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I. Topsfield Board of Health Regulation Review Committee

A. Introduction 

The Board of Health Regulation Review Committee (BoHRRC) was formed on July 28th, 2004
by Topsfield’s Selectmen to investigate the scientific, legal and infrastructure implications for
Topsfield relative to the relaxation of Massachusetts’ Title V regulations.  

B. Charter

By order of the Topsfield Selectmen, the BOHRRC was to be composed of:
• Designated Planning Board member – Martha Morrison
• Designated Conservation Commission member – Thomas Warren
• Designated Open Space Committee member – Joe Geller
• Designated Board of Health member – no member has participated
• At least Two members at large – John Beck, Jackie Degan, and Holger Luther

Provisions of the Charter
• Review the legal requirements for supporting a local percolation rate more restrictive than

that of the DEP (Department of Environmental Protection).
• Assess the technical impact of the percolation rate change on Topsfield’s environment.
• Assess the ecological, social, economic, and town planning impacts.
• Determine the number and location of large parcels (10 acres or more) that could be

developed with a higher percolation rate.
• Determine the number of smaller parcels, including single building lots that could be

developed with a higher percolation rate.

C.  The Report

The following report includes a scientific analysis of percolation rates in the context of
Topsfield’s geological and geographical context, a discussion of the status of Home Rule, and an
impact study of development in Topsfield under a changed percolation rate.  The Committee has
endeavored to provide comprehensive technical and legal information for the use of the Board of
Selectmen, the Board of Health and the citizens of Topsfield.  
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II.  Executive Summary

The Board of Health Regulations Review Committee (BoHRRC) was convened by the Topsfield
Selectmen for the purpose of making recommendations on the advisability of adopting the new
60-minute/inch percolation rate that was adopted by the DEP of the Commonwealth in 2004. The
BoHRRC was also chartered to provide an estimate of the undeveloped land that may be affected
by such a change in the percolation limit, and to assess the issue of home-rule in this matter –
specifically the basis on which Topsfield and other communities may establish stricter limits than
those set by Title V of the Sanitary Code. 

This charter was addressed in four tasks that the committee formulated:  (1) the technical and
scientific implications of adopting the new limit; (2) the formulation of an approach to assessing
undeveloped land in Town that can be characterized by soils that do not meet the current
percolation rate; (3) the consequences on the Town’s tax rate if all available land identified in (2)
is developed; and (4) a legal review of the case for a local community’s autonomy to set
standards stricter than those of Title V. 

A.  Methodology

The first task was further divided into the issue of the feasibility of designing and maintaining an
on-site disposal system (OSDS) in the presence of 60 minute per inch soils, and the aggregate
effects on the groundwater supply of such OSDS’s built on all of the land identified in task (2)
above. The approach to both of these relies on published technical and scientific data relative to
each of these issues. The analysis was reviewed and endorsed by Dr. Peter Veneman, Professor
and Head of the Department of Plant and Soil Science, University of Massachusetts Amherst.

The second task was approached with the aid of the Essex County Soil Conservation Service
maps that identify soil types on land in Topsfield. When these are combined with cadastral maps
of the Town, one obtains a record of lots with given soil types. A count of undeveloped lots with
soils types identified by the Essex County Soil Conservation Service as having low hydraulic
conductivity yields an inventory of undeveloped lots in Town that most likely will not pass the
present percolation limit. There is a caveat in that some lots may be characterized by a mixture of
soils on a scale not reflected in the soil conservation maps. 

The third task was accomplished by formulating a financial forecasting model based on
demographic data relative to the Town’s inhabitants, the current cost of providing public
services, and the current assessed tax rate. Inflation, school expenditure projections, and current
and future real estate valuations are included in that forecast. 

The fourth task was accomplished, in part, with a law review by Phillip Posner of the law firm
Metaxas, Norman, and Pidgeon, LLP (see Appendix B) who researched the case law on the issue
of the authority of town boards of health to enact regulations that are stricter than such contained
in Title V. 

In addition the committee reviewed issues that are closely associated with issues analyzed in
connection with its chartered tasks. These include water pollution issues in the Town’s rivers and
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creeks and erosion control from surface water run-off.  These issues are related to the larger issue
of the Town’s water supply and the health of the Ipswich River.

B.  Findings

The findings of the Committee are as follows:  

1.  It is feasible to construct, operate, and maintain on-site disposal systems in 60 minute/inch
soils. This was not clear at the outset in that such systems rely to a substantial part on
transvaporation of groundwater to function properly. New England winters are sufficiently severe
to substantially limit such action.  Frozen ground limits the amount of moisture entering the soils
and thereby reduces available water. The investigations of OSDS technology in Nova Scotia by
Mooers and Waller, have provided convincing evidence in favor of these findings.

2.  Nitrate concentrations in drinking water are a public health hazard (see Appendix A). That is
the reason for the 10 mg/L (ppm) limit of nitrates in potable water set by the federal EPA. 

3.  Nitrate concentrations in ground water from OSDS installations in 60 minutes/in soils are
substantially rainfall recharge driven. The results of the Bauman and Schafer model indicate that
one and two acre lots in 60 minute/inch soils cause nitrate concentrations in groundwater from
these developments to be at, or in excess of, the federal EPA limit for some or all of the time
during the year.

4.  The present BoH limit of 20 minutes per inch does keep nitrate concentrations below the EPA
limit in Topsfield for all but half acre lots. 

5.  Almost half (45%) of the total land that can be developed in Topsfield is located on soils that
have percolation rates in excess of the current BoH limit.

6.  Groundwater nitrate concentrations are projected to exceed the EPA limit if the available
inventory of undeveloped land with a low percolation rate identified in Task (2) above is
developed in accordance with the present zoning rules and the higher Title V percolation rate
limit. 

7.   The Elderly Housing Districts (EHD) in its present form represents a more intense land use
than the current “by right” zoning unless the EHD also encompasses sufficient undeveloped land
to limit the land use to an equivalent of at least one acre/OSDS. 

8.   The tax rate of the Town will increase substantially in the presence of development as
described in Task (4) above. 

9.   It is not certain that the Town may supply water to homes built under the finding in Task (4)
in the presence of the current water withdrawal limit set by the DEP. 

10.  There is a considerable legal precedent in case law for the BoH to enact and/or maintain
reasonable regulations stricter than Title V where a link between these regulations and public
health can be established.
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11.  There is some evidence that local tributaries of the Ipswich River, such as School Brook, are
being loaded with nitrates from surface run-off leading to concerns over the state of the water in
streams in Topsfield that recharge our water supply and feed into the Ipswich River. The source
of nitrate levels may be from septic systems in failure or too high a septic system density.

C.   Recommendations

The recommendations of the Committee are as follows:

1.  The Committee recommends against adopting the new Title V percolation limit in view of
findings (2), (3), (6) and (11) as these indicate that nitrate concentrations in excess of the EPA
limit will threaten not only the Town’s shallow well fields, but also the water in the Putnamville
reservoir (which is owned by the Beverly-Salem Water Authority) and its future expansion site
on Boston Street. 

2.  In the event that the BoH does adopt the new limit, the Committee recommends that the BoH
phase in the new limit over a number of years to allow the Town to deal with issues connected
with the consequent build-out.  Moreover, the Committee recommends that a phased growth
bylaw be re-enacted at Town Meeting, as it is possible that in the near future the BoH may be
compelled by the Commonwealth to adopt the higher limit as a result of new legislation to that
effect. The phased growth bylaw will provide the Town administration time to deal with issues of
water supply and town services, and to mitigate increases in the tax rate from becoming a real
burden on residents. 

3.  The Committee recommends the adoption of measures such as slope exclusions from
buildable areas, an exclusion of construction in the wetlands buffer zones and an open space
requirement in the EHD bylaw for the purpose of erosion control and the preservation of much
needed open space for groundwater recharge. 

4.  The Committee recommends that either the Conservation Commission or the Water
Department initiate a water quality monitoring program of the local brooks and tributaries of the
Ipswich River to help identify pollution sources. Pollutants to monitor should include but not be
limited to: nitrates, coliform bacteria, and metals such as lead, chrome, and arsenic. 

5. The Committee recommends adoption of regulations to insure groundwater and stream nitrate
levels do not exceed 5 mg/l for any new proposed project of ten or more dwellings, whether in a
subdivision or on an approved roadway, or for industrial development. These regulations could
be modeled after those implemented in several Massachusetts towns, including Plainville (see
http://mhoa.home.comcast.net/plainville. htm). 
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III.   Title V of the Sanitary Code and North Shore Communities 

Title V represents a minimum standard for on-site wastewater disposal in Massachusetts.  The
regulations of Title V are not limited to percolation rates but include setbacks, flow rates, and
many other design parameters.  Boards of Health administer most of the elements of these
regulations and are permitted under Title V to establish more stringent rules.  The Massachusetts
Department of Environmental Protection, however, must approve any locally approved variances
from the regulations. Prior to 1995 the percolation rate was 30 minutes per inch.  In 1995, under
Supplemental Regulations to 310 CMR, 15.00 Title V of the State Environmental Code the
percolation rate was changed to 60 minutes per inch.  The study used to justify the 1995 changes
was a report by DeFeo, Wait, & Associates, entitled; “Technical Evaluation of Title V, The State
Environmental Code 310CMR 15.00” dated March 1991. The thoroughness of this study and the
changes in regulations based upon it were controversial at the time and remain so to this day.  

Because communities across the Commonwealth have dealt with the Title V changes in different
ways, it is difficult to compare local response to the new regulations that include more than
simply the percolation rate.  Some communities had always been linked to the State regulations,
thus when the State changed, so did they.  These include: Boxford, Wenham, Hamilton and
Middleton.  Others, such as Georgetown, Newbury, and Rowley. They have a 60 minute perc rate
but a 50% greater outflow rate than Title V in the first two towns and a 300% greater outflow
rate for the latter.  Danvers and Salisbury have a 60% perc rate, but they are mainly served by
sewers.  West Newbury retained its 30 minute rate.  Ipswich retained a 20 minute perc rate and
has tabled (Nov. 2004) consideration of a change.  Under the present Topsfield BoH (Board of
Health) regulations, that have been in existence since 1964, the maximum percolation rate shall
not exceed 20 minutes per inch.   

IV. Legal Considerations of Title V for the Town of Topsfield

As for the legality of these local regulations, Title V allows for local regulations that are more
stringent than those of Title V.  In addition, under Massachusetts Home Rule and Chapter 111,
Section 31 of the Massachusetts General Laws, municipalities can adopt more stringent
regulations to better protect public health and the environment or meet special local needs. While
there have been challenges to Boards of Health, the Massachusetts Supreme Court upheld the
rights of the Board of Health to enact more stringent local regulations. Under Tortorella v. Board
of Health of Bourne, 39 Massachusetts Appeals Court 277, (1995) the Massachusetts Supreme
Court upheld the rights of the Board of Health to enact more stringent regulations.  A detailed
legal review of the issue of home rule has been prepared by Phillip Posner at the request of one
of the committee members before the committee was called to order.  This review is contained in
Appendix B of this report.  Therefore, in the current environment, Topsfield is within its rights to
maintain a 20 minute percolation rate.  

