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Public Officials’ Perspectives
on Tracking and Investigating
Symptoms Reported Near Sewage
Sludge Land Application Sites

Abstract

A majority of treated sewage sludge (biosolids) from
U.S. wastewater treatment plants is applied to farmland as a soil amendment. Residents living close to treated farmland have reported becoming
ill following land application of sludge. No systematic tracking or investigation of these reports or of land application practices that could affect
off-site migration of chemical and biological constituents of the sludge has
occurred, however. In the study described in this article, the authors conducted a web-based survey and phone interviews with officials at federal,
state, and local regulatory and health agencies and municipal wastewater
treatment plants for input on how to design and implement an investigation
protocol for tracking and responding to reports of human illness near land
application sites. Officials expressed a need for and interest in implementing a systematic, standardized investigation protocol and offered insights
on aids and barriers to its use and collaboration among diverse agencies.
Additional opinions and innovative solutions expressed in this article will
assist interested users in the implementation of the investigation protocol.

Introduction
Municipal wastewater treatment plants are
required to remove solid residuals before
returning treated water to the environment.
Residuals come from homes, businesses, industry, public facilities, and storm water runoff. Commonly called “sludge” or “biosolids”
(Rampton, 2002), these solids undergo biological, chemical, or thermal treatment prior
to disposal. Treated sludge contains chemical
and biological materials from the wastewater
stream and from treatment processes. Its high
nitrogen content makes sludge an attractive
agricultural soil amendment. A majority of
the approximately six million dry tons of
treated sludge produced annually in the U.S.
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is applied to farmland; most of the rest is
incinerated or landfilled (National Research
Council [NRC], 2002).
In 2002 the National Research Council
(NRC) committee on toxicants and pathogens in biosolids applied to land found that
adequate information is not available on
human exposures from land application of
sewage sludge, and recommended response
investigations, exposure assessments, and
epidemiologic studies (National Research
Council [NRC], 2002). Meanwhile, residents
living near land application sites have reported symptoms following sludge application,
including mucous membrane irritation, upper and lower respiratory distress, headaches,
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fatigue, skin rashes, nausea, vomiting, and
diarrhea (Harrison & Oakes, 2002; Khuder
et al., 2007; Lewis, Gattie, Novak, Sanchez,
& Pumphrey, 2002; Shields, 2002). A similar cluster of symptoms has been reported
by neighbors of industrial animal operations
(Bullers, 2005; Thu, 2002; Thu et al., 1997;
Wing & Wolf, 2000). Although numerous
residents have reported symptoms to state
and federal agencies, records of these reports
are not routinely kept (Harrison & Oakes,
2002). Nationally, no system exists for tracking illness reports connected with sewage
sludge (U.S. Environmental Protection Agency [U.S. EPA], 2002).
In support of developing a protocol for
tracking and investigating human health
symptoms reported near land application
sites, we surveyed and interviewed officials
involved in the production of sewage sludge
as well as the regulation, oversight, and practice of land application of sludge. We obtained information about their experiences
with the public, their views of the need for
tracking and investigating illness around
land application sites, and about barriers to
implementing such a process. Their input
was incorporated into an investigation protocol intended to assist health departments,
public health practitioners, and environmen
tal regulators to respond to residents who
report symptoms potentially associated with
exposure to land application of sludge, and
to support basic epidemiologic research on
the spatial and temporal variation of illness
reports. This article summarizes the methods and results of the web-based survey and
phone interviews with officials involved in
land application of sludge.

