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IIEET RODIJCTION

The River Rescue project, a collaborative effort between Citizens Bank, the University of
Rhode Island  URI! Coastal Resources Center  CRC!, and Rhode Island Sea Grant, was
designed to collect high quality environmental data on the urban rivers of Providence using
trained citizen volunteers as field scientists, Citizens Bank provided promotional and
financial support for the project, while CRC coordinated the technical aspects of
monitoring. Rhode Island Sea Grant provided supplemental funding and technical
assistance,

Volunteers tested the water quality of the Blackstone, Moshassuck, Woonasquatucket,
Pawtuxet, and Ten Mile Rivers once a month between October 1990 and August 1995, Air
and water temperature, dissolved oxygen, pH, and hardness were measured in the field and
samples were collected for later analysis at URI for nutrients, metals, hardness
constituents, and total suspended solids. The results of each year of monitoring are
presented in River Rescue Annual reports  Kerr, 1991, 1992, 1993! This report
summarizes the project as a whole.

During the first year of the program, River Rescue also collected biweekly sainples that
were analyzed for non-aromatic petroleum hydrocarbons. Samples were collected at four
stations - at the mouth of the Blackstone, Moshassuck, Pawtuxet, and Woonasquatucket
Rivers between October 1, 1990 and August 4, 1991. The results of this study are
contained in a separate report  Latiiner et al., 1992!.

In addition to chemical testing, River Rescue volunteers participated in other monitoring
activities: Shoreline surveys were conducted along the rivers' shores to document the land
use conditions of the river watersheds; in conjunction with the Narragansett Bay
Commissiott, combined sewer overflows  CSOs! were examined during dry and wet
weather to detect unwanted overflows; and volunteers conducted pipe detective monitoring
to identify illegal point sources flowing into the rivers.

wardshi Prornotin Activities

Cleanups: River Rescue volunteers have planned and participated in annual cleanups of the
rivers, pulling hundreds of tires, shopping carts, construction debris, and other refuse from
the water. Neighborhood businesses and residents participated in the cleanups with
volunteers from Citizens Bank and URI.

Ride for the Rivers: Under their part of the River Rescue project, Citizens Bank sponsored
an annual Ride for the Rivers, attracting biking enthusiasts from throughout New England
to ride along the Blackstone, Seekonk, and Moshassuck Rivers.

Advanced Water Quality Training: River Rescue volunteers participated in advanced water
quality training taught by URI staff during the summer of 1993. After completing the
training, the volunteers conducted quality assurance inspections of all the River Rescue
monitoring teams.

Rhode 1sland Monitoring Conference: In March 1994, River Rescue and Save The Bay
sponsored a conference for volunteer monitors throughout Rhode Island. This conference



provided and opportunity for exchange of ideas betv een groups and helped to build
essential links among the state's many volunteer monitoring programs.

River Festivals: River Rescue volunteers participated in the annual Providence Waterfront
Festival and other local environmental fairs, providing educational materials to hundreds of
festival visitors.

Woonasquatucket River Greenv:av Proj ect; River Rescue worked with the National Park
Service, the Providence Plan, the City of Providence Planning Department, Brown
University, Save The Bay, and other organizations to develop community support for a
greenway along the lower Woonasquatucket River, The greenway project was announced
at a press conference on January 24, 1994. River Rescue completed two projects on the
river � an indoor display detailing the history of the river and its current condition that was
posted at the neighborhood branch of the Providence Public Library and an interpretive
walk along the river that was offered for adults in both English and Spanish and for
children.

utreach and Awards

Re»eiv America: River Rescue was awarded a Certificate of Environmental Achievement
by Renew America in 1992. It was also listed in the 1992 and 1994 editions of their
Fnvi ronrnental Success 1ndex directory.

National Volunteer Monitoring Conferences: River Rescue was presented at the Third
�992! and Fourth �994! National Volunteer Monitoring Conferences. The program was
highlighted for its successful business partnership and for its focus on urban waters.

The Volunteer Monitor New sletter: River Rescue was featured in the Fall 1991 edition of
the national volunteer monitoring news1etter.

STUDY AREAS

The Blackstone River is the largest river draining into upper Narragansett Bay. It begins in
Worcester, Mass., at the confluence of the Middle River and Mill Brook and enters the
Seekonk River at the head of Narragansett Bay at Slater Mill in Pawtucket, R.I, The
Blackstone drains an area of 472 square miles and has a average discharge of 862 cubic feet
per second.

The Blackstone River has had a long history of industrial use, beginning in 1793 when
Samuel Slater opened Slater Mill, the first U.S. cotton mill to use mechanical spinning
machines. The river's power supported a burgeoning industry throughout the early 19th
century, and by 1830 there was one dam for every mile of river along the Blackstone's
main stem and tributaries.

The river valley became highly industrialized, supporting rubber plants, wire
manufacturers, as well as textile mills. The river provided power, water, and a convenient
site for waste disposal for these industries, as well as for the local towns that had grown to



support the industry. As a result of 150 years of abuse. in 1971 the Blackstone was dubbed
"one of America's most polluted rivers" by Audubon.

Today. the quality of the Blackstone has improved significantly and there is increasing
citizen interest in the river as a recreational resource for Rhode Island and Massachusetts.
River Rescue tnonitored the Blackstone at three locations; B2 was located in Blackstone,
Mas»,, Blons was located in Lonsdale upstream of the densely developed sections of the
river, and B 1 was located at the mouth of the river in Pawtucket, R,l.

The Pawtuxet River drains 232 square miles, or about one-fifth of Rhode Island, and has
an average flow of 414 cubic feet per second at its mouth. It has two major branches: the
North Branch, which begins at Scituate Reservoir � the major source of drinking water
for the Providence metropolitan area, and the South Branch, which begins at the Flat River
Reservoir in Coventry,

The Pawtuxet River has received both industrial waste and sewage discharges since the
early 1800s. Today, treated wastewater from three cities � West Warwick, Warwick, and
Cranston � is discharging to the river and makes up most of the flow in summer months.
Waste from Hoechst Celanese Corporation and Original Bradford Soap and storrnwater
from sprawling suburban and urban neighborhoods and interstate highways also
contaminate the river.

River Rescue monitored two stations on the Pawtuxet. P2 was located in West Warwick
near the head of the main stem, and P1 was located at the mouth in Pawtuxet Village in
Cranston, R,I, During 1994, River Rescue conducted a special study of the Pawtuxet
River, sampling 12 stations along the main stem and branches. The results of this study are
summarized in a separate report  Kerr et al,, 1994!

M shassu k Riv r

The Moshassuck is the smallest river included in the River Rescue program. The
Moshassuck begins in Lincoln, R.I. and flows through Saylesville, Central Falls, and
Pawtucket before joining with the Woonasquatucket River to flow into the Providence
River in downtown Providence, The river's drainage area is 23,7 square miles and the river
discharges an average of 41.9 cubic feet per second at its mouth.

Although the Moshassuck River was once severely polluted by industrial and human
waste, today the river's quality is significantly improved. River Rescue monitored two
stations on the Moshassuck: M2 was located near the northern border of Providence and
station M 1 was located near the river's confluence with the Woonasquatucket.

Woonas uatucket R ver

The Woonasquatucket River begins in North Smithfield and flows through the heart of
Providence where it meets the Moshassuck River and empties into the Providence River.
Although the Woonasquatucket River is small, only 19 miles long and draining an area of
about 51 square miles, it featured prominently in the early industrial development of
Providence, During the early 1900s, the Woonasquatucket River was used as a water
supply and wastewater receiving stream for numerous factories and mills, In 1922,
approximately 7,200 people lived in the many small communities along the banks of the
river and their sewage was discharged into the river.



The Woonasquatucket River has received increasing attention in recent years. Although
neglected for year», the recent construction of Waterplace Park at the river's mouth has
made the river visible and attractive. River Rescue monitored two stations on the

Woonasquatucket: W2 was the upstream station near Centredale and station W 1 was the
downstream station at Valley Street in the Olneyville section of Providence.

The Ten Mile River was highly impounded for industrial water power and water supply. It
is now a slow-flowing river that discharges into the Seekonk River in East Providence.
Although named the Ten Mile, the river is actually 20.7 miles long and drains an area of
53.1 square miles. The cities of Attleboro and North Attleboro discharge treated sewage
into the river. During the summer these discharges make up the majority of the river's
flow.

River Rescue sampled one station, TM1. located just upstream of Omega Pond at the
mouth of the river.

METHODS

V lunt er R crui ment and Trai in

River Rescue volunteers were recruited from Citizens Bank employees and from the
general public through media coverage and by word of mouth, Training sessions for new
volunteers were conducted twice a year, in the spring and fall. Once trained, volunteers
attended quality assurance sessions at the URI Graduate School of Oceanography. Quality
assurance sessions were also held at least twice a year, sometimes in conjunction with the
new volunteer training. Each volunteer was also visited in the field once a year for a quality
assurance check.

River Rescue provided each volunteer with a sampling bucket and rope; dissolved oxygen,
pH, and hardness test kits; thermometer; sample containers; 50 milliliter  ml! sampling
syringe; filter holder, filters, and forceps. Volunteers were asked to provide distilled water
for rinsing equipment and were responsible for travel to and from the sampling station. A
description of the sampling stations is given in Table l.

Collecting Water Samples: Plastic mop buckets were used as sampling devices. Metal
handles were removed from the buckets and replaced with cotton or plastic line before the
buckets were used in the field.

Water samples were collected from the upstream side of road bridge crossings except as
noted in Table 1. The bucket was lowered off the bridge, close to the midpoint of the flow
of the river and quickly filled with surface water. The bucket was brought to the surface,
emptied, and rinsed again with the river water.! t was then lowered a third time and filled
about two-thirds full. The water temperature was measured immediately, then dissolved
oxygen measurements were made followed by pH and hardness. These measurements
were recorded on field data sheets. After the field measurements were completed, the
bucket was emptied on the grass and a second bucket of river water was collected.



Table 1. River Rescue Sampling Stations

TA DESCRIPTI N

Moshassuck Ml At the USGS gage, upstream of the North
Main/Charles St. crossing. Sampling conducted
from the side of the river, just downstream of the
foot brid e behind the Moshassuck A ts.

Moshassuck From the upstream side of the road crossing
outside of the Bonanza bus station in Providence,
R.I.  exit 25 from I-95!.

Woonasquatucket Sampling conducted midstream from the upstream
side of the road crossing at Valley St, in
Providence, R.I.

Wl

Woonasquatucket W2 At Rte. 44 in North Providence. Sampling was
conducted midstream from the downstream side of
the bridge because flow is disrupted upstream by
an island.

Sampling was conducted from the northern shore
u stream of the dam at Broad St. in Cranston, R.I.

P]Pawtuxet

At East Ave. in West Warwick, R.I. Sampling was
conducted from the upstream side of the road
brid e.

Pawtuxet P2

Blackstone At Main St. in Pawtucket, R.I. Sampling was
conducted at mid-flow from the upstream side of
the road crossin .

Bl

Blackstone At Rte. 122 in Lonsdale. R.l. Sampling was
conducted from midstream from the upstream side
of the road brid e.

Blons

82Blackstone

Ten Mile At Roger WiHiams Ave. just upstream of Omega
Pond, Sampling was conducted from the upstream
side of the road bridge.

In Blackstone, Mass. Sampling conducted from the
upstream side, or from the shore just upstream of,
the Main St. road brid e,



Samples were taken from this bucket for total suspended solids  TSS!. me al», and nutrient
analyses,

Temperature: Air and water temperature were measured with an armored LaMotte
thermometer  model 545!. Water temperature was measured in the sample bucket
immediately after collection. The thermometer was suspended in the water about 6 inches
below the water surface for at least two minutes, The bucket wa» kept in the shade, if
possible, during the measurement. Air temperature was then measured in the shade, giving
the thermometer at least two minutes to equilibrate. Air and water temperatures were
recorded on the field data sheet,

Dissolved Oxygen: La Motte dissolved oxygen  DO! test kits �414/EDO!, u»ing the azide
modification of the Winkler method, were used to analyze river water samples for oxygen
content. This kit uses a direct reading titrator that can be read in 0,2 milligrams per liter
 mg/1! DO increments. Two DO samples were collected from the well-mixed bucket. These
samples were fixed and titrated separately in the field if weather permitted. Volunteers were
given the option to tirate samples at home within eight hours of sample co!lection. Sample
analysis was repeated if the replicate samples differed by more than 0.6 mg/l. The results of
the titrations were recorded on the field data sheets. Fresh reagents were provided to the
volunteers every 12 months.

pH: pH was measured in the field with a HACH kit  model 1470-06!, which uses a
brornthymol blue indicator and a color disk to estimate water pH. According to the
manufacturer, the test is accurate to 0,1 pH between 5.5 and 8,5 pH. River Rescue
volunteers found that the test was difficult to conduct on the naturally dark water sometimes
found in all the rivers. Sample tubes were filled directly from the collection bucket after the
temperature and oxygen measurements.

Hardness: Hardness was measured with a LaMotte Hardness kit  model 4824-DR/PHT-
CM-DR!. This kit uses EDTA titration to measure 0 to 200 parts per million  ppm! CaCO,
in 4 ppm increments. Samples for analysis were collected from the collection bucket and
results were recorded on the field data sheet.

Water hardness was also calculated from measured calcium  Ca ! and magnesium  Mg !
concentrations using;

Hardness  mg CaCO/L! = 2.497 Ca ' rng/LJ + 4.118  Mg" rng/LJ

The hardness measured with the test kits was compared to the hardness calculated from
calcium and magnesium concentrations. The measured values were extremely variable and
since each drop of titrant was equivalent to 4 mg/1  CaCO3!, the values were less accurate
than the measured hardness values. The calculated hardness is therefore presented in this
report and used to calculate stream metals criteria.

Total Suspended Solids; TSS samples were collected from the second bucket of water.
The bucket was well mixed and poured into two clean 500 ml nalgene bottles. Samples
were kept on ice in the field and then refrigerated until analysis. They were analyzed within
one week.

In the lab, the river water samples were shaken, the volume was measured, and samples
were then filtered onto pre-weighed 47 millimeter  rnm! Gelman A/E glass fiber filters.
Filters were dried over night in a 60 C oven and then reweighed. TSS was calculated using:

TSS =  mg final - rng initial! / volume in liters



Nrrrrrenrs: Three samples were collected for nutrient analysis: one sample for dissolved
inorganic nitrogen and phosphorus  DIN/DIP!, a sample for dissolved organic nitrogen and
phosphorus  DON/DOP!, and a sample for particulate phosphorus  PP!. Volunteers were
provided with prepared sample bottles that were not opened until they were in the field and
ready to introduce the sample, All sample bottles were prepared by soaking in acid and
rinsing in distilled water, Four drops of chloroform were added to the empty, clean bottles
used for DIN/DIP. The DON/BOP bottles were stored full of distilled water and emptied
just prior to sample collection, Particulate phosphorus filters were stored in acid rinsed,
pre-combusted scintillation vials.

In the field, water from the bucket was stirred and then quickly collected into a clean 60 ml
syringe. The sample was drawn down to 50 ml. A 25 rnm glass fiber filter in a Swin-Lok
filter holder was attached to the syringe. The entire 50 ml of river water was s! ow]y filtered
and introduced into the DIN/DIP bottle. Once the filtration was complete, the filter holder
was opened and the filter was carefully removed with a forceps and placed in a PP vial. A
second sample was collected and filtered with a second filter holder loaded with a filter into
the DON/DOP bottle, The second filter was then carefully removed with forceps and placed
in a second PP vial. Bottles and vials were then placed on ice in the field. At home, PP
filters and the DON/DOP samples were frozen until analysis. DIN/DIP samples were held
in the refrigerator.

All nutrient samples were analyzed in Scott Nixon's laboratory at the URI Graduate School
of Oceanography under the direction of Betty Buckley. Graduate student assistants
conducted the analyses. Detection limits are summarized in Table 2,

~Dig!jj" Filtered river water samples of 50 ml were kept refrigerated until they could be
analyzed for nitrate  NO,!, nitrite  NO,!, phosphate  PO,!, and ammonium  NH,!, on a
Lachat Model 80 Flow Irijection Ion Analyzer, Ammonium was determined by the phenate
method  Environmental Protection Agency  EPA! 350.1!. Nitrate and nitrite were
determined using the colorimetric method from EPA 353.2. This follows the reduction of
nitrate to nitrite with cadmium. Phosphorus was determined using the ascorbic acid
reduction method from EPA 365.3. Automated regression of standard curves and
integration of sample peaks yield concentration output directly.

