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EXECUTIVE SUMMARY 
The Navesink River is located in Monmouth County, New Jersey, and connects to the Sandy 
Hook Bay via the Shrewsbury River estuary.  The New Jersey Department of Environmental 
Protection's Water Monitoring and Standards program routinely monitors the water quality of the 
Navesink River.  In 2006, 152 acres of waters in the upper portion of the Navesink River were 
downgraded from a Special Restricted shellfish classification to a Prohibited shellfish 
classification (N.J.A.C., 2006).  For many years, there has been interest by Monmouth County 
baymen in harvesting from all of the waters of the Navesink River.  This interest was in part the 
result of an upgrade by the Department of over 600 acres of the lower Navesink River to 
Seasonally Approved for shellfish harvest in 1997.   

As a result of the Department's concern over the water quality in this area and the interest among 
local stakeholders, a stormwater/microbial source tracking study was initiated to attempt to 
identify pollution sources impacting the upper Navesink River.  Intensive stormwater monitoring 
was performed in the upper Navesink River in order to identify the causes of nonpoint source 
pollution.  An assessment of potential sources impacting the upper Navesink River suggests that 
stormwater discharges and failing infrastructure are the most likely sources.  Several sites in the 
vicinity of Red Bank were identified with elevated bacterial levels; including five stations for 
which Microbial Source Tracking (MST) indicators revealed that humans were a probable source 
of fecal contamination after rainfall (see Figure 1).  NJDEP is continuing to work with local 
governments to identify and address the sources within the stormwater collection system that are 
responsible for these impacts to New Jersey’s coastal waters. 

 
FIGURE 1: AVERAGE E.COLI AT 3 HRS. AFTER STORM EVENT BEGAN AND STATIONS WITH GREEN 

CIRCLES INDICATE A HUMAN SOURCE OF FECAL CONTAMINATION (AS DETERMINED BY MICROBIAL 
SOURCE TRACKING) 
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INTRODUCTION 

New Jersey’s coastal waters can be impacted by nonpoint source pollution.  Much of this type of 
pollution is carried into the coastal waters by stormwater.  NJDEP’s Water Monitoring and 
Standards program (WM&S) performs intensive stormwater monitoring along the coast to 
identify the causes of nonpoint source pollution.   

These stormwater projects generally start by evaluating the long-term bacterial monitoring data 
to identify impacted areas.  WM&S then performs stormwater monitoring to delineate major 
sources of fecal contamination.  Specialized tests, including coliphage and Multiple Antibiotic 
Resistance (MAR) analyses, are used to identify the sources of contamination (i.e., human, 
domestic animal, and wildlife).  Once identified, actions can be recommended and taken to 
eliminate or reduce the impact of these sources and ultimately improve the water quality.  
Follow-up monitoring is often conducted to track the outcome of these studies.   

This report presents the results of the nonpoint source pollution monitoring project in the upper 
Navesink River.   

 

BACKGROUND 

WM&S has routinely collected water samples from the tidal waters of the Navesink River since 
the early 1900's (see Figure 2 for 2006 monitoring stations).  In evaluating the total coliform 
monitoring data for the 2001-2005 Shellfish Growing Area report on the water quality in the 
Navesink River, WM&S found it was necessary to downgrade waters north of the Cooper’s 
Bridge to a Prohibited classification (see Figure 3).  Previously, the majority of waters in the 
Navesink River were classified as Special Restricted.  Special Restricted waters are moderately 
polluted waters that are approved for harvest only if followed by the depuration or relay process.  
These processes remove harmful bacteria from the shellfish.  No harvesting is allowed in 
Prohibited waters under any conditions.  

Prior to the latest report, the Special Restricted waters were located in the western section of the 
Navesink River, starting from the Oceanic Bridge extending westward, including Swimming 
River and Shadow Lake.  In the 2005 partial sanitary survey report, two stations situated in 
Special Restricted waters failed to meet the Special Restricted classification, as specified by the 
National Shellfish Sanitation Program (NSSP).  As a result, 152 acres of waters in the upper 
portion of the Navesink River were downgraded from Special Restricted to Prohibited (Nguyen, 
2005 / N.J.A.C, 2006).  The closure of productive shellfish waters was a clear indicator of the 
worsening water quality in the upper Navesink River.   
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There was interest by local stakeholders in identifying the causes of the degrading water quality 
in the upper Navesink River.  Both the Navesink River Municipalities Committee and the NY/NJ 
Baykeeper contacted WM&S regarding the worsening water quality of the Navesink River.  As a 
result, WM&S attended a meeting of the Navesink River Municipalities Committee to present a 
sampling plan and to solicit comments from the Committee.  Following this meeting, WM&S 
began to implement its sampling plan. 

