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NETWORK DESCRIPTION AND INITIAL WATER-QUALITY DATA 
FROM A STATEWIDE GROUND-WATER-QUALITY NETWORK 

IN MARYLAND 

by David W. Bolton 

ABSTRACT 

A statewide network of wells and springs was established to document ground-water-qua1ity conditions in unconfined (water
table) aquifers in Maryland. Forty-two wells and ten springs were sampled between 1987 and 1992 to document water-quality 
conditions and potential problems in Maryland's unconfined aquifers. The network also includes four wells in confined aquifers 
in areas where salt-water intrusion may pose a problem or where the unconfined aquifer is not an important source of ground water. 
Network sites include U.S. Geological Survey (USGS) and Maryland Geological Survey (MGS) water-level observation wells 
and project wells, private water wells, and springs. No new wells were drilled specifically for the network. The network was not 
designed to provide a statistically valid assessment of water quality in the unconfined aquifers, but rather to identify potential 
water-quality problems in these aquifers, and to provide a basis for future water-quality monitoring. Sites were sampled in all of 
Maryland's physiographic provinces (Appalachian Plateau, Valley and Ridge, Blue Ridge, Piedmont, and Coastal Plain) . All sites 
were tested for major ions, nutrients, trace elements, and field parameters. Most sites were also sampled for radon, pesticides 
(including chlorophenoxy herbicides, organochlorine and organophosphorus insecticides, and triazine herbicides), and volatile 
organic compounds. Additional samples were taken from several sites to investigate seasonal changes in major-ion chemistry. 

Thirteen sites (nine wells and four springs) were sampled in the Appalachian Plateau and Valley and Ridge physiographic 
provinces. Most samples from the consolidated clastic aquifers in these provinces had a calcium-bicarbonate water type, with high 
total dissolved solids (TDS) and pH values near neutrality. Samples from the carbonate aq uifers in the Hagerstown Valley were 
also calcium-bicarbonate waters, and tended to be closer to calcite saturation than the samples from the consolidated clastic 
aquifers . Fifteen sites (nine wells and six springs) were sampled in the Piedmont and Blue Ridge physiographic provinces. 
Samples from these sites were enriched in calcium relative to other cations or had a mixed-cation type; anion composition was 
variable. Samples from non-carbonate crystalline-rock aquifers were lower in TDS and pH than samples from the clastic or 
carbonate aquifers. Ten wells were sampled in the Western Shore Coastal Plain, including one well completed in a confined 
aquifer. Samples from these wells tended to be enriched in sodium and calcium relative to magnesium; iron was the dominant 
cation at one site . Bicarbonate was the major anion at four sites; chloride or sulfate was the major anion at the other sites. Fourteen 
wells were sampled in the Eastern Shore Coastal Plain, including three wells completed in confined aquifers; major-ion composi
tion among these wells was variable. There was little variation in the major-ion chemistry of most of the sites that were sampled 
seasona ll y; however, the sampling frequency may have been insufficient to detect trends. 

Water-quality data were evaluated with respect to upgrad ient land use, site characteristics, and other factors. Land use was 
defined as the dominant land use within one-quarter mile upgradient of each site (as inferred from topographic position). Nitrate 
concentrations tended to be higher at sites downgrad ient from cropland than from sites downgradient from forested land . Nitrate 
concentrations tended to be lower in wells with deeper completion intervals than in springs and wells with shallower completion 
intervals. There was no consistent relationship between nitrate concentration and well depth . Most wells with ammonia concen
trations >0. 1 milligrams per liter (mg/L) had no detectable nitrate; conversely, most wells with detectable nitrate (>0.1 mg/L) had 
little or no detectable ammonia. One well with significant amounts of both nitrate and ammonia was believed to be influenced by 
septic contamination in the area near the well. Nitrate concentrations varied greatly in samples with < I 00 micrograms per liter 
()lg/L) dissolved (0.45)l-filtered) iron , whereas nitrate concentrations were close to detection level for samples with iron concen
trations >300 )lg/L. Most samples with no detectable nitrate were anoxic (defined for this report as having < 1.0 mg/L dissolved 
oxygen), wh ile ox ic samples had a wide range of nitrate. Most network sites with more than 20 mg/L chloride are within 100 feet 
of a paved road, although not all sites near roads had high chloride concentrations. Springs and shallow wells had a wide range of 
chloride concentrations; lower concentrations were seen in wells with open interva ls greater than 60 feet deep . Dissolved-iron 
concentrations varied greatly among network sites; most sites had <20 )lg/L dissolved iron. Wells and springs in crystalline and 
carbonate aq uifers had low iron concentrations because of high di ssolved-oxygen level s. Iron concentrations varied greatly in 
unconsolidated and consolidated clastic aquifers; most samples with high iron concentrations (> I 00 )lg/L) were anoxic. Specia
tion calculations suggest that Fe2

+ was the major dissolved iron species in anoxic aquifers, while Fe(OH)/ or Fe(OH)3 (aqueous) 
were the dominant spec ies in oxic samples . Radon sampl es were obtained from 35 network sites . Samples from network sites in 



crystalline-rock aquifers tended to have higher radon concentrations than samples from other lithologies. All network samples 
with radon concentrations >2,000 picocuries per liter (pCilL) were from crystalline-rock aquifers . There was considerable over
lap in radon values from network sites in carbonate, consolidated clastic, and unconsolidated sedimentary aquifers. 

Forty sites were sampled for one or more USGS schedules of pesticides (Schedules 1304, 1331, and 1389). Fifteen different 
pesticides or pesticide metabolites were detected, although not all schedules were tested at each of the 40 sites. Pesticide data were 
not conclusive because of limited sampling, the length of time over which sampling occurred, and other factors . Many of the 
pesticide detections were at or near detection levels . Atrazine was the most frequently detected pesticide, although several widely 
used pesticides in Maryland (linuron, chlorpyrifos, glyphosate, and pendimethalin) were not analyzed. Pesticide detections 
appeared to be more closely linked to land use than to aquifer lithology. Limited data on the triazine metabolites de-ethyl atrazine 
and de-isopropyl atrazine suggest that pesticide metabolites may comprise a significant portion of synthetic organic chemicals in 
shallow ground water. 

Network data were compared to several national, regional, and statewide studies of pesticide and nitrate occurrence. The 
pesticide and nitrate detection rates appear higher in the Maryland network than in the other studies; this is probably due partly to 
the higher percentage of unconfined aquifers and shallower wells tested in the Maryland network, as well as differences in well 
populations, and land use for the different studies. The comparisons between the studies are not definitive due to differences in 
study designs. 

Water-quality data were compared to drinking-water regulations and health advisories established by the U.S. Environmental 
Protection Agency (U.S. EPA). Nitrate was the most common contaminant: ten of the 52 sites had at least one nitrate sample 
exceeding the Maximum Contaminant Level (MCL) of 10 mglL as nitrogen. Nineteen of 35 sites exceeded the proposed MCL of 
300 pCi/L for radon. pH was outside the Secondary Maximum Contaminant Level (SMCL) (6.5-8.5) at more than half the sites. 
Twenty-nine percent and 37% of sites exceeded the SMCL for iron (300 f,lglL) and manganese (50 f,lg/L), respectively. Only one 
site had a pesticide detected above an MCL (atrazine); no other MCLs were exceeded for synthetic organic compounds. No 
Drinking Water Equivalent Levels (DWELs) were exceeded. The water-quality data collected from this project will provide a 
basis for monitoring for long-term changes in ground-water quality at network sites. 
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INTRODUCTION 

Unconfined (water-table) aquifers are the primary sources 
of water for domestic , agricultural, commercial , and munici
pal supplies in many parts of Mary land. These aquifers are 
more prone to contamination than are confined aquifers be
cause of the lack of overlying impermeable beds . Degrada
tion of shallow ground-water quality can also lead to adverse 
impacts on the chemical quality of deeper aquifer systems. 
Furthermore, surface water quality can be affected by base
flow contribution of contaminated ground water. 

Human act ivities that can affect the ground- water quality 
of unconfined aq ui fers include but are not limited to : ( I ) use 
of on-site waste-di sposal systems ; (2) application of ferti li z
ers and pesticides to land surfaces; (3) application of de-icing 
salts to roads; (4) overpumping of ground water near a salt
water body, which may cause salt water to enter the aquifer; 
and (5) lo ng-term changes in precip itation quality. 

Many s ite-specific (point-source) ground- water contami 
nation stud ies in Maryland have documented the adverse im
pacts on ground-water quality resulting from the di sposa l or 
acc idental re lease of different chemical compounds. How
ever, no at tempt has been made to describe the chemical char
acteri sti cs of unconfined aq uifers o n a statewide basis. In 1987, 
the Maryland Geologica l Survey, in cooperati on with the U.S. 
Geo logica l S urvey began to establish and sample a state-wide 
network of we ll s and springs in order to document the water 
quality of se lected unconfined aq uifers in Maryland. Samples 
were also co llected f ro m several we ll s in confined aq uifers in 
areas of the state that are threatened by salt-water and brack
ish-water intrusio n, or where the unconfined aquifer is not a 
significant source of water. 

PURPOSE AND SCOPE 

The purpose of th is report is to ( I ) descri be the des ig n of a 
statewide network of water-qu ality monitor wells and springs 
in Maryland a nd (2) describe ground-water-quality data co l
lec ted during the initial 5-year phase of network operat ion. 

The network consist · of 42 we ll s and 10 springs that were 
sampled between 1987 and 1992 fo r major ions, nutri ents, trace 
elements, rado n, pesti c ides, vo latile organi c compounds, and 
field parameters (pH, spec ific conductance, and disso l ved oxy
gen). Inorganic water-qu ality data are di scussed by "segments" 
correspond ing to physiograph ic provinces . Factors affect ing 
the concentrat ions of nitrate, iron , radon, and pesticides are 
di scussed for the network data as a who le. Nitrate and pesti
c ide data are compared .to severa l large-sca le ground- water
qua lity studi es. The data are also compared to U.S . EPA drin k
ing-water reg ul at io ns and hea lth advi so ri es. 
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The data presented in th is report are not considered an end 

product; rather, they represent a baseline to which future data 
can be compared in order to detect ground-water quality 
changes with time . The utility of long-term ground-water data 
coll ection has been es tabli shed for projects such as the USGS 
Mary land observation-well network , which provides data on 
seasonal and long-term changes in gro und-water levels. The 
network water-quality data could be used to: ( I) identify areas 
showing rapid changes in gro und-water quality; (2) calibrate 
so lute-transport and ground- water flow models; (3) determine 
ambient concentrations of naturally-occ urring ions that may 
pose a health ri sk at higher concentrat ions; and (4) monitor 
the effectiveness of environmental regulations and policies 
enacted to maintain or improve ground-water quali ty. It is 
antic ipated that the network wi ll be expanded in the future to 
look at specific issues of concern to state and local govern
ment agencies. 
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HYDROGEOLOGY, GEOLOGY, AND GROUND-WATER QUALITY 

AQUIFER CHARACTERISTICS 

Aq ui fers can be class if ied as confined or unconfined, de
pend ing upon their hydrogeo logical setting. An unconfined 
(water-table) aq uifer is o ne in which the water table forms the 
upper boundary (Freeze and Cherry, 1979) (fig. I a). Con
fined (artes ian) aq ui fers are bounded by relati vely imperme
ab le confining beds, and the pore spaces are complete ly wa
ter-saturated (fig. I b). Most gro und water under unconfined 
cond itions is deri ved from water percolat ing vert ically down
ward thro ugh the overl y ing materi a ls by grav ity. Recharge to 
shall ow conf ined aqui fe rs is deri ved largely fro m water enter
i ng the aq uifer in the recharge area, and to a lesser degree 
from leakage through confining beds. The water level in a 
we ll completed in a confined aq uifer is typicall y higher than 
the upper boundary of the aquifer itse lf. If enough water-level 
data are avai lable fo r a confined aq uifer, contour maps can be 
made that show the e levatio n of the pote ntiometric surface, 
which represents the leve l to wh ich water in a confined aq ui
fer wou ld ri se in a we ll. Uthe pressure in the confined aqu ifer 
is sufficie nt to cause the water level in the well to ri se above 
the land surface, the well is ca lled a fl owing artes ian well. 

In rea li ty, conf ined and unconfi ned aqu ifers are end-mem
bers in a contin uu m. Confi ning beds often transmit some wa
ter into the aq uifer; if the contribution of water is sign if icant, 
the aq uifer is termed sem ico nfi ned. Lateral and vert ica l 
changes in li tho logy may cause an aqui fe r to be local ly con
fined, yet possess the overa ll attri bu tes of an unconfined aqui 
fer. An aquifer may be unco nfined in one locatio n and con
fin ed at another at the same t ime. For example, the Aq ui a 
aq ui fe r is unco nfi ned in centra l Anne Arundel and Prince 

a. UNCONFINED CONDITIONS 

Georges Counties, but is confi ned south and east of the out
crop area (Otton , 1955). It is more accurate to refer to the 
ground water, rather than the aqui fer, as be ing confi ned or 
unconfi ned. 

The open spaces through which ground water flows in an 
aqui fer may be class ified as either primary or secondary open
ings. Primary openings are those pore spaces that are fou nd 
between the individual gra ins of aq uifer materia l. Ground~ 

water flow in both unconsolidated and moderately-consol idated 
deposi ts occurs largely through the primary openings. Sec
ondary openings include jo ints, frac tures, bedding-p lane part
ings, and faul ts that are ofte n present in crystalline and well
conso lidated sed imentary rocks. T hese fea tures may develop 
as a resu lt of crustal compress ion and re laxation, thermal ex
pans ion and contrac ti on, depositional and diagenetic processes , 
and phys ica l and chemical weathering . In crystalli ne rocks 
and many well-conso lidated sed imentary rocks, there are few 
pri mary openings, and gro und-water fl ow is mostly through 
the secondary openings. Geo logic materials are often charac
te ri zed by poros ity (the rat io of the volume of the voids to the 
total unit volume of the materi al) and hyd raulic cond uctiv ity 
(which characteri zes the capacity of materi als to transmi t wa
ter). 

GEOLOGY AND PHYSIOGRAPHY OF MARYLAND 

Maryland spans five phys iographic provinces which have 
dist inct hydrogeolog ic characteristics; from west to east, they 
are the Appa lachi an P lateau, the Vall ey and R idge, the B lue 

h. CONFINED CONDITIONS 

POTENTIO M ETRIC 

Wat e r- bearing zones 

Figure I.- Unco nfined and confined conditi ons in an aqu ifer: (a) unco nf ined cond itio ns, (b) confined cond itio ns. 
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Ridge, the Piedmont, and the Coastal Plain (fig. 2) . The gen

eral geo log ica l and hydrogeo log ic feat ures of each physi
ographic prov ince are discussed below. 

Appalachian Plateau 

The eastern boundary of the Appa lachian P lateau phys i
ographic prov ince in Mary land is the All eghen y Front, which 
is defined by the ridge that fo rms the summits of Dans, Piney, 
and Litt le A ll eghe ny Mountains in western A ll egany County. 
Th is province is characteri zed topographically by broad ridges 
and vall eys . Structura ll y, the province is dom inated by a se
ries of broad , pa ra ll e l northeas t-tre nding sy nc lines and ant i
c lines that are deeply dissec ted in places . The surfici al bed
rock ranges in age from Devon ian to Permian (fig. 3). The 
rocks are predominantly sandstones, s il tstones, shales, and 
cong lomerates, with sma ll er amounts of li mestone and coa l. 
Secondary openings along jo ints and fractures probab ly ac
count for most of the poros ity and hydrauli c conductivity in 
this area (Figure 4a) (Seaber, Brahana, and Ho ll yday, 1988). 

The production of natural gas from depths exceed ing 8,000 
feet in Garrett County indicates the existence of porosity and 
hyd rauli c cond ucti vity at great depths in the Appalach ian P la
teau in Mary land (N utter and others, 1980). The bedrock is 
overl a in by a re lat ive ly thin layer of weathered bedrock and 
so il coll ectively termed rego li th . The water tabl e in the Appa
lachian P lateau occurs in both the bedrock and the regolith ; in 
general, it is fo und in the rego lith in topograph ically low areas 
and in the bedrock beneath ridges. The thickness of the un
conso li dated Quaternary and Recent depos its in the Appala
chi an P lateau vari es greatly, but ge nera ll y ranges between five 

and 30 feet. Many sprin gs in the Appa lachian Plateau issue 
from the so il or a llu vium at the base of s lopes. Because sev
eral communities and many househo lds in the Appalachian 
Plateau and the Valley and Ridge provinces rely on springs for 
their water suppl ies, springs are an impo rtant source of water 
in th is part of Mary land (Otton and H illeary, 1985). The geo l
ogy of the Appa lachi an P lateau in western Mary land is re
viewed in Amsden ( 1954), Slaughte r ( 1962), Vokes a nd 
Edwards ( 1974) , and B rezinski ( 1989). 

Valley and Ridge 

In Maryland , the Va lley and Ridge physiog raphic province 
ex tends from the All egheny Front in western All egany County 
to South Mountain in eastern Washington County. The region 
is topog raphically lower than both the Appa lachian Plateau to 
the west and the B lue Ridge to the east. The Valley and Ridge 
prov ince is di vided into two di stinct subreg ions. The western 
subregion is characteri zed by a series of paralle l, closely-spaced 
northeast-trendi ng ridges that are developed on faulted and 
fo lded c lastic and carbo nate rocks rang ing in age from Or-
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dovic ian to Mis·si ss ippi an. The rocks are genera lly character
ized by low primary porosity and hyd raulic conductivity; sec
o ndary porosity and hydrauli c cond uct ivity play an important 
rol e in the ground-water flow regime (fi g . 4a). Shallow ground
water tlow tends to occur in iso lated , adjacent tlo w systems 
(Seaber, Brahana and Hollyday, 1988). T he eastern subreg ion 
of the Va ll ey and Ridge in Mary land is the Hagerstown Valley, 
which is part of a reg io nal geomorphi c feature known as the 
Great Vall ey. The Hagerstown Vall ey ex te nds northward into 
the Cumberland Va ll ey of Pennsylvania, and south ward in to 
the Shenandoah Valley of Virg ini a . It is a broad lowland that 
is underlain by Cambri an and Ordovician limestones and do
lomites, with small er amo unts of clast ic rocks. The rocks of 
the Hagerstown Va ll ey are characteri zed by low primary po
ros ity and hyd raulic conductivity. However, circul at ing ground 
water slowly disso lves so lu ble carbonate mineral s along joints, 
bedding planes, and fault surfaces and greatly increases the 
hydra uli c conductivity of the rocks (fig. 4b) . As the network 
of fractures en larges, more water c ircu lates through the rock , 
and large conduits may develop. This process has rende red 
the carbonate rocks of the Hagerstown Valley into hig hl y pro
ductive aquifers, and has resulted in distinct topographic and 

hyd ro log ic features (sinkho les, s inking streams, and springs) 
that are co ll ective ly ca ll ed karst. Karst deve lopment is exten
sive in the Hagerstown Va ll ey and e lsewhere in the Great Val
ley. The geo logy and water resources of the Vall ey and Ridge 
phys iographic prov ince are di scussed in Slaughter (1962), 
Vokes and Edwards ( 1974), a nd D ui gon and D ine ( 199 1). 

Blue Ridge 

The Blue Ridge phys iographic province occupies a narrow 
band ex tend ing from the western foot of South Mountain in 
eastern Washi ngto n County to the eastern foot of Catoctin and 
B lue Ridge Mountains in western Frederi ck County. The prov
ince is underl ain by Precambrian and Cambrian igneo us and 
metamorphi c rocks, with ridges deve loped predominantly on 
quartzite, and the interve ning Midd letown Va ll ey developed 
on metamorphosed basa lt, rhyolite, gran odiorite, and gnei ss 
(Vokes and Edwards , 1974). The rocks are generally charac
te ri zed by low primary porosity and hydrauli c conductivity, 
and most ground-water flow is along fractures and other sec
ondary openings (fig . 4c). The steep s lopes of Catoctin , Blue 
Ridge, and South Mountains re nder much of the B lue Ridge 
unsuitabl e for development. 

Piedmont 

The Piedmont phys iographic province extends from the foot 
of Catoctin Mo untain eastward to the beginning of the Atlan
tic Coastal P lain sediments, whi ch is approximately co inc i-
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Figure 4_-Hydrogeologic settings in Maryland: (a) consolidated clastic 
aquifers , (b) carbonate aquifers, (c) crystalline rock aquifers, 
(d) unconsolidated sedimentary aquifers_ 
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dent with Inte rstate 95. The eas tern P iedmont is underlain by 
Precambrian to Ordovician sedimentary and igneous rocks that 
have been extensive ly metamorphosed; rock types include 
sc hi st, phyl lite, gneiss, s late, marble, serpentine, and granit ic 
and gabbroic rocks (Vo kes and Edwards, 1974). A seri es of 
e lo ngated g neiss domes dominate the metamorphic structure 
of the eastern Piedmont. The geo log ic evo lution of the eastern 
P iedmo nt is d iscussed by Crow ley ( 1976). 

Rocks in the western portion of the Pied mont are less heav ily 
metamorphosed, and inc lude marble, quartzite , sc hi st, and 
metavol ca ni c and metased imentary rocks. The Frederick Val
ley, on the wes tern edge of the Piedmont, is underlain by mod
e rate l y ~deformed Ca mbri an to Ordovic ian limestones, dolo
mites, and s ilt s ton es in an asy m metr ica l sy nclinorium 
(Re inhardt, 1974) . Red sandstones and sha les of the (Tri as
s ic) Newark G roup are foun d in portions of Frederick, Carro ll , 
and Montgo mery Counti es. These rocks are part of a d iscon
tinuous series offilled Tri assic-J urassic grabens extending from 
Nova Scot ia to North Caro lina (Rast, 1989). 

The igneo us and metamo rphi c rocks of the Piedmont are 
ove rlain by a mantl e of unconso lidated material ca lled sapro
lite that is fo rm ed in s itu by th e chemical and ph ys ica l weath
ering ofrhe parent rock. [n Mary land, sapro lite thickness ranges 
from several feet to ove r 100 feet ; it is usua ll y thickest be
neath hilltops and ridges and thinnest in va ll eys (N utte r and 
Otton , 1969) 

Primary poros iti es and hyd rauli c co nducti viti es of igneo us 
and metamorph ic rocks are extreme ly low, and gro und -water 
flow in these rocks is largely alo ng jo ints, faults, and fractures 
(fi g.4c). We lls drill ed a long surface traces of fractures ge ner
ally ha ve g reater y ie lds than those drill ed away from fracture s. 
Faults may increase or decrease well y ie lds; fractures accom
panying the faults can increase yields, but clay- ri ch gouge ac
company ing faults can decrease the hydraulic conducti vity near 
a fault. Wells drilled in va ll eys and draws in the Maryland 
Pi edmont tend to be mo re prod uctive than those drilled on 
hilltops , because the va ll eys themse lves may be developed 
along fract ure traces, and the increased we ll yie lds may be due 
to drilling in fracture zo nes. Jo ints and fractures in crystalline 
rocks tend to decrease in s ize with depth ; as a res ult , ground
wate r fl ow in c rysta lline- rock te rrain s such as the Piedmont is 
generally rest ricted to shallow dep ths. Factors a ffec ting 
gro und-water ava il ab ility in the crysta lline rocks of the Mary
land Piedmont are re viewed by Nutter and Olton ( 1969). 

Because porosity and hydraulic conductivity of crystalline 
rocks are so low, much of the available ground water in the 
Piedmo nt is stored in the saprolite. Porosities of 17 saprol ite 
samples from the Maryland Piedmont reported by Dingman 
and Ferguson (1956) ranged from 34.3 % to 60.3 %. Measured 
permeabilities of saprolite samples vary widely (S tewart, 1964; 
Nutter and Olton, 1969), but are often low because of the high 
percentage of clay mineral s . Water wells in the Maryland Pied
mont are typicall y cased and grouted through the saprolite into 
the top of the bedrock ; well water is derived principally from 
the shallow bedrock fractures that recei ve water from the over
lying sapro lite . 
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Ground-water flow in the Triassic rocks of the western Pied
mont, as in the crystalline rocks , is largely along fractures; 
secondary poros ity may a lso resu lt from dissolution of sand
stone cements. Un li ke the crystalline rocks, however, deep 
water-bearing zones are common in the Triass ic rocks, and 
deep well s often have larger yie lds than shallow well s (Nutter, 

1975). 
Ground- wate r occurrence and availability in the Frederi ck 

Valley are strongly contro lled by the carbonate rocks. As in 
the Hagerstown Valley, ex tensive secondary poros ity and hy

drauli c conductivity due to di sso lutio n and fracturin g have ren
dered the carbonates hi gh ly productive aqui fers . 

Coastal Plain 

The Coasta l P la in phys iog raph ic province in Mary land in
c ludes a ll land between the eastern edge of the P ied mont and 
the At lanti c Ocean. This a rea is underl a in by a southeastward
d ippi ng wedge of unco nso lidated sands , s ilts , clays , and grav
e ls ran ging in thi ckness from zero at the western boundary to 
over 8,500 feet a long the Atl anti c Coast (Hansen, I 972a) . The 
age of the Coasta l Plain sediments ranges from Cretaceous to 
Quaternary. The western edge of the Coastal Plain province is 
irregul ar due to the vari at ions in thi ckness and differential ero
s ion of the unconso lidated sed ime nts that pinch out aga inst 
the c rysta lline rocks of the Piedmo nt. The Piedmont-Coastal 
Plain boundary is sometimes referred to as the "Fall L ine" 
because of the inany rapids and waterfalls that marked the 
upstream limit of na vigation in co lonial times . The Maryland 
Coasta l Plain is part of the Atlantic and Easte rn Gulf Coastal 
Plain th at extends from Long Is land to eastern Mississippi and 
whose sediments range in age from Jurassic to Quaternary 
(Meis ler and o thers, 1988) . The hydrogeologic framework of 
the Mary land portion of the Atlant ic Coastal P lain is discussed 
in Vroblesky and Fleck ( 1991 ). 

In Maryland, the Coasta l Plain includes two physiographic 
subdivi s ions separated by the C hesapeake Bay. The Western 
Shore Coasta l Plain is characteri zed by rolling topography s imj
lar to but lower in e levation than the Piedmont. Several im
portant water-bearing formations, including the Patuxent, 
Patapsco, the Magothy, and the Aquia formations, are exposed 
at the surface in the northern and central areas of the Western 
Shore Coastal Plain, and become progressively deeper to the 
south and east (Otton, 1955). The Eastern Shore Coastal Plain 
is mostly flat and is a lmost completely covered with surficial 
deposits of sands, silts, clays, and gravels that overlie the updip 
edges of the older formations (Cushing, Kantrowitz, and Tay
lor, 1973) . 

Most Coastal Plain aq uifers are highly productive. Ground
water flow in the Coastal Plain is through the primary open
ings (fig . 4d) . Most wells in the Western Shore Coastal Plain 
are completed in confined aquifers , although unconfined aqui
fers are an important source of water in the northern and west
ern areas where the Cretaceous aquifers are exposed at the 



surface. Most of the Eastern Shore is covered with a veneer of 
highly productive sands collecti vely known as the Columbi a 
Aquifer. Because of the importance of this unconfined aqui
fer and the potentia l for contamination due to extensive agri
cu ltural activity on the Delmarva Peninsula, the water resources 
have been studied extensively (e .g., Cushing, Kantrowitz, and 
Taylor, 1973; Bachman, 1984a; Denver, 1986). Ground-water 
quality of the Eastern Shore was investigated as part of the 
USGS National Water Quality Assessment (NAWQA) pilot 
stud y of the Delmarva Peninsula (Hamilton and others , 1993). 

FACTORS AFFECTING GROUND-WATER QUALITY 

Ground-water quality is a function of many factors, includ
ing precipitation-water quality, so il and aquifer characteris
tics , position in the flow sys tem relative to recharge and dis
charge areas , and human activity. Th is section discusses some 
of the important factors that affect the concentrations of the 
major cat ions and anions found in Maryland's ground water. 

The vast majority of grou nd water is derived from atmo
spheric precipitation . Cation and anion concentrations are low 
in precipitation samples in the Mary land area (tab. I). As in
fi ltrating precipitation moves toward the water table, so lute 

concentrations are increased by evapotranspiration (the por
tion of precipitation that is returned to the atmosphere by evapo
ration or transpiration by plant material), although some sol
utes such as nitrogen compounds and phosphate are removed 
from the water by plants (Drever, 1982). Estimates of evapo
transpirat ion rates range from 50% to over 70% of total pre
cipitation in Mary land (Dingman and Ferguson, 1956; Slaugh
ter, 1962; Cushing, Kantrowitz, and Taylor, 1973; Duigon and 
Dine, 1991). 

Precipitation in Maryland and ne ighboring areas is acidic 
(pH<4.5) due to reactions with atmospheric carbon dioxide, 
su lphur dioxide, and nitrogen oxides. Carbon dioxide is pro
duced naturally and by human activ ity. It reacts with atmo
spheric water to form carbonic acid (HzCO)), which dissoci
ates into bicarbonate (HCO)-) and carbonate (Cot) ions. 
These reactions can be represented as: 

HCO)- = H+ + CO) 2- (Drever, 1982) 

Sulphur dioxide and nitrogen oxides are produced largely 
by emiss ions resulting from human activity. These compounds 

Table I.-Major-ion chemistry of precipitation sampl es 

[Concentrations are averages of the annual precipitation-weighted mean concentrations at 
each site from 1987 to 1992. MD03: Carroll County, Maryland (piedmont physiographic 

province) ; MDl3: Queen Anne's County, Maryland (Coastal Plain physiographic 
province); WV18: Tucker County, West Virginia (Appalachian Plateau physiographic 
province). Data from the National Atmospheric Deposition Network/National Trends 

Network. Concentrations are in mg/L, unless otherwise noted. J.LS/cm, microsiemens per 
centimeter] 

Concentrations in precipitation 

Analyte MD03 MDl3 VWI8 

Ca 0.11 0.09 0.15 

Mg 0.027 0.036 0.019 

K 0.02 0.02 0.02 

Na 0 .131 0 .215 0 .049 

NH, 0.26 0.25 0.23 

N03-N 0.37 0.33 0 .37 

CI 0.29 0.42 0.13 

SO, 2.62 2.38 2.79 

pH 4 .26 4.32 4 .25 

Conductance 29.1 26 29.2 

(pS/cm) 
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can increase the concentrations of H+ (i.e., decrease pH) , sul 
fate (S042,), and nitrate in precipitation via the following gen

erali zed reactions : 

S + 02 - S02 (gas) 

(Freeze and Cherry, 1979; Manahan , 1991) 

The pH of infiltrating precipitation water is further decreased 
in the so il zone. When oxygen is available in the soil , decom
position of organic matter and plant respi ration increases soil 
carbon dioxide concentrations above atmospheric concentra
tions. This in turn lo wers the pH of the infiltrating water. Thus, 
by the time infiltrating precipitation reaches the water table, it 
has acquired a considerable degree of acidity which renders it 
capabl e of reacting with aquifer minerals. 

The most abundant minerals in Maryland's aquifers fall into 
two categories: sili cate minerals (including quartz, feld spars, 
and clay mineral s) and carbonate minerals (including calcite 
and dolomite) . These minerals are the primary "natural" 
sources of major ions in ground water, although in some areas, 
secondary mineral s such as pyrite can have a large effect on 
water quality. The so lubility and reaction kinetics of each 
mineral greatly influence the amounts of cations and anions 
that are di ssolved. 

