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Abstract 

Time-related measurements of selected conservative and nonconservative 

aquatic 'parameters from the vicinity of Mares Pond, Falmouth are used to quantify 

the extent of domestic wastewater infiltration to the local ground water. A 

fractional comparison between the relative importance of physical as opposed to 

biological processes which together account for the observed degree of wastewater 

attenuation is presented. Indications are that the total amount of leachate 

infiltration detected at the sampled well point varied between 8 and 12 percent 

and that physical processes such as dilution and nonbiological chemical 

attenuations accounted for about 90 percent of the qualitative difference between 

the well water and septic leachate compositions. Regarding the remaining 10 

percent of the overall attenuation, biological processes are assigned about 95 

and 60 percent respectively of the observed organic carbon and combined nitrogen 

mineralization. Because organic carbon regeneration proceeded more rapidly and 

completely than that of combined nitrogen, nitrogen contamination appears to pose 

the more insidious threat to ground water destined for domestic usage in the 

Mares Pond area. 

Introduction 

BACKGROUND 

Maritime Cape Cod, a hook-shaped peninsula of easternmost Massachusetts 

extends about 60 miles into the Atlantic and includes 15 townships distributed 

over an area of 440 mi 2
• According to the U. S. Geological Survey, the' remote 

source of all fresh water for the entire Cape is atmospheric precipitation (ca 

2.4 x 10 6 gals/mi 2 /day) and its recharge (ca 1.1 x 10 6 gals/mi 2 /day) to 

This study was funded by the Woods Hole Oceanographic Institution on behalf of 

the Town of Falmouth, Massachusetts. 

Contribution No. 5665 from the Woods Hole Oceanographic Institution. 
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ground water (Palmer, 1977). The interior aquifer currently supplies about 100 

large municipal-type wells plus several thousand private wells located within 

serviced and unserviced water and wastewater districts. 

Historically Cape Cod ground water has provided a reliable and safe domestic 

water source both for the native population (currently Cq 150,000) and the 

annual ten-fold increase in temporary residents encountered during summer. 

However, unprecedented demand for quality domestic water and provision for its 

ultimate disposal have aroused serious concerns regarding future ground water 

abundance and quality. Clearly, the incidence of complaints citing ground water 

adversities such as changes in subsurface elevation, salt water intrusion, 

eutrophication of surface waters and the intermittent presence ·of suspiciously 

high concentrations of carbonaceous and nitrogenous organic derivatives is 

increasing. To counteract this trend and to clarify the local ground water 

outlook, the federal government has conferred "Single Source Aquifer" status over 

the entire Cape as recorded in the Federal Register, 1982. 

To predict and minimize adverse ground water impacts from unbridled 

residential and commercial construction is an important responsibility of the 

envi_ronmental and public health oriented regulatory agencies. On Cape Cod, much 

of the impetus for new construction stems from a combination of multi-unit 

residential subdivisions and from the seasonal demands of transient visitors. 

Procedural decisions regarding go or no-go construction at specific locations, 

however, often proceed with only quasi-relevant soil and ground water information 

of questionable merit. Common deficiencies include incomplete site-specific data 

on soil composition along with inadequate information on percolation characteris

tics, and other relevant hydraulic peculiarities of the aquifer. 

A second complication affecting freshwater distribution and availability on 

Cape Cod is the constant discharge to the sea of relatively large volumes of low 

salinity ground water as opposed to river water which occurs along the entire 

coastal margin. Maintenance of highly stable offshore salinity gradients 

requires that a fixed but illusive volume of ground water be permanently 

transported to the ocean within each tidal cycle. Finally, it is not unusual to 

encounter delicately buoyant freshwater lenses overlying denser layers of deeper 

seawater within the interior of the peninsula. Disruption of this sensitive 
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layering can result in saltwater intrusion into shallow wells, Many believe that 

these environmental peculiarities have led to an unwarranted reliance on ever 

increasing lot sizes as the principle ground water protection strategy, 

Excessively high concentrations of nitrate in the drinking water of infants 

can, under certain conditions, lead to a reduction in the blood's oxygen carrying 

capacity, This potentially fatal disease, called methemoglobinemia, originates 

in the lower intestinal tract when nitrite produced from the reduction of nitrate 

