Relation Between Land Use and Quality of Shallow,
Intermediate, and Deep Ground Water in Nassau
and Suffolk Counties, Long Island, New York

By Paul E. Stackelberg

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 94-4080

Coram, New York
1995



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. Geological Survey
Gordon P. Eaton, Director

For additional information write to: Copies of this report may be purchased from:
U.S. Geological Survey U.S. Geological Survey

2045 Route 112, Bidg. 4 Earth Science Information Center

Coram, NY 11727 Open-File Reports Section

P.O. Box 25286, MS 517
Denver Federal Center
Denver, CO 80225



CONTENTS

ADSITACE ..viovrsiniitosistnnssnsiosssissssissssissesesssssasessosssestane st stossstostsbessssoss seosssssss s ssssn seessss sss0e o4 aetots estonssssesssnssbes sess et sssssssasssassseses 1
INETOQUCHION ... ectrnerereneaerereinsssnetesstasssnossessesssssssessossssssonstassnssssssssnesas st asessststsssssssntss et snesssansesnsssansassssnssnsssess sssssessnasasasssns 2
PUrpose and SCOPE ....cecurererrenersunrenniresssssesnesssssessosssassnessnsasssesssasesassssassensonsssassassess eterbernestesneresneesssasentonnesesananes 3
Previous INVESHZALOMNS. ....ucueirernieesesessssissserstssssosesentasssssasassesessessssessnsessssasssasssssnsessasasssssssssestssasessssessensessssassssessanssssses 3
DeSCriPHON Of STUAY AQTEAS.......cceeeeriiererercreaserresnsesnesesaesssessassesesessesssessassesnssesessasesessasessarassessssesassesessessssessesesaessssasassssssnss 5
LANA USE «.veiriiiiieconieesienaniseenssssssnssasassstssosssssssssssssssesassnsonsstonsassass aresessassssssstsstsss st nssssss asassassssssstasssssontossassssssasssnesaassssas 5
POPUIALON GENSILY ....cveerieiniieniirieisiisentirinnstststssisisssastsssases st sostossaneasessssntosssnsassanss asatssssastssssnesssnssesssass stasssesosssnasessse 11
HYATOZEOIOLY ...ooureeeerteceenieenteinterierssesessessesensnssstssssessesssessasensestssessssassatasssssessssessateseatessstass st essasassasenessasssessonsasessasasas 14
ApProach and MELNOMS. ...........ccveiiieresiointisisiiiieisiisimerassseesmesessassssasesessasasaesssassssssssssssansessssssessasesesasstossassseasssessaseesassanes 15
Data COIIECHON. ... ceuerreretesieerarsearessssestesstesestsssassssstansesssesessensessasssnsasssssstsssasassarssssssssssseesssresastanssessssessassnsansassesessassessss 15
StAUSUCA tECRAMIGUES .....cocieeereresecrenrcrirstetessetasestesesessessssraressssessnessetensetesteseresssensessnsssnessssssassassesssnsas wee 21
Relation between land use and quality Of SrOUNG-WALET ...........ccvvueirnieereninneseisesesse s esssssesesesssssasasssssssseresssssesasssssssaaseses 22
Shallow and intermediate zones Of All STUAY ATEAS.......c.cccceeerererererierirereerennensteser e sressssessssesssssssssssssasessssssssnsasans 23
Field-measured properties and diSSOIVEd OXYZEN.......ccerrreuriererereieerisirsesesnssesstetssessssssesmssssnssessssssessasssssassasases 23
Alkalinity, hardness, and inOrganic CONSHIIEIIS ........ccvserrecrrerniessarsesseassesnassasesassonssnsrsansessssronarssesssrosesassssansssasass 27
TIACE CLEIMENLS ... coueerrrerersrerensetirestsssssssssssseseressarssenssseseesestsssasesessssesssssnssasssssssssrssesessessesessessesassassaessssnssertassasesson 29
Al depth zones of the three SUDUIDAN ATCAS......cevtrersinrsisinintriesesestsnerisssesssssssasssastssesssosssssessostasssssssasessasssassosssesssssssns 30
Field-measured properties and diSSOIVEd OXYZEN.......ccveveevrrererrererenisseeresereessesesssssesesssssssesssssessssnsssssssssssnesssns 31
Alkalinity, hardness, and in0Organic CONSHIUCIILS .........cccocvrerrrereersieerereererassasassssessorarssssssessssessorssessesessasaarasnsssonsen 34
TIACE CEIMENLS ...ccrveeerecerurenerasiossessassessatsasassestssssssssssesssssassasesesnonstssasssssesessssssentssasssonsssssssasestassassassessessessnassonsss 35
Volatile Organic COMPOUIAS......ccccvtereuesesearersrsrsssesstesssesssssersasesssaressasssensasertosesessnstesessssssstsessssasssasasastossasssasasssses 39
Effects of development and CONSITUCLON Of SEWETS ....cc.cocevirereneeeiiererereresiensiessssssesesesssessssssssessssesessessessesessssessssssesanes 41
Summary reerbereetereeteestasartrte e et eartn e ataatesessertasas e sR ShaeeeR RO Ee Rt eeORseN e e AR nt e Rt R e eRae e nae et e seeRe et sEar st st erseraeatess 43
REfEIEICES CIEA .....ucvrnrearrnnnniesssseseisssaisesesesssiseresantsasssssassasnas sassssssssss seasassssssssssesasasassssssssasssnsssesssssssssassnsesasassssasess snssasess 44
Appendixes:
1-3. Concentrations of chemical constituents and values of physical properties in water samples from each of
the five study areas:
1. Major inorganic constituents and field-measured properties:
A, Shallow zone .........oecviverscinnen et ebeetneeasa ROt era eSOt Se 4R S SESER RS SR RS e SaR SO e A SRS O e SE SRS sb s R bR se e 48
B. INEIMEQIAE ZOME.....ccorreeieiririnisismsessisionsessssssiassssissanessanssssssesssonsssssssasasestssssssssassssssssssaressssasssessesssssasss sssssssss 52
. DEEP ZOME ....eueenrcrreeeaessssessassessisssssstossstsssessesessasesasssssnsasossssasesessestsssstasssasassessassnsasesasssstsssensossatanssssssessas 56
2. Inorganic trace elements:
AL SDALIOW ZOMIC ..voueueinircsirrinintirsissininisisanuiseisscsnsissssssestssssessssasssstsasssasstsssssnerssssesssasassonsossssasasssssanssssusasssssssess 62
B. INEIMEIALE ZOME.....ccoetreiriereeiirnsiniisistisossisisisssnssesesssesssssnssestsssassesssessssorsssssstnsssssasass ssasssessstassssasesesnssssass 64
C. Deep ZOne .....c..covrurevercnenrseeons ereseebeasstsne e eererer e a et aseaes et st r e s beas Rt eR et aneae e aee s aresrer b e e neranas esansten 66
3. Volatile organic compounds:
AL SDALIOW ZODE ...ccovevererenitreesesisniiesisisetinassessssestasssesesssssse esesesesssssssassasssessssesessssasassssasssstessssatssssansssnssssens 70
B. INEIMEIALE ZOME......courimresrssisiisisinssnesisessssssississssnasensssssosmessansssassssasss sessestssssssstonesassssssnsasssssissasssssanasessnase 74
C. DEEP ZONE ....veveeereerenranrissssnsstsnssssstsessaessessassasssssssssarasssssasssssessassasessasssaness snsesasssssssrassnensstassasssssassassassensen 78
4, Analysis of depth to water and estimated traveltimes Of Sround Water ...........cocveerreererirereerrecseseesesessrseseneesnaenens 82
FIGURES
1-3. Maps showing:
1. Location of the five study areas and the regional ground-water divide on Long Island, N.Y. ......ccccccorenrrerevirnrens 2
2. Land use in the five study areas:
A. Long-term-sewered SUDUIDAM GTCA ........cviviiiuieeniinninineniisinie oo snsssissesstonssssssesassntosssssssesssssnatssesssssassssassasassses 6
B. Recently sewered SUDUIDAN ATEa.........cuiviiceiiiirniniioiienernisnesninssreseesessssnsssesasenessasessasassssstessassssasssssessssssessansans 7
C. Unsewered SUDUIDAN GIEA .......cccccsemenstncnstssnatsninssnisnesssistssarssessmseressssasssssssesassssmsessssessssssestesssasssessestassessseasasses 8
D. AGIICUIUTAL ATCA ... cceeeerrerenerestsisssstsssesssstssistssisesmestosssesesssssasesssssesssstassssnssassssssssssssnssessess sssssanssssasssansnsestssarsans 9
E. UndevelOped area........cuiiiismenmiiineiiiesisisississsisssiss ssssssssesesssas sssas st sss sesssssssesasssss ssissessessossss saeses 10



FIGURES (continued)

3. Number of dwelling units per acre in the five study areas, Long Island, N.Y. ......ccoeviriinnenenennnncsnsennencnsisens 12
4. Diagrammatic geologic section showing the Long Island aquifer systemin Nassau County, N.Y. ......c.cccccvvcrrinnrenes 14
5-6. Maps of the five study areas, Long Island, N.Y., showing locations of sampled wells screened in:
5. SNALIOW ZODE.....cccererterererrissnirrereentesessassstasessesensesasssssnsssssesssatesessesaseassssssasessass ss sussesssnsssassasansenassostnssasesssesssasasnones 16
6. INLEIMEAIALE ZOME.......ooveirrieerserreneiasaeesassteesesueseseasessssssesasssssesesssssssessnsstsstsusse sesssesrest esastbenssssntassatsbestsrbotessssbosess 18
7. Map showing locations of sampled wells screened in deep zone of the long-term sewered and recently sewered
suburban areas and the unsewered area, Long ISIand, IN.Y........c...coiiiecerrisnecienneicressessersnersesssessesssesansssesssessssesseses 20

8-12. Box plots showing distribution of:

8. Physical-property values and inorganic-chemical concentrations in water samples from shallow and

intermediate zones of the five study areas, Long ISland, N.Y........ccccciiinninncinmimiinsssnsssneeenesas 24
9. Physical-property values in water samples from all three depth zones in each suburban area, Long Island,
LY et es s est et e s e e bt et srtae s st e e skt o S8 SR sa s e R Se R R RS 4ESE SR e e RE RO R SR AR S SO SR S0 sE s R RESSR R e R O s ben e R R RS 32
10. Distribution of physical-property values and inorganic-chemical concentrations in all three depth zones in
the three suburban areas combined, Long IS1and, N.Y. c..c.covviiinnmriesnnnniemnecoesonmemasscsssesesessesseoresnseases 33
11-12. Inorganic-chemical concentrations in water samples from all three depth zones, Long Island, N.Y.:
11. In €ach SUDUIDAN ATCA .......ou ittt srsss e sessssssasstsesesssssbebsnsaeses b ssasssbsssnessesassnases 36
12. In the three suburban areas COMDBINEd..........oevcreeceieiiererescsenesie s ssistesssresssssssse s seaesessasesesesessssressrssssesasasasss 38
13. Detection frequencies for volatile organic compounds from each depth zone of the three suburban areas, Long
ISIANA, LY. ottt ettt ssasssetast sereaases s ests s sosbe set e as ssasacnas saste sesbRse e ses sesussesEaREsEsuTRba b atebeserasesasare s sucrbenes 40
A-1. Depth to water and estimated traveltime of ground water from water table to well screens in all depth zones of
each study area, Long ISIand, INLY. ...t st ses s senisesest sresssestsssssesssesesessossassssssssnsss 82
TABLES
1. Land use in the five study areas in Nassau and Suffolk Counties, N.Y.......cccociimmicrnniinminieisimams 5
2. p-values from two-way factorial analysis of variance indicating the effect of land use, depth, and their interaction
on rank-transformed values of physical properties and concentrations of inorganic constituents in the shallow and
intermediate-depth zones Of the five StUAY ATEAS .........coicienriirrerereee ettt ssse e s sestrens e ssstsss st st sas s st eaeranes 23
3. Median physical-property values and inorganic-constituent concentrations, by study area and depth zone............... 26
4. p-values from contingency-table analyses indicating the effect of land use and depth on the proportion of

constituent detections in samples from shallow and intermediate depth zones of the five study areas...........ccocrruene 28

. Contingency-table analyses showing individual-cell observed detection frequencies, expected detection

frequencies, and chi-square statistics for selected constituents, by study area and depth zone..........cccocceecvrcenrrreerennen 29

6. p-values from two-way factorial analysis of variance indicating the effect of land use, depth, and their interaction
on rank-transformed values of physical properties and concentrations of inorganic constituents in all three depth
zones Of the three SUbUrban SIUAY AIEAS.........coverrerrreeriarereeererrinresseseserssesasssessassesesessasasassesssstassssssasassassessesssessnssesaeses 30
7. Median physical-property values and inorganic-constituent concentrations in all three depth zones of the three
SUDUIDAN ATCAS.....ceereueeeerseaseresisrsescsansesesenessontstssasssssenssessessssssssssssansssessssessessssasss sastesassssesasssssssasessossasnsessssnsasensassanesses 31
8. p-values from contingency-table analyses indicating the effect of land use and depth on the proportion of
constituent detections in samples from all three depth zones of the three suburban areas...........cccocecercvcnensercneeenne 34
9. Contingency-table analyses showing individual-cell observed detection frequencies, expected detection
frequencies, and chi-square statistics for selected constituents, by study area and depth Zone............ceecreenevererererens 35
10. Median values and concentrations of selected properties and inorganic constituents in water from the )
intermediate and deep zones of the five study areas and in pristine (predevelopment) Water...........c.cceveesevecerervenenes 42



CONVERSION FACTORS AND ABBREVIATIONS
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Relation Between Land Use and Quality of Shallow,
Intermediate, and Deep Ground Water in Nassau
and Suffolk Counties, Long Island, New York

By Paul E. Stackelberg

Abstract

Water-quality data from a network of 207 wells
in five areas of differing land use in Nassau and Suf-
folk Counties on Long Island were statistically eval-
uated to determine whether (1) the spatial
distribution of contaminants within the ground
water system can be related to land use and (or)
depth below the water table, (2) shallow ground
water that has been altered by human activities has
reached the intermediate and deep zones of the aqui-
fer system, and (3) construction of sewers has
resulted in an improvement in ground-water quality
within suburban areas. The five study areas lie along
the regional ground-water divide, where the pre-
dominant direction of ground-water flow is down-
ward. The areas were defined, on the basis of the
predominant land use and age of sewers in 1986, as
follows: (1) suburban area with long-term sewering
(longer than 22 years); (2) suburban area, recently
sewered (less than 8 years); (3) suburban area,
unsewered; (4) agricultural area; and (5) undevel-
oped area. The sampling depths were delineated on
the basis of estimated traveltime of ground water
along vertical flow paths from the water table to the
midpoint of each well screen. Wells were classified
as shallow (estimated traveltimes of 10 years or
less), intermediate (estimated traveltimes between
10 and 100 years), and deep (estimated traveltimes
of 100 years or more).

Analyses of water samples from the shallow
and intermediate zones indicate that concentrations
of inorganic constituents were lowest and least vari-
able in the undeveloped area and generally highest
and most variable in the agricultural area. Concen-
trations in the two sewered suburban areas generally
were medium to high. Volatile organic compounds
were detected only within the suburban areas. These
results are similar to those from previous studies

that statistically related land use to shallow ground-
water quality. Concentrations of most inorganic con-
stituents and values of most physical properties
decreased with depth in the aquifer. This decrease is
attributed to (1) physical and chemical reactions that
remove constituents from solution, and (2) dilution
by hydrodynamic dispersion and ionic diffusion as
constituents move along flow paths.

Traveltimes of ground water along vertical flow
paths from the water table to the midpoint of each
well screen indicate that water in the deep zone is
old enough to represent pristine (predevelopment)
water quality. Concentrations of inorganic constitu-
ents in samples from the deep and overlying inter-
mediate zone were more variable, and the median
concentrations higher, than those from a data set
representing predevelopment ground-water quality.
This difference indicates downward migration of
these constituents and is attributed to local pumping,
which accelerates the downward flow of shallow
ground water into intermediate and deep zones of
the aquifer system by increasing the vertical hydrau-
lic gradient.

Median concentrations of inorganic constituents
in shallow and deep zones of the three suburban
areas, and detection frequencies of volatile organic
compounds from all depths within each suburban
area, indicate an improvement of ground-water
quality in the long-term sewered area. Median con-
centrations of several inorganic constituents in the
shallow zone, which represents relatively young
water, were highest in the unsewered and recently
sewered areas as a result of the continued loading
from cesspools, septic tanks, and nonpoint sources,
and the persistence of inorganic compounds intro-
duced before sewers were constructed; the highest
median concentrations in the deep zone, which rep-
resents relatively old water, were in the long-term-

Abstract 1



sewered area, which has been developed the long-
est. Additionally, detection frequencies of volatile
organic compounds (VOC’s) in the long-term-sew-
ered area were higher in the intermediate zone than
in the shallow zone, whereas their detection fre-
quencies in the unsewered and recently sewered
areas were highest in the shallow zone because of
continued loading from industrial and residential
sources and the persistence of VOC’s introduced
before sewers were constructed.

INTRODUCTION

In 1984, the U.S. Geological Survey (USGS)
began the Toxic Substances Hydrology Program to
assess the quality of the Nation's ground-water
resources and the nature and extent of ground-water
contamination (Helsel and Ragone, 1984). As part of
that program, 14 study areas that represent a variety of
climatic and hydrogeologic conditions and land uses
were selected to provide information on regional
ground-water quality and its relation to local hydro-
logic and human influences. The Long Island aquifer
system in Nassau and Suffolk Counties was selected as
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part of this program because (1) a vast amount of
hydrogeologic and chemical data is available; (2) all
development is directly above the water-table aquifer,
and the high permeability of the soils makes the sys-
tem susceptible to contamination introduced at or just
beneath land surface; (3) the area encompasses a vari-
ety of land-use settings that range from highly urban-
ized in the west (near New York City) to nearly
pristine in parts of eastern Suffolk County (fig. 1); (4)
the Long Island aquifer system has been classified as a
sole-source aquifer by the U.S. Environmental Protec-
tion Agency (the aquifer supplies potable water to
more than 3.2 million people, including the entire pop-
ulation of Nassau and Suffolk Counties and about
500,000 New York City residents in Queens County);
(5) the aquifer system is regional in extent (1,170 mi?)
and is hydrologically similar to others along the Atlan-
tic Coastal Plain.

