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1. Project Name:   Musquapsink Brook 
Watershed Restoration Plan 

 
Requested By:   Michele Bakacs 

New Jersey Department of Environmental Protection 
 
2. This project has been initiated by the New Jersey Department of Environmental 

Protection to collect data needed to prepare a comprehensive watershed restoration plan 
for the Musquapsink Brook.   

 
3.  Date Project Requested: January 2007 
 
4. Date Project Initiated:  May 2007 
 
5. Project Officer:  Christopher C. Obropta, Ph.D., P.E. 

Rutgers Cooperative Extension Water Resources Program 
 

6.  QA Officer:  Lisa Galloway Evrard  
  Rutgers Cooperative Extension Water Resources Program 
 
7. Project Description: 
 
A. Objective and Scope 
The proposed watershed study area is the Musquapsink Brook Watershed of Watershed 
Management Area 5 (WMA 5).  The Musquapsink Brook Watershed, Hydrologic Unit Code 
02030103170020, is approximately nine square miles in size.  Based upon numerous monitoring 
sources, including the New Jersey Department of Environmental Protection (NJDEP) Ambient 
Biomonitoring Network (AMNET) program and the NJDEP/United States Geological Survey 
(USGS) water quality monitoring network, water quality impairments exist in the Musquapsink 
Brook Watershed.   
 
According to the New Jersey 2004 Integrated Water Quality Monitoring and Assessment Report, 
the Musquapsink Brook maintains the following listings: 

• Sublist 3 - No data or information are available to support attainment determination:  
cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, and zinc; 

• Sublist 4 - Attainment is threatened or waterbody is impaired; a TMDL has been 
developed and/or approved or pollution control measures do not require a TMDL:  
fecal coliform; 

• Sublist 5 - Water quality standard is not being attained and requires a TMDL: 
aquatic life, total phosphorus, and arsenic. 

 
According to the recently adopted 2006 Integrated List, which uses a HUC-14 based water 
quality impairment listing methodology, the Musquapsink Brook Watershed (HUC 
02030103170020), maintains the following listings: 

• Sublist 4 for fecal coliform, phosphorus (primary recreation) 
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• Sublist 5 for drinking water, agricultural use, total dissolved solids (TDS), arsenic, 
aquatic life (general). 

 
Based on the Total Maximum Daily Load (TMDL) prepared for the Musquapsink Brook at River 
Vale, USGS 01377499, a 96% reduction in fecal coliform load for 6.6 miles of stream is needed.  
Additional aquatic life and total phosphorus surface water quality impairments will also need to 
be addressed through the TMDL process.   
 
B. Data Usage 
The data collected in accordance with this Quality Assurance Project Plan (QAPP) will help 
describe both dry weather and wet weather water quality conditions.  These data will provide the 
information needed to identify and quantify sources of pollution so that appropriate management 
practices can be implemented to minimize these sources.  
 
C. Monitoring Network Design and Rationale 
 
Sampling Locations:   
A draft of this QAPP was forwarded to various stakeholders by Michele Bakacs on 2/16/07 for 
review and comment.  In addition, an overview of the QAPP, in particular a review of all the 
sampling locations for the study, was presented by the Rutgers Cooperative Extension Water 
Resources Program at the Northeast NJ Watershed Alliance March meeting on 3/6/07 for review 
and comment.  An additional presentation regarding addressing fecal contamination in the 
watershed was presented by the Rutgers Cooperative Extension Water Resources Program at the 
Northeast NJ Watershed Alliance April meeting on 4/10/07 for review and comment. 

 
The sampling locations, following the above referenced presentations, are shown in 
Attachment A.  The eight sampling stations throughout the watershed are as follows:   
 

Musquapsink Brook Proposed Water Quality Stations 
Station 

ID Station Name Northing Easting 

SR1 Saddle River at Grove St., Ridgewood, NJ 604,246 775,678

HB1 Hohokus Brook at Saddle River County Park, Ridgewood, NJ 600,871 775,240 

MB1 Musquapsink Brook at Hillsdale Ave, Hillsdale, NJ 612,208 791,635 

MB2 Musquapsink Brook at Woodfield, below Schlegel Lake, Washington, NJ 613,070 784,469 

MB3 Musquapsink Brook at Ridgewood Ave, Washington, NJ 612,454 782,650 

MB4 Musquapsink Brook at Forest Ave, Westwood, NJ 617,409 781,658 

MB5 Musquapsink Brook at Third Ave, Westwood, NJ 619,373 783,768 

MB6 Musquapsink Brook at Harrington Avenue, Westwood, NJ 623,729 786,736 

  
A WAAS-enable Garmin Rino 120 GPS (global positioning system) unit will be used to locate 
and identify the sampling locations.  Sampling locations will be marked with stakes and 
surveying tape or flags.  Field personnel will take GPS readings in the field to aid in verifying 
the correct sampling locations during the first sampling event.   
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Basis for Sampling Locations:   
Surface water quality sampling will be conducted to assess the loading inputs of nutrients, total 
suspended solids and bacteria to the Musquapsink Brook, as well as the movement of nutrients, 
total suspended solids and bacteria from basin to basin to identify and quantify the sources of 
pollution under dry weather and wet weather conditions.  Biological sampling will be conducted 
so that the benthic macroinvertebrate community can be better characterized, compared, and 
evaluated for biological integrity within the study area. 
 

• Location SR1 - Saddle River at Grove Street, Ridgewood was selected to monitor the 
Saddle River upstream of the United Water interbasin transfer site. 

• Location HB1 – Hohokus Brook at Saddle River County Park, Ridgewood was selected 
to monitor the Hohokus Brook upstream of the United Water interbasin transfer location. 