becomes abnormally associated with the victim's circulatory hemoglobin, Although 

extremely rare on Cape Cod, the epidemiological evidence associated with this 

disease remains a very important quality criteria which is applied to all potable 

waters, A typical residential wastewater leachate on Cape Cod contains a 

nitrate-nitrogen potential of 35-90 mgs/liter while a similar estimate for 

dissolved organic carbon ranges between 150-250 mgs/liter (U. S. Environmental 

Protection Agency, 1980). However, under current conditions nitrate-nitrogen 

concentrations in excess of 10 mgs liter and dissolved organic carbon 

concentration above 5 mgs/liter are rarely encountered in any Cape Cod drinking 

water (Vaccaro et al., unpublished), This situation, while currently satisfying, 

does not preclude the need for continued and improved ground water vigilance 

especially in view of the accelerating population level, 

In planning this study two procedural options, consistent with our 

investigational resources, were considered, First among these was to conduct a 

highly intensive short-term survey which would encompass multiple sampling 

locations but minimize chances of detecting long-term causal interrelations. A 

second and more challenging possibility was to undertake a more rigidly 

controlled empirical experiment wherein a single ground water source would be 

monitored for carefully selected parameters over an extended period of time, An 

inherent advantage of the latter approach was the promise of minimizing 

background noise due to the periodic influence of additional environmental 

phenomena. Added consideration was given to our prior possession of abundant 

data on local ground water compositions which was still awaiting a more 

sophisticated level of interpretation, In toto the above considerations led to 

our adoption of single well point monitoring over an extended period of time as 

the format for this study, 
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Specifically in this report we address some relevant quality changes observed 

over an extended period of time for a single ground water source associated with 

a particular residential well located within an established community near Mares 

Pond, Falmouth, on Cape Cod. Comparisons of three natural water parameters: 

nitrate-nitrogen, conductivity and dissolved organic carbon in septic effluent, 

recharge dilutent water, and in the well water. itself are used as a basis to 

quantify the extent of wastewater transport and infiltration within a hopefully 

stable geological regime. The ultimate ground water assessment of the field 

situation addresses, in order, the fractional amounts of recycling and 

attenuation for combined domestic wastewater, sewage effluent, dissolved organic 

carbon and combined nitrogen along with the relative contributions of physical as 

opposed to biological processes which in combination account for the observed 

ground water composition at the selected sampling location. 

THE WESTERN CAPE COD AQUIFER 

The western extremity of the Cape Cod peninsula lies within an area 

designated as the Mashpee Pitted Plain which encompasses the townships of 

Falmouth, Bourne, Sandwich and Mashpee. An irregular bedrock basement of varying 

depth is overlain by unconsolidated sediments of Pleistocene and Holocene age 

(Oldale, 1976, 1982). Because the original deposition of overburden proceeded in 

a north-south direction, the sedimentary material at the northern apex, near the 

Cape Cod Canal, is somewhat coarser than that at the Falmouth coastal extremity, 

12 miles to the south. In order of abundance, the composition of overlying soil 

structure consists of gravel, sand, pebbles, cobbles and boulders. 

The surface of the Mashpee Plain is intermittently inundated by depressions 

or kettle holes, such as Mares Pond in Falmouth which is a prominent 

topographical feature of our study area. Such ponds were formed when isolated 

blocks of ice, left behind by the retreating glacier, were temporarily buried 

under outwash deposits. Once water-filled, these depressions or ponds became 

dynamically associated with ground water which initiates their flushing. 

In general, the broad hydrogeology of our study area has been described as a 

single, homogeneous anisotropic aquifer having a maximum hydraulic conductivity 

in the north-south direction roughly parallel to the original direction of 

deposition of the out wash sands and gravel (Palmer, 1977). 
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The regional behavior of ground water on Cape Cod, as projected from a series 

of three-dimensional finite-difference ground-water-flow models has recently been 

reviewed by the U.S. Geological Survey (Guswa and LeBlanc, 1981). Attendant mass 

balance calculations for five modeled areas indicate a total steady-state 

recharge rate of 412 ft 3 /sec. and a total discharge rate to streams, marshes 

and oceans of 387 ft 3 /sec. However, the large geographical scales employed in 

this model study are but marginally suited for generalized hydrologic projections 

to smaller, more restricted situations such as the Mares Pond area. 