QQNifgP The method employed by River Rescue was designed to determine total
nitrogen and phosphorous and then calculate dissolved organic N and P by subtracting the
dissolved inorganic fraction from the whole. The method was adapted by Barbara Nowicki
from Valderrama �981!. A filtered water sample is digested using the persulfate oxidation
and then analyzed for nitrate and phosphate concentrations using the Lachat mode! 80 flow
injection ion analyzer  HIA. Calculations are based on inorganic standard curves and an
assumed 100 percent recovery.

Precision:
Nitrogen +-0.1 pM at the 10 pM level

+-0.3 AIM at the 60 pM level
Phosphorus +-0.4 IiM at the 1 pM level

Range; Initial indications are that the digestion is less efficient at N concentrations above
about 100 micromoles  pM!. For this reason many River Rescue samples. especially the
Pawtuxet River samples need to be diluted at least two times before digestion to ensure
complete oxidation of all N and P.



Table 2. Summary of Methods and Detection Limits

PARAMETER lvIETHOD DETECI'ION

0.2 ing/1

pH pH 5.5-8.5
0,1 pH units

TSS

NH, Phenate method

EPA Method** 350.1
0.05 RM

Colorimetric method

EPA Method** 353.2
NO, and NO, 0,05 RM

PO�

DON and DOP

PP

American Public Health Association, American Water Works Association, Water
Environment Federation, 1992. Standard Methods for the Examination of Water
and Wastewater, Seventeenth Edition.. American Public Health Association
Washington, DC.

EPA Methods for the Chemical Analysis of Water and Wastes. 1983,
EPA-600/4-79-020

Valderrama, J.C. 1981. The simultaneous analysis of total nitrogen and total
phosphorus in natural waters. Mar. Chem. 10:109-122.

Solorzano, L, and J. Sharp. 1980, Determination of total dissolved phosphorus
and particulate phosphorus in natural waters, Limnol. Oceanogr, 25�!:754-758.

Azide modification, Winkler method
LaMotte Chemical Direct Reading
Titrator.

Performed in field by volunteers.

Bromthymol Blue color reading by eye,
HACH Wide Range pH test kit.
Performed in field.

Filtration through pre-weighed glass fiber
filter, Standard Method* number 2540 D.

EPA Method*~ 365.3

Persulfate digestion***

Solorzano and Sharp,**** 1980

0.05 AM

0.05 AM



PP. Particulate phosphorus was analyzed using the method of Sororzano and Sharp
�980!. The filters were dried with magnesium sulfate and baked at 450 C to decompose
the organic phosphorus. The residue i» the hydrolyzed with hot hydrochloric acid. The
resulting orthophosphate is determined using the molybdate-ascorbic acid method as in
Standard Methods 4500-P E,

Absorbances are read at 885 nanorneters  nm! on a spectrophotometer and are then
converted to concentrations using a calibration curve. Final values are corrected for
phosphorus contributed by blanks and for the volume of water filtered.

Metals: Metals analyses and analyses for calcium and magnesium were performed by the
laboratory of Raymond Wright, URI civil engineering professor. Metal sample bottles that
were washed and prepared in the laboratory were provided to the volunteers. Bottles were
prepared as follows: 1! washed with phosphorus-free detergent and rinsed with tap water;
2! rinsed three times with deionized water and filled with 3 percent deionized water/nitric
acid solution  HNO,! and allowed to soak for 48 hours. The acid soaking was repeated
three times; 3! Bottles were then rinsed and filled with deionized water for use by the
volunteers. Volunteers kept bottles closed until samples were collected. At the station, the
bottle was emptied and then a sample was poured from the stirred collection bucket into the
sample bottle. Samples were capped and stored at room temperature in the homes of the
volunteers until analysis.

For total metals analysis, an experimentally determined volume of HNO, wa» added to the
60 m] bottles containing samples. The acid volume  approximately 1.2 ml of concentrated
HNO, per 60 ml sample! was sufficient to keep the trace metals from adsorbing to surfaces
or complexing, The samples were allowed to soak for one week to redissolve any metals
that may have adsorbed onto the surface of the sample bottle. The samples were also
refrigerated to prevent any change in concentration levels during the soaking period.

Dissolved cadmium, chromium, copper, lead, and nickel were analyzed by Atomic
Absorption Spectroscopy  AAS! using a graphite furnace. Dissolved calcium and
magnesium were analyzed using the flame method,

The Perkin-Elmer AAS, 5100 PC was equipped with a Zeeman/500 system designed to
provide the graphite furnace with background correction. Such systems enhanced
measurement sensitivity by reducing any interference in the sample background. An AS-60
Autosampler provided a continuous feed of samples to the furnace for each analysis run.

Typically, the autosampler tray wa» loaded with 28 samples. Calibration curves were
developed using three standards. The concentrations used for calibration curves were
calculated by Perkin-Elmer analytical software and were run before samples one and 18. In
the event that any problems were detected during analyses, the samples after the last
successful calibration standard were rerun.

The analyses were run for five separate metals at a time, with a normal run time for 28
samples of 14 to 16 hours. A longer run time was required if the machine had to dilute
samples that were out of the range of the standards, Each sample was analyzed twice and
the mean was reported. Additionally, a root mean square  RMS! error was done for each of
these duplicate analyses. If a sample pair had a RMS error greater than 10 percent, it was
analyzed again.

A Zeeman Graphite Furnace was used with the Perkin-Elmer 5100 PC to atomize the samples
for spectroanalysis. The graphite tube was 'conditioned'  cyclic heating to 2600 C and



cooling to 20 C six times! between each metal sampling run to cleanse the tube of
contarninants.

The Perkin-Elmer 3030B was used to analyze Mg and Ca . An air-acetylene flame
atomized the samples for spectroanalysis. Three standards were used for calibration and a
fourth made to check the calibration curve. Again. the calibration curves v ere calculated by
Perkin-Elmer analytical software. A calibration check was tnade every 15 samples to ensure
the accuracy of the analy»is.

Samples were manually fed to the sampling capillary. The program wa» set to analyze each
sample three times and take the mean of the three samples. The RMS error was reported
and the sample rerun if this error exceeded 10 percent, Dilutions were done manually if the
sample exceeded the limits of the standards.

For quality control, samples were selected at random and spiked with a known metal
concentration, usually one of the standard solutions that were prepared, A 90 percent
recovery limit was used to check the accuracy of the analysis. If recovery v as less than 90
percent, adjustments were made and the samples were rerun.

The detection limits for this analysis are:

RESULTS AND DISCUSSION

Air and water temperature profiles for each station are shown in Figures l � 6. The River
Rescue stations show the seasonal temperature patterns expected in natural waters,

yH

Figures 7 � 9 show the mean and range of pH measured at each River Rescue station. pH
was consistently within normal ranges at all stations.

Aquatic plants and animals, like their terrestrial counterparts, need oxygen to survive.
Oxygen gas dissolves in water and is normally found at concentrations of 5 to 15
tnilligrams of oxygen per liter of fresh water  mg OJL! in natural lakes, streams, and
rivers. Swamp waters will often have lower concentrations. The EPA has determined that
an oxygen concentration of 5 mg/L is the minimum safe level for most aquatic organisms.
Rhode Island has adopted this level as the oxygen standard for all five rivers evaluated by
River Rescue.

10

Cadmium
Chromium

Copper
Lead

Nickel

Magnesium
Calcium

0,05 ling/L
0.20 pg/L
0,20 ling/L
0.20 pg/L
0.20 pg/L
0.05 mg/L
0.05 mg/L
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Normal, healthy streams, lakes, and rivers with visible plant growth show daily and
seasonal changes in dissolved oxygen levels. On sunny days, dissolved oxygen is
introduced into the water by the photosynthesis of green plants, such a» algae and aquatic
weeds, and increases during the course of the day. with the highest concentrations
measured in the late afternoon. Dissolved oxygen is utilized by the respiration of these
same plants; and during the night or on cloudy days when sunlight is reduced, the oxygen
concentrations fall. Oxygen is also utilized by the respiration of other aquatic organisms
including the bacteria that consume organic material in the water. In some waterbodies, the
oxygen removed by respiration can exceed the oxygen that was produced by photosynthsis
and concentrations fail below acceptable levels, Lowest oxygen concentrations were
observed early in the morning before sunrise.

Water temperature also affects dissolved oxygen concentrations in water, Gases dissolve
more easily in cooler water than in warmer water, so dissolved oxygen levels are always
higher in natural water bodies during the cold winter months.

River Rescue volunteers »amp]ed the rivers during daylight hours. Figures 10 � 12 show
the results of the oxygen analyses. Oxygen levels at all 10 stations follow a predictable
seasonal pattern, rising as the water cools in the fall, and decreasing during the warmer
summer months. Summer concentrations at several stations drop very close to the level of
5 mgO,/L oxygen established by the R.l. Department of Environmental Management as
safe for aquatic life.

Oxygen levels on the Pawtuxet River show significant changes from the upstream station at
East Avenue in Warwick to the station at the mouth. Oxygen concentrations at the mouth of
the Pawtuxet routinely fall below the 5 mgOJL standard during the summer. Oxygen levels
of 2 or 3 mgOP are routinely measured at this station between June and October. This
depletion of oxygen is primarily caused by the decomposition of organic material
discharged by wastewater treatment facilities for the cities of Cranston, Warwick, and West
Warwick. The high levels of ammonia and organic nitrogen in this waste contributes
significantly to the depressed oxygen levels measured at the river's mouth. All three cities
are planning improvements for their wastewater treatment facilities to address the water
quality of the lower Pawtuxet River.

Oxygen levels in the Blackstone River remained above the 5 mgOJL standard except one
measurement of 4.6 mgO,/L on August 14, 1994 at the Lonsdale station.

i ro en and Ph h rus

Nitrogen and phosphorus are essential elements for all forms of life. Nitrogen is needed to
build proteins, and phosphorus is essential to the metabolic reactions of both plants and
animals. In many freshwater systems, plant growth is limited by the amount of
phosphorus available, Although plant life is essential to a balanced aquatic ecosystem.
excessive levels of nitrogen and phosphorus will produce an overabundance of aquatic
plants that can choke the river's flow and destroy bottom habitats. Excessive levels of
nutrients can also produce blooins of microscopic plants, called algae or phytoplankton,
Phytoplankton blooms can color the water a pea-soup green, making it offensive to
swimmers and boaters. When the phytoplankton die and decay, oxygen may be depleted
from the water column causing fish kills.

Nitrogen and phosphorus are introduced to waters with sewage discharges from
wastewater treatment plants, and seepage from septic systems, industrial waste discharges

20
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and stormwater discharges. Runoff froin agricultural lands can carry excess fertilizer and
animal wastes to nearby waterbodies.

Figures 13 � 15 show the average annual concentration of total dissolved phosphorus
measured by River Rescue volunteers at each station, The highest phosphorus
concentrations were measured in the lower Pawtuxet River station. This station i»
downstream of three major wastewater treatment facilities that contribute significant
concentrations of phosphorus to the river. The Blackstone stations  B 1, B2, and Blons!,
the Ten Mile River station, and the upper Woonasquatucket River station had intermediate
levels of phosphorus, while the upstream Pawtuxet, the Moshassuck, and the lower
Woonasquatucket River stations had less phosphorus.

Phosphorus concentrations at the stations remained relatively unchanged during the five
years of River Rescue monitoring. Table 7 compares dissolved inorganic phosphorus
concentrations measured at the mouth of the Blackstone, Moshassuck, Woonasquatucket
and Pawtuxet Rivers in 1982 and 1983 to the overall average concentration measured at the
mouth by River Rescue, Phosphorus concentrations have decreased in all four rivers, with
changes of 72.8 percent in the Mosha»suck, 50 percent in the Woonasquatucket, 39.2
percent in the Blackstone and 62.2 percent in the Pawtuxet,

Figure» 16 18 show the average annual concentration of total dissolved nitrogen
measured at each station. The highest concentrations were found at the lower Pawtuxet
River station below the three wastewater treatment discharges. The Blackstone River had
consistently high nitrogen concentrations, with the highest levels at the mid-station at
Lonsdale. The Ten Mile and upper Woonasquatucket River station had moderate levels of
dissolved inorganic nitrogen, while the lowest levels were found in the upper Pawtuxet, the
Moshassuck, and the lower Woonasquatucket River stations.

Table 7 compares dissolved inorganic nitrogen concentrations measured at the mouth of the
Blackstone, Moshassuck, Woonasquatucket and Pawtuxet Rivers in 1982 and 1983 to the
overall average concentration measured at the mouth by River Rescue. Nitrogen
concentrations have decreased in the Moshassuck, Woonasquatucket and Blackstone, and
increased in the Pawtuxet. The decrease in nitrogen is less than the decrease in
phosphorus, with decreases of 25.6 % in the Moshassuck, 13.4 % in the
Woonasquatucket, 39.8 % in the Blackstone and an increase of 17 % in the Pawtuxet.

Pl~tls

Providence's rivers have been affected by heavy metals for over 100 years. Inputs of toxic
metals date back to the beginnings of the American Industrial Revolution. In the early
1800s, convenient fall points on the rivers provided the water power for textile mills and
metals industries that manufactured machine parts. The Civil War brought munitions
manufacturing; and after the war, metal working industries manufactured locomotives,
tools, wire, and sewing machines. Jewelry manufacturing followed, becoming
Providence's leading industry in 1880. Waste materials from all these industries were
discharged into the rivers. Studies of Narragansett Bay'» sediments clearly show the
advent of the industrial discharges, with sharp increases in metals deposition in sediment
strata corresponding to the mid-1800s,

Narragansett Bay and its tributary rivers continue to receive significant discharges of heavy
metals. According to Nixon �991!, during 1986 and 1987, rivers and streams contributed
over 60 percent of the cadmium entering the Bay, and about one-third of the chromium,
copper, nickel, and lead. Sewage treatment plants  POTWs! contribute 13 percent of the
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cadmium, 32 percent of the chromium, 41percent of the copper, 36 percent of the nickel
and 16 percent of the lead entering the Bay.

San Francisco, Calif. conducted an in-depth study of metals in their wastewater effluent,
investigating activities that could potentially discharge metals into the plant  Filice and
Brosseau, 1993!. They found that heavy meta]s are introduced into wastewater during wet
and dry weather from a variety of sources that are common in all urban setting». These
same sources are potential sources of metals in the rivers studied by River Rescue and are
shown in Tables 3 and 4.

AIthough heavy metaIs have been considered an industria1 pollutant, recent studies show
that residential wastewater can also be a significant source of heavy metals. The
Sacramento, Calif. Regional County Sanitation District conducted a thorough investigation
of toxic discharges from residential households  Burnam et al., 1994!. For four weeks
during the summer, daily measurements of wastewater flow and pollutant characteristics
were made froin six predominantly residential sections of their service area. Untreated
water, finished supply water and tap water samples were also analyzed to determine
background concentrations of the constituents and calculate changes in concentration
occurring within the households. Although the specific concentrations measured are not
applicable to Rhode Island, the general conclusions of residential inputs are valid.

They found that the service lines delivering water to residential households could introduce
metals to the drinking water before it was used in the home, New distribution systems
increased levels of copper and zinc, while older distribution systems showed increased
levels of lead, mercury, and zinc. The paper did not define the age of old or new system».

In comparing the water service line metal concentration to the concentration in the sewer
samples, the authors found increases in all metaIs except arsenic. Cadmium concentrations
were increased four to five times at all locations, while copper concentrations increased by
a factor of 12 to IS. Lead concentrations increased by two to four times, chroinium
concentrations increased by SO percent, while nickel increased by 20 percent to SO percent.
This suggests that residential waste can be a significant source of heavy metals to niunicipal
wastewater plants and then to surface waters receiving wastewater inputs.

High concentrations of heavy metals are toxic to both humans and aquatic organisms. The
EPA has analyzed the toxicity of metals to a variety of aquatic organisms and deveIoped
benchmark levels, or criteria, that should not be exceeded in a healthy ecosystem, Toxic
substances affect organisms in two ways: High levels of chemicals will kill organisms
immediately, and long term exposure to lower, non-lethal concentrations can affect the
organism's behavior and reproductive success. EPA has therefore established "acute'
criteria to protect against high level, short term exposures to toxic chemicals, and -chronic"
criteria to protect against the longer term effects of lower concentrations. Acute and chronic
criteria for metals vary with the hardness of the water.
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Table 3. Sources of Heavy Metals During Dry Weather
 from Filice and Brosseau, 1993!

