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Chapter 4 : Ambient Wet Weather Monitoring 
4.1 Introduction & Trends 

To benchmark wet weather monitoring practices, state water monitoring personnel were surveyed on their 
ambient water monitoring programs including methods used and program organization. 
 
The following 22 agencies responded to one or more questions in the Wet Weather Monitoring Survey: 
ORSANCO (Ohio River Valley Water Sanitation Association), CA, CT, FL, GA, ID, IN, KS, MA, MI, MO, 
MN, NH, NJ, NM, NC, ND, OH, UT, WA, WI, WY.  In most cases, the survey responses were supplemented 
with internet based research.  Information for agencies not listed above is based solely on internet research and 
indicated by an asterisk. 
 
According to the survey participants, the pollutants most observed to exceed water quality standards during wet 
weather events are bacteria (fecal coliform, E. coli, Enterococcus) and sediment/turbidity.  37% of respondents 
(7 of 19 agencies) require one or more regulated parties to monitor the impacts of their wet weather discharges 
on ambient surface waters, while 61% of respondents (11 of 18 agencies) conduct internal monitoring of the 
impacts of wet weather discharges on ambient surface waters.  Of the 11 agencies with internal monitoring 
practices, 17% (2 agencies) and 9% (1 agency) have increased personnel and acquired additional equipment, 
respectively, in order to conduct more effective ambient wet weather monitoring.  36% of respondents (4 
agencies) devote one or fewer full time employees (FTEs) to wet weather monitoring activities; 18% of 
respondents (2 agencies) devote between one and five FTEs, while the remaining respondents were unable to 
quantify the FTEs devoted specifically to wet weather monitoring.  53% of respondents (8 of 15 agencies) use 
surrogate or indicator measurements to simplify wet weather monitoring, with the dominant examples including 
total suspended solids (TSS) for sediment, and E. coli or fecal coliform for pathogenic bacteria.  36% of 
respondents (5 of 11 agencies) employ contractors and 71% (10 agencies) use in-house staff.  59% of 
respondents (10 of 17 agencies) are monitoring the effects of wet weather discharges on concentrations of 
emerging contaminants.  44% of respondents (7 of 16 agencies) monitor wet weather pollutant loads and 31% (5 
of 16 agencies) conduct aquatic toxicity tests on wet weather discharges.  50% of respondents (6 of 12 agencies) 
conduct some degree of continuous monitoring with sondes, or electronic water quality monitoring devices. 

4.2 Monitoring By Agency & Regulated Parties 

4.2.1 Monitoring Party 
 

Both Montana Department of Environmental Quality (MT DEQ) and New York Department of Environmental 
Conservation (NYSDEC) do not conduct any ambient wet weather monitoring. 
 
Ohio River Valley Water Sanitation Association (ORSANCO) 
ORSANCO has 8 member states (Illinois, Indiana, Ohio, Pennsylvania, New York, Kentucky, West Virginia, 
Virginia).  From May to October, ORSANCO conducts weekly monitoring for bacteria in the Ohio River near 
major combined sewer overflow (CSO) outfalls.1 
 
California 
California Environmental Protection Agency (Cal/EPA) requires permitted municipalities to monitor ambient 
water quality near their stormwater outfalls. 2  Cal/EPA also monitors ambient surface waters for the impacts of 
wet weather discharges. 
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Connecticut 
Connecticut Department of Environmental Protection (CT DEP) requires regulated parties to monitor the 
impacts of their wet weather discharges on ambient surface waters, but does not conduct any such ambient wet 
weather monitoring itself.3 
 
Florida 
Florida Department of Environmental Protection (FL DEP) does monitor the impacts of wet weather discharges 
on ambient surface waters, but does not require any of its stormwater permit holders to monitor the impacts their 
wet weather discharges have on ambient surface waters.4   
 
Georgia 
Georgia Department of Natural Resources (GA DNR) requires some industrial stormwater permit holders to 
monitor the impacts their wet weather discharges have on ambient surface waters, if they are suspected to 
contribute to a violation of state water quality standards. 5  GA DNR does not conduct wet weather specific 
monitoring. 
 
Idaho 
Idaho Department of Environmental Quality (ID DEQ) requires regulated parties to monitor the impacts of their 
wet weather discharges on ambient surface waters.6  Responses to the remaining 21 questions were not 
provided. 
 
Illinois* 
According to the Illinois Water Monitoring Strategy for 2007-2012, Illinois’ Ambient Water Quality Monitoring 
Network consists of 217 stations.  However, no wet weather focused monitoring efforts are specified.7   
 
Indiana 
Indiana Department of Environmental Management (IDEM) does conduct ambient monitoring of E. coli and, 
when resources are available, seasonal ambient monitoring of pesticides.8 
 
Kansas 
Kansas Department of Health & Environment (KDHE) does require a few permitted industrial facilities and 
municipalities to monitor the impacts of their wet weather discharges on ambient surface water quality, but this 
is not generally required.  In addition, KDHE’s ambient stream chemistry monitoring program conducts “year-
round, bimonthly surface water quality monitoring, regardless of prevailing weather conditions, from specific 
monitoring locations dispersed throughout Kansas.  Many sites are located immediately above or immediately 
below major urban settings”9 and the monitoring schedule is typically developed four years in advance of 
bimonthly monitoring activities.  “On average, approximately seventeen to twenty-five percent of the samples 
are obtained during runoff episodes or during conditions of elevated stream flow.”10 
 
Massachusetts 
“Massachusetts does not administer a monitoring program element specifically designed to evaluate the effects 
of wet-weather on our surface waters.” 11  Wet-weather data is incidentally obtained as part of the ambient water 
monitoring program, which relies on the results of pre-scheduled stream surveys to support water use 
assessments and impaired water listing decisions under sections 305(b) and 303(d) of the Clean Water Act.  
Municipalities also collect wet weather data to assess and manage CSOs.  Approximately twenty cities in 
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Massachusetts maintain combined sewer systems that overflow into receiving waters during storm events, the 
monitoring of which is carried out as part of the development of municipal CSO Control Plans. 
 