SITE CHARACTERISTICS 

The single on-site well selected for this study is located just west of Mares 

Pond, on Site 34, Locustfield Pond, Falmouth as shown in Fig. 1 (adapted from 

Report to the Town of Falmouth by K.V. Associates, 1983). Ground water flow at 

the above location is peripheral to and generally downstream from a cluster of 

more than thirty neighboring homes, all on half-acre lots and all serviced by 

private wells. Each home employs on-lot wastewater disposal via cesspools and/or 

septic tanks with or without leaching facilities. The minimum distance between 

any one septic source and the nearest well is 100 ft. in accordance with 

regulations of the Commonwealth of Massachusetts. Since the approval and 

completion of this subdivision, the minimum lot size for this area has been 

increased from 20,000 to 40,000 square feet, 

A convenient, nearby topographical transect describing local soil 

characteristics west of Mares Pond is shown in Fig, 2 (Camp, Dresser and McKee, 

1982). The transect originates about 3500 ft northwest of Site 34 and extends 

about 2400 feet in a northerly direction, parallel to the western side of 

Locustfield Road. The indicated depth of the water table is about 50 feet below 

the ·ground surface which corresponds to an elevation of 20 feet above sea level. 

Soil characteristics within the upper 110 feet indicate a highly uniform 

distribution of fine to coarse sand, gravel and some occasional silt along with a 

minor variation in small cobbles at depths above the water table. Records 

compiled by the U.S. Geological Survey indicate that the annual oscillatory range 

of ground water elevations for this part of Cape Cod is 3-4 feet, 

The projected hydraulic gradient for the ground water immediately west of 

Mares Pond is in a southwesterly direction (Palmer, 1977). Ground water 
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POND 

ATLANTIC OCEAN 

0 5 10 15 MILES 

0 5 10 15 20 KILOMETERS 

Figure 1. Mares Pond, Falmouth, Cape Cod and the specific location of sampling 
well on Site 34 at the Pond's southeastern extremity. 



~ 
V) 

<: 
~ 
~ 

~ 
~ 
~ 
i:::: 
§ 
l.aJ 
Cj 

100 

80 

60 

40 

20 

0 

-20 

-40 
0 

WASTEWATER-GROUNDWATER INTERACTIONS 

Brown fine to coarse sand, 
some silt and gravel, 
trace of cobbles 

1000 2000 

HORIZONTAL DISTANCE (feet) 

Figure 2. Upper surface geology typical of the Mares Pond area at a geological 
cross-section less than a mile north of Site 34. Original data by 
Camp Dressler and McKee in accordance with Report of K.V. Associates, 
1983. 
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contours recorded for Mares Pond in the earlier cited Report of K.V. Associates, 

1983, tend to confirm the above observation despite some seasonal departures 

attributed to changing surface elevations in near-by Mares Pond. Apparently 

gravity-leveling at the surface of the pond promotes flushing via ground water 

recharge at the northern end and ground water release at the southern pond 

extremity. This interpretation is consistent with the e,xposure of well water at 

Site 34 to impaction by septic plumes originating from a number of more easterly 

and upstream on-site sources. 

Within the past two years the Town of Falmouth has acquired considerable 

information on the status of ground water quality in the Mares Pond residential 

area. Selective information provided by the Barnstable County Health Department, 

1982, and cited by K.V. Associates, 1983, scrutinized the ground water from 

about 100 private wells in this locality. About 40% of these water samples 

originated within a half mile of Mares Pond and included all of the residences 

shown in our Fig. 1. This County information and its subsequent review by K.V. 

Associates stress the importance of short-circuiting from neighboring septic 

systems as the most likely explanation for the moderate to high levels of 

inorganic ammonia- and nitrate-nitrogen encountered periodically in Mares Pond 

ground water. Together, these studies aroused our interest in compiling 

complementary information centering on long-term monitoring of a single well 

having a high probability of experiencing intermittent wastewater incursions. 