• Location MB1 – Musquapsink Brook at Hillsdale Avenue, Hillsdale was selected to yield 
water quality information on the headwaters of the Musquapsink Brook. 

• Location MB2 – Musquapsink Brook at Woodfield Avenue, Washington was selected to 
yield water quality information on Musquapsink Brook just downstream of the 
spillway/discharge from Schlegel Lake and upstream from the interbasin discharge point.  

• Location MB3 – Musquapsink Brook at Ridgewood Avenue, Westwood was selected to 
yield water quality information on the Musquapsink Brook below the interbasin transfer. 

• Location MB4 – Musquapsink Brook at Forest Avenue, Westwood was selected to yield 
water quality information on the Musquapsink Brook downstream from the confluence 
with an unnamed tributary to the Musquapsink. 

• Location MB5 – Musquapsink Brook at Third Avenue, Westwood was selected to yield 
water quality information on the Musquapsink Brook as the stream flows further 
downstream through the watershed and to monitor any inputs from the large duck and 
goose population in this area, as well as drainage from the Beth El and Cedar Park 
Cemeteries. 

• Location MB6 – Musquapsink Brook at Harrington Avenue, Westwood was selected to 
yield water quality information on the Musquapsink Brook at the most downstream 
location within the study area prior to the confluence with Pascack Brook. 

 
Temporal and Spatial Aspects: 
Biweekly Surface Water Sampling 
Surface water quality samples will be collected from all sampling locations in a downstream to 
upstream order to avoid disturbances to downstream water column samples twice a month, 
independent of weather, from May through October 2007 (12 events).  Three additional surface 
water quality samples will be collected from all sampling locations in June, July, and August 
2007 for fecal coliform and Eschericia coli (E. coli) analyses (nine additional sampling events).  
These nine additional sampling events will be independent of precipitation and will allow for a 
total of five fecal coliform, as well as five E. coli analyses at all sampling locations within a 30 
day period during the warmer summer months.  NJDEP considers the warm weather sampling 
months to fall between Memorial Day (i.e., May 28, 2007) and Labor Day (i.e., September 3, 
2007).   
 
All scheduling is subject to the natural occurrence of appropriate stream flow conditions (i.e., 
non-flooding conditions).  In accordance with the Field Sampling Procedures Manual (See 
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Section 6.8.1.1, Chapter 6D – page 59 of 188), field personnel will not wade into flowing water 
when the product of depth (in feet) and velocity (in feet per second) equals ten or greater to 
ensure the health and safety of all field personnel.   If the stream flow conditions preclude entry 
into the stream, samples will be collected from the closest bridge crossing to that location or 
from the stream bank.   
 
Bacteriology samples will be collected directly into a bacteriological sample container in 
accordance with the methods outlined in section 6.8.2.2.7 of the Field Sampling Procedures 
Manual (See Chapter 6D - page 67 of 188).  Composite samples will not be collected for 
bacteriology samples. 
 
For the most part, the Musquapsink Brook and its tributaries are uniformly mixed, which 
warrants grab sampling (See Section 6.8.2.2.3, Chapter 6D-Page 66 of 188 of the Field Sampling 
Procedures Manual).  A single grab sample will be collected at all locations where the stream 
width is six feet or less.  At stream locations with a width greater than six feet, a minimum of 
three subsurface grab samples (i.e., quarter points) will be collected at equidistant points across 
the stream.  The number of individual samples in a composite varies with the width of the stream 
being sampled.  Horizontal intervals will be at least one foot wide (See Section 6.8.2.2.2, 
Chapter 6D – Page 64 of 188 of the Field Sampling Procedures Manual).  These grab samples 
then will be composited in a larger volume container from which the desired volume will be 
transferred to the sample bottles.    A dedicated large volume container will be assigned to each 
sample location.   
 
Field equipment used for surface water quality sample collection (i.e., bottles and buckets) will 
be decontaminated/cleaned in the laboratory prior to each sampling event.  A dedicated large 
volume container will be assigned to each sample location.  Prior to each sampling event, the 
large volume containers will be decontaminated in the laboratory using the following procedures 
in accordance with the Field Sampling Procedures Manual (See Chapter 2A – Page 10 of 61): 1) 
laboratory grade glassware detergent plus tap water wash, 2) generous tap water rinse, 3) 
distilled/deionized water rinse, 4) 10% nitric acid rinse, 5) distilled/deionized water rinse.  Note 
that the samples collected will not be analyzed for metals or organics.  Also, field equipment 
decontamination water will be disposed of in accordance with the laboratory’s Standard 
Operating Procedures and Quality Assurance Manual. 
 
Wet Weather Surface Water Sampling 
Three wet weather sampling events, at a minimum, will be conducted between May and October 
2007 at each station.  The wet weather samples for this plan will be in addition to the 12 
biweekly surface water sampling events described above.  Collection of stormwater samples will 
begin at the onset of the storm (i.e., a storm predicted to produce a minimum of ½ inch of 
precipitation), and an attempt will be made to span the course of the event.  By using this method 
of sampling, the samples should accurately reflect loading for the entire event.  A priority will be 
to acquire first flush samples.  Flow will be measured along with concentrations to quantify 
loading for selected parameters.  A total of three samples will be obtained between the onset of 
the storm and the time when the flow reaches the pre-storm level, unless impractical, at each 
station during each storm event.  At each station, the samples obtained for the entire event will 
be flow-weight composited to provide one sample from each station, with the exception of fecal 
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coliform and E. coli, which will require analysis of each individual grab sample.  Rainfall data 
will be collected from a rain gauge that will be installed in the watershed. 
 