Michigan 
Michigan Department of Environmental Quality (MI DEQ) does not require regulated parties to monitor the 
impacts their wet weather discharges have on ambient surface waters.12  MI DEQ conducts wet weather 
sampling according to various needs, such as flow stratified sampling of Great Lakes tributaries and monitoring 
to support enforcement and TMDL development. 
 
Minnesota 
Minnesota Pollution Control Agency (MPCA) requires Phase I municipal separate storm sewers (MS4s) to 
conduct a variety of monitoring, in order to satisfy the following: 

1) Characterize pollutant event mean concentrations 
2) Estimate total annual pollutant load to receiving bodies of water 
3) Estimate total annual stormwater volume to receiving bodies of water 
4) Estimate effectiveness of stormwater system management devices and practices 
5) Calibrate stormwater models13 

 
In addition, “MPCA currently has an extensive monitoring effort underway that consists of many partners 
(watershed districts, regional and local governments).  Ambient river monitoring programs within or funded by 
the MPCA that specifically capture all, including wet weather, discharges include: the Major Watershed Load 
Monitoring Network (pollutant loads are calculated at the 8 digit and larger scale); Clean Water Partnership 
(CWP) Projects encompassing8 digit hydrologic unit codes (HUC) and smaller; and some total maximum daily 
load (TMDL) projects (8 digit HUC and smaller).  MPCA also uses satellite and plane-based remote sensing.”14 
 
There are also several in-house ambient monitoring programs, such as the “biologically based Intensive 
Watershed Monitoring effort (IWM) and stream assessment focused Milestone Monitoring, that do not 
specifically target but may capture wet weather discharges.  The IWM, while biologically focused, also collects 
water quality samples on a temporal schedule.”15  The MPCA also provides Surface Water Assessment Grants to 
local organizations and local units of government to assess surface waters.  This sampling is also temporally 
based but may capture periodic wet weather discharges. 
 
Various parties are also developing stormwater assessment techniques for future use, including assessment of 
thermal loading in trout streams (Minnesota Urban Heat Export Tool), best management practices (BMPs) 
effectiveness, urban runoff models, and underground proprietary devices. 16  See 
http://www.pca.state.mn.us/water/stormwater/stormwater-research.html for more details and project reports. 
 
Missouri 
Missouri DNR (MO DNR) monitors the impacts of wet weather discharges on ambient surface waters only 
during the development of a TMDL or if there is a specific concern associated with stormwater and the state 
requires additional data.  MO DNR does not require regulated parties to assess the impacts of their stormwater 
discharges on ambient surface waters.17 
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New Hampshire 
New Hampshire Department of Environmental Services (NH DES) does not monitor wet weather impacts on 
ambient surface waters, nor are regulated parties required to monitor the impacts of their stormwater discharges 
on ambient surface waters.18 
 
New Jersey 
New Jersey Department of Environmental Protection (NJ DEP) does not require regulated parties to monitor the 
impacts of their discharges on ambient surface waters, nor does NJ DEP conduct wet weather specific ambient 
monitoring.  There are a few exceptions to the latter, in which wet weather events are targeted if they are 
suspected to contribute to an impaired area.19 
 
New Mexico 
New Mexico Environment Department (NMED) does not intentionally conduct wet weather specific ambient 
monitoring, with the exception of a study of water quality sampling during storm events related to Los Alamos 
National Laboratory.  Regulated parties in New Mexico are not required to monitor the impacts of their 
stormwater discharges on ambient surface waters.20 
 
North Carolina 
North Carolina Department of Environment & Natural Resources (NC DENR) does not require regulated parties 
to assess the impacts of their stormwater discharges on ambient surface waters.  NC DENR may monitor the 
impacts of wet weather discharges in specific circumstances.  Examples of such specific circumstances include: 
“suspected or observed water quality standard violations from industrial or construction activity stormwater 
discharges, scheduled ambient monitoring at NC stations that fall during a wet weather event, individual 
stormwater permit requires permittee to sample upstream and downstream (this is not routine), some Phase I 
MS4 communities have developed ambient monitoring programs that include wet weather monitoring (e.g., 
Charlotte) and/or sample during suspected water quality standard violations, Regional Offices may initiate an 
effort to determine causes of impairments in regional water bodies that are potentially affected by wet weather 
discharges.”21 
 
North Dakota 
North Dakota Department of Health (ND DoH) does not require regulated parties to monitor the impacts of their 
stormwater discharges on ambient surface waters, and only conducts wet weather specific monitoring on a case-
by-case basis, during the development of TMDLs.22 
 
Ohio 
If Ohio Environmental Protection Agency (OH EPA) has reason to believe there is reasonable potential for 
water quality violations, industrial stormwater dischargers may and have been required to sample both their 
effluent and in-stream. 23  Communities with sanitary sewer overflows (SSOs) and CSOs have been required to 
sample both their overflows and in-stream, but MS4s are not required to conduct ambient monitoring as part of 
the general MS4 permit.  Using water body biosurveys, OH EPA monitors the impacts of wet weather 
discharges on aquatic life within ambient surface waters.  
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Utah 
Utah Department of Environmental Quality (UT DEQ) does not require any regulated parties to monitor 
ambient surface water quality near their stormwater outfalls, and does not conduct ambient wet weather 
monitoring.24  
 
Washington 
Washington Department of Ecology (WA DOE) does not require any regulated parties to monitor the impacts of 
their stormwater discharges on ambient surface waters.  WA DOE conducts ambient wet weather monitoring as 
part of TMDL studies and commercial shellfish growing area evaluations, and in response to citizen complaints 
and fish kills.25  WA DOE will also conduct ambient monitoring in wet weather conditions if scheduled 
sampling event occurs during wet weather.26 
 
Wisconsin 
Regulated parties are not required to monitor the impacts their wet weather discharges have on ambient surface 
waters, but the Wisconsin Department of Natural Resources (WI DNR) conducts wet weather monitoring, 
although a systematic wet weather monitoring program has not been developed. 27 
 
Wyoming 
Wyoming Department of Environmental Quality (WY DEQ) does not require any regulated parties to monitor 
the impacts of their wet weather discharges on ambient surface waters, and only conducts wet weather specific 
monitoring on a case-by-case basis, if wet weather is suspected to be contributing to a water quality standard 
violation or if a scheduled ambient monitoring event coincides with wet weather.28 

 
4.2.2 Frequent Exceedance of Water Quality Standards 
 
The following lists include pollutants that have been observed to frequently exceed water quality standards 
during wet weather events. 

