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ABSTRACT

A survey was carried out to investigate the contamination of streams by the acid mine drainage
originated from the abandoned coal mines and coal refuse piles. The physico-chemical
characteristics such as pH, sulfate and elements concentrations in the water and sediment in
streams were analyzed. Microbial activity in the sediment was evaluated by measuring dehydro-
genase activities, At sites contaminated by acid mine drainage, the pH of the water and sediment
declined to acidic range from neutral due to the accumulation of sulfate. The dehydrogenase ac-
tivity ranged from 12 to 170 xg-TPF - g-dry soil ™!+ 24h~! at the contaminated sites, whereas
uncontaminated sites had activities of 1,176~4,259 pg-TPF - g-dry soil™! - 24h~!. The dehydro-
genase activity was significantly affected by low pH of the sediment, indicating that high concen-
tration of sulfate inhibited microbial activity, The concentrations of heavy metals such as Pb and
Fe in contaminated sediment (37 ~46 ppm Ph: 46,000~ 464,000 ppm Fe) were much higher than
those in the uncontaminated sediment. The concentration of Al in the contaminated water
acidfied by coal mine drainage was in the range of 11 to 42 ppm. Compared with those in the
uncontaminated sediment, the concentrations of Mn, Mg and Ca in contaminated sediment were
low because of the leaching from soil to water by the acidfied stream water.

Key words: Abandoned coal mines, Acid mine drainage, Coal refuse piles, Dehydrogenase ac-

tivity, Heavy metals, Sulfate
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Fig. 1. Map showing the abandoned coal mines field site near Taebaek city.
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Table 1. pH, sulfate concentrations and dehydrogenase activities (DHA) in sediments and stream

waters
Sediment Water
Site pH Sulfate® DH A" pH Sulfate
(-) (—) (mg SO&= /1)

Hwajondong

A—-1 6.3 0.4+0.1 124+ 31 6.2 223+43

A-2 6.2 0.84+0.0 169+ 32 5.7 213+ 2

A-3 2.8 6.8£0.7 61+ 7 2.7 86177
Hyolamgol

B-1* 6.9 0.3x£0.0 1,869+128 7.7 37+ 1

B—-2 7.2 0.1£0.0 1,176 £ 98 6.8 57+ 8

B—-3 6.9 0.1£0.0 22+ 5 5.5 52+ 1

B—4 3.0 0.9+0.1 13+ 2 4.1 50+ 5

B-5 4.8 6.8£0.7 12+ 2 4.1 67+ 6
Hwangji stream

M-1 7.6 0.2+0.0 1,567+ 11 6.9 52+ 6

M-2 7.1 1.4+0.5 4,259+400 6.9 7814

M-3 6.7 0.1£0.0 23+ 3 6.8 26+ 1
Vegetable patch 7.5 2.4+0.5 1,528+101 - -
Soil around a coal 4.4 4.3£0.6 14+ 2 - -

refuse pile*

@ : mg SO4%~ /g dry soil

: ug TPF - g dry soil ™! - day !

* : Uncontaminated site

°F 1,176 ~42594g-TPF - g-dry soil™! - 24h~'o] At M2x15 8] DHAZ} B} AP Et} °F 2~3.5
Hj o] & olf & o] AFole U 2 HEJANEC] Gol ] K718 Fol
E7) WEoz AAgdh aev, 3dE A9 B¢, DHAE 126-61 ug-TPF - g-dry soil * -
24h'= gz o] HAFAY (Bl)oll vlste] 433] @t =3 ddFoMz deg v
F4 oo AE57E 98 $ole DHAZE 32438 423k ole 52 3349 s s
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Table 2. Element concentratlons ina branch stream of Hwajondong

Sedlment (ppm) Water (ppm)
Elements - - e — - -
Al AZ A3 Al A2 A3
Cr <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zn 131.4+ 0.7 87.6+ 1.1 192.6+ 2.5 <0.5 <0.5 0.8%0.1
Cd <0.5 <0.5 <(0.5 <0.5 <0.5 <0.5
Pb 456+ 1.0 4.4+ 14 4.4+ 1.4 <05 <0.5 <0.5
Mn 436.8+ 3.4 509.4+ 1.7 80.4+ 1.1 42403 3.8%£0.2 9.3+0.2
Fe 464,100.0+2,171.0 395,300.0£4,902.0 169,500.0+5,405.0 <0.1 0.2+0.1 53.1+238
Mg 403.8+ 4.3 670.2+ 5.0  1,153.0% 6.8 50.4+1.4 42.9+0.1 67.9%+2.6
Cu 28.8+ 0.1 24,6+ 0.4 21.0+ 0.4 <0.1 <0.1 0.1+0.0
Ca 2,423.0t 30.7 3,448.0t 59 2,036.0x 48.1 134.7+0.0 136.2+0.8 135.7+1.9
Al 2,584.0+ 1L.0 3.473.0+ 465 98120+ 71.3 <1.0 <1.0 41.6+3.0
Ba 29.4+ 0.2 38.4% 0.7 49.2+ 0.7 <0.5 <0.5 <0.5
Si 1.229.0+ 622 595.2+ 4.0  1,492.0+ 6.7 2500 2.4x0.0 11.6x0.1
o 4 pH7F sHe Bask BS A 9ol A ahd 4 $o] Ale] 17k 1§ 511, Cudl $EE thh B
okth (Table 3), HE % 23] 8414 22| Mg, Mn, Ca, Si 59] %7} #ors B3} vl

