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Rhode Island Streams—1978-88, an Update
on Water-Quality Conditions

By John C. Briggs

ABSTRACT

Water-quality data, collected from November 1978 through
March 1988 at six stream sites, show that concentrations of
common constituents are low compared to other parts of the
United States. At several sites, concentrations of major plant
nutrients, nitrogen and phosphorus, were in the range that may
cause undesirable eutrophication if the waters were impound-
ed. Lowest concentrations of nitrogen and phosphorus species
were at the Branch River at Forestdale and the Pawcatuck River
at Westerly.

Concentrations of the trace elements cadmium, chromium, and
lead, which are at or exceed U.S. Environmental Protection
Agency drinking-water criteria, were found at several sites, in-
cluding the Blackstone River at Millville, Mass. Trace element
concentrations that potentially exceed acute aquatic-life protec-
tion criteria at all sites were cadmium, chromium, copper, lead,
and silver. Median concentrations of zinc at three sites poten-
tially exceed the criterion for acute aquatic-life protection.

Several organic compounds were found in the water column,
polychlorinated biphenyls (PCBs) were found at four of the six
sites, dieldrin at three sites, lindane at two sites, and heptachlor
at one site. In the bottom material, chlordane, DDD, DDE,
DDT, dieldrin, and PCBs were found at all sites and aldrin, en-
dosulfan, endrin, heptachlor, heptachlor epoxide, lindane,
methoxychlor, and mirex at one or more sites.

Trend analysis of total phosphorus and nitrogen concentrations,
specific conductance, and streamflow show no overall pattern
of upward or downward trends for the sites. Most trends were
flow dependent. However, an increase shown by the flow-ad-
justed specific conductance at the Pawcatuck River at Wester-
ly, RI, may indicate an increase in the dissolved solids
entering the stream independent of the volume of flow.

INTRODUCTION

Rhode Island requires water-quality data to pre-
serve, protect, and enhance the quality of its ground
and surface waters. Additionally, the State must

monitor and control the water quality of its streams
to meet the requirements of Federal law. Water-
quality data are required to (1) prepare comprehen-
sive water-pollution control plans, including the es-
tablishment of effluent limitations for point-source
discharges; (2) develop information on the causes
and effects of reduction in (or increase in) pollution;
(3) determine water quality of major rivers on a reg-
ular basis and appraise long-term quality changes;
(4) promulgate, revise, and modify State water-
quality standards for surface water to protect the
public health and welfare, promote the economic
development of the State, and enhance the quality
of the State’s water for present and future uses; and
(5) evaluate the success of management strategies
for surface-water quality.

The U.S. Geological Survey requires informa-
tion on water quality to accomplish the Bureau’s
mission to appraise the quantity, quality, and use of
the Nation’s water. Two sites, Blackstone River at
Millville, Mass., and Pawcatuck River at Westerly,
are NASQAN (National Stream Quality Account-
ing Network) sites. NASQAN is a set of 438 sta-
tions on rivers nationwide where many water-
quality characteristics are measured regularly. The
major objectives of the NASQAN program are to
(1) account for the quantity and quality of water
moving within and from the United States; (2) de-
pict the areal variability of stream quality; (3) depict
the temporal variability of stream quality; and (4)
detect long-term trends in stream quality.

Samples from additional sites were needed to

improve spatial coverage of the State and to supple-
ment the information collected at the NASQAN



sites. To address these problems, a program to col-
lect water-quality data from four additional Rhode
Island streams, plus additional data to supplement
the two NASQAN stations, was initiated in October
1978 in cooperation with the Rhode Island Depart-
ment of Environmental Management.

Purpose and Scope

Specific objectives of this report are to (1) de-
termine temporal trends in concentrations and/or
loads for selected water-quality constituents and (2)
provide information of the spatial variations of wa-
ter-quality constituents within Rhode Island
streams. An earlier report, Water Quality of Rhode
Island Streams (Briggs and Feiffer, 1986) summa-
rized the water-quality data available through Sep-
tember 1983. This report provides an update on
water-quality samples collected and analyzed since
the previous report and at the same time summariz-
es all available water-quality data for the stations in
the study. Data from the stations have been pub-
lished annually each water year (October through
September), in the series of publications, ‘“Water
Resources Data for Massachusetts and Rhode Is-
land” (U.S. Geological Survey, 1979-89). Addition-
al data collected prior to 1978 are included in the
summary.

Description of the Stream Stations

Six water-quality stations were chosen for the
study. Five of the sites are located within Rhode Is-
land, whereas the sixth, Blackstone River at
Millville, Mass. is located upstream from the Mas-
sachusetts-Rhode Island border (figure 1). This lat-
ter site provides information on the water quality of
the Blackstone River as it enters Rhode Island. Ta-
ble 1 lists the Survey’s station number, name, period
of record, location, and any remarks about each site.
The period of record indicates the years in which
water-quality samples were collected and indicates
that the analytical results are included in the sum-
maries of data later in this report. All six sites are lo-
cated downstream from regulated stream reaches.
The Pawtuxet River is heavily regulated by the Sci-
tuate Reservoir, the Flat River Reservoir, and power
plants. The Branch River at Forestdale is not active-
ly regulated but there are old mill dams upstream
from the sampling site.

The Rhode Island Department of Environmen-
tal Management (1988) established a water-use
classification system that allows all of the freshwa-
ters of the State to be assigned to one of the classes
listed below. The stream classification system
serves a dual purpose of setting desirable goals for
achieving improved water quality and of reporting
present water-quality conditions in the stream seg-
ment. The freshwater classes are:

Class A:  Drinking-water supply.

Class B:  Public water supply with appropriate treat-
ment, agricultural uses, bathing or other pri-
mary contact recreational activities, and fish
and wildlife habitat.

Class C:  Boating or other secondary contact recre-
ational activities, fish and wildlife habitat,
and industrial processes and cooling.

Class D:  Migration of fish and good aesthetic value.

ClassE:  Nuisance conditions limiting use to certain

industrial processes and cooling, to power
production, and to navigation.

Class D and E are used only to describe an ex-
isting condition. Neither class is considered as an
acceptable goal for any waters of the State.

The Rhode Island Department of Environmen-
tal Management (1988) rates the present water-
quality conditions at all of the sites as class C, ex-
cept for the two Pawtuxet River sites which are
classified C/D. Desirable goals for all of the sites
are class C, except for the Branch River at Forest-
dale which has a goal of class B.

METHODS OF STUDY

Characteristics and constituents currently mea-
sured as part of the Rhode Island water-quality pro-
gram are listed in table 2. Water samples are
collected monthly for analysis of major nitrogen
and phosphorus species, bacteria, and selected
physical constituents and twice-yearly for analyses
of common chemical constituents, trace elements,
and organic compounds. The twice-yearly samples
are collected during periods of high and low stream-
flow. Once yearly during periods of low streamflow,
bottom materials are collected for analysis of organ-
ic compounds. Additional chemical constituents are
included in analyses for the NASQAN program and
as part of various hydrologic studies. These addi-
tional constituents are included in the summary of
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Table 1.—Water-quality-sampling stations within the study area

Station number, station name,
and period of record

Station location and remarks

01111230
Blackstone River at Millville, Mass.
1971, 1973, 1978-March 1988

01111500
Branch River at Forestdale, RI.
1953-58, 1965-69, 1971-72,
1975-March 1988

01112900
Blackstone River at Manville, R.I.
1970, 1978-March 1988

01116500
Pawtuxet River at Cranston, R.I.
1953-58, 1961-73, 1975-March 1988

01116617
Pawtuxet River at Pawtuxet, R.I.
1978-March 1988

01118500
Pawcatuck River at Westerly, R.I.
1976-March 1988

Latitude 42°01°16", longitude 71°34°04", Worcester County,
400 feet above railroad bridge, 0.8 mile southeast of Millville,
1 mile upstream from the Rhode Island-Massachusetts

border, and 1.4 miles upstream from the Branch River,
drainage area 277 mi%. Flow regulated by powerplants,

by West Hill Reservoir, and by other upstream reservoirs.

Latitude 41°59’47", longitude 71°33’47", Providence County,
400 feet downstream from the milldam at Forestdale, 1 mile
east of Slatersville, and 1.6 mi upstream from the mouth,
drainage area 91.2 mi2, No active regulation by milldams
upstream.

Latitude 41°58’18", longitude 71°28’14", Providence County,
at Manville Road Bridge, 400 feet downstream from milldam
at Manville, and 2.5 miles downstream from the Woonsocket
Sewage Treatment Plant. Flow regulated by powerplants,

by West Hill Reservoir, and by other upstream reservoirs.

Latitude 41°4503", longitude 71°26°44", Providence County,

at Cranston, 0.7 mile upstream from Pocasset River, 1.4 miles
upstream from the I-95 bridge, 1 mile downstream from the
Warwick Sewage Treatment Plant, 4.5 miles downstream from the
West Warwick Sewage Treatment Plant, drainage area 200 miZ,
Flow regulated by powerplants and the Scituate, Flat River,

and other reservoirs.

Latitude 41°46'03", longitude 71°24°21", Providence County,

at Warwick Avenue Road bridge, 3.2 miles downstream from the
Cranston Sewage Treatment Plant, drainage area 232 miZ.

Flow regulated by powerplants and the Scituate, Flat River,

and other reservoirs.

Latitude 41°23°01", longitude 71°50°01", Washington County,
at Westerly, 2.1 miles downstream from the Shunock River,
drainage area 295 miZ. No active regulation by mill dams.

data later in this report. All major classes of com-
pounds have been included in analyses since 1978.

Samples for bacterial analysis are collected at
one point in the stream and dissolved oxygen and
temperature measured at one point. Other water
samples are collected using fluvial-sediment sam-
pling techniques described by Guy and Norman
(1970). Briefly, depth-integrating samplers are low-
ered and raised at a uniform rate throughout the

depth of the stream using sampling procedures
called depth integration. The water-sediment mix-
ture accumulates from all points in the sampled
depth so that at every point an incremental volume
of the mixture is collected that is proportional to the
flow velocity at that point. Samplers are designed so
that the water-sediment mixture moves with no ac-
celeration as it leaves the ambient streamflow and
enters the sampler intake. Depth-integrated samples



Table 2.—Characteristics and constituents currently measured at all Rhode Island stations

Measured monthly

Fleld determinations Major nutrients

Sueamflow Nitrogen

Water temperature Total nitrogen

Specific conductance Total organic nitrogen

pH Total ammonia nitrogen

Dissolved oxygen Total nitrite nitrogen

Total nitrate nitrogen

Biological characteristics Phosphorus

Fecal coliform bacteria Total phosphorus

Fecal streptococci bacteria Total orthophosphate
Other (measured bimonthly)

5-day biochemical oxygen

demand (BOD)

Common constituents

Measured twice yearly during periods of low and high streamflow

Trace elements Organic compounds Organic compounds

Dissolved calcium Total aluminum Total aldrin Total methoxychlor
Dissolved magnesium Total arsenic Total chlordane Total methyl parathion'
Dissolved sodium Total boron Total DDD Total Methyl Trithion!
Dissolved potassium Total cadmium Total DDE Total mirex
Dissolved chloride Total chromium Total DDT Total parathion!
Dissolved sulfate Total copper Total Diazinon! Total Perthane
Alkalinity Total iron Total dieldrin Total PCB
Total lead Total endosulfan Total PCN
Other Total manganese Total endrin Total silvex!
Color Total mercury Total ethion’ Total Trithion!
Chemical oxygen demand Total molybdenum Total heptachlor epoxide Total toxaphene
Total ROE (residue on Total nickel Total heptachlor Total 2,4-D!
evaporation) at 105°C Total selenium Total lindane Total 2,4-DP!
Suspended ROE at 105°C Total silver Total malathion' Total 2,4,5-T!
Phenols Total zinc
Total oil and grease
Measured yearly during periods of low streamflow
Organic compounds in stream bottom material
Total aldrin Total dieldrin Total lindane Total parathion’
Total chlordane Total endosulfan Total malathion! Total Perthane
Total DDD Total endrin Total methoxychlor Total PCB
Total DDE Total ethion' Total methyl parathion' Total PCN
Total DDT Total heptachlor epoxide Total Methy! Trithion! Total Trithion!
Total Diazinon! Total heptachlor Total mirex Total toxaphene

1Added in 1988 water year.




are collected across the cross section of the stream
and combined into one sample for analysis.

Use of these techniques ensures that samples
collected for analysis of chemical constituents con-
tain representative subsamples of both the dissolved
and suspended material passing through the stream
cross section at the time of sampling. The term “to-
tal” used with a constituent means that the sample
consists of a water-sediment mixture and that the
analytical method determines all of the constituent
in the sample. The term “total, recoverable” is the
amount of a given constituent in solution after a rep-
resentative water-suspended sediment sample has
been digested by a method (usually using a dilute
acid solution) that results in dissolution of readily
soluble substances only. Complete dissolution of all
particulate matter is not achieved by the digestion
treatment and thus the determination represents less
than the “total” amount. A “dissolved” constituent
refers to that material in a representative water sam-
ple which passes through a 0.45-micrometer mem-
brane filter. This is a convenient operational
definition of a dissolved constituent used by Federal
agencies and many State agencies that collect water
samples.

Bottom material samples are collected using
techniques described by Guy and Norman (1970).
Streamflow values are either from measurements
made at the time of sample collection or from a
stage-discharge rating (Rantz and others, 1982).
Specific conductance and pH were measured using
methods described by Wood (1976), and dissolved
oxygen concentration was measured using a dis-
solved-oxygen meter and techniques described in
Fishman and Friedman (1985). Samples collected
for laboratory analyses were preserved in the field
and immediately shipped to the Survey laboratory
in Atlanta, Georgia, until early 1985. Since then, the
samples have been analyzed by the Survey labora-
tory in Arvada, Colorado. Sample preservation and
analytical methods are described in Fishman and
Friedman (1985), Britton and Greeson (1989), and
Wershaw and others (1987).

Certain constituents often are not found in a
sample of water from a stream. For example, the
concentration of trace elements, organic com-
pounds, or bacteria may be below the reporting lev-
el of the analytical procedure. The reporting level,
which may be higher than the detection limit, is the
lowest measured concentration of a constituent that

may be reliably reported using a given analytical
method (Feltz and others, 1985). Normally these re-
sults are reported and published as < (less than) the
reporting level of the analytical procedure used for
the determination. Reporting levels (Feltz and oth-
ers, 1985) for any particular constituent in this study
are listed in the summary tables shown later in this
report. Reporting levels may have varied during the
study; however, the listing is typical for each con-
stituent. The actual values are available for each
analysis in ‘““Water resources data for Massachusetts
and Rhode Island” (U.S. Geological Survey, 1979-
89).

When summarizing a number of analyses using
statistical techniques, the values less than the re-
porting level must be considered. For this report, all
less-than values have been converted to zero. In all
tables for constituents with a reporting level, a value
of zero should be interpreted as less than the report-
ing level of the constituent.

Results from determination of the number of
bacteria in a sample of water may occasionally be
reported as > (greater than) a value. For this report,
the > sign was dropped and the value included in the
statistics. In the summary tables showing maximum
values for bacteria counts, the actual value may
have been greater than the maximum shown. Again,
the actual values for each analysis are available
(U.S. Geological Survey, 1979-89).

WATER QUALITY OF STREAMS

There is no clear, simple, quantitative way to
describe the term “water quality.” In practice, the
quality of a water resource is determined by various
measurements of physical, chemical, and biological
characteristics. Results of the measurements can be
compared with water-quality criteria to judge the
suitability of the water for a particular use. There
are several different sets of criteria, depending upon
the intended use of the water. Water that meets the
criteria for one particular use will not necessarily
meet the criteria for other uses.

Discussions in the subsections that follow deal
with the results of measurements of selected water-
quality characteristics, and relate the results to some
of the criteria for certain water uses. The Rhode Is-
land Department of Environmental Management
(1988) established criteria for maintaining the qual-
ity of the waters within the State. These criteria are



given if available. Among other commonly cited
criteria are: Water Quality Criteria 1972 (National
Academy of Sciences and National Academy of En-
gineering, 1972); Quality Criteria for Water (U.S.
Environmental Protection Agency, 1976); Quality
Criteria for Water 1986 (U.S. Environmental Pro-
tection Agency, 1986); National Interim Primary
and Secondary Drinking Water Regulations (U.S.
Environmental Protection Agency, 1988a, 1988b);
and recommended criteria proposed in miscella-
neous articles and reports.

In some cases, criteria are cited which do not
apply to the given stream or are more stringent than
would normally be imposed on the stream. For ex-
ample, drinking-water criteria may be cited even
though the stream is not used as a drinking-water
source. The criteria are used to give the reader
benchmarks with which to compare concentrations
of constituents in the stream.

Additional confusion occurs in trying to decide
if drinking-water criteria should be applied to “to-
tal,” “total recoverable,” or “dissolved” constitu-
ents. Most of the criteria for domestic water
supplies apply to water which is delivered to the tap
of the ultimate user of a public water system. Water
from a stream used as a drinking-water source may
have been filtered or otherwise treated to remove
particulate matter. While drinking-water treated in
this way may not meet the strict definition of “dis-
solved” given above, an analysis of the water will
probably be closer to a “dissolved” analysis of the
source water rather than an analysis for “total” or
“total recoverable” constituents. If the drinking-wa-
ter has been chemically treated, the analytical re-
sults will be quite different from the dissolved
analyses of the untreated water. In this report, drink-
ing-water criteria may be compared with “total,”
“total recoverable,” or “dissolved” constituents.
Again, drinking-water criteria are used to give the
reader a benchmark with which to compare concen-
trations of constituents within the stream.