 
ORSANCO 
Fecal coliform, E. coli, Enterococcus. 
 
California 
The following pollutants frequently exceed California’s water quality standards during wet weather: TSS, 
specific conductance, total dissolved solids (TDS), zinc, copper, chromium, selenium, nitrate as nitrogen, Total 
Kjeldahl nitrogen (TKN), total phosphorus, bacteria (total and fecal coliform), diazinon, and polycyclic aromatic 
hydrocarbons (PAHs). 
 
Connecticut: No response. 
 
Florida 
Nutrients, biochemical oxygen demand (BOD), fecal coliform, copper 
 
Georgia 
Fecal coliform, TSS.29 
 
Idaho: No response. 
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Indiana 
Pesticides (e.g. atrazine) during application season, E. coli. 
 
Kansas 
Ammonia, arsenic, atrazine, cadmium, chromium, copper, lead, nickel, selenium, zinc, E. coli, fecal coliform 
frequently exceed Kansas’ water quality standards during wet weather.  KDHE has not established specific 
numeric surface water quality standards addressing total nitrogen, total phosphorus, and TSS, but these 
parameters are also a concern during high stream flow events. 
 
Massachusetts 
Fecal coliform, E. coli, Enterococcus, nutrients, suspended solids, and trace metals (in older industrial 
watersheds). 
 
Michigan 
E. coli, mercury and PCBs are elevated in wet weather samples, but also are frequently elevated in dry weather. 
TSS, TDS, and phosphorus have been found at high levels in wet weather, although no numeric water quality 
standards exist for these parameters. 
 
Minnesota 
E. coli & other pathogens, turbidity (as TSS), nutrients, chloride. 
 
Missouri 
Missouri does not have wet weather water quality standards, but wet weather situations are investigated for the 
impact they have on non-wet weather conditions.  For example, E. coli washing in during wet weather can cause 
dry weather impacts. 
 
New Hampshire 
E.coli, fecal coliform, Enterococcus, chlorophyll-a, pH, aluminum, zinc, turbidity, dissolved oxygen.30 
 
New Jersey 
Unknown; however, significant amounts of TSS are found in stormwater from permitted sites. 
 
New Mexico 
Dissolved oxygen, E. coli.31 
 
North Carolina 
Turbidity, fecal coliform, flow volume (evidenced by incised stream channels and subsequent impacts to 
biological integrity). 
 
North Dakota 
Fecal coliform, sediment. 
 
Ohio 
E. coli, fecal coliform, dissolved oxygen. 
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Utah 
UT DEQ does note weather conditions during ambient sampling events, but it does not otherwise differentiate 
between wet and dry weather water quality standards exceedances. 
 
Washington 
Fecal coliform, turbidity, suspended solids, organochlorine pesticides, peptide nucleic acids (PNAs), 
polychlorinated biphenyls (PCBs), and various metals. 
 
Wisconsin 
Phosphorus, pH, and ammonia as nitrogen are found to frequently exceed Wisconsin’s water quality standards 
during wet weather events.  Other pollutants, such as nitrates, TSS, and chlorides, are also found in high 
concentrations during wet weather, but Wisconsin does not have standards for these pollutants. 
 
Wyoming 
Sediment is the only pollutant known to exceed water quality standards during wet weather, but little research 
has been done on the topic. 
 
4.2.3 Monitoring of Water Quantity Impacts 

 
ORSANCO 
ORSANCO does not monitor the water quantity impacts of wet weather discharges. 
 
California 
California monitors wet weather impacts on stream flashiness (streamflow response to storm events), channel 
morphology, and in-stream habitat. 
 
Connecticut: Not applicable. 
 
Florida 
Specific wet weather water quantity impacts (on stream flashiness, channel morphology, in-stream habitats) are 
not monitored, but biological health monitoring is included in FL DEP’s monitoring program.  Biological health 
monitoring includes a detailed habitat assessment as well as sediment characteristics monitoring. 
 
Georgia: No response. 
 
Idaho: No response. 
 
Indiana:  
IDEM does not monitor the water quantity impacts of wet weather discharges. 
 
Kansas 
Kansas conducts assessments of wet weather impacts on stream channel stability using Kansas Watershed 
Restoration and Protection Strategy (WRAPS) Grant Funds. 
 
Massachusetts: Not applicable. 
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Michigan 
MI DEQ monitors wet weather impacts on stream flashiness, channel morphology, and in-stream habitat. 
 
Minnesota 
Minnesota monitors wet weather impacts on stream flashiness, channel morphology, in-stream habitat, nutrients, 
and sediment.  
 
Missouri: None. 
 
New Hampshire: Not applicable. 
 
New Jersey: No response. 
 
New Mexico: Not applicable. 
 
North Carolina 
NC DENR has a “robust biological monitoring program that assesses the biological integrity of streams 
throughout the state and suspected stressors often include stormwater impacts.”32  In this way, the impacts of 
stormwater quantity on in-stream habitat are monitored.  The agency may also consider potential stormwater 
impacts on any parameters routinely monitored. 
 
North Dakota 
ND DoH does not monitor water quantity impacts of wet weather discharges. 
 
Ohio 
As part of the biosurvey, the impacts of wet weather on stream flashiness, channel morphology, and in-stream 
habitat are evaluated. 
 
Utah: Not applicable. 
 
Washington 
Some studies have examined in-stream habitat and channel morphology in forest areas under forest practice 
rules, but this is rare in other settings. 
 
Wisconsin 
Wisconsin has not developed a systematic process to “evaluate wet weather flow impacts on physical stream 
features, but individual biologists trying to quantify factors degrading streams or limiting biological quality will 
measure” stream flashiness, channel morphology, and in-stream habitat. 
 
Wyoming: Not applicable. 
 
4.2.4 Organization 

 
ORSANCO 
ORSANCO has increased personnel in order to effectively monitor wet weather discharges and/or the impacts 
of wet weather discharges on ambient surface waters.  Its wet weather monitoring costs are increasing.  
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Approximately 5% of ORSANCO’s water quality budget and 1 full time equivalent (FTE) is devoted to ambient 
wet weather monitoring.  
 