METAL WATER
SUPPLY

RESIDENT1AL OTHER

COMMERCIAL
REGULATED

INDUSTRY

Copper Root killer products
Algicides
Foods

Raw water supply
Pipeline corrosion

Manufacturers of

electrical equipment
Auto body shops
Commercial printers
Linen suppliers

Raw water supply
Pipeline corrosion

Auto services

Cleaners and laundries

Metal platers
Hospitals

PaintsRaw water supply
Pipeline corrosion

Nickel

Rhode Island water quality regulations  RIDEM, 1988! specify that for waters classified A,
B, and C,

"The atnbient concentration of a pollutant in a waterbody designated as suitable for
fish and/or wildlife habitat shaH not exceed the Ambient Water Quality Guidelines
for the protection of aquatic organisms from chronic effects  see Appendix B!,
unless the chronic guideline is modified by the Director based on results of bioassay
tests conducted in accordance with the terms and conditions provided in Appendix
C

Ambient water quality guidelines were used to calculate heavy metal acute and chronic
criteria for the 10 River Rescue stations. These criteria are calculated from the water
hardness  mg/L as CaCO3! shown in Figure 19 as long as it exceeded the ininimum
allowed hardness of 25 mg/L as CaCO3, The calculated criteria are shown in Tables 5 and
6.
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Paints

Photo processors
Auto fluids

Home plumbing

Hospitals
Radiator repair

shops
Linen supphers
Car washes

Sheet metal shops
Auto services

Painting services
Equipment renters



Table 4. Sources of Heavy Metals During Wet Weather
 from Filice and Brosseau, 1993!

GENERAL WET WEATHER
SOURCES

Copper

Auto service and repair
Metal l'inishing

Cadmium

Chromium Engine parts
Brake l in in g»

Auto service and repair
Met al fin is hi ng

Auto service and repair
Equipmcnt rental

Nickel Local trucking
Auto service and repair

33

Algicides
Brake linings
Paints and wood preservativcs
Vehicle engine parts

Gasoline

Oil and grease
Tires

Batteries

Gasoline

Paints

Vehicle exhaust

Vehicle engine parts

Gasoline

Paints

Oil and grease
Brake linings

COMMERCIAL AND
INDUSTRIAL WET WEATHER
SOURCES

Auto service and repair
Electrical equipment manufacturing and

metal finishing
Points. inks. and printing
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Table 5. Heavy Metals Acute Water Quality Criteria  p.g/L! for River
Rescue Stations

A VG.
HARD

Cr NiHARD

USED
CU Pb

W2 20.0 25 0.8 438.9557.9 14.0

26.9 26.9Wl 0.9 592,4 l 5.45.1 467.0

M2 1022.252.4 52,4 35,8 820.41.9

39.356.3 2,0 1084.6 10.3 872.256.3

B2 5,5 494,328,8 1.0 626.0 16.728. 8

Blons 438.921.3 0.8 14,025 557,9

Bl 27.5 475.727.5 0.9 5.3 15.8603. 1

P2 19.6 0.8 4,8 438,925 557.9 I 4,0

Pl 27.027.0 0.9 5.2 468,9594.8 15.4

TMl 26.341,0 1.4 837.0 7.7 667,341.0
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Cadmium: The average annua] cadmium concentration for each station is shown in
Figures 20 � 22. The stations on the Woonasquatucket, Moshassuck, and upper Pawtuxet
rivers were consistently below the chronic criteria, while the lower Pawtuxet, Ten Mile,
and Blackstone rivers showed some exceedances of the criteria, In 1991, the lower
Pawtuxet River station averaged twice the chronic criteria of 0.4 p.g/L. During 1991, high
levels of cadmium  above 1.0 pg/L! were measured at this station on April 29, June 24,
July 10, July 21, August 5, September 3, and December 31. Concentrations above 1.0
pg/L were never found during subsequent years. The Ten Mile River exceeded the chronic
cadmium criteria in 1992. Half of the I 0 measurements equaled or exceeded the criteria of
0,6 pg/L with one sample of 2.7 p.g/L taken on February 9. The three samples collected in
1993 were consistently below the criteria. High levels of cadmium were measured
periodically in the Blackstone River in Blackstone, Mass., �.9 pg/L on November 25,
1990 and 3.5 pg/L on June 9, 1991!, and the average cadmium concentration for 1990,
1991, and 1992 exceeded the chronic criteria of 0.4 pg/L. The 1993 average concentration
of 0.23 pg/L fell well below the criteria, suggesting that cadmium levels in the upper
Blackstone River improved during the four-year study, This trend was also seen at the
mouth of the Blackstone, although the change is much less dramatic.
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Table 6. Heavy Metals Chronic Water Quality Criteria  pg/L! for River
Rescue Stations

Cadmium concentrations measured by River Rescue at the mouth of the Blackstone,
Moshassuck, Woonasquatucket, and Pawtuxet rivers are compared to measurements made
in 1985 and 1986 in Table 7, Cadmium levels have decreased by 79.3 percent in the
Moshassuck, 35.7 percent in the Woonasquatucket, 66.4 percent in the Blackstone, and
54.8 percent in the Pawtuxet River.

Chromium: Figures 23 � 25 show the average annual chromium concentrations measured
at each River Rescue station. All stations fell well below the chronic and acute criteria. The
highest concentrations of chromiutn were measured in the Ten Mile River, and the lowest
concentrations were found in the upper Pawtuxet River. The Blackstone River had
intermediate levels of chromium, which decreased from the upper Blackstone to the mouth,

Table 7 compares chromium concentrations measured by River Rescue at the mouth of the
Blackstone, Moshassuck, Woonasquatucket, and Pawtuxet rivers to measurements made in
l985 and l986. Chromium levels have decreased by 42.6 percent in the Moshassuck, 82.7
percent in the Woonasquatucket, 25,6 percent in the Blackstone and have increased by 4.7
percent in the Pawtuxet River,
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Table 7. Changes in Pollutant Concentrations During the Last Decade

Water Quality
Constituent

Masbassuck Woonasqatucket BlackstoneDate Pawtuset

1982/83 *Dissolved

Inorganic
Nitrogen 1990/1995

% Chan e

0.71 m 0.73 rn /L 1.31 m 2.18 m /L

13.4 % - 17.0%25,6 % 39,8 %

0.03 tn /L 0.07 m 0.14 m /L 0.46 m /LDissolved

Inorganic
Phosphorus

72.8 % 50.0 % 39,2 % 62.2 %

Lead

-16.0 %36.0 % -24.4 %12.0 %

Copper

2.0 %-8.3 %70,2 %20.9 %

Nickel

90.1 % 67.2 %91.3 % 63.5 %

Cadmium

35.7 % 66,4 %79.3 % 54.8 %

Chromium

0.81 /L 0.85 /L 1.54 0.89 /L

-4.7 %82.7 %42.6 % 25.6 %

* Taken from data provided by Nixon and Granger and used in Nixon, et al.. 1995.
** Taken from data presented in Pilson and Hunt. 1989.
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1982/83 '

1990/96

% Chan e

1985/86 **

1990/95

% Chan e

1985/86 **

1990/95

%Chan e

1985/86 **

1990/95

% Chan e

1985/86 **

1990/95

% Chan e

1985/86 *a

1990/95

%Chan e

0.96 m /L 0.84 tn /L 2.17 m /L 1.86 m /L

0.007 m /L 0.033 rn /L 0.087 m /L 0.174

5,07 /L 5.00 /L 4.62 /L 2.38 /L

4.46 /L 3.20 /L 5.36 /L 2.96 /L

8.67 /L 14,09 it /L 8.65 P. /L 11.31 /L

6.86 /L 4.20 /L 9.37 /L 11.08 /L

27.01 /L 26.38 /L 14.98 /L 20.72 /L

2.67 /L 2.30 /L 5.47 /L 6.8 /L

0.53 /L 0,28 /L 1.34 /L 1.15

0.11 /L 0.18 /L 0.45 /L 0.52 /L

1.41 /L 4.92 /L 2.07 /L 0.85 /L



Co/rper; The average annual copper concentration at each River Rescue station i» shown in
Figures 26 28. The acute criteria for copper are stringent, ranging from 7 pg/L at station
Ml  hardness of 56 mg/L CaCO3! to 3.6 pg/L at stations W2, Blons, and P2. All the
stations except the upper Moshassuck exceeded the copper criteria during at least one year.
The Blackstone and Pawtuxet rivers exceeded the chronic copper criteria at all stations
during the entire study. The lower Pawtuxet River station showed high average copper
concentrations during 1991 with concentrations above 20 pg/L consistently measured
during June � samples!, July � samples!, August � sample!. and September � sample!.
These high levels were not seen during subsequent summers, although fewer samples were
collected, Copper levels in the Blackstone River were lower at the mouth than in
Blackstone, Mass. However, in 1992 and 1993, the Lonsdale station had higher copper
levels than either of the other two stations. The Blackstone data suggest that copper levels
have decreased in the river since sampling began in 1990.

Table 7 compares copper concentrations measured by River Rescue at the mouth of the
Blackstone, Moshassuck, Woonasquatucket, and Pawtuxet Rivers to measurements made
in 1985 and 1986. Copper levels have decreased by 20.9 percent in the Moshassuck, 70,2
percent in the Woonasquatucket, and have remained unchanged in the Pawtuxet River.
Concentrations have increased slightly  8 percent! in the Blackstone River.

Lead: Lead results are shown in Figures 29 � 31, Lead concentration» at all the stations
were below the acute criteria but exceeded the chronic criteria. The only exception is the
Ten Mile station, which was slightly below the 1.0 pg/L chronic criteria in 1993. Lead
concentrations in the Woonasquatucket, lower Moshassuck and Pawtuxet Rivers showed
little between-year variation. Lead increased in the upper Moshassuck, in the Blackstone
River at Lonsdale, and decreased in the Ten Mile River.

Table 7 compares lead concentrations measured by River Rescue at the mouth of the
Blackstone, Moshassuck, Woonasquatucket and Pawtuxet rivers to measurements made in
1985 and 1986. Lead levels have decreased in the Moshassuck �2 percent! and
Woonasquatucket Rivers �6 percent! and have increased in the Blackstone �6 percent!
and Pawtuxet Rivers �4 percent!.

Nicl.el; Figures 32 � 34 show nickel concentrations at the River Rescue station. There
were no violations of acute or chronic criteria at any station. The highe»t nickel
concentrations were measured at the Ten Mile River station in 1992 and 1993. The
Blackstone River had intermediate levels of nickel. and the data show concentrations
decreasing over time and over the length of the river. Nickel concentrations in the Pawtuxet
River increased significantly between the upstream station and the station at the mouth, but
these data also show decreases over time. Nickel concentrations at the Woonasquatucket
and Moshassuck river stations were low, and showed little between-station change.

Table 7 compares nickel concentrations measured by River Rescue at the mouth of the
Blackstone, Moshassuck, Woonasquatucket, and Pawtuxet rivers to measurements made in
1985 and 1986, Nickel levels have decreased in the Moshassuck  90.1 percent!,
Woonasquatucket  91.3 percent!, Blackstone �3.5 percent!, and Pawtuxet Rivers �7.2
percent!.
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CONCLUSIONS

The River Rescue program used volunteers to create a comprehensive water quality
database describing conditions in the rivers draining into Narragansett Bay. River
Rescue data are more comprehensive than any other studies conducted on the rivers.
The Woonasquatucket and Moshassuck Rivers flow through dense urban
neighborhoods and have lost their natural condition. The rivers contain large quantities
of debris, but River Rescue testing demonstrated that the chemical water quality of
these rivers has improved dramatically over the last decade,
The Pawtuxet River becomes significantly more polluted after receiving waste from the
Warwick, West Warwick, and Cranston wastewater treatment plants, River Rescue
data show increases of nitrogen, phosphorus, cadmium, chromium, copper, lead and
nickel between the upper and lower Pawtuxet River stations. At it's mouth, the
Pawtuxet River was the most polluted station sampled by River Rescue. When
compared to historical data, the River Rescue data show improvements in cadmium,
nickel, and phosphorus in the lower Pawtuxet River. Chromiuin and copper have
changed little, while nitrogen and lead concentrations have increased.

River Rescue data suggest that the quality of the Blackstone River has iinproved during
the 1990s, especially for cadtnium and nickel. Comparisons with historical data show
decreases in chromium, cadmium, nickel, nitrogen, and phosporus while copper and
lead have increased,

RECOMMENDATIONS

Water quality testing should continue on the Pawtuxet. Monitoring can be used to
promote wastewater improvements and nonpoint source best management practices
which are needed to improve the quality of the lower river.
Intensive monitoring of all 10 River Rescue stations should be conducted periodically
 perhaps for one year every five years! to document changes in water quality and detect
probleins,

Efforts should be continued to promote community involvement in river monitoring and
protection. Watershed associations should be encouraged for all five rivers to promote
awareness, restoration, and public education.

Data on pollutant concentrations when combined with discharge measurements, can be
used to calculate pollutant loadings. It is important that the U. S. Geological Survey
flow stations be maintained to assure accurate and regular measurements of discharge.
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Appendix A

River Rescue Volunteers 1990 � 1995

Sean O' Leary
Jay Oliver

Jay Pafundi
Louise Parente

Jack Partridge
Nancy Peterson
Chris Pctrarca

Lorine Petrarca

Ralph Pe trarca
Pam Prescott

Ann Rajotte
Paula Rancourt

Jim Riordan

Brian Roy
Paula Roy

William Saba

Ann Mane Saggerson
Michael Shalvey
Cynthia Shattuck
Christina Simao

Randy Souza
Mary Speare

Donna Spclman
John Stamp
Byron Steger
Tom Stevens

Mary K. Talbot
Carol Taylor
Pamela Toro

Charlie Valatka

Hank Vandersip
Phehe Vandersip

Allison Wald

Colleen Ware

Tim Warren

Doug Wilson
Greg Wolf

Lorrie Wright
Barbara Zuleger
Jimmy Zuleger
Robert Zuleger
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David Ahlquist
Bill Aldrich

Ray Alexander
Pat Antanelli

Patty Arden
Judith Armour

Jane Arse nault

Jill Arthrell

Michael Baris

Jonathan Barnes

Jim Beard wood

Lisa Begin
Donna Belmont

Cindy Benevides
Fred Bergemann

Mildred Bergemann
Evan Berube

Tom Bik

Judith Bland

David Bauchard

David Bowman

Edward Brassard

Mike Brillom

Bob Brown

Lorena Brown
Susan Brown

Brian Browne

Emily Burns
Brian Carroll

Sal Celeberta

Dennis Cesaro
Patricia Chamber

Patricia Chamberlain

Brenda Clement
Henry Cochran
Michael Conroy
Jeremy Cooper

Peter Cummings
Hugh Currie
Lyn Dazell
Gary Davis

Gena Di Bisio
Elaine Dickervitz
Eric Dickervitz

Carolyn Digby
Edmond Dubrevil

Steve Earl

Tom Eagan
Shawn Elwell

Bruce Evje
Olga Fino
Art Fluery

Robert Fluery
Melissa Fochler

Janice Fonseca

James Gallipeau
Richard Garrison

Cathie Gauvin

Michael Gerboli

Nancy Gronstrom
Kimberly Gold

Donald Gothhurg
Jeff Hanna

Kurt Hanson

Michael Harp in
Jo Ann Harrington
Christine Herbert

Martha Hildchrandt

Mark Philip Holmes
Jasen M, Halt

Sharon Hudy
William Huntington

Jamal Kadri

Thomas Kean

Lisa Kent

Carolyn Knight
Marianne Knowles

Greg Kwiatkowsky
Alan Laflamme

Terry Lap ierre
Charlotte Lawton

Thomas Leech

Peter Letoureau
Dec na Liff'mann

Steve MacIntyre
Eugenia Marks
David McElroy
Paul McElray
Tom Mc Hugh
Jay Milgliaccio

Lisa Moniz

Roy Maquin
Bab Murphy

David Newton

Quincy Northup
Charles Obert

Bob Oberg
Ann O' Grady



APPENDIX B

River Rescue Data Tables
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Water Quality Parameters
for River Rescue Stations

pH
Water and air temperature
Dissolved oxygen
TSS
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9.6
92

16 149. 45
12'30
13 15
13 00
13 00

96 25
93. 21

0,3
16
12

16
10 12.2

12 2
12.2 12. 2 10.78 113.20
'l2 4 12.3 12.61 97.56 2 47. 00

6 80
5.5
0

3
-6 14 2 14.62 96. 4414 14,1

6.90 13.6
11.2

13.8
11

12.2
87
92

13. 7
11.1
12.25
ee
9.'l

15 95
13 11

9 28
9. 87

85 87
e4 Be

94.87
92. 20

2 1
07
06
D 4
3 1

6. 90
7. 1 0
6 90
7 00
7 00
6 90
7 10
7 00
6 80
B. 80

12 3
8.9
9

5 2

19
16
27
23
20
12
e
15
2

16
14

26 5 7 97
8. 58

52
74

5 2
7 4

65.26
86.26

0 9
D 932

24
13
7

7.4
5.6
10

58 5.7 9. 09 62.69
10

1D.2
10 9
10 6
13.8
12.2

10
10.2
10 95

10.76
11.84
10.08

92.79
86. 'I 2
108. 59
75.92

10.2
11

10.4 10.5 '13 83
13.75 13 8313:00

17:00
6 90 13.7 99 42

92.316. 80 12 12.1 13 11
11.1 10 5413.30 6.90 13 11.2

9.2
e9
56

e.e

11
9.4
9

105.35
9.3 9. 66
895 928

19 00 7.00 '1 7 18
21

33. 5
28.5
24

96 22
96 4816-Jun-94

9- Jul-94
6-Au~-94
10 Be~.94

14 30 6.90
1700 7.00
1700 7 1D
13 00 7 1D

19
27

23 5
20

5.7
6

5.6
6

7. 97
8 50

71.53
70 61

8.6 9. 09 95 68

92 166- Nov-94 14 15 7 10 14 20 10.31

Avg. 1990
Avg 1991
Avg 1992
Avg 1993
Avg 1994
Overall Av .

