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THE INSTITUTIONAL AND CONCEPTUAL DEVELOPMENT OF 
METHODOLOGIES FOR CONTROL OF TOXICANTS 

IN MASSACHUSETTS RIVERS 

The Ten Mile River Case Study 

I, ABSTRACT 

Many rivers in Massachusetts suffer from excessive 
contamination with metals and other toxic materials. It was 
the purpose of this project to develop an equitable and 
thorough policy for controlling toxic discharges to the Ten 
Mile River located in southeastern Massachusetts. The 
exercise on the Ten Mile River was a first step in 
developing a comprehensive policy for application to all 
rivers of the Commonwealth which have similar toxic 
problems. Results from river and discharge surveys of 1984 
and 1985 as well as those from several previous surveys were 
analyzed in cooperation with staff of the Division of Water 
Pollution Control (DWPC) and the United States Environmental 
Protection Agency (EPA). The resultant set of limits was 
then forwarded to the EPA and issued by them under draft 
permits in July 1985. These permits were presented and 
discussed at several public meetings, to be finalized by the 
EPA in February 1986. After consideration of the public 
comments on the proposed discharge limits for the Ten Mile 
River, recommendations for a comprehensive policy were 
developed, based on three main concepts. The first concept 
was spatial staging of the discharge limits, issuing 
identical values for all discharges within limited reaches 
of the river. Secondly the toxic limits should be phased 
down over time in a three-phased progression, parallel with 
reductions in background levels of toxics due to other 
governmental controls. The third concept was to determine 
discharge limits by analyzing for critical conditions during 
floods as well as droughts. This comprehensive policy of 
spatial staging, phased reductions and flood analysis should 
make it possible to reduce the toxic discharges to the 
rivers in a rational and equitable manner within the next 3 
to 5 years. 
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II. ACTIVITIES UNDER THE CONTRACT 

A. Background. 

Since the 1960's the principal activities in 

controlling water pollution in Massachusetts have been 

directed at control of organic waste discharges, in a 

largely successful effort to restore suitable bacterial and 

oxygen levels in rivers, lakes and coastal waters. Usually 

industries discharging toxic substances were simply required 

to install the best available treatment systems. Now that 

these initial steps have been completed, the responsible 

agencies are making a second round of evaluations to assess 

the adequacy of the first step. In many cases in 

Massachusetts and other states with small river systems, it 

has been found that control of toxicants must be increased 

because the previously available treatment technology was 

not enough to protect aquatic life. The Ten Mile River in 

southeastern Massachusetts is a good example of this 

situation, and has been used as a case study to develop a 

response to this problem (Figure 1). In such rivers the 

discharges must ,now be limited to meet water quality 

requirements, not technological capabilities, 
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ile River Basin 

Figure 1 
Orientation Map Of Ten Mile River Basin 

In Massachusetts and Rhode Island 
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The second round of evaluation is based on the need to 

reduce toxicants to concentrations determined by 

toxicological testing to be safe for aquatic organisms. 

Translation of these requirements into discharge permits 

under the National Pollutant Discharge Elimination System 

(NPDES) requires much more information on the hydrology and 

biology of the waterbodies, and also requires verification 

of the subsequent detailed calculations by ecological 

assessment of the aquatic communities. Such calculations 

under this project dealt only with toxic impacts which were 

discernible in the aquatic environment within a short time, 

a matter of days or weeks. Control of long term 

bio-accumulation of toxics in certain organisms such as 

shellfish was not within the scope of this study. 

Finally a rational decision-making process has to be 

followed in dealing with large numbers of industries located 

on the same stream, in order that the prescribed limits be 

defensible if contested in court. Because of the extreme 

limitations imposed on dischargers under the new 

requirements, litigation will be inevitable by industries 

which face severe hardship or closure. Particular attention 

was thus given to the rationality of the process for 

developing the discharge limits. The intent was that the 

experience should result in development of a sound policy 

applicable throughout the Commonwealth for rivers suffering 
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from toxic discharges. It was the express purpose of this 

research and demonstration project to recommend such a 

policy. 

The Ten Mile River in southeastern Massachusetts is a 

good example of many of the difficulties involved in setting 

these newly proposed toxic limits based on water quality 

(Figure 1). It is a small river passing through a region in 

which jewelry and metal plating are major economic 

activities. The first round of wastewater treatment plants 

were constructed by the industries in the early 1970's and 

by the two prinicpal municipalities, North Attleborough and 

Attleboro, in the early 1980's. However residual toxic 

materials continued to prevent normal use of the river and 

it was clear that the second round of discharge limits was 

needed. 

In order to determine the new discharge limits, a 

comprehensive river and discharge survey was conducted by 

the EPA and the Massachusetts DWPC in 1984 and 1985. The 

survey included detailed assessment of the biological 

characteristics of the river, as well as intensive sampling 

for metals and other toxicants such as ammonia and chlorine, 

not only in the river, but also in the discharges and in the 

several impoundments along the river (Figure 2). 

5 
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B. Events during 1985 under this project. 

As part of the project reported herein, a series of 

meetings were held in June 1985 with state and federal 

personnel to summarize the data and analyze results from the 

1984 and 1985 river and discharge surveys of the Ten Mile 

River Basin, and to evaluate them in light of surveys over 

the past few decades. Draft reports from each of 17 units 

or teams which had conducted the river survey were reviewed 

in order to develop an overall report on the condition of 

the river. The unit reports were scrutinized for supporting 

or conflicting indications of toxic impacts. 

It was found that the biological data including both 

the toxicity testing and the benthic macro-invertebrate 

surveys, generally supported the chemical information, and 

that copper predominated over all other metals as the major 

source of toxicity in the biological systems. Several 

approaches were then discussed for calculating the allowable 

discharges of toxic materials for the particular conditions 

of the Ten Mile River. In late June a consensus was reached 

on the method for determining the discharge limits and a 

letter detailing this method was sent to the EPA by the 

Director of the Massachusetts DWPC (1). 

A preliminary report on the condition of the river was 

distributed to the municipalities and industries along the 
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river in early July, and a series of informal meetings were 

held with them to explain the condition of the river and the 

proposed limits required for toxic discharges (Figure 3). 

In mid-July the draft limits were calculated and formally 

issued by the EPA, followed by a public meeting in August at 

the Attleboro Chamber of Commerce. In September 200 copies 

of a graphic public report, "Toward a Cleaner Ten Mile 

River" were printed and distributed to all concerned parties 

(2). After considerable public discussion and a formal EPA 

hearing held in Attleboro during September, it was agreed 

that the discharge limits would be finalized early in 1986. 
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Contaminant & Concentration In Effluent 

Whiting & Davis 8 

Hilsinger 40 8 

Handy & Harmon(NA) 130 10 

Balfour (NA) 25 8 

Randall 60 7 8 

North Attleboro STP 2000 7 4 0 

Walton & Lonsbury 30 7 9 0 

<JI Mt, Vernon Silver 10 21 
QI 

ei Balfour (Attleboro) 43 7 2 
<II Foster Metal 10 5 .,:: 
(.) Lambert Anodizing 0.2 7 
<JI 

0 Leavens 12 7 

Leach & Garner 13 T 
Swank 90 8 2 

Robbins 15 10 10 " 
Attleboro STP 5670 7 0 

Acute Toxic Umit 

::=hronic Toxic Limit 0.1 

lean Upstream Concentratio 

- Indicates highly toxic concentration for aquatic life, 
more than 10 times the allowed limit for discharges 

----

50 340 

" 240 

15 

1100 
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Figure 3 
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Concentration Of Metals & Acute Toxicity Of Major Discharges 
On Ten Mile River, 1984 

9 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

III. DEVELOPMENT OF COMPREHENSIVE POLICY ON DISCHARGE OF 

TOXICANTS TO MASSACHUSETTS RIVERS 

Although the discharge limits established in 1985 by 

the Division of Water Pollution Control for the Ten Mile 

River were developed carefully and rationally, the method 

used for setting those limits was not directly applicable to 

all rivers in Massachusetts because the Ten Mile River is 

quite small and simple in geometry. However this experience 

with the Ten Mile River was generalized as a basis for the 

comprehensive policy described herein so that it can be 

applied to more complex river systems. 

