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ABSTRACT 

Research was conducted to evaluate methods for the biological treatment 
of acid mine drainage (AMD). Two general approaches were evaluated. 
The first evaluated treatment of impounded AMD through the addition of a 
mixed microbial community and carbon sources appropriate for their 
maintenance. This approach was designed to promote sulfate reduction. 
Hydrogen sulfide produced by sulfate reduction can potentially react with 
metals in solution to form metal sulfide precipitates. The process 
improves pH and generally improves water qulaity. Several approaches 
were attempted to provide suitable microbial communities, carbon sources, 
and environmental conditions suitable for continuous microbial activity. 
Wood dust and typical solid waste materials were shown to support sulfate 
reduction, but maintenance of sulfate reduction in AMD solutions was 
limited. In addition to wood dust and solid waste materials, sponge 
substrates were used to "package" the microbial community in portable 
units which could be added to AMD impoundments. Tests of sulfate reduction 
and water quality improvement indicated that microbial communities were 
limited by "packaging" procedures. Sustained sulfate reduction was not 
obtained and water quality improvement was minimal. Several mechanisms 
of AMD quality improvement were evaluated or identified. Most significant 
was the potential for wood dust improvement of AMD quality when no 
biological activity was present. To provide adequate treatment of AMD, 
a second effort was directed to evaluation of a biologically based unit 
process for AMD treatment. Using an anerobic digestor which provided 
waste liquors high in organic acids, AMD was mixed with digest'or effluent 
in an anaerobic reactor which maintained sulfate reduction. The end result 
was production of an effluent with low iron concentrations and no 
detectable heavy metals with a pH in the range of 6.5 to 8.5. The utility 
of a pilot plant design incorporating anaerobic digestion, sulfate 
reduction, aeration, and final clarification and settling was demonstrated. 
Useful outcomes of the proposed process were the production of metal 
precipitates in a form which is easily dewatered and potentially valuable, 
and the production of organic material (from the digestor) which may be 
considered a useful soil amendment in site reclamation. 

KEYWORDS: Acid mine drainage treatment, anaerobic digestion, sulfate 
reduction, pH neutralization, biological treatment processes 
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1. INTRODIJCTION 

Acid mine d r a i n a g e  (M)  is cons ide red  t o  be one of  t h e  most t roublesome 

i n d u s t r i a l  p o l l u t a n t s  w i t h  s i g n i f i c a n t  l o c a l  and r e g i o n a l  impact i n  a r e a s  

where acid-forming m i n e r a l s  a r e  exposed hy mining.  The h i g h l y  m i n e r a l i z e d ,  

low pH w a t e r s  a r e  formed by t h e  o x i d a t i o n  and h y d r o l y s i s  of s u l f i d e  

m i n e r a l s ,  one of t h e  most common b e i n g  i r o n  s u l f i d e  (FeS).  I n  I l l i n o i s ,  

a c i d  mine d r a i n a g e  is  a  r e g i o n a l  w a t e r  r e s o u r c e s  problem, g e n e r a l l y  

l o c a l i z e r l  t o  mine s i t e s  i n  t h e  s o u t h e r n  p a r t  of t h e  s t a t e  a l t h o u g h  AMD 

does  o c c u r  i n  n o r t h e r n  and w e s t e r n  c o a l  f i e l d s .  AMD may a f f e c t  l a r g e  a r e a s  

i f  d i s c h a r g e  t o  s t r eams  and r i v e r s  occurs  because  n e u t r a l i z a t i o n  c a p a c i t y  

of t h e  r e c e i v i n g  sys tem i s  t y p i c a l l y  l i m i t e d  by watershed geology.  I n  

g e n e r a l ,  AMD problems i n  I l l i n o i s  may he c l a s s i f i e d  a c c o r d i n g  t o  l o c a t i o n  

and e x t e n t .  Ry f a r  t h e  most s i g n i f i c a n t  problem is  t h e  reduced wa te r  

q u a l i t y  of impoundments on a c t i v e  o r  abandoned mines.  The most s e r i o u s  