Major Inorganic Chemicals

The major inorganic chemicals dissolved in wa-
ter often are termed “common constituents” be-
cause these substances generally dominate the total
mass of dissolved material in water and have been
the subject of most chemical analyses performed by
the Survey in the past. A summary of data on major

inorganic chemicals measured at each station is in-
cluded in table 3. Also included in table 3 are phys-
ical measurements of the water such as specific
conductance and temperature, biological measure-
ments, and measurements of streamflow and sus-
pended sediment. These summaries include all data
for the period of record for each site shown in
table 1.

Calcium, Magnesium, and Hardness

Calcium and magnesium are widely distributed
in the common minerals found in rock and soil. The
presence of calcium and magnesium along with oth-
er metallic elements such as iron, strontium, and
manganese, cause hardness in water. Many industri-
al and domestic water users are concemed about
hardness. Hard water requires more soap and syn-
thetic detergents for home laundry and washing
than does soft water, and contributes to scaling in
boilers and industrial equipment. In this report,
hardness is reported as an equivalent concentration
of calcium carbonate, CaCOs3. General guidelines
for classification of waters are 0 to 60 mg/L (milli-
grams per liter) as CaCOsj is classified as soft; 61 to
120 mg/L as moderately hard; 121 to 180 mg/L as
hard; and more than 180 mg/L as very hard (Durfor
and Becker, 1964).

At all the study sites, mean concentrations of
calcium, magnesium, and hardness were low com-
pared to other regions of the United States (Briggs
and Ficke, 1978). Mean hardness was in the soft
water category at all sites, and maximum measured
hardness was in the moderately hard range at only
two sites; Pawtuxet River at Cranston and Pawtuxet
River at Pawtuxet. No measured concentrations
during1983-88 were outside of the soft range.

Sodium

Sodium, which occurs naturally in rock and soil
material, may increase in streams because of human
activities. Salting of roads to remove ice and snow
during winter months is one source of increased so-
dium and chloride concentrations. The most restric-
tive drinking-water criterion for sodium is 20 mg/L
(U.S. Environmental Protection Agency, 1986).
This criterion was set to protect individuals who
may be on “very restricted sodium diets.” Mean so-
dium concentration at Branch River at Forestdale
and Pawcatuck River at Westerly meet this criteri-



Table 3.~—Summary of measurements of common constituents, nutrients, bacteria, and
freld measurements for each station for the period of record

[Analyses are in milligrams per liter except as indicated. Streamflow, cubic feet per second; turbidity, nephelometric turbidity units;
specific conductance, microsiemens per centimeter at 25 degrees Celsius; bacteria, colonies per 100 milliliters; and fecal

coliform bacteria with membrane-filter pore-size of 0.45 and 0.7 micrometers. No data available indicated by — ]

01111230 Blackstone River at Millville, Mass.

Number Standard
Constituent of Mean Median Standard | Minimum | Maximum | erorof | Reporting
samples deviation value value mean limit

Streamflow,

instantaneous (fts) 111 596.0 350 575.6 83 2830 54.6 —
Specific conductance (US/cm) 117 244.4 248 58.0 134 369 5.4 1
pH (standard units) 117 6.49 6.5 42 5.6 715 .04 —
Temperature (degrees C) 116 122 128 83 5 26.5 8 —
Turbidity (NTU) 76 3.02 25 298 .0 20 .34 1
Oxygen, dissolved 116 9.38 92 272 2.7 14.5 25 1
Oxygen, dissolved

(percent saturation) 56 829 84 13.3 30 112 1.8 —
Oxygen demand:

biochemical, 5-day 25 236 20 1.25 1.0 5.0 25 1

chemical (high level) 33 26.2 17 25.8 0 110 45 10
Coliform, total,

immediate (cols./100 mL) 80 11,818.6 4,550 17,319.0 0 112,000 1,936.3 1
Coliform, fecal:

0.45 pm-mf (cols./100 mL) 17 943.6 200 1,928.6 61 7,600 461.7 1

0.7 pm-mf (cols./100 mL) 73 1,090.3 310 1783.4 70 9,200 208.7 1
Streptococci, fecal,

KF agar (cols./100 mL) 88 680.3 175 1411.8 0 8,500 150.5 1
Hardness:

(as CaCO,) 49 385 38 84 21 59 1.2 R

noncarbonate (as CaCO;) 27 214 21 16 7 37 1.5 1
Calcium, dissolved (as Ca) 61 123 12 27 6.5 19 35 B
Magnesium, dissolved (as Mg) 61 1.98 1.9 36 1.1 28 .05 1
Sodium, dissolved (as Na) 61 27.1 27 6.7 16 41 .8 B
Potassium, dissolved (as K) 61 313 29 96 1.5 52 12 1
Alkalinity (as CaCOs) 41 17.8 18 55 8 32 9 1
Sulfate, dissolved (as SO4) 61 19.6 17 57 10 35 7 2
Chloride, dissolved (as Cl) 64 419 43 10.1 24 61 1.3 A1
Fluoride, dissolved (as F) 51 19 2 .10 .0 4 .02 1
Silica, dissolved (as SiO2) 51 572 5.7 1.14 22 8.7 .16 .1
Solids:

residue at 105 °C, total 35 156.6 150 38.1 93 255 6.4 1

residue at 105 °C, susp. 35 8.0 7 6.2 0 31 1.0 1

residue at 180 °C, diss. 49 141.6 137 319 87 211 4.6 1

sum of constituents, diss. 43 123.0 118 28.8 78 190 44 —
Nitrogen:

total (as N) 68 3.18 28 2719 1.2 24 34 B

dissolved (as N) 20 272 2.6 1.30 1.1 53 29 1

organic total (as N) 76 942 62 2.589 .00 23 297 d

organic dissolved (as N) 19 682 .50 633 .00 23 145 Ad

ammonia dissolved (as N) 43 702 40 828 .00 33 126 .01

ammonia total (as N) 110 146 .53 373 .00 4.1 .083 .01

nitrite total (as N) 102 039 02 040 .00 22 .004 .01

nitrate total (as N) 61 1.24 93 822 34 3.8 .105 01

NOz+NO; total (as N) 106 1.46 1.0 970 36 4.5 .094 .01

NO,+NO; dissolved (as N) 43 1.39 96 943 a2 4.5 .144 01
Phosphorus:

total (as P) 110 294 27 155 .08 1.2 .015 01

dissolved (as P) 47 169 .14 118 .00 53 017 .01

ortho, total (as P) 102 .183 17 115 .00 .51 .011 .01
Sediment, suspended:

concentration 37 10.3 8 12.7 1 79 21 1

discharge (tons per day) 24 20.7 6.1 29.8 22 122 6.08 —




Table 3.—Swummary of measurements of common constituents, nutrients, bacteria, and field
measurements for each station for the period of record (continued)

[Analyses are in milligrams per liter except as indicated. Streamflow, cubic feet per second; turbidity, nephelometric turbidity units;
specific conductance, microsiemens per centimeter at 25 degrees Celsius; bacteria, colonies per 100 milliliters; and fecal

coliform bacteria with membrane-filter pore-size of 0.45 and 0.7 micrometers. No data available indicated by — ]

01111500 Branch River at Forestdale, R.I.

Number Standard
Constituent of Mean Median Standard | Minimum | Maximum | emor of | Reporting
samples deviation value value mean limit

Streamflow,

instantaneous (ft/s) 143 205.1 108 386.0 17 4,050 323 —
Specific conductance (uS/cm) 138 77.8 78 203 10 184 1.7 1
pH (standard units) 104 6.54 6.5 68 5.0 9.8 07 —
Temperature (degrees C) 188 12.9 12.6 8.8 .0 285 6 —
Turbidity (NTU) 52 1.26 12 1 .00 40 .10 1
Oxygen, dissolved 102 10.96 10.8 225 4.5 15.2 22 1
Oxygen, dissolved

(percent saturation) 22 101.0 101 39 95 111 8 —
Oxygen demand:

biochemical, 5-day 32 97 1.0 47 .00 20 .08 1

chemical (high level) 31 27.8 17 44.6 0 200 8.0 10
Coliform, total,

immediate (cols./100 mL) 76 2,990.1 1,800 6,968.0 140 60,000 799.3 1
Coliform, fecal:

0.45 pm-mf (cols./100 mL) 11 628.9 160 1,521.0 40 5,200 458.6 1

0.7 pum-mf (cols./100 mL) 67 354.6 200 7422 0 6,000 90.7 1
Streptococci, fecal,

KF agar (cols./100 mL) 78 1342 52 2288 2 1,500 259 1
Hardness:

(as CaCO,) 20 15.4 14 5.4 9 32 12 .1

noncarbonate (as CaCO,) 13 6.2 6 33 0 11 9 1
Calcium, dissolved (as Ca) 26 4.56 43 1.76 2.5 11 35 1
Magnesium, dissolved (as Mg) 26 .89 9 25 .0 13 .05 1
Sodium, dissolved (as Na) 26 9.41 8.8 3.94 4.2 26 71 .1
Potassium, dissolved (as K) 26 1.30 1.1 1.19 5 7 23 .1
Alkalinity (as CaCO,) 13 113 8 119 4 48 33 1
Sulfate, dissolved (as SO4) 26 10.1 8.4 6.31 6.6 39 1.24 2
Chloride, dissolved (as Cl) 29 13.2 13 346 3.7 19 .64 .1
Fluoride, dissolved (as F) 3 07 0 12 0 2 07 A
Silica, dissolved (as SiO2) 3 2.60 35 2.19 1 42 1.27 .1
Solids:

residue at 105 °C, total 33 61.9 60 218 32 158 38 1

residue at 105 °C, susp. 33 6.5 5 59 0 23 1.0 1

residue at 180 °C, diss. 3 73.7 52 437 45 124 252 1

sum of constituents, diss. 1 51.0 51 - 51 51 — —
Nitrogen:

total (as N) 68 .905 .0 479 .19 2.90 272 1

dissolved (as N) 0 —_ —_ — —_ —_ — 1

organic total (as N) 68 .426 39 329 .00 1.9 .040 1

organic dissolved (as N) 0 — —_ — — — — .1

ammonia dissolved (as N) 0 —_ — — — — — .01

ammonia total (as N) 103 174 11 281 .00 2.60 .028 .01

nitrite total (as N) 103 .009 .00 022 .00 .20 .002 .01

nitrate total (as N) 49 297 24 285 1 2.10 .343 .01

NO,+NO; total (as N) 103 .268 24 232 .00 230 .164 .01

NO+NO, dissolved (as N) 0 —_ —_ —_ — —_ — .01
Phosphorus:

total (as P) 103 .029 .02 .050 .00 40 .005 .01
dissolved (as P) 0 — — —_ — — —_ .01

ortho, total (as P) 103 011 .00 028 .00 26 .003 .01
Sediment, suspended:

concentration 0 — — — —_ — — 1

discharge (tons per day) 0 — — — — — — —




Table 3.—Summary of measurements of common constituents, nutrients, bacteria, and field

measurements for each station for the period of record (continued)

[Analyses are in milligrams per liter except as indicated. Streamflow, cubic feet per second; turbidity, nephelometric turbidity units;
specific conductance, microsiemens per centimeter at 25 degrees Celsius; bacteria, colonies per 100 milliliters; and fecal
coliform bacteria with membrane-filter pore-size of 0.45 and 0.7 micrometers. No data available indicated by — ]

01112900 Blackstone River at Manville, R.I.

Number Standard
Constituent of Mean Median Standard | Minimum | Maximum | error of | Reporting
samples deviation value value mean limit

Streamflow,

instantaneous (fi%/s) 9 880.3 558 888.3 68 4,540 89.3 -
Specific conductance (1S/cm) 100 205.4 200 714 3 410 7.1 1
pH (standard units) 98 6.68 6.7 50 55 7.6 05 —
Temperature (degrees C) 100 12,5 12.5 8.9 0 27.0 9 -
Turbidity (NTU) 53 2.89 2.6 234 4 15.0 32 1
Oxygen, dissolved 99 10.59 10.2 225 54 15.2 23 A
Oxygen, dissolved

(percent saturation) 23 96.8t 97 7.1 83 114 1.5 —
Oxygen demand:

biochemical, 5-day 31 239 2.0 .84 1.0 4.0 15 1

chemical (high level) 30 23.7 19 216 0 99 39 10
Coliform, total,

immediate (cols./100 mL) 73 6,842.6 2,500 13,815.7 1 96,000 1,617.0 1
Coliform, fecal:

0.45 pm-mf (cols./100 mL) 11 603.2 140 987.1 0 3,100 297.6 1

0.7 pm-mf (cols./100 mL) 62 7322 305 1,223.8 2 6,000 1554 1
Streptococci, fecal,

KF agar (cols./100 mL) 74 198.7 39 651.0 0 4,800 757 1
Hardness:

(as CaCO,) 17 37.0 38 86 17 50 2.1 1

noncarbonate (as CaCO;) 11 19.7 21 12.1 5 44 36 1
Calcium, dissolved (as Ca) 24 11.41 12 279 55 16.0 .57 1
Magnesium, dissolved (as Mg) 24 1.85 1.8 39 9 25 .08 1
Sodium, dissolved (as Na) 24 26.9 26 6.63 15 41 135 1
Potassium, dissolved (as K) 24 3.12 32 97 1.6 4.8 20 1
Alkalinity (as CaCO;) 10 16.0 16 6.1 3 24 1.9 1
Sulfate, dissolved (as SO4) 23 20.5 19 58 12 34 12 2
Chloride, dissolved (as Cl) 27 39.4 41 9.7 17 60 1.9 1
Fluoride, dissolved (as F) 1 5 5 — 5 5 — N |
Silica, dissolved (as SiO2) 1 56 5.6 — 56 5.6 — .1
Solids:

residue at 105 °C, total 33 135.0 135 389 0 217 6.8 1

residue at 105 °C, susp. 33 8.8 6 15 0 29 1.3 1

residue at 180 °C, diss. 0 —_ —_ —_ —_ —_ —_ 1

sum of constituents, diss. 1 171 171 —_ 171 171 —_ —_
Nitrogen:

total (as N) 68 237 22 1.05 1.0 57 127 1

dissolved (as N) 0 —_ —_ —_ —_ —_ —_ .1

organic total (as N) 69 .680 6 537 .00 3.6 065 1

organic dissolved (as N) 0 — — — — — —_ 1

ammonia dissolved (as N) 0 —_ — —_ — —_ —_ .01

ammonia total (as N) 101 17 55 735 .03 52 073 .01

nitrite total (as N) 100 .028 02 029 .00 13 .003 .01

nitrate total (as N) 66 983 73 584 32 3.0 072 .01

NO,+NO; total (as N) 101 1.07 79 .659 .00 3.1 .066 .01

NOz+NO; dissolved (as N) 0 —_ —_ —_ —_ —_ — .01
Phosphorus:

total (as P) 100 298 25 .166 .00 1.1 017 .01

dissolved (as P) 0 —_ —_ —_ —_ — —_ .01

ortho, total (as P) 100 216 .18 152 .00 .84 015 .01
Sediment, suspended:

concentration 0 —_ —_ — — — - 1

discharge (tons per day) 0 — — — — — — —
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Table 3.—Summary of measurements of common constituents, nutrients, bacteria, and field

measurements for each station for the period of record (continued)

[Analyses are in milligrams per liter except as indicated. Streamflow, cubic feet per second; turbidity, nephelometric turbidity units;
specific conductance, microsiemens per centimeter at 25 degrees Celsius; bacteria, colonies per 100 milliliters; and fecal
coliform bacteria with membrane-filter pore-size of 0.45 and 0.7 micrometers. No data available indicated by — ]