A Eha) = feqlol whel 4 oMl 275k o
Sobere] SR A Y Fo) Sr4 Fegl Pb°l FEe Bla vluwste] Agd wiart Y= =
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(1966) ol ofa) RaEl @A oh& EofolAe] X (38,000 ppm) et A vk, B33} B4
2] Z ol M= 46,000 ~50,000 ppm A E 2 Fe %7} Hokvh wd, ARG A Phrt AL 1%
Sl 2 eketo) B3k B4 A Qo M= Pbe] Fvh oF 37~40 ppm &2 9 o A F A
Holl M= dobaryt FAbst Ayt pabdl -’r AATH (Table 2). &3 F AHNMe Ferlk
(170,000~ 464,000 ppm) 7+ A A AR} o 5~158} £uch Pbel % & ¢k 45 ppm &8
uH =AU, o] H e E Wl SR E 2 Fe Pbrt &l ¥ S 9wl i)
o}z gg zefel Blo] aAHE| A ZoA] Mn, Mg, Ca £9 ¥x= zH7) 4,352, 3,087,
4,077 ppm SolUth o] k@l Hlarated A A ¥HG W ol 23
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Table 3. Element concentrations{ppm) in Hyolamgol

Elements B1* B2 B3 B4 B5

Sediment 27.6x 0.4 33.6+ 0.6 228+ 0.2 661.0+ 13.3 15.6x 0.8
Cr 164.4+ 3.2 180.0+ 1.8 250.8+ 1.0 77.4% 0.8 76.8% 1.0
Zn <0.5 <0.5 <0.5 <0.5 <0.5
Cd <0.5 <0.5 39.6+ 1.1 36.6+ 0.8 <0.5
Pb 4,352.0+ 53.9 1,447.0+ 7.0 1,169.0x 3.2 261.6x 6.5 217.2= 1.0
Mn 30,760.0+142.4 38,330.0+£1,160.0 46,840.0+£365.6 50,170.0+£733.2 38,620.0+707.0
Fe 3,087.0t 43.3 2,849.0+x 29.9 2,149.0% 35.0 1,563.0+ 24.8 1,661.0+ 4.1
Mg 39.0= 05 3.6 04 183.0+ 2.9 46.6+ 0.2 39.6t 0.3
Cu 4,077.0+ 36.4 2,447.0x 37.4 1,777.0% 16.9 6174+ 8.2 1,741.0+ 9.4
Ca 33,250.0+391.7 39,640.0+ 125.4 23,840.0x114.4 36,110.0+471.7 32,860.0+214.9
Al 155.4+ 0.5 174.0x 3.2 64.8t 0.4 192.2+ 4.6 1728+ 1.1
Ba 770.4+ 67.9 382.2+  14.2 252.6+ 20.9  2,477.0+ 12.8  2,409.0% 18.1
Si

Water <0.1 <0.1 <0.1 <0.1 <0.1
Cr <0.5 <0.5 <0.5 <0.5 <0.5
Zn <0.5 <0.5 <0.5 <0.5 <0.5
Cd <0.5 <0.5 <0.5 <0.5 <0.5
Pb <0.5 <0.5 1.8+ 0.0 2.8+ 0.0 2.8 0.0
Mn <0.1 <0.1 <0.1 <0.1 <0.1
Fe 59+ 04 13.8= 0.0 19.9+ 0.2 26.2+ 0.3 26.7+ 0.2
Mg <0.1 <0.1 <0.1 0.1+ 0.0 0.1 0.0
Cu 33.9+ 0.1 425+ 0.0 48.4+ 0.2 56.6x 0.7 52.5+ 0.3
Ca <1.0 <1.0 <1.0 11.1x 0.2 151+ 0.1
Al <0.5 <0.5 <0.5 <0.5 <0.5
Ba 2.1 0.0 27« 01 3.0+ 0.0 46+ 0.1 59+ 0.1
Si

