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Abstract of the Report
Ammonium Adsorption in a Sewage Leach Field, Watch Hill, Fire Island, NY
by
Fang Liu

Master of Science
In

Hydrogeology
Stony Brook University
2010
The purpose of this study is to provide a method for estimating how much ammonium from
sewage effluent could be adsorbed within the anaerobic zone of the vadose zone and in the
groundwater for given ammonium concentrations of sewage in the effluent and cation
exchange capacity (CEC) of the sediments that the effluent is passing through.
The Matlab program for Cation Transport in Plume developed by Linda Liu in 2005 was used to
modeling the cation exchange process between sewage effluent and soil particles along the
discharge channel. Correlations as equations between the single element distribution
coefficient Kd of ammonium and the Electrical Conductivity of sewage with common CEC values
are developed from modeling results.
The leach field at Watch Hill, Fire Island of New York was selected as study area to supply field
data testing this correlation. A Ground Penetrating Radar Survey was implemented to figure out
the leaching pipes location. Soil samples at various depths in and out the leach field were taken
and analyzed. Grain-size distribution analysis, cation exchange experiments with 2M NH4Cl and
KCl solution, colorimetric ammonium analysis, Direct Current Plasma Analysis are applied to
analyze soil samples and sewage sample from the septic tank.
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Chapter I: Introduction
Earlier studies of nitrogen in Long Island’s groundwater suggest that about 50% of the expected
nitrogen is lost in the groundwater system (Munster, 2008; Porter, 1980; Valiela et al., 1997).
The purpose of this study is to develop an approach to evaluate whether adsorption of
ammonium on mineral grains below cesspools or leaching fields contributes to this loss. All the
fresh water needs of Nassau County and Suffolk County on Long Island are supplied by
groundwater pumped from two sandy aquifers: the Pleistocene Upper Glacial Aquifer and the
Cretaceous Magothy Aquifer. The only recharge to groundwater is precipitation as rain or snow.

Figure 1 Map of Suffolk County, Long Island, New York

Suffolk County (Figure 1) is the eastern most county on Long Island with an area of about 1000
square miles and a population of 1.5 million in 2008. Unlike Nassau County whose sewage is
mainly treated in sewage treatment plants, 70% of Suffolk County’s dwellings use
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septic/cesspool systems to treat their sewage. Nitrogen contamination in groundwater was
recognized in Suffolk County in the 1970s with the publications by the State of New York
Department of Health, the United States Geologic Survey and the Long Island Regional Planning
Board (Munster, 2008). High concentration of nitrate in drinking water may not only result in
the blue baby syndrome but is also a possible carcinogenic source for adults (Fedkiw, 1991).
Submarine groundwater discharge also contributes to the eutrophication of Long Island sound
(Bokuniewicz et al., 2003). Thus, understanding the fate of nitrogen in Suffolk County’s
groundwater is necessary for evaluating potential areas of nitrate contamination.
The main sources of nitrogen in Suffolk County’s groundwater are fertilizer and sewage:


The nitrogen from fertilizer is mainly nitrate. Suffolk County was naturally forested with
acidic, quartz-dominant soil which is poor in nutrients. Both grass and crops tend to
grow best in neutral to alkaline soils. Before World War II, farming was predominant in
the land use of Suffolk County (Suffolk-County-Government, 2010). Since then with the
eastward urbanization from New York City, lawns for golf courses, parks, residential or
commercial purpose had occupied 25% of Suffolk County land by 1981 (Koppelman et al.,
1984). Fertilizers are needed to maintain lush green lawn due to low soil pH and lack of
nutrients in the soil. Due to the high solubility of nitrate, excessive rainfall or overirrigation leaches the nitrate in fertilizer below the plants’ roots zone to groundwater.