10
15
13

97 11 SD
10.5 10.42
11.2 10.74

86 84
101 59

9 7 ee
10.5
11 1
9.9
9 6
10 3

32
2.97 08

7. 05
't 6
12

10.5
11.2 103.91

ee ee
3.1

31 3 1 2 9.9 99
96

11.D2
10 616 96 14 17 89 57

7. 01 14 14 1D 3 10,3 10.72 96,09 2 6

'l2-Jul-92
1 0-A~u-92
6-Sep-92
4-Oct-92
8-Nov-92
S. Dec-92
1D.Jan-93
7-Feb-93
7-Mar-93
6-Apr-93
8-May-93
6-Jun-93
1 3-Jul-93
15TAuy 93
13-Sep-93
12.0ct-93
7-Nov-93
12-Dec-93
9- Jan-94
13.Feb-94
8-Mar 94
5-Apr-94
1 5-Me 94

13.30
13.00
16 30
9 30
8 00
7:OD
1D.DO
18.00
18:30
16'00
12'.00
17:00

W gcrtasquatuCket RlVer at Valley St. in PrOVldenCe, RI
Water Quality Parameters

Water Air Frrst Second Average Diss Oxy
pH Temp. Temp. Dice. Oxy. Diae Oxy Dree. Oxy. SaturatiOn

 SU!  C!  C!  rng/1!  ~m l!  mg/1!  mj!/t!



Pawtuxet River at Natick  East! Ave. in Warwick, Rl
Water Quality Parameters

t I

Temp, I Temp. Diss. Oxy, Diss. Oxy. Diss. Oxy. Saturation, % SAT Susp. SolidsTIME pH

~SU!
DATE

B.Feb-92 13:15 6.8
12:00 6,75
9:00 6.8
9:00 6.95
9.'00 6.7

12,4 12.8 12.6 13.46
14,2 14,3 14.25 12.I4
11.8: 11.8 11.8 12.45
92 92 92 1054
9.2 9.2 9.2 8.42

93.6D 0.84
117.39
94.79 1.4
87.31 2.513' ,15

24 ' 25 109.29
10:00 7.05
9:00 7
9:00 7
9:00 7,1
13:00 6,9

7.4 8.42
8.1 8.58

8.95 9,09
9.5 11.03

10.4 11.56

1.5
3

1,5
9.8 9,4

10.4 'I0.4 1.2
11.4 11,4 13.46~ 84.69

I

122 11 9 1462 j 81 39
1 2 12.1 12.77, 94.75

11,8 1 2 12.77 ' 93.96

1045 675 3 4 11.4

1 5:30 6.8
12:00 6.7
9.45 6,5

5 11.6
9 12.2
8 12

0.6
2.4

9:00 16 9.97~
8,42 93. 25

9:DD
9:00

25
24

26
23

7.2 7.3
7,8 7.9

8.69:00 7 20 20 9.09 94,038.5

1600
1510

13
17

11.70
11.5 11.84 97. 10

13.83 108.82
13.64 107.74
13.11 112.52

15,05
2.5 14.7

14.75

800
1400

1 0 9,6 9.88-May-94
12- Jun-94

14 15
7 21 23

10.31 95,09
8.92 81.887 7.6 7.3

6.9 13,0 13.6
6.9 1 2.4 15.2
6,9 8.7~ 10.4
6.9 11.9 13,6

10.8 I 94,9
11.4 i 92,4
12.0 ' 101.2
11.3 95,7

10.3
10.2 1.7
12.3

1.710.7

9-Mar-92
4-Apr-92
4-May-92
7-Jun-92
10- J ul-92
8-Aug-92
7-Sep-92
6-Oct-92
7-Nov.92
7-Dec-92
10- J an-93
8-Feb-93
8-Mar-93
6-A r-93

10-May-93
7-Jun-93
14-Jul-93

16-Aug-93
1 3-Sep-93

6-Nov-93
6-Dec.93

23-Jan-94
6-Feb-94
13-Mar-94

Avg. 1992
Avg. 1993
Avg. 1994
Overall Av .

13:15
16:50
17:16

7 7 7

6,9
6,9
6.8

24
23
20

0 5 5

8.5
8
2

31
24
19

7 6

.3
7

10

7.8 7.6
8 8.2

8.9 9

11.5
1 5 15.1

14.8 14.6
1 5 14.5

10.3 10,3
10.1 10,0
12,4 12.3
10.7 10.7

7.25
7.85
8.55

87.90
94.43
98.43
86.15
89.97

1.2
2

0.5

'1.5

1.5
3.3



A~vera e 'Dis~s. 0Water Air Firs'I Second
Diss 0 Diss. Oxy, i SaturationDATE Tem . Tem Diss Sus . Solid

SU+ rn /I rn /I m /I rn /I m /I

1-Oct-10 13 15 20 24 2.6 2,72.9 9. 09 30.0
15-Oct-90 1:30 6.6 20 18 4.2 4.5 4.4 9 09 48.4

1:3029-Oct-10 6 3 6.5 6.1 5.9 6.0 11.58 51.1 3.5
14;00 2.5 10.8 10.0 10 3 12.45 82.8
1:00 7.5 8.6 99 72.6 1,38.8

1 0-De c-90 1:30 6. 75 10 3 10.51 0.6 12.45 84.0
2:006.Jan 91 6,7 4.5 12.0 1 2.0 12.0 12.94 92.7

21-Jan-91 10:OO 6.7 12.4 12.2 12.3 13.48 91.4
13:003-Feb-91 8.7 14 'I 1.9 12.1 12.0 12.77 94.0

1S-Feb-91 13:00 6. 75 12.6 12.6 1 2.6 13.46 93.6 2.1
3-Mar-91 13 15 6.7 11.03 86.4 3,7
18-Mar-91 16:30 1 'l,4 11.2 12.1411.3 93.1 2.5
1-A r-91 16.30 6.7 11.2 11.2 11.84 94.1 2.6
15-A r-91 16;15 6.7 9.4 11.03 84.8 1.6
29-A r-11 16i20 8.7 15 16 9.0 9.1 9.1 10.08 89. 7 7.7

16;15 6,813-Ivla -11 20 7,421 7.4 9.09 81.4
26~Ma -91
10- Jun-91 1 6: OO 27 4,6 4.5 8.7422 51.5
24-Jun-Qt 16:10 22 27 3.8 8.74 1,2
10.Jul-91 'I 600 6.7 24 3.2 3.0 3.1 8.42 36. 8 0.2
21-Jul-91 1410 6.8 27 28 2.1 2.8 7.972.9 35.8 0.5

3.7 3.7 8.58 43.1~6-Au -9t 16:10 6.1 3,723 25 0.5
2.4

10:00 3.021 24 2.92 9 8.92 32.5
2,2

16 201-Oct-91 41.5 ~i16:00 4.2 4.1 I 4
15-Oct-91 4:00 15 16 3.7 3,7 10,08 36.2

18 25 9 47 19.8 1,7
54:00 12.14 SO.3 22.1

6:ooa 6.5 8.6 12.45 70.3
4:15 8.7 12 14 85.180

31-Dec-91 2:15
8-FW-92 12:00

1.8 1 3.46 72.4
6.7 11,2 11.3 ' 13,11 1,711,4

Q2.9S.Mar.12 12:00 6.7 11.0 11.0 11 0 11 84
6-A r -92 1 6i 00 15 17.4 5.311.010 11.0 11.0 11.29

14:30 6.7 6.720 25 6.2 6.5 Q.09 70.9 9.8
11-Jul-92 10:00
10-AU -92 12:00

2.06.7 1.925 28 23,0
6.6 21 3,1 33. 125' 2.8 6,92 5,6

1 I '0~0 6.5 2119 9.28 1 9.4 0.7
1712:00 6.7 24 3.2 9.66 33. 1

B-Noy.92 14;00 7 4.2 12.146.6 4.3 35.4
6-Dec-92 12:30 6.7 10.0 1.8 13.83 70.9 4.1

122 122 ' 142210- Ja n-93 1 3;00 6.7 12,1 65,5I ~4
13,00 6.7 11,3 10,8 .62 75,6 5.6
11;00 6,7 12.2 12.5 13.11 94,212.4 0.8

12.2 12.0 12.77 94. 0 5.513;303-A r-93 6.4 11.8
2.Ma -13 11:15 65 ' 15 24 8.2 6.4 10. 08 82.3 3.2
5-Jun-93 12 00
10-Jul-93 10:30

6 7 17 26 5 4 5 5 4 9.66 55.9
6.65 28 36 2.2 27 5 1.6

S.Au -93 10:00
12 Se -Q3 10;00

6.5 23 26 1.6 1.7 8.58 19 8 0.4
6 4 2120 1.8 2.0 9.09 20 9

3-Oct-13 12:00
7.Nov-93 11:00

6.65 16 14 2.0 2,1 21 32.2
6.6 10 3.0 11.29 27 5

1 2.016-Jan-94 11:00 6.7 16 82,112.0 14.6212.0
6-Feb-94 5 I 12512.00 13,0 12,6 12,776,65

12 0013.Mar-94 12 12.8 13.0 12.8 12.14 i 105.4
10-A r-Q4 6.75 9.812:00 12 15 Q.Q 10.78 11.4

168-Ma -94 12:00 7.46.7 17 7.8 7.8 77.09.87
12-Jun-14 12:Oo
I 0-Jul-94 17:00

22 3.8 3.2 3.4 8.92 38. 1
276.7 3.6 7.97 45.2

8-Au -94 1720 4,623 25 8.58 53.0
10-Se .94 11:00
Av . t190

176.6 21 2.0 2.2 2.1 8.12 23. 6
to 736.6 7.1 7,1 61.6

6.7 13 14 7.6 7.5 7.5 10.8 66.6 3.2
156.5 I 0.7 58.26.4 4.0

8.8 13 14 6.5 11.0 54.9 3. 06.6
15 14 7,7 7.6 10.5 68. 4

14Overall Av 6.6 7,17.1 7.2 1 0.8 62 4

1 3-Nov-90
26-Nov-10

18-Au -91
3.Se .91
14-Se -Ql
19-Se -91

27-Oci-11
12-Nov-Qt
2S-Nov-91
10-Dec-91

~3.Ma -92
6- J un-92

6.Se .12
3-Oct-92

6-Feb-93
B-Mar.93

Av . 1991
Av 1992
Av . 1993
Av . 1994

12i'oo
66

Pawtuxet River a'i 8road St. in Cranston
Water Quality Parameters

27 35
4 ~



Mashassuck River at Charles St. irt Pr�vidence, Rl
Water Quality Parameters

Water ] Air
pH I ~Temp. Temp
su! '  C! i  C!

I 7 6~ ~40 .Dv Total
Susp SollDiss. Oxy

  m /I!
0 DlD. D' . Dv. 5

   mg/I!
0 SAT
� !  m 9/I!mg/I! I ~ w /I!

8:DO 15
7 34 18
8:OO I 8
7:50 I 6
7:30 ' ! 4

12.5
16
7

6 4
8.6

6.2
8

10.06 62.48
8 3 9.47
9 3 11.84
11,3 12.77

87.67
78.53
es 4e

9.29.4 125
2-4

5 6
11 1
11
12

11.5
I 0.6
11.2 J

10.9 12 45 87.56
11.6 13.11 88 49

12.45 92.38
14.62 59.50

2 25
2 4

92 2612.14 1.3
6.8
2 I
2.2
2.6
2 2

90.78
89.17

13.11
12.45
12.77 95 53

80.86
s5.05

'I3.11
11.29
9.87 91.18
Q.ey 77.00 1.7

11 I
22
1 5
2.2

9.47 72. 88
9. 66 72.43
10.08
9. 47

73 36
64.43

8 92 66. I e
9.28
9.09
to.oe
8. 74
10.78

75.46 2 2
73.69 I .4
8't.sl
66 05

1.82
2. 82
273
1,19

26.27

83.51
69.99
68.89
80.32

11.29
10.31
12.14
12.14
12.45
13.'f 'I

e4.03
83,55
84.30

I 85
89.17
82. 22
92. 38
71. 77
80. 26
T6 QQ

12.45
12.77
12.45

10.5
II 5

900 700 5 3
6,30 7 75 ~65
6 ~ 0 7.70 . ~ ', i5

11.6 2.1
5.8
9 7

11.84
9.47I 0 30 ! 6.95 ! 18

--t�
8'20 7.20 20

7.70 ' 76

0.55 7.65 J 74
11'00 . 7 I, 8
830 710 J 5
8:30 7.