Most of Maryland 's aquifers are composed primarily of s ili
cate and aluminosili cate minerals. Many of these mineral s are 
thermod ynamically unstable at near-surface temperatures and 
pressures , and they w ill react with ground water to produce 
more stable mineral s (Freeze and Cherry, 1979). Aluminum 
is very inso luble at pH's found in most shallow ground water, 
and di ssolution of aluminosilicate minerals is assumed to re
sult in precipitation of new, more stable aluminosilicate min
eral s such as kaolinite, rather than s imply dissol ving entirely 
into ioni c species (Freeze and Cherry, 1979), This process, 
known as incongruent solution , results in the release of cal-

cium, sodium, potassium , silica, and other solutes (tab. 2), and 
is accompanied by consumption of hydrogen ions. Reaction 
rates tend to be slow, and ground water from aluminosilicate
rich aquifers with few secondary minerals (such as the schists 
and gneisses in the Piedmont province) tend to be lower in 
TDS than aquifers with greater amounts of more soluble sec
ondary mineral s. 

Carbonate aquifers (including limestone and marble) are 
not extensive in Maryland, but they have a significant influ
ence on grou nd-water quality because of the high solubility of 
the carbonate minerals. Calcite, the principal component of 
limestone and marble, dissolves rapidly in acidic water via the 
reaction 

CaCO) + Hp + CO
2 

= Ca2+ + 2HCO)' (Drever, 1982) 

Ground water often has high calcium and bicarbonate con
centrations and near-neutral pH's in areas underlain by lime
stone and marble in central and western Maryland, and by cal
careous sediments in the Coastal Plain (McFarland, 1989; 
Duigon and Dine, 1991). Well water in these areas is often 
hard, and dissolution of carbonate minerals in limestone and 
marble aquifers can result in large solution channels and rapid 
flow rates which may increase the risk of ground-water con
tamination . This process also increases the risk of sinkhole 
development if ground-water levels are lowered. 

Human activity as well as naturally-occurring processes can 
increase ionic concentrations in ground water. Fertilizer use 
and septic-system effluent can result in nitrate concentrations 
that comprise a significant percentage of total anion composi
tion, especially in shallow unconfined aquifers. These impacts 
can also increase concentrations of calcium, magnesium , po
tassium, sodium, sulfate, and chloride (Denver, 1989; Hamilton 
and others , 1993). De-icing chemicals can increase sodium, 
calcium, and chloride concentrations, and have been impli
cated in high trace-element concentrations (Amrhein, Strong, 
and Mosher, 1992). Aquifer overpumping near the coast or in 
areas adjacent to brackish-water bays and rivers can lower 
ground-water heads enough to draw salt water into the aqui
fers, increasing chloride concentrations to unusable levels. In 

Table 2.-Incongruent di sso lution reactions for se lected aluminosilicate minerals (from Freeze and 
Cherry, 1979, p. 270) 

[Solid phases are indicated in bold type.] 

Gibbsite-kaolinite Al,O,'3H,O + 2Si(OH). <=' Al,Si,05(OH). + 5H20 

Biotite-kaolinite 

Albite-kaolinite NaAlSi,Os + H+ + 9/2H,O <=' 'hAl,Si,05(OH). + Na+ + 2Si(OH). 

Anorthite-kaolinite CaAl,Si,Os + 2H + + H,o <=' Al,Si,O,(OH). + Ca2+ 

MicrocIine-kaolinite KAlSi,Os + H+ + 9/2H,o <=' 'hAI2Si,05(OH). + K+ + 2Si(OH). 
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Mary land, brackish-water intrusion has been documented 

along the western shore of Kent Island and at Indian Head 

along the Potomac River (Drummond, 1988; Hiortdahl, 1990) . 
Other factors can also affect the concentrations of major ions. 

The position of shallow ground water in the flow system will 
have a profound effect on water quality. If a well is located in a 
recharge area, where ground-water flow direction is predomi
nantly downward, water quality will be a function of the area 
near the well. However, if a shallow well is located near a dis
charge area, the flow lines intercepting the open interval may 

originate in a recharge area located far away from the well, and 
the water quality from the well will be affected by physical , chemi
cal , and biological conditions over a longer flowpath. Ion ex
change can significant ly alter cation concentrations. Iron , man
ganese, and other trace-element concentrat ions can be greatly 
affected by microbiological activity, ox idation-reduction reac
tions, and sorption processes. N itrogen is subject to transforma
tion due to oxidation-reduction processes, plant uptake, and other 
factors. Many of these reactions will have an effect on ground
water pH and alkalinity. Thus, there are many chemical changes 
that ground water may undergo between precipitation infiltra
tion and the point of sampling. 

PREVIOUS INVESTIGATIONS 

Many ground-water-qua lity in vestigations have been con
ducted in Mary land. Much of the data were coll ected or com-

piled during water-resources in vestigations of indi vidual coun
ties or small groups of counties in Mary land. Most of the data 
have been publi shed by the MGS and the USGS. 

Several pub li cations have presented water-quality data col
lected on a statew ide basis. Woll ( 1978) compiled previously 
pub li shed and unpubli shed water-quality data from approx i
mately 1600 wells and springs in Mary land. These data com
prise a ll water-quality ana lyses of Mary land ground water per
formed by the USGS laboratories through 1974. The chemi
cal and physica l characteristics of municipal water supplies in 
Maryland are presented in Thomas and Heidel (1969). Sev
era l studies have investigated ground-water quality on a re
g ion a l basis . Cushing , Kantrow itz, and Taylor (1973), 
Hami lton, Shed lock, and Phi llips ( 1989), Ham ilto n and others 
( 1993), and Koterba, Banks, and Shed lock (1993) have dis
cussed water quality of the Delmarva Pen insu la. Foster ( 1950), 
Otton ( 1955), Back ( 1966), Otton and Mand ie ( 1984), and 
Knobe l (1985) discuss ground-water quality of the Atlantic 
Coastal Plain. Water quality of the carbonate rocks of the 
Frederick and Hagerstown Valleys and of the Triassic rocks in 
Maryland is d iscussed in N utter ( 1973 ; 1975). Piedmont 
ground-water quality data are presented in Nutter and Otton 
(1969) , Cleaves ( 1974), and Richardson ( 1980). Otton and 
Hi lleary ( 1985) collected limited water-quality data for selected 
springs in the Appalachian P lateau, Valley and Ridge, and P ied
mont physiographic provinces. Water-q uality data have also 
been co ll ected during stud ies of individual aq uifers (Mack, 
1974 ; Chapell e and Drummond, 1983; Bachman, 1984a, 
1984b; Wilson, 1984). 

NETWORK DESIGN 

SITE SELECTION 

The mai n goals of the Mary land grou nd-water-q ual ity mon i
toring network were to document baseline water-quality data 
from selected unconfined aq ui fers and to initiate long-term 
monitoring of ground-water quality. To meet these goals, the 
fo ll owing criteria were given hi gh priority in the selection of 

network s ites: 
( I ) The open o r screened interva l was in an unconfined 

aq uifer ; 
(2) The aquifer was latera ll y extensive and/or was a s ign ifi

cant source of water in the surrounding region; 
(3) The land use near the site was representati ve of land use 

of the surrounding region; 
(4) The s ite appeared to be access ible for long-term contin

uedmonitoring; 
(5) No obvious point sources of contamination were ob

served in the area. 
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Candidate wel ls and springs were selected from data re
ports , well inventories, reports of in vestigations, computer 
databases , and other published and unpubli shed sources. Many 
of the sites are USGS water- leve l observation well s or USGS 
and MGS project well s. These well s offer several advantages: 
( I ) well construction is documented; (2) most have water-qual
ity data from earlier projects; (3) lo ng-term access is reason
ab ly li kely; (4) the hydrogeo log ic framework is documented; 
and (5) most well s are removed fro m point sources of con
tamination. Wells and springs in local, state, and national parks 
also received hi gh priority because of anticipated long-term 
access ibility. Several institutional wells and domestic well s 
were included, although in general these were avoided because 
of uncertainty about long-term access . Budget limitations pre
cluded dr illing well s for this project. Springs were included 
because they provide information o n sha llow ground-water 
quality in areas where the open intervals of most well s are 
below the top of the water table . 



In add ition to the well s in the unconfined aquifers, fo ur well s 

completed in confined Coastal P lai n aq uifers were also inc luded 
in the ne twork. Two of the well s are located in areas where 

brack ish-wate r intrus ion has resu lted from extensive pum pi ng 

of aquifers adjace nt to the Chesapeake Bay and the Potomac 
Rive r. Two o the r we ll s completed in sha llow confined aqu i
fe rs were also sampl ed ; these are located in areas where the 

unconfined aqui fe r is not a major source of water. 
Severa l well s were sampled but were later dropped fro m 

the network, usua lly because the water qua li ty appeared to have 
been affected by po int sources of contam inat ion. For example, 
one wel l w ith detectable leve ls of severa l pesticides was found 

to be dow ngrad ient from a prev ious ly undetected pesticide stor

age fac ility. S ites whose water-qual ity ana lyses showed evi 
de nce of no n-poi nt-so urce con tam ination were not dropped 

from the ne twork . 

Fifty-two well s and springs were sampled in the initial phase 
( 1987- 1992) o f this project, w ith o ne to fi ve s ites in each of 
Maryland's 23 cou nti es (fi g. 3). S ite characterist ics are sum

marized in f igure 5. Th is netwo rk of we ll s and sprin gs was 
not designed to statistica ll y evaluate water q ua li ty for a ll of 

Coastal Plain 
(unconsolidated 

sedimentary) 

Consol idated 
clastic 

Carb onate 

Nan-carbonate 
crystalline 

Springs 

<2 0 feet 

20 -39 feet 

40- 79 feet 

80-150 feet 

>150 feet 

o 

0 

AQUIFER LITHOLOGY 

5 10 15 20 25 

Number of sites 

WELL DEPTH 

I I 

I I 

5 10 15 

Numbe r of sites 

Mary land's unconfined aq ui fers. The s ites were not randoml y 

selected, and cons ist largely of USGS observation wells. Water 
quality fro m we ll s and springs usuall y cannot be grouped to

gether for quantitat ive ana lys is. Whe n the ne twork si tes are 

ass igned to differe nt categories of land use, li tho logy, and other 

c rite ria, the sample s ize pe r category is very small , and quan 
titat ive eva luat ion has li ttle mean ing. The data were co llected 

primaril y to identify potent ial wate r-qua lity prob lems in the 

unconfined aq uife rs, and to prov ide a bas is for fut ure water 
quality mo nitoring. 

ANALYTES 

Water samp les fro m network s ites were ana lyzed for major 

cations and ani o ns, trace e le me nts, nu tr ien ts, radon, and se
lected indi cators (pH , spec ifi c conductance, di sso lved oxygen, 
Iota I organic ca rbon, and o the rs). Rad o n was ana lyzed at s ites 

where a no n-ae ra ted sample could be obta ined. Most network 
s ites we re a lso ana lyzed for th ree suites, o r "sched ules ," of 
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Figure 5 .-Numbers of s ites in categories of aq uifer litho logy, well depth , depth to top of open interval, and upgrad ient 
land use . 
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pesticides: USGS Schedules 1304 (chlorophenoxy herbicides), 
Schedule 1331 (organochlorine and organophosphorus insec
ticides), and Schedule 1389 (triazine herbicides and other pes
ticides). These schedules were selected after considering the 
broad-spectrum analytical capabilities of the NWQL, pesti
cide use in Mary land, and drinking-water standards and health 
advisories establi shed for specific analytes by the U.S. EPA. 
Most network sites were also sampled for a suite of volatile 
organic compounds (USGS Schedule 1390). Budget con
strai nts prevented sampling all network sites for all three pes
ticide and volatile organic compound schedules; most sites that 
were tested were downgradient (as determined by topographic 
position) from either cropland or forest. During the first five 
years of network sampling, many analytes were added to (and 
some were removed from) the schedules. Furthermore, sev
eral well s that were sampled by other projects were tested for 
additional analytes . Most of these additional analytes are listed 
in the data tables in Appendix A. 

SAMPLING FREQUENCY 

For operational purposes, the state was divided into four 
segments according to physiographic province: the Appala
ch ian Plateau and Valley and Ridge (Segment I); the P iedmont 
and Blue Ridge (Segment II); the Western Shore Coastal Plain 
(Segment III); and the Eastern Shore Coastal Plain (Segment 
IV). Sites in the Western Shore Coastal Plain were selected 
and sampled during the first year of the project; in each subse
quent year, sites in additional segments were selected and 
sampled , and sites in previously-sampled segments were 
resampled. In addit ion, several sites in each segment were 

sampled more frequently in order to observe seasonal vari
ability in water quality. The chronology of site selection and 
sampling is shown in table 3. 

SAMPLING PROCEDURES 

Consistent protocols were observed during sample collec
tion and processing in order to ensure comparability between 
network sites. Collection protocols may have differed for 
samples that were collected for other projects, especially for 
older samples. 

Prior to sampling, network wells were purged by evacuat
ing the equivalent of three times the volume of standing water 
in the well, when possible. For wells where the water level 
could not be measured, the volume of standing water was as
sumed to be equal to the volume of the entire well. Due to 
their low yields, the two hand-dug wells in the network were 
pumped dry on the day prior to sampling; the water levels were 
allowed to recover overnight, and the wells were sampled the 
following day. Several devices were used for purging and sam
pling, including a two-cycle centrifugal pump, a trailer-mounted 
3- inch submersible pump (Groundwater Pump Manufacturing 
Inc. Model 20X4P050-2), two portable Fultz submersible 
pumps (2- and 4-inch diameter models), and a Teflon bailer. 
The type of device used for purging was chosen based on the 
well dimensions, water level, type of sample analysis, and other 
factors. 

Specific conductance, pH, and temperature were monitored 
at 5- or I O-minute intervals during purging at all sites. Spe
cific conductance and temperature were measured with a YSI 
Model 34 conductivitylresistivity meter and a YSI 3000 T-L-C 

Table 3.-Chronology of site se lection , annu al sampling, and seasonal sampling of sites in the Maryland ground-water-quality 
network. 

[Shaded areas indicate when the specified activities occurred.] 

1987 1988 1989 1990 1991 1992 

Province Task 3 4 t 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

SS/AS' ..•.•...••..•...•.•. ' 
I}}}}} I<··}{}.· 

.ti Western Shore 
Coastal Plain Seasonal 

SS/AS liI£ ..•...... ......... ............ 
•••••••••••••••••• 

Piedmont/Blue 
Ridge Seasonal 

Eastern Shore SS/AS 1\ ••••••• I I ······ II;; I .. > 'II 
Coastal Plain Seasonal 

Valley and SS/AS i i 
I·······.·.· ••• ••· •••• 

\ .... I i 
Ridge/ 
Appalachian Seasonal 

'}} I." ' ..... i.· leI I I I t>··· .... · 
Plateau ,. 
* SS/AS. Site selection and annual sampling 
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conductiv ity meter. The meters were checked daily against 
spec ific conductance standards bracketing those of the samples 
be ing taken. pH was measured with a Beckman D 12 pHIISE 
meter, and a Beckman Model 39846 gel-filled combinati on 
pH e lectrode or a Beckman glass electrode. The pH meter 
was standardi zed daily us ing a 2-buft"er standardi zation pro
ced ure . D issolved oxygen was also monitored during purg ing 
at most s ites with a YSI Model 87 dissolved-oxygen meter, 
which was ca librated at each s ite. A lkal inity was measured in 
the f ield by titration with sul furic ac id using a Hach digital 
titration kit. Other equipment was used occasionally when the 
regu lar equipment failed to function properly. 

Once three well vo lumes had been purged and the field 
parameters were stable, the samp le was taken. For some do
mestic we ll s, the sample was taken when the field parameters 
were stab le, a lthough three well volumes may not have been 
purged . Some of the deep and large-bo rehole we ll s were ini
tially purged with a high-capac ity pump and then were sampled 
with a lower-capac ity pump or bail er, in order to mini mize 
disturbance of the sample during sampling. Samples collected 
from domestic wel ls were obtai ned from the spigots closest to 
the we llhead that bypassed water treatment. Spri ngs were 
monitored and sampled as close to the resurgence point as 
poss ible. 

Unfiltered samples were co ll ected first. Samples requiring 
f iltration were immed iate ly filtered through Micro Filtration 
Systems OA5fl ce llulose nitrate filters us ing a Cole-Parmer 
Portab le Masterflex peristaltic pump. Chemica l preservatives 
were added to samples as required to inhibit che mical and bio
logica l reactions in the sample containers. Containers and pre
servati ves used in sample co ll ection and preparation were in 
accordance with USGS spec ifications. Radon samples were 
co ll ec ted by inserting a syringe through a Teflon septum at
tached d irec tl y to the pump outl et hose so that the sample was 
not exposed to the atmosphere. Radon samples fro m springs 
were co ll ec ted by submerg ing the sy ringe in the spring resur
ge nce and co ll ecting the sample from the bottom of the resur
ge nce. The sample was then injected into a sample bottle fi ll ed 
with mineral o il , wh ich was the n shaken to di ssolve the radon 
in the o il. 

After co ll ect ion and treatment, the samples were stored in 
an ice-fi ll ed cooler prior to being shipped to the NWQL. 
Sample being analyzed for unstable analytes, such as radon , 
nutri e nts, and vo lat ile organic compounds, were shipped im
mediate ly in accordance w ith USGS protocols for unstable 
constituents. All samp les were analyzed at the USGS NWQL 
in Arvada , Colorado . Analytical methods are reported in 
Wershaw and others ( 1987) and Fishman and Friedman ( 1989). 

QUALITY ASSURANCE 

The va lidity of the water-quality data were evaluated us ing 
ca ti on-anion charge ba lance errors and qu ality-ass urance 
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samples. Charge-balance errors were calculated from mil
li equivalent ion concentrations via the formula: 

Of h b I (l: cal ions - l: anion) 100 
-;0 c arge a ance error = x 

(2: cat ions + E anion) 

Water samples should be electrically neutral; that is , the 
milliequivalent sums of cations and anions should be equal. 
Most water samples have some charge-balance error for sev
eral reasons , including inaccurate laboratory analysis, non
analysis of one or more constitue nts, and post-collection pre
c ipitat ion of so lid phases . Charge-balance errors for most of 
the Maryland network samples were <5%; samples with charge
balance errors >5% generall y were low in TDS, where small 
differences in so lu te concentrations resu lted in large differ
e nces in charge-balance error. D issolved (filtered) concentra
tions were used in calculating charge-balance errors , except 
for nitrate-plus-nitrate. Most network samples were anal yzed 
for total (unfiltered) rather than dissolved nitrate-plus-ni trite 
concentrat ions; for these samples, the total nitrate-plus-nitri te 
concentrations were used to calcu late the charge-balance errors. 

Twenty-ni ne quality-assurance (QA) samples fro m ran
domly-se lected s ites were co llected in addition to the actual 
samples. The QA samples were analyzed for major ions, nu
trients, trace elements, pesticides, and vo latile organ ic com
pounds. Two types of QA samples were collected. Field blanks 
were collected to check for contamination that may have oc
curred during sample co ll ection, treatment, storage, transport, 
or analysi s . F ield duplicate samples were collected to docu
ment the precision assoc iated with the different inorganic analy
ses . The f ie ld bl anks consisted of deionized water (for inor
ga nic blanks) and high-purity ultra-pure water (for blanks ana
lyzed for pesticides and vo lat il e organic compounds). Both 
the blank and dupl icate sampl es were collected and processed 
in the f ie ld in the same way as the actual samples, including 
filtrat ion , preservation, and transport. The field blanks were 
not run through the we ll pumps. No fie ld spikes or reference 
samples were subm itted . 

Most of the major-ion duplicate samples were within 5% 
of the actua l sampl es. The concentrati ons of the duplicates 
with larger percentage erro rs are very low, so that a small dif
ference in the abso lu te concentrat ion of an analyte results in a 
large error. Concentrations of three duplicate analytes (one 
each of dissol ved sul fate, total iron , and dissolved iron) in three 
diffe rent well s dift"er largely fro m the true samples . The dif
fe rences do not affect the conclusions of the report. The con
centrations of major ions measured in the sample blanks are 
very close to or be low reporting limits of the indi vidual spe
c ies. Detections were reported from several total-ammonia 
bl anks (0.02 mg/L as nitrogen) and one total -phosphorus blank 
(0.08 mgfL as P); all other nutri ent species in the blanks were 
be low reporti ng limits. These detections do not affect the con
clusions of the report. 

Field blanks were co ll ected at 7 of the 40 sites that were 
tested for at least one of the pestic ide schedules. Field bl anks 
were also co llected at s ix of the 36 sites tested for volatil e 



organic compounds. No detections of these compounds were 
reported in any of the blank samples. No duplicate samples 

for pesticides or volatile-organic compounds were collected. 

NETWORK GROUND-WATER-QUALITY DATA 

INORGANIC GROUND-WATER QUALITY 

This section discusses general aspects ofthe inorganic water 
quality of samples from s ites in the Maryland ground-water
qual ity network. Synthetic organic chemicals data are dis
cussed in another sec tion. Because the network sites were not 
all sampled the same number of times between 1987 and 1992, 
the analyte values discussed in this report usually refer to the 
median values at each s ite . Figures showing relationships 
between two or more analytes are plotted us ing data from a 
specific analysis (i.e., not the median site value). Median 
analyte values of groups of s ites (for example, the median hard
ness of s ites in carbonate aquifers, or median nitrate concen
trations of s ites in agricultural areas) refer to the overall me
dian value of the individual median values. Except for nutri 
ents (n itrate, nitrite, ammonia, phosphorus), analyte concen
trat ions in this report refer to the "dissolved" (filtered) con
centrations, unless otherwise noted. Samples were not ana
lyzed specifically for nitrate, but rather for nitrate-plus-nitrite 
and also for nitrite; because nitrite concentrations were negli
gible, " nitrate" in this report refers to the analytical value of 
nitrate-plus-nitrite. All nitrate and ammonia concentrations 
are reported as nitrogen . 

Segment I: Appalachian Plateau and Valley and 
Ridge Physiographic Provinces 

Thirteen si tes (9 wells and 4 springs) were sampled in the 
Appalachian Plateau and Valley and Ridge physiographic prov
inces . Ten sites are in consolidated clastic-rock aquifers; the 
other three are in carbonate-rock aquifers in the Hagerstown 
Valley. Aquifer data and major-ion types are given in table 4 
and are illustrated in fi gures 6 and 7. Boxplots of major-ion 
concentrations and other water-quality data are shown by physi
ographic province and aquifer lithology in figures 8 through 
14. Water-quality data are presented in tables AI -A6. 

Samples from most of the network s ites in the Appalachian 
Plateau and Valley and Ridge physiographic provinces were 
moderately hard to very hard calcium-bicarbonate waters; only 
three s ites had soft water. Samples from these sites had the 
hi ghest overall median hardness (150 mg/L as CaC0

3
) and pH 

(7.2) of all four segments. Hardness categories are shown in 
Table 5. 

Samples from most of the sites in consolidated clastic aqui-
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fers are characterized by high TDS and specific conductance, 
pH's near neutrality, and calcium-bicarbonate chemical char
acter. (In this report, chemical character or water type was 
determined from milliequivalent percentages of cations and 
anions). These parameters reflect the extent of calcium car
bonate in the aquifers of the Appalachian Plateau. TDS and 
specific conductance are highly correlated for all network sites 
(R=0.98) (fig. 15), which indicates the usefulness of specific 
conductance for estimating TDS in ground water. Median dis
so lved-oxygen values ranged from anoxic (defined for this 
report as < I mg/L) to 9.6 mg/L. Saturation indices calculated 
using the geochemical speciation code WATEQ4F (Ball and 
Nordstrom, 1992) indicate that most samples are undersatu
rated with respect to calcite (fig. 16). The low TDS and pH of 
some of the springs issuing from clastic aquifers suggests short 
residence times and shallow depth of ground-water circula
tion. Sulfate is the dominant anion at two of the springs (GA 
Eb 72 and WA Ab 3), although the absolute concentrations 
« I 0 mg/L at both sites) are less than those at most other sites . 
These springs were more undersaturated with respect to cal
cite than the segment's well-water samples. The spring samples 
typically have higher dissolved-oxygen concentrations than the 
well samples. 

The three sites in the carbonate aquifers are all located in 
the Hagerstown Valley. Samples from these sites (two wells 
and a spring) are very hard calcium-bicarbonate waters, and 
are all at or near saturation with respect to calcite (fig . 16) . 
These sites have higher nitrate and sui fate concentrations than 
most of the sites in the consolidated clastic aquifers. The 
samples have relatively high dissolved oxygen. 

Silicate and aluminosilicate minerals such as quartz, feld
spars , and micas are the dominant minerals in most of the clas
tic aquifers sampled in the Appalachian Plateau and Valley 
and Ridge physiographic provinces. Because dissolved alu
minum tends to reprecipitate via incongruent di ssolution, satu
ration indices for aluminosilicate minerals do not indicate which 
mineral s may be expected to form. Stability diagrams can be 
constructed that show the stable mineral phases in relation to 
silica concentration and cation/hydrogen ion ratios (fig. 17). 
Data from network sites plotted on three stability diagrams 
indicate that kaolinite is the stable silicate mineral for sites in 
all carbonate and crystalline-rock aquifers and most uncon
solidated and consolidated clastic aquifers, which suggests that 

(Text cOlltinued on p. 23.) 



Table 4.-Site characteri st ics, major-ion types, and upgrad ient land use for network wells and springs in the 
Appalach ian Plateau and Valley and Ridge physiographic provinces. 

[Land-use categories: 1, residential; 2, commercial; 3, institutional; 4, cropland; 5, pasture/grassland; 
6, forest. See table 9 and text for additional comments.] 

Major ions . 
Physiographic Upgradient 

Site province Geologic unit Major lithology Cations Anions land use -
AL Ae 36 Valley & Ridge Mahantango Fm. Mudrock, siltstone, shale Ca2 + HCO; 6 

AL Ai 26 Valley & Ridge Jennings Fm. Shale, siltstone , conglomeratic Mixed HCO,' 6 
sandstone 

ALCb 8 Appalachian Conemaugh Fm. Interbedded argillaceous Ca2 + HCO,' 6 
Plateau limestone, clay, claystone, 

shale, siltstone, sandstone; 
some conglomerate 

AL Ce 4 Valley & Ridge Marcellus/Needmore Shale, mud rock Ca l + HCO,' 6 
Shale (near contact (Oriskany : Sandstone, some 
with Oriskany Group) conglomerate) 

GA Ae 50 Appalachian Conemaugh Fm. Claystone, shale , si lt stone, Ca l + HCO,' , 5 
Plateau sandstone CI" 

GA Ba I Appalachian Conemaugh Fm. Claystone, sha le, silt stone , Ca l + HCO,' , 6 
Plateau sandstone CI ' 

GA Da 17 Appalachian Allegheny-Pottsville Sandstone, siltstone, claystone, Ca2 + , HCO,' 6 
Plateau Fm. shale, coal Mi+, 

Fe2 + 

GA Eb 72 Appalachian Jennings Fm. Shale, siltstone , sandstone Mixed SO/ · 6 
Plateau 

WA Ab 3 Valley & Ridge Hampshire Fm. Sandstone, arkosic sandstone, Mixed sot 4 
red shale 

WA Ad 101 Valley & Ridge Romney Fm. Shale , sandstone , limestone Ca l + HCO,' 6 

WAAh 63 Valley & Ridge Rockdale Run Fm. Limestone, dolomite Ca l + HCO,' 4 

WAAk 99 Valley & Ridge Tomstown Fm. Limestone, dolomite, Ca2 + HCO, ' 4 
calcareous shale 

WA Di 103 Valley & Ridge Conococheague Limestone with shale interbeds Ca2+ HCO,' 4 
Limestone 

• Determined from milliequivalent percentages of individual samp les 
•• Dominant upgradient land use within 114 mile of site 
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Figure 8.-Median silica and total-dissolved-solids values by physiographic province and aquifer lithology. 

4 
PROVINCE 

AP/V&R 

P/BR 

WSCP 

ESCP 

LITHOLOGY 

CP 

Clost 

Cryst 

Carb 

4 

a 

o 

pH 

6 8 9 

PROVINCE 

0 ~o (13) AP/V&R 

H f--------< 0(15) P/BR 

OH f---------4 0 (I 0) WSCP 

f--C==rJ------- (14) ESCP 

pH 

6 

>-<[=I==:J----i[!!) (24) 

o 

rr::=:=::::J--<0 (I I ) 

o (5) 

EXPLANATION 

Dissolved oxygen (mg/L) 

0 4 8 10 

G--I 
(12) 

f-----.iO 
( 15) 

01 f-.i 0 

DI f--------< o (10) 

o~ ~ 0 

Dissalved oxygen (mg/L) 

4 10 

[====I===:J (24) ~-------I 0 0 

C=====I:==============~~ 

Number of 
samples 

(II)O~O 

00 0 (5) 

o f-----4C===I===:::Jf------i 0 (11) 
<'Oth 1 Ot~ 2.5th 

mg/L: milligrams per liter 

AP/V&R: Appalachian Plateau/Volley 

P/BR: Piedmont/Blue Ridge 

WSCP: Western Shore Coastal Plain 

ESCP: Eastern Shore Coaslol Plain 

CP; Coastal Plain (unconsolidated 
sedimentary) aquifers 

& Ridge 

Clast: Consolidated clastic aquifers 

Cryst: Non-carbonate crystalline-rock 
aquifers 

Carb: Carbonate aquifers 

Figure 9.-Median pH and di sso lved oxygen values by phys iographic prov ince and aquifer lithology. 

20 



Calciu m (mg/L) Magnesium (m g/L) 

o 20 40 60 80 100 120 140 0 5 10 15 20 25 

PROVINCE PROVINCE 

AP /V&R <>---<-[===:r:=====:::Ji----< 0 (13) AP/V&R C>-----j 

P/BR~ o (15) P/BR o-er::::::::::J o (15) 

WSC P of----{L:::Jl------< o (10) WSCP a---[[}--o (1O) 

ESC P aCr:=}----w (,.) ESCP Oi H (l<) 

Calcium (mg/L) Magnes ium (mg/L) 

0 20 40 60 80 100 120 140 0 10 15 20 25 

LITHOLOGY LITHOLOGY 

CP oc::I:J-----lo o (2') CP ~ (2 ' ) 

Clost <>---1 10 (12) Clo st 0----1 ~ 

Cryst <>O:::::l------ 0 (" ) 

Carb 0 0 0 

Cryst o----O:::::J--- 0 (" ) 

0 o (5) Corb 000 

EXPLANATION Number of 
~ample~ 

o >-----4C===I===::Jf------< 0 (5) 

mg/L: mil ligra m s per liter 

0 

30 35 

o (13) AP /V&R: Appalachian Plateau/Volley & Ridge 

P/BR: Piedmont/Blue Ridge 

WSCP: Western Shore Coaslal Plain 

ESCP: Eastern Shore Coastal Plain 

30 35 

CPo Coostal Plain (unconsolidated 
sedimentary) aquifers 

o (12) Clast: Consolidated clostic aquifers 

Cryst: Non-carbonate crystall ine-rock 
aquifers 

0 (5) Carb: Carbonate aquifers 

Figure IO.-Median calcium and magnes ium concentrations by physiographic province and aquifer lithology. 
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Figure 12.-Median nitrate and chloride concentrations by physiographic province and aquifer lithology. 
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Figure 13.- Median alkalinity and sul fate concentrations by physiographic prov ince and aq uifer lithology. 
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Figure 14.-Median iron and manganese concentrations by physiographic province and aquifer lithology. 

the feldspars are weathering to produce kaolinite. Most samples 
are supersaturated with respect to quartz and undersaturated 
with respect to silica gel , wh ich suggests that quartz doesn' t 
control silica sol ubility. 