In 2001 the Governor of the Commonwealth of Massachusetts appointed a committee to study
barriers to housing development, specifically building codes, Title V and zoning.  The majority
opinion of the Title V Subcommittee in the final report, “Report of The Governor’s Special
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Commission on Barriers to Housing Development, January 2002”  (available on the website of
the Department of Housing and Community Development  <http://www.mass.gov/dhcd/
Temp/bar/final.pdf#search=%27 Massachusetts%20Title%20V%20septic%20regulations
%20minority%20report%27>), found local Board of Health regulations to be barriers to
development of housing.   In so doing, this report makes the hitherto unstated connection
between relaxing the percolation rate and other regulations solely in order to encourage housing
development.  The report includes a series of observations about local Board of Health rules and
recommendations to eliminate such barriers.  

The subcommittee examined the reasons for stricter local standards and identified three:  1) local
environmental conditions may warrant it; 2) there continues to be debate about the science
behind some parts of Title V, such as setbacks, and municipalities may feel justified in going
beyond the standards based on their own interpretation of the science; 3) communities may
perceive that zoning regulations and other planning tools do not provide adequate means to
properly manage growth.   The report recommends that a new scientific study on the order of the
Defeo, Waite study be commissioned to address the scientific issues involved in the first two
reasons.  This report also includes recommendations and discussions relative to Home Rule.
Although the report does not make the outright recommendation to abolish Home Rule, there are
recommendations that DEP and DHCD be given the authority to approve both local Board of
Health regulations and local zoning regulations relative to housing.  

It is worth noting that the minority opinion of the committee was that: 1) The data used in the
study was neither comprehensive nor rigorous; 2) Many of the report’s conclusions were based
on anecdotal evidence; 3) The report did not give sufficient weight to environmental concerns;
and 4) The recommendations “seek to undermine home rule and environmental protections.”
The dissenters included the representative from the Massachusetts Association of Health Boards
and members representing various environmental groups.  Their position was that neither home
rule nor environmental protections “should be sacrificed to provide housing.”  

Whether or not such recommendations could gain legislative approval, it is clear that pressures of
development may well have an impact on local communities’ long-term rights to establish their
own septic regulations.  As a result, it is incumbent on Topsfield to examine the ramifications of
a relaxed percolation rate. 
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V.   Septic System Design and Function

A.  Description of an On-site Disposal System

A septic system is a sewage disposal system.  On-site septic systems perform the important
functions of preventing acute and chronic health hazards from biological organisms, the removal
of nutrients, and disposal of waste water.  An optimally functioning septic system will promote
sanitary conditions and protect ecological resources. Poorly functioning systems may increase the
spread of biological pathogens and the eutrophication of rivers, ponds, and lakes.   

Waterborne wastes leave the house and enter the septic tank, where primary treatment occurs.
The clarified waste-water (effluent) then leaves the septic tank and flows to the drain-field that is
the soil absorption system.  The drain-field is designed to discharge the septic tank effluent
below the ground into the soil below the drain-field for final treatment and disposal.  A typical
drain-field consists among other designs of a number of relatively narrow and shallow gravel-
filled trenches with perforated pipes near the top of the gravel to distribute the wastewater
through the length of each trench.

The drain-field provides both disposal and treatment of the septic tank effluent.  The effluent
flows through the gravel filling and then seeps into the soil beneath and on the sides of the
trench.  Here the main purification of the wastewater takes place through filtration and biological
activity as it infiltrates through the biological mat on the side and bottom of the trench and the
percolation through the unsaturated soil below the drain-field.  The purified liquid then
eventually evaporates, is taken up by plants, or seeps into the groundwater.

B.   Importance of Soil to Performance of a Septic System and the Percolation Test

“Consideration of soil conditions is a critical factor in the design and siting of an effective on-site
sewage disposal system.  Groundwater contamination occurs when constituents in septic tank
effluent enter the groundwater without being adequately treated or retained by the soil.  That may
be a result of soil or geologic characteristics such as highly permeable gravel layers, clay layers,
or other formations that allow partially treated septic tank effluent to bypass soil layers and enter
the groundwater prematurely” (ref. 4).

The percolation test (perc test), which measures the rate at which water is absorbed into the soil,
is a widely used method for determining the suitability of a soil in a specific location to accept
septic tank effluent.  In other words, soils in which a standardized percolation test results in
greater percolation rate than the regulatory standard are not acceptable for septic system
construction.  

The procedure for performing the percolation test is described in the following 7 steps that have
been taken from Title V of the Sanitary Code.
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C.   Procedure for Performing a Percolation Test

The following description of a perc test has been excerpted from 310 CMR, sec.15.225

A percolation test shall be conducted by performing the following steps in sequence:

(1) Prepare a test hole located within the proposed disposal area which, in the judgment of the
Soil Evaluator or the Approving Authority, is the most limiting. The test hole shall have a
diameter of 12 inches, as precisely as possible, with vertical sides 18 inches deep not including
any allowable liners or filter layers on either the bottom or sides.

(2) Establish a fixed point at the top or bottom of the test hole from which all measurements will
be taken. 

(3) Scratch the bottom and sides of the test hole to remove any smeared soil surfaces, taking care
not to significantly change the hole dimensions.  Add two inches of coarse sand to protect the
bottom from scouring, or insert a board or other impervious object in the hole so that water may
be poured down or on it during the filling operation. A mesh or perforated liner designed to
maintain the test hole dimensions in extremely loose soils while allowing essentially unrestricted
flow of water may be used with permission of the approving authority.

(4) Carefully fill the hole with clear water to a minimum depth of 12 inches from the bottom of
the hole. Maintain this minimum 12 inch or greater water level by adding water as necessary in
order to saturate surrounding soils for a period of no less than 15 minutes after first filling the
hole.

(5) After saturation, if the water level drops to a depth of nine inches in fewer than 30
minutes, measure the length of time in minutes for it to drop from a depth of nine inches to a
depth of six inches. If the rate is erratic in the opinion of the approving authority, the hole shall
be refilled and soaked until the drop per increment of time is steady. The time for the level to
drop from a depth of nine inches to a depth of six inches, divided by three, is the percolation rate
in minutes per inch.

(6) If the initial three-inch drop requires more than 30 minutes (rate equal to more than ten
minutes per inch) the soil shall be saturated by filling the hole to the top and maintaining it full
for at least four hours. The soil should then be permitted to swell a minimum of 12 hours so that
the soil conditions will approach those which exist during the wettest season of the year. After
the 12 hour swelling period, the test shall be made again by filling the hole to a 12-inch depth
and maintaining that level for 15 minutes, letting the level drop to nine inches, then timing the
drop between nine inches and six inches. The time elapsed between nine inches and six inches,
divided by three, shall be the percolation rate.

(7) In certain soils, particularly coarse sands, the soil may be so pervious as to make a
percolation test difficult, impractical, and meaningless. At the discretion of the Soil Evaluator
and with the concurrence of the approving authority, the percolation test may be discontinued
and a rate of two minutes per inch or less can be assumed provided that at least 24 gallons of
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water has been added to the percolation hole within 15 minutes and it is impossible to obtain a
liquid depth of nine inches.

Percolation tests are only one indicator of the suitability of a particular location for a septic
system.  Percolation tests may vary significantly, due to differences in test procedures, variability
in the soil, and soil moisture conditions at the time of the test.  According to the Defeo, Waite
report, there can be up to a 90% variation in the results of a percolation test of the same location
depending on such variables.  

D.   Other Design Parameters

The charter of the BoHRRC addressed only the issue of the percolation rate.  It must be noted,
however, that the percolation rate is only one element of Title V regulations. There are numerous
design parameters included in the minimum standards of Title V, such as setbacks and flow rates
over which local Boards of Health have control.  Based on local soil conditions and
environmental concerns, communities in the Commonwealth have also addressed these design
parameters in their local regulations.  

VI Geo-hydrological analysis

A. Introduction

The question has been posed if the Town of Topsfield should adopt the 60 minutes/inch upper
limit to the allowable percolation rates for on-site disposal systems (OSDS’s) contained in the
revised Title V Rules and Regulations of the Commonwealth.  Such a change in local BoH
regulations has been promoted by the DEP as a means of making more land available for housing
development. 

In the following, the technical issues associated with the operation of OSDS’s in such soils and
the geo-hydrological implication on groundwater quality is reviewed on the basis of published
works by experts in the field of wastewater treatment technology. 

The conventional residential OSDS is composed of a concrete tank and a drain-field. The tank is
of sufficient capacity to hold the effluent of a household for at least 24 hours – long enough for
solids in the effluent to settle into the bottom of the tank. The drain-field is really the critical
component of the system, as it processes the effluent minus solids and scum by filtering out
colloids, organic and inorganic nutrients and pathogens in a biologically active mat at the bottom
of each trench or pit that is composed of soil bacteria, molds, and nematodes (1). This clogging
mat is about 0.5 – 1 inches in width – top to bottom and is composed of aerobic and anaerobic
bacterial colonies depending on the dosing action of the septic system tank drain.  Figures 1and 2
show schematic views of these components.
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Figure 1                                                    Figure 2

A properly maintained OSDS can function trouble-free for very long periods of time. However, if
scum, grease and solids are flushed into the drain-field, the clogging mat is destroyed, and
unfiltered effluent is transported to the surface where it causes grass to become very lush while
its odors announce the impending system failure. 

B.  OSDS Design parameters

While the tank component of the OSDS has to be sized for the residence it serves, the drain-field
area has to be sized for both the anticipated daily quantity of effluent as well as the capacity of
the soil to absorb the effluent. The latter is assessed by the hydraulic conductivity ks of the soil –
generally measured in units of vertical height per unit of time such as inches/min, m/sec, or
gallons per day per sqft of soil area. The stand-in for ks is the “percolation time” (P) measured in
reciprocal units of minutes/inch that is obtained from a percolation test described in Title V,
section 15.104 of the Sanitary Code of Regulations of the Commonwealth (Title V) (2). This test

is prescribed in addition to a soil evaluation of the
site proposed for the construction of an OSDS.  P has
been criticized by a number of experts to be a rather
imprecise measure of ks in that it overestimates the
true hydraulic conductivity of the soil under the
clogging mat, and that indeed it does not even
provide a measure of the mats conductivity (ref.
1,4,5). It is however, the only field-applied
measurement of ks however approximate. 

Clearly ks is profoundly determined by the type of
soils that comprise the drain-field. Title V classifies
these in accordance with a widely accepted scale of
soil structure seen in known as the “soil triangle. 

             
Sands and loamy sands of Class I are the most porous
of soils. Typically these have ks magnitudes of 0.5
m/min (P = 0.05 min/in.) to 0.0017 m/min (P = 15
min/in). These soils have very poor filtering

Figure 3 
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characteristics. At the other extreme are the clays and silty clays that have ks that range from
8.5E-4 m/min (P = 30 min/in) to 3.4 m/min (P = 75 min/in). Soils that contain clays have a ks

that depends upon the soil moisture content, as water tends to swell the clay particles making the
soil less conductive.

Title V prescribes a “soil loading rate” (Q) in units of gallons/day/sqft that corresponds to a given
percolation rate P and a given soil class as seen in Figure 4.
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Figure 4.