Q.D9
g.47

10.1
7,780. 28

4-Ocl-92
7-Nov-92
5-Dec-92
9-Jan.93
6 Feb.93
B-Mer.93
4-Apr-93
B.May-93
5-Jun-93
10- Jul-93
13-AiJ -93
I 8-Sep-93

10. 31
'll 84
12. 77

86.36 1.4
86.12
84. 95
ee 94

10.9 . 10.85
12.4 i 12 3

I i 10.8 1.8
1.4
1.4
D.9
2.5

13.83
14 621 'l.6 BD. 71I 'l.e

I
83D ' 7
8:30

67 es
67.09
72.39

8.92
9 09
10.088:30

11.29 71.76
11.84 85 28
15.04 88.40

6.Nov-93
13-Dec-93
9-Jsn-94
5-Feb-e4

8:456:45+
1~4: 60 6 7

13.83
15.49

15:30
8 50

90. 38
94.2612-Mar-94

830
9OO
910

'	.29 87 70
'l l 03 78.90

7
7
7.30 23

14-May-94
4-Jun-94
23-Jul-94 76 ~6 76 I 7 ~ 8. 56 90 93

Avg 1990
Avg 1991
Avg 1992
Avg. 1993
Avg 1994
Overall Avg 9.31 i 9 33 I 'l.44 3.7080 90

I -Oct-90
15-Oct-90
29-Ocl-90
I 3- No v-90
26- Nov-90
10-Dec-90
7.Jan-91

23-Jan-91
4-Feb-91
19-Feb-9 I
4-Mar-91
I B-Mar.gl
I -Apr-91
15-Apr-91
29-Apr.91

~I3.Ma .Ql
26-Mey-91
I D-Jun.e I
24. J un-9 I
8-Jul-91

22- Jul-91
5-Au -91

20 Aug-Ql
3-Sep-91
16-Sep-9 I
30-Sep-91
15-Ocl-91
28.OCI-91
I I Nov-91
25-Nov.91
9-Dec-91
30-Dec-91
I 2-Jen-92
8-Feb-92
7-Mar-92
4-Apr-92
2-Mey-92
6-Jun-92
11-J ul-92
10-Aug-92
I-Sep-92

20 2 3 12.2
1045 ! 7 ID . 0 , '~ 12 12
O'OD . '7. I 0 i 2 ' -6 11. 5
1430 'r 'ID ' 6 7 IO

15.00 12.50 6.40
7.17 11.50 9.35 8.89
710 t 1080 9QO 936
7.D4 r 9.33 7.33 ' 9.20
7.10 ! T.IT t S S3 ~ 11.18
7 I I ! 10.35 8 83 i 9.35I

12 11.75 13.83 84.98
10 2 I 0 I 'l2 45 81.14

6.20 J 6.30 'lo 08 62.48
8.60 ll 8 85 I I. I 0 79.10 3.90
9.39 9.38 I I 25 83 DB 4.62
9.38 g 9.29 I 'I.77 77.79 I 55
11.08 i 11 13 12 54 88.43



Moshassuck River at Bonanza Bus Station in Providence, Ri
Water Quality Parameters

Water Air First SecOnd A~vera e Diss. Oxy. l Total
TIME DH Temp. Temp. Diss. Oxy. Diss. Oxy. Diss, Oxy. Saturation '/ SAT Susp. Solids

 SU!  G!  C!  mg/t!  mtL/l!  mg/l!  mg/l! %  mg/l!
DATE

10-Feb-92
16-Mar.92

0.0515:00 6.9
13;00 7

-2 11.2 10.6
11.2 11
10 ' 10

7.6 7.8

10.9 14.60 74.66
11.1 12.7~788.02

3.1
1.9
2.7
7.5

't 1:00 7

11:58 7.1
10
24

10
7.7
5.9
5.4

11.56
9.66

86.51
79.67
66.18
65,35

17

8,921 1:00
12:20

7
6.9

21 31
25 35

6 5.8
5.6 5.2

1,3
6.28.26

29
12
11
10

14:00 23 6
6,6
7.6

1 0.4

8158 ' 68.78
8.92 ' 75.15
10.08 71.40
11.84 87,81

6.9
7

6.9

5.8
6.6
6.8

10.4

5.9
6.7

12.6
8.618:40

13:00
12:20

21
15 7.2 5.1

7.610.4
12-Jan-93
5-Feb-93
7-Mar-93
5-Apr-93

6.9
15:30 6.9
1 5.'30 6,9
18:00 7

1014 10.7 12.77 83. 78
10 10 11 84 84 44
10 10.2 11.84 ', 86,12
9.6 9.8 11.29 ' 86,82

I

2.2
1.8

10.4
6

I 9 10.8
4.5 10.6

4-Dec-93
7- Jan-94
6-Feb.94
12-Mar-94

6.5
2

1.5
4

10.9 12.29 88.68
10.4 13.83 75.20
1 0. 6 14,02 75.60
10 13.11 76.29

6.9
6.9
6,9

2.5 10,8
9 10,2

10-Apr-94
1 6-~Ma -94

7.03 1 4
7 16

1 8 8.9
13.5 7
21 2

9.15 10.31
7 9.87

88. 78
70. 92
22. 00
45,80

00- J u n-94
10.J ul-94
9-Aug-94
1 O-S ep-94
1 0-Oct-94

6.7 20
7.2 25. 5
7 24

6.9 1 9

2 9.09
38 3.8 3.75 8. 19
33
23
12
14
13
13

7,9 'l 0. 78
6.3 'f 1.84

11.05 11.84

73. 307.2 1 2
6.9 8

7,8
12-Nov-94
27-D ec-94
7-Jan-95

6.6 6
10. 9

4

53. 19
93. 30
33.77

7 8 11.2
4 't1.846.9 8

Avg. 1992
Avg. 1993
Avg. 1994
Overall Avg.

1 6,3 8.2 8.0
1 1.2 10.4 10,2
1 6.8 7.9 7.7
180 81 79

7.0 14.4
6.9 7. 5

8.1 10.5 i 76,2
12.0 88.0
11.3 87.4
10.3 76.9

5.7
5,110,3

7,8
8,0

7.0 12.8
7.0 15.1 6.3

5-Apr-92

3. May-92
8-Jun.92
11-Jul-92

1-Aug-92
6-Sep-92
1 3-Oct-92
9-Nov-92
6-Dec-92

9.'00

13:32
12:34
16:30
15:50
1730
'l 810

1315
16:45
9' .30
17:00
10:20
12:35
10:00

11

10,2
10.4
9.8
9.4
7
2

3.7



DATE % SAT
 %!

I.Opt-QO
15-Oct-QO
29-Oct-90
13.Nov-ea
25.Nov-90
10. Dec-90
6-Jan-91
20-Jan-91
4-Feb-91
�-Feb.e 1
4-Niar-91
17-Mer.91
f~Ar-Qf

15:45
11'.30

18.50
19.00

f 9.50
21.00

Q.l 0 9.05
7.60 7.70

9.DO
7. 60

96.56
83. 01

9.37
9.28

3. 00 ~ 1,00
6.00 14.00
4.DO Q.OO
3.00 4200
2,00 S.OQ
4.00 14.00

10.80
11.20
11.80
12.60
14.00
12.40
14740
12.80
12,60
11,60

11.20 11.00 13.46
11.10 11.84

81.72
93 73

1D:00
15:30 11.00

11.7D
13,00
'l3.60

11:f5
15.'OD
12:00
15:30

11.75 13.11 89,65
13,46 95.6412.90

99,79
96. 13
98,15

13.60
12.60
14.35

13. 83
13.11
14.62

12.80
0.00 0.00
6.50 8.50
7.00 10.50
7.00 8,50

15:30 'I 4. 30
12.40
12,80

15:00
15:aa
15;00

12.60 102.5012.29
12.10 I ~ .924 104.62

11.80 11.70 12.14 96.38

10.54 20.20
9,47 69,26

29- Apr-91
12-May-9 1

13.00 1 6.00
18.00 29,00

8. 60
8.60

15;30
14'30

6. 30
8.30

e.45
8.45

26.00 30,00
23.00 19.00
27.00 26.00
27200 29.00
23.00 27.0D

9-Jun-91
22 Jun.91
B-Jul.91
22- Jul-91
5-Aug-91

8.7D
8.05

8.80
B.OD

1 07.238,80
8.10

e.t 1
B.se16:00

10:00
1 6:00
14:QO

93.84
99.778.05 7.85 7.95 7.97

7.9711.10
9 40

11,3D
9,60

1 1,20
9.50

140.55
110.75B.se

14:20
15:oa

11.00 10,80
10.70 10.50

12.77
1 2.14

84.575.00 1.50
700 2.00
3.50 8.00
2.00 5.00
Q.oo -3.00
O.aa -1.00
5.00 6.50
8.50 12.50
16.00 20.00
19.00 26.0D
24.00 24,00
23.00 20.00
19,OD 20.00

10.6D
1D.30
12.20

es.sa
91.1011:DO

10:30
12,00 12.10 13.28

11.70
11.40
12.70
12,40
10.50

11.85
11.60

12.0D
11.60

13.63
14,62

85.68
79. 34
87.55

12:00
15:30
1 6:45 7.10
11:00 6.90
13:20 6.60
15:30 6.80
16:1 5 i .7.25
1 6;20 ' 7.DO
16:00 7.00

12.90
12.40

12,6D 14.62
12.40 ' 12.77 97.09

10.50 10.50 11.70 89.74
83.08
84,62
1 03,35
92. 09
89.48

8 120, 9.87
7.85 9.28
6.70 8,42

8.008.40
8. 007.70

8,70
7,90

8.70
7,90 '/.90 8. 58

8.40 8.20 8. 30
9.75
10,60
11.65

9. 28
10.42
13.11
14.02

93. 577.101D:30 Q. 50
10.70
11.60

10.00
10.90
11,70
13.20

82. 39
83,09
89. 60

8:20 6.9D
13;15 6,90
13:30 6 80
15,'30 6 95

7.0D
1715 680
14:15 6.90 19.5D
10:05 6.85 15 00
10'00 6.95
9:20 7.00

13.00 13.10 14.62
15.0412.30

12.3D
11,BD

2100 860
15 50 7.85

12.50 12.40 82. 42
90. 0212.4512.60 13.83

11.90 13.2612.00 89. 59
94.19
75.86
75. 30
66,45

6.7D
7.65
6.00
5. 60
7. 30

9.18
7.65 10.08
6.00 7,978. OO

5. 80 5.70 8,58
7.1010:50 6.90 7.20

9.10
9,47
10.31

76. 05
7.00
7.00

17;Da
16:15

8.90 9.30 88. 3D
10. 50
11.80

10.40
1 1.80

10.45
11,80

es. 01
87. 66

12.29
13.4612:00 6.90

16:25 6.60
11:00 6.85

14.4212.80
12.6D
12.6D

12.60
12.60
12.6D

12,70
12.60
12.60

88. 09
86.1814,62

13.4613-Mar 94
~11.4 -94

16:45 6.70 93.60
96.131645 6 90 10.40

8.60
7.40
7. OO

10 50 ID 40 11.0511.00, 14.00
12 50~17. ~ 0
26
26
24
19
15
11
4.
0,00
0.00

1511
1 530

~17.MR -94
20- J un-94
12-Jul-94
6-Au .94

~0-0 -94
9-Oct-94
9-Nov-94
3-Dec-94
11-Jen 95
6.Feb-95

6.60
7.05

8 40
7,60
7. 40

8. 50
7.50
7.20

10.86
8.04

79.77
93.28
68 741 335 7.05

1330 7.15
1 700 7.40

8.11
8.80
1O.BD
9.30
9750
1 1,20
12.80
12.20

6.60B.eo
'IO.BO

8.42 104.54
9.26 115.35
9.96 94,73

10 70
9.45
9,50
11.30

9.60
9.50

17:15 7 00
15:ta 7.00
13:OD 6,8D

86.1 511 03
13.11 86.2011.40

1305 6.90
1410 6 95

12.80
12.20

12.80
12.20

14.62 87.55
14.62 8 3,44ID.D ~

10-Nov-Ql
25-Nov-91
6. Dec-91

29-Dec-91
12 Jan-92
7-Feb.92
6-Mar-92
7.Apr. 92
3-MB .92
7-Jun. 92
12.J ul-92
12-Au~-92
7-Sep-92
3-Dct-92
9-N ov-92
6-Dec-92
10-Jen-93
7.Feb-93
7.MRr.93
4-Apr-93
1O.May-93
7.Jun.93
11-Jul-93
16-Au~93
f 2-S~e-93
11 Oct-93
8-Nov-93
13- Dec-93
24- Jan-94
2-Feb-94

Blackstone River in Blackstone, MA
Water Quality Parameters

ll 1,5 40 4 2 D' .D~.
TlME pk WATER T AIR T Diss, Dfry. Disc. Oxy. Diss. Oxy. Saturation

 S~U  C! QC! ~mfa' m /I jmg/I! m /I



Blackstone River at Rt. 122 in Lansdaie, Rl.
Water Quality Parameters

Sampting
Date

Sample pH H20 T
Time  SU!  C!

9-Feb-92 17:00
15;00

7.10 0 15,40
13.50 13.8D

15.40 14.62 105.33
13.65 12.14 112.453-Mar-92 10

13 11.30 11 90
16 10 OD 10,10
1 3 8.00 8.20

11.29 102.76
10.08 99.66

11.6013:30
10:30

4-Apr-92
2-May-92 10,05
7-Jun-92
1 3-J ul-92

8.10 11.29 71,76
12.90 7.97 161.8913:30 30 12 BD 13 OO

5-Sep-92 20 9.20 8.60 8.90 9.28 95.949:45 6.90 19

7.Nov-92 6 11.70 11.406. 95
B.BD
6. 40

15:45
11:25 3 11.60 11.60

-3 11.60 11.8014:15
't3:15 6 80 2
13 00 6 90 3

13.20 13.40
12.50 12.80

8.80 9.09 96.78
9.05 8.28 109.52

17:45 7.00 20
1745 700 25

12-May-93 30 B.BO B.BO
14-J un-93 30 9,10 9,DO

17:00 7.20 25
10 00 7 00 18

1915.00 7.10
8:OO 7.00
15:15 6.90
'tO:00 6.9017-Jan-94

6.60
6.80 10
6.80 16

9-J ul-94 27 7,97 107.93
8.42 54,64
9,47 95.07

16;00 7,20
9:30 6,9014-Aug-94 24

11-Sep-94
9-0ct.94

16:30 7.10 18
149:30 6.90

14;00 7.00
10.31 84.42
11.42 98.939.5

4
11-Nov-94 9 11.00 11.60

7 8.60 8.60
11.30

1500 ' 6 9011-Dec-94
8-Jan-95

13.11 65.6't8. 60
8. 60 12.77 67.341430 6.90 9 8.60 6.60

5-Dec-92
9-Jan-93

14-F eb-93
6-Mar-93

12-Jul-93
16-Aug-93
11-Sep-93
8-Oct-93
6-Nov-93
3- Dec-93

13.Mar-94 8: 00
10-Apr-94 11:00
10-May-94 16:3D

6,98 7
6.97 10
6.90 1 5
6.80 10
6.95 27

first Second Average Diss. Oxy.
AIR T Diss. Oxy. Diss. Oxy. Diss. Oxy., Saturation % SAT
 C!  mg/i!  mi!/I!  mgrl!  mg/I!  %!

11.55 11.84 97,52
11.60 13.11 88.49
11.70 13,83 84,60
13,30 13.83 96.17
12,65 13.46 93 97

25 6.00 8.20 8,10 8.26 98 02
14 8,20 8.20 8.20 9.47 66.62
27 9.80 1D.20 1O.OD . 9.28 107.80
10 10.60 10.40 ' 10,50 11,84 88,66

12.40 12.20 12.30 ' 12.77 96.31
10- 13.90 13.90 13.9D

2 13.70 13.70 13.70 ' 14.22 96.37
15 10,60 10.60 10,60
20 950 960 955 987 9675

33 8.60 8.60 8.60
27 4 60 460 4 60
22 9.00 9.00 9.00
15 8.80 8.60 8.70



Blackstone River at Slater i{iill in Pawtucket, RI
Water Quality Parameters

W I 9 P 0 0@Air First Total
TRIE pH

{SU!
Tom~. Temp. Diss Dxy, Diss. Dxy
rQQ QQ/ ~/I 2/I/

Diss. Dxy. Saturation
 mg/gl I m rl

5 SAT Svsp. Solid
'Y~s  kg/I}

1.0ct-aD
15.Oct.90

16:00 8 020
T.eo
10. 90

8.208.20
7:30 6.20 8.00

7. 0029-DGI-90 7:40
7:2ID

7. 50 11.00 10.95
13-Nov-90
26-Nov-90

I.DD ' 11.9 ~
6.00 11.20

4. 00
7. 50

11.90
11.20

11,90
11.2D

2.20
7:30
7:30

0.5D
5. 00 e.00 12.20 12.30

13.20 13020
13.00 13,30

12.40 3,00
3 400. 008:00 4. 00 13.20 13.11

14.42
13.11

100.71
92. 24
109.10

9:15 0.50
4. 00
3. 00

-9. 00
2. 00
5.0D

13.60
14.20
13.20

2.40
1,70
1,60

7'.30
7:30
7:30
7:30

14,30
13,30
11,50

14,40
13240
11.40

13.46 98. 81
4.Mar 91 7. 50 6. 50 11.60

5.0D
6.00
10.00

5. 00 12.00
» 00

11. 80
11.10
9,50

7:30
7:30
7:30
7:30

6.90 4. SG 11.05
9. 55

12.45 88.76 3740
11.22~6 ~ .60 270,
10.31 i 68.30 3.70
9.86 I 81.74 3 70

6. 65
6.65
6.85

7.00
8. 00

9.60
9,20
7.60

14,00 9.00 9.10
17,00
22.00

7.9019.00 8,00
3,207:45 6.85 23.00 6.80 B.eo e.74

7.20 7.20 8. 92
7.20 7/30 6. 92

77. 77
BG. 76
81.88

10-Jun.91 7:30
7'15

21.00 18.00
15.00

3,80
24-Jun-91 21.00

21.00
0,60
8. 707:3D

7:3D
27.DD 6,90

5.00
6.90 e.92
5.20 e. I 1

77. 40
64. 0926.00

21.00
24.0D 2. 80

3.50
3.10
2. 1IB

7:30 21.00
22.0D
16.00
22.00

6,60 8. 92
8,30 8.25
7,70 9.09
8.15 9.09

6. 60 74.03
76.24
84.69
89. 64

7:30
7'.30
7. 30

25.00
20 00

7.05 6. 40 6.20
7 80
6.00

7. 60
8,10 2. 34

7:30
7:30
7:30

5. 00
10.00
6 00

9. 50 9. 80 9,80 1 1.42 85.90
9.50 9,50 11.03 88.15
11.60 11.70 12.14 96.38
11 ~ 0 ~ 0 13.11 I 97 73
11. ~ D 11.70 12. ~ ~ 93.99
1360 1370 ' 1462 ' 9370
13.60 13.50 13783 97.61