Nitrogen in sewage leaves the septic tank or cesspool as ammonium, which is converted
to nitrate (NH4++2O2 = NO3- + 2 H2O) at the edge of the anaerobic zone. About 70% of
the homes in Suffolk County discharge sewage through septic tank/cesspool systems
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(Figure 2). Although septic tank/cesspool systems reduce the consumptive loss of
ground water, they introduce a knotty problem: the introduction of nitrate into
groundwater directly. According to the EPA when the dwelling density increases to
greater than two per acre, sewering is necessary to prevent excessive nitrate in the
groundwater (Smolensky et al., 1990). With urban development, the increasing dwelling
density of Suffolk County in some places has already exceeded this limit.
Based on mass balance considerations, there is an approximately 50% deficit of nitrate in
Long Island’s ground water given the input amount of nitrogen originating from fertilizer
and sewage (Porter, 1980). Based on mass balance calculations of the anion and cation
chemistry of groundwater a 50% loss was also suggested by Munster (Munster, 2004, 2008).
Valiela et al. (1997) suggest that of this 50% nitrogen loss, 61% occurs in the vadose zone
and 35% in the upper portion of the aquifer.
Some of this nitrogen from septic tank/cesspool systems may not reach the groundwater due
to 3 processes:


Ammonia volatilization in the septic tank, cesspool, or the anaerobic zone around and
below the cesspool will occur if the pH is greater than 9: NH4+ + OH- =NH3 (g) + H2O.



Adsorption of ammonium onto particle surfaces in the anaerobic zone of the leach field
and groundwater.



Denitrification after nitrification has converted the ammonium to nitrate: 2NO3- +3CH2O
= N2 (g) + 3CO2 + 3H2O. This reaction could happen in both vadose and saturated zone.
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Figure 2 Illustration of how a domestic cesspool system works (United States Environmental
Protection Agency) (A) Schematic of a Septic Tank (B) Schematic of a Leach Field (drain field)
for area with shallow water table(C) Schematic of a Seepage Pit (dry well) for area with deep
water table
However, there are no studies that have shown where the 50% nitrogen loss occurs:


The pH ranges of sewage and Suffolk County soil is too low for ammonia volatilization
which requires a pH of 9: the pH for sewage on Long Island ranges from 4.5 ~ 7.1 (Xu,
2007)and the pH of soil sediments in Suffolk County is below 6 due to acid rain (Jha,
2008).



In a study of nitrogen and oxygen isotopes of nitrate in groundwater in Northport in
Suffolk County which has high nitrate concentration (Bleifuss et al., 2000), Bleifuss et al.
4

determined that there was no evidence for denitrification in the vadose zone or
groundwater. Young, 2010, in a study using nitrogen/argon ratios in groundwater found
little dentrification in groundwater in Northport (Young, 2010). She contributed this to a
combination of high dissolved oxygen concentration and low dissolved organic carbon in
the aquifer.
The purpose of my study is to provide a method for estimating how much ammonium from
sewage effluent could be adsorbed in the anaerobic zone of the vadose zone and in the
groundwater for given ammonium concentrations of sewage in the effluent and cation
exchange capacity (CEC) of the sediments that the effluent is passing through.
Liu (2005) developed a program using Matlab to simulate the cation exchange between sewage
effluent and sediments for Na, K, Mg and Ca. The nature of the program makes it very difficult if
not impossible to add more cations to this program. As a result I have substituted ammonium
for potassium because they are both monovalent and potassium is in relatively low
concentration in sewage compared to the other cations in this study. I then calculate the
ammonium adsorbed onto mineral grains using a range of cation exchange capacities found for
Long Island sediments by Boguslavsky (2000) and for the range of concentrations of sewage
from Suffolk County analyzed by Munster (2004). I am then able to calculate single element
distribution coefficients for ammonium between the mineral grains and sewage effluent as a
function of electrical conductivity and cation exchange capacity. Electrical conductivity is used
because most reports on sewage effluent that include ammonium concentrations do not
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include the concentrations of the other cations but do include electrical conductivity which is
correlatable to cation concentrations.
In order to evaluate the modeling we chose the leach field from a septic tank at Watch Hill, Fire
Island National Seashore Park, New York which would allow us to have sewage for analysis and
sediments in the leach field that could be analyzed for adsorbed cations including ammonium.
While we did use ground penetrating radar and a thin metal probe to search for the leach pipes
in the field, we were unsuccessful in finding sediments directly below a leach pipe.

