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Table 4, column 5 (page 15) 

Maximum concentration of dieldrin (~g/L) should be as below: 

Depth of well 
screen below 
land surface 

(feet) 

50 

100 

200 

Table 5 (page 16) 

Maximum concentration 
(llg/1) 

0.22 

1.40 

0.08 

The entries for fecal streptococci should include results from the 200-foot 
wells as below: 

Depth of well 
screen below 
land surf ace 

(feet) 

200 

Number of samples with 
one or more bacteria 

per 100 mL 

0 

Total number 
of samples 

13 

Maximum count 
per 100 mL 

0 
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CHEMICAL AND MICROBIOLOGICAL MONITORING OF A 

SOLE-SOURCE AQUIFER INTENDED FOR 

ARTIFICIAL RECHARGE, NASSAU COUNTY, NEW YORK 

Brian G. Katz and Gail E. Mallard 

ABSTRACT 

In late 1980, approximately 4 million gallons per day of highly treated 
wastewater will be used to the ground-water reservoir in central 
Nassau County through a system of 10 recharge basins and 5 shallow injection 
wells .. 

To evaluate the impact of large-scale recharge with reclaimed water on 
ground-water quality, the U .. S .. Geological Survey, in cooperation with Nassau 
County Department of Public Works, has collected hydrologic and water-quality 
data from a area around the recharge site to provide a basis for 
future comparison.. Extensive chemical and microbiological analyses are being 
made on samples from 48 wells screened in the upper glacial (water-table) 
aquifer and the upper of the ing Magothy (public-supply) aquifer. 

Preliminary results indicate that water from the upper glacial aquifer 
contains concentrations of nitrate and low-molecular-weight 
chlorinated hydrocarbons and detectable concentrations of organochlorine 
insecticides and polychlorinated biphenyls.. At present, no fecal contamination 
is evident in either aquifer in the area studied.. In the few samples 
containing fecal indicator bacteria, the numbers were low. 

Nonpoint sources provide loads of organic and inorganic 
compounds; sources include cesspool and septic-tank effluent, cesspool 
and cleaners and other over-the-counter domestic solvents, 
fertilizers, insecticides for termite and other pest control, and stormwater 
runoff to recharge basins 

The water-table aquifer is composed mainly of stratified, well-sorted 
sand and gravel and, as a result, is permeable. In the 1-square-mile 
area studied, some contaminants seem to have traveled 200 feet downward to the 
bottom of the water-table aquifer and into the upper part of the public-supply 
aquifer .. 
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INTRODUCTION 

Ground water is the sole source of 
residents of Nassau County, one of four 

fresh water for the nearly 1.5 million 
counties on Island, New York (fig. 

1). Rapid population growth in Nassau 
increased both the demand for fresh water and 

over the past 30 years has 
the amount of domestic wastewater 

discharged to the ground water 
ground water is the sole source of 
Counties, the U.S. Environmental Protection 
source" status to the Long Island 
prohibits Federally assisted 
contaminate the ground-water reservoir. 

and ic tanks. Because 
for Nassau and Suffolk 

in 1978 assigned "sole­
reservoir (1). This status 

discharging waters that would 

At present, 1980, about 65 percent of the land in Nassau County is 
residential, and only 1.8 percent of the area remaining is vacant land. 
Approximately 60 percent of the population, or 850,000, reside in unsewered 
areas and discharge 60 Mgal (million gallons per day) of domestic wastes 
through 150,000 cesspools into the shallow zone of the ground-water reservoir (2). 

To prevent further degradation of water quality from domestic wastewaters, 
a comprehensive sewering program was begun in the 1950's to serve about 85 
percent of Nassau County. The work is expected to be completed in 1985. 

......... 
......... 

........... 
............. 

............ 
......... 
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Figure 1.--Location of ground-water divide, Meadowbrook Artificial Recharge 
Site, and Cedar Creek sewage-treatment plant. 

3 



Two of 

collected after 

treated 

with data 
ther or not artificial 

recharge with reclaimed water 
report is a result of an 
Department of Public Works. 
were performed by the New York 

will be safe and feasible. This 
program with the Nassau County 
for selected compounds 

of Health through 
the cooperation of Nassau of Health .. 