13 80 13 83 98 34

1.73
28-Oct-91 11.00 9. 50

11.60
11 60
12.00

14.Nov-91
25-NOv-91
9-Dec-91

7.DD
4. 00

5.64
6.19
0,99

7:15
7:20

1.00
6,00
0. 00

12,00
13:00 2.DO

-1.00
3. 00
0.2

13.60
13:DD 2.00 13.40 1.52
14:30 2.00 13.607.00 2. 20
14:30 ' 7.08 10.80
15:00 7.00 7.00
15,'00 6,85

1 0
10.00

13.00 12,20 12.60
11,40 11.20 ' 11.30

11.08
12.14
14.82

113,73
93. 09
87. 71

2. 50
9.80 1D.DO
e.to e.10
7. 30 6.90

9. 90
55. 40 0. 40
84,34

5-Jun-92
12- Jul-92

8.10 14.82
24.DO 3D.DD
23.00 26.00
21.00 17,00

7.10
7.00
9.20
10,40

6. 42
~e-Av -92
14-Sep-92

7.00
9.20

e.sa 61,607.00 4.40
6,92 103.20 2.50

6-Oct-92
10-Nov-92
5-Dec-92

13,00 14 00 10.40 10,54
12.45

98.70 2.30
64,35 0.50

4.40

10.40
10.40 10. 50'ID.60

13.46

t.eD
0.90
0. 6066.7712. 00

1 1.40
11.90
11.20

11.95
11,30 11.03

B.ae
102.4714 3. 60
91,57

64.43

15:00 e.as e.es17.DD 22. 00 B.eo 8.90 2. 50
5.10
1.60

6-Jun-93
12-Jul-93
t 6-Au~-93

~7 ~ .9 93

26. 00
23,00

31.0D
2D.DD

10:30 7.20
19:00 7.10
13:00 7.10

7.00 ' 6,70
7.60 7,40
7,30 7.60

e.es
7. 50
7.45

e.tt
6. 58
e,74
10.31

16.2D87,43
22. 00 29. 00 85.2D 6. 40

17:00 15-Dct-93
8-Nov-93
12. Dec-93

14. 00 11.007.10 9.'I 0 9.30 9. 20 89,27 2. 40
11 .'30
11 .'30

8080
e.ao

10.eo
11.20

10. 80
11.10

10.8D 14.82
12.77

73. 87
67. 3111.15

12.4512-Jan-94
2-Feb-94
15.Mar.94

10:00 6. 90 13.00 13.00 13.DO
11.00

104,43
10;3D 11.00 16244

12.77
66. 90
BB. 48

11.00
12,'00
1 4,'30
12:DD

11.40 ' 11.20
9.00 9.40
660 8 eo

e,eo 11.30
3D-A r-94
I 2-M~a-94

17. DO7.10
6.90

9720
e.eo

26.00 85.19
15.00 10.08 Bs. 26

14.62
a. 03

0. 00
91. Sa18:30

15:00
18.'00

7,5012- Jul-94
~tl.Au -94

7.60
10.00

7.10
9.60

7,35
9.80 6. 42 116.4124, 00

22.DO
32.00
25. 0013-Se -94 B. 74

9. 47
11.29
12.77

2D-Dct.94 1B.DD
10. DO
5.00

17.00 B.BD
1D.DD 10.60

16:30 9.20 9.05
10.40 1050 j

95. 80
93. 02
68. 48

1 5 '.00
6:30

I 3-Nov-94
4-Dec-94 5.00 11.40 11,20 11.30

10-Dec-90
7-Jan-91

22- Jan-91
4-Feb-91
19-Feb-91

18-Mar-91
1-A r-91

t 5~Ar-9 I
29-Ap r-9 I
13-May-91
2B.Ma -91

8-Jyl-91
22 Jul.91
5-Aug.91
19 Aug-91
37 Sap-91
16- Sep-91
30. Sep-91
I 5-Oct-91

30 Dec.91
12.Jan-92
7-Feb-92
9-Mar-92
2-Apr-92

~2.12 .92

I D-Jan-93
8-Feb-93
6-Mar-93
6-~ai-93
4-Ma -93

17:00
10:00
1D:00
16:00
17:00

7.10
7.10
7.30
7.10
7.10

6.90
e.ao
6.90

e.eo

6.90
7.05
6. 90
7.10
7.10

7,40
7.50
7. 00
7.30
6.60

0. 00
5.00
IB,DO
-4.00
5. 00

8.00
7.00
4.00

-10.00
8.00

B.eo
7. 20
7.40
6.90
5. 40

9.18
9.09
11.29
13.11
11.99
12.77

89.29
87.99
97.01
90079
93.40
98. 32



Ten Mile River at Roger Williams Ave. in East Providence
Water Quality Parameters

Water ' Air I First
Temp, I Temp. Diss. Oxy

C i C m/I
DATE TllvIE pH

SU

9-Fe b.92 1 0.'00 7 0
6,5
10
'I 3

13.2 13.7 13.55 14.62 92.68 0.85
12.29 99.2510:30 7.2 I 2.4 12.2

12,2 12,2
9.6 9.4
7,2 7,15
4.7 4.85

12
12.2

! 9,2
7,1

5

11.29 1 08.08 5.5

10.54 89.21 7.3
12:00 7.25

8:00 7,1
8:00 7.05

8:00 7,7
16:30 7.6

f9 9,28 77.08 1.4
8.58 56.54 3.9

10. 08 89.254-Oct-92
8-Nov-92
6-Dec-92

9.2 , 8.8 9
1 1 11.2 11.1

3.1I 0:30 7.2
14;00 7 35
13:40

'I 5

12.45 89. 1 7

13.46 87.66 2.7
14.62 83.44 2

2 11.6 11.8
.6 ' 12.8 12.212:1510- Jan-93

83.45 1,36-Jun-93 1

2 I
5

17:00
55.4612:00

13:00 90.59 3.3
87.496 2 5 8 ,81 3:00
69.9115:00

13:00 8'I, 62

84.7811:15

11:10
94.00.8

4

9.9
81
5,8

10:10
9:32 66. 47

f2 9.7 9,8 10.78 90,931311:00 6. 9
15:00 6.9

1:00 7
11:00 6 9

11:40

8.3 8.2 9.87 83.08
5.9 5,85 8.61 67.94
4.3 4,25 14.62 29.07

7 7.05 8.32 84.69

'I6 ' 23

22.3 l 23.3
4.2

24.1 7, t
21 . '6410:35 6,2 6.3 9.37 67.23

10.5 10,5 11.84 88.66
10.8 10.9 12.14 89.79

6-Dec-94

16-Jan-95
11
10

12
16
12
13

7. 26~f 12
15
15

Avg. 1992
Avg. 1993
Avg. 1994

Overall Avg.

7.31
7.10
7.24 14

8-Mar-92
4-Apr-92

2-May-92
6- Jun-92
1 1- J ul-92

10.Aug-92

1 1-Jul-93

15.Aug-93
11-Sep-93
4-Oct-93
7-Nov-93

5-Dec-93
19.Jan-94
6-Feb-94

19-Mar-94
10-Apr-94

8-May-94
12- J un-94
1 0- J u I- 94

9-Aug-94
11-Sep-94

-5

IO
12
14

17.5

25
28

Second Average Diss. Oxy. Total
Diss. Oxy. Diss. Oxy. Saturation k SAT Susp. Solids

m /I m /I m /I %  m g/I!

7. 3 7. 1 7.83 90.70 7.9

7.7 7.9 9,47
4.8 4.5 8.11

7,2 7.35 8. 11
8 7.8 8.92

6,6 6,9 9.87
9 6 9.55 11,70
9.8 9.8 11.56

12,8 12.8
13.2 1 3 1 3.83
8.8 8.6 12.94

9.8, 9.9 9.6 11.04 87.96 4.1
8 2 I 8 3 8 3 10 30 79 59 2 0
8 6 i 8.7 8.6 11,13 74,67
90 91 90 1090 81 36 34



Nutrient Parameters
for River Rescue Stations

Dissolved Nitrite

Dissolved Nitrate

Dissolved Ammonia

Dissolved Inorganic Nitrogen
Total Dissolved Nitrogen
Dissolved Organic Nitrogen
Dissolved Inorganic Phosphorus
Total Dissolved Phosphorus
Dissolved Organic Phosphorus
Particulate Phosphorus
Total P
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Heavy Metal Concentrations
for River Rescue Statations

Chromium

Nickel

Copper
Lead

Cadmium

Calcium

Magnesium
Hardness



Sampling
Date

Chromium
 ug/I!

N!ckel
 ug/I!

15-Oct-90
29-Oct-90
13-Nov-90
26-Nov-90

0 70 2.40
2.20

0,05 6,2
0.36 4. 6

22.92. BD
11.40

1.10
6,00

1,80
1.60D. 90 18.1

1.90
2.90
4. 20

1.70 0,030,80
0,70
1.00

1.20
2.00
3,60

4.1 2.00
2.00
2,00

18,5
I O.Dec-90
7-Jan-Qt

1.60
2.30

0,06
0,08

I 9.0
1$.0

4.3
3.9

I 9-Feb-91 2,80
3.30
0.$0

3. 900,30
0.30

I,6D 0. 08 5.4 20, I1.60
1.202. 603-Mar-91

I 7-Mar-Qt
31-M ar.91

9. 60 0.29
0,05
0. 08

5.3 18,2
5,2 1.100,30 4. 80

2. 30
I.20 17,5

20. 90.80
2.50
1.10
1.10
0,90

1.70 1.00 6.4
6.8
6,8

1.19
14-Apr-91
28-Apr-91

9.60
4.10

I.BO
2.0D

2. 60
2,2D
O.BD
0. 90

0.15
0.11

23.2
23.4

1.51
1.56
1.77
1.36

13-May.91
29-May-91
10-Jun-91
23-Jun-91

2. 70D.QD
1.90

0.05
0.14
0,11

5,5 21,0
25.3
28.3

4. 80
5.10

7,9
7.9
8.9
8.8

0. 60 1.70 1.20 2.08
1.99
2,01

D.90
0.90
0.90

5.10
3,50
3,60

I.BD
1.10
1.20

0.13
0,15
0.'I 4
0. 05
0. 08

30.4
30.3
29.2
27.0
23,4

7,407-Jul-91
2B.Jul ~ 91
4-Aug-91
20-Aug-91
2-Sep-91

5. 50
5. 20
6,80

9,1
8.7
6.7
8.5
7.2

1.57
0.70
0,60
0.80
0.80
1,00

0,70
0,80

3. 30
2 10

1.28
1.61

4,304.10 1.10
1,10
1,30

0,06 27,3
21. 9

1.48
0.96
1.25

0.0615-Sep-91 3. 902,50
30-Sep-91
16-Oct-91
27-Oct-9I

5.80
13.40
4. 30

0.40
1,60

0. 05
0. 24

27. 4
26.3
19.9

1.30
1,00
1.10
1.30
1.10

3. 40
1,00
1.80
2.30
2,10

$.4 1.29
D.94
1.13
1.34

1.80 0.05 6.4
I 3. Nov.91 4,301.10

1.40
1.70
0.40
0.20

0.05 24, I
26,5
19,3

0. 06
0. 06
0.10

8.44.40
5.9 1.12

0.20 1,20
D,20

4.0
4,0
4.2
4.5
5,0

1.60
D.BD

16.6
l3.30,20 0.20

0.40 1.70 1.40
0. 50
1.00

0,10 18.72.00
2.00
1.60

0.50
0.20

0.20
1.60

0. 05 19.5
0.10 19.1

21.4
27,1

0.50
0.80

2.50
4.10
5. 90

1.70
2.10
2.70

4.10 0.05
0. 05
0.10
O. 09

5.1
6.9
6.1
7,2

2.10
2.40
2.20
0.83

1.30
0.90
0.20

1.80
D.70

24.3
21.44.502.80

1.20 0.16
4.50 0.09

18.86-Dec-92
10- Jan.93

1,20 0.90 6,0 0,93
0.89 1.00

0.90
1,20
1.40

0.13 0.5
0.7
3,6

7-Feb-93
8-Mar-93
4-Apr.93
9-May-93
6.Jun.93

0.85
0.64

4. 20
2.$0 1.70

0.13
0.13

0.1$
1,0 0,27

3.00
8.60

0.31 1.10
3.00

0. 26 1.0 0.20
0.61

33
10,0
18.5

O. 76
0. 32
0.19

4.30 O. 28
O. 12

3.0
1. 901.10 6.D 0.86

11-Jul-93 3.20 0,164.10 15.65.0 0.75

1.98
2.23
1.43
2.00
1.99

4.$o 1,852.58Avg. 1990
Avg. 1991
Avg. 1992
Avg. 1993
Overall Avg.

0.78
O. 93
0.51

4.75 0.13 19.80
23.86
20.01
7.47
'I 9.99

5.47 1.63
3,10 1.34

7.17 1,450.10
0.10 5,30 1.65

3.90 2,90
4,67 'I,BO

0.57
0,76

0.17
0.11

3. 20 0.43
6,02 1.37

25-Nov-91
1D-Dec.91
12-Jan-92
9-Feb-92
9-Mar-92
5-Apr-92
3-May-92
7- Jun-92
12-Jul-92
10-Aug-92
6-Sep-92

WoonasqLiatLIcket River at Rt, 44 in North Providence, RI
Heavy Metal Concentrations

Copper Lead Cadmium Total Tot a I Hardness
  gll! ~ !l!   g l! Ge~!me Me eee m  mgll G Geg

 mg/I!  mg/I!

3. 90
1.50
1.10
3. 50
2. 30
2.50



Nickel
 u g /I !

Copper
 u 9/I !

Sampling
Date

Chrom/um
 ug/I!