If three samples can not be collected between the onset of the storm and the time when the 
flow reaches the pre-storm level, then the sampling event will not count as a wet weather 
surface water sampling event.   If three ½ inch storm events are not captured between May - 
October 2007, the Water Resources Program, after consultation with the Department, may 
have to defer the Wet Weather Surface Water Sampling  portions of the study to May – 
October 2008.  Attempts will be made to conduct this portion of the study as early on in the 
study period as possible.  Regarding time for collection of the first flush samples, the Water 
Resources Program will attempt to capture the first flush using the expected or anticipated 
rising limb of the hydrograph.  The actual point on the hydrograph will have to be confirmed 
after sample completion.   
 
Biological Sampling 
Samples of the benthic macroinvertebrate community will be collected in accordance with the 
Rapid Bioassessment Protocol (RBP) procedure used by the NJDEP Bureau of Freshwater and 
Biological Monitoring, which is based on USEPA’s Rapid Bioassessment Protocols for Use in 
Streams and Wadeable Rivers (EPA 841-B-99-002 Nov. 1999).  A multihabitat sampling 
approach, concentrating on the most productive habitat of the stream plus coarse particulate 
organic matter (CPOM) or leaf litter, will be used.  Benthic macroinvertebrates will be collected 
from four locations (i.e., MB1, MB3, MB4, and MB6) once in either early summer or late 
summer as described in Attachment B.  The biological sampling locations were selected to 
bracket the upstream and downstream boundaries of the study areas, as well as to characterize as 
much of the study area as possible since there are no AMNET monitoring locations on the 
Musquapsink Brook.  In addition, locations with comparable substrate, canopy coverage, and 
flow conditions were selected within the study area for data comparability.  
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Summary of Monitoring Network Design and Rational – Temporal and Spatial Aspects 

 

Type: 

 
Biweekly Surface 
Water Sampling 

 

Additional 
Bacteriology 

Sampling 

 
Wet Weather 
Surface Water 

Sampling 
 

Biological  
Sampling 

Frequency: 

Two (2) times a 
month from May - 

October 2007  
(12 events) 

Three (3) 
times, in 

addition to 
biweekly 

samples, in 
June, July, & 
August 2007 

(9 events) 

Three (3) times 
between May - 
October 2007 

(3 events) 

One (1) time in 
either early summer 

or late summer 
(1 event) 

Parameters: 

pH, temperature, 
dissolved oxygen, 
stream width, 
stream depth, 
stream velocity, 
ammonia-N, 
nitrate-N, nitrite-N, 
total Kjeldahl 
nitrogen, total 
phosphorus, 
dissolved 
orthophosphate 
phosphorus, total 
suspended solids, 
fecal coliform, E. 
coli 

Stream width, 
stream depth, 
stream 
velocity, fecal 
coliform, E. 
coli 

pH, temperature, 
dissolved oxygen, 
stream width, 
stream depth, 
stream velocity, 
ammonia-N, 
nitrate-N, nitrite-N, 
total Kjeldahl 
nitrogen, total 
phosphorus, 
dissolved 
orthophosphate 
phosphorus, total 
suspended solids, 
fecal coliform, E. 
coli 

pH, temperature, 
dissolved oxygen, 
stream width, stream 
depth, stream 
velocity, total 
dissolved solids, 
benthic 
macroinvertebrate 
survey, habitat 
assessment  

Sampling Locations: 
SR1 X X X  
HB1 X X X  
MB1 X X X X 
MB2 X X X  
MB3 X X X X 
MB4 X X X X 
MB5 X X X  
MB6 X X X X 
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D.  Monitoring Parameters 
Surface water quality sample collection will be conducted by the Rutgers Cooperative Extension 
Water Resources Program (RCE WRP).  Stream width, stream depth, and stream velocity will be 
measured in accordance with the methods outlined in Attachment C by the RCE WRP.  In situ 
measurements of pH, temperature, and dissolved oxygen will be conducted by the Rutgers 
EcoComplex Laboratory (NJDEP Certified Laboratory #03019).  Collected samples will be 
analyzed for fecal coliform, ammonia-nitrogen, total Kjeldahl nitrogen, total phosphorus, 
dissolved orthophosphate phosphorus, and total suspended solids by Bergen County Utilities 
Authority (NJDEP Certified Laboratory #02268).  Collected samples will also be analyzed for 
nitrate-nitrogen, nitrite-nitrogen, and total dissolved solids by Hampton Clarke Veritech (NJDEP 
Certified Laboratory #14622) via the Bergen County Utilities Authority.  In addition, collected 
samples will be analyzed for E. coli by Garden State Laboratories (NJDEP Certified Laboratory 
#20044).   
 
Biological sampling will include benthic macroinvertebrate grab/jab type sampling, along with 
the collection of CPOM.  Physicochemical measurements will include total dissolved solids and 
in situ pH, temperature, dissolved oxygen, stream width, stream depth, and stream velocity.  
Benthic macroinvertebrate sampling and identification will be conducted by Marion McClary, 
Jr., Ph.D., Associate Professor of Biological Sciences and Associate Director of Biological 
Sciences at Fairleigh Dickinson University, in accordance with the Rapid Bioassessment 
Protocol (RBP) procedure used by the NJDEP Bureau of Freshwater and Biological Monitoring, 
which is based on USEPA’s Rapid Bioassessment Protocols for Use in Streams and Wadeable 
Rivers (EPA 841-B-99-002 Nov. 1999).  The RCE WRP will make stream width, stream depth, 
and stream velocity determinations in accordance with the procedures specified in Attachment C.  
In situ measurements of pH, temperature, and dissolved oxygen will be conducted by the Rutgers 
EcoComplex Laboratory  (NJDEP Certified Laboratory #03019).   Total dissolved solids will be 
measured by Hampton Clarke Veritech (NJDEP Certified Laboratory #14622) via the Bergen 
County Utilities Authority. 
 