A. LIMITATIONS OF SIMPLE DILUTION CALCULATIONS. 

Simple dilution calculations have been used previously 

in Massachusetts to estimate the required reductions in 

toxic discharges for individual toxicants, after conducting 

a river and discharge survey in which the flows and 

concentrations of toxicants were measured. However these 

simple dilution calculations have the following limitations: 

Background Concentrations 

1. If the background level of toxicant in the river is 

higher than the safe level, and this is included in the 

calculations, then the concentration of toxicant in an 

industrial discharge would have to be reduced below the safe 

10 
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level to achieve that safe value downstream, after mixing of 

the discharge with the river. This might not be legally 

defensible, as the discharger would have to compensate for 

background contamination which it did not cause. 

2. Conversely, if background concentrations of toxicants 

are assumed to be negligible during calculations for 

allowable discharges - when in fact they are not - then 

adverse conditions may occur in the river system until these 

background sources of toxicants are controlled. Toxic 

conditions might thus continue in the river for a decade or 

more, despite compliance by the industries with the 

discharge permits. 

Additive toxicity 

3. No allowance is made for the additive or synergistic 

impact of more than one toxicant, despite evidence that 

additive impacts occur when toxicants are combined. 

4. No allowance is made for unusual or unexpected toxicants 

which were not covered in the chemical analyses of samples 

from the discharges due to lack of information at the time 

of planning the survey. 
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Sedimentation 

5. No allowance is made for reduction of toxicant 

concentrations in the river due to sedimentation, an 

especially important process when the toxicant is discharged 

as dense particulate material. This occurred in some 

discharges on the Ten Mile River and may be common with 

metal processing wastes. 

6. The impact from settled toxicants or from toxicants 

adhering to settled material, on organisms living on the 

river bottom, is ignored. Although these particles may not 

truly be in solution, they can be biologically active if 

they are ingested by aquatic organisms. 

7. Deposition of toxic particulates occurs in impoundments 

during conditions of low flow in the river, but the 

toxicants are often re-suspended during floods. Although 

the dilution afforded by the flood waters may moderate the 

impact somewhat, the toxic impact in the river during these 

flood periods is ignored. 

Fairness 

8. Simple calculations of allowable limits, proceeding in a 

downstream direction could cause unfair commercial 

advantages among adjacent polluters due to minor differences 

12 
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in position along the river, or due to local characteristics 

of the river such as an entering tributary or an 

impoundment. It is common to find local groupings of 

several toxic discharges for which it is difficult to 

separate the chemical or biological impacts. Often these 

groups are also similar industries operating in competition 

such as the concentration of jewelry and metal finishing 

industries along the Ten Mile River, and are thus very 

sensitive to preferential treatment. 

B. CORRECTIONS OF LIMITATIONS OF SIMPLE APPROACH 

In this proposed comprehensive policy the limitations 

of simple dilution calculations for each individual 

discharge and toxicant would be avoided by a spatial staging 

and temporal phasing of the limits, and by including effects 

of sedimentation and floods. 

The spatial staging would be accomplished by grouping 

together those dischargers which have geographically 

overlapping impacts. The same limitations on toxicants 

would tnen be established for all members of the group. 

This procedure should start with the group furthest upstream 

and proceed down the river. 

The temporal phasing would include three sets of 

discharge limits. The set of limits in the first phase 

13 
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would be calculated from chemical data for known toxicants 

under current river conditions including high background 

levels of toxicants. Calculations would be based on the 

concept of the Toxic Unit (TU), derived from EPA guidelines 

(3). The limits would allow a total for all toxicants in 

the river after mixing with the discharge, of either 1.0 TU, 

or a value of TU equal to that found in the clean water 

reaches of the river, whichever is higher. Each toxicant 

would be assigned an equal fraction of the total TU 

permitted. 

Subsequent limits for the second phase would be based 

on a biologically determined Toxic Quotient {TQ) equal to 

one, or equal to the TQ of the clean water reaches of the 

river, whichever is higher. The use of TQ is developed for 

complex discharges, using fundamentally the same concept as 

the TU (4). 

Under ideal conditions and with only one toxic 

substance, the second phase limits would be the same as 

those in the first phase. However in the complex and ever 

changing situations encountered in most heavily contaminated 

streams, reductions in allowable limits in the second phase 

- as well as the third phase - may be necessary, and 

dischargers should be notified of this requirement at the 

time they are given the first phase limits. Awareness of 

these three phases may influence the dischargers in their 

14 
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initial choice of measures for controlling their toxic 

discharges. 

The third set of limits would be based on a permitted 

biological TQ of exactly 1, for which a safe background 

level of toxicants is also required. This set of limits 

should come into effect in a reasonably short period of 

time, perhaps 3 to 5 years after the second phase, as soon 

as the background sources of toxic materials have been 

controlled. 

Thus in summary, the dischargers would be notified by 

geographical groups to quickly meet the first set of limits 

mandated under the NPDES program, with estimations of when 

the second and third sets of limits will be required. This 

would allow them to provide staging in their treatment plant 

design, or it might indicate whether recycling, process 

changes, or regional treatment might be better solutions in 

the long run. 

C. DEFINITION OF GEOGRAPHICAL GROUPS FOR SPATIAL STAGING 

The first step in modelling of the river for limitation 

of toxic discharges is to establish the geographical groups 

of dischargers, based on the overlapping impacts of chemical 

discharges during the most recent river survey. Generally 

the groups can be defined by the downstream impoundments 

15 
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into which most of their toxicants settle. For each group 

the local river conditions would be determined, including 

the background limits of toxicants. These groupings are most 

easily established during calibration runs on river survey 

data, using the STREAM? computerized model for rivers (6). 

This DWPC model can be calibrated to include sedimentation 

of toxicants as a process occurring in the model reaches for 

the impoundments. In analysis of the data from the Ten Mile 

River for 1984 it was apparent that the dischargers were in 

two distinct geographical groups. The first group was 

located between river miles 20 and 11, and particulate 

matter in their discharges settled in Dodgeville and 

Hebronville Ponds (Figure 2). Thus the Attleboro Wastewater 

Treatment Plant, downstream of these ponds, was in a 

distinctly different geographical group, including dilution 

afforded by the Seven Mile River. Thus in setting the 

discharge limits for this river, two sets of limits were 

issued, with Attleboro receiving slightly higher allowable 

concentrations than those given to the upstream dischargers 

in the first group. 

D. ESTABLISHMENT OF TEMPORAL PHASING 

The next steps in establishing the discharge limits are 

the calculations for the three temporal phases, made 

according to the following recommended procedures. 

