson
1949)E 2F&31A T

RE) = (s-1)/log N

ST
K2
se E4FT, N2 S/H4As

BH (& 9Y4) =-2 pi log pi
pi=ni/N (pic AA EEF FA iHA T

o] ZAsk= HIE)

2 X|(important value, Curtis®} Mclntosh 1951)%
gatste] NS o] FE 2FY HEAS Bt
stk 2 B ZEAA AlolY] FHRALEAF
(similarity index)© Sgrensen A|5~(Sgrensen 1948)
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i #HFAE EQkell A BlA&e A5

HA7|Es 2Fste FAFS Btk Ase 54 5

< WO Aol A S8/l Uethu=tl pHe}

Table 1. Heavy metals concentration in soils from 4 abandoned mine soils in Korea.

Heavy metal concentration(mg kg'l)

Mine Abandoned Location Element
yeat cd Cu Zn As
Geum-jeong 1988 Gyungbuk Bonghwa Ag, Au 2.8 15.0 183.7 1372.2
Yeon-Hwa 2 1987 Gangwon Samchok Cu, Pb, Zn 10.0 100.9 1263.5 29.1
Dal-Seong 1973 Gyungbuk Dalseong W, Mo 34 29.2 8.3 67.5
Gun-buk 1977 Gyungnam Haman Ag, Au, Fe 0.3 45.5 6.7 34.1




].

SERE!

of
rir

=3

20 T 5t e 2

Table 2. Ranking of important plant species occurred in 4 abandoned mine area.

Coveragel)
Species Kum- Yeon- Dal- Ham- F” REY RGY 1V
jung Hwa  Sung an

Oenothera biennis (B5°]%) 5 5 6 4 1 0.029 0.038 0.068
Commelina communis (5273%) 5 4 5 6 1 0.029 0.038 0.068
Persicaria senticosa (M=2] LA 4 4 4 6 1 0.029 0.034 0.064
Erigeron annuus (71%4%) 4 4 4 5 1 0.029 0.033 0.062
Conyza canadensis (%) 5 3 3 4 1 0.029 0.029 0.058
Artemisia princeps var. orientalis (%) 6 6 6 0.75 0.022 0.034 0.057
Humulus japonicus (349 E) 5 6 5 0.75 0.022 0.031 0.053
Miscanthus sinensis var. purpurascens () 5 6 5 0.75 0.022 0.031 0.053
Pueraria thunbergiana (%) 4 4 6 0.75 0.022 0.027 0.049
Youngia denticulata (°)3LEw| 7)) 4 5 4 075 0.022 0.025 0.047
Melandryum firmum (ZT) 4 3 4 0.75 0.022 0.021 0.043
Eguisetum arvense (2¥=71) 4 4 3 0.75 0.022 0.021 0.043
Corydalis speciosa (A+3EFH]) 4 2 4 075 0022 0.019 0.041
Capsellabursa-pastoris (‘@ 0]) 2 3 4 0.75 0.022 0.017 0.039
Ambrosia artemisiifolia var. elatior (ﬂ] Z]%) 6 5 0.5 0.015 0.021 0.036
Cassia mimosoides var. nomame (X&) 6 5 0.5 0.015 0.021 0.036
Artemisia capillaris (AFE%) 5 5 0.5 0.015 0.019 0.034
Youngia sonchifolia (LW 7]) 4 5 0.5 0.015 0.017 0.032
Artemisiaiwayomogi (1914 7]) 4 5 0.5 0.015 0.017 0.032
Boehmeria spicata (Z7) AU) 5 4 0.5 0.015 0.017 0.032
Hemistepta Iyrata (A*37)) 4 4 0.5 0.015 0.015 0.030
Chrysanthemum boreale (2F=) 4 4 0.5 0.015 0.015 0.030
Plantago asiatica (373°)) 5 3 0.5 0.015 0.015 0.030
Rumex crispus (5\_‘1] 2y 0]) 4 4 0.5 0.015 0.015 0.030
Glycine soja (%) 4 3 0.5 0.015 0.013 0.028
Setaria viridis (73OFAE) 3 4 0.5 0.015 0.013 0.028
Oplismenus undulatifolius (FEZ71%) 3 4 0.5 0.015 0.013 0.028
Persicaria filiforme (©]2+o]3) 3 4 0.5 0.015 0.013 0.028
Chelidonium majus var. asiaticum (%) 71%&) 3 3 0.5 0.015 0.011 0.026
Lactuca indica var. laciniata (335w 7]) 3 2 0.5 0.015 0.01 0.024
Carpesium macrocephalum (93-%-2%) 2 3 0.5 0.015 0.01 0.024
Chenopodium album var. album (317 °}5F) 0.5 3 0.5 0.015 0.007 0.021
Agrimonia pilosa (A1UE) 5 025 0007 001 0.017
Carduus crispus (N1 =217]4737) 5 025 0.007 0.01 0.017
Lespedeza cuneata (W1522]) 5 025 0007 0.1 0017
Phragmites communis (Z0)) 5 0.25 0.007 0.01 0.017
Rosa wichuraiana (&7AV) 5 0.25 0.007 0.01 0.017
Rumex obtusifolius (223 0]) 5 0.25 0.007 0.01 0.017
Taraxacum officinale (A1 ¥HEd)) 5 025 0.007 0.01 0.017
Bidens frondosa (M)=r7}2FA) 4 025 0.007 0.008 0.015
Chenopodium album var. centrorubrum ("8°VF) 4 0.25 0.007 0.008 0.015
Lepidium apetalum (T} o)) 4 025 0.007 0.008 0.015
Aquilegia flabellata var. oxysepala ("|'&EZ) 4 0.25 0.007 0.008 0.015
Artemisia montana (A+%) 4 0.25 0.007 0.008 0.015