Median nitrate concentrations from network sites in the 
Appalachian Plateau and Valley and Ridge physiographic prov
inces ranged from <0.050 mglL to IS mg/L; the overall me
dian nitrate concentration (0 . 1 J mglL) was the lowest of all 
four segments. Samples from three wells (GA Ae SO, WA Ah 
63, WA Ak 99) and one spring (WA Di 103) exceeded the 
MCL of 10 mglL nitrate. Three of the four s ites are in carbon
ate aquifers in the Hagerstown Valley; the fourth s ite is in the 
Conemaugh Formation near Grantsville in Garrett County. The 
s ites are al l located in agricultural areas, although there are 
septic systems near all the s ites . Ammonia concentrations ex
ceeded nitrate concentrations in samples from well AL Ae 36. 
Median chloride concentrations in the samples ranged from 
<0.1 mg/L to 100 mglL; the overall median chloride concen
tJ'ation was 5.0 mg/L, the lowest of all four segments . Chlo
ride concentrations at two sites exceeded SO mglL, which prob
ab ly reflects the influence of road salt. Chloride concentra
tions are discussed in more detail later in this report. 

Median iron concentrations from network s ites in consoli
dated clastic aquifers ranged from <3 J.lglL to 6,900 J.lg/L; four 
sites exceeded 300 J.lglL. Median manganese concentrations 
ranged from < I J.lg/L to 1,300 J.lglL, with five sites exceeding 
SO J.lglL. Iron and manganese concentrations from sites in car
bonate aquifers were all close to the detection limit; the slightly 
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alkaline, oxygenated waters in these aquifers do not support high 
iron or manganese concentrations. The median concentration of 
iron for all 13 sites was 4 J.lglL , the lowest of the four segments. 
Barium concentrations exceeded 100 J.lglL (the overall segment 
median) at wells in consolidated clastic aquifers; springs and 
carbonate aquifers all had concentrations < 100 J.lglL. Most other 
trace-element concentrations were <20 J.lg/L. 

Dissolved-iron concentrations often varied between samples 
taken from the same site, especially in wells with high concen
trations of iron. This is probably due in part to rapid oxidation 
of ferrous iron between sample collection and ac idification, 

Table 5.-Classification of hardness 
(from Hem, 1985, p. 159.) 

Hardness range 
(milligrams per liter 

CaCO,) 

0-60 

61-120 

121-1 80 

> 180 

Description 

Soft 

Moderately hard 

Hard 

Very hard 
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and also to variations in colloidal iron pass ing the 0.451-1 filter. 
The vari ations in some total-iron concentrations among samples 
taken from the same site appeared to be assoc iated with the 
use of the trailer-mounted submersible pump or with wells with 
steel cas ing. 

Four springs (AL Ce 4, GA Eb 72, WA Ab 3, and WA Di 
103) were sampled quarterly between September 1990 and 
June 199 1 for major ions and nutrients. In general , there was 
little change in the major-ion concentrations. Seasonal changes 
in chloride val ues at AL Ce 4, GA Eb 72, and WA Ab 3 were 
all <2 mg/L during the year; chlo ride values from WA Di 103 
ranged from 12 mg/L to 17 mg/L. Nitrate concentrations 
showed no consistent seasonal trend amo ng all four sites. WA 
Di 103 had both the highest levels and the largest changes in 
nitrate; the hi ghest nitrate value ( 12 mg/L) was in December, 
whil e the lowest value (2. 1 mg/L) was in early October. Thi s 
spring is located in an area that is predominantly cropland. 
Ni trate concentrati ons from the other three sites were 1.0 mg/L; 
these sites are located in areas with smaller amounts of agri cul 
turalland use than WA Di 103. 
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Segment II: Piedmont and Blue Ridge 
Physiographic Provinces 

Fifteen s ites were sampled in the Piedmont and Blue Ridoe 
b 

physiographic provinces. Ten s ites are in non-carbonate crys-
ta lline-rock aquifers ; two sites are in Triass ic (sedimentary) 
aq uifers; two are in ca rbon ate aquifers ( including one in 
marble), and one well is in sapro lite developed on schi st. Aq ui
fer data and major-ion types are g iven in table 6 and are illus
trated in fi gures 18 and 19. Water-quality data are presented 
in tables A7-A I2 . 

Samples from thi s segment were enriched in calcium rela
ti ve to other cations, or had a mi xed-cation compositi on; an
ion composition was mixed. The overall median TDS for these 
sites (100 mg/L) was the lowest median value of all four seg
ments, which reflects the low so lubility of the aluminosilicate 
minerals and general lack of so luble secondary minerals in 
non-carbonate crystalline-rock aquifers. Indiv idual med ian 
pH's ranged from 5. 3-7.9. Samples from most s ites in this 
segment were soft or moderate ly hard. 

Samples from non-carbonate crysta lline aquifers were typi
ca ll y lower in TDS than samples from the consolidated clas tic 
or carbonate aquifers. The higher TDS values in crystalline 
rocks are fro m sites with high chloride concentrat ions; lower 
TDS values in these aquifers tend to come from sites in re
charge areas (as inferred from topographic position). The low
est TDS va lues are from two springs (FR Cd 38; HA Bc 3 1) 
that are downgradient from undeveloped land . Samples fro m 
non-carbonate crystalline aquifers were more acidic (median 
pH range: 5.3-6.7) than samples from the Triass ic aquifers (7.6) 
or carbonate aq uifers (7.2-7 .9). Samples from all sites in the 
Piedmont and Blue Ridge physiographic provinces were su
persaturated with respect to quartz and undersaturated with 
respect to amorphous s ili ca. All samples plot in the kaolinite 
stability field (fig . 17). 

The sites in carbon ate aquifers (FR Dd 178 and BA Dc 
444) and the consolidated clastic aquifers (FR Af 27 and MO 
Db 68) were calc ium-bicarbonate or calcium-mag nes ium-bi
carbonate waters, and were at or near saturation with respect 
to calcite . Samples from FR Dd 178 were chemically similar 
to those from network sites in the Hagerstown Valley. Well 
BA Dc 444, in the Cockeysv ille Marble, had lower TDS and 
hardness, and higher pH than samples from all other network 
s ites in carbonate aquifers . This may reflect mineralog ic and 
hydrogeo logic differences between the sed imentary and meta
morphic carbonate aquifers. Another factor cou ld be that BA 
Dc 444 is cased to a depth of 86 feet below land surface (about 
40 feet below the water table) , and well water may be derived 
from deeper-flow ground water than the shallower wells in the 
Hagerstown Valley. If the deeper ground water is no longer in 
contact with the major source of carbon dioxide, thi s may re
sul t in dep let ion of carbon d iox ide and increase in pH along 
the 1l0wpath. The recharge water for shallow wells and springs 
probably receives continual input of carbon dioxide along the 
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Figure 16.-Relationship between P CO2 and calcite and dolomite saturation indices. 

flow path , resu lting in lower pH compared to samples without 
carbon dioxide replenishment. The higher pH in ground wa
ter without carbon dioxide replenishment results in an increase 
in the proportion of carbonate ions, which brings the waters 
closer to saturation with respect to calc ite and dolomite. Thus, 
deeper water wells in carbonate aquifers may have lower hard
ness values than shallow wells, yet both may be at or near 
saturation with respect to the carbonate minerals. 

Median nitrate concentrations from the Piedmont and Blue 
Ridge sites ranged from 0.15 mg/L to 11 mg/L (overall me
dian: 3.3 mg/L) . Samples from two sites (both located in agri
cultural areas) exceeded 10 mg/L. Nitrate concentrations in 
two network wells eCL Ae 1 and HA Ca 23) showed slight 
increases between 1974-75 to 1990-92, while one spring (FR 
Fb 12) showed a slight decrease from 1983 to 1989. Ammo
nia was not a significant constituent in samples from these sites, 
probably because the aquifers were well-oxygenated. Median 
chloride concentrations ranged from 1.8 mg/L to 82 mg/L 
(overall med ian: 8.5 mg/L). Median ch loride concentrations 
at 4 springs and 2 well s exceeded 10 mg/L. Samples from 
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several sites (CE Cc 40; CL Ae I ; FR Dd 178) showed in
creases in chloride concentrations relative to pre-1987 samples. 

Trace-element concentrations from the Piedmont and Blue 
Ridge sites were generally low. Median iron concentrations 
ranged from <3 J.1g/L to 30 J.1g/L (overall median: 12 J.1g/L); 
median manganese concentrations ranged from < 1 J.1g/L to 12 
J.1g/L (overall median: 4 J.1g/L). Iron and manganese concen
trations are low probably because these elements are relatively 
insoluble under the ox idizing conditions found in aquifers in 
the Piedmont and Blue Ridge. Median barium concentrations 
ranged from <2 flg/L to 120 flg/L (overall median: 29 flg/L). 
The concentrations of most other detected trace elements were 
< 10 J.1g/L. 

Four sites (three well s and one spring) were sampled sev
eral times between September, 1988 and October, 1989 for 
major ions, nutrients and other constituents . Samples were 
collected from well HO Cd 78 during a separate study of the 
effect of agricultural practices on ground-water quality. There 
was little change in the concentrations of the major ions and 
field parameters in these seasonal samples. Well HO Cd 78, a 
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shallow well completed in saprolite, had the lowest specific 
conductance and pH of any of these sites, and showed the larg
est relative change during the year. These low values are prob
ably attributable to the well 's shallow depth , which suggests 
short residence time of the ground water. Variation in chloride 
concentration in these sites was no more than I mg/L at any 
site during the sample period; no consistent temporal trend in 
chloride concentration between the sites was observed. Varia
tion in nitrate concentrations were all <3 mg/L; the highest 
nitrate concentrations at CL Bf 184 and HA Ca 23 , which are 
both located in agricultural areas, were recorded in late winter 
and spring. Well BA Dc 444, located in Oregon Ridge State 
Park, had the lowest and least variable nitrate values of all the 
seasonally sampled wells in the segment. 

Segment III: Western Shore Coastal Plain 

Ten wells were sampled in the Western Shore Coastal Plain. 
Nine wells are completed in unconfinqi or semiconfined aqui
fers ; one (CH Cb 7) is completed in a confined aquifer. Aqui
fer data and major-ion types are given in table 7 and are illus
trated in figures 20 and 21. Water-quality data are presented 
in Tables A J3-A] 8. 
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Major-ion chemistry was variable among sites in the West
ern Shore Coastal Plain . Samples tended to be enriched in 
sodium and calcium rel at ive to magnes ium; iron was the ma
jor cation at one site . Anion composition was also variable: 
bicarbonate was the major anion at four of the sites, and chlo
ride or sulfate was the major anion at the other sites. Sodium 
and chloride were the dominant cation and anion in two wells 
(PG Bc 37 and HA Dd 92). Overall median TDS (201 mg/L) 
was the highest ofthe four segments. Median pH values ranged 
from 5.0 to 7.6 (overall median: 6.1). A ll but one site had soft 
or moderately hard water (median hardness: 77 mg/L as 
CaC0

3
). Samples from CA Fc 13 , which is completed in an 

aquifer containing calcareous bivalve shells, were very hard 
and were saturated with respect to calcite; all other wells were 
undersaturated with respect to calcite. Most sites plot in the 
kaolinite stabi lity field . 

Well CH Cb 7, which is completed in a confined aquifer of 
the Potomac Group, had a sodium-bicarbonate water-quality 
type. The well is located on the Indian Head Peninsula in 
Charles County, where long-term high-volume ground-water 
withdrawals from Potomac Group aquifers have created a cone 
of depression in the regional potentiometric surface. This has 
caused brackish water from the nearby Potomac Ri ver to enter 
the aq,uifer, res).llting in increased sodium, chloride, dissolved 
solids, and total -oFganic carbon conqentrations in several wells 
relative to background concentrations of these constituents in 



Table 6.- Site characteristics, major-ion types , and upgradient land use for network wells and springs in the 
Piedmont and Blue Ridge physiographic provinces. 

[Land-use categories: 1, residential; 2, commercial; 3, institutional; 4, cropland; 5, pasture/grassland; 
6, forest. See table 9 and text for additional comments.] 

Major ions 
Physiographic Upgradient 

Site province Geologic unit Major lithology Cations Anions land use 

BA Dc 444 Piedmont Cockeysville Marble Metadolostone Ca2+, Mg2+ HCO; 6 

CECc 40 Piedmont James Run Fm. Amphibolite, granofels Mixed Cl' 6 

CLAe Piedmont Marburg Schist Muscovite-chlorite-albite-quartz Mixed Cl' 6 
schist 

CL Bf 184 Piedmont Pretty boy Schist Albite-chlorite-muscovite-quartz Ca2+ HCO,', 4 
schist NO,' 

FR Af 27 Piedmont Getty sburg Shale Red shale, sandstone, siltstone CaH HCO,' 

FR Cd 38 Blue Ridge Weverton Fm. Quartzite, phyllite, conglomerate Mixed Mixed 6 

FR Dd 178 Piedmont Frederick Fm. Limestone, dolomite Ca2+ HCO,' 3 

FR Df 35 Piedmont Urbana Fm. Phyllite, metasiltstone, quartzite Ca2+ HCO,' 6 

FR Fb 12 Blue Ridge Granodiorite and Granodiorite , biotite granite Ca2+ Mixed 
Biotite Granite Gneiss gneiss 

HA Aa 9 Piedmont Pretty boy Schist Albite-muscovite-quartz schist Mixed NO,', 4 
Cl' 

HA Bc 31 Piedmont Wissahickon Boulder Biotite-muscovite-plagioclase Mixed HCO,' 6 
Gneiss quartz metagraywacke 

HA Ca 23 Piedmont Loch Raven Schist Biotite-muscovite-plagioclase- Mixed NO,' 4 
quartz schist 

HO Cd 78 Piedmont Saprolite developed Loch Raven Schist: Mixed Mixed 4 
on Loch Raven Schist biotite-plagioclase-gamet-

muscovite-quartz schist 

MO Be 62 Piedmont Ijamsville Fm. Phyllite, slate Mixed Mixed 5 

MO Db 68 Piedmont New Oxford Sandstone, siltstone, shale, Ca2+ HCO, ' 5 
Conglomerate conglomerate 

• Determined from milliequivalent percentages of individual samples 
•• Dominant upgradient land use within 1/4 mile of site 
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Table 7.-Site characteristics, major-ion types, and upgradient land use for network wells in the Western 
Shore Coastal Plain 

[Land-use categories: 1, residential; 2, commercial; 3, institutional; 4, cropland; 5, pasture/grassland; 
6, forest. See table 9 and text for additional comments.] 

Major ions 
. 

Upgradient 
Site Geologic unit Major lithology Cations Anions land use -

AA Ad 104 Patapsco Fm. Sand, silt, clay Ca2 +, Na + CI', HCO,' 2 

AACg 25 Aquia Fm. Glauconitic sand, calcareous Fe2+ HCO,' 6 
sandstone 

AA Df 103 Aquia Fm. Glauconitic sand, calcareous Mixed CI' 
sandstone 

CA Fc 13 Chesapeake Group Sand, silt, clay Ca2 + HCO,' 4 

CH Cb 7 Potomac Group Sand, silt, clay, gravel Na + HCO,' 6 

CH Ee 16 Maryland Point Fm. Sand, clay Ca2 + HCO,' 6 

CH Ee 90 Nanjemoy Fm. Glauconitic sand, silly clay Mixed SO/" 

HA Dd 92 Talbot Fm. Sand , gravelly sand, silt, clay Na + Cl' 

PG Bc 37 Patuxent Fm. Sand, gravel, silt, clay Na+ CI 3 

SM Ef 80 Omar Fm. Clay, clayey sand Ca' + SO/· 4 

• Determined from milliequivalent percentages of individual samples 
•• Dominant upgradient land use within 114 mile of site 

the aquifer (H iortdahl, 1990). CH Cb 7 does not yet show 
these effects; however, the well is very close to the mixing 
zone between river water and native ground water, and contin
ued sampling will provide data on movement of the mi xi ng 
zo ne. 

Median nitrate concentrations ranged from <0.1 mg/L to 
8.9 mg/L (overall median: 0.21 mglL). Median nitrate con
centrations exceeded 3 mg/L in three wells, all of which are 
located in agricultural areas. Ammonia was the dominant ni
trogen species from sites with anoxic ground water (AA Ad 
104; AA Cg 25 ; CH Cb 7; HA Dd 92). Median chloride con
centrations ranged from 5. 1 mglL to 500 mglL (overall me
dian: 13 mg/L). Samples from sites in the Western Shore and 
Eastern Shore Coastal Plain had the same overall medi an chlo
ride concentration ( 13 mglL) ; both exceed the overall median 
chloride concentrations from sites in the Appalachian Plateau/ 
Valley and Ridge and Piedmont/Blue Ridge physiographic 
provinces. Med ian chloride concentrations exceeded 50 mg/L 
at four of the ten wells. Well PG Bc 37, located less than 100 
feet from State Route 193 in College Park, had the highest 
individual TDS of any network site (864 mglL), most of which 
was due to sodium and chloride. Chloride concentrations in
creased at several s ites during the study period. 

Iron and manganese are common constituents of ground 
water in the Western Shore Coastal Plain. Sources of iron 
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include pyrite, siderite , goethite, glauconite, and iron hydrox
ides (Glaser, 1971; Hansen, I 972b; Drummond and Blomquist, 
1993). Median iron concentrations at network sites in this 
segment ranged from 3 flglL to 15 ,000 flg/L ; the overall me
dian iron concentration (350 flg/L) was the highest of all four 
segments. Median manganese concentrations ranged from < I 
flg/L to 890 flg/L (median concentration: 51 flg/L). Most of 
the high iron and manganese values were in anoxic samples 
from wells completed in unconfined aquifers; several of these 
wells have completion intervals close to the top of the water 
table in recharge areas, which suggests that oxygen depletion 
takes place re latively close to the surface. 

Well AA Cg 25 had an iron-bicarbonate chemical charac
ter; the median iron concentration at this well (15,000 flglL) 
was the highest of any network s ite. The well is completed in 
the Aquia Formation. Regionally, the Aquia is composed 
large ly of ca lcareous sediments; however, in the area near the 
we ll , the Aquia contains abundant limonite (iron hydroxide) 
and is leached of carbonate to depths of seventy feet (Glaser, 
1971 ), which may explain the low calcium concentrations in 
samples from the well. Well PG Bc 37 had high iron concen
trations (median: 7,900 flg/L), and concentrations of alumi
num , barium, cobalt , nickel , vanadium, and zinc were higher 
at this we ll than at other network sites . These occurrences are 
discussed in relation to the high sod ium and chloride concen-
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trations in the well in another section of thi s report. 
Samples from well CH Ee 16 consistently had the highest 

fluoride concentrations ( 1.0-1.6 mg/L) of all network s ites, and 
also had higher total phosphorus levels than most other wells 
in the Western Shore Coasta l Plain. One poss ible source of 
the hi gh fluoride and phosphorus val ues is f luoroapat ite 
(Ca

5
[P0

4
1l) in fossil shark teeth in the aq ui fer materials. The 

(upper Pleistocene) Maryland Point Formation , in wh ich the 
we ll is completed, cons ists mainly of reworked sediments from 
the adjacent highl ands , which in the vic inity of the we ll in
cludes sed iments of the fossil-rich (Miocene) Cal vert Forma
tion (McCartan, 1989) . The well is interpreted as being close 
to the contact of the Maryland Point Formati on and the under
lying Calvert Format ion, and it is possible that some of the 
ground water suppli ed to the we ll comes from the Cal vert For
mation. Samp les from the well are supersaturated with re
spect to fluoroapatite , whereas samp les from other s ites in the 
Western Shore Coasta l P lain are either undersaturated or less 
supersaturated with respect to fluoroapatite than CH Ee 16. 
Because the geochem istry of tluoride does not fo llow stri ct 
chemica l equilibri a (Hem, 1985), the s ignifi cance of the satu
ration-index data is d iffic ult to eva luate . F luoride concentra
tio ns of 2 mg/L to 3 mg/L in Coasta l P lain sediments of South 
Carolina have been attribu ted to fossi l shark teeth , although 
calc ium and bicarbonate concentrat ions were higher than in 
well CH Ee 16 (Zack, 1980). The Calvert Formation conta ins 
layers of phosphatic sand grai ns, pebbles , and thin phosphatic 
:; hells (McCartan, 1989) which may be the source of the phos
phorus. 

Six s ites in the Western Shore Coastal Plain (AA Ad 104, 
AA Cg 25, AA Df 103, CA Fc 13, CH Ee 16, and HA Dd 92) 
were sampled several ti mes between September, 1987 and 
Ja nuary, 1989 for major ions , nutrients, and fie ld parameters. 
Samples from well CA Fc 13 were collected more frequent ly 
du ring a separate study of the effects of agricultural practices 
on g round-~a,ter quality. Changlfs in, seaso n almajo~- i o n qon
centrations were genera lly sma ll er than changes observed over 
the entire sample period ( 1987-1992). Two well s (AA Ad 
104 and AA Df 103) showed relatively large variations in chlo
ride concentration. The data show no consistent correlat ion 
between chloride concentrat ion and time of year. 

Very little seasonal vari at ion in nitrate concentrat ions was 
observed. N itrate measured at well s AA Ad 104, CH Ee 16, 
HA Dd 92, and AA Cg 25 were 0.3 mg/L or less; most of the 
nitrogen in three of these wells is in the form of ammon ia (sea
sona l ammonia concentrations were not measured). The sea
sona l nitrate data from CA Fc 13 show no consistent relati on
ship with water leve l, although additional nutri ent data from 
th is and other nearby we ll s indicate that nitrate leve ls tend to 
increase as ground-water leve ls rise and decrease whe n they 
fall (McFarl and , 1989). . 
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Segment IV: Eastern Shore Coastal Plain 

Fourteen wells were sampled in the Eastern Shore Coastal 
Plain. E leve n wells are comp leted in unconfined or 
semiconfined aquifers; three are completed in confined aqui
fers. Aquifer data and major- ion types are g iven in table 8 and 
are illustrated in figures 22 and 23. Water-q uality data are 
presented in Tables A 19-A24. 

Major-ion chem istry from Eastern Shore wells was vari
ab le. The shallow we ll s in unconfined aquifers tended to be 
enri ched in nitrate and/or sulfate relati ve to bicarbonate, or 
had a mi xed-an ion compos ition ; catio n composition was vari
ab le . Most of these we ll s are completed in the Beaverdam or 
Pensauken Format ions, which are composed predominantly 
of quartz and fe ldspars. The overall median TDS ( 136 mg/L) 
was s li ghtl y lower than that from Western Shore Coastal Plain 
wells. Overall median pH (5.8) and hardness (5.8 and 49 mg/L 
as CaC0

3
) of Eastern Shore Coastal Plain well s were the lowest 

of all four network segments. T he low pH's found in the 
su rfi cial aq uife r probably reflect the s low reaction rates of the 
aq ui fer minera ls . The hi ghest pH values were from two con
fined-aq ui fer we ll s and a well completed in a semiconfined 
aquifer in Ocean City. Medi an d isso lved-oxygen concentra
tions ranged from zero to 9.8 mg/L (overall median: 4.0 mg/L) . 
Most samples were oxygenated; well s completed in contined 
aq ui fers, located in poorly-drained areas, or with high iron con
centrations typically had low dissolved-oxygen levels. 

Th ree wells (CE Dd 102, QA Ea 78 , and TA Ce 7) are 
completed in confined aq uifers. We ll CE Dd 102 is located in 
Cec il County, where the sUliicial aquifer is re latively thin. The 
well is re lat ively shallow (122 feet deep), and is completed in 
the Magothy Formation . . TDS va lues are the lowest of any 
Eastern Shore network well. A lthough the aqu ifer is confined , 
disso lved-oxygen and nitrate concentrat ions as well as major
ion proportions are sim ilar to samples from unconfi ned aqu i
fers . These charac teristics suggest that the confining units may 
be leaky, and that tl ow paths ·and travel times may not have 
been long enough to deplete di sso lved-oxygen levels or allow 
extensive reactions with aquifer mineral s. 

Well TA Ce 7, located in the c ity of Easton , is completed in 
a confined sand in the (Miocene) Calvert Formation. The well 
is located near sc;veral municipal-supply well s that produce 
from the Calvert and several deeper aquifers (Mack, Webb, 
and Gardner, 197 1). Seasonal pumpage causes the water lev
els to flu ctuate about 20 feet in the well. The well was sampled 
to observe effec ts of pumpage on water quality in an urban 
area. Samples from the well indicate a calcium-bicarbonate 
water quality. Water-quality data suggest that the recharge 
area is not near the we ll ; samples are characteri zed by low 
dissolved oxygen and chloride, hi gh pH and TDS , and ammo
ni a as the dominant nitrogen species. Furthermore, there was 



Table 8.-S ite characteristics, major-ion types , and upgradient land use for network wel ls in the Eastern 
Shore Coasta l Pla in 

[Land-use categories: 1, residential; 2, commercial; 3, institutional; 4, cropland; 5, pasture/grassland; 
6, forest. See table 9 and text for additional comments.] 

Major ions 
Upgradient 

Site Geologic unit Major lithology Cations Anions land use 
.. 

CO Dc 146 Pensauken Fm. t Feldspathic sand Mg2+ Cl" , NO)· 4 

CO De 16 Beaverdam Fm. t Feldspathic sand Na + Cl" 4 

CE Dd 102 Magothy Fm. Lignitic sand and clay Na + CI·, NO)· 4 

DO Cg 46 Beaverdam Fm. t Sand, sil ty sand Mixed CI·, sot 6 

KE Be 47 Pensauken Fm. t Fe ldspathic sand Mixed NO)· 4 

QA Cg 1 Pensauken Fm. t Fe ldspathic sand Mixed Mixed 

QA Ea 78 Aquia Fm. Glauconitic sand Ca2+ HCO)· 3 

SO Ce 98 Beaverdam Fm. t Sand, silty sand Na+ sot 3 

TA Ce 7 Calvert Fm. Silt, clayey sil t, quartz sand Ca2+ HCO)· 2 

WI Cd 71 Beaverdam Fm. t Feldspathic sand Mixed CI·, SO/· 4 

WI Ce 13 Pensauken Fm. t Feldspathic sand Ca' +, Na + Mixed 

WO Bf 87 Beaverdam Fm. t Feldspathic quartz sand Ca2+ , M ixed 4 
Mg2+ 

WO Bh 84 Beaverdam Fm. t Feldspathic quartz sand Mixed HCO)· 2 

WO Cc 3 Beaverdam Fm. t Fe ldspathic quartz sand Na+ Mixed 6 

• Determined from milliequivalent percentages of individ ual samples 
•• Dominant upgradient land use within 1/4 mile of site 

t Part of the Columbia Aquifer 

very littl e vari at ion in water quality during the study period. 
Well QA Ea 78, located on the western shore of Kent Is

land in Queen Annes County, is completed in the upper por
tion of the Aquia aquifer. The aqu ifer is contined, and subcrops 
beneath the Chesapeake Bay to the west (Drummond, 1988). 
The Aqu ia has been used as a water source for much of the 
residential and commercial development over the past several 
decades on Kent Island. This has lowered the potentiometric 
surface in the aqu ifer, causing brackish water from the Chesa
peake Bay to enter some portions of the Aq uia aq uifer. Chlo
ride concentrations in some Aq uia we ll s on the western shore 
of Kent Island exceed 250 mg/L (Drummond, 1988). Brack
ish water has not yet affected QA Ea 78: samples plot in the 
calcium-bicarbonate field , and ch loride concentrations are low 
(med ian concentration: 5.6 mg/L). The water level in the well 
is usually below sea level, however, and the well is being moni
tored to doc ument any advances of the brackish-water/fresh

water interface inland from the shore line. 
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Well WO Bh 84, located adjacent to Is le of Wight Bay in 
Ocean City, is completed in the surfi c ial (Pleistocene) aq ui fe r. 
The surfic ial aquifer overl ies two deeper confined aquifers (the 
Ocean City and Manokin aq ui fers) wh ich are used for mun ic i
pa l water supplies in Ocean City. The well is being sampled 
to monitor for potential salt-water intrusion into the aqui fer. 
Salty water has been reported in the surfic ial aquifer from two 
nearby areas; the sa linity was attr ibuted to sea water e nteri ng 
the Pleistocene deposits through di scontinuous permeable ma
terial in the fine sediment above the aq uifer (Weigle, 1974). 
Chloride concentrations from WO Bh 84 were not extremely 
high for a coasta l setting (range: 36-45 mg/L) , and have 
changed li ttle since the well was dri lled in 1973 (Phelan, 1987). 
However, the potentiometric surface of the Pleistocene aqui
fer is very close to sea leve l, and a cone of depression exists in 
the Ocean City/Manokin aquifer system due to pumping from 
the confined aq uifers (Weig le, 1974) . 
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Figure 22 .- Stiff diagrams for network s ites in the Eastern Shore Coasta l Plain. 
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Med ian nitrate concentrat ions for the Eastern Shore well s 
range from <0.10 mg/L to 14 mg/L (overall median: 1.7 mg/L). 

Samp les from 12 of the 14 Eastern Shore wells had detect
ab le levels of nitrate. Median nitrate concentrati o ns at three 
sites, all in agricul tural areas, exceeded 10 mg/L. Median chlo
ride concentrations ranged from 4.4 mg/L to 86 mg/L. The 
overall median chloride concentration ( 13 mg/L) was the same 
as for the Western Shore Coastal P lain well s, and was higher 

than med ian chl o ride concentrations from e ither the Appala
chian PlateauNalley and Ridge or PiedmontIB lue Ridge seg
ments. 

Two well s in the Columbi a aquifer (CO De 16 and KE Be 
47) showed relatively large percent changes in sodium , cal
cium , magnes ium , chloride, sulfate, nitrate, and other constitu

ents between 1988 a nd 1992. These changes may be related 
to changes in agricultural practices during the study peri od, 
time of sample co ll ection, depth to water, and other factors. 
Both well s are less than 25 fee t deep, and are located within 
ten feet of cropland. Increases in major-ion concentratio ns 
have been correl ated with agricultural pract ices such as li me 
and fertili zer applicat io ns in other areas of the Delmarva Pen
insula (De nver, 1989). 

Iron and manganese (overall median concentrations: 57 flg/L 

and 30 flg/L, respecti vely) were the major trace e lements in 
samp les from the Eastern Shore network s ites. Med ian iron 
co ncentrat io ns exceeded 300 flg/L in samples from five s ites; 
med ia n m anga nese co nce ntration s exceeded 50 fl g/L in 
samp les from s ix s ites. Most of these s ites are completed in 
co nfined or semiconfined aquifers. 

Four s ites (QA Cg I , TA Ce 7, WI Ce 13, WO Bh 84) were 
sampled at approximately 3-month intervals between May, 
1990 and February, 199 1 for major io ns, nutrients , and fie ld 
data. There was li ttle overall change in major- ion chemistry 
or fie ld parameters during that time. We ll TA Ce 7, which is 
completed in a confined aqu ifer, had the most consistent spe
cifi c conductance values. The other well s showed slightly more 
variat ion, but the vari at ion was still low, and there was no con
sistent seasonal trend commo n to all the s ites . Nitrate and 
am mo ni a co ncentrati ons varied littl e at most s ites. N itrate 
concentratio ns from we ll QA Cg I , located in the town of 
Barc lay in Queen Annes County, ranged from 8 mg/L to 12 
mg/L, and also had 0.9 mg/L ammonia . Nitrate and ammonia 
concentrations in thi s well are d iscussed in the next section of 
this report. 