TABLE 1
Survey and Interview Response Rate of Officials by Organization
Type of Organization

Federal, national,
and regional
State with regulatory,
environmental, and/or
health responsibilities
County with environmental and/or health
responsibilities
Municipal biosolids
generators/preparers
Corporate biosolids
land appliers
Totals

Questionnaires

Interviews

No.
Sent

No.
Completed

Response
Rate (%)

No.
Completed

Response
Rate (%)

14

10

71

4

40

24

19

79

10

53

20

4

20

2

50

11

5

45

3

60

3

2

67

0

0

72

40

Average: 56

19

Average: 51

Methods
We developed a web-based survey and semistructured telephone interview guide to assess
current practices in responding to citizen reports
concerning land application and to articulate
biosolids officials’ opinions about the practicalities and feasibility of implementing an investigation protocol responsive to public concern at
local, state, and national levels. The survey and
interview guide were approved by the University
of North Carolina Public Health Institutional Review Board (06-0405). The survey was designed
as a 12-item web-based questionnaire composed
of a combination of multiple option responses,
five-point rating scales, and open-ended questions to address the following five key factors:
1. existing response to public concern regarding biosolids land application;
2. utility of a protocol to investigate health concerns regarding biosolids land application;
3. coordination of human health investigation efforts among local, state, and federal agencies;
4. aids and barriers to implementing a human
health investigation protocol; and
5. protocol design.
A convenience sample was taken of officials from federal and state environmental
and health agencies, county environmental
and health departments, wastewater treatment
facilities, biosolids land application contractors, and national nonprofit biosolids program personnel. Potential respondents were
identified through web searches and referrals

from members of a committee convened by
the Water Environment Research Foundation
(WERF) to advise on the development of the
protocol (Aitken et al., 2007). E-mails with a
link to the web-based survey were sent to officials announcing the survey and inviting them
to complete the questionnaire. Two reminder
e-mails were sent three and four weeks following the initial e-mail request.
Survey respondents were asked to provide
their name and e-mail address if they were
willing to respond to a 20-minute telephone
interview intended to solicit in-depth information about topics covered in the survey.
Interviews were scheduled via e-mail with
respondents who offered their contact information. One interviewer from the research
team contacted and interviewed all survey
participants by phone. Interviews were modified to reflect the position and experience of
the interviewees and addressed the same five
general categories as the survey questions.
We used online survey software to summarize responses and calculate percentages and
frequencies of the responses. We analyzed the
telephone interviews using thematic coding
and analysis (Corbin & Strauss, 2008).

Results
An e-mail including a link to the survey questionnaire was sent to 72 officials. Forty people
(56%) representing all sectors of our sample
completed the web-based survey (Table 1).

Of these respondents, 19 completed a
20-minute follow-up, semistructured telephone interview with an average response
rate of 51% across all groups (Table 1). Corporate biosolids land appliers did not respond
to requests for an interview and are therefore
not represented in the interview results.
Response to Public Concern
Survey respondents were asked about which
activities their organizations conduct related to
biosolids land application and public concern.
Most respondents (37/40) said they receive
telephone calls from residents concerned about
biosolids land application. Thirty-three said
they investigate residents’ concerns. Thirty said
they refer concerns to other organizations, and
21 store data about residents’ concerns.
Responses to public concern regarding
biosolids land application vary by level of
organization—local (municipal and county),
state, national, and regional (Table 2). All 28
local and state respondents said they receive
calls from concerned residents compared to
nine of the 12 national and regional respondents. All nine local-level respondents said
they investigate concerns compared to 17 of
the 19 state respondents and seven of the 12
national-level respondents who investigated
concerns. The majority of respondents at
all levels said they refer concerns to other
organizations. Most local and state-level respondents said their organizations store data
about residents’ concerns compared to four
of the 12 national and regional respondents.
Interviewees were asked to estimate how
many calls they receive in a year from residents regarding land-applied biosolids. The
greatest number of interviewees (6/19) said
they receive between one and five calls from
residents in a year. Four interviewees reported that they did not know how many
calls they receive per year. Two interviewees
reported receiving zero calls in recent years,
and one reported receiving less than one
phone call in a year, or three to four calls in
15 years. Three interviewees reported receiving between six and 20 per year, and three
reported receiving 25 or more in a year. The
number of reported calls per year varied by
organization type (Table 3).
Five interviewees mentioned that the
number of telephone calls they receive from
residents regarding biosolids land application
has varied over time. Some suggested the

