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EXECUTIVE SUMMARY 
 
Remediation dredging was performed in New Bedford Harbor from August through October 
2006.  Dredge activities occurred primarily in two areas: ‘Area A’ encompassing southern 
sections of DMU-1 and DMU-102, and ‘Area B’ encompassing sections of DMU-2 and DMU-3.  
Additional dredging activities were conducted in Areas ‘C’ and ‘D’ located in DMU-2 (Figure 
3). The primary objective of the water quality monitoring program is to conduct boat-based field 
monitoring to provide field reconnaissance information to the United States Army Corps of 
Engineers (USACE), United States Environmental Protection Agency (USEPA), and dredging 
operators, to gauge the extent of water quality impacts resulting from dredging operations. This 
data is used to guide project operations as necessary in order to minimize environmental impacts, 
limit recontamination of previously dredged areas, ensure that the dredging activities are 
conducted in a manner which does not hinder the seasonal migration of anadromous fish to 
and from the Acushnet River, and to determine the degree and extent of sediment plumes 
advecting away from the site during dredging operations.  
 
Water quality monitoring started prior to the dredge operations to establish background readings, 
and continued throughout November, approximately 2 weeks after dredging stopped.  
Monitoring activities utilized YSI sondes to collect instantaneous real time data on the 
monitoring vessel.  Additional YSI sondes were deployed on moorings to collect longer term 
data.  Each YSI was equipped to measure turbidity, salinity, temperature, depth and dissolved 
oxygen.  The upper level turbidity criterion, defined as a “reportable event” is set at 50 
Nephelometric Turbidity Units (NTU) above background measured 600 ft downstream of the 
dredging and associated activities. A warning criteria was established for an exceedance of 50 
NTU above background at 300 ft downstream of the dredging and associated activities. If the 
warning criteria was exceeded, the USACE was contacted immediately to determine what, if 
any, operational modifications might be warranted to abate the condition and to reduce the 
potential for a criteria exceedance at the 600-foot transect.  Neither the warning, nor the 
reportable criteria were exceeded at any time during the 2006 monitoring. 
 
Based on a criteria-driven sampling program, water samples were collected for turbidity, TSS 
and PCB analyses on seven occasions during the dredge program. Samples from four of these 
events were also collected for toxicity testing. Metals samples were collected during three of the 
sampling events and were archived for potential analysis. Samples were collected either to 
establish baseline conditions and/or re-establish relationships between field measurements (i.e. 
turbidity) and toxicity results to verify the protectiveness of the +50 NTU criteria. No samples 
were collected in response to an exceedance of the +50 NTU turbidity criteria. 
 
The deployment of the continuously recording water quality sensors provided additional 
information that complimented the adaptive monitoring approach discussed above. The location 
of sensors both north and south of the dredge areas provided information about tidal influences 
on sediment suspension and transport. Continuous readings provided water quality data for 
periods when adaptive sampling was not underway. This included inactive dredge periods such 
as nights and weekends, providing a reasonable background condition for comparison.  
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As expected, turbidity and TSS results showed a strong correlation (R2 = 0.9695). Total PCB (as 
SUM 18 CONG) concentrations also correlated well with TSS and thus with elevated turbidity. 
However, dissolved PCBs, which are considered as a direct indicator of water quality, do not 
demonstrate a similar correlation with TSS. For example, the total to dissolved PCB ratio 
increased from approximately 2:1 in low TSS samples to 40:1 in the highest TSS sample.  In situ 
turbidity measurements indicated that these turbidity plumes, representing high suspended solid 
loads and elevated total PCB concentrations, were isolated to the area immediately adjacent to 
dredging and debris removal and were also relatively short lived. Dissolved PCBs in the water 
column are thought to be the fraction that causes direct toxicity to marine organisms and may be 
subjected to long range transport.  Dissolved PCB concentrations were generally low and did not 
correlate well with TSS. 
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1.0 INTRODUCTION 

1.1 Site Description 
The New Bedford Harbor Superfund Site (Site), located in Bristol County, Massachusetts, 
extends from the shallow northern reaches of the Acushnet River estuary south through the 
commercial harbor of New Bedford and into 17,000 adjacent acres of Buzzards Bay (Figure 1).  
Industrial and urban development surrounding the harbor has resulted in sediments becoming 
contaminated with high concentrations of many pollutants, notably polychlorinated biphenyls 
(PCBs) and heavy metals.  At least two manufacturers in the area used PCBs while producing 
electronic devices from 1940 to the late 1970s, when the use of PCBs was banned by the EPA.  
Based on human health concerns and ecological risk assessments, the U.S. Environmental 
Protection Agency (USEPA) added New Bedford Harbor to the National Priorities List in 1982 
as a designated Superfund Site.  Through an Interagency Agreement between the USEPA and the 
U.S. Army Corps of Engineers, New England District (USACE NAE), the USACE is 
responsible for carrying out the design and implementation of the remedial measures at the site. 
The Site has been divided into three areas − the upper, lower and outer harbors − consistent with 
geographical features of the area and gradients of contamination (Figure 2). All of the activities 
conducted under the Water Quality Monitoring occurred in the upper Harbor.  
 
Aerovox Inc. in New Bedford, MA used PCBs from c. 1940 to c. 1977 in the manufacture of 
electrical capacitors and transformers.  This facility is considered one of the major sources of 
historic PCB contamination to New Bedford Harbor.  The highest concentrations of PCBs were 
found in sediments in a 5-acre area in the northern portion of the Acushnet River Estuary 
adjacent to the Aerovox facility.  These ‘hot spot’ sediments, which contained PCBs upwards of 
100,000 mg/kg, were removed between 1994 and 1995 as part of USEPA’s first clean-up phase.  
Full scale remediation dredging was initiated in 1994 and continued in 2005 and 2006.  To a 
lesser extent, PCB contamination in New Bedford Harbor is related to activities at the Cornell-
Dubilier mill on the western shore of the outer harbor.  In 2005 a 15 acre underwater cap pilot 
project was implemented near Cornell-Dubilier to cap PCB contaminated sediments (Figure 2). 
 
The Site is divided into a series of Dredge Management Units (DMU) based on contamination 
levels, contamination sources, topography, and other factors. In 2006, dredge activities were 
planned for two areas (1) ‘Area A’ located in the southern sections of DMU-1 and DMU-102, 
and (2) ‘Area B’ located along the boundary of DMU-2 and DMU-3 and DMU-4. In addition, 
dredging was conducted in Areas ‘C’ and ‘D’ of DMU-2 (Figure 3). 
 
The remediation of this site involves the excavation and dredging of approximately 880,000 
cubic yards of PCB contaminated sediment. The majority of contaminated material is being 
removed utilizing a hydraulic dredge that will pump dredge slurry to the project’s Sawyer Street 
facility where it will be mechanically processed to remove all sand, gravel, and debris material. 
The silt and clay size materials will then be pumped to the Area D Dewatering Facility located 
on Herman Melville Boulevard where it will be mechanically dewatered and transported off-site 
for disposal.  
 

New Bedford Harbor Water Quality Monitoring May 2007 
Final Report  Page 3 of 54   



 
 

 
 

Figure 1. Location of the Site in Southeastern MA.
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Figure 2. Location of the 2006 Dredge Activity Area within New Bedford Harbor. 
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Figure 3. 2006 Dredge Areas 
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1.2 Project Objectives and Field Activity Summary 
The resuspension of sediments during dredging, and dredging related activities, can transport 
contaminated sediments away from the dredge area. Additionally, contaminated sediments 
suspended in the water column present a concern for potential toxicity to aquatic organisms in 
the project area. The primary objective of this monitoring effort was to conduct boat-based field 
monitoring to provide field reconnaissance information to the United States Army Corps of 
Engineers (USACE), United States Environmental Protection Agency (USEPA) and dredging 
operators, to gauge the extent of water quality impacts resulting from dredging operations. This 
information may be used to make operational adjustments as needed to limit the dispersal of 
suspended sediments and their associated contaminants as well as limit the extent of biological 
impacts to the water column. An additional objective was to ensure that the dredging activities 
were conducted in a manner which did not hinder the seasonal migration of anadromous fish in 
the Acushnet River (i.e. fish are able to successfully navigate past dredging operations). 
 
The upper level turbidity criterion, defined as a “reportable event” is set at 50 Nephelometric 
Turbidity Units (NTU) above background measured 600 ft downstream of the dredging and 
associated activities. A warning criteria was established for an exceedance of 50 NTU above 
background at 300 ft downstream of the dredging and associated activities. If the warning criteria 
was exceeded, the USACE was contacted immediately to determine what, if any, operational 
modifications may be warranted to abate the condition and to reduce the potential for a criteria 
exceedance at the 600-foot transect.  

1.3 Water Quality Monitoring Program  
The focus of the 2006 water quality monitoring program was on near-field water column impacts 
as well as assessment of the extent of sediment resuspension and transport away from the 
dredging operation. This data is used to guide project operations as necessary in order to 
minimize environmental impacts, limit recontamination of previously dredged areas, ensure that 
the dredging activities are conducted in a manner which does not hinder the seasonal migration 
of anadromous fish to and from the Acushnet River, and to determine the degree and extent of 
sediment plumes advecting away from the site during dredging operations. To meet this 
objective, a tiered monitoring approach was employed which incorporated field measurements of 
turbidity and water quality parameters and water sampling for toxicity testing and laboratory 
analysis on a periodic basis as needed. Water column measurements were conducted along four 
key transects for each of the dredge areas. The locations are described here and illustrated for 
dredge Area A, in Figure 4. As dredging operations moved throughout the dredge areas, the 
monitoring locations moved relative to those activities as follows: 

• Reference: A reference station 1,000 ft up-current of dredging operations to provide 
background conditions. 

• Dredge Boundary: Measurements were made at the edge of the dredge area. This is 
defined as a down-current location as close as practicable and as safety allows. 

• 300 ft Downstream: Defined as a transect set, 300 ft down-current from the dredging 
operation.  

• 600 ft Downstream: Defined as a transect set, 600 ft down-current from the dredging 
operation. 
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Figure 4. Example of Monitoring/Sampling Locations (Relative to Dredge Area A). 
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2.0 METHODS 
The Battelle QAPP (Battelle, June 2006a) and the Water Quality Field Sampling Plan (FSP) 
(Battelle, July 2006b) contain additional details on survey/sampling methods. 

2.1 Sampling Rationale 
The established sampling approach for this program employs a variety of sampling methods to 
characterize sediment resuspension, sediment transport, and its impact on water quality. The 
overall approach utilizes an adaptive, criteria-based sampling scheme to monitor project-related 
water quality impacts.  This is broken up into a series of sampling ‘levels’ which vary in the 
degree to which analytical samples are collected.  The more intensive levels were utilized when 
there was greater potential for a specific dredging activity to have an impact on water quality.  
This was particularly true for new activities or activities in new areas.  Based on information 
from these sampling levels, sampling was reduced to the lower intensity levels when appropriate. 
Sampling Levels I, II, and III are designed to collect water samples at designated distances away 
from the dredge operation to limit the extent of impact (Boundary, 300 ft, and 600 ft). Based on 
results acquired throughout the monitoring season, a second type of sampling was added to the 
design. Under this approach, specific levels of turbidity were targeted for sampling regardless of 
their location relative to dredging. This approach was added in order to evaluate 
turbidity/PCB/toxicity relationships and confirm that current criteria are adequately protective of 
the aquatic environment. These approaches are discussed below and the criteria based sampling 
following the decision sequence in Figure 5. Table 1 lists all sample collection information. 

• Level I: Level I represents a sampling approach for discrete samples and was conducted 
for those activities having the greatest potential to impact water quality or when new 
conditions were encountered. Initially discrete samples were collected at designated 
locations: Reference, Dredge Boundary, 300 ft downstream, and 600 ft downstream. At 
each station discrete water samples were collected for all parameters from the depth of 
highest turbidity, based on the in situ readings. During the monitoring season it was 
observed that sampling under Level I, while achieving its objectives, was not capturing 
elevated turbidity levels. As a result there was limited data regarding the water quality 
impacts associated with elevated turbidity. As a result, Level I sampling was modified to 
include additional discreet sample collections at locations having a full range of 
turbidities (25-100 NTU) to be used in evaluating the protectiveness of the threshold 
criteria. In all cases it was necessary to sample in fairly close proximity (<300 ft) from 
debris removal operations in order to collect high turbidity samples. Often times samples 
were collected <75 ft from operations. These samples were obtained to evaluate 
turbidity/PCB/toxicity relationships and did not represent exceedances of water quality 
criteria. 

• Level II: Level II represents a lower level of monitoring intensity (from Level I) given a 
decreased concern for water quality impacts from an activity. Similar to Level I, Level II 
was designed to collect samples based on distance from dredge activities although no 600 
ft sample was required due to the decreased concern for far-field impact(s). Similar to 
Level I, modifications were made during the dredge season in order to adequately 
characterize the sediment plume which was rarely found near the pre-established 
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transects. Table 1 lists the samples which were submitted for analysis under Level II 
sampling.  

• Level III: The sampling was conditional based on results of turbidity monitoring. 
Furthermore, a Level III monitoring effort was contingent upon any exceedance of the 
project-based criterion or based on detection of sheens or plumes emanating from the 
project area. It should be noted that at no point during the 2006 season were any of the 
Level III criteria exceeded. As a result no samples were analyzed under the Level III 
design.  
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Figure 5. Decision Sequence for Water Quality Monitoring.
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Table 1. Number of Samples Collected During Each Level of Required Monitoring. 

Week Date 
Monitoring 

Level Sample Description1 Sample ID Parameters2 
-1 8/10/06 Background NA NA NA 

Reference WQ-XXX-001-081406 DPC, TPC, TSS, TUR, TOX, MET 
Boundary WQ-XXX-002-081406 DPC, TPC, TSS, TUR, TOX, MET 

300 ft WQ-XXX-003-081406 DPC, TPC, TSS, TUR, TOX, MET 
1 8/14/06 Level I 

(Background) 
600 ft WQ-XXX-004-081406 DPC, TPC, TSS, TUR, TOX, MET 

 8/15/06 III NA NA NA 
 Reference WQ-XXX-001-081606 DPC, TPC, TSS, TUR, TOX 
 Boundary WQ-XXX-002-081606 DPC, TPC, TSS, TUR, TOX 
 

8/16/06 I 
300 ft WQ-XXX-003-081606 DPC, TPC, TSS, TUR, TOX 

 8/17/06 III NA NA NA 
 8/18/06 III NA NA NA 

2 8/21/06 III NA NA NA 
 8/22/06 III NA NA NA 
 8/23/06 III NA NA NA 

Reference WQ-XXX-001-082806 DPC, TPC, TSS, TUR, TOX 
50 NTU WQ-XXX-002-082806 DPC, TPC, TSS, TUR, TOX 3 8/28/06 I 
25 NTU WQ-XXX-003-082806 DPC, TPC, TSS, TUR, TOX 

 8/29/06 III NA NA NA 
 8/30/06 III NA NA NA 

0 NTU WQ-XXX-001-090606 TSS, TUR 
15 NTU WQ-XXX-002-090606 TSS, TUR 
20 NTU WQ-XXX-003-090606 TSS, TUR 
35 NTU WQ-XXX-004-090606 TSS, TUR 
135 NTU WQ-XXX-005-090606 TSS, TUR 
75 NTU WQ-XXX-006-090606 TSS, TUR 

4 9/6/06 II 

50 NTU WQ-XXX-007-090606 TSS, TUR 
 9/7/06 III NA NA NA 

5 9/11/06 III NA NA NA 
 9/12/06 III NA NA NA 

6 9/18/06 III NA NA NA 
 1 NTU WQ-XXX-001-091906 DPC, TPC, TSS, TUR, TOX, MET 
 50 NTU WQ-XXX-002-091906 DPC, TPC, TSS, TUR, TOX, MET 
 25 NTU WQ-XXX-003-091906 DPC, TPC, TSS, TUR, TOX, MET 
 

9/19/06 I 

75 NTU WQ-XXX-004-091906 DPC, TPC, TSS, TUR, TOX, MET 
 9/20/06 III NA NA NA 

7 9/25/06 III NA NA NA 
8 10/4/06 III NA NA NA 

75 ft N (flood tide) of 
Debris Removal WQ-XXX-001-100906 DPC, TPC, TSS, TUR 

25 ft S (ebb tide) of 
Debris Removal WQ-XXX-002-100906 DPC, TPC, TSS, TUR 

25 ft S (ebb tide, 30 min 
after previous sample) of 

Debris Removal 
WQ-XXX-003-100906 DPC, TPC, TSS, TUR 

9 10/9/06 II 

200 ft S of Debris 
Removal WQ-XXX-004-100906 DPC, TPC, TSS, TUR 

 10/11/06 III NA NA NA 
South Reference WQ-XXX-001-101606 DPC, TPC, TSS, TUR, MET 10 10/16/06 II 

25 NTU WQ-XXX-002-101606 DPC, TPC, TSS, TUR, MET 
 10/17/06 III NA NA NA 

1 – Samples are collected either based on distance (i.e., 300 ft, 600 ft) or Turbidity levels (i.e., 25, 50 NTU), see Section 2.1 for further discussion on Sample 
Location. 