E. Parameter Table 
Measurements of the sampled parameters will be performed in accordance with Table 1A – List 
of Approved Biological Methods and Table 1B – List of Approved Inorganic Test Procedures 
(40 CFR Part 136.3) of Attachment D.  Sample containers, preservation techniques, and holding 
times will be in accordance with Table II (40 CFR Part 136.3) of Attachment E.  The Bergen 
County Utilities Authority, Hampton Clarke Veritech, and Garden State Laboratories will 
provide appropriate containers for all analyses.  Any deviations from the test procedures and/or 
preservation methods and holding times will be reported to the NJDEP Office of Quality 
Assurance and will be noted in the final report from the laboratory. 
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8.   Schedule:* 
 

Task Date 

Submit QAPP January 2007 

Conduct biweekly surface water sampling  May – October 2007 

Conduct additional bacteriology sampling June, July, August 2007 

Conduct wet weather surface water  sampling May - October 2007 

Conduct biological sampling Early Summer or Late Summer 2007 

Submit data and summary report to NJDEP January 2008 

 
* All scheduling is subject to the natural occurrence of appropriate stream flow conditions (i.e., non-flooding conditions). 
 
 

9. Project Organization and Responsibility: 
 

Laboratory Operations: (Bergen CUA)   John Dinice 
    (Hampton Clarke V.)  Stanley E. Gilewicz 
    (Garden State L.)  Harvey Klein 
    (Rutgers EcoComplex) Lisa Galloway Evrard 
    (Fairleigh Dickinson U.) Marion McClary, Jr. 
    (NJDEP Representative) Marc Ferko 
 
Sampling Operations:  (QA Officer)   Lisa Galloway Evrard 

(NJDEP Representative) Marc Ferko 
 

Data Processing/  (QA Officer)   Lisa Galloway Evrard 
Data Quality Review:  (NJDEP Representative) Beth Torpey 
        Michele Bakacs 

 
Overall QA:  (QA Officer)   Lisa Galloway Evrard 
      
Overall Coordination: (Project Officer)  Christopher C. Obropta 
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10. Organizational Chart: 
 

Overall Coordination: 
Christopher C. Obropta (RCE WRP) 

Overall QA: 
Lisa Galloway Evrard (RCE WRP) 

 

Data Quality Review/Data Processing: 
Lisa Galloway Evrard (RCE WRP) 

Beth Torpey (NJDEP)                         
Michele Bakacs (NJDEP) 

Sampling QC/Sampling Operations: 
Lisa Galloway Evrard (RCE WRP) 

Marc Ferko (NJDEP) 

Laboratory Operations: 
John Dinice 

(Bergen County Utilities Authority) 
Stanley E. Gilewicz 

(Hampton Clarke Veritech) 
Harvey Klein 

(Garden State Laboratories) 
Lisa Galloway Evrard 
(Rutgers EcoComplex) 

Marion McClary, Jr. 
(Fairleigh Dickinson University) 

Marc Ferko (NJDEP) 

 
 
11. Sampling Procedures: 
 

All sampling procedures will be in conformance with the NJDEP 2005 Field Sampling 
Procedures Manual, any applicable USEPA guidance, or with prior written approval. 
 

• Bacteriology samples will be collected in accordance with the methods outlined in 
section 6.8.2.2.7 of the Field Sampling Procedures Manual (See Chapter 6D - page 67 of 
188).   

• Manual composite sampling for wider portions of the streams will be conducted in 
accordance with the methods outlined in section 6.8.2.2.2 of the Field Sampling 
Procedures Manual (See Chapter 6D – page 64 of 188).   
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• Grab sampling where the natural stream conditions make compositing unnecessary will 
be conducted in accordance with the methods outlined in section 6.8.2.2.3 of the Field 
Sampling Procedures Manual (See Chapter 6D – page 66 of 188).  

 
In addition, instrumentation used for the collection of field data will be properly 
calibrated, in conformance with the manufacturer's instructions, laboratory SOPs and QA 
Manuals, and the NJDEP Field Sampling Procedures Manual.  
 

12. Chain of Custody Procedures: 
 

Chain of Custody procedures will be followed for all samples collected for this 
monitoring program.  A sample chain of custody form is provided in Attachment F.  A 
sample is in someone's "custody" if 1) it is in one's actual physical possession, 2) it is in 
one's view, after being in one's physical possession, 3) it is in one's physical possession 
and then locked up so that no one can tamper with it, and 4) it is kept in a secured area, 
restricted to authorized personnel only. 

 
13. Calibration Procedures and Preventative Maintenance: 

 
Calibration and preventative maintenance of laboratory and field equipment will be in 
accordance with the manufacturer's instructions, NJDEP Field Sampling Procedures 
Manual, NJAC 7:18 and 40 CFR Part 136.  

 
14. Documentation, Data Reduction, and Reporting: 
 

The QA Officer, for a minimum of five years, will keep all data on file, and all applicable 
data will be included in the summary report to NJDEP.  An electronic version of all 
reports and data will be provided on a CD for the Department’s use. 

 
15.  Quality Assurance and Quality Control: 
 

NJAC 7:18 and 40 CFR Part 136 will be followed for all quality assurance and quality 
control (QA/QC) practices, including detection limits, quantitation limits, precision, and 
accuracy.  Tables of parameter detection limits, quantitation limits, accuracy, and 
precision applicable to this study are provided in Attachment G.  Bergen County Utilities 
Authority, Hampton Clarke Veritech, Garden State Laboratories, and Rutgers 
Cooperative Extension will perform data validation. 
 