Discussion of selected inorganic 
water-quality constituents 

Severa l of the inorganic cons tituents anal yzed in thi s study 
ha ve ad verse hea lth effects at high concentrations . N itrate and 
radon concentrations from several network s ites exceeded the 
U.S. EPA's proposed or final MCLs. Other ana lytes such as 
chloride and iron can impart unpleasant tas te, odor, or other 
aesthetic characteri stics to drinking water when present in hi gh 
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concentrations. T hese analytes are discussed in this section 
in relat ion to land use, s ite characteristics, and other factors. 

Nitrate 

High nitrate concentrations in drinking water may cause 
methemoglobinemia ("blue baby" sy ndrome) in infants. This 
condition is characterized by a reduced ability of the blood to 
transport oxygen, and can lead to severe oxygen deficiency 
and even death (U .S . Environmental P rotection Agency, 
1990a) . Other adverse health effects have been associated with 
nitrate ingestion from drinking water; however, data from labo
ratory studi es have been inadequate to determine if nitrate can 
increase the ri sk of cancer in humans (U. S . Environmental 

Protection Agency, I 990a) . Nitrogen is a lso the limiting nu
tri ent in many aq uati c environments, and excess nitrogen in 
surface waters ca n lead to algal growth and eutrophication 
(Manahan, 199 1). For these reasons , the occurrence of nitrate 
and other nitrogen spec ies has been studied extensively at lo
cal, state, and federal levels . The U .S. EPA has established an 
MCL of 10 mg/L for nitrate-plus-nitrite (as nitrogen) in public 
water supplies (U.S. E nvironme ntal Protection Agency, 1992). 

N itrate in ground water is derived from both natural and 
anthropogen ic sources . Decomposition of naturall y-occulTing 
organic materi al releases nitrogen , but thi s is generally a small 
contributio n to nitrate concentrations in ground water. Sources 
of anthropogenic nitrate include atmospheric deposition , fer
til izers (such as manure, ammon ium sulfate, urea), septic tank 
ettluent, sewage s ludge, and animal wastes (from feedlots, 
dairies, and poultry farms). Agriculture is the most extensive 
source of nitrate in ground water (Hallberg and Keeney, 1993). 
The avail ab ility of nitrogen sources and regional environmen
tal facto rs are assoc iated with nitrate concentrations in ground 
water in the Un ited States (Spalding and Exner, 1993) . The 
sources, di stribution , and variab ility of nitrate in ground water 
are reviewed by Ha ll berg and Keeney (1993) and Keeney 
( 1986) . 

N itrogen is in the form of the ammo nium ion (NH/) in 
many anthropogenic sources of nitrate contami nation. Nitrate 
is the stable fo rm of nitrogen in oxygenated ground-water sys
tems, however, and ammon ium is microbially oxidized to ni
tri te (N02-) and the n to nitrate (N0

3
-). This process, called 

nitrification , is responsible for almost a ll of the nitrate enter
ing the biosphere (Hall berg and Keeney, 1993), and is repre
sented by the general reac tions : 

2N02- + 02 - 2NO,- + energy (Denver, 1986) 

In oxygen-deficient env ironments, bacteria may use the 
oxygen in nitrate to oxid ize organic carbo n to carbon dioxide: 

2.5C",.ganic + 2N03- + 2H+ - N2 + 2_5C02 + H20 
(Drever, 1982) 



This denitrifi catio n process rel eases nitroge n gas . Ni trate 
reduction may also occur by chem ica l oxidation of reduced 
minerals such as py rite (Pos tma and others, 199 1). 

The di stributio n of median nitrate concentrati o ns from net

work s ites is shown in Appendi x D. M edian nitrate concen
trati o ns at 16 s ites (a bout 3 1 % ) were <0.1 mg/L. Eight s ites 

(about 15%) exceeded 10 mg/L. Approx im ate ly 37% of the 
sites had median nitrate concentrati o ns exceedin g 3 mglL. 

The upgradi ent la nd-u se category was determined for each 
site by identify ing the major land use within a 1/4- mile radius 
of each s ite that was es timated to be upg radie nt (based o n sur
face topography). Land use was determined from co un ty land 
use maps (Mary land Office of P lanning, 199 1), f ie ld inspec
tion, and aeri a l photog raphy. Because of the large number of 
land-use categori es and the re la ti vely small number of net
work s ites , land uses were combined into s ix broad categori es 
(tab. 9). Most land- use categori es had less than 10 s ites. 

There are severa l pro bl ems in re lating these data to land 
use. The network s ites do not re present a true rando m sample, 
and include we ll s in unconfined and confined aqui fers, in ad
d ition to springs. Many s ites were dow ngradi ent from areas 
of multiple land uses. Furtherm ore, the 1/4-mile rad ius is ar
bitrary ; the contributing a rea for many of the s ites, espec ia ll y 
the we ll s completed in co nfined aquifers , is pro bably outs ide 
the 1/4- mile radius . T herefore , o bservati o ns o n the re lat io n
ship between land use a nd network water quality are stri ctl y 
qualitati ve. Proble ms inherent in relat ing water quality to land 
use are di scussed by B arringer and others ( 1990). 

Nitrate concentrations fro m netwo rk s ites are plotted with 
respect to the ir co rrespo nding upgradi ent land-use category in 
f igure 24. Land-use catego ri es w ith the largest numbers of 
sites were forest (n= 19) and cropland (n= 16); overa ll median 
nitrate va lues for these categori es were 0 . 11 and 9 mg/L, re
specti vely. The hi ghest nitrate concentratio ns were from we ll s 
and springs do wng radient fro m cropland : nitrate exceeded 3 
mg/L at 13 of 16 s ites . The lo w nitrate concentrati o ns in the 3 
sites downgradi ent from cropl and may refl ect problems of land
use class ifi cati o n; fo r exam ple, a ltho ugh the o vera ll land use 
upgradi ent of we ll W I Cd 71 was cropl and, most of the land 
within several hundred feet of the we ll is fores t. We ll CE Dd 
102 (med ian nitrate : 1.9 mg/L) is completed in the (conf ined) 
Magothy Formatio n, and the recharge area is probably outside 
the 1/4-mile land-use radius. T he maximum nitrate concen
trati o n for s ites dow ng radi e nt f ro m forest was 1.8 mg/L. 

Med ian ni trate co ncentrati o ns are plotted against depth to 
the top of the ope n interva l in fi gure 25 . Fo r Coastal P lain 
we ll s, the top of the open interva l was defi ned as the top of the 
screened interval; fo r we ll s in the Piedmont, B lue Rid ge, Va l
ley and Ridge, and Appalachian Pl ateau (open-ho le comple
ti ons), the to p o f the o pen interval was defin ed as the depth of 
cas ing. N itrate vari ed greatl y among springs and well s with 
open intervals less than 50 fee t be low land surface. Concen
trati o ns tended to be lower in we ll s with deeper completi on 
in terva ls; most of these we ll s are completed in co nfined aqui 
fe rs or in anox ic zo nes of unco nf ined aqui fe rs . T here was no 
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consistent re lati o nship between nitrate concentration and well 
depth at network s ites . A lthoug h nitrate concentratio ns tend 
to decrease with we ll depth o n a nat io nal sca le (Spalding and 
Ex ner, 1993), thi s is not always true in reg ional investigations. 
Nitra te concentratio ns in the surfi cia l aquifer in the De lmarva 
Peninsul a were not s ig ni f icantly hi gher in the shallower part 
of the aqui fer than in the deeper part (Hamilton and others, 
1993). High nitrate concentrati ons in the deeper part of the 
aqui fe r were attributed to deep fl ow paths in the aquifer and 
aerobic conditi ons throughou t the aquifer. In the Piedmont, 
most of the ground water is stored in the saprolite ; well s are 
typica ll y cased through the saprolite and are set slightly below 
the top of bedrock, and most water enters the well through the 
fractures in the bedrock which recei ve recharge water from 



Table 9.-Land-use categories used in network site characterizations (modified from Maryland 
Office of Planning, 1991 ). 

Maryland Office of Planning Number of 
network sites Land-use category used 

Classification Definition in category in thi s repon 

Low-density residential Residential areas , 0.2 dwelling units 5 
to 2 dwelling units per acre 

Residential 
Medium-density Residential areas, 2 dwelling units to 2 
residential 8 dwelling units per acre 

High-density residential Residential areas with more than 8 0 
dwelling units per acre 

CommerciallIndu strial . Retail and wholesale serv ice 3 Conm1ercial 

Institutional/open Educational facilities , milita ry 4 Institutional 
installations , churches , government 
facilities 

Bare ground Areas of exposed ground caused by 0 --
construction or other cultural 
processes 

Cropland 16 Cropland 

Pasture, grassland 3 Pasture/Grassland 

Agricultural 
Orchards, vineyards 0 

Rowand garden crops 0 --

Feeding operations 0 

Agricultural buildings, training 0 
facilities , storage facilities 

Forest Deciduous forest 15 Forest 

Mixed deciduous and evergreen 4 
forest 

Evergreen forest 0 
--

Brush, cut-over timber stands, 0 
abandoned fields and pasture 

Extractive/barren Surface mining activities 0 --

Beaches 0 

Bare exposed rock 0 

Forest or non-fo rested wetlands , --

Wetlands including tidal flats, tidal and non- 0 
tidal marshes, upland swamps, and 
wet areas 

Water Ri vers, waterways, rese rvoirs , 0 --
ponds, bays , estuaries, and ocean 
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the overl ying sapro lite. Thus, there is little relationship be
tween nitrate concentrati on and well depth or depth to top of 
the open interva l in well s in the Piedmont. 

Ammo ni a concentrations exceeded nitrate concentrations 
at several sites . Most wells with ammonia concentrations >0.1 
mg/L had no detectable nitrate; conversely, most wells with 
detectable nitrate (>0.1 mg/L) had little or no detectable am
monia (figure 26). Samples from well s CH Cb 7 and QA Ea 
78, which are both completed in confined aquifers, were an
oxic , and it is reasonable to assume that any nitrate that may 
have been present in the recharging waters has been reduced. 
Many sites in unconfined aq uifers with >0. 1 mg/L ammonia 
also had low dissolved oxygen and high iron concentrations. 
Samples from carbonate and crystalline-rock aq uifers had little 
or no detectable ammo nia, which reflects the ox ic conditions 
in these aq uifers. Most samples with no detectable nitrate were 
anoxic, while ox ic samples had a wide range of nitrate (fig . 
27) . 

Well QA Cg 1 had relatively high concentrations of both 
ammonia and nitrate. The well , completed in the surficial aq ui
fer on the Eastern Shore, is located in a res idential area with a 
shallow (less than six feet below land surface) water table . 
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Most of the houses have on-site septic systems, most of which 
are below the water table in the winter and spring (J. Nickerson, 
Queen Annes County Health Department, oral comm., 1996). 
Household wastewater is enriched in ammonia relative to ni
trate (S iegrist, Witt, and Boy le, 1976; Robertson, Cherry, and 
Sudicky, 1991). The high nitrate and ammonia concentrations 
in the well are attributed to incomplete nitrification of the sep
tic effluent. The low nitrite concentrations in the well are prob
ab ly due to the rapid conversion of nitrite to nitrate. Most 
other network sites are several hundred feet from the nearest 
septic systems, and the impact of septic effluent on overall 
network water quality is believed to be minimal. E lsewhere, 
septic-system effl uent has been assoc iated with increased 
ground-water concentrations of ch loride, sodium, calc ium, 
su lfate, and alkalinity, and decreased pH and dissolved oxy
gen, although all these changes are not seen in all septic-efflu
ent stud ies (Robertson, Cherry, and Sudicky, 1991; Hamilton 
and others, 1993). 

Well AA Ad 104 had the highest ammonia (2.3 mg/L) and 
total organ ic carbon (TOC) ( 1.5-16 mg/L as C) concentrations 
of any network site; samples were anox ic (dissolved oxygen: 
0.1-0.2 mg/L) and ac idic (pH: 5.9-6.4) . The well is completed 
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F igure 26.- Re lati onship between ni trate and ammo ni a co n
centrati ons . N itrate and ammonia non-detects are 
plotted at 0 .05 mg/L and 0.005 mg/L, respectively. 

in the unconfined Patapsco aquifer, and is located on the east
ern edge of the Baltimore-Washington Internati onal (B WI) 
Airport. O ne poss ib le source of the hi gh TOC may be drain
age from de ic ing chemica ls used at the airport. Ethyle ne and 
propylene glyco l have been used as de ici ng agents at the air
port (1 . Brooks, BWI Airport, oral comm ., 1996); microbial 
deg radation of these compounds would decrease d isso lved 
oxygen and pH (if the system was not buffe red) . Under these 
conditions, nitrate mi ght be reduced to nitrogen gas or ammo
nia. The hi gh TOC levels could be accounted fo r by incom
plete degradati on of the paren t compounds . No vo latil e or
ga ni cs were detected in we ll samples; however, the sampl es 
were not analyzed fo r ethyle ne and propylene glyco l during 
thi s study. The we ll is located next to Sta te Route 162 (Avi a
tion Boulevard). Calc ium mag nesium acetate, an organic de
icing chemical that has bee n sho wn to cause reduced oxygen 
leve ls in surface water (Horner, 1988) could concei vably cause 
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increased TOC, low d isso lved oxygen, and low pH. How
ever, State Route 162 has not been treated with this chemical 
(w. Dade, Mary land State H ighway Admini strati on, oral 
comm ., 1996) . 

Chloride 

Chloride concentrations greater than about 250 mg/L give 
drinking water a salty tas te . Sources of chloride in ground 
water include atmospheri c depos ition, road salt, brackish-wa
ter intrusion, fe rtili zers (potass iu m chl oride), and human and 
ani mal wastes . Because atmospheric concentrations of chlo
ride are low (tab. I ) , and there are no near-surface naturall y
occurring sa lt depos its in Maryland , high chloride levels in 
shallow ground water usually indicate the effects of land-based 
huma n acti vity. Chlori de is a relati vely conservati ve ion; it 
does not enter into ox idat ion-reduction reactions, does not form 
complexes under most ground-water conditions, is not sorbed 
onto mineral surfaces , and is not invo lved in many significant 
biochemica l reactions (Hem, 1985). As a resul t, chloride is 
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affected little by chemical reactions once it enters ground wa
ter, and can be indicative of land use. 

Road salt can have a major impact on ground-water quality 
(Davis, 1982; August and Graupensperger, 1989). In Mary
land, state-maintained roads are treated with sodium chloride, 
calc ium chloride, or magnesium chloride, depending upon the 
air temperature (c. Brown, Maryland State Highway Admin
istration , oral comm., 1996). Historically, sodium chloride 
has been used most widely. Adverse effects of sodium chlo
ride as a deic ing agent include damage to roadside vegetation, 
so il compaction due to ion exchange, contamination of sur
face and ground water supplies, and damage to concrete and 
metal structures (Horner, 1988). Calcium magnesium acetate 
has been promoted recently as a more environmentally benign 
alternat ive to tradit ional deicing salts; however, it is more ex
pensive than inorganic deicing salts. 

Chloride concentrat ions fro m network sites are plotted 
agai nst distance from the nearest paved road in figure 28. 
Confined aq uifers and sites upgradient from roads had <20 
mg/L ch loride. Most sites with >20 mg/L chloride are less 
than 100 feet fro m roads. Several si tes less than 100 feet from 
roads had low chloride; many of these are in confined aqui
fers, or are adjacent to local roads that probab ly receive little 
salt application. Well PG Bc 37, which had the highest chlo
ride value of any network site, is adjacent to State Route 193 
in Co llege Park. This well also had high concentrations of 
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iron and manganese, which is possibly related to the high so
dium and chloride levels; this is discussed in the next section 
of thi s report. Chloride concentrations at sites downgradient 
from agricultural areas (fig. 24) may be showing the effects of 
application of animal wastes and fertilizers such as potassium 
chloride. Springs and wells less than 100 feet deep tended to 
have a wide range of chloride concentrations; lower concen
trations were seen in deeper wells and wells with open inter
vals more than 60 feet below land surface. Most of the deep 
wells are in confined aqu ifers or are not located near likely 
ch loride sources (fig. 29). 

Iron 

Iron is a significant component of ground water in many 
areas of Maryland (Overbeck, 1954; Otton, 1955; Slaughter, 
1962; Hansen, I 972b). At concen trat ions above 100 flglL, 
iron causes an unpleasant "irony" taste, and can cause staining 
of plumbing fixtures and laundry. Iron has two oxidation states, 
Fez+ (ferrous or reduced form) and Fe3+ (ferric or oxidized 
fo rm ). The concentration and oxidation state of iron in ground 
water are affected by aquifer mineralogy, pH and oxidizing 
capac ity of the water, microbiological activity, and other fac
tors. Iron can form complex ions with other dissolved inor
ganic species , and can form stable complexes with organic 
materi al. A summary of the chemistry of iron in natural wa
ters is presented in Hem ( 1985). Manganese is also an unde
sirable constituent of ground water in many areas of Mary
land , and well s with high iron concentrat ions often have high 
manganese concentrat ions as well. At concentrations above 
50 pglL in water, manganese can deposit black oxide stains. 
The environmental chemistry of manganese is somewhat simi
lar to iron. It has three oxidation states (Mn2+, M n3+, and Mn4+); 
in natural waters, however, it usually ex ists as the Mn2+ ion 
(Hem, 1985). 

An " iron prob lem" experienced by many well owners in 
Mary land involves the presence of iron bacteria in well water. 
This is a common problem in we ll s in oxygenated ground
water environments. The bacteri a derive energy from the oxi
dation of ferrous iron to ferric iron, the byproduct of which is 
a slimy, inso lu ble " mat" that can clog we ll screens and de
crease well efficiency. Steel well cas ings are the source of 
much of this iron. The reaction provides relatively little en
ergy per mole of FeZ+, and large amounts of ferrous iron must 
be ox idi zed to meet the needs of the bacterial metabolic pro
cesses (Chapell e, 1993) . 

Most s ites had <20 fl glL disso lved iron, although iron con
centrat ions varied greatly among network sites. Most samples 
with iron concentrat ions> 1 00 fl glL are anox ic (fig. 30). Iron 
concentrations from sites in crysta lline-rock aq uifers of the 
Piedmont and Blue Ridge prov inces were low (fig. 14). Ground 
water in these aquifers is usuall y well-oxygenated because of 
the shallow depth of ground-water circul ati on; when the iron
bearing minerals are disso lved, the liberated iron is usually 
reprecipitated as ferric ox ides and oxyhydrox ides (Hem, 1985). 
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Low iron concentratio ns in the carbonate aquifers are prob
ab ly also due to oxic conditions and the lack of iron minerals. 
Iron concentrations varied among s ites in the sedimentary aqui
fers of the Appalachian P lateau, Valley and Ridge, and Coasta l 
Plain physiographic prov inces. These aq ui fers commonly 
contain pyrite, s iderite, hematite, ferric hydrox ides, glauco
nite, and other iron-bearin g mineral s (Glaser, 197 1; Hansen, 
I 972b). Oxygenated samples tended to have low iro n concen
trat ions. 

Dissolved iron can occur in many different forms in ground 
water, and the concentration of each spec ies in a sample can 
be determined in severa l ways. The most acc urate method is 
to analyze for the indi vidu al spec ies; whe n thi s is not feasible , 
altern ate methods are used to evaluate spec iation. Eh-pH (or 
pe-pH) diagrams can be constructed fro m thermodynamic data 
and spec ifi ed so lute concentrations that show the conditi ons 
for which the dissolved spec ies and so lid phases are stab le 
(e.g., Garrels and Chri st, 1965; Drever, 1982) . These diagrams 
indicate, in theory, whi ch dissolved and so lid phases are stable 
under d iffe rent conditi o ns of Eh and pH. However, the field 
boundaries are very sensiti ve to the thermodynamic data and 
so lute concentrat ions specif ied for the ir construction , and it is 
very ditlicult to use these diagrams to evaluate a group of analy
ses with widely rang ing values of iron, bicarbonate, and sul
fate. Iro n spec iation can also be es timated using geochemical 
spec iation programs. Calcul ations performed on sampl es from 
the Maryland network us ing the computer code WATEQ4F 
suggest that most of the iron from anox ic samples is present as 
Fe2+ ion. For ox ic samples , most of the iron is present as 

Fe(OH): o r Fe(OH)~ (aqueous), both of whic h contain the 
ox idi zed (Fe3+) form 'of iro n. Iron concentratio ns from ox ic 
samples are plotted against pH in f igure 3 1. The lines repre
sent equilibrium concentrations between Fe(OH)3 (ferric hy
droxide) and several of the major dissolved iron spec ies. The 
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data points scatter about the Fe(OH)3 / Fe(OH)/ boundary more 
than the equilibrium lines for the other dissolved oxic species, 
which supports the spec iat io n calculated by WATEQ4F. 

Four s ites with oxygenated ground water had dissolved
iron concentrat io ns> I 00 J..1 g/L. This may be due to at least 
two factors. "D isso lved" iron was defined operationally in 
this stud y as the amount of iron pass ing a 0.45J..1 filter. Fi lter 
pore s ize and other factors have been shown to influence the 
concentrations of "d isso lved" trace e lements in water samples 
(Ke nnedy, Zellweger, and Jones, 1974; Taylor and Shill er, 
1995; Horowitz and others, 1996) . For example, co lloidally
associated trace elements may pass through filters, and thi s 
add itional iron wo ul d be included in the analys is for the "d is
so lved" amo unt. A ltern ate ly, some oxygen may have been 
introduced during sampling . 

Samples from well PG Bc 37, screened in the Patuxe nt aqui
fer, had hi gh iro n and manganese concentrat io ns (6, 100-9,600 
J..1 g/L and 880- 1, 100 J..1g/L, respectively). Concentra ti o ns of 
aluminum , nickel, vanadium, cobalt, barium , and zinc were 
also elevated relative to other network s ites . Samples were 
oxygenated, and appear to be greatl y affected by road salt (270-
300 mg/L sodi um ; 460-540 mg/L chl oride). Iron hydroxide 
cements are reported in outcrop areas of the Patuxent aq uifer 
(G laser, 197 1; Chape ll e and Kean, 1985); however, oxygen
ated recharge water near the well would not suppo rt dissolved 
iron. The iron minerals also would not account for the rela
ti vely hi gh levels of the other trace elements. T he we ll is w ithin 
100 feet of State Route 193 , a heav il y-trave lled road in Col
lege Park. Leaching experiments have suggested that road
side so il s atlected by sod ium chloride from road sa lt may con
tr ibute trace metals to gro und water via co ll oid-ass isted trans
port (Amrhein , Strong, and Mosher, 1992; A mrhe im , Mosher, 
and Strong, 1993) . Trace-element concentrations in roads ide 
so il s have been shown to dec rease with distance from roads 

10 11 12 

pH 

Figure 3 I.-Relationship of iron and pH to aqueous and so lid 
phases of iron for oxic samples (modified from 
Chapelle and Kean, 1985). 
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and with depth below land surface, and have been related to 
traffic vo lume (Singer and Hanson , 1969; Lagerwerff and 
Specht , 1970). Road salt may have mobilized the iron , man
ganese, and other trace elements concentrations seen in the 
well samples , and the "d issolved" concentrations may be col
loids that passed through the filter. 

The relationship of iron to nitrate concentrations are shown 
in figure 30. Nitrate concentrations were greatest in samples 
with < I 00 J.lg/L iron , whereas nitrate concentrations were close 
to detection level for samples with iron concentrations >300 
pg/L. In the absence of dissolved oxygen, nitrate may be re
duced to nitrogen gas or ammonia to facilitate oxidation-re
duction reactions (D rever, 1982). 

Radon 

Radon (222R n) is a colorless, odorless gas that has been 
linked to increased ri sk of lung cancer (National Research 
Counci I, 1988). The adverse effects of radon exposure were 
first noted with the increased incidence of lung cancer among 
underground uranium miners in the United States , Czechoslo
vakia, and Canada, and iron , zinc, and lead miners in Sweden 
(Nazaroff and Nero, 1988). Radon is formed from the radio
active decay of radium-226 (22fiRa) in the uranium-238 decay 
series (tab. 10). 222Rn has a half-life of 3.8 days; two other 
radon isotopes el ~Rn and 22I1Rn) are environmentally insignifi 
cant because their half-lives are <1 minute. In this report , the 
term "radon" refers to 222R n, and is reported in picocuries per 
liter (pCi/L), where I picocurie = 3.7 x 10.2 disintegrations 
per second. The proposed MCL of300 pCi/L for radon (U.S . 
Environmental Protection Agency, 1992) has been the subject 
of debate (Stone, 1993). 

Concern over the potential carcinogenic effects of radon 
gas and its daughter products has led to much research into the 
sources , distribution , and e nvironmental behavior of radon. 
Most of the attention has focused on seepage of radon gas into 
homes from soils and bedrock that are enriched in radon pre
cursors. However, ground-water radon concentrations are 
commonly several orders of magnitude higher than airborne 
radon concentrations, and radon in ground waler may contrib
ute significant amounts of airborne radon into homes as it es
capes from the water. Several studies have been in general 
agreement with the commonly-cited estimate of I pCiIL in ai r 
per 10,000 pC ilL in water (Hess, Korsah, and Einloth, 1987; 
Prichard, 1987; Nazaroff and Nero, 1988) . However, the re
lationship between airborne and ground-water radon concen
trations in homes is complex , and is affected by residence vo l
umes, air-exchange rates, water use, and other highly variable 
factors. Most of the risk associated with high radon levels in 
ground water appears to be due to inhalation of radon after it 
escapes from the water, rather than by direct ingestion (Nazaroff 
and Nero, 1988; Wanty and Nordstrom, 1993). The health 
effects and risks from radon in dr inking water are reviewed in 
Cross, Harley, and Hofmann (1985). 

45 

Table I O.-mU decay series (modi
fied from Wanty a nd 
Schoen, 1991) 

Radionuclide Half-life 

238U 4 .51 x 10' years 

23'Th 24.1 days 

23'Pa 1 .17 minutes 

234U 2.47 x 10' years 

23"Th 8.0 x 10' years 
~ 

226Ra 1,620 years 

222Rn 3.82 days 

+ 
'''Po 3.05 minutes 

21'Pb 26.8 minutes 

21'Bi 19.7 minutes 

21'pO 164 microseconds 

210Pb 21 years 

210Bi 5.01 days 

21OpO 138.4 days 

206Pb Stable 

Radon is a noble gas and is not ionized in solution; it is 
chemically inert and is not directly affected by redox and pH 
conditions in ground water. However, the radon precursors 
uranium, thorium, and radium are strongly influenced by these 
conditions, which in turn can affect radon concentrations. 
Radon is affected by physical processes such as temperature 
and pressure, and volatilizes rapidly upon exposure to air. 

Radon samples were obtained from 35 network sites (figs. 
32-35); reliable radon samples could not be collected from the 
other sites . Only one sample was taken from each of the 
sampled sites. Concentrations ranged from <80 pCi/L (below 
detection level) to 7 ,000 pCi/L (median : 390 pCiIL). Radon 
concentrations from network sites are plotted by aquifer li
thology in figure 36. Radon data retrieved from the USGS 
WATSTORE database for all ground-water samples in Mary
land through 1993 are also shown in figure 36 for comparison. 
Most of the radon data in WATSTORE are from wells in Kent 
County (unconsolidated sedimentary aquifers) and Howard 
County (igneous and metamorphic aquifers) . 
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Figure 36.-Relati onship of network-site and WATSTORE radon concentrat ions to aqui fe r litho logy. 

Although the sample s ize is small , some trends can be seen 
in the network data. Radon concentrati ons tended to be higher 
in samples from crystalline-rock aq ui fers than fro m other 
litho log ies . This re lati onship has been observed elsewhere 
(Loom is, 1987; M iche l, 1990; Paul sen, 199 1). A ll network 
samples with more than 2,000 pCi /L rado n were fro m crysta l
line- rock aquifers. T here was considerable overl ap in radon 
va lues from network s ites in carbonate, conso lidated clast ic, 
and unconso li dated sed ime ntary aqui fers. Radon concentra
tions in samples from the conso lidated clast ic aquifers ranged 
from <80 pCilL to 1,300 pCi/L. Rado n concentrat ions from 
the fo ur network s ites in carbonate aquifers ranged from 260 
pCi/L to 940 pCi/L; these va lues are higher than va lues re
ported from limestones in F lorida, South Carolina, and North 
Caro lina (M iche l, 1990). The carbonate aq uifers in which 
network s ites were estab li shed are compri sed of shaly li me
stones, ca lcareous sha les, and other litho log ies, and they con
tai n alu minos ili cate minerals which probably prov ide much of 
the parent rad ionuc lides. Radon concentrations showed a wider 
range in samples from the Western Shore than the Eastern Shore 
Coasta l P lain , probab ly because of greater li thologic variab il 
ity among aqui fe rs sampled on the Wes tern Shore. 

The hi gher radon concentrat ions from sites in crystalline 
aq ui fe rs are due to geo log ic, geochemical, and hydro log ic fac
tors. Radon co ncentrat ions have been show n to correlate gen
erall y with rock type and uranium conte nt of rocks (King, 
Miche l, and Moore, 1982; Loomi s, 1987). In general, ground
water rado n concentrati ons are highest in grani tic and meta
morphic rocks, and lower in mafic and carbonate rocks (Miche l, 
1990). Rado n concentrati ons in ground water are rare ly ac
coun ted fo r by aq ueous concentrat ions of rad ium (radon's par
ent rad ionuc lide), but rather by rad ium concentrations in the 
parent rock, espec ia ll y on rock and minera l surfaces (Wanty 
and Nordstrom, 1993). Rad ium may be retained on the min
erai su rfaces due to cati on sorpt ion, where decay would place 
radon d irect ly in to the water. Thi s wou ld be more li kely to 
happen in less-weathered Pied mont aq ui fe rs than in the quartz 
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sands that compri se many Coastal P lain aquifers (Ki ng, M ichel, 
and Moore, 1982). Higher water/rock ratios typ icall y fo und 
in unconso lidated aq ui fers compared to fractured crystalline 
aq ui fe rs may also account fo r the lower rado n concentrati ons 
in sed ime ntary aq ui fe rs (Wanty and Schoen, 199 1). 

SYNTHETIC ORGANIC CHEMICALS 

Pesticides 

Concern over pestic ide conta mination of ground water has 
grow n s ince the earl y 1970's, whe n the ex istence of organochlo
rine insecti cides and other pestic ides in ground water was docu
mented (Richard and others, 1975). The ex te nt of pesticide 
contamination has been docume nted at the nat iona l and re
gionallevel, and in several statewide su rveys (Ki mmel, 1984; 
Kross and others, 1990 ; U.S. Environmental Protection Agency, 
1990b; Holden and others, 1992; Schock and others, 1992; 
Burkart and Ko lpin , 1993; Koterba, Banks, and Shed lock, 
1993). The resul ts of some of these stud ies are compared to 
the Maryland netwo rk data in another sect ion of thi s report. 
Pesti c ide contaminat ion of g:·o und wate r is rev iewed by 
Hallberg ( 1989) and Ritter ( 1990). 