2 – Parameters listed in the Table are the following: DPC =Dissolved PCB, TPC =Total PCB, TSS =Total Suspended Solids, TUR =Turbidity, TOX =Toxicity, 
MET =Metals 

NA – Not Applicable 
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2.2 In Situ Measurements 
In situ measurements of depth, turbidity, temperature, salinity, and dissolved oxygen were 
acquired using a YSI 6920 water quality probe with real-time display and data logging. 
Monitoring combined preplanned measurements to support discrete sampling as described 
below, and criteria based sampling following the decision sequence in Figure 5.  

It should be noted that since the Acushnet River is tidally influenced, the definitions of upstream 
and downstream are generally dependent upon tide. On ebb tides, “downstream” is always to the 
south of dredging activities. However, during flood tides flow is often predominately to the 
north. Variability in freshwater flow also impacts dominant current direction and its influence on 
transport of suspended sediments. Several times throughout the 2006 monitoring program a clear 
stratification of the water column was observed. In these cases lower density freshwater sat on 
top of higher density, more saline tidal waters. Frequently the incoming tidal water was moving 
north, while the freshwater lens was flowing south. These physical water properties were closely 
monitored throughout the day, and adjustments were made in the sampling design in order to 
accurately assess sediment resuspension and its transport in all directions. Throughout this report 
the terms “downstream” and “down-current” always refer to the direction of water movement 
relative to the dredging operations at that point in time regardless of physical direction (north 
versus south).   
 
The following describes field activities by location: 
 
Reference Station: At the start of each sampling day the vessel transited to the reference 
location 1,000 ft upcurrent (based on tidal stage) from the active dredge area. This location was 
outside the influence of any localized turbidity sources (ex. CSO discharges or storm water 
drains), but still representative of the water flowing through the deeper channel areas up current 
of the dredge area. Water depth was measured with a lead-line and the result recorded on the 
field log. The in situ sensors were lowered slowly (~5sec/foot) through the water column with 
care taken to avoid placing the instruments on the bottom. As the sensors were lowered, the 
sampling personnel observed the turbidity readings and identified the depth of the highest 
turbidity values. After the full “downcast” was conducted, the sensors were pulled back up 
through the water column and held at the location of highest turbidity. The in situ readings for all 
parameters at this depth were recorded on the Field Log Sheet. This reading served as the 
background value for subsequent turbidity readings taken throughout the day (i.e. this value was 
subtracted from subsequent readings to determine if the 50 NTU above background criterion was 
exceeded). Discrete samples were collected as required (see Section 2.1). Reference locations 
were resampled if conditions changed. Examples of relevant changes include change in tidal 
flow; change in dredge operations; and changing weather conditions such as rain events which 
can dramatically alter ambient water quality conditions. Resampling of the reference location 
was conducted at the field team’s discretion based on real-time data feedback and field 
observations. 

Dredge Boundary: Following the collection of in situ and discrete samples at the reference 
location, the sampling team transited down-current of dredging operations. In situ readings were 
collected as close to the dredge, or other operation, as safety allowed in the same manner 
described for the reference location. Based on the sampling requirements for that survey day (i.e. 
Levels I, II, and III) discrete samples were or were not collected (Section 2.1). 
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300 ft Downstream: 300 ft downstream from the dredge operations, the vessel operated along a 
transect across the width of the river while collecting in situ readings. Real-time data feedback 
was used to identify any suspended sediment plumes. The focus was on identifying the centroid 
of the plume (highest turbidity readings) as well as the plume boundaries (lowest turbidity 
readings above background). High and low readings along the transect were recorded to show 
the relative intensity of the plume as well as its spatial dimensions. Once the centroid was 
identified, subsequent readings were concentrated at this location in order to identify fluctuations 
in the plume intensity and potential exceedances of the caution threshold. Based on the sampling 
requirements for that survey day (i.e. Levels I, II, and III) discrete samples were or were not 
collected (Section 2.1). 
 
600 ft Downstream: 600 ft downstream from the dredge operations, in situ transects were 
conducted as described above for the 300 ft downstream transect. Based on the sampling 
requirements for that survey day (i.e. Levels I, II, and III) discrete samples were or were not 
collected (Section 2.1). 
 
Fixed point in situ sensors: In addition to the boat-based monitoring in situ data were collected 
using YSI 6920 water quality meters with internal data logging capabilities which were deployed 
at fixed locations for extended periods of time. The sensors internally recorded water 
temperature, salinity, dissolved oxygen, and turbidity. The sensors were deployed on August 15 
during the first week of dredging and remained in use until November 15, approximately 3 
weeks after the cessation of dredge related activities. Their location (horizontal and vertical) was 
based on data acquired during the first week of monitoring. The objective of sensor placement 
was to supplement the boat-based monitoring. Locations included one upstream and one 
downstream location just beyond the dredge area. The upstream sensor was located in the main 
river channel, 100 ft north of the northwest corner of the active dredge area. The downstream 
sensor was originally located 200 ft south of the southwest corner of the dredge area. The 
downstream sensor was relocated on September 19 (week 6) to avoid interference with dredge 
operations and the movement of equipment. The new location was 200 ft south of the dredge 
area, in the middle of the main channel. These locations are shown on Figure 6. The sensors were 
deployed on moorings with a surface marking buoy and a subsurface buoy from which the sensor 
was suspended. With tidal fluctuations, the water depths at the mooring locations ranged from 
approximately two to seven feet. Due to the relatively shallow water at the deployment locations 
and the large tidal fluctuation, a sampling configuration was designed which maximized 
characterization of the entire water column while keeping the sensors from resting on the bottom 
sediments. A depiction of the deployment configuration is shown in Figure 7. At lower tides the 
sensors floated within one foot of the surface. At higher tides, the sensors were maintained 
approximately three feet off the bottom.  
 
The YSI internal sampling rate was set to 15 minutes. The sensors were retrieved and deployed 
as part of the boat-based monitoring program. The sensors were retrieved for routine 
maintenance as needed. Between each deployment, the sensors were cleaned, recalibrated, the 
data were downloaded, and the batteries were replaced as needed to ensure a minimum of two 
weeks battery life. 
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Figure 6. Location of Continuous In Situ Sensor (YSI) Deployments 
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Figure 7. Depiction of the Continuous In Situ Sensor Deployment Configuration 

 

2.3 Discrete Water Samples 
The collection of discrete water quality samples was conducted using a 12-volt Teflon 
diaphragm pump and the appropriate length of Teflon® tubing. The inlet of the tubing was 
attached to the body of the YSI in situ sensors to ensure that the sensor measurements and the 
analytical results are representative of the same parcel of water. Prior to collecting samples at 
each location sample water was pumped continuously through the system for several minutes to 
purge the system. This purging ensured that the system was cleared prior to actual sample 
collection to avoid site to site cross-contamination.  

New Bedford Harbor Water Quality Monitoring May 2007 
Final Report  Page 16 of 54   



 
 

Following purging, water from the pump outlet was collected directly into the appropriate 
sample containers for each analysis (Table 2). Table 2 also provides the sample volume, 
preservation, and analytical lab information. The samples were labeled as described in Table 2. 
All samples collected in the field were placed in coolers on ice until transport to the field trailer. 
At the field trailer samples were stored cold (4 + 2 oC) in the sample refrigerator or on ice in the 
coolers until packaged for shipment to the laboratories. Samples were packaged in wet or blue 
ice and were hand delivered or shipped overnight to the appropriate laboratories. Table 1 details 
the sample collection for each Station during each Level of activity.  
 

Table 2. Sample Volumes, Containers, and Processing for Field Samples. 

1 – Holding time to initial Lab preparation. 

Parameter Sample 
Volume 

Sample 
Container 

Preservation Storage 
Condition 

Holding 
Times1 

Analytical Lab 

TSS 1L HDPE Bottle Ice 4 + 2 oC 7 Days 

Turbidity 1L HDPE Bottle Ice 4 + 2 oC 48 Hours 

Alpha Woods Hole Lab 
375 Paramount Drive 
Suite 2 
Raynham, MA 02767 
Ph:508-822-9300 

Aqueous Total PCB  1 L 
Wide-mouth 
Amber Glass 

Bottle 
Ice 4 + 2 oC 7 Days 

Aqueous Dissolved PCB  2 L 
Wide-mouth 
Amber Glass 

Bottle 
Ice 4 + 2 oC 7 Days 

Total Metals 500 ml HDPE Bottle HN03 4 + 2 oC 6 
Months 

Battelle Duxbury2 
397 Washington Street 
Duxbury, MA 02332 
Ph: 781-952-5200 

Toxicity 
(all samples for toxicological 
analysis collected into one 
container) 

5 gallons Cubitainer Ice 4 + 2 oC 24 Hours 

EnviroSystems, Inc 
One Lafayette Road 
P.O. Box 778 
Hampton, NH 03843 
Ph: 603-926-3345 

2 – All metals samples were archived at Battelle, Duxbury. If analysis is required, samples will be analyzed by Battelle Marine Sciences Lab in 
Sequim, Washington. 

2.4 Sample Analysis 

Like the field sampling, sample analysis includes both predefined samples and contingency 
based samples. Figure 8 shows the laboratory based decision sequence for analysis of samples. 
All samples were delivered to the respective laboratories (Table 2).  
 
Requirements for chemical and biological testing can be found in the QAPP Addendum 
Environmental Monitoring, Sampling, and Analysis at the New Bedford Harbor Superfund Site, 
New Bedford, MA for detailed analytical requirements (Battelle, 2006a). An overview of the 
methods used is provided below. 
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Figure 8.  Decision Sequence for Sample Analysis 
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2.4.1 TSS/Turbidity Analyses 
Total suspended solid (TSS) and turbidity in the water samples were analyzed by Alpha Woods 
Hole Group (AWHG). TSS was analyzed following AWHG SOP Total Suspended Solids (TSS) 
Non-Filterable Residue, Rev. 5.0 which was based on EPA Method 160.2; turbidity was 
analyzed following AWHG SOP Turbidity 180.1, Rev. 2.2, which was based on EPA Method 
180.1. 
 
2.4.2 PCB Analyses 
The analysis of 18 NOAA PCB congeners in water samples was conducted by Battelle Duxbury 
laboratory. Water samples were extracted following modified EPA Method 3510C (Battelle SOP 
5-200). Prior to extraction, water samples that were designated for dissolved PCB analysis were 
filtered through pre-baked glass fiber filters (1 µm pore size). The sample filtration and 
extraction were usually conducted within 24 hours of sample collection. Total (or whole water) 
PCB samples involved extraction of approximately 1 liter of unfiltered water. Both dissolved 
(filtered) and whole water samples were spiked with surrogates and extracted three times with 
dichloromethane using separatory funnel techniques. The combined extract was dried over 
anhydrous sodium sulfate, concentrated, and processed through an alumina column. Depending 
on the color of the extract, it was further cleaned using gel-permeation chromatograph/high 
performance liquid chromatography (GPC/HPLC). Samples in batches 06-0286 (collected on 
8/14), 06-0306 (collected on 8/28), 06-0328 (collected on 9/19), and 06-0349 (collected on 10/9) 
received both alumina column and GPC/HPLC clean-ups, while samples in batch 06-0290 
(collected on 8/16) only received alumina clean-up. In addition, sample extracts in batch 06-0359 
(collected on 10/16) were cleaned first using sulfuric acid, and then processed through disposable 
Florisil columns for further clean-up. Analytical results of these water samples indicated that 
samples processed through different clean-up procedures did not show significant differences in 
surrogate recoveries and matrix interference, suggesting that all clean-up combinations were 
sufficient and effective. 
 
The post alumina, GPC/HPLC, or Florisil extract was concentrated, fortified with internal 
standards (IS), and then analyzed for 18 NOAA PCB congeners using gas 
chromatography/electron capture detector (GC/ECD), following modified EPA Method 8082 
(Battelle SOP 5-128). Sample data were quantified by the method of internal standards, using the 
spiked internal standards (IS) compounds. Due to the highly-contaminated nature of the samples, 
most of the water sample extracts were diluted and analyzed again to resolve concentrations of 
compounds that exceeded the calibration range during the initial GC/ECD runs. 
 
2.4.3 Toxicity Analyses 
Acute and chronic (sub-lethal) exposure screening assays evaluating surface water samples 
collected from New Bedford Harbor were performed to evaluate the potential toxicity of surface 
water samples collected in New Bedford Harbor associated with dredging activities. Assay 
design included a laboratory control treatment and one or more surface water samples, generally 
including a site reference sample. Samples were evaluated “As Received” without dilutions. 
Testing was based on programs and protocols developed by the US EPA (2002) primarily 
designed by the EPA to provide standard approaches for the evaluation of toxicological effects of 
discharges on aquatic organisms, and for the analysis of water samples. Testing included the 
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following assays; modified 2 day acute and 7 day chronic assays conducted with the mysid 
shrimp, Americamysis bahia, and the red macro alga, Champia parvula, and 60 minute chronic 
fertilization assays conducted with the purple sea urchin, Arbacia punctulata. All mysid and 
urchin fertilization assays and a portion of the algal assays were conducted by Envirosystems, 
Inc. (ESI) at its Hampton, New Hampshire facility. Additionally, the algal assays were 
conducted by the Saskatchewan Research Council, SRC, Saskatoon, Saskatchewan, Canada. 
Supporting data including laboratory bench sheets, full statistical reports, custody forms, sample 
receipt forms and water quality data are provided in Appendix D. 
 
2.4.3.1 Test Species  
A. bahia, ≤ 5 days old, were obtained from cultures maintained by Aquatic Research Organisms 
(ARO), Hampton, New Hampshire. Juvenile shrimp were collected daily, isolated, and placed in 
a rearing tank for up to 6 days. Holding tanks were maintained in a flow-through culture mode at 
a temperature of 25±2°C. At the start of the assays the mysids were 7 days old. Juveniles were 
fed ≤24 hour old brine shrimp on a daily basis. Water temperature, salinity, and pH were 
monitored on a daily basis. Prior to testing organisms were siphoned from the rearing tanks to a 
holding vessel, and then transferred to test chambers using a large bore pipet, minimizing the 
amount of water added to test solutions. 
 
A. punctulata adults were from cultures maintained by ESI. Original stock was obtained from 
commercial supply. Male and female urchins were maintained in separate chambers as 
recommended by protocol (USEPA 2002) and ESI. Adult urchins were induced to spawn by the 
injection of a potassium chloride solution. The viability of gametes obtained was determined 
prior to their addition to the test solutions. Eggs and/or sperm that would not result in a fertilized 
egg were rejected from the pool of gametes used in the assay. 
 