* : Uncontaminated site

Table 4. Element concentrations in Hwangji stream

Sediment (ppm) Water (ppm)
Elements

M1 M2 M3 M1 M2 M3
Cr 216+ 0.1 9.0 0.9 9.0+ 04 <0.1 <0.1 <0.1
Zn 183.0+ 2.1 391.2+ 3.3 155.4+ 1.1 <0.5 <0.5 <0.5
Cd <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Pb <0.5 33.6 29 <0.5 <0.5 <0.5 <0.5
Mn 960.0+ 46.0 1,990.0% 6.7 372.6+ 3.2 0.7x0.1 0.7+0.1 <0.5
Fe 28,770.0£573.7 48,190.0+422.4 33,860.0+196.0 <0.1 <0.1 <0.1
Mg 3,177.0%+ 43.6 3,394.0%x 22.1 2,194.0x 3.2 153x£04 16.9%+0.1 5.0x0.1
Cu 32.4+x 0.5 714+ 0.9 45.6+ 0.8 <0.1 <0.1 <0.1
Ca 5,405.0x 75.7 7,690.0x 21.2 2,243.0%x 20.3 52.4+0.2 55.5+0.5 19.4+0.3
Al 37,660.0+296.0 34,000.0+£602.0 19,070.0+218.0 <1.0 <1.0 <1.0
Ba 205.2+ 3.7 132.0+ 0.5 744+ 0.2 <0.5 <0.5 <0.5

Si 1,249.0+ 12,4 1,590.0% 45.1 843.4+ 12.7 1.5%0.0 1.8+0.0 2.0£0.0
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Table 5. Element concentrations in a vegetable Jols 22 ojv 3he}. M3 R oo M FFEET

patch and a soil around a coal refuse Mn, Mg, Ca 9| E57} 48 =1l M1} M2
L pile of Hwajondonng _ _ Aol ut 988 9 A3t (Table 4), o]
Elements Vegetable Soil around a coal _\;_._ )B}__rer Ml-ﬂ ‘3]—%.—){‘—0“ 9]5H o O1Q Mn Mg,

Da_t@ (ppm) refuse pile (EF),TZ Ca = 7} S 2 z_gol%%ta soly 23
& Z

S v e € e Mo s ¢
o < o A A3 PAHRE S A,

Pb <0.5 480+ 4.4 A vl o Fag A L= g
Mn 521.4% 24.6 125.0£ 1.0 As Ay godze] pH7 e sl (A3,
Fe 24,090.0£170.0 31,650.0+273.8 B4, B5)olA] xmle] Yelgaa o A 9= Al

Mg 3,499.0+ 27.1  1,060.0+ 6.2 ol oF 11~42 ppmo| AZE It} (Table 2} 3).

Cu 25.8+ 0.3 216+ 0.7

Ca 30200+ 240 21960+ 139 °l= A9} shd ol s oz e Alo] &

Al 23,500.0+337.8  27,280.0+462.4  HHAU7] Wjro g AlgdT},

Ba 1428+ 23 219.6% 4.1 it H3A vn) 2w Eoke] 994 BA
si L5220 755 L4050+ 206 mu zado) phol ol 48 ppm&i ﬁé}ﬂl
2d=]o] AR, Ao AR A FAS HES o A Bk ujgo) o8 e e B
=2} gkttt (Table 5)

ol 4ol dutg FTEshy o, gadulge 3 fYdl 23 FAH Ege A ha gL g
et A AdE e AHAM S e AL o ok w o | ®H e FH )
ol FAERNE W FY NP 2NE £ km oMol A 3t o] Zalab o] ofs) tiREe] o
AEAEC] B84 BAZ A AR R o3 w5 o ] o de Rl Ao
2 @i skl Aol AH B2 ety YJahatgo] AalE 7] A, o dx G A 4
2g Aef Al gha) 7} e R Sl A E e A - st FEAE S R0 25
Zol o3t sl oA S %:*'%‘% F Refet AtsEo

H 2

ZHE A B o] Agg e o3 njel A fEE = A B fYe R 9 =
Mol e ARE &) Q8 e sHEAEY
pH, &irdel e s W P74 328 SN0y sH3E 4 5o M8t njyEe 84
3 = Hgbdsh A3A g9 w7 A4H FUHE A
o} st ¥ 2 & o] pH7F FA40A Ao 7228k
FY=A g FAAANA sHdEE 59 DHAE 1,176~4,259
g- ’I‘PF g-dry 8011 t. 241'1‘101‘24 oLt fdE = AHS 12~170 g TPF - g-dry soil ! - 24h 12
gkttt AP A vaste] o dd xoe] YEHE FollM Pbet Fed = 742
37~46 ppm ¥} 40,600~ 464,000 ppm L. & uH~° Evh e vl fygor AgetE &
ol M= 11~42 ppm o] & F o] Alo] #A&EH AT 3 o FE Ao aldEHE Fo
Mn, Mg % Cael =7} HA 3 vlashA] @26 2ota, vhfed syl £ ¥ ¥
%Xt
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