Ultimately the private well located at Site 34, whose earliest determined 

characteristics also appear in Table 1, was selected as the most appropriate 

water source for our analysis due to a prior history of persistently small but 

measurable impaction. 
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Table 1 

Ground Water Quality Characteristics 1 for· 
the Area West of Mares Pond 

Falmouth, Mass 

131 

No 
Wells 

Above Background 
Concentrations, Percent 

General Area 
Ammonia-nitrogen 
Nitrate-nitrogen 
Conductivity 
Iron 

Test Well, Site No. 34 
Ammonia-nitrogen mg/L 
Nitrate-nitrogen mg/L 
Conductivity µmhos/cm 
Iron mg/L 

44 23 
18 
14 
34 

Concentration 
0.14 
2.56 

92. 
0.05 

1Data of Barnstable County, Department of Public Health Adopted from Report 
of K.V. Associates, Inc. to the Town of Falmouth, 1983. 

An additional and highly useful revelation regarding the above Mares Pond 

data was the demonstration by K.V. Associates of a positive linear correlation 

between total inorganic-nitrogen (combined concentrations of ammonia- and 

nitrate-nitrogen) and conductance within septic plumes. The derived relation is 

consistent with the equation; 

Conductivity= 13.2 (Inorg. N) + 57, ( 1) 

where conductivity is expressed in µmhos/cm and nitrate-nitrogen in mgs/liter. 

Since conductivity is a readily measurable property of both ground water and 

septic effluent, its concentration in well water as compared with that of the 

contributing water types can be exploited to estimate the fractional amounts of 

wastewater and recharge water present in a given well water sample. 

BIOLOGICAL CONSIDERATIONS 

Biological transformations affecting the ultimate distributions of 

nitrogenous and carbonaceous derivatives are important public health and 

environmental concerns of wastewater management. In concentrated domestic waste, 

the above chemical elements typically occur in unoxidized form such as ammonia 

and organic acids both of which are amenable to further biological modification. 

The nature of· the ensuing biological changes have important implications 

regarding health hazards, environmental aesthetics, recycling and renovative 

efficiency. 
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Many microbes although denied free oxygen can utilize oxygen atoms combined 

with other elements such as nitrogen, sulfur, and iron for their respiration. 

Thus, when water containing nitrate infiltrates an oxygen deficient environment 

rich in organic matter, denitrifying microbes can utilize the oxygen content of 

~itrate with the ultimate release of gaseous nitrogen, Indications are that 

denitrification proximal to a watewater source can account for 30-80% of the 

nitrogen removal in waste water renovation (Kardos et al., 1965; Merrell et al., 

1967). As shown below, during denitrification nitrite-nitrogen appears here as a 

transient intermediate between nitrate and gaseous nitrogen, The simplified 

reactions are as follows: 

NO,+ 0.33 CH,OH -----> N02 + 0.33 CO2+ 0.67 H20 and 

N02 + 0.5 CH,OH -----> 0.5Nz + 0.5 HzO +OH-+ ,5C02, 

(2) 

(3) 

On the other hand, in the presence of free oxygen, reduced carbonaceous and 

nitrogenous compounds are further mineralized and terminally oxided to carbon 

dioxide and nitrate as follows: 

CH4 + 202 ----->CO2+ 2H20 and 

NH••+ OH-+ 202--->H+ +NO,-+ 2Hz0 

(4) 

(5) 

Taken on a weight basis, the above equations indicate that the oxidation of each 

unit of methane-carbon and ammonia-nitrogen requires about 5 units of oxygen to 

complete an oxidation. In nature, that nitrate which escapes denitrification is 

either utilized for plant growth or alternatively accumulates in a receiving 

water. Thus nitrate-nitrogen, the end product of the nitrification process, 

ultimately assumes a conservative behavior not unlike that of a water's 

conductive characteristics. 