Pu 

In an effort to offset the effects of lowered levels and 
quantity water, reuse of treated wastewater and 

methods of reservoir have been under investi-
gation since 1968.. The most recent of these studies is the Cedar Creek water-
reclamation recharge which will the of with 
4 of -treated sewage a stem of basins and injection 
wells.. This describes the of the U.. Survey in 
monitoring the of water for selected chemical and microbiological 
constituents before the introduction of reclaimed wastewater to the system and 

the results obtained to date.. obtained this study will 
a basis for future to determine the chemical and biological 

effects of artificial and to evaluate its 

in Nassau Cou 

and reuse of water in 
1963. In response to concern that a 
available ground water could lead to 
some areas, the U.S .. 

of Public Works, 
1968.. Between 1968 and 1 
(reclaimed water) were made 
between of 420 and 480 
the sediments at 
infeasible because the excess 

of the 

feet 
that 

a well screened in 
below land surface. 

head buildup 
well (3)., 

site 
of 

in 

into 
found to be 

water required 

In a s of storm-water basins in Nassau , Aronson and others (4) 
found that ties of reclaimed water could be transmitted to the 

ter reservoir many of the 's stormwater basins, which are 
excavated in the material of the upper aquifer.. That 
study concluded that, under proper conditions there would be little chance of 
overflow or excessive water-table buildup du 



HYDROGEOLOGY 

The hydrogeology of the aquifers 
only in terms in this paper. More detailed are given in 
reports by McClymonds and Franke (5) and 

Long Island is underlain by a sou of unconsolidated 
deposits ( 2). The two aquifers of concern include the upper glacial 
(water-table aquifer and the aquifer, which has been given 

the U.S Environmental Protection Within 
aquifers are 

aquifer is of Pleistocene 
ing mainly of highly permeable sand and of 
water table generally ranges from 29 f to 32 ft. 

connected. Here, 
outwash deposits consist­

; depth to the 

The Magothy aquifer, which underlies the upper glacial aquifer in the 
study area, consists of beds or lenses of fine to medium sand, clay, silt, and 
gravel. At present, water from the Magothy aquifer is used for public supply 
for most of Nassau County because the upper glacial aquifer has become widely 
contaminated. 

Precipitation is the source of all fresh ground water in Nassau County; 
average annual precipitation is 44 inches. Under natural conditions, about 
half the average annual precipitation to the water table; the rest 
runs off or evaporates and Additional recharge to the water table 
results from infiltration of storm runoff, of water used by industry, 
and discharge of domestic and indu trial wastewater from cesspools and septic­
tank systems (6). The deeper Magothy aquifer is recharged by downward movement 
of water from the upper glacial aquifer. 

Figure 2.--Generalized cross section of Long Island showing major 
hydrogeologic units and paths of ground-water flow. 
(Modified from Cohen and others, 1968, [7].) 

5 



divide 
t is 

arrows 

DE SCRIPT 

Works .. 
with Nassau 
effects of water reclamation 
system consists of three 
transmission-main sys 

The 
facility des 
influent 
and 

consists 

(1) 

Reclamation Plant 

south of this divide, 
as indicated by the 

RECHARGE PROJECT 

Transmission-Hain stem 

The advanced wastewater-treatment process 

the removal of 
su solids, and 

(2) a two-s treatment system consis 
nitrification-denitrification process to 

removal in combination with oxidation 
carbonaceou material 

(3) filtration in the 
effluent 

(4) chlorination and s to disinfect and store this effluent 

of 

to allow for continuous of 4 Mgal/day to the injection wells 
and basins at the A the treatment 
process is 

New York State and Federal ter standards must be met before any 
water will be Creek plant (fig .. 1) 
to the Meadowbrook s a distance of 6 .. 25 miles. 
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Figure 3.--Schematic diagram of water-reclamation recharge project 
facilities (from Beckman and Avendt, 1973 [8}). 
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At the Meadowbrook artif site ( 1), a system of 5 
injection wells and 10 basins to return 4 of reclaimed 
water to the ground-water system. , near the center of 
Nassau County, includes 35 acres. Two major of the project 
(9) are to (a) determine the most icient methods of artificial recharge; and 
(b) monitor and evaluate the chemical , and effects of 
artificial recharge on the reservoir at and from the 
recharge site. An observation-well network, which will be used to monitor 
changes in ground-water quality before and after begins, is discussed 
in the following section. 