The figure shows Q vs. P for the various soil classes. The figure also shows the design rule that a
number of states are using for the computation of Q from a known P. 

         Q = K/P1/2                  (design rule)

Typically the constant K is on the order of 1.5.  It is seen that the design rule works well for the
tighter soils, while being pessimistic relative to the sandy soils. It should be noted that the
effective percolation time P of a load of 1 gpd/sqft is on the order of 16 min/in. Thus the Title V
load limits are considerably less than the equivalent soil conductivities.

C.  The Long Term acceptance Rate (LTAR)

The effluent from the tank contains a number of hazardous or toxic materials that are filtered by
the clogging mat. Canter and Knox (ref. 3) provide a detailed description of the materials –
inorganic and biological - that dose the clogging mat in the drain-field. The clogging mat has
been modeled by Mooers and Waller (ref. 1) for the purpose of determining the relation of its
hydraulic conductivity ka to that of the underlying soil, the load on the mat, water table
elevations, etc. The mat attains an equilibrium conductivity that the authors call its “long term
acceptance rate” LTAR. 

 The model results indicate that the LTAR of a clogging mat is only weakly dependent upon the
soil conditions and particularly ks. They found that the latter can vary by two orders of magnitude
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while LTAR only varies between the two limits seen in Figure 4. Specifically the model showed
the LTAR of the clogging mat of a conventional (Title V) OSDS that is not mounded or has no
additional sand filters to have a relation to the (true) percolation rate 
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Figure 5

Figure 5 shows that the LTAR of the clogging mat is the same of the soil’s ks at a percolation rate
of about 60 min/in. Above that the soil is the limiting conductor. 

D.  Feasibility of designing an OSDS in 60 min/in soils

The model of Mooers and Waller (ref. 1) shows that it is perfectly feasible to design a septic
system for operation in soils that have a percolation time P = 60 min/in. It should be noted of
course that all other parameters of the system are in compliance with the provisions of Title V.
The system will function as required assuming that the clogging mat is not destroyed by
inadequate maintenance or improper additives such as solvents and emulsifiers. 

The feasibility of building and operating an OSDS in such soils is however, a separate and
distinct issue from the question of the effects of a whole subdivision of such OSDS’s on the
underlying groundwater. This issue is precisely the weakness of Title V. It presumes that the
OSDS exists as a sole entity without taking into account that subdivisions contain a great number
of these that all contribute small but measurable amounts to the contaminant level of the
groundwater beneath. This issue will be examined in the next section.

E.  OSDS and groundwater quality

Canter and Knox (ref. 3) describe in detail the efficiency of the tank’s ability to process
wastewater. It is however, the efficiency of the clogging mat and the underlying unsaturated soil
that is the real determinant of the residual contamination that enters the groundwater.  Table 1 is
a composite list of the major constituents of effluent from the clogging mat taken from An Taisce
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(ref. 6) and Canter (ref. 3) Not listed are minerals, medicines, pesticides, etc that typically also
end up in the wastewater stream.

OSDS Effluent Constituents
Description Concentration Variance Comment

mg/L  %
 BOD(5) 300 - Biological oxygen demand(1)
 COD 500 - Chemical oxygen demand(2)
 Total suspended solids 200  +/-50
 Total Nitrogen (as N) 50  +20, -10 Ammonium, Kjeldahl N
 Total phosphorus (as P) 20  +/-25 35% PO4, 65% organic
 Biological content: #/100 mL
 Total bacterial 1.00E+08 1.00E+03 E coli, coliform, others
 Total viral Not normal Only during viral infections

Note (1): BOD(5) is the amount of oxygen required to oxidize biological constituents in 5 days
Note (2): COD is the amount of oxygen required per L of sample to oxidize sample constityents..

Table 1 

The principal constituent of concern in the effluent is the nitrogen content. Nitrogen shows up as
ammonium from the break-down of urine and Kjeldahl nitrogen. Kjeldahl N is locked in organic
compounds containing amides that can be extracted with a chemical process called “Kjeldahl
Nitrogen Determination” originally developed for the purpose of assessing the quality of beer in
Denmark. 

Since inorganic compounds of nitrogen such as nitrites and nitrates are soluble, they will end in
the groundwater unless they are taken up by microbes or plants. Figure 6, taken from Freeze and
Jackson (ref. 10), shows the various processes that affect the nitrogen content of the effluent as it
passes through the unsaturated soil to the groundwater.

The arrows in the figure indicate the reactions that are associated with the various mechanisms
that oxidize ammonium to the nitrate ion or conversely reduce nitrates and nitrites back to
nitrogen and back even to ammonium. The removal of N from the effluent is called
“denitrification” – a process that is determined largely by plants and organic material in the
underlying soil above the groundwater, as it is driven by resident soil bacteria. All nitrogen
oxidized to the NO3 ion will remain as such in the acidic groundwater that is typical of local
conditions.
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Figure 6.

Nitrates ingested by infants are reduced to nitrites that bind hemoglobin and thus cause
methemoglobinemia (blue baby condition) that is similar to the toxicity of carbon monoxide that
also inhibits hemoglobin from transporting oxygen from the lungs. Adults have strongly acid
stomachs that prevent the reduction of nitrates. In adults however, nitrates act as vasodilators that
lower blood pressure, The EPA also suspects it as being a carcinogen.. The EPA for years
therefore has recommended that drinking water contain no more than 10 mg/L of nitrogen or 45
mg/L of NO3.

The nitrate content of the effluent that reaches the groundwater can only be diluted. Consequently
the issue of groundwater nitrate pollution is one of mixing the effluent with sufficient
groundwater and rainfall recharge to dilute its concentration to an acceptable limit. 

Phosphates are less mobile as they react with the soil to form precipitates that are captured.
Brown (ref. 7) notes that phosphate transport in soils is only substantial in coarse-textured
alkaline soils low in organic material. That is not a description of any soil in the New England
region.

Bacteria and viruses are also not terribly mobile in the soil. The transport of these through the
unsaturated soil is described by Brown (ref. 7). 
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F.  Nitrate dilution

The nitrate dilution problem is nicely illustrated by Kimsey as reported by Hall (ref. 8). Kimsey
relates the lot size served by an OSDS to the amount of recharge of the 45 inches/year of rainfall
in Olympia, WA. Figure 7 shows the minimum lot size versus the amount of recharge that is
needed to maintain the EPA limit of nitrate concentration.

Figure 7.

The data cited by Hall was used to compute a dilution factor. This is seen to be 5:1. Thus, in the
absence of any denitrification, the nitrate concentration in the above example has been reduced to
about 12 mg/L – just above the EPA limit. 

Hall also cites a great number of studies around the country that has been summarized in Table 2.

Source (Authors) Location Acres/OSDS N-load Comments Source N-load
acres/osds mg/l

Woodward et al (1961) Coon Rapids, MN 7.4 2% Contamination of wells
ibid Same 1.5 29% Same 1.5 7
Miller (1972, 1975) Delaware 0.5 4.5mg/l 2xbackground level 0.5 4.5
ibid Same 0.25-0.5 31mg/l 0.375 31
Walker et al (1972-1973) Wisconsin >0.5 <10mg/l EPA limit 0.5 10
ibid Same 6 <2.5mg/l Same as natural loads
Morrill, Toler (1973) Boston, MA suburbs 0.7 ∆ of 15 mg/l Increase over backgr'd 0.7 17.5
Geraghty, Miller (1978) Long Island, NY 0.36 >10mg/l 50% of water samples 0.36 10
ibid Same 0.8 >10mg/l <10% of water samples 0.8 10
Konikov, Bredhoeft (1978) Rio Grande, NM 0.25 >60mg/l Simulation model 0.25 60
ibid Same 0.8 35mg/l Simulation model 0.8 35
Ford et al (1980) Jefferson Co. Co 1 20mg/l 100ft well set-back 1 20
Trela, Douglas (1978) Pine Barrens, NJ 0.8 10mg/l Sandy soils 0.8 10
Holzer, et al (1975-80) Not specific 1 - 1.4 <10mg/l Model recommendations 1.2 10
Bauman, Schafer (1985) Not specific 1 - 1.5 <10mg/l High velocity flow field 1.25 10
ibid Same >5 <10mg/l K(s) < 0.024 in/min
Russell, Axon (1979-80) Loxahatchee, FL >0.5 >10mg/l Shallow aquifer 0.5 10
Harkin et al (1979) Wisconsin 0.8 >10mg/l Mounded systems 0.8 10

Table 2.

The data may be plotted to determine any trend therein. Thus Figure 8 shows the data and a “best
fit” thereto. 
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Figure 8.

It is seen that the best fit crosses the 10 mg/L line above 1 acre/OSDS and thereafter rises rapidly.
Unfortunately the data has been gathered over diverse terrain, all kinds of soil types, and over a
large range of rainfall. This accounts for the large scatter in the data.  To obtain a more
quantifiable relation between soil conductivity, rainfall, effluent, and groundwater mobility, one
must adopt the model of Bauman and Schafer (ref. 9)

Bauman and Schafer formulated a “lumped parameter” model that avoids the complexity of
models such as the one described in Chapter 4 of Canter (ref. 3). Instead one treats the various
components of the model as “two port black boxes” with an input and an output to the system.
The model was reconstructed and validated by reproducing the illustrative cases in which model
parameters were varied.  All of these assume a square 40 acre subdivision. Bauman’s results are
seen in Figures 9 –14.
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Figure 9.
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Figure 9 shows the sensitivity of ks and the groundwater hydraulic gradient dh/dl that together
determine groundwater movement through the soil and assumes a mixing depth of 5m and a
recharge of 12%.

Aquifer Mixing Depth vs Nitrate Concentration
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Figure10

Figure10 shows the influence of mixing depth for the case of a “high flow” regime characterized
by ks = 6E-3 m/min and a dh/dl = 0.01, and a “low flow” regime determined by ks = 6E-4 m/min
and a dh/dl = 0.001. 
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Figure 11

Figure11 shows the effect of loading the groundwater with nitrates – a situation that would occur
if there were subdivisions up-gradient of the one modeled. Again the NO3 concentration is seen
for the two flow regimes.
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Rainfall Recharge for Low Flow vs Nitrate Load
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Figure 12.

Rainfall Recharge for High Flow vs Nitrate Load
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Figure 13.

Figures 12 and 13 show the effect on NO3 concentration due to recharge. In these figures the
annual rainfall of 44.7 in/yr has been used and Bauman’s recharge magnitudes have been
computed in terms of % recharge of rainfall.
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Effluent Denitrification vs Nitrate Load
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Figure 14.

Figure 14 shows the effect of denitrification as % of the nominal 60 mg/L effluent on the NO3

concentration for the low and high flow regimes and a 23% recharge. 

It is seen that the NO3 concentration in the groundwater is substantially increased in tight soils,
and the only factors that can mitigate that are high rainfall recharge and soil denitrification. Both
of these factors however, do not favor tight soils. 

The above figures illustrate the model and reproduce Bauman’s calculations. One can now
proceed to vary some of the parameters that Bauman did not; such as ks over and beyond the two
magnitudes, the up-gradient width of the subdivision, and the presence of ledge that would
further reduce the mixing depth. 