Samples from 40 network s ites were analyzed for one or 
more of three USGS sched ules of pestic ides : Schedule 1304 
(p henoxy herbi c ides), Sched ule 133 1 (organochlorine and or
ganophosphorus insecti c ides), and Sched ule 1389 (tri azine, 
aceta nilide, and other herbic ides and me tabo lites). T hese 
schedules include pesti cides that are currentl y or have previ
ously been widely used in Maryland (tab. II ). In add ition, 
several fumigants were tes ted fo r in Schedule 1390 (volat il e 
organ ic compoun ds). In thi s d iscuss ion, the term "pesti c ides" 
inc ludes metabo li tes as we ll as the pestic ides themselves . Pes
ticide sampling and detec ti on data are show n in fi gures 37-40. 
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Table I I.-Estimated pesticide usage in Maryland in 
1988 and 199 1 

[Estimates are in pounds of active ingredient. Figures have been rounded to 
nearest 1,000 pounds. Pesticide types: H, herbicide; I, insecticide; P, 

preservative; N, nematicide; A, acaricide; F, fumigant. Source: Maryland 
Deparonent of Ag riculture (1990 and 1993)J 

1988 Usage 1991 Usage 
Pesticide Type (estimated) (estimated) 

MelOlachlor H 1,810,000 1,441,000 

Atrazine H 1, 170,000 988,000 

Alachlor H 569 ,000 323,000 

Chromated copper P 480,000 3,185,000 
arsenate 

Linuron H 355,000 2 15.000 

2,4-D' H 345.000 187,000 

Chlorpyrifos 318,000 289.000 

Simazine H 295,000 299.000 

Carbofuran N. I. F 260.000 20.000 

Paraquat H 250,000 130.000 

Buty late H 240,000 73.000 

Cyanazine H 225,000 112,000 

Pendimelhalin H 2ID.000 165 .000 

Glyphosate H 195 ,000 177.000 

Oils I, A 128,000 140,000 

Bacillus 188,000 116.000 
Lhu ringiensis 

Ma lathion 69,000 110.000 

PermeLhrin 172 ,000 28,000 

Trifluralin " H 108,000 38 .000 

. Analyzed at network sites 

Analysis of the network pesticide-detection data is d itficul t 
for several reasons. Because of annual adjustments in anal yti
cal costs and project fundin g, only 40 of the 52 sites were 
sampled for pesticides; those that were sampled were not all 
analyzed for the three schedu les. The pesti c ide samples were 
taken in differen t years, usuall y in the late spring and earl y 
summer. Most of the pes ti cide analyses were from sites 
dow ngradient from e ither cropland or forest. 

Fifteen different pest icides or metabolites were detected in 
samples fro m network sites (tab. 12). Concentrat ions ranged 
from 0.0 I J-lg/L to 5.6J-lg/L; most of the maximum concentra
tions detected at network sites were < I J-lgiL (fig. 4 1). Resu lts 
for the individual pestic ide schedules are di scussed be low. 
Descripti ve terminology and ranges for chemical and bio log i
ca l propert ies of pestic ides are given in table 13. 

Schedule 1304 inc ludes four chlorophenoxy herbicides (tab. 
14); three other ana lytes (dicamba , picloram , and sev in ) that 
were analyzed at seven network s ites for a d ifferent study are 
inc luded in table 14, although these are not actua ll y Sched ule 
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1304 analytes. The Schedule 1304 compounds tend to have 
short soil longevities (ty,) (also called soil half-lives) and low 
soil reactivities (Koc; an indication of the degree to which a 
compound is retained in the soil ; also called soil sorption co
efficients) (Wauchope and others , 1992) . The compounds ion
ize in water; solubilities decrease and soil sorption coefficients 
increase with decreasing pH (Weber, 1994). 

Thi rty-six network sites were analyzed for Schedule 1304 
analytes. Most of the sites tested were dow ngradient from 
either crop land or forest, and most sites were in Coastal Plain 
aq ui fers (fig. 42) . Detections were reported from three net
work s ites. S ilvex, a herbicide used for controlling woody 
plants and brush, was detected in a well located adjacent to a 
heavi ly-traveled road near BWI Airport in Anne Arundel 
County. 2,4-D and 2,4-DP (also called dichlorprop) were both 
detected in a spring in northwest Harford County. The spring 
was sampled the following year for Schedule 1304 analytes, 
and none were detected. Dicamba was detected in a Caroline 
County well located between two fields in which corn, soy-

Maximum pes t icide co ncent ro tions (1l9/L) 

0.001 

ATRAZINE 

DE-ETHYL 
AT RAZINE 

DE- ISOPROPYL 
ATRAZINE 

ALACHLOR 

SIM AZ IN E 

METOLACHLOR 

CYANAZINE 

PROMETON 

PROPAZINE 

2 ,4-0 

0.01 

o 
2,4-DP aJ 

SILVEX aJ 

DICAMBA 0 

DIELDRIN aJ 

LINDANE o 

0.001 0 .01 

0.1 

(5) aJ & 

o .... & 

o ..... 
o & 

(2) aJ 

0& 

(2) aJ 

0& 

0.1 

EXPLANATION 

A Sample concentration 

o Detection li mit 

(2) Number of detections 
at detection lim it 
(if more than one) 

10 

10 

1l9/L: micrograms per liter 

Figure 4 1.-Max imum pesticide concentrat ions from 
network s it es in re lat ion to pes ticide 
detection limits 
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100 



Table 12.-Chemical and environmental properties of selected pesticides detected at network sites 

[Values are for 20-25°C. E: estimated. pKA' negative log of the dissociation constant for ionizable 
compounds. Data not given for de-ethyl atrazine and de-isopropyl atrazine [metabolites]. Sources: 

Wauchope and others, 1992; Montgomery , 1993; Royal Society of Chemistry (1991)] 

Water solubility Volatility (VP) Soil reactivity Longevity (t.h ) 

Compound pK" (mg/L) (mm Hg) CKoc) (mLlg) (days) 

Atrazine 1.68 33 2.89 x 10.7 100 60 

Alachlor 240 1.4 x 10" 170 15 

Simazine 1.7 6.2 2.21 x 10-8 130 60 

Metolachlor 530 3. 135 x 10-' 200 90 

Cyanazine l.l 170 1.6 x 10-' 190 14 

Prometon 4.27 720 7.73 x 10'· 150 500 

Propazine 1.85 8 .6 1.31 x 10.7 154 135 

2.4-0 2.64-3 .3 1 45 (sodium salt) 4. 7 x 10" 101.68_ 10,·73 15 

2 ,4-DP 2.86 50E 3 x 10-6 E 1,000 E 10 
(dichlorprop) 
(ester) 

Silvex (fenoprop) 140 

Dicamba sa lt 1.9 1 400.000 0 2 14 
(sodium salt) 

Diddrin 140 I. 78 x 10'; 10,·08- 10" " 868 

Lindane 7 3.3 x 10-' 1, 100 400 

Table 13.- Descriptive terminology and ranges for chemical and biological properties of organic 
pesticides (from Weber, 1994) 

Water 
solubility Volatility Soil 

Descriptive Basicity Acidity (K..) (vapor pressure) reactivity Longevity (t •• ) 

terminology 
. 

(PKJ (PKJ (mg/L) (mm Hg x 10-6) (1<..,) (days) 

Very low or <2 >8 <10 <I < IQ2 <10 

very short 

Low or short 2-4 6-8 10-1Q2 1- 10 IQ2- IO' 10-30 

Moderate 4-6 4-6 \ Q2-\ 0' 10-1Q2 10'- 10' 30-90 

High or long 6-8 2-4 10'-10' IQ2-IO' 104-10' 90-180 

Very high or >8 <2 >10' >10' > 10' >180 

ve ry long 

• Adjectives desc ribing the relative base or ac id strength , water so lubility . volat ility, soil retenlion, or longev ity. 
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Table 14.- Schedule 1304 analytes beans, and wheat were grown at d iffere nt times during the study 
period . 2,4-D, 2,4-DP, and dicamba are used widely in Mary
land for the control of broad-leafed weeds in corn , soybeans, 
grain , and other crops (Maryland Department of Agriculture, 
1993). No detections were reported from sites downgradient 
from forest , pasture/g rassland , residential, or institutional land 
use, nor from sites in consolidated clastic aquifers or carbon
ate aquifers. 

Compou nd Use Chem ical family 

2.4-D Herbicide Chlorophenoxy 

2.4-DP Herbicide Ch lorophenoxy 

2.4.5-T Herbicide Chlorophenoxy 

Silvex (fenoprop) Herbicide Chlorophenoxy 

·Sevin (ca rbary l) Insectic ide Ca rbamate 

·Picloram Herbicide Picol inic ac id 

"Dicamba Herb icide Benzoic acid 

Detection 
limit 

(l'g/L ) 

0.0 1 

0.0 1 

0.0 1 

0.0 1 

0.5 

0.0 1 

0 .0 1 

Number of 
s ites 
with 

detect ions/ 
number of 
s ites tes ted 

1/36 

1/36 

0/36 

1/36 

0/8 

017 

117 

"Ana IYh:!S are not in Schedule 1304 but we re analyzed at some sites 

Schedule 133 1 includes organochlorine and organophos
phorus insecticides (tab. 15). These compounds tend to have 
low so lubili ties and moderate to high soil reacti vities ; soil 
longev ities are variab le (Wauchope and others, 1992). Many 
of these compounds are restricted or banned from use in the 
United States (U.S. Environmental Protection Agency, 1990c). 
Malathion has been widely used for mosquito control in Mary
land ; the others are not reported to be widely used (Maryland 
Department of Agricu lture, 1990; 1993). 

UPGRADIENT 
LAND USE 

Res iden tial 

Commercial 

In:stitutionol 

Cropland 

Pasture/grass 

Forest 

0 
LITHOLOGY 

CP 

Clast 

o 
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Figure 42.-Pesticide detections in relat ion to lithology and upgradient land use for sites tested for Schedules 1304, 1331 , 
and/or 1389 analytes. 
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Table 15.-Schedule 133 1 analytes 

[Chemical families : PCB, polychlorinated biphenyl; PCN, 
polychlorinated naphthalene; OC, organochlorine ; OP, 

organophosphorus 1 

Compound 

PCBs 
(polychlorinated 
bipheny ls) 

PCNs 
(polychlorinated 
naphthalenes) 

Aldrin 

Chlordane 

DDD 

DDE 

DDT 

Diazinon 

Dieldrin 

Endosulfan 

Endrin 

Ernion 

Heptachlor 

Use 

Pesticide 
extender: 
manufacturing 

Manufacturing; 
insecticide 

Insecticide 

Insec ticide 

Insecticide 

Chemica l 
research 

Insecticide 

Insecticide 

Insecticide 

Insec tic ide 

Insectic ide 

Insec ticide. 
acaricide 

Insec ticide 

Heptachlor epox ide Metabo li te 

Lindane 

Malathion 

Methoxychlor 

Meth yl parathion 

Methyl (fith ion 

Mirex 

Parathion 

Insec ticide 

Insec ti cide 

Insec ticide 

Insecticide 

Insecticide 

Insec ticide, 
acaricide 

Perthane Insecticide 

Toxaphene Insecticide 

Trithion Insecticide . 
(carbophenolhion) miticide 

Chemical 
family 

PCB 

PCN 

OC 

OC 

OC 

OC 

OC 

OP 

OC 

OC 

OC 

OP 

OC 

OC 

OC 

OP 

OC 

OP 

OC 

OP 

OC 

OC 

OP 

Detection 
limit 

(~g/L) 

0. 1 

0.1 

0.01 

0.1 

0.01 

0.01 

0.0 1 

0.0 1 

0.01 

0.0 1 

0.0 1 

0.0 1 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0. 1 

1.0 

0.0 1 

Number of 
siles with 

detect ions! 
number of 
sites tested 

0/25 

0/25 

0/25 

0/25 

0/25 

0/25 

0/25 

0/25 

1/25 

0/25 

0/25 

0/25 

0/25 

0/25 

1125 

0/25 

0/25 

0125 

0/25 

0125 

0/25 

0/2 5 

0/25 

0/25 

Twenty-five network sites were analyzed for Schedule 1331 
analytes. Most of the sites tested were downgradient of crop
land or forests, and most were in Coastal Plain aquifers. One 
site (well WI Ce 13, located in the c ity of Salisbury) had de
tections of the compounds dieldrin and lindane; no other sites 
had any detections of Schedule 133 1 analytes. Dieldrin and 
lindane are immob ile, long- li ved organochlorine insecticides. 
Usage of dieldrin , an epoxide of aldrin, has been banned in the 
United States; lindane usage is restricted (U.S. E nvironmental 
Protecti on Agency, I 990c). 

Schedule 1389 includes severa l herbic ides that are widely 
used in Maryland, including atrazine, simazine, and cyanazine 
(tri azine herbi c ides), metolachlor and alachlor (acetanilides) , 
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butylate, and trifluralin (tab. 16). The triazine herbicides tend 
to have low to moderate so lubilities , soil reactivities, and soil 
longev ities, although these are strongly dependent on the func
tional group for a particul ar triazine (Wauchope and others, 
1992; Weber, 1994). The triazines ionize in solution ; solubili
ties and so il react ivities increase with decreas ing pH (Weber, 
1994) . Chemical characteristics of the other Schedule 1389 
compounds vary because of the many chemical families that 
are represented. 

Thirty-eight network sites were analyzed for Schedule 1389 
analytes . Detections of at least one analyte were reported from 
II of the 38 sites tested. Most of these sites were downgradient 
of cropland or forest, and most were from Coastal Plain aqui
fers . Nine analytes were detected , including five tri azine her
bicides (atraz ine, cyanazine, prometon, propazine, and si
mazine) . Atrazine was the most frequently detected pesticide. 
Ten of the II sites with detections reported were downgradient 
from agricultura l areas . Sixteen sites located downgradient 
fro m cropland were tested for Schedule 1389 analytes. Ten of 
these sites had one or more detections reported. One site with 

Table 16.-Schedule 1389 analytes 

Compound 

Alachlor 

Ametryn 

Atrazine 

Cyanazine 

Bromacil 

Butachlor 

Buty1.,e 

Carboxin 

Cycloate 

De-isopropyl 
alrazine 

Diphenamid 

Hexazinone 

Melolachlor 

Metribuzin 

Prometon 

Prometryn 

Propazine 

Propachlor 

Simazine 

Simetryn 

Terbacil 

Trifluralin 

Vernolate 

Use 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Herbic ide 

Herbicide 

Fungicide 

Herbicide 

Metabolite 

Metabolite 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

H~rbicide 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Chemical 
family 

Acetanilide 

Triaz ine 

Triazine 

Triazine 

Uracil 

Acetanilide 

Thiocarbamate 

Anilide 

Thiocarbamate 

Tri az ine 

Triazine 

Acetamide 

Triazine 

Acetanilide 

Triazine 

Triazine 

Triazine 

Triazine 

Acetanilide 

Triazine 

Triazine 

Uracil 

Dinitroaniline 

Thiocarbamate 

Detection 
limit 

(~g/L) 

0.1 -0.2 

0.1 

0.1 

0.1-0.2 

0.2 

0.1 

0.1 

0.2 

0.1 

0.2 

0.2 

0.1 

0. 1-0.2 

0. 1-0 .2 

0.1 

0.1-0.2 

0. 1 

0.1 

0.1 

0.1 

0. 1 

0.2 

0. 1 

0.1 

Number of 
sites with 

detectionsl 
number of sites 

tested 

2/38 

0/38 

9/38 

2/38 

0/9 

0/9 

0/9 

0/9 

0/9 

3/9 

2/9 

0/9 

0/9 

2/38 

0/38 

1/38 

0/38 

1/38 

0/9 

2/38 

0/38 

0/9 

0/38 

0/9 



cyanazine was located downgradient from a residenti al area. 
No detections were reported from sites downgradient from the 
other four land-use categories. Three of the fo ur tes ted sites in 
carbonate aqu ifers reported detections; these three sites are all 
located in inte nse ly-cropped agricultural areas of the 
Hagerstown Valley in Washington County. Well CL Bf 184 
was tested for Schedule 1389 analytes five times; atrazine was 
detected at or s lightly above the detection limit of 0.1 flg/L in 
each samp le. 

Several volatile organ ic compounds in Schedule 1390 are 
used as fumigants to contro l pests. None of these compounds 
was detected in network samples . Only two of these com
pounds (dich loropropene and methy l bromide) are reported to 
be used in Maryland (Maryland Department of Agric ulture, 
1990; 1993). 

Twenty-three network sites were tested for all three sched
ules of pesticides. Seven of the 23 s ites had at least one detec
tion reported. Five out of seven sites downgradient from crop
land reported detect ions of at least one pesticide (fig . 43) . The 
other land- use classes had smaller proportions of sites with 
detec ti ons. Detections were reported from carbonate, meta
morph ic, and unconsolidated sedimentary aqu ifers. 

The lack of pesticide analyses from all network sites and 
the lack of site-spec ific pesticide use data preclude a detailed 
ana lys is of the pesticide detection data. However, some ob-

UPGRADIENT 
LAND USE 

SCHEDULES 1304, 1331, AN D 1389 ANALYTES 

Residential 

Commercia l ~p.:::Z21 

In st itutional 

Cr opland ~~*~.~QZl 
Pasture / gross 

For est ~Z::ZZZ::ZZZ::Z:2l 

o 
LITHOLOGY 

5 10 

C I a s t f-L--L-L.L...J 

Cryst .... F-L....L..-LJ 

Carb 

o 5 10 

Number of s ites 

15 

15 

servations can be made. Many of the detections were at or 
near detection leve ls; on ly one s ite exceeded the MCL for any 
pesticide. Pestic ides from the triazine chem ical family were 
detected more freq uently than other chemical fam ilies. Atra
zine was the most freq uentl y detected pesticide. Atrazine, 
cyanazine, and s im azi ne (triazines) a nd alachlor and 
metolachlor (acetanilides) are used widely in Maryland, and 
have short to moderate half-l ives. The triazines propazine and 
prometon, whic h are also widely used, have much longer half
li ves than the other triaz ines. A ll the detected triazines and 
acetan ilides have low so il reacti vities and low to moderate water 
solubili ties. On ly two organochlori ne and organophosphorus 
insectic ides (dieldrin and lindane) were detected, which may 
reflect the low reported usage of these compounds and their 
relati vely high soil reacti vities. Pesticide detections appear to 
be more closely lin ked to land use than aq uifer lithology. 

The triazine metabolites de-ethyl atrazine (DEA) and de
isopropy l atrazi ne (DIA) were added to Schedule 1389 in the 
last year of the stud y; nine sites were analyzed for these com
pounds. These metabolites were detected in all three samples 
in which the parent compounds were detected. This suggests 
that DEA and DIA may comprise a significant portion of pes
ticide residues fou nd in shallow ground water. Studies that 
test only for the parent compounds and not the metabolites 
may not accurately eva luate the total impact of agric ultural 

EX P LA NAT ION 

I( « «( « « (7 (7 « « « « (J 

Number of sites Number of sites te sted 
with detections 

UPGRADIENT LAN D USE: 

Dominant land use within 1/4 mile 
estimated to be upgrad ie nt f rom site 
(inferred from topographic position) 

LITHOLOGY 

CPo Coastal Plain (u nconsoli dated 
sedimentary) aqui fers 

Clast: Consolidated clastic aquifers 

Cryst : Non-carbonate crystalline - rock 
aquifers 

Corbo Carbonate aqu ife rs 

Figure 43.-Pesti cide detections in relation to lithology and upgrad ient land use for sites tested for a ll three pesticide 
sched ul es (Schedules 1304, 133 1, 1389). 
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chemicals in ground water. Metabo li te detectio ns often ex
ceed detections of the parent compounds in Mary land and else
where (MGS un publi shed data B urkart and Ko lpin , 1993; 
Ko lpin , Thurman, and Goolsby, 1996). More info rmati on is 
needed on the e nviro nmenta l behavior and hea lth effects of 
pesti c ide metabo lites in order to evaluate the s ignif icance of 
agricul tural chem ica ls on ground-water quali ty. 

Volatile Organic Compounds 

Samples from 36 sites were tested fo r vo latile organ ic com
pounds (USGS Schedule 1390) to check for major un known 
po int sources of conta mination. Sched ul e 1390 data are pre
sented in tables A6, A 12, A 18, and A24. 

Chlo rofo rm was detected in two samples from spring WA 
Di 103 ; the concentrat ions (7.4 iJg/L and 4.5 iJg/L) were well 
be low the MCL of 100 iJg/L. Chlo roform is used in the manu
facture of chemicals and in fire ex tingui shers, spot removers , 
and various so lve nts (U .S. E nvironmental Protection Agency, 
1994) . The spring is on the grounds of the Antietam Nati onal 
Batt lefie ld. Possib le sources inc lude ma in tenance/restorat ion 
operations at a nearby fa rmhouse and a maintenance shop next 
to the spring. 

Dichlorod itluoromethane was detected in five samples from 
spring FR Dd 178; concentrati ons ranged fro m 6.4 iJg/L to 16 
iJg/L. The spring issues from the Frederi ck Limestone, and is 
located near Fort Detrick Cancer Research Center in Frederi ck. 
Dichl orod if luoromethane, known commerciall y as Freon-1 2, 
Ha lon, and several other names , is used as a refr igerant and an 
aeroso l propell ant; it is a co lorless, almost odorless gas that is 
non-corros ive, non-irri tat ing, and has li ttle if any tox ic act ion 

(Windholz and others, 1983). The U.S . EPA has not estab
li shed an MCL for thi s compound, although it is li sted for even
tual reg ul ation. This compound and several others (trichloro
ethylene, chloroform, phenol, and pentac hlorophenol) have 
been detected in several monitor and res identi a l well s in the 
Fort Detrick area. Trichloroethylene and chloroform were not 
detected in the spring samples; phenol and pentachlorophenol 
we re not tested fo r. The sp ring is separated fro m the suspected 
contaminant sources by Carro ll Creek. 

Viny l chloride, also known as chloroethylene, was detected 
in two samples fro m well AA Cg 25; the concentrations ( 1.4 
iJglL in both samples) were below the MCL of2 iJglL. Viny l 
chlori de, which has been li sted by the U.S. EPA as a carcino
gen, is used to make po lyv inyl chloride (PVC), which is used 
to ma nufac ture a vari ety of pl ast ic and vinyl p rod ucts (U.S. 
Environmental Protecti on Agency, 1994). The well cas ing 
may be the source of the vinyl chloride; small amounts of vi
nyl chlori de can enter water fro m contact with PVC materi als 
such as plast ic p ipes and well cas ings (U.S . E nvironmental 
Protecti on Agency, 1994). 

Chloroform, methylene chloride, and trichloroethylene were 
detected in fo ur Eastern Shore we ll s in samples co ll ected for 
the USGS NAWQA pilot study of the Delmarva Peninsu la. 
Reporting levels for most Schedule 1390 analytes fro m the 
NAWQA study were an order of magnitude lower than report
ing levels for the Maryland gro und-water-quality network, and 
the concentrations of the reported detections were between the 
two project reporting levels. All detections were be low MCLs. 
There are no obv ious sources for these detections near the wells. 
The methylene chloride detect ions may be due to sample con
tami nat ion after the time of co ll ection (W.S .L. Banks, USGS, 
oral comm., 1992). Tri chloroethylene is used mainly as a so l
vent. 

NETWORK DATA IN RELATION TO OTHER GROUND-WATER-QUALITY SURVEYS 

Several nat ional and statew ide stud ies of pesticide and ni 
trate occu rrence in ground water have been conducted. The 
data co ll ected fro m the Maryland network cannot be ri gor
ously compared to any of these studies because of the d iffe r
ences in site se lection methods, sample s ize, and other facto rs; 
however, a brief compari son of the study results may put f ind
ings of the Maryland network in perspecti ve. 

NATIONAL PESTICIDE SURVEY 

The National Pestic ide Survey (NPS) was conducted by 
the U.S. EPA between 1988 and 1990 to prov ide "a stati sti 
ca ll y re li ab le assess ment of the frequency and concentrat ion 
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of selected pesticides , pestic ide degradates , and ni trate in drink
ing-water wells" in the U nited States (U.S. Enviro nmental Pro
tection Agency, I 990b ). Approx imately 1,300 community wa
ter system well s and rural domestic well s were sampled fo r 
10 1 pesticides, 25 pesti cide degradates, and nitrate . The sur
vey was not des igned to prov ide estimates of pesticide con
taminati on at the local, county, o r state levels. 

Pestic ide and nitrate detection data from the NPS and the 
Maryland network are compared in table 17. The table in
cl udes analytes that were routinely analyzed for both studies 
that were detected in either one o r both studies at concentra
tions exceed ing the minimum reporting li mits of the NPS. Mini
mu m reporting li mits for nitrate and most pesticides were lower 
fo r the Maryland ground-water-quali ty network than fo r the 
NPS; to fac ilitate compari son between the data sets, analytes 



detected in the Mary land network whose concentrations were 
below the minimum reporting limits of the NPS are not in
cluded in table 17, nor are detections of analytes from the NPS 
where the NPS minimum reporting limits were lower than those 
of the Maryland ground-water-quality network. 

Atrazine was the most frequently detected pesticide among 
those common to both stud ies. (DCPA ac id metabolites, the 
most frequently detected analytes in the National Pesticide Sur
vey, were not analyzed in the Maryl and network. ) Atraz ine 
concentrat ions exceeded 0. 12 flg/L at about II % of the Mary
land netwo rk sites (four of 38 sites), compared to est imated 
detec ti on rates of 1.7% and 0.7% in com muni ty water system 
wel ls and rura l domestic well s, respectively, from the NPS. 
The percentages of well s with nitrate concentrati ons exceed
ing 0. 15 mg/L and 10 mg/L was also greater in the Maryland 
ground- water quality network than in the National Pesti cide 
Survey. The small sample size for the Maryland network may 
give misleading detection percentages, especially for pesticide 
detections; however, the differences are probably due partly 
to the types of si tes that were sampled. The Maryland net-

work focu sed on the unconfi ned aquifers, which are more sus
ceptible to ground-water contamination than confined aqui
fers. The NPS des ign s tipul ated that spec ified numbers of 
well s be sampled from areas of varying degrees of aquifer vul
nerability, as determined by seven factors of the DRASTIC 
aq uifer-vulnerab ili ty c lass ificat ion system (A ller and others, 
1987). The higher detection rates in the Mary land network 
may also be re lated to well depth: at least 50% of the rural 
domestic well s and 74% of the comm unity water system well s 
from the National Pest ic ide Survey were estimated to be more 
than 100 feet deep, compared to less than 10% of the Mary
land network we ll s. 

NATIONAL ALACHLOR WELL WATER SURVEY 

A nati onwide survey of alachlor occurrence in private, ru
ra l domesti c wells was conducted by the Monsanto Company, 
in cooperation with the U.S. EPA. The primary goal of the 

Table 17 .-Detection rates fo r nitrate and pesticides from the U.S. Env ironmental Protection Agency National 
Pesticide Survey (NPS) and the Maryland ground-water-quality network 

[Table includes only those pesticides that were analyzed in both studies and that were detected in either one or 
both studies . See text for additional information. <, less than ; >, greater than. Source: U.S. Environmental 

Protection Agency (1990b)] 

Maryland ground-water-quality 
Estimated percentage of NPS wells network sites with analyte 

with analyte detections greater than detections greater than NPS 
NPS minimum reQorting limits minimum reQorting limits 

Community Number of 
NPS minimum water-supply Rural domestic Detection detections/ 

Analyte reporting limit wells wells percentage number analyzed 

Alachlor 0.5 /1g/L 0 <0.1 3 1138 

Atrazine 0.12 /1g/L 1.7 0.7 11 4/38 

Lindane 0.043 /1g/L 0 0.1 4 1125 

Metolachlor 0 .75 /1g/L 0 0 3 1138 

Prometon 0 . 15 /1g/L 0.5 0.2 3 1130 

Simazine 0 .38 /1g /L 1.1 0.2 0 0/38 

Nitrate" 0 . 15 mg/L as N 52.1 57 .0 65 34/52 

Nitrate" > 1.2 2.4 15 8/52 
10 mg/L as N 

"Nitrate concentrations include nitrate + nitrite 
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National Alach lor Well Water Survey (NAWWS) was to de
termine the proportion of wells with detectable levels of 
alachlor. In counties where a lachlor is sold, 1,430 well s in 89 
counties were sampled from mid-1987 through 1989. Analytes 
included alach lor, metolachlor, atrazine, cyanazine, simazine, 
and nitrate (Holden and others, 1992). Survey methods were 
simi lar to those of the NPS. 

Pesticide detection data from the NAWWS and the Mary
land network are presented in table j 8. As with the NPS, atra
zine detections were higher than other pesticides , and the de
tection rates from the Maryland network were higher than the 
estimated detection percentages from the NAWWS . The higher 
detection rates in the Maryland network result from many of 
the same reasons as the differences observed in comparison to 
the NPS. An estimated 12.1 % of the NAWWS target popula
tion wel ls are less than 50 feet deep, compared to 58% of the 
Maryland network sites (wel ls and springs) that were sampled 
for NAWWS analytes. The NAWWS wells were classified 
into one of three ground-water vulnerability categories , with 
well s in sha llow unconfined aquifers classified as most vul
nerable. Approximately 17% of wel ls in the high-vulnerabil
ity category had atrazine detections, whereas the overall esti
mated detection rate was less than 12%. 

Nitrate detection data from the NAWWS and the Maryland 
ground-water-quali ty network are presented in table 19. Three
quarters of the NAWWS target population was estimated to 
have nitrate concentrations <3 mg/L, compared to approxi
mately 63 % of the Maryland network sites . A higher percent-

age of Maryland network sites than NAWWS wells exceeded 
the MCL of 10 mg/L for nitrate (15 % versus 4.9%). High
vulnerabi lity wells in the NAWWS had a higher estimated per
centage of nitrate MCL exceedance (about 8%) than all 
NAWWS wells, but this rate is sti ll lower than the exceedence 
rate for the Maryland network sites. 

ILLINOIS STATE AGRICULTURAL-CHEMICALS 
PILOT STUDY 

The Illinois State Water Survey and Illinois State Geologi
cal Survey conducted a pilot study of the occurrence of agri 
cu ltural chemicals in rural, private well s in Illinois . The pilot 
study was conducted to evaluate components of an experimen
tal design for a statewide survey proposed by McKenna and 
others (1989), and "to begin to determine the frequency of 
occurrence and range of concentrations of agricultural chemi
cals in rural, private wells in representative hydrogeological 
settings" (Schock and others, 1992). An additional goal of the 
pilot study was to test the hypothesis that the depth to the up
permost aquifer material is a major factor in determining the 
susceptibility of ground water to contamination from agricul
tural chemicals. A total of 240 well s were sampled for 38 
agricu ltural chemicals (i ncluding nitrate). Forty-eight wells 
were sampled in each of five areas that represented different 
hydrogeological envi ronments. 

Table 18.-Detection rates for pesticides from the National Alach lor Well Water Survey and the Mary land ground-water
quality network 

[~, greater than or equal to. Source: Holden and others (1992)] 

National Alachlor Well Water Surve:t Mar:r land ground-water-guality network 

Estimated percentage of wells with 
detections Detections >0.1 gg/L Detections >0.2 gg/L 

Number of Number of Number 
sites with Number of sites with of sites 

Analyte ;:::DL' ;:::0.1 p.g/L ;:::0.2 p.g/L detections sites tested l Percentage detections tested l Percentage 

Alachlor 0.78% 0.36% 0.32% 2 32 6% 2 38 5% 

Atrazine 11.68 2.32 1.11 9 38 24 4 38 11 

Cyanazine 0.28 0.08 0 2 29 7 0 38 0 

Metolachlor 1.02 0.40 0.40 2 29 7 2 38 5 

Simazine 1.60 0.10 0.01 2 38 5 0 38 0 

• DL: detection limit. Includes detections that were below reporting limits for samples from the Maryland network. 

I Different sample sizes between the 0.1 p.g/L and 0.2 p.g/L columns reflect a change in reporting limits for alachlor. cyanazine. and metolachlor 
from the U.S. Geological Survey National Water Quality Laboratory . 
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Table 19.-Detection rates for nitrate from the National Alachlor Well Water Survey and 
the Maryland ground-water-quality network 

[<, less than; >, greater than. Source: Holden and others (1992)] 

National Alachlor Maryland ground-water-quality 

Well Water Survey network 

Nitrate concentration 
. 

