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A Treatment of Acid Mine Drainage Using the Rice Stalk
and Cow Manure
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Abstract : Pilot wetand reactor systems to test acid mine drainage treatment efficiencies for metals were
designed and operated at the Dalsung mine and surveyed the operating problems. pH and Eh (redox potential)
were measured in situ and anayses of Cd, Pb, As, Zn, Cu, Fe, Al and Mn were carried out in the laboratory.
Maximum metal removal efficiencies of the reactor containing the rice stalks, the cow manure and limestones
were that Cu, Zn, Fe, Cd, Al, Mn and Pb were lowered by 98%, 100%, 99%, 100%, 97%, 61% and 100%,
respectively and at that time the pH and Eh of the effluents from the reactor were 6 and about -300 mV.
However, the redox potential was raised and removal of metal elements except aluminium was decreased with
operation time. It suggests that the reduced condition is very important for the metal removal. During the
operation, problems such as scaling in pipes and volume change of the substrate within the reactor occurred,
which were preventing the flow of main drainage in pipes and reactor.
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A: Water collection basin
B: Drain
C: Valve
Figure 1. A reactor system for the acid mine drainage treatment.
The 3rd reactor was filled with rice stalk and cow
manure. Arrow indicates the flow direction.
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Table 1. Physical characteristics of reactor system design and
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operation
. Rice Cow  Thickness of Residence
Limestone Flowrate Ti
(m) Strasw Man;1rc substrates (ml/min) ime
(m) () {(cm) (days)
0.20 0.33 0.04 80 70 (max) 3.86
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2 Zn 5 ICPJY38 Plus)o] &) B4
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Eh : #4=¢] Eh ¥$lE 271 mVEE 374 mVygor 49
9 %1t Eh 330 mV(n=3)8 YERARIT. 22} WFse

¢ 5U0] AEEA 29 Eh & YehAd 3 56Q0] A7
HAA #HA -313 mVE et 28y 118Y 0] A x}alw
A 4 mVZ thA] %e] Eh & YERIT(Table 2).
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Cd: %579 Cd BF 2= 0.15 mg/l(n=3)Yt}. LFHs
F9] Cde 5dU0¢] AA3HEA 0.1 mg/I vjwko g A=t
(Table 2).

Al Fdaged FE Al FEE Hit 1.96 mg/I(n=3)0.2

2 0.35 mg/I%E A 3.24 mg/lo|Qrt. 118Y 9% wi
429] Al %= 1 mg/I v]vko|Qth(Table 2).

Mn : #Q<e] Mn FE& 3FF 70 mg/l(n=2)%c}. Mne
AEA G AATE AAN(ED R F, 1997) 271l &



Table 2. Changes in water quality of acid mine drainage with time

Time 5 days 14 days 34 days 56 days 85 days 118 days mean
Parameters
pH influent 3.57 3.69 3.88 ~ 3.33 3.62
effluent 5.83 5.76 6.04 6.79 6.10 6.76 6.21
Eh (mV) influent 271 345 374 ~ - 330
effluent -42 -27 -291 -313 -168 4 -139
influent 1.66 - 2.62 ~ 0.25 1.51
C l 11
u(me/1) cfluent 023 0.02 0.02 0.03 0.10 0.06 0.08
influent 9.89 - 17.80 - 6.50 11.40
n(mg/1)
effluent 592 0.42 0.00 0.00 1.83 3.10 1.88
influent 111 - 197 ~ 71 126
F )
¢ (mg/) effluent 71 114 1 56 146 65
influenc 0.17 - 0.25 ~ 0.04 0.15
Cd(mg/1) effluent 0.08 0.00 0.00 0.00 0.01 0.02 0.02
Al (mg/l) influent 0.35 - 324 - 2.29 196
effluent 0.24 0.09 0.03 0.10 0.15 0.09 0.12
influent - - 72 ~ 67 70
M i !
n(me/1) effluent - - 52 28 76 55 53
Pb(mg,/]) influent 0.03 - 0.03 - 0.00 0.02
effluent 0.02 0.00 0.00 0.00 0.00 0.01 0.01
- : not measured
Aohgold AR 340 A% F ZRE BFH5Y Mo R 2Y 29 YEE AREL AYSnE BPE Fpmel et
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Table 3. Changes in metal removal efficiency of the reactor with

time
Time
5 days 14 days 34 days 56 days 85 days 118 days
Elements
Cu 86 - - 98 - 76
Zn 40 - - 100 - 52
Fe 36 - - 99 - -105
Cd 53 - - 100 - 50
Al 31 - - 97 - 96
Mn - - - 61 - 17
Pb 33 - - 100 -

— : not calculated due to no chemical datum of the influent
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Figure 2. Variations of water quality of acid mine drainage with time.
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Figure 3. The energy dispersive spectrum (EDS) of black pre-
cipitation.
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Photo. 1. Iron distribution map. White dots are the iron.
M2 + H,S + 2HCO; =MS + 2H,0 + 2CO, (2) ' P "

. Fe?* + H,S — FeS + 2H* (3)
Aol A TR 27HE S A5 A (3) & AlA Fe 0]9]o]] #H5Fol &A)3}= Zn, Cu, Cd, Pb S& 4 (3)9]

g g3 FElA #ES FAEW. 0B BEHE B3

Table 4. Comparison of the chemical compositions of raw and black rice stalks

Elements g ) Al (%) Ca(%) Mg (% Mn (%) Cd (ppm) Cu (ppm) Pb (ppm) Zn (ppm) As (ppm)

Rice Stalk
Raw 0.074 0.072 0.26 0.18 0.048 0.37 5.8 17 91 1.0
Black 3.73 0.20 1.01 0.14 0.14 119 1400 33 5100 1.4
Ratio 50 3 4 1 3 322 241 2 56 1
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Photo. 2. Color change of rice straw to black.
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Table 5. Solubilities of meral sulfides and hydroxides (25°C)
(Yong et al., 1992)

Metal sulfides Metal hydroxides

species solubilities species solubilities
Mn$ 56x10"° Mn(0H), 20x10"
FeS 1.0x107" Fe(0H), 1.8x10™"
NiS 3.0x10”% Ni(0H), 1.6x10"
Cds 1.4x107% Cd(0H), 20x10™
ZnS 45x10* Zn(0H), 45x%x10"
PbS 1.0x10% Pb(0H), 42x10"
Cu$ 4.0%x10% Cu(0H), 1.6x10"
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