California 
California has not made any organizational changes to monitor wet weather discharges or the impact those 
discharges have on ambient surface waters.  The percentage of the state’s water quality budget devoted to wet 
weather monitoring is unknown, and approximately 1 FTE is devoted to wet weather monitoring.  Cal/EPA’s 
annual wet weather monitoring costs are decreasing.  
 
Connecticut: Not applicable. 
 
Florida 
Wet weather monitoring has been a part of FL DEP’s ambient monitoring program for over 20 years.  It is 
incorporated into the ambient monitoring program, so it is not feasible to determine the portion of the water 
quality budget and number of FTEs devoted to wet weather monitoring.  FL DEP’s annual wet weather 
monitoring costs remain the same. 
 
Georgia: No response. 
 
Idaho: No response. 
 
Indiana 
IDEM has not made any organizational changes to monitor wet weather discharges or the impact those 
discharges have on ambient surface waters.  No FTEs are devoted to wet weather monitoring and annual wet 
weather monitoring costs remain the same. 
 
Kansas 
KDHE has not made any organizational changes to monitor wet weather discharges or the impact those 
discharges have on ambient surface waters.  No FTEs or percentage of KDHE’s budget is devoted specifically to 
ambient wet weather monitoring. 
 
Massachusetts 
Massachusetts Department of Environmental Protection (MA DEP) maintains one multi-purpose, truck-
mounted, mobile laboratory that can respond to emergencies such as hazardous chemical spills, sewer by-passes, 
etc., but it has never been utilized for routine surface-water monitoring or wet-weather sampling purposes.  Each 
of MA DEP’s four regional offices maintains a small field laboratory equipped with the Colilert rapid bacteria 
detection system that is used for bacterial source tracking. 
 
Michigan 
MI DEQ has provided funding for to USGS and other consultants to monitor specific parameters (e.g. 
Cryptosporidium, nutrients, metals, PCBs, and E. coli) during wet weather events.  Approximately 25% of MI 
DEQ’s water quality monitoring budget is applied to wet weather monitoring and these costs are increasing.  
Less than 5 FTEs are devoted to wet weather monitoring activities, as the majority of the wet weather sampling 
is conducted by contractors rather than Department staff. 
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Minnesota 
MPCA has made the following organizational changes to monitor wet weather discharges: expanded monitoring 
efforts (increased personnel), equipment upgrades, improved data management system, and web based data 
access.  In 2007, the MPCA and the Minnesota Department of Natural Resources (DNR) initiated the Major 
Watershed Load Monitoring Network (MWLMN), for which staff were hired to monitor water quality at 
locations along Minnesota’s major rivers as well as from the outlets of major tributaries draining to these rivers.   
“State-of-the-art equipment and data management software were purchased to help ensure the success of this 
program.”33  Real-time and archived discharge and water quality data will be made available to the public 
through a developing website that will be cooperatively shared among state agencies. 
 
Approximately 15-20% of the MPCA’s condition/trend monitoring budget is “spent on the grab sampling and 
load calculation components of the Major Watershed Load Monitoring Network”34, and the DNR also 
contributes a significant amount of staff time and operating expenses to establishing and maintaining the flow 
stations.  MPCA’s wet weather monitoring costs are increasing.  The MPCA devotes 7.5 FTEs to the MWLMN, 
and numerous additional staff also support the Clean Water Partnership (CWP) and TMDL projects that collect 
wet-weather monitoring data.  The DNR also employs about 9 FTEs to install and maintain the permanent 
gaging stations of the network; this includes data management.  MPCA does use mobile labs for wet weather 
monitoring. 
 
Missouri 
MO DNR has not made any organizational changes to effectively monitor wet weather discharges or the impacts 
wet weather discharges have on ambient surface waters.  Annual wet weather monitoring costs are decreasing. 
The percentage of water quality budget devoted to wet weather monitoring is unknown and less than 1 FTE is 
devoted to wet weather monitoring. 
 
New Hampshire 
No organizational changes have been made. 
 
New Jersey: No response. 
 
New Mexico: Not applicable. 
 
North Carolina: Not applicable. 
 
North Dakota 
No organizational changes have been made. 
 
Ohio 
Ohio has not made any organizational changes to effectively monitor wet weather discharges or to effectively 
monitor the impacts those wet weather discharges have on ambient surface waters.  The percentage of the state’s 
water quality monitoring budget and FTEs devoted to wet weather monitoring is unknown, as this is a part of the 
entire program and difficult to disaggregate. 
 
Utah: Not applicable. 
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Washington 
The number of Phase I and Phase II stormwater permit staff has increased, and some construction stormwater 
inspectors have been hired.  As a result, annual wet weather monitoring costs are increasing.  The percentage of 
the state’s water quality monitoring budget and FTEs devoted to wet weather monitoring is unknown. 
 
Wisconsin 
Wisconsin has not made any organizational changes to effectively monitor wet weather discharges or to 
effectively monitor the impacts those wet weather discharges have on ambient surface waters.  Less than 5% of 
the state’s water quality monitoring budget and approximately 2 FTEs are devoted to wet weather monitoring, 
and those costs are increasing. 
 
Wyoming 
No FTEs are devoted to wet weather monitoring, no organizational changes have been made, and annual wet 
weather costs remain the same. 
 
4.2.5 Indicator measurements 

 
ORSANCO 
Fecal coliform, E. coli, and Enterococcus are used as indicators for bacteria. 
 
California 
Fecal coliform. 
 
Connecticut: None. 
 
Florida: None. 
 
Georgia: No response. 
 
Idaho: No response. 
 
Illinois 
Chlorophyll-a and total phosphorus are used as a surrogate for algal biomass, and turbidity is used as a surrogate 
for sediment.35 
 
Indiana 
IDEM uses E. coli as an indicator of fecal matter. 
 
Kansas: None. 
 
Massachusetts: Not applicable. 
 
Michigan 
The only surrogate measurements used are E. coli for pathogens and TSS for sediment. 
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Minnesota 
TSS is used as a surrogate for turbidity and “biology is used as an indicator of the overall or cumulative effects 
of frequency, duration, and magnitude of runoff events and other stressors.”36 
 
Missouri: None. 
 