The first phase of the Long Island study, begun in
1984, was a reconnaissance in which the chemical
quality of water in the water-table aquifer in Nassau
and Suffolk Counties was statistically examined in
relation to 10 types of 1and use to evaluate the effect of
human activities on ground water (Eckhardt, Flipse,
and Oaksford, 1989). Results indicated a correlation

72°
T

,{s \ ) A /.'.
t_j NEW YORK .~ o &
R PE N

_~"CONNECTICUT ., /*
Ve A e

Vi

\" W )
\\ ) Y e

41°

400
37 1
30" el

New York

Location Map

Base from New York State Department of Transportation, scale 1:62,500, 1987
Universal Transverse Mercator Projection, Zone 18

EXPLANATION

B Long-term-sewered suburban area

10 20 MILES
) ] J

10 20 KILOMETERS

V7] Agricultural

[T Recently-sewered suburban area
E—=] Unsewered suburban area

Undeveloped

e s Regional ground-water divide in 1983

Figure 1. Location of the five study areas and the regional ground-water divide on Long Island, N.Y.
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between land use and quality of shallow ground water
and confirmed that contamination from human activi-
ties has affected the quality of water in the water-table
aquifer. That phase was preliminary, however, and did
not address the effects of the local direction and rate of
ground-water flow, the length of time that suburban
areas have been sewered, or historical land-use prac-
tices. A refined approach was used in the second phase
(1986), which was designed to statistically evaluate
the quality of shallow ground water beneath five areas
of differing land use along the regional ground-water
divide (fig. 1) (Eckhardt and Stackelberg, in press;
LeaMond and others, 1992). This approach incorpo-
rated the effects of the factors not addressed in the first
phase of investigation. The third phase of investiga-
tion, described herein, was designed to extend the sta-
tistical analysis of ground-water quality within the five
study areas into deeper zones of the aquifer system.

Purpose and Scope

This report presents the results of the third phase
of investigation of the effects of land use on ground-
water quality in Nassau and Suffolk Counties. Also
included are: (1) descriptions of the five study areas in
terms of land use, population density, and hydrogeo-
logy; (2) estimates of ground-water traveltime from
the water table to the midpoint of each well screen for
207 randomly selected wells; (3) comparisons of the
chemical quality of water from the shallow zone of
each study area with that in the underlying intermedi-
ate zone; and (4) comparisons of the chemical quality
of water from the shallow zones of the three suburban
areas with that in the underlying intermediate and deep
zones. Also discussed in the report is whether effects
of development on shallow ground water observed in
previous studies are evident in intermediate and deep
zones of the aquifer and whether sewers affect water
quality in the three suburban areas. Water-quality data
collected by USGS investigators from 207 randomly
selected wells screened in shallow, intermediate, and
deep zones beneath the five study areas are evaluated
in this report.

Each well was sampled once during the study
(1987-88). Sampling depths were delineated on the
basis of estimated traveltime of ground water along
vertical flow paths from the water table to the mid-
point of each well screen. Wells were classified as
shallow (estimated traveltimes of 10 years or less),
intermediate (estimated traveltimes of between 10 and

100 years), and deep (estimated traveltimes of

100 years or more). The resulting data were statisti-
cally evaluated for evidence of water-quality differ-
ences among the five areas and three depth intervals.
This statistical evaluation, coupled with an estimation
of the traveltime of ground water from the water table
to the midpoint of each screen, was used to determine
whether (1) the spatial distribution of contaminants
within the aquifer system can be related to local 1and
use, depth below the water table or both, (2) contami-
nation resulting from human activities has reached the
intermediate and deep zones of the aquifer system, and
(3) construction of sewer systems in the suburban
areas resulted in an improvement in ground-water

quality.

Previous Investigations

Concern about increasing contamination of sur-
face-water and ground-water resources in Nassau and
Suffolk Counties since their rapid development after
World War II has prompted many investigations into
the extent and sources of contamination. Perlmutter
and others (1964) and Perimutter and Koch (1971)
investigated the extent of detergent contamination
emanating from hundreds of thousands of cesspools
and septic tanks in Nassau County and found that the
contamination was widespread in the water-table aqui-
fer, although generally in low concentrations. Deter-
gents were seldom detected in samples from
underlying aquifers, except in areas where pumped
wells were screened a short distance below detergent-
rich water of the overlying water-table aquifer. Per-
Imutter and Koch (1972) found that nitrate concentra-
tions in large areas of the water-table aquifer in
southern Nassau County approached or exceeded the
U.S. Public Health Service’s recommended limit of
10 mg/L (as N) for drinking water and observed that
nitrate-enriched water from the water-table aquifer had
penetrated the full thickness of the underlying Mag-
othy aquifer. They attributed the increasing nitrate
concentrations to infiltration of sewage, leachate from
fertilizers, and wastes from decayed crops. Ku and
Sulam (1976) studied the concentrations of nitrate,
chloride, and dissolved solids in ground water in
southern Nassau County from the 1950's to 1973 and
found that (1) concentrations had increased steadily,
and (2) the elevated concentrations had moved verti-
cally downward from tens of feet to a few hundred
feet. The Nassau-Suffolk Regional Planning Board, in



an extensive investigation of surface- and ground-
water quality in the two-county area during the mid-
1970's, found nitrate concentrations to be increasing
significantly in the two-county area, most notably in
areas of recharge to deep aquifer systems (Koppelman,
1978). Katz and others (1978) and Porter (1980) attrib-
uted the increasing nitrate concentrations in the two-
county area to wastewater from cesspools and septic
tanks and to fertilizers used on lawns and agricultural
areas.

Sewer systems were installed in parts of Nassau
County during the 1950's and 1960's in response to the
deterioration in ground-water quality. Shortly thereaf-
ter, several studies were done to evaluate differences
between ground-water quality in sewered areas and in
unsewered areas (Perlmutter and Koch, 1972; Koppel-
man, 1978; Ku and Sulam, 1979; Katz and others,
1980; Porter, 1980; Ragone and others, 1981). These
investigators concluded that, although ground-water
quality in sewered areas had improved or was improv-
ing, the improvement was being masked by the slow
rate at which the water-table aquifer could discharge
nitrate that had been introduced before sewer con-
struction and by the continuing introduction of nitro-
gen from nonpoint sources.

The first detection of volatile organic compound
(VOC) contamination of ground water in the two-
county area was documented in 1975. Subsequent
sampling of public-supply wells in Nassau County
revealed VOC contamination throughout the ground-
water system; the highest concentrations were near
industrial areas, and concentrations were higher in
water from shallow wells than in water from interme-
diate or deep wells (Myott, 1980). During the mid-
1970’s, the Nassau-Suffolk Regional Planning Board,
as part of an investigation of surface- and ground-
water quality, detected VOC'’s in shallow and deep
aquifers in parts of both counties (Koppelman, 1978).
In an investigation of chlorinated organic compounds
at a contaminated commercial site in Nassau County,
Eckhardt and Pearsall (1989) detected VOC’s at con-
centrations as high as 38,000 pg/L and at depths as
great as 500 ft below land surface.

Although routine analyses of public-supply and
monitoring wells in Nassau County have not detected
metals at concentrations exceeding current drinking-
water standards (Myott, 1988), investigations as far
back as the early 1960’s delineated plumes of ground
water with high concentrations of certain dissolved

metal species in Nassau County (Perlmutter and oth-
ers, 1963).

In the late 1960's, several studies addressed statis-
tical relations between human activities and the chem-
ical quality of surface- and ground-water bodies.
Because virtually all of the water in Long Island
streams is derived from ground water, the quality of
streamflow is indicative of the quality of ground water
in that part of the aquifer that discharges to the
streams. Koch (1970) compared the quality of water
from streams in sparsely populated parts of Suffolk
County with that in streams in moderately to densely
populated parts of Nassau County and found that the
concentration of certain constituents derived from
human activity were significantly higher in Nassau
County than in Suffolk County. K.A. Pearsall (U.S.
Geological Survey, written commun., 1988) compared
estimated pristine-water concentrations of selected
inorganic constituents with 1987-88 concentrations in
residential and agricultural areas and found that (1) the
elevated concentrations of several of these constituents
in shallow ground water were the result of human
activity, and (2) the constituents studied constituted
from about 60 percent to virtually 100 percent of the
total inorganic constituent load to the aquifer system in
residential and agricultural areas. The effects of natu-
ral geochemical processes on constituent concentra-
tions in these areas was found to be small. In 1984-85,
as part of the Toxic Substances Hydrology Program,
Eckhardt, Flipse, and Oaksford (1989) examined
water-quality data from more than 900 wells in Nassau
and Suffolk Counties that represented 10 different
types of land use to evaluate the effect of human activ-
ities on ground-water quality and found contamination
in the water-table aquifer throughout the two-county
area (Eckhardt, Flipse, and Oaksford, 1989; Eckhardt
and Oaksford, 1986). The highest median concentra-
tions of inorganic constituents were generally in high-
density residential and agricultural areas, and the high-
est concentrations and most frequent detections of
VOC’s were in commercial and industrial areas. VOC
detection in high-density residential areas also was
high, and the percentage of samples having detectable
concentrations was directly correlated with population
density. A subsequent study under the Toxic Sub-
stances Hydrology Program in the late 1980's statisti-
cally evaluated the quality of shallow ground water
from five areas of differing land use along the regional
ground-water divide in Nassau and Suffolk Counties;
results indicated that water from undeveloped areas
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were 5 ft and 10 ft, respectively. Median screen length
for public-supply wells was 61 ft; the 25th and 75th
percentiles were 50 ft and 85 ft, respectively. The
median screen length for unspecified withdrawal wells
was 37.5 ft; the 25th and 75th percentiles were 20.5 ft
and 51 ft, respectively. At each monitoring well, water
levels were measured before pumping, and at least
three casing volumes were evacuated; drawdown, spe-
cific conductance, pH, and temperature were allowed
to stabilize before samples were collected. At each
public-supply and unspecified-withdrawal well, at
least three casing volumes of water were evacuated;
measurements of specific conductance, pH, and tem-
perature were made before samples were collected.

Monitoring wells were evacuated and sampled
with a 2-in.-diameter, stainless-steel submersible
pump with 1/2-in. Teflon' discharge tubing. The pump
was placed 5 ft above the top of the well screen. At
sites where the small-diameter pump was not adequate
to evacuate the well, a 1-hp, seven-stage submersible
pump with polyvinyl chloride (PVC) flush thread pipe
and Teflon sampling tube was used (LeaMond and oth-
ers, 1992). The Teflon sampling tube was equipped
with a smaller diameter Teflon variable-flow tube
designed to minimize aeration and exposure of ground
water to the atmosphere during sample collection and
thereby minimize volatilization of certain organic
compounds or escape of dissolved gases that may be
present in the sample (LeaMond and others, 1992). At
public-supply and unspecified-withdrawal wells, a
1/2-in. Teflon sampling tube equipped with a smaller
diameter Teflon variable-flow tube was fitted to the
well in front of any pressure or holding tanks.

Dissolved oxygen was measured by the Winkler
titration method (Brown and others, 1970) just before
the water sample was collected from each well. Sam-
ples to be analyzed for dissolved metals and dissolved
boron were filtered and acidified in the field with nitric
acid (LeaMond and others, 1992). Analyses for inor-
ganic constituents (except boron) and VOC’s were
done by the Nassau County Department of Health;
analysis for boron was done by the USGS National
Water-Quality Laboratory.

1Use of brand, trade, or firm names is for identification
purposes only and does not constitute endorsement by the
U.S. Geological Survey.

Statistical Techniques

Nonparametric statistical procedures and contin-
gency-table analyses were used to evaluate the effect
of land use and depth on constituent concentrations.
Nonparametric procedures, such as analysis of vari-
ance (ANOVA) on rank-transformed data, are robust
in that they are insensitive to outlying values and
assumptions of equal variance or normality (Helsel
and Hirsch, 1992; Iman and Conover, 1983). Contin-
gency-table analyses are a means of evaluating highly
censored data sets. Censored data sets contain values
whose concentrations are reported as “less than the
analytical detection limit.”

These statistical procedures are used to assess
whether water-quality data differ significantly among
land-use and depth categories. Two-way factorial
ANOVA’s on rank-transformed water-quality data
were used to examine the effect of land use and depth
simultaneously. The null hypothesis for this test states
that mean concentration ranks are identical among all
land-use and depth groups; thus, neither land use nor
depth, nor their interaction, has any effect. Rejection
of the null hypothesis indicates that at least one mean
concentration rank from the land-use and depth groups
differs from the others and that the effect of land use or
depth, or their interaction, is significant. If interaction
is significant, then the effect of depth on mean-concen-
tration ranks differs among land-use areas; otherwise
the effect of depth on mean-concentration ranks is
identical in all study areas (Helsel and Hirsch, 1992).
All ANOVA models evaluated in this study were
unbalanced (unequal numbers of observations for dif-
ferent combinations of land use and depth); therefore,
ANOVA models were expressed in the framework of
linear models. This method is closely related to linear-
regression techniques, in which categorical explana-
tory variables are represented as combinations of indi-
cator variables that take on values of O or 1 (Knopman,
1990; SAS Institute Inc., 1988).

If the null hypothesis was rejected by the ANOVA
test, indicating that at least one mean concentration-
rank value differed from another, Tukey's honest sig-
nificant difference test (Tukey’s test) was used to
determine which means differed.

Contingency-table analyses were used to examine
water-quality differences among study areas and depth
zones for constituents whose censored values consti-
tuted more than 50 percent of the total values. Contin-
gency-table analyses do not evaluate the effects of
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multiple factors simultaneously; therefore, separate
tests were done on land-use and depth data to evaluate
their effects on constituent-detection rates. The null
hypothesis tested was that the proportion of constitu-
ent detections was the same for each study area or
depth zone; rejection of the null hypothesis indicates
that the proportion of constituent detections differed
among study areas or depth zones.

If a contingency-table analysis indicated that the
proportion of samples in which a constituent was
detected differed among study areas or depth zones,
individual-cell chi-square statistics were examined to
identify which areas or depth zones had more or less
than the expected proportion of constituent detections.
The positive or negative sign of the difference between
the observed and expected frequencies indicates more
or fewer detections than expected within that area or
depth zone, and the magnitude of the chi-square statistic
indicates which cells contribute most to the rejection of
the null hypothesis (Helsel and Hirsch, 1992). For
example, table 5 (p. 29) contains results from a contin-
gency-table analysis of sulfate-detection data from the
shallow and intermediate zones of the five study areas.
The difference between observed and expected detec-
tion frequencies indicates more sulfate detection in
samples from the long-term-sewered, agricultural, and
undeveloped areas than would be expected if all five
areas were alike, and fewer detections than expected in
samples from the recently sewered and unsewered
areas. The magnitude of each cell’s chi-square statistic
indicates that the unsewered suburban area contributes
the most toward rejection of the null hypothesis.

The level of significance (o) for all hypothesis test-
ing reported herein is 0.05. This corresponds to a 95-
percent confidence level and describes the probability
of rejecting the null hypothesis when it is true. Results
of all hypothesis testing are reported as p-values
(attained significance level). Null hypotheses were
rejected if the p-value was below a significance level of
0.05.

If contingency-table assumptions were violated—
that is, if a cell had an expected frequency of less than
1.0, or if fewer than 80 percent of the cells had expected
frequencies greater than or equal to 5.0—detection fre-
quencies were used to examine water-quality differ-
ences among land-use areas and depth zones.

Selected chemical constituents and physical prop-
erties are represented as box plots that indicate the
median, the range and skewness, and the absence or
presence of unusual “outside” or *“far-outside” values

(Helsel and Hirsch, 1992). Summary statistics for
water-quality data that contained ‘“‘censored values”
were calculated through a log-probability regression
technique (Helsel and Hirsch, 1992), a robust proce-
dure that minimizes the root mean square erTor.

RELATION BETWEEN LAND USE AND
QUALITY OF GROUND-WATER

Results of statistical tests to evaluate water-quality
differences among land-use areas and depth zones are
presented in the following sections; water-quality data
are listed in appendixes 1 through 3. Summary statistics
for selected inorganic constituents and field-measured
properties are represented as box plots in figures 8
through 12, Results of Tukey's test are displayed as cap-
ital letters above each plot to indicate which study areas
or depth zones differ significantly from one another;
plots with one or more letters in common have mean
ranks that do not differ significantly from one another.

The effect that land use, depth, or their interaction
have on the concentrations of selected constituents was
evaluated through factorial ANOVA. When the effect of
land use on constituent concentrations was evaluated,
data from all depth zones of each land-use area were
combined, and when the effect of depth on constituent
concentrations was evaluated, data for that depth zone
in each study area were combined. Results from the fac-
torial ANOVA’s are presented in table 2 as p-values for
the shallow and intermediate zones of all five study
areas and in table 6 (p. 30) for all depth zones in the
three suburban areas. A p-value less than 0.05 indicates
a significant effect. Significant interaction between land
use and depth indicates that the effect of depth differs
among study areas; lack of significant interaction indi-
cates that the effect of depth is similar among areas.