34. 9
27.9

10.0 2.40
8.2 1.80

2.5
7.5
2.4
2.1

1.'t 0 2,3
0.90 2.9

1-Oct-90
15.0ct 90
29-Oct-90
13-Nov-90
26-Nov-90
1 2-Dec-90
6-Jan-91

0.01
0.08

1.5
3.7

21.21.50
1.70
1.70

6.0
5,6
6.0

0.07
0.17

2.3
I 4
1.8

0. 90
0.60 21.0

22,0
2,1

0,072.4 2.9
1.9

0.60
0. 60
0. 60

22.0
21,2

1.70
1.50

6.0
6,0

0.06
0.03

1,9
2.3

4.6
2,82.3
2D 006
1.9 0.03

2.00 26,2
2.50 26.8

7.21.9
1.5
6.5

0. 60
0. 50

2.221- J an-91
3-Feb-gt

18-Feb-91
6,6
6,6

2.6
24.81.900.053.10.50 3,3

0.60 3.4
0,30 2,3

25.0
24.6
27.7

1.70
1.60
2.00

7.2
7,2

2.5 0.04
1.6 . 0,05

3-Mar-91
17.M ar-91

3.6
5.0

1-Ap r-91
I 4-Apr-91
2B.Apr-91
12-May-91
27-May.91

7,82.0 0,08
1.8 0 19
8.9 0,34

4.20 1,6
2.40 1 9

2.2
2.5
10,8
3,2
3,1
2.4
4.6
57

9.7
8,0
8.8
8 9

1.95 32.3
27.01.713.41,80

1.30 1.7 30. 2
31.7
35,5

2.000,04
008

2.3
2.4 2.30

1.64
1,10 1.8
0.40 1.7 11.53.04

0 09
0,09

44.2
42.6
53.9
32.1
36.6

1 3.3
13.1

2.68
2.40

2.2
3,9
10,1

2.4
2.7
1,6
4.1

0 50
0 60

2.61
1.79

17,3
9.9
10.3

0.082,90.70
1.30
0.60
0.40
0,20

9.9 0.329,8
2.5 0.142.4 2.643.2

2,1 1
1,80

34.7
34,9

0.05
0.14
0,05
0.11

10.4
11,0
7.3
10.1
9.3

1.8
2.5

2.7
5.5

1.6
1.7

1.40 24.06,32.2
1.5
2.2

1.60
1.DQ 1,42 31.1

1.45 29.2
1.20 26.4

1 9
2,B

3,9
1.40 4.4

21.4 7.9 0.30
1.3 0,28

8.8
1.0

8.6
6.5

0.20
1.74 23,40.60

0.05
0. 05

5.14.8 2.2
2.5

21.0
25.9

2.00
2,10
2.00

0.80
3.3
2.4
5.7

0.80
0.30
0.30

3.1
0.2
1,7

6,9
24.$0. 05

0.1 0
0.30

6.5
6.7

1.3
3.8
4,9
4.4
3,9
2.5
0.3
5.3

4-Apr-92
3-May-92
6- Jun-92
12- Jul-92
1 0- A~u-92
6-Sep-92
4-Oct-92
8-Nov-92

22.5
19.0

1.40
2.00
1.90
2,80

8.4
4.1
3,3

2 80
0.40
1.20

5.8
1,6 34. 5

37,$
10,70.10

0,10 104
9 3
9 7

25
0,932.5 3.4

1.0 1.6
3,5 3.1

27,10.090. 20
0 20 0.96

1.10
0.04
0 06

28.2
26,80 20

0.95
5-Dec-92
10-Jan-93
7- Feb-93
7-Mar-93

5. 0 1,001.9
1.9

16.60.7
1 9.8
4,7

6.0 1,16
1.0: 0,54

0.50.92
0.072 4

1.8
0.85
0.42

1.6
1.6 13,70.08 4.0 0,906-Apr-93

8-May-93
6- Jun-93
13 Jul.93

l,37 23.12,40.45 1,0
0.17 1.0

7.02.6
1.2 22. 0

1.9
7.0 1.10

0. 453.5 0.252.70.71 2.1

0.78 2.1
0,98 2. 5
0.72 2.4

Avg. 1990
A ~1 ~ 91

1.8
1.9
1.7

24.82.4
3.5

0.08
0. 25

7.0
9,3
7.9

3.6
31.15,2
26 73.1 0. 094.0

1.7
4.2

Avg. 1992
Avg 1993

Overall Avg
50 09
8.1 1.7

14.5
26.9

2.9
3.2

0.13
0,18

0. 64
0.85

1.6
2,3

10- Jun-91
23- Jun-91
8-Jul-91
21- Jul-91
4-Aug-9'I

18-Aug-91
2-Sep-91
1 5- Sap-91
30-Sep.91
1 3-Oct-91
27-Oct-91
10-Nov-91
24- Nov.91
12-Jan-92
9-Feb-92
B-Mar.92

Woanasquatucket River at Valley St. ln Providence, Rl
Heavy Metal Concentrations

Total Total
Lead Cadmium Calcium Magnesium Hardness
 ug/I!  ug/I!  mg/!! Img/I!  mg/I CaCO3



Moshassuck River at Bonanza Bus Station in Providence, RI
WeaVy Metal COncentratiOnS

1 Total Total
Chromium, Nickel Cog rei Lead Cadmium Calcium Magnesium Hardness

 ug/I! '  ug/t! u /!! u /I  u /I m /I  m /I mg/I CaCQ3
Sampling

Date

0.4 0.9
0.5 0.4

t 0-Feb-92
16.Mar.92

3.4 4.1
5.5 3.7
5.6 6.95-Aj>r-92

3-May-92
B.Jun.92

0.5 0.5
0.5 1
0,5 , 0.2

7,8 3.6
3.8 4.5
3.8 4.4

0.05 16 3.6, 54.78
0.05 24.3 5.9 ' 84.9711-Jul-92 0.4 2.1

6-8ep-92
13-Oct-92
9-Npv-92

0 6 j 1 1 3 ~ 3 1 ~ 1 005 145 223 4539
0.09 15.4 1.89 46.249.5

1.1 0,04 13,7 2.14 43. 02

i
0.05 ' 11 1.1112-Jan-93

5-Feb-93
3,8 32.29

42.78
58. 60

21,5
2.8

0 05 14
0.13 i 19
0,06: 11

1.9
2.717-Mar-93

5-A r-93 0. 54 1.3 4.1 7.3 1.51 33. 69

1,44 4,59 4,21 0.05 16,80 3,66 57,03Av . 1992 2,62
Avg. 1993
Overall Avg.

1.17 1.80 3.83 8.65 0.07 13.75 1.82 41.84
2.17 1.55 4.40 ' ,5.64 0,06 15,66 3.10 52,36

179 i 2 59
2,3 ' 4,8 2.2

104 I 2 16
1,08 i 1.6
2,01 ' 2.3 5.8

0. 05 1 7. 6 4. 4 62.07
0.05 15.2 3,8 53.60
0,05 16,7 4,6 1 60.64
0.05 17.8 4,4 62.57



Moshassuck River at Charles St. in Providence, Rl
Heavy Metal Concentrations

Total Total
SamplIng

Date
Chromium

 u g /I !
Nickel
 u g/ I!

Copper Lead Cadmium
 ug/I!  ug/I!  ug/I!

Calcium Magnesium Hardness
 mg/I!  mg/I!  mg/I CaCO3

3.1 240.041-Oct-90
15.0ct-90

0.5
0.9

2,5
1.5

2,1 5.9 84,2
56.05.3 7.1 0.04 4.5

14.5 52.713-Nov-90 0,4 2
1.9

3.1 2.7 0.04
26-Nov-90
10-Dec-90

0.4 3.4
3.3

2.7
3,3

0.07
0.1

17
17.5

5
4.5

63.0
62. 20.7 1.9

23- Jan-91
4-Feb-91

0.6
0.5

2
2,5

2.6
4.6

2.3
2.2

0.06
0,07
0.28
0.13

3.2
4.5

15
17,5
18.5
8.8

50. 6
62.2

19-Feb-91 0.6
1.3
0.3

3.8
3.7
1.9

11.5 9.3 6.3
2.5
3.9

72.1
32 3
49.8

4-Mar-91
18-M a r -91
1-Apr-91

1 0.6
2.3

15.4
1.9 13.5

9.1
0.03
0.060.5 0.7

1.6
1,3

3.91
376

38.8
0.07 20.3 66. 215-Apr-91 3.9

17.129-Apr-91 0.4 0.11 3,51 57.2
63.43

4.8
0.15
0,29

18.7
22.5
23.7
27.1

4,06
4,74 75. 7

2 3
5.3

0.03 4.38
5.6

4,02
0.11
0.13
0.13
0.19
0.09

20,1
2.8
4,4

26.2
16,2
9.7
18.4

5.71
3.4

2.8
2.1
4.4

7.9
3.9
8.8

11.6 2.61
4.7

35.0
65,3
58.1

2.1
3.5
4,1

0.12 17.2 3.69
30-Sep-91
15-Oct-91
28-Oct-91

18.2 0.12
0.09

14.3
16.4

3.52
3.71.47,1

3.3
6.1

1.8
3.1
6,9

0.1 16.8 3.64
1 1 -Nov-91
25-tlov-91
9-Dec-91

30. Dec-91

0.06
0.26
0.08
0.18

11.9 2.93
24.2 13.2 2,01

14.8 3.96
13.9 3.39

1.8
3.2

6.7
11.3

2.9
6.3

0.5
0.2

0.9
1.6

1.6
2

1.3
1.2

3.4 54. 7
4,2
3.9
3.4
2.2

62.2
1.7
5.2

55.8
54.0
29,89.1

6.511-Jul-92
10-Aug-92
1-Sep.92

0.2
0.1

22.3
13.4

76.3
47.0

5
3.38.4

1.1
1.4
1.9

14.6 45.50.03 2.2
4-Oct-92
7-Nov-92

0.6
1.4

2.6
2,5

0.1
0.12

16. 3
13. 6

2.06
1,95

49. 2
42,5

61.9
36. 6

9-Jan-93
6-Feb-93

0.8
0.93

0.9
0.7
0.6
1.6

1.3

4.7

1,8
12.5

0
2.3

0.05 20 2.9
12 1.61

6-Mar-93
4-Ap r-93

0.1 6
0.38

21
9

2.95
1,34

64.6
28. 0

8-May-93
5-Jun-93

0. 46
0. 33

2.3
1.5

0.05
0.1

17
20

1.94
2.31

50. 4
59.5

5
5.1 1.6

3,640.58 1.96 3,58
5.06

0.06
0.12

17.60 4.76 63.63
0.90
0.86
0.51
0.81

3.42
1.99
1.27
2.67

8.66
5.68

16.84
15.49
16.50
16.58

3.91
3.16
2.18
3.61

58.12
51.70
50.16
56.29

3.78 0.1 0
3.44
6.86

3,68
4.46

0,07
0,11

13-May-91
26-IVI ay-9 1
10- Jun-91
24-Jun-91
B.Jul-91

22- Jul-91
5-Aug-91

20-Aug-91
3-Sep-9 1

16-Sep-91

8-Feb-92
7-Mar-92
4-Apr-92
2-May-92
6- Jun-92

Avg. 1990
Avg. 1991
Avg. 1992
Avg. 1993
Overall Avg.

1.5

0.2
0.5
0.9
0,5
0,2
1.1
0.3
0.4
1.2
0.6
0.9
0.7
1.9
0.7
1.6

0.2
0.3
0.7
1.5
2.4
08

1.9

0.9
1.2

23.4

0.5
2.3
2.6
3.6
2

1.3

4.6
10.1
3.7
12.8
15.2
3.8
4.2
9.1
5.1

18.9

3.7
7

7.4
6.9
6,3
3.8
9.7
8.4

2.3
2.5
2.9
2.8
10.3
1.9
4.5
12.8
5.6
6.2

0.05
0,05
0.05
0.1
0,2

16.3
18

15.9
16
8,3

77.2
90 7
66.7
88.9
54,5

50.2
56,2
56,9
41.8
4t.2
53. 3
48 7



Pawtuxet River at Natick  East! Ave. in Warwick, Rl
Heavy Metal Concentrations

TOtal
Chromium Nickel Copper Lead Cadmium Calcium

 ug/l!  ug/I!  ug/I! ~ u /I!  ug/l!  mg/l!

Total
Magnesium Hardness

 mtL/I!  mg/l CaCO3
Sampling

Date

0.2
0.2
0.2

41 05 005 4 1.8 17.40
2,3 0,9 0.05 3,4 2 1 6.73

0.2
0.2
0.2 0.05

0,5
0,05
0,20

3,2 1.8
7.4 1,9
4.9 1.7
19.2 1.9
S.5 1.9

15.40
26.30

0,8
D.2
0.4

5,8
0,2

2.1
3.9 18,99

0.3 1.4
0.8 1.4

10- J ul-92
8-Aug-92

2.7
2.9

55.77
21,560,10

0.63 0.4 0,8
0.67 0,7 2.2
0.03 0.6 1.4

0.8
2.1 0.06
1.7 O,D7

17.86
0,58
9,71

3.9
1.1

1.8 0.1
0.7

11,06
9. 92

20.16
20,53

7.8 0.182 3
0.5

7 0.65
7 0,747,9

3.2
0.1

0.19 0.74 25.52

6-Nov-93
6-Dec-93

0.5
0,2
0.2

4.2 2,2
3.7 2.3
9.2 2.4

23
'l. 3 D.5
0.2 0.5
0

1.9
1.7

19.55
18,71

23-Jan-94
6-Feb-94
13.Mar-94

0.9
1.1
0.2

7 ' 05 46 2
1 ' 05 22 1.4

0.2
0.2

0.28 0.85 2,063.8 0.2 3.89 1.25
6.64 1.65
5.17 1.25

O. 38
0.65
D. 57

1.98 57 332 02
5.43 1.89 0.07
5.49 1.95 0.12
8.07 3.27 0.08
4,18 1.88 0,08

1.19
0.78
1.56

5.06 1.31
0.67 5.11 1,29

6. 7 5 'l,650. 52
0,54 2,72 3.97 0.1 13.65 2.17 43.02

415 183 014 ' 669 171
5.86 1.71 0.17 1 5.11 0,91

23.750.37 1.23
0,32 1.24

Ave 1992
Avg. 1993 15.08

4.51 2.02 ' 0.24 ' 6.23 1.84
4.85 1,86 0.19 6,03 1.42

Avg. 1994 0.43 1.07
0.37 1,18

20.26
19,59Overall AAv vt!.

8-Feb-92
9-Mar-92
4.Apr-92
4-May-92
7-Jun-92

7-Dec-92
10-Jan-93
8-Feb-93
8-Mar-93
6-Apr-93

10.May-93
7- J un-93
14-Jul-93

8-May-94
12.Jun-94
1 0-Jul-94
7-Aug-94
1 1 -Sep-94
9-Oct-94

19-Nov.94

0.63 0.6
0.06 0,2
0.26 1.8
0.3 2.7

0,22 1

2.8
8

3.4
4.4
7.4

14,9
10,3
2.3
3.7
3.7

0.7
0,14
D.54
0. 26
0. 59

32.86
19.72
11.26
O. 00

14,86
23.37
18.D6
18.03
1 8.07
23.65



Pawtuxet River It Braad St. in Cnenet on, Rl
Heavy INetaf Concentrations

Total
~Sam in

Date
Chromium Nickel

[u 9/1!  ug/! !
Copper Lead Cadmium Calcium Magnearum tterdneaa
 ug/I'l  up/I!  up/I!  mg/I!  mg/I'!  mg/I CaCO3

14 7 8 7
6 8

06 041 13
7 4

2.2 41 5
2.2 27.5

1-Oct-90
1 5-Oc !-9 0

0.6

0 7
77
8.6

4 9
32

0 22
0.36 76

7.2
6
6

2.2 28.0
oe 5,4 48

2,4
0.34 1.8 25. 4

0.6 54 0 29
0.27

1,9 22.6
1.4 20.70.6 4. 1 23

O.S 4 9
0.5 3.7

0.34
0.26

2 8
2. 't

4.3
4

6.4

2 190
'l7.0
22 6

1.7
1.66

4.9
35

0.4
0,2
0.2

1 2
1 6

0.27
0.274 5

51
5.7 20 0

20. 7
1.4
1.71 6

2.3
5.5D. 28

0. 2203 43 6.2 21.71.5

15-Apr-91 14.6 2.72.2
1 7

95
e.e

0. 85
1.31

9.9
8.5

1.92 32. 6
29-Apr.91
!~3-Ma -et

29. 5
15

5.6
3

1.62
1.93

27 9
28. 2e.4 0. 77 8.1

8
12 3
25 4
1 3.9

24.11D- Jun-91
24- Jun-91
1 0- Ju!.91
21-Jul 11

0 6
I 8

3.2
5.9
78

0. 72
1 44

1 76
1 91

47. 5
39.9
75.5

56. 8
53. 9
53. 4

1 6
1 2

2 71
2.23

2 29
30 6
24 2

6.4 2.45
0 2 64 1.19 1 25 42 4

3.Sep-91 32.80.3 13.6 24 6 1 7 10.9 1.36

0.05
0 69
0.86

0.2
10 7
9.7
2.6

0 4
14.7

0.4
2 8
2,1

6.1
8 3
11 6

D 64
1.14
1 7
0.8

187
25. 4

15.2
10 2

36. 0
1S 64.9

2 2
0.96
0 79

6.2
6 13.5

8 1
6.7
11 8

2.6
1 31
0. 95

25 9
25. 1
21.1

10-Dec.91
31- Dec.91

4.5 0.62 79
6.91.4 15.1

5.6
16.5
7.8

4 3
oa

1 10
0.40B.Feb-92

8-Mar-92
6.Apr-92

s.2
4.5
5 4

0.6
oe
0.5

1.8 20.4
1 9 19.1
2. 'r 22. 1

2.8
1 6

9
53

3.8 0.10
0,20

99 0.60'l.9
0.5
'l.2

4
7.2
33
27 8

11 5 2.1 27.47. 5
1 8.1
7.2

56 7
27. 0

6.9 0 40
0. 30

28
2.24.57 6

66
8 2

0.45
0 4

0.7
1 4

0 64 26. 4
11 05
6.4
2.5

1.17
1,'17
1.02
0.97

27.3
30. 6
24.2
24.0

6 1 0 29 10.4
0 13

2.8
3.7

e
5

5 4
1 7
2.1

0.36 0.39 11,6
0 91
0 52

4.4
1.3
6 4
4.6

0 18 0.42
0 15

11.7
8.13 7

7.6
11

1.8

2 4
0.06
o te
0,4
0,21

15.3
18.3

0. 31
1.17

0.68
0.8

0.38 10,95.1 1 01 29.1

15 ~ Jan 94
6.Feb-94
13. Mar-94

1 5 7.7
4 6

3.7
2.7

01 7.3
Ol ' 69

30. 6
07
05

30.0
22. 30.2 1.6 0 1

0.4
4.8
coy T

2.5
1.9210-Apr-94

8~Ma -94
0.84
0. 58

3.71
6.14

6.18
79

1,34
2 67

23 1
0 6
0.5
0.3
0.33

r a.