Normally even ideally functioning septic systems release some nitrate via a 

connecting leaching field or the surrounding subsoil from whence it percolates 

downward to the water table. The ultimate amount of nitrate enrichment to the 

down-gradient ground water represents the net effect from a variety of biological 

and physical processes. The presently enforced standard for nitrate-nitrogen in 

potable water is 10 mg/liter as jointly recommended by the Commonwealth of 

Massachusetts and the U.S. Environmental Protection Agency. 
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ASSESSMENT OF WASTE WATER ATTENUATION 

Physical phenomena such as dilution, adsorption and other inert chemical 

transformations can also play an important role in the recycling of domestic 

wastewaters. Of primary concern here is the estimated ratio of composition, i.e. 

wastewater: recharge water, which characterizes a given water sample, 

Conductivity which measures a substance's ability to carry an electric 

current, can be usefully exploited for this purpose as follows: 

Coss 
FsE CsE + CR 

Co as 
FRw = 1 - CsE + CR 

where FsE and FRw respectively correspond to the fractional presence of 

septic effluent and recharge water; Goes, a sample's observed conductivity 

CsE the original, reference, conductivity of concentrated septic 

effluent and c., the conductivity of unadulterated recharge water. 

(6) 

(7) 

For an idealized situation describing a strictly conservative parameter whose 

presence in a given sample reflects mixing only, the degree of non biological 

attenuation has been estimated from: 

where PPA is the predicted concentration for a given parameter following its 

physical attenuation and PsE and PRw the concentrations of the same 

parameters respectively associated with septic effluent and recharge water. 

Finally, a measure of the degree of biological attenuation beyond that 

contributed by purely physical interventions can be approximated by: 

PeA = (PPA) - (Poes), 

(8) 

(9) 

where PeA is the esti~ated additional effect of non-conservative behavior for 

a given parameter and Poes the observed level of the same parameter as 

measured in a particular sample. 

Successful applications of the above relations presupposes an ability to 

assign realistic va_lues for conductivity, dissolved organic carbon and total 

combined nitrogen to both septic effluent and recharge along with dilutent water, 

Weighted values descriptive of the above parameters are shown in Table 2, and 

reflect a variety of pertinent data sources including the U.S. Environmental 

Protection Agency, the Barnstable County Health Department and our own laboratory 
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measurements. For added insight some of our own corresponding measurements for 

Cape Cod rain water also appear in Table 2. 

WATER SAMPLING AND ANALYTICAL CHEMISTRY 

With few exceptions our ground water sampling at Site 34 was biweekly 

throughout the 330 days of this study, Sampling protocol included prolonged 
~ 

flushing of the 60 foot well head, and the use of separate pyrex glass containers 

for nitrate and dissolved organic carbon samples. Nitrate samples were 

immediately refrigerated and stored frozen pending laboratory analyses by cadmium 

reduction and nitrite-nitrogen colorimetry (Wood et al. 1967). Dissolved organic 

carbon water samples were collected .in precombusted (1 hour. at 550°C) pyrex test 

tubes, preserved with phosphoric acid, later sparged with CO2-free air and 

subjected to persulfate oxidation of triplicate subsamples to isolate the carbon 

dioxide of organic origin via a non-dispersive infrared technique (Menzel and 

Vaccaro, 1964), 

Table 2 

Assigned Values for Dissolved Organic Carbon, 
Total Combined Nitrogen and 

Conductivity in Septic Effluent, Recharge 
Water and Atmospheric Precipitation, 

Septic Recharge Cape 
Effluent Water Rain 

Cod 

Dissolved Organic Carbon, mg/L 
Range 150-250 1

, 
2 0.50-0.90 0.20-0,50 2 

Mean 200 4 0,70• 0,35 

Total Combined Nitrogen, mg/L 
Range 35-90 1 , 2, 3 0.10-0.20 2 .11-.24 2 

Mean 63 4 0,15• .18 

Conductivity, µmhos/cm 
Range 519-1245 3 56-58 3 

Mean 889 4 5 73 , 4 

1Data of U.S. Environmental Protection Agency Design Manual 625/1-80-012 
2Data of Woods Hole Oceanographic Institution. 
3Data from Barnstable County projected as per K.V. Associates, Inc, 
Report, 1983 

4 Value used to calculate ground water attenuation in this report. 
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Results 

The total precipitation measured during the entire 330 days of this study 

amounted to 41.1 inches which closely approximates the historical average for 

Cape Cod. Biweekly changes in the combined amount of rainfall along with a few 

measurements of the attendant changes in ground water elevation are shown in Fig. 