An example of such excursions is a case in which ks is reduced to 4.23E-4 m/min (P = 60min/in),
while the hydraulic gradient is varied from 1E-3 to 2E-2 to account for the fact that tight soils
support a greater gradient. Other assumptions are listed in Table 3. 

 Parameter Assumed Units Source or
magnitude comment

 Annual rainfall: 47.77 in./year Town of Groton
 Rainfall recharge: 25.12 % CCC-WRO
 Mixing depth: 5 meters Bauman
 Rainwater NO3 load: 1 mg/L Bauman
 Groundwater NO3 load: 3 mg/L Bauman (1)
 Subdivision land: 40 acres BoHRRC
 Aspect ratio: 2 to 1 Short side parallel

to hydraulic gradient
 Denitrification factor 10 % low organic content

Table 3.

Figure 15 shows the results of this excursion of the Bauman model.
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Nitrate Concentrations for P = 60Min/in
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Figure 15.

This is an important example. The fact that a 20:1 increase in hydraulic gradient only changed
the nitrate load by 10% indicates that the groundwater volume is small with respect to the
dilution ability of the recharged rainfall. The EPA limit is crossed roughly at the 1 acre density.
This is the minimum lot density in the IRA zoning district where about 33% of the available land
is located.  Further excursions of the above case to account for ledge and or a restricted
groundwater flow simply made the lines move even closer. 

The conclusions therefore are that groundwater quality relative to nitrate pollution is largely
rainfall recharge driven. If that is true however, one must, in addition to the annual average, look
at the monthly fluctuations of the NO3 concentration to get an understanding of the actual
groundwater quality over the course of a year. In the winter the ground is frozen, consequently
rainfall recharge is very small if not zero. As the ground thaws and then dries, recharge peaks in
the summer months. This cyclical nature was approximated such that the annual average is that
assumed above. The monthly 71 year average rainfall obtained from
http://www.grotonutilities.com/water_welcome_
rainfall.asp was used to compute the monthly rainfall. All other parameters were kept the same as
in the computations of Figure 15. Figure 16 shows the results for 0.5, 1, 2, and 5 acres/lot.
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It is seen that only the 5 acre/lot OSDS case maintains the EPA limit over the course of a year.
The 2-acre lot is marginal in that its nitrate discharge rises above the EPA limit in the winter
months, and the smaller lots are at or in excess of the EPA limit most or all of the times of the
year.  Since groundwater withdrawals are not generally averaged over a year or even one month,
one should ensure that NO3 concentrations never exceed the EPA limit at any time of the year..  

G.  Groundwater quality under the present BoH regulations

The present BoH regulations limit the percolation time P to a maximum of 20 minutes/inch with
an exception for reconstruction of a system in the event of a failure that is approved by the BoH
on a case by case basis. The question that should be asked is: “How well has that worked to
preserve groundwater quality?”

The model of Bauman and Schafer that was reconstructed to shed light on the advisability of
adopting the current Title V percolation limit can be used to provide a reasonable response to the
above question. A percolation time of 20 min/in is commensurate with sandy loams that have
some fine tills but little clay. These soils make very good filters – particularly if they are mixed
with organic materials above the groundwater elevation. 

The Bauman model to compare these soils with the clay/till soils of the 60 minutes/in will
assume essentially the same parameters as those assumed previously: A mixing depth of 5m, a 40
acre parcel of land with a 2:1 aspect ratio of length to width relative to the hydraulic gradient, an
OSDS used by a family of four, and an annual rainfall recharge of 33.5% of the annual rainfall
consistent with the Cape Cod Commission-Water Resource Office (CCC_WRO) estimates (ref.
11). Additionally the saturated soil conductivity is limited to lie between 8.5E-4 < ks < 1.3E-3
m/min (20min/in < P < 30 min/in) to allow for the fact that the percolation test overestimates ks.
Additionally a 25% denitrification factor was assumed to account for the greater organic content
in the looser soils. 

With these parameters one finds annual average nitrate levels as seen in Figures 17 and 18.
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The hydraulic gradient has been allowed to vary to illustrate the contribution of groundwater to
the dilution of nitrates. It is seen that the curves cross the EPA limit at about the 1 acre/OSDS
density. This density has been recognized by a number of soil and water quality experts as really
the highest safe density of development from a water quality perspective. Also shown is the best
fit of the various nitrate concentration studies listed in Table 2. It is a good fit to the 30 min/in
percolation time as that is representative of a national average of rainfall and soil conductivities.
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Figure 18.

Figure 18 shows the same for the 20min/in case. The EPA limit is reached by the 0.5 acre/OSDS
but without any margin of safety. The result again underscores the 1 acre/OSDS limit mentioned
previously. But now one has the additional understanding that this limit also presumes sandy
soils with high conductivities. The annual average hides the variability of rainfall recharge over
the course of a year.  Thus the above model has been refined to assess the nitrate concentration
on a month by month basis with the above average. The results of these computations are seen in
Figure 19 (the same assumptions relative to rainfall recharge have been made).
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In the above the 0.5 acre/OSDS concentration is marginally below the EPA limit for P = 20 and
above that limit for P = 30 min/in, while the 1 acre/OSDS exceeds the limit in the Jan. – Feb.
time frame. The two acre/OSDS curves are within the limit at all times and typically on the order
of 5 mg/L. This is the nitrate limit set by the CCC-WRO to ensure that the Cape Cod’s drinking
water meets the EPA nitrate concentration limit at all times (ref. 11).

The above results indicate that the present BoH regulations relative to percolation time limits
have indeed served the Town reasonably well in preserving groundwater quality. This is
particularly true at the present time as the half acre Central Residential  zone is essentially built
out, and only the one and two acre per lot IRA and ORA zones are candidates for further
development. 

Evident in all these various case studies is the importance of rainfall recharge in the dilution of
nitrate concentrations. The importance of rainfall is readily tested by looking at the nitrate levels
in the Topsfield water wells on North Street and Perkins Row. These are shallow well fields (35
ft) that draw water from the same aquifer. The North Street field is up-stream of the Perkins Row
field.  Figure 20 shows the nitrate levels for both of these well waters as well as the monthly
rainfall in the month just prior to the date of the nitrate sample over the years indicated. 
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Figure 20

First one should note the very low concentrations relative to the EPA limit. This is testimony to
the foresight of past town managers and residents in ensuring a large undeveloped recharge
buffer zone around each of the well fields. Beyond that it is seen that rainfall and nitrate
concentration is broadly “anti-correlated” – eg; when rainfall is low, nitrate concentration is high.
That however, isn’t the whole story! If one assumes that the data seen in the figure has a
statistical nature, then one can determine how the data sets are correlated by computing their
cross-correlation functions. Statistically independent data are not correlated, thus their cross-
correlation functions would be zero. 
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The cross-correlations of the North Street and the Perkins Row nitrate concentrations are seen in
Figure 21.
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Figure 21

The corresponding correlation coefficients turn out to be +1 for Perkins Row and -1 for North
Street. These coefficients tell an interesting tale. The North Street coefficient of -1 indicates that
nitrate concentration and rainfall are anti-correlated – the greater the rainfall, the lower is the
nitrate concentration. The Perkins Row coefficient of +1 indicates the reverse. The greater the
rainfall, the greater is the nitrate concentration in the water. This latter situation can be the result
of a number of factors, but the most obvious is the nitrate load that is deposited into the Mile
Brook watershed by the 1 acre/OSDS development that surrounds the watershed on all sides. The
North Street well field leads to the Pye Brook watershed that consists of large undeveloped
wetlands in which nitrates are effectively extracted from the water by plant growth. 

The low nitrate concentrations in the water of either well field should not be of concern to
anyone, but the correlations provide a real index of the complexity of groundwater dynamics.

It must be noted that the problem of nitrate contamination of groundwater is not hypothetical.
The Cape Cod Commission’s Regional Policy Plan shows that nitrate concentrations well above
the federal EPA limit of 10 mg/l have been measured within the Commission’s area.  Fourteen
percent of those communities are in violation creating potential health and environmental
hazards.  This problem is attributable to rapid and dense development on the Cape with the
attendant proliferation of septic systems in densely developed areas.  Communities within this
area either have taken or are taking steps to change Board of Health or zoning regulations to
address the problem.  For example, see Plainville’s regulations at
<http://mhoa.home.comcast.net/plainville.htm>. 

H.  Conclusions and recommendations relative to groundwater quality

In the above analyses the NO3 concentration of the groundwater leaving the hypothetical
subdivisions were computed. When such a development is surrounded by large parcels of
undeveloped land, that nitrate concentration is further diluted by the rainfall recharge in those
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adjoining lands, and the problem of nitrate levels in the water is largely mitigated. That
assumption however, for the purposes of the proposed change in the BoH regulations cannot be
made. In fact it must be assumed that all available land has been developed and no further
dilution of nitrate concentrations is possible except for that discharged into local wetlands. In that
event local nitrate concentrations become global ones that have the capacity to threaten the
quality of local water resources such as the two shallow well-fields that provide Topsfield with
drinking water and the Putnamville reservoir that is one of the sources of the Beverly –Salem
Water-board. While the latter is protected by large contiguous wetlands, neither the Putnamville
reservoir nor its future expansion area have such buffer zones. 

The Bauman and Schafer groundwater NO3 model, when applied to soils with a very low
hydraulic conductivity commensurate with a percolation time of 60 min/in, yields a result that
indicates that nitrate concentration levels in the groundwater are driven substantially by rainfall
recharge. This in turn leads to the conclusion that nitrate levels in the groundwater fluctuate
seasonally at least by a factor of 2 over the average annual concentration computed by the
unmodified Bauman model. Since groundwater withdrawals for water supply purposes are a
continuous process, it is reasonable to expect that nitrate concentrations due to OSDS
installations should remain below the 10 mg/L limit set by the EPA at all times of the year. The
present analysis indicates that this may not be the case for the present lot sizes in any of the
Topsfield zoning districts in the presence of soils characterized by a percolation time of 60
min/in. The underlying assumption in this analysis is the estimate of the average annual recharge
of rainfall. If that can be proven to be greater than that assumed, then the present conclusions can
be amended in favor of higher development densities. In contrast to the 60 minute/inch model
results, those of the 20-30 minute/inch model, consistent with the present BoH rules, indicate that
in the IRA and ORA districts NO3 in the groundwater are at or below the recommended EPA
limit over the year. 

Together the results of this analysis indicate that the present percolation limit does work to keep
nitrate contamination of groundwater at or below the recommended EPA limit – even in the
event of a 100% build-out of available land in Topsfield. The additional buffer zones around
each of the Town’s well fields provide an addition dilution factor that provides a margin of
safety. The Putnamville reservoir and its extension on Boston Street however, do not have such a
buffer. Thus they are vulnerable to development of land bordering thereon.

It is therefore recommended that the BoH retain a geohydrological engineering consultant to
review this issue for the purpose of an assessment of the possibility of nitrate contamination of
the groundwater in the vicinity of Topsfield’s one aquifer serving the Town’s potable water
needs (the Zone I District) and the Putnamville reservoirs before the 60 min/in. percolation limit
is seriously considered for adoption.