6

Chapter II: Study Area

Watch Hill (Figure 3), which is part of Fire Island National Seashore with camping sites and
beaches, is located just across the Great South Bay from Patchogue, Long Island. Fire Island is
one of the barrier islands along Long Island’s south-east shore. A current hypothesis suggests
that the barrier island were formed far from their present location about 18,000 years ago.
Since that time as sea level rose due to the melting of the continental glaciers, the barrier
islands migrated to the north as sea level rose. (Freudenrich, 2010)

7

Figure 3 Map of Study Area: Watch Hill of Fire Island, NY
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The fresh water lens of Fire Island (Figure 4) occurs within fine-to-coarse-grained quartz sand,
with local gravels and clay. The groundwater divided at Watch Hill is skewed significantly
toward the ocean shore (Schubert, 2009). The shallow water table makes it necessary to use
leach fields for discharging waste water in this area rather than cesspools which are used in
other areas of Suffolk County where the depth to the water table is significantly greater.

Figure 4 Generalized vertical section showing major hydrogeologic units and approximate
distribution of Fire Island (modified form Schubert, 2009 Figure 7A)
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Figure 5 Flow direction of fresh and saline groundwater along the southern shore of Long
Island and Fire Island (modified from Schubert, 2009 Figure 7 B)
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Chapter III: Methods

3.1 Ground-penetrating Radar Survey
Ground-penetrating Radar (GPR) is a non-destructive method using radar pulses to collect and
record subsurface information. It is a widely employed technique in fields like geology,
engineering and archaeology. Professor Dan Davis of the Department of Geosciences at Stony
Brook University helped us with the Ground-penetrating Radar survey in July 2009 to locate the
leaching pipes. The sampling in July 2009 was based on the results of his interpretation.
We chose the 500 MHz peak antenna frequency because objects can be detected down to a
size of about ¼ of the dominant wavelength. The ¼ of wavelength of 500 MHz is 6cm, which is
much smaller than the diameter of the leach pipes. We figure out the possible pipe location
from GPR analysis but didn’t implement excavation.

3.2 Sampling Collection
3.2.1 Sewage

A sample of sewage was collected in July 2009 from the septic tank of this leach field, which
collects sewage from restaurants, public restrooms and showers, government housing, ranger
station and maintenance shop at Watch Hill. The sewage sample was kept at 4°C after filtering
in field with 0.45 µm-pore-size filter paper. It was brought to the laboratory and frozen until
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analyzed. The Electrical Conductivity of the sewage was determined by an Oakton Conductivity
and TDS Meter at 15°C.
3.2.2 Soil samples

Soil samples were taken by hand-auger and placed in zip-lock plastic bags. Each soil sample was
kept at 4 °C in the field and frozen in the lab until analyzed.
In September 2008, 6 separate sites were chosen and sampled by Caitlin Young at the surface,
at one-foot and two-foot depths at each site (Figure 5, red pins).
In July 2009, two sites were chosen based on ground penetrating radar survey from both sides
of the possible leaching pipe. I used a metal probe in the field to search for the leach pipes
rather than digging down to sample right below the leaching holes. Soil samples were taken at
the surface, at 1.25-foot and 2.5-foot depths at each site (Figure 5, blue stars).
A sample of beach sand (Figure 5, purple cross) was also collected for comparison with the
leach field samples.

12

Figure 5 Map of the Leach Field at Watch Hill marked with soil sample sites, septic tank and possible leaching pipe
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3.3 Analytical Method
3.3.1 Grain-size Distribution Analysis