Aster koraiensis (‘B7]1]3) 4 0.25 0.007 0.008 0.015

Boehmeria tricuspis (715-112]) 4 025 0.007 0.008 0.015
Bupleurum falcatum (X %) 4 0.25 0.007 0.008 0.015
Clematis fiisca var. violacea (£3%) 4 025 0.007 0.008 0.015
Galium verum var. japonicus (£4%) 4 0.25 0.007 0.008 0.015
Ixeris chinensis var. strigosa (1%1}7) 4 0.25 0.007 0.008 0.015
Parthenocissus tricuspidata (B33 =) 4 0.25 0.007 0.008 0.015
Taraxacum platycarpum (\E2) 4 0.25 0.007 0.008 0.015

Trifolium pratense (FH-SE7E) 4 0.25 0.007 0.008 0.015
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Table 2. Continued.

Coverage])
Species Kum- Yeon- Dal- Ham- F RFY RCGY 1V
jung Hwa Sung an

Trifolium repens (E7]E) 4 0.25 0.007 0.008 0.015
Chenopodium ficifolium (&4 °}15F) 3 0.25 0.007 0.006 0.013
Kummerowia striata ("|5%) 3 0.25 0.007 0.006 0.013
Lactuca indica var. dracoglossa (-837)) 3 025 0.007 0.006 0.013
Agropyron repens (T-571Y) 3 025 0.007 0.006 0.013
Arenaria serpyllifolia (¥5-©]2}2]) 3 0.25 0.007 0.006 0.013
Draba nemorosa var. hebecarpa (EUA)) 3 0.25 0.007 0.006 0.013
Stellaria media (‘8% 0.25 0.007 0.006 0.013
Youngia japonica (X.2]"°]) 3 0.25 0.007 0.006 0.013
Asperula odorata (X72-7) 025 0.007 0.006 0.013
Asparagus schoberioides (R%-F) 0.25 0.007 0.006 0.013
Chrysanthemum indicum (=) 3 0.25 0.007 0.006 0.013
Coreopsis lanceolata (23 A=) 3 0.25 0.007 0.006 0.013
Descurainia sophia (M%) 3 025 0.007 0.006 0.013
Dryopteris crassirhizoma (%) 3 0.25 0.007 0.006 0.013
Galium spurium (273 =) 0.25 0.007 0.006 0.013
Lilium tigrinum 2] 3 0.25 0.007 0.006 0.013
Lotus corniculatus var. japonicus (‘B=#°]) 3 025 0.007 0.006 0.013
Potentilla fragarioides var. major (¥A%) 3 0.25 0.007 0.006 0.013
Prunella vulgaris var. lilacina (E%) 0.25 0.007 0.006 0.013
Rubia akane (Z544) 3 0.25 0.007 0.006 0.013
Sasa borealis (Z3 ) 3 025 0.007 0.006 0.013
Viola mandshurica (F|R)%) 3 025 0.007 0.006 0.013
Alopecurus aequalis (5E) 2 025 0.007 0.004 0.011
Cardamine flexuosa (@O'AH‘@O]) 2 0.25 0.007 0.004 0.011
Dipsacus japonicus (XFE7E) 025 0.007 0.004 0.011
Rorippa islantica (%:%:0]%) 2 0.25 0.007 0.004 0.011
Agastache rugosa (M| %3F) 2 0.25 0.007 0.004 0.011
Nepeta cataria (7]8}3shH 2 025 0.007 0.004 0.011
Impatiens textori (B%-41) 1 0.25 0.007 0.002 0.009
Lepidium virginicum (FTFEol) 1 0.25 0.007 0.002 0.009
Cerastium holosteoides var. hallaisanense (A=) 0.5 0.25 0.007 0.001 0.008

D)

IV importance value.