01116500 Pawtuxet River at Cranston, R.I.

Number Standard
Constituent of Mean Median | Standard | Minimum | Maximum error of | Reporting
samples deviation value value mean limit
Streamflow,
instantaneous (ft%/s) 128 341.6 213 318.0 36 2,220 28.1 —
Specific conductance (uS/cm) 114 2217 219 98.9 55 455 9.3 1
pH (standard units) 115 6.44 6.5 43 52 13 .04 —
Temperature (degrees C) 191 124 13 7.8 .0 26.0 .56 —
Turbidity (NTU) 53 237 2.0 1.54 .18 8.0 .21 1
Oxygen, dissolved 111 9.08 8.8 3.12 1.1 142 30 .1
Oxygen, dissolved
(percent saturation) 25 85.8 91 17.0 35 105 34 —
Oxygen demand:
biochemical, 5-day 31 2.55 20 1.55 1.0 9.0 28 1
chemical (high level) 32 29.8 22 31.8 0 170 5.6 10
Coliform, total, ’
immediate (cols./100 mL) 76 8,684.2 990 28,3224 0 230,000 3,248.8 1
Coliform, fecal:
0.45 pm-mf (cols./100 mL) 11 73.5 11 97.7 0 280 29.5 1
0.7 pm-mf (cols./100 mL) 67 3317 34 1,176.7 0 8,500 143.8 1
Streptococci, fecal,
KF agar (cols./100 mL) 5 102.3 16 3124 0 2,000 36.1 1
Hardness:
(as CaCO,) 21 378 36 19.4 12 76 42 .1
noncarbonate (as CaCO;) 16 202 20 14.2 0 40 3.6 .1
Calcium, dissolved (as Ca) 29 103 9.8 5.4 3.2 25 97 1
Magnesium, dissolved (as Mg) 29 258 1.8 1.78 9 715 33 1
Sodium, dissolved (as Na) 29 26.4 23 14.47 48 57 2.69 A
Potassium, dissolved (as K) 29 4.08 33 3.34 1.0 18 .62 1
Alkalinity (as CaCO3) 27 17.1 17 7.52 5 39 1.4 1
Sulfate, dissolved (as SO4) 35 29.1 22 16.1 9.5 76 2.73 2
Chloride, dissolved (as Cl) 38 36.4 34 20.5 .0 82 3.32 A
Fluoride, dissolved (as F) 6 .20 2 .13 .0 3 .05 1
Silica, dissolved (as SiO2) 6 4.48 4.6 .84 3.2 5.8 34 .1
Solids:
residue at 105 °C, total 39 151.9 139 59.2 64 315 9.5 1
residue at 105 °C, susp. 33 10.6 8 10.5 0 51 1.8 1
residue at 180 °C, diss. 4 58.0 56 17.2 39 80 8.6 1
sum of constituents, diss. 4 105.5 208 97.9 34 249 49.0 —
Nitrogen:
total (as N) 76 2.02 20 .963 13 5.6 .180 a1
dissolved (as N) 0 — —_ — — — — .1
organic total (as N) 77 .605 .58 471 .00 32 .054 A
organic dissolved (as N) 0 — — —_ —_ — — .1
ammonia dissolved (as N) 2 610 .61 .693 12 1.1 .490 .01
ammonia total (as N) 109 826 74 471 .00 26 045 .01
nitrite total (as N) 103 041 02 .051 .00 22 .005 .01
nitrate total (as N) 60 625 .55 312 .00 1.6 .040 .01
NOZ+NO; total (as N) 109 622 57 334 .00 1.7 .109 .01
NO4+NO; dissolved (as N) 1 19 .19 — .19 19 — .01
Phosphorus:
total (as P) 111 358 31 216 .00 1.2 021 .01
dissolved (as P) 0 — —_ —_ — — — .01
ortho, total (as P) 103 265 .23 .194 .00 L1 .019 .01
Sediment, suspended:
concentration 0 — — — —_ — — 1
0 — _ — — — — -

discharge (tons per day)




Table 3.—Summary of measurements of common constituents, nutrients, bacteria, and field
measurements for each station for the period of record (continued)

[Analyses are in milligrams per liter except as indicated. Streamflow, cubic feet per second; turbidity, nephelometric turbidity units;
specific conductance, microsiemens per centimeter at 25 degrees Celsius; bacteria, colonies per 100 milliliters; and fecal

coliform bacteria with membrane-filter pore-size of 0.45 and 0.7 micrometers. No data available indicated by — ]

01116617 Pawtuxet River at Pawtuxet, R.I.

Number Standard
Constituent of Mean Median Standard | Minimum | Maximum error of | Reporting
samples deviation value value mean limit

Streamflow,

instantaneous (ft/s) 97 4319 289 429.6 45 3370 43.6 -
Specific conductance (uS/cm) 102 2623 265 101.2 10 560 10.0 1
pH (standard units) 102 6.48 6.6 43 56 15 04 —
Temperature (degrees C) 104 12.6 12.5 8.0 .0 250 8 -
Tarbidity (NTU) 53 2.60 23 222 40 15.0 30 1
Oxygen, dissolved 103 8.01 8.0 3.65 5 14.6 36 .1
Oxygen, dissolved

(percent saturation) 23 763 85 253 16 113 527 —
Oxygen demand:

biochemical, 5-day 32 562 5.0 3.59 1.0 16 .64 1

chemical (high level) 31 339 27 25.6 0 98 46 10
Coliform, total,

immediate (cols./100 mL) 77 46,800.3 14,000 138,758.2 0 1,100,000 15,813.0 1
Coliform, fecal:

0.45 pm-mf (cols./100 mL) 11 139.7 33 233.6 4 800 704 1

0.7 pm-mf (cols./100 mL) 68 3847 144 585.2 0 2,900 71.0 1
Streptococci, fecal,

KF agar (cols./100 mL) 77 265.9 100 554.9 0 4,000 63.2
Hardness:

(as CaCO,) 16 44.8 44 13.3 19 64 33 1

noncarbonate (as CaCOs) 10 234 24 12.6 5 47 40 1
Calcium, dissolved (as Ca) 24 13.1 12 598 55 35 1.22 1
Magnesium, dissolved (as Mg) 24 3.24 24 2.79 1.1 15 57 1
Sodium, dissolved (as Na) 24 328 30 153 8.6 69 3.1 B}
Potassium, dissolved (as K) 23 430 45 1.96 1.6 10 41 1
Alkalinity (as CaCOs) 15 229 23 5.1 14 31 13 1
Sulfate, dissolved (as SO4) 23 357 33 176 14 85 37 2
Chloride, dissolved (as Cl) 26 417 4?2 14.5 20 75 29 1
Fluoride, dissolved (as F) 0 — —_ — — —_ —
Silica, dissolved (as SiO2) 1 28 28 —_ 28 28 —
Solids:

residue at 105 °C, total 32 161.8 162 60.1 65 325 106 1

residue at 105 °C, susp. 33 112 9 8.5 0 32 1.5 1

residue at 180 °C, diss. 0 —_ — — — — —

sum of constituents, diss. 0 —_ —_ — — — —
Nitrogen:

total (as N) 68 291 2.7 143 51 6.6 174 A

dissolved (as N) 0 —_ —_ —_ _ —_ —

organic total (as N) 68 .750 .70 485 .00 23 059 1

organic dissolved (as N) 0 — — — — — —

ammonia dissolved (as N) 0 — — — - — —

ammonia total (as N) 103 1.37 1.1 972 .00 48 096 .01

nitrite total (as N) 103 .059 04 057 .00 26 .006 .01

nitrate total (as N) 66 748 .65 569 07 4.6 .070 .01

NO,+NO; total (as N) 103 .780 .50 526 11 4.7 052 .01

NO,+NO, dissolved (as N) 0 — — - — —_ —
Phosphorus:

total (as P) 103 507 47 318 .00 20 .031 .01

dissolved (as P) 0 — — — — — —

ortho, total (as P) 103 410 37 299 .00 14 .029 .01
Sediment, suspended:

concentration 0 —_ —_ —_ - — —

discharge (tons per day) 0 — — — — —_— —
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Table 3.—Swnmary of measurements of common constituents, nutrients, bacteria, and field

measurements for each station for the period of record (continued)

[Analyses are in milligrams per liter except as indicated. Streamflow, cubic feet per second; turbidity, nephelometric turbidity units;
specific conductance, microsiemens per centimeter at 25 degrees Celsius; bacteria, colonies per 100 milliliters; and fecal

coliform bacteria with membrane-filter pore-size of 0.45 and 0.7 micrometers. No data available indicated by — ]

01118500 Pawcatuck River at Westerly, R.I.

Number Standard
Constituent of Mean Median Standard | Minimum | Maximum | error of | Reporting
samples deviation value value mean limit
[ Streamflow,

instantaneous (ft%/s) 189 625.0 467 551.0 72 3750 40.1 —
Specific conductance (uS/cm) 184 99.8 93 309 52 222 23 1
pH (standard units) 155 6.63 6.6 52 5.40 89 .04 —
Temperature (degrees C) 194 117 11.0 83 .0 30.0 .60 —
Turbidity (NTU) 128 1.28 1.0 66 .0 6.0 .09 1
Oxygen, dissolved 148 10.96 10.7 2.10 6.9 152 173 1
Oxygen, dissolved

(percent saturation) 127 96.1 95 10.7 63 134 1.0 —
Oxygen demand:

biochemical, 5-day 35 1.07 1.0 51 .0 3.0 .09 1

chemical Chigh level) 38 25.5 20 20.7 0 91 34 10
Coliform, total,

immediate (cols./100 mL) 82 3,674.5 1,100 5,546.7 60 23,000 612.5 1
Coliform, fecal:

0.45 pm-mf (cols./100 mL) 101 152.3 60 300.5 2 2,000 29.9 1

0.7 pm-mf (cols./100 mL) 59 183.5 96 291.0 1 2,000 379 1
Streptococci, fecal,

KF agar (cols./100 mL) 139 647.6 84 2,180.3 2 22,000 184.9 1
Hardness:

(as CaCOs) 83 157 15 35 10 26 4 1

noncarbonate (as CaCOs) 46 4.6 5 29 0 11 4 .1
Calcium, dissolved (as Ca) 115 424 4.0 96 25 6.8 09 1
Magnesium, dissolved (as Mg) 115 1.31 1.3 34 a 3.0 .03 .1
Sodium, dissolved (as Na) 87 12.0 11 552 5.1 34 .59 .1
Potassium, dissolved (as K) 87 1.12 11 28 4 19 .03 1
Alkalinity (as CaCO5) 56 12.4 11 9.3 0 58 12 1
Sulfate, dissolved (as SO4) 131 147 13 6.08 5.0 40 .53 2
Chloride, dissolved (as Cl) 142 12.1 12 3.01 52 34 25 1
Fluoride, dissolved (as F) 69 .13 A 07 .0 3 .01 .1
gilica, dissolved (as SiO2) 71 6.80 72 2.09 2.7 1 24 .1

olids:

residue at 105 °C, total 135 77.1 74 20.4 44 172 1.8 1

residue at 105 °C, susp. 32 5.6 3 10.1 0 58 1.8 1

residue at 180 °C, diss. 133 72.2 70 19.0 43 164 1.6 1

sum of constituents, diss. 59 58.2 54 18.0 28 125 23 —
Nitrogen:

total (as N) 109 897 .82 488 .18 4.6 .047 1

dissolved (as N) 19 .875 5 319 45 1.4 073 .1

organic total (as N) 111 .460 41 314 .01 25 .030 .1

organic dissolved (as N) 26 376 34 .163 .07 a1 .032 1

ammonia dissolved (as N) 70 .079 .03 225 .00 1.8 027 .01

ammonia total (as N) 124 .048 .04 .035 .00 .19 .003 .01

nitrite total (as N) 112 006 .00 .008 .00 .03 .001 .01

nitrate total (as N) 48 383 32 206 .00 .84 .030 .01

NOZ#NO; total (as N) 147 .400 25 207 10 1.6 .017 .01

NO,+NO; dissolved (as N) 47 .407 37 199 .00 .90 029 .01
Phosphorus:

total (as P) 146 .050 .04 078 .00 94 .006 .01

dissolved (as P) 117 .033 .04 .020 .00 .10 .002 .01

ortho, total (as P) 104 .023 .03 020 00 .09 .002 .01
Sediment, suspended:

concentration 62 14.3 9 26.9 1 206 34 1

discharge (tons per day) 43 25.7 6.4 60.4 .66 389 9.2 —




on. Mean concentrations at the other four sites
range from 26 to 33 mg/L. The highest measured
concentration was 69 mg/LL at Pawtuxet River at
Pawtuxet. During the period 1983-88, the highest
measured concentration was 42 mg/L at the Paw-
tuxet River at Cranston.

Chloride and Sulfate

The presence of chloride can adversely affect
taste in drinking water, and can cause corrosion and
other problems in industrial water supplies. A large
concentration of sulfate in drinking water is un-
desirable because of its laxative effects. To prevent
these effects, a recommended criteria of 250 mg/L
for chlorides and sulfates in domestic water
supplies was set by the U.S. Environmental Protec-
tion Agency (EPA) (1988b). The highest concentra-
tions of chloride and sulfate measured in the study
area for the entire period of record were 82 and
85 mg/L, respectively, and 59 and 41 mg/L during
the 1983-88 period. Mean chloride concentrations
were greatest in the Pawtuxet River at Pawtuxet and
the Blackstone River at Millville, Mass. The mean
sulfate concentration was greatest in the Pawtuxet
River at Pawtuxet.

Fluoride

A concentration up to about 1 mg/L of fluoride
is considered to have a beneficial health effect in
drinking water by reducing tooth decay. However,
large concentrations of fluoride can produce dental
fluorosis—mottling and chipping of tooth enamel.
While there are relatively few analyses of fluoride
at the six sites, the concentrations were low. Mea-
sured concentrations ranged from 0.0 to 0.5 mg/L.

Major Nutrients

The major species of nitrogen and phosphorus
are commonly found at low concentrations in natu-
ral waters. Significant concentrations of nitrogen
and phosphorus in streams are usually the result of
inflow of municipal or industrial wastewater or run-
off from agricultural areas. This nutrient enrich-
ment is undesirable because it may lead to algal
blooms, which subsequently can reduce the dis-
solved-oxygen concentrations.

Frequently, there is confusion caused by the
units used in the reporting of concentration of nitro-
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gen and phosphorus. Some investigators report the
concentration of ions as mass of the ion’s oxide per
unit volume, such as nitrogen as NO3 (nitrate) and
phosphorus as PO4 (phosphate). Other investigators
report only the mass of nitrogen or phosphorus,
such as nitrogen as N and phosphorus as P. The lat-
ter method is used throughout this report and gives
results considerably different from the former
method. For example, 1.0 mg/L of nitrate nitrogen
as N, is equivalent to 4.4 mg/L of nitrate, NO;. Dif-
ferences may also be found in the schemes for re-
porting nitrogen and phosphorus as dissolved,
suspended, or total. Data in this report are presented
for “dissolved” and “total” concentrations.

Nitrogen

The most common nitrogen forms found in wa-
ter are nitrate, nitrite, ammonia, and organic nitro-
gen. For a particular analysis, results can be
summed for these constituents and reported as “ni-
trogen.” Organic nitrogen is nitrogen included with-
in complex carbon-containing molecules formed by
plants and animals. Waste material from living or-
ganisms, as well as their remains after death, are de-
composed by bacterial action releasing nitrogen
compounds. Organic compounds containing nitro-
gen are further broken down by bacteria into ammo-
nia. Ammonia is converted by other bacteria to
nitrite and then rapidly into nitrate in the presence
of oxygen.

Criteria for nitrogen in water are generally
based on the nitrate concentration as N. EPA
(1988a) specifies 10 mg/L as the maximum allow-
able concentration of nitrate nitrogen for drinking-
water supplies to provide human health protection.
Criteria vary on maximum concentrations of nitrate
for the protection of aquatic life-—that is, levels that
will not lead to nuisance growths of algae and other
aquatic plants. The U.S. Council on Environmental
Quality (1975) used a maximum concentration of
0.6 mg/L of nitrate nitrogen as a “benchmark” level
for aquatic-life protection, suggesting that higher
levels are indicative of undesirable eutrophication.
Other criteria for nitrate nitrogen established across
the country to limit eutrophication range from 0.10
mg/L in pristine waters to 3 mg/L in less sensitive
waters. A study of 346 sampling points on major
rivers within the United States showed that nitrate
nitrogen levels were below 1.0 mg/L at 85 percent



of the sites and below 0.5 mg/L at 65 percent of the
sites (Briggs and Ficke, 1978).

Mean total nitrate plus nitrite concentrations
were lowest in the Branch River at Forestdale and
in the Pawcatuck River at Westerly, with values of
0.268 and 0.400 mg/L, respectively. Nitrate plus ni-
trite data were used for comparison with the nitrate
criteria since the nitrite concentration is quite small
compared to the nitrate concentration. Also, there
are more determinations of nitrate plus nitrite than
there are of nitrate alone. Highest mean total nitrate
plus nitrite values were in the Blackstone River at
Millville, Mass., and in the Blackstone River at
Manville with 1.46 and 1.07 mg/L, respectively. Al-
though these values are lower than the EPA drink-
ing-water criterion, they are in a range that could
cause growth of excessive quantities of aquatic
plants if the water were impounded in a lake and if
the supply of other essential nutrients was suffi-
cient. Total nitrogen concentrations were lowest
again in the Branch River at Forestdale and in the
Pawcatuck River at Westerly, with mean values of
0.905 and 0.897 mg/L, respectively. Highest mean
concentrations were in the Blackstone River at
Millville, Mass., and in the Pawtuxet River at Paw-
tuxet with mean concentrations of 3.18 and 2.91

mg/L.
Phosphorus

Phosphorus data are reported as “total phospho-
rus as P” and “total orthophosphate phosphorus as
P.” Total phosphorus includes all forms of phospho-
rus such as soluble orthophosphate, soluble hydro-
lyzable phosphorus, soluble organic phosphorus
and phosphorus associated with colloidal material
and both inorganic and organic suspended material.
Even though orthophosphate phosphorus is the only
phosphorus form that is readily available as a plant
nutrient, the total amount of phosphorus is an im-
portant environmental measurement because phos-
phorus may be converted by biological or chemical
means into orthophosphate phosphorus.