8. 23
3 82

2. 34
2. 84
2. 06
1.55

29. 1
39 '7
29 0

10.23 2.39
4.8 3. 62
1 87 344

12- Jun-94
1 0- Jul-94
7-Aug-94

0 72
1.15

8.52
6. 34

D.e4 3 03 15.9

1.19 5.439. Oct-94 0.65 1 89 5.170.07 1.25 'IB 1

1-Jan-95 3. 82 1.55 '.9D.e4 3. 03 1 87 3. 44 0. 33

0 32 7.87
0.85 9.45
0.33 8.45

1.95 27.67
1,63 30,34

0. 72 7.65 S.es
1.01 8.42
0. 87 7. 25

17 50
7 22 1 71

0 63
28 14
16.874.04

4 35
0. 76
0 81

6. 49
s 7e

5.71
6.81

0 23
0.28 2.28 26 41

Overall Av 0 89 6 80 11 01 2 96 0 52 8. 09 1.66 27.03

29-Oct 9O
13- Nov-90
26- Nov-90
1 0-Dec-90
6.Jan-91

21-Jan.91
3. Feb-91
18-Feb-91
3.Mar-91
18-Mar-91

!.Oct-9 1
1 5-Oct-91
27-Oct-91
1 2- Nov-91
26- nlov.91

6 Jun-92
1 1- Jul-92
1 0- A~u-92
6 Sep-92
3.0ct-92
6 Nov 92
6.Dec-92
10 Jan.93
6 Feb-93
6-Mar-93
3-Apr-93
2-May-93
5.Jun-93
1 0- J ul-93

Avg. 1990
Avt! 1991
Avg 1992
~Av . 1993
Avg 1994

1.1
1 9
1.3
1 1
06
1.6

0 7
0 I
0.9S
0 pe
0. 91

7 4
13.1
5 4
11.7
6.4
6

4 3

3. 07
3. 32
2. 83
2 27
2 59

161
19 6
17 1
17 7
14.9

4 3 5 6
10



Blackstone River in Blackstone, MA
Heavy Metal Concentrations

Total Total
Copper Lead Cadmium Calcium Magnesium HardnessSa~mlin Chromium Nickel

Dare ~u~ii!  ug/I!  ug/I!  u 9/I!   u 9/I!  m g/I!  mg/I!  mg/I CaCO3!

1-Oct-90 1.70 4,90
9. 60

11,50
4. 30

2,30
2.00

12.20 13.10 0. 46
1.13

38.19
18.9715-Oct-90 4.20 8,60 20.60

4 40 3. 601 3- Nov.90 1.90 1O.BO 4.00 1.70 16.990,67
2.80 9.80 24.50 3.88

4,20 7,80 3.30 0,47
5,50
6.70

9.90
8. 30

0.53
0.49

5. 50
4.0020- Jan-91

17-Feb-91 1.70 4.20 7.50 3. 50 0.52 8.00 2.00 28.21
4,00 3,90
1.20 4,90

5,50
9.60

1,80
2.30

21.15
33,44

11,60
6. 50

6,20
2.30

0,55
0.41

8.10 2.20 29. 296.00 3.80 9. 60 3.10 0.76

29-AApr-91 2.80
3.50

6.30
5 40

9.80
11.50

4.80
5. 80

0.64
O. 72

9.40
9.80

2.10
2.00

32.12
32.7112-Ma~91

2. 72 44.419-Jun-91
22- Jun-91

2.20 9. 90 5. 30
2.5 1 43.80
2.83 47.36

14. 80
13. 50

49.1 4
44,42

O. 36
D,46

2. 96
2,602.60 11,80 5.4D

10. 80 1.38 32.659,60 3,90 0,88
4. 70
3. Oo

0.67 10.70 1.96
0,67 11.50 2,37

12.80
6.40

5.10 8.80 3.80 0.83 9.30 1.87

2.0211.80 2,70 1.00 8. 08 28.497-Feb-92 4.101.70

8.60 32,18
30.77

7.30 2.20 0.601.00
1.40

4,60
3.80 8.205. 40 2.50 0.20

19.882.70 5. 40 10 50
8.3D 2. 60 35.9312 Jul-92 3 10 6. 20

33.752.8012-Aut! ~ 92 3.80 7. 30 12.60
7. 20 1,20 29.41

28.38
7-Sep-92
3-0ct.92

1 10
3,15

5.30
6. 95 2. 20 9.7D 1.01

10.10 1.10
9.00 1.43

29.75
28. 36

9-Nov-92
6-Dec-92

5. 50
4.oo

5.20 1.50
5.90 6,90
4.DO 2,60

2,20
2.31

0.43 1.7710- Jan-93
7-Feb-93

1.92
1.09

2. 80
4. 60 7,00 4.00

4.00
0.82
0.74

13,362.50 0.20
0,301 8,70 13.047.Mar-93 3.87 7.00

8.20 7. 26
21.89

2.50
8.1D 3.50

22.176. 30 8.60
6. 00

4.90
30.980.41 7.10

2.04 25,DB
2.21 34. 67

6.68
10.24

Av . 1990 1,32
0.77

15.36 5,357,84
4,28
3 58

6.19
5,34

9.56
8.36 8.70 1.94 29.69

4.83 6.34 6.53
5.94 9.42 4.57

15.78
28.77

5.67 0.89
8,64 1,88Overall Avg

25-Nov-90
10-Oec-90
6-Jan-91

4-Mar-91
17. Ma r-91
1-Apr-91

8- J ul-91
22-Jul-91
5-Au .91

10- N ov.91
25-Nov-91
B-Dec.91

29-Dec-91

7-Apr-92
3-May-92
7-Jun-92

4.Apr-93
10-May-93
7-Jun-93
11-Jul-93

Avg. 1991
Avg. 1992
Av . 1993

1.70
3.10
2.20

1.90
2.50
1.50

2.10
2.00
2.30
2.30

0.88
1,57
1. 98

2.46
2.58
2. 25
1.67
2. 32

6.80
7,40
7.30
7.60
11.80

6.80
7.1D
4.70

5.10
3. 60
4.30

10,60
9.70
8.30

5,30
4. 60
1. 60

6. 60
3. 80
6.30
1.1D

3. 49
0,54
0. 50

0.60
0.40
D.70
0.37
0.43
0.36
0,17
0.24

0.33
0.24
0.17
0.15

0.48
0.23
D.67

8.00
5,60
6,00
6. 00

13,30
13.40
14.30

4.5D
10.10
8.90
9,80

2.00
7,00
7,00
10.00

2.20
2,00
2,00
2,00

2.60
2.50
2.10

0. 55
1.07
1.14
1.46

29.04
22.22
23,22
23,22

34.79
38.48
30.92



Blackstone River at Rt. 122 in Lonsdale, Rl
Heavy Metal Concentrations

Total
Total Calcium Ma nesium Hardness
gmg/I as Ca!  mg/I as Mg!  mg/!

as CaCO3

Sampling Chromium Nickel C~oper Lead Cadmium
Date  ug/I!  ug/I! ~u/I!  ug/I!  ug/I!

9. Feb-92
3-Mar.92

5.50
6.1 0

1.00 3.40
1,30 6.40
1.30 2. 20

6.00
8.60

'I.40
2,00

6.202.504-A~r-92 8. 20
2.60 7,20 2.20 0,30 7.20 2,80 29.51
2.90 31,30 6.80 0.50 3.60 1,90 : 16.81
5.70 8,40 1.60 0,30 9.70 2,60 ' 34. 93

1.30
2,70
1.00

9.20 1,12 27.580,60 1.005-Se -92 0.259.203. 40

11.100.60
1.86

7-Nov-92
5. Dec-92

0.28
0. 09

5. 90
3.40 7,00

3.000.25
0.11

6.40
6.703,90

3.20

1.24
4.72

21.70
3,10 1,0013.30

6.00
8,00

19.10
24.0115.40 2.200. 6712-~Ma -93
23.20
23.1 2

7.00
7,00

1 6.40
6.0D

2.7014-J un-93
12-Jul-93

I .01
0.61 1.370. 30

9.80
11.03

7.292.47 0.32
5.65 0.1 8
3.74 0.30

1. 30
1.22 5.33

6. 511.27 1D.29

2-May-92
7-Jun-92
13-Jul-92

9-Jan-93
14. Feb-93
6-Mar-93

Avg. 1992
Avg, 1993
Overall Avg.

1.66
1.41
1.96

3.70
2.40
3.10

4.10
4. 90
4.20

3.63
3,90
3.74

1.70
3.00
3. 90

0. 50
0. 30
0.40

2.00 21.97
2. 00 23. 47
2. 30 24.95

1.15 32.45
1.18 22.34
0.83 10.91
0. 30
0. 54
1.00
0. 98
1.39

1.89 26.00
0.92 15.19
1.47 21.27



Blackstone River at Slater Mill in Pawtuxet, RI
Heavy Metal Concentrations

Qo r
 u /I

Lead Cadmium
 u /$1  ug/I!

Samplln n
Dale

Chromium Niockel
 ugll! ~ /!!

9.50
2.20

0.35
0.64

1-Oct-90 1.60 6.10 13. 00 2.70
12,40

2.00
1.00

31.96
9. 6115-Oct-90

29-Oct-90
6.204.10 17.50

1.50 3.4D
1.50 3.40
1.30 3.70

5.50 0.40 2.00 'I 7.973. 90
1 3- No v-90
2 6- No v. 90
10-Dec-90

3.50
4.10

0.35
0.37

3. 60
6.00

2.40
2.00

18.87
23.22

1.50 4. 90 19.72
23.72

3.20
11.20

0.48
0.48

4.60
6.20

2.00
2.007-Jan-91

22 Jan 91 2.1D 0.35 4.00 1.90 17.81
4-Feb-91
19-Feb.91

2.80
5.20

0.38
0,46

6.00
6,60

1.80
1,90

22.39
24,30

26,801.90 0.30 7,60 1,901 6-M ar.9 I
1.Apr-91
15-A r-91

0. 60 5.703,30
6.00
1.10
2. 40

2. 7D
5. 20
4.60

7.5D
6.50
8.10

3.20 0.53 9.20 2.19 31. 99
4.20
7.10

0.43
0.66

11.50
8.90

2.44
1.79

38.76
29.5929-A r-91

13-May-91
28- May-91
10- J un-91

2.40
1.50
1. 20

4.00
5. 00

8.30
9.00
11.90

5.10
5.90
5.00

0.49
0.44
0.43

8.40
11.80
12.40

1.85 28. 59
2.42
2.89
3.08

39.43
42.86
48.39

5. 30
0.45
0.26
0.33

24- J un-91
8-J ul-91

1.50
1.00

6. 60
4.7D

12.80
9.00
9.30

3.20
5.10
1.40

14.30
14.50
16.10

2.62
2. 86

47,00
51,9822-Jul-91 1.20 6. 70

5-Aug-91
19-Aug-91
3-S~e-9 t

1.50
0,90
0.90

0.43 12.40 2. 50
1.67

41.26
40.8413.600,62
35.05
34.461,00

3,70 21.62
27.661.90

2.10
3.50

12.40
3. 80

13.40
8.50

11.30
5.70

32,17
14.03

3 801.0425-Nov-91

30-Dec-91

5.70 22. 3020.90 20.50 1.16 14.27

12.807.501.80 3. 70 8. 90 0.50 1.54 38.30
i

1.00 2.00 21.977-Feb-92 0. 90 5.500.401.902.90
4.20
4,80

0.50
0.15

6.10
5.3D

2.00
2.00

23.47
21,47

4.10
4.20
3.60

0.70
0.20
0.20

6.40
6. 60
9. 00

2.10
2.80
2.50

24. 63
28.01
32. 7712- Jul-92

8-Aug-92
14-Sep-92
6-Oct-92

1.40
0,20
0.90

2.70
0,98
1.23

35.09
25.76
30.7810.30

10-Nov-92 29.3810.20 0. 950. 50

10- Jan -93
8-Feb-93

1.51 3,00 0.26 8.56
1,42
0.70

1,28 9,00 28,32
10.371.12 3. 00

0.94 1.00 0. 44 4.31
1,03
0.33

5.00
9. 00

0  85
1.34

15,99
27,994,80

7,10
3.20
4.3012-JUI-93 3.400,54 9. 00 1.47 28.53

5,23
6,69
3. 93

4,971.92 1,900.43
0.55
0.35

20.23
9.69 1.95
7.77 i 1,93

32,22
27.33

1.93
0.81
0,96 5. 57

807 1
0. 24 D.93

1.78
17.72
27.499.37Overall Av . 5,36 0,451.54 5.47

16-Sep-91
3~999 91
15-Oct-91
28-Oct-91
14-Nov-91

9-Mar-92
2-Apr-92
2-May-92
5- Jun-92

8-Mar-93
6-Apr-93
4-May-93
6- Jun-93

Avg. 1990
Avg. 1991
Avg. 1992
A~u 993

1.30
1.00
1.20
0.80

0.90
0. 90
0. 50
1.00
0. 90

4,20
3. 50
3. 40
3.70

5. 70
6,10
7. 00
5. 20

30.10
5. 90

7.50
4,80
3.90
2.60
3.90

4. 62
6.82
4.34
3 16

10.40
7.40
7.1 0
8.50
9,90
5.00
7.40
7,40

10.10
40. 60
8.00
9.60
31.20
9.20

5.80
1.30
7.30
8.10
5.4D

10,65
11.59
6.02
5.43

3. 60
3.40
2. 30
4. 50
32.40
4.50

0.35
0.47
1.43
0.75
0,91
0,64

Total Total Tol a!
Calcium Magnesium Hardness
 mg/I! t  mg/I!  mg/I CaCO3

1.60
1.34
1.43
1.26
1.81
0. 80

11.40
11.60
6.30
9.00
9,90
4,30



Ten Mile River at Roger Williams Ave. in East Providence
Heavy Metal Concentrations

Total Total
Copper Lead Cadmium Calcium Magnesium Hardness
 ug/I! '  ug/I!  ug/I! I  mg/I!  mg/l!, mg/I CaCO3

Sampling Chromium
Date  u g/I!

hfickel
 ug/I!

9-Fe b-92
8-Mar-92

6,5 26.5 10.3
11.8

2.701.5
1.226.66 2

4.6
0.90
0.80
0.70

4-Apr-92
2-May-92

20.4 9.1 1.1
45 i 228
3 26.3

8.4 1.9
10.4 3.4
10 3.9
5.4 1

6.Jun-92 0.60
11- Jul-92
10-Aug-92

1.2 20.6
1.6 20

0.50
0.30

4-Oct-92
8. Nov-92

0.2 10.2 1.52 31.73
9.8 1,27 29.70

0.29
1.3
2.3
2.2

0.52
6-Dec-92
10-Jan-93

1. 84 38.80
0.67l ,13.57

0.37 1 3
035 I 4

0. 99
1.11

10,6 4.4
10.2 5.4

6-Jun-93
11 ~ Jul.93

0.1
0.1

Avg 1992 3.66
Avg 1993 2.96

Overall Avg. 3.50

22.61
12.27
20.22

1.78 0.77 13.01 2. 56 43.00
0.80 0.20 11.33 1.49 34,44

8. 20
5,03
7,47 1.55 D.64 12.62 2.31 I 41,02

I

02 I 192 44
15 I 243 57

7,32 ' 19.4 6.5
683 ' 16 53

11.8 2.6 40.17
11. 3 3.7 43,45
12. 3 3.6 45.54
13.5 3 46.06
13.4 2.8 44.99
17.1 2.9 54.64
17.7 2.6 54.90

0.09 . 15 1.67 i 45.16
D.15; 1 5 1.73 I 44.58