VII.  Impact on Developable Land in Topsfield with a 60 minute/inch perc rate?

A.  Developable land in Town
Indicated on the map seen in Figure 22 are the areas of the selected soil series – eg. Paxton,
Canton, and Woodbridge soils - that are known to have low hydraulic conductivity. Most are also
located on steep slopes and drumlins.
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Figure 22

The landscape in Topsfield was shaped by glacial ice that blanketed New England as recently as
15,000 years ago. All of the largest hills in town are drumlins. Below the surface soil layer, they
are composed of a heterogeneous mix of cobbles, sand, silt and clay called till. These hills are
elongated in a NW-SE direction, and were shaped by the last movement of the receding ice sheet.
Deposited between the drumlins, and flooring all of the major valleys in town, are relatively flat
sheets of sand and gravel laid down by meltwater streams that flowed southeastward from the toe
of the decaying ice sheet. Known as outwash plains, these glaciofluvial deposits are slightly
younger than the drumlins and can be seen about town covering their lower flanks.

 The Ipswich River and most of the other major streams in town are developed on the outwash
plains. Historically, the sandy outwash plains were settled first in Topsfield and surrounding
towns since farmland developed on them was boulder free, fields dried in early spring, drinking
supply wells were prolific, and cellar foundations could be easily dug. As such, large tracts of
undeveloped land on outwash plains are rare today or are currently protected in Topsfield as
wetlands and recharge areas for the town’s drinking water supply.

On the other hand, large undeveloped tracts of land can still be found on drumlins in the central
and southern part of town. Traditionally used for pasture and cultivated crops, early settler’s
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knew well the limitations of soils developed on these hills. Drumlin soils tend to be rocky and
drain slowly in the spring due to a seasonally high perched water table. The reason for this is tied
directly to the parent glacial till, formed by the tremendous weight of the glacial ice sheet and the
later downward leaching of finely ground sediment.  At 20 to 40 inches below the surface, such a
compacted layer of clay, sand, and gravel does not affect a farmers plow, but it does greatly
restrict rooting depth and water movement.

According to the Soil Survey of Essex County, MA, six soil types with similar characteristics are
developed on the drumlins in Topsfield, and are differentiated by subtle changes in texture, grain
size, color, chemical properties, soil horizon development, and position on hillslope (fig. 22).
The most widespread of these “drumlinoid” soils in Topsfield and elsewhere in Massachusetts, is
the Paxton Series. Officially designated as the Massachusetts State Soil in 1991, a typical soil
profile through the Paxton is divisible into four horizons as measured from the surface downward
(Note: a “loam” soil contains 7 to 27% clay particles, 28 to 50% silt, and less than 52% sand):

0 to 8” – (Horizon Ap) Surface layer composed
of dark brown, fine sandy loam with a granular
structure, and containing 5 percent gravel and
many fine roots. The soil is strongly acidic and
has an abrupt smooth lower boundary. 

8 to 15” – (Horizon Bw1) Dark yellowish
brown, fine sandy loam with a weak blocky
soil structure, and containing 5 percent gravel,
fine roots, few earth worm casts, and a wavy
lower boundary. 

15 to 26” – (Horizon Bw2) Olive brown, fine
sandy loam with a weak blocky structure, few
fine roots, 10 percent gravel, and clear wavy
lower boundary. 

26 to 65” – (Horizon Cd) Olive, gravelly fine
sandy loam with a moderately thick platy
structure. This horizon is very firm (“densic”),
brittle, contains 25 percent gravel, and restricts
all root penetration.

                                                        Figure. 23

According to the Soil Survey, permeability in the Paxton “solum” (Horizons A & B) is moderate,
but slow or very slow in the Cd horizon below. Permeability in the lower portions of the Paxton
is measured at 0.6 to 6 inches per hour or less, which is a marked contrast with 6.0 to 20 inches
per hour measured in soils developed on the outwash plains in the valleys. As such, the Paxton
and other drumlin soils like it are severely limited as a suitable site for a septic tank absorption
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field. The firm, densic subsurface horizon limits percolation rates and makes real the potential for
septic system failure and effluent surfacing. 

Estimating the acreage of undeveloped land that would become eligible for development if the
percolation time change were adopted is a rather difficult task as there is only a limited amount
of soils data on which such an assessment can be made. Moreover, there is a considerable
variability of percolation rates due to the diverse soil composition in any given parcel of land. A
reasonably conservative estimate of the undeveloped land with low conductivity soils was
derived from the Essex County Soil Conservation District’s GIS maps one of which is seen in
figure 22. These show the various soil types in Topsfield. The BoHRRC selected those soils that
have a conductivity range of 0.6 to 6 inches/hr. This screen includes soils that are designated
Class II and Class III under the provisions of Title-V. Specifically the Committee selected parcels
of land with Paxton, Canton, Woodbridge, and three related soil series The GIS maps have
provided the total land with these soils in Town that is presently undeveloped  A summary of the
total land area is seen in Figure 22.
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It is seen that the majority of the low conductivity soil land is found in large parcels suitable for
subdivision development. The above may further be divided into land located in the various
zoning districts. Figure 24 shows both the total land in each of three zoning districts as well as
the amount of acreage that is sub-dividable on the assumption that a minimum ORA subdivision
must contain 5 acres while one in the IRA must contain 2.5 acres. Land that is partially in the
IRA and the Central Residential district was not included in the estimate of sub-dividable land as
it is difficult to establish the exact zoning line within the parcels. 
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The above analysis leads to an estimate of 446 acres of sub-dividable land in the ORA and about
131 acres of such land in the IRA. 

B.  Estimate of consequent nitrate loads

If all available low-conductivity land were subdivided in accordance with the current zoning
district limits, there would still be land in the general vicinity that remains in use for low
intensity farming purposes. This land would serve to buffer the effluents from the newly
developed lands. Assume that the buffering land area is about 50% of the built-out land, then,
based on the Bauman model, the maximum groundwater nitrate concentration in the IRA will be
on the order of 16 mg/L while those in the ORA will be on the order of 12 mg/L. These estimates
assume that the farmed areas do not apply any nitrate fertilizers to enhance growth of crops. Thus
even under optimistic assumptions the nitrate concentrations in the groundwater will be above
the recommended EPA limit. Is this a realistic scenario? Scorca and Monti (ref. 12) analyzed a
number of sewered and unsewered suburban areas and agricultural regions of Long Island that
have essentially been built out. Figure 25 shows the groundwater nitrate concentrations of the
greater Northport area that has soils very similar to those found here. Northport, N.Y. is a
suburban development region that is dependent on on-site septic disposal systems. 
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It is seen that the Northport groundwater nitrate concentrations generally are well above the EPA
limit for most of the measurement period shown in the Figure.  The agricultural areas in the
vicinity of Port Jefferson are illustrative of nitrate concentrations in the presence of traditional
agricultural activity. 

VIII.  Build-out Implications for Topsfield with a 60 minute/inch rate

A.  Introduction.

There are many consequences that flow from the adoption of the new pecolation time limit.
These can be broadly classified as: (1) technical, (2) geo-hydrological, (3) land-use specific, and
(4) “Quality of life” issues. The first category deals with the specific technical issues of the
construction and maintenance of such on-site disposal systems (OSDS’s). The second one makes
an assessment of the aggregate effect of these on ground and surface water quality. The third
category examines the effects of the adoption of the higher percolation time limit on the
development of the Town, while the last one looks at the consequences of the first three as they
affect the present residents of the Town.

It must be noted up front that the adoption of the new provisions of Title V by the Board of
Health has no connection with existing zoning districts or the adoption of any amendments to the
Topsfield Zoning Bylaw in the future. Nevertheless, it is quite clear that the adoption of the new
percolation time limit has consequences that must be examined so that the Town can properly
anticipate them. 

This section examines the development of the Town as a result of the adoption of the new limit
and its effect on the Town’s annual budget.

B.  Development patterns in Town.

The Town has seen its former farm land turn into residential subdivisions during the years from
1960 to 1990. What is left of undeveloped land has heretofore been deemed not suitable for
residential development – either due to the presence of wetlands or due to the nature of the soils
that typically measure percolation times in excess of 30 minutes/inch. As a result there are large
tracts of land along Boston Street (Route-1) that remain in some form of agricultural use due to
the fact that heretofore these have not been found to comply with the existing percolation time of
20 minutes/inch. Most of this land is in the Inner Residential and Agricultural (IRA) and the
Outer Residential and Agricultural (ORA) Districts. The former requires a 1-acre lot while the
latter has a 2-acre minimum. 

If one now assumed the new limit to be in effect, all the tracts of land described previously will
become eligible for development except those that are within the 200 foot buffer of the Ipswich
River and those on which wetlands are found.

The basic development right of the owner is the one or two-acre residential subdivision. In
addition there are options that include Elderly Housing Developments (EHD) that require the
Town to adopt an overlay zoning district, a Chapter 40B housing development that requires
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approval by the Topsfield Zoning Board of Appeals (ZBA), and “Open Space” zoned
subdivisions that trade conservation land for lot size. Thus an “Open Space” subdivision in an
IRA district may contain the same number of houses on ½ acre lots as it would in a conventional
subdivision pursuant to the Topsfield Subdivision Rules and Regulations. Development density
is only affected by EHD or 40B zoning. If the current limit were lifted, it is probable that most of
that land will be developed as residential subdivisions, as that is the most profitable form of
development. Moreover, this form of development requires no special permits or environmental
impact studies. Assuming that 10% of the land is required for roads and utilities, one finds that
the Town could grow by about 120 households in the ORA and 117 households in the IRA
districts. The 237 new households represent a population increase on the order of 948 new
residents or about 15% of the Town’s current population. Of these about 305 will be attending
the Town’s school system. An EHD development will increase the Town’s population in like
manner, but there will be no school-age children of consequence. 

C.  Topsfield’s water usage.

Topsfield lies in the Ipswich River watershed basin. This river has been described as one of the
most stressed rivers in the country. Water withdrawals from the river – either from its surface
water directly or from its recharge regions - is such that it regularly dries up in the summer
months. Legal action on behalf of the river as well as a renewed awareness by the
Commonwealth of the precarious state of the river has resulted in a strict allocation of
“withdrawal rights” by the Department of Environmental Protection (DEP). These water rights of
every town in the river’s watershed are set by the DEP every year and of late have been declining
from one year to the next. The Town’s water department has even been ordered to monitor and
count the water withdrawal by private wells towards its total allocation. However, there are a
number of legal issues connected with that order, as the Water Department has no legal authority
to monitor water drawn from private wells. At the present time a combination of water usage
bans and greater-than-average rainfall has enabled the Town to meet the reduced withdrawal
limit, but there is no question that the Town is at its limit of reasonable water withdrawal. For
more on the state of the river see Section IX.

The 948 new residents will require about 4.64 million cubic feet of water per year, either from
private wells or the Town’s water system, but all of it coming from the Ipswich River watershed.
The current annual water withdrawal by the Town’s water system is about 24 million cubic feet.
The additional water required is about 19% of the current permitted withdrawal. The Town will
need to petition the DEP for this additional water or the BoH will be asked to issue the required
private well permits if the Water Department cannot connect the new homes to the system.  In
the recent past the DEP has not increased the permissible water draw for increased housing.

