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Study Examines Growth Characteristics of Miscanthus sinensis in
Tailings—Sewage Sludge Mixed Soil for Vegetation Restoration of at
Sangdong Mine Tailings Dam

Byoung-Hak Jung’
Suhck Chung Girl's Middle School, Yongwol 26239, Korea

Abstract

This study investigated the factors limiting for plant establishment in the Sangdong tungsten mine tailings and evaluated the
potential of sewage sludge for vegetation restoration. The findings revealed that tungsten mine tailings significantly affected
agricultural land, residential environments, and adjacent ecosystems. Soil analysis of the mine waste dam revealed conditions
unsuitable for plant growth, characterized by a pH of 7.78, low moisture content (1%), minimal available phosphorus (1.05
mg/kg), and heavy metal concentrations far exceeding soil contamination thresholds, particularly for arsenic (32.07 times
higher the threshold), and cadmium (2.27 times the threshold). Conversely, the sewage sludge used as a soil amendment
exhibited favorable properties, including high organic matter and phosphorus content, sufficient moisture, and acceptable
concentrations of heavy metals, except for zinc, which exceeded the threshold by 2.20 times. Vegetation experiments
demonstrated substantial improvements in plant establishment and growth, with survival rates increasing from 30% in
tailings-only soils to 90% in sludge-amended and forest soils. Moreover, growth parameters such as stem length, canopy
spread, plant density, and biomass were significantly enhanced in sludge-amended soils. These findings indicate that sewage
sludge serves as an effective soil amendment for enhancing the physical and nutritional properties of mine-affected soils,
thereby increasing biomass production. This suggests that the application of sewage sludge could facilitate vegetation
establishment and support to the restoration of plant ecosystems in tungsten mine tailings dams.
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Table 1. Comparison between Sangdong Tailings Dam No. 1 and No. 2

Category Tungsten Tailings Dam No. 1 Tungsten Tailings Dam No. 2
Geo Loc Naedeok-ri, Yeongwol Cheonpyeong-ri, Yeongwol
Dist. from SM 3.4 km 3.7 km
Dep. Period 1974. 3. - 1981. 4. 1981. 5. -1993. 5.
Topo. Type Flat Type Valley Type
Area 89,300 m? 315,510 m?

Stor. Vol. 1,700,000 m? 6,075,000 m*
Dam Ht. 40 m 98 m
Tail. Wt. 4,000,000 tons 8,000,000 tons
Surr. Env. Adjacent to the Okdong Stream Located in a mountain valley area

Geo Loc; Geographic Location, Dist. from SM; Distance from Sangdong Mine, Dep. Period: Period of Deposition, Stor. Vol.; Storage Volume,
Dam Ht.; Dam Height, Tail. Wt.; Tailings Weight, Topo. Type: Topographical Type, Surr. Env.; Surrounding Environment
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Fig. 1. The first waste dam with a pile of Sangdong
tungsten mineral debris.
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Table 2. No of growth pots per experimental treatment
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Types of growth treatment TT

FS TTSS

No. of growth treatments 10

10 10

TT; Tungsten tailings, FS; Forest soil, TTSS; Mixing tungsten tailings and sewage sludge in a 4:1 ratio

Table 3. Results of the investigation of the damage type shown by the first waste dam of Sangdong Tungsten

Type of damage

Contents of the damage Note

Damage to natural
scenery
inconvenient to live.

The bottom of the valley was stained with yellowish brown, and
the smell of sulfur was so severe that it was extremely

Damage caused by acid mine
drainage.

Damage to crops and
living spaces

When the wind blows, the fine particles of tungsten tailings are
causing great damage to agricultural crops, and they fly into

Damage caused by fine
particles in tungsten tailings.

living spaces, causing damage to laundry and crocks.

Ecosystem destruction

When we looked at the valleys where AMD flows, we found no
creatures like fish or worms, no aquatic ecosystems were found,
and the water ecosystem was destroyed.