 

 
FIGURE 2: WM&S NAVESINK RIVER WATER QUALITY MONITORING STATIONS 
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FIGURE 3: 2004 & 2005 SHELLFISH CLASSIFICATIONS (NJDEP SHELLFISH CLASSIFICATION CHARTS, 2004 & 2005) 
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METHODS 

The process of identifying possible nonpoint pollution sources involves two steps.  First, a long-
term analysis is conducted in order to determine the effect of rainfall on the water quality, which 
for this study, was done in the upper Navesink River.  The second step is to identify potential 
sources of contamination.  For this study, these included marinas and overboard discharges, 
stormwater discharges (including pollution sources such as pet waste and sewer cross-
connections), failing septic systems, the Swimming River Reservoir, wildlife, and re-suspension 
from marsh areas. 

A.  Long-Term Analysis Methods 

Fecal coliform geometric means from WM&S-compiled data on the Navesink River from 1993-
2002 were analyzed.  Data were grouped based on rainfall amounts prior to the sampling event 
date.  Three different situations were evaluated; year-round fecal coliform data when rainfall less 
than one inch occurred over 48 hours prior to sampling, year-round fecal coliform data when 
rainfall more than one inch occurred over 24 hours prior to sampling, and summer (May-October) 
fecal coliform data when rainfall more than one inch occurred over 24 hours prior to sampling.  

Additionally, in order to determine if the Swimming River Reservoir was a significant contributor 
of pollution to the upper Navesink River, fecal coliform data (1997-2000) were reviewed from 
WM&S monitoring stations in the vicinity of the reservoir spillway.  Monitoring data (coliform 
levels) from raw water, intake in the vicinity of the reservoir spillway provided by NJ American 
Water Company were also reviewed. 

B.  Stormwater Study Methods 

Using the ‘NJDEP Stormwater Monitoring Strategy’ (Connell, 1997), stormwater monitoring was 
performed to delineate major sources of contamination.  The strategy dictates that the most 
effective results will occur if it has not rained within the previous 72 hours, and the rainfall amount 
expected is >0.50 inch.  Up to 41 sampling sites were sampled on four different dates from 
February 2006 to October 2006.  Sampling was performed before an approaching storm and at 45 
minute intervals after the onset of the storm event.  The storm events varied with regard to season, 
start time, and rainfall amount.  Figure 4 shows the stormwater collection system, the location of 
outfalls that discharge into the Navesink River, and sampling site locations. 
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FIGURE 4: RED BANK STORMWATER INFRASTRUCTURE AND MONITORING STATION LOCATIONS

 
C.  Microbial Source Tracking Methods 

Microbial Source Tracking (MST) methods have recently been used to help identify nonpoint 
sources responsible for the fecal pollution of water systems. MST has transitioned from the 
realm of research to that of application (EPA Microbial Source Tracking Guide Document, June 
2005). Three types of MST methods were used for the upper Navesink River project:  F+RNA 
coliphages, multiple antibiotic resistance (MAR), and optical brighteners.  Each method is 
described below. 
 

F+RNA Coliphages 

Coliphages are viruses that infect E. coli bacteria.  There are two main groups of coliphage: 
somatic and male-specific (Feerst, 2007).  Somatic coliphage infect host bacteria by attaching 
directly to the outer cell wall.  The male-specific, or F+ coliphages, infect only male strains of 
bacteria by attaching to the hair-like appendages from the cell wall.  These appendages, called 
pili, are characteristic of the male strain of this bacterium. 

There are four subgroups of the F+RNA coliphage: Subgroups I, II, III, and IV (see Table 1).  
These groups can be distinguished by genetic differences using gene probes (hybridization with 
oligonucleotide probes).   
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TABLE 1: F+RNA SUBGROUPS 

Subgroup Source 
I Present in both human and animal fecal contamination and sewage 

II & III Predominately or exclusively associated with human fecal contamination and 
domestic or municipal sewage 

IV Predominately associated with animal fecal contamination or animal sewage 
 
Hence, it is possible to broadly distinguish from human and non-human animal fecal 
contamination based on the presence and prevalence of the different groups of F+RNA 
coliphages.  This can be helpful in identifying the predominant source of the waste in areas 
where both humans and animals are potential sources of the pollution.  Coliphages are also more 
resistant to chlorination than the conventional indicators and, therefore, represent a good 
wastewater effluent indicator. 