Estimated Number of Detection 

(mg/L as N) percentage of wells analyses percentage 

<0.1 47.7% 16 31 % 

0.1-3 28.7 17 33 

3-10 18.7 11 21 

>10 4.9 8 15 

• Nitrate concentration includes nitrate-plus-nitrite for both networks 

Pesticide detection data from the Illinois pilot study and 
the Maryland network are given in table 20. As with the NPS, 
DCPA metabolites had the highest detection rate of all analytes 
in the Illinois study; these were not analyzed for in the Mary
land network. Of the pesticides that were routinely tested in 
both stud ies, atrazine had the highest detection rate in the Illi
nois study and the Maryland network. The atrazine detection 
rate was higher in the Illinois pilot study than in the NPS or 
NAWWS in part probably because 60% of the wells in the 
Illinois survey were less than 50 feet deep; the other surveys 
had a larger proportion of deeper wells. Alach lor and 
meto lachlor were not detected in wells from the Illinois pilot 
study, nor were metribuzin or simazine detected in samples 
from the Mary land network at levels above the minimum re
porting limits of the Illinois pilot survey. 

Nitrate concentrations exceeded 10 mg/L in comparable 
proportions of sites in both studies. Wells in the Illinois pilot 
study that were less than 50 feet deep had a higher percentage 
of nitrate concentrations> 10 mg/L than wells deeper than 50 
feet. In the Maryland network, 7 of 29 sites less than 50 feet 
deep (includ ing springs) had median nitrate concentrations> I 0 
mg/L; only one of23 well s greater than 50 feet deep exceeded 
10 mg/L nitrate. The detection rate for nitrate concentrations 
between 0.03 mg/L and 10 mg/L was not reported for the Illi
nois pilot study. 

DELMARVA PENINSULA STUDIES 

Ground-water quality of the Delmarva Peninsula of Dela
ware, Maryland , and Virginia has been studied extensively by 
the USGS and state and county agencies . Approximate ly half 
of the land use on the peninsula is agricultural, and the impact 
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of this activity on ground-water quality has been documented 
in several studies (Bachman, 1984b; Denver, 1986, 1989; 
Hamilton, Shedlock, and Phil lips, 1989; Hamilton and others, 
1993; Koterba, Banks, and Shedlock, 1993). 

Summary nitrate data from two water-quality assessments 
of the Delmarva Peninsula are given in table 21, along with 
data from the Mary land network. The Delmarva Peninsula "pre-
1987" data in table 21 were compiled during a retrospective 
ground-water-quality assessment of the entire Delmarva Pen
insula (Hamilton, Shedlock, and Phillips, 1989). These data 
were evaluated as part of the pilot National Water-Quality As
sessment (NAWQA) study of the Delmarva Peninsula. Avail
ab le nitrate data through 1987 were compiled for 3,730 wells 
obtained from five national, state, and county data bases. Data 
from wells in both unconfined and confined aquifers were in
cluded . The second Delmarva Peninsula data set ("NAWQA 
data" in tab. 21) represents nitrate values collected in 1988 
through 1990 during the pilot NAWQA study. These data are 
derived from 64 wells in an areal network and 39 wells in a 
transect network as described in Hamilton and others (1993). 
Unlike the pre-1987 data, all the NAWQA data are from wells 
completed in the surficial aquifer. Seven ofthe NAWQA sites 
are also part of the Maryland ground-water-quality network; 
data from these sites are included in both data sets . The per
centage of nitrate concentrations s:3 mg/L in the pre-1987 as
sessment and the Maryland network data (62% and 63%, re
spective ly) are higher than the percentage from the NAWQA 
data (47%). The lower percentage for the NAWQA data prob
ably retlects the higher percentage of agricu ltural land, and 
the inclusion of domestic wells in the samples. The propor
tion of samples with nitrate concentrations> 10 mg/L was lower 
for the pre-1987 assessment (7 %) than from eitherthe NAWQA 
data or the Maryland network data (both about 15%). The 
lower percentage of samples exceedi ng 10 mg/L in the pre-



Table 20.-Detection rates for nitrate and pesticides from the Illinois State Agricultural -Chemicals Pi lot Study (IACPS) 
and the Mary land ground-water-quality network. 

[Table includes only those pesticides that were routinely analyzed in both studies and that were detected in either one 
or both studies. Detections from the Maryland network whose concentrations were below IACPS minimum 

reporting limits are not included. See text for additional information. <, less than; >, greater than. 
Source: Schock and others, 1992] 

Maryland ground-water-quality network 
sites with analyte detections greater than 

IACPS wells IACPS minimum reporting limits 

IACPS Number of Number of 
minimum Detection detections/number Detection detections/number 

Analyte reporting limits percentage analyzed percentage analyzed 

Alachlor 0.75 j1g/L 0% 0/240 3% 1138 

Atrazine 0.15 j1g/L 4.6 111240 11 4/38 

Metolachlor 0 .75 j1g/L 0 01240 3 1138 

Metribuzin 0.40 j1g/L <1 2/240 0 0/38 

Simazine 0.15 j1g/L <1 2/240 0 0/38 

Nitrate" > 10 mg/L as N 17 .5 42/240 15 8/52 

"Nitrate concentrations include nitrate-plus-nitrite for both studies 

Table 2 1.- Detection rates for nitrate from Delmarva Peninsu la studies and the Maryland ground-water-quality network 

[<, less than; >, greater than. Sources: Hamilton, Shedlock, and Phillips (1989) and Hamilton and others (1993)] 

Delmarva Peninsula 

Pre-1987 data NAWQA data 

Nitrate" Number of Detection Number of 
(mg/L as N) analyses percentage~ analyses 

<0 .2 1088 29% 34 

0.2-3.0 1239 33 14 

>3 .0-10 1126 30 40 

> 10 277 7 15 

Total number 3730 100 103 

"Nitrate concentration includes nitrate-plus-nitrite for all studies 
~ Class percentages do not add to 100 % due to rounding errors 

64 

Detection 
percentage~ 

33% 

14 

39 

15 

100 

Maryland ground-water-quality 
network 

Number of Detection 
analyses percentage~ 

18 35% 

15 29 

11 21 

8 15 

52 100 



1987 data relative to the NAWQA data and the Maryland net
work data probably reflects the influence of samples from the 
confined aquifers . In each of the three data sets, however, the 
order of the proportion of nitrate samples is the same: the <3 
mg/L group ing contai ns the largest proportion of samples, fol
lowed by the 3-10 mg/L grouping; the > 10 mg/L grouping 

contai ns the smallest percentage of samples . 
Pesticide detection data from the NAWQA well s and sev

era l additional wells in the deeper aquifers of the Delmarva 
Peninsula were eva luated by Koterba, Banks, and Shedlock 
( 1993). Atrazine was the most frequently detected analyte, 
followed by cyanazine, simazine, alachlor, and dicamba. 

NETWORK WATER-QUALITY DATA IN RELATION 
TO DRINKING-WATER REGULATIONS AND HEALTH ADVISORIES 

The U.S. EPA has estab lished drinking-water regulations 
and hea lth advisories for selected inorganic, organic, radionu
c lide, and microbiological contaminants. Data from the Mary
land ground-water-quality network are reviewed with respect 
to three categories of regulations and adv isories: Maximum 
Contaminant Levels (MCLs), Drinking Water Equ ivalent Lev
els (DWELs), and Secondary Maximum Contaminant Levels 
(SMCLs) . An MCL is the maximum permissible level of a 
contaminant in water which is delivered to any user of a public 
water system. A DWEL is a lifetime exposure concentration 
protective of adverse, non-cancerous health effects that assumes 
all of the exposure to a contaminant is from a drinking-water 
source. An SMCL is a non-enforceable level of a contaminant 
at which the taste, odor, color, or other aesthetic quality of 
drinking water may be adversely affected (U.S. En vironmen
tal Protection Agency, 1992) . In the following di scussion, 
MCLs, DWELs, and SMCLs are compared to the concentra
tions of dissolved (filtered) constituents in network samples. 
Several of the parameters with high exceedance rates from 
network samples are discussed elsewhere in this report. 

INORGANIC CONTAMINANTS 

MCLs and/or DWELs have been established for 20 of the 
inorganic constituents and one radionuclide (radon) that were 
routinely analyzed in network samples . Table 22 summarizes 
the water-quality data from the network sites with respect to 
the MCLs and DWELs for these parameters. Ten of the 52 
network sites had at least one sample that exceeded the fina l 
MCL of 10 mg/L for nitrate-plus-nitrite. One site exceeded 
the proposed MCL of 0.001 mg/L for beryllium. Nineteen of 
35 sites sampled for radon exceeded the proposed MCL of 
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300 pCi/L. No other MCLs were exceeded in samples from 
the network sites. Samples from ten sites exceeded the Guid
ance DWEL for sodium (20 mg/L); no other DWELs were 
exceeded by samples taken from network sites. 

SMCLs have been estab li shed for eleven of the constitu
ents that were routinely analyzed in network samples (tab. 23) . 
Over half of the sites had samples with pH values below the 
acceptable pH range . This refl ects the relatively acidic nature 
of shallow ground water in many areas of Maryland, espe
cia ll y the Piedmont and the Coastal Plain . Dissolved iron and 
manganese were above the SMCL in 29 % and 37%, respec
tively, of network sites. Samples from three of the four wells 
in confined aq uifers exceeded the SMCL for iron. Samples 
from four sites exceeded the SMCL for color; two of these 
sites (WO Bh 84 and HA Dd 92) also had high iron and low 
dissolved-oxygen concentrations, and the high color-unit val
ues may be due to precipitation of ferric hydroxide upon ex
posure to the atmosphere. The two samples with dissolved
aluminum concentrations >200 flg/L have pH's at or below 
5.0; at higher pH values , aluminum is very insoluble (Drever, 
1982). Well PG Bc 37 had TDS >500 mg/L, resulting from 
high sod ium and chloride concentrations. 

ORGANIC CONTAMINANTS 

Sixty-nine of the organ ic compounds that were analyzed in 
samples from network sites have either an established MCL, 
DWEL, or both. Table 24 summarizes the organic-compound 
water-quality data from network sites with respect to MCLs 
and DWELs. Sixteen of these compounds were detected. One 
site had an atrazine detection that exceeded the MCL of 3.0 
flg/L; all other detections of organic compounds were at or 
below the established MCLs and DWELs. 



Table n.-Maryland ground-water-quality network data with respect to U.S. Environmental Protection Agency Maximum 
Contaminant Levels (MCLs) and Drinking Water Equivalent Levels (DWELs) for inorganic analytes 

[Table includes analytes that have an established MCL or DWEL and that were routinely analyzed in network samples. F , final; P, proposed ; D , 
draft; L, listed for regulation; R, under review; TT, treatment technique; -, none proposed. Source: 

Maximum Contaminant Levels 

Number Number Percent 
of sites of sites of sites 

Parameter tested Status MCL >MCL' >MCL Status 

Antimony 10 P 6 JLg/L 0 0 F 

Arsenic 51 R 50 JLg/L 0 0 D 

Barium 52 F 2 mg/L 0 0 F 

Beryllium 52 P 1 JLg/L 2 D 

Boron 10 L D 

Cadmium 52 F 5 JLg/L 0 0" F 

Chromium 51 F 100 JLg/L 0 0 F 
(total) 

Copper 52 F TTt 0 0 

Fluoride 52 F 4 mg/L 0 0 

Lead 52 F TTtt 0 0 
(at tap) 

Mercury 47 F 2 JLg/L 0 0 F 
(inorganic) 

Molybdenum 52 L F 

Nickel 52 P 100 JLg/L 0 0 F 

Nitrate plus 52 F 10 mg/L 10 19 F 
nitrite (both as (as N) 
N)II 

Selenium 51 F 50 JLg/L 0 0 

Sodium 52 D 

Strontium 11 L D 

Sulfate 52 P 400/500 0 0 
mg/L 

Vanadium 52 L D 

Zinc 52 L F 

Radon 35 P 300 pCi/L 19 54 

, Number of sites with at least one sample greater than the indicated MCL or DWEL for the 
dissolved concentration of analyte, except as noted . 

.. One sample was reported as < 10 JLg/L 
t Copper action level = 1.3 mg/L 

It Lead action level = 15 JLg/L 
I Guidance 

II Network sites were analyzed for total nitrate-plus-nitrite (as N) 
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U.S. Environmental Protection Agency (1992)] 

Drinking Water Eguivalent Levels 

Number Percent 
of sites of sites 

DWEL >DWEL' > DWEL 

15 JLg/L 0 0 

2 mg/L 0 0 

200 JLg/L 0 0 

3 mg/L 0 0 

20 JLg/L 0 0 

200 JLg/L 0 0 

10 JLg/L 0 0 

200 JLg/L 0 0 

600 JLg/L 0 0 

20 mg/LI 10 19 

90 mg/L 0 0 

110 JLg/L 0 0 

11 mg/L 0 0 



Table 23.-Maryl and ground-water-quality network clata with respect to U.S. Environmental Protection Agency final 
Secondary Maximum Contaminant Levels (SMCLs) 

[Table includes analytes that have an established final SMCL that were routinely analyzed in network samples . 
Source: U.S. Environmental Protection Agency (1992)] 

Number 
Number of of sites 

Parameter SMCL sites tested >SMCL" 

Aluminum 50-200 }lg/L 52 2t 

Chloride 250 mg/L 52 

Color 15 color units 51 4 

Copper 1 mg/L 52 0 

Fluoridett 2 mg/L 52 0 

Iron 300 }lg/L 52 15 

Manganese 50 }lg/L 52 19 

pH 6.5-8 .5 52 30~ 

Sulfate 250 mg/L 52 0 

Total dissolved solids 500 mg/L 52 

Zinc 5 mg/L 52 0 

• Number of sites with at least one sample greater than the indicated SMCL for the dissolved 
concentration of analytes 
Number of sites with aluminum > 200 }lg/L 

tt Under review 
~ Number of sites with pH < 6.5 
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Percent 
of sites 
>SMCL 

4 

2 

8 

0 

0 

29 

37 

58 

0 

2 

0 
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Table 24.-Maryland ground- water-quality network data with respect to U.S. Environmental Protecti on Agency Maximum Contaminant Levels (MCLs) and 
Drinking Water Equivalent Levels (DWELs) for organic analytes 

fTab k includ ~s ana l yt~ s that have an establi shed MCL <l r OWEL that were routinel y ana lyucl in network sa mples. Some minimum reporting level s differ between samples 
fo r the sa me analytes. Status c lass ifi ca tions: F. fInal : P. proposed : L. li sted for regulation: -. none proposed. Source: U.S. Environmental Protection Agency (I 992)J 

Maximum Contaminant L~vel s Drinking Water EQuivalent Levels 

Number 
Numbe r of s it~s Number Perc~nt Number Percent 
of sites with MCL o f sites of sites OWEL of sites of sites 

Parameter te sted detections Statu s (mg /L) > MCLt > MCL Status (mg/L) > OWEL' > OWEL 

Alachlor 38 2 F 0.002 0 0 F 0.4 0 0 

Aldrin 25 0 0 0.001 0 0 

Ametryn 38 0 F 0.3 0 0 

Atrazine 38 9 F 0.003 3 F 0.2 0 0 

Benzene 17 0 F 0.005 0 0 F 

Bromac il 9 0 L F 5 0 0 

Bromodichl oromethane 36 0 L 0. 1 0 0 0 0.7 0 0 

Bromoform 36 0 L 0. 1 0 0 0 0 .7 0 0 

Butylate 9 0 F 2 0 0 

Carbaryl (sev in) 8 0 F 4 0 0 

Ca rbon tetrach loride 36 0 F 0.005 0 0 F 0.03 0 0 

Carboxin 9 0 F 4 0 0 

Chlordane 25 0 F 0.002 0 0 F 0.002 0 0 

Chlorodibromomethane 36 0 L 0.1 0 0 0 0.7 0 0 

Chloroform 36 3 L 0.1 0 0 0 0.4 0 0 

Chlorotoluene 0- 12 0 L F 0.7 0 0 

Chlorotoluene p- 12 0 L F 0.7 0 0 

Cyanazine 38 2 L F 0.07 0 0 

2 ,4-0 36 F 0 .07 0 0 F 0.4 0 0 
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Table 24.-Mary land ground-water-quality network data with respect to U.S . Environmental Protection Agency Maximum Contam inant Levels (MCLs) and 
Drinking Water Equi valent Leve ls (DWELs) for oranic analytes-Continued 

Maximum Contaminant Levels Drinking Water Equivalent Levels 

Number 
Number of sites Number Percent Number Percent 
of sites with MCL of sites of sites DWEL of sites of sites 

Parameter tested detections Status (mg/L) > MCL' >MCL Status (mg/L) > DWEL' > DWEL 

Diazinon 36 0 F 0.003 0 0 

Dicamba 7 L F 0 0 

Dichlo robenzene 0- 36 0 F 0.6 0 0 F 3 0 0 

Dichlorobenzene m- 36 0 F 0.6 0 0 F 3 0 0 

Dichlorobenzene p- 36 0 F 0.075 0 0 F 4 0 0 

Dichlorodifluoromethane 36 L F 5 0 0 

Dichloroethane (1,2-) 36 0 F 0.005 0 0 F 

Dichloroethylene (1,1 -) 36 0 F 0.007 0 0 F 0.4 0 0 

Dichloroethylene (cis-l ,2-) 9 0 F 0.07 0 0 F 0.4 0 0 

Dichloroethylene (trans- l ,2-) 29 0 F 0.1 0 0 F 0. 6 0 0 

Dichloromethane 36 2 P 0.005 0 0 F 2 0 0 
(methylene chloride) 

Dichloropropane (1,2-) 36 0 F 0.005 0 0 F 

Dichloropropene (1,3-) 22 0 L F 0.01 0 0 

Dieldrin 25 F 0.002 0 0 

Diphenamid 9 0 F 0 0 

Endrin 25 0 P 0.002 0 0 F 0.01 0 0 

Ethylbenzene 36 0 F 0.7 0 0 F 3 0 0 

Fluorotrichloromethane 36 0 L F 10 0 0 

Heptachlor 25 0 F 0.0004 0 0 F 0 .02 0 0 

Heptachlor epoxide 25 0 F 0.0002 0 0 F 0.0004 0 0 

Hexachlorobutadiene 9 0 L F 0.07 0 0 
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Table 24.-Maryland ground-water-quality network data with respect to U.S. Environmental Protection Agency Maximum Contaminant Level s (MCLs) and 
Drinking Water Equivalent Levels (DWELs) for organic analytes-Continued 

Maximum Contaminant Levels Drinking Water Eguivalent Levels 

Number 
Number of sites Number Percent Number Percent 
of sites with MCL of sites of sites DWEL of sites of sites 

Parameter tested detections Status (mg/L) > MCL' >MCL Status (mg/L) >DWEL' >DWEL 

Hexazinone 9 0 F 0 0 

Lindane 25 F 0.0002 0 0 F 0.01 0 0 

Malathion 25 0 D 0.8 0 0 

Methoxychlor 25 0 F 0.04 0 0 F 0.2 0 0 

Methyl parathion 25 0 F 0.009 0 0 

Metolachlor 38 2 L F 5 0 0 

Metribuzin 38 0 L F 0.9 0 0 

Naphthalene 9 0 F 0.1 0 0 

Pic10ram 7 0 P 0.5 0 0 F 2 0 0 

Polychlorinated biphenyls 25 0 F 0.0005 0 0 P 
(PCBs) 

Prometon 38 L F OS 0 0 

Propachlor 9 0 F 0.5 0 0 

Propazine 38 F 0.7 0 0 

Sevin (see Carbaryl) 

Simazine 38 2 P 0.004 0 0 F 0.2 0 0 

Styrene 36 0 F 0 .1 0 0 F 7 0 0 

2,4,5-T 36 0 L F 0.35 0 0 

Terbacil 9 0 F 0.4 0 0 

Tetrachloroethane (1 , I , I ,2-) 12 0 L F 0 0 

Tetrachloroethylene 36 0 F 0.005 0 0 F 0.5 0 0 

Toluene 36 0 F 0 0 F 7 0 0 
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Table 24.-Maryland ground-water-quality network data with respect to U.S. Environmental Protection Agency Maximum Contaminant Levels (MCLs) and 
Drinking Water Equivalent Levels (DWELs) for organic analytes-Continued 

Maximum Contaminant Levels Drinking Water Equivalent Levels 

Number 
Number of sites Number Percent Number Percent 
of sites with MCL of sites of sites DWEL of sites of sites 

Parameter tested detections Status (mg/L) >MCL' >MCL Status (mg/L) > DWEL' >DWEL 

Toxaphene 25 0 F 0 .003 0 0 F 0.0035 0 0 

Trichlorobenzene (1,2,4-) 9 0 P 0 .07 0 0 F 0.4 0 0 

Trichloroethane (1 , 1, 1-) 36 0 F 0.2 0 0 F 0 0 

Trichloroethane (1, 1,2-) 36 0 P 0.005 0 0 F 0.1 0 0 

Trichloroethylene 36 F 0.005 0 0 F 0.3 0 0 

Trich loropropane (1,2,3-) 16 0 L F 0.2 0 0 

Trifluralin 38 0 L F 0.3 0 0 

Vinyl chloride 36 F 0.002 0 0 F 

Xylenes 36 0 F 10 0 0 F 60 0 0 

• Under review 
t Number of sites with at least one sample greater than the indicated MCL or DWEL 



SUMMARY AND CONCLUSIONS 

A statew ide network of wells and springs was established 
to doc umen t gro und-water-q ua lity conditio ns in un confined 
(water-tab le) aq uifers in Mary land . Forty-two we ll s and ten 
springs were samp led between 1987 and 1992. In add ition to 
sites in unconfi ned aq ui fers, four well s are completed in con
f ined aquifers in areas where salt-water intrusion may pose a 
prob lem, or where the unconfined aqu ifer is not an important 
so urce of ground water. S ites were sampled in all of Maryland's 
phys iographic provinces (Appa lachia n P lateau, Vall ey and 
R idge, B lue R idge , Piedmont, and Coastal P la in). 

A ll s ites were tested for major ions, nutrients, trace e le
ments , and field parameters. Most s ites were sampled for one 
or more schedules of pesticides, including chlorophenoxy her
bicides, organoch lorin e and orga nophosphorus insec ticides, 
tri azine herbi c ides , and other pesticides , and also for a sui te of 
volatile organ ic compounds. Seasonal samples were taken from 
several s ites to in vest igate temporal changes in shall ow ground
water quality. A ll samples were analyzed by the USGS NWQL. 

Thirteen sites (n ine we ll s and fo ur springs) were sampled 
in the Appa lachi an P lateau and Vall ey and R idge physiographic 
provinces. Samples from the conso lidated clast ic aquifers were 
ca lc ium-b icarbonate waters, w ith relatively high TDS and pH 
va lues near neutra lity, whi ch reflect the amou nt of calc ium car
bonate in the aqu ife rs . Samples f rom the carbonate aquifers in 
the Hagerstow n Va ll ey were a lso ca lci um-bicarbonate waters, 
and tended to be c loser to ca lc ite saturation than the samples 
in the conso lidated clastic aq uifers . Cation and s ilica concen
trat ions and pH va lues suggest that kaolinite is the stab le s ili
cate mineral phase for a ll s ites in carbo nate, crystalline, and 
most unconsolidated and conso lidated c last ic aq uifers . 

Fifteen s ites (nine well s and s ix springs) were sampled in 
the P iedmont and Blue R idge phys iograph ic provinces. Eleven 
sites are in non-carbonate crysta lline-rock aq uifers (including 
one well completed in sapro lite), two are in Triassic (co nso li
dated c last ic) aq uifers, and two are in carbonate aqu ifers (o ne 
in limestone, o ne in marbl e). Samples were enriched in cal
c ium re lat ive to o ther cations, or had a mixed-cation type. 
A ni on compos iti on was mi xed . Samples from no n-carbonate 
crys talline aquifers were lower in TDS and pH than samples 
from consolidated clasti c or carbonate aquifers. Samples from 
the carbonate and conso lidated clastic aquifers had ca lc ium
bicarbonate or calcium-magnesium-bicarbonate waters , and 
were at or near saturati on with respect to calcite. 

Ten wells were sampled in the Western Shore Coastal P lain , 
including one well completed in a confined aquifer. Samples 
tended to be enriched in sod ium and calcium relative to mag
nesium; iron was the dominant cation at one site. B icarbo nate 
was the major anion at four of the s ites; chloride or sulfate was 
the major ion at the other sites . Samples from nine of the 10 
sites had soft to moderately hard water. 

Fourteen wells were sampled in the Eastern Shore Coastal 
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Plain , inc luding three wells completed in confined aquifers. 
Major- ion composition was variab le. T he low median pH and 
hardness values seen in samples from these well s refl ect the 
low reactivity of the aq uifer minerals (predom inantly quartz 
and fe ldspars) . Samples from two of the conf ined we ll s were 
anoxic (defined in thi s report as < I mg/L dissolved oxygen) , 
had near-neutral pH's, and had no detectab le nitrate; the third 
confined-aquifer well exh ibited water quality sim il ar to samples 
from we ll s in unconfined aqui fers (low pH, oxic water, and 
nitrate as the dominant nitrogen species) . 

There was little variat ion in the major-ion chem istry of most 
of the s ites that were sampled seasona ll y. However, the sam
p ling frequency may have been insufficient to detect trends. 

Factors affecti ng the d istribu tion of ni trate, chl ori de, iron, 
and radon are discussed . Overall median nitrate from s ites 
downgrad ient from cropland was 9 mg/L, compared to 0 .11 
mg/L for s ites dow ngrad ie nt from fo rested lanc!. N itrate con
centrations tended to be lower in we ll s with deeper comple
tion intervals but varied widely for springs anc! we ll s with shal
low comp letion interva ls; there was no cons istent re lationship 
between nitrate concentrations and we ll depth. Most well s 
with ammon ia concentrat ions >0. 1 mglL hac! no detectable 
nitrate; conversely, most we ll s w ith detec table nitrate (>0.1 
mg/L) had li tt le or no detectable ammon ia. O ne we ll with 
sign ifi cant amounts of both nitrate and ammonia is thought to 
be influenced by septic contamination near the well. Eva lua
tion of the effects of septic contam ination o n other water-qual ity 
analytes for a ll ne twork s ites was not possible because of the 
small number of s ites near septic systems. N itrate concentra
tions variec! great ly in samples with < 100 jJg/L d isso lved iron, 
whereas nitrate concentra tion s were close to detect ion leve l 
for samples with iron concentrations >300 jJglL. Most samples 
with no detectable nitrate were anox ic, while ox ic samples had 
a wide range of nitrate. 

Most Mary land network s ites with more than 20 mglL chlo
ride are within 100 feet of a paved road, a lthough not a ll such 
sites had high chlori de concentrat io ns. Many of these s ites are 
also downgradient from agri cultural areas, and may be show
ing the effect of potassi um chlo ride ferti Ii zers . Springs and 
shallow we ll s had a wide ran ge of chl oride concentratio ns; 
lower concentrati ons were seen in wells with open interva ls 
greater than 60 feet deep . 

Iron concentrations varied greatl y amo ng network s ites; 
most s ites had <20 jJglL disso lved iron . Wells and springs in 
crystalline and carbonate aquifers had low iron concentrations 
probably due to high dissolved-oxygen levels . Iron concen
trations varied widely in unconsolidated and consolidated clas
tic aquife rs ; most samples with high iron concentrations (> I 00 
jJglL) were anoxic. Speciation calculations suggest that Fe2+ 

is the major dissolved iron species in anoxic aquifers, while 
Fe(OH)/ or Fe(OH\ (aqueous) were the dominant species in 



oxic samples . Some of the dissolved-iron concentrat ions in 
ox ic samples may be due to co llo idal iron passing the OA5fl 
filter. 

Radon samples were obtained from 35 network s ites. 
Samples from network sites in crystalline-rock aquifers tended 
to have higher radon concentrations than samples from other 
litholog ies . All network sites with >2,000 pCiIL radon are in 
crystalline-rock aquifers. There was considerable overl ap in 
radon values from network sites in carbonate, and consolidated 
and unconsolidated clastic aq ui fers. Radon concentrations 
showed a wider range in samples from the Western Shore than 
the Eastern Shore Coasta l Plai n, which probably reflects the 
greater litho log ic variab ility among aq ui fers sampled on the 
Western Shore. 

Fo rty sites were sampled for one or more schedules of pes
ticides; 15 different pesticides were detected, although not all 
schedul es were tested at each of the 40 sites. Pesticide data 
are not conclusive because of limited sampling, the length of 
time over which samp ling occurred, and other factors. Many 
of the detections were at or near detection levels. Atrazine 
was the most frequently detected pesticide. Pesticide detec
tions appear to be more closely linked to land use than to aqui
fer lithology. L imited data on the tr iazine metabolites de-ethyl 
atrazine and de-isopropy l atraz ine suggest that pesticide me
tabo lites may comprise a significa nt portion of synthetic or
ga ni c chemica ls in shallow ground water. Samples were not 
tested for several widely used pesticides in Mary land , includ
ing linuron, ch lorpyrifos, glyphosate, and pend imethalin . 

Network data were compared to pesticide and ni trate data 
from the National Pesticide Survey, the National Alachlor Well 
Water Survey, the Illinois State Agricul tural-Chemicals Pilot 
Study, and two Delmarva Peninsu la studies. The comparisons 
are not definiti ve because the other studies had more rigorous 
designs and larger sample sizes than the Maryland network, 
and the analytes differed from study to study. Data were com
pared for ana lytes in common between the Maryland network 
and the other studies . For the pesticides in common, atrazine 

was the most frequently detected pesticide in the Maryland 
network, the National Pesticide Survey, the National Alachlor 
Well Water Survey, and the Illinois Agricultural-Chemicals 
Pilot Study. The detection rate was higher in the Maryland 
network than in the other studies; this is probably due partly to 
the higher percentage of unconfined aquifers and shallower 
wells tested in the Maryland network. The percentages of ni
trate detections at spec ified concentrations were higher in the 
Mary land network than the National Pesticide Survey and the 
Nationa l A lach lor Well Water Survey. The percentage of 
samples with nitrate concentrati ons> I 0 mglL in the Illinois 
State Agric ul tural-Chem icals P ilot Study was similar to that 
of the Mary land network. Nitrate concentrations from two 
data sets from the Delmarva Peninsula were compared to the 
Maryland network data. Differences in the percent of nitrate 
detections at spec ifi ed nitrate co ncentrations probably reflect 
the influence of aqu ifer type (confined or unconfined), speci
fied well population, and land use for each data set. 

Drinking-water regulations and health adv isories have been 
establ ished for many of the analytes tested at network sites. 
Ten of the 52 sites had at least one nitrate sample exceedi ng 
the MCL of 10 mg/L. Nineteen of 35 s ites exceeded radon's 
proposed MCL of 300 pCi/L. One sample exceeded the pro
posed MCL for beryllium. Over half the sites had pH values 
outside the 6.5-8.5 pH range (the secondary MCL for pH). 
Twenty-nine percent and 37% of sites exceeded the secondary 
MCL for iron (300 flglL) and manganese (50 flg/L), respec
ti vely. Onl y one site had a pesticide concentratio n greater than 
an MCL (atrazine) ; no other MCLs were exceeded for syn
thetic organ ic compounds. 