C. parvula biomass was obtained from stock cultures maintained by the Saskatchewan Research 
Council. Original stocks were obtained from the University of Texas algal collection. The male 
and female plants are maintained in separate culture vessels under sterile conditions. Algal 
cultures were maintained on an orbital shaker (100 rpm) at 23±2°C under 16 hour light : 8 hours 
dark at 40 to 75 foot candles light intensity. Cultures are “cropped” and transferred to fresh 
nutrient solutions on a weekly basis. 
 
2.4.3.2 Surface Water Samples and Laboratory Control Water 
Grab surface water samples were collected by Battelle staff on each of the four Level I surveys 
in the Harbor; (see Toxicity in Table 2). Samples were placed in polyethylene cubitainers for 
shipment to the laboratory. Two, 2.5 gallon cubitainers were collected for each of the chronic 
assays. Prior to testing in the lab, samples were evaluated to document salinity, conductivity, and 
total residual chlorine. Total residual chlorine was measured by amperometric titration (MDL 
0.05 mg/L). Prior to use in the assays the salinity of the samples was adjusted, if necessary, to 
predetermined levels using artificial sea salts for A. bahia and A. punctulata assays, and GP-2 
salts (USEPA 2002) for the C. parvula assays. The salinity of samples for the A. bahia acute and 
chronic exposure assays was adjusted to 25±2‰ while the salinity for samples used for the A. 
punctulata and C. parvula assays was adjusted to 30± 2‰. Samples with initial salinity 
measurements above these levels were not adjusted. 
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Laboratory control water used for mysid and sea urchin assays was collected from the 
Hampton/Seabrook Estuary. This water is classified as SA-1 and has been used to culture marine 
test organisms since 1981. The laboratory control water used in the algal assay, collected from 
Rye, New Hampshire, is the same water used in culture maintenance. Prior to use, seawater used 
in the algal assays was filtered through glass fiber filters and sterilized. Dilution water used in 
the algal assays conducted by SRC was natural seawater collected from the West Coast of 
Canada. Salinity of the surface water samples was adjusted using commercial sea salts.  
 
2.4.3.3 Bioassays 
Americamysis bahia Modified Acute and Chronic Exposure Bioassays 
Modified acute and chronic exposure screening assays were conducted in a static renewal test 
mode with renewals made at 24-hour intervals. The 7 day assays were conducted at a 
temperature of 26±1°C with a photoperiod of 16:8 hours light:dark. Mysids were maintained in 
250 mL beakers containing 150 mL of test solution. Approximately 100 mL of the test solution 
were replaced each day. The assay incorporated 8 replicates with 5 organisms/replicate. Survival 
and dissolved oxygen were measured daily in each replicate prior to test solution renewal. 
Salinity, temperature and pH were recorded in a composite sample of the “old” test solution and 
in the “new” test solution prior to being added to the test chamber. Incubator temperatures were 
also recorded on a daily basis.  
 
During the test, mysids were fed 24 hour old Artemia nauplii. On Day 7 of the assay, surviving 
mysids were removed from test solutions, rinsed to remove any surface detritus and salts, and 
transferred to tared foils and dried for 24 hours at 103°C. Foils were weighed to the nearest 0.01 
mg. Mean dry weights per individual were obtained by dividing the net dry weight of all 
surviving organisms by the number of organisms added at the start of the assay. 
 
Arbacia punctulata Chronic Exposure Fertilization Assays 
Gametes were obtained by potassium chloride injection to induce spawning. Sperm were 
collected dry, diluted to achieve a concentration of approximately 5.0 x 107 sperm/mL in the 
surface water treatments. Actual sperm concentrations are provided on laboratory bench sheets in 
Appendix D. Sperm solutions were added to 5 mL aliquots of each sample being evaluated and 
allowed to remain in the test solutions for 60 minutes before the addition of unfertilized eggs. 
 
Each treatment incorporated a total of four replicates. After 20 minutes of exposure the assay 
was terminated by the addition of 0.2 mL of preservative. Aliquots of preserved solution were 
counted to determine numbers of fertilized and unfertilized eggs. Fertilization was accepted 
based on the presence or absence of a fertilization membrane around the egg. 
 
Champia parvula Modified Acute and Chronic Exposure Assays 
The 7 day red algae assay was conducted with a 2 day exposure period to the surface waters and 
laboratory control treatments. Each treatment used four replicates with five female branches and 
one male branch per replicate. Temperature was maintained at 23±1°C. The light source was 
cool white and fluorescent bulbs set on a 16:8 hours light:dark cycle, with a light intensity of 40 
to 75 foot candles. Light intensity was checked at the start of each assay. Temperatures were 
monitored on a daily basis. Test chambers were 200 mL borosilicate glass fleakers. After 2 days 
exposure, female branch tips were transferred to approximately 100 mL of recovery medium 
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with added nutrients and allowed to recover and mature for 5 days. During transfer, plants were 
examined to determine the physical condition of the individual branches. Branches showing 
signs of degeneration were noted and used to establish an acute endpoint. After the recovery 
period, the number of cystocarps (reproductive bodies) on each female branch were counted. 
 
2.4.3.4 Data Analysis 
Statistical analysis of acute and chronic exposure data was completed using CETIS, 
(Comprehensive Environmental Toxicity Testing System), software. The program computes 
acute and chronic exposure endpoints based on EPA decision tree guidelines specified in 
individual test methods. For chronic exposure endpoints statistical significance was accepted at  
<0.05. 
 
2.4.3.5 Quality Control 
As part of the toxicity testing laboratory quality control program, standard reference toxicant 
assays are conducted on a regular basis for each test species. These results, summarized in Table 
5 of Section 4.4.3, provide relative health and response data while allowing for comparison with 
historic data sets. Review of reference toxicant data associated with the August and September 
2006 (Arbacia punctulata) test documents that the fertilization C-NOEC, 5.0 mg/L copper, was 
outside the acceptable range of 20 to 80 mg/L copper. The acceptable NOEC range for this assay 
is defined as ±  the mean concentration of the central tendency. For the same series of assays the 
fertilization IC-25 was within the acceptable range of for the endpoint. A review of the data 
collected with the urchin development assays documented no deviation from protocol and no 
changes in the analysis technique used in the assessment of fertilization. 
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3.0 SURVEY CHRONOLOGY AND DAILY OBSERVATIONS 

Week of August 10, 2006 (week 1) 
August 10, 2006:  

• Dredge activity: Mobilization, running dredge pipe, stringing cable. 
• Monitoring activity: First day of water quality monitoring. Monitored high water and 

ebb tide. Shakedown of equipment, identifying sample locations, and site access. 
• Fish Passage: Bait fish and bluefish breaking surface from Sawyer St. to Wood St. 
• Results summary: No dredge activity generating turbidity plumes. Took readings at 

reference locations, values 0.2 to 2.8 NTU. No samples collected. 
 

August 14, 2006:  
• Dredge activity: Testing of dredge lines. Initiated debris removal in Area A. 
• Monitoring activity: Level I monitoring in Area A. Monitored flooding tide, high water, 

1.5 hours of ebb. 
• Fish Passage: Small bait fish, bluefish, pogies, and birds working surface throughout 

entire area. 
• Results summary: No significant turbidity plumes identified.  
• Exceedances and sample collections: Collected planned samples under Level I 

monitoring. Given low turbidity values, samples will serve as background/reference 
results. No exceedances occurred. 

 
August 15, 2006:  

• Dredge activity: Testing dredge lines. Debris removal in Area A. 
• Monitoring activity: Level III monitoring, flood tide to high water and 1.5 hours of ebb. 

Deployed moored YSI data loggers north and south of dredge area. 
• Fish Passage: Baitfish and bluefish with birds working entire area. 
• Results summary: Turbidity plumes identified coming from debris removal operations. 

Plume of 50-100 NTU moving north of flood tide. Beyond 100 ft turbidity values 
dropped off sharply. During slack water the turbidity plume was isolated to <30 ft from 
barge. Some oil sheen seen coming up around debris removal operations. Northwest wind 
pushing sheen to Southeast (disassociated from turbidity plume).  

• Exceedances and sample collections: None. 
 

August 16, 2006:  
• Dredge activity: First day of dredging in Area A. Debris removal Area A. 
• Monitoring activity: Level I monitoring flood tide. 
• Fish Passage: Bait and bluefish with birds working throughout area. 
• Results summary: Some initial turbidity plumes seen coming at dredge startup. Plumes 

were short-lived spatially and temporally. Higher turbidity values seen around debris 
removal. Values up to 200 NTU, but plume dissipated within 100 ft and 20 minutes. 
Level I samples collected. 

• Exceedances and sample collections: No exceedances. Collected planned samples under 
Level I monitoring. 
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August 17, 2006:  
• Dredge activity: Dredging and debris removal in Area A. 
• Monitoring activity: Level III monitoring during flood tide.  
• Fish Passage: Fish seen throughout area. 
• Results summary: Limited turbidity around dredge area. Elevated turbidity (up to 150 

NTU) seen around debris removal activities, especially when moving the barge. Large oil 
sheen seen south of debris removal. Sheen covered the majority of Area B/C. Oil booms 
contained majority of sheen. 

• Exceedances and sample collections: None. 
  

August 18, 2006:  
• Dredge activity: First day of dredging in Area B/C. Continued dredging and debris 

removal in Area A. 
• Monitoring activity: Level III monitoring on flood tide in all areas. 
• Fish Passage: Snapper blues and bait fish throughout area. 
• Results summary: Low level turbidity values (30-50 NTU) seen near barge, but beyond 

100 ft values were <30 NTU. Oil sheen coming off of debris removal activity moving to 
North. Some of the sheen was escaping gap in oil boom. Repaired boom to contain sheen. 

• Exceedances and sample collections: None. 
  

Week of August 21, 2006 (week 2) 
August 21, 2006:  

• Dredge activity: Dredging in Area A and Area B/C. Switched back and forth as needed 
since Area A dredge was down several times due to debris. Debris removal active in Area 
A until water too low (~1030). 

• Monitoring activity: Level III monitoring ebb tide. 
• Fish Passage: Bait and bluefish with birds working throughout entire area. 
• Results summary: No significant turbidity plumes around dredge activities. Elevated 

turbidity values seen around debris removal, but limited to <100 ft. Prop wash from 
support boats at debris removal generated most of the turbidity. Oil sheen seen 
downstream of debris removal. Largely contained by oil booms but some seen escaping 
on southeast side. 

• Exceedances and sample collections: None. 
  

August 22, 2006:  
• Dredge activity: Dredging and debris removal in Area A. 
• Monitoring activity: Level III monitoring during ebb tide.  
• Fish Passage: Baitfish with birds working throughout entire area. 
• Results summary: Limited turbidity around dredge area. Elevated turbidity (exceeding 

100-150 NTU) seen around debris removal activities. Primarily generated by prop wash 
when moving the barge. Beyond 100 ft turbidity still detectable but values between 30-60 
NTU. The plume is isolated vertically to a fairly narrow band just above the halocline 
(confined to the freshwater lens on top of more saline tidal water). Spotty and short-lived 
turbidity peaks of ~35 NTU were found as much as 1,000 ft downstream. These were 
very ephemeral patches and no samples were collected.  
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• Exceedances and sample collections: None. 
 
August 23, 2006:  

• Dredge activity: Dredging and debris removal in Area A. 
• Monitoring activity: Level III monitoring during ebb tide.  
• Fish Passage: Baitfish seen throughout entire area. Fewer big fish and birds than seen 

during the previous week. Lots of birds working the baitfish between north end of dredge 
area and Wood St. 

• Results summary: Very little turbidity seen near the operations. No signal seen near the 
dredge. Low level plume (20-50 NTU) seen within 100 ft of debris removal, with lower 
values beyond 100 ft. 

• Exceedances and sample collections: None. 
 

Week of August 28, 2006 (week 3) 
August 28, 2006:  

• Dredge activity: Dredging and debris removal in Area A. 
• Monitoring activity: Level I monitoring flood tide. 
• Fish Passage: Some baitfish seen, although in lower numbers than seen in previous 

weeks. Large numbers of predatory wading birds (i.e. Egret, Heron) on eastern side of 
river suggesting presence of baitfish. Some bass and bluefish seen, although again in 
lower numbers than in the previous weeks. Fish and birds more concentrated north of 
dredge area as compared to anywhere else.  

• Results summary: No significant turbidity plumes around dredge activities. Turbidity 
plumes identified near debris removal activities. Turbidity was <50 NTU above 
background at ~100 ft from debris removal. Heavy rainfall and runoff from 8/26 – 8/28 
resulted in elevated stream flow. Freshwater was moving quickly downstream (south) 
along the surface even as tidal waters were moving north underneath. Monitoring 
occurred both north and south of work activities. Suspended sediment tended to be 
transported in the surface waters (downstream) rather than in the flooding tidal water. 
Again, the extent of the transport was limited to <50 NTU at >100 ft. Moderate oil sheens 
as well as petroleum and H2S odors were also associated with debris removal. Oil sheens 
were mostly captured by oil booms in the northern dredge area. Sheens that transited 
beyond this appeared to be contained in the southern area. 

• Exceedances and sample collections: Under Level I sampling samples were collected 
for analysis. Based on conversations with Jay Mackay the previous week, sample 
collections targeted a range of turbidity values (rather than set distances). Samples were 
collected at a reference location (10.5 NTU), an elevated turbidity location near the 
debris barge (50-70 NTU), and an intermediate turbidity location ~200 ft downstream 
(20-30 NTU).  No exceedances occurred. 

 
August 29, 2006:  

• Dredge activity: Dredging and debris removal in Area A. Dredging in area B. 
• Monitoring activity: Level III monitoring during flood tide.  
• Fish Passage: No observations made. 
• Results summary: Limited turbidity around dredge area. Elevated turbidity (40-80 NTU 

above background) seen within 125 ft of debris removal activities. Primarily generated by 
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prop wash when moving the barge. Beyond 100 ft turbidity still detectable but values 
between 20-30 NTU. Turbidity plumes moving north on incoming tide and south driven 
by wind and elevated streamflows. Thick oil sheen coming from debris removal activities 
(working in hot area just off Areovox). Oil sheen being contained by booms. New booms 
placed in afternoon.  

• Exceedances and sample collections: None. 
  

August 30, 2006:  
• Dredge activity: Dredging and debris removal in Area A. Dredging in area B. 
• Monitoring activity: Level III monitoring during flood tide.  
• Fish Passage: No fish observed. 
• Results summary: Elevated turbidity associated with dredge in Area A. Dredge was at 

Northeast corner in the shallow (intertidal) areas. Support skiffs were being used to move 
the dredge and were creating sediment plumes with prop wash. Readings reached 100 
NTU over background approximately 300 ft north of the dredge itself. Monitoring could 
not be conducted north of the dredge area because the tidal height made the dredge wire 
impassable. The elevated turbidity was observed for ~15minutes. Once the skiff ceased 
activity, the turbidity levels quickly diminished. No similar levels were seen again. Oil 
sheens were also observed in conjunction with this prop wash but were well contained in 
the dredge area. Only low level turbidity readings and oil sheens were associated with the 
debris removal and the dredge in Area B. 

• Exceedances and sample collections: The elevated turbidity values discussed above 
were short lived. By the time the sampling crew set up for sample collections turbidity 
levels had declined below warning levels (~15min). No samples were collected. 

 
Week of September 4, 2006 (week 4) 

September 4, 2006:  
• Labor Day, no dredging/ no monitoring. 

 
September 5, 2006:  

• Dredge crews not returning from holiday until afternoon. Afternoon activities primarily 
resetting of equipment following bathymetric surveys. Water quality activities consisted 
of retrieval, download, cleaning, and redeployment of moored sensors. 

  
September 6, 2006:  

• Dredge activity: Dredging and debris removal in Area A.  
• Monitoring activity: Level II monitoring during ebb tide.  
• Fish Passage: Small number of fish seen moving throughout area. 
• Results summary: Limited turbidity around dredge activity. Limited turbidity generated 

by debris removal, although values exceeded 100 NTU above background in very close 
proximity (<100 ft) to activities. Fairly large area of oil sheen seen associated with debris 
removal. Sheen was generally contained by oil booms.  