WM&S has been involved in the development and validation of this procedure since 1989, in 
conjunction with Mark Sobsey, an Environmental Virologist with the University of North 
Carolina, School of Public Health.  This applied research was initiated in cooperation with 
NJDEP’s Division of Science, Research, & Technology. 

 

 ‘MAR’ Testing 

Multiple Antibiotic Resistance (MAR) is a relatively new method for differentiating between 
human and non-human fecal contamination.  This approach is based on the fact that bacteria 
from wildlife species are generally lacking in antibiotic resistance, while strains for humans and 
domestic animals exhibit varying MAR profiles.  The bacterium, E. coli that are resistant to 
medicinal antibiotics are typically of human origin; therefore, MAR provides additional 
information on a human/non-human source. 
 
For this procedure, E. coli isolates from water samples are exposed to a 96-well panel containing 
26 antibiotics in varying concentrations (MAR SOP, 2006).  These antibiotics are ones that are 
commonly administered to humans and domestic animals.  For each water sample in this study, 
up to ten (10) E. coli isolates were analyzed for the MAR profile. 

 

Optical Brighteners 

Fluorescent Whitening Agents (FWAs) are compounds that can be measured and studied as an 
indicator of human sources of pollution.  Laundry detergents contain FWAs and are discharged 
in substantial quantities with household wastewater.  Optical Brighteners (OB’s) are measured 
through fluorometric detection using a Turner Design Fluorometer at WM&S’ Marine Water 
Monitoring Leeds Point Laboratory (Leeds Point Laboratory SOP, 2007).  These data help to 
determine if the source of pollution was from septic and/or sewer lines.  
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RESULTS 

A.  Long-Term Analysis Results 

Long-term analysis, using data from 1993-2002, was conducted in order to determine the effect 
of rainfall on the water quality in the upper Navesink River.  Rainfall less than one inch over a 
48 hour prior to sampling timeframe showed little impact on the water quality (see Figure 5).  
Rainfall more than one inch over 24 hours prior to sampling showed some hot spots of higher 
coliform values (see Figure 6).  Rainfall more than one inch over 24 hours prior to sampling 
during the summer months (May-October) impacted much of the upper Navesink River (see 
Figure 7).  This confirmed a rainfall correlation with the water quality of the upper Navesink 
River, especially during the summer months. These rainfall impacts are the reason that routine 
sampling results for shellfish sanitation fail to meet the criteria for safe shellfish harvest in the 
lower Navesink River during the summer months and in the upper Navesink River (above the 
Oceanic Bridge) on a year-round basis. 

 
FIGURE 5: LONG TERM ANALYSIS – FECAL COLIFORM 1993-2002 

RAINFALL LESS THAN ONE INCH OVER 48 HOURS PRIOR TO SAMPLING  
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FIGURE 6: LONG TERM ANALYSIS – FECAL COLIFORM 1993-2002 

RAINFALL MORE THAN ONE INCH OVER 24 HOURS PRIOR TO SAMPLING  

 
FIGURE 7: LONG TERM ANALYSIS – FECAL COLIFORM 1993-2002 

RAINFALL MORE THAN ONE INCH OVER 24 HOURS PRIOR TO SAMPLING  
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Based on routine fecal coliform monitoring by WM&S from 1997 to 2000, the Swimming River 
Reservoir was discounted as a significant source of bacterial contamination.  Monitoring data 
(fecal coliform geometric means) from NJ American Water Company revealed very low 
bacterial levels at the spillway and further confirmed NJDEP’s findings.  Figure 8 shows the 
fecal coliform geometric means from NJDEP's routine monitoring program.  