The data presented in this report are insufficient to address 
many specific issues; for example, the results are not directly 
appl icab le to private water wells, most of which are deeper 
and closer to septic systems than most network sites. The data 
have identi fied some water-quality trends, and will provide a 
basis fo r long-term monitoring of ground-water quality at net
work sites. 
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APPENDIX A. 
WATER-QUALITY DATA FROM NETWORK SITES 

1. The data are organized by segments corresponding to groupings of physiographic provinces: 

Segment I: Appalachian Plateau and Valley and Ridge physiographic provinces 
Segment II: Piedmont and Blue Ridge physiographic provinces 
Segment III: Western Shore Coastal Plain 
Segment IV: Eastern Shore Coastal Plain 

2. Some of the network sites have been sampled by other projects, and all the data are not included. Some sites have extensive 
monthly data for pH, specific conductance, and nutrients. The additional data are presented and discussed more completely in 
reports for those projects, and are referenced in the report. 

3. Most of the network sites were analyzed for total, rather than dissolved (filtered) nitrogen and phosphorus species. Because of 
the way data are reported from the U.S. Geological Survey National Water Quality Laboratory, these values are not included in 
the total -dissolved-solids (TDS) column. Samples with significant nitrate concentrations may have anomalously low IDS 
values compared to residue-upon-evaporation and specific conductance values. In the report, nitrate concentrations have been 
added to the laboratory-reported TDS values to give a more accurate value of total dissolved solids. 

4 . Tables A3, A9, A IS , and A21 (Schedule 1304 analyses) also contain data for the pesticides Sevin, Picloram, and Dicamba. 
These are technically not included in Schedule 1304, but are included in these tables because several samples were analyzed 
for these additional compounds. 
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Table A I.-Major ions, nutrients, field parameters, and other chemical-quality data from wells and springs in Segment I 

(~S/cm , microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
~g/L, micrograms per liter; pCi/L, picocuries per liter; <, less than) 

Specific Temper- Temper- Color, 
Water level conduct- ature, ature, (platinum-

Site Site Record (feet below Discharge anCB air water cobalt 
number t:Z:Ee number Date Time land surfacel (sallminl (~Slcml EH (des· Cl (des· Cl unitsl 

AL Ae 36 Well 99101025 08-27-91 1120 2.7 572 7.2 26 . 5 13 . 5 1 
992{)0695 07 - 28-92 1545 5 . 0 610 7 . 6 27.0 13 . 5 1 

AL Ai 26 Well 99101028 08-27 - 91 1735 5 . 0 190 6 . 6 26.0 13.0 1 
99200696 07-28-92 1200 10 i92 6.8 23.5 12.5 1 

AL Cb 8 Well 99100947 07-09-91 1137 2.0 386 7.6 21. 0 10.0 3 
99200671 07-08-92 1035 46 . 40 1.0 406 7 . 1 20 . 5 11.0 <1 

AL Ce Spring 99001090 09-26-90 1010 30 184 7.5 17 . 0 13.0 <1 
99100164 12 - 11-90 1545 34 186 7.6 7.5 12.5 1 
99100359 03 - 18-91 1315 40 187 7 . 5 12 . 0 12.5 2 
99100814 06-12-91 1725 20 185 7 . 6 28.5 13 . 0 
99200669 07 - 06-92 1210 33 197 7.6 25.0 13 . 5 <1 

GA Ae 50 Well 99100810 06-11-91 1612 6.0 753 7.0 25. '5 12.5 

GA Ba 1 Well 99100812 06 - 12-91 1115 5 . 3 382 6.7 21. 5 13.0 5 
99200753 08-31-92 1530 335 6 . 7 23 . 0 13.5 2 

GA Da 17 Well 99100828 06-18-91 1126 4.3 118 6.2 20 . 0 10.0 2 
99200670 07-07 - 92 1605 75 . 00 2.0 133 6.4 22.5 11.5 13 

GA Eb 72 Spring 97801015 08 - 09-78 1545 25 25 6 . 9 8.5 5 
99001088 09-25-90 1325 20 52 4 . 9 18.0 10.0 2 
99100163 12-11-90 0900 27 45 5 . 4 - 0 . 5 10.0 1 
99100360 03-18-91 1720 60 53 5 . 1 6.5 9 . 5 1 
99100813 06-12-91 1340 19 52 5.0 22.0 9.0 

99200668 07-06-92 1515 19 55 5.1 21. 0 9 . 0 <1 

WA Ab 3 Spring 99001091 09-27-90 1225 1.5 40 6.5 17.5 14.5 <1 
99100165 12-12-90 1135 3.5 51 6 . 3 3.5 11.0 1 
99100361 03-19-91 1205 6.0 49 6 . 0 8.5 9.0 1 
99100826 06-17-91 1518 0 . 5 45 5 .8 29.5 13.5 1 
99200697 07-28-92 0940 8.0 57 5 . 4 19 . 5 13.0 < 1 

WA Ad 101 Well 99101026 08-26-91 1415 33.90 5.0 195 7.5 28 . 5 13.5 <1 
99200699 07-27-92 1300 29.40 4.3 200 7.3 22 . 5 13.5 1 

WA Ah 63 Well 99100915 07-08-91 1616 17 . 60 0 . 8 592 7.3 30 . 5 13 . 0 
99200698 07-27-92 1610 6.50 0 .8 774 7 . 1 25 . 0 12.5 <1 

WA Ak 99 Well 99100815 06-13-91 1606 2.0 662 7.2 26 . 0 12 . 5 2 
99200700 07-27-92 1015 1.0 794 7.1 24.5 14.5 1 

WA Di 103 Spring 99100001 10-04-90 1210 3.0 563 7 . 3 18.5 12.5 <1 
99100166 12-12-90 1445 15 557 7 . 2 14.0 12.5 1 
99100362 03-19-91 1505 12 508 7 .1 9 . 5 12.5 2 
99100825 06-17-91 1150 3.5 512 7 . 3 26.0 13.5 2 
99200667 07-08-92 1400 7.5 551 7 . 3 29.0 12.5 <1 
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(jJS/cm, microsiemens per centimeter at 25 deg . C· mg/L , milligrams per liter; 
jJg/L, micrograms per liter; pCi/L, picocuries per liter; <, less than) 

Hardness, Magne- Bicar- Al.Ica-
Dissolved total Calcium , sium, Sodium, Potassium, bonate, linity, 

Site oxygen (mg/L as dissolved dissolved dissolved dissolved total total 
number Date (mg/L) CaC03 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L as CaC03 ) 

AL Ae 36 08-27-91 0.1 290 93 13 17 0.90 281 230 
07 - 28-92 0.1 280 89 13 16 0.90 278 228 

AL Ai 26 08-2]-91 0 .2 78 15 9.8 7.8 0.60 126 103 
07-28-92 0 . 9 72 14 8.9 7 . 9 0.60 115 94 

AL Cb 8 07-09-91 2.6 220 60 18 0.70 1.6 250 207 
07 - 08-92 2.9 220 58 18 0.80 1.6 217 178 

AL Ce 09-26-90 99 35 2.7 1.8 0.80 106 87 
12-11-90 8.4 96 34 2 . 6 1.8 0.80 104 85 
03-18-91 7.2 96 34 2.6 l.8 0.70 105 86 
06-12-91 8.8 34 0 . 70 110 90 
07-06-92 8.0 93 33 2.6 1.8 0 . 70 105 86 

GA Ae 50 06-11-91 370 100 29 20 2 . 7 244 200 

GA Ba 06-12-91 3.5 170 49 11 7.1 l.1 96 79 
08-31-92 2.3 130 40 8.1 6.0 1.1 94 77 

GA Da 17 06-18-91 0.1 46 10 5.2 0.90 1.2 48 39 
07-07-92 0 . 2 46 9.7 5.4 0.70 1.3 56 46 

GA Eb 72 08-09-78 11 2.6 l.2 0.80 l.0 
09-25-90 14 3.6 l.2 l.7 1.0 4 3 
12-11-90 9 . 5 13 3.4 l.2 l.5 l.0 2 2 
03-18-91 9.9 15 3.8 l.3 l.5 l.0 1 1 
06- 12-91 9.5 3.7 0 .90 2 2 

07-06-92 9.7 15 3.8 1.4 l.8 l.0 1 

WA Ab 3 09-2]-90 13 3.0 l.3 l.9 l.2 7 6 
12-12-90 9.1 15 3.5 l.6 l.8 l.6 5 4 
03-19-91 10.1 15 3.4 l.5 l.6 l.3 3 3 
06-17 -91 9.6 13 3.0 1.4 l.8 1.2 7 6 
07-28-92 8.4 18 4.0 l.9 1.9 l.4 6 5 

WA Ad 101 08-26-91 93 28 5.5 7.5 0.80 120 98 
07-27-92 1 . 4 86 25 5 . 8 7.0 0.90 106 87 

WA Ah 63 · 07-08-91 4.8 300 100 11 9 . 8 5.1 263 216 
07-27 - 92 6.6 380 130 14 13 4.4 289 237 

WA Ak 99 06-13-91 6.8 350 92 30 16 2.8 326 267 
07-27-92 6.9 360 97 29 16 2 . 7 324 266 

WA Di 103 10-04-90 280 74 24 11 2.3 263 216 
12-12-90 5.8 300 77 27 5.9 2.0 267 219 
03-19-91 5.7 270 69 24 4.9 l.8 246 201 
06-17-91 6.6 270 69 24 7.9 2.1 250 205 
07-08-92 6 . 8 270 70 23 5 . 9 2.1 240 197 
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Table A I.- Major ions, nutrients, field parameters, and other chemical-quality data from wells and springs in Segment I-Continued 

(/-LS/cm, microsiemens per centimeter at 25 deg. C. ; mg/L, milligrams per liter; 
J.lg/L, micrograms per liter; pCi/L, picocuries per liter; < les s than) 

Solids, Solids, 
residue on sum of Nitrate plus 

Sulfate, Chloride, Fluoride, Silica, evaporation, dissolved Nitrite, nitrite, 
Site dissolved dissolved dissolved dissolved dissolved constituents total total 

number Date (mg/L) (mg/L) (mg/L) (mg/L as Si0
2

) (mg/L) (mg/L) (mg/L as N) (mg/L as N) 

AL Ae 36 08-27-91 61 33 0.10 17 386 376 <0.010 <0.050 
07-28-92 58 32 <0.10 17 364 364 <0.010 <0.050 

AL Ai 26 08-27-91 3.2 1.0 0.10 24 104 129 0 . 010 0.079 
07-28-92 2.6 0 .7 0 0.10 23 120 118 <0 . 010 <0.050 

AL Cb 8 07-09-91 13 0.20 0.10 5.9 217 223 <0.010 <0.050 
07-08-92 15 4.3 0.10 6.3 20 6 211 <0.010 0 . 051 

AL Ce 09-26-90 10 0.10 <0 . 10 11 103 114 <0.010 0 . 100 
12-11-90 12 <0. 10 0 . 20 11 122 <0.010 0.100 
03-18-91 11 1.4 <0. 10 10 106 113 0 .0 10 0.140 
06-12-91 11 0.10 <0.0 10 0.110 
07-06-92 10 <0.10 <0.10 11 106 <0.010 0 . 120 

GA Ae 50 06-11-91 22 100 0.10 5.3 485 399 0.150 12 . 0 

GA Ba 06-12-91 5.8 73 0.30 7.4 213 205 <0.010 <0.050 
08-31-92 4.7 52 0 .20 7.2 196 168 <0.010 <0.050 

GA Da 17 06-18-91 14 5.2 <0.10 6.4 62 72 <0 . 010 <0 . 050 
07-07-92 11 4.7 <0.10 6.1 62 76 <0.010 <0.050 

GA Eb 72 08-09-78 6.3 2.5 <0.10 4 .2 32 20 0.420 
09-25-90 10 3.7 <0.10 4 . 5 31 28 <0.010 0.500 
12-11-90 11 3.2 <0.10 4 .6 33 27 <0.010 0 . 400 
03 - 18-91 12 3.1 <0. 10 4. 1 19 27 <0 .0 10 0.440 
06-12-91 11 0 . 10 <0.010 0.490 

07-06-92 11 3 . 7 <0. 10 .6 22 28 <0 .010 0.510 

WA Ab 3 09-27-90 5 . 5 1.9 <0.10 11 33 29 <0 . 010 1.00 
12-12-90 12 3.5 <0.10 7.8 39 34 <0.010 0 . 600 
03-19-91 12 2 . 4 <0.10 6.7 26 31 0 . 010 0.430 
06-17-91 6.2 1.9 <0 . 10 9.8 16 29 <0.010 0.950 
07-28 - 92 10 2.5 <0.10 7 .9 36 33 <0.010 0 . 730 

WA Ad 101 08-26-91 2.7 0.80 <0.10 24 124 128 <0 . 010 <0.050 
07-27-92 17 1.2 <0. 10 22 166 131 <0.010 0 . 130 

WA Ah 63 07-08-91 35 23 0.10 7.1 362 321 <0.010 13.0 
07-27-92 42 38 0 . 10 8 . 5 470 392 <0 . 010 17.0 

WA Ak 99 06-13-91 21 46 0.20 8.4 429 377 <0.010 13.0 
07-27-92 30 48 0.20 8.2 448 390 <0 . 010 14.0 

WA Di 103 10-04-90 32 17 0.40 11 328 301 <0.010 2.10 
12-12-90 27 12 0.50 11 334 294 <0 . 010 12 . 0 
03-19-91 30 12 0.30 10 292 273 0.010 9.60 
06-17-91 27 12 0 . 40 11 308 276 <0 . 010 11 . a 
07-08-92 30 14 0.40 11 292 274 <0 . 010 11. 0 
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(IlS/cm, microsiemens pe r centimeter at 25 deg . C; mg/L, milligrams per liter; 
Ilg/L, micrograms per lit er; pCi/L, picocuries per liter; < less than) 

Ortho-
Am11onia, Phosphorus, phosphate , Aluminum , Aluminum, Boron, Iron, Iron, 

Site tota l total total tota l dissolved total total dissolved 
number Date (mglL as Nl (mglLl (mglL as Pl (l!BlLl (l!glLl (l!glLl (l!glLl (l!glLl 

AL Ae 36 08-27 - 91 0.150 <0.010 0.020 <10 <10 20 770 780 
07-28-92 0 . 180 <0.010 0.020 610 590 

AL Ai 26 08-27 - 91 0.060 0.030 <0.010 400 <10 100 4600 3600 
07-28- 92 0 .080 0.030 <0.010 9300 2900 

AL Cb 8 07-09- 91 0.040 <0.010 <0.010 <10 <10 <10 90 9 
07-08-92 0.030 <0.010 <0.010 170 11 

AL Ce 09-26 - 90 <0.010 0.040 0.050 <10 <10 <10 <3 
12-11-90 0 . 020 0.060 0.070 <10 <3 
03-18-91 0.020 0.080 0.040 10 3 
06-12-91 <0.010 0.070 0.070 <10 <10 <10 <3 
07-06-92 0.010 0.070 0.060 10 <3 

GA Ae 50 06-11-91 <0.010 <0 .0 20 <0.010 < 10 <10 <10 <10 8 

GA Ba 06-12-91 0.030 0.020 <0 . 010 50 <10 20 4200 1300 
08-31 - 92 0 . 080 0.020 0 . 040 3700 2100 

GA Da 17 06-18-91 0.040 0.050 O. 010 490 <10 10 0 21000 5200 
07-07-92 0.040 0.050 <0 .010 16000 8600 

GA Eb 72 08-09-78 <0.010 20 30 
09-25-90 <0.010 <0.010 0.020 70 50 30 <3 
12-11-90 0.020 <0.010 <0.010 <10 <3 
03-18-91 0.020 <0.010 <0.010 10 <3 
06-12-91 <0.010 <0.010 <0.010 60 80 <10 <3 

07-06-92 0 . 010 <0.010 <0.010 <10 <3 

WA Ab 3 09- 27-90 <0.010 <0.010 <0.010 <10 <10 <10 <3 
12-12-90 0.020 <0.010 0.020 <10 5 
03-19-91 0.020 <0.010 <0.010 20 4 
06-17 - 91 <0.010 <0.010 <0.010 <10 <10 3 
07-28-92 0.020 <0.010 0 . 010 40 6 

WA Ad 101 08-26-91 0.020 0 . 020 0.010 90 <10 20 230 <3 
07-27-92 0.010 0 . 020 0.020 80 4 

WA Ah 63 07-08-91 <0.010 0 . 010 0.010 60 <10 90 90 
07 - 27-92 0.010 <0.010 <0.010 60 <3 

WA Ak 99 06-13-91 0.010 0 . 010 <0 . 010 <10 <10 40 <10 <3 
07-27-92 <0.010 <0.010 0.010 20 <3 

WA Di 103 10-04 - 90 0.010 <0.010 <0.010 90 10 90 <3 
12-12-90 0.020 <0.010 <0.010 20 5 
03 -1 9-91 0.020 <0 . 010 <0.010 40 3 
06-17-91 <0.010 <0.010 <0.010 <10 <10 4 
07-08-92 0 . 020 <0. 010 <0 . 010 20 <3 
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Table A I.-Major ions, nutrients, field parameters , and other chemical-quality data from wells and springs in Segment I-Continued 

(~S/cm, microsiemens per centimeter at 25 deg . C; mg/L, milligrams per liter; 
~g/L, micrograms per liter; pCi/L, picocuries per liter; < less than) 

Organic 
Manganese, Manganese , Zinc, carbon, Radon-222, 

Site total dissolved total total total 
number Date ~lHllLl ~~lIlLl ~~lIlLl ~mlllL as Cl ~~ilLl 

AL Ae 36 08-27-91 1000 1100 310 0 . 7 
07-28-92 940 1000 0 .6 250 

AL Ai 26 08-27-91 1300 1300 30 0 . 2 
07-28-92 1300 1200 0.5 390 

AL Cb 8 07 - 09-91 <10 10 100 0 . 2 
07-08-92 80 8 0 . 2 260 · 

AL Ce 09-26-90 <10 <1 0 . 1 
12- 11-90 <10 2 0 .2 
03-18-91 <10 <1 0 . 1 
06-12- 91 <10 <1 <10 0.3 
07-06 - 92 <10 <1 0 . 3 

GA Ae 50 06-11-91 80 58 <10 0 . 7 

GA Ba 1 06-12-91 890 930 <10 0 . 2 
08-31-92 770 780 0.2 

GA Da 17 06-18-91 520 560 130 0 .7 
07 - 07-92 570 570 0 .4 <80 

GA Eb 72 08-09-78 40 40 
09-25 - 90 40 49 0.7 
12-11-90 40 42 0 .2 
03-18-91 70 62 0 . 3 
06-12-91 40 52 30 0.3 

07-06-92 50 44 0 . 3 

WA Ab 3 09-27-90 <10 <1 0. 6 
12-12-90 <10 2 0 .7 
03-19-91 <10 <1 0.5 
06-17-91 <10 <1 <10 0.3 
07- 28-92 <10 1 0.4 

WA Ad 101 08-26-91 30 13 <10 0 . 1 
07-27-92 <10 1 0.1 460 

WA Ah 63 07-08-91 <10 <1 <10 0.7 
07-27-92 <10 <1 0.6 83 0 

WA Ak 99 06-13-91 <10 <1 <10 0 . 6 
07-27-92 <10 <1 0 .4 940 

WA Di 103 10-04-90 <10 <1 1.3 
12-12-90 <1 0 1 0.6 
03-19-91 <10 <1 
06-17-91 <10 <1 <10 0.6 
07 - 08-92 <10 <1 0.8 490 
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Table A2.-Trace-element and other water-quality data from wells and springs in Segment I 

(Concentrations in micrograms per liter, except as noted; <, less than) 

Site 
number 

Al Ae 36 

Al Ai 26 

Al Cb 8 

Al Co 

GA Ae 50 

GA Ba 

GA Da 17 

GA Eb 72 

lolA Ab 3 

lolA Ad 101 

lolA Ah 63 

lolA Ak 99 

lolA Di 103 

Site 
number 

Al Ae 36 

Al Ai 26 

Al Cb 8 

Al Ce 

GA Ae 50 

GA Ba 1 

GA Oa 17 

GA Eb 72 

lolA Ab 3 

lolA Ad 101 

lolA Ah 63 

lolA Ak 99 

lolA Oi 103 

Date 

08-27-91 

08-27-91 

07-09-91 

06-12-91 

06-11-91 

06-12-91 

06-18-91 

06-12-91 

06-17-91 

08-26-91 

07-08-91 

06-13-91 

06-17-91 

Specific 
conductance 
(microsie
mens per 

centimeter 
at 25 deg . C) 

572 

190 

386 

185 

753 

382 

118 

52 

45 

195 

592 

662 

512 

pH 
(field) 

7 . 2 

6.6 

7.6 

7.6 

7 . 0 

6.7 

6 . 2 

5 . 0 

5.8 

7.5 

7.3 

7.2 

7 .3 

Color, 
(plat
inum
cobalt 
units ) 

3 

4 

5 

2 

<1 

2 

2 

Chro
Cadmium, mium, Cobalt, Copper, 

dis- dis- dis- dis- Iron, 
solved solved solved solved total 

<1. 0 <1 <1 770 

<1. 0 1 2 <1 4600 

<1. 0 <1 90 

<1. 0 <1 2 <1 <10 

1.0 <1 10 <10 

<1. 0 <1 3 <1 4200 

<1. 0 <1 <1 21000 

<1. 0 <1 2 <10 

<1.0 <1 <1 <10 

<1.0 <1 <1 2 230 

<1. 0 <1 <1 <1 90 

<1. 0 <1 <1 1 <10 

<1. 0 <1 1 <10 

Dissolved 
oxygen, 
(milli
grams 
per 

li ter) 

0 . 1 

0.2 

2.6 

8.8 

3.5 

0.1 

9.5 

9.6 

4.8 

6.8 

6 . 6 

Iron, 
dis

solved 

780 

3600 

9 

<3 

8 

1300 

5200 

<3 

<3 

<3 

87 

Alum
inum, 
total 

<10 

400 

<10 

<10 

50 

490 

60 

90 

60 

<10 

Lead, 
dis

solved 

<1 

<1 

<1 

< 1 

2 

2 

<1 

<1 

<1 

<1 

<1 

< 1 

<1 

Alum
inum, 
dis-

solved 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

80 

<10 

<10 

<10 

<10 

<10 

Arsenic, 
dis

solved 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

< 1 

<1 

Lithium, Manga-
dis- nese, 

solved total 

26 1000 

23 1300 

<10 

<10 

9 80 

890 

16 520 

<4 40 

<4 <10 

26 30 

<10 

5 <10 

9 <10 

Barium, 
dis

solved 

300 

140 

160 

17 

110 

340 

120 

61 

33 

100 

42 

48 

40 

Manga
nese, 
dis

solved 

1100 

1300 

10 

<1 

58 

930 

560 

52 

<1 

13 

<1 

<1 

<1 

Beryl
lium, 
dis

solved 

<0.5 

<0 . 5 

<0.5 

<0.5 

<0.5 

<0.5 

0.8 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

Boron, 
total 

20 

100 

<10 

<10 

20 

100 

20 

90 

40 

Mercury, 
dissolved 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0 . 1 

<0.1 



Table A2.-Trace-element and other water-quality data from wells and springs in Segment I-Continued 

(Concentrations in micrograms per liter, except as noted; < less than) 

Site Molybdenum, Nickel, Selenium, Vanadium, Zinc, Zinc, 
number dissolved dissolved dissolved dissolved total dissolved 

AL Ae 36 <1 <1 <1 < 1 310 360 

AL Ai 26 <1 <1 <1 30 33 

AL Cb 8 <1 <1 <1 <1 100 94 

Al Ce <1 2 < 1 <1 <10 <3 

GA Ae 50 3 <1 <1 <10 

GA Ba <1 5 <1 <1 <10 9 

GA Da 17 <1 6 <1 <1 130 74 

GA Eb 72 <1 <1 <1 30 24 

WA Ab 3 <1 2 <1 <1 <10 <3 

WA Ad 101 <1 <1 <1 < 1 <10 17 

WA Ah 63 <1 <1 <1 <1 <10 6 

WA Ak 99 <1 <1 <1 <1 < 10 

WA Di 103 <1 1 <1 <1 <10 <3 
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Table A3 .-Schedule 1304 analyses from wells and springs in Segment I 

Site 
number 

AL Ae 36 

AL Ce 

GA Ae 50 

GA Eb 72 

WA Ab 3 

WA Ah 63 

WA Ak 99 

WA Oi 103 

Date 

07-28 -92 

06 -12 -91 

06-11-91 

06-12-91 

06-17 -91 

07 - 27 -92 

06-13-91 

06 -17-91 

(Concentrati ons are t otal amo unts, in micrograms per lite r) 

2.4 -0 2 , 4 -OP 2,4,5 -T Silvex Sevin Picloram Oicamba 

<0 .01 <0 . 0 1 <0 . 01 <0.01 

<0 .01 <0 . 01 <0 . 01 <0 .01 

<0 . 01 <0 . 01 <0 . 0 1 <0.01 

<0 .01 <0 .01 <0 . 01 <0.01 

<0 . 01 <0 .01 <0 .01 <0.01 

<0 .01 <0.01 <0 .0 1 <0 .0 1 

<0.01 <0 . 01 <0 . 01 <0 . 0 1 

<0 . 01 <0 . 01 <0 . 01 <0 . 01 

Table A4 .- Schedule 1331 analyses from we ll s and springs in Segment I 

Site 
number 

AL Ae 36 

AL Ai 26 

AL Ce 

WA Ad 101 

WA Ah 63 

WA Di 103 

Site 
number 

AL Ae 36 

AL Ai 26 

AL Ce 

WA Ad 101 

WA Ah 63 

WA Di 103 

Site 
number 

AL Ae 36 

AL Ai 26 

AL Ce 

WA Ad 101 

WA Ah 63 

WA Oi 103 

(All concentrations are dissolved amounts, in micrograms per liter) 

Date 

08-27-91 

08-27-91 

07-06-92 

08-26-91 

07-27-92 

07-08-92 

Endosulfan 

<0.01 

<0.01 

<0 .01 

<0 .01 

<0.01 

<0.01 

Methyl 
parathion 

< 0 .0 1 

<0 . 01 

<0.01 

< 0 .0 1 

<0 . 01 

<0 . 01 

PeB PeN Aldrin 

<0.1 <0.10 <0 . 01 

<0.1 <0.10 <0.01 

<0.1 <0.10 <0.01 

<0 . 1 < 0 . 10 <0 . 01 

<0 . 1 <0 . 10 <0.01 

<0.1 <0.10 <0.01 

Endrin Ethi on 

<0.01 <0 . 01 

<0.01 <0.01 

< 0 .01 <0.01 

<0.01 <0 .01 

<0.01 <0.01 

<0 . 01 <0.01 

Methyl 
trithion Mi r ex 

<0.01 <0.01 

<0 . 01 <0.01 

<0 . 01 <0.01 

< 0 . 01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

Chlordane DOD DOE DDT Oiazinon Dieldrin 

<0.1 <0.01 <0.01 <0.01 <0.01 <0.01 

<0.1 < 0 . 01 <0.01 <0 . 01 <0 . 01 <0.01 

<0.1 <0.01 <0 . 01 <0 . 01 <0.01 <0 . 01 

<0 . 1 <0 . 01 <0 . 01 <0.01 <0.01 <0 . 01 

<0 . 1 <0.01 <0 . 01 <0 . 01 <0 . 01 <0.01 

<0.1 <0 . 01 <0.01 <0 . 01 <0 . 01 <0.01 

Heptachlor 
Heptachlor e pox ide Lindane Malathion Methoxychlor 

<0 .0 1 <0.01 <0.01 <0.01 <0.01 

<0 . 01 <0.01 <0.01 <0.01 <0 . 01 

<0.01 <0. 01 <0. 01 <0 . 01 <0 . 01 

<0.01 <0.01 <0.01 <0. 01 <0 . 01 

<0.01 <0. 01 <0. 01 <0.01 <0.01 

<0.01 < 0 . 01 <0.0 1 <0. 01 <0.01 

Parathion Perthane Toxa phene Trithion 

<0 .0 1 <0. 10 <1. 0 <0.01 

<0 . 0 1 <0.10 <1. 0 <0.0 1 

<0 . 01 <0. 10 <1.0 <0.01 

<0. 01 <0. 10 <1.0 <0.01 

<0.0 1 <0. 10 <1.0 <0 . 01 

<0.0 1 <0 . 10 <1.0 <0.01 
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Table AS.-Schedule 1389 analyses from well s and springs in Segment I 

Site 
number 

AL Ae 36 

AL Ce 4 

GA Ae 50 

GA Eb 72 

WA All 3 

WA Ah 63 

WA Ak 99 

WA Di 103 

Date 

07-28-92 

06-12-91 

06-11-91 

06-12-91 

06-17-9l 

07-27-92 

06-13-91 

06-17-91 

(All concentrations are total amounts, in micrograms per liter) 

A1achlor Ametryn Atrazine Cyanazine Bromacil Butachlor 

<0.10 

<0.20 

<0.20 

<0 . 20 

<0.20 

<0.10 

<0 . 20 

<0.20 

<0.10 

<0 . 10 

<0.10 

<0 . 10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0 . 10 

3.5 

1.2 

1.0 

De-isopropyl 

<0.20 <0.20 <0.10 

<0.20 <0 . 20 <0 . 10 

<0.20 <0.20 <0 . 10 

<0 . 20 <0 . 20 <0.10 

<0 . 20 <0 . 20 <0.10 

<0 . 20 <0 . 20 <0.10 

<0.20 <0.20 <0.10 

<0.20 <0 . 20 <0 . 10 

Butylate Carboxin 

<0.10 <0.20 

<0.10 <0.20 

<0 . 10 <0.20 

<0 . 10 <0.20 

<0.10 <0 . 20 

<0.10 <0 . 20 

<0.10 <0 . 20 

<0 . 10 <0 . 20 

Site 
number Cycloate 

De-ethyl 
atrazine atrazine Oiphenamid Hexazinone Metolachlor Metribuzin Prometon 

AL Ae 36 

AL Ce 4 

GA Ae 50 

GA Eb 72 

WA Ab 3 

WA Ah 63 

WA Ak 99 

WA Oi 103 

Site 
number 

AL Ae 36 

AL Ce 

GA Ae 50 

GA Eb 72 

WA Ab 3 

WA Ah 63 

WA Ak 99 

WA Oi 103 

<0.10 

<0 . 10 

<0.10 

<0 . 10 

<0.10 

<0.10 

<0.10 

<0.10 

Prometryn 

<0.10 

<0 . 10 

<0.10 

<0 . 10 

<0.10 

<0.10 

<0 . 10 

<0 . 10 

<0.20 

<0.20 

<0.20 

<0 . 20 

<0 . 20 

0 . 90 

1.8 

0.80 

Propazine 

<0.10 

<0.10 

<0 . 10 

<0.10 

<0.10 

0.10 

<0.10 

<0.10 

<0.20 

<0 . 20 

<0 . 20 

<0.20 

<0 . 20 

<0 . 20 

0.50 

0 . 40 

Propachlor 

<0.10 

<0 . 10 

<0 . 10 

<0 . 10 

<0.10 

<0.10 

<0.10 

<0.10 

<0 . 10 <0 . 20 <0.20 <0.10 <0.20 

<0 . 10 <0 . 20 <0 . 20 <0 . 10 <0.20 

<0.10 <0.20 <0.20 <0.10 <0.20 

<0.10 <0.20 <0.20 <0 . 10 <0 . 20 

<0 . 10 <0 . 20 <0 . 20 <0.10 <0.20 

<0.10 <0.20 5.6 <0.10 0.30 

<0.10 <0.20 <0.20 <0.10 <0 . 20 

<0.10 <0 . 20 <0.20 <0.10 <0.20 

Simazine Simetryne Terbacil Trifluralin Verno late 

<0 . 10 <0.10 <0 . 20 <0.10 <0.10 

<0.10 <0 . 10 <0.20 <0.10 <0.10 

<0.10 <0.10 <0.20 <0 . 10 <0 . 10 

<0 . 10 <0.10 <0.20 <0.10 <0 . 10 

<0.10 <0.10 <0.20 <0 . 10 <0.10 

0 . 10 <0.10 <0.20 <0.10 <0.10 

0.10 <0.10 <0.20 <0.10 <0 . 10 

<0 . 10 <0 . 10 <0.20 <0 . 10 <0.10 
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Table A6.- Schedule 1390 analyses from wells and springs in Segment I 