METHODS OF SAMPLING GROUND WATER FOR SELECTED CHEMICAL AND 

MICROBIOLOGICAL CONSTITUENTS 

A monitoring network of 48 observation wells at 22 sites (fig. 4) was 
established within the 1-square-mile area su the recharge site. The 
well sites contain either one, two, or three wells screened at depths of from 
~5 to 50 ft, 95 to 100 ft, and 195 to 200 ft below land surface. Hereafter, 
these screened depths are referred to as 50, 100, and 200 feet. 

Construction of Observation Wells 

All holes for the observation wells were drilled with drilling 
equipment. Bentonite or fine sand, free of added organic substances, was used 
as a drilling mud. The wells were cased with 6-inch diameter noncorrosive 
fiberglass pipe. Five feet of stainless-steel 6-inch diameter well screen was 
attached to the bottom of each casing. The well screen was surrounded by clean 
washed gravel-size material. A of cement grout was used to fill the 
annular space above the pack to reduce the possibility of contamination 
from above; the remainder of the hole was backfilled with the original aquifer 
material. After construction was , the well was developed by surging 
and pumping until the water was substantially free of suspended material and 
the turbidity was less than 5 Jackson turbidity units (JTU). 

Chemical and 

To provide a basis for future comparison, the quality of water from these 
wells before artificial recharge is being evaluated in terms of major cations 
and anions, nutrients (nitrogen, phosphorous, and carbon), selected 
low-molecular-weight halogenated hydrocarbons, selected orine and 
organophosphorus insecticides, polychlorinated biphenyls, selected herbicides, 
several groups of bacteria including tion indicator organisms, and 
organisms important in the nitrogen cycle. A list of all chemical and 
microbiological constituents is provided in table 1. 
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1..0 

Table 1.--Selected chemical and microbiological constituents routinely analyzed in 
ground water from study area. 

Insecticides: 
Organophosphorus 

es of 

Major inorganic cations and anions: 
calcium, magnesium, potassiuma sodium 
chloride, ~luoride, sulfate diazinon, ethion. malathion 

Nutrients 
nitrogen species 
phosphorus species 

Metals 
iron, manganese, zinc 

Low-molecular-weight organic chemicals: 
bromodichloromethane 
carbon tetrachloride 
chloroform 
tetrachloroethylene 
trichloroethylene 
1,1,1 trichloroethane 
1,1,2 trifluorotrichloroethane 

Insecticides: 
Organochlorine: 

aldrin, chlordane, DDD, DDE, DDT, 
dieldrin, endosulfan, endrin, heptachlor, 
heptachlor epoxide, lindane, methoxychlor, 
mirex, perthane, toxaphene 

methyl parathion, 
parathion, trithion 

Herbicides: 
2,4-D 
2, 4-DP 
Silvex 
2,4,5-T 

Polychlorinated biphenyls 

Bacteria: 
total aerobic heterotrophs 
total coliforms 
fecal coliforms 
fecal streptococci 
denitrifying bacteria 
nitrifying bacteria 



0.5 KILOMETER 

four times per 
sampled twice a year. 

All wells were 

from 
wells 

ft or less below water level 
casing was cleared before the 
then removed from the well and 

EX PlANA Tl ON 

year 

near and 
artificial 

Meadowbrook 

from the 

from the 
collected 

area were 

pump lowered down the casing to 10 
volume of water in the well 

taken for The pump 
30 a 



of calcium 25-30 free chlorine. This is 
(1 for s 

that cannot be autoclaved. 

After the lowered into the , and at 
least the volume of water in was removed from the well. In 
practice, more than the volume in the well was cleared from the 
shallowest wells This allowed any chlorine solution 
rema1n1ng on the inside or outside of the pump to be removed. Water to be 
analyzed for bacteria was collected in sterile bottles and processed within 2 
hours. 

tical Methods 

Inorganic substances in of ground water are being analyzed at a 
U.S. Geological Survey Laboratory methods developed by Skougstad and others 
(11). Seven selected low-molecu halogenated hydrocarbons are being 
analyzed by the New York State of Health Laboratory with a modified 
Beller-Lichtenburg technique (12). The organophosphorous and organochlorine 
insecticides, along with the polychlorinated biphenyls and selected herbicides 
are being analyzed by the U.S. Survey by gas chromatography-mass 
spectroscopy techniques developed and modified by Goerlitz and Brown (13). 
Identification and enumeration of bacteria in all water samples were done 
according to standard procedures of the U.S. Geological Survey (14). Total 
aerobic heterotrophs, total coliforms, fecal coliforms, and fecal streptococci 
were analyzed by membrane filter A mul most probable 
number method was used to enumerate nitrifying and denitrifying bacteria. 