16 
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In order to obtain reasonable mean values for the first 

phase limits, they should be calculated using background 

contaminant levels based on clean water stations from 

surveys during several previous years. In this case the 

acute TU is used for the extreme drought conditions known as 

the 7-day 10-year low flow, which is calculated from the 

published toxicity for simple solutions of each toxic 

substance. Sedimentation rates for the impoundments should 

be obtained by calibration of the STREAM? model, but no 

sedimentation into these impoundments should be assumed for 

the time after the first phase treatment facilities are 

completed. Sedimentation rates are a function of the size 

of the toxic particles, to be greatly reduced by sand 

filtration in the first phase treatment facilities. It is 

logical for sedimentation rates of polished effluents to be 

much lower than those of poorly treated discharges, and 

there was clear evidence of this in the metal concentrations 

observed downstream of the recently constructed Attleboro 

treatment plant during the 1984 river survey (Figure 4). 

Limits for the second phase, based on the TQ, will be 

lower than those in the first phase only if there were 

unknown toxicants in the discharge or if there were 

synergistic effects of combined toxicants. Although it can 

be estimated from chemical data, the TQ will be established 

by toxicological testing of the treated discharges after 

17 
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compliance with the limits of the first phase, using the 

river water for dilution. Thus this set of limits can be 

determined only after all the discharges in a given 

geographical group have met the first set of limits. To 

reach this phase will require vigorous enforcement of the 

first phase limits by the state and federal regulatory 

agencies. The allowable TQ will be greater than one if 

background levels of toxics have not been controlled at the 

time the first phase treatment systems go into operation. 
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FIRST PHASE 

High background 

contamination 

Calculated toxicity 

Settling of toxicants 

SECOND PHASE 

High background 

contamination 

Toxicity measured 

in stream 

Reduced settling of 

toxicants 

THIRD PHASE 

Low background 

contamination 

Sedimentation 

is controlled 

For the final phase, allowable toxic discharges should 

be estimated by using safe background values of 

contaminants, and no sedimentation of toxic particles, 

assuming that a regional program has been completed to 

reduce toxicants from roadways and other sources such as 

impoundments or individual domestic septic systems. 

Implementation of the discharge limits in this final phase 

will be contingent upon the success of a parallel government 

program to reduce background concentration of the toxicants. 

Timing of the third phase will be a government decision, as 

control of background toxicity may require considerable 

government action in addition to the issuance of the 

discharge limits. In order to reach the third phase, the 

regulatory bodies may have to control urban and rural runoff 
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as well as deal with residual wastes accumulated in 

sediments in the river bed, potentially expensive 

procedures. 

E. ANALYSIS OF FLOOD CONDITIONS 

Floods and subsequent scouring of sediments in 

Massachusetts Rives may cause toxic conditions for aquatic 

life as serious as those caused by droughts. This was seen 

in the data from the 1984 survey of the Ten Mile River and 

from recent publications by the Rhode Island Department of 

Environmental Management in which it was shown that lead in 

storm runoff from interstate highways and other roads was 

more significant than that coming from industrial discharges 

(7). From 7 to 13 tons of lead per year were washed from 

roadways into the Pawtuxet River in Cranston, Rhode Island, 

compared to about 0.2 tons per year from industrial or 

domestic sewage systems. 

A similar increase in lead was seen in the Ten Mile 

River during 1984 at the crossing of Interstate 95 near 

river mile 15 (Figure 4). This rise from 50 to 80 parts per 

billion was not due to the North Attleborough wastewater 

treatment plant, as its discharge contained only 20 parts 

per billion of lead. The impact of roadways can be 

determined if future DWPC surveys include location of major 
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highway crossings, as well as their drainage areas, traffic 

volumes and pollutant loadings. 

Roadway lead and other toxicants are washed into the 

rivers during the first flushes of storms. Although 

considerable dilution is provided by such flood waves, the 

most toxic event for aquatic organisms may be a heavy storm 

occurring at the end of a long dry summer when large amounts 

of materials have accumulated on the roadways. This is 

typified by hurricanes which strike Massachusetts about once 

every 10 to 20 years, and could be analyzed as the 7 day -

10 year maximum flow, corresponding with the 7 day - 10 year 

minimum flow used in drought analyses for waste load 

allocations, and easily obtained from USGS publications. 

It is also possible that highly toxic conditions occur 

during rapid snowmelt in early springtime, although lower 

water temperatures and more resistant life stages may give 

significant protection to the aquatic organisms during this 

season. 

The same floods which wash in roadway deposits may 

cause scouring and transport of toxic benthic deposits from 

river impoundments if they have not been buried under dense 

non-toxic sediments. In rivers where toxic materials have 

accumulated in these sediments, severe toxic effects could 

be caused by the temporary resuspension of these materials. 

Analysis of data from the Ten Mile River survey showed that 

22 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

copper and lead were re-suspended in significant amounts 

below the Hebronville impoundment while the spillway was 

temporarily lowered during the 1984 survey (Figure 4). It 

is possible to use the STREAM? model to approximately 

simulate this effect by using a negative sedimentation rate 

for the impoundment reach, but a more careful analysis of 

each impoundment is needed to provide realistic estimates of 

re-suspension for each toxicant during flood conditions. 

This analysis would require collection of additional data on 

characteristics of the impoundments, during summer surveys 

of the rivers. 

If flood analysis indicates that unacceptable toxic 

conditions will occur even after limitation of point 

discharges, then a river basin program for detoxification of 

sediments and control of storm runoff will be required. 

This flood condition may be more important than the drought 

condition, in terms of protecting aquatic life, and should 

be given high priority. 

F. CONTROL OF PARTICLE SIZE 

The problem of continued settling of toxic particles in 

impoundments must be addressed, even if concentrations of 

toxic materials in the river itself are satisfactorily 

controlled. If settling of toxic particles continues this 

will continue to destroy basic elements in the food chain 
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for fish, and will hasten eutrophication of impoundments by 

eliminating natural balances of animals and vegetation. The 

best solution would be to impose a limit on particle size in 

discharges, as well as the limit on concentrations of 

toxicants. In simple terms this may mean that industrial 

discharges will be required to have final settling basins 

or sand filters. Or it may mean that they will be required 

to discharge to municipal wastewater treatment plants which 

have these sedimentation and filtration facilities. 

24 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

IV. SUMMARY AND RECOMMENDATIONS 

The purpose of these recommendations is to address the 

unusually complex problems related to control of the 

discharges of metals and other toxicants into rivers in 

Massachusetts for which NPDES discharge permits must be 

calculated according to water quality limitations. These 

rivers generally have extremely low flows during summer and 

fall and contain many impoundments and industrial 

discharges. It is recommended that the discharge 

limitations be determined using a method of geographical 

staging and temporal phasing which also includes analysis of 

the effects of sedimentation, floods and roadway crossings. 

The discharge limits can be calculated with the STREAM? 

model of the DWPC, including sedimentation and flood 

effects, The calculations for the limits are to be applied 

in spatial stages and temporal phases for each river system. 

Staging of limits will protect the legal rights and 

financial limitations of polluters, and together with 

recognition of sedimentation and flood effects, will also 

ensure protection of aquatic life. This policy thus 

provides a comprehensive and rational strategy for control 

of toxicants in the rivers of Massachusetts. 
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SPATIAL STAGING 

The purpose of the spatial staging method is to deal 

fairly with aggregations of polluters whose discharges are 

so close together geographically that biological and 

chemical effects in the river cannot be traced to individual 

discharges. Thus identical permissible concentrations of 

toxic substances will be established for each geographical 

group of dischargers, applying uniform criteria and river 

conditions in calculations for the group. Conversely 

however, allowances will be made for differing 

characteristics of the river between groups which are at 

markedly differing locations. 

The permits should specify permissible concentrations 

of toxic substances in the discharges, not permissible 

loadings. For most rivers in which the allowable discharges 

are based on water quality limitations, the preponderance of 

flow during the summer drought is from sewage discharges. 