New Hampshire: Not applicable. 
 
New Jersey: None. 
 
New Mexico: Not applicable. 
 
North Carolina: None. 
 
North Dakota: None. 
 
Ohio 
Ohio uses aquatic life attainment of fish and macro-invertebrates as a surrogate measurement for wet weather 
monitoring. 
 
Utah: None. 
 
Washington 
Turbidity for TSS, fish tissue burdens for polybrominated diphenyl ethers (PBDEs) and pesticides, rainfall rate 
to indicate shellfish bed closures. 
 
Wisconsin 
In urbanized watersheds, Wisconsin examines morphological features (percentage eroded banks, base flow vs. 
bank full) to understand event flow impacts on in-stream habitat. 
  
Wyoming: No response. 
 
4.2.6 Monitoring Design: timing of sample collection, toxicity testing, continuous monitoring,   
contractor/in-house staff, pollutant loads 

 
ORSANCO 
ORSANCO uses contractors and in-house staff to collect wet weather samples.  Daily flow estimates from the 
Corps of Engineers or National Weather Service are used to match the timing of sampling collection to the 
hydrograph.  There is no monitoring of wet weather pollutant loads and no aquatic toxicity tests conducted on 
wet weather discharges.  ORSANCO uses continuous monitoring with sondes to collect data on dissolved 
oxygen levels. 
 
California 
Cal/EPA employs contractors to collect wet weather samples.  Municipal employees also conduct wet weather 
monitoring, as specified in Section 4.1.1 above.  The timing of sample collection is matched to the hydrograph 
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by collecting samples during the first flush (first 30 minutes) and compositing the samples up to the next 8 hours 
to determine event mean concentrations. 
 
Emerging contaminants monitored during wet weather events include chloropyrifos and pyrethroids.  Wet 
weather pollutant loads are determined using pollutant concentration and flow data, both of which are collected 
at the monitoring station during storm events. 
 
Aquatic toxicity tests are conducted on several NPDES permitted stormwater discharges, the terms of 
which vary throughout the state.  Aquatic toxicity test methods used are EPA 821-R-02-012 (Acute) 
and EPA 821-R-02-013 (Chronic).  The San Diego County MS4 permit requires toxicity tests using the 
above methods with the following species’:  7-day chronic test with the cladoceran Ceriodaphnia 
dubia, chronic test with the freshwater algae Selenastrum capricornutum, acute survival test with amphipod 
Hyalella azteca.37  California has no continuous monitoring with sondes.   
 
Connecticut 
CT DEP requires industrial stormwater permit holders to conduct LC50 aquatic toxicity tests on wet weather 
discharges and does not use continuous monitoring with sondes.38  No monitoring of wet weather pollutant loads 
or emerging contaminants during or after wet weather. 
 
Florida 
FL DEP uses in-house staff to collect wet weather samples, but much of the ambient monitoring is done by local 
governments and regional water management districts.   Florida has no ambient wet weather monitoring of 
emerging contaminants or pollutant loads and no aquatic toxicity tests are conducted on wet weather discharges.  
Continuous monitoring with sondes is used as needed for the purpose of better characterizing ambient 
conditions over time. 
 
Georgia: No response. 
 
Idaho: No response. 
 
Indiana 
IDEM uses in-house staff to collect wet weather samples and does not conduct ambient wet weather monitoring 
of emerging contaminants or pollutant loads.  IDEM does not currently conduct aquatic toxicity tests on wet 
weather discharges, but they have in the past.  IDEM does not have continuous monitoring. 
 
Kansas 
KDHE staff, permitted MS4s, and participants in urban stormwater programs collect wet weather samples.  Isco 
automatic samplers are used to match sample collection to the hydrograph; typically, samples are collected 
during the rise, fall, and near the peak of the storm event.  KDHE does not have ambient wet weather 
monitoring of emerging contaminants.  Wet weather pollutant loads are monitored by combining the statewide 
ambient stream chemistry monitoring program's water quality data with available United States Geological 
Survey (USGS) flow data and supplementing that with any locally collected flow data.  KDHE does not 
currently conduct or require stormwater permit holders to conduct aquatic toxicity tests on their discharges, but 
MS4 permits up for renewal in 2010 may contain new requirements for aquatic toxicity testing on wet weather 
discharges.  KDHE does a limited amount of continuous monitoring with sondes, but it is normally controlled 
by USGS under a state contract. 



Wet Weather Benchmarking Report  Chapter 4: Ambient Wet Weather Monitoring 

4-14 
Last modified on December 11, 2009 

 
Massachusetts 
To date, specific wet-weather sampling to evaluate stormwater pollutant loadings has been primarily limited to 
site-specific projects aimed at the calculation of TMDLs, load allocations (LAs) and WLAs. These efforts are 
typically contracted out, rather than conducted by MA DEP staff.  MA DEP deploys unattended dissolved 
oxygen, pH, and temperature sondes for up to a week at a time as part of its revolving intensive watershed 
surveys.  Thermistors are also deployed to record temperature for 2-3 months at a time.  However, only 
approximately one-fifth of the state is monitored in any given year, as MA DEP moves through a five-year 
rotating monitoring schedule so these probes do not continuously monitor the same sites over an extended 
period of time.  Massachusetts Coastal Zone Management (CZM) deploys a state-of-the-art monitoring buoy in 
Mount Hope Bay to continuously monitor dissolved oxygen levels. 
 
Michigan 
MI DEQ uses contractors and in-house staff to collect wet weather samples.  Matching of sample collection to 
the hydrograph is accomplished with the aid of USGS, who collects flow stratified samples from Great Lakes 
tributaries at its stream gages.  Automated samplers also help match samples with peak flows.  There are no 
monitoring efforts targeting emerging contaminant concentrations during wet weather.  Wet weather pollutant 
loads are monitored using flow stratified sampling and automated sampling equipment.  Aquatic toxicity tests 
are conducted on wet weather discharges as needed.  Toxicity test methods employed include acute and chronic 
tests on Cerodaphnia dubia, Daphnia magna, and/or fathead minnow.  Continuous monitoring with sondes is 
not conducted on a routine basis, but sondes are occasionally deployed to achieve specific study objectives. 
 