3. The latter measurements relate to a Town operated well, pumping at a constant 

rate, at a location about 2 1/2 miles east of our ground water test site, The 

maximum encountered variation in ground water elevation was the 34 inch drop 

noted between the March-April depth and that recorded for late September, 

Time-related changes in conductivity along with estimates of the ground water 

leachate percentages are respectively shown in Fig, 4. In accordance with the 

previously discussed equations (1), (6) and (7) both of the above parameters show 

proportionality to the corresponding changes in nitrate-nitrogen shown in Fig, 

5, Significantly, the data on leachate percentages indicate that "tainted" 

water, most likely of septic origin, accounts for more than 8% of each ground 

water sample analyzed; the over-all range of impaction being 7,9-12.3%. The 

above distribution pattern is consistent with the intermittent arrival of 

measurable but unpredictable amounts of septic effluent at the point of 

sampling; The unlikelihood of gaining such information regarding a particular 

ground water source from a less coordinated and less definitive areal sampling 

effort is readily apparent from these data. 

Nitrate-concentrations measured over a 335 day period for the ground water at 

Site 34 are also shown in Fig. 5, The overall range of concentrations was 

1.1-4.4 mg/L with higher nitrate observations corresponding to late spring and 

drier summer months. Despite inherent irregularities there is a suggestion of 

sequential nitrate pulses having periods of 60 days duration, Comparable results 

for dissolved organic carbon, also shown in Fig, 5, varied from 0.4-4,6 mg/Land 

displayed more pronounced short-term oscillations than did nitrate. Like 

nitrate, however, higher organic carbon levels tended to appear during the warmer 

and drier summer months. The incidence of short-term changes for each of the 

above parameters suggests the intermittent arrival of significant pulses of 

nitrogen and carbon enrichment as opposed to an extended exposure to ground water 

of a consistent chemical composition. 
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Figure 6 relates only to dissolved organic carbon (DOC) and differentiates 

between the in situ concentrations assigned to dilution and other physical 

attenuation processes as opposed to that amount of carbon removal assigned to non 

conservative, biological, activity. (See Equations (8) and (9) above). The 

single linear relation shown in this figure describes the calculated 

concentrations of dissolved organic carbon based solely on the dilution of septic 

effluent with low background recharge water. Also shown are the concentrations 

of organic carbon actually measured for each ground water sample. The difference 

between any corresponding pair of the above concentrations provides a useful 

measure of the amount of organic carbon removed by biological activity in excess 

of the anticipated physical interventions. Our observations suggest that 

biological transformations account for the removal of essentially all of the 

remaining and detectable dissolved organic carbon above that anticipated on the 

basis of dilution~ se. 

A similar analytical approach has served to estimate the extent of 

biologically induced combined nitrogen regeneration. As shown in Fig. 7 the 

biologically assigned decomposition of organic carbon consistently exceeded that 

of the nonconservative removal of combined nitrogen. :•lost of the above values 

for combined nitrogen were significantly below 80 percent as opposed to 

biological removals consistently in excess of 90 percent for organic carbon. 

DISCUSSION 

About 25% of the U.S. population lives in rural or semi-rural areas where 

on-lot septic tanks exclusively account for the disposal for house.hold organic 

wastes. Nationally, such facilities generate about 0.23 million tons of 

nitrogenous wastes per year (USEPA, Technology Transfer Report, 1975) along with 

an equivalent 1.50 million tons of organic carbon. Given favorable circum

stances, almost all the dissolved organic material associated with septic 

leachate undergoes terminal oxidation to water, carbon dioxide and nitrate. A 

prominent public health criterion of ground water quality is that amount of 

terminal nitrate which percolates downward to ground water and then intercepts 

shallow wells being used for domestic drinking water. 