Thus flow in the river provides virtually no dilution, and 

mass loadings of toxicants in the discharges (concentrations 

times mass flow rates) have less biological significance 

downstream than do the concentrations of toxicants in the 

discharges. 

The effluent limits should be calculated by beginning 

at the upper perimeter of the river system, proceeding 
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downstream by geographical groups. It is recommended that 

the spatial stages be established with the STREAM7 computer 

model during preliminary calibration runs. These 

calibrations should include simulation of sedimentation of 

toxic particles in impoundments. 

TEMPORAL PHASING 

The purpose of temporal phasing in issuance of the 

discharge limits is to provide for future additional 

treatment, to be required because of hidden toxic effects in 

the discharges or because of lowering background levels of 

toxicants in the river due to future improvements upstream. 

Thus discharge limits will be given in first, second and 

third phases. Achievement of the third phase will require 

action by state and federal pollution control authorities to 

reduce the background levels of toxic substances reaching 

the rivers from roadway runoff, from clandestine and 

intermittent sources, and from residual wastes in the river 

bed. 

SEDIMENTATION 

During low flow conditions, toxicants in particulate 

form will settle in impoundments, causing adverse effects on 

invertebrate organisms and bottom-feeding fish. This 

results in bioaccumulation of toxic metals and other 
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substances in fish which may be inadvertently consumed in 

dangerous quantities by local people. Thus the sedimentation 

of toxicants in impoundments can have human health risks as 

well as adverse ,ecological impacts. Discharge limits must 

thus be set to limit maximum particle sizes as well as 

concentrations of toxicants. 

FLOOD EFFECTS 

Adverse conditions in Massachusetts rivers are likely 

to occur at the end of summer under two flow regimes, 

droughts and floods. For flood conditions, toxicants 

derived from roadway runoff and scouring of benthic deposits 

are added to those coming from point discharges. Thus both 

drought and flood conditions must be considered when setting 

discharge limits for point sources under the program of the 

NPDES. This will require statistical analysis of flood 

flows on the river and considerable information on the major 

roadway crossings, on morphology of dams and their 

impoundments, and on the scouring characteristics of the 

toxic sediments. This information should be collected during 

future DWPC summer surveys. 
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APPENDICES 

Appendix A. Letter of 26 June 1985 from DWPC to EPA, and 

Effluent limitations subsequently proposed by 

EPA 

B. Toward a Cleaner Ten Mile River, public report 
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Thomas C. McMahon 
.Director 

'"'-PPendi.x A ·p A 1 

;:/~ "<(ffll7l!Jll&n,u,iea/d ¥ urttJJa&tJe/1.J, 
<ffuc«u"v-e ~ece o/ Cnvin,111menla/ ,$e~ 

!f)efa,./ment o/ fff,,ue",,onmenlal P2ualfty 6n,1enee1<en,1 

Eavdton o/ 1ltte1, {!ll,(ftelt"on ~nt,ol 
tJ,.,, "/l{n1,,. !./'t,,,,et, fZJton, .,,1/aJJ. (J,2/{JJ' 

June 26, 1985 

David Fierra, Director 
U.S. Envirolll!eiltal Protection Agency 
J. F. Kennedy Federal Building 
Boston, MA 02203 

De~ Mr. Fierra: 

The enclosed information is to assist you in drafting of the new discharge 
per.nits for industries and towns on the Ten Mile River in $0Utheastern 
Massachusetts. The data were obtained by a cooperative field survey rrade by 
your personnel and ours since last sumrer. We are also enclosing copies of 
dOCllITT"-'lts we are sending to the industries a.1d towns affected, and a press 
release, for your advance information. 

This is the first specific application of the policy we agreed upon in July 
1984 regarding the control of toxic substances in wastewater discharges to 
Massachusetts rivers. The developrrent of the specific l,i.rnits on rretals and 
other contaminants was based on both the toxic levels indicated in the federal 
"white book," and the observed biological conditions in the river system. 

Herein we have analyzed the field data to obtain two results: the back
ground levels of rretals in the clean river stations, -and the allowable loadings 
of the critical pollutants for all of the discharges to the river, following a 
general policy of using the highest value cf either the EPA "white book" cri
teria or the clean water concentrations to calculate the allowable concentra
tion in t..1-ie river. The clean water values governed for rrost contaminants. 

•rr:,e b..,ckground levels of ccpper and ct..'ler metals were calculated from the 
1973, 1981 and 1984 river surveys for the clean river stacions en the Ten Mile, 
Seven Mile and Bungay rivers (Table ll. There was a large range in the con
cent:rations of these rretals, · with rrany individual sample concentrations being 
zer:o, esr-ecially with silver. Detailsd data on copper is given as it is the 
=s::. import."-.rit toxic rretal. 
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p·Az , 

David Fierra, Director 2 June 26, 1985 

The clean water concentrations in Table 1 correspond to the long-term 
means, equivalent to the allowable concentrations to avoid chronic impacts on 
biota. Slightly higher values can be allowed for short periods, based on acute 
impact data. 

In the case of copper, for which \.e have the m:,st clear evidence of biolo
gical impact, \.e recomrend detailed develoi;mmt of effluent criteria for all 

· dischargers, based on nathema.tical simulation of the river flow, using the 
STREAM? computer mdel developed for Massachusetts rivers. 'lhis mdeling pro
cess allows for rapid determination of allowable effluent concentrations, with 
allowance for stream dilution and sedimentation in .i.mpoundnents. Be:::ause of the 
high clean water concentrations of copper (20 micrograms. per liter) and the 
snall am:iunt of the cleaner distributed runoff (5 micrograms per liter), the 
only discharge which can be given slightly relaxed limits on copper will be the 
Attleboro treatnE!t plant. 

The dilution provided to the Attleboro discharge by the North Attleborough 
flow, plus the snall am:iunt of settling occurring in the .i.mpoundllents directly 
above the Attleboro discharge, will nake it possible for them to discharge 
slightly higher concentrations of copper. Your own staff, using the STRFAM7 
conputer IIXldel for Massachusetts rivers, will calculate the exact am:iunt 
allowable for Attleboro, estinated at about 30 micrograms/1 of copper, whereas 
all others will be limited to 20 micrograms/I. 

For Il'etals other than copper, and for chlorine, \.e recomrend a blanket 
value for the effluent limits equal to the clean water level, or your "white 
book" criteria, whichever is higher. For chlorine the toxicity level in the 
river should thus be 11 micrograms/1, based on the "white book." 

Unfortunately even after these reduced limits are imposed, contaminants in 
the river will generally remain slightly higher than those recomnended on the 
basis of your guidelines, thus these new effluent standards will not completely 
rem:ive adverse impacts from the river. Nonetheless the new limits will signifi
cantly lower the public health hazards from Il'etal in fish, will cause a signifi
cant improvell'ent in the overall biological health of the river flora and fauna, 
and will drastically reduce the deposition of toxic Il'etal into the sediments. 