When the majority of data for a constituent were
censored, contingency tables with two rows and five
columns (2-by-5) were used to evaluate the effect of
land use on the proportion of constituent detections in
samples from the shallow and intermediate zones of the
five study areas, and 2-by-2 contingency tables were
used to evaluate the overall effect of depth within the
shallow and intermediate zones. The effect of land use
and depth on the proportion of constituent detections in
the shallow, intermediate, and deep zones of the three
suburban areas was evaluated through use of 2-by-3
contingency tables. Results of contingency-table analy-
ses are presented as p-values in table 4 (p. 29) and 8
(p. 34). A p-value less than 0.05 indicates a significant
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effect on constituent detection rates. Observed and
expected detection frequencies and chi-square statistics
for each cell of a contingency table are presented in
table 5 (p. 29) and 9 (p. 35).

Shaiiow and Intermediate Zones of Aii Study
Areas

Differences in water quality among the five study
areas are discussed only in relation to the shallow and
intermediate zones because the agricultural and unde-
veloped areas contained no deep wells. The data are
presented in figure 8, which represents each study area
by two box plots—one for shallow wells and one for
intermediate-depth wells. Results of two-way
ANOVA’s on rank-transformed field measurements
and constituent concentrations are presented in table 2;
median concentration values for samples from each
study area and the shallow and intermediate-depth
zones are presented in table 3 (p. 26). Results from
contingency-table analyses are presented in tables 4
and 5 (p. 28-29).

Field-Measured Properties and Dissolved
Oxygen

Specific conductance, dissolved-oxygen concentra-
tion, and temperature differed significantly among the
study areas, and specific conductance, pH, and tempera-
ture differed significantly between the shallow and

Tabie 2. p-values from two-way factorial analysis of variance
indicating the effect of land use, depth, and their interaction
on rank-transformed values of physical properties and
concentrations of inorganic constituents in the shallow and
intermediate-depth zones of the five study areas

Property or Factor

constituent Land use Depth interaction
Specific conductance 0.0001 0.0001 0.1090
pH 5155 .0270 1121
Dissolved oxygen .0001 2541 .1950
Temperature .0001 .0001 0031
Dissolved solids .0001 .0001 .0981
Alkalinity .0023 3118 .1070
Hardness .0001 .0001 .0354
Nitrate .0001 .0001 .0361
Phosphorus 3177 7757 .9204
Silica (SiOy) .2885 2374 0755
Potassium .0001 .0001 .0071
Sodium .0001 .0001 .8183
Chloride .0002 .0001 4011
Calcium .0001 .0001 .0541
Magnesium .0001 0121 .0205

intermediate depth zones (table 2). Interaction between
land use and depth was significant only for temperature.

Specific conductance—Specific conductance is a
general indicator of the amount of dissolved solids in
solution. The presence of dissolved ionic species such
as chloride, calcium, potassium, and magnesium makes
water conductive; as ionic concentration increases, spe-
cific conductance of ground water increases. Specific
conductance was significantly affected by land use and
depth (table 2). The highest median specific conduc-
tance (325 uS/cm) resulted from the combination of
shallow and intermediate-depth samples from the agri-
cultural area (table 3), but results of Tukey’s test indi-
cate that the mean specific-conductance rank for this
area does not differ significantly from those for the two
sewered suburban areas (fig. 8A). The lowest median
specific conductance (98 uS/cm) was for the combina-
tion of shallow and intermediate samples in the unde-
veloped area (table 3), but the mean specific-
conductance rank for this area does not differ signifi-
cantly from that for the unsewered suburban area
(fig. 8A). Elevated specific conductance within the
agricultural and sewered suburban areas is due prima-
rily to the introduction of ionic species from (1) fertili-
zation of crops, lawns, and commercial recreational
facilities such as golf courses; (2) discharge of effluent
from cesspools, septic tanks, and leakage from sewer
systems; and (3) application of deicing salts to roads.

Depth significantly affects specific conductance;
samples from the shallow zone of all five areas com-
bined had a higher median value than those from the
intermediate zone (tables 2 and 3). Some dissolved
ionic species that contribute to the specific conductance
of ground water can react physically or chemically with
the aquifer substrate and subsequently be removed from
solution; the resulting decrease in ionic concentrations
will decrease the specific conductance of ground water.
Additionally, dilution along flow paths by hydrody-
namic dispersion and ionic diffusion can reduce spe-
cific conductance with depth.

pH.—pH (the logarithm of the inverse of the
hydrogen-ion activity) is a measure of the hydrogen-ion
concentration in an aqueous solution. Depth was the
only factor found to significantly affect pH (table 2);
samples from the shallow zone of all five study areas
had a lower median pH than those from the intermedi-
ate zone (table 3, p. 26). The increase in pH from the
shallow to intermediate zone is greatest in the undevel-
oped area and least apparent in the agricultural and sub-
urban areas (fig. 8B); the smaller increase in pH with
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Table 3. Median physical-property values and inorganic-constituent concentrations, by study area and depth zone

[Locations are shown in fig. 1; uS/cm, microsiemens per centimeters at 25 degrees Celsius; mg/L, milligrams per liter; °C, degrees Celsius]

Study area (shallow and intermediate depths)

Depth zone
(all five areas)

Long-term  Recently

sewered sewered Unsewered
Property or constituent suburban suburban suburban Agricultural Undeveloped Shallow Intermediate
Field-measured properties and dissolved oxygen ‘
Specific 258 212 124 325 98 261 123
conductance (1LS/cm)
pH 5.7 5.6 5.6 5.7 57 56 57
Dissolved oxygen (mg/L) 52 6.0 8.7 9.1 10.5 7.9 1.6
Temperature (*C) 144 13.7 122 121 114 135 11.8
Alkalinity, hardness, and inorganic constituents (mg/L)
Dissolved solids 159 133 193 64 159 76
Alkalinity (as CaCQOs) 16 9 12 15 12 9
Hardness (as CaCOg) 61 48 102 14 61 25
Nitrate (as N) 4.55 4.78 257 7.48 .08 5.25 2.04
Phosphorus 02 .05 .04 .07 .03 .03 .04
Silica (8i05) 103 9.7 84 10.1 9.9 101 9.7
Potassium 22 2.1 14 3.9 N 3.1 1.0
Sodium 17 16 8 5 16 8
Chloride 312 22.7 13.6 22.8 8.2 254 11.9
Calcium 18.5 14.2 53 279 3.6 17 6.0
Magnesium 37 27 2.8 7.1 1.2 33 24

depth in agricultural and suburban areas likely reflects
the introduction of nitrogen in the form of ammonium,
ammonia, or organic nitrogen to the ground-water sys-
tem through disposal of human wastes in cesspools
and septic tanks, leaks from sewer systems, and
through the application of fertilizers on commercial
crops and lawns. The conversion of this nitrogen to
nitrate through oxidation (nitrification) produces
hydrogen ions, which lower the pH.

Dissolved oxygen—QOxygen is supplied to ground
water through ground-water recharge and the move-
ment of air through the unsaturated zone. Dissolved-
oxygen concentrations differed significantly among
study areas (table 2). The highest median concentra-
tion (10.5 mg/L) resulted from the combination of
shallow and intermediate-depth samples from the
undeveloped area (table 3), but results of Tukey'’s test
indicate that the mean concentration rank for this area
does not differ significantly from those for the unsew-
ered suburban or agricultural areas (fig. 8C). The low-
est median concentration (5.2 mg/L) resulted from the
combination of shallow and intermediate-depth sam-
ples from the long-term sewered suburban area
(table 3), but the mean concentration rank from this
area was not significantly different from that for the

recently sewered suburban area (fig. 8C). Processes
that can accelerate the depletion of dissolved oxygen
within the sewered suburban areas include nitrification
and increased bacterial activity. Nitrification of ammo-
nium introduced by cesspools, septic tanks, and sewer
systems consumes dissolved oxygen. Additionally,
dissolved organic carbon introduced from the same
sources in suburban areas can fuel bacterial activity,
which consumes dissolved oxygen.

Dissolved-oxygen concentrations were not found
to differ significantly with depth (table 2); thus, the
concentrations in the intermediate zone of all five
study areas combined were similar to those in the shal-
low zone. The extent to which dissolved-oxygen con-
centrations can be maintained with depth depends in
part on (1) the hydraulic properties of soils and aquifer
materials through which ground water flows, and (2)
the rate at which oxygen-depleting processes are
occurring within the unsaturated and saturated zones
of the aquifer. Elevated dissolved oxygen concentra-
tions in the intermediate zone indicate that (1) soils
and aquifer materials in the five study areas are highly
permeable, well drained, and subsequently well aer-
ated, and (2) processes that deplete dissolved oxygen
(such as nitrification, bacterial activity, and oxidation
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of organic matter) are insufficient to exhaust dissolved-
oxygen supplies within the depths examined.

Water temperature.—Land use, depth, and their
interaction were found to significantly affect water
temperature (table 2). The highest median temperature
(14.4°C) resulted from the combination of shallow-
and intermediate-depth samples from the long-term-
sewered suburban area (table 3); but results of Tukey’s
test indicate that the mean rank for this area does not
differ significantly from that of the recently sewered
suburban area (fig. 8D). The lowest median tempera-
ture (11.4°C) resulted from the combination of shal-
low- and intermediate-depth samples from the
undeveloped area (table 3); but the mean rank for this
area did not differ significantly from that for the agri-
cultural area (fig. 8D).

Temperature in developed areas can be elevated
through the absorption of heat from artificial surfaces
(such as asphalt and concrete) by precipitation before
infiltration and through the reinjection of warmed cool-
ing water at industrial and commercial facilities.

Depth significantly affected water temperature;
samples from the shallow zone of all study areas had a
higher median temperature than those from the inter-
mediate zone (tables 2 and 3). Additionally, the effect
of depth on temperature differed significantly among
the study areas (as illustrated in fig. 8D); median tem-
perature decreased from the shallow to the intermedi-
ate zone of each area except the long-term-sewered
suburban area. This anomaly in the latter area is attrib-
uted to (1) the effects of greater local pumping in the
long-term-sewered area than elsewhere, which causes
water from the shallow zone to enter the cooler inter-
mediate zone at a greater rate than in the other areas,
and (or) (2) industrial discharge of warmed cooling
water into the intermediate-depth zone of the long-
term-sewered suburban area.

Alkalinity, Hardness, and Inorganic Constituents

Concentrations of dissolved solids, alkalinity,
hardness, nitrate, potassium, sodium, chloride, cal-
cium, and magnesium differed significantly among
study areas and, except for alkalinity, differed signifi-
cantly between depth zones (table 2). Interaction
between the effects of land use and depth were found
to be significant for hardness, nitrate, potassium, and
magnesium (table 2).

Dissolved-solids concentration is a measure of all
the dissolved materials in a sample and is strongly cor-

related with a sample’s specific conductance. As ionic
concentrations increase, dissolved-solids concentration
and specific conductance increase. Hardness is a prop-
erty of water imparted by several cations, predomi-
nantly calcium and magnesium (Hem, 1989). Hardness
is expressed herein in terms of an equivalent concen-
tration of calcium carbonate. Nitrate is a common com-
ponent of fertilizers and also is a component of human
wastes discharged to cesspools, septic tanks, and sewer
systems. Potassium, calcium, and magnesium are com-
ponents of fertilizer products and of many common
household cleaning products.

Dissolved solids, hardness, nitrate, potassium, cal-
cium, and magnesium.—The highest median concen-
trations of dissolved solids (193 mg/L), hardness
(102 mg/L), nitrate (7.48 mg/L), potassium (3.9 mg/L),
calcium (27.9 mg/L), and magnesium (7.1 mg/L)
resulted from the combination of shallow- and interme-
diate-depth samples from the agricultural area, and the
lowest resulted from the combination of shallow- and
intermediate-depth samples from the undeveloped area
(table 3). Results of Tukey’s test indicate that the mean
ranks for these constituents in the agricultural area do
not differ significantly from those in one or more of the
suburban areas, except for potassium, whose mean
rank for the agricultural area is significantly higher
than those for all other study areas (fig. 8E, 8F, 8G, 8H,
81, and 8J). Elevated concentrations of these constitu-
ents in the agricultural and suburban areas is due pri-
marily to their introduction through (1) fertilization of
crops, lawns, and commercial recreational facilities
such as golf courses, and (2) discharge of effluent from
cesspools and septic tanks, and leakage from sewer
systems.

Depth significantly affected concentrations of dis-
solved solids, hardness, nitrate, potassium, calcium,
and magnesium; samples from the shallow zones of all
five study areas combined had higher median concen-
trations than those from the intermediate-depth zone
(tables 2 and 3). Additionally, the effect of depth dif-
fered significantly among the study areas for each of
these constituents except dissolved solids and calcium
(figs. 8F, 8G, 8H, 8J); median concentrations in the
intermediate zone were lower than in the shallow zone
in all but the undeveloped area. This pattern is attrib-
uted to the introduction of these constituents in the sub-
urban and agricultural areas as fertilizer and as effluent
from cesspools and septic tanks. The absence of signif-
icant interaction for dissolved solids is illustrated in
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figure 8E, where median concentrations are shown to
decrease from the shallow to intermediate-depth zone
of each study area. Because the p-value of 0.054 for
the effect of interaction on calcium concentration (fig.
8I) was greater than 0.05, this effect is reported as not
significant.

Alkalinity, sodium, and chloride.—Alkalinity is a
measure of the acid-neutralizing capacity of a water
sample and is measured through titration of a sample
with acid. In the absence of other acid-neutralizing
constituents, alkalinity is the sum of the equivalents of
carbonate and bicarbonate. Water from wells on Long
Island generally contains only negligible amounts of
weak acids other than carbonate species; thus, the
alkalinity arises almost entirely from carbonate and
bicarbonate (inorganic carbon) (Pearsall and Aufder-
heide, 1994).

The highest median concentration for alkalinity
(16 mg/L as CaCO3), sodium (17 mg/L), and chloride
(31.2 mg/L) resulted from the combination of shallow-
and intermediate-depth samples in the long-term-sew-
ered suburban area (table 3). Results of Tukey'’s test
indicate that (1) alkalinity concentrations in the long-
term-sewered suburban area did not differ significantly
from those in the unsewered suburban area or the agri-
cultural area (fig. 8K), (2) sodium concentrations were
similar among all three suburban areas (fig. 8L.), and
(3) chloride concentrations in the long-term-sewered
suburban area did not differ significantly from those in
the recently sewered suburban or agricultural areas
(fig. 8M). The lowest median concentrations for these
constituents resulted from the combination of shallow-
and intermediate-depth samples from the undeveloped
area (table 3); but results of Tukey’s test indicate that
(1) the mean rank of alkalinity for the undeveloped
area does not differ significantly from those for the
recently sewered or unsewered suburban areas
(fig. 8K), (2) the mean rank of sodium for the undevel-
oped area does not differ significantly from that for the
agricultural area (fig. 8L), and (3) the mean rank of
chloride for the undeveloped area does not differ sig-
nificantly from that for the unsewered area (fig. 8M).
Elevated alkalinity concentrations in suburban areas
can result from the generation of CO, during the bac-
terial consumption of organic wastes from cesspools,
septic tanks, and leaking sewer lines.

Sodium and chloride concentrations were elevated
in the suburban areas and, to a lesser degree, in the
agricultural and undeveloped areas. This is attributed

mainly to the use of road-deicing salts. These com-
pounds are also found in common household cleaning
products and can be a component of cesspool and sep-
tic-tank effluents. Recycling of irrigation water in the
agricultural area also can elevate sodium and chloride
concentrations.

Depth significantly affected concentrations of
sodium and chloride; samples from the shallow zones
of all five study areas combined had a higher median
concentration than those from the intermediate-depth
zone (tables 2 and 3). Interaction was not found to be
significant for sodium and chloride; this indicates that
the effect of depth on sodium and chloride concentra-
tions was similar in each study area (table 2).

Phosphorus, silica, fluoride, and orthophospho-
rus.—Concentrations of phosphorus and silica were not
significantly affected by land use, depth, or their inter-
action (table 2 and fig. 8E). Detections of fluoride and
orthophosphorus were infrequent, and their concentra-
tions were low in samples from both depth zones of all
five study areas (appendixes 1A and 1B).

Sulfate.—Contingency-table analyses to test for a
difference in the proportion of sulfate detections among
samples from the five study areas and two depth zones
indicate significant differences among study areas and
the two depth zones (table 4). The direction of the dif-
ference between the observed and expected detection
frequencies and the magnitude of each contingency-
table cell’s chi-square statistic indicate that detections
of sulfate in samples from both depth zones of the long-
term-sewered suburban and agricultural areas were
more numerous than would be expected if all study
areas were alike, and detections in samples from both
zones of the unsewered area were less numerous; there-
fore, sulfate seems to be more prevalent in the long-
term-sewered suburban and agricultural areas than in
the unsewered suburban area (table 5). The frequency

Table 4. p-values from contingency-table analyses indicating
the effect of land use and depth on the proportion of constit-
uent detections in samples from shallow and intermediate
depth zones of the five study areas

[<, less than; --, analysis not done}

Factor
Constituent Land use Depth
Sulfate <0.001 <0.001
Dissolved iron .018 .285
Dissolved manganese <.001 .005
Dissolved boron -- <.001
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of sulfate detections in samples from both depth zones
of each study area ranged from 91 percent in the agri-
cultural area to 46 percent in the unsewered suburban
area (appendixes 1A and 1B). Elevated sulfate concen-
trations in the agricultural area result from the applica-
tion of fertilizers. The highest sulfate concentration of
all five study areas was in the intermediate zone of the
agricultural area (920 mg/L) (appendix 1B). Elevated
sulfate concentrations in suburban areas are attributed
to the application of lawn and garden fertilizers and
effluent from cesspools, septic tanks, and leaking sewer
systems. Although sulfate was detected frequently in
both zones of the undeveloped area (79 percent), con-
centrations in this area were lower than elsewhere
(appendixes 1A and 1B). Sulfate detections in samples
from the shallow zone of all five study areas combined
were more numerous than would be expected if the
shallow and intermediate-depth zones were alike; there-
fore, sulfate seems to be more prevalent in the shallow
zone (table 5).