Grain size analysis was done to characterize the sedimentary environment and hydraulic
conductivity of the sediments in the leach field.
Grain size is a fundamental property of sediment particles, therefore, the grain size analysis is
an essential way for classifying sedimentary environments (Blott and Pye, 2001). Ten grams of
sediments were taken from each of the twenty-five soil samples from the leach field and
combined. This 250-gram air dried mixture of samples were sieved through 6 standard sieves
(φ= -2, -1, 0, 1, 2, 4) with a Ro-tap for 30 minutes. This method is modified from (Zhang, 2008): I
only used the sieve sets with pore sizes fitting sands. A 250g sand sample taken from the beach
(Figure 5, purple cross) was analyzed for comparison with the leach field sediment.
The hydraulic conductivity (K) of sediment, which depends on the grain diameter and an
empirical coefficient (Table 2), is a measurement of the sediment’s ability to transmit water per
unit hydraulic gradient (Fetter, 2000). The hydraulic conductivity increases with rising
permeability of sediment. According to Hazen Method (Hazen, 1911), the K could be calculated
from the Eq.1:
K = C*(d10)2

Eq.1

K: Hydraulic conductivity of the sediment (unit: cm/s)
C: A coefficient based on Hazen Method (Table 2)
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d10: Effective grain size = grain-size diameter at which 10% by weight are finer and 90% are

coarser (unit: cm)

3.3.2 Cation Exchange

Cation Exchange is the process in which cations in solution replace adsorbed cations on
sediment surfaces. On Long Island, Boguslavsky (2000) found that most grains had a significant
red coating. She found that the adsorption was dominantly occurring on the coatings on the
grains rather than the mineral grains themselves. The coatings were found to consist of clays
and minor amounts of organic matter both of which have relatively high cation exchange
capacities while quartz and feldspar have relatively small cation exchange capacities. While the
coatings were red, they had very little iron in them. After the sewage effluent leaves the
cesspool or leach pipe, the cations in the sewage exchange with the sediments. If a sewage
discharge system has run with a stable chemistry composition for a sufficient long time
equilibrium is established between the cations in sewage and those adsorbed on sediments.
Cation Exchange Capacity (CEC) is the capacity of specific sediment for cation exchange
between soil particle and the soil solution. It is described as the total amount of negatively
charged sites on soil particle surface as milliequivalents per 100 grams (meq/100g). The more
cations the sediment can hold the larger the value of CEC. However, while the CEC of particular
sediment is fixed, the proportion of cations adsorbed on the sediment would reflect the
signature of the solution(s) that has (have) interacted with it.

15

Cation Exchange Capacity was determined by exchanging all of the cations adsorbed on the
sediment particles with another cation. The amount of each of the cations removed from the
sediment particles can then be analyzed to determine the Cation Exchange Cpacity and the
proportion of Na, K, Mg, Ca, Fe, Al and NH 4 adsorbed on the particles. This method is a
modification of the procedure by (Hendershot and Duquette, 1986).
For DCP analysis of Na, K, Mg, Ca, Fe and Al, 2 M NH4Cl was chosen because of its relative high
exchange affinity and also because it does not interfere with the analysis of the other cations
during DCP (Direct Current Plasma) analysis. KCl was chosen for ammonium analysis because it
does not interfere with the colorimetric procedure.
Solutions were prepared from 99.998% NH4Cl Sigma-Aldrich ACS reagent grade powder and
99.995% KCl Sigma-Aldrich ACS reagent grade powder.
I placed 4 grams of each soil sample into a 45ml centrifuge tube with 40 ml of ammonium
chloride or potassium chloride solution to make the ratio of sediment to solution around 1:10
(Boguslavsky, 2000). These turbid liquids were intensively mixed for 24 hours on laboratory
rotator. After one hour of centrifuging, the supernates were filtered through 0.45 µm-pore-size
filter paper.
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3.3.3 Colorimetric Analysis of Ammonium

The Colorimetric Analysis Method was used to determine the ammonium concentration of the
sewage from the septic tank and the supernates from the cation exchange experiment by 2M
KCl solution. This method is a modification of the standard colorimetric method by (Presley,
1971)). This process was completed 3 times in Prof. Robert Aller’s laboratory in the School of
Marine and Atmospheric Sciences at Stony Brook University. The sewage sample was diluted to
1% of its original concentration due to the high ammonium concentration.
Standards were prepared in 100 µl volume with a high standard of 250 µM NH4+ down to 25 µM
NH4+ (250 µM, 150 µM, 100 µM, 50 µM, 25 µM and 0 µM).
The following reagents were prepared:


Reagent A: Phenol was made using 4g phenol in 500 ml of ethanol.



