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Welcome… 
 
This workshop has roots in many discussions regarding how to address the fact that biosolids products 
contain traces of myriad elements and chemicals.   With tens of thousands of chemicals produced 
currently and more being introduced daily, not to mention the breakdown products of these chemicals 
and how they may recombine in the environment, it is clearly impossible to test for every possible 
chemical and combination.  Nor would we know what most analysis results would mean in terms of 
biological and environmental impacts.  Bioassays may provide a viable alternative to testing for 
individual chemicals by testing for observable effects of a complex mixture such as biosolids on 
appropriate biological materials.      
 
At the 2004 technical conference on the state-of-the-science of biosolids and residuals land application 
(the Sustainable Land Application Conference), Bob Bastian (2005) of U. S. EPA  noted: 
 

Bioassay techniques for better evaluating the effects of multiple stressors, complex 
mixtures, and compound by-products resulting from degradation in the environment as 
well as contaminants that may be present below effective analytical detection limits may  
play a role in future research efforts and may be used eventually as a part of future 
regulatory strategies. 

 
We can research the presence and significance of sentinel chemicals – as U. S. EPA did for dioxins in 
biosolids – and we can research chemicals in common use that show up in biosolids - as U. S. 
Geological Survey (USGS) scientists and many others have been doing for such things as triclosan, 
flame retardants, surfactants, musks, and other pharmaceuticals and personal care products.  But the 
amount of time, effort, and money that will be required to put together enough information to conduct 
a meaningful risk assessment for each chemical is staggering. 
 
In 2010, two major literature reviews (WERF, 2010; WEAO, 2010) provided updates on the current 
science on the presence, fate, and significance of microconstituents in biosolids.  Those reports 
underscored the conundrum: potentially thousands of contaminants present in trace amounts (low 
mg/kg concentrations or less) in biosolids.  Maybe a couple hundred have been detected and measured.  
For a score or two, there is understanding of the movement and fate in biosolids and soils.  And, for a 
few, there is some research on impacts - lack of impacts really – in soils.  (There has been quite a bit 
more research on microconstituents in aquatic systems, including demonstrated impacts on organisms.)  
The level of understanding is advancing steadily, but this research effort will take decades. 
 
So, driven by the new urgency to understand the significance of microconstituents in biosolids, at last 
year’s WEF Residuals and Biosolids Conference in Savannah, GA, the idea of this workshop was born.  
 
Enter bioassays.  Bioassays are tests that use biological material (tissue, cells, plants, animals) to 
assess a substance’s effects on organisms.   Bioassays are commonly used in testing new 
pharmaceuticals and other chemicals.  Whole effluent toxicity tests are a kind of bioassay commonly 
used in the water quality field to assess the potential impacts of effluent discharges to the aquatic 
environment.    



 
Bioassays are a relatively quick way to gain some understanding of the likely impacts, negative and/or 
positive, of a substance or practice such as use of biosolids on soils.  While assessing risks associated 
with an individual chemical requires extensive understanding of parameters such as fate, transport, and 
bioavailability, a bioassay can incorporate all of these, as well as assessing the combined and possibly 
synergistic effects of multiple chemicals in a complex mixture.  In general, a bioassay can determine 
whether or not there are effects, but cannot pinpoint the specific cause of the effect.  For this reason, 
bioassay tests of biosolids may be most useful for screening purposes.  If impacts are found, additional 
chemical-by-chemical analysis and risk assessment may be warranted. 
 
Biosolids have been subjected to some forms of environmental bioassays since at least as far back as 
the 1970s.  Sopper (1993) reported on 20 years of research into the impacts in the environment on 
small mammals, birds, and soil and plant quality from the use of biosolids in reclaiming the spoils of 
coal mining in western Pennsylvania.  Animals eating only plants growing in 100% biosolids-amended 
soils displayed no significant differences from controls. 
 