EPA (1976, 1986) proposed a phosphate phos-
phorus criterion of 0.05 mg/L as P for any stream at
the point where it enters a lake or reservoir and
0.025 mg/L. within the lake or reservoir. This crite-
rion is established to prevent or control nuisance
aquatic plant growth. The U.S. Council on Environ-
mental Quality (1976, p. 27) has suggested maxi-

mum concentrations of phosphorus of 0.1 mg/L for
aquatic-life protection.

Rhode Island Department of Environmental
Management (1988) regulations allow no new dis-
charges of wastes containing phosphates into or im-
mediately upstream from lakes or ponds.
Phosphates are to be removed from existing dis-
charges to the extent that such removal is or may be-
come technically and reasonably feasible.

Orthophosphate  phosphorus concentrations
were lowest at the Branch River at Forestdale and at
the Pawcatuck River at Westerly with mean values
of 0.011 mg/L and 0.023 mg/L respectively. Total
phosphorus concentrations were lowest at the
Branch River at Forestdale and the Pawcatuck Riv-
er at Westerly with respective mean concentrations
of 0.029 and 0.050 mg/L.. Highest mean total phos-
phorus concentration (0.507 mg/L) and mean ortho-
phosphate phosphorus concentration (0.410 mg/L)
were measured at the Pawtuxet River at Pawtuxet.

Bacteria

Natural waters contain many species of bacte-
ria; some are pathogenic, or disease causing, but
fortunately most are harmless. People, of course,
are concerned mainly about those that present a
threat of disease. It is impossible to monitor for all
forms of pathogens. Instead, ground and surface
waters are examined for signs that these organisms
may be present. Classically, this has been done by
monitoring for “indicator” organisms in the so-
called coliform bacterial group and, more recently,
in the fecal streptococci group. The logic of the
scheme is that (1) indicator bacteria, which occur in
large numbers in fecal material, show the presence
of fecal contamination, and (2) contaminated wa-
ters are likely to contain pathogens in numbers pro-
portional to the numbers of indicator bacteria.

At the six stations studied, bacteria samples
were collected to determine numbers of (1) fecal
coliform bacteria, those members of the coliform
group found in the feces of various warm-blooded
animals, and (2) fecal streptococci bacteria, which
are also found in the intestines of warm-blooded an-
imals. Most criteria for water quality are written in
terms of fecal coliform bacteria. For body-contact
sports such as swimming, the EPA (1976) set a cri-
terion that the fecal coliform bacteria count should
not exceed a log mean (geometric mean) of 200 per
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100 mL (milliliters) of sample in a minimum of five
samples collected over a 30-day period. In addition,
not more than 10 percent of the samples collected
during the period should have a count that exceeds
400 per 100 mL. Water Quality Criteria 1972 (Na-
tional Academy of Sciences and National Academy
of Engineering, 1972) recommended that raw wa-
ters used as a source for public supply contain not
more than 2,000 colonies of fecal coliform bacteria
per 100 mL.

Rhode Island Department of Environmental
Management (1988) has set the desirable goals for
water quality as class C for all stations in this study
except for the Branch River at Forestdale, which
has a goal of class B. Class C waters are waters for
boating or other secondary contact recreational ac-
tivities, fish and wildlife habitat, and industrial pro-
cessing and cooling. No applicable fecal coliform
bacteria criteria have been established for class C
waters. Class B waters in Rhode Island are used for
public water supplies with appropriate treatment,
agricultural uses, and bathing or other primary con-
tact recreational activities. Fecal coliform bacteria
criteria for class B waters state that the counts per
100 mL are not to exceed a median value of 200,
and not more than 20 percent of the samples should
exceed a value of 500.

At three sites, the Pawtuxet River at Cranston,
the Pawtuxet River at Pawtuxet, and the Pawcatuck
River at Westerly, median sample counts are low
enough to meet the Rhode Island class B criteria.
However, samples collected as part of this study
were not collected at sufficient frequencies to meet
the sampling frequency requirement of the criteri-
on. Each of the two Pawtuxet River sites with low
median counts is located downstream from a waste-
water-treatment plant. These low median counts
may reflect the discharge of chlorinated effluent
from the plants into the river.

Trace Elements

Trace elements, also frequently called minor el-
ements, are those that commonly occur in relatively
small amounts in natural water. Trace elements may
also be added to the stream in municipal and indus-
trial wastes. Many are of concern because, even in
trace quantities, they may be toxic to people, aquat-
ic plants and animals, or crops when present in irri-
gation water. Table 4 summarizes trace-element
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data for the six stations. Table 5 lists selected crite-
ria and the maximum measured concentration of 13
trace elements at the six sites. Unless otherwise stat-
ed, the criteria in the following discussion pertain to
drinking water or acute aquatic-life protection (U.S.
Environmental Protection Agency, 1986, 1988a,
1988b), which Rhode Island has adopted (Rhode Is-
land Department of Environmental Management,
1988).

In table 5, those criteria listed for aquatic-life
protection in soft water vary with the hardness of
the water. The softer the water, the lower the aquat-
ic-life protection value. A hardness concentration
of 14 mg/L as CaCO3 was used to calculate the cri-
teria used in this report, since the sites with the soft-
est water were the Pawcatuck River at Westerly
with a median hardness concentration of 15 mg/L as
CaCO3 and the Branch River at Forestdale with a
median concentration of 14 mg/L.. These criteria
represent worst-case conditions. To determine
whether a value truly exceeds the criterion, the
hardness of the individual sample must be used to
determine the concentration for the criterion; then,
this criterion value is compared to the measured
value of the constituent of interest. In the following
section, the term “potentially exceed” identifies val-
ues which exceeded criteria calculated using hard-
ness concentrations of 14 mg/L. as CaCO;. These
values may not exceed the actual criterion for the
particular conditions under which they occurred.

Arsenic.—The most stringent criterion for ar-
senic is 50 pg/L (micrograms per liter) for domestic
water supplies. Of the water-quality sites, the high-
est measured concentration for arsenic was only 6
pg/L at the Blackstone River at Millville, Mass.

Barium.—The maximum concentration of bar-
ium was 100 pg/l. at the Blackstone River at
Millville, Mass., and at the Pawcatuck River at
Westerly. This is less than the drinking-water crite-
rion of 1,000 pg/L.

Boron.—The suggested criterion for boron is a
maximum of 750 pg/L for long-term irrigation on
sensitive crops. While irrigation is not a major use
of the water from any of the six sites, boron levels
were lower than the maximum acceptable limit for
irrigation use. The maximum concentration mea-
sured was 270 pg/l. at the Blackstone River at
Millville, Mass.

Cadmium.—The drinking-water criterion for
cadmium is 10 pug/L. This value was reached in



Table 4 —Summary of measurements of trace elements for each station

for the period of record

[Analyses are in micrograms per liter. No data available indicated by — ]

01111230 Blackstone River at Millville, Mass.

Number Standard
Constituent of Mean | Median | Standard | Minimum | Maximum | error of | Reporting

samples deviation value value mean limit
Aluminum, dissolved (as Al) 16 36.3 35 20.3 0 70 5.1 10
Aluminum, total recoverable (as Al) 6 141.7 90 110.5 40 330 45.1 10
Arsenic, dissolved (as As) 31 21 2 1.2 0 6 2 1
Arsenic, total (as As) 24 28 2 1.5 1 6 3 1
Barium, dissolved (as Ba) 31 304 23 21.6 0 100 39 100
Barium, total recoverable (as Ba) 16 375 0 50.0 0 100 12.5 100
Beryllium, dissolved (Be) 17 3 5 5 (1] 2 1 10
Beryllium, total recoverable (as Be) 2 .0 0 .0 0 0 .0 10
Boron, total recoverable (as B) 10 111.0 | 100 74.6 0 270 23.6 10
Cadmium, dissolved (as Cd) 31 22 2 20 0 8 4 1
Cadmium, total recoverable (as Cd) 22 34 3 23 1 10 .5 1
Chromium, dissolved (as Cr) 31 6.4 3 83 0 30 1.5 1
Chromium, total recoverable (as Cr) 24 17.3 20 11.3 0 40 23 1
Cobalt, dissolved (as Co) 31 5 0 1.0 0 3 2 3
Cobalt, total recoverable (Co) 16 9 5 1.2 0 4 3 1
Copper, dissolved (as Cu) 31 11.7 11 53 5 31 9 1
Copper, total recoverable (as Cu) 23 223 21 1.6 11 39 1.6 1
Iron, dissolved (as Fe) 32 2221 | 205 103.0 58 420 182 10
Iron, total recoverable (as Fe) 24 842.1 | 735 404.4 420 1900 82.5 10
Lead, dissolved (as Pb) 31 3.7 3 3.0 0 14 5 1
Lead, total recoverable (as Pb) 24 135 10 114 0 51 23 1
Lithium, dissolved (as Li) 17 45 4 13 0 30 1.8 4
Lithium, total recoverable (as Li) 2 0 0 .0 0 0 .0 10
Manganese, dissolved (as Mn) 32 90.6 86 48.3 15 230 8.5 10
Manganese, total recoverable (as Mn) 25 108.4 120 48.7 30 200 9.7 10
Mercury, dissolved (as Hg) 31 N | 1 .1 .0 2 .0 .1
Mercury, total recoverable (as Hg) 24 0 .0 .1 .0 4 .0 1
Molybdenum, dissolved (as Mo) 17 12 1 33 0 10 8 1
Molybdenum, total recoverable (as Mo) 7 9.9 10 15.5 0 34 59 1
Nickel, dissolved (as Ni) 29 29.3 25 24.0 9 130 45 1
Nickel, total recoverable (as Ni) 22 36.5 30 28.9 0 130 6.2 1
Selenium, dissolved (as Se) 31 a1 0 3 0 1 1 1
Selenium, total (as Se) 24 1 0 3 0 1 a1 1
Silver, dissolved (as Ag) 30 2 0 ] 0 2 A 1
Silver, total recoverable (as Ag) 26 2 0 5 0 2 1 1
Strontium, dissolved (as Sr) 17 65.6 66 9.1 53 86 22 10
Strontium, total recoverable (as Sr) 2 90.0 90 14.1 80 100 10.0 10
Vanadium, dissolved (as V) 17 a 1 20 0 6 5 6
Zinc, dissolved (as Zn) 31 68.5 57 41.1 30 220 74 3
Zing, total recoverable (as Zn) 24 95.8 80 50.7 40 220 104 10




Table 4.—Summary of measurements of trace elements for each station

for the period of record (continued)

[Analyses are in micrograms per liter. No data available indicated by — ]

01111500 Branch River at Forestdale, R.I.

Number Standard
Constituent of Mean | Median | Standard | Minimum | Maximum | error of | Reporting

samples deviation value value mean limit
Aluminum, dissolved (as Al) 2 2500 | 250 353.6 0 500 250.0 10
Aluminum, total recoverable (as Al) 5 1280 110 65.7 60 230 294 10
Arsenic, dissolved (as As) 0 — —_ — _ —_ — 1
Arsenic, total (as As) 15 .5 1 .5 0 1 1 1
Barium, dissolved (as Ba) 0 — —_ —_ — —_ — 100
Barium, total recoverable (as Ba) 2 0 0 .0 0 0 .0 100
Beryllium, dissolved (Be) 0 —_ —_— —_— —_— — — 10
Beryllium, total recoverable (as Be) 2 0 0 .0 0 0 .0 10
Boron, total recoverable (as B) 12 2.5 30 18.2 0 50 5.2 10
Cadmium, dissolved (as Cd) 0 — — — — — — 1
Cadmium, total recoverable (as Cd) 13 5 3 Ni 0 2 2 1
Chromium, dissolved (as Cr) 0 — —_ — — 1
Chromium, total recoverable (as Cr) 15 8.7 10 8.3 0 20 22 1
Cobalt, dissolved (as Co) 0 — — — — — —_ 3
Cobalt, total recoverable (Co) 2 .0 0 .0 0 0 0 1
Copper, dissolved (as Cu) 2 70.0 70 56.6 30 110 40.0 1
Copper, total recoverable (as Cu) 14 9.1 5 1.4 3 24 20 1
Iron, dissolved (as Fe) 2 345.0 205 403.1 60 630 285.0 10
Iron, total recoverable (as Fe) 16 548.8 | 535 265 210 1000 66.3 10
Lead, dissolved (as Pb) 0 _ — —_ —_ — _ 1
Lead, total recoverable (as Pb) 15 6.3 3 8 0 31 21 1
Lithium, dissolved (as Li) 2 300.0 300 424.3 0 600 300.0 4
Lithium, total recoverable (as Li) 2 .0 0 .0 0 0 .0 10
Manganese, dissolved (as Mn) 2 .0 0 0 0 0 .0 10
Manganese, total recoverable (as Mn) 16 101.9 90 45.5 60 240 114 10
Mercury, dissolved (as Hg) 0 -— -— — — — — .1
Mercury, total recoverable (as Hg) 15 0 d 1 0 2 0 .1
Molybdenum, dissolved (as Mo) 0 — — — — —_ 1
Molybdenum, total recoverable (as Mo) 6 10.7 3 13.7 1 32 5.6 1
Nickel, dissolved (as Ni) 0 — _— — — —_ _ 1
Nickel, total recoverable (as Ni) 14 6.3 45 6.4 2 26 1.7 1
Selenium, dissolved (as Se) 0 — — —_ — —_ —_ 1
Selenium, total (as Se) 15 1 0 5 0 2 A1 1
Silver, dissolved (as Ag) 0 — — — — — — 1
Silver, total recoverable (as Ag) 12 2 0 6 0 2 2 1
Strontium, dissolved (as Sr) 0 — — — — — — 10
Strontium, total recoverable (as Sr) 2 75.0 75 212 60 90 15.0 10
Vanadium, dissolved (as V) 0 — — — — — — 6
Zinc, dissolved (as Zn) 2 2350 | 235 3323 0 470 235.0 3
Zinc, total recoverable (as Zn) 15 4.7 40 318 10 120 8.2 10
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Table 4.—Summary of measurements of trace elements for each station

for the period of record (continued)

[Analyses are in micrograms per liter. No data available indicated by — ]

01112900 Blackstone River at Manville, R.I.
Number Standard
Constituent of Mean | Median | Standard | Minimum | Maximum | error of | Reporting

samples deviation value value mean limit
Aluminum, dissolved (as Al) 0 — —_ —_ —_ —_ —_ 10
Aluminum, total recoverable (as Al) 5 124.0 9% 75.4 50 210 33.7 10
Arsenic, dissolved (as As) 0 —_ —_ — — —_ —_ 1
Arsenic, total (as As) 15 1.7 2 1.0 0 4 2 1
Barium, dissolved (as Ba) 0 —_ - — — - — 100
Barium, total recoverable (as Ba) 2 .0 0 .0 0 0 0 100
Beryllium, dissolved (Be) 0 — — — — —_ 10
Beryllium, total recoverable (as Be) 2 .0 .0 0 0 .0 10
Boron, total recoverable (as B) 12 110.0 105 62.8 40 240 18.1 10
Cadmium, dissolved (as Cd) 0 — —_ —_ — — _ 1
Cadmium, total recoverable (as Cd) 13 1.5 1 1.2 0 4 3 1
Chromium, dissolved (as Cr) 0 —_ — — — — - 1
Chromium, total recoverable (as Cr) 15 19.3 20 14.9 0 50 38 1
Cobalt, dissolved (as Co) 0 —_ — — — - — 3
Cobalt, total recoverable (Co) 2 15 2 2.1 0 3 15 1
Copper, dissolved (as Cu) 0 —_ — — — — — 1
Copper, total recoverable (as Cu) 14 193 | 155 110 8 4 29 1
Iron, dissolved (as Fe) 1 3200 | 320 — 320 320 — 10
Iron, total recoverable (as Fe) 15 6700 | 570 341.8 0 1500 88.2 10
Lead, dissolved (as Pb) 0 —_ —_ — —_ —_ —_ 1
Lead, total recoverable (as Pb) 15 129 9 1.7 2 45 3.0 1
Lithium, dissolved (as Li) 0 —_ _ —_ _— —_ — 4
Lithium, total recoverable (as Li) 2 0 0 .0 0 0 0 10
Manganese, dissolved (as Mn) 1 2600 | 260 — 260 260 —_ 10
Manganese, total recoverable (as Mn) 15 102.0 100 46.5 0 220 12.0 10
Mercury, dissolved (as Hg) 0 —_ —_ — — —_ — 1
Mercury, total recoverable (as Hg) 15 2 1 5 .0 1.8 1 .1
Molybdenum, dissolved (as Mo) 0 — — —_ — —_ —_ 1
Molybdenum, total recoverable (as Mo) 6 10.8 1 16.1 0 34 6.6 1
Nickel, dissolved (as Ni) 0 — —_ —_ — — — 1
Nickel, total recoverable (as Ni) 13 308 32 18.1 2 65 5.0 1
Selenium, dissolved (as Se) 0 — — — —_ —_ — 1
Selenium, total (as Se) 15 1 0 3 0 1 1 1
Silver, dissolved (as Ag) 0 — — —_ —_ — — 1
Silver, total recoverable (as Ag) 11 2 0 4 0 1 d 1
Strontium, dissolved (as Sr) 0 — - — —_ —_ — 10
Strontium, total recoverable (as Sr) 2 90.0 90 14.1 80 100 10.0 10
Vanadium, dissolved (as V) 0 - — —_ —_— — — 6
Zinc, dissolved (as Zn) 0 —_ —_ —_ — — —_ 3
Zinc, total recoverable (as Zn) 15 62.7 60 39.4 0 140 102 10
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Table 4.—Summary of measurements of trace elements for each station

for the period of record (continued)

