Journal of Environmental Science International
33(12); 933~945; December 2024

ORIGINAL ARTICLE

") Check for updates

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JES1.2024.33.12.933

3% A HAE EY L9%7T 2 B ek 97

oA F o

A Study on the Pollution Evaluation and Management of Tungsten

Waste Dam in Sangdong

Byoung-Hak Jung’

Suhck Chung Girl's Middle School, Yongwol 26239, Korea

Abstract

As aresult of analyzing the tungsten tailings accumulated in the tungsten waste dam and the soil within 5 meter around
the waste dam in this study, the pollution coefficient (C ) of the tungsten tailings of the waste dam was in the order of Pb
{Zn {Cu {Cd {Cr{As, and the pollution coefficient (C ) of the soil within 5 meters of the waste dam was in the order of
Zn { Pb { Cd { Cu { Cr { As. In the pollution degree evaluation, the pollution degree (C,) of the tungsten tailings of the
waste dam was 117.27 and the pollution degree (C,) of the soil within 5 meters of the waste dam was 34.85, which was
quite high in the pollution degree evaluation. As for the pollution index, PI, the pollution index of the tungsten tailings of
the waste dam was evaluated as high as 10.67, and in the soil within 5 meters of the waste dam, the pollution index was
evaluated as being contaminated at a moderate level of 2.57. Tungsten tailings contain large amounts of heavy metals and
low concentrations of nutrients, making it difficult to naturally introduce plants into waste dam. Therefore, if the natural
introduction of plants is induced by mixing low pH and rich in organic nutrients with tungsten tailings to improve the soil
environment, it is thought that the growth experimental treatment mixed with tungsten tailings and coal waste has a
survival rate of 2.17 times, stem length growth of 2.50 times, colony diameter size growth of 1.78 times, colony population
differentiation of 2.60 times, and fresh weight of 3.45 times. If the natural introduction of plants is induced by mixing low
pH and rich coal waste with tungsten tailings, which are basic soil and nutrient deficient, it will be possible to prevent
erosion of tailings by utilizing the plant ecosystem around the tungsten tailings and waste dam.
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al., 2009: Lee et al., 2015), ©12]]l Cd, Pb, Cr, Cu,
Hg, Ni 9] t&9] a4 ga-ota it Aets A
o] A%, FerES 2etotal Qlof olEo] F3tE 4
%, Aok 9 9ot dAMFEoR A ihhls
(AMD; Acid mine drainage)& A& 0.2 AYitsle]
AT QA e}t 8 EFS M7 F55 ol
o] 822 APAlol AF4 ool 1 Aot =
Ab Fo A B2 FAte] RE-ES Aok, 2478
AP A2 B o8 T/ 555 s/ EY 99
71%& 235k IH(Jung and Jung, 2005). F&#
AZ|ole B =44 Fa45S FRota lol #ejrt
o|Ff 22| & A%, ¥ FAA U ABEiA el 2 5]
S 1 glo] 7t A4S a7 ot FEA AV
gt 27] AtE EY W a4 o A AE
18 552 AAH: 7t FR/E ol Fh

w5 A7 AERe 4, A, A T 224E
Yol 15
—

O

o e

|ote] flA Y 5452 AAskH= A+7F 20004
et A7t Ak A= o] g3t HA Y
AAFHS AFE FA 2 2 drof ol FH et

|0l AE2 EF U SAEE-E S5t Al

st Holl= SHAIE Holal Qlo] L HH EF X

fofl= BIAHA HEZEH|H. MES

EJoA FF4 £EHL f4x]o EFAES o8
Sto] EFeq Bdof &80] 7 AlES o]-85ty
Aol A 9159 A7t AAReH(Ok et al.,
2003), AEAEE 55 EF FaHol et A+t =
OIXHA] H A 2] @ oA ZAHE oPIAES] B