• Exceedances and sample collections: Collected a suite of discrete TSS and turbidity 
samples under Level II sampling for analysis. Samples were selected across a range of 
turbidity levels to generate a correlation curve of in situ turbidity readings to TSS values. 
No exceedances occurred. 
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September 7, 2006:  

• Dredge activity: Clean-up passes on east side of Area A. Debris removal in Area A. 
• Monitoring activity: Level III monitoring during ebb tide.  
• Fish Passage: Small number of bluefish seen in area, mostly feeding on small pogies. 
• Results summary: Limited turbidity around dredge activity. Elevated turbidity values 

associated with debris removal. Values >100 NTU above background within 100 ft of 
barge, and dropping 20 NTU with every 100-150 ft 

• Exceedances and sample collections: None. 
 

Week of September 11, 2006 (week 5) 
September 11, 2006:  

• Dredge activity: Dredging and debris removal in Area A.  
• Monitoring activity: Level III monitoring during flood tide, through high tide, and into 

ebb tide.  
• Fish Passage: Few, if any fish seen in the area. 
• Results summary: Limited turbidity around dredge activity. Limited turbidity generated 

by debris removal. Fairly large area of oil sheen seen associated with debris removal. 
Sheen was pushed southward by the wind but was generally contained by oil booms.  

• Exceedances and sample collections: None. 
  

September 12, 2006:  
• Dredge activity: Limited activity. Debris removal equipment was not in operation. 

Dredge was inactive much of the time because holding tanks were full. 
• Monitoring activity: Level III monitoring during flood tide.  
• Fish Passage: Baitfish seen passing through area. 
• Results summary: With very little activity in the dredge area, there was very little 

turbidity. Moored sensors were retrieved, downloaded, and redeployed. 
• Exceedances and sample collections: None. 

 
Week of September 18, 2006 (week 6) 

September 18, 2006:  
• Dredge activity: Dredging and debris removal in Area A.  
• Monitoring activity: Level III monitoring during ebb tide.  
• Fish Passage: High numbers of bait fish and feeding birds seen north of the dredge area. 

Lower numbers of fish seen throughout other areas. It did not appear that dredge 
activities related to fish presence/absence, as abundance near Sawyer St. (no activity) was 
similar to that near the dredging.  

• Results summary: Limited turbidity around dredge activity. Debris removal activities 
were on the west side of Area A near Areovox. Sediment type is very fine and oily. Some 
of the largest turbidity plumes of the season were seen, although still no exceedances 
were observed. At peak ebb current the plume could be tracked 500-600 ft away from 
debris barge. However, at this distance values were only ~15 NTU above the 5 NTU 
background. Large oil sheens were seen extending away from debris removal, primary 
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downstream on the ebbing tide. Crews have doubled and tripled the oil booms and 
containment was good.  

• Exceedances and sample collections: None. 
  

September 19, 2006:  
• Dredge activity: Dredging and debris removal in Area A.  
• Monitoring activity: Level I monitoring during flood tide and Level III monitoring 

during flood tide.  
• Fish Passage: High numbers of bait fish and feeding birds seen north of the dredge area. 

Striped Bass seen everywhere in moderate numbers. High numbers of stripers seen 
around Sawyer St. docks. 

• Results summary: Level I monitoring targeted range of turbidities (Ref, 25, 50, 75 
NTU) to re-evaluate turbidity/toxicity relationship and levels of protection. Turbidity 
plumes were minimal this day, and 75 NTU samples were collected within 50 ft of debris 
removal barge. A quick review of the results shows that fertilization rates in the 
laboratory control and New Bedford Harbor Reference Site treatments met/exceeded 
minimum criteria for the assay. Results of the statistical analysis showed that fertilization 
rates in all New Bedford Harbor samples were statistically less than that observed in the 
laboratory control treatment (this includes the reference sample). However, statistical 
comparisons made against the New Bedford Harbor Reference Site sample documented 
no statistical reduction in fertilization rates for any of the three monitoring points (25, 50, 
and 75 NTU). 

• Exceedances and sample collections: Collection of four planned samples under Level I 
sampling. No exceedances were noted. 

 
September 20, 2006:  

• Dredge activity: Dredging and debris removal in Area A. Both activities had frequent 
shut-downs due to debris (oyster shells).  

• Monitoring activity: Level III monitoring during ebb tide.  
• Fish Passage: Moderate numbers of bait fish and feeding birds seen north of the dredge 

area. Lower numbers of fish seen throughout other areas. It did not appear that dredge 
activities related to fish presence/absence, as abundance near Sawyer St. (no activity) was 
similar to that near the dredging.  

• Results summary: Limited turbidity around dredge activity and debris removal. Activity 
was limited due to problems with debris. Small, pulsed turbidity plumes and oil sheens 
were seen when debris removal was active, but levels and frequency were very low. 

• Exceedances and sample collections: None. 
 

Week of September 25, 2006 (week 7) 
 

Limited dredge activity this week due to breakdown associated with shells, and slow downs 
associated with elevated VOC values in processing areas. One day of water quality monitoring 
conducted. 

  
September 25, 2006:  

• Dredge activity: Dredging and debris removal in Area A.  
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• Monitoring activity: Level III monitoring during ebb tide.  
• Fish Passage: Some fish seen in the area. Large amount of bird activity (i.e. bait fish) 

seen on east side of river. No apparent impact of dredging on fish passage. 
• Results summary: Both dredging and debris removal are stop-and-start. Limited 

turbidity around dredge activity. Peak turbidity values were associated with debris 
removal activities on the west side of Area A near Areovox. Turbidity elevated (90-100 
NTU) with 100 ft of debris removal, but levels <25 NTU beyond that. Sporadic oil 
sheens seen associated with debris removal. Oil booms are containing sheens well.  

• Exceedances and sample collections: None. 
  

Week of October 2, 2006 (week 8) 
 

Limited dredge activity this week due to breakdown associated with shells, and slow downs 
associated with elevated VOC values in processing areas. One day of water quality monitoring 
conducted. 

  
October 4, 2006:  

• Dredge activity: East-west dredging in Dredging Area A. Debris removal in Area B. 
• Monitoring activity: Level III monitoring during ebb tide, through slack low, and into 

flood tide.  
• Fish Passage: There are very few fish remaining in the river as compared to earlier in the 

dredge season. This is noticeable throughout the harbor and is a seasonal effect. No 
apparent impact of dredging was seen on fish passage. 

• Results summary: Dredging has been stop-and-start. The presence of high volumes of 
oyster shells has reduced the dredge production. Limited turbidity around dredge activity. 
Peak turbidity values continue to be associated with debris removal activities. Turbidity 
was elevated only within very close proximity to debris removal (50-100 NTU at <75 ft). 
Beyond 75-100 ft turbidity dropped to <20 NTU above background. Oil sheens were seen 
drifting away from the debris removal activities but were well contained by the oil 
booms.  

• Exceedances and sample collections: None. 
 

Week of October 9, 2006 (week 9) 
October 9, 2006:  

• Dredge activity: East-west dredging in Dredging Area A. Debris removal in Area B. 
• Monitoring activity: Level II monitoring during flood tide, through slack high, and into 

ebb tide.  
• Fish Passage: There are very few fish remaining in the river as compared to earlier in the 

dredge season. This is noticeable throughout the harbor and is a seasonal effect. No 
apparent impact of dredging was seen on fish passage. 

• Results summary: No elevated turbidity associated with dredging. Elevated turbidity 
seen in immediate area (<25 ft) of debris removal activities in Area B. Followed turbidity 
peaks and movement with changing tidal flows.  

• Exceedances and sample collections: Samples collected under planned Level II 
sampling. No exceedances were noted. 
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October 11, 2006:  

• Dredge activity: Dredging west side of Area A. Debris removal in southwest corner of 
Area B. 

• Monitoring activity: Level III monitoring during flood tide, through slack high, and into 
ebb tide.  

• Fish Passage: There are very few fish remaining in the river as compared to earlier in the 
dredge season. This is noticeable throughout the harbor and is a seasonal effect. No 
apparent impact of dredging was seen on fish passage. 

• Results summary: No elevated turbidity associated with dredging. Small patch of oil 
seen near dredging activity. All oil appeared to be contained by oil booms. Only minimal 
amount of debris removal was conducted. Very limited turbidity was associated with this 
activity.  

• Exceedances and sample collections: None. 
 

Week of October 16, 2006 (week 10) 
October 16, 2006:  

• Dredge activity: Dredging west side of Area B.  
• Monitoring activity: Level II monitoring during ebb tide and into low tide.  
• Fish Passage: There are very few fish remaining in the river as compared to earlier in the 

dredge season. This is noticeable throughout the harbor and is a seasonal effect. No 
apparent impact of dredging was seen on fish passage. 

• Results summary: The dredge itself did not appear to be creating suspended sediment 
plumes. However, the boats supporting the dredge created the largest turbidity plumes 
seen throughout the dredge season. A fairly steady northwest wind required that boats 
push against the dredge to keep it on its targeted path. As the tide dropped (low at 11:05) 
prop wash from these support boats kicked up fairly large amounts of sediment. Very 
close to these boats turbidity as high as 250 NTU was measured. However, lack of 
current around this slack tide kept the elevated turbidity fairly close to the operations. In 
general turbidity was <25 NTU throughout the dredge area. Dredging was suspended 
several hours around following low tide. In addition to the elevated turbidity, large oil 
slicks were generated by the prop wash. Most of the slick was contained by the oil 
booms, but some escaped the booms and was pushed by the wind south of the dredge 
area. Operators also towed booms behind support boats in an effort to contain the oil.  

• Exceedances and sample collections: Despite elevated turbidity in the immediate area 
of operations, no exceedances were measured. However, planned Level II sampling was 
conducted.  

 
October 17, 2006:  

• Dredge activity: Dredging west side of Area B.  
• Monitoring activity: Level III monitoring during ebb tide and into low tide.  
• Fish Passage: Fish seen actively feeding south of the dredge area. 
• Results summary: Similar to 10/16 dredge support boats created the majority of the 

turbidity plumes, although values were much lower than the previous day. Turbidities 
remained <25 NTU throughout the area. Oil sheens were the predominant feature of the 
day. Sheens were seen around the active dredge area. The oil sheens were dispersed by 
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both the wind (towards the north) and the ebbing tide (towards the south) creating a fairly 
large surface area. In general the sheen was contained by the oil booms, although some 
portions did escape up to 200 ft to the south.   

• Exceedances and sample collections: None. 
 

New Bedford Harbor Water Quality Monitoring May 2007 
Final Report  Page 31 of 54   



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[This page left intentionally blank] 

New Bedford Harbor Water Quality Monitoring May 2007 
Final Report  Page 32 of 54   



 
 

4.0 RESULTS 

4.1 Dredging and Field Monitoring Summary 
Dredging was conducted from mid-August to mid-October. Dredging was initiated in Area A, 
which is located in the southern sections of DMU-1 and DMU-102. The eastern portion of Area 
A (in DMU-102) is intertidal. As a result, dredging could not always be conducted during lower 
tides. To maintain efficiency a second dredge was set up on stand-by in Area B (located along 
the boundary of DMU-2 and DMU-3 and DMU-4) or in Areas C and D of DMU-2 (Figure 3). 
When low water prevented dredging in Area A, dredge crews moved over to the second dredge. 
This approach meant that the dredging location was variable from day to day and even within 
days. Also, weekly bathymetric data and sediment core samples were collected to provide 
feedback to the dredge operators in areas that dredging had been conducted. Based on this data, 
dredgers returned to previously dredged areas to perform clean up passes. Dredging in Areas A 
and B were conducted in a North-South orientation, while dredging in Areas C and D were 
conducted East-West.  
 
Once the dredge areas were determined, sheet piling was placed around the perimeter, at 
approximately 50 ft spacing. A perimeter cable was run around the sheet piles at approximately 
the high tide mark. Also along the perimeter, floating, absorbent oil booms were placed to 
contain any surface oil slicks. A ‘gate’ in the south end of the dredge area was used for all 
vessels entering or leaving the operation. Unlike the 2004 dredging operation, silt curtains were 
not used for 2006 dredging. 
 

Figure 9. Mud CatTM Hydraulic Dredge 

Dredging was performed using a Mud CatTM hydraulic dredge equipped with a horizontal auger 
(Figure 9). The dredge was propelled by winching itself along a transverse cable which spans the 
dredge area to opposite 
sides of the perimeter cable. 
As a pass is completed, 
support crews relocated the 
cable to position for the 
next pass. Dredge material 
was pumped through a 
pipeline to a booster pump, 
then to the desanding 
facility at Sawyer Street. 
Following desanding, the 
remaining fine material was 
pumped via a separate pipeline to the dewatering, treatment, and handling facility in the Lower 
Harbor. In total, the 2006 dredging removed over 20,000 cubic yards of material.  
 
The hydraulic dredge can not handle large debris which is common in this portion of the harbor. 
Debris removal was accomplished by ‘raking’ the bottom with a barge-mounted excavator 
(Figure 10).  The end of the excavator has two grated jaws that open and close. The jaws are 
deployed to the bottom, once on the bottom the two jaws scrape the bottom and then close into 
each other and capture the debris. Barges secured to the side of the debris removal platform 
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Figure 10. Debris Removal Excavator 

stored the debris and were moved offsite as needed. Support boats were used throughout the 
operation to transport crews, maintain dredges, handle the pipeline, and move barges.  
 
Water quality monitoring was conducted in an adaptive manner in response to changing 
operational and weather related conditions. The monitoring approach was modified as tides and 
winds changed; as dredges 
changed areas; as debris removal 
activities changed; and as 
warranted based on support 
activities. The monitoring 
activities were also largely 
influenced by tidal conditions and 
safety. The dredge areas and the 
associated perimeter cable 
spanned most of the width of the 
river limiting unrestricted access 
to northern portions of the river, 
including potential reference 
locations. Only at high tide was 
the east side of the river passable. 
At low tides it was often possible to pass under the perimeter cable, but sampling time was 
limited. All of these activities (dredging, debris removal, and support activities) had the potential 
to impact water quality. The monitoring program incorporated assessment of the entire operation. 
 

4.2 Boat-Based Measurements and Sample Collection 
Boat-based monitoring followed the protocols outlined in Sections 2.1 and 2.2. Under these 
protocols the sampling teams functioned in an adaptive sampling mode, utilizing real-time in situ 
data to guide monitoring and sample collection. Depending on the objectives for each survey 
day, the real-time data either supported a criteria-based sampling approach or guided the planned 
collection of water samples. Because no water quality exceedances were identified throughout 
the entire 2006 dredge season, no criteria-based samples were collected. However, even non- 
exceedance data gathered during the monitoring program provides valuable information as to the 
effects of dredging on water quality during dredge operations. This is discussed further in 
Section 5. The results below describe the discrete sampling activities by collection date.  Results 
of chemical and biological testing are provided later in this section.  
 
Water samples were collected for turbidity, TSS and PCB analyses on seven occasions during 
the dredge program. Samples from four of these events were also collected for toxicity testing 
(Table 1). Metals samples were collected during three of the sampling events and were archived 
for potential analysis. Based on results of the other parameters, none of the metals samples have 
been analyzed. Samples were collected either to establish baseline conditions and/or re-establish 
relationships between field measurements (i.e. turbidity) and toxicity results to verify the 
protectiveness of the +50 NTU criteria. No samples were collected in response to an exceedance 
of the +50 NTU turbidity criteria. 
 



 
 

8/14/06: The first set of four samples was collected following Level I protocol (turbidity, TSS, 
PCBs and toxicity testing) prior to initiation of dredging activities. Samples were collected at the 
upstream reference location, at the dredging boundary (~30 ft from dredging operations) and 300 
and 600 ft downstream from dredging activities during HWS. Turbidity levels in all samples 
collected on this date were low.  
 