problem o c c u r s  i n  p i t  l a k e s  which may be q u i t e  deep and c o n t a i n  l a r g e  

volumes of contaminated w a t e r .  The d i s c h a r g e  of AMT) i n t o  s t r e a m s  may 

s e v e r e l y  degrade a r e a s  n e a r  t h e  d i s c h a r g e  and a f f e c t  downstream w a t e r  

q u a l i t y  o v e r  a  l a r g e  a r e a .  By and l a r g e  t h e  most s i g n i f i c a n t l y  a f f e c t e d  

s t r e a m  system i n  I l l i n o i s  i s  t h e  S a l i n e  R i v e r  and i t s  t r i b u t a r i e s  i n  

s o u t h e r n  I l l i n o i s .  

The t r e a t m e n t  of AM3 i s  g e n e r a l l y  d i f f i c u l t  and c o s t l y .  T y p i c a l  

t r e a t m e n t  p r o c e s s e s  i n v o l v e  n e u t r a l i z a t i o n  w i t h  a  b a s e ,  g e n e r a l l y  

l i m e s t o n e ,  l i m e ,  o r  o t h e r  low c o s t  n e u t r a l i z a t i o n  s o u r c e s .  N e u t r a l i z a t i o n  

does  r e s u l t  i n  a n  i n c r e a s e  of pH, bu t  numerous secondary problems occur .  

The most s i g n i f i c a n t  problem i s  t h e  g e n e r a t i o n  of l a r g e  q u a n t i t i e s  of 



metal hydroxide sl-udges. These sludges have a high volume, are hard to 

dewater, and contain large quantities of toxic metals. In addition to 

sludge, neutralization with limestone, lime, or even strongly basic 

materials such as sodium hydroxide result in increased total dissolved 

solids which include large quantities of sulfate. The neutralized A1ZP 

with high levels of calcium sulfate (typical of lime or limestone 

neutralization) has a limited buffering capacity and is subject to pH 

deterioration if additional AMD loading is encountered. 

This project was undertaken to study alternatives to lime or limestone 

neutralization processes which could be used either directly in 

impoundments or as a unit process which could he applied to point or 

collected nonpoint sources of AMD. The treatment scheme adopted depends 

on microbiological activity, particularly removal of sulfate by 

sulfate-reducing bacteria. The bacteria reduce sulfate present in the 

AMD, producing either hydrogen sulfide which is purged and lost from the 

system, or metal sulfides which are precipitated and collected. The result 

includes the improvement of pH by neutralization, while altering the 

chemistry of the effluent through reduction of sulfate and precipitation 

of metals. 

It was anticipated that the characteristics of the resulting effluent 

would be an improvement over lime neutralization since the sulfate-based 

buffer system is altered improving the capacity to withstand further 

degradation if additional AMD sources are discharged into the treated 

stream. The approach taken in this research included the evaluation of 

the potential for treatment of AMD on site by enhancing sulfate reduction 

as well as the design and testing of unit process for AMD treatment. 



Research results for methods to treat impounded MID were discouraging 

because it was not possible to sustain sulfate reduction for the time 

necessary to improve water quality. Design of a unit process followed 

initial experiments and was considered successful because precise control 

of effluent quality was possible. This report contains results of initial 

experiments and eventual unit process designs. In addition a brief review 

is provided of AFID formation and its general characteristics, as well as 

existing AMD treatment processes. 

1.1 ACID MINE DRAINAGE POWTION AND CHARACTERISTICS 

Acid mine drainage is formed by a combination of physical, chemical, 

and biological processes when surface or groundwater interact with pyritic 

compounds (FeS2) in a atmosphere containing oxygen. The material formed 

is complex, its characteristics determined by the mineralogy of the pyritic 

compound, surrounding geology and soil characteristics, climate, and the 

biological and ecological characteristics of the mined watershed. In 

addition the type and extent of the mining activity play a major role in 

MITI formation and chemical characteristics. The general reaction which 

forms AMD involves oxidation of the sulfide mineral and subsequent 

hydrolysis of the oxidation products, equation 1, (Ohio State University 

Research Foundation 1971). 