Trace Elements

Iron and manganese.—Results of contingency-
table analyses for dissolved iron and manganese indi-
cate that (1) the proportions of detections of each con-
stituent in samples from both depth zones differ
significantly among study areas, and (2) the proportion
of detections of dissolved manganese in samples from
the shallow zone of all five areas differs significantly
from that of samples from the intermediate zone
(table 4). The direction of the difference between the
observed and expected detection frequencies and the
magnitude of each contingency-table cell’s chi-square
statistic for dissolved iron indicates that detections of
iron in samples combined from the shallow and inter-
mediate-depth zone of the agricultural area were much
more numerous than would be expected if all study
arcas were alike, and detections in samples from the
undeveloped area were much less numerous; therefore,
iron seems to be more prevalent in the agricultural area
than in the undeveloped area (table 5). The direction of
the difference between observed and expected frequen-
cies and the magnitude of each contingency-table cell’s
chi-square statistic for dissolved manganese indicates
that detections of manganese in samples combined
from both depth zones of the agricultural and recently
sewered suburban areas were much more numerous
than would be expected if all study areas were alike and
that detections in the long-term-sewered suburban and

Table 5. Contingency-table analyses showing
individual-cell observed detection frequencies, expected
detection frequencies, and chi-square statistics for
selected constituents, by study area and depth zone

[<, less than]

Observed and Constituent detection
expected
detection Dissolved
frequency Sulfate iron Manganese
and chi-
square
statistic Yes No Yes No Yes No
STUDY AREA
Long-term sewered suburban
Observed 29 4 1 22 4 28
Expected 24.16 8.84 11.86 21.14 10.74 21.26
Chi-square
statistic 97 2.65 .06 .03 423 2.13
Recently sewered
Observed 27 10 17 20 20 17
Expected 27.08 991 1330 23.70 12.41 2459
Chi-square
statistic <00 <00 1.03 .58 463 234
Unsewered suburban
Observed 17 20 10 27 12 25
Expected 27.08 991 1330 23.70 12.41 2459
Chi-square
statistic 3.75 10.26 .82 .46 .01 .01
Agricultural
Observed 20 2 13 9 13 9
Expected 16,10 5.89 791 14.09 7.38 14.62
Chi-square
statistic 94 2.57 328 1.84 4.28 2.16
Undeveloped
Observed 19 5 4 20 2 22
Expected 17.57 6.43 863 15.37 805 1595
Chi-square
statistic 12 32 248 1.39 4.55 2.30
DEPTH ZONE
Shallow
Observed 73 10 74 8 36 47
Expected 60.76 2224 63.55 1846 27.85 55.15
Chi-square
statistic 247 674 172 593 238 120
Deep
Observed 39 31 43 26 15 54
Expected 5124 1876 5346 1554 23.15 4585
Chi-square
statistic 2.92 7.99 2.05 7.05 2.87 145




undeveloped areas were much less numerous; there-
fore, manganese seems to be more prevalent in the agri-
cultural and recently sewered suburban areas than in the
undeveloped area (table 5). Elevated concentrations of
dissolved iron and manganese in the agricultural area
are probably not derived from human-related sources.
Examination of appendix 2A indicates that detection
frequencies and concentrations of dissolved iron and
manganese are much greater in samples from the agri-
cultural area than those from the other areas. Soren and
Stelz (1984) indicate that interstadial clay beds seem to
be continuous within the agricultural area and that
depth to the top of the clay beds is 40 to 50 ft. These
clay beds could be the cause of localized anoxic envi-
ronments in the shallow zone of the agricultural area
that result in elevated concentrations of dissolved iron
and manganese, Additionally, detections of manganese
in samples from the shallow zone of all five areas are
more numerous than would be expected if the shallow
and intermediate zones were alike; therefore, manga-
nese is probably more prevalent in the shallow zone
(table 5).

Boron.—The percentages of boron detections in
samples from both depth zones of each study area
ranged from 100 percent in the agricultural area to
about 59 percent in the unsewered suburban area
(appendixes 2A and 2B). Sources of boron in the subur-
ban and agricultural areas include fertilizers and laun-
dry detergents that are introduced to the ground-water
system through septic-tank and cesspool effluent.
Although boron was detected frequently in samples
from both depth zones of the undeveloped area
(82 percent), concentrations in this area were lower
than elsewhere (appendixes 2A and 2B).

A contingency-table analysis to evaluate the effect
of depth on boron detection revealed a significant dif-
ference between shallow and intermediate zones of all
five study areas (table 4). The direction of the differ-
ence between observed and expected detection frequen-
cies and the magnitude of each contingency-table cell’s
chi-square statistic (table 5) indicates that detections of
boron in the shallow zone were more numerous than
would be expected if both depth zones were alike;
therefore, boron seems to be more prevalent in the shal-
low zone. Boron is a conservative constituent (that is, it
does not react readily with the aquifer substrate); there-
fore, the apparent decrease in detection frequency with
depth is attributed to dilution through hydrodynamic
dispersion and ionic diffusion along flow paths.

Other trace elements.—Detections of barium, cad-
mium, chromium, copper, methylene blue active sub-
stances (MBAS), and lead were infrequent, and
concentrations in samples from both depth zones of all
study areas were low. Arsenic, mercury, selenium, and
silver were not detected in any samples (appendixes 2A
and 2B).

Aii Depth Zones of the Three Suburban Areas

Water-quality differences among the shallow, inter-
mediate, and deep zones of the aquifer system are dis-
cussed only in relation to the three suburban areas in
this section because the agricultural and undeveloped
areas have no deep wells. Water-quality data are pre-
sented in figures 9 through 12, which contain three box
plots for each area—one for shallow wells, one for
intermediate-depth wells, and one for deep wells.
Results of two-way factorial ANOVA's on rank-trans-
formed field-measured properties and constituent con-
centrations are presented in table 6; median concentra-
tion values for samples from the three suburban arecas
and the three depth zones are presented in table 7; and
results from contingency-table analyses are presented
in tables 8 and 9 (p. 34-35). VOC detection frequencies
are presented as bar charts in figure 13 (p. 40). Data
given in this section allow interpretation of the effect of
sewering on ground-water quality in suburban areas of
Nassau and Suffolk Counties.

Table 6. p-values from two-way factorial analysis of variance
indicating the effect of land use, depth, and their interaction
on rank-transformed values of physical properties and
concentrations of inorganic constituents in all three depth
zones of the three suburban study areas

Property or Factor

constituent Landuse Depth Interaction
Specific conductance 0.0001 0.0001 0.1891
pH 2089 5139 2872
Dissolved oxygen .0001 3012 .0089
Temperature .0001 .0001 .0035
Dissolved solids .0001 .0001 2869
Alkalinity .0002 0048 6818
Hardness .0001 .0001 4490
Nitrate .0140 .0001 0903
Phosphorus 4701 .8555 .1065
Silica (SiOy) .0001 4368 2487
Potassium .0001 .0001 .0062
Sodium .0004 .0001 3682
Chloride .0001 .0001 .3668
Calcium .0001 .0001 .8068
Magnesium .0001 0121 .0199
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Table 7. Median physical-property values and inorganic-constituent concentrations in all three

depth zones of the three suburban areas

[Locations are shown in fig. 1; LS/cm, microsiemens per centimeters at 25 degrees Celsius; mg/L, milligrams per liter;

*C, degrees Celsius]

Study area (shaliow, intermediate,

and deep wells)

Depth zone

Long-term Recently

sewered sewered Unsewered

Property or constituent  suburban suburban suburban Shallow intermediate Deep
Field-measured properties and dissolved oxygen
Specific 198 143 89 268 123 67

conductance (uS/cm)

pH 5.7 5.6 5.6 5.6 5.6 5.7
Dissolved oxygen (mg/L) 5.6 6.8 83 6.9 6 7.1
Temperature (°C) 13.4 12.6 11.6 142 124 121
Alkalinity, hardness, and inorganic constituents (mg/L)
Dissolved solids 123 89 57 161 72 41
Alkalinity (as CaCOg) 16 8 10 14 9 8
Hardness (as CaCO3) 52 35 18 61 25 14
Nitrate (as N) 4.42 417 1.62 5.64 233 2.28
Phosphorus .03 .03 04 .03 .04 .04
Silica (S8i0y) 10.6 9.1 77 10.6 94 8.8
Potassium 1.5 1.0 8 3 8 g
Sodium 14 10.5 7.5 19.5 10 5
Chloride 19.7 14.7 102 29.1 15.1 6.9
Calcium 12.6 9.2 4.1 171 5.9 33
Magnesium 3.7 26 19 33 22 1.5

Field-Measured Properties and Dissolved
Oxygen

Specific conductance, dissolved-oxygen concen-
tration, and temperature differed significantly among
the three suburban areas, and specific conductance and
temperature differed significantly among depth zones
(table 6). Interaction between land use and depth was
found to be significant for dissolved oxygen and tem-
perature (table 6).

Specific conductance.—The highest median spe-
cific conductance value (198 puS/cm) resulted from the
combination of samples from all three depth zones of
the long-term sewered suburban area, and the lowest
resulted from this combination in the unsewered subur-
ban area (table 7 and fig. 9). Elevated specific conduc-
tance in samples from the long-term-sewered suburban
area reflects the longer period of development and
greater loading rates of many contaminants there than
in the other suburban areas. Depth was found to affect
specific conductance significantly; samples from the
shallow zone of all three suburban areas combined had
the highest median value, and samples from the deep
zone had the lowest (table 7 and fig. 10).

Water temperature.—Temperature was signifi-
cantly affected by land use, depth, and their interaction
(table 6). The highest median temperature (13.4°C)
resulted from the combination of samples from all three
depth zones of the long-term-sewered area, and the low-
est resulted from this combination in the unsewered
area (table 7 and fig. 9). Samples from the shallow zone
of all three suburban areas had the highest median, and
samples from the deep zone had the lowest (table 7 and
fig. 10). Additionally, significant interaction between
land use and depth indicates that the effect of depth on
temperature differs among the three suburban areas.
This is illustrated in figure 9, which shows median tem-
peratures to decrease from the shallow to intermediate-
depth zones in the recently sewered and unsewered
areas but not in the long-term-sewered area. As men-
tioned previously, this difference is attributed to (1) the
effects of local pumping, which accelerates the vertical
flow of ground water in the long-term-sewered area
more than in the other suburban areas, and (or) (2)
industrial discharge of warmed cooling water to the
intermediate zone.

PpH.—pH was not significantly affected by land use,
depth, or their interaction (table 6 and fig. 9).
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Figure 9. Distribution of physical-property values in water samples from all three depth zones in each suburban area, Long

Island, N.Y.

Dissolved oxygen—Dissolved-oxygen concentra-
tions differed significantly among suburban areas, and
interaction between land use and depth was found to be
significant (table 6). The highest median concentration
of dissolved oxygen (8.3 mg/L) resulted from the com-
bination of samples from all depth zones of the unsew-
ered suburban area, and the lowest was from this
combination in the long-term-sewered suburban area
(table 7). Results of Tukey’s test indicate that the mean

concentration rank for dissolved oxygen in the long-
term-sewered suburban area does not differ significantly
from that of the recently sewered area (fig. 9). Nitrogen
and dissolved organic carbon introduced historically by
dense networks of cesspools and septic tanks in the sew-
ered suburban areas, in addition to the continued loading
of effluent from leaking sewer lines, results in depleted
dissolved-oxygen concentrations in these areas by fuel-
ing such processes as nitrification and bacterial activity.
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Figure 10. Distribution of physical-property values and inorganic-chemical concentrations in all three depth zones in the three

suburban areas combined, Long Island, N.Y.

Dissolved-oxygen concentrations were not found
to differ significantly with depth; this finding indicates
that samples from the shallow zone of each study area,
combined, do not differ significantly from those of the
intermediate or deep zones. As mentioned previously,
elevated dissolved-oxygen concentrations in the inter-
mediate and deep zones indicate that (1) soils and aqui-
fer materials in the suburban study areas are highly

permeable and well drained and thus are well aerated,
and (2) processes that deplete dissolved oxygen, are
insufficient to exhaust dissolved-oxygen supplies
within depths examined. Significant interaction
between land use and depth indicates that the effect of
depth on dissolved-oxygen concentration differs among
the suburban study areas (table 6). This pattern is illus-
trated in figure 9, which shows median dissolved-
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oxygen concentrations to decrease from the shallow to
the intermediate zone of the long-term-sewered area but
to increase or remain constant with depth in the recently
sewered and unsewered areas.

Alkalinity, Hardness, and Inorganic Constituents

Concentrations of alkalinity, hardness, and all inor-
ganic constituents listed in table 6 (except phosphorus)
differed significantly among study areas, and concentra-
tions of all except phosphorus and silica differed signif-
icantly among depth zones. Interaction between land
use and depth was significant for potassium and magne-
sium (table 6).

The highest median concentration for each of these
constituents (except phosphorous) resulted from the
combination of samples from all three depth zones of
the long-term-sewered suburban area, and the lowest
(except for phosphorous and alkalinity) resulted from
the combination of samples from all three depth zones
of the unsewered suburban area (table 7). Results of
Tukey’s test indicate that mean concentration ranks for
alkalinity, hardness, silica, potassium, calcium, and
magnesium in the long-term-sewered area are signifi-
cantly higher than those in the other suburban areas
(fig. 11), whereas mean concentration ranks for dis-
solved solids, sodium, and chloride are not significantly
different from those in the recently sewered area
(fig. 11). The statistical similarity of concentrations of
dissolved solids, sodium, and chloride in the two sew-
ered suburban areas probably reflects similar applica-
tion rates of road-deicing salts in the two areas.

Depth significantly affected concentrations of dis-
solved solids, alkalinity, hardness, and all inorganic
constituents except phosphorous and silica (table 6).
The highest median concentration of all constituents
(except phosphorus) resulted from the combination of
samples from the shallow zone of all three areas, and
the lowest (except phosphorus) resulted from the com-
bination of samples from the deep zone of all three
areas combined (table 7). Tukey'’s test results indicate
that the mean concentration ranks for the combination
of samples from the shallow zone of all three areas were
significantly higher than those of samples from the
intermediate or deep zones for dissolved solids, alkalin-
ity, hardness, nitrate, sodium, chloride, and calcium
(fig. 12). Elevated concentrations of these constituents
in the shallow zone indicate the continued loading of
contaminants from nonpoint sources in sewered and
unsewered areas.

The effect of depth on potassium and magnesium
concentrations differed significantly among the study
areas (fig. 11); the decrease in median concentrations
with depth was greater in the recently sewered and
unsewered areas than in the long-term-sewered area.
This pattern is attributed to the longer period of devel-
opment within the long-term-sewered area and to the
effects of local pumping, both of which have resulted in
a greater vertical migration of ground water within the
long-term-sewered area than in the other suburban
areas.

Neither land use nor depth, nor their interaction
were found to significantly affect phosphorus concen-
trations (table 6 and fig. 11), and detections of fluoride
and orthophosphorus were infrequent, and the concen-
trations were low, in samples from all three depth zones
of all three suburban areas (appendixes 1A-1C).

Contingency-table analyses were done to test for a
difference in the proportion of sulfate detections among
samples from the three study areas and three depth
zones. Results indicate that the proportion of sulfate
detection in samples from all three depth zones differed
significantly among study areas (table 8). The direction
of the difference between observed and expected fre-
quencies and the magnitude of each contingency-table
cell’s chi-square statistics for sulfate indicate that detec-
tions of sulfate in samples from all three depth zones of
the long-term-sewered area were more numerous than
would be expected if all three suburban areas were
alike, and that detections in all three zones of the
unsewered area were less numerous than would be
expected; therefore, sulfate seems to be most prevalent
in the long-term-sewered area, and least prevalent in
the unsewered area (table 9). The frequency of sulfate
detection in samples from all three depth zones of each

Table 8. p-values from contingency-table analyses
indicating the effect of land use and depth on the proportion
of constituent detections in samples from all three depth
zones of the three suburban areas

[<, less than; --, analysis not done]

Factor

Constituent Land use Depth
Sulfate <0.001 <0.001
Dissolved iron 263 096
Dissolved manganese .002 <.001
Dissolved boron .049 <.001
Dissolved copper 235 -
1,1,1-Trichloroethane 078 <.001
Tetrachloroethylene .001 950
Trichloroethylene 097 524
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suburban study area ranged from 82 percent in the long-
term-sewered area to 38 percent in the unsewered area.
The greater frequency of sulfate detection for the long-
term-sewered area, which is the most densely popu-
lated, reflects the greater (1) applications of lawn and
garden fertilizers, and (2) loading of effluent from cess-
pools, septic tanks, and leaking sewer lines, than else-
where. Detections of sulfate in the shallow zone of all
three suburban areas were more numerous than would
be expected if all three depth zones were alike, and
detections in the deep zone were less numerous than
would be expected; therefore, sulfate seems to be most
prevalent in the shallow zone and least prevalent in the
deep zone (table 9).

Trace Elements

Results of contingency-table analyses for dis-
solved boron and manganese indicate that the propor-
tion of detections differed significantly among study
areas and among depth zones (table 8).