8/16/06:  Three samples were collected in response to observance of elevated turbidity plumes 
(though below the +50NTU at 300 ft criteria). Level I protocols were followed and samples were 
collected for turbidity, TSS, PCB and toxicity testing. Sample collection occurred during flood 
tide therefore the reference sample was collected south of the dredging activities and the 
boundary sample and 300 foot samples were collected north of dredging operations. Relatively 
low turbidity was measured in actual samples collected both at the boundary of dredging 
activities and at the 300 ft location.  
 
8/28/06: Level I protocols were followed and samples were collected for turbidity, TSS, PCB 
and toxicity testing. However, based on conversations with USACE NAE, specific turbidity 
ranges, rather than distances from the dredging operations, were targeted. The goal of this 
sampling was to reconfirm the validity of the +50 NTU turbidity criteria as an environmentally 
protective threshold. Because elevated turbidities were not generally seen at the predefined 
distances, it was necessary to sample much closer to the source of the sediment plumes (typically 
debris removal) in order to acquire high turbidity samples. Three samples were collected: a 
reference sample, collected ~1000 ft south of the dredging operations, a sample targeting the 50-
75 NTU range, collected adjacent to debris removal activity occurring on-site, and a sample 
targeting an intermediate turbidity (20-30 NTU), collected approximately 300 ft south of 
dredging activity. Samples were collected during a flood tide, however, surface water was 
flowing south due to recent heavy rainfall and runoff.  
 
9/6/06: Seven samples were collected for analysis of turbidity and TSS only, across a range of 
turbidity levels to generate a correlation curve of in situ turbidity readings to TSS values.  
 
9/19/06: Four samples were collected for the full suite of analyses. Again, no elevated turbidity 
levels were seen in the predefined boundary locations, so the sampling team targeted high 
turbidity close to the operations in order to re-evaluate turbidity/toxicity relationships and levels 
of protection and therefore targeted a reference sample and three turbidity ranges (25, 50 and 75 
NTU). The reference sample was collected ~ 1000 ft downstream (South) of dredging activities. 
The other three samples were collected within 300 ft of dredging and debris removal activities. 
 
10/9/06: Both dredging and debris removal activities were occurring on this date. Samples 
related to debris removal activities were collected in Area B. Four samples were collected; One 
sample was collected 75 ft north of the debris removal activities during the flood tide, two 
samples were collected 25 ft south of debris removal as the tide turned to ebb (south now being 
downcurrent). The two samples were collected approximately 30 minutes apart at represent 
considerably different turbidity conditions. The fourth sample was collected ~ 200 ft south of 
debris removal was collected on the ebb tide.  
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10/16/06: Two samples were collected associated with dredging activities. One reference sample 
was collected approximately 400 ft south of dredging activities on the ebb tide. One sample was 
collected within 50 ft south of dredging activities. Both samples were analyzed for turbidity, TSS 
and PCBs. 

4.3 Continuous In Situ Data 
The deployment of the continuously recording water quality sensors provided additional 
information that complimented the adaptive monitoring approach discussed above. The location 
of sensors both north and south of the dredge areas provides information about tidal influences 
on sediment suspension and transport. Continuous readings provided water quality data for 
periods when adaptive sampling was not underway. This includes inactive dredge periods such 
as nights and weekends providing a reasonable background condition for comparison. Dredging 
operations frequently stopped and started due to mechanical or physical issues and the location 
of activities was highly variable. As a result it is often difficult to ascertain how specific time 
periods in the continuous record relate to dredge activity. However, since no dredging took place 
on nights or weekends it is appropriate to use these time periods to define ‘inactivity’ and to use 
daytime to define ‘activity’ of the dredging operation. Using these definitions, it is possible to 
distinguish dredging related water characteristics from background conditions. Appendix B 
provides plots of turbidity at both locations for the entire monitoring period. Additionally, these 
figures indicate tidal cycles and highlight nighttime and weekend periods. Individual examples 
are provided along with the results below. 
 
In the discussion below and in the plots provided in Appendix B a red line is indicated on each 
plot representing 50 NTU. A water quality criterion for the New Bedford Harbor Environmental 
Monitoring program has been established at 50 NTU above background, or natural, turbidity. 
The background turbidity signal in the river is influenced by tidal conditions, stream flow, wind, 
and other factors. As a result the background turbidity signal can fluctuate on scales from 
minutes to days. In general, the background turbidity signal was between 3 and 10 NTU. The 
continuous data presented in the following plots does not subtract out background values. As a 
result, the 50 NTU line should be viewed strictly as a guideline. For example, a value of 50 NTU 
represents a turbidity reading that is typically 40-47 NTU above background. 
 
Turbidity signals related to dredge activity were clearly seen in the continuous in situ data. These 
signals manifest as peaks in turbidity above background values. The influence of tidal height and 
direction on sediment plume transport can also be clearly seen. Figure 11 through Figure 15 in 
this section provide a good example of how these effects can be seen in the data. The same 
assessments may also be applied to all of the data plots provided in Appendix B. Figure 11 
shows the turbidity data from both moorings for Week 1 of dredging, including the following 
weekend. Nights and weekends are shaded on the figure to indicate periods of inactivity in the 
dredging operation. The following describes individual water quality characteristics identified 
during this first week of dredging. The letters below correspond to letters on Figure 11. 

A. On an incoming tide current flow is predominately towards the north. As a result, any 
suspended sediment plumes related to dredging would be expected to show up in the 
northern mooring data and would not be expected in the southern mooring data. This can 
be seen in all four of the active dredge periods during this week (labeled ‘A’). Note that 
the YSI was set to take a thirty second sample every 15 minutes. Data peaks such as those 
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seen on 8/17 and 8/20 are indicative of very short lived turbidity pulses, which could be 
attributed to low tide, wind, river flow, or other natural influences. 

B. The effect seen in ‘A’ is reversed on an outgoing tide, so that the southern mooring picks 
up any dredge related turbidity signal. 

C. During periods when there was no known dredge activity (nights and weekends) turbidity 
values tended to be lower, with few distinct peaks. 

D. Particularly low tides reduce water depths in the river considerably. At the northern 
mooring, water depth was often <2 ft at low tide. During these periods, resuspension of 
sediments from river flow, wind, or other natural influences could be seen. 
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Figure 11. Example of Turbidity Signals Related to Dredging and Tidal Direction. 

 
As indicated in point ‘D’ the effect of low tides on the turbidity regimes in the river were often 
very strong. This is particularly true during extreme astronomical tides. The week of September 
9/4 had strong spring tides. Figure 12 shows the effect of the exceptionally low tides on the 
turbidity signal at each mooring. Note that even during periods of no dredge activity (nights of 
9/7, 9/8, and weekend) large turbidity signals were observed during the low tides.  Available 
weather data was also reviewed for these time periods.  However, no apparent correlations 
existed between wind or precipitation and turbidity. 
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Figure 12. Example of Turbidity Signals Related to Extreme Low Tides. 

 
As seen in Figure 11 the direction of tidal flow had a strong influence on sediment transport and 
helped distinguish between background and dredge-related turbidity signals. Tidal height is also 
an import factor in both the physical processes and in interpretation of the data. As discussed in 
Section 2.1 and shown in Figure 7, the mooring configurations were designed to best 
characterize the entire water column. In an estuarine system such as the Acushnet River tidal 
waters typically have much different properties than the river’s own fresh water flow and large 
differences can be seen from the surface to the bottom. The mooring was designed such that the 
sensors would pass through the surface waters and into the deeper tidal waters with the rising and 
falling tides. This oscillation between water masses can be seen in Figure 13 where tidal height, 
sensor depth, and salinity are shown for the week of September 4. Due to the large tidal 
fluctuations, this week provides a strong example these processes. Sensor depth fluctuates with 
the rising and falling tide. The small ‘shoulders’ in the sensor depth plots represent the time 
periods during lower tides where the sensor buoy rises and falls with the tide. The salinity data 
shows a strong correlation with depth. As the sensor is allowed to move into the surface waters 
during lower tides the lower salinity freshwater water flow is measured. As the tide rises and the 
sensor is therefore deeper in the water column, the increase in salinity is characteristic of the 
tidal waters moving in along the bottom from the Outer Harbor and Buzzards Bay.  
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Figure 13. Example of Relationship Between Tidal Height, Sensor Depth, and Salinity at 

the Northern Mooring. 
 
When interpreting the turbidity data provided in Appendix B it is important to keep in mind that 
both direction of the tidal flow and the depth of the sensor relative to the distinct water masses 
can influence the turbidity readings. The horizontal distribution of the two sensors at either end 
of the dredge area provides information regarding turbidity plume movement with tidal flows. 
(i.e. the northern sensor picks up dredge related turbidity on flood tides and the southern sensor 
picks up dredge related turbidity on ebb tides). Salinity readings provide a good indicator of 
which water mass was being characterized by the sensor at any given time (i.e. river water vs. 
tidal water). Observations in the field suggested that fine sediments tended to remain in the 
surface layer and were slow to settle through the halocline. The continuous in situ data supports 
this observation. Figure 14 and Figure 15 show salinity versus turbidity data at the northern and 
southern moorings (respectively). In each case elevated turbidity is seen almost exclusively in 
the lower salinity waters. The effect is more pronounced at the northern mooring where water 
depths are shallower and river flow is a more predominant feature of the water column. The 
effect of the halocline on turbidity measurements and sediment transport is discussed further in 
Section 5. 
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Figure 14. Example of Relationship Between Turbidity and Salinity at the Northern 

Mooring. 
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Figure 15. Example of Relationship Between Turbidity and Salinity at the Southern 

Mooring. 
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The 2006 dredge plan encompassed several different areas. These areas were active at various 
times during any given week as tides and other factors dictated. As a result it is somewhat 
difficult to assess the location of dredging activities relative to particular data points in the 
continuous record. However, some general observations can be made. All of the debris removal 
activities were in area A (northern area) until September 25. During this time period, the 
northern mooring generally showed higher turbidity readings than the southern mooring. In early 
October, this changed. On 10/3 and 10/4 the readings were as high if not higher at the southern 
mooring. During this time the dredging and debris removal had moved to the south west corner 
of Area B (near the southern mooring). As might be expected these general trends tend to show 
that elevated turbidity signals are seen in closer proximity to the operations – particularly debris 
removal.  

4.4 Analytical 

4.4.1 TSS/Turbidity Analyses 
TSS results and turbidity results are presented in Table 3. As shown in Table 3, TSS results 
ranged from 1 mg/L to 330 mg/L and turbidity results ranged from 4 NTU to 150 NTU.  TSS and 
turbidity samples collected were associated with sampling based on locations generally showed 
relatively low TSS and turbidity measurements.  Additional samples collected to target specific 
turbidity ranges were collected to afford an opportunity to confirm relationship between 
turbidity, TSS, PCB, and toxicity as described in Section 5.0. 
 

Table 3. Summary of TSS/Turbidity Results 

Date Sample ID Station Sample Description1 

Total 
Suspended 

Solids (TSS) 
mg/L 

Turbidity 
NTU 

08/14/2006 WQ-TSS/TUR-001-081406 REF081406 Reference 5.7 8.6 
08/14/2006 WQ-TSS/TUR-001-081406-REP REF081406 Reference 9.3 9 
08/14/2006 WQ-TSS/TUR-002-081406 BOUND081406 Boundary 13 6.5 
08/14/2006 WQ-TSS/TUR-002-081406-REP BOUND081406 Boundary 1 8.3 
08/14/2006 WQ-TSS/TUR-003-081406 300081406 300 ft 1 5.3 
08/14/2006 WQ-TSS/TUR-003-081406-REP 300081406 300 ft 4.3 4.8 
08/14/2006 WQ-TSS/TUR-004-081406 600081406 600 ft 2.3 4.6 
08/14/2006 WQ-TSS/TUR-004-081406-REP 600081406 600 ft 1 4.7 
08/16/2006 WQ-TSS/TUR-001-081606 REF081606 Reference 9.4 5.6 
08/16/2006 WQ-TSS/TUR-001-081606-REP REF081606 Reference 11 4.4 
08/16/2006 WQ-TSS/TUR-002-081606 BOUND081606 Boundary 28 16 
08/16/2006 WQ-TSS/TUR-002-081606-REP BOUND081606 Boundary 22 15 
08/16/2006 WQ-TSS/TUR-003-081606 300081606 300 Ft 11 14 
08/16/2006 WQ-TSS/TUR-003-081606-REP 300081606 300 ft 7 14 
08/28/2006 WQ-TSS/TUR-001-082806 SOUTHR082806 Reference 18 7.7 
08/28/2006 WQ-TSS/TUR-001-082806-REP SOUTHR082806 Reference 18 10 
08/28/2006 WQ-TSS/TUR-002-082806 50NTU082806 50 NTU 110 63 
08/28/2006 WQ-TSS/TUR-002-082806-REP 50NTU082806 50 NTU 110 65 
08/28/2006 WQ-TSS/TUR-003-082806 25NTU082806 25 NTU 91 56 
08/28/2006 WQ-TSS/TUR-003-082806-REP 25NTU082806 25 NTU 55 30 
09/06/2006 WQ-TSS/TUR-001-090606 0NTU090606  0 NTU 10 6.8 
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Date Sample ID Station Sample Description1 

Total 
Suspended 

Solids (TSS) 
mg/L 

Turbidity 
NTU 

09/06/2006 WQ-TSS/TUR-002-090606 15NTU090606 15 NTU  75 30 
09/06/2006 WQ-TSS/TUR-003-090606 20NTU090606 20 NTU 63 24 
09/06/2006 WQ-TSS/TUR-004-090606 35NTU090606 35 NTU 85 47 
09/06/2006 WQ-TSS/TUR-005-090606 135NTU090606 135 NTU 310 150 
09/06/2006 WQ-TSS/TUR-006-090606 75NTU090606 75 NTU 100 58 
09/06/2006 WQ-TSS/TUR-007-090606 50NTU090606 50 NTU 80 40 
09/19/2006 WQ-TSS/TUR-001-091906 1NTU091906 1 NTU 1 5.2 
09/19/2006 WQ-TSS/TUR-002-091906 50NTU091906  50 NTU 86 56 
09/19/2006 WQ-TSS/TUR-003-091906 25NTU091906  25 NTU 43 35 
09/19/2006 WQ-TSS/TUR-004-091906 75NTU091906 75 NTU 330 140 

10/09/2006 WQ-TSS/TUR-001-100906 75N100906 
75 ft N (flood tide) of 

Debris Removal  85 54 

10/09/2006 WQ-TSS/TUR-002-100906 25S100906 
25 ft S (ebb tide) of 

Debris Removal 180 85 

10/09/2006 WQ-TSS/TUR-003-100906 25S2100906 

25 ft S (ebb tide, 30 
min after previous 
sample) of Debris 

Removal 16 10 

10/09/2006 WQ-TSS/TUR-004-100906 200S1090906 
200 ft S of Debris 

Removal 11 8 
10/16/2006 WQ-TSS/TUR-001-101606 SOUTHR101606 South Reference 19 7.2 
10/16/2006 WQ-TSS/TUR-001-101606-DUP SOUTHR101606 South Reference 15 6.6 
10/16/2006 WQ-TSS/TUR-002-101606 25NTU101606 25 NTU 53 24 
1 – Samples are collected either based on distance (i.e., 300 ft, 600 ft) or Turbidity levels (i.e., 25, 50 NTU), see Section 2.1 for further discussion 

on Sample Location. 
 
4.4.2 PCB Analyses 
Water samples for PCB analysis were collected six of the seven sample collection dates.  Twenty 
water samples, plus two field duplicates were analyzed for total (dissolved + particulate) PCBs 
and dissolved PCBs. 
 