Ao Zika L&A AtkDas 1996; Hamel 1998;
Ruby 1999; Yang 2002). As®] 7% 43}, =4
of et F2 As™oh As™ 9] e 2 EAk=) o)
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Table 3. Comparison of weed vegetation feature on four abandoned mine area in Korea.

Geum-jeong Yeon-hwa 2 Dal-Seong Gun-buk
Area
Ist yr 2nd yr Ist yr  2nd yr Ist yr 2nd yr Ist yr 2nd yr
No. of Species 37 32 32 34 41 44 26 28
Proportion Annual 18.92 21.87 15.63 20.59 24.39 25.00 19.23 17.86
of Life Biennial 43.24 40.63 28.13 29.41 29.27 29.55 26.92 25.00
Cycle(%) Perennial ~ 37.84 37.50 56.25 50.00 46.34 45.45 53.85 49.14
Species Richness 36.79 31.78 31.79 33.79 40.80 43.81 25.79 27.79
Species Diversity 3.52 3.37 3.43 3.24 3.68 2.68 3.23 3.28
Species Evenness 0.97 0.97 0.99 0.92 0.99 0.71 0.99 0.98
Dominance Index 0.031 0.036 0.033 0.033 0.026 0.025 0.040 0.039
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Table 4. Comparison of similarity index among investigated areas.

Area Geum-jeong Yeon-hwa 2 Dal-Seong Gun-buk
Geum-jeong 29.0 — 36.4+ 333 — 395 28.6 — 36.7
Yeon-hwa 2 35.6 — 46.2 345 — 389
Dal-Seong 47.8 — 50.0

Gun-buk
*Changes from Ist to 2nd investigated year.
7} gAbd AR ZALE RO R ZF FAE A A7 2] 2
T A FA S (similarity index)= 3 49} 2o} 7 334F
12 MR A AYE /AL e A 19 £ d7e SAFE A AN 7 s EALY
o FAF A AYETLY FALEE Hlad Eoa @ (2006-04003-0009-0 & 2009-09001-0050-1)2] =4
T Atk o]= FAF AAo] AHFQ] EolidS BT FYE RS A EHY
7] Bohe o] BA 7] AYTEY $3= =
71wl 2t FAbE So]AQl A o] ofA] FAE A
B2 Ao AlmHEth % = A o] HYste] 7t oL g & 3
A Foligdo] HopAH AA Y FAIEE Yobd A
o2 AZpE A9, AJZke] K H w}a} A=} = uhgat 1994, FHBE F534 A 2 #e
obzl olfre AA 7] AYF T 2ZF T dT & WA, =874 7]= /)¢, KETRI/1994/RE-14,
ol A3} B AR H% 3\_7101] Hlsl 238]H 588 p.
B AR O Eoll o s AztEm, 2 247, Br A, A9, 2002. AMY E4S, AL
A Hol7} WAL, Ao ol FQl Fio] Y HIE, 2T, 5‘}%%, o]/, 2004. Chemical
S A4 7 A SA0] Yed Zle g Aztdn Extractions ©]&3 #34F Fvjy) Hl& 55
4 2 AARE ot eeEEe3]A 26:
111-118.
Q < B 2005, EFQ AN IFAHH.
S35, 2005, HFEBt EFHAEZA1567)
HFAE FHY ES 55 297 o] A9 24 Bh 3.

ZALE AN 23 As9] 2 Ho] 7P AZekA vE Banerjee, D. K., and M. R. Gray. 1997. Analysis
Yok ZAFE Fabol A BE UERd 2E28 guto]dE of hydrocarbon contaminated soil by thermal
FoAE, g UHA, Az, ¥x 5 57 2%59] extraction gas chromatography. Environ. Sci.
o, o]E& AAHole] 27|F 07, FQ X|(important Technol. 31:646-650.
value)= @9o|Eo] 7} =9ty SR T35 Bannister P. 1966. The use of subjective estimates
B 9 Foekyo] 71 =3ton, 949 Axee of cover abundance as the basis for ordination.
W2 AEZo] & dudl Ao g wEHL. 2A} A J. Ecol. 54:665-74.
A Abole] Faprt Fox EEtn #+HFAIEE H Bissen, M., and F. H. Frimmel, 2003. Arsenic a
WA =& Ao Yre3 o o] wdd o3k Mol review. Part I : Occurrence, toxicity, speciation,
271559 30| A WEoE A4dEnt mobility. Acta Hydrochim. Hydrobiol. 31:9-18.
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