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INTRODUCTION 

Composting has received much a t ten t ion  as a poten t ia l  technology f o r  t r e a t i n g  s o l i d  
waste. Most of t h a t  a t ten t i on  has been focused on treatment o f  municipal s o l i d  waste, 
sewage sludge, yard  trimmings, and ag r i cu l tu ra l  wastes. More recent ly,  composting has been 
invest igated as a remediation technology for hazardous wastes. Laboratory and f i e ld -sca le  
work has been conducted t o  determine the  fate of pest ic ides,  hydrocarbons, and explosives i n  
the  composti ng envi ronment ( Z i  egenfuss e t  a 1 .  , 1991). 

I n  the  composting o f  non-hazardous mater ia ls,  the object ives are t o  s t a b i l i z e  and 
ox id ize  organic mater ia ls,  reduce the  volume o f  waste, reduce the  moisture content o f  waste, 
and destroy pathogens. Composting o f  hazardous waste includes the  same object ives plus 
de tox i f i ca t i on  o f  hazardous substances i n t o  innocuous end-products . 

Optimal app l i ca t ion  o f  biotechnology t o  large-scale compost systems i s  based on a 
working understanding o f  processes and mechani sms i nvol ved i n  composti ng o f  organic 
mater ia l .  Current ly,  commercial compost operations are operated as black-box systems where 
opt imizat ion i s  l a rge l y  achieved through t r ia l  and er ro r .  Large-scale treatment o f  
hazardous waste w i l l  requ i re  optimal controls t o  meet the  spec i f ied  end points.  

Some proponents o f  compost treatment have claimed s i g n i f i c a n t  success i n  destruct ion 
o f  hazardous wastes without strong data t o  support t h e i r  claims. Disappearance o f  parent 
compounds has been used t.o c la im t h a t  microorganisms successfully degraded waste chemicals. 
However, some t o x i c  chemicals could p o t e n t i a l l y  adsorb t o ,  o r  react wi th,  humic substances 
i n  the  compost and become undetectable by chemical analysis. Such toxicants might l a t e r  
desorb from humus and migrate t o  the  biosphere. This emphasizes the  need f o r  wel l  
con t ro l l ed  studies t o  r igorous ly  document degradation rates and i d e n t i f y  metabolic products 
o f  hazardous chemicals, metabol ical ly ac t i ve  microbial species, and mechanisms o f  hazardous 
chemical transformati on i n  compost systems. 

We have designed and tested closed bench-scale compost reactors t o  evaluate 
composting processes using contaminated s o i l s .  I d e n t i f i c a t i o n  o f  su i tab le  co-compost and 
bulk ing agents, appropriate r a t i o s  o f  s o i l  t o  organic components and e f f e c t i v e  aerat ion 
s t ra teg ies  and rates have been selected as major factors requi r i n g  inves t iga t ion .  

This research program i s  designed t o  develop a thorough engineering.analysis and 
op t im iza t ion  o f  composting as a process t o  t r e a t  s o i l  contaminated w i th  hazardous waste. 
Bench-scale composters serve as diagnostic t oo l s  t o  p red ic t  treatment effect iveness o f  
l a rge r  systems. F u l l y  enclosed, insulated reactors permit r e l i a b l e  data co l l ec t i on  on 
microbial  populat ion dynamics and f a t e  o f  t o x i c  chemicals during s o i l  composting. 
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The goal o f  the compost study i s  t o  evaluate the potent ia l  use o f  compost systems i n  
remediation o f  s o i l s  contaminated w i th  hazardous chemicals. I n  pursu i t  o f  t h i s  goal ,  we 
have developed bench-scale composters t o  model large-scale systems. We are cu r ren t l y  
studying the  a b i l i t y  o f  compost microorganisms t o  biodegrade polynuclear aromatic 
hydrocarbons (PAHs) i n  in-vessel reactors located a t  the U.S.  EPA Test & Evaluation (T&E) 
F a c i l i t y  i n  Cinc innat i ,  OH. Soi ls  contaminated wi th  PAHs have been obtained from the R e i l l y  
Tar P i t  Superfund s i t e  i n  S t .  Louis Park, MN f o r  use i n  these studies. 