The sum of 18 NOAA congeners (referred to as “SUM 18 CONG” in the text) for all the 
collected water samples are presented in Table 4. Because no appropriate multiplier is available 
from previous studies to correlate SUM 18 CONG to total PCB concentration in the water 
samples of the New Bedford Harbor, SUM 18 CONG is used in this report as an indicator of the 
relative level of PCB contamination in the water samples. Note that SUM 18 CONG only 
represents a fraction of the total PCB concentration in the water samples. The detailed analytical 
results of the water samples, including the concentrations for individual 18 NOAA congeners, as 
well as SUM 18 CONG, are presented in Appendix C. For each sample station, results from total 
(sample ID with prefix “WQ-TPC”) and dissolved (sample ID with prefix “WQ-DPC”) PCB 
analyses are presented side-by-side for easy comparison. As shown in Table 4, SUM 18 CONG 
ranges from 0.80 μg/L (WQ-TPC-003-081406) to 230 μg/L (WQ-TPC-004-091906) for total 
PCBs, and from 0.33 μg/L (WQ-DPC-003-081406) to 7.4 μg/L (WQ-DPC-002-101606) for 
dissolved PCBs.  



 
 

Table 4. Summary of PCB Results 

Date Sample ID Station 
Sample 

Description1 

Total 
Aqueous 

PCB (μg/L) 

Dissolved 
PCB 

(μg/L) 
08/14/2006 WQ-TPC/DPC-001-081406 REF081406 Reference 3.1 1.8 
08/14/2006 WQ-TPC/DPC-002-081406 BOUND081406 Boundary 0.99 0.34 
08/14/2006 WQ-TPC/DPC-003-081406 300081406 300 ft 0.80 0.33 
08/14/2006 WQ-TPC/DPC-004-081406 600081406 600 ft 1.1 0.44 
08/16/2006 WQ-TPC/DPC-001-081606 REF081606 Reference 1.4 0.48 
08/16/2006 WQ-TPC/DPC-002-081606 BOUND081606 Boundary 4.9 1.3 
08/16/2006 WQ-TPC/DPC-003-081606 300081606 300 ft 5.1 1.3 
08/16/2006 WQ-TPC/DPC-003-081606-DUP 300081606 300 ft 4.5 1.9 
08/28/2006 WQ-TPC/DPC-001-082806 SOUTHR082806 Reference 2.5 1.2 
08/28/2006 WQ-TPC/DPC-002-082806 50NTU082806 50 NTU 19 2.1 
08/28/2006 WQ-TPC/DPC-003-082806 25NTU082806 25 NTU 4.9 1.1 
09/19/2006 WQ-TPC/DPC-001-091906 1NTU091906 1 NTU 1.9 0.88 
09/19/2006 WQ-TPC/DPC-002-091906 50NTU091906 50 NTU 37 4.1 
09/19/2006 WQ-TPC/DPC-003-091906 25NTU091906 25 NTU 14 2.4 
09/19/2006 WQ-TPC/DPC-004-091906 75NTU091906 75 NTU 230 5.7 

10/09/2006 WQ-TPC/DPC-001-100906 75N100906 
75 ft N (flood tide) 
of Debris Removal  20 5.2 

10/09/2006 WQ-TPC/DPC-002-100906 25S100906 
25 ft S (ebb tide) of 

Debris Removal 62 0.56 

10/09/2006 WQ-TPC/DPC-003-100906 25S2100906 

25 ft S (ebb tide, 30 
min after previous 
sample) of Debris 

Removal 11 5.7 

10/09/2006 WQ-TPC/DPC-004-100906 200S1090906 
200 ft S of Debris 

Removal 9.2 2.2 
10/16/2006 WQ-TPC/DPC-001-101606 SOUTHR101606 South Reference 2.4 1.2 
10/16/2006 WQ-TPC/DPC-001-101606-DUP SOUTHR101606 South Reference 2.9 2.5 
10/16/2006 WQ-TPC/DPC-002-101606 25NTU101606 25 NTU 27 7.4 

1 – Samples are collected either based on distance (i.e., 300 ft, 600 ft) or Turbidity levels (i.e., 25, 50 NTU), see Section 2.1 for further discussion 
on Sample Location. 

 
4.4.3 Toxicity Analyses 
Toxicity samples were collected on four of the seven dates noted above and 14 samples were 
submitted for biological testing. Three of the sampling events were performed as part of the 
planned monitoring program. The final set of toxicity samples (collected 9/19) were collected to 
re-evaluate the turbidity/toxicity relationship and targeted samples representing a range of 
turbidity levels. Each sampling event included an upstream reference sample and testing 
included a laboratory control sample. Results for test endpoints for each sample were statistically 
compared to those from both the event-specific site reference sample and the laboratory control. 
Table 5 provides a summary of survival, growth, development and reproduction endpoints and 
associated statistical analyses for all tests conducted. Supporting data, including laboratory bench 
sheets, water quality data, statistical analyses and custody forms are provided in Appendix D. 
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Table 5. Summary of Toxicity Results 

Sea 
Urchin 

(Arbacia 
punctalat

a) 
Mysid 

(Americamysis bahia) 
Red alga 

(Champia parvula) 

Sample 
Date 

Sample 
ID 

Sample 
Description1 

mean 
fertilizatio

n (%) 

48-hr 
mean 

survival 
(%) 

7-day 
mean 

survival 
(%) 

7-day mean 
growth 

(mg/mysid) 
48-hr mean 
survival (%) 

7-day mean 
reproduction 

(cystocarp/tip) 
8/14/2006 NA NA 96.2 100 100 0.330 100 21.7 

  -001 Reference 91.7 2 100 95 0.427 100 28.0 
  -002 Boundary 94.2 2 100 100 0.465 100 28.7 
  -003 300 ft 87.3 2,3 100 100 0.474 100 24.7 
  -004 600 ft 90.9 2 100 100 0.436 100 15.4 2,3 
           
8/16/2006 NA NA 97.6 97.5 95 0.429 100 80.3 

  -001 Reference 93.1 2 100 100 0.448 100 85.2 
  -002 Boundary 91.5 2,3 100 100 0.465 100 86.4 
  -003 300 ft 90.2 2,3 100 97.5 0.456 100 82.8 
           
8/28/2006 NA NA 90.3 100 100 0.284 100 25.1 

  -001 Reference 91.0 100 100 0.319 100 29.4 
  -003 25 NTU 86.7 100 100 0.398 100 29.4 
  -002 50 NTU 85.3 2 97.5 97.5 0.325 100 27.4 
           
9/19/2006 NA NA 99.3 100 92.5 0.241 100 23.9 

  -001 Reference 94.0 2 100 97.5 0.511 100 24.5 
  -002 50 NTU 95.6 2 97.5 95 0.462 100 0.8 2,3 
 -003 25 NTU 94.02 100 100 0.623 100 0.22,3 
  -004 75 NTU 92.72 95 75 2,3 0.696 100 0.2 22,3 

NA – Not Applicable 
1 – Samples are collected either based on distance (i.e., 300 ft, 600 ft) or Turbidity levels (i.e., 25, 50 NTU), see Section 2.1 for further discussion on 

Sample Location. 
2 – Significantly different from associated laboratory control sample 
3– Significantly different from associated reference sample 

 
Sea Urchin (Arbacia punctalata) 1-hr sperm cell fertilization - Percent fertilization was 
greater than 90% for all but three samples. Statistically, % fertilization was significantly lower 
than the laboratory control sample for all but two samples tested and statistically significantly 
lower than the site-specific reference sample for three samples. However, mean fertilization was 
greater than 85% in all samples, indicating that while some impact relative to control and 
reference samples was observed, the impact was relatively small.  
 
Mysid (Americamysis bahia) 48-hr survival – All 14 samples tested for mysid 48-hr survival 
were within 5% of the laboratory controls and overall survival was excellent. 
 
Mysid (Americamysis bahia) 7-day mean survival - All but one of the samples tested for mysid 
7-day survival were within 5 % of the laboratory controls. Only one sample, the 75 NTU sample 
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collected on 9/19, showed significant reduction in survival compared to both the laboratory 
control and the site reference sample. This sample contained the highest dissolved and whole 
water PCB concentrations collected during the program. 
 
Mysid (Americamysis bahia) 7-day mean growth – mean growth ranged from 0.24 to 0.67 
mg/mysid. Growth was similar to/or greater than the laboratory control and site reference for all 
samples tested indicating no negative effect on mysid growth. 
 
Red alga (Champia parvula) 48-hr mean survival – All samples showed 100% survival 
indicating no acute impact to the alga. 
 
Red alga (Champia parvula) 7-day mean reproduction – Champia reproduction, measured as 
the number of cystocarps produced, was generally found to be similar or higher in site samples 
relative to the laboratory control. One sample, collected at 600 ft on 8/14, showed significant 
reduction in mean reproduction compared to both the control and site reference, however, 
number of cystocarps was still greater than 50% of those observed in the control and reference. 
Cystocarp production in site samples collected on 9/19, however, was not only significantly 
lower than both the control and reference in all three samples, the number of cystocarps 
produced was less than 1% of those produced in the control and site reference. 
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5.0 DISCUSSION 
The field monitoring program was designed to assess the impacts of dredging on water quality 
with an ultimate goal of minimizing harm to biological components of the system. To achieve 
that goal the monitoring was carried out in several ways;  

• Adaptive in situ monitoring was used to track sediment plumes in real-time. This design 
allowed for immediate feedback to the dredging operation so that potential issues could 
be addressed before ecological harm was incurred. 

• Pre-defined sampling provided guidelines for collection of analytical samples. The results 
of these analyses provide critical data regarding the chemical and biological impacts of 
dredging related activities on the system. 

• Continuous data collection provided long-term information during periods when human-
based sampling was not possible and when potential threats to the systems were minimal.  

• Observational monitoring was conducted during all aspects of the program. This included 
anecdotal observations of fish passage and behavior, and observations of non-targeted 
parameters such as oil sheens and air quality. Like the adaptive in situ monitoring, 
observational monitoring provides rapid feedback to managers and operators can help to 
minimize ecological risk. 

5.1 Fish Passage 
A large part of the observational monitoring was geared towards fish passage and behavior. 
Although no defined fish monitoring program is in place, the weekly presence of field crews 
provided anecdotal information. Early in the dredge season (mid to late August) large numbers 
of fish were seen in the area. Lower trophic level baitfish were consistently seen in large schools 
moving throughout the river from Sawyer St. to Wood Street. Larger predatory fish such as 
striped bass and bluefish were also seen in large numbers chasing bait. Heron, egret, and other 
wading birds were seen feeding along the shoreline during these weeks. Terns, cormorants, and 
gulls were seen in fairly large numbers as well. During this time period, when fish were most 
abundant, there appeared to be no restriction of movement past the dredge area.  
     

 

Figure 16. A Flock of Terns Competes with a School of Bluefish for Food 
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By late August fish abundance declined throughout the harbor. Baitfish, predatory fish, and birds 
appeared to decline in approximately proportionate numbers. The decline in fish abundance 
appeared to be seasonal and universal rather than related to dredging activity. Lower numbers of 
fish were also seen near Sawyer St. where activities were less intense. As the dredging season 
continued, fish abundance increased for short intervals throughout September but generally 
remained lower than in mid August. Based on anecdotal observations dredging operations did 
not appear to impact fish passage.  

5.2 Suspended Sediment and Sediment Transport from Dredging Activities 
As in previous years a project-specific warning level of 50 NTUs above background 300 ft down 
current of dredging operations was set as a threshold for sample collection and assessment of 
operations. A project criterion of 50 NTUs above background at 600 ft down current was set as a 
threshold for immediate cessation of operations related to the exceedance. In 2005 there were 
five exceedances of the turbidity warning level and one exceedance of the project turbidity 
criterion. During the 2006 dredge season there were no exceedances of either the warning level 
or the project turbidity criterion.  
 
During operations there were three general activities with potential to generate suspended 
sediment plumes; 1) dredging, 2) debris removal, and 3) support activities. Dredging itself 
created virtually no measurable sediment plumes. When safety allowed, the monitoring team 
transited in tight radiuses (<30 ft) around the active dredges. Even at these distances elevated 
turbidity was rarely measured. Debris removal generated the most consistent suspended sediment 
plumes. The act of ‘raking’ the bottom generated smaller plumes that tended to settle quickly. 
The largest impacts were associated with pulling the equipment (with or without debris) up 
through the water column. As sediment cascaded off of the equipment sediment plumes traveled 
down current. This was particularly true for the very fine sediment fractions which often 
remained in the upper water column for extended periods and distances. The majority of water 
quality monitoring was focused around debris removal activities. Support activities included 
transport of people and gear, dredge maintenance, and occasional pushing of dredge or debris 
removal gear when winds or currents impacted operations. This last activity required greater 
propeller power from the larger boats and was the only support activity which tended to 
resuspended sediments. This was generally only a problem at low tide when prop wash reached 
the bottom. While this was an infrequent problem it tended to generate the largest, most 
sustained turbidity plumes. 
 
Turbidity plumes generated by all activities tended to be extremely short lived, both spatially and 
temporally. Suspended sediment plumes related to debris removal tended to be pulsed in nature. 
For example, monitoring crews would conduct radial transects around the operation at 
approximately 100 ft. When the debris removal bucket would come up through the water column 
turbidity would quickly begin to increase. Using real-time readings from the in situ sensors, the 
team would attempt to track movement of the plume away from the source towards the criterion 
boundaries. In general, turbidity would drop back down to background levels well before the 300 
ft mark was reached. In cases where elevated turbidity persisted out towards the boundary, the 
readings would generally persist for less than 5-10 minutes. Even within close proximity to 
operations, the plumes tended to be fleeting. A good example of this was seen on October 9. On 
this date, sampling crews targeted elevated turbidity for sample collection, and operated in close 

New Bedford Harbor Water Quality Monitoring May 2007 
Final Report  Page 48 of 54   



 
 

proximity to the debris removal barge to find these values. As the tide switched from flood to 
ebb the turbidity plume moved from north of the operation to south of the operation. Two 
samples were collected 25 ft south of debris removal barge. The first sample was collected in a 
high turbidity condition with final TSS concentrations of 180mg/L. Thirty minutes later a second 
sample was collected in the same location. The plume had dispersed by this time and TSS values 
were an order of magnitude less (16mg/L).  In an effort to characterize the toxicity effect of 
elevated turbidity (discussed previously) high NTU samples were targeted. This sampling effort 
proved to be fairly difficult as turbidity plumes did not usually persist on long enough time scales 
to collect a full suite of discrete samples. 

 
Figure 17. Debris Removal Generated the Majority of Turbidity Plumes 

 
The short term, pulsed nature of the suspended sediment plumes is also seen in the continuous in 
situ data record. Clear spikes can be seen where turbidity exceeds 50 NTU above background. In 
most cases these spikes represent one data point. The only extended periods of elevated turbidity 
occurred during extreme low tides. However, comparable signals were seen during inactive 
dredge periods.  
 
One of the more subtle characteristics of sediment transport observed during the monitoring 
period was the tendency for very fine sediments to become entrained in the upper water column. 
This was first observed visually during the monitoring program. Sampling crews observed 
‘clouds’ of fine sediment and targeted these features for in situ readings. This revealed a thin 
layer of elevated turbidity associated with the low salinity surface water. Immediately below this 
layer turbidity declined to background levels. The lighter surface layer usually only represented 
about the upper one foot of the water column. The elevated turbidity associated with this layer 
was often even thinner, comprising only a few inches resting on top of the sharp density gradient. 
The estuarine turbidity maximum (ETM) is a common property of estuaries resulting as tidal 
water moves upriver creating turbulence and resuspending sediments from the bottom while 
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particulates in the outflowing river are trapped against the density gradient, adding to the 
turbidity levels. Additionally, as the freshwater contacts the more saline water dissolved material 
can flocculate creating more particulates which add to the turbidity levels. While this appears to 
be the general mechanism behind the thin surface turbidity peaks that were observed, suspended 
sediments from debris removal activities clearly contributed to the turbidity values. Turbidity 
readings in these surface layers were generally only about 15-30 NTU, well below the threshold 
criterion, but at times these levels persisted for several hundred feet away from the source.   

