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ABSTRACT 

SRB(Sulfate Reducing Bacteria) converts sulfate into sulfide using an organic carbon source 

as the electron donor. The sulfide formed precipitates the various metals present in AMD(Acid 

Mine Drainage). In this study. the effects of temperature on sulfate reduction and heavy metals 

removal from AMD were investigated in batch and continuous flow reactors operating at the 

range from 1S·C to 40·C. Reduced sulfate/removed COD(mg/mg) ratio maximized at 

temperature of 30·C in the batch reactor operating at COD(gluCQse)/sulfate ratio of O.S and 

then removal efficiencies of heavy metals were 97.S% of Cu. 99.99% of Pb, 99.99% of Cr, 49% 

of Mn, 98% of Zn, 99.99% Cd and 92.4% of Fe. Two anaerobic floating media reactors were 

continuously operated at hydraulic retention time of 3days. COD/sulfate ratio from 0.3 to 0.8, 

temperature from 30·C to 3S·C. and alkalinity of 1,000mg/ I (as CaC03). At COD/sulfate(S042
-) 

ratio of O.S and temperature of 3S·C, the ratio of reduced sulfate(S042-)/removed COD(mg/mg) 

kept about 1 and the reactor achieved 99.99% of Cr. Pb and Fe. 98% of Cd. and 90% of Mn 

removal efficiencies. respectively. Decreasing temperature to 30·C increased the ratio of reduced 

sulfate(SOt)/removed COD(mg/mg) to 1,31, Amount of sulfate reduction maximized at the 

temperature of 30·C and the COD/sulfate ratio of 0.4 in the influent and then removal 

efficiencies of heavy metals were 100% of Fe. 100% of Pb, 99.99%· of Cr, 97.3% of Mn, 99.9% 

of Zn. 99.9% of Cd and 99.9% of Cu. 
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Fig. 1. Schematic diagram of the experimental apparatus. 

.91 ~~'€l ~~if% :§:j-.!;!."8"}7] ~ii~ K "8"}9-.7.~i!1;<J 

.91 ~ 7p·J ±~~ ~ cj A]9i- D 1;!!j 9-~;<JoJ] A~ ~gl 

~ ±~ ~cjAl~ 3:1B]%£ ~~AW :5!~£Ai. 

±~~c~Alojl ¥.~B o]%~% ;lfJ71"8"}71 ~ii~ No. 

16(1.18mm);<f!£ 71~ ~ +2-"8"}~q. zt ~%~oJ] 

-6J'6B ~C~A].91 ~]~.g- 2.8 t ~~nt ~71 TS 

(Total Solid) ~5::.:::: 1O.000mg/ t. VSS{Volatile 

Suspended Solid) ~5::.:::: 8,850mg/ t ~q. 

~~oJl ~R~ %~1II]9-.91 ~~l ~ ~ii~Ai -q-{i 

-:;:-1..J1.91 dT-..B.. %{} ~ 1111 %Al ~ %oJl Ai ~~ ~ '€l ~ 

£ ~~ ~J?:lo] JilJti~ %{}A]~ 3~r:~]~ ~78"8"} 

0:\ itJ.;<J~A}~ ~A]"8"}~q. itJ.;<J ~A} ~ A]li ~~ 

~.7.]~ 111]~%~ ~'a-%'fl .!f--2-.91 "8"}~:ilj- itJ..A~ 7} 

i;~ %~ r:J1~~~-f,'-A} ~~%'fl± .:Ii!12 .!f-{}% 

~A] 71;<J~oJ] ~.7.]~ Jllli}4j'%~ ~%%{} ~r:J1 

o]q. 

~.91 A]{j~oJ1Ai ~gl~ %~.i!fl9-ojl ~%B % 

i}4[-.91 ~AJ:ilj- ztzt.91 ~:s:.. 11119-.91 pH. CODer. 

~~'€l ~:s:. 'g~ :uj-Q}~ ~:ilj-. ~~%~oJ] 1:I1iill 

7}~% . .:ri!1. 'it, o}~ %.91 %i}4[- ~'lf°l zt'6 

~~71~.7.1~ tH! *5::.-c ~5::.~ y.q1..J1~g ¥ 
'i!- o}1..-] c} ~ ~% .i!fl9-oJl Bli5~ Ai 5::. ~ %"8"}71] $:~ 

9-.7.1~ Y.q1..J12 'Xl-c :5!~£ ~A}~~q8l. rr}c} 

Ai ~~%{!- 1..J1.91 %i}4[- ~]71 .!;!.q i}4[-%{!-.i!fl9

1..J1.91 %i}4j' A1171 lolJ~O] Li* +i:f'~ :5!~£ 3& 
li1B l:I}, ~.:roJ] A}%~ ~~ %{!-1II]9--c i}4[-% 

~ Al~.91 111]9- 9-~% 7]~~£ "8"}0:\ Table l:ilj

~o] A11~"8"}~q. 