Judging by the influence of
low pH.
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Table 4. A Study on the plant distribution at the edge of the 1st Tungsten Tailings Dam

Species / Area Area A Area B Sum(%)
Miscanthus sinensis 13 16 29(50 %)
Artemisia princeps 7 16(28 %)

Setaria viridis 5 3 8(15 %)

Ipomoea nil 2 2 47 %)
Sum 27 30 57
Table 5. Results of analysis of tungsten tailings nutrient and heavy metals
) pH OM Av. P,O5 Pb Zn Cr; Cd As

Measurement item 1:5) o/ke ma/ke —
Average 7.78 0.98 1.05 19.41 258.13 35.27 9.09 801.83
Standard deviation 0.11 0.08 0.10 1.29 3.84 0.77 0.27 5.95
Standard error 0.05 0.04 0.04 0.58 1.72 0.35 0.12 2.66
Minimum 7.65 0.90 0.97 18.10 253.10 34.28 8.75 795.91
Maximum 7.95 1.10 1.20 21.21 262.20 36.26 9.50 810.34
WwC 200 300 5(Cr(VD) 4 25

OM; Organic matter, Av. P9 Oj; Available phosphorus P9 Oy, WC; Warning Criteria, Cr;; Cr(0) + Cr(Il) + Cr(VI), 5(Cr(VD); The warning

criterion for Cr(VI) is defined as [Cr(V)< 5ppml]

HAHH ZPgAE] FHoA AFar gL
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(HZE)o] 7%E ZAE G oH, A Fo|HA Ex
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Table 6. Results of analysis of sewage sludge nutrient and heavy metals

. pH OM Av. P,0s Pb Zn Cr; Cd As
Measurement item .
(1:5) g/kg mg/kg me/ke
Average 5.94 166.55 2015.60 10.30 661.18 4.07 1.65 6.99
Standard deviation 0.04 5.62 59.38 0.61 7.57 0.22 0.17 0.09
Standard error 0.02 2.51 26.56 0.27 3.39 0.10 0.08 0.04
Minimum 5.89 160.35 1950.76 9.50 653.20 3.87 1.45 6.86
Maximum 6.00 175.05 2112.23 11.14 670.60 4.45 1.85 7.11
WC 150 300 5(Cr(VD) 4 15

Table 7. Results of analysis of forest soil nutrient and heavy metals

. pH OM Av. P,0s Pb Zn Cry cd As
Measurement item (1:5) o/ke me/kg —

Average 5.84 8.68 25.05 44.95 188.33 2.23 2.11 14.55
Standard deviation 0.06 0.13 0.81 4.13 37.91 0.24 0.18 0.97
Standard error 0.02 0.05 0.31 1.56 14.33 0.09 0.07 0.37
Minimum 5.75 8.53 24.00 39.45 105.90 1.95 1.90 13.45
Maximum 5.90 8.90 26.45 50.43 220.76 2.58 2.45 15.90

WC 150 300 5(Cr(VD) 4 15

o= aed o, o] i sk Cr(VD2 ol & 3.3.2. 5527

E=AY A U d LS -g5te] Qb s A AEiQl
Cr(IID= A El A& 7Hs/do] A H]lrt, whaha] B4
H F3E o BEO cr(l) FHY AR AlR
o, EF et Xd*é ke o} 9154 H7HE 28l Cr(VD) <
Ao S ol A o] Atz
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EAET Table 5914 F4 3vle /7198
(Organic matter)©] 0.98 g/kg, F+&<%14HAvailable

phosphorus P20s)&#©] 1.05 mg/kg & FZ3 4
oF oFHLO o] o]z o] HFH 0 7 X2 AZy] Aol WQ
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Table 8. Analysis of the moisture content of soil used in this study