Manganese—The direction of the difference
between observed and expected detection frequencies
and the magnitude of each contingency-table cell’s
chi-square statistic for dissolved manganese indicate
that detections of manganese in samples from all depth
zones of the recently sewered area were more numer-
ous than would be expected if all three suburban areas
were alike, and that detections for all depth zones of

Tabie 9. Contingency-table analyses showing individual-cell observed detection frequencies, expected
detection frequencies, and chi-square statistics for selected constituents, by study area and depth zone

[Dashes indicate no analysis performed]

Constituent detection

Observed and

Dissolved Dissolved Tetra- 1,1,1-
expected detection Sulfate manganese boron chloroethene  Trichloroethane
frequency and chi-

square statistic Yes No Yes No Yes No Yes No Yes No
STUDY AREA
Long-term sewered suburban
Observed 42 9 5 45 35 16 17 34 - -
Expected 2964 21.36 11.95 38.05 29.51 2149 10.58  40.41 - -
Chi-square statistic 5.15 7.15 4.04 1.27 1.02 1.40 3.89 1.02 - -
Recently sewered
Observed 30 24 21 33 32 21 13 39 - -
Expected 31.39 2261 1291 41.09 30.67 22.33 1079 4121 - -
Chi-square statistic 06 .08 508 159 06 08 45 12 - -
Unsewered suburban
Observed 21 34 12 43 25 30 3 53 - -
Expected 31.97 23.03 13.14 4185 31.82 23.18 11.62 4423 - -
Chi-square statistic 376 522 .10 03 146  2.01 6.40 1.67 - -
DEPTH ZONE
Shallow
Observed 53 7 27 33 52 7 - - 25 34
Expected 34.87 25.12 1434 45.66 3414 24.86 - - 15.96 43.04
Chi-square statistic 9.42  13.07 11.18 351 934 1283 -- - 513 1.90
Intermediate
Observed 20 27 9 37 24 23 - - 13 33
Expected 2732 19.68 1099 35.01 27.19 19.80 - - 12.44 33.56
Chi-square statistic 1.96 272 36 A1 37 .51 - - .02 .01
Deep
Observed 20 33 2 51 16 37 - - 5 49
Expected 30.81 22.19 12.67 4033 30.67 2233 - -- 14.60 39.40
Chi-square statistic 3.79 5.26 8.98 2.82 7.01 9.63 - - 6.31 2.34
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Figure 11. Distribution of inorganic-chemical concentrations in water samples from all three depth zones in each suburban
area, Long Island, N.Y.
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the long-term-sewered area were less numerous than
would be expected; therefore, manganese seems to be
most prevalent in the recently sewered area and least

prevalent in the long-term sewered area (table 9).

Additionally, detections of manganese in samples from
the shallow zone of all three suburban areas were more
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term-sewered area than in the recently sewered or
unsewered areas; and (3) the persistence of contami-
nants introduced into the water-table aquifer before the
construction of sewers.

VOC's that were detected infrequently and at low
concentrations include trichlorofluoromethane, car-
bon tetrachloride, 1,1,2-trichloroethane, benzene,
chiorobenzene, ethylbenzene, and xylene. No dichlo-
robromomethane, bromoform, or toluene was detected
in any water samples (appendix 3).

Effects of Development and Construction of
Sewers

Information from the previous sections can be
used to determine whether (1) ground water that has
been affected by contamination derived from human
activities has reached the intermediate and deep zones
of the Long Island aquifer system, and (2) water qual-
ity differs significantly among the long-term-sewered,
recently sewered, and unsewered suburban areas.

Water-quality data obtained in this study were
compared with data on the quality of native (predevel-
opment) ground water (K.A. Pearsall, U.S. Geological
Survey, written commun., 1988) to determine whether
water that has been affected by human activities has
reached the intermediate and deep zones of the aquifer
system in Nassau and Suffolk Counties. Pearsall
screened a data base of 8,500 wells on Long Island to
identify those at which water might reflect native (pre-
development) conditions. Screening criteria used were
a chloride concentration of 10 mg/L or less and a
nitrate concentration of less than 1.0 mg/L. These cri-
teria were selected because previous investigators con-
cluded that concentrations above those levels
indicated contamination from human activities (Per-
Imutter and Geraghty, 1963; Perlmutter and Koch,
1972). About 220 wells were subsequently sampled
and those at which chloride or nitrate concentrations
exceeded the screening criteria were discarded. Inor-
ganic constituents for which concentration data were
available for comparison included sodium, potassium,
calcium, magnesium, chloride, nitrate, alkalinity, and
dissolved solids. Median concentrations of these con-
stituents in samples from 30 wells screened in the
lower half of the Magothy aquifer were used to repre-
sent pristine ground-water quality because these sam-
ples were more likely to reflect predevelopment
ground-water quality for two reasons: (1) the age of

ground water generally increases with depth in the
flow system, therefore, water in the deepest part of the
Magothy aquifer should be the least affecied by human
activities; and (2) a few shallow wells, although the
best obtainable, were nevertheless somewhat affected
by human activities (K.A. Pearsall, U.S. Geological
Survey, written commun., 1988). Median concentra-
tions in samples from the intermediate and deep zones
of the five study areas, and those from the pristine-
water (lower Magothy) data base, are listed in

table 10.

Intermediate depth zone—The median concentra-
tion of each constituent in samples from the intermedi-
ate-depth zone of each area is higher than the pristine-
water median, and concentrations of each constituent
in the intermediate-depth zone of each area were more
variable than in pristine water. Thus, water affected by
human activities probably has reached the intermedi-
ate depth in Nassau and Suffolk Counties. Its effect is
most severe in the sewered suburban and agricultural
areas and is least severe in the undeveloped area.

Deep zone—Estimated median traveltimes of
ground water (fig. A-1, p. 82) indicate that water
within the deep zone of the suburban areas should rep-
resent predevelopment quality, but median concentra-
tions of inorganic constituents in samples from the
deep zone of the two sewered areas were higher than
those in the pristine-water data base (table 10), as were
the medians for some of these constituents in the deep
zone of the unsewered area. Also, concentrations of
each constituent in the suburban areas were more vari-
able than those of pristine water. Thus, water affected
by human activities appears to have reached the deep
zone, and its effect is most severe in the long-term-
sewered area and is least severe in the unsewered area.
This difference is consistent with historical patterns of
contaminant loading and the greater local pumping in
the long-term-sewered area than elsewhere, which has
accelerated the vertical migration of contaminated
water into deep parts of the aquifer system.

Several investigators have examined water-qual-
ity differences between sewered and unsewered subur-
ban areas on Long Island (Katz and others 1980;
Ragone and others, 1981; Porter, 1980). Katz and oth-
ers (1980) and Ragone and others (1981) found no sig-
nificant difference between median nitrate
concentrations in sewered areas and those in unsew-
ered areas of the water-table aquifer in 25 years of
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record, but this has been attributed to possible biases
in the data base, the amount of time required for the
water-table aquifer to discharge contaminants intro-
duced before construction of sewers, and the contin-
ued loading of nitrate from nonpoint sources, all of
which obscure the effects of sewers (Porter, 1980).
Analyses of 1972-76 data by Katz and others (1980)
and Ragone and others (1981) indicate a relative
improvement in water quality in the sewered area, as
evidenced by significantly lower (1) nitrate concentra-
tions in base flow of streams, (2) median ammonium
concentrations in shallow ground water in the sewered
areas, and (3) median nitrate concentrations near the
water table beneath the sewered areas. They also noted
decreasing long-term nitrate trends at most wells
within the sewered areas.

Comparison of water-quality data among the three
suburban areas reveals significant differences in

median concentrations and detection rates for nearly
all inorganic and trace-element constituents studied. In
all three depth zones of the three suburban areas,
median concentrations and detection rates were gener-
ally highest in samples from the long-term-sewered
area and lowest in samples from the unsewered area,
and the median concentrations and detection rates in
all three areas were higher in samples from the shallow
zone than from the intermediate or deep zone. These
results reflect the greater loading in the long-term-sew-
ered area than elsewhere and the continued introduc-
tion of contaminants into the shallow ground-water
system from surface sources, but they also indicate a
possible improvement in ground-water quality beneath
the sewered areas. The shallow zone of the long-term-
sewered area generally had the lowest median concen-
trations of nitrate, phosphorus, potassium, magnesium,

Table 10. Median values and concentrations of selected properties and inorganic constituents in water from the intermediate
and deep zones of the five study areas and in pristine (predevelopment) water

[Values are in milligrams per liter; --, no data]

Constituent and

Study area

depth zone Long-term sewered  Recently sewered Unsewered Agricultural Undeveloped Pristine water!

Sodium
Intermediate 145 11.0 70 70 5.0 33
Deep 8.0 5.0 3.0 - -

Potassium
Intermediate 2.1 0.7 0.8 2.5 0.6 0.44
Deep .9 S 4 - -

Calcium
Intermediate 9.3 6.9 2.8 173 4.6 12
Deep 6.8 3.4 1.0 - -

Magnesium
Intermediate 29 26 15 4.6 1.2 0.56
Deep 37 1.1 5 - -

Chloride
Intermediate 282 13.7 72 16.3 1.4 4.0
Deep 10.7 5.1 39 - -

Nitrate
Intermediate 2.18 4.47 1.17 3.08 0.07 0.20
Deep 3.55 2.36 .60 - -

Alkalinity
Intermediate 14 9 14 9 7
Deep 145 85 - -

Dissolved solids
Intermediate 108 17 49 107 48 25
Deep 80 38 23 - -

! Depth classifications do not apply to pristine water. Pristine-water data from K.A. Pearsall, U.S. Geological Survey,

written commun., 1988.
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dissolved solids, and sodium, and the shallow zone of
the unsewered and recently sewered areas had the
highest. The pattern for the deep zone was the reverse:
the long-term sewered area generally had the highest
median concentrations, and the unsewered area the
lowest. This could be the result of the historical pattern
of sewer construction. The highest median concentra-
tions in the shallow zone, which contains relatively
young ground water (fig. A-1, p. 82), were in the
recently sewered or unsewered areas as a result of con-
taminants that were introduced before sewer construc-
tion and the continued loading from cesspools, septic
tanks, and lawn fertilizers. The highest median con-
centrations in the deep zone, which contains much
older water (fig. A-1), are in the long-term-sewered
area as a result of the long period of loading from cess-
pool systems, septic tanks, sewer-line leakage, and
lawn fertilizers.

VOC-detection frequencies in samples from all
three depth zones of the three suburban areas (fig. 13)
confirm a relative improvement in ground-water qual-
ity beneath the long-term-sewered area. Because this
area is more densely populated and industrialized than
the unsewered area (figs. 2 and 3 and table 1) and has
been developed longer than the recently sewered area,
it probably has received the greatest loading of VOC’s
from industrial sources and from individual house-
holds. The percentage of wells at which concentrations
of four of the five most commonly detected VOC’s
exceed detection limits of 1 or 50 pug/L in the shallow
zone of the long-term-sewered area is equal to or
lower than the percentage for the recently sewered or
unsewered areas (fig. 13). Conversely, the percentage
of wells in the long-term-sewered area at which con-
centrations of the same VOC'’s exceed detection limits
of 1 or 50 ug/L in the intermediate and deep zones,
which contain water that was contaminated before
sewer construction (fig. A-1), is equal to or greater
than that in the recently sewered or unsewered areas
(fig. 13). This contrast not only indicates that ground-
water quality beneath areas that have been sewered for
several decades is improving; it supports conclusions
of other studies, that the large amount of time required
for the water-table aquifer to flush contaminants intro-
duced before sewer construction, and the continued
loading of some constituents from nonpoint sources,
tend to mask the water-quality benefits of sewers.

SUMMARY

The Long Island aquifer system in Nassau and
Suffolk Counties was included in the USGS Toxic
Substances Hydrology Program to provide informa-
tion on regional ground-water quality and its relation
to local hydrologic and human influences. In the third
phase of investigation, described herein, the effects of
land use on ground-water quality in shallow, interme-
diate, and deep zones of the aquifer system were statis-
tically evaluated. Water samples were collected from
207 randomly selected wells in five study areas that
were defined on the basis of predominant land use and
age of sewers. The study areas were categorized in
1986 as (1) suburban area, long-term-sewered (longer
than 22 years); (2) suburban area, recently sewered
(fewer than 8 years); (3) suburban area, unsewered; (4)
agricultural area; and (5) undeveloped area. Each area
lies along the regional ground-water divide, where
ground water moves predominantly downward and
transports contamination introduced at or near land
surface deeper into the aquifer system than elsewhere
on the island.

Water-quality data from the 207 wells screened in
the shallow, intermediate, and deep zones of the aqui-
fer system beneath the five study areas were statisti-
cally evaluated to determine whether water-quality
differences exist among the five areas and three depth
zones and among the three suburban areas, which have
differing histories of sewer construction. This statisti-
cal evaluation was coupled with an estimation of
ground-water traveltimes to the midpoint of each well
screen to determine whether (1) the spatial distribution
of contaminants within the aquifer system can be
related to land use or depth below the water table; (2)
contaminants derived from human activities have
reached the intermediate and deep zones of the aquifer
system; and (3) the sewer systems in two of the three
suburban areas have resulted in an improvement in
ground-water quality.

Statistical evaluation of water-quality data from
the shallow and intermediate zones of the aquifer indi-
cates that concentrations of inorganic constituents
were lowest and least variable within the undeveloped
area and generally highest and most variable in the
agricultural area and generally were intermediate t0
high in the two sewered suburban areas. Trace-element
concentrations also were highest in the agricultural
and sewered suburban areas and lowest in the undevel-
oped area. VOC’s were detected only in the suburban



areas. These results are similar to those obtained in
previous studies that defined relations between land
use and quality of shallow ground water on Long
Island. Concentrations of most inorganic constituents
and values of most physical properties decreased from
the shallow to intermediate and deep zones of the
aquifer system,; this decrease is attributed to (1) physi-
cal and chemical reactions that remove constituents
from solution and (2) dilution due to hydrodynamic
dispersion and ionic diffusion as constituents move
along flow paths.

Alkalinity and concentrations of inorganic constit-
uents (sodium, potassium, calcium, magnesium, chlo-
ride, nitrate, and dissolved solids) in samples from
intermediate and deep wells were compared with con-
centrations from a data base representing pristine (pre-
development) ground-water quality to determine
whether water affected by human activities has
reached the intermediate and deep zones of the aquifer
system. Although traveltime analysis indicated that
ground water in the deep zone should reflect predevel-
opment conditions, concentrations of each constituent
in samples from the intermediate and deep wells were
more variable, and most medians higher, than those in
the pristine-water data base. This finding is attributed
to the effects of local pumping, which accelerates the
downward movement of water and thereby has
induced water from the shallow zone, which has been
affected by human activities, to migrate to intermedi-
ate and deep zones of the aquifer system.

The concentrations of several inorganic constitu-
ents in samples from the shallow and deep zones of the
three suburban areas, as well as the frequency of VOC
detections of samples from each suburban area, indi-
cate that ground-water quality is improving in areas
that have been sewered for more than two decades.
The highest median concentrations of nitrate, phos-
phorus, potassium, magnesium, dissolved solids, and
sodium in the shallow zone, which contains relatively
young ground water, were in samples from the
recently sewered area, where the benefits of sewers are
not yet apparent, and in the unsewered suburban area;
the highest median concentrations of these constitu-
ents in the deep zone, which contains relatively old
ground water, were in samples from the long-term-
sewered suburban area, where development has been
the most extensive. Additionally, VOC detection fre-
quency for the long-term-sewered area was higher
among intermediate-zone samples than the shallow
zone samples, whereas detection frequency for the

recently sewered and unsewered suburban areas was
highest in samples from the shallow zone, where load-
ing of VOC’s from industrial and residential sources
continues and contaminants introduced before sewers
were constructed have not had sufficient time to be
flushed from the system.
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APPENDIX 1

Concentrations of major inorganic constituents and field-measured properties values in ground water
in Nassau and Suffolk Counties, Long Island, N.Y.

