
Development of a Protocol for Risk Assessment of
Microorganisms in Separate Stormwater Systems 
T he purpose of this project was to

d evelop risk assessment guidance to
enable more accurate evaluations of

s t o rm water microorganism data and the
associated risks to human health from
exposure to pathogenic microorganisms
( i . e . , pathogens) in storm wa t e r.

This research provides insight on the
potential human health risk associated with
exposure to pathogens in storm wa t e r. Risk
associated with these organisms can be
quantitatively characterized if data are av a i l-
able to model risk.

The literature rev i ew revealed that an
insufficient number of epidemiology studies
relate human illness to storm water expo-
s u r e , and that the data available to para-
meterize human health risk models are not
robust. Specifically, there is a lack of infor-
mation regarding the two most import a n t
inputs to the static risk model: pathogen
concentrations and exposed populations.
T h e r e f o r e , the report presents a prioritized,
phased approach for acquiring the data
n e c e s s a ry to characterize the range of
potential human health risks associated
with exposure to microorganisms in
s t o rm wa t e r.

Managing Exposure
S t o rm water regulations require monitor-

ing of indicator microorganisms to identify
potentially unsafe conditions and minimize
human exposures. National Po l l u t a n t
Discharge Elimination System (NPDES) per-
mits issued to local public agencies com-
monly include monitoring of bacterial indi-
cator organisms in receiving wa t e rs and
s t o rm water discharges. Public agencies
conduct such monitoring to identify impacts
on beneficial uses and evaluate effective-
ness of best management practices
(BMPs) designed to reduce storm wa t e r
microorganisms in recreational surface
wa t e rs. 

The presence of indicators in storm wa t e r,
usually very high, has been shown to hav e
little relationship with the occurrence of

pathogens in recent research. Also, the mix
of pathogens present in storm water (such
as Pseudomonas aerog i n o s a,S h i ge l l a, e t c . )
are quite different than those historically
used to develop and justify indicator guid-
ance. All of these factors have made it diffi-
cult to interpret indicator data collected by
local public agencies in the context of poten-
tial risk to human health. In addition, a c t u a l
health effects associated with water contact
in urban streams have been largely ov e r-
l o o ked. 

P e rf o rming Risk Assessment
The proposed plan emphasizes dev e l o p-

ment of methods and sampling schemes to
overcome key inconsistencies in collection of
microorganisms in storm wa t e r, given that the
f ew available studies of concentrations of
microorganisms in storm water are insufficient
for performing a defensible risk assessment. 

Phase 1a: Interim Guidance and
M a n a gement Prioritization 

An appropriate first step in the assess-
ment of risk associated with exposure to
microorganisms in storm water is the dev e l-
opment of an interim guidance plan that
could prioritize management considerations,
especially in risk management and resource
allocation. 

B E N EFI T S
 Identifies wa t e r b o rne pathogens that pose
the greatest risk to human health and mea-
sures their concentrations in storm wa t e r.

 P r ovides defensible relations betwe e n
indicator organisms and pathogens of
public health concern in storm wa t e r.

 Clarifies environmental fate of pathogens
and indicator organisms in storm wa t e r.

 Assesses the effectiveness and costs
of storm water microorganism control
t e c h n o l o g i e s .

 P r ovides a data collection program to
assess the associated risk to human
health from exposure to pathogenic
microorganisms in storm wa t e r.
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This re s e a rch provides insight into the potential
human health risk associated with exposure to
pathogens in storm w a t e r.



Such interim guidance could be based
on qualitative information and expected lev-
els of exposure. For example, a qualitative
approach may facilitate risk management
related to recreational water beneficial use
i m p a i rment. In that case, data from a sani-
t a ry surv ey, r e l evant water quality data, a n d
specific knowledge about microbiological
sources are used along with water quality
monitoring and exposure data to derive a
relative level of public health concern
associated with recreational activities.
T h u s , management actions could be based
on the prioritized level of public health
c o n c e rn .

Phase 1b: Methods Development 
The concentration of pathogens in

s t o rm water is a key input to a risk-based
model. There are a handful of methods cur-
rently used for determining concentrations
of pathogens in storm wa t e r, including nucle-
ic-acid based, c u l t u r e - b a s e d , m i c r o s c o py -
b a s e d , and hybrid detection techniques.
H o wev e r, f ew pathogens of public health
c o n c e rn that are likely to be present in
s t o rm water are usually not measurable at
l evels necessary to make critical manage-
ment decisions. A static risk model wa s
used to “back calculate” epidemiological
significant concentrations of pathogens to
d e t e rmine if methods dev e l o p m e n t / r e f i n e-
ment is needed. 

It is recommended that research to
i m p r ove techniques for enumerating
pathogens in storm water is a logical firs t
s t e p , in parallel with the development of the
interim risk management guidance discussed
a b ove. This research should include new
approaches to removing inhibitors that are
also present in storm water and that may
interfere with an enumeration assay.

Phase 2: Pilot Monitoring Program and
Risk Assessment in a Single Wa t e rs h e d

Once methods are available to charac-
terize concentrations of pathogens of pub-
lic health concern at critical lev e l s , a
s c r e e n i n g - l evel risk assessment could be
conducted. It is recommended that a pilot
monitoring program be conducted in a sin-
gle wa t e rs h e d , f o l l o wed by a risk assess-
ment investigation. This pilot-scale inv e s t i-
gation will encompass many of the aspects
of a national monitoring program, but will
represent a modest investment. The
lessons learned will increase the like l i h o o d

of gathering useful data in a subsequent
full-scale inv e s t i g a t i o n .

I n s t ruments should be deployed to mea-
sure both rainfall and volumetric flow rate
as functions of time in the storm water con-
v eyance. Grab samples used to assay
microorganisms should also be used to
a s s ay chemical and physical indicators of
water quality including temperature, s a l i n i t y,
n i t r a t e , a m m o n i u m , soluble reactive phos-
p h a t e , turbidity and total suspended solids.
Sediment samples should be analyzed for
c l ay, s i l t , and sand content, and organic car-
bon components. 

From the onset of the storm until sam-
pling is complete, two days after the end of
the rain ev e n t , the number of individuals
recreating in the receiving water and their
activities should be recorded. The activity
types and exposure frequencies can be
used to: 1) estimate the volume ingested,
and 2) determine the population-based risk
of illness using the dynamic risk assess-
ment models. 

Using the measured concentrations of
pathogen during the storm and the record-
ed exposure frequency, along with an
assumed dilution and die-off factor, o n e

can estimate the risk of illness from expo-
sure to a particular pathogen during a
s t o rm event for individuals in a receiving
wa t e r. These data should be used in con-
junction with the risk equations. 

Phase 3: National Stormwater Monitoring
P r ogram and Risk A s s e s s m e n t

The overall goals of a national storm -
water monitoring program will be to quanti-
fy: 1) the concentration of target infec-
tious/ viable pathogens in storm water at
the “end of the pipe,” and 2) the number of
individuals exposed to storm water in receiv-
ing wa t e rs for various types or classes of
s t o rm wa t e r. 

Once the national storm water monitoring
program is completed, the next goal will be
to develop a generalizable risk model. It
should relate risk to easily quantifiable
wa t e rshed characteristics so that specific
wa t e rshed types may receive high priority
for future study and monitoring. Use of
data collected during previous phases
could help direct management actions,
i n f o rm the utility of future epidemiology
s t u d i e s , and inform regulatory limits for
microorganisms in storm wa t e r.
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