D.  School system

It costs the taxpayer of Topsfield approximately $12,357 of assessed taxes a year to educate a
student at Masconomet High-school and about $7,236 a year to do the same for the elementary
students. This cost includes real educational expenditures as well as debt repayment for
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capitalization expenditures. This analysis is only concerned with the cost per student as it appears
on the tax assessment. Moreover, a High School cost inflation factor over and beyond the normal
inflationary factor has been included based on estimates of such by local officials. If one assumes
that the new school population is distributed over the two schools as in the demographics
assumed for this analysis (see Table - 4), one finds the increase in school expenditures to be on
the order of $3.9 million. The new households with an average valuation of $800,000 per lot will
increase revenues by about $3 million dollars at the present tax rate. This however still leaves a
deficit of about $1 million just for the school system.

E.  Town services.

Town services to residents include education, police and fire protection, water supply, and road
maintenance. Water supply issues and educational costs have already been discussed. Police and
road maintenance have been listed in Tables 4 and 5.

Table 4 summarizes the cost to provide these services to the new residents and the revenue from
taxes collected from them provided that the tax rate only increases by the annual inflation rate.
Two candidate developments have been assumed: a typical 1– or 2-acre per lot residential one,
Table 5 summarizes the cost of and revenues from an Elderly Housing District (EHD)
development similar to that of the Great Hill Cooperative that was built about 10 years ago. This
cost analysis includes the cost of services to new residents that have bought the houses vacated
by those moving into the EHD. The rate of replacement assumed for this analysis is 20%.

The conventional residential subdivision demographics were patterned after the Morning Side
and Fuller Lane subdivisions, while the EHD one was patterned after that of Great Hill.  It comes
as no surprise that the conventional residential subdivision create a substantial stress on the
present tax rate. In fact, the 237 households cannot be accommodated without substantially
increasing the tax rate of the Town as a whole. 

An EHD yields no or very little net revenue when the replacement rate is greater than 18%.
Demographic analyses of similar towns in the Commonwealth indicate that the mean
replacement rate is about 20%.  This rate was assumed in Table-5. It should be noted that even
though the EHD is a senior citizen housing development, there are school-age children present.
For the purposes of this analysis, the number assumed is 1 elementary school child for every 20
households (0.05/HH), and one high-school student for every 12.5 households (0.08/HH). This
density is slightly higher than the Great Hill EHD demographics at the current time.
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Build-out Consequences for 446 Acres of ORA and 131 Acres of IRA Land not currently deemed buildable
Subdivision demographics based upon Morningside Drive and Fuller Lane.

Year: Base 1 2 3 4 5 6 7 8
Inflation index: 0 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Multiplier: 1 1.02 1.0404 1.061208 1.0824322 1.1040808 1.1261624 1.1486857 1.1716594
New HH's - ORA 0 15 30 45 60 75 90 105 120
New HH's - IRA 0 15 30 45 60 75 90 105 117
Total new HH's 0 30 60 90 120 150 180 210 237
New residents: 0 120 240 360 480 600 720 840 948
Water Usage:

Cuft/year: 0.00E+00 5.87E+05 1.17E+06 1.76E+06 2.35E+06 2.94E+06 3.52E+06 4.11E+06 4.64E+06
% delta FY 2004 0 2.43 4.87 7.30 9.73 12.17 14.60 17.03 19.22

Education:
HS cost index 0 0.05 0.05 0.03 0.03 0.02 0.02 0.015 0.015

Multiplier: 1 1.07 1.14 1.20 1.26 1.31 1.37 1.41 1.46
Cost/student (HS): $12,357 $13,222 $14,148 $14,855 $15,598 $16,222 $16,871 $17,461 $18,072
Cost/student (El): $7,892 $8,050 $8,211 $8,376 $8,543 $8,714 $8,888 $9,066 $9,247

Delta HS students: 0 17 34 51 51 66 81 113 128
Delta El students: 0 30 60 90 120 135 150 165 177

Delta HS cost: $0 $224,778 $481,024 $757,613 $795,494 $1,070,641 $1,366,527 $1,973,113 $2,313,257
Delta El cost: $0 $241,509 $492,678 $753,797 $1,025,164 $1,176,375 $1,333,226 $1,495,879 $1,636,764

Delta education: $0 $466,286 $973,702 $1,511,410 $1,820,657 $2,247,016 $2,699,752 $3,468,992 $3,950,020
Public Safety:

Delta P.O.: 0 0 0 0 1 1 1 2 2
Cost/officer $52,466 $53,515 $54,585 $55,677 $56,791 $57,926 $59,085 $60,267 $61,472

Delta Safety: $0 $0 $0 $0 $56,791 $57,926 $59,085 $120,533 $122,944
Roads, ways:
 ORA (miles): 0.00 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80
IRA (miles): 0.00 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.34
Total miles: 0.00 0.90 1.80 2.70 3.60 4.50 5.40 6.30 7.14
Cost/mile: $7,620 $7,773 $7,928 $8,087 $8,248 $8,413 $8,582 $8,753 $8,928

Delta Roads: $0 $7,000 $14,280 $21,849 $29,714 $37,886 $46,372 $55,183 $63,791

Tax Revenue:
ORA: $0 $165,814 $338,260 $517,538 $703,852 $897,411 $1,098,431 $1,307,132 $1,523,743
IRA: $0 $156,060 $318,362 $487,094 $662,448 $844,622 $1,033,817 $1,230,242 $1,398,258

Total Revenue: $0 $321,874 $656,622 $1,004,632 $1,366,300 $1,742,032 $2,132,248 $2,537,375 $2,922,001

Total Cost: $0 $473,286 $987,982 $1,533,259 $1,907,162 $2,342,828 $2,805,210 $3,644,708 $4,136,756

Net revenue(cost): $0 $151,413 $331,360 $528,626 $540,862 $600,796 $672,962 $1,107,333 $1,214,754
Net revenue(cost)/HH: $5,047 $5,523 $5,874 $4,507 $4,005 $3,739 $5,273 $5,126

Table 4
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Build-out Consequences of Developing 24 acres into Elderly Market Rate Housing
Zoning assumed to be consistent with EHD overlay district

Year: Base 1 2 3 4 5 6 7 8
Inflation factor: 0 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Multiplier: 1 1.02 1.0404 1.061208 1.0824322 1.1040808 1.1261624 1.1486857 1.1716594
New HH's - EHD 0 15 30 36 36 36 36 36 36

Total new HH's 0 15 30 36 36 36 36 36 36
New residents: 0 19 39 47 47 47 47 47 47
Water Usage:

Cuft/year: 0.00E+00 6.12E+04 1.26E+05 1.51E+05 1.51E+05 1.51E+05 1.51E+05 1.51E+05 1.51E+05
% delta FY 2004 0 0.25 0.52 0.63 0.63 0.63 0.63 0.63 0.63

Education:
HS cost index 0 0.05 0.05 0.03 0.03 0.02 0.02 0.015 0.015

Multiplier: 1 1.07 1.14 1.20 1.26 1.31 1.37 1.41 1.46
Cost/student (HS): $12,357 $13,222 $14,148 $14,855 $15,598 $16,222 $16,871 $17,461 $18,072
Cost/student (El): $7,892 $8,050 $8,211 $8,376 $8,543 $8,714 $8,888 $9,066 $9,247

Delta HS students: 0 1 2 2 1 0 0 1 2
Delta El students: 0 0 1 1 1 1 1 1 1

Delta HS cost: $0 $13,222 $28,296 $29,710 $15,598 $0 $0 $17,461 $36,145
Delta El cost: $0 $0 $8,211 $8,376 $8,543 $8,714 $8,888 $9,066 $9,247

Delta education: $0 $13,222 $36,507 $38,086 $24,141 $8,714 $8,888 $26,527 $45,392
Public Safety:

Delta P.O.: 0 0 0 0 0 0 0 0 0
Cost/officer $52,466 $53,515 $54,585 $55,677 $56,791 $57,926 $59,085 $60,267 $61,472

Delta Safety: $0 $0 $0 $0 $0 $0 $0 $0 $0
Roads, ways:
 EHD (miles): 0.00 0.13 0.26 0.31 0.31 0.31 0.31 0.31 0.31

Total miles: 0.00 0.13 0.26 0.31 0.31 0.31 0.31 0.31 0.31
Cost/mile: $7,620 $7,773 $7,928 $8,087 $8,248 $8,413 $8,582 $8,753 $8,928

Delta Roads: $0 $1,000 $2,040 $2,497 $2,547 $2,598 $2,650 $2,703 $2,757

Tax Revenue:
EHD $0 $53,646 $109,437 $133,951 $136,630 $139,363 $142,150 $144,993 $147,893

Total Revenue: $0 $53,646 $109,437 $133,951 $136,630 $139,363 $142,150 $144,993 $147,893

Total Cost: $0 $14,222 $38,547 $40,583 $26,688 $11,312 $11,538 $29,230 $48,149

Net revenue(cost): $0 $39,423 $70,890 $93,368 $109,942 $128,051 $130,612 $115,763 $99,744
Net revenue(cost)/HH (1): $2,628 $2,363 $2,594 $3,054 $3,557 $3,628 $3,216 $2,771
Replacements of residents moving into the EHD: assume that replacement rate is: 20 %

No.of new HH's: 0 3 6 7 7 7 7 7 7
No. of residents: 0 12 24 28 28 28 28 28 28
Tax revenue: $0 No revenue, since the housing stock is already on the tax rolls

Education:
Cost/student (HS): $12,357 $13,222 $14,148 $14,855 $15,598 $16,222 $16,871 $17,461 $18,072
Cost/student (El): $7,892 $8,050 $8,211 $8,376 $8,543 $8,714 $8,888 $9,066 $9,247

Delta HS students: 0 1 3 4 3 2 2 3 4
Delta El students: 0 3 6 7 7 6 5 5 5

Delta HS cost: $0 $13,222 $42,443 $59,421 $46,794 $32,444 $33,741 $52,384 $72,289
Delta El cost: $0 $24,151 $49,268 $58,629 $59,801 $52,283 $44,441 $45,330 $46,236

Delta education: $0 $37,373 $91,711 $118,049 $106,595 $84,727 $78,182 $97,713 $118,526
Net Revenue/(cost): $0 $2,050 $20,821 $24,681 $3,347 $43,324 $52,430 $18,050 $18,782
 Revenue (cost)/HH (2): $137 $694 $686 $93 $1,203 $1,456 $501 $522
Note 1:  This revenue figure does not include the replacement of the household by the single family dwelling in Town.
Note 2:  This revenue is the NET revenue realized assuming that 20% of the Topsfield residents trade their homes for units in EHD.

Table 5

Chapter 40B housing that has been constructed in Town and is proposed for selected parcels of
land is mostly elderly housing for owners of age 55 or older. The population of such
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developments will have a few school-age children and thus have the demographics of an EHD
development. Unrestricted Chapter 40B housing however, will reflect the demographics of the
conventional residential developments. 