TA. Shallow ZONE........covviecvrrrirreirneenircersenieesseessesessessvessenesssassasases 48
1B. Intermediate ZOne..........cocveervereenrierrcvenenne reeseeeeesneane reevtereearenes v 52
1C. DEEP ZONE....cecveereeereecrerereeneesreesraecsnens N 56
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Appendix 1A. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y.
[mg/L, milligrams per liter; pS/cm, microsiemens per centimeter at 25 degrees Celsius; deg. C, degrees Celsius; <, less than; --, no data]

Nitrogen,
Sllica, Calclum, Magnesium, Sodium, Potassium, Alkalinity, Chioride, Fluoride, nitrate,
total dissoived dissolved dissolved dissoived iab Sulfate dissolved total total

Well (mg/Las (mg/Las (mg/las (mg/lLas (mg/lLas (mg/Las (mg/lLas (mg/Las (mg/Las (mg/las
number  SiOy) Ca) Mg) Na) K) CaCO,) S0,) Cl) F) N)
LONG-TERM-SEWERED SUBURBAN AREA
N9946 15.6 12.1 32 10 33 14 37 15.6 <0.2 1.86
N9940 10.5 144 2.7 9.0 39 9 23 124 <2
N9948 18.0 774 142 32 24.7 370 <5.0 45.6 2
N9942 32 30 3.1 18 36 454 <2
32 11 29 50

N9962

N9983
N9943
N10035
N9803

19.1
10.2
52
8.8

24.8
27.6

9.3
19.0

49
8.8
24
33

14
38
13
38

29 16.2

38 24.2
4 143.0
11 29.0
25 48.8
-

<2

6.36
441

4.19
6.50

RECENTLY SEWERED SUBURBAN AREA

N9933
N9926
N88ss
N9927

N9928

12.8

4.2
13.1
15.5
15.9

51
12.6
40
6.6
11.4

15.5

6.3
163
21.6
173

28.7
219
8.6
78

120

2.6
23
2.8
2.6
3.1

4.7
3.2
23
20
3.2

10
1
28
21
23

56

12
6.0
14

0.9
1.6
44
6.9
82

39
5.6
14
22

40

19
7
11

26 8.0

7.0 26.6
29 37.9
24 25.0
24 24.5

2 114.0

33 36.2
16 227
<5.0 12.1
26 20.5

<0.2
<2
<2
<2

49

<2
<2
<2
<2
» <2

2.65
1.50
8.91
18.00
20.00

227
10.00
271
451
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Appendix 1A. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen, Nitrogen, Phos- Phos- Solids, Specific
nitrite, ammonia, phorus, phorus, sum of Hardness, conduct- pH, Temper-
total total total ortho, constituents, total ance, lab ature, Oxygen,
Well (mg/lLas (mg/lLas (mg/Las total dissolved (mg/L as fleld (standard water dissolved
number N) N) P) (mg/L as P) (mg/L) CaCoO;) (uS/cm) units) (deg.C) {(mg/L)
LONG-TERM-SEWERED SUBURBAN AREA

N9946 0.002 <0.01 0.02 <0.01 113 43 168 5.50 134 44
N9940 <.001 <.01 <.01 <.01 107 47 169 5.60 14.0 9.8
N9948 .04 20.00 .03 <.01 478 251 815 6.80 14.8 0
N9942 .001 <.01 .02 .01 161 60 303 5.50 15.2 72

N9962

<.01 02 <01 149 85 264 6.10 131 79

N994d <001 <01 07 <01 207 70 335 5.60 147 103

N9983 <.001 <.01 .07 <.01 163 82 252 5.60 14.2 8.5
N9943 004 <.01 <.01 <01 357 105 673 5.90 15.2 9.1
N10035 <.001 <.01 .03 <.01 115 33 193 5.70 15.5 1.6

N9803 <.001 <.01 .03 <.01 175 61 288 5.40 13.7 6.0

RECENTLY SEWERED SUBURBAN AREA
N9933  <0.001 <0.01 0.55 <0.01 101 49 157 5.80 14.6 72
N9926 <.001 <01 .05 <01 70 25 123 5.70 13.5 10.0
N8888 .003 <.01 .08 <01 178 52 272 5.50 14.6 7.8
N9927 <.001 <.01 <.01 <.01 198 64 295 14.7 8.0
14.4 9.8

N9928 <.001 .02 <.01 208 55 318
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Appendix 1A. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen,

Silica, Calcium, Magnesium, Sodium, Potassium, Alkalinity, Chloride, Fluoride, nlt:agte,
totai dissoived dissoived dissoived dissoived iab Sulfate dissolved total totaij

Weli (mg/Las (mg/Las (mg/lLas (mglas (mg/las (mglas (mglas (mg/las (mg/Las (mg/las

number  SiOy) Ca) Mg) Na) K) CaCO;) SOy cl) F) N)
UNSEWERED SUBURBAN AREA

$45207 12.5 14.1 3.7 14 32 14 19 12.6 <0.2 7.63
$65602 17.3 26.2 5.1 19 57 6 32 26.2 <2 23.00
$65607 15.6 16.0 7.2 23 40 7 26 322 <2 16.00
$45208 19.9 24.1 9.2 32 19 29 349 <2 24.00
23 31 37 00

847220
$48375
$74286
$64316
$64318
647

6.9
6.6
6.6
6.1

6.5
1.1
17.0
22

70 9.5

30 6
10 28
16 11

15

o oOn O\

62.1

5.0
33.0
25.4

<2
<2
<2
<2

13.00
1.08
1.75
2.00

AGRICULTURAL AREA
S$51582 10.5 419 17 5.0 38 16 80 20.1 <0.2 8.31
§$51587 33.1 6.5 14 11.0 20 59 234 46 13.10
$51568 603 9.2 23 52 22 79 54.8 <2 17.00
$51581 8.0 3.9 8 114 203 <2 3.51
9

551566

10 44

$51576 8.0 17.8 5.2 6.0 43 7 45 10.6 <2 4.73
$52383 4.1 7.1 14 7.0 4.5 5 <5.0 234 .62 4.96
UNDEVELOPED AREA
§74301 9.9 32 0.8 <3.0 0.6 6 6.0 3.6 <02 <0.01
§$54886 4.7 29 4 54 4 5 18 74.0 <2 32
§74294 54 19 3 33 8 15 10 4.7 <2 09
$48584 7.1 24 1.0 <3.0 6 7 <5.0 4.7 <2 <.01
6.8 42 1.6 9 4 36.7 <2

§$74307

$74293

20
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Appendix 1A. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screaned in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen, Nitrogen, Phos- Phos- Sollds, Specific
nitrite, ammonla, phorus, phorus, sum of Hardness, conduct- pH, Temper-
total total total ortho, constltuents, total ance, lab ature, Oxygen,
Weli (mg/Las (mg/Las (mg/las total dissolved {mg/L as field (standard water dissolved
number N) N) P) (mg/L as P) (mg/L) CaCoO,) (1S/em) units) (deg. C) (mg/L)
UNSEWERED SUBURBAN AREA
$45207 0.003 <0.01 0.06 <0.01 122 50 175 5.90 131 8.8
$65602 .002 <.01 20 <.01 238 86 354 5.10 139 74
S65607 .002 <.01 .04 <.01 200 69 313 5.10 12.2 7.4
$45208 .001 <.01 02 01 272 98 413 5.50 13.5 6.4
$45210 004 <.01 01 <.01 181 100 275 6.90 13.0 104
01

Se4314.
547220

S48375 042 5 .26 20 262 22 459 5.50 17.6 2
§74286 <.001 <.01 .07 <.01 26 8 49 5.30 139 10.6
$64316 .003 <.01 .08 <.01 136 66 236 5.00 12.6 9.1

S64318 <.001 <.01 <.01 <01 68 18 124 7.00 12.4 10.6

S13175

S13175 M9
_S16605 o g

AGRICULTURAL AREA
S$51582 0.004 <0.01 0.25 <0.01 216 136 346 5.80 12.1 104
S51587 .07 <01 229 109 335 5.70 125 9.0
S$51568 .08 <01 330 188 510 5.70 123 8.9
S51581 <.01 <.01 216 110 323 5.60 129 10.0
S$51566

<.01 <.01 373 244 563 5.50 12.1 94

$51589

$52383 73 23 140 5.00 1.9 8.0
UNDEVELOPED AREA

§74301 0.001 <0.01 0.04 <0.01 28 1 43 5.70 10.7 14

S$54886 <.001 <.01 <.01 <.01 159 8 320 5.00 12.7 1.2

$74294 .002 <.01 <.01 <01 105 5 188 7.40 12.5 1.0

S48584 002 <.01 <.01 <.01 20 10 41 5.70 1.2 10.6

$74307 <.001 <.01 <.01 <.01 82 17 159 5.30 11.8 11.2

S74293 001 <0l 02
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Appendix 1B. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.

[mg/L, milligrams per liter; #S/cm, microsiemens per centimeter at 25 degrees Celsius; deg. C, degrees Celsius; <, less than; --, no data]

Nitrogen,

Sliica, Calclum, Magnesium, Sodium, Potassium, Alkalinity, Chloride, Fluoride, nitrate,
total dissolved dissolved dissolved dissolved lab Sulfate dissolved total total

Weill (mg/Las (mg/Las (mg/L as (mg/Las (mg/Las (mg/Las (mg/Las (mg/Las (mg/Las (mg/l as

number Si0,) Ca) Mg) Na) K) CaCO,) SO,) Cl) F) N)
LONG-TERM-SEWERED SUBURBAN AREA

N1818 215 320 14.6 63 2.7 34 24 165.0 <0.2 233
N7560 23.1 189 9.6 26 22 28 22 63.0 <2 2.04
N3699 8.5 172 2.8 33 36 16 24 4209 <2 5.82
N7524 10.1 9.6 4.3 15 22 9 42 29.5 <2 09
N10043 9.7 72 3.7 14 3.6 6 6.0 19.7 <2 7.25

N7219 9.5 6.1 29 8.0 11 3 26 18.4 <2 <01
N8311 10.6 6.1 2.6 22 1.6 14 23 36.1 <2 18
N4206 14.1 9.3 4.2 10 22 14 9.0 173 <2 5.45
RECENTLY SEWERED SUBURBAN AREA
N8493 10.6 22 0.4 3.0 03 11 <5.0 33 <0.2 0.53
N8364 15.5 18.5 6.1 14 31 10 37 13.7 <2 942
N9168 214 6.9 2.7 7.0 8 31 <5.0 50 <2 1.04
N7531 9.6 159 44 23 2.7 16 20 28.6 <2 10.00
N5007 10.0 3.0 9 11 4 14 <5.0 4.0 <2 95

N9252
N9018
N7353
N7536

9.7
74

10.1
7.9

9.9
1.5
6.9
6.5

3.5

20
22

16
40
8.0

19

7
5
4
7
5

5
UNSEWERED SUBURBAN AREA

$28055 72 45 1.8 8.0 10 10 <5.0 14.7 <0.2 318

$11803 11.8 131 51 39 22 16 13 45.5 <2 741

$14579 7.5 1.2 3 3.0 S 7 <5.0 72 <2 24

$76675 64 20 33 17 1.3 5 <5.0 27.6 <2 247

$36976 9.7 2.8 1.2 6.0 ] 7 <5.0 4.6 <2 2.13
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Appendix 1B. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen, Nitrogen, Phos- Phos- Solids, Specific
nitrite, ammonia, phorus, phorus, sum of Hardness, conduct- pH, Temper-
total total total ortho, constituents, total ance, lab ature, Oxygen,
Well (mg/lLas (mg/Las (mg/L total dissolved (mg/L as field (standard water dissolved
number N) N) as P) (mg/L as P) (mg/L) CaCOy) (uS/cm) units) (deg.C) (mg/L)
LONG-TERM-SEWERED SUBURBAN AREA

N1818 0.001 <0.01 0.01 <0.01 354 140 632 590 194 5.6
N7560 <.010 <.01 .06 <01 191 86 323 590 20.1 6.8
N3699 <.001 <01 .03 <.01 165 54 283 5.50 -- -
N7524 004 1.22 .04 <.01 123 41 215 5.20 134 0

N10043 <.001 <01 <01 <.01 100 33 154 5.80 144 4.0

N219 <00t 05 0 <0l 71 27 122 48 143 0

N8311 .003 07 .07 <.01 112 25 192 540 - -
N4206 .001 <.01 .05 <.01 101 40 157 5.70 12.0 7.3
RECENTLY SEWERED SUBURBAN AREA
N8493 0.001 0.02 0.05 <0.01 29 7 42 6.10 8.8 8.0
<.01 156 71 246 530 13.7 7.2
<01 67 28 86 7.10 114 8.4
<.01 158 57 254 5.80 14.5 5.2

<.01
a2

N o 5

UNSEWERED SUBURBAN AREA
528055  <0.001 <0.01 0.05 0.04 57 18 90 6.80 10.8 10.2
$11803 <.001 <.01 .06 <.01 172 53 256 5.60 124 7.4
$14579 <.001 <.01 .05 K1 24 4 29 5.60 109 10.8
$76675 <.001 <.01 <.01 <01 72 18 124 5.10 109 8.8
$36976 <.001 <.01 .04 <.01 39 11 57 5.60 11.2 8.3




Appendix 1B. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen,

Silica, Calcium, Magnesium, Sodium, Potassium, Alkalinity, Chloride, Fluoride, nitrate,
total  dissolved dissolved dissolved dissolved lab Sulfate dissolved total total

Well (mg/Las (mg/Las (mg/las (mg/Las (mg/Las (mg/lLas (mg/las (mg/Las (mg/Las (mg/Las

number Si0,) Ca) Mg) Na) K) CaCO,) S0,) Cl) F) N)
UNSEWERED SUBURBAN AREA (continued)

S44774 14.3 53 2.1 7.0 04 19 <5.0 4.7 <2 0.74
S$75455 73 1.5 <.l <3.0 4 5 <5.0 24 <2 28
S$24770 72 1.5 4 3.0 5 9 <5.0 29 <2 <.01
S23522 94 35 2.0 9.0 8 16 <5.0 15.8 <2 1.17

S15810 8.4 15.8 38 21 24 20 39 13.6 <2 3.86
52 3 1 21

520601 . 30 .

$46283 8.1 1.0 5 3.0 5 7 <5.0 6.3 <2 29
AGRICULTURAL AREA

S15015 83 220 4.6 33 31 9 46 599 <02 341

$8025 143 30.5 9.2 40 2.5 15 <5.0 215 <2 7.16

$89545 8.3 46 11 5.0 3.6 34 11 5.0 - <01

$3570 1.8 513 138 8.0 25 p] 920 20.7 <2 7.81

589544 . 7.0 1.0

UNDEVELOPED AREA

589459 13.7 4.6 1.2 5.0 03 15 <5.0 5.6 - <0.01
S89457 11.1 4.8 1.7 18 6.0 8 14 224 -- 1.54
589539 14.2 2.8 1.1 7.0 .6 35 6.0 7.0 -- <01
589456 11.2 485 6.9 8.0 42 9 40 24.2 -- 2140

589455 10.3 1.1 1.0 10 4 5 8.0 9.3 <0.2 07
589540

oo

7.0 4.2 <2 J
18 8.1 <2 7.70

§73811 8.9 . 9 <3.0 .6
586584 10.8 14.0 4.9 <3.0 1.3

IS
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AppendIx 1B. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen, Nitrogen, Phos- Phos- Solids, Specific
nitrite, ammonia, phorus, phorus, sum of Hardness, conduct- pH, Temper-
total total total ortho, constituents, total ance, lab ature, Oxygen,
Well (mg/Las (mg/Las (mg/Las total dissolved (mg/L as fleld (standard water dissolved
number N) N) P) (mg/L as P) (mg/L) CaCO,) (1S/em) units) (deg.C) (mg/L)
UNSEWERED SUBURBAN AREA (continued)

S44774 0.003 <0.01 0.04 <0.01 49 21 75 5.80 11.2 4.2
S$75455 <.001 <.01 <.01 <01 16 4 26 5.40 10.5 57
$24770 <.001 <.01 <.01 <.01 19 5 6.00 -- --
$23522 <.010 <.01 .13 <.01 55 16 7.40 11.5 9.0
S15810 5.60 14. 38

01

52 005 0.

;3 53
<01 43

S76674
S$20601

546283 <.001 .01 .07 <.01 26 4

AGRICULTURAL AREA
$15015 0.003 <0.01 0.13 0.02 198 3 328 5.60 -- -
$8025 <01 123 114 299 5.70 1.2 9.2
§89545 <.01 74 16 120 6.20 10.6 0
§$3570 01 167 184 386 6.30 -- -
S$89544 06 77 43 117 8.10 11.2 3

58077
589543

§51571 <00
S51578 004 1 o1

UNDEVELOPED AREA
89459 0.008  <0.01 0.11 0.09 40 16 61 6.40 105 106
$89457 <001 90 18 148 5.60 12.0 74
$89539 008 75 11 98 6.90 11.7 0
$89456 001 394 6.50 1.5 7.8
$89455

s3a142
$73811
586584
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Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y.

[mg/L, milligrams per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius; deg. C, degrees Celsius; <, less than; --, no data]

Nitrogen,
Silica, Calcium, Magnesium, Sodium, Potassium, Alkalinity, Chloride, Fluoride, nitrate,
total  dissolved dissolved dissoived dissoived iab Sulfate dissolved total total
Well (mg/lLas (mg/Las (mg/Las (mg/lLas (mg/lL.as (mg/l.as (mglas (mg/lLas (mg/las (mg/las

number  SiO,) Ca) Mg) Na) K) CaCOy) SOy) (&) F) N)
LONG-TERM-SEWERED SUBURBAN AREA
N103 131 6.8 3.6 7.0 0.9 18 9.0 9.1 <0.2 4.60
N9768 153 9.8 58 8.0 1.1 30 12 13.0 <2 4.60
N7512 19.3 12.8 83 10 15 38 19 14.3 <2 3.82
N650 14.0 13.5 6.8 16 13 32 13 13.7 <2 11.00
N4082 9.6 24 11 5.0 6 8 <5.0 37 <2 1.72

N8474 78 33 12 14 21 S0 79 - 2.69

6
N7058 13.2 6.8 3.8 8.0 1.0 10 9.0 8.9 <2 5.09
N10033 79 25 1.2 5.0 9 8.0 7.9 <2 .03
N3603 10.7 29 1.8 3.0 8 8 <5.0 48 <2 2.39
N6745 14.3 10.8 48 12 9 13 24 21.2 <2 228

RECENTLY SEWERED SUBURBAN AREA

N4245 14.8 94 34 7.0 12 17 6.0 17.8 3.94
N6190 7.8 82 3.0 9.0 8 8 <5.0 15.0 9.60
N7562 6.9 13 4.0 4 8 <5.0 3.1 1.38
N7030 11.3 12.0 7.0 9 9 17 7.2

5.0 5

N8007

13 <5.0 40

N8525 1.5 8.7 2.9 13 1.0 4 20.5 <2 11.20
N7500 9.0 24 8 4.0 2 6 4.0 <2 1.68
N8321 7.0 1.1 N 5.0 S 7 3.7 <2 1.15
N4450 73 52 1.5 8.0 7 3 134 <2 425

2 9 14 <2 24

N4448 72 2 3 <3.0
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Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen, Nitrogen, Phos- Phos- Solids, Specific
nitrite, ammonia, photus, phorus, sum of Hardness, conduct- pH, Temper-
total total total ortho, constituents, total ance, tab ature, Oxygen,
Well (mg/Las (mg/Las (mg/Las total dissolved (mg/L as field (standard water dissolved
number N) N) P) (mg/L as P) (mg/L) CaCo,) (nS/ecm) units) (deg.C) (mg/L)
LONG-TERM-SEWERED SUBURBAN AREA
N103 <0.001 <0.01 0.04 <0.01 81 31 109 6.70 133 7.6
N9768 <.001 <0 <.01 <.01 103 48 158 6.00 123 6.6
N7512 <.001 <.01 < <.01 125 66 198 6.00 12.8 6.2
N650 <.001 <.01 .06 <.01 146 61 230 730 12.1 54

N4082 .002 <01 06 <01 35 10 50 5.90 124 6.6

<.01 79 32 123 5.60 12.2 5.2

N7058 .003
N10033 002 <.01 37 11 66 5.30 12.7 4
N3603 002 <.01 40 14 66 5.70 13.0 4.5

N6745

<0t

RECENTLY SEWERED SUBURBAN AREA
N4245 <0.001 <0.01 <0.01 <0.01 87 37 113 6.10 11.9
03 <.01 91 32 134 6.60 12.1
<.01 <.01 27 5 33 6.60 11.4
04 <.01 84 45 136 6.00 11.9
34

<.01
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Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen,

Silica, Calcium, Magnesium, Sodium, Potassium, Alkalinity, Chloride, Fluoride, nlt:gle,
total dissolved dissolved dissolved dissolved lab Sulfate dissolved total total

Well (mg/Las (mg/Las (mg/l as (mg/lLas (mg/Las (mg/Las (mg/las (mg/lLas (mg/las (mg/las

number Si0,) Ca) Mg) Na) K) CaCO,) SO,) Cl) F) N)
UNSEWERED SUBURBAN AREA
§37351 7.7 9.5 34 9.0 1.1 6 5.0 88 <02 753
$36791 1.1 43 1.7 50 S5 17 <5.0 2.5 <2 .90
S$42225 12.7 69 33 14 v 16 <5.0 14.0 <2 6.24
518058 -- - - - - -- -- -

S$75454 6.3 1.0 5 3.0 a 7 <5.0 . <2 74
2476 ' 8 3 i ~

5 S0 16 <2 <ol

—on 1 W o 30 S .