Reagent B: Nitroprusside was made within one week before colorimetric analysis using
0.188g sodium nitroferricyanide with 250 ml distilled water and was stored in a dark
plastic bottle.



Reagent C: Citrate was created by dissolving 7.5g trisodium citrate and 0.4 g NaOH in500
ml distilled water.



Reagent D: Oxidizing citrate was created by dissolving 1ml Chlorox into 25ml reagent C
the citrate solution.

Each sample plus reagent had a volume of 350 µl per well that consisted of 50 µl reagent A, 50
µl of reagent B, 100 µl reagent D, 100 µl sample or standards, 50 µl 2M KCl solution. Then the
96-well plate containing the samples was shaken briefly on the shaker table and kept in the
17

dark to allow color to develop for 3.5 hours before reading absorbance at 640nm on the
FLUOstar Omega Multidetection Microplate Reader.

3.3.4 Direct Current Plasma (DCP) Analysis

The supernates for the cation exchange capacity were analyzed for Ca, Mg, K, Na, AL and Fe
concentration using a Direct Current Plasma (DCP) in Prof. Scott McLennan’s Laboratory in the
Geosciences Department at Stony Brook University. The master solutions were created using
Spex CertiPrep standards and the 2M NH4Cl solution was used as the blank solution. The
master solution contained 5 mg/l of Mg, Na and K, 15 mg/l of Ca, 2 mg/l of Al and 1 mg/l of Fe.
The 2M NH4Cl solution was added to make the total solution weight of 120g. The intermediate
DCP standard was created by diluting the master standard using 2 M NH4Cl solution. Thus the
intermediate standard contained concentration 2.5 mg/l of Mg, Na and K, 7.5 mg/l of Ca, 1 mg/l
of Al and 0.5 mg/l of Fe.

18

Chapter IV: Results
4.1 Grain Size Analysis
Cumulative curves of grain-size distribution (Figure 6) were based on the weight of sand
remaining at each sieve. The cumulative curve of Fire Island dune sand was also plotted in the
same diagram.
As for the soil samples from leach field, d10 is about 0.07cm (read from Figure 6), C is between
80 to 120 (Table 2). Thus, the Hydraulic conductivity (K) of sediment in leach field is calculated
as between 0.392 cm/s to 0.588 cm/s from Eq. 1.
The grain size analysis indicated the leach field sediments are beach sand with high hydraulic
conductivity and permeability.
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Table 1 Size scale with descriptive terminology (Friedman and Sanders, 1978) and
corresponding remain sample weights in percentage of total sample weight; The Fire Island
Dune data is from (Zhang, 2008)
Grain size
φ
mm
-2
4
-1
2
0
1
1
0.5
2
0.25
4
0.063
Pan 6
0.016

Descriptive terminology
Very fine pebbles
Very coarse sand
Coarse sand
Medium sand
Fine sand
Very fine sand
Coarse silt

Beach
Sand
0.18%
0.21%
0.26%
15.33%
48.46%
33.51%
2.05%

Leach Field
Sediment
0.13%
0.13%
1.15%
19.34%
40.27%
33.99%
4.99%

Fire
Island
Dune
0
0.31%
3.84%
26.02%
57.00%
12.61%
0.22%

Table 2 Empirical coefficient based on various sediment type by Hazen Method (Lu, 2007)

C

Sediment

40-80

Very fine sand, poorly sorter

40-80

Fine sand with appreciable fines

80-120

Medium sand, well sorted

80-120

Coarse sand, poorly sorted

120-150

Coarse sand, well sorted, clean
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Figure 6 Grain size distribution results showing by cumulative curves with Phi number and grain-diameter of Beach Sand, Leach
Field Sediment at Watch Hill and Fire Island Dune Sand (Zhang, 2008)
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4.2 Cation Exchange Capacity of Soil Samples
The Cation Exchange Capacity (CEC) of the soil samples were calculated from results of DCP
analysis combining with the Colorimetric Ammonium Analysis (Table 3).
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Table 3 Cation Exchange Capacity of soil samples from the leach field with concentration of various cations on the soil particles
(Sample numbers are corresponding to Figure 6) UD: Undetectable
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4.3 Sewage
The electrical conductivity of sewage from the septic tank is 0.988s/m. The ammonium
concentrations in sewage from the septic tank are listed in Table 4.
Table 4 Ammonium concentration in sewage from the septic tank at Watch Hill