F.  Future development in Town.

The recent MAPC build-out estimates of land in Topsfield were modified by the Town Engineer
and the Assessor’s office to more accurately reflect the land that is available for development.
This was determined to be on the order of 1390 acres in all zoning districts. Thus the estimated
625 acres of presently unbuildable land due to percolation time problems represents about 45%
of that inventory. It also represents the most readily developable land in Town. It is therefore the
most likely to be subject to development as soon as the new percolation rates have been adopted
by the Board of Health. 

G.  Recommendations relative to the adoption of the Title V percolation limit.

It is imperative to limit the rate at which land is developed in Town to control the rate of growth
of the tax rate and to find time to deal with the impending water supply crisis. For these reasons
the Committee recommends that  if  the Board of Health intends to adopt the revised Title  V
provisions, it does so over a period of time. Thus the percolation time could be increased from
the present 20 minutes/inch to about 35 minutes/inch over the next five years and thereafter to
the 60 minutes allowed by Title V.  This staged adoption of limits may provide sufficient time to
address some of the very immediate land use issues that have been identified by the Committee.
Moreover,  the  Committee  recommends the  re-adoption  by the Town Meeting of  the Phased
Growth zoning  bylaw (formerly Chapter  X of  the  Topsfield  Zoning Bylaw)  that  expired  48
months after its adoption at Town Meeting in 1999 to ensure that the rate of development of the
Town’s undeveloped land is commensurate with its ability to manage the consequent growth.

The EHD development model has recently received some attention as a low impact development
both fiscally and environmentally. This may not be the case at all. The land per se is intensely
developed  in  that  the  current  bylaw allows  5  units  per  acre.  Even  if  an  elderly  unit  only
discharges about  one half of the effluent of an equivalent  single family house,  an EHD still
represents  an  effective  development  intensity on  the  order  of  0.5  acres  per  on-site  disposal
system (OSDS). It has been shown that this development intensity leads to nitrate concentrations
of the groundwater far in excess of the EPA limit unless each of these EHD developments is
surrounded by a large undeveloped buffer zone. It is therefore recommended that approval of an
EHD be made contingent upon the availability of sufficient open land in that EHD to ensure that
the effective effluent discharge of the development does not exceed the equivalent of one acre
per OSDS. Moreover, there is no inspection protocol in place to ensure that the EHD units are
not some time in the future leased to people that are not legally eligible to live in those units
which would cause further population increases. 

In addition to the above recommendations the BoHRRC recommends that wetlands buffer zones
and steeply sloped land be removed from the buildable area computation in the zoning bylaw to
ensure that development of lots on established roads do not pose a flooding hazard to adjoining
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properties as has been witnessed recently on Prospect Street. The removal of these resource areas
from land eligible for buildings and septic systems will lessen erosion of surface soils and the
need to fill buffer areas with sand and loam to elevate septic system drain-fields from the high
water table usually found in wetlands buffer areas. 

IX.  The Ipswich River Watershed (ref. 13) 

A.  Introduction

The Ipswich River is an important economic and ecological asset to northeastern Massachusetts.
This small coastal plain river, which flows about 45 meandering miles from source to sea,
provides drinking water to over 330,000 residents and thousands of businesses in fifteen
northeastern Massachusetts communities. Since pre-colonial times, the Ipswich River supported
productive and diverse fisheries, including anadromous species such as smelt, alewives, shad and
salmon, and flow-dependent resident freshwater species such as brook trout and fallfish. These
bountiful fisheries, along with the extensive shellfish beds of the Ipswich River estuary, were a
mainstay of the regional economy for centuries. During the early industrial era, the river provided
“free” power to shipbuilders, tanneries, paper and textile mills. Today, the river is also an
important recreational resource and a key part of the region’s burgeoning eco-tourism industry.
The estuary is part of the Great Marsh ecosystem, and the river hosts important regional bio-
reserves including the Ipswich River Wildlife Sanctuary and many privately- and publicly-owned
forests, parks and reservations

At the present time much of the river’s water is pumped out of the river basin for municipal
water  supplies  and  consumed  at  a  rate  which  has  left  the  river  significantly  impaired.
Approximately 80% of the pumped water is exported from the watershed as effluent pumped
into the Atlantic Ocean resulting in a significant loss of water to the watershed.

This loss of water is evident in extremely low flows and periods of no flow that occur chronically
during the summer months, and occasionally at other times of year when droughts coincide with
seasonal water diversions to fill reservoirs. Fish kills and modifications to the species
composition within the river ecosystem have been documented. Other adverse impacts, inclusive
of extremely low dissolved oxygen in the upper watershed during the summer period, further
degrade the river’s environment. Other issues of concern include frequent hazardous waste
contamination, which has affected a number of water supply sources, as well as general pollutant
loading from non-point sources. Concerns have been raised about the loss of function of some
vegetated wetland areas because they simply dry up during low or no flow season.

On average, no-flow events occur over 10% of each season in the Reading area. Summer
flows in the upper river are significantly impacted and are evident in observations of flow
upstream of a series of pumping wells along the river, no flow adjacent to the well, and
reverse flow downstream of the well (as water is pulled upstream by the well’s cone of
influence). Low-flow advisories have been triggered every year since a public advisory
system was implemented in 1997, requiring publication of public notices requesting water
conservation during certain low-flow periods. In drought years, low-flow events can extend
for six months.
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It is therefore no surprise that the Federal Environmental Protection Agency (EPA) has
classified the Ipswich River as one of the 10 most stressed rivers in the US. As a
consequence of that designation and pending litigation over water withdrawals by the
Ipswich River Watershed Association, the Commonwealth’s DEP has started to set more
stringent water withdrawal limits for each community in the river’s watershed. The DEP
even demanded an account by the Topsfield Water Department of water withdrawals from
private wells. This requirement is well beyond the statutory authority of the Water
Department. The matter is currently under legal review. Water withdrawal limits that are
constant or decreasing in the coming years substantially constrain the ability of the Water
Department to provide water to new subdivisions in Town with the Town’s water service.
Thus these subdivisions will need to provide water from private wells that may have to be
included in the withdrawal limit pending the outcome of the legal review. 

B.  River Water Pollution.

 The Marine Biological Laboratory at Woods Hole has been leading a multi-year investigation
of effluent concentrations in the Ipswich River watershed. The study has found that there is a
significant input of nitrates from land areas bordering on the river system. However, the study
has also shown that 90% of the nitrate load is removed from the water upstream of the estuary.
This research indicates the importance of wetlands in removing these effluents. Researchers
have expressed concern that low-flow episodes may compromise wetlands’ capacity to remove
nitrates over time. Figure 26 shows the nitrate loads of the river water by month in 1999 over a
50 km (31 miles) stretch of the river.

Figure 26

It is seen that the winter months show the highest NO3 concentrations. This is due to the fact
that the surrounding wetlands are dormant and may actually be increasing the nitrate load due to
the decaying biomass. It is also seen that during the months that the various towns are permitted
to pump water out of the river, nitrate concentrations are well over the EPA limit. It is
somewhat surprising that this fact has not been noted by the water-boards in those communities.
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C.  Nitrate in Topsfield’s brooks.

The concentration of nitrates in drinking water is serious business. Amounts beyond the US
EPA’s limit of 10 mg/l have serious health consequences. Please refer to Appendix A for a
detailed discussion.

The Town of Topsfield Water Department monitors nitrate levels of water pumped from the two
well fields on a periodic basis. The average concentration over the past several years has been
about 1.6 mg/l. (ref. Topsfield Water Department). This is well below the EPA’s limit at 10 mg/l.

The Water Department serves about 85% of the town’s homes. The remaining 15% are on
private wells that are either shallow or deep. Shallow wells are sensitive to contaminants in
stream and groundwater while it may take many years for groundwater contamination to reach
the level at which deep wells draw their water.

While the town water is safe, the Committee made some limited number of measurements in
Topsfield streams. These measurements were made within a short time span during the
particularly wet month of November. The concentrations are affected by stream flow and one
would expect these concentrations to be higher during dry periods. A maximum of 4 ppm was
detected on South Main St. by the duck crossing of Cleveland brook as indicated on the map seen
in Figure-10-2. Interesting measurements were made on School Brook. At its Howlett St.
crossing no detectable nitrates were measured, yet within a short distance by the town library the
nitrate concentration was 2 ppm.. While these concentrations are is still below 10 ppm, their
great variability provides evidence for urban sources of pollution that should be identified. 
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Figure 27.

The Committee therefore recommends that the Town either by the Cons Com or the Water
Department initiate a monitoring project of the water quality in the Town’s brooks that at a
minimum records nitrate concentrations but might also monitor certain metals such as lead,
arsenic, chromium and cadmium, and coliform bacteria. 
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Appendix A

Health effects from high nitrate concentrations

What is nitrate?
Nitrate is a chemical found in most fertilizers, in manure, and in the liquid waste discharged from
septic tanks.  Natural bacteria in soil can convert nitrogen into nitrate.

How can nitrate get into my well water? 
Nitrate can be carried by rain or irrigation water down through the soil and into the groundwater.  If
your well draws water from this groundwater, your well water may contain nitrate.

Why is nitrate in drinking water a problem?
Nitrate can affect red blood cells and reduce their ability to carry oxygen to the body.  In most adults
and children these affected blood cells rapidly return back to normal.  However the blood cells of
infants can take much longer to return to normal.  As a result, infants who are given water with high
levels of nitrate (or foods made with nitrate contaminated water) may develop a serious health
condition due to the lack of oxygen.  This condition is called methemoglobinemia or “blue baby
syndrome.”  Some scientists think that diarrhea can make this problem even worse. 

How is nitrate in drinking water regulated?
The U.S. Environmental Protection Agency has established a federal drinking water standard, called
a Maximum Contaminant Level of 10 milligrams per liter (mg/L), or 10 parts per million (ppm) for
nitrate. Washington State’s drinking water quality standard is also 10 mg/L.  Public water systems
are required to sample for various contaminants, including nitrate, on a regular basis.  There is no
required sampling of private individual wells.  However, private well owners are encouraged to test
their well for nitrate on a regular basis.

Signs of “blue baby syndrome”
An infant with moderate to serious “blue baby syndrome” may have a brownish-blue color due to the
lack of oxygen.  This condition may be hard to detect in infants with dark skin.  In mild to moderate
cases babies may have the same symptoms as when they have a cold or another infection (fussy,
tired, diarrhea, or vomiting).  While there is a simple blood test to see if an infant has “blue baby
syndrome,” doctors may not think to do this test for babies with mild to moderate symptoms. 
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What to do about “blue baby syndrome”
If your baby has a brownish-blue color, bring your baby to a hospital immediately.  There is a
medication (methylene blue) that will quickly return your baby’s blood to normal.

Prevention of “blue baby syndrome”
The best way to prevent “blue baby syndrome” is to avoid giving your baby water that may be
contaminated with nitrate.  Infants under one year of age should not drink water exceeding the
drinking water standard of 10 parts per million (ppm) of nitrate.  Boiling water will kill bacteria that
are in well water, but it will not reduce the level of nitrate.

Nitrate in water will not have a long-lasting effect on your baby.  If your baby does not have any of
the symptoms of “blue baby syndrome” you do not need to bring your baby to the doctor.