January/February 2011 • Journal of Environmental Health

15

A d v an c ement o f the Science

variation could be due to the permit cycle,
controversial biosolids land application projects, proximity of residents to biosolids land
application sites, residents’ knowledge of local biosolids land application events, or public understanding of the practice.
Two interviewees said an increase in calls
from residents occurs when biosolids land
application permits are issued for the first
time and neighbors are informed of new
proposed biosolids land application site(s)
in their neighborhood. One interviewee explained that their organization receives more
calls when biosolids land application occurs
at a site closer to populated areas where residents are more educated and aware of the
practice. By contrast, another interviewee
said the number of calls related to biosolids
land application has decreased at their local
organization since residents have become
more knowledgeable about the practice and
more comfortable with it.
When asked about the types of concerns
residents call about, interviewees said residents call about general inquiries or concerns, nuisances, and illness or symptoms
they associate with biosolids land application. Two interviewees mentioned they had
also received telephone calls about biosolids
land application from politicians, residential developers, and contract appliers who
sometimes report biosolids land application
mismanagement by competing contractors.
Table 4 shows the number of interviewees
who reported receiving certain types of calls
and the examples they cited.
Interest in an Investigation Protocol
Most survey respondents (38/40) said if they
had the necessary resources, technical expertise, and capacity, their organization would
(17/40) or might (21/40) be interested in
implementing an investigation protocol to
respond to reports of symptoms related to
biosolids land application.
When asked if an investigation protocol
would be useful to their organization, 33
of 40 survey respondents agreed (13/40)
or strongly agreed (20/40). Interviewees
expounded on this, saying an investigation
protocol could be useful for facilitating
collaboration among participating agencies, standardizing a response to health
concerns related to biosolids land application, and providing information with na-
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TABLE 2
Number of Survey Respondents Who Reported Responses to Public
Concern Regarding Biosolids Land Application
Type of
Organization

Receive Calls
From Concerned
Residents

Investigate
Residents’
Concerns

Refer Concerns
to Other
Organizations

Store Data
About Residents’
Concerns

9/9a
19/19
9/12

9/9
17/19
7/12

7/9
16/19
7/12

6/9
11/18
4/12

Local
State
National/Regional
a

Number of “yes” responses/number respondents who answered the question.

TABLE 3
Number of Calls Received by Organizations Per Year Reported
by Interviewees (N = 19)
No. of Calls Per Year
Don’t know
0
1–5
6–20
25+

No. of Interviewees
Federal

State

Local

Total

3
0
0
1
0

1
1
3
2
3

0
2
3
0
0

4
3
6
3
3

tional and future relevance. Table 5 categorizes specific ideas interviewees expressed
regarding the usefulness of an investigation protocol.
Interagency Collaboration
Some level of collaboration appears to exist
among the different levels of organization
pertaining to the oversight, regulation, generation, and land application of biosolids. Respondents representing all levels (national,
regional, state, county, municipal) said that
they both refer concerns to and receive referrals from other organizations.
Respondents also suggested other ways
in which federal, state, and local organizations could collaborate in an investigation of
potential biosolids-related health concerns
(Table 6). Most suggested that federal organizations provide oversight and assistance in
the investigation as needed, while the state
regulatory agency performs the site investigation and coordinates with the state health
department to perform the human health

investigation. Some suggested that counties
perform environmental assessments and request state assistance as needed. Others recommended that wastewater treatment plants
(WWTPs) provide biosolids data and request
information about biosolids land application
practices from contractors when applicable.
When asked which agency should lead and
coordinate the human health investigation
activities, most interviewees (7/12) recommended the state regulatory agency. Respondents indicated that the state has access to
the biosolids land application requirements
and permits, and is therefore in the best position to investigate biosolids land application practices. One state-level respondent
with experience tracking and investigating
health concerns said the state should be the
lead investigator in order to streamline data
collection. If counties lead the investigation,
more work will be required to collect all the
information in a central location. The same
respondent suggested that counties do not
have the staffing to carry out investigations.