Armonia is a problem in the effluent of Handy & Harm:m in North Attle
borough. We reconmend Il'eeting the "white book" toxicity value of 2 rrg/1 in 
the river at a pH of 7 and temperature of 25°C. The 7Ql0 low flow at their 
point of discharge (mile 18.1) is 0.16 MGD and their discharge is 0.1 MGD, thus 
the allowable concentration in their effluent is 5 rrg/1, an allowable loading 
limit of 4 lbs. per day. The h;o =icipal plants should continue their present 
limits of 1 rrg/1, based on oxygen considerations. 
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P A3 

TABLE 1 
CAIDJIATION OF MF.AN O)NCEN'l'RATION OF 'lUI'AL ME:l'AI.S 

AT CLEAN UPSTREAM STATIONS IN TEN MILE RIVER AND TRIBUl'ARIES 

Total Copper== 0.02 to 0.03 11¥J/l (recamend using 0.02 11¥J/l) 

Ten Mile River Seven Mile River 
1973 0.03 0.02 
1981 0.00 
1984 0.07 0.02 

neans 0.03 0.02 

Total Silver== 0.002 ng/1 or 2 micrograms/1 

Total Lead == 0. 04 ng/1 

Total Cadmium == 0. 006 ng/1 or 6 micrograms/1 

Total Aluminum == 0.14 ng/1 

Total Chromium == 0. 03 ng/1 

Total Iron == O. 6 ng/1 

Total Nickel == 0.02 ng/1 

Total Zinc= 0.1 ng/1 

Bungay River 
0.02 
0.01 
0.05 

0.03 
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p A4 

David Fierra, Director 3 June 26, 1985 

Because of low oxygen conditions in the downstream p:,rtions of the river, 
and because additional problems are expected due to algae when metals are 
rerroved, the two 1111JOicipal plants llUlSt aerate their effluents to saturation. 
Until netals are reiroved from the river and a new study determines the 
phosphorus limits, =rent limits of 1 ug/1 of P must be maintained in both 
municipal discharges and for all industrial discharges. 

This information, as well as the enclosed river report, cover letter and 
press release, are to assist you in drafting the new discharge permits in the 
coming weeks. We hope the information is adequate, and will be pleased to 
clarify anything you require. 

'ICM/ac 
Enclosures: Ten Mile River rep:,rt 

Press release 

Very truly yours, 

Thonas c. McMahon 
Director 

Cover letter for dischargers 
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PARAMETER 

COPPER 

SILVER 

LEAD 

CADMIUM 

ZINC 

CHROMIUM 

NICKEL 

ALUMINUM 

IRON 

TIN 

CT ANIDI:": 
- . 

PROPOSED BY EPA JULY 19B5 

EFFLUENT LIMITATIONS 

upstream chronic acute 
clean water water 
water quality quality 

criteria criteria 
(ug/1) (ug/1) (ug/1) 

' 20. 5.8 8.4 

2. 0.12 0.82 

40. l • 25. 

6. 2. 2. 

100. 47. 180. 

30. 42. 870. 

20, 56. 1100. 

140. -- --

600. -- 1000. 

-- -- --

4.2 22. 

p A5 

Permit MAOO 
Attachment 

proposed 

monthly 
average 

(ug/1) 

20. 

2. 

40. 

6 

100. 

42. 

56. 

140. 

600. 

4.2 

permit 

daily 
maximum 

(ug/1) 

20. 

2. 

40. 

6. 

180. 

870. 

1100. 

140. 

1000. 

22. 
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Appendix B 

Toward A Cleaner 
Ten Mile River 

This report was developed for the Division of 
Water Pollution Control of the Massachusetts 

Department of Environmental Quality Engineering 
by Rumford River laboratories of Foxboro, 

Massachusetts, under Contract 
Number 329305455JOBI of March 1985. 

A Public Report - September 1985 

RUMFORD RIVER LABORATORIES 
Foxboro, Massachusetts 
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Summary 

Based on two decades of experience with 
control of water pollution in America, environ
mentalists are emphasizing prot.ection of normal 
biological communities in natural waterbodies as 
the fundamental' criteria for developing pollution 
control programs. This high regard for aquatic life 
is a concept being applied throughout Massachu
setts and nationally. Thus river surveys are being 
conducted with much more attention to biological 
aspects. One of the first such surveys was con
ducted in 1984 on the Ten Mile River System in 
Massachusetts and Rhode Island. Analysis of the 
results indicated that the overall condition of the 
river had improved markedly in the last decade 
due to better treatment of industrial and municipal 
wastewaters. However problems remained with 
two major aspects: metal contamination by copper, 
lead and nickei and over-fertilization of aquatic 
vegetation by phosphate nutrients. There were 
abnormally high concentrations of metals in the 
river and large residuals of metals in the sediments 

of the impoundments, eliminating normal bottom 
organisms. The adverse impacts of these metals 
were seen at all levels in the aquatic food chain in 
1984, limiting the numbers and species of algae, 
small aquatic organisms and fish. Copper and 
nickel in the river system came from industrial 
discharges, while lead came from industries, road
ways and other sources. There were also problems 
with ammonia, excess chlorine, and other chemi
cals lethal to aquatic life, from some of the waste
water treatment plants. Given the recent history of 
cooperative action for control of water pollution by 
local industries and governments in the Ten Mile 
River Basin, and given the complexity of the 
measures required for a complete restoration of 
the river, it appears that these problems could be 
corrected by a joint effort in the near future. This 
would require that all involved regard the river as a 
living entity, a biological community to be protect
ed. To quote a local industrial publication,"Only 
this ... can make The River live again" 

Toward A Cleaner Ten Mile River 
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Historical Background 

The Ten Mile River and its two main tributaries, 
the Seven Mile and Bungay Rivers, drain 50 square 
miles in southeastern Massachusetts and discharge to 
the estuaries of the Seekonk River and Providence 
River in Rhode Island, eventually flowing into Narra
gansett Bay (Figure 1). Towns in Massachusetts in the 
Ten Mile River Basin include Plainville, North Attlebor
ough, Attleboro and Seekonk 

The river system was formed about 12,000 years 
ago as the continental glacier receded, yielding slow
flowing streams of glacial purity, with only a slight slope 
toward the ocean, creating many natural habitats for 
stream and wetland animals and vegetation After 
almost 100 centuries of sparse human habitation by 
hunting bands, settlements began along the river slightly 
downstream of what is now the center of Attleboro, 
according to archaeological evidence. From temporary 
campsites established by hunters, this favored location 
became the home of agricultural settl~rs, at the time of 
the early Middle Ages in Europe (Figure 2). Most of 
the banks of the Ten .Mile River contain evidence of 
campsites and agricultural activity occurring before 
the 17th century. 

After colonization of the region by immigrants 
from Europe and elsewhere, the river was dammed 
to provide reliable sources of power, and the valley 
eventually became the home of jewelry and metal 
plating industries which used the river for process 
water and waste discharges. This activity destroyed 
the natural environment in the river, and was the 
forerunner of severe problems with floods and envi
ronmental contaminati9n. 

During the early twentieth century the industrial 
discharges created highly acid conditions in the river. In 
combination with high concentrations of metals and 
excess organic pollution, this eliminated most forms of 
aquatic life from the river during the early twentieth 
century. If environmental quality of the river were to be 
rated from 1 to 10, the rating for the river during' this 
period should be 1, the lowest pos.sible value (Figure 2). 
In contras~ the rating would probably have been 10 for 
the preceding 12,000 years. 

The major population centers of North Attlebor
ough and Attleboro developed sanitary sewer systems 
and began discharge of partially treated domestic 
wastewaters soon after the Second World War. Lack of 
adequate treatment of these wastes added to the 
problems in the river, especially because of the low 
flow in the river system during the summer and fall 
when critical conditions occur for aquatic life. During 
the hot summer months almost all flow in the river is 
from these wastewater discharges, with the largest 
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portions coming from the municipal treatment plants of 
Attleboro and North Attleborough (Figure 3). During 
low flow conditions the river discharges about 10 million 
gallons per day into the Seekonk River estuary, and 
over 8 million of these gallons are from wastewater 
discharges, 5.7 million coming from the Attleboro sewage 
treatment plant With only about 15% of the river 
being clean water available for diluting the wastewaters, 
extremely high degrees of wastewater treatment are 
needed for this system to approach normal• purity. 