 
FIGURE 8: FECAL COLIFORM GEOMETRIC MEANS FROM 1997-2000 NEAR THE SWIMMING 

RIVER RESERVOIR (THE RESERVOIR IS JUST OFF THE LOWER LEFT CORNER OF THE FIGURE)
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B.  Stormwater Study Results 

Sampling for this stormwater study was performed from February 2006 to October 2006.  Table 2 
shows the event dates and conditions.  On the initial run, 41 stations were monitored, however, 
due to the long-term analysis results and sampling logistics, 18 of these stations were removed 
resulting in 23 stations in the main study area.  
TABLE 2: STORM WATER MONITORING EVENTS 

Event Date Time Conditions 
1 February 2, 2006 11:00 pm - 10:00am 0.40” Rain – Bottom of Ebb to Flood 

2 May 11, 2006 8:00 pm - 4:00 am 1.61” Rain (1.0” rain in first run) – 
Bottom of tide to Flooding 

3 September 14, 2006 1:00 am -11:45 am 0.53” Rain – Ended sampling on full ebb 
tide 

4 October 17, 2006 8:00 am - 8:00 pm 1.34” Rain 
 
Figures 9-11 show the results of the intensive monitoring from this study.  Red to orange shaded 
areas represent the study area on these maps and the intensity of the red corresponds to the level 
of E. coli found in the waters as shown on the map legends.  All units for the E. coli levels are 
CFU/100mL.  The data used in developing these maps can be found in the Appendix. 

 

 
FIGURE 9: INITIAL SAMPLING – BASELINE (AVERAGE OF 4 EVENTS) 
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FIGURE 10: AVERAGE E. COLI ONE HOUR AFTER START OF STORM EVENT (AVERAGE OF 4 EVENTS) 

 

 
FIGURE 11: AVERAGE E. COLI THREE HOURS AFTER START OF STORM EVENT (AVERAGE OF 4 EVENTS) 
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C.  Microbial Source Tracking Results 

F+RNA Coliphage

Field testing of F+RNA Coliphage was performed at known source reference sites to validate this 
procedure.  Genotyping of the phages provides a promising system for distinguishing human and 
animal fecal contamination.  Genotyping of coliphages reveals four distinct groups (see Table 1).  
The results of the F+RNA Coliphage testing for all event dates are located in the Table 3. 

TABLE 3: RESULTS OF MICROBIAL SOURCE TRACKING 

Sample 
Collection Date Sample Site* 

E. coli 
(CFU’s/100 

mL’s) 
F+RNA 

Coliphage Genotype** ‘MAR’ Profile 

2/2/2006 11 140 1 DNA Wildlife 

2/2/2006 14 890 3 DNA Wildlife 

2/2/2006 16/34 450 <1 No Phage Human, Domestic Animal, Wildlife 

2/2/2006 17 270 4 Animal Wildlife 

2/2/2006 18 1320 1 DNA Wildlife 

5/11/2006 33 370 <1 No Phage Wildlife 

5/11/2006 32* 2900 <1 No Phage Wildlife 

5/11/2006 10* 5400 <1 No Phage Wildlife 

5/11/2006 31* 13100 <1 No Phage Human, Domestic Animal, Wildlife 

9/14/2006 14 10000 37 DNA Human, Wildlife 

9/14/2006 18 20000 28 Human Wildlife 

9/14/2006 25 7000 3 DNA Wildlife 

9/14/2006 16/34 4000 9 DNA Human 

9/14/2006 37* 45000 49 Animal Domestic Animal, Wildlife 

10/17/2006 13 1567 10 Human Wildlife 

10/17/2006 14 1267 <1 No Phage Wildlife 

10/17/2006 32* 1600 <1 No Phage Wildlife 

10/17/2006 34 2160 11 DNA Wildlife 

* STATIONS INITIALLY CONSIDERED, BUT REMOVED FROM MAIN STUDY AREA DUE TO LONG-TERM ANALYSIS RESULTS AND/OR 
SAMPLING LOGISTICS. 

** AT THIS POINT, DNA PHAGES ARE INCONCLUSIVE FOR SOURCE TRACKING; THERE IS ONGOING RESEARCH CONCERNING 
THEIR ECOLOGY AND SEROLOGY. 
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‘MAR’ Testing 

Multiple Antibiotic Resistance (MAR) analyses were performed at selected sites.  MAR 
identifies E. coli that are resistant to antibiotics used to treat bacterial infections in humans.  E. 
coli that is resistant to medicinal antibiotics are typically of human origin.  Samples from sites 
13, 14, 16, 18, and 34 indicated human source of fecal contamination (see Table 3).  These sites 
had elevated coliphage and antibiotic resistance to penicillin, amoxicillin, and ampycillin.  
Figure 12 shows the five sites that indicated a human source of fecal coliform.  