& 24 I FE5 AL WAAE dot 2ds
Al AP=] ek, Tt &3t A 52 FEE A

2 ohd A ot el Aol Aol @ HH
Ego] A8 o) AE0] AAT & Y= 55 FF

< B/ o &g/do] Aot BAstItKOk et al.,

2004). PhytoremediationE ©]-&3F EFE-LLH

£ =S o]8ot] EYollA L A=EES Aol 5=

st 9 EFE ASIAZ|E Phytoextraction, 2%
Eg) Aleg 1 EAIA Tl LEEES IHAA &
PEZ 9] o]FES £ol& Phytostabilization, 2F E
Foll AlEo] SHALE o]85te] L AEEE 71A| A
2 Agsteo] tf7] S22 HE5k= Phytovolatilization
o] Qo olgd EUHe o B4 Aot
EZAE FolA edEH ] o] et AlE AHo]

-

=

ofN i O ofN o =

& bl

=]
©
[e)
T
=
=]
1O
=

5‘1:1

)

o]

ox
e
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Fig. 1. 1st Tungsten tailings waste dam.
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Fig. 2. The appearance of miscanthus sinensis growth
in April at each growth experiment treatment.

i mean concentrationby heavymetal element

heavymetal concentrationwarning criteria

PI= n(nomber of heavymetal analysis element )

.................................................................................. (3)
2 AFolM= T4 Fmlet HAE 7Pk Bl

i 2 AL WA T, o5 PFLo] ARo] HE

2UBL 5o A=Y F54E Borskch 34 B

ulo]] A5 A=Y HAE Yot 7| L6 FEEAE
sHAth EQF pH(1:5)E E4HdE &85, 71
=% (Organic matter)2 28443 Loss on
ignition)= ©]-8-5t] EFE 600T 8] A7|2of|A] 4A]
75t AAAA e T2 fI1ES AATT T, 3
o] At 7] 2of Soi7b7] 9] A o]-8-5}ed
Aottt Fa<Ql HAvailable nutrient, PyO5)s
A517] flste] BAEEE o= QIBRIES Eolote]
Aol (PO, ?) FHIE HIAX] &, S Bl R
#(NHyMo(MoOy)g)= H7KSim al et., 2014)5}
of 4 Z7oA  JE BRI E(NH,),PO,
12(MoO,))°l &=, of7]efl oA 2RIIHCH O
622 A7 ZEAH((NH,);Mo,0,,4H,0)
o] B HME Ty, BFEAR 880 nmo] T}
oM FF=E S5t ES &l EAlsk= 4
A (Total nitrogen)= EY Al2E 7t SHiks Y1
7}E(400~420C)5HH G4 EE o4 walfetal,
Arsh 9 2kl §E-3-& A AT RE-S gt of7]
of FAFUHEES 7=l dHEEHC] gRYo=
Agksto] AHHG& Fofl 4] F& AHchH=THe
2 Z4st9tHKjeldahl, 1883). Sl 283 4]
=2 HAd 9 2 7PgAte]o] «g o s st

I= B2} 289l AM(Miscanthus sinensis) = "84

¢

e e fe

ro |

fir o

%

Table 1. Method of evaluating heavy metal contamination of abandoned mine waste soil and classification of
contamination leve | (Hakanson, 1980; Kloke, 1979; Lee et al., 2019)

Contaminated items

Scope of classification

Contamination level

Cr Cr(1 LC
1=C4<3 MC
3=Cs(6 CC
6=Cy VHC

Cy Cu <8 LDC
8=Cy <16 MDC

16 = Cy (32 CDC

Pl PI(1 NC
1 =PI(2 SP
2=PI(3 MP
3= PI(4 HP

Cy; Contamination factor, C,; Contamination degree, PI; Pollution index, LC; Low contamination, MC; Moderate contamination, CC;

Considerable contamination, VHC; Very high contamination, LDC: Low degree contamination, MDC; Moderate degree contamination,
CDC: Considerable degree contamination, NC; Not Contaminated, SP; Slightly polluted, MP; Moderately polluted, HP: Highly polluted
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Fig. 3. The growth comparison of miscanthus sinensis
plants treated with growth experiments (TTS,
Tungsten tailings soil; CS, Coal waste soil; TCMS
(3:1), Tungsten tailings and coal waste soil are
mixed 3 : 1; GS, General soil).