BACKGROUND 

Optimum condi t ions f o r  composting may vary depending on a number o f  factors ,  but  
general ly aerobic condit ions wi th  45" - 55°C temperature, 40% - 60% moisture, and a carbon t o  
n i t rogen r a t i o  o f  20:l t o  30:l have been considered best.  Mesophilic composting (35" t o  
55°C) might prove t o  be the most ef fect ive f o r  destruct ion o f  wastes. However, i t  may not 
always be p rac t i ca l  t o  maintain temperature below 55°C from an economic standpoint i f  i t  
requires too much energy t o  maintain lower temperature. 

Composti ng d i f f e r s  from other ex-situ soi 1 treatment systems i n  t h a t  bulk ing agents 
are added t o  the compost mixture t o  increase poros i ty .  This allows a i r  t o  f low through the 
contaminated soi 1 and maintain aerobic condit ions. Microbial metabolism o f  substrate 
generates heat r a i s i n g  the temperature. Temperature changes i n  the p i  l e  b r i ng  about changes 
i n  the microbial  ecology. Some microbes w i l l  fa re be t te r  a t  one temperature, whi le others 
w i l l  take over as the temperature r i ses  or  f a l l s .  

The conventional aerobic compost process passes through four major microbiological  
phases i d e n t i f i e d  by temperature: mesophilic (30" - 45OC): thermophil ic (45" - 75°C); 
cool ing:  and maturation. The greatest microbial  d i v e r s i t y  has been observed i n  the 
mesophilic stage. 

The ea r l y  stage o f  composting, where the temperature r ises rap id ly ,  i s  ca l l ed  the  
ac t i ve  stage o f  composting. I n  an ac t i ve  compost p i l e ,  temperature can eas i l y  exceed 55°C. 
and temperatures as high as 70°C have been reported. Compost temperature above 55°C becomes 
l e t h a l  t o  most bacter ia .  Microbes found i n  the thermophil ic stage have been spore forming 
bacter ia (Baci l lus  spp. 1 (Nakasaki, e t  a l . ,  1985) and thermophil ic fungi (Strom, 1985; 
Fogarty and Tuovi nen, 1991 1. 

As aerobic microbes are k i l l e d  during the thermophil ic stage, aerobic a c t i v i t y  (heat 
production) slows and temperature decl ines back i n t o  the mesophilic range below 45". 
Microbial  recolon izat ion during the cool ing phase brings the appearance o f  mesophilic 
bacter ia and fungi whose spores withstood the high temperatures o f  the thermophi 1 i c  stage. 

A maturation, o r  cur ing,  phase i s  the f i n a l  compost stage. By t h i s  stage, most 
d iges t i b le  organic matter has been consumed by the microbial populat ion, and the composted 
mater ia l  i s  considered stable.  Fungi and Actinomycetes may dominate the eco-system dur ing 
the  cur ing stage. 

REACTOR DESIGN 

Prototype composter evaluation a t  the U.S.  EPA T&E f a c i l i t y  has proceeded through 
several d i f f e r e n t  designs. The performance o f  each design was evaluated by conducting a 
t rea tab i  1 i t y  experiment using PAH-contami nated S t .  Louis Park soi 1 . 
c r i t e r i a ,  one p a r t i c u l a r  prototype of fered considerable v e r s a t i l i t y .  This design was used 
t o  b u i l d  s ta in less s tee l  reactor u n i t s .  

For our design 
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Ten 55-gal, insulated, stainless steel  composters have been fabricated t o  perform 
c losely  monitored t r e a t a b i l i t y  studies. These f u l l y  enclosed, computer monitored, bench- 
scale reactors hold about 1 /4  cu. yd t o t a l  compost mixture. 