QUALITY OF GROUND WATER BEFORE RECHARGE 

The quality of ground water before recharge was determined by analyzing 
samples from 48 observation wells at 22 sites in the recharge area. Data from 
the observation-well network could be grouped either by depth of the well 
screen or location within the area. In this report, the data are 
grouped according to screen depth to allow comparison among 50-, 100-, and 
200-ft levels. It would not be useful at this time to examine areal 
differences in water quality. Water at any given depth is likely to be uniform 
within the area because there is no readily identifiable point source for a 
plume of ground-water contamination. 

The alteration of ground-water ty in Nassau County results mainly 
from nonpoint sources, which include effluent from cesspools, septic tanks, 
stormwater discharge sumps, and sewers well as salts for road deicing and 
chemicals used on lawns, in ture, and in industry. Precipitation and 
stormwater runoff are the in moving dissolved substances from 
these sources through the to the water table. Ground water in the study 
area moves southward at approximately half a foot per day (15). 

11 



Alteration 

Chloride 
because 

lower concentrations 
depth 
such as ion 

Table 2.--Mean, and 
ammonium-N in water from 

Depth of well screen 
below land surface Mean 

Chemical ) 

N03-N 50 
100 
200 

Cl r:.:n 
JV 

100 
200 

S04 50 
100 
200 17 

) 

NH4-N 50 0 .. 18 
100 o .. 
200 0 .. 

Alteration of Ground-Water 

1, 1, 
compound decrease 

Median 

34 
21 

16 

0 .. 02 
o .. o 
o .. 

is 

water contains 
concentration with 

chemical reactions 

and 

No .. of 
analyses 

93 26 45 
0 .. 26 20 34 

.07 - 25 17 

2 .. 8 220 52 
7 .. 3 67 46 

0 46 20 

6 4 52 53 
6 56 46 

0 0 44 20 

o .. o 1 .. 9 50 
0 2 0 41 

o .. o - 0 .. 03 20 

Chemicals 

in the ground 
1-trichloro-

a recent 
these four compounds 

(table 3) .. 
increase with depth 

exceeded 20 ~g/L was 
maximum concentration of 

20 ~g/L of this 



Table 3 .. --Low-molecular-weight halogenated hydrocarbons detected in water from wells in study area .. 

Number of wells Maximum 
Depth of well screen Number of where concentration concentration in 

below land surface wells equals or exceeds ground water 
Chemical (feet) sampled 20 ( ) 

Trichloroethylene 50 21 3 173 
100 15 5 270 
2:00 9 1 290 

1--' Tetrachloroethylene 50 21 5 580 
w 

100 15 5 1500 
2:00 9 2 1000 

Chloroform 50 21 1 21 
100 15 1 20 
200 9 0 17 

1,1,1 Trichloroethane 50 21 14 208 
100 15 4 87 
200 9 0 16 



The health risk 

Results of a 
Health showed that the 
cesspool cleaners (16). 
1, 1, !-trichloroethane 
sold and presumably used for 

of these in 
undertake a 

and consumer 
low-molecular­

chemicals in 641 
of tetrachloro­

much 1, 1, !-trichloroethane 

Department of 
compounds was 

of 
were 

In addition to the low-molecular-weight hydrocarbons, 
insecticides have been detected in ground water at all three sampling zones 
(table 4), and polychlorinated biphenyls (PCB's) have been detected at the two 
upper (50-and 100-foot) zones As depth below land surface increases, the 
number of wells containing detectable concentrations of dieldrin and 
polychlorinated biphenyls decreases (table 4). However, the maximum 
concentration of dieldrin was not in the shallowest zone but at the 100-ft 
depth .. 