Minnesota 
MPCA uses in-house staff to collect wet weather samples, but local organizations, universities, local units of 
government also contribute to wet weather sampling collection efforts. 
 
The following describes how sample collection is timed to the hydrograph: “programs focused on calculating 
pollutant loads (CWP, TMDL, MWLMN) are biased towards sampling during storm events.  60 - 80% percent 
of annual samples are targeted to periods of wet weather discharge.”39  Sample collection frequency along storm 
hydrographs is proportional to flow and sampling is most intense during periods of greatest flow. 
 
Emerging contaminants monitored during wet weather events include PAHs and Perfluorocarbons (PFCs).  
Aquatic toxicity tests are not generally conducted on wet weather discharges.  “The MPCA’s Intensive 
Watershed Monitoring effort deploys sondes for limited time periods when sampling watersheds, primarily for 
dissolved oxygen monitoring.  Although regional variability exists, several Clean Water Partnerships collect 
continuous data from sondes.  The MWLMN will be deploying continuous turbidity sensors at several 
watershed outlets throughout the state in 2010.”40 

 
Wet weather pollutant loads are monitored in the Clean Water Partnership (seasonally) and MWLMN (annually) 
efforts; some TMDL projects also compute pollutant loads.  MPCA’s approach to monitoring wet weather 
pollutant loads: 

1) River stage is accurately tracked 
2) Discharge measurements are collected and ratings developed according to USGS protocols 
3) Stage is converted to discharge 
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4) Approximately 35 samples per site are collected annually, with sample collection strongly biased to 
“wet weather” periods   

5) “Flux”, an interactive software program originally developed by Dr. Bill Walker and the US Army 
Corps of Engineers and recently upgraded by the Corps and the MPCA, is used to calculate annual 
pollutant loads from annual discharge and water chemistry data 

 
Missouri 
Contractors and in-house staff collect wet weather samples.  Matching of sample collection with the hydrograph 
is dependent upon the question/issue being considered. 
 
No ambient wet weather monitoring of emerging contaminants or pollutant loads.   
One of Missouri’s MS4 permits included whole effluent toxicity (WET) tests such as Acute Cerio daphnia 
dubia, Acute Pimephales promelus, because toxicity in the receiving stream appeared to be attributable to the 
city’s stormwater.  There is no continuous monitoring with sondes. 
 
New Hampshire: Not applicable. 
 
New Jersey 
No response regarding how timing of sample collection is achieved. 
 
NJ DEP uses in-house staff to collect wet weather samples and does not do ambient wet weather monitoring of 
emerging contaminants.  NJ DEP does not monitor wet weather pollutant loads or conduct aquatic toxicity tests 
on wet weather discharges.   There is no continuous monitoring using sondes. 
 
New Mexico: Not applicable. 
 
North Carolina 
No ambient wet weather monitoring of emerging contaminants or wet weather pollutant loads. 
The only wet weather specific aquatic toxicity testing is in large airport permits, on discharges associated with 
de-icing activities.  These permits might be in the NPDES Storm Water program, but more commonly are part 
of the NPDES Wastewater program. 
 
North Dakota 
Contractors and ND DoH staff collect in-stream samples.  There is no ambient wet weather monitoring of 
emerging contaminants or wet weather pollutant loads.  Aquatic toxicity tests are not conducted on wet weather 
discharges. 
 
Ohio 
No response regarding who conducts wet weather sampling or how timing of sample collection is achieved.  
There is no monitoring of the effects wet weather discharges have on the concentrations of emerging 
contaminants (e.g., pharmaceuticals, PBDEs) in Ohio’s ambient surface waters.  Wet weather pollutant loads are 
monitored only as part of Ohio’s CSO Long Term Control Plan (LTCP) characterization process.  Ohio does not 
conduct aquatic toxicity tests on wet weather discharges. 
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Utah 
Permitted Phase I facilities match the timing of sample collection to the hydrograph and describe how this is 
achieved in a questionnaire that is submitted to UT DEQ.  There is no ambient wet weather monitoring of 
emerging contaminants, aquatic toxicity tests conducted on wet weather discharges, or continuous monitoring 
with sondes.  Phase I MS4s are required to calculate loading from each of their monitoring sites.   
 
Washington 
WA DOE staff primarily collects wet weather samples, but some grants are provided to conservation districts, 
counties, and municipalities to collect samples under an approved quality assurance plan.  If possible, samples 
are collected during rising, peak and falling periods on the hydrograph.  Otherwise, composite samples or grab 
samples are taken, and are matched to their position on the hydrograph. 
 
Emerging contaminants monitored during wet weather events include: PBDEs, acetaminophen, caffeine, 
carbamazepine, cimetidine, codeine, cotinine, diltiazem, hydrocodone, ketoprofen, metformin, nicotine, 
paraxanthine, salbutamol, sulfamethoxazole, trimethoprim, and estrone. 
 
WA DOE monitors wet weather pollutant loads using multiple regression analysis, if enough samples are 
collected.  Otherwise simple averaging techniques are applied.  Aquatic toxicity tests are conducted only on 
POTW effluent, as specified in permit requirements.  Test methods include whole effluent toxicity on rainbow 
trout; Ceriodaphnia; fathead minnow; Selenastrum; topsmelt; herring; mysid shrimp, oyster, urchin, and mussel 
larvae.  Sondes are used throughout the state to monitor pH, dissolved oxygen, and conductivity on 2-5 day 
deployments.  Since 2001, approximately 70 stations have been continuously monitoring temperature and a pilot 
program of continuous oxygen (LDO) monitoring at a few select stations is in the early stages of 
implementation.41   A rhodamine probe is used for dye detection for time-of-travel studies and some long-term 
deployments of temperature, turbidity, and dissolved oxygen are evaluated. 
 