The reactor un i t s  stand upr ight  wi th  air f lowing v e r t i c a l l y  through the compost 
mixture.  Enclosed un i t s  permit on l ine analysis o f  oxygen, carbon dioxide, and methane a t  
i n l e t  and e x i t  locat ions.  A data capture system accumulates these data and transmits them 
t o  the centra l  computer t h a t  monitors and controls each reactor.  XAD t raps i n  the e x i t  l i n e  
o f  each composter permit t rapping o f  v o l a t i l e  organic compounds (VOCs) f o r  analysis.  

The bottom o f  each reactor consists o f  2 i n .  gravel contained above a conical 
c o l l e c t i o n  system for per iod ic  sampling o f  any leachate leaving the react ion mixture.  Mass 
balance studies on s o i l  contaminants are possible by d i r e c t  sampling o f  the react ion mixture 
a t  d i f f e r e n t  depths through bung holes i n  the l i d ,  together wi th  capture o f  VOCs and 
leachate leaving the reactor.  

Per iodic determi nat ion o f  compost moi sture content i n  each reactor u n i t  permits 
adjustment o f  t o t a l  moisture content i n  the compost matr ix  t o  40% t o  50%. Moisture 
condensers i ns ide  compost un i t s  promote recycl i ng o f  moi sture.  Otherwi se, w i th  t y p i c a l  a i  r 
f lows, each u n i t  could lose s i g n i f i c a n t  amounts o f  water d a i l y .  
40%, a water d i s t r i b u t i o n  system ins ide the reactor may be used t o  f a c i l i t a t e  water addi t ion 
t o  the react ion mixture without opening the reactor.  

I f  moisture f a l l s  below 

Cy l i nd r i ca l  reactor design permits mixing o f  reactor contents by r o l l i n g  each u n i t  on 
a drum r o l l e r  a t  desired i n t e r v a l s .  Mixing can be used t o  break up anaerobic pockets and t o  
avoid packing o f  the compost mixture. A l l  reactors are mixed simultaneously by p lac ing them 
on r o l l e r s  over a modif ied conveyor b e l t  t ha t  forces the reactors t o  t u r n  i n  unison. 
Baf f les i ns ide  reactors promote mixing o f  the compost during r o l l i n g .  

An insulated space between the reactor core and the outer she l l  reduces heat loss 
from the reactor during aerobic a c t i v i t y .  
o f  warming the reactor t o  accelerate composting during startup. Each composter houses f i ve  
thermocouples connected t o  a central  computer f o r  on1 ine  temperature measurements. 
Thermocouples reside a t  four equally spaced locat ions w i th in  the compost mixture and a f i f t h  
thermocouple t racks ambient temperature outside the react ion vessel . 

Heating c o i l s  i n  t h i s  space provides the opt ion 

One operational scheme permits temperature control  by in t roduct ion o f  ambient a i  r 
I f  the mean temperature o f  the middle two through a computer con t ro l l ed  valv ing system. 

reactor thermocouples exceeds a predetermined high value, the computer switches t h a t  u n i t  t o  
high a i r  f low (20 L/min) t o  cool the react ion mixture. Af ter  the high-temperature u n i t  
cools t o  a speci f ied low temperature, the computer switches the u n i t  back t o  low a i r  f low (5 
L/min) t o  reduce fu r the r  heat loss from the react ion mixture. 

CURRENT RESEARCH 

Current studies focus on def in ing acceptable operati  ng condit ions and process 
character is t ics  i n  order t o  establ ish su i tab le parameters f o r  treatment ef fect iveness. 
Parameters o f  i nterest  include aerat ion,  moisture dynamics , heat production, and physical 
and chemical propert ies o f  the compost mixture. 