In its 1996 review of biosolids use on food crops, the National Research Council (1996) noted: 
 

Clevinger et al. (1983) performed bioassays on five sludges using the Ames test and 
found that none had significant mutagenic effects…  A number of studies have been 
conducted on the effects of feeding sewage sludges to animals either directly or where 
animals have ingested sewage sludge that was sprayed on forage. Where cattle were fed 
up to 12 percent of their diet from sludge for 94 days, or 6 percent of their diet for 141 
days, no adverse health effects were noted (Keinholz et al., 1979; Bertrand et al., 1981a). 
No adverse effects were noted when baby pigs were raised on a diet consisting of 5 
percent sludge for a period of one month (Firth and Johnson, 1955). Rats and Japanese 
quail fed diets with 30 percent sludge for 2 weeks showed no adverse health effects 
(Cheeke and Meyer, 1973). Baby chicks consuming a diet consisting of 10 percent sludge 
for about one month showed no adverse health effects (Firth and Johnson, 1955); where 
20 percent of the diet of birds came from sludge, however, body weight gain and liver 
vitamin A were found to be reduced (Keinholz, 1980). In a four-year study, where 7 
percent of the dry matter of the diet of breeding ewes consisted of sludge sterilized by 
gamma irradiation, Smith et al. (1985) reported no accumulation of hazardous levels of 
toxic elements and little, if any, evidence of toxicity. Johnson et al. (1981) fed Hereford 
steers a diet that included 11.5 percent sewage sludge and observed retention of dietary 
cadmium, mercury and lead to be 0.09 percent, 0.06 percent and 0.3 percent, respectively. 
Concentrations of these elements in the liver and kidneys of steers were found to increase 
from 5- to 20-fold following sludge ingestion. The authors' data showed that less than 0.3 
percent of the sludge-fed cadmium, mercury, and lead were retained by the cattle. These 
data indicated that cattle are a moderately effective screen against entry of toxic elements 
from sludge into the human food chain. Damron et al. (1982) substituted 7 percent sludge 
in the diet of white Leghorn hens for a period of 84 days and observed no effect on bird 
performance; egg production was unaffected and no increase in cadmium was found in 
the eggs. 
 

(All of that research was conducted prior to adoption of the Part 503 rule, which set limits on trace 
metal concentrations in land applied biosolids and restrictions on animal exposures, providing ample 
protections.) 
 
In 2000, the Water Environment Research Foundation (WERF) sponsored a project, funded in part by 
U. S. EPA, by Dr. Katherine Banks at Purdue University which developed “toxicity bioassay tests 



intended to provide practitioners with a way to address citizen concerns regarding human health and 
environmental impacts of biosolids reuse.” 
 
In Canada, Colucci et al. (2001) did bioassay tests in their evaluation of the persistence of estrogenic 
hormones in agricultural soils: “Determination of total estrogenicity in soil extracts by means of a 
recombinant yeast assay indicated that there were no other estrogenic compounds produced during 
17_-estradiol dissipation, and that total estrogenicity was rapidly dissipated below the detection limit.” 

 
The interest in applying bioassays to biosolids continues to expand today.  For example:  

 The USGS research continues to develop “a bioassay-based measure of total estrogenic activity 
of biosolids samples….Total estrogenic activity will give an indication of the potential for 
endocrine disruption in animals exposed to biosolids.” 

 In a 2010 paper, University of Guelph, Ontario researchers noted:  “For two decades, the fates 
of endocrine-disrupting compounds (EDCs) across various wastewater treatment processes 
have been studied using chemical and in vitro bioassay measurements. In comparison, little 
work has been conducted to track the fates of EDCs during municipal biosolids stabilization, 
particularly using bioassay approaches.” They recently conducted a review that discusses “what 
is currently known regarding EDC removal during commonly used full-scale biosolids 
treatment processes and highlights analytical challenges that are relevant when in vitro 
bioassays and chemical analyses are applied to biosolids samples.” 

 A 2010 thesis project under the advising of Dr. Robert Hale at the College of William and 
Mary used earthworms and crickets in laboratory bioassays to evaluate the “bioavailability of 
biosolids- and consumer product-associated polybrominated diphenyl ether (PBDE) flame 
retardants to terrestrial invertebrates.” 

 
This workshop’s presenters have, in recent years, specifically focused on applying bioassays to 
biosolids land application.  These are leading thinkers in this topic, directly involved in the research. 
We thank them for their hours of volunteer time in putting together their presentations and making 
their way here to Sacramento.   
 
This workshop is designed to quickly lead from an overview of the topic into details of specific 
research projects, with the goal of increasing understanding of the potential benefits and limitations of 
applying bioassays to biosolids.  Thanks for your participation. 

Ned Beecher and Jody Slagle 
 Workshop Co-moderators 
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