NH4+ concentration in sewage

Sewage
Replicate
1
2
3
AVG

µM/L

mg/L

6998.73
6552.33
6591.14
6714.07

126.19
118.14
118.84
121.05
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meq/L
7.01
6.56
6.60
6.73

Chapter V: Modeling

In order to evaluate the proportion of ammonium in the sewage which could be adsorbed on
soil particles through cation exchange, I simulated this process with various sewage
compositions from Munster(2004) and sediments with different cation exchange capacities
(CEC) based on data from Boguslavsky (2000) using the Matlab Program for Cation Transport in
a contaminant Plume created by Linda Liu (Liu, 2005). Correlations between Single Element
Distribution Coefficient of Ammonium and Electrical Conductivity of sewage effluents are
developed according to sediments with common range Cation Exchange Capacity.

5.1 Theory
Selectivity coefficient is defined to describe the interactive competition among cations for
adsorption sites on sediments. In this program, selectivity coefficients are calculated with
respected to sodium. For example, for cation NH4+,
NH4+-X + Na+ ↔ Na-X + NH4+

(Eq.2)

X: An exchanger site with charge -1.
K Na+/ NH4+ = [Na-X][NH4+]/[Na+][NH4+-X]=Kd Na+/Kd NH4+

(Eq.3)

KNa/K: The selectivity coefficient for cation pair Na/K.
The selectivity coefficient for a particular cation is relatively constant because it’s only depends
on the cation pair, because the competitiveness of cation for exchange site on soil particles is
25

determined by its ion structure. The major cations in this modeling were Na+, Mg2+, Ca2+ and
NH4+ because they are prevalent cations in sewage from septic tank-cesspool system. It is very
difficult if not impossible to add more cations to this program. As a result I have substituted
ammonium for potassium because they are both monovalent element with similar selectivity
coefficient range and potassium is in relatively low concentration in sewage compared to the
other cations in this study. Their Selectivity coefficients are given in Table 5:
Table 5 Selectivity Coefficients for Mg2+, Ca2+, NH4+ and K+ based on the exchange with Na+
(Appelo and Posma, 1999)

Cation I

KNa/I typical value (Range)

2+

0.50 (0.4-0.6)

2+

Ca
NH4+

0.40 (0.3-0.6)
0.25 (0.2-0.3)

K+

0.20 (0.15-0.25)

Mg

The ratio of the concentration of the exchangeable cation on the solid to the concentration in
the solution at equilibrium is defined as the single element distribution coefficient Kd (Liu,
2005).
Kd = CS /CL

(Eq. 4)

CS: The concentration of the target element adsorbed on the sediment (unit: meq/L sediment)
CL: The concentration of the target element in the soil solution (unit: meq/L)
The single element coefficient is not constant but significantly depends on various parameters
such as CEC of sediments and soil solution concentration and composition. However, as long as
26

the Kd of a particular cation in the cation exchange process and its concentration in liquid are
known, it is possible to calculate how much of this particular cation is adsorbed on the
sediment by Eq.4.
Electrical conductivity (EC) of an electrolyte solution is a description of its ability to conduct
electricity which is directly related to the Total Dissolved Solids (TDS). So the EC measurement
of an ionic solution is a fast and reliable method to estimate its chemical concentration. The
milliequivalents of cations or anions in a solution can be calculated by Eq. 4 for EC between
0.1~5 ds/m (Rhoades et al., 1992). It’s possible to figure out a correlation between the Kd of
NH4+ and the EC of sewage effluent by modeling when we fix a specific CEC of sediments.
EC (ds/m) ≈ Sum of the cations (meq/L)/10