TABLE 4
Nature of Calls and Public Concern About Biosolids Land Application
as Reported by Interviewees (N = 19)
Nature of Calls

No. of Interviewees

Examples

12

Source of product; impact on health, environment,
groundwater, recreational facilities, food
Odor, can’t go outside, noise, dust, conditions of
the roads, irritation from lime
Respiratory problems, nausea
Politicians, residential developers, contractors

Inquiries
Nuisances

9

Illnesses/symptoms
Other

7
2

TABLE 5
Potential Utility of an Investigation Protocol Reported
by Interviewees
Utility of Investigation Protocol

Examples

Collaboration

• Coordinate national, state, and local environmental and
health agencies;
• delineate roles of agencies and individuals participating in
the investigation;
• justify allocation of resources for participating organizations

Standardized response

• Checklist of things to do when responding to health concerns;
• guidelines for evaluating which concerns necessitate
investigation;
• questionnaire for collecting pertinent information and legally
useful evidence

National and future relevance

• Build a national database of reported biosolids-related health
concerns to be evaluated;
• show credibility of response to concerns by following a
nationally accepted protocol;
• assist with determining causality of reported biosolids-related
health concerns;
• address future concerns about biosolids land application as
development encroaches on rural areas where biosolids land
application sites are located

Three interviewees suggested that countylevel agencies lead the investigations. One
regional-level respondent said the county environmental health agencies are set up with
the necessary mechanisms and procedures to
carry out an investigation. The same respondent, however, said staffing for carrying out an
investigation is limited at the county level. A
respondent from a WWTP suggested that the
county health department lead the investigation because people perceive it as “the people’s
organization” and people will trust it more than
WWTPs, contractors, or permitting agencies.

Two interviewees opined that the federal or
regional team should carry out the investigation to prevent bias that may be associated
with local control of the procedures, and to
ensure thorough, expert work.
Aids and Barriers to Implementing an
Investigation Protocol
Aside from the challenge of achieving collaboration and leadership among different levels of
organization, other factors could be a barrier to
implementing an investigation protocol. When
asked about possible barriers to implementing

an investigation protocol, survey respondents
said limited personnel time (27/37) and budget
constraints (24/37) are the most significant or
extreme barriers followed by limited expertise
(11/37), outside of agency mandate (9/36), and
political resistance (2/34).
While limited funds may be a barrier to
implementing an investigation protocol,
some interviewees suggested that a standard
protocol could be used to obtain funding for
investigations. Others suggested that when
investigations require sampling, those costs
could be covered by the WWTPs since states
have the authority to request samples from
WWTPs and allocate funds. Another interviewee said that as the regulatory agency,
they charge permittees a fee to cover investigation costs. This fee could cover the costs
of implementing a health investigation protocol. Furthermore, regulatory agencies could
make it part of their fee schedule to charge
for time and expenses not covered by the
regular permit fee.
Among state-level interviewees, one said
local agencies could apply for federal funds
through the state health and human services
departments to carry out surveillance and
investigation activities. Another interviewee
whose agency has an established system for
tracking and investigating biosolids-related
concerns said that when no environmental
sampling occurs, the costs of investigation
activities are minimal. He estimated that in
his state, one person makes 25 site visits in a
year and spends a couple of hours at a site per
visit, so funding may not be as great a barrier
as people think.
Since personnel time and resources for
investigating biosolids-related concerns are
limited, we asked interviewees how they
would determine when to conduct an investigation. Interviewees proposed that the
following five circumstances could warrant
an investigation of a reported biosolidsrelated concern:
1. group of neighbors making similar illness
reports within a given time period;
2. doctor’s report associating symptoms with
environmental factors;
3. relationship between an individual’s reported symptoms and the proximity, timing, and
duration of biosolids land application;
4. observed noncompliance with application
requirements at site under question; and
5. nature of reported symptoms.
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Protocol Design Challenges
Interviewees suggested that organizational,
political, logistical, and scientific challenges
should be considered when designing a protocol to investigate human illness reports attributed to biosolids land application. Possible organizational and political challenges include the
difficulty of obtaining cooperation among state
and local agencies, an unwillingness of residents
reporting a problem to share health history and
medical information, and political interference
from people who want to protect the image of
biosolids land application. Logistical challenges
could include making timely investigations of
illness reports, obtaining baseline information,
collecting information on other possible sources
of illness reports, and reaching the disparate
locations of biosolids land application sites. Interviewees also said that the design of the investigation protocol should account for scientific
challenges, such as the difficulty of identifying
patterns from limited amounts of data since illness reports usually come from a few individuals
in an area rather than groups; a biased population of people who report problems; psychosomatic concerns; and the potential inaccuracy of
environmental samples due to lack of baseline
data and variability of sampling parameters that
change after application.