Wisconsin 
Wisconsin DNR employs in-house staff to collect wet weather samples.  The timing of sample collection is 
achieved with flow activated automated water sampling devices.  There is currently no monitoring of the effects 
wet weather discharges have on the concentrations of 'emerging contaminants' in Wisconsin’s ambient surface 
waters.  Wet weather pollutant loads are monitored by the USGS, Regional Planning Commissions, wastewater 
treatment plants, and WI DNR due to CSO issues, urban flooding and stream erosion problems, and for the 
evaluation of increasing imperviousness in watersheds.  Because of the varied nature of the issues, the methods 
for determining pollutant loads are determined on a site or issue specific basis. 
 
Wisconsin DNR conducts aquatic toxicity tests on wet weather discharges in limited cases of airport snowmelt 
(de-icer solution runoff), CSOs, and parking lot run-off studies.  The aquatic toxicity test methods include lab 
tests with Ceriodaphnia and fathead minnows, as well as in-situ studies with caged fish. 
 
Wyoming 
There is no ambient wet weather monitoring of emerging contaminants and aquatic toxicity tests are not 
conducted on wet weather discharges. 
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4.2.7 Source Identification Methods 
 

ORSANCO 
Bacteriodales were used in a special study to distinguish between human and animal sources of contamination. 
 
California 
Bacteriophages are used for source identification, but other source identification methods are dependent on the 
geographical region. 
 
Connecticut 
Connecticut uses chemical methods and fecal coliform to fecal streptococci ratios as wet weather source 
identification methods. 
 
Florida: None. 
 
Georgia: No response. 
 
Idaho: No response. 
 
Indiana 
Through the Surface Water Quality Assessment Program, IDEM groundwater monitoring and surface water 
monitoring staff collaborate to determine ground and surface water interactions and the age of groundwater.   
 
Kansas 
KDHE uses sediment fingerprinting and geochemical tracing as source identification methods. 
 
Maryland 
Maryland Department of Environment (MDE) uses antibiotic resistance analysis to determine bacteria sources.42 
 
Massachusetts: Not applicable. 
 
Michigan 
MI DEQ uses genetic bacteria fingerprinting, chemical methods, fecal coliform to fecal streptococci ratios, and 
toxicity reduction evaluation studies as source identification methods. 
 
Minnesota 
Minnesota has not adopted any source identification methods for determining nonpoint pollutant sources and 
source contributions.  “However, the MPCA has funded small scale studies to determine the effectiveness and 
accuracy of genetic fingerprinting of bacteria, sediment fingerprinting, and geochemical tracing.”43 
 
Missouri 
Genetic fingerprinting with bacteria. 
 
New Hampshire: Not applicable. 
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New Jersey 
Site specific studies use a variety of source identification methods. 
 
New Mexico: Not applicable. 
 
North Carolina: None 
 
North Dakota: None. 
 
Ohio: None. 
 
Utah 
Genetic fingerprinting of bacteria. 
 
Washington 
Genetic fingerprinting of bacteria, bacteriophages, chemical methods. 
 
Wisconsin 
Genetic fingerprinting of bacteria, fecal coliform to fecal streptococci ratios. 
 
Wyoming: None. 
 
4.3 Monitoring by External Organizations 
 
International Stormwater BMP Database* is a cooperative project between the U.S. EPA and the American 
Society of Civil Engineers (ASCE).  Information is available at http://www.bmpdatabase.org/.  
 
California* 
In 2001, the Phase I municipal stormwater NPDES lead permittees, the NPDES regulatory agencies in Southern 
California and the Southern California Coastal Water Research Project united to form the Southern California 
Stormwater Monitoring Coalition (SMC), with the goal of understanding stormwater runoff processes.   In 2008, 
three new members signed the agreement.  See Table 4-1 for a list of all current members of the SMC.44 
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Table 4-1. Stormwater Monitoring Coalition Member Agencies 
California Regional Water Quality Control Board, Los Angeles Region 

California Regional Water Quality Control Board, San Diego Region 

California Regional Water Quality Control Board, Santa Ana Region 

California Department of Transportation, Caltrans  
City of Long Beach 

City of Los Angeles, Watershed Protection Division  
County of Orange, Public Facilities and Resources Dept.  
County of San Diego Stormwater Management Program 

Los Angeles County Department of Public Works 

Riverside County Flood Control and Water Conservation District 

San Bernardino County Flood Control District 

Southern California Coastal Water Research Project 
State Water Resources Control Board  
US Environmental Protection Agency, Office of Research and Development  
Ventura County Watershed Protection District 

 
 
The SMC conducted a study of the effect of increases in peak flows and total impervious area on channel 
morphology, with the goal of determining the relationship between urbanization and stream erosion.  The 
research revealed a direct correlation between increased peak flow and increased erosion, but also indicated that 
a natural background level of channel degradation that occurs in all stream channels studied, even in the absence 
of development within the drainage area.45  Other complete or nearly complete SMC efforts include stream 
bioassessment monitoring and a study to determine a watershed’s natural bacteria level.  SMC efforts that have 
been initiated but are less than 75% complete are looking at hydromodification and low impact development 
(LID).46 
 
The San Francisco Estuary Institute (SFEI) is a non-profit organization that conducts wet weather monitoring as 
part of several of its projects, including research into the connection between PCBs and Mercury and 
stormwater.  This project is funded by the Proposition 13 Coastal Nonpoint Source Grant Program.47  SEFI’s 
projects are research based.  Cal/EPA’s Water Resources Control Board created the Wetland Monitoring Work 
Group, but this is still in the early stage of development and a monitoring plan is currently being developed.48  
 
The Urban Pesticide Monitoring Project, initiated by the California Department of Pesticide Regulation in 2008, 
began monitoring for pesticides in both storm drain outfalls and ambient surface waters, taking three initial base 
flow samples and continuously sampling during storm events to determine the effects of wet weather.  This 
effort tests 4 different sites (in Sacramento, San Francisco Bay area, Orange County, and San Diego County) for 
15 organophosphates, 11 pyrethroids, 9 carbamates, 6 fipronils, 11 photosynthetic herbicides, 6 dinitroaniline 
herbicides, 4 auxin herbicides, and 2 other herbicides.49 
 
Southern California Coastal Water Research Project (SCCWRP), a research institute created in 1969, conducted 
a BMP effectiveness study throughout Southern California.  They analyzed the samples for toxicity and 
pollutant concentrations before and after installment of wetlands (wetCAT), continuous deflection separation 
units, screening, and microfiltration.50  The Orange County Watersheds Program has conducted studies to 
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monitor or assess BMP performance and effectiveness.51  Cal/EPA also requires some permitted MS4s to 
conduct BMP effectiveness studies.52 
 