S33006 8.3 21 q 50 4 8 <5.0 2.6 <2 93

S21134 15.8 69 2.8 6.0 8 22 6.0 7.1 <2 1.94

S$19057 13.2 22.1 6.6 11 1.2 14 35 184 <2 7.85
4
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Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Nitrogen, Nitrogen, Phos- Phos- Solids, Specific
nitrite, ammonla, phorus, phorus, sum of Hardness, conduct- pH, Temper-
totai total total ortho, constituents, total ance, iab ature, Oxygen,
Weii (mg/Las (mg/L as (mg/lLas total dissolved {mg/L as field (standard water dissolved
number N) N) P) (mg/L as P) (mg/L) CaCO,) (nS/cm) units) (deg.C) (mg/L)
UNSEWERED SUBURBAN AREA
§37351 <0.001 <0.01 0.09 <0.01 82 37 133 5.40 114 10.2
$36791 <.001 <.01 02 <.01 39 17 57 5.70 11.5 7.0
$42225 .001 <01 .03 <.01 89 30 119 6.10 10.7 7.8
518058 - -- -- -- -- - -- - 10.7 8.4

<.01 5.60 109 6.4
0 '* 80

$34021 <001 <01 .03 02 13 1 19 5.50 10.6 10.6

533006 <.001 <01 06 <.01 28 8 40 5.60 11.7 8.2
$21134 .003 <.01 .05 <.01 67 28 94 5.90 109 6.8
$19057 .002 <01 .09 <.01 151 82 231 5.80 10.9 8.8

$26248
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APPENDIX 2

Concentrations of inorganic trace-elements in ground water in Nassau and Suffolk Counties, Long Island, N.Y.

2A. Shallow zone.............. reverrareeenaas rereeteereessreaaaseraasns terrrsarertessaeenans 62
2B. Intermediate zone............ reerrnan terereeensssssssssnsssrsssrassrosersnsassrnnsesenees  O4
2C. Deep zone.............. e et e e sbas s sa e s b s e sa e s veereene 66

61



Appendix 2A. Inorganic trace-element concentrations in water samples from network wells screened in the shallow
aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.1
[mg/L, milligrams per liter, pg/L, micrograms per liter; <, less than; --, no data]

fron, Manganese, Barium, Boron, Cadmium, Chromium, Copper, Lead, Methylene
dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved blue active
Wetl (ng/lLas  (pg/L as (ug/l.as (pg/llas (ug/l as (ng/lLas  (pg/Las (ug/las substances

number Fe) Mn) Ba) B) Cd) Cr) Cu) Pb) (mg/L)
LONG-TERM-SEWERED SUBURBAN AREA

N9946 <50 <50 <200 20 <1 <10 <50 <10 <0.02

N9940 <50 <50 <200 20 <1 <10 <50 <10 <.02

N9948 14,800 2,750 <200 340 <1 <10 <50 <10 <02

N9942 <50 <50 <200 60 <1 <10 <50 <10 <.02

N996 530 <50 <200 50 <1 <10 <50 <10 <.02

'N9944 <50 <50 <200 60 < <10 <50 <10 <02

N9983 <50 <50 <200 80 <1 <10 <50 <10 <.02
N9943 <50 <50 <200 60 <1 <10 <50 <10 <.02
N10035 <50 <50 <200 50 <1 <10 <50 <10 <.02

N9803 <50 <50 <200 50 <1 <10 <50 <10 <.02

1 {
RECENTLY SEWERED SUBURBAN AREA
N9933 <50 <50 <200 70 <1 <10 60 <10 <0.02
N9926 60 <50 <200 20 <1 <10 <50 <10 <.02
N888s8 230 120 <200 130 <1 <10 60 <10 <.02
N9927 <50 660 <200 80 <1 <10 <50 <10 <.02

N9928 <50

<200 - <1 <10 <50 <10 <.02

! The following constituents were not detected above detection limit in network wells from the shallow zone (detection limit in
parentheses): arsenic (5 pg/L), selenium (5 pg/L), and silver (50 pg/L).
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Appendix 2A. Inorganic trace-element concentrations in water samples from network wells screened in the shallow
aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

iron, Manganese, Barium, Boron, Cadmium, Chromium, Copper, Lead, Methylene
dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved blue active
Well (ng/L as (ngil. as (vg/las (ug/lLas (ug/L as {ug/L as (ug/las  (ug/l.as substances

number Fe) Mn) Ba) B) Cd) Cr) Cu) Pb) (mg/L)
UNSEWERED SUBURBAN AREA

545207 110 <50 <200 40 <1 <10 <50 <10 <0.02

S$65602 <50 900 <200 80 3 <10 <50 <10 <.02

S565607 <50 330 300 70 <1 <10 <50 <10 <.02

$45208 2,000 210 <200 150 <1 <10 <50 <10 <.02

845210 <50 <50 <200 20 <1 <10 <50 <10 <.02

i

S$48375 150 700 <200 350 <1 <10 <50 <10 02
S$74286 <50 <50 <200 10 <1 <10 <50 <10 <02
564316 <50 60 <200 20 <1 <10 <50 <10 <.02

<50 <50 <200 <10 <1 <10 <50 <10 <.02

AGRICULTURAL AREA
551582 <50 <200 80 <1 <10 <50 <10 <0.02
§51587 310 <200 60 2 <10 <50 <10 <.02
§51568 90 <200 100 <1 <10 <50 <10 <.02
S51581 60 <200 80 <1 <10 <50 <10 <.02
2

S51566
/851589

51576

§52383 200 120

UNDEVELOPED AREA
§74301 <50 <50 <200 10 <1 <10 <50 <10 <0.02
$54886 <50 <50 <200 10 <1 <10 <50 <10 <.02
S$74294 <50 <50 <200 <10 <1 <10 <50 <10 <02
548584 <50 <50 <200 10 <1 <10 <50 <10 <.02

$74307 <50 <50 <200 10 <1 <10 <50 <10 <02




Appendix 2B. Inorganic trace-element concentrations in water samples from network wells screened in the
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y."
[mg/L, milligrams per liter, pg/L, micrograms per liter; <, less than; --, no data}

Iron, Manganese, Barlum, Boron, Cadmium, Chromium, Copper, Lead, Methylene
dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved blueactive

Weli (ug/L as (ug/L as (ug/Las (ug/Las (ug/L as (ng/L as (ng/Las  (pg/las substances
number Fe) Mn) Ba) B) Cd) Cr) Cu) Pb) (mg/L)
LONG-TERM-SEWERED SUBURBAN AREA
N1818 <50 <50 <200 30 <1 <10 <50 <10 <0.02
N7560 <50 <50 <200 30 <1 <10 <50 <10 <.02
N3699 <50 <50 <200 80 <1 <10 120 <i0 <.02
N7524 2,770 <50 <200 40 <1 <10 <10 <10 <.02

1 <10 <50 <10

N10043 <50 <50 <200 30

N7219 3,060 <50 <200 10 <1 <10 <50 <10 <.02
N8311 760 <50 <200 40 <1 <10 <50 <10 <.02
N4206 <50 <50 <200 10 <1 <10 <50 <10 <.02
RECENTLY SEWERED SUBURBAN AREA

N8493 350 50 <200 <10 <1 <10 380 <10 <0.02
N8364 310 50 <200 190 <1 <10 <50 20 <.02
N9168 0.18 <50 <200 <10 <1 <10 <50 <10 <.02
N7531 <50 <200 <1 <10 <50 30

NSO <50 40 s o

N3243 <50 <50 <200 <10 <1 <10 60 <10 <.02
N9252 550 70 <200 10 <1 <10 <50 <10 <.02
N9018 <50 <50 <200 <10 <1 <10 <50 <10 <02
N7353 <50 <50 <200 <10 <1 <10 <50 <10 <.02
N7536 <50 <50 <200 20 <1 <10 <50 <10 <.02
£ 10
UNSEWERED SUBURBAN AREA
S$28055 <50 <50 <200 <10 <1 <10 <50 <10 <0.02
$11803 <50 80 <200 40 <l <10 <50 <10 <.02
S14579 <50 <50 <200 <10 <1 <10 <50 <10 <.02
S$76675 50 <50 <200 <10 <1 <10 <50 20 <.02

§$36976 <50 <50 <200 <10 <1 <10 <50 <10 <.02

! The following constituents were not detected above detection limit in network wells from the intermediate zone (detection
limit in parentheses): arsenic (5 pg/L), selenium (5 pg/L), and silver (50 pg/L).
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AppendIx 2B. Inorganic trace-element concentrations in water samples from network wells screened in the
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

iron, Manganese, Barium, Boron, Cadmium, Chromium, Copper, Lead, Methyiene

dissoived dissoived dissoived dissoived dissoived dissoived dissoived dissoived biue active

Weli (ng/Las  (pg/L as (ng/Las  (ng/Las  (ug/L as (ng/Las  (ng/Las  (ug/l as substances
number Fe) Mn) Ba) B) Cd) Cr) Cu) Pb) (mg/L)

UNSEWERED SUBURBAN AREA (continued)

$29777 <50 <50 <200 <10 3 <10 <50 <10 <0.02
$34022 <50 <50 <1 <10 <50 <10 <.02
563426 <50 <50 <1 <10 260 30 <.02
S13876 <50 <50 <1 <10 <50 <10 <.02
<50 <10 <.02

$76674

<50 <50

<1

<10

$15015 <50 <50 <200 20 <1 <10 <50 <10 <0.02
58025 <50 <50 <200 30 <1 <10 <50 <10 <.02
589545 3.8 1,010 <200 40 <1 <10 <50 <10 <.02
$3570 <50 <50 <200 40 <1 <10 <50 <10 <02
589544 10 <50 <10 <.02

<50 <50

3

<1

§51578 B L : e
UNDEVELOPED AREA
589459 <50 <50 <200 10 <1 <10 <50 <10 <0.02
$89457 <50 <50 <200 20 <1 <10 <50 <10 <.02
S$89539 14,200 720 <200 70 <1 <10 <50 <10 <.02
S89456 <50 <50 200 -- <1 <10 <50 <10 <02
<10 <50 <10 <.02

§73811
586584

<50

<50 <50

<200
<200

<10
30

<1

<10
<10

<50

<50

<10
<10

<.02
<.02




Appendix 2C. Inorganic trace-element concentrations in water samples from network wells
screened in the deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.!
{mg/L, milligrams per liter, j1g/L, micrograms per liter; <, less than; -, no data]

Iron, Manganese, Boron, Cadmium, Copper, Lead,
Well dissolved dissolved dissolved dissolved dissolved dissolved
number (ug/LasFe) (ug/LasMn) (ug/LasB) (ug/LasCd) (pug/LasCu) (ug/L as Pb)

LONG-TERM-SEWERED SUBURBAN AREA

N103 <50 <50 <10 <1 <50 <10
N9768 <50 <50 170 <1 <50 <10
N7512 <50 <50 <10 <1 <50 <10
N650 <50 <50 10 <1 <50 <10

» N4082 <50 ‘ <50 <10 <1 <50 <10

RECENTLY SEWERED SUBURBAN AREA

N4245 <50 <50 <10 <1 <50
N6190 <50 <50 <10 <1 220
N7562 <50 <50 20 <1 80
N7030 70 <50 10 <1 <50

N8007 <50 <50 <10 <1 <50

<50 <10 <1 <50 40
<50 <50 <10 <1 <50 <10
<50 <50 <10 <1 <50 <10

<50 <50 <10 <1 60 <10

1 The following constituents were not detected above detection limit in network wells from the deep zone
(detection limit in parentheses): arsenic (5 pg/L), barium (200 pg/L), chromium (10 pg/L), methylene blue active
substances (0.02 mg/L), mercury (0.5 pg/L), selenium (5 ug/L), and silver (50 ug/L).

66 Relation Between Land Use and Quality of Shallow, Intermediate, and Deep Ground Water In Nassau and Suffolk



Appendix 2C. Inorganic trace-element concentrations in water samples from network wells
screened in the deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

iron, Manganese, Boron, Cadmium, Copper, Lead,
Well dissolved dissolved dissolved dissolved dissolved dissolved
number (ug/l.asFe) (ug/L as Mn) (ng/Las B) (ug/LasCd) (ug/lasCu) (ug/L as Pb)

UNSEWERED SUBURBAN AREA (continued)

837351 <50 <50 <10 <1 <50 <10
$36791 <50 <50 <10 <1 <50 <10
$42225 <50 <50 - <1 <50 <10
518058

S75454

'$34021 <50 <50 <10 <1 <50 <10

$33006 <50 <50 <10 <1 <50 <10
§21134 110 <50 <10 <1 <50 <10
S19057 <50 <50 <10 <1 <50 <10

S$35007 <50 <50 <10 <1 <50 <10
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APPENDIX 3

Concentrations of volatile organic compounds in ground water in Nassau and Suffolk Counties, Long Island, N.Y.

3A. Shallow ZoNe.......cceeeveveivneeeieeeennnen teeeerereesssnrenanensnane teeressensnnnnsnnnnne 70
3B. Intermediate Zone .......eueuveeveveeerennens teeeeresresereresirassssrrbanrartanataraantrrare 74
3C. Deep zone.......cccovvuennencene s rerreesese oo reereereaenes vevvenrenens 18
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network wells screened in the
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.

[ng/L, micrograms per liter; <, less than; --, no data)

Trichioro- 1,2-Trans- Carbon Dichioro-
fiuoro- dichloro-  1,1-Dichloro- 1,1,1-Trichloro- tetra- Trichloro- bromo-
methane, ethene, ethane, Chioroform, ethane, chioride, ethylene, methane,
Well total total total total total total totail total
number  (ug/l) (ng/L) (ug/l) (uglt) (ng/L) (ug/t) (ugit) (ng/L)
LONG-TERM-SEWERED SUBURBAN AREA
N9946 <1 <7 <5 <1 <1 <1 <1 <2
N9940 <1 <7 <5 <1 <1 <1 <1 <
N9948 <1 <7 <5 <1 <1 <1 <1 <2
N9942 <1 <7 <5 <1 <1 <1 <1 <2
<5

N99§2 <1 <9 <1 <1 <1 <1 <1

RECENTLY SEWERED SUBURBAN AREA

N9933 <1 <9 <5 <1 5 <1 <1 <1

N9926 <1 <7 <5 <1 <1 <1 <1 <2

N8888 <1 <9 <5 <1 5 <1 1 <1

N9927 «1 <7 <5 <1 2 <1 <1 <2
<5

N9928 <1 <7

<1 1 <1 <1 <2

4 : <1 ,_»12, ]

N9079 <1 45 <5

N1197 <1 <9 5 <1 <1 5 <1

N8984 <1 <9 <5 <1 <1 <1 <1

N9918 <1 <7 <5 <1 2 <1 <1 <2
<5 <1 3 <1 3 <2

N9939 o<1 12
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network wells screened in the
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

1,1,2- Xyiene,
Trichioro- Tetrachloro- Chioro- Ethyi- total,
ethane, ethylene, Bromoform, Benzene, Toiuene, benzene, benzene, waterwhoie
Weli totai total total totai totai totai totai tot rec
number (ng/L) (ng/L) (ngit) (ngiL) (no/L) (no/L) (ng/L) (ngiL)
LONG-TERM-SEWERED SUBURBAN AREA
N9946 <1 <1 <2 <3 <3 <4 <4 <6
N9940 <1 <1 <2 <3 <3 <4 <4 <6
N9948 <1 <1 <2 <3 <3 6 <4 <6
N9942 <1 <1 <2 <3 <3 <4 <4 <6
<3 <3 <4 <6

N9962 <2 <1 <2 <3

3

RECENTLY SEWERED SUBURBAN AREA
N9933 <2 <1 <2 <3 <3 <3 <4 <6
N9926 <1 <1 <2 <3 <3 <4 <4 <6
< <3 <3
<2 <3 <3
<2 <3 <3
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network wells screened in the
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Trichloro- 1,2-Trans- Carbon Dichloro-
fiuoro- dichioro- 1,1-Dichloro- 1,1,1-Trichioro- tetra- Trichloro- bromo-
methane, ethene, ethane, Chloroform, ethane, chloride, ethylene, methane,
Well total total total total total total total total
number  (ug/L) (ng/l) (/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
UNSEWERED SUBURBAN AREA
$45207 <1 <3 4 <1 12 <1 7 <1
S$65602 <1 <4 <6 <1 4 <1 <1 <1
$65607 <1 <4 <6 <l <l <1 <1 <1
$45208 <1 <4 20 <1 28 <1 1 <1