Heavy rates of application of aldrin (which is oxidized to form 
dieldrin), and heptachlor (which is converted to heptachlor epoxide) are used 
to control termites in Nassau County. In 1975, it was estimated that more than 
150,000 pounds of aldrin and dieldrin was for termite control (18). 
Apparently these insecticides travel downward through the nonreactive aquifer 
material without being removed or altered, as indicated by their presence at 
the 200-ft (table 4). 

Characteristics 

Most public-supply wells that obtain water from the of the 
Magothy aquifer are free of coliform bacteria (19). The shallow water sampled 
was also free of coliform bacteria; 5 samples out of 81 
analyzed had any fecal coliform baeteria in 100 mL (table 5), and the numbers 
of feeal coliforms in those samples were low .. Similar results were obtained for 
fecal s 

Baeteria 
were observed 
were observed 
numbers and in 
Substantial variation in 
the same location.. No 
and number of 
noted .. 

the transformation of nitrogen 
ing bacteria 

observed in much lower 
at all levels. 

numbers was observed among well sites and over time at 
between eoncentration of nitrogen speeies 
bacteria in any water sample was 

14 
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Table 4 .. --Presence of dieldrin, heptachlor epoxide, and polychlorinated biphenyls at or above detection 
limits in water from wells in study area. 

Depth of well screen Detection Percentage of water samples Maximum 
below land surface limit from wells at or concentration 

Chemical (feet) ( llg/L) above detection limit ( ~tg/L) 

Dieldrin 50 0.01 80 0.022 
100 56 o. 
200 22 ·o.oso 

Heptachlor 50 0.01 15 0.03 
epoxide 100 6 0 .. 01 

200 11 0.02 

Polychlorinated 50 0.1 35 0.6 
biphenyls 100 13 0 .. 6 

200 0 o.o 



the water 
total 

low 
decreased with below 
difference was noted between 
obtained the 200-foot level, 
numbers within the from 
of This scatter 
data and also out the 
and at several 

(total ) in 

those 
because the 

almost two orders 
caution in of 

several samples over time 
information .. 

Table 5.--Bacterial indicators of fecal contamination in ground water 
from selected 

of well 
screen below land one or Total Maximum 

surface more bacteria number of count per 
Bacteria ) per 100 m1 samples 100 m1 

Fecal 50 3 34 23 
coliforms 100 1 32 4 

200 1 15 1 

Fecal 50 6 33 27 
s 100 7 31 6 

SUMMARY AND CONCLUSIONS 

One of the main effects of urbanization in Nassau net 
Creek reduction in the and of 

water-reclamation 
recharging the 

and 
of 

reservoir in central Nassau 
shallow wells 

To evaluate the hydrologic 
recharge with reclaimed water, 

quality in a 
a basis for 

observation 
is 
and several 

1 

to determine the 
with reclaimed water 

in late 1980, 
the 

be used to 
a 

ground-water 
of 10 recharge basins and 5 

of 
has collected data on 

site to 
Water from 

ft below land surface 
selected metals, 
organisms and. 



organisms Samples are also being analyzed for 
selected hydrocarbons, organochlorine and 
organophosphorus insecticides, chlorinated phenoxy and acid herbicides, and 
polychlorinated 

Preliminary results indicate that ground water at the recharge site 
contains elevated concentrations of nitrate, chloride, sulfate, and ammonium 
ions; however, concentrations of these ions generally decrease with depth 
below land surface. Water from the upper aquifer and Magothy aquifer 
contains s concentrations of low-molecular-weight chlorinated 
hydrocarbons and detectable concentrations of organochlorine insecticides and 
polychlorinated biphenyls. At present no fecal contamination of the aquifers 
is evident. In the few cases where fecal indicator bacteria were present, 
numbers were low. 

Nonpoint sources provide significant loads of organic and inorganic 
compounds. Major sources include cesspool and septic tank effluent, cesspool 
and septic-tank cleaners and other over-the-counter domestic organic solvents, 
fertilizers, insecticides for termite and other pest control, and stormwater 
runoff to recharge basins. 

The feasibility of artificial recharge on Long Island depends upon whether 
it will adversely affect the supply of potable water. Any change in the water 
quality during recharge with reclaimed water should be apparent upon comparison 
with the background data collected during this study. 
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