A growing environmental concern on Cape Cod is the fear that unrestrained 
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observed (dotted circles) and the amount of attenuation, by 
difference, beyond that attributable to waste water dilution (open 
circles), 
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Figure 7. Fractions of dissolved organic carbon and combined nitrogen removed by 
biological activity in terms of the concentrations anticipated from 
waste water dilution. 
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residential and commercial expansion will ultimately lead t·J unacceptable ground 

water deterioration and/or surface water eutrophication. Typically, the current 

strategy and timing of rigorous regulatory decisions affecting residential 

construction are often strategically tied to ground water quality projections to 

avoid the expensive alternative of supplying planned homesites with safer water 

from a more remote source, However, an equ·itable concern for economic parity 

among prospective home owners, developers and the local citizenry in general 

requires that the information which underlies such decisions be o:1; the highest 

possible relevancy. This study is a plea for extended, empirical field 

monitoring and points out the possibility of improved ground water assessments 

for projected residential communities. 

Long-term variations in the behavior of conservative vs. non conservative 

ground water parameters· can be used to iucercompare the extent of physical as 

opposed to biological attenuation of residential septic leachates. Information 

summarized in Table 3 indicates that physical processes (i.e., dilution, 

solubility, adsorption, volatility, etc.) decisively account for about 90% of the 

total ground water attenuation observed at Site 34. As for the additional 

attenuation, beyond that assigned to physical processes, biological activity 

accounts for over 90% of the non dilutional decomposition of ·organic carbon. 

Conversely, the degree of comparable combined nitrogen removal, presumably due to 

the combined effects of nitrogen assimilation and microbial nitrate reduction by 

plants and bacteria, respectively is considerably lower, ranging from 46-78%. 

In combination our study indicates that the particular ground water source 

herein evaluated remains reasonably under-stressed with regard to non-exotic 

waste water carbon infiltration but promises to become highly sensitive to 

additional nitrate encroachment. 
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Table 3 
Physical~ological 

Contributions to Waste Water 
Attenuation, Site 34 Ground Water 

Dissolved Organic Carbon 
Primary leachate 
All impacts 
Physical attenuation 
Biological Attenuation 

Combined Nitrogen 
Primary leachate 
All impacts 
Physical attenuation 
Biological attenuation 

1Taken as 9.4% of 200 ppm 
2 Taken as 6.0% of 63 ppm 

CONCLUSIONS 

Range 
mg/L 

150 -250 
0.50- 4.50 
o. 70- 25.4 

35 -90 
1.12 - 4.34 
5.07 - 8.11 

Mean 
mg/L 

200 
1.26 

20.1 
18.8 1 

63 
2.42 
6.33 
3.80 2 

Mean 
Attenuation % 

99.4 
90.0 
9.4 

96.0 
90.0 
6.0 

The procedural and analytical techniques adopted for this study underline the 

advantage of selective and repetitious monitoring for characterizing ground water 

behavior in geologically defined areas. Also, for exploratory and experimental 

studies in nature, the selection of a ground water source subject to periodic 

leachate incursions from neighboring on-lot septic systems offers an obvious 

tracer advantage. For Site 34 the groundwater range describing detectable 

residual fractions of unrenovated (tainted) water, presumably of remote septic 

origin, was 8-12% with minimally contaminated recharge water accounting for the 

remaining 92-88% of ground water composition. With regard to nitrate-nitrogen, 

low values were most common during the winter and early spring months; the 

maximum concentration (4.4 mg/1) appearing in late June. In general, the 

time-related appearance of dissolved organic carbon resembled that of nitrate and 

as expected, elevated concentrations of both nitrate and dissolved organic carbon 

coincided with periods of low summer precipitation, high evapotranspiration and 

depressed gr~und water elevations. About 90% of the loss in septic leachate 

characteristics could be explained in terms of physical as opposed to 

biologically initiated interventions. However, biological processes, ultimately 
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accounted for the removal of up to 98% of the nonconservative dissolved organic 

carbon anticipated on the basis of dilution per se. Conversely, 

biological transformations affecting the persistence of combined nitrogen were 

notably less efficient than for organic carbon and accounted for only 45-80% of 

the apparent non biological nitrogen depletion, 

These behavioral differences regarding the persistence of organic carbon as 

opposed to nitrogen suggest that the Mares Pond ground water system is currently 

more vulnerable to additional nitrate than organic carbon interventions. This 

conclusion is consistent with the Falmouth Town Meeting decision of 1984 to 

service the entire Mares Pond community with a remote source of town water due to 

the impending tr·reat of high nitrate concentrations. 
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