545

<4 <6 <1 <1 <1

$47220 <1 <4 <6 <1 3 <1 <1 <1
$48375 <1 <4 <6 <1 <1 <1 <1 <1
S$74286 <1 <4 <6 <1 <1 <1 <1 <1
S64316 <1 <4 <6 <1 <1 <1 <1 <1

AGRICULTURAL AREA
S51582 <1 <3 <4 <1 <1 <1 <1 <1
S51587 <1 <9 <5 <1 <l <1 <1 <1
S§51568 <1 <9 <5 <1 <1 <1 <1 <1
S$51581 <1 <3 <4 <1 <1 <1 <1 <1
<9

S51566 <1 <5 <1 <1 <1 <1 <1

S51576 <1 <9 <5 <1 <1 <1 <1 <1
$52383 <1 <9 <5 <1 <1 <1 <1 <l
UNDEVELOPED AREA

S$74301 <1 <9 <5 <1 <1 <1 <1 <1
554886 <1 <9 <5 <1 <1 <1 <1 <1
S$74294 <1 <9 <5 <1 <1 <1 <1 <1
548584 <1 <9 <5 <1 <1 <1 <1 <1

<4 <6 <1 <1 <1 <1 <1

§74307 <1
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network welis screened in the
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

1,1,2- Xylene,
Trichloro-  Tetrachloro- Chloro- Ethyl- total,
ethane, ethylene, Bromoform, Benzene, Toluene, benzene, benzene, waterwhole
Well total total total total total total total tot rec
number (no/L) (ng/L) {(ng/L) (ng/l) (ng/L) (ng/L) (ng/L) {ng/L)
UNSEWERED SUBURBAN AREA

$45207 <2 <1 <2 <3 <3 <3 <3 <4
S65602 <1 <1 <1 <3 <4 <4 <5 <7
S65607 <1 <1 <1 <3 <4 <4 <5 <7
$45208 <1 <1 <1 <3 <4 <4 <5 <7
$45210 <1 <1 <1 <3 <4 <4 <5 <7

864314

$47220
548375
$74286

—AGRICULTURAL AREA

§51582 <2 <1 <2 <3 <3 <3 <3 <4
§51587 <1 <1 <2 <3 <1 <3 <7 <10
S$51568 <1 <1 <2 <3 <7 <3 <7 <10
§51581 <2 <1 <2 <3 <3 <3 <3 <4
§51566 <1 <1 <2 <3 <7 <3 <7 <10

$51576 <1 <2 <2 '3 <7 3 <7 <10
$52383 <1 <1 <2 <3 <3 <3 <7 <10
UNDEVELOPED AREA
S$74301 <1 <1 <2 <3 3 <7 <10
S$54886 <1 <1 <2 3 <3 <3 <7 <10
S§74294 <1 <1 <2 <3 <3 <3 <7 <10
548584 <1 <1 <2 <3 <3 <3 <7 <10
<1 <4 <4

<5 <1

S74293 <1 <1 <2 <3 {: <3 <3 <7 <16




Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.

[ng/L, micrograms per liter; <, less than; --, no data]

Trichloro- 1,2-Trans- Carbon Dichloro-

fluoro- dichioro-  1,1-Dichloro- 1,1,1-Trichloro- tetra- Trichloro- bromo-
methane, ethene, ethane, Chloroform, ethane, chloride, ethylene, methane,
Well total total total total total total total total
number  (nglL) (ng/L) (ng/L) (rg/L) (ng/L) (ng/L) (ngiL) (rg/L)
LONG-TERM-SEWERED SUBURBAN AREA

N1818 1 940 <2 2 <1 <1 390 <2
N7560 1 200 <2 <1 <1 <1 130 <2
N3699 <1 <11 3 2 2 <1 <1 <2
N7524 <1 <8 <4 <1 <1 <1 9 <1

N10043 -- <7 <6 3 1 1 4 <1

<1 <11 < <1 4 a4 «a o«

N8311 <1 <6 5 <1 38 <1 <1 <1

N4206 -- <7 <6 <1 <1 <1 <1 <1
RECENTLY SEWERED SUBURBAN AREA

N8493 - <9 <5 <1 <1 <1 <1 <1

N8364 <1 <8 5 <1 10 <1 1 <1

N9168 <1 <11 <2 <l <1 <l <1 <2

N7531 <1 <10 <5 <1 4 <1 1 <1

NS5007 -- <7 <6 <1l <1 <1 <1 <l

N3243 <1 <1 < <1 <1 <1 <

<2
N9252 <1 <11 <2 <1 <1 <1 <1 <2
N9018 <1 <8 <4 <1 <1 <1 <1 <1
N7353 - <7 <6 <1 <1 <1 <1 <1

<]
"UNSEWERED SUBURBAN AREA |
$28055 <1 <7 <5 <1 <1 <1 <1 <2
S11803 <1 <3 <4 <1 3 <1 <1 <1
514579 <1 <6 <2 <1 <1 <1 <1 <1
S76675 <1 <4 <6 <1 <1 <1 <1 <1
836976 <1 <11 <2 <1 <1 <1 <1 <2
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Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

1,1,2- Xylene,
Trichloro-  Tetrachioro- Chioro- Ethyl- total,
ethane, ethylene, Bromoform, Benzene, Toluene, benzene, benzene, waterwhole
Well total total total total total total total tot rec
number (ng/L) (ng/L) (ng/L) (ng/L) (ngL) (ng/L) (ng/L) (ng/l)
LONG-TERM-SEWERED SUBURBAN AREA
Ni1818 <1 190 <2 <3 <5 <5 <4 <3
N7560 <1 51 <2 <3 <5 <5 <4 <3
N3699 <1 <1 <2 <3 <5 <5 <4 <3
N7524 <1 <1 <2 <3 <3 <3 <4 <5
<3

N10043 <1 <1 <2

<4 <5 <7 <8

<4 3

<1 <1 <1 <6 <3 <3 <4
<3 <1 <1 <4 <4 <5 <6
RECENTLY SEWERED SUBURBAN AREA

N8493 <2 <1 <1 <3 <3 <3 <6 <8
N8364 <1 1 <2 <3 <3 <3 <4 <5
N9168 <1 <1 <2 <3 <7 <6 <5 <10
N7531 <2 1 <2 <3 <4 <4 <4 <5
<3 <4 <5 <7 <8

N5007 <1 <1 <2

= 4

UNSEWERED SUBURBAN AREA
$28055 <1 <1 <2 <3 <3 <4 <4 <6
S11803 <2 <1 <2 <3 <3 <3 <3 <4
514579 <1 <1 <1 <3 <6 <3 <3 <4
S§76675 <1 <1 <1 <3 <4 <4 <5 <7

S$36976 <1 <1 <2 <3 <5 <5 <4 <3




Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Trichloro- 1,2-Trans- Carbon Dichloro-
fluoro- dichioro- 1,1-Dichloro- 1,1,1-Trichloro- tetra- Trichioro- bromo-
methane, ethene, ethane, Chioroform, ethane, chioride, ethylene, methane,
Well total total total total total total total total
number  (ug/l) (na/L) (ng/L) (ng/L) (ng/L) (ng/L) (ugil) (na/l)
UNSEWERED SUBURBAN AREA (continued)
S44774 <1 <11 <2 <1 3 <1 <1 <2
S$75455 <1 <4 <6 <1 <1 <1 <1 <1
S24770 <1 <4 <6 <1 <1 <1 <1 <1
S$23522 <1 <6 <2 <1 <1 <1 <1 <1

S15810 <1 <3 <4 <1 <1 <1 <1 <1

$20601 <1 <3 <4 <1 <1 <1 <1 <1

$46283 <1 <4 <6 <1 <1 <1 <1 <1
AGRICULTURAL AREA

$15015 <1 <9 <5 <1 <1 <1 <1 <1

58025 <1 <4 <6 <1 <1 <1 <1 <1

S$89545 <1 <8 <4 <1 <1 <1 <1 <1

$3570 <1 <9 <5 <1 <1 <1 <1 <1

589544 <l <8 <4 <1 <1 <l <1 <1

UNDEVELOPED AREA

$89459 <1 <8 <4 <1 <1 <1 <1 <1
589457 <1 <8 <4 <1 <1 <1 <1 <1
S$89539 <1 <8 <4 <1 <1 <1 <1 <1
589456 <1 <8 <4 <1 <1 <1 <1 <l

$89455 <1 <8 <4 <1 <1 <1 <1 <1

S$34742 <1 <9 <5 1 <1 <1 <l <1
S73811 <1 <9 <5 <1 <1 <1 <1 <1
586584 <1 <3 <4 <1 <1 <1 <1 <1
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‘Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

1,1,2- Xylene,
Trichioro-  Tetrachloro- Chloro- Ethyl- total,
ethane, ethylene, Bromoform, Benzene, Toluene, benzene, benzene, waterwhole
Well totai total total total total total total tot rec
number (na/L) (ug/'L) (ng/L) (ug/L) (ng/L) (ng/L) (ng/L) (ug/t)
UNSEWERED SUBURBAN AREA
$44774 <1 <2 <2 <3 <5 <5 <4 <3
§75455 <1 <1 <1 <3 <4 <4 <5 <7
524770 <1 <1 <1 <3 <4 <4 <5 <7
§23522 <1 <1 <1 <3 <6 <3 <3 <4
<3 <3 <3

S15810 <2 <1 <2 <3 <4

20601 < < < 3 3 3

<3 <4

546283 <1 <1 <1 <3 <4 <4 <5 <7
AGRICULTURAL AREA
S15015 <1 <1 <2 <3 3 A3 <7 <10
$8025 <1 <1 <1 <3 <4
589545 <1 <1 <1 <3 <3
$3570 <1 <1 <2 3 <3
$89544 <1 <1 <1 <3 <3
.

UNDEVELOPED AREA

S$89459 <1 <1 <1 <3 <3 <4 <8 <9
589457 <1 <1 <1 <3 <3 <4 <8 <9
$89539 <1 <1 <1 <3 <3 <4 <8 <9
$89456 <1 <1 <1 <3 <3 <4 <8 <9
589455 <1 <1 <1 <3 3 <4 <8 <9
58954 1 3 ‘

$34742 <1 <1 <2 A3 <3 3 <7 <10
$73811 <1 <1 <2 3 3 3 <7 <10
S$86584 <2 <1 <2 <3 <3 <3 <3 <4




Appendix 3C. Concentrations of volatile organic compounds in water samples from network wells screened in the
deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.

[ng/L, micrograms per liter; <, less than; --, no data}

Trichioro- 1,2-Trans- Carbon Dichioro-
fluoro- dichioro-  1,1-Dichioro- 1,1,-Trichioro- tetra- Trichioro- bromo-
methane, ethene, ethane, Chioroform, ethane, chloride, ethylene, methane,
Weil totai total totai total totai total total totai
number  (pg/l) (no/L) (ra/L) (ng/L) (no/L) (na/L) (ng/L) (ng/L)
LONG-TERM-SEWERED SUBURBAN AREA
N103 <1 <10 <5 <1 <1 <1 <1 <1
N9768 -- <7 <6 <1 <1 <1 <1 <1
N7512 - <7 <6 <1 <1 <1 <1 <1
N650 - <7 <6 <1 <1 <1 <1 <1

N4082 -- <7 <6 <1 <1 <1 <1 <1

N8474 <1 <8 <5 <1 <1 <1 <1 <1
N7058 -- <7 <6 <1 <1 <1 17 <1
N10033 -- <7 <6 <1 <1 <1 <1 <1
N3603 -- <7 <6 <1 <1 <1 <1 <1
N6745 <1 <11 <2 <1 <1 <1 <1 <2

RECENTLY SEWERED SUBURBAN AREA

N4245 -- <7 <6 <1 <1 <1 <1 <1
N6190 <1 <10 <5 <1 <1 <1 <1 <1
N7562 <1 <10 <5 <1 39 <1 1 <1
N7030 -- <7 <6 <1 <1 <1 <1 <1

N8007 <1 <ii <2 <1 <1 <1 <1 <2

N8525 <1 <10 <5 <1 <1 <1 <1 <1
N7500 <1 <11 <2 <1 <1 <1 <1 <2
N8321 -- <7 <6 <1 <1 <1 <1 <1
N4450 -- <7 <6 <1 <1 <1 <1 <1
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Appendix 3C. Concentrations of volatile organic compounds in water samples from network wells screened in the
deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

1,1,2- Xylene,
Trichloro-  Tetrachloro- Chloro- Ethyl- total,
ethane, ethylene, Bromoform, Benzene, Toluene, benzene, benzene, waterwhole
Well total total total total total total total tot rec
number (ng/'L) (ng/L) (ng'L) (na/L) (ng/'L) (ng/'L) (ng/L) (ng/L)
LONG-TERM-SEWERED SUBURBAN AREA
N103 <2 <1 <2 <3 <4 <4 <4 <5
N9768 <1 < <2 <3 <4 <5 <7 <8
N7512 <1 <1 <2 <3 <4 <5 <7 <8
N650 <3 9 <1 <3 <4 <4 <5 <6
N4082 <3 <1 <1 <3 <4 <4 <5 <6

RECENTLY SEWERED SUBURBAN AREA

<3 <4 <5 <7 <8
<3 <4 <4 <4 <5
<3 <4 <4 <4 <5
<3 <4 <5 <7 <8
<3 <5 <5 <4 <3

N8525 <2 10 <2 <3 <4 <4 <4 <5
N7500 <1 <1 <2 <3 <5 <5 <4 <3
N8321 <1 <1 <2 <3 <4 <5 <7 <8
N4450 <1 <1 <2 <3 <4 <5 <7 <8

<3 <4 <5 <7 <8

N4448 <1 <1 <2




Appendix 3C. Concentrations of volatile organic compounds in water samples from network wells screened in the
deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Trichloro-  1,2-Trans- Carbon Dichioro-
fiuoro- dichioro-  1,1-Dichloro- 1,1,-Trichioro- tetra- Trichloro- bromo-
methane, ethene, ethane, Chloroform, ethane, chloride, ethylene, methane,
Well total total total total total total total total
number  (ug/L) (ngiL) (na/L) (ng/l) (no/l) (ng/L) (ng/L) (no/L)
UNSEWERED SUBURBAN AREA
S$37351 <1 <11 <2 <1 <1 <1 <1 <2
$36791 <1 <11 <2 <1 <1 <1 <1 <2
§42225 <1 <3 <4 <1 1 <1 <1 <1
S18058 <1 <3 <4 <1 <1 <1 <1 <1

S$75454 <1 <3 <4 <1 <1 <1 <1 <1
»

'§34021

<3 <4 <1 <1 <1 <1

$33006 <11 <2 <1 <1 <1 <2
$21134 <6 <2 <1 <1 <1 <1
$19057 <6 <2 <1 2 1 <1
<2 <1

$35007 <6 <1 <1

1,1,2- Xylene,
Trichioro- Tetrachloro Chioro- Ethyl- total,
ethane, -ethylene, Bromoform, Benzene, Toluene, benzene, benzene, waterwhole
Well total total total total total total total totrec
number  (ng/l) (ng/l) (ug/L) (ng/L) (ng/L) (ng/l) (ng/L) (ngiL)
UNSEWERED SUBURBAN AREA

$37351 <1 <1 <2 <3 <5 <5 <4 <3
§36791 <1 <1 <2 <3 <5 <5 <4 <3
$42225 <2 <1 <2 <3 <3 <3 <3 <4
$18058 <2 <1 <2 <3 <3 <3 <3 <4
§$75454 <2 <1 <2 <3 <3 <3 <3 <4

3
$33006 <5 <4 3
$21134 3 3 <4
$19057 3 3 <4
$35007 3 3 <4




APPENDIX 4

Analysis of depth to water and estimated traveltimes of ground water.
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ANALYSIS OF DEPTH TO WATER AND
ESTIMATED TRAVELTIMES OF GROUND
WATER

One-way analysis of variance on rank-transformed
depth-to-water and traveltime data were used to exam-
ine differences in (1) depth to water among study
areas, and (2) traveltimes among study areas for each
depth zone. The null hypothesis for these tests states
that the mean ranks are equal for all study areas; rejec-
tion of the null hypotheses indicates that at least one
mean rank differs significantly from the others. If the
null hypothesis was rejected by the ANOVA test, indi-
cating that at least one mean depth to water or travel-
time-rank value differed from another, Tukey’s honest
significant difference test (Tukey’s test) was used to
determine which means differed. Results indicate that
the median thickness of the unsaturated zone in the
unsewered suburban area is significantly greater than
those in the agricultural or undeveloped areas and that

DEPTH TO WATER

median traveltimes within the shallow zones of the
three suburban areas are significantly shorter than
those within the agricultural or undeveloped areas (fig
A-1). The effect of these differences is probably mini-
mal because (1) the greater thickness of the unsatur-
ated zone in the unsewered area is offset by the longer
ground-water traveltimes within the agricultural and
undeveloped areas, and (2) land use in the agricultural
and undeveloped areas has undergone little change
through time: thus, the effects of land use on water
quality in these areas probably are accurately repre-
sented. Results of Tukey's test for the intermediate-
depth zone indicates that mean traveltime ranks are
equal among all areas except the unsewered suburban
area, in which traveltimes are longer than those in the
long-term-sewered suburban area (fig. A-1). Results of
Tukey's test for the deep zone indicates that mean trav-
eltime ranks are equal among the three suburban areas
(fig. A-1).
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Figure A1. Depth to water and asumated traveltime of ground water from water table to well screens in all depth zones of each

study area.
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