Aeration studies evaluate poros i ty  ( a i r  f low) i n  the compost system, and attempt 
discover re la t ionships between f ree  a i r  space, forced a i r  f low, and composting ra te .  
Aeration studies also invest igate roles o f  anaerobic and aerobic metabolism i n  chemical 
degradation. Anaerobic pockets may benef i t  the process by i rii t i a t i  ng degradation o f  
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r e c a l c i t r a n t  compounds, especial ly h igh ly  chlor inated compounds, v i a  reductive metabolism. 
A f te r  an i n i t i a l  reductive step, aerobic biodegradation o f  toxicants may proceed more 
r e a d i l y .  The research program w i l l  attempt t o  i d e n t i f y  optimal aerat ion rates and p i l e  
mixing frequency f o r  the most e f f e c t i v e  combination o f  anaerobidaerobic condit ions f o r  
biodegradation o f  reca lc i t ran t  substrates. These studies w i l l  invest igate whether forced 
anaerobiosis and i nocul a t i  on wi th  a f acu l ta t i ve  anaerobe p r i o r  t o  development o f  aerobic 
compost condi t ions enhances biodegradation o f  t o x i c  wastes. 

Moisture dynamics studies evaluate rates o f  change i n  moisture content f o r  d i f f e r e n  
regions o f  the compost reactor.  Moisture may be l o s t  through evaporation and convection. 
Changes i n  moisture content are a t t r i bu tab le  t o  factors  such as  aerat ion ra te ,  ternperature 
and compost composition (e .g . ,  so l1  type and co-compost rnater ia l ) .  

Heat production may be h igh ly  var iable throughout the compost reactor.  We have 
devi sed a method t o  cont inual ly  monitor temperature changes (heat production) a t  various 
reactor locat ions.  
mimicking a large scale compost p i l e  where heat i s  l o s t  by v e n t i l a t i o n  and water evaporation 
more than by conduction. 

Bench-top composters are insulated t o  contro l  heat loss,  thereby 

A prel iminary study was performed on PAH-contaminated s o i l  mixed wi th  1% by weight 
f resh cow manure and 50% by volume ground corn cobs. Reactor core temperature ranged from 
20°C t o  6OoC when moisture content was below 52%. However, when moisture content exceeded 
57%, temperature remai ned bel ow 30°C, suggesting t h a t  aerobic metabol i c a c t i v i t y  was 
i n h i b i t e d  a t  moisture content 57% under these condit ions. 

C r i t i c a l  propert ies o f  the compost mixture include density (g/cc),  pH changes i n  
various reactor locat ions,  pressure drop across the p i l e  i f  i t  i s  ac t i ve l y  aerated, so l ids 
f rac t i on ,  moisture content, and concentrations o f  organic compounds. These invest igat ions 
focus on po ten t i a l  t o  enhance biodegradation by manipulation o f  physical and b io log i ca l  
parameters t h a t  inf luence the process. These studies w i  11 a1 so invest igate whether recycl  i ng 
mature compost mater ia l  i n t o  f resh compost enhances biodegradation o f  contaminants. 

Ear ly microbiological  studies have focused on enumerating t o t a l  microorganisms and 
determi n i  ng the presence o f  PAH degraders, Current studies focus on character iz ing changes 
i n  b io log i ca l  a c t i v i t y  during the four stages o f  composting and i d e n t i f y i n g  microbial  
species responsible f o r  s i g n i f i c a n t  biodegradation o f  PAHs during each compost stage. 
Reappearance o f  fungl and other mesophiles (e.g.  Actinomycetes) during the cool ing stage i s  
a1 so o f  i n t e r e s t  . 

FUTURE RESEARCH 

Future invest igat ions w i l l  inc lude t r e a t a b i l i t y  studies on pentachlorophenol and 
other soi 1 contaminants. Research on technical developments necessary t o  improve composting 
appl icat ions f o r  degradation o f  hazardous waste w i l l  remain as a primary ob ject ive.  To 
judge the a b i l i t i e s  o f  microorganisms t o  degrade hazardous wastes i n  s o i l  under various 
compost condi t ions , emphasi s w i  11 be placed on determi n i  ng mass balance o f  contaminants and 
degradation products i n  compost, and i d e n t i f y i n g  microbial species responsible f o r  
biodegradation o f  contaminants . 
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