- 
FeS2 (s) + 3.75 02 + 3.5 A20 --t Fe(OH)3 (s) + 2 so4- + 4 H+ (1-1) 

This reaction has been shown to be accelerated through the activity of 

bacteria from the Thiobacillus and Ferrobacillus groups (Colmer and 
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AMD will typically be low in total organics. High particulate 

concentrations usually occur and a high redox potential is typical. The 

following criteria are generally used to identify AMD. 

pH 
acidity 
alkalinity 
iron 
sulfate 
TD S 
TSS 
hardness 

< 6.0 
> 3 mg/l 
normally 0 
> 0.5 mg/l 
> 250 mg/l 
> 500 mg/l 
> 250 mg/l 
> 250 mg/l 

In the following studies AMD collected from the Will Scarlet 

Mine near Carrier Mills, Illinois was used. Approximately 850 1 

(225 gallons) were collected in August 1976 (batch 1) , December 

1978 (batch 2), and April 1979 (batch 3). The characteristics of 

the AMD are contained in Table 1-1. 
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1.2 ACID MINE DRAINAGE TRXATNENT 

The quality of discharges from mining operations must be 

controlled to meet effluent limitations specified by National 

Pollutant Discharge Elimination System (NPDES) permits issued 

under authority of the Clean Water Act. Because AMD severely 

degrades water quality, treatment is essential before discharge 

,into surface waters. Research and development of AMll treatment 

have been a major part of the Environmental Protection 

Agency's program for some time. Activity can be traced back to 

the early part of the century and a milestone in AMI, treatment 

research was the publication of a comprehensive review of 

technologies by the Appalachian Regional Commission (1966). 

An idealized operation for AMD treatment include the following 
5 

(Rogner et al., 1981): 

1) Water collection 
2) Flow equalization (storage and surge capacity) 
3) Reagent selection, handling, and mixing to effect 

neutralization 
4) Oxidation and aeration 
5) Solid/liquid separation 
6) Sludge handling and dewatering 
7) Sludge disposal 

The primary focus of past research has been on reagent selection and 

neutralization although solids handling and disposal generally present 

the most significant problems to effective waste treatment. Oxidation 

and aeration have also received considerable attention, particularly as 

a pretreatment process prior to neutralization because up to one half of 

the acidity in AMD arises from the oxidation of iron (11) to iron (111) 



(Singer and Stumm 1969). 

Neutralization processes can be developed around a number of materials 

which have suitable properties (availability of O I T )  but are typically 

limited hy cost. Table 1-2, taken from Rogner et al. (1981), summarizes 

the advantages and disadvantages of the primary neutralization reagents 

used in AMD treatment processes. The lowest cost options are limestone 

and hydrated line. A summary of AMD neutralization processes is provided 

in USEPA (1973). 

In addition to neutralization processes, M has also been treated 

with reverse osmosis and ion exchange (USEPA, 1972; Burns and Roe, 1973). 

These processes have been shown to be quite effective, but costly. A 

typical problem of AMD treatment is the design of processes for drainages 

which may have significantly different compositions. AMD composition is 

defined by site conditions such as the mineral form of the iron sulfide 

as well as edaphic characteristics of the site (e.g., clay mineralogy and 

availability, etc.). Thus AMD treatment must be designed to reflect site 
, 

specific requirements. 

The reduction of sulfates through microbial sulfate reduction and 

biological treatment of AMD have been the subject of several studies. 

Using acetic acid as a carbon source, Middleton and Lawrence (1977) studied 

microbial sulfate reduction. They operated completely mixed flow reactors 

at various temperatures to evaluate growth coefficients. They estimated 

that sulfate concentrations below 150 mg/l were growth limiting at 20°c 

while concentrations below 30 mg/l were limiting at 25'~ and 31°c. The 

results of the study include preliminary design equations for a sulfate 

reduction process. In another study, Smith (1978) evaluated the 
































































































































