Additional problems have been caused by settling 
of the organic and metallic materials from the various 
discharges into the impoundments.created by the many 
small dams along the river. Not only have the sediments 
produced obnoxious conditions in the ponds and 
eliminated the flood storage capacity of these reservoirs 
but they have also locally raised the general river level 
and water table, causing increased infiltration into 
sanitary sewers which parallel the river course. This 
increased infiltration caused operational difficulties in 
the municipal treatment plants during rainy periods, 
and also resulted in loss of useful flow capacity in the 
sewer systems. Flooding occurred quite frequently in 
the Attleboro area, probably increased by the dams and 
siltation (Figure 2). 

In the 1960's a J?road program for control of water 
pollution was initiated in Massachusetts, and high 
priority was given to the Ten Mile River because of the 
severe nature of the metal and organic contamination. 
Reduction in contamination then occurred relatively 
rapidly in this river system pecause of a generally 
cooperative and progressive attitude of many local 
industries. Over the ensuing two decades the Ten Mile 
River showed significant improvement in water quality 
and in health of aquatic biota, especially since the 1970's 
when improved treatment of industrial wastewaters 
began (Figure 2). The concentrations of harmful metals 
were significantly reduced by controlling and treating the 
industrial wastes, thus creating conditions in which some 
small aquatic animals were able to survive. 

Due to decreased organic pollution sinc;.e 1980 
when the municipalities of North Attleborough and 
Attleboro both began operating advanced systems for 
treatment of domestic wastewaters, oxygen levels came 
back to normal concentrations in many areas, and fish 
could return. Although the general appearance and 
vegetation of the river impoundments remained unat
tractive due to over-fertilization, this problem was 
reduced to more manageable proportions by the instal
lation of nutrient removal ~ystems in these new treatment 
facilities. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 

0 

Whitin & Davis 
Hilsing,.,,,_e.,__r -"9:1 

Balfour • Attleboro 

Robbins 

10 Flow In River 
In Million Gallons Per Day 

20 River Miles 

TRIBUTARIES 
15 

Speedway Brook 

Figure 3 

10 

5 

0 River Miles · Seekonk River Estuary 

~ - O Flow In River 
In Million Gallons Per Day 

Proportional Flow Diagram Showing Major Discharges 
To River During Low Flow Conditions 

page 4 



Wastewater Discharges In 1984 

During 1984 an inspection of the river indicated 
21 separate discharges of potentially hazardous waste
waters, and 15 impoundments along the mainstream 
of the river (Figure 4). Sampling of these discharges 
for chemicals was conducted during the summer in 
cooperation with the industries and municipalities, and 
biological assays of the toxicity of the effluents to aquatic 
organisms were carried out in 1984 and 1985. Copper 
and lead were found to be the most important contami
nants, and many other contaminants were at unacceptable 
concentrations, despite the existence and generally 
efficient operation of the treatment facilities constructed 
in the early 1970's (Figure 5). 

Copper and other metals are dangerous to aquatic 
life because they can be lethaL and at low concentrations 
they disrupt normal life processes. These metals limit 
reproduction and stunt growth of aquatic organisms if 
continuously present at concentrations in the range 
of 0.1 to 50 parts per billion, with silver and lead causing 
adverse impacts at the lowest concentrations, around 1 
part per billion. Rapid death occurs from these metals if 
aquatic organisms are exposed to higher levels. Copper 
and silver start causing mortality in a matte_r of hours if 
the concentrations exceed 10 parts per billion. 

The total amount of copper reaching the river 
from the discharges varied from 10 to 35 pounds per 
day, about 4 tons per year. Lead and nickeL as well as 
silver, ammonia and chlorine were also present in toxic 
amounts in some discharges, and large amounts of 
phosphates which fertilize vegetation were being dis
charged to the river by the two municipalities. 

In many cases the concentration of contaminants 
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in the industrial discharges were over 10 times the 
allowable limits for the river, based on chronic toxicity 
considerations for aquatic organisms or on background 
levels in clean water (Figure 5). For example, 10 of the 
16 major discharges contained copper concentrations 
over 10 times the background limit of 20 parts per 
billion. All industrial discharges contained more than 
10 times the chronic toxic limit for lead, and background 
levels were so high that there must have been 
significant additional sources of lead in this river 
basin, probably from highways. 

.···1 

The biological verification of the chemical data 
was summarized in a "Toxic Quotient", indicating the 
relative biological hazard of the discharge after dilution 
in the river. The most hazardous discharges had Toxic 
Quotients around 200, while only a few were significantly 
below 1.0, a relatively safe indication (Figure 5). These 
quotients were obtained using the sensitive aquatic 
organism Daphnia, in 48 hour exposures, assuming 
there were no toxicants in the river upstream of the 
discharge. However, a complete analysis should include 
the high background levels of toxicants already in the 
river. 

Many of the discharges were toxic at less than 1 % 
of their full strength, according to the results from the 
biological tests. Thus the use of treatment technology of 
the 1970's on these wastewaters was clearly shown to 
be inadequate for the biological health of the river. More 
recent federal and state policies require that the protec
tion of the overall biological structure and integrity of 
the river be the basic goal in developing .pollution 
abatement programs for the nation's waterbodies. 
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Condition Of The River In 1984 

Along with testing of the wastewater discharges, 
a complete survey of the river system was conducted 
during the summer of 1984, assessing biologicaL · 
chemical and physical aspects of the river and its 
impoundments. The populations of algae, microorgan
isms, insects, mollusks and fish were studied in the 
river and its tributaries. The vertical and horizontal 
distribution of temperature, oxygen, metals, biota and 
other parameters were measured in the several iih~ 
poundments along the river. 

The results of the 1984 surveys were encouraging 
The acid level in the river was normal with a mean pH 
slightly above 7, highly suitable for aquatic life. This 
contrasted sharply with the low pH around 5, found in 
a survey during the Depression (Figure 6). The low 
pH in 1937 was due to acid wastes from the metal and 
jewelry industries. Acidity had been brought to near 
normal by 1973 when most of these industrial wastes 
were given the best treatment available at that time. 

Suspended solids were also high in 1937, about 
11 parts per million. This had become worse by 1973 
because additional solids came from the municipal 
se,yage of North Attleborough and Attleboro, reaching 
a mean value of 14 (Figure 6). However in 1980 new 
treatment plants began operating in both municipalities, 
reducing the suspended solids in their discharges 
below 5 (Figure 5). The results were evident in the low 
suspended solids found in the river in 1984, about 5 
parts per million, nearly the same as the amount found 
in clean water upstream of all discharges (Figure 6). 

Metals, even after dilution in the river, were at 
very harmful concentrations, especially copper and 
lead (Figure 7). Under normal conditions, adverse 
impacts on aquatic biota would occur at concentrations 
of copper above 6 parts per billion, and this value was 
exceeded at every sampling station on the river, reaching 
maxima over 100 parts per billion. Other metals found 
in harmful concentrations included lead at 40 to 100 
parts per billion and nickel at 10 to 100 parts per 
billion. The mean concentration oflead in the river was 
over 60 parts per billion, significantly higher than the 
amount recorded in 1981, Jess than 20 parts per billion. 
This increase was not entirely due to industrial discharges 
as the lead concentrations in the cleanwater statiolls, 
above any discharges, were also high in 1984, averaging 
40 parts per billion, compared to virtually zero in 1981. 