Will breast-feeding give my infant “blue baby syndrome”?
Although nitrate has been found in breast milk, there are no confirmed reports of “blue baby
syndrome” being caused by a nursing mother who consumed well water that contained nitrate. 

Can nitrate affect adults?
Most older children and adults will not be affected because their red blood cells will be quickly
converted back to normal.  Some people have conditions that make them susceptible to having health
problems from nitrate. This includes:

• Individuals who don’t have enough stomach acids.
• Individuals with an inherited lack of the enzyme that converts affected red blood cells back

to normal (methemoglobin reductase).
Some studies have found an increased risk of spontaneous abortion or certain birth defects if the
mother drank water high in nitrate.  Women who are pregnant or who are trying to become pregnant
should not consume water that is high in nitrate.

How can I tell if my well water has nitrate?
Shallow wells, poorly sealed or constructed wells, and wells that draw from shallow aquifers are at
the highest risk of having nitrate-contaminated water.  The only way to know if your private well is
contaminated with nitrate is to have it tested.  Your county health department can give you
information about where you can get your water tested.  Nitrate tests usually cost twenty-five to
thirty dollars.  Nitrate levels can change over time so you should test your well yearly.

Manure and septic tank waste may also contain disease-causing microorganisms such as bacteria and
viruses. It is a good idea to test your well for bacterial contamination (coliform bacteria test) when
you test your well for nitrate.

Public water systems are tested routinely.  Public water systems cannot have more than 10 parts per million (or milligrams per liter) of nitrate.
Systems with this high a nitrate level are required to notify their customers.

Washington State Department of Health, Office of Drinking Water
http://www.doh.wa.gov/ehp/dw/default.htm
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Nitrates and the Septic System
From Utah- WASHINGTON COUNTY WATER CONSERVANCY DISTRICT and COOPERATING
AGENCIES DETERMINATION OF RECOMMENDED SEPTIC SYSTEM DENSITIES FOR
GROUNDWATER QUALITY PROTECTION 1999

Septic Systems and Nitrogen
Septic systems have generally been found to be relatively ineffective in removing nitrogen from
the wastewater stream. Nitrogen entering the septic system is typically 70% organic nitrogen and
30% ammonia. The anaerobic environment in the septic tank transforms most of the organic
nitrogen to ammonia nitrogen. The nitrogen leaving the septic tank is typically 25% organic
nitrogen and 75% ammonia. A properly functioning absorption system has a biomat which forms
at the soil interface directly below the absorption system. The biomat has a greatly reduced
permeability and provides an unsaturated zone below the absorption system. This unsaturated
zone is critical for the removal of pathogens. The unsaturated zone typically is an aerobic
environment in which the ammonia is oxidized to nitrate (nitrification). An adequate depth of
unsaturated flow, necessary for bacteriological treatment and for phosphorus removal, also
establishes conditions that allow for rapid nitrification which converts ammonia and organic
nitrogen to nitrate (Canter and Knox, 1985 ref. #3).

Transport and Fate of Nitrate
When nitrate reaches the underlying groundwater, it becomes very mobile because of its
solubility and anionic form. Nitrate moves with groundwater with minimal transformation.
Nitrates can be removed from groundwater through two mechanisms: (1) direct uptake by plants,
and (2) denitrification. Direct plant nitrate uptake adjacent to an absorption field is negligible if
the drain field is installed properly so that an adequate unsaturated soil depth is maintained.
Denitrification, or the bacteriological transformation of nitrate to nitrogen gas requires an oxygen
free (anaerobic) environment. It would be unlikely for such an environment to occur in
groundwater aquifers that typically produce high quality drinking water.

Advantages of Nitrate
Nitrate offers the following advantages as an indicator:
(1) Excessive concentrations of nitrate in drinking water present a well documented health
hazard.
(2) Nitrate is an effective indicator of human activity because the major sources of nitrate in
groundwater are wastewater disposal and application of fertilizer to land.
(3) Nitrate concentrations are relatively easy to measure.
(4) A reliable historical groundwater quality data base exists.
(5) Nitrate generally does not attenuate once it enters groundwater except by dilution.
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Appendix B - Home Rule Legal Opinion
Note: this letter was retyped for inclusion in this report. Original copies are available from the
BOHRRC committee.

Metaxas Norman & Pidgeon, LLP          T: 978.927.8000
900 Cummings Center                             F: 978.922.6464
Suite 207T
Beveriy,MA01915                                   www.mnplaw.com

July 9,2004

Mrs. Jackie Degan
125 Main Street
Topsfield, MA 01983

                  RE:  Town of Tops field. Board of Health Rules and Regulations

Dear Mrs. Degan:

Thank you for contacting our office regarding a review of the Town ofTopsfield Board of
Health Rules and Regulations as they pertain to regulation of on-site wastewater disposal
systems.  In this regard our office has review the following documents:

 
1.   A portion of the Town's Health Rules and Regulations contained in a booklet
entitled:"Town ofTopsfield Board of Health Rules and Regulations." The booklet contains
an "Editor's Note" which indicates that the Supplemental Regulations were adopted
onJanuary 6, 1986 and amended on November 17, 1988.
 2.  310 CMR §15.00 et. seq. including in particular 310 CMR §15.245 (Soil Absorption
System Siting Requirements).
3.  Massachusetts General Laws Chapter I II, Section 131.

We have also examined such other documents, including the case law of the Commonwealth as
we have deemed necessary for the purposes of the opinion expressed in this letter. We express no
opinion with respect to the effect of any law other than the law of the Commonwealth of
Massachusetts. 

Introduction

Massachusetts law provides that boards of health may make reasonable health regulations.
M.G.L. ch. Ill §31. The law provides specifically that boards of health may adopt regulations
pertaining to the minimum standards for septic systems provided that a public hearing is
conducted and the notice standards of the statute are met. Id. Prior to the adoption of the
standards, the board of health shall state at the public hearing the local conditions which exist or
reasons for exceeding the state standards. Id.  It is not clear from the materials reviewed that
whether the Topsfield Board of Health followed the notice and 'declaration' proceedings set forth
in the statute. However we note that the regulations have been in place for 17 years – a more than
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sufficient time for any party to make a claim that the initial adoption failed to satisfy the statute.
We assume for purposes of this opinion that the Board's regulations regarding septic system
standards have not been and are not now subject to claim of invalidity in any court of competent
jurisdiction.  It is our view that a challenge to the initial adoption of the regulation based on the
failure of the Topsfield Board of Health to adequately publish notice of the regulation would be
either time barred or barred by the application of the equitable principal of laches.

When the legislature enacted M.G.L. ch. 111 §31 it created a comprehensive, separate, additional
source of authority for health regulations. Board of Health ofWoburn v. Sousa. 338 Mass. 547
(1959). Massachusetts courts have repeatedly observed that the statute provides boards of health
with plenary power to issue reasonable, general health regulations. Tri-Nel Management. Inc.
v.Board of Health ofBamstable. 433 Mass. 317 (2001). The statute expressly provides that boards
of health may promulgate local regulations concerning septic systems. G.L. chill §31.The Town
ofTopsfield Regulations have been adopted pursuant to this statute.

Percolation Rates and Soil Absorption Systems.

The term 'percolation rate' refers to the ability of a soil type to drain water. Percolation rates vary
widely in Massachusetts This is a consequence of the variegated soil deposits resulting from the
presence and movement of the glaciers more than 10,000 years ago. A 'perc test' is used to
determine how quickly the soil will drain water. Sandy soils 'perc' more quickly. Soils that have a
high organic component or contain clay 'perc' more slowly. In simple terms, the 'perc rate' is
determined by filling a large hole with water and viewing how quickly water drains out of it. The
'perc rate' is measured in 'minutes per inch.' The test is used, in part, to determine the size of the
disposal field necessary to satisfy state and local health standards relating to disposal of liquid
material ('effluent') released from a septic tank.

Regulation of Soil Absorption Systems

Pursuant to the recent revision of 310 CMR 15.00 et. seq. the permissible perc rate for newly
installed leaching fields for new construction is 60 minutes per inch. This standard became
effective on January 1, 2004. The standard required by the Topsfield Board of Health regulations
is 20 minutes per inch.  The Topsfield standard requires that leaching fields be located in more
permeable soils - i.e. soils that drain faster than required by the state regulation. Soils that do not
satisfy the local or state standard cannot be used for subsurface, sewage disposal. In other words,
a leaching field cannot be lawfully installed for new construction in Topsfield in soils that
percolate more slowly than 20 minutes per inch.  As a result, certain land in Topsfield  that must
rely on an on-site system for wastewater disposal is not available for new construction. Please
note that the 'footprint' of a leaching field required for 60 minute per inch soils (i.e. 'tight soils') is
very large.  As a result, even though a such a leaching field could potentially be located on a
proposed building lot under the state standard, the lateral extent of the leaching field mayresult in
some lots being disqualified for new construction because the proposed lot could not meet the
lateral setback requirements of Title 5 and the local regulations.
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Judicial Review of Local Regulations

A court reviewing regulations promulgated by a municipal board of health will accord the
regulations with the same deference granted to a legislative enactment. Health regulations have a
strong presumption of validity and, when assessing a regulation's reasonableness, all rational
presumptions are made in favor of the validity of the regulation. Tri-Nel Management. Inc. v.
Board of Health ofBarnstable. 433 Mass. at 220 citing Druzik v. Board of Health ofHaverhill.
324 Mass. 129, 138 (1949). A court may invalidate a municipal health regulation only when there
is no rational relation between the regulation and its stated public health purpose. Id.  In Tri-Nel
Management, the Supreme Judicial Court expressly declined to reconsider the degree of
deference accorded local health regulations stating "the rationale: behind this rule has maintained
its vitality and the rule itself remains 'consonant with the needs of contemporary society."'

Analysis 

Like many other communities in Massachusetts, Topsfield has adopted local health regulations
which set standards for the siting and construction of septic systems which are more stringent
than Title 5 of the State Environmental Code, 310 C.M.R. 15.00 et. seq.  The policy discussions
which preceded the promulgation of the 'new' Title 5 in 1995 considered the adoption of a
'uniform state code.' Ultimately, the Department of Environmental Protection ("DEP") concluded
that, absent legislation, Title 5 could not and did not deprive local boards of health the authority
to promulgate local rules. As a result, state law permits the Topsfield Board of Health to make
and enforce local rules which are more stringent than Title 5.  The Board may lawfully adopt a
20-minute perc rate. It is our opinion that, should the local regulation be challenged, a reviewing
court would afford great deference to the town's regulatory authority. We believe however, it is
appropriate for the board of health to be prepared to articulate the local conditions
which exist and reasons for exceeding the state standards which are based on recognized public
health and environmental concerns. In summary, it is our opinion that the regulations adopted by
the Topsfield Board of Health regarding the percolation rate are valid and enforceable according
to their terms. The change in the perc rate in Title 5 does not affect the validity or enforceability
of the local regulations to the extent that the rules are more stringent than Title 5.

Very truly yours.

                                                                         Phillip Posner

Enc (2)
g:\deganjackie\opinion letter
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