TABLE 6
Roles of Organizations in Investigation Suggested by Interviewees
Organization

Suggested Role in Investigation

Federal agency

National rapid response team (e.g., U.S. EPA, CDC, NIOSH)
Request information from wastewater treatment plants (WWTPs) in states
different from application sites
Refer reports to appropriate state or local agencies
Assist local agencies with determining compliance with regulations developed
under 40 CFR Part 503 (“503 Rules”)
Provide technical assistance with research activities

State regulatory agency

State health department

Discussion and Conclusion
We found that some local, state, and federal officials receive calls from members of the public
who have concerns about land application of
sewage sludge, including reports of symptoms
of illness that callers associate with land application events. Our study also documents
interest among officials to have a protocol to
track and investigate these reports, as well as
barriers to implementing such a system.
Harrison & Oakes investigated responses
of public officials to illnesses reported by
neighbors of sewage sludge land application sites; however, they received only one
detailed response from 10 regional Environmental Protection Agency (EPA) officials and
nine responses from state biosolids coordinators (Harrison & Oakes, 2002). Our research
includes detailed information from 40 local,
state, national, and federal officials about the
usefulness and feasibility of a protocol for investigating human illness reports attributed
to land application of sewage sludge.
While survey and interview respondents
represented a variety of environmental, health,
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County agency

Waste water treatment
plant

Contractors
Public

Investigate biosolids land application practices, i.e., legal violations of
permits/rules
Sample biosolids at biosolids land application sites
Request samples from WWTPs of biosolids at plant and/or in the field
Defer to state health department to investigate health concerns
Advise county/local health departments on investigating biosolids land
application practices
Investigate other agricultural activities
Conduct site investigations and determine if health investigation is needed
Monitor air, water, soil
Coordinate site investigation with health investigation (health department)
Discuss health matters with resident reporting problem or concern
Assist counties to determine if health reports necessitate investigation
Assist counties with health investigation when staffing is low
Coordinate health investigation with site investigation (state regulatory agency)
Award federal funds to local agencies to carry out surveillance
Provide technical assistance for surveillance and epidemiological activities
Refer calls to appropriate agencies
Assist with environmental monitoring
County environmental health inspector performs site investigation
Request assistance from state agencies, as needed
Provide soil quality data prior to application (county extension service)
Provide biosolids analytical and processing data, samples, and application
techniques (when WWTP is also the applier)
Request information from contractors (when applicable) regarding biosolids
land application practices
Provide information about biosolids land application practices (e.g., application
technique, amount applied, when applied, etc.)
Provide pertinent information to agencies involved in investigation, e.g.,
medical records, information about characteristics of a site, etc.
Inform neighbors about investigation

and biosolids organizations at national, state,
county, and municipal levels, the survey
sample was small, and therefore may not
capture the range of opinions of employees
and officials holding similar positions in different locations. Furthermore, nearly all of
the survey and interview participants were
selected by a WERF advisory committee for
their expressed interest and involvement in
land application of sewage sludge. WERF’s

involvement in recruiting participants could
have favored inclusion of people who support current sludge management practices
because WERF members include generators
and appliers of sewage sludge, and because
our study was supported through U.S. EPA,
which has a history of promoting current
land application practices (Snyder, 2005).
Lastly, the interview was semistructured and
adapted according to the interest and experi-