Georgia* 
The USGS has done some ambient monitoring of fecal coliform, E. coli, and Enterococci under low flow and 
higher storm flow conditions to investigate the extent of microbial contamination in the Chattahoochee River; 
all indicator bacteria concentrations were one to two times lower during low flow conditions than during storm 
flows.53  
 
Massachusetts 
Historically, wet-weather sampling has been incorporated into comprehensive, multi-agency watershed 
monitoring projects.  For example, in the early 1990s, MA DEP partnered with EPA, Rhode Island DEM, USGS 
and the University of Rhode Island to perform comprehensive wet-weather monitoring of the Blackstone River, 
an interstate watershed featuring old industrial urban centers and draining to Narragansett Sound.  Study 
objectives were to determine spatial and temporal changes in water quality due to wet weather, identify and rank 
wet-weather pollutant sources, forecast annual wet-weather loading rates, and compare dry- vs. wet-weather 
pollutant loads. 
 
The Massachusetts Water Resources Authority (MWRA) conducts a variety of ambient monitoring, including 
monitoring the impacts of nonpoint source pollution and CSOs.  Results from a study of CSO receiving areas of 
the Charles River Basin show higher Enterococcus and E. coli counts during wet weather than in dry weather.54  
Massachusetts also has various citizen monitoring groups who may also be conducting wet weather and BMP 
effectiveness/performance monitoring.  A list of Massachusetts’ citizen monitoring groups (by watershed) can 
be found at http://www.umass.edu/tei/mwwp/groups.html. 
 
Minnesota 
Minnesota has partnered with USGS.  Also, several other entities are also conducting wet weather sampling in 
Minnesota, including the University of Minnesota, Minnesota Department of Agriculture, Metropolitan Council 
Environmental Services (MCES, see Page 4-1), and the nonprofit organization Minnesota Waters.  The 
Minnesota Department of Agriculture also has a water quality monitoring program, which uses continuous 
monitoring stations that automatically begin collecting composite samples when stream flow increases from 
rainfall.  Samples are analyzed for herbicides, insecticides, and a small number of pesticide breakdown 
products.55 
 
MCES monitors 27 streams in 7 counties in the Minneapolis-St Paul area to develop target pollutant loads and 
evaluate BMPs during base flow and significant runoff events.  There are 31 stream sampling stations and 3 
sampling stations on the Minnesota River.  Automated measurements of water stage and rating curves are used 
to estimate flow rates in all streams.  During runoff events, automated water samples and occasional grab 
samples are obtained for analysis of a wide variety of nonpoint source pollutants.  Automatic samplers collect 
composite samples during the event hydrograph; grab samples are also collected during base flow and runoff 
events and analyzed in the MCES laboratory. 56 
 
Other external organizations in Minnesota include The River Network (RN), The Rivers Council of Minnesota 
(RCM) and the Minnesota Lake Association (MLA), the latter of which became Minnesota Waters in 2005. 
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Missouri* 
MO DNR and USGS have been collaborating on the Ambient Water Quality Monitoring Network, which 
consists of fixed monitoring stations.  MO DNR uses the sampling results to “characterize diurnal, seasonal, and 
flow-related effects on water quality and to characterize water quality effects of specific point or nonpoint 
source areas.”57 
 
North Carolina* 
The North Carolina District of USGS, through an agreement with Buncombe County Soil and Water 
Conservation District (SWCD), assessed bacterial contamination in the Newfound Creek Watershed.  Samples 
were collected during low flow and high flow and analyzed for E. coli, and bacteriophages were serotyped to 
identify the source of the bacteria.58 
 
North Carolina State University’s Stormwater Engineering Group studies the pollutant removal effectiveness of 
several BMPs, including stormwater wetlands, sand filters, bioretention, wet detention ponds, and dry retention 
basins.59  A list of reports is available at http://www.bae.ncsu.edu/stormwater/pubs.htm#reports. 
 
Ohio 
Ohio State University, in cooperation with the Great Lakes Regional Water Program, is creating a database of 
innovative BMPs in the Great Lakes region.60  ORSANCO has also conducted wet weather specific monitoring 
of ambient surface waters (see Section 4-2). 
 
Pennsylvania* 
The Susquehanna River Basin Commission (SRBC), consisting of New York, Pennsylvania, and Maryland, is 
attempting to monitor effects of storm events over the entire Paxton Creek Watershed.61  Data collection has 
focused on determining nitrogen, phosphorus, and sediment loads, as well as analytical sampling (dissolved 
oxygen, pH, turbidity) and geomorphological conditions. 
 
Wisconsin* 
USGS conducts ambient wet weather monitoring in Wisconsin.  For example, USGS is studying the 
effectiveness of BMPs in controlling nonpoint source pollution by comparing pre-BMP in-stream storm 
pollutant loads to post-BMP instream storm pollutant loads in the Sheboygan River and Black Earth Creek 
Priority Watersheds.  In the same reports, the USGS monitored the pre-BMP in-stream pollutant concentrations 
and the post-BMP in-stream pollutant concentrations.62, 63 

 

In the Sheboygan River study, automatic samplers triggered by an increase in flow stage collected in-stream 
samples that were analyzed for TSS, total phosphorus, dissolved ammonia nitrogen, BOD5, and fecal coliform.64  
Overall concentrations (all seasons combined) of TSS, ammonia nitrogen, and BOD5 decreased, while overall 
concentrations of total phosphorus and fecal coliform increased.65  Overall (combined season) loads of all 
pollutants decreased, but this can be attributed to different hydrologic conditions during pre- and post-BMP 
periods monitored.66  Examining the results on a seasonal basis shows that BMPs are effective at reducing 
pollutant loads during the non-vegetative season, but no such conclusion can be made about the vegetative 
season. 
 
In the Black Earth Creek study, automatically collected samples were analyzed for suspended sediment, total 
phosphorus, and ammonia nitrogen.67  Ammonia, nitrogen, and total phosphorus storm loads were found to 
decrease after BMPs were installed.68 
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