5.3 Impacts to the Water Column 

As expected, turbidity and TSS results showed a strong correlation (R2 = 0.9695) (Figure 18). 
Total PCB (as SUM 18 CONG) concentrations also correlated well with TSS and thus with 
elevated turbidity (Figure 19). However, dissolved PCB, which is considered as a direct indicator 
of water quality, do not demonstrate a similar correlation with TSS (Figure 20). For example, the 
total to dissolved PCB ratio increases from approximately 2:1 in low TSS samples to 40:1 in the 
highest TSS sample.  As noted previously, in situ turbidity measurements indicated that these 
turbidity plumes, representing high suspended solids loads and elevated total PCB 
concentrations, were isolated to the area immediately adjacent to dredging and debris removal 
and were also relatively short lived. Total PCB concentrations remained relatively low at the 
dredge boundary and beyond. Dissolved PCBs in the water column are thought to be the fraction 
that causes direct toxicity to marine organisms and may be subjected to long range transport.  
Dissolved PCB concentrations were generally low and did not correlate well with TSS (Figure 
20). 
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Figure 18. Turbidity vs. TSS Plot 
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Total Suspended Solid (TSS) vs. Dissolved PCBs
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Figure 19. TSS vs. Total PCB Plot 
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Figure 20. TSS vs. Dissolved PCB Plot 
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Toxicity testing showed some significant reduction in endpoints for all species (Table 5). Acute 
tests showed little impact from elevated turbidity, TSS or PCBs, with the only significant 
reduction in mean-survival observed in the 7-day Mysid test in the sample collected on 9/19 
representing the highest turbidity, TSS and PCB concentrations measured during the program. 
Sublethal effects were measured in a number of samples. While Arbacia fertilization appeared 
significantly lower than control and reference samples in a number of cases, the magnitude of the 
reductions were slight. The other test used to assess sub-lethal effects, the Champia reproduction 
test, had the lowest cystocarp production in the three samples collected on 9/19, which also 
contained the highest dissolved and whole water PCB concentrations measured during the 
program. While there does appear to be measurable water column impacts, they appear to be 
limited to samples containing elevated turbidity, TSS and PCBs. 
 
Overall, occurrences of turbidity plumes appeared to be limited to the areas immediately adjacent 
to dredging and debris removal, and these plumes were observed to be relatively short lived and 
isolated to the surface of the water column.  No exceedances of the turbidity criteria of +50 NTU 
above background were observed outside of the 300 ft boundary.  And while measurable water 
column impacts were observed based on toxicity testing, these were isolated to samples collected 
well within the project boundaries.  Data collected confirmed that the +50 NTU criterion 
continues to be ecologically protective, while still allowing remediation efforts to progress. 
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Appendix A 
 

Water Quality Monitoring Field Logs  
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Appendix B 
 

Continuous In Situ Water Quality Data  
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Total and Dissolved PCB Analytical Data  
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Qualifiers:

D Dilution run.  Initial run outside linear range of instrument
J Analyte detected below the sample specific reporting limit
p The relative percent difference (RPD) between the values obtained from the dual columns is >40%.
U Analyte not detected at 3:1 signal:noise ratio.  Reporting limit is reported.
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Biomonitoring of Surface Water Samples
New Bedford Harbor, New Bedford, Massachusetts 

Fall 2006

1.0 INTRODUCTION

This report provides a summarization of data generated from a series  of acute and chronic exposure
screening assays evaluating surface water samples collected from New Bedford Harbor. Toxicity tests were
conducted on grab surface water samples collected from the specified areas in the harbor. Assay design
included a laboratory control treatment and one or more surface water samples. Samples were evaluated “As
Received” without dilutions. Assays were conducted based on water quality levels in the vicinity of dredging
operations. Samples were collected  by Battelle personnel from the Duxbury, Massachusetts office. Testing
was based on programs and protocols developed by the US EPA (2002) and included the following assays;
modified 2 day acute and 7 day chronic assays conducted with the mysid shrimp, Americamysis bahia, and
the red macro alga, Champia parvula, and  60 minute chronic fertilization assays conducted with the purple
sea urchin, Arbacia punctulata. All mysid and urchin fertilization assays and a portion of the algal assays were
conducted by ESI at its Hampton, New Hampshire facility. Additionally, the algal assays were conducted by
the Saskatchewan Research Council, SRC, Saskatoon, Saskatchewan, Canada.

2.0 MATERIALS AND METHODS

2.1 General Methods

Toxicological and analytical protocols used in this program followed procedures primarily designed
by the EPA to provide standard approaches for the evaluation of toxicological effects of discharges on aquatic
organisms, and for the analysis of water samples.

2.2 Test Species

A. bahia, #5 days, were obtained from cultures maintained by Aquatic Research Organisms (ARO),
Hampton, New Hampshire. Juvenile shrimp were collected daily, isolated, and placed in a rearing tank for up
to 6 days. Holding tanks were maintained in a flow-through culture mode at a temperature of 25±2°C. At the
start of the assays the mysids were 7 days old.  Juveniles were fed #24 hour old brine shrimp on a daily basis.
Water temperature, salinity, and pH were monitored on a daily basis. Prior to testing organisms were siphoned
from the rearing tanks to a holding vessel, and then transferred to test chambers using a large bore pipet,
minimizing the amount of water added to test solutions.

A. punctulata adults were from cultures maintained by ESI. Original stock was obtained from
commercial supply. Male and female urchins are maintained in separate chambers as recommended by
protocol (EPA 2002) and ESI. Adult urchins were induced to spawn by the injection of a potassium chloride
solution. The viability of gametes obtained was determined prior to their addition to the test solutions. Eggs
and/or sperm that would not result in a fertilized egg were rejected from the pool of gametes used in the assay.

C. parvula biomass was obtained from stock cultures maintained by the Saskatchewan Research
Council. Original stocks were obtained from the University of Texas algal collection. The male and female
plants are maintained in separate culture vessels under sterile conditions. Algal cultures were maintained on
an orbital shaker (100 rpm) at 23±2°C under 16 hour light : 8 hours dark at 40 to 75 foot candles light intensity.
Cultures are “cropped” and transferred to fresh nutrient solutions on a weekly basis.

2.3 Surface Water Samples and Laboratory Control Water

Grab surface water samples were collected by Battelle staff on four occasions in the Harbor, Table
1. Samples were placed in polyethylene cubitainers for shipment to the laboratory. Two,  2.5 gallon cubitainers
were collected for each of the chronic assays. Prior to testing, samples were evaluated to document salinity,
conductivity, and total residual chlorine. Total residual chlorine was measured by amperometric titration (MDL
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0.05 mg/L). Prior to use in the assays the salinity of the samples was adjusted, if necessary, to predetermined
levels using artificial sea salts for A. bahia and A. punctulata assays, and GP-2 salts (EPA 2002) for the C.
parvula assays. The salinity of samples for the A. bahia acute and chronic exposure assays were adjusted
to 25±2‰ while samples used for the A. punctulata and C. parvula assays were adjusted to 30±2‰.  Samples
with as received salinity above these levels were not adjusted.

Laboratory control water used for mysid and sea urchin assays was collected from the
Hampton/Seabrook Estuary. This water is classified as SA-1 and has been used to culture marine test
organisms since 1981. The laboratory control water used in the algal assay, collected from Rye, New
Hampshire, is the same water used in culture maintenance.  Prior to use, seawater used in the algal assays
was filtered through glass fiber filters and sterilized.  Dilution water used in the algal assays conducted by SRC
was natural seawater collected from the West Coast of Canada. Salinity of the surface water samples was
adjusted using commercial sea salts. 

2.4 Bioassays

2.4.1 Americamysis bahia Modified Acute and Chronic Exposure Bioassays

Modified acute and chronic exposure screening assays were conducted in a static renewal test mode
with renewals made at 24-hour intervals. The 7 day assays were conducted at a temperature of 26±1°C with
a photoperiod of 16:8 hours light:dark. Mysids were maintained in 250 mL beakers containing 150 mL of test
solution. Approximately 100 mL of the test solution were replaced each day. The assay incorporated 8
replicates with 5 organisms/replicate. Survival and dissolved oxygen were measured daily in each replicate
prior to test solution renewal. Salinity, temperature and pH were recorded in a composite sample of the “old”
test solution and in the “new” test solution prior to being added to the test chamber. Incubator temperatures
were also recorded on a daily basis.  

During the test, mysids were fed #24 hour old Artemia nauplii. On Day 7 of the assay, surviving mysids
were removed from test solutions, rinsed to remove any surface detritus and salts, and transferred to tared
foils and dried for 24 hours at 103°C.  Foils were weighed to the nearest 0.01 mg. Mean dry weights per
individual were obtained by dividing the net dry weight of all surviving organisms by the number of organisms
added at the start of the assay.

2.4.2 Arbacia punctulata Chronic Exposure Fertilization Assays

 Gametes were obtained by potassium chloride injection to induce spawning. Sperm were collected
dry, diluted to achieve a concentration of approximately 5.0 x 107 sperm/mL in the surface water treatments.
Actual sperm concentrations are provided on laboratory bench sheets in Appendix A.  Sperm solutions were
added to 5 mL aliquots of each sample being evaluated and allowed to remain in the test solutions for 60
minutes before the addition of unfertilized eggs. Each treatment incorporated a total of four (4) replicates. After
20 minutes exposure the assay was terminated by the addition of 0.2 mL of preservative. Aliquots of preserved
solution were counted to determine numbers of fertilized and unfertilized eggs. Fertilization was accepted
based on the presence or absence of a fertilization membrane around the egg.

2.4.3 Champia parvula Modified Acute and Chronic  Exposure Assays

The 7 day red algae assay was conducted with a 2 day exposure period to the surface waters and
laboratory control treatments. Each treatment used four replicates with five female branches and one male
branch per replicate. Temperature was maintained at 23±1°C. The light source was cool white and fluorescent
bulbs set on a 16:8 hours light:dark cycle, with a light intensity of 40 to 75 foot candles. Light intensity was
checked at the start of each assay. Temperatures were monitored on a daily basis. Test chambers were 200
mL borosilicate glass fleakers.  After 2 days exposure, female branch tips were transferred to approximately
100 mL of recovery medium with added nutrients and allowed to recover and mature for 5 days. During
transfer, plants were examined to determine the physical condition of the individual branches. Branches
showing signs of degeneration were noted and used to establish an acute endpoint. After the recovery period,
the number of cystocarps (reproductive bodies) on each female branch were counted.
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2.5 Data Analysis

Statistical analysis of acute and chronic exposure data was completed using CETIS, Comprehensive
Environmental Toxicity Testing System, software.  The program computes acute and chronic exposure
endpoints based on EPA decision tree guidelines specified in individual test methods. For chronic exposure
endpoints statistical significance was accepted at % <0.05.

2.6 Quality Control

As part of the laboratory quality control program, standard reference toxicant assays are conducted
on a regular basis for each test species. These results, summarized in Table 10, provide relative health and
response data while allowing for comparison with historic data sets. Review of reference toxicant data
associated with the August and September 2006 Arbacia punctulata test documents that the fertilization C-
NOEC, 5.0 mg/L copper,  was outside the acceptable range of 20 to 80 mg/L copper. The acceptable NOEC
range for this assay is defined as ±1 concentration of the central tendency. For the same series of assays the
fertilization IC-25 was within the acceptable range of for the endpoint.  A review of the data collected with the
urchin development assays documented no deviation from protocol and no changes in the analysis technique
used in the assessment of fertilization.

2.7 Protocol Deviations and Unacceptable Assays

Review of data collected from the four sets of assays conducted during the monitoring period
documented no protocol deviations. 

3.0 RESULTS SUMMARY

Table 2 provides a summary of test acceptability for the six rounds of assays conducted during this
monitoring period. Tables 3-8 provide summaries of survival, growth, development and reproduction endpoints
and associated statistical analyses. Table 9 provides a summary of basic water quality data associated with
the assays.   Support data, including laboratory bench sheets, are provided in Appendix A.
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Table 1. Summary of Sample Collection Data. New Bedford Harbor Surface Water
Monitoring Program. Fall 2006.

Sample ID Lab Code Collected Received Temperature
°C

WQ-TOX-001-081406 14877-001 08/14/06 0849 08/14/06 1510 4

WQ-TOX-002-081406 14877-002 08/14/06 1305 08/14/06 1510 4
WQ-TOX-003-081406 14877-003 08/14/06 1320 08/14/06 1510 4
WQ-TOX-004-081406 14877-004 08/14/06 1345 08/14/06 1510 4

WQ-TOX-001-081606 14886-001 08/16/06 1330 08/17/06 0825 4
WQ-TOX-002-081606 14886-002 08/16/06 1400 08/17/06 0825 4
WQ-TOX-003-081606 14886-003 08/16/06 1415 08/17/06 0825 4

WQ-TOX-001-082806 14925-001 08/28/06 0930 08/28/06 1600 4
WQ-TOX-002-082806 14925-002 08/28/06 0950 08/28/06 1600 4
WQ-TOX-003-082806 14925-003 08/28/06 1015 08/28/06 1600 4

WQ-TOX-001-091906 15007-001 09/19/06 0900 09/19/05 1415 4
WQ-TOX-002-091906 15007-002 09/19/06 1000 09/19/05 1415 4
WQ-TOX-003-091906 15007-003 09/19/06 1007 09/19/05 1415 4
WQ-TOX-004-091906 15007-004 09/19/06 1022 09/19/05 1415 4

Table 2. Summary of Assay Acceptability. New Bedford Harbor Surface Water  Monitoring
Program. Fall 2006.

Americamysis bahia Champia parvula Arbacia
punctulata

Lab Code Acute
Exposure

Chronic
Exposure

Acute Exposure Chronic
Exposure

Chronic
Exposure

14877-001 Acceptable Acceptable Acceptable Acceptable Acceptable

14877-002 Acceptable Acceptable Acceptable Acceptable Acceptable
14877-003 Acceptable Acceptable Acceptable Acceptable Acceptable
14877-004 Acceptable Acceptable Acceptable Acceptable Acceptable
14886-001 Acceptable Acceptable Acceptable Acceptable Acceptable
14886-002 Acceptable Acceptable Acceptable Acceptable Acceptable
14886-003 Acceptable Acceptable Acceptable Acceptable Acceptable
14925-001 Acceptable Acceptable Acceptable Acceptable Acceptable
14925-002 Acceptable Acceptable Acceptable Acceptable Acceptable
14925-003 Acceptable Acceptable Acceptable Acceptable Acceptable
15007-001 Acceptable Acceptable Acceptable Acceptable Acceptable
15007-002 Acceptable Acceptable Acceptable Acceptable Acceptable
15007-003 Acceptable Acceptable Acceptable Acceptable Acceptable
15007-004 Acceptable Acceptable Acceptable Acceptable Acceptable
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Table 3. Endpoint Summary Table - New Bedford Harbor Water Quality Monitoring  August
14, 2006 Sampling Event. New Bedford Harbor Surface Water  Monitoring
Program. Fall 2006.