Fig. 4. The appearance of miscanthus sinensis growth in
May at each growth experiment treatment.

Fig. 5. The appearance of miscanthus sinensis growth in  Fig. 6. The appearance of miscanthus sinensis growth in

July at each growth experiment treatment. September at each growth experiment treatment.
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Table 2. Analysis of heavy metal concentrations in tungsten tailings of sang-dong tungsten waste dam

Site Parameter As Cd Pb Cu Cr Zn
Unit mg/kg
TTSWD 807.50 41.22 101.64 144.02 86.07 819.88
Standard deviation 21.31 2.18 8.06 6.88 6.71 37.36
8.06 0.82 3.05 2.60 2.54 14.12
Geometric mean 807.26 41.17 101.35 143.89 85.84 819.15
780.56 38.93 87.67 137.30 75.56 760.56
800.45 40.86 100.50 140.80 86.50 820.45
840.78 45.45 112.45 155.67 95.40 870.45
WC 25 4 200 150 5 300
CwC 32.30 10.31 0.51 0.96 17.21 2.73
TTSWD, Tungsten tailings soil in sang-dong mine waste dam, ; WC, Warning criteria, ; CWC, Comparison with warning criteria
Table 3. Analysis of soil heavy metals within 5 meters of sang-dong tungsten waste dam
Site Parameter As Cd Pb Cu Cr Zn
Unit mg/kg
TTWM(5m) Mean 172.89 7.76 34.78 66.11 24.40 325.70
Standard deviation 23.18 1.19 5.51 7.71 4.26 42.91
Standard error 8.76 0.45 2.08 2.91 1.61 16.22
Geometric mean 171.42 7.67 34.43 65.70 24.08 323.38
Minimum 128.17 5.63 29.34 55.38 19.76 278.19
178.74 8.05 32.89 70.20 24.76 310.45
197.27 9.28 45.00 74.71 29.45 390.52
WC 25.00 4.00 200.00 150.00 5.00 300.00
CwC 6.92 1.94 0.17 0.44 4.88 1.09
TTWD(within 5 meters), Tungsten tailings waste dam edge within 5 meters
Table 4. Analysis of soil heavy metals 2~5 km away from tungsten tailings waste dam as background soil
Site Parameter As Cd Pb Cu Cr Zn
Unit mg/kg
TTD(2~5 km) Mean 14.35 1.95 46.11 16.94 2.39 205.29
Standard deviation 1.08 0.25 4.74 1.07 0.47 15.88
Standard error 0.41 0.09 1.79 0.40 0.18 6.00
Geometric mean 14.31 1.94 45.89 16.91 2.35 204.78
Minimum 12.45 1.50 39.89 15.37 1.89 187.45
14.50 2.00 46.81 16.54 2.45 201.60
15.60 2.22 52.50 18.24 3.20 230.50
WC 25.00 4.00 200.00 150.00 5.00 300.00
CWC 0.57 0.49 0.23 0.11 0.48 0.68

TTD, Soil heavy metals 2~5 km from tungsten tailings dam
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Bt HeE As 807.50(780.56 ~ 840.78) mg/keg,
Cd 41.22(38.93 ~ 45.45) mg/kg, Pb 101.64 (87.67
~ 112.45) mg/kg, Cu 144.02 (137.30 ~ 155.67)
mg/kg, Cr 86.07 (75.56 ~ 95.40) mg/kg, Zn 919.88
(760.56 ~ 870.45) mg/kg® A= Aet. F4 Fn] <]
T4 T EF2d $271%(Shin et al., 2021)
T Hl S o], Ast= 32.308, Cr 17.214, Cd-<
10.30H12 E2 vk 2|91, BFOA= As 8.06,
Cd 0.82, Pb 3.05, Cu 2.60, Cr 2.54, Zn 14.12
mg/kg® Cd7t o+ Fa&HETt Bt 7P A2
Ao g Hol Cd7t EGF ABE JFT A 71 25F
4 Sk ztol7t 7 A& A o2 YEpitt