[Analyses are in micrograms per liter. No data available indicated by — ]

01116500 Pawtuxet River at Cranston, R.L

Number Standard
Constituent of Mean | Median | Standard | Minimum | Maximum | error of | Reporting

samples deviation value value mean limit
Aluminum, dissolved (as Al) 2 100.0 100 .0 100 100 0 10
Aluminum, total recoverable (as Al) 7 182.9 230 99.3 0 280 375 10
Arsenic, dissolved (as As) 0 — — — — — — 1
Arsenic, total (as As) 18 8 1 7 0 3 2 1
Barium, dissolved (as Ba) 0 — — — —_ —_ 100
Barium, total recoverable (as Ba) 3 33 0 58 0 10 33 100
Beryllium, dissolved (Be) 0 — — — — — —_ 10
Beryllium, total recoverable (as Be) 3 0 0 .0 0 0 0 10
Boron, total recoverable (as B) 13 50.8 50 26.3 0 100 13 10
Cadmium, dissolved (as Cd) 0 — — — — — - 1
Cadmium, total recoverable (as Cd) 17 1.5 1 1.4 0 4 3 1
Chromium, dissolved (as Cr) 0 —_ —_ —_ —_ —_ — 1
Chromium, total recoverable (as Cr) 21 93 10 10.8 0 40 23 1
Cobalt, dissolved (as Co) 0 —_ —_ —_ — — — 3
Cobalt, total recoverable (Co) 5 .0 0 .0 0 0 0 1
Copper, dissolved (as Cu) 2 35.0 35 21.2 20 50 15.0 1
Copper, total recoverable (as Cu) 18 18.7 17 8.3 7 37 20 1
Iron, dissolved (as Fe) 3 303.3 360 201.1 80 470 116.1 10
Iron, total recoverable (as Fe) 22 639.1 645 275.8 180 1300 58.8 10
Lead, dissolved (as Pb) 0 — — — — — — 1
Lead, total recoverable (as Pb) 19 8.4 7 6.5 0 23 15 1
Lithium, dissolved (as Li) 2 300.0 300 .0 300 300 .0 4
Lithium, total recoverable (as Li) 3 0 0 .0 0 0 0 10
Manganese, dissolved (as Mn) 3 46.7 10 723 0 130 418 10
Manganese, total recoverable (as Mn) 22 165.5 165 82.8 0 360 17.7 10
Mercury, dissolved (as Hg) 0 — — — — — — 1
Mercury, total recoverable (as Hg) 18 0 0 1 0 4 .0 1
Molybdenum, dissolved (as Mo) 0 — —_ — — — —_ 1
Molybdenum, total recoverable (as Mo) 8 19 1 14.0 0 32 4.9 1
Nickel, dissolved (as Ni) 0 — —_ —_ —_ —_ — 1
Nickel, total recoverable (as Ni) 15 16.2 11 16.2 2 69 42 1
Selenium, dissolved (as Se) 0 — — — — — — 1
Selenium, total (as Se) 18 0 0 .0 0 0 0 1
Silver, dissolved (as Ag) 0 — — — — — — 1
Silver, total recoverable (as Ag) 13 2 0 4 0 1 1 1
Strontium, dissolved (as Sr) 0 — — — — — — 10
Strontium, total recoverable (as Sr) 3 733 80 30.6 40 100 17.6 10
Vanadium, dissolved (as V) 0 — — — — —_ — 6
Zinc, dissolved (as Zn) 2 15.0 15 212 0 30 15.0 3
Zinc, total recoverable (as Zn) 18 456 35 29.4 20 130 6.9 10
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Table 4 —Summary of measurements of trace elements for each station

for the period of record (continued)

[Analyses are in micrograms per liter. No data available indicated by — ]

01116617 Pawtuxet River at Pawtuxet, R.L
Number Standard
Constituent of Mean | Median | Standard | Minimum | Maximum | error of | Reporting

samples deviation value value mean limit
Aluminum, dissolved (as Al) 0 —_ —_ —_ —_ —_ —_ 10
Aluminum, total recoverable (as Al) 6 186.7 150 101.5 80 360 41.4 10
Arsenic, dissolved (as As) 0 — —_ —_ — —_ —_ 1
Arsenic, total (as As) 15 13 1 1.0 0 4 3 1
Barium, dissolved (as Ba) 0 —_ —_ — — — — 100
Barium, total recoverable (as Ba) 2 .0 0 .0 0 0 0 100
Beryllium, dissolved (Be) 1 0 0 — 0 0 —_ 10
Beryllium, total recoverable (as Be) 2 0 0 .0 0 0 0 10
Boron, total recoverable (as B) 13 56.9 60 225 30 100 62 10
Cadmium, dissolved (as Cd) 1 0 0 _ 0 0 _ 1
Cadmium, total recoverable (as Cd) 13 1.8 1 1.7 0 5 5 1
Chromium, dissolved (as Cr) 1 .0 0 0 0 — 1
Chromium, total recoverable (as Cr) 15 113 10 9.2 0 30 24 1
Cobalt, dissolved (as Co) 0 —_— — —_ — —_ — 3
Cobalt, total recoverable (Co) 2 0 0 0 0 0 .0 1
Copper, dissolved (as Cu) 0 —_ —_ —_ —_ — — 1
Copper, total recoverable (as Cu) 14 226 20 10.5 10 47 2.8 1
Iron, dissolved (as Fe) 1 15.0 15 — 15 15 — 10
Iron, total recoverable (as Fe) 15 8073 | 760 360.2 280 1600 93.0 10
Lead, dissolved (as Pb) 0 — —_ — —_ —_ —_ 1
Lead, total recoverable (as Pb) 15 10.2 9 6.5 4 25 1.7 1
Lithium, dissolved (as Li) 0 — —_ —_ — — — 4
Lithium, total recoverable (as Li) 2 0 0 .0 0 0 0 10
Manganese, dissolved (as Mn) 1 .0 0 — 0 0 — 10
Manganese, total recoverable (as Mn) 15 198.7 180 86.9 80 440 224 10
Mercury, dissolved (as Hg) 0 —_ —_— — —_ — .1
Mercury, total recoverable (as Hg) 15 1 1 1 .0 3 .0 1
Molybdenum, dissolved (as Mo) 0 —_ —_ —_ — —_— —_ 1
Molybdenum, total recoverable (as Mo) 7 9.6 1 15.8 0 36 6.0 1
Nickel, dissolved (as Ni) 0 —_ — —_ — — — 1
Nickel, total recoverable (as Ni) 15 20.7 16 13.2 3 52 34 1
Selenium, dissolved (as Se) 0 — — — -— — — 1
Selenium, total (as Se) 15 .0 0 .0 0 0 .0 1
Silver, dissolved (as Ag) 0 —_— — —_ —_ —_ — 1
Silver, total recoverable (as Ag) 13 8 0 1.9 0 7 5 1
Strontium, dissolved (as Sr) 0 — —_— —_ —_ — — 10
Strontium, total recoverable (as Sr) 2 85.0 85 21.2 70 100 150 10
Vanadium, dissolved (as V) 0 — — — —_ — — 6
Zinc, dissolved (as Zn) 1 26.0 26 — 26 26 —_ 3
Zinc, total recoverable (as Zn) 15 553 40 28.0 20 120 72 10
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Table 4.—Summary of measurements of trace elements for each station

for the period of record (continued)

[Analyses are in micrograms per liter. No data available indicated by — ]

01118500 Pawcatuck River at Westerly, R.I.

Number Standard
Constituent of Mean | Median | Standard | Minimum | Maximum | emror of | Reporting

samples deviation value value mean limit
Aluminum, dissolved (as Al) 23 85.2 9% 50.9 0 200 10.6 10
Aluminum, total recoverable (as Al) 11 123.6 90 106.7 0 310 322 10
Arsenic, dissolved (as As) 40 4 0 8 0 4 A 1
Arsenic, total (as As) 31 8 1 7 0 2 1 1
Barium, dissolved (as Ba) 40 16.3 15 14.2 0 9 22 100
Barium, total recoverable (as Ba) 20 21.0 0 40.8 0 100 9.1 100
Beryllium, dissolved (Be) 21 1 1 3 0 1 .1 10
Beryllium, total recoverable (as Be) 2 .0 0 .0 0 0 .0 10
Boron, total recoverable (as B) 1 39.1 40 302 0 80 9.1 10
Cadmium, dissolved (as Cd) 95 4 0 N 0 3 .1 1
Cadmium, total recoverable (as Cd) 30 1.1 0 22 0 10 4 1
Chromium, dissolved (as Cr) 96 17 0 3.9 0 21 4 1
Chromium, total recoverable (as Cr) 2 12.2 10 10.0 0 30 1.8 1
Cobalt, dissolved (as Co) 40 3 0 8 0 3 1 3
Cobalt, total recoverable (Co) 21 7 0 1.1 0 3 3 1
Copper, dissolved (as Cu) 135 40 2 10.0 0 100 9 1
Copper, total recoverable (as Cu) 33 7.1 5 112 1 60 20 1
Iron, dissolved (as Fe) 51 2859 | 250 170.0 120 1200 238 10
Iron, total recoverable (as Fe) 36 4444 | 400 2253 130 1100 376 10
Lead, dissolved (as Pb) 94 14 1 19 0 10 2 1
Lead, total recoverable (as Pb) 30 71 6 7.4 0 34 13 1
Lithium, dissolved (as Li) 23 6.0 0 20.8 0 100 43 4
Lithium, total recoverable (as Li) 4 25.0 0 50.0 0 100 25.0 10
Manganese, dissolved (as Mn) 50 356 30 18.8 0 100 27 10
Manganese, total recoverable (as Mn) 36 41.1 40 26.7 0 120 4.5 10
Mercury, dissolved (as Hg) 40 2 2 2 0 i .0 1
Mercury, total recoverable (as Hg) 31 .1 3 2 .0 6 0 .1
Molybdenum, dissolved (as Mo) 22 .0 0 2 0 1 .0 1
Molybdenum, total recoverable (as Mo) 9 4.1 1 10.1 0 31 34 1
Nickel, dissolved (as Ni) 89 12 1 1.5 0 10 2 1
Nickel, total recoverable (as Ni) 24 31 2 35 0 14 a 1
Selenium, dissolved (as Se) 40 .0 0 .0 0 0 .0 1
Selenium, total (as Se) 31 0 0 .0 0 0 .0 1
Silver, dissolved (as Ag) 40 .0 0 .0 0 0 .0 1
Silver, total recoverable (as Ag) 36 2 ] 9 0 5 1 1
Strontium, dissolved (as Sr) 21 305 30 5.0 23 40 1.1 10
Strontium, total recoverable (as Sr) 2 80.0 80 14.1 70 90 10.0 10
Vanadium, dissolved (as V) 21 12 0 55 0 25 1.2 6
Zinc, dissolved (as Zn) 135 12.7 10 12.8 0 90 1.1 3
Zinc, total recoverable (as Zn) 34 282 20 33.2 0 190 57 10
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Table 5.—Selected criteria and the maximum concentration (total recoverable and dissolved) for
selected trace elements for each station for the period of record

[Criteria are from the U.S. Environmental Protection Agency (1986, 1988a, 1988b). Soft water indicates water

with a hardness (as CaCO3) of 14 mg/L.. No data available indicated by — ]

Trace elements and
selected criteria

Maximum concentration, in micrograms per liter

Total recoverable/dissolved

Blackstone
River at
Millville

Branch
River at
Forestdale

Blackstone
River at
Manville

Pawtuxet
River at
Cranston

Pawtuxet
River at
Pawtuxet

Pawcatuck
River at
Westerly

Arsenic
50 pg/L for domestic water supply
360 pg/L for aquatic life protection (acute)

Barium
1,000 pg/L for domestic water supply

Boron
750 pg/L for long-term irrigation
of sensitive crops

Cadmium
10 pg/L for domestic water supply
0.4 pg/L for aquatic life protection
(acute) in soft water
Chromium
50 pg/L for domestic water supply
16 pg/L for aquatic life protection (acute)

Copper
1,000 pg/L for domestic water supply
2.8 pg/L for aquatic life protection
(acute) in soft water

Iron
300 pg/L for domestic water supply
1,000 pg/L for aquatic life protection

Lead
50 pg/L for domestic water supply
6.7 pg/L for aquatic life protection
(acute) in soft water

Manganese
50 pg/L for domestic water supply

Mercury
2.0 pg/L for domestic water supply
2.4 pg/L for aquatic life protection
(acute) in soft water

Selenium
10 pg/L for domestic water supply
270 pg/L for aquatic life protection (acute)

Sliver
50.0 pg/L for domestic water supply
0.14 pg/L for aquatic life protection
(acute) in soft water

Zinc
5,000 pg/L for domestic water supply
22 pg/L for aquatic life protection
(acute) in soft water

6/6

100/100

270/—

10/8

40730

39/31

1,900/420

5114

200,230

0.4/0.2

i1

212

2207220

1/—

20/—

24/110

1,000/630

31—

240/0

0.2/—

2/—

2/—

120/470

4— 3— 4/—

0/— 10/— 0/—

100/— 100/0

50/— 40/— 30/0

42/— 37/50 47/—

1,500/320 1,300/470 1,600/15

45/— 23/— 25/—

220/260 360/130 440/0

1.8/— 0.4/— 0.3/—

1/— 0/— 0/—

1/— 1/— 71—

140/— 130730 120/26

2/4

100/79

80/—

1073

3020

60/100

1,100/1,200

34/10

120/100

0.6/0.7

0/0

5/0

190/90
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samples from both Blackstone River at Millville,
Mass., and Pawcatuck River at Westerly in the total
recoverable phase. The maximum dissolved value
was 8 pg/L at Blackstone River at Millville, Mass.,
and 3 pg/L at Pawcatuck River at Westerly. These
values potentially exceed the criterion for aquatic-
life protection of sensitive fish species of 0.4 pg/L
of cadmium in soft water.

Chromium.—The chromium criterion for
drinking water is 50 pg/L but a more stringent rec-
ommended criterion for the protection of aquatic
life is 16 pg/L. These criteria are for the Cr®* ion of
chromium. Chromium values shown in table 4 are
for all forms of chromium, not just the Cr®* ion. The
maximum total recoverable chromium measured at
any of the six sites was 50 pg/L at Blackstone River
at Manville. All other total recoverable measure-
ments were less than 50 pg/L. as were the dissolved
values. All sites had maximum values which may
potentially exceed the aquatic-life protection limit.

Copper.—The drinking-water criterion for cop-
per is 1,000 pg/L but the criterion for acute aquatic-
life protection in soft water is 2.8 pg/L.. None of the
sites had maximum values close to the drinking-wa-
ter criterion. All of the sites had mean values that
potentially exceed the aquatic life criterion and all
except the Pawcatuck River at Westerly had median
values that potentially exceed the criterion.

Iron and Manganese.—Drinking-water criteria
were set for iron and manganese not because of the
toxic effects of the metals but rather to eliminate the
discoloration of porcelain plumbing fixtures and
staining of laundry. Limits of 300 pg/L for iron and
50 pg/L for manganese were established to prevent
these problems. A criterion of 1,000 pg/L for iron
for the protection of aquatic life has been suggested.
All sites had total iron concentrations that exceeded
the drinking-water criterion and were at or exceed-
ed the limit for aquatic-life protection. The largest
total recoverable concentration was 1,900 pg/L at
Blackstone River at Millville, Mass. and the largest
dissolved concentration was 1,200 pg/L. at Pawca-
tuck River at Westerly, which exceeded the value
set for the protection of aquatic life. Pawcatuck Riv-
er at Westerly was the only station at which the me-
dian concentrations of both total recoverable and
dissolved manganese were below the drinking-wa-
ter criterion.

Lead.—The criterion for lead in drinking water
is 50 pg/L. The highest measured total recoverable
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concentration of lead was 51 pg/l. at Blackstone
River at Millville, Mass. The highest dissolved con-
centration was 14 pg/L also at Blackstone River at
Millville, Mass. Lead values at all sites potentially
exceed the acute aquatic-life protection criterion of
6.7 ng/L.

Mercury.—The criterion for drinking water is
the most stringent of any of the metals, 2 pg/L; the
acute aquatic-life protection criterion is 2.4 pg/L.
At the Blackstone River at Manville, the maximum
total recoverable concentration was 1.8 pg/I—the
highest concentration measured at any of the six
sites.

Selenium.—Measured maximum values of se-
lenium for both the total recoverable phase and the
dissolved phase were well below both the drinking-
water criterion of 10 pg/L and the acute aquatic-life
protection criterion of 270 pg/L.

Silver—The drinking-water criterion of 50 pg/
L was never exceeded at the sites. For soft water,
however, the acute aquatic-life protection criterion
of 0.14 pug/L. was potentially exceeded at all of the
sites.