Sample ID Reps Mean Min Max CV Significant Difference vs
p Value Lab p Value Ref

Arbacia punctulata Portion Fertilized

Lab Control

4

96.2% 94.5% 99.0% 2.05% - - - -
TOX-001-081406 91.7% 89.3% 94.6% 2.63% 0.0178 YES - -
TOX-002-081406 94.2% 92.6% 95.3% 1.21% 0.0074 YES 0.9457 NO
TOX-003-081406 87.3% 86.2% 89.3% 1.61% 0.0008 YES 0.0126 YES
TOX-004-081406 90.9% 85.5% 93.8% 4.10% 0.0199 YES 0.3898 NO
Americamysis bahia

Day 2 Survival
Lab Control

8

100.0% 100.0% 100.0% 0.00% - - - -
TOX-001-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO - -
TOX-002-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO
TOX-003-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO
TOX-004-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO

Day 7 Survival
Lab Control

8

100.0% 100.0% 100.0% 0.00% - - - -
TOX-001-081406 95.0% 80.0% 100.0% 9.75% 0.2209 NO - -
TOX-002-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.7791 NO
TOX-003-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.7791 NO
TOX-004-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.7791 NO

Day 7 Dry Weight Biomass - mg
Lab Control

8

0.330 0.278 0.372 8.76% - - - -
TOX-001-081406 0.427 0.334 0.496 12.96% 0.9997 NO - -
TOX-002-081406 0.465 0.404 0.504 7.69% 1.0000 NO 0.9376 NO
TOX-003-081406 0.474 0.452 0.504 3.37% 1.0000 NO 0.9756 NO
TOX-004-081406 0.436 0.386 0.502 9.70% 1.0000 NO 0.6326 NO
Champia parvula

Day 2 Survival
Lab Control

4

100.0% 100.0% 100.0% 0.00% - - - -
TOX-001-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO - -
TOX-002-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO
TOX-003-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO
TOX-004-081406 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO

Day 7 Mean # Cystocarps
Lab Control

4

21.73 17.00 25.80 20.42% - - - -
TOX-001-081406 28.00 27.20 29.00 2.80% 0.9822 NO - -
TOX-002-081406 28.70 24.20 32.60 13.06% 0.9633 NO 0.6364 NO
TOX-003-081406 24.70 20.20 32.20 22.73% 0.7566 NO 0.1642 NO
TOX-004-081406 15.35 11.00 20.00 24.80% 0.0476 YES 0.0003 YES
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Table 4. Endpoint Summary Table - New Bedford Harbor Water Quality Monitoring  August
16, 2006 Sampling Event. New Bedford Harbor Surface Water  Monitoring
Program. Fall 2006.

Sample ID Reps Mean Min Max CV Significant Difference vs
p Value Lab p Value Ref

Arbacia punctulata Portion Fertilized

Lab Control

4

97.6% 96.2% 98.1% 0.98% - - - -
TOX-001-081606 93.1% 91.7% 94.3% 1.18% 0.0004 YES - -
TOX-002-081606 91.5% 90.1% 92.6% 1.24% 0.0001 YES 0.0202 YES
TOX-003-081606 90.2% 87.0% 92.9% 2.72% 0.0003 YES 0.0370 YES

Americamysis bahia
Day 2 Survival

Lab Control

8

97.5% 80.0% 100.0% 7.25% - - - -
TOX-001-081606 100.0% 100.0% 100.0% 0.00% 0.7791 NO - -
TOX-002-081606 100.0% 100.0% 100.0% 0.00% 0.7791 NO 0.4796 NO
TOX-003-081606 100.0% 100.0% 100.0% 0.00% 0.7790 NO 0.4796 NO

Day 7 Survival
Lab Control

8

95.0% 80.0% 100.0% 9.75% - - - -
TOX-001-081606 100.0% 100.0% 100.0% 0.00% 0.7791 NO - -
TOX-002-081606 100.0% 100.0% 100.0% 0.00% 0.7791 NO 0.4796 NO
TOX-003-081606 97.5% 80.0% 100.0% 7.25% 0.6395 NO 0.3605 NO

Day 7 Dry Weight Biomass - mg
Lab Control

8

0.429 0.322 0.966 50.74% - - - -
TOX-001-081606 0.448 0.406 0.552 10.93% 0.9948 NO - -
TOX-002-081606 0.465 0.136 0.984 56.97% 0.8016 NO 0.6106 NO
TOX-003-081606 0.456 0.378 0.648 18.70% 0.9948 NO 0.4796 NO

Champia parvula
Day 2 Survival

Lab Control

4

100.0% 100.0% 100.0% 0.00% - - - -
TOX-001-081606 100.0% 100.0% 100.0% 0.00% 0.4796 NO - -
TOX-002-081606 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO
TOX-003-081606 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO

Day 7 Mean # Cystocarps
Lab Control

4

80.27 76.20 84.80 5.38% - - - -
TOX-001-081606 85.15 70.80 95.20 12.19% 0.7573 NO - -
TOX-002-081606 86.40 80.00 98.20 9.36% 0.8535 NO 0.5722 NO
TOX-003-081606 82.75 62.40 102.20 19.67% 0.5945 NO 0.4060 NO
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Table 5. Endpoint Summary Table - New Bedford Harbor Water Quality Monitoring  August
28, 2006 Sampling Event. New Bedford Harbor Surface Water  Monitoring
Program. Fall 2006.

Sample ID Reps Mean Min Max CV Significant Difference vs
p Value Lab p Value Ref

Arbacia punctulata Portion Fertilized

Lab Control

4

90.3% 88.5% 93.5% 2.42% - - - -
TOX-001-082806 91.0% 87.0% 94.3% 3.53% 0.6442 NO - -
TOX-002-082806 85.3% 81.3% 90.9% 4.85% 0.0392 YES 0.0633 NO
TOX-003-082806 86.7% 83.3% 90.1% 4.03% 0.0650 NO 0.0582 NO

Americamysis bahia
Day 2 Survival

Lab Control

8

100.0% 100.0% 100.0% 0.00% - - - -
TOX-001-082806 100.0% 100.0% 100.0% 0.00% 0.4796 NO - -
TOX-002-082806 97.5% 80.0% 100.0% 7.25% 0.3605 NO 0.3605 NO
TOX-003-082806 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO

Day 7 Survival
Lab Control

8

100.0% 100.0% 100.0% 0.00% - - - -
TOX-001-082806 100.0% 100.0% 100.0% 0.00% 0.4796 NO - -
TOX-002-082806 97.5% 80.0% 100.0% 7.25% 0.3605 NO 0.3605 NO
TOX-003-082806 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO

Day 7 Dry Weight Biomass - mg
Lab Control

8

0.284 0.248 0.318 8.14% - - - -
TOX-001-082806 0.319 0.254 0.380 14.37% 0.9629 NO - -
TOX-002-082806 0.325 0.280 0.378 11.62% 0.9905 NO 0.9991 NO
TOX-003-082806 0.398 0.354 0.452 9.12% 1.0000 NO 0.6193 NO

Champia parvula
Day 2 Survival

Lab Control

4

100.0% 100.0% 100.0% 0.00% - - - -
TOX-001-082806 100.0% 100.0% 100.0% 0.00% 0.4796 NO - -
TOX-002-082806 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO
TOX-003-082806 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO

Day 7 Mean # Cystocarps
Lab Control

4

25.07 17.80 37.60 43.48% - - - -
TOX-001-082806 29.40 23.00 37.80 21.96% 0.7326 NO - -
TOX-002-082806 27.35 20.80 35.80 23.85% 0.6296 NO 0.3354 NO
TOX-003-082806 29.35 19.60 40.80 35.65% 0.6897 NO 0.4969 NO
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Table 6. Endpoint Summary Table - New Bedford Harbor Water Quality Monitoring 
September 19, 2006 Sampling Event. New Bedford Harbor Surface Water  
Monitoring Program. Fall 2006. 

 
Sample ID Reps Mean Min Max CV Significant Difference vs 

     p Value Lab p Value Ref 
         
Arbacia punctulata Portion Fertilized     
          
Lab Control 99.3% 98.0% 100.0% 0.95% - - - - 
TOX-001-091906 94.0% 91.0% 98.0% 3.22% 0.0050 YES - - 
TOX-002-091906 95.6% 92.9% 97.1% 1.96% 0.0035 YES 0.7624 NO 
TOX-003-091906 94.0% 92.7% 95.2% 1.20% 0.0003 YES 0.4252 NO 
TOX-004-091906 

4 

92.7% 91.8% 93.5% 0.73% 0.0001 YES 0.1926 NO 
Americamysis bahia     
  Day 2 Survival     
Lab Control 100.0% 100.0% 100.0% 0.00% - - - - 
TOX-001-091906 100.0% 100.0% 100.0% 0.00% 0.4796 NO - - 
TOX-002-091906 97.5% 80.0% 100.0% 7.25% 0.3605 NO 0.3605 NO 
TOX-003-091906 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO 
TOX-004-091906 

8 

95.0% 80.0% 100.0% 9.75% 0.2209 NO 0.2209 NO 
  Day 7 Survival     
Lab Control 92.5% 80.0% 100.0% 11.19% - - - - 
TOX-001-091906 97.5% 80.0% 100.0% 7.25% 0.7791 NO - - 
TOX-002-091906 95.0% 80.0% 100.0% 9.75% 0.6395 NO 0.3605 NO 
TOX-003-091906 100.0% 100.0% 100.0% 0.00% 0.8828 NO 0.6395 NO 
TOX-004-091906 

8 

75.0% 60.0% 80.0% 12.34% 0.0074 YES 0.0005 YES 
  Day 7 Dry Weight Biomass - mg     
Lab Control 0.241 0.180 0.272 14.06% - - - - 
TOX-001-091906 0.511 0.416 0.586 11.23% 1.0000 NO - - 
TOX-002-091906 0.462 0.320 0.516 14.78% 0.9999 NO 0.0684 NO 
TOX-003-091906 0.623 0.452 0.944 25.42% 0.9999 NO 0.9589 NO 
TOX-004-091906 

8 

0.696 0.200 2.174 100.49% 0.9476 NO 0.2209 NO 
Champia parvula     
  Day 2 Survival     
Lab Control 100.0% 100.0% 100.0% 0.00% - - - - 
TOX-001-091906 100.0% 100.0% 100.0% 0.00% 0.4796 NO - - 
TOX-002-091906 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO 
TOX-003-091906 100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO 
TOX-004-091906 

4 

100.0% 100.0% 100.0% 0.00% 0.4796 NO 0.4796 NO 
  Day 7 Mean # Cystocarps     
Lab Control 23.93 14.60 34.00 40.62% - - - - 
TOX-001-091906 24.50 17.60 36.20 33.20% 0.5320 NO - - 
TOX-002-091906 0.80 0.40 1.80 84.16% 0.0272 YES 0.0051 YES 
TOX-003-091906 0.20 0.00 0.40 81.65% 0.0258 YES 0.0047 YES 
TOX-004-091906 

4 

0.15 0.00 0.60 200.00% 0.0257 YES 0.0047 YES 
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Table 7. Summary of “As Received” Sample Physical and Chemical Characteristics.  New
Bedford Harbor Surface Water  Monitoring Program. Fall 2005.

Sample ID Lab Code Ammonia
(mg/L)

pH
(SU)

Salinity
(‰)

Specific
Conductance
(µmhos/cm)

Total
Residual
Chlorine
(mg/L)

WQ-TOX-001-081406 14877-001 <0.1 7.42 24 31700 <0.05

WQ-TOX-002-081406 14877-002 <0.1 8.00 25 37700 <0.05

WQ-TOX-003-081406 14877-003 <0.1 7.89 25 37000 <0.05

WQ-TOX-004-081406 14877-004 <0.1 7.86 25 36500 <0.05

WQ-TOX-001-081606 14886-001 <0.1 7.60 30 36400 <0.05

WQ-TOX-002-081606 14886-002 <0.1 7.91 30 35100 <0.05

WQ-TOX-003-081606 14886-003 <0.1 7.85 30 35400 <0.05

WQ-TOX-001-082806 14925-001 <0.1 7.53 27 42210 <0.05

WQ-TOX-002-082806 14925-002   0.14 7.33 16 26200 <0.05

WQ-TOX-003-082806 14925-003 <0.1 7.35 18 28750 <0.05

WQ-TOX-001-091906 15007-001 <0.1 7.89 28 42790 0.05

WQ-TOX-002-091906 15007-002 <0.1 7.79 24 37390 <0.05

WQ-TOX-003-091906 15007-003 0.20 7.89 23 36050 <0.05

WQ-TOX-004-091906 15007-004 0.17 7.80 23 36190 <0.05
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Table 8. Reference Toxicant Summary. New Bedford Harbor Surface Water  Monitoring
Program. Fall 2006.

Date Endpoint Value
Historic Mean/

Central Tendency
Acceptable

Range
Reference
Toxicant

A. bahia

08/30/06 Survival LC-50 20.8 20.4 15.2 - 25.7 SDS (mg/L)

08/24/06 Survival C-NOEC 15.0 10.0 5.0 - 15.0 SDS (mg/L)

08/24/06 Growth C-NOEC 15.0 10.0 5.0 - 15.0 SDS (mg/L)

09/28/06 Survival LC-50 21.1 20.4 15.2 - 25.5 SDS (mg/L)

09/28/06 Survival C-NOEC 15.0 15.0 10.0 - 25.0 SDS (mg/L)

09/28/06 Growth C-NOEC 15.0 10.0 5.0 - 15.0 SDS (mg/L)

A. Punctulata

08/10/06 Fertilization C-NOEC 5.0 40.0 20.0 - 80.0 Copper (µg/L)

08/10/06 Fertilization IC-25 52.2 71.4 0.0 - 153.9 Copper (µg/L)

09/28/06 Fertilization C-NOEC 5.0 40.0 20.0 - 80.0 Copper (µg/L)

09/28/06 Fertilization IC-25 10.1 67.0 0.0 - 152.9 Copper (µg/L)

Mean and Acceptable Ranges based on most recent 20 reference toxicant assays (NELAP standard)
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APPENDIX A
SUPPORT DATA

Contents # Pages
Methods Summary 1

Study 14877: Sample Date 08/14/06

A. bahia Bench Sheets & Statistical Analysis Report 14

A. punctulata Bench Sheets and Statistical Analysis Report 6

C. parvula Bench Sheets and Statistical Analysis Report 9

Water Quality Bench Sheets and Dilution Prep Sheets 4

Study 14886: Sample Date 08/16/06

A. bahia Bench Sheets & Statistical Analysis Report 16

A. punctulata Bench Sheets and Statistical Analysis Report 8

C. parvula Bench Sheets and Statistical Analysis Report 7

Water Quality Bench Sheets and Dilution Prep Sheets 4

Study 14925: Sample Date 08/28/06

A. bahia Bench Sheets & Statistical Analysis Report 10

A. punctulata Bench Sheets and Statistical Analysis Report 9

C. parvula Bench Sheets and Statistical Analysis Report 7

Water Quality Bench Sheets and Dilution Prep Sheets 4

Study 15007: Sample Date 09/19/06

A. bahia Bench Sheets & Statistical Analysis Report 26

A. punctulata Bench Sheets and Statistical Analysis Report 10

C. parvula Bench Sheets and Statistical Analysis Report 9

Water Quality Bench Sheets and Dilution Prep Sheets

“As Received” Ammonia Data Report 1

Sample Receipt Records 4

Chain of Custody 4

Total Appendix Pages 153



METHODS USED IN NPDES PERMIT BIOMONITORING TESTING 

Parameter Method
Acute Exposure Bioassays:

Ceriodaphnia dubia, Daphnia pulex EPA-821-R-02-012

Pimephales promelas EPA-821-R-02-012

Americamysis bahia EPA-821-R-02-012

Menidia beryllina, Cyprinodon variegatus EPA-821-R-02-012

Chronic Exposure Bioassays: 
Ceriodaphnia dubia EPA-821-R-02-013 1002.0

Pimephales promelas EPA-821-R-02-013 1000.0

Cyprinodon variegatus EPA-821-R-02-014 1004.0

Menidia beryllina EPA-821-R-02-014 1006.0

Arbacia punctulata EPA-821-R-02-014 1008.0

Champia parvula EPA-821-R-02-014 1009.0

Trace Metals:
ICP Metals EPA 200.7/SW 6010

Hardness Standard  Methods 20th Edition - Method 2340 B

Wet Chemistries:
Alkalinity EPA 310.2

Chlorine, Residual Standard Methods 20th Edition - Method 4500CLD

Total Organic Carbon Standard Methods 20th Edition - Method 5310C

Specific Conductance Standard Methods 20th Edition - Method 2510B

Nitrogen - Ammonia Standard Methods 20th Edition - Method 4500NH3G

pH Standard Methods 20th Edition - Method 4500H+B

Solids, Total (TS)      Standard Methods 20th Edition - Method 2540.B

Solids, Total Suspended (TSS) Standard Methods 20th Edition - Method 2540D

Dissolved Oxygen Standard Methods 20th Edition - Method 4500-O G
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