 
FIGURE 12: STATIONS THAT INDICATE A HUMAN SOURCE OF FECAL CONTAMINATION 
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Optical Brighteners 

Optical brighteners were studied as an indicator of human sources of pollution.  The baseline 
results showed a consistent reading throughout the upper Navesink River (see Figure 13).  One 
hour into a storm event, clusters of higher readings are noted around Cooper’s Bridge and 
Riverview Medical Center (see Figure 14).  Three hours into the storm event, the two previously 
mentioned clusters are still visible, with an added one upstream of the NJ Transit Railroad 
Bridge (see Figure 15). 

 

 

FIGURE 13: AVERAGE VALUE OF OPTICAL BRIGHTENERS - BASELINE
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FIGURE 14: AVERAGE VALUE OF OPTICAL BRIGHTENERS – ONE HOUR INTO STORM EVENT

 
FIGURE 15: AVERAGE VALUE OF OPTICAL BRIGHTENERS – THREE HOURS INTO STORM EVENT
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DISCUSSION 

As previously stated, the process of identifying nonpoint pollution sources involved two steps; 
determining the effect of rainfall on the water quality in the upper Navesink River and identifying 
the potential sources of contamination via a stormwater study.   

Long-term analysis determined that rainfall was correlated with the coliform values in the upper 
Navesink River.   

In the stormwater portion of this study, E. coli analyses identified several areas that exhibited 
significant elevated bacterial levels after rainfall.  These included sites 13, 14, 16 and 18 (see Table 
4 and Figure 16). 

Results for Microbial Source Tracking indicators (F+RNA coliphage and Multiple Antibiotic 
Resistance) suggest a human source of fecal contamination at sites 13, 14, 16, 18, & 34 (see Table 
4 and Figure 16).  

Based on the above information, sites 13, 14, 16, 18, & 34 would appear to have the greatest public 
health significance with respect to water quality impacts to the upper Navesink River estuary.   
Since the probability of human pathogens is greater in human waste than in animal waste, 
pollution sources with a significant human signature are of greater public health significance and 
should be given priority for remediation. 

 
TABLE 4: STORMWATER STUDY AND MICROBIAL SOURCE TRACKING RESULTS 

Station Location 

Identified as 
Potential Pollution 

site from the 
Stormwater Study 

Identified as Potential 
Pollution site from the 

Microbial Source 
Indicators 

13 Swimming River at Locust Ave. X X 

14 Navesink River at Front Street X X 

16 Navesink River at the mixing zone of 
the Maple Ave. storm water discharge X X 

18 Navesink River in the vicinity of the 
Riverview Hospital X X 

34 Navesink River – “end of pipe” storm 
water discharge at Maple Ave.  X 
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FIGURE 16: AVERAGE E.COLI AT 3 HRS. AFTER STORM EVENT BEGAN AND STATIONS WITH A GREEN CIRCLE 
INDICATE A HUMAN SOURCE OF FECAL CONTAMINATION (AS DETERMINED BY MICROBIAL SOURCE TRACKING) 

RECOMMENDATIONS AND NEXT STEPS 

Water Monitoring and Standards recommends that local and county officials continue with 
recent and on-going stormwater infrastructure projects.  This report identifies locations at the 
shoreline of the estuary where pollution with public health significance is originating during 
storm conditions.  In order to improve the sanitary quality of the upper Navesink estuary, these 
locations should be given priority for further investigation and remediation.  Reducing the 
bacterial loads from these stormwater discharges will likely result in significant water quality 
improvement.  NJDEP will continue routine monitoring of the Navesink River and will follow-
up with intensive stormwater monitoring when stormwater infrastructure improvement projects 
are complete so that the effectiveness of these efforts can be measured.  
During the course of this study, it was noticed that at a couple of locations where elevated 
bacterial levels were found during storm events that dumpsters were located in close proximity to 
the impacted waters. This highlights the importance of proper maintenance of dumpsters and of 
keeping them water tight. 
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Since some of the impacts appear to be related to municipal wastewater sewer leakages, there 
should be continued efforts by the municipalities to identify subsequent conditions of their sewer 
systems to discover any sewer line leakages or possible illicit connections.  The NJDEP will also 
monitor the stormwater mitigation efforts of the appropriate municipalities through the 
respective New Jersey Pollutant Discharge System Municipal Stormwater Permits. 

Additional information on this study, other stormwater/microbial source indicator work, or other 
water quality monitoring activities performed by WM&S may be obtained by calling (609) 292-
1623 or by visiting its website at:  www.state.nj.us/dep/wms. 
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