Lisa Galloway Evrard of the Rutgers Cooperative Extension Water Resources Program 
will verify the reference/voucher collection prepared by Marion McClary, Jr., Ph.D. 
(Associate Professor of Biological Sciences and Associate Director of Biological 
Sciences at Fairleigh Dickinson University). 
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16. Performance and Systems Audits: 
 

All NJDEP certified laboratories participate annually in a NJDEP mandated 
Performance Testing program.  The NJDEP Office of Quality Assurance conducts a 
performance audit of each laboratory that is certified.  The NJDEP Office of Quality 
Assurance also periodically conducts on-site technical systems audits of each certified 
laboratory.  The findings of these audits, together with the NJDEP mandated 
Performance Testing program, are used to update each laboratory's certification status. 

 
The NJDEP Office of Quality Assurance periodically conducts field audits of project 
sampling operations.  The Office of Quality Assurance will be contacted during the 
project to schedule a possible field audit. 

 
17. Corrective Action: 
 

All NJDEP certified laboratories must have a written corrective action procedure which 
they adhere to in the event that calibration standards, performance evaluation results, 
blanks, duplicates, spikes, etc. are out of the acceptable range or control limits.  If the 
acceptable results cannot be obtained for the above-mentioned QA/QC samples during 
any given day, sample analysis must be repeated for that day with the acceptable QA/QC 
results.  NJDEP will be notified if there are any deviations from the approved work plan. 
 
All signatories of this QAPP will be notified when deviations to the QAPP are made 
prior to their implementation. 

 
18.  Reports:   
 

The summary report will include at a minimum an Introduction, Purpose and Scope, 
Results and Discussion, Conclusions and Recommendations, and an appendix with data 
tables.  An electronic version of all reports and data will be provided on a CD for the 
Department’s use. 
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ATTACHMENT A 
 

Sampling Locations 
Musquapsink Brook Watershed 



 16



 17

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ATTACHMENT B 
 

Biological Sampling Procedures and Analysis 
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Biological Sampling Procedures and Analysis 
 

These sampling and data analysis procedures are in accordance with the Rapid 
Bioassessment Protocol procedures used by the NJDEP Bureau of Freshwater and 
Biological Monitoring, which is based on USEPA’s Rapid Bioassessment Protocols for Use 
in Streams and Wadeable Rivers (EPA 841-B-99-02 Nov. 1999). 

 
Sampling Procedures: 
Samples will be collected using a multi-habitat sampling approach, concentrating on the most 
productive habitat of the stream (i.e., the riffle/run areas), plus coarse particulate organic matter 
(CPOM) or leaf litter.  This sampling method minimizes habitat or substrate variation between 
sampling sites, and includes all likely functional feeding groups of macroinvertebrates in the 
stream.  Three grab type samples will be collected at each sampling site.  These samples will be 
sorted in the field, composited (i.e., the contents from the three grab samples from each site will 
be combined into a single container), and preserved in 80% ethanol for later subsampling, 
identification and enumeration. 
 
A composite collection of a variety of CPOM forms (e.g., leaves, needles, twigs, bark, or 
fragments of these) will be collected.  It is difficult to quantify the amount of CPOM to be 
collected in terms of weight or volume, given the variability of its composition.   Collection of 
several handfuls of material is usually adequate, and the material is typically found in 
depositional areas, such as in pools and along snags and undercut banks.  The CPOM sample will 
be processed using a U.S. Standard No. 30 sieve, and added to the composite of the grab samples 
for each site. 
 
A 100-organism subsample of the benthic macroinvertebrate composite sample from each 
sampling site will be taken in the laboratory according to the methods outlined in the Rapid 
Bioassessment Protocol used by the NJDEP Bureau of Freshwater and Biological Monitoring.  
With the exception of chironomids and oligochaetes, benthic macroinvertebrates will be 
identified to genus.  Chironomids will be identified to subfamily as a minimum, and oligochaetes 
will be identified to family as a minimum. 
 
A habitat assessment will be conducted concurrent with the benthic macroinvertebrate sampling 
in accordance with the methods used by the NJDEP Bureau of Freshwater and Biological 
Monitoring.  The measurement of physicochemical parameters will also be conducted concurrent 
with the benthic macroinvertebrate sampling.  Surface water sampling for the measurement of 
pH, temperature, and dissolved oxygen will be conducted on a representative cross section of the 
steam.  At least four subsurface grab samples will be collected across an established transect.  
These grab samples will be composited, and an appropriate volume will be transferred to sample 
bottles for in situ measurements of pH, temperature, and dissolved oxygen.  Stream width, 
stream depth, and stream velocity will be measured in accordance with the methods outlined in 
Attachment C.  Total dissolved solids (TDS) will also be measured as part of the biological 
sampling. 
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Biological Sampling Procedures and Analysis (continued) 
 
 

Data Analysis: 
The NJDEP Bureau of Freshwater and Biological Monitoring uses several community measures 
of biometrics adapted from the Rapid Bioassessment Protocols to evaluate the biological 
condition of sampling sites within the Ambient Biomonitoring Network in New Jersey.  These 
community measures include taxa richness, EPT index, %EPT, %CDF, and Modified Family 
Biotic Index.  This analysis integrates several community parameters into one easily 
comprehended evaluation of biological integrity referred to as the New Jersey Impairment Score 
(NJIS).  The NJIS has been established for three categories of water quality bioassessment for 
New Jersey streams:  non-impaired, moderately impaired, and severely impaired, and is based on 
comparisons with reference streams and a historical database consisting of 200 benthic 
macroinvertebrate samples collected from New Jersey streams.   
 
If the above metrics are not utilized, or if different metrics or indices are used, these changes will 
be discussed with NJDEP for approval.  For example, to determine the similarity among the 
sampling sites with respect to species composition, the Percentage Similarity Index may be 
calculated for all pair wise comparisons of the sampling sites.  Also, the benthic 
macroinvertebrates may be separated into the four broad functional feeding groups to evaluate 
community structure.  In addition, the Shannon diversity index may be calculated to evaluate 
community structure.  In addition, the findings from the habitat assessment will be used to 
interpret survey results and identify obvious constraints on the attainable biological potential of 
the site.   
 
