
Quantification of Airborne Biological Contaminants
Associated with Land Applied Biosolids
T he results from field experiments suggest

t h a t , through the aerosol route, there is
potential for human exposure to biosolids

material at downwind locations that exceed
common setback distances promulgated by
most U.S. states. The dose of respirable
biosolids material from a single land
application event is a function of source
s t r e n g t h , exposure time, and aerosol transport
p h e n o m e n a .

The inv e s t i g a t o rs urged caution in applying this
s u m m a ry statement to judge the safety of land
a p p l i c a t i o n , h o wev e r. Different application
techniques and environments will result in
different doses, and neither pathogen nor toxin
dose-response relationships in humans are we l l
described for respirable biosolids.

B a c k g round  
More than seven million dry tons of biosolids are generated in the U.S. annually. Increases
in population served by sewe rs and advances in treatment have resulted in a greater than
50% increase in the amount of biosolids produced since 1972. The U.S. EPA estimates
that 8.2 million tons will be generated, per year, by 2010.

Biosolids can be reused through land application, i n c i n e r a t e d , or disposed of in landfills.
S everal factors have shifted practices toward beneficial land application, with approximately
five million tons of biosolids applied to agricultural land in 40 states in 2000. Land
application conditions the soil, resulting in slower and steadier nutrient av a i l a b i l i t y
unmatched by conventional chemical fert i l i z e rs. Federal and state regulations (Pa rt 503 of
E PA Biosolids Rule) encourage recycling and beneficial biosolids use rather than disposal. 

There are also environmental and public health concerns. A 2002 National Research
Council report concluded that although there is no documented scientific evidence that
Pa rt 503 has failed to protect public health, there is a need to address scientific and
management questions and uncertainties that challenge EPA’s biosolids standards. They
recommended that EPA expand its biosolids ov e rsight activities to include: assessing the
reliability of the biosolids treatment processes; monitoring compliance with chemical and
pathogen standards; conducting environmental hazard surveillance; and studying human
exposure and health.

Regarding on-site and off-site exposure, the NRC report also stated that exposure
p a t h ways such as inhalation were not adequately evaluated by the 40 CFR, Pa rt 503 ru l e
and that there is little knowledge about pathogen transport and survival in air. While
restricting access to the site controls the inhalation of dust on-site, the 40 CFR, Pa rt 503
rule does not consider potential off-site exposure due to aerosolization and subsequent
t r a n s p o rt of biosolids derived chemicals and microorganisms. These aerosols may be
generated during biosolids loading spreading onto land, disk incorporation into agricultural
s o i l s , and potentially through subsequent soil disturbance caused by high wind ev e n t s .

B E N EFI T S
 R ev i ews literature on production and
health effects of aerosols produced during
biosolids land application. 

 Describes particulate matter size and
m a s s , metals concentrations, and biological
characteristics of biosolids-derived
b i o a e r o s o l s .

 Quantifies aerosol emission rates from
side slinging and disking, and identifies disk-
ing as the major mode of aerosol production. 

 C o n f i rms the use of a simple transport
model to estimate downwind biosolids
bioaerosol concentrations. 

 Proposes a framew o rk for estimating
on-site worker and off-site resident toxin or
pathogen exposure.
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Knowledge Gaps Exist
The researchers found insufficient literature to accurately describe the potential for
biosolids-derived bioaerosols to cause on-site worker and off-site public health impacts.
Biosolids bioaerosol studies have not yet definitively measured all relevant etiological
agents and exposures. In addition, r e l evant epidemiology and risk studies are limited in
scope and number and have inconsistent conclusions. Critical knowledge gaps exist in: 

 quantification of concentrations of the multitude of pathogens associated with both
gastrointestinal and respiratory disease;

 accuracy of aerosol transport modeling and biosolids source emission rate; 

 high volume samplers and molecular biology-based microbial characterization tech-
niques in biosolids bioaerosol studies; 

 prospective epidemiology studies on biosolids worke rs and residents who live in areas
near land application sites (public health outcomes should include serial measures of
s y m p t o m s , lung function, and serology); 

 retrospective epidemiology studies in areas where anecdotal allegations of negative
public health effects were reported after exposure to biosolids; and 

 t o x i c o l o gy studies evaluating the health effects of biosolids pollutants to determine if
an effect exists via the inhalation route. 

Field Study Backgro u n d
The field study was conducted at land application sites in Central Arizona. Applied
biosolids were class B and stabilized by mesophilic anaerobic digestion. All experiments
used dewatered biosolids in areas with dry, sandy soils to test a worst case scenario for
aerosol production. There were three specific tasks: 1) determine the phy s i c a l , c h e m i c a l ,
and biological concentrations and source emission rates of biosolids aerosolized during
land application by side slinging as well as during biosolids disk incorporation; 2) estimate
the extent to which high winds can aerosolize biosolids from fields that have had prev i o u s
applications; and 3) estimate the extent of off-site transport of biosolids bioaerosols
created during a high emissions activity. 

Recommendations for Additional Researc h
This research forms a basis for targeted recommendations in the areas of bulk biosolids
m o n i t o r i n g, aerosol exposure measurements, and health effects studies. 

Pathogen and Toxin Measurements: Create a comprehensive, quantitative database of
pathogens and biotoxins in biosolids. 

Aerosol Measurements: F u rther develop and characterize high-volume samplers .

Health Studies: Pe r f o rm risk analyses for infectious and noninfectious airborne agents.
Evaluate in vitro and in vivo toxicity of biosolids to determine if there is an effect via the
inhalation route.  

E x p o s u re Assessment Framework
Future biosolids bioaerosol health effects studies will only result in tangible guidance if
pathogen and toxin exposure is accurately estimated. This study provides a fundamental
f r a m ew o rk for extending future biosolids and agricultural waste aerosol research towa r d s
estimating exposure to infectious and toxic aerosols. Fi rs t , d e t e rmine source aerosol
concentration for onsite worker exposure; next, estimate source emission rates; and
f i n a l l y, apply transport and exposure time modeling to estimate the dose for offsite
r e c e p t o r ( s ) . This framew o rk allows estimation of aerosol information without the expense,
d i f f i c u l t y, and limitations of aerosol sampling. It allows for efficient aerosol monitoring of a
d i v e rse set of biosolids concentrations and application scenarios.
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