Zinc.—Criteria for zinc range from a high of
5,000 pg/L for drinking water to a low of 22 pg/L
for the acute aquatic-life protection in soft water.
The maximum dissolved zinc concentration was
470 pg/L at Branch River at Forestdale. Median
concentrations at all sites except the Pawcatuck
River at Westerly potentially exceed the aquatic-life
protection Criterion,

Organic Compounds

Analyses were performed for a limited number
of organic compounds and are summarized in table
6. The analyses included the material that was dis-
solved and the material that was sorbed to suspend-
ed particulate matter. Many of these were
organochlorine compounds such as DDT, which
tend to persist in the environment even though they
are no longer used or manufactured.

Of the pesticides, lindane was detected at the
Blackstone River at Manville with a maximum con-
centration of 0.02 pg/L and at the Blackstone River
at Millville, Mass. and at the Pawtuxet River at
Pawtuxet with a concentration of 0.01 pg/L. Dield-
rin was found at three sites—the Blackstone River
at Millville, Mass., the Blackstone River at Man-
ville, and the Pawtuxet River at Cranston. The max-



Table 6.—Summary of measurements of organic compounds for each station for the period of record

[Analyses in micrograms per liter except as indicated]

Number Standard
Constituent of Mean Median Standard Minimum Maximum | error of | Reporting
samples deviation value value mean limit
01111230 Blackstone River at Millville, Mass.
Carbon, organic total
(mg/L as C) 24 6.67 6.2 1.90 38 11 0.39 1
Phenols, total 21 1.5 1 1.6 0 5 4 1
Methylene blue active
substance (mg/L) 5 .160 .00 134 .10 .40 .060 .01
Oil and grease, total
recoverable extraction
gravimetric (mg/L) 23 .8 0 1.3 0 6 3 1
, total 13 .01 0 .03 .0 1 .01 1
Napthalenes, polychlor-
inated, total 13 .00 .0 .00 .0 .0 .00 1
Aldrin, total 13 .000 .00 .000 .00 .00 .000 .01
Chlordane, total 13 .000 .00 000 .00 .00 .000 .01
DDD, total 13 .000 .00 000 .00 .00 .000 .01
DDE, total 13 .000 .00 .000 .00 .00 .000 .01
DDT, total 13 .000 .00 .000 .00 .00 .000 .01
Dieldrin, total 13 .002 00 .004 .00 .01 .001 .01
Endosulfan, total 13 .000 .00 .000 .00 .00 .000 .01
Endrin, total 13 .000 .00 .000 .00 .00 .000 .01
Heptachlor, total 13 .000 .00 .000 .00 .00 .000 .01
Heptachlor epoxide, total 13 .000 .00 .000 .00 .00 .00 .01
Lindane, total 13 .001 00 003 .00 .01 .001 01
Methoxychlor, total 12 .000 .00 000 .00 .00 .000 .01
Mirex, total 12 .000 .00 .000 .00 .00 .000 .01
Perthane, total 13 .00 0 .00 .0 .0 .00 1
Toxaphene, total 13 .0 0 .0 0 0 0 1
01111500 Branch River at Forestdale, R.I.
Carbon, organic total
(mg/L as C) 12 5.71 53 1.42 39 83 0.41 1
Phenols, total 20 1.4 1 29 0 12 6 1
Methylene blue active
substance (mg/L) 9 .000 .00 .000 .00 .00 .000 .01
Oil and grease, total
recoverable extraction
gravimetric (mg/L) 22 5 0 9 0 4 2 1
, total 12 .00 0 .00 .0 .0 .00 1
Napthalenes, polychlor-
in total 12 .00 0 .00 .0 .0 .00 1
Aldrin, total 12 .000 .00 .000 .00 .00 .000 .01
Chlordane, total 12 .000 .00 .000 .00 .00 .000 .01
DDD, total 12 .000 .00 .000 .00 .00 .000 .01
DDE, total 12 .000 .00 .000 .00 .00 .000 .01
DDT, total 12 .000 .00 .000 .00 .00 .000 .01
Dieldrin, total 12 .000 .00 .000 .00 .00 .000 .01
Endosulfan, total 12 .000 .00 .000 .00 .00 .000 .01
Endrin, total 12 .000 .00 .000 .00 .00 .000 .01
Heptachlor, total 12 .000 .00 .000 .00 .00 .000 .01
Heptachlor epoxide, total 12 .000 .00 .000 .00 .00 .000 .01
Lindane, total 12 .000 .00 .000 .00 .00 .000 .01
Methoxychlor, total 11 .000 .00 .000 .00 .00 .000 .01
Mirex, total 11 .000 .00 .000 .00 .00 .000 .01
Perthane, total 12 .00 0 .00 .0 .0 .00 1
Toxaphene, total 12 .0 0 .0 0 0 .0 1




Table 6.—Summary of measurements of organic compounds for each station for the period of record (continued)

[Analyses in micrograms per liter except as indicated]

Number Standard
Constituent of Mean Median Standard Minimum Maximum | error of | Reporting
samples deviation value value mean limit
01112900 Blackstone River at Manville, R.I.
Carbon, organic total
(mg/L as C) 12 6.82 6.2 1.59 5.0 9.7 046 1
Phenols, total 21 51 2 9.8 0 45 2.1 1
Methylene blue active
substance (mg/L) 10 130 .00 .067 .10 .30 021 01
Oil and grease, total
recoverable extraction
gravimetric (mg/L) 22 5 0 9 0 3 2 1
PCB, total 12 .03 0 .08 .0 2 .02 1
Napthalenes, polychlor-
inated, total 12 .00 .0 .00 .0 .0 .00 1
Aldrin, total 11 .000 .00 .000 .00 .00 .000 .01
Chlordane, total 12 .000 .00 .000 .00 .00 .000 .01
DDD, total 11 .000 .00 .000 .00 .00 .000 .01
DDE, total 11 .000 .00 .000 .00 .00 .000 .01
DDT, total 11 .000 .00 .000 .00 .00 000 .01
Dieldrin, total 11 .003 .00 .005 .00 .01 .001 .01
Endosulfan, total 11 .000 .00 .000 .00 .00 .000 .01
Endrin, total 11 .000 .00 .000 .00 .00 .000 01
Heptachlor, total 11 .000 .00 .000 .00 .00 .000 .01
Heptachlor epoxide, total 11 .000 .00 .000 .00 .00 .000 .01
Lindane, total 11 .002 .00 .006 .00 .02 .002 .01
Methoxychlor, total 11 .000 .00 .000 .00 .00 .000 .01
Mirex, total 11 .000 .00 .000 .00 .00 .000 .01
Perthane, total 12 .00 .0 .00 .0 .0 .00 1
Toxaphene, total 12 0 0 .0 0 0 .0 1
01116500 Pawtuxet River at Cranston, R.I.
Carbon, organic total
(mg/L as C) 12 713 13 2.58 4.6 14 0.75 1
Phenols, total 25 42 3 438 0 15 1.0 1
Methylene blue active
substance (mg/L) 10 .140 .10 052 .10 20 .016 .01
Oil and grease, total
recoverable extraction
gravimetric (mg/L) 23 9 0 1.5 0 6 3 1
, 13 39 1 .89 .0 2.8 25 1
Napthalenes, polychlor-
inated, total 13 .00 .0 .00 K() .0 .00 1
Aldrin, total 13 .000 .00 .000 .00 .00 .000 .01
Chlordane, total 13 .000 .00 .000 .00 .00 .000 .01
DDD, total 13 .000 .00 .000 .00 .00 000 .01
DDE, total 13 .000 .00 .000 .00 .00 .000 .01
DDT, total 13 .000 .00 .000 .00 .00 .000 .01
Dieldrin, total 13 .001 .00 .003 .00 .01 .001 .01
Endosulfan, total 12 .000 .00 .000 .00 .00 .000 .01
Endrin, total 13 .000 .00 .000 .00 .00 .000 .01
Heptachlor, total 13 .000 .00 .000 .00 .00 .000 .01
Heptachlor epoxide, total 13 .000 .00 .000 .00 .00 000 .01
Lindane, total 13 .000 .00 .000 .00 .00 .000 .01
Methoxychlor, total 10 .000 .00 .000 .00 .00 000 01
Mirex, total 10 .000 .00 .000 .00 .00 .000 .01
Perthane, total 12 .00 .0 .00 0 0 .00 1
Toxaphene, total 13 0 0 .0 0 0 0 1




Table 6.—Summary of measurements of organic compounds for each station for the period of record (continued)

[Analyses in micrograms per liter except as indicated]

Number Standard
Constituent of Mean Median Standard Minimum Maximum | error of | Reporting
samples deviation value value mean limit
01116617 Pawtuxet River at Pawtuxet, R.I.

Carbon, organic total

(mg/L as C) 12 10.96 10.5 4.49 55 18 1.30 1
Phenols, total 21 24.8 13 26.0 0 86 57 1
Methylene blue active

substance (mg/L) 10 .180 .10 042 .10 .20 013 01
Oil and grease, total

recoverable extraction

gravimetric (mg/L) 22 5 0 8 0 3 2 1
PCB, total 10 59 1 1.40 .0 43 44 1
Napthalenes, polychlor-

inated, total 10 .00 0 .00 .0 0 .00 1
Aldrin, total 10 .000 .00 .000 .00 .00 .000 .01
Chlordane, total 10 .000 .00 000 .00 00 .000 01
DDD, total 10 .000 .00 .000 .00 .00 .000 .01
DDE, total 10 .000 .00 .000 .00 .00 .000 .01
DDT, total 10 .000 .00 .000 .00 .00 .000 .01
Dieldrin, total 10 .000 .00 .000 .00 .00 .000 .01
Endosulfan, total 10 .000 .00 .000 .00 .00 .000 .01
Endrin, total 10 .000 .00 .000 .00 .00 .000 .01
Heptachlor, total 10 002 .00 .006 .00 02 002 .01
Heptachlor epoxide, total 10 .000 .00 .000 .00 .00 .000 .01
Lindane, total 10 .001 .00 .003 .00 01 .001 01
Methoxychlor, total 9 000 .00 .000 .00 .00 .000 01
Mirex, total 9 .000 .00 .000 .00 .00 .000 .01
Perthane, total 10 .00 0 .00 .0 0 .00 .1
Toxaphene, total 10 0 0 0 0 0 .0 1

01118500 Pawcatuck River at Westerly, R.L

Carbon, organic total

(mg/L as C) 132 721 6.4 3.38 29 32 0.30 1
Phenols, total 23 12 1 22 0 9 5 1
Methylene blue active

substance (mg/L) 26 017 .00 .037 .00 .10 .007 01
Oil and grease, total

recoverable extraction

gravimetric (mg/L) 24 3 0 N 0 3 1 1
PCB, total 15 .00 0 .00 .0 0 .00 1
Napthalenes, polychlor-

inated, total 15 00 0 .00 .0 0 .00 1
Aldrin, total 15 .000 .00 .000 .00 .00 .000 .01
Chlordane, total 15 .000 .00 .000 .00 .00 .000 .01
DDD, total 15 .000 .00 .000 .00 .00 .000 .01
DDE, total 15 .000 .00 .000 .00 .00 .000 .01
DDT, total 15 .000 .00 .000 .00 .00 .000 01
Dieldrin, total 15 .000 .00 .000 .00 .00 .000 .01
Endosulfan, total 15 .000 .00 .000 .00 .00 .000 01
Endrin, total 15 000 .00 .000 .00 .00 .000 .01
Heptachlor, total 15 .000 .00 .000 .00 .00 .000 01
Heptachlor epoxide, total 15 .000 .00 .000 .00 .00 .000 .01
Lindane, total 15 .000 .00 .000 .00 .00 .000 .01
Methoxychlor, total 14 .000 .00 .000 .00 .00 .000 .01
Mirex, total 14 .000 .00 .000 .00 .00 .000 .01
Perthane, total 15 .00 0 .00 .0 0 .00 1
Toxaphene, total 15 .0 0 0 0 0 .0 1




imum concentration was 0.01 pg/L, which is below
the acute freshwater aquatic life criterion (U.S. En-
vironmental Protection Agency, 1986) but above
the chronic criterion of 0.0019 pg/L. Polychlori-
nated biphenyls (PCBs) were found at the same
three sites with maximum concentrations of 0.1,
0.2, and 2.8 pg/L, respectively, and at the Pawtuxet
River at Pawtuxet with a maximum concentration
of 4.3 pg/L. Criteria for PCBs are 2 pug/L for the
acute freshwater aquatic-life protection and 0.014
ug/L for chronic exposure. Heptachlor was detected
at the Pawtuxet River at Pawtuxet with a maximum
concentration of 0.02 pg/L.

Phenols (phenolic compounds) include a wide
variety of organic chemicals, all of which incorpo-
rate an aromatic ring as the basic chemical struc-
ture. Phenols arise from the distillation of coal and
wood; from oil refineries; chemical plants; live-
stock dips; human and other organic wastes; hydrol-
ysis, chemical oxidation, and microbial degradation
of pesticides; and from naturally occurring sources
and substances. Some compounds strongly resist
biological degradation and can be transported long
distances in water. Others may be rapidly broken
down by biological action, contributing to lowered
dissolved oxygen in the stream. The Rhode Island
Department of Environmental Management (1988)
has set aquatic-life protection criteria for phenols of
251 pg/L and 5.6 pg/L for acute and chronic expo-
sure, respectively. Phenols in excess of the chronic
criterion were measured at all sites except for the
Blackstone River at Millville, Mass. The highest
measured concentration was 86 pg/L at Pawtuxet
River at Pawtuxet. The median concentration, 13
pug/L at Pawtuxet River at Pawtuxet exceeds the
chronic criterion.

Constituents in Bottom Materials

Most samples of bottom materials at all six sites
were collected during periods of low streamflow
and analyzed for selected trace elements and organ-
ic compounds. Although no criteria for allowable
concentrations of these compounds in bottom mate-
rial have been set, their presence in high concentra-
tions may indicate past or present introduction of
the materials into the rivers.

Bottom materials are relatively stationary dur-
ing periods of low to medium flow. During periods
of high flow or floods, bottom materials may be re-
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suspended by the increased water velocity and car-
ried downstream where they are then redeposited as
the velocity of the water diminishes. In this way,
constituents associated with the bottom material are
distributed downstream.

Table 7 summarizes the bottom-material data
for the six sites. Data at a given site exhibit a wide
range in concentration. Because bottom materials
are seldom distributed uniformly, a “representative”
sample or even a duplicate sample is difficult to col-
lect. High flows can redistribute bottom material so
that another sample collected at the same site at a
later time may contain entirely different concentra-
tions of the constituents of interest.

High concentrations of elements, such as 2,000
ug/g (microgram per gram) of zinc, 450 pug/g of
chromium, and 41,000 pg/g of molybdenum at
Blackstone River at Millville, Mass., probably de-
rived from wastes which entered the river some
time in the past. Lead concentrations were also ele-
vated at several of the sites.

Organic compounds are often sorbed onto sedi-
ment particles and move downstream with the sed-
iments. In the water column, PCBs were found at
four of the six sites, dieldrin at three sites, lindane at
two sites, and heptachlor at one site. In the bottom
material, chlordane, DDD, DDE, DDT, dieldrin,
and PCBs were found at all sites and aldrin, en-
dosulfan, endrin, heptachlor, heptachlor epoxide,
lindane, methoxychlor, and mirex were found at
one or more sites. One high concentration of PCBs,
5,400 pg/kg (microgram per kilogram), was found
in 1978 at the Pawtuxet River at Pawtuxet. Subse-
quent samples at this site contained lower concen-
trations of PCBs but the concentrations were always
well above the reporting level.

TRENDS IN WATER QUALITY

One of the most frequently asked questions, “Is
water quality getting better or worse?” is one of the
most difficult questions to answer. The very nature
of water quality means that there will be a consider-
able variability in constituent concentrations over a
period of time. How is one able to look at the record
of analytical data and decide if there is a meaningful
change in the concentration of the constituent?