The final report will include a characterization of the aquatic biota, in particular the benthic 
macroinvertebrate community. 
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ATTACHMENT C 
 

Stream Flow Measurement Procedure 
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Stream Flow Measurement Procedure 
 
 
Stream width, depth, velocity, and flow determinations will be made in conformance with the 
following procedures: 
 
 
1.   A measuring tape is extended across the stream, from bank to bank, perpendicular to 

flow.  Meter calibration is checked. 
 
2. Using a Marsh-McBirney, Inc. Model 2000 Flo-Mate Portable Water Flow meter, 

velocity and depth measurements are made at points along the tape.  Normally depth is 
measured using a rod calibrated in tenths of a foot.  In shallow streams, a yardstick may 
be used to measure depth.  Velocities are measured at approximately 0.6 depth (from the 
surface) where depths are less than 2.5 feet and at 0.2 and 0.8 depth (from the surface) in 
areas where the depth exceeds 2.5 feet. 

 
3. The stream cross section is divided into segments with depth and velocity measurements 

made at equal intervals along the cross section.  The number of measurements will vary 
with site conditions and uniformity of stream cross section.  Each cross section is divided 
into equal parts depending upon the total width and uniformity of the section.  At a 
minimum, velocities are taken at quarter points for very narrow sections.  In general, 
velocity and depth measurements are taken every one to five feet.  A minimum of ten 
velocity locations is used whenever possible.  The velocity is determined by direct 
readout from the Marsh-McBirney meter set for 5 second velocity averaging. 

 
4.   Using the field data collected, total flow, average velocity, and average depth can be 

computed.  Individual partial cross-sectional areas are computed for each depth and 
velocity measurement.  The mean velocity of flow in each partial area is computed and 
multiplied by the partial cross-sectional area to produce an incremental flow.  
Incremental flows are summed to calculate the total flow.  The average velocity for the 
stream can be computed by dividing the total flow by the sum of the partial cross-
sectional areas.  The average depth for the stream can be computed by dividing the sum 
of the partial cross-sectional areas by the total width of the stream.  The accuracy of this 
method depends upon a number of factors, which include the uniformity of the steam 
bottom, total width, and the uniformity of the velocity profile. 

 
• Flow measurements will be collected for all sampling events.  However, in accordance 

with the Field Sampling Procedures Manual (See Section 6.8.1.1, Chapter 6D – page 59 
of 188), field personnel will not wade into flowing water when the product of depth (in 
feet) and velocity (in feet per second) equals ten or greater.  All scheduling is subject to 
the natural occurrence of appropriate stream flow conditions (i.e., non-flooding 
conditions) to ensure the health and safety of all field personnel.   If the stream flow 
conditions preclude entry into the stream, flow will have to be estimated or calculated 
based on the recorded flow at the closest USGS gaging station and the drainage area.
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ATTACHMENT D 
 

Table 1A – List of Approved Biological Methods 
& 

Table 1B – List of Approved Inorganic Test Procedures 
40 CFR Part 136.3  

July 1, 2005 
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ATTACHMENT E 
 

Table II - Required Containers, Preservation Techniques, and Holding Times 
40 CFR Part 136.3  

July 1, 2005 
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ATTACHMENT F 
 

Sample Chain of Custody Form 
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ATTACHMENT G 
 

Tables of Parameter Detection Limits, Accuracy, and Precision
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Parameter Detection Limits, Quantitation Limits, Accuracy, and Precision 
 

Parameter: 

(Dissolved) 
Ortho- 

Phosphate 
(as P) 

Total 
Phosphorous 

(as P) 

Ammonia-
Nitrogen 

Nitrate- 
Nitrogen†

Nitrite -
Nitrogen†

Total 
Kjeldahl 
Nitrogen 

Total 
Suspended 

Solids 

Total 
Dissolved 

Solids† 

Referenced 
Methodology 
–(NJDEP 
Certified 
Methodology) 

EPA 
365.2 

EPA 
365.2 

EPA  
350.2  

EPA 
300.0 

EPA 
300.0 

EPA  
351.3  

EPA 
160.2 

EPA 
160.1 

Technique  
Description 

Ascorbic 
Acid, 

Manual 
Single 

Reagent 

Persulfate 
Digestion + 

Manual 

Distillation, 
Titration 

Ion 
Chroma-
tography

Ion 
Chroma-
tography

Digestion, 
Distillation, 

Titration 

Gravi-
metric, 

103-105˚C, 
Post  

Washing 

Gravi-
metric, 
180˚C 

Method 
Detection 
Limit (ppm) 
– Calculated 

0.005 0.01 0.164 0.027 0.08 0.579 4 8.9 

Instrument 
Detection 
Limit (ppm) 

NA NA NA NA NA NA NA NA 

Project 
Detection 
Limit (ppm) 

0.015 0.03 0.5 0.27 0.8 1.8 12 10 

Quantitation 
Limit (ppm) 

0.015 0.03 0.5 0.27 0.8 1.8 12 10 

Accuracy 
(mean % 
recovery 

98.2 99.6 103.4 90-110 90-110 101.6 NA NA 

Precision -% 
(mean – 
 RPD 

2.23 1.6 2.7 20 20 2.8 9.4 20 

Accuracy 
Protocol (% 
recovery for 
LCL/UCL) 

75.00 / 
123.20 

75.00 / 
123.20 

86.636 / 
103.981 

--- --- 
80.8 / 
116.8 

NA --- 

Precision 
Protocol - % 
(maximum 
RPD) 