The surveys in the impoundments showed high 
concentrations of metals in the sediments, and in some 
areas, no bottom organisms (Figure 7). Copper and 
nickel content exceeded 2000 parts per million in the 
sediments. When biologically tested for toxicity, the 
sediments showed severe adverse effects on biota.. 
especially in the impoundments downstream of Attleboro 
center. In Central Pond the sediments showed toxic 
impacts on microorganisms until the sediment was 

diluted down to 8% of its natural condition. This is 
reported as the Sediment Toxicity Index, the dilution 
required before 50% of certain microorganisms can 
survive a 30 minute exposure (Figure 7). A large index 
such as 100%, indicates the discharge is only mildly 
toxic, whereas a small index of 1 % or 5% indicates 
high toxicity. 

An increase in copper was noted in the river near 
Hebronville in absence of any known discharges. This 
may have come from eroding sediments behind the 
Hebronville darn, but the amount of copper entering 
the river was as large as another industrial discharge 
(Figure 7). 

Although warm-water fish were present in the 
river, such as chain pickerel and red-fin pickerel (Figure 
8), the number of species and the numbers of fish were 
far less than would be expected, based on the size and 
geography of the river system. Only Central Pond in 
Seekonk had a fairly normal number of species, still less 
than a dozen (Figure 9). Even these fish populations 
were limited in numbers and their flesh contained 
noticeable amounts of heavy metals, especially lead. 
Further downstream, oxygen levels were observed 
below the 5 parts per million standard needed to avoid 
fish deaths in the summer. Concentrations of 2, 3 and 
4 parts per million were found at times, throughout the 
Teaches of the river below Attleboro (Figure 9). It was 
disturbing that the relatively clean upstream impound
ments such as Fuller and Falls Ponds also contained 
limited fish communities. They may have been limited 
by background levels of copper and lead which might 
prevent normal reproduction and survival 

The variety of small aquatic organisms which 
form the food supply for fish and other larger animals, 
was quite limited in the urban areas, in comparison to 
the clean water communities found upstream and in 
Central Pond (Figure 9). The river in North Attlebor
ough and Attleboro had only half the normal variety of 
organisms, and these were primarily groups noted for 
their tolerance to metals. Biological community struc
tures in the entire river from West Bacon Street in 
Plainville to its terminus in the Seekonk River in East 
Providence showed some evidence of adverse impact, 
in comparison to healthy rivers in New England 

Careful analysis of the community structures of 
aquatic organisms in the Ten Mile River indicated that 
definite toxic stress was occurring where the river 
crossed West Bacon Street in Plainville, at the inlet to 
Falls Pond in North Attleboro, and in Speedway Brook 
in Attleboro. Below and even above the two municipal 
treatment plants the aquatic communities were "filter
feeding" assemblages, typical of streams receiving high 
loads of particulate organic matter. At the Olive Street 
crossing South of Attleboro Center, the structure of the 
biotic community indicated a combination of toxic 

page 8 



::J" 200 

en 
~ 
GI 160 

15 
.c 
< 
+- 120 
GI 
GI 
LL --c 80 
0 
:.: 
~ 
GI 40 w 

unicipal & Industrial Discharges 

1 i I ! I 
!TEN MILE RIVER PROFILE 

I I ! ' 

i I 
I I 

Dodgeville Pond · 
Hebronvllle Pond 

0 

0+-----+----+----+---+-----+----1,-..--+----1---i------t 
20 18 16 14 12 10 8 6 4 2 0 

River MIies 

t- --t-- --1 -- -+-- --+- -+-- ll- --+--- +- --+-- - ~30 

t----.----11----i------+---+---+---+----+---+---t-0 
20 18 16 14 12 10 8 6 4 2 0 

River Miles 

Figure 6 
Long Term Trends In Acidity & Suspended Solids 

In Ten Mile River, 1937-1984 

page 9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

J 200 

(I) 

:E 
Cl> 160 
> 
.8 
~ 
.. 120 
QI 
QI 

!:!:. 
C 80 
.!2 
i;j 

~ 40 
iii 

Municipal & Industrial Discharges 

I 
. I I 

TEN MILE RIVER PROFILE 
I I 

I 
! 

0 

24-r--"""T'lr°--r---"""T---r----,---,----,---,----,---,-----'""T----, 

20 

·20 
·24..L-----:1""-- ...... -....J. __ .... _---'- __ ,___...._ __ ,___...._ __ ,___---'-_----' 

-+-- -'-H-- DISSOLVED OXYGEN .i- -1-- --+ - -+---- -1+ ---1-- ~.......i-- _ _,__ _ ___, 

+-----\\-\---~~ ..--1-- -+-·- +-'l--+-- l-- -l- -\--- .....,....--\, l--- -\----l 

22 20 18 14 12 10 8 
River Miles 

Figure 9 

Maximum ·• 

Mean 

6 4 2 , 0 

Dissolved Oxygen, Numbers of Fish Species, 
And Richness Index For Ten Mile River, 1984 

page 12 



a. Falls Pond in the upper portion of the river basin 
is attractive and popular for recreation. 

Figure 10 
The Contrast Between An Upstream Pond & A Downstream Pond 
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b. Central Pond in the lower reaches of the river is 
choked with weeds and contains 

heavy residual contamination. 

PHOTOS BY PAUL METCALF 
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Analysis 

Although noticeable progress had been made in 
restoring the Ten Mile River during the previous 
decades, it was still receiving two to eight tons of copper 
annually from wastewater discharges in 1984. Fish had 
returned to the downstream impoundments on the 
river but their flesh contained undesirable amounts of 
lead, copper and other metals. Accumulation of metals 
in the organic sediments of the several impoundments 
presented a hazard not only for aquatic life in the river 
but also for the estuarine and marine life downstream in 
Narragansett Bay, a highly attractive recreational and 
natural resource area Shellfish which are common in 
the Bay may bioaccumulate copper by factors of 20,000 
to 30,000. Thus the metal problem in sediments of the 
Ten Mile River impoundments might also have wide-
spread impact across state lines after heavy rainfall and 
scouring floods. 

The conclusions drawn from chemical analyses of 
the water were confirmed by biological assays of the 
wastewater discharges and the river, and by examination 
of the structure of biological communities in the 
streams and impoundments. All of the information 
pointed to a river containing biological communities 
under toxic stress from excessive amounts of copper 
and other metals. Aquatic organisms, because of their 
small size and total immersion in water, are even more 
sensitive to copper and other metals than are people, 
when the standards are expressed in terms of mass of 
metal per volume of water. Thus the standards for 
metals in the river must be more stringent than drinking 
water standards for human consumption, as human 
consumption of metals in drinking water is limited by 
the amount of water a person can drink 

Analysis of the data also pointed to a problem in 

Recommendations 

In the Ten Mile River, with extremely low summer 
flows and a high proportion of wastewater discharges, 
contaminants in these discharges must be further 
restricted to protect the aquatic life, necessitating the 
issuance of more stringent discharge permits. The 
primary pollutants to consider in the discharge permits 
for both industrial and municipal discharges are 
copper, lead and nickel Ammonia and phosphorus 
must also be reduced from some discharges. Local 
effects from chlorine in effluents should also be corrected, 
and post-aeration of the effluent from the North 
Attleborough and Attleboro treatment plants should be 
resumed 

Industries can meet the new limits cin contaminants 
by source reduction in their process streams, by addi
tional treatment or by connections to the municipal 
sewers after adequate pretreatment of their wastewaters. 
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the downstream impoundments with ·excessive nubients 
and vegetation The excessive algae and vegetation in 
impoundments in the downstream portions of the river 
valley caused continuing problems with maintenance 
of proper oxygen levels in the river, a prime necessity 
for fish survival Refinements in operation of the mu
nicipal treatment plants in North Attleborough and 
Attleboro could bring phosphate concentrations down 
to more acceptable values and raise mean oxygen 
levels, thus stabilizing oxygen conditions for fish and 
probably improving metal removal at the same time. 