The simplest way to identify a change is to
compare the data over a period of time. Is the con-
centration of a given constituent increasing or



Table 7.—Summary of measurements of constituents in the bottom material for each

station for t

period of record

[No data available indicated by — ]

01111230 Blackstone River at Millville, Mass.

Number Standard
Constituent of Mean Median Standard | Minimum | Maximum | eror of | Reporting
samples deviation value value mean limit

Chemical oxygen demand, (mg/kg) 11 23,900 12,000 36,000 4,600 130,000 10,900 100
Aluminum, recoverable (ug/g) 2 6,300 6,300 6,650 1,600 11,000 4,700 10
Arsenic, total (ug/g) 7 Nj 0 1.3 0 3 5 1
Barium, recoverable (1g/g) 2 130 130 156 20 240 110 10
Beryllium, recoverable (jg/g) 2 .0 0 0 0 0 .0 10
Boron, recoverable (1g/g) 3 .0 0 0 0 0 .0 10
Cadmium, recoverable (ug/g) 7 19.0 4 303 0 80 11.5 10
Chromium, recoverable (j1g/g) 7 127 20 168 10 450 63.7 10
Cobalt, recoverable (1g/g) 7 57 0 15.1 0 40 57 10
Copper, recoverable (1g/g) 7 163 30 230 21 640 86.9 10
Iron, recoverable (ug/g) 7 11,600 5,600 14,700 2,700 44,000 5,550 1
Lead, recoverable (1g/g) 7 125 120 93.0 38 260 35.2 10
Manganese, recoverable (ug/g) 7 4M 100 823 40 2,300 31 1
Mercury, recoverable (ug/g) 7 13 0 34 0 9 13 01
Molybdenum, recoverable (1g/g) 3 13,700 0 23,700 0 41,000 13,700 10
Nickel, recoverable (j1g/g) 5 58.0 10 86.1 0 200 385 10
Selenium, total (ug/g) 7 3 0 5 0 1 2 1
Silver, recoverable (ig/g) 5 .8 0 1.8 0 4 3 1
Stroatium, recoverable (jg/g) 2 400 40 42.4 10 70 30.0 1
Vanadium, total (pg/g) 0 — — —_ —_ — — 1
Zinc, recoverable (1g/g) 7 424 80 716 40 2,000 270 1
Aldrin, total (ug/kg) 9 .00 0 .00 0 .0 .00 1
Chlordane, total (ug/kg) 9 139 0 18.8 0 55 6.26 1
DDD, total (ug/kg) 9 9.10 .0 11.6 0 28 3.88 .1
DDE, total (ug/kg) 9 4.59 0 8.28 0 25 2.76 1
DDT, total (ug/kg) 9 1.74 0 195 0 58 .65 1
Dieldrin, total (ug/kg) 9 52.7 .0 145 1 440 48.5 1
Endosulfan, total (ug/kg) 7 .00 0 .00 0 0 .00 1
Endrin, total (ug/kg) 9 .00 .0 .00 0 .0 .00 1
Heptachlor, total (ug/kg) 9 04 .0 .10 .0 3 .03 1
Heptachlor epoxide, total (ug/kg) 9 .00 0 .00 .0 .0 .00 1
Lindane, total (ug/kg) 9 .00 .0 .00 .0 0 .00 1
Methoxychlor, total (ug/kg) 9 26 .0 Ny .0 23 26 .1
Mirex, total (ug/kg) 7 11.9 B 314 0 83 119 1
PCB, total (ug/kg) 9 75.2 50 127 .0 410 424 1
PCN, total (pg/kg) 7 0 0 .0 0 0 .0 1
Perthane, total (ug/kg) 7 0 0 0 0 0 0 1
Toxaphene, total (ug/kg) 9 0 0 0 0 0 0 10
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Table 7.—Summary of measurements of constituents in the bottom material for each
station for the period of record (continued)

[No data available indicated by — ]

01111500 Branch River at Forestdale, R.I.

Number Standard
Constituent of Mean Median | Standard | Minimum | Maximum | error of | Reporting
samples deviation value value mean level

Chemical oxygen demand, (mg/kg) 11 36,400 32,000 31,800 2,000 120,000 9,590 100
Aluminum, recoverable (1g/g) 2 4,450 4,300 3,460 2,000 6,900 2,450 10
Arsenic, total (ug/g) 7 1 0 4 0 1 1 1
Barium, recoverable (jug/g) 2 45 45 35 20 70 25 10
Beryllium, recoverable (jtg/g) 2 .0 0 .0 0 0 0 10
Boron, recoverable (ug/g) 5 4.0 0 8.9 0 20 4.0 10
Cadmium, recoverable (ug/g) 7 4.6 0 7.4 0 20 2.8 10
Chromium, recoverable (jg/g) 7 243 20 17.2 0 50 6.5 10
Cobalt, recoverable (ug/g) 7 .0 0 .0 0 0 .0 10
Copper, recoverable (pg/g) 7 557 40 58.8 0 180 222 10
Iron, recoverable (ug/g) 7 5,040 3,400 3,390 1,800 11,000 1,280 1
Lead, recoverable (ug/g) 7 43.0 37 213 20 70 8.1 10
Manganese, recoverable (1g/g) 7 155 150 117 30 370 443 1
Mercury, recoverable (ug/g) 7 .02 0 .02 .0 1 .01 .01
Molybdenum, recoverable (ug/g) 2 .0 0 .0 0 0 .0 10
Nickel, recoverable (ug/g) 7 14.1 0 19.8 0 50 715 10
Selenium, total (ug/g) 7 4 0 .8 0 2 3 1
Silver, recoverable (ug/g) 6 .0 0 .0 0 0 0 1
Strontium, recoverable (lg/g) 2 20.0 20 14.1 10 30 10.0 1
Vanadium, total (ug/g) 0 — — — — — — 1
Zinc, recoverable (ug/g) 7 135 95 131 20 400 49.5 1
Aldrin, total (tg/kg) 9 .00 0 .00 .0 0 .00 1
Chlordane, total (ug/kg) 9 13.8 0 16.5 0 49 55 1
DDD, total (ug/kg) 9 17.2 0 227 .0 62 7.58 1
DDE, total (pg/kg) 9 5.19 0 9.25 .0 26 3.08 1
DDT, total (ug/kg) 9 2.88 0 439 .0 13 1.46 1
Dieldrin, total (ug/kg) 9 .39 0 55 .0 1.6 .18 1
Endosulfan, total (ug/kg) 7 .00 0 .00 .0 0 .00 1
Endrin, total (ug/kg) 9 .00 0 .00 0 0 .00 Bl
Heptachlor, total (ug/kg) 9 .07 0 20 .0 6 07 1
Heptachlor epoxide, total (ug/kg) 9 .00 0 .00 .0 0 .00 1
Lindane, total (ug/kg) 9 .00 0 .00 .0 0 .00 1
Methoxychlor, total (ug/kg) 9 .00 0 .00 .0 0 .00 1
Mirex, total (ug/kg) 7 105 5.0 143 .0 310 542 1
PCB, total (ug/kg) 9 88.0 31 189 3.0 590 63.0 1
PCN, total (ug/kg) 7 .0 0 .0 0 0 .0 1
Perthane, total (ug/kg) 7 .0 0 .0 0 0 .0 1
Toxaphene, total (g/kg) 9 0 Y 0 0 0 0 10
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Table 7.—Summary of measurements of constituents in the bottom material for each
station for the period of record (continued)

[No data available indicated by — ]

01112900 Blackstone River at Manville, R.I.

Number Standard
Constituent of Mean Median | Standard | Minimum | Maximum error of | Reporting

samples deviation value value mean level
Chemical oxygen demand, (mg/kg) 10 26,740 14,000 43,700 4,400 150,000 13,800 100
Aluminum, recoverable (jg/g) 1 1,700 1,700 — 1,700 1,700 _ 10
Arsenic, total (ug/g) 6 .0 0 0 0 0 .0 1
Barium, recoverable (ug/g) 1 40 40 —_ 40 40 — 10
Beryllium, recoverable (ug/g) 2 0 0 0 0 0 .0 10
Boron, recoverable (ug/g) 5 4.0 0 89 0 20 4.0 10
Cadmium, recoverable (ug/g) 6 1.0 0 1.7 0 4 N 10
Chromium, recoverable (j1g/g) 6 13.3 15 8.2 0 20 33 10
Cobalt, recoverable (ug/g) 6 1.7 0 4.1 0 10 1.7 10
Copper, recoverable (1g/g) 6 29.0 30 10.5 14 40- 4.3 10
Iron, recoverable (ug/g) 6 3,280 3,000 1,400 1,900 5700 574 1
Lead, recoverable (ug/g) 6 443 41 18.6 23 70 7.6 10
Manganese, recoverable (ug/g) 6 52 50 30 80 8.6 1
Mercury, recoverable (ug/g) 6 01 .0 02 0 .01 .01 .01
Molybdenum, recoverable (ug/g) 1 .0 0 — 0 0 — 10
Nickel, recoverable (ug/g) 6 5.0 0 8.4 0 20 34 10
Selenium, total (ug/g) 6 .0 0 0 0 0 .0 1
Silver, recoverable (ug/g) 5 0 0 .0 0 0 .0 1
Strontium, recoverable (1g/g) 1 20.0 20 — 20 20 — 1
Vanadium, total (ug/g) 0 — — — — — — 1
Zinc, recoverable (Hg/g) 6 400 88 784 30 2,000 320 1
Aldrin, total (ug/kg) 8 .00 .0 .00 .0 .0 .00 1
Chlordane, total (ug/kg) 9 24.6 0 280 0 84 93 1
DDD, total (ug/kg) 9 18.6 0 18.8 0 48 6.28 1
DDE, total (ug/kg) 9 10.7 0 179 0 55 5.96 1
DDT, total (ug/kg) 9 3.73 0 597 .0 19 1.99 1
Dieldrin, total (ng/kg) 9 11.0 .0 119 0 35 3.95 1
Endosulfan, total (ug/kg) 7 .00 .0 .00 .0 0 .00 1
Endrin, total (ug/kg) 9 .00 .0 .00 0 0 .00 1
Heptachlor, wotal (ug/kg) 8 .01 0 .04 0 1 .01 1
Heptachlor epoxide, total (ug/kg) 9 .00 0 .00 0 0 .00 1
Lindane, total (ug/kg) 9 .56 0 1.67 0 5.0 .56 .1
Methoxychlor, total (ug/ke) 9 .00 0 .00 0 0 .00 .1
Mirex, total (ug/kg) 6 .00 0 .00 .0 .0 .00 1
PCB, total (ug/kg) 9 198 96 233 26 780 71.8 1
PCN, total (ugkg) 7 .0 0 0 0 0 .0 1
Perthane, total (ug/kg) 7 .0 0 0 0 0 .0 1
Toxaphene, total (ug/kg) 9 0 0 0 0 0 0 10
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Table 7.—Summary of measurements of constituents in the bottom material for each
station for the period of record (continued)

[No data available indicated by — ]

01116500 Pawtuxet River at Cranston, R.I.

Number Standard
Constituent of Mean Median | Standard | Minimum | Maximum | error of | Reporting
samples deviation value value mean level

Chemical oxygen demand, (mg/kg) 17 12,800 8,100 12,000 1,700 47,000 2,920 100
Aluminum, recoverable (1g/g) 3 2,100 2,500 1,060 900 2900 611 10
Arsenic, total (ug/g) 7 0 0 0 0 0 .0 1
Barium, recoverable (1g/g) 3 23 20 16 80 400 9.3 10
Beryllium, recoverable (g/g) 3 0 0 0 0 0 .0 10
Boron, recoverable (ug/g) 6 3.7 0 8.0 0 20 33 10
Cadmium, recoverable (ug/g) 7 N 0 13 0 3 5 10
Chromium, recoverable (ug/g) 12 55 4 6.5 0 20 1.9 10
Cobalt, recoverable (jg/g) 8 1 0 4 0 1 1 10
Copper, recoverable (1g/g) 8 369 24 329 10 90 11.6 10
Iron, recoverable (ug/g) 8 4,410 4,950 2,170 900 7000 769 1
Lead, recoverable (ug/g) 8 67.0 36 94.2 10 290 333 10
Manganese, recoverable (ug/g) 8 76.5 66 36.1 23 140 12.8 1
Mercury, recoverable (ug/g) 7 .05 0 12 0 3 04 01
Molybdenum, recoverable (ug/g) 3 0 0 0 0 0 0 10
Nickel, recoverable (jg/g) 8 6.0 0 8.5 0 200 3.0 10
Selenium, total (1g/g) 7 0 0 0 0 0 0 1
Silver, recoverable (ug/g) 7 1 0 4 0 1 1 1
Strontium, recoverable (1g/g) 3 7.0 10 52 1 10 3.0 1
Vanadium, total (ug/g) 1 9.0 9 —_ 9 9 — 1
Zinc, recoverable (1g/g) 7 41.6 30 25.7 18 90 9.7 1
Aldrin, total (ug/kg) 9 11 .0 33 0 1.0 11 1
Chlordane, total (ug/kg) 9 58 0 44 3 16 15 1
DDD, total (ng/kg) 9 4.60 .0 6.00 16 2.00 1
DDE, total (pg/kg) 9 336 .0 8.16 0 25 272 1
DDT, total (ug/kg) 9 8.16 .0 2.5 0 68 7.48 B
Dieldrin, total (ug/kg) 9 03 .0 07 0 2 02 1
Endosulfan, total (ug/kg) 7 00 .0 .00 0 0 .00 A
Endrin, total (ug/kg) 9 00 .0 .00 0 0 .00 1
Heptachlor, total (ug/kg) 9 11 0 22 0 5 07 1
Heptachlor epoxide, total (1g/kg) 9 02 .0 07 0 2 02 1
Lindane, total (ug/kg) 9 322 .0 9.67 0 29 32 1
Methoxychlor, total (ng/kg) 9 .00 .0 .00 0 .0 .00 1
Mirex, total (g/kg) 7 00 0 .00 0 0 .00 1
PCB, total (ng/kg) 9 462 14 755 4.0 240 252 1
PCN, total (ug/kg) 7 ] 0 0 0 0 0 1
Perthane, total (ug/kg) 7 27 1 72 0 19 27 1
Toxaphene, total (ug/kg) 9 0 0 0 0 0 0 10
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Table 7.—Summary of measurements of constituents in the bottom material for each
station for the period of record (continued)

[No data available indicated by — ]

01116617 Pawtuxet River at Pawtuxet, R.I.

Number Standard
Constituent of Mean Median | Standard | Minimum | Maximum | error of | Reporting
samples deviation value value mean level

Chemical oxygen demand, (mg/kg) | 11 | 58,300 19,000 | 95,700 4900 | 330000 | 28,900 100
Aluminum, recoverable (ug/g) 2 4,550 4,550 2,190 3,000 6,100 1,550 10
Arsenic, total (ug/g) 7 4 0 4 0 1 1 1
Barium, recoverable (ug/g) 2 110 110 99.0 40 180 70 10
Beryllium, recoverable (1g/g) 2 1.0 1 14 0 2 1.0 10
Boron, recoverable (ug/g) 5 40 0 8.9 0 20 4.0 10
Cadmium, recoverable (ig/g) 7 1.6 0 2.7 0 6 1.0 10
Chromium, recoverable (1g/g) 7 357 30 27.0 10 90 10.2 10
Cobalt, recoverable (ug/g) 7 0 0 0 0 0 .0 10
Copper, recoverable (g/g) 7 1169 80 150 30 450 56.8 10
Iron, recoverable (ug/g) 7 5,560 4200 4310 2,400 15,000 1,630 1
Lead, recoverable (ug/g) 7 69.4 54 670 20 210 253 10
Manganese, recoverable (Jg/g) 7 81.6 50 68.7 32 230 26.0 1
Mercury, recoverable (1g/g) 7 .01 0 .03 0 q .01 01
Molybdenum, recoverable (ug/g) 2 0 0 0 0 0 0 10
Nickel, recoverable (ug/g) 7 173 20 17.1 0 50 6.5 10
Selenium, total (ug/g) 7 .0 0 .0 0 0 .0 1
Silver, recoverable (ug/g) 6 1.0 0 1.5 0 3 6 1
Strontium, recoverable (lg/g) 2 25.0 25 21.2 10 40 15.0 1
Vanadium, total (ug/g) 0 - — — — — — 1
Zinc, recoverable (ug/g) 7 228 120 343 40 1,000 130 1
Aldrin, total (ng/kg) 9 .00 .0 .00 .0 .0 .00 g
Chlordane, total (ug/kg) 9 23 0 39.2 0 110 13.1 1
DDD, total (ug/kg) 9 230 0 52.0 0 160 17.3 1
DDE, total (ug/kg) 9 .60 0 93 0 2.1 31 1
DDT, total (g/kg) 9 2.62 0 6.18 0 19 2.06 Bl
Dieldrin, total (ug/kg) 9 3.73 0 7.58 0 2 253 1
Endosulfan, total (ug/kg) 6 220 0 4.40 0 1 1.80 1
Endrin, total (ig/kg) 9 83 0 2.50 0 15 83 1
Heptachlor, total (ug/kg) 9 23 0 54 0 1.6 .18 1
Heptachlor epaxide, total (ug/kg) 9 04 0 13 0 4 .04 Bl
Lindane, total (#g/kg) 9 .00 0 .00 0 0 .00 1
Methoxychlor, total (ug/kg) 9 00 0 .00 0 0 00 1
Mirex, total (ug/kg) 6 .00 0 .00 0 0 .00 B
PCB, total (ng/kg) 9 690 60 1770 19 5,400 589 1
PCN, total (ug/kg) 6 0 0 0 0 0 0 1
Perthane, total (ug/kg) 6 0 0 0 0 ] 0 1
Toxaphene, total (ug/kg) 9 (] 0 0 0 0 0 10
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Table 7.—Summary of measurements of constituents in the bottom material for each
station for the period of record (continued)

[No data available indicated by — ]

01118500 Pawcatuck River at Westerly, R.I.

Number Standard
Constituent of Mean Median | Standard | Minimum | Maximum | error of | Reporting
samples deviation value value mean level