4.7 4.9 4.6 --- --- 5.13 28.6 --- 

 
RPD- Relative % Difference; NA-Not Applicable 

Laboratory: Bergen County Utilities Authority – (NJDEP #02268) 
†Laboratory:  Hampton Clarke Veritech – (NJDEP #14622)  
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RPD – Relative % Difference; NA – Not Applicable 

Laboratory:  Rutgers EcoComplex Laboratory (NJDEP #03019) 
†Laboratory: Bergen County Utilities Authority (NJDEP #02268) 
‡Laboratory:  Garden State Laboratories, Inc. (NJDEP #20044) 

Parameter: 
pH 

(SU) 
Temperature

(°C) 

Dissolved 
Oxygen 
(mg/L) 

†Fecal 
Coliform 

 

‡Eschericia 
coli 

(E. coli) 
 

Referenced 
Methodology – 
(NJDEP Certified 
Methodology) 

Standard  
Methods  

4500-H+ B 

Standard  
Methods 
2550 B 

Standard  
Methods 

4500-O G 

Standard 
Methods 
9222D 

EPA 
1603 

Technique  
Description 

Electrometric Thermometric Electrode 
Membrane  
Filter (MF), 
Single Step 

Membrane 
Filter 

(modified 
mTEC) 

 
Method Detection 
Limit (ppm) 
 

NA NA NA 
2 

(col/ 100 
ml) 

<10 
organisms 
per  100 ml 

Instrument 
Detection Limit 
(ppm) 
 

0.00-14.00 
S.U. 

0.0 to 100.0 
°C 

0 – 20 
mg/L 

NA NA 

 
Project Detection 
Limit (ppm) 
 

0.00-14.00 
S.U. 

0.0 to 100.0 
°C 

0 - 20 
mg/L 

2 
(col/ 100 

ml) 

<10 
organisms 
per 100 ml 

 
Quantitation Limit  
(ppm) 
 

NA NA NA 
2 

(col/ 100 
ml) 

60,000 
organisms 
per 100 ml 

 
Accuracy 
(mean % recovery) 
 

NA NA NA NA NA 

 
Precision 
(mean – RPD) 
 

± 0.01 S.U. ± 0.3 °C  ± 0.3 mg/l 5.7 NA 

Accuracy Protocol  
(% recovery for 
LCL/UCL) 

NA NA NA NA 
Detect – 

144% 

 
Precision Protocol 
(maximum RPD) 
 

± 0.01 S.U. ± 0.3 °C ± 0.3 mg/l 20.55 61% 
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LISA GALLOWAY EVRARD 
Program Associate • Rutgers Cooperative Extension 

14 College Farm Road • New Brunswick, NJ 08901-8551 • USA 
Phone: 732/932-9800 x 6130 • Fax: 732/932-8644 

evrard@rci.rutgers.edu 
 
 

June 29, 2007 
 

 
VIA E-MAIL 
Michele Bakacs 
Watershed Management Area 5 Manager 
Division of Watershed Management 
New Jersey Department of Environmental Protection 
401 East State Street 
P.O. Box 418 
Trenton, NJ  08625 
 
Re:   Addendum to Quality Assurance Project Plans (QAPPs) 

RP07-001 Tenakill Brook Watershed Restoration Plan 
RP07-002 Musquapsink Brook Watershed Restoration Plan 

 
Michele: 
 
For both the Tenakill Brook and Musquapsink Brook Watershed Restoration Plans, the Bergen 
County Utilities Authority (BCUA) has requested that surface water samples be delivered to the 
BCUA laboratory (NJDEP Certified Laboratory #02268) by noon for analysis.   To date, this has 
not been a problem for the biweekly surface water sampling and additional bacteriology 
sampling.  However, it will be extremely difficult, if not impossible, to meet this sample drop-off 
requirement for the wet weather surface water sampling portion of these studies.    
 
We would like to amend the QAPPs to reflect that for the wet weather surface water sampling 
portion of these studies Garden State Laboratories (NJDEP Certified Laboratory #20044) will be 
conducting the necessary water quality analyses.  Garden State Laboratories is currently 
conducting the E. coli analyses for these studies, and they have more reasonable sample drop-off 
requirements, which will be suitable for the wet weather surface water sampling portion of these 
studies. 
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I have attached the following for you to review and for you to forward to the Office of Quality 
Assurance: 
 

• Wet Weather Surface Water Sampling - Parameter Detection Limits, Quantitation 
Limits, Accuracy, and Precision 

• Wet Weather Surface Water Sampling – Table 1A:  List of Approved Biological 
Methods & Table 1B:  List of Approved Inorganic Test Procedures, 40 CRF Part 136.3, 
July 1, 2005 

• Wet Weather Surface Water Sampling – Table II:  Required Containers, Preservation 
Techniques, and Holding Times, 40 CFR Part 136.3, July 1, 2005. 

 
If you have any questions, please do not hesitate to contact me at evrard@rci.rutgers.edu or call 
me at 732-932-9800 x 6130.   If for some reason we are not allowed to use Garden State 
Laboratories for the wet weather surface water sampling portion of the Musquapsink and 
Tenakill studies, please contact me, Katie Buckley at kbuckley@envsci.rutgers.edu, or Rob 
Miskewitz at rmiskewitz@aesop.rutgers.edu  as soon as possible.   
 
Thank you for your attention to this matter. 
 