A Fn) HAEe] 7P| AN 5 m o)
EUYS F54 AT Table 3), 5545 Ba S
AmHEA As 172.89 (128.17~197.27) mg/kg, Cd
7.76 (5.63~9.28) mg/kg, Pb 34.78 (29.34~45.00)
mg/kg, Cu 66.11 (55.38~74.71) mg/kg, Cr 24.40
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(19.76~29.45) mg/kg, Zn 325.70 (278.19~390.52)
mg/kg®E EAE U Fa45Y) EFe A &8 75
H RS off, Ast= 6.924l, Cr 4.88HH, Cd+= 1.9440
=2 H2d 7P o EG W EActs 5559 &%
o] E2 AoR e om, FF A= As 8.76, Cd
0.54, Pb 2.08, Cu 2.91, Cr 1.91, Zn 16.22 mg/kg
2 C7t EGS AT A= Atole]l S35 5k 2]
7h 7 A Ao 2 vyt HAde] F4 Frl o] C
2 C, 5 Bt Slol iFES S T4 w4 A3t
(Table 4), S5 B HAAE H4HEH, As
14.35 (12.25~15.60) mg/kg, Pb 46.11 (39.89~52.50)
mg/ke, Cu 16.94 (15.37~18.24) mg/kg, Cr 2.39
(1.89~3.20) mg/kg, Zn 205.29 (187.45~230.50)
mg/ke2 EAHAT A5 HAHE] 2~5 kmollAl A
A HiFES] 55 EGed 8 7153 vy
= ™, As 0.57H, Cd 0.494H, Pb 0.234H, Cu 0.11H,
Cr0.479, Zn 0.68 Bl 2 RE 534 gHfo] EY e d
S8 7|EEY B2 Ao s AR

3.2. 34 20| h2HH L mRHeH 7122 A|He| £QF
U334 29 24

HAH o] FA Fulet HAE 7P (5 m o)
EoFo] 2 9% 7t ATTable 5), HAHof 2o = 5
A grlo]| EAshs 47l FE59 L9A, Ce
AN A 2~5 km HolX ESF FollA A& 7F
e AA T EFONIBED A EAlchH= 522
e AEe 2 As 56.27, Cd 10.30, Pb 2.20, Cu 8.50,
Cr 36.01, Zn 3.99°]H Cfiﬂ 7] &£4+& Pb ( Zn (
Cu{Cd (Cr{As<°l%tt As, Cr, Cd, Cu®l 24
Ad+= 6 oFe® vl =2 HAIF(Very high
contamination)® WeFt, Zn¥ Cu= C 9] #t°]
1014 3ujgte g HE 4o 9 AA 4 (Moderate
contamination factor)& WetHom, @A &
wgos 4EH 0dE C,k 128118 B& 442
QAL B WY oA A Hold Ao Prix
Aot LAA(P)E EYS $2 7IEX 2 wHAEY 54
Fulol EAE Fa5E vhe @ &S FaS5 TR
o] AFERt o2 @ Jx4+(P)7} 10.72 B7H
2ol 2A Holu 7 A7t ol E e ez EA @
BE Ao g Frtd 4 ek 4 B HAgoe=R
B 5 m o|W9] E4E A% A1HTable 5), 5554
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Table 5. Contamination assessment using contamination factor(C #), contamination degree(C4), pollution Index(PI)

Site Parameter As Ccd Pb Cu Cr 7n Cyq PI
Unit mg/kg
TTSWD Mean 807.50 41.22 101.64 144.02 86.07 819.88
Cr 56.27 21.14 2.20 8.50 36.01 3.99 128.11 10.67
Mean/WC 32.30 10.31 0.51 0.96 17.21 2.73
TTWD(Gm) Mean 172.89 7.76 34.78 66.11 24.40 325.70
Cr 12.00 3.88 1.85 3.91 11.62 1.59 34.85 2.57
Mean/WC 6.92 1.94 0.17 0.44 4.88 1.09
BS 14.35 1.95 46.11 16.94 2.39 205.29
WwC 25.00 4.00 200.00 150.00 5.00 300.00

BS, Background soil; C, Mean/BS, Contamination factor; C;, Contamination degree; PI, Pollution Index; WC, Warning criteria; CWC,