ence of the interviewee. This facilitated obtaining more specific and detailed information from
each interviewee, but in some cases information
about the same points was not gathered from every interviewee. This limits our ability to compare responses from different interviewees.
We found support for using a standardized
protocol for responding to illness reports attributed to sewage sludge, and respondents
provided insights on possible aids and barriers to carrying out a thorough investigation.
Many of these insights were incorporated into
the design of the investigation protocol, which
aims to facilitate collaboration and coordination among health, environmental, and biosolids management agencies. It provides step-bystep procedures and guidelines for evaluating
which of the reported concerns warrant further investigation and questionnaires for systematically documenting illness reports and
collecting information regarding management
practices and sewage sludge characteristics.
Officially, U.S. EPA is responsible for oversight of the national biosolids program. When
the federal land application regulations were
established in 1993, the agency decided that
the practice posed little risk to human health
and gave low priority to the oversight program
(U.S. EPA, 2002). Some, however, have questioned the safety of current sewage sludge land
application practices (Harrison & Oakes, 2002;
Harrison, Oakes, Hysell, & Hay, 2006; Lewis &
Gattie, 2002; Lewis et al., 2002; NRC, 2002).
Evidence is growing of off-site migration of
sewage-sludge-associated PM10 and molecular
markers of fecal microbes (clostridia, methanogens, and chloroflexi) at land-application
sites during high wind events (Baertsch, PaezRubio, Viau, & Peccia, 2007; Paez-Rubio et al.,
2007; Paez-Rubio, Viau, Romero-Hernandez,
& Peccia, 2005); regrowth of fecal indicator and

pathogenic bacteria under optimal moisture
and temperature conditions in soils at sewage
sludge land application sites days and weeks
post application (Qi, Dentel, & Herson, 2007,
2008; Sidhu, Gibbs, Ho, & Unkovich, 1999,
2001); and high concentrations of toxicants
and irritant chemicals in soils at sewage sludge
land-application sites (U.S. EPA, 2009; Renner,
2009). Although these findings raise concerns
about the environment and human health, the
land application program maintains a low priority status, and consequently has inadequate
resources and staffing at state and federal levels
to ensure compliance with federal land application requirements (U.S. EPA, 2002).
States have different levels of commitment
to administering sewage sludge programs,
and sewage sludge management varies widely from state to state (U.S. EPA, 2002). This
may explain the varying opinions among interviewees in our survey concerning which
agency should serve as lead coordinator for
implementing the investigation protocol. For
this reason, we did not recommend an agency
for this position or designate agencies to carry out each of the five steps in the protocol.
This is left to the user to decide based on the
unique circumstances for managing land application of sewage sludge in their state.
Five interviewees commented on the fluctuation in the number of calls about sewage
sludge that they receive over time, and offered
possible influencing factors. Additional factors
may affect reports of illness, including the experience of symptoms, opinions about the causes
of symptoms, propensity to report symptoms,
beliefs about whether reporting them to officials would produce beneficial changes, and
level of comfort with reporting to officials.
Willingness to report symptoms could be influenced if people think that landowners or public

officials could retaliate against people perceived
as “troublemakers (Wing, 2002).” Rural people
may be uncomfortable with doing anything
that could be perceived as “antifarming.” As
in many other areas of environmental health,
people are told that land application of sewage
sludge is safe and regulated. This can lead to
the implication that anyone who reports illness
has a personal or psychological problem rather
than a condition that is caused by an irritant,
toxicant, or pathogen, and can discourage reporting of illness. Any tracking system should
take account of these possible influences on illness reporting.
Finally, many respondents cited funding
and staff time as significant barriers to implementing an investigation protocol. Users of the
protocol should consider recommendations
expressed by officials in this article about these
and other aspects of implementing the protocol. The implementation of the investigation
protocol in a variety of states and settings will
also help refine its use. With time and use, the
protocol could provide information that could
be used to develop epidemiological studies and
assist with policy decisions related to land applying sewage sludge and protecting public
health. The investigation protocol is available
for free download at www.exchangeproject.
unc.edu/envir-issues_sub/biosolids.html#1 and
at www.werf.org/biosolids_protocol.
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