   Sincerely, 
 
  
  
  
  
 
   Lisa Galloway Evrard 
   QAPP QA Officer 
 
 
C: P. Rector 

C. Obropta 
K. Buckley 
R. Miskewitz 
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Wet Weather Surface Water Sampling 
 

Parameter Detection Limits, Quantitation Limits, Accuracy, and Precision 
 
 

RP07-002 MUSQUAPSINK BROOK WATERSHED RESTORATION PLAN 
& 

RP07-001 TENAKILL BROOK WATERSHED RESTORATION PLAN 
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Wet Weather Surface Water Sampling 
Parameter Detection Limits, Quantitation Limits, Accuracy, and Precision 

 
 

Parameter: 

(Dissolved) 
Ortho- 

Phosphate 
(as P) 

Total 
Phosphorous 

(as P) 

Ammonia-
Nitrogen 

Nitrate- 
Nitrogen 

Nitrite -
Nitrogen 

Total Kjeldahl 
Nitrogen 

Total 
Suspended 

Solids 

Referenced 
Methodology 
–(NJDEP 
Certified 
Methodology) 

Standard 
Methods 
4500-P E 

 

Standard 
Methods 
4500-P E 

 

Standard 
Methods 

4500-NH3 

D 
 

EPA 353.2
 

Standard 
Methods 

4500-NO2 
B 
 

LACHAT 10-
107-06-2-D 

 

Standard 
Methods 
2540 D 

 

Technique  
Description 

Colorimetric 
 

Persulfate 
Digestion + 

Manual 
 

Electrode 
 

Automated 
Cadmium 
Reduction

 

Spectro-
photometric 

 

Digestion, 
Distillation, 

Semiautomated 
Digestor 

 

Gravi-
metric, 

103-105˚C, 
Post  

Washing 
Method 
Detection 
Limit (ppm) – 
Calculated 

0.008 
 

0.010 
 

0.018 
 

0.010 
 

0.0002 
 

0.059 
 

NA 
 

Instrument 
Detection 
Limit (ppm) 

0.01 0.01 0.05 0.20 0.005 0.50 NA 

Project 
Detection 
Limit (ppm) 

0.015 0.03 0.5 0.27 0.8 1.8 12 

Quantitation 
Limit (ppm) 

0.015 0.03 0.5 0.27 0.8 1.8 12 

Accuracy 
(mean % 
recovery 

100.8 93.7 99.2 103.9 98.6 89.9 NA 

Precision -% 
(mean – 
 RPD 

1.20 0.56 1.75 0.72 1.32 1.50 3.85 

Accuracy 
Protocol (% 
recovery for 
LCL/UCL) 

90 / 110 90 / 110 90 / 110 90 / 110 90 / 110 90 / 110 90 / 110 

Precision 
Protocol - % 
(maximum 
RPD) 

10% 10% 10% 10% 10% 10% 10% 

 
RPD- Relative % Difference; NA-Not Applicable 

Laboratory: Garden State Laboratories, Inc. (NJDEP #20044) 
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RPD – Relative % Difference; NA – Not Applicable 
Laboratory:  Garden State Laboratories, Inc. (NJDEP #20044) 

†Laboratory:  Rutgers EcoComplex Laboratory (NJDEP #03019)

Parameter: 
†pH 
(SU) 

†Temperature
(°C) 

†Dissolved 
Oxygen 
(mg/L) 

Fecal 
Coliform 

Eschericia 
coli 

(E. coli) 
 

Referenced 
Methodology – 
(NJDEP Certified 
Methodology) 

Standard  
Methods  

4500-H+ B 

Standard  
Methods 
2550 B 

Standard  
Methods 

4500-O G 

Standard 
Methods 
9222D 

EPA 
1603 

Technique  
Description 

Electrometric Thermometric Electrode 
Membrane  
Filter (MF), 
Single Step 

Membrane 
Filter 

(modified 
mTEC) 

 
Method Detection 
Limit (ppm) 
 

NA NA NA 
<10 

organisms 
per  100 ml 

<10 
organisms 
per  100 ml 

Instrument 
Detection Limit 
(ppm) 
 

0.00-14.00 
S.U. 

0.0 to 100.0 
°C 

0 – 20 
mg/L 

NA NA 

 
Project Detection 
Limit (ppm) 
 

0.00-14.00 
S.U. 

0.0 to 100.0 
°C 

0 - 20 
mg/L 

-- 
<10 

organisms 
per 100 ml 

 
Quantitation 
Limit  
(ppm) 
 

NA NA NA -- 
60,000 

organisms 
per 100 ml 

 
Accuracy 
(mean % 
recovery) 
 

NA NA NA NA NA 

 
Precision 
(mean – RPD) 
 

± 0.01 S.U. ± 0.3 °C  ± 0.3 mg/l NA NA 

Accuracy Protocol  
(% recovery for 
LCL/UCL) 

NA NA NA NA 
Detect – 

144% 

 
Precision Protocol 
(maximum RPD) 
 

± 0.01 S.U. ± 0.3 °C ± 0.3 mg/l NA 61% 
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Wet Weather Surface Water Sampling 
 

Table 1A – List of Approved Biological Methods 
& 

Table 1B – List of Approved Inorganic Test Procedures 
40 CFR Part 136.3  

July 1, 2005 
 

RP07-002 MUSQUAPSINK BROOK WATERSHED RESTORATION PLAN 
& 

RP07-001 TENAKILL BROOK WATERSHED RESTORATION PLAN



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

5



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

6



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

7



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

8



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

9



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

10



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

11



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

12



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

13



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

14



 
QAPP Addendum, 6/29/07 
RP07-002 Musquapsink Brook Watershed Restoration Plan 
RP07-001 Tenakill Brook Watershed Restoration Plan 

15

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Wet Weather Surface Water Sampling 
 

Table II - Required Containers, Preservation Techniques, and Holding Times 
40 CFR Part 136.3  

July 1, 2005 
 

RP07-002 MUSQUAPSINK BROOK WATERSHED RESTORATION PLAN 
& 

RP07-001 TENAKILL BROOK WATERSHED RESTORATION PLAN 
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