(Eq. 5)
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5.2 Simulation
I kept most of the initial conditions as default in Figure 7. The solid density is 2.65g/ml of quartz.
Sewage chemical compositions derived from Muster’s ion concentrations of sewage as in Table
6.
The correlations between Kd of NH4+and Electrical Conductivity of sewage effluent in sediments
with various CEC were plotted in Figure 8. Equations for every CEC values are also given in this
plot. 1, 2, 4 are most common CEC values of fine to coarse sandy soil on Long Island
(Boguslavsky, 2000) while 0.36 is the average CEC value the leach field sediments calculated
from cation exchange experiment results. This modeling could be applied to sediments with
other cation capacity values.
I combined CEC and EC together according to the summary relationship in Figure 9, and got the
equation following:
Z = (-0.0021X3+0.0179X2-0.0671X-0.0076) Y+0.0044X3-0.0402X2+0.1905X+0.014

Eq.6

X: Cation Exchange Capacity of sediment (meq/100g)
Y: Electrical Conductivity (ds/m)
Z: Kd of ammonium
After the substitution of field data (CEC of the sediment as 0.36 meq/100g, Electrical
Conductivity of sewage (EC) as 9.88ds/m) in to Eq.6, the Kd of NH4+ comes out as 0.0616.
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The NH4+ concentration in sewage (CL) is reported as 6.73meq/L. From Eq.4, the
NH4+concentration on sediment (CS) could be calculated from Eq.7 as 0.4147 meq /L sediment.
As the density of this sediment is 2.65g/ml, the NH4+concentration on sediment (CS) can also be
describe as 0.0156 meq /100g, which is less than the CEC of the sediment as 0.36 meq/100g.
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Figure 7 Interface of this modeling program (Liu, 2005) with the initial conditions
30

Table 6 Sewage chemistry condition for modeling (selected from Muster, 2008) and corresponding Kd of NH4+ with common CEC

31

Figure 8 Correlation between Single Element Distribution coefficient of Ammonium in sediments with various cation capacity and
Electrical Conductivity of Sewage
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Figure 9 Summary CEC changing rate from Figure 8
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Chapter VI: Discussion and Conclusion
The characteristics of sandy soil facilities the access to oxygen for vadose zone and
groundwater in this leach field.
The average CEC of this leach field is calculated as 0.36 meq/100g. The study by Boguslavsky
(2000) indicates that coatings on sand surface are main contributor to the Cation Exchange
Capacity and the CEC of sand without coating on Long Island was reported as 0.27 meq/100g. It
means for the sediments in this leach field haven’t been developed their coatings for a long
time. The combination of low CEC of sediment and shallow water table in this area indicates
that the vadose zone of this leach field could hold only a tiny proportion of nitrogen as
ammonium from the sewage effluent. The sewage discharged from this septic tank contains a
high level ammonium concentration comparing with other sewage and this large amount of
nitrogen get into the groundwater of Watch Hill directly.
Why there is no detectable NH4+ adsorbed on soil samples from around leaching pipe? We got
to know later from the groundkeeper of Watch Hill that they spread manure from one horse for
4 months in this leach field in 2008, thus the surface samples with ammonium might due to
horse manure. On the other hand, although we believe that we found the leaching pipe, we
didn’t excavate or sample exactly under leaching holes, thus the soil samples were not from the
plume core.
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Additionally, because NO3- is more prone to leaching than NH4+ (Munster, 2004), ammonium on
soil particles could be converted to nitrate quickly by oxygen (NH4++2O2 = NO3- + 2 H2O). The
unconsolidated sediment texture facilitates ammonium exposure to oxygen.
Based on the Matlab simulation, it’s a quick, easy and reliable approach to estimate the soil
adsorbed NH4+ concentration from the NH4+ concentration CL and Electrical Conductivity (EC) of
sewage effluent using Eq.6:
Kd of NH4+ = (-0.0239 *CEC -0.0299)* EC + 0.0896* CEC + 0.0674
CEC: Cation Exchange Capacity of Sediment (meq/100g)
EC: Electrical Conductivity of leaching sewage (ds/m)
However, this equation needs to be tested and verified by more field data. Based on this
project, it’s necessary to sample the soil just under the leaching holes of the leach pipes.
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