Comparison with warning criteria

Table 6. Correlation analysis between heavy metals in tungsten tailings in waste dam

HM Cd Pb Cu Cr Zn
Pcc/p-value
As 941** /.002 .520/.232 -.118 /.801 .692 / .085 .586/.166
Cd 532/ .219 -.330/ .469 725/ .065 728 /.063
Pb 274/ 552 774* [ .041 725/ .065
Cu -.028 /.952 -.205 / .660
Cr .502 /.251
HM, Heavy metal; Pcc, Pearson correlation coefficient; p-v, p-value; Pec ', p-value<0.05, ; Pcc”, p-value{0.01)
Table 7. Correlation analysis between heavy metals in soil within 5 meters of tungsten waste dam
HM Cd Pb Cu Cr Zn
Pcc / p-v
As .889** /.007 -.483/.272 -.176 / 706 .832* /.020 -.746 / .054
Cd -.466 / .292 -.347 | 446 .708 /.075 -714 /.071
Pb 277 | 547 -.058 /.901 444/ 318
Cu -.153 /.743 539/ .212
Cr -.669 /.100

S AA, C=As 12.00, Cd 3.88, Pb 1.85, Cu 3.91,
Cr 11.62, Zn 1.59°19 C 9] 7] =A== Zn ( Pb
Cu { Cd ( Cr C AsCI3Ith. As, Cr C 7} 6 oVder
-2 =2 @ A (Very high contamination)® UE}
Wi, Cdet Cue 4339 LdE EYY AT
(Considerable contamination)® WeF#, Pbe}t Zn
2 1ol 3 mgte g HE £50] ¢ AAS(Moderate

contamination factor)® B7F 4= A3t QA
o2 HlEo 2 AES o 9x Byl AT 09E, C,ue
34.85% LA Eot L= 7 el =2 24F
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Table 8. Soil analysis for growth experiment treatment

Types of soil pH(1:5) OM(%) T-N%) Av. Py05(mg/ke)
TTS 8.53+0.15 1.30+0.05 0.10£0.01 0.15+0.01
CS 4.12+0.10 18.18%0.70 0.16+0.01 16.15+0.31
TCMS(3:1) 6.35+0.22 4.45+0.18 0.12+0.01 3.984+0.10
GS 5.82+0.11 4.38+0.16 0.19+0.01 20.29+0.89

TTS, Tungsten tailings soil; CS, Coal waste soil; TCMS(3:1), Tungsten tailings and coal waste soil are mixed 3 : 1; GS, General soil; OM,
Organic matter; T-N, Total nitrogen; Av. PoOs5, Available nutrient P9 O5

Table 9. Results of survival rate by growth experiment treatment

Type of treatments No of treatments

No of Survival

Survival rate(%) Compared to TTS

TTS 15 6
CS 15 5
TCMS(3:1) 15 13
GS 15 14

40 .

33 0.82
87 2.18
93 2.33
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Table 10. Comparison of stem length by experimental treatment
Experimental treatment April May June July August  September
Compared to TTS
Unit cm
TTS 3 8 21 35 47 56
CS 3 19 37 50 60 1.07
TCMS(3:1) 3 15 45 80 120 140 2.50
GS 3 12 50 85 125 150 2.67
Table 11. Comparison of the spreading size of colonies by growth experimental treatment
Experimental treatment April May June  July August  September
Compared to TTS
Unit cm
TTS 2 5 7 25 45 .
CS 2 6 9 27 50 1.11
TCMS(3:1) 2 10 20 32 55 80 1.78
GS 2 9 21 35 60 85 1.89

Table 12. Number of individuals by growth experiment treatment

Experimental treatment No of individual Compared to TTS
TTS .
CS 0.80
TCMS(3:1) 13 2.60
GS 14 2.80
Table 13. Comparison of changes in fresh weight by experimental treatment
Experimental treatment Fresh weight
Compared to TTS
Unit g
TTS 255 .
CS 320 1.25
TCMS(3:1) 890 3.45
GS 920 3.60
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