§j ~-6J ~~ oj] Ai SRB.91 ~~'€l (S04 =) ~~ oj] 

o].7.]-c .g.5::..91 cg-o-J=% ~A}"8"}7] ~ii~ \1~A]~ .g. 

5::.-c 15. 20. 25. 30, 35. 40'C£ %A]"8"}~~nj, A} 

%B ~c~Al-c ~4[-~%~ojlAi 1l~°J=B SRB ~cj 

A]~ 01%"8"}~2 ~7]oJl -6J'6B ~C~A].91 VSS ~ 

5::.-c 987mg/ t o]~q. %i}4[-~]71%.g. 30'CoJ1 Ai 

~A}~~q. ~~~~oJ]Ai ~71AJ ~~~-c 30, 

35'C oj] Ai zj4 -&~~ ~ q. 

%~9- A]li-c F]~ 785::. {J~A]~ .f- AJ%q]j 

% ~~ ~ "8"}0:\ 0.211/11 membrane filter.£. 0:\ :ilj-A] ~ ~ 

Atomic Absorption Speetrophotometer(AA-680, 

Shimadzu)~ A}%"8"}cj %i}4[-% ~~"8"}~~nj, 

sot:::: Turbidometric methodoj] rr}c} 78 'If"8"}~ 

~nj, CODer ~ ~~i!1:s:.-c Standard methodlll 

oj] ~"8"}cj ~~ "8"}~ q. 

Yosu National University Vol. 2, 1999 



28 

Table 1. Composition of the Synthetic Acid 
Mine Drainage Used This Study 

~ Components 
Concentration 

(mg/I) 

SO/ NazS01 1,000 

Fe FeCIz· nHzO 250 

Mn MnClz·4HzO 20 

Zn ZnClz 10 

Cd Cd(N03)z ·4HzO 10 

Pb PbCIz 2 

Cu CuCIz·2HzO 8 

Cr CrCh·6HzO 1 

alkalinity 
(as CaC03) NaHC03 1,000 

NH1Cl 170 

KzHP01 50 

Nutrient KHzP01 50 

MgCh' 6HzO 40 

KC] 50 

FeCIz· nHzO 2 

ZnClz 0.05 

CuCIz·2HzO 0.03 
Trace 

element 
MnCh·4HzO 0.5 

H1B03 0.05 

NiCh·6HzO 0.05 

CoCh·6HzO 0.05 

Biotin 0.0312 

Cyanocobalamin 0.0016 

Folic acid 0.0312 

Nicotinic acid 0.08 
Vitamin 

Ca-Pantothenate 0.08 

Pyridoxin-HCl 0.16 

Riboflavin 0.08 

Thiamin-HCI 0.08 

pH 3.0 
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.g. 98%. 7'}2::.%~ 99.99%, ~.g. 92.4%Qj fill71% 

% .!i!.O:j, ~~ 2~~U °l4-oJl~ fil]71%.91 -e- ~}01 

~ .!i!.°lAl ?l~q.. °1 e-J~ ~.i!j-~ 'is'-i1"4;' fill71 ~ 
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{}% 2~ Ac]s:..£ -&~ii}O:js:. 'is'-i1"4f fil1717} 7~ 

ii}q.-c ?!% A1J.}f;~ €,q.. ~~. o,}{}.g. 10~oJl °1 2 

e-JJ.is:. 50% Ac]s:. 'i1 fil171 £j::: 0J",}% .!i!.~ q.. °1 

-c sulfideQj ~.AH "5}oJl Ai 'is'-i1"4f ~.91 %15~ s:. ~.i!j

1:l1.Jl~% IIll. q.~ 'is'-i1"4j:%oJl 1:l1"8"H oJ-{}.91 %15~ 

£ ~ol 25°C o1]J.i Ks= [Mn2-] [S2-] = 10-13.5~ 

7};<J- -e- ?!oJ1 71~-B ?!~ J.}li-Bq.. 
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4.	 ~ 

%~Jll]9-t11~ t:l-;g:~ ~ii-4;- fillrJ~ ~<5~ -€:-£ 

~ oa-o-J=% ~~i!-] ~%3':~ §j~ '3<1 ~4;-'£-{i 1J~ 

1.	 §j~~oJ]A~ 3()"CoJ]A-j Reduced sulfatelRermved 
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~oJ1A-j 1O~ ~~oJ] .:r-cl CJ7.5%, \:t 00.00%, 3:~ 
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~ 92.4%5!- 3'i"-€:- ~ii-4f fil]rJ%% .5!.s:tt:l-. 

2.	 ~4;- ~%3':oJ]A-j ,£-{i-€:-2i:. \1~oJ] u:j-~ ~~~ 
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~.!?:l~~ ?!.Q.5!- L.j-EtJ;l:.Q.t9 ~;:!, 30"CoJ1A-j~ 

~ 1.31mg~ ~~~(SOl-)o] ~.!?:l~~ ?!.Q.5!
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ii-4f ;1rJ%% ~~ 9- ~~ -€:-£~ 30"C5!- L.j
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