Soil depth Tungsten tailings Forest soil Sewage sludge
Unit %
5-10 cm 0.92 £ 0.02 18.03 £ 0.04 70.58 £ 0.22
10-15 cm 0.97 £ 0.01 18.18 + 0.04 71.92 £ 0.12
15-20 cm 1.15 £ 0.03 18.44 + 0.06 72.75 £ 0.33
Average 1.01 + 0.02 18.21 £ 0.05 71.75 £ 0.22
OR 20~ 25
Av+SE; Average + Standard error, OR; Optimal range
Table 9. Nutrient analysis of soil mixed with tungsten tailings and sewage sludge
Types of growth treatment pH (1:5) OM (g/kg) Av. P,0s (mg/kg) MC (%)
TTSS 6.63 £ 0.04 35.12 £ 0.36 591.87 + 4.10 15.08 £ 0.10

OM; Organic matter, Av. P,0s: Available phosphorus P,0s; MC; Moisture content
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(a) End of June.

(b) End of July.

(c) End of September.

Fig. 3. Comparison of plant growth according to treatment and time. (a) End of June, (b) End of July, (c) End of September.
[TT, Tungsten tailings; FS, Forest soil: TTSS, Mixing tungsten tailings and sewage sludge in a 4:1 ratiol
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i)

Table 10. Experimental results of survival rate growth experiment by experimental treatment

Experimental

No. of treatments No. of non-survival

No. of survival survival rate(%) Compare to TT

treatments
TT 10 7 30 .
TTSS 10 1 90 3.0
ES 10 1 90 3.0
Table 11. Comparison of stem length growth of Miscanthus sinensis by experimental treatment
Experimental ) Compare to
treatments April May June July August September TT
Unit cm
TT 2.07£0.06 4.10+0.36 11.10£0.66  16.67+£0.58  24.17+1.11 30.10+1.65
TTSS 2.17+0.07 8.3+0.78 26.03+1.48 52.03+1.34 87.67+2.12 112.67+3.54 3.77
4.47
ES 2.07+0.06 10.3340.58  31.03+1.12 56.43+1.16  92.07+1.85 134.20+4.81 (119.1%vsTTS9)
ANOVA April(F=0.259, p=.780).05, N.S.) September(F=769.195, p=.000<.001, S.)
Tukey test TT vs TTSS vs FS (N.S.) TT vs TTSS vs FS(S.)

N.S.: Not Significant, S.; Significant
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Table 12. Comparison of the growth of the spreading size of Miscanthus sinensis by experimental treatment
Experimental April M ] Jul A . Septemb Compare to
treatments pri ay une uly ugus eptember TT
Unit cm
TT 2.03£0.12 3.07£0.12 7.03+0.95 11.9741.05 17.70£0.61  24.07£0.95 .
TTSS 2.03+0.12 8.03£0.91 15.97£0.95 25.03£0.95 39.30£1.54  53.70+1.47 2.25
ES 1.97+0.15 9.03x1.11 20.03+£1.02  29.33+£0.58  43.33£1.53 56.03+0.90 (143024)'353—[7‘55)
ANOVA April(F=0.214, p=0.813).05, N.S) September(F=735.378, p=0.000¢.001, S.)
Tukey test TT vs TTSS vs FS(N.S.) TT vs TTSS(S.), TT vs FS(S.), TTSS vs FS(N.S.)

Table 13. Comparison of individuals growth of a colony of Miscanthus sinensis by experimental treatment

Experimental treatments

No. of individuals

Compare to TT

T 3.00£1.15 .
TTSS 8.6740.71 3.00
FS 10.33+0.58 3.33(119.2%vs. TTSS)
F=60.167, p=.000¢.001, S.
ANOVA Tukey test TT vs TTSS vs FS(S.)

Table 14. Comparison of fresh weight growth of Miscanthus sinensis by experimental treatment

Experimental treatments

Fresh weight

Compare to TT

Unit === g -—---
TT 170.80+05.14 .
TTSS 738.17+16.01 4.32
FS 771.87+07.47 4.51(4.6% vs. TTSY)
ANOVA F=3027.156, p=.000<.001, S.
Tukey test TT vs TTSS vs FS(S.)
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