Although the fish populations were abnormally 
limited and had elevated levels of metal in their tissues, 
it is likely that they can be brought to a healthy 
condition by further control of metal discharges and 
subsequent restoration of the river biota upon which 
they depend for food. However the increasing concen
tration of lead in the river since 1981, and the likely 
high levels oflead in the blood of people in urban areas, 
indicate a present potential for public health problems, 
in addition to the dangers to aquatic life. 

Several unexplained anomalies were noted in the 
river conditions in 1984, especially in the Dodgeville 
and Hebronville areas. Large fluctuations in pH levels 
were noted in the impoundments despite normal 
acidity in the river, and despite a lack of algae which 
might affect the acidity. Also large increases in copper 
and phosphates occurred in the Hebronville area 
upstream of the Attleboro sewage discharge. While this 
may be partly due to scouring of sediments from the 
temporarily empty pond, the large magnitude of these 
increases indicated the need for another examination of 
the river at this point 

The town of North Attleborough should also begin a 
program of source reduction for copper in their drinking 
water system, perhaps to include additional adjustments 
to the pH and reduction of copper piping. Attleboro 
should soon complete its control of improperly managed 
industrial discharges presently connected to the munic
ipal sewer system In addition both municipal treatment 
plants will have to improve their phosphate removal 

· systems, preferably in a manner which will also enhance 
metal removal 

Improvements initiated through the new round 
of discharge permits will not completely restore the 
river, particularly with respect to the downstream 
impoundments. Reduction of copper in the river will 
probably result in increased algae populations in these 
impoundments. Thus problems with nutrients and 
algae dynamics should again be evaluated in the river 
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after the metals have been reduced to acceptable 
levels. The possibility of nutrient dilution by augmenta
tion of low summer flows should be investigated by 
evaluating existing and potential reservoir sites in the 
upper reaches of the drainage basin for storage of clean 
flows from winter and spring storms. This kind of 
reservoir site might also be useful for increased drinking 
water supply. 

The impoundments along the river are potentially 
attractive resources. Their proper rehabilitation and 
management could become an esthetic and even an 
economic asset to local communities. This is esp€cially 
true in the lower reaches of the river where fish 
populations are returning, and where recreational use 
has already begun Fishing, boating and even swinuning 
sites could be created in convenient proximity to the 
several communities along the river. Property values in 
Attleboro and Seekonk might be considerably enhanced 
by rehabilitation of the impoundments. Flooding up
stream of these dams occurs fairly frequently and the 
high water tables cause increased filtration into sanitary 
sewers, especially in North Attleborough. This problem 
is exaggerated when the normal flood storage capacity 
of the impoundments is eliminated by deposition of 
sediment. The sediments in these impoundments con
tain high concentrations of metals which should be 
detoxified, probably by state or federal efforts which 
might involve dredging, Thus removal of sediments 
would have several advantages. 

Although there is little precedent for it in a river as 
small as the Ten Mile, formation of a river district or 
commission might be useful to coordinate the treatment 
of wastewater discharges and to evaluate and manage 
the numerous impoundments located in the several 
municipalities and two states. The following ideas for 
innovative approaches to correction of the rivets 
problems deserve more thorough exploration if the 
river is ever to be truly restored. Revenue for rehabili
tation might be obtained by installation of hydro
electric generators in the higher dams, especially those 
downstream of the major discharges which would 
provide steady flows. The hydraulic energy available in 
the impoundments might also be utilized for power to 
effect local improvements in the river such as aeration, 
sediment removaL and even ~emoval of residual color 

and contaminants from the main river flow. Removal of 
color would be a considerable improvement esthetically. 
Mapping of sediments and analysis of the dam structures 
would be a necessary first step in developing such a 
river basin plan. 

A Ten Mile River Commission could conduct 
cost-effectiveness analyses in regard to reduction of 
algae and vegetation in the impoundments and thus 
improvement of the river for fish, comparing dredging 
of the sediments versus increased chemical removal of 
phosphates in the treatment plants. Detoxification and 
dispersal of sediment from the impoundments could 
also be best evaluated with regard to the entire river 
basin, evaluating new provisions in the federal Superfund 
for hazardous wastes, or special legislative action 
Considerable capacity for sludge incineration and land 
disposal of residues exists at the Attleboro treatment 
plant, although these installations are not yet operating, 
This capacity might also be used for other treatment 
plants in the basin and perhaps even for disposal of 
some of the sediments in the river impoundments. 
Careful consideration should be given to extraction of 
the large amounts of metal including copper, silver and 
gold, which have accumulated in the deeper sediments 
during the early part of this century. 

Control of contaminants from roadway and urban 
runoff throughout the river basin should also be 
initiated to minimize background levels of contaminants 
in the river, especially lead and phosphorus. The 
unusual density of interstate highways in the river basin 
with 4 major roads and 3 interchanges may be respon
sible for the widespread and increasing concentrations 
of lead, both in the water and in the flesh of fish. Open 
land in the cloverleaf intersections of the interstate 
highways might be investigated for passive treatment of 
contaminants in the roadway runoff, and even for 
augmentation of low river flows. 

A survey of the headwaters of the basin should be 
initiated to determine the cause of sporadic high values 
of copper, and the high values of lead and other 
contaminants in the upstream portions of the river 
system. The elevated metal concentrations in the fish 
should be investigated to determine whether there is a 
public health risk 
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Perspective 

For the woodland hunters who gathered at camp
sites several hundred years ago! along the Ten Mile 
River, a reverent stewardship of the land and water was 
part of their way of life. The original North Americans 
who fished these rivers would not pollute or damage 
them, the rivers being their source of food, drink and 
cleanliness. 

But the concept of stewardship of the river 
escaped the immigrant and industrialized society which 
displaced the original North Americans. Nineteenth 
century Americans dammed the river to extract energy 
for mills and metal ·shops. After one hundred centuries 
of crystal clarity and biological harmony, the river was 
converted into an acid bath in a few, short years. 

"Mills had to be built And so The River began to die Children 
.. abandoned one shnking pool after another ... Ponds where 
trout and bass once lurked . . . yielded bullheads, then 
nothing. Trash accumulated ... It became no more than an 
open dumping ground" (Balfour, 1967). 

As the American economy recovered from the 
Second World War and people had time again to sit on 
the banks of the rivers and to row boats on the mill 
ponds throughout America, they were appalled at the 
desecration Their awareness gave birth to a new 
concept among those responsible for our public health 
and our environment, that engineers had to design 
wastewater treatment plants to fit the needs of the river, 
not just to satisfy short-term economical considerations. 
The river was more than a stream for dilution of 
wastes, it was a complex and balanced community of 
water, plants and animals which required protection. 
Action finally began, based on this concept. 

By 1973 the acid level of the Ten Mile River was 
again tolerable to fish, and in 1984 it had returned to a 
normal leveL suitable for living things. This improve
ment took a full generation, but it is hardly finished. 
Residues of waste remain, some are still being poured 
into the river. So the movement must continue. 

To quote again, 
.. it does not have to stay dead. Now ... we see the 

incalculable worth of our vanishing natural resources. We see 
the vital necessity for clean water ... It is more than being able 
to swim and fish and picnic in nearby green acres ... it is a 
value that exists in the heart . . . whose name is civic 
pride. Only this ... can make The River live again ( Balfour, 
1967). 

The purpose of this public report is to encourage 
those who would be faithful stewards of our rivers. 
It is a small report, regarding a small river. But it reflects 
the ~low, steady progress made in this last generation, 
and offers soine hope for-the generations to come. 
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