Chemical oxygen demand, (mg/kg) 12 19,600 8,000 25,900 2,800 96,000 7,490 100
Aluminum, recoverable (ug/g) 2 1,450 1,450 212 1,300 1,600 150 10
Arsenic, total (ug/g) 5 0 0 0 0 0 .0 1
Barium, recoverable (jg/g) 2 10 10 14 0 200 10 10
Beryllium, recoverable (1g/g) p 0 0 .0 0 0 0 10
Boron, recoverable (pg/g) 2 0 0 .0 0 0 .0 10
Cadmium, recoverable (ug/g) 5 0 0 0 0 0 .0 10
Chromium, recoverable (lg/g) 5 6.0 10 5.5 0 10 25 10
Cobalt, recoverable (jug/g) 5 0 0 .0 0 0 0 10
Copper, recoverable (1g/g) 5 4.6 0 8.7 0 20 39 10
Iron, recoverable (ug/g) 5 1,750 1,800 890 740 3,100 398 1
Lead, recoverable (ug/g) 5 98.4 0 213 0 480 95.4 10
Manganese, recoverable (1g/g) 5 88.2 40 109 13 280 48.8 1
Mercury, recoverable (ug/g) 5 10 .0 23 .0 5 10
Molybdenum, recoverable (1g/g) 2 0 0 0 0 0 0 10
Nickel, recoverable (ig/g) 4 12 0 25 0 5 12 10
Selenium, total (ug/g) 5 0 0 0 0 0 0 1
Silver, recoverable (ig/g) 6 .0 0 .0 0 0 0 1
Strontium, recoverable (jig/g) 2 150 15 71 10 20 5.0 1
Vanadium, total (ug/g) 0 — —_ — — —_ — 1
Zinc, recoverable (ug/g) 5 13.8 10 9.1 8 30 4.1 1
Aldrin, total (ug/kg) 10 .00 .0 .00 0 .0 .00 1
Chlordane, total (pg/kg) 10 1.1 0 1.7 0 5 .55 1
DDD, total (ug/kg) 10 .80 .0 1.68 0 5.4 53 1
DDE, total (ug/kg) 10 30 .0 45 0 13 .14 1
DDT, total (ug/kg) 10 11 0 18 0 4 06 1
Dieldrin, total (pg/kg) 10 03 0 07 0 2 02 1
Endosulfan, total (ug/kg) 8 02 0 .07 0 2 02 1
Endrin, total (ug/kg) 10 00 0 .00 0 0 00 1
Heptachlor, total (ug/kg) 10 00 0 .00 0 0 00 1
Heptachlor epoxide, total (ug/kg) 10 01 0 03 0 1 01 1
Lindane, total (ug/kg) 10 .00 0 .00 .0 .0 .00 A
Methoxychlor, total (ug/kg) 9 .00 0 .00 .0 .0 00 1
Mirex, total (ug/kg) 8 .00 0 .00 0 .0 .00 1
PCB, total (ug/kg) 10 .50 0 1.08 .0 3.0 34 1
PCN, total (ug/kg) 8 .0 0 .0 0 0 0 1
Perthane, total (ug/kg) 8 .0 0 .0 0 0 0 1
Toxaphene, total (ug/ksg) 10 .0 0 0 0 0 0 10
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decreasing? The concentrations of water-quality
constituents, such as dissolved solids, are difficult
to compare over time because they often are related
to the flow of water in the stream. For example, the
dissolved-solids concentration in a particular river
generally decreases with an increase in flow and
increases as the flow diminishes. Examining the
record over a period of years may show the dis-
solved-solids concentration decreasing. If the
record began during a drought period when stream-
flow was below normal and ended during a wet
period with streamflow above normal, a trend is
apparent. However it is related to the flow of water
in the stream and not to a change in the input of the
dissolved solids from their source. While this infor-
mation may be useful, it does not answer the prima-
ry concem of most water managers and the
public—namely, are the efforts to clean up sources
of contaminants improving water quality?

The seasonality of data collection also increas-
es the difficulty in comparing data. Streamflows are
commonly lowest in the late summer and early fall.
If dissolved-solids concentrations vary with stream-
flow as in the previous example, then concentra-
tions will be higher than average in samples
collected during the late summer and early fall.
Conversely, at times of the year when streamflow is
high, the concentration will be lower than average.
If samples were collected in late summer and fall
for several years and then later were collected dur-
ing the spring during high flows, a trend for de-
crease in concentration would again be apparent.
Again, this trend is related to the season during
which the data were collected and not to a change in
the input of the dissolved solids from their source.

Statisticians have identified other problems in
trend detection, including skewness and the serial
correlation of the data. To avoid all of these prob-
lems, Hirsch and others (1982) derived a modifica-
tion of Kendall’s Tau test known as the Seasonal
Kendall test. Smith and others (1982, p. 5-6) briefly
describe the test as follows:

The null hypothesis for this test is that
the random variable is independent of
time. The only necessary background
assumption is that the random vari-
able is independent and identically
distributed (with any distribution). In
this test, all possible pairs of data val-

ues are compared; if the later value (in
time) is higher, a plus is scored; if the
later value is lower, a minus is scored.
If there is no trend in the data, the
odds are 50-50 that a value is higher
(or lower) than one of its predeces-
sors. In the absence of a trend, the
number of pluses should be about the
same as the number of minuses. If,
however, there are many more pluses
than minuses, the values later in the
series are more frequently higher than
those earlier in the series, and so an
uptrend is likely. Similarly, if there
are many more minuses than pluses, a
downtrend is likely.

As discussed above, the one common
pattern to water-quality variables is
that they have a period of one year
(other periodicities may exist). Com-
paring, for example, a January value
with a May value does not contribute
any information about the existence
of a trend, if a seasonal cycle of a 1-
year period exists. Thus, we define
the Seasonal Kendall test to be the
Kendall’s Tau test restricted to those
pairs of data which are multiples of 12
months apart. Since comparisons are
made only between data from the
same month of the year, the problem
of seasonality is avoided. Thus, the
background assumptions given above
are relaxed. The random variable may
be nonidentically distributed, provid-
ed that the distributions 12 months
apart are identical.

Method

Table 8 shows the results of the Seasonal Ken-
dall test applied to total phosphorus and total nitro-
gen concentrations and specific conductance. The
methods used are fully described in Crawford and
others (1983) and Smith and others (1982). Briefly,
the first step is to determine if the concentration of
the constituent is related to the streamflow. Specific
conductance, although not a concentration, has
been treated as one for this analysis. Fourteen dif-
ferent relationships (Crawford and others, 1983)
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Table 8.—Trend results for each station for the period of record

[Trends and regressions are marked with "hs” for highly significant when p is less than or equal to 0.01, and with "s” for significant when
p is less than or equal to 0.1. Regression type loglin is log-linear. Slope is marked with a plus (+) for a positive streamflow-
constituent relationship, and with a minus (-) for a negative relationship. The term "Trend (percent per year)” is the
slope as milligrams per liter, tons per day, or microsiemens per centimeter, per year divided by the average value in
milligrams per liter (tons per day or microsiemens per centimeter) and multiplied by 100. The units in all cases
are percent of mean per year. No data available indicated by — ]

Total Phosphorus

Streamflow Concentration Transport Flow-adjusted concentration
Mean Trend Mean Trend | Mean | Trend | Trend
Station Station (cubic (per- (milli- (per- (tons (per- (per- Regression
number name feet cent grams cent per cent cent
per per per per year) per per 2
second) year) liter) year) year) year) - Type | Slope
01111230 | Blackstone River
at Millville, Mass. 596 367hs | 029 -1.72 036 -449s | -057 0.24 hs loglin -
01111500 | Branch River
at Foresidale, R.L 205 34 .03 .00 hs 01 212 — —_ none —
01112900 | Blackstone River
at Manville, R.L 880 1.02 30 -1.67 53 .05 -1.15 28hs  loglin -
01116500 | Pawtuxet River
at Cransion, R.I. 342 -52 .36 .00 22 -.01 -02 41hs  loglin -
01116617 | Pawtuxet River
at Pawtuxet, R.L 432 -1.60 .51 .00 41 214 -1.62 36hs  loglin -
01118500 | Pawcatuck River
at Westerly, R.1 625 48 07 .00 hs 10 =72 _— - none —
Total Nitrogen
Streamflow Concentration Transport Flow-adjusted concentration
Mean Trend Mean | Trend | Mean | Trend Trend
Station Station (cubic (per- (milli- (per- (tons (per- (per- Regression
number name feet cent grams cent per cent cent
per per per per | yean) | per per 2
second) year) liter) year) year) year) R Type Slope
01111230 | Blackstone River
at Millville, Mass. 596 -3.67 hs 3.18 0.39 496 -232s — —_ none —_
01111500 | Branch River
at Forestdale, R.IL 205 34 1.18 275s 40 5.80s — — none —
01112900 | Blackstone River
at Manville, RL 880 1.02 237 -1.81 442 230 -04 49 hs loglin -
01116500 | Pawtuxet River
at Cranston, R.L 342 -52 2.19 3.65 1.32 .63 121 28 hs loglin -
01116617 | Pawtuxet River
at Pawtuxey, R.L 432 -1.60 291 3.44 243 -1.03 .81 62 hs loglin -
01118500 | Pawcatuck River
at Westerly, R.L 625 A48 .90 22 1.28 1.31 .88 .20 hs loglin -
Specific Conductance
Streamflow Concentration Transport Flow-adjusted concentration
Mean Trend Mean Trend | Mean | Trend | Trend
Station Station (cubic (per- (micro- | (per- | (tons | (per- (per- Regression
number name feet cent sie- cent per cent cent
per mens) per year) per per 2
seg;rnd) year) year) year) year) R Type Slope
01111230 | Blackstone River
at Millville, Mass. 596 -3.67 hs 244 124s —_ — 0.39 051 hs  loglin -
01111500 | Branch River
at Forestdale, R.I. 205 34 78 .51 — —_ 52 .34hs  loglin -
01112900 | Blackstone River
at Manville, R.L 880 1.02 205 .00 — —_— .23 .24 hs linear -
01116500 | Pawtuxet River
at Cranston, R.L 342 -52 228 1.89 s — — .98 .64hs  loglin -
01116617 | Pawtuxet River
at Pawtuxet, RI 432 -1.60 262 1.19 - — -23 58hs  loglin -
01118500 | Pawcatuck River
at Westerly, R.L 625 A8 100 25 — — 583 .57hs  loglin -
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were tested for each of the constituents at each of
the six sites. However, if a relationship existed at
the site, either a linear or a log-linear relationship
best fit the data. The following equations define
these relationships:

C = a + b(Q) linear )

C=a+blin(Q)loglinear 2)
where C is the predicted concentration; Q is the
streamflow, in cubic feet per second; and a and b are
constants. In table 8, the type of relationship is giv-
en under the heading *“Flow-adjusted concentra-
tion,” along with the sign of the slope of the
equation (whether b is positive or negative but not
the actual value of b ) for each station and constitu-
ent. These equations are labeled with “hs,” highly
significant, and “s” significant, depending on the p
value where p is the probability of erroneously re-
jecting the null hypothesis that b=0—that is, there is
no relationship of concentration to streamflow. The
regression was marked “hs,” highly significant,
where p is less than or equal to 0.01, and “s,” signif-
icant, where p is less than or equal to 0.1. While re-
gression p values provide an appropriate basis for
deciding when to make adjustments for flow depen-
dency (Smith and others, 1982), a measure of the
predictability of the concentration of the constituent
based on flow is given by the proportion of variance
explained or R2. The closer R? is to 1.0, the better
the equation fits the data. A negative streamflow-
constituent relationship, which is the case for all
three constituents and all sites, generally indicates
that dilution either of point-source contributions or
of subsurface sources is the dominant process.
Smith and others (1982) found that this negative re-
lationship for total phosphorus is generally limited
to forested basins along the east coast, the Great
Lakes, and the California coast. Nationwide, the
majority of rivers have a positive streamflow-total
phosphorus relationship, indicating that erosion and
transport of total phosphorus at high flows is the
dominant process.

After the streamflow-constituent relationship
was determined, the next step was to run the Sea-
sonal Kendall test on the streamflow, concentration,
transport, and the flow-adjusted concentration.
Transport, which was computed for total nitrogen
and phosphorus but not for specific conductance, is
the product of the concentration and the streamflow
multiplied by a constant, 0.002697, to give constit-

uent transport in tons per day. The flow-adjusted
concentration is the actual concentration minus the
expected concentration for that particular analysis
calculated using one of the equations given above
and indicated on the table.

As Smith and others (1982, p. 20) point out,
trend analyses *. . . will never reveal the cause of a
change in stream quality, but they can lead to im-
proved understanding of the kinds of causes to look
for.” Generally, trends in streamflow will be related
to natural variations of flow based on the variations
in rainfall. However, if diversion of water from the
basin were begun or increased during the period of
record, a trend in streamflow would be apparent.
Trends in concentration can be important if the con-
centration is close to an established criterion.
Trends in transport reflect changes in the flux of
substances through the river system and suggest
what might be happening to the rates of output from
various sources of the constituent. For example, if a
newly installed wastewater-treatment plant re-
moved a significant part of the phosphorus formerly
introduced into the stream, a downward trend in
phosphorus transport would be apparent. A down-
ward trend might or might not be seen in the con-
centrationif the trend were masked by the variations
in flow. Trends in the flow-adjusted concentration
indicate that changes have occurred in the processes
that deliver the constituent to the river. Using this
phosphorus example, a downward flow-adjusted
concentration trend should be apparent.

Results

Table 8 shows the results of the Seasonal Ken-
dall test. The trend values are shown in percentage
terms for ease of comparison. The term *“Trend
(percent per year)” is the slope as milligrams per li-
ter, tons per day, or microsiemens (per centimeter at
25 degrees Celsius) per year divided by the average
value in milligrams per liter (tons per day or micro-
siemens) and multiplied by 100. The units in all cas-
es are percent of mean per year. For the flow-
adjusted concentration, the units are percent of
mean concentration per year. Those slopes that are
statistically significant at the 10 percent level are
marked with an s,” and those at the 1 percent level
by an “hs,” corresponding to significant and highly
significant, respectively.
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Trends at the Blackstone River at Millville,
Mass., the Branch River at Forestdale, and the Paw-
catuck River at Westerly, three sites at which statis-
tically significant trends were found and reported in
the previous Rhode Island report (Briggs and Fe-
iffer, 1986), are again apparent with the additional 5
years of data. Streamflow had a downward trend for
the Blackstone River at Millville, Mass., for the pe-
riod of record. The trend also was downward for
transport of phosphorus and nitrogen but the trend
for specific conductance was upward for the
Millville site. Trends in the flow-adjusted concen-
trations for the Millville site were not significant,
indicating that the observed trends are probably
flow dependent. A downward trend in phosphorus
concentration reported for the Branch River at
Forestdale in the previous report disappeared with
additional data and the results now show no change
in phosphorus concentration. Nitrogen concentra-
tion and transport for the Forestdale site continue to
have an upward trend. For the Pawcatuck River at
Westerly, phosphorus concentrations also show no
change. The flow-adjusted trend for specific con-
ductance at the Westerly site has a small upward
trend, which may indicate an increase in the dis-
solved solids entering the stream independent of the
volume of flow. Specific conductance showed an
upward trend at the Pawtuxet River at Cranston.

SUMMARY

Compared to other parts of the United States,
streams in Rhode Island have low concentrations of
common constituents. Concentrations of sodium,
for example, never exceeded 42 mg/L for the period
1983-88. Water hardness is generally in the soft
range. At several sites, concentrations of major
plant nutrients, nitrogen and phosphorus, were in
the range which might cause undesirable eutrophi-
cation if the waters were impounded. For the six
sites, the lowest concentrations of nitrogen and
phosphorus species were at the Branch River at
Forestdale and at the Pawcatuck River at Westerly.

Median fecal coliform bacteria counts were be-
low 200 per 100 mL for the Pawcatuck River at
Westerly, the Pawtuxet River at Pawtuxet and the
Pawtuxet River at Cranston. The two Pawtuxet Riv-
er sites are downstream from waste treatment plants
which may discharge chlorinated effluent, lowering
the bacteria counts.
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Maximum trace element concentrations which
are at or exceed drinking-water criteria were found
at several sites. Maximum cadmium concentrations
were at the drinking-water criterion at the Black-
stone River at Millville, Mass., and at the Pawca-
tuck River at Westerly. Lead concentrations slightly
exceeded the drinking-water criterion at the Black-
stone River at Millville, Mass.

Maximum trace element concentrations which
potentially exceed acute aquatic-life protection cri-
teria at all sites were cadmium, chromium, copper,
lead, and silver. Median concentrations of zinc po-
tentially exceed the criterion for the Blackstone
River at Millville, Mass., the Blackstone River at
Manville, and the Branch River at Forestdale.

Several organic compounds were found in the
water column. PCBs were found at four of the six
sites, dieldrin at three sites, lindane at two sites, and
heptachlor at one site. In bottom materials, chlor-
dane, DDD, DDE, DDT, dieldrin, and PCBs were
found at all sites and aldrin, endosulfan, endrin,
heptachlor, heptachlor epoxide, lindane, methoxy-
chlor, and mirex at one or more sites. One high con-
centration of PCB, 5,400 pg/kg, was found at the
Pawtuxet River at Pawtuxet.

Trend analyses were performed on total phos-
phorus and nitrogen concentrations, specific con-
ductance, and streamflow. Results show a
downward streamflow trend for the Blackstone Riv-
er at Millville, Mass. The trend was also downward
for transport of phosphorus and nitrogen but the
trend for specific conductance was upward for the
Millville site. At the Branch River at Forestdale,
trend analysis show no change in phosphorus con-
centration over time. Concentration and transport
for nitrogen at the Forestdale site continues to have
an upward trend found earlier. For the Pawcatuck
River at Westerly, phosphorus concentrations also
show no change over time. The flow-adjusted trend
for specific conductance at the Westerly site is
slightly upward.
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