Site 
number 

Al Ae 36 

Al Ce 4 

GA Ae 50 

GA Ba 1 

GA Eb 72 

WA Ab 3 

WA Ak 99 

WA Di 103 

Site 
number 

Al Ae 36 

Al Ce 

GA Ae 50 

GA Ba 

GA Eb 72 

WA Ab 3 

WA Ak 99 

WA Di 103 

Site 
number 

Al Ae 36 

Al Ce 

GA Ae 50 

Date 

07-28-92 

06-12-91 

06 - 11 - 91 

08-31-92 

06-12-91 

06-17-91 

06-13-91 

06-17-91 
07 - 08-92 

Carbon 
tetra

chloride 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

Dibromo
methane 

<3.0 

GA Ba <3.0 

GA Eb 72 

WA Ab 3 

WA Ak 99 

WA Di 103 
<3.0 

(Concentrations are tota l amounts, in micrograms per l iter; < less than) 

Acrolein 

<20 

<2 0 

<20 

Acrylo
nitrile 

<20 

<20 

<20 

Benzene 

<3.0 

<3 .0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

Bromo 
benzene 

<3.0 

<3.0 

<3.0 

Bromoform 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3 . 0 

<3.0 
<3.0 

n-Butyl 
benzene 

<3.0 

<3.0 

<3.0 

sec -Butyl 
benzene 

<3 .0 

<3.0 

<3. 0 

tert-Butyl 
benzene 

<3.0 

<3.0 

<3.0 

Chloro
benzene 

Chloro 
dibromo
methane 

2 Chloro 
ethyl

Ch l oro- viny l- Chloro - o - Ch l oro - p - Chloro
toluene 

Dibromo
chloro 
propane 

1,2-
Dibromo

ethane ethane ether form toluene 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 
<3 . 0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

1,2- 1,3 1, 4 
Dich l oro- Dich l oro- Dichloro-
benzene benzene benzene 

<3.0 

<3. 0 

<3 .0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 
<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

7.4 
4.5 

Dichloro
bromo 

methane 

91 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

~3 . 0 

<3.0 

<3.0 
<3 . 0 

<3.0 

<3.0 

<3.0 

Dichloro
difluoro 
methane 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3 . 0 

<3.0 

1,1-
Dichloro

ethane 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

<3 . 0 

<3.0 

<3.0 

1,2 
Dichloro

ethane 

<3.0 

<3 .0 

<3.0 

<3. 0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3.0 

1,2 trans
Dichloro

ethene 

<3 . 0 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3 . 0 
<3.0 



Table A6.-Schedule 1390 analyses from wells and springs in Segment I- Continued 

Site 
number 

AL Ae 36 

AL Ce 

GA Ae 50 

GA Ba 1 

GA Eb 72 

lolA Ab 3 

lolA Ak 99 

lolA Di 103 

Site 
number 

AL Ae 36 

AL Ce 

GA Ae 50 

GA Ba 

GA Eb 72 

lolA Ab 3 

lolA Ak 99 

lolA Di 103 

Site 
number 

AL Ae 36 

AL Ce 

GA Ae 50 

GA Ba 

GA Eb 72 

lolA Ab 3 

lolA Ak 99 

lolA Di 103 

cis -1, 2-
Dichloro

ethene 

<3.0 

<3.0 

<3.0 

Ethyl
benzene 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3.0 

Styrene 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3 . 0 

(Concentrations are total amounts, in micrograms per liter; < less than) 

1,1- 1 ,2- 1,3- 2,2- 1 1- 1,3- cis- 1,3-
Dichloro- Dichloro- Dichioro- Dichloro- Dichloro-Dichloro- Dichloro

ethylene propane propane propane propene propene propene 

<3.0 

<3.0 

<3.0 

<3. 0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

Hexa
chloro

butadiene 

<3.0 

<3.0 

<3.0 

1,1,2,2-
Tetra

chloro
ethane 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 .0 
<3 . 0 

<3 . 0 <3.0 

<3 . 0 

<3.0 

<3.0 <3.0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 
<3.0 <3.0 

p-Iso
Isopropyl- propyl 
benzene toluene 

<3.0 

<3.0 

<3.0 

1,1,1,2-
Tetr a
chloro
ethane 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Tetra
chloro

ethylene 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

Methyl 
bromide 

<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3.0 <3.0 

<3.0 <3.0 

<3 . 0 <3 . 0 

<3.0 <3.0 

<3.0 <3.0 

<3.0 <3.0 

<3 . 0 <3.0 

<3.0 <3.0 
<3.0 <3.0 

Methyl- Methylene Naphth-
chloride chloride alene 

<3.0 <3.0 <3.0 

<3.0 <3.0 

<3. 0 <3.0 

<3.0 <3.0 <3.0 

<3.0 <3.0 

<3.0 <3.0 

<3.0 <3.0 

<3.0 <3.0 <3.0 
<3.0 <3.0 <3.0 

1,2,3- 1,2,4-
Trichloro- Trichloro-

Toluene benzene benzene 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 
<3.0 
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<3 . 0 <3.0 

<3.0 <3.0 

<3.0 <3.0 

<3.0 

1,1,1-
Trichloro

ethan e 

<3.0 

<3.0 

<3 . 0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 

<3.0 
<3.0 

trans-1 3-
Dichlor~
propene 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3 . 0 

n-Propyl
benzene 

<3 . 0 

<3.0 

<3.0 

1,1,2-
Trichloro 

ethane 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3.0 



Table A6 .-Schedule 1390 analyses from well s and springs in Segment I-Continued 

(Concentrations ara total amounts, in micrograms per liter; < lass than) 

1,2,3- 1,2,4- 1,3,5-
Site Trichloro- Trichloro- Tr1chloro- Trimethyl- Trimethyl- Vinyl 

nwnber ethylene fluoromethane propane benzene benzene chloride Xylene 

AI. Ae 36 <3 . 0 <3 . 0 <3.0 <3.0 <3.0 <1.0 <3.0 

AI. Ce 4 <3 . 0 <3.0 <1.0 <3 . 0 

GA Ae 50 <3.0 <3.0 <1. 0 <3.0 

GA Ba 1 <3.0 <3.0 <3 .0 <3 . 0 <3.0 <1.0 <3.0 

GA Eb 72 <3.0 <3 . 0 <1.0 <3 . 0 

WA Ab 3 <3.0 <3.0 <1.0 <3.0 

WA Ak 99 <3.0 <3.0 <1.0 <3 . 0 

WA D1 103 <3.0 <3.0 <1. 0 <3.0 
<3.0 <3.0 <3.0 <3.0 <3.0 <1.0 <3.0 
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Table A 7.-Major ions, nutri ents, fie ld parameters, and other chemical-quality data from wells and springs in Segment II 

(~S/cm, microaiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
~g/L, micrograms per liter; pCi /L , picocuries per liter; < less than) 

Specific Temper- Temper- Color, 
Water level conduct- ature, ature, (platinum-

Site Site Record (feet below Discharge ance air water cobalt 
number t:a!e number Date Time land surface) (gallmin) (!!Slcm) I1H (deg. C) (deg. C) units) 

BA Dc 444 Well 98900015 10-26-88 1408 44.25 8.6 280 8.0 10.0 12.0 
98900571 04-13-89 1504 43.13 6.0 267 7.5 15 . 0 13.0 
98900917 06-14-89 1550 36.56 8.1 266 7.4 20.5 12.0 
99000018 10-12-89 1305 39.41 7 . 5 259 7.7 17.5 12 . 0 
99000858 06-20-90 1146 37.62 8.8 261 7.9 24.5 12.5 

99100829 06-19-91 1407 38.36 7.7 261 7.9 20.0 12.5 
99200555 05-27-92 1400 41. 91 7.2 279 7.9 17.5 12.5 <1 

CE Cc 40 Spring 98103150 08-13-81 1330 190 5.4 13: 0 
98900387 02-21-89 1145 4.8 291 5.3 9.0 11.0 
99000573 05-07-90 1015 5 . 0 306 5.5 15.0 12.0 
991 00 610 05-20 -91 1038 4.6 322 5.4 17.5 11 . 5 
99200549 05-21-92 1450 3.8 351 5.3 27.0 11.5 

CL Ae Well 97501303 08-12-75 1430 
99200552 05-26-92 1515 1.4 109 5.3 9.5 13.0 <1 

CL Bf 184 Well 98800766 09-22-88 1355 2.26 1.7 181 6.5 21. 0 11. 5 
98900403 02-28-89 1335 0.90 15 198 6.8 2.0 11. 5 
98900919 06-19-89 1336 0.22 8.2 193 6.2 28.0 12.5 
98901190 09-20-89 1300 1.15 11 194 6.4 21. 0 11.5 
99000843 06-19-90 1240 0.37 34 181 6.7 24.5 12.0 

99100614 05-22-91 1145 0.30 48 194 6.4 29.0 12 . 0 
99200521 05-13-92 1155 1. 32 10 206 6.4 24.0 12.0 

FR Af 27 Well 98900706 05-03-89 1415 1. 35 12 497 7.3 16.0 14.0 
99000514 04-16-90 1537 0.99 17 496 7.5 16.0 13.5 
99100435 04-17-91 1522 0.56 1.3 450 7.7 24 . 5 13 . 0 5 
99200515 05-11-92 1455 1. 15 6.3 517 7 . 8 22 . 5 14.0 

FR Cd 38 Spring 98203520 05-11-82 1300 6.7 12.0 
98900536 03 - 03-89 1120 17 21 5 . 5 5.5 10.5 
99000512 04-16-90 1750 25 5 . 1 19.0 11.5 
99100433 04-16-91 1130 25 5.2 21. 5 11. 0 2 
99200516 05-11-92 1645 26 5 . 3 23.0 11.5 <1 

FR Dd 178 Spring 98103143 08-21-81 1345 510 7.2 15.0 
98900404 02-28-89 1635 300 585 6.9 1.5 12.0 
98900705 05-04-89 1150 587 7.1 18.0 13 . 0 
98900918 06-16-89 1340 578 7.2 20 . 0 13.0 
98901220 09-27-89 1300 119 545 6.7 15.0 13 . 5 

99000510 04 -1 7-90 1040 601 7.4 13.5 13 . 0 
99100436 04-17-91 1105 180 560 7.3 13 . 0 1 
99200517 05-12-92 1050 314 620 7.3 19.0 13.0 5 

FR Df 35 Well 98800767 09-28-88 1350 60.32 · 8.6 122 6 . 8 27 . 5 13.0 
98900466 03-28-89 1215 58 . 83 5 . 5 128 6 . 6 24.0 15 . 0 
99000001 10-02-89 1355 61. 22 7.5 123 6.6 21.0 12 . 5 
99000666 05-22-90 1536 57 . 29 4.3 133 6.9 15.5 12.5 
99100914 07-10-91 1630 58.29 3.8 123 6.7 22 . 0 13.0 

99200519 05-12-92 1815 59 . 37 5 . 3 146 6.6 22.0 12.5 
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(IlS/cm, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per li ter; 
Ilg/L, micrograms per liter; pCi /L, picocuries per liter; < l ess than) 

Hardness, Magne- Bicar- Alka-
Dissolved total Calcium , siurn, Sodium, Potassium, bonate, linity, 

Site oxygen (mg/L as dissolved dissolved dissolved dissolved tota l total 
number Date (mg/L) CaC03 ) (mg/L) (mg/L) (mg/L) (mg/L) (mg/ L ) (mg/L as CaC0

3 
) 

BA Dc 444 10-26-88 8.0 140 30 15 1.6 1.4 172 141 
04 - 13-89 5 . 9 140 31 14 1.6 1.5 168 138 
06-14-89 1.5 140 31 14 1.6 1.5 168 138 
10-12-89 140 32 14 1.7 1.5 167 137 
06- 20-90 140 32 15 1.6 1.5 166 137 

06-1 9-91 1. 4 150 34 15 1.8 1.5 176 144 
05-27-92 1.3 140 32 14 1.6 1.5 160 131 

CE Cc 40 08-13-81 46 9. 6 5.4 8.6 0 . 60 
02 -21- 89 79 16 9.4 17 1.0 16 13 
05 - 07-90 82 17 9.5 20 0.80 10 8 
05-20-91 86 18 10 25 1.0 12 10 
05-21-92 8.4 90 18 11 22 0. 90 10 9 

CL Ae 08 -12-75 16 3.0 2.0 1.8 0.40 
05 -2 6-92 8.3 28 5.3 3 . 6 7.2 0.80 6 5 

CL Bf 184 09- 22 - 88 6.1 77 22 5.3 4.0 0.60 38 31 
02-28-89 7 1 21 4.5 3.7 0.60 43 35 
06 -1 9- 89 6.5 78 23 4 . 9 3.9 0.50 42 35 
09-20 - 89 77 23 4.8 3.9 0 . 50 41 34 
06 -1 9-90 84 25 5 . 3 3.9 0.50 43 35 

05 -22-91 6 . 0 83 25 4.9 4 . 1 0.60 43 36 
05- 13 - 92 6.8 86 26 5.1 3.5 0.50 36 30 

FR Af 27 05- 03-89 1.6 220 55 20 2 1 0.40 220 180 
04-16-90 220 55 20 19 0.30 217 1 78 
04 -17- 91 1.8 220 57 19 21 0.30 21 7 178 
05 -11- 92 7.4 230 59 19 19 0.40 210 1 72 

FR Cd 38 05 -11- 82 4 0.58 0.62 0 . 90 0.80 
03-03-89 5 0.78 0.65 1.1 1.2 5 4 
04-16 - 90 5 0.83 0.77 1.3 1.3 3 3 
04-16-91 8.2 5 0.80 0.81 1 . 4 1.4 7 6 
05 -11- 92 5 0.75 0.83 1.2 1.4 6 5 

FR Dd 178 08-21-81 230 78 9.1 10 1.7 
02-28-89 250 83 11 18 2.1 247 203 
05-04-89 250 81 11 20 2.1 242 198 
06 -16- 89 260 85 11 19 2.0 242 198 
09-27-89 240 81 10 17 2.1 239 196 

04-17-90 280 91 12 21 1.9 243 19 9 
04 -1 7-91 6.3 260 85 11 22 1. 9 243 19 9 
05-12- 92 6.2 270 90 11 20 2 . 1 237 19 4 

FR Df 35 09-28- 88 8.7 67 16 6 .5 1.7 0.90 80 65 
03-28-89 9.7 63 15 6.1 1.7 0.6 0 78 64 
10-02- 89 61 15 5.8 1.7 0.50 76 62 
05-22- 90 63 15 6.3 1.9 0 .50 82 67 
07-10-91 9.7 74 61 

05-12-92 9.4 73 18 6 . 7 1.6 0.40 82 67 
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Table A 7.-Major ions, nutrients, field parameters, and other chemical-quality data from wells and springs in Segment II-Continued 

(I'S/cm, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
I'g/L, micrograms per liter; pCi/L, picocuries per liter; < less than) 

Solids, Solids, 
residue on sum of 

Sulfate, Chloride, Fluoride, Silica, evaporation, dissolved Nitrite, Nitrite, 
Site dissolved dissolved dissolved dissolved dissolved constituents total dissolved 

number Date (mg/L) (mg/L) (mg/L) (mg/L as S10
2

) (mg/L) (mg/L) (mg/L as N) (mg/L as N) 

BA Dc 444 10-26-88 2.2 3.6 0.10 8.9 147 
04-13-89 1.6 3.2 0.10 8.8 144 
06-14 - 89 2.0 3.3 0 . 10 9.2 145 
10-12- 89 <1.0 3.3 0.10 9.1 
06- 20-90 1.3 4.8 0.20 9.1 147 

06-19 - 91 1.3 4.0 <0.10 9.0 150 153 <0.010 
05-27-92 2.2 4.6 <0.10 9.0 138 144 <0.010 

CE Cc 40 08-13-81 0.60 37 <0.10 22 134 89 
02-2 1-89 2.3 91 0.10 20 165 
05-07-90 1.0 82 0 . 60 23 159 
05-20-91 0.70 80 0.20 21 220 162 <0.010 
05 - 21-92 0.40 92 <0. 10 22 250 171 <0.010 

CL Ae 1 08-12 - 75 0.50 2.0 0.10 5.4 19 
05-26-92 0.90 22 <0.10 5.6 64 49 <0.010 

CL Bf 184 09-22-88 3 . 4 11 <0.10 9.6 75 
02 - 28 - 89 4.1 10 0.10 9 . 2 74 
06-19-89 4.0 11 <0 . 10 9 . 9 78 
09- 20-89 4.0 10 <0.10 9.9 76 
06-19-90 21 16 <0.10 10 103 

05-22-91 4.0 11 <0.10 9.9 137 81 <0.0 10 
05-13-92 3.9 12 <0.10 10 135 79 <0.010 

FR Af 27 05-03-89 73 7.0 0.20 27 312 
04-16 - 90 63 8.2 <0.10 27 310 299 
04-17-91 66 8.8 0.10 25 331 304 <0 .010 
05-11-92 74 8.8 0.20 27 316 311 <0.010 

FR Cd 38 05-11-82 3.0 1.3 <0.10 6.3 16 17 
03-03-89 2.4 1.0 0.10 6.3 16 
04-16- 90 2.7 2.2 <0.10 6.6 9 17 
04-16-91 16 12 0.10 6.2 32 42 <0.010 
05-11-92 2.2 1.8 <0.10 6 . 6 <1 18 <0.010 

FR Dd 178 08-21-81 16 25 <0.10 8.7 290 257 
02-28 - 89 21 39 0 . 10 9 . 2 305 
05-04-89 20 42 0.10 8.8 304 
06-16-89 21 41 0.10 9.1 307 
09-27-89 20 36 0.10 9.2 293 

04-17-90 28 50 <0.10 9.6 349 333 
04 -1 7-9 1 20 45 <0 . 10 8.5 332 313 <0 . 010 
05-12-92 23 50 0.20 9.2 338 322 <0.010 

FR Df 35 09-28-88 0.50 1.5 <0. 10 10 76 
03-28-89 0.20 1.4 0.10 11 74 
10-02-89 <1.0 1.5 0.10 11 
05-22-90 <1.0 2.9 <0.10 11 
07-10 - 91 2.4 

05-12-92 0.40 2.7 <0.10 11 88 81 <0.010 
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(IlS/cm, microsiemens per centimeter at 25 deg . C; mg/L, milligrams per liter; 
Ilg/L, micrograms per liter; pCi/L, picocuries per liter; < less than) 

Ni trate plus Nitrate plus Ortho-
nitrite, nitrite , Anmonia, Anmonia, Phosphorus, Phosphorus , phosphate, 

Site total dissolved total dissolved total dissolved total 
number Date (mglL as N) (mg/L as N) (mg/L as N) (mg/l. as N) (IIl8/L) (IIl8/Lj (mg/L as P) 

BA Dc 444 10-26-88 0 . 300 0.010 
04-13-89 0 . 300 <0 . 010 
06-14-89 0.300 <0.010 
10-12-89 0.300 <0.010 
06-20-90 0 . 300 <0.010 

06-19-91 0 . 290 <0.010 <0 . 010 <0 . 010 
05-27-92 0.290 <0 . 010 0 . 010 <0.010 

CE Cc 40 08-13-81 
02-21-89 1. 00 <0.010 
05-07-90 1. 00 <0.010 
05-20-91 1. 00 0.010 <0 . 010 <0.010 
05-21-92 0 . 720 0 . 020 0.010 0 . 020 

CL Ae 08-12-75 1. 40 0.010 
05-26-92 2.20 <0.010 0.030 <0 . 010 

CL Bf 184 09-22-88 7 . 00 <0 . 010 
02-28-89 9 . 10 0 . 020 
06-19-89 8 . 90 0 . 010 
09-20-89 8.70 0.02 0 
06-19-90 9 . 90 0.030 

05-22-91 10 . 0 <0.01 0 0 . 020 0.01 0 
05-13 - 92 10 . 0 0.040 0.020 0.020 

FR Af 27 05-03-89 1. 70 <0.010 
04-16 - 90 1. 90 <0.010 
04-17-91 1. 90 <0 . 010 0.020 <0.010 
05-11-92 1. 90 0. 020 <0.010 <0 . 010 

FR Cd 38 05-11-82 
03-03-89 0 . 300 <0 . 010 
04-16-90 0 . 400 <0.010 
04-16-91 0 . 390 <0 . 0 10 <0.01 0 <0. 0 10 
05-11-92 0 . 410 0.0 30 <0.01 0 0.010 

FR Dd 178 08-21-81 
02-28-89 5.60 0.0 20 
05-04-89 5 . 10 0 . 020 
06 - 16-89 5.30 0.030 
09-27-89 5 . 30 0.020 

04-17-90 5 . 30 0 . 030 
04-17-91 5 . 30 <0.010 0 . 020 0.010 
05-12-92 5 . 60 0 . 040 0 . 01 0 0.020 

FR Df 35 09-28-88 0 . 400 0.150 
03-28-89 0.300 0.010 
10-02-89 0.400 0 . 14 0 
05-22-90 0.400 0 . 090 
07-10-91 0 . 400 0 . 100 

05-12-92 0 . 380 0.040 0 . 11 0 0.11 0 
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Table A 7.-Major ions, nutrients, fi e ld parameters, and other chemical-quality data from wells and springs in Segment II-Continued 

(~S/cm , microsiemens per centimeter at 25 deg. C; mg/L , milligrams per liter; 
~g/L, micrograms per liter; pCi/L, picocuries per liter; < less than) 

Ortho-
phosphate, Aluminum, Aluminum, Boron, Iron , Iron , Manganese, Manganese, 

Site dissolved total dissolved total total dissolved total dissolved 
numbe!; Date (mlllL as P) (1!IIlL) (1!I!lL) (1!I!lL) (1!I!lL) (1!IIlL) (1!lIl L l (1!IIlL) 

BA Dc 444 10-26-88 20 <10 820 13 <10 1 
04-13-89 120 30 640 12 <10 <1 
06-14-89 <10 <10 240 12 <10 3 
10-12- 89 <10 <10 180 6 <10 <1 
06-20-90 <10 <10 290 15 <10 <1 

06-19-91 <10 3100 8 <10 3 
05-27-92 490 4 <10 <1 

CE Cc 40 08-13-81 <100 <100 220 <10 <10 2 
02-21-89 30 20 50 20 10 8 
05-07-90 <10 <10 50 9 <10 7 
05-20-91 10 <10 34 <10 6 
05-21-92 40 20 10 40 

CL Ae 1 08-12-75 50 <10 
05-26-92 20 20 <10 120 30 40 5 

CL Sf 184 09-22- 88 <10 20 5800 86 20 4 
02-28-89 40 <10 90 34 <10 4 
06 - 19-89 140 <10 510 30 <10 7 
09-20-89 <10 <10 320 19 10 3 
06-19-90 <10 <10 760 18 10 5 

05-22-91 <10 710 34 <10 5 
05-13-92 1400 19 20 4 

FR Af 27 05-03-89 70 230 1000 11 <10 <1 
04-16-90 40 150 12000 14 40 8 
04-17-91 <10 5400 8 40 2 
05 - 11- 92 140 27 10 <1 

FR Cd 38 05 - 11-82 <100 <100 180 15 20 2 
03-03-89 30 <10 <10 <3 <10 3 
04-16-90 <10 <10 <10 6 <10 6 
04-16-91 <10 20 3 <10 7 
05- 11-92 <10 <3 <10 6 

FR Dd 178 08 - 21-81 200 100 140 10 10 <10 
02-28-89 <10 <10 <10 1000 13 10 1 
05- 04-89 10 130 20 <3 <10 <1 
06-16-89 20 <10 <10 60 5 10 1 
09-27-89 <10 <10 <10 80 4 40 <1 

04-17-90 <10 <10 50 12 <10 <1 
04 - 17 - 91 70 <3 <10 <1 
05-12 - 92 30 3 10 <1 

FR Of 35 09-28 - 88 150 <10 400 14 140 3 
03-28-89 10 <10 110 26 <10 3 
10-02- 89 90 <10 360 12 80 3 
05 - 22 - 90 <10 <10 <10 20 10 110 <1 
07- 10-91 

05- 12-92 220 6 70 <1 
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(p.S/cm, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
p.g/L, micrograms per liter; pCi/L, picocuries per liter; < less than) 

Organic 
Zinc, Carbon, Radon-222, 

Site total total total 
number Date (ug/L) (mg/L as C) (pCi/L) 

BA Dc 444 10-26-88 <10 4.0 
04-13-89 10 0.3 
06-14-89 ",:,10 0.3 
10-12-89 10 0.4 
06-20-90 0.1 

06-19-91 0.3 
05-27-92 0.5 

CE Cc 40 08-13-81 20 
02-21-89 20 0.9 
05-07-90 <0.1 
05-20-91 <0.1 
05-21-92 0.2 

CL Ae 08-12-75 
05-26-92 30 0.2 7000 

CL Bf 184 09-22-88 20 3 . 1 
02-28-89 <10 3 . 3 
06-19-89 10 0.5 
09-20-89 <10 0.3 
06-19-90 <0.1 

05-22-91 0.3 
05 -13-92 <0.1 

FR Af 27 05-03-89 <10 0.4 
04-16-90 <10 0.1 1300 
04-17-91 0.4 
05-11-92 0 . 2 

FR Cd 38 05-11-82 40 
03-03-89 <10 
04-16-90 <10 0.4 
04-16-91 0.7 1600 
05-11-92 0.9 

FR Dd 178 08-21-81 10 
02-28-89 10 0.5 
05-04-89 <10 0.5 
06-16-89 <10 0.4 
09-27 - 89 <10 0.4 

04 - 17-90 <10 <0.1 260 
04-17-91 0.8 
05-12-92 0.3 

FR Of 35 09-28-88 20 3.5 
03-28-89 30 0 . 3 
10-02-89 20 0.4 
05 - 22-90 0.3 320 
07-10-91 0.2 

05 -12-92 0.3 
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Table A 7.-Major ions, nutrients, field parameters, and other chemical-quality data from wells and springs in Segment II-Continued 

(p.S/cm, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
p.g/L, micrograms per liter ; pCi/L , picocuries per liter; < less than) 

Specific Temper- Temper- Color, 
Water level conduct- ature, ature, (platinum-

Site Site Record (feet below Discharge ance air water cobalt 
number tYEe number Date Time land surface) (gal/min) (!!S/cm) EH (deg. G) (deg. G) units) 

FR Fb 12 Spring 98103065 08-21-81 1130 385 6.5 15.0 
98303112 06-16-83 0945 4.0 335 6 . 9 28.0 12.5 
98900654 04-27-89 1015 4.0 358 6 . 6 21.0 12.5 
99000509 04-17-90 1330 7.0 346 6.4 8.0 12.0 
99100434 04-16-91 1435 11 334 6.5 25.0 12.5 

99200518 05-12-92 1305 7.5 358 6.3 22.0 12 . 5 5 

HA Aa 9 Spring 98900385 02-16-89 1500 10 140 5.5 5.0 10 . 5 
99000523 04-24-90 1115 12 153 5.5 21. 5 11.0 
99100437 04 -18-91 1120 15 162 5.4 13.0 11.0 
99200600 06-15-92 0900 8.0 157 5 . 2 21. 5 11.5 <1 

HA Bc 31 Spring 98902105 02-16-89 1300 4.0 27 5.7 6.5 10 . 5 
99001670 04-24-90 1400 4.0 27 5.6 23.5 11.5 
99101467 04-18-91 1415 10 26 5 . 6 15.0 11.0 
99200857 06-15-92 1045 32 5 . 6 23.5 11.0 < 1 

HA Ca 23 Well 97400797 07-03-74 1210 0 
98800765 09-21-88 1145 6 . 64 0 . 8 119 6 . 2 24.0 12.0 
98900608 04-20-89 1200 5.84 10 117 6.2 16.5 12.5 
98900916 06-14-89 1130 4.02 8.5 112 6 . 3 19.0 12.5 
98901191 09-21-89 1230 5.74 8.9 114 6 . 0 27.5 13.0 

99000859 06-20-90 1538 5.26 0.8 117 6.0 13.0 
99100615 05-22-91 1555 6.60 1. 0 114 6 .1 31. 0 13.0 
99200597 06-15-92 1330 7 . 80 9.2 129 6.2 27.0 13.5 <1 

HO Cd 78 Well 98800219 03-17-88 1230 8.24 0.5 83 5.6 7.5 10 . 0 
98800473 06 - 09-88 1125 7.99 1.0 84 5 . 5 13.0 10.0 
98800740 09-14-88 1135 9.49 1.0 74 5 . 4 21.0 13.0 
98900230 12-22-88 0910 9.84 1.0 81 4.6 12.5 
98900525 04-05-89 1400 8.38 1.5 93 7.2 13.0 9 . 5 

98901044 06-29-89 1510 7.33 1.2 92 4 . 9 20.5 11. 5 
99101101 09-10-91 1310 9.74 0.9 94 5 . 4 23.0 14 .5 <1 
99200605 06-23-92 1500 9.32 0.9 98 5 . 4 23 . 0 12 . 0 <1 

MO Be 62 Well 99300395 06- 21-93 1030 34.43 6 . 6 83 5.3 25.5 13 .9 3 

MO Db 68 Well 97800998 07-13-78 1300 15.27 150 235 7.6 14 . 0 
98900014 10-11-88 160 3 18.40 1.7 224 7 . 6 15 . 5 12 .5 
98900465 03-27-89 1600 12.43 6.0 223 7.4 21. 0 13 .0 
98900957 06-26-89 1.355 13.85 7 . 8 224 7 . 1 31.0 13 .5 
98901189 09-19-89 1440 17.54 8.3 266 7 . 5 16 . 5 13.0 

99000678 05-23 - 90 1600 13.23 8.0 231 7 . 6 20.0 13.5 
99100564 05-15-91 1418 15 . 31 10 227 7.7 27.0 13.5 
99200584 06-08-92 1210 17 . 12 7 . 5 245 7 . 6 28 . 5 13.5 
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(~S/cm, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
~g/L, micrograms per liter; pCi/L, picocuries per liter; <, leas than) 

Hardness, Magne- Bicar- Alh-
Dissolved total Calc ium, siwn, Sodium, Potassium, bonate, linity, 

Site oxygen (mg/L as dissolved dissolved dissolved dissolved total totel 
number Date (mg/L) CaC03 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L as CaC03 ) 

FR Fb 12 08-21-81 130 33 11 15 1 . 4 
06-16-83 120 31 11 14 1.2 
04-27-89 130 31 12 17 1.4 52 43 
04-17-90 120 30 11 15 1.3 41 34 
04-16-91 120 30 11 18 1.2 38 32 

05-12-92 10.0 120 30 10 16 1.3 40 33 

HA Aa 9 02-16-89 48 8 .3 6 . 5 5 . 3 1.4 10 8 
04-24-90 49 8.7 6 . 7 5 . 5 1.6 5 4 
04-18-91 9.5 55 9 . 5 7.6 5.9 1.7 7 6 
06-15-92 9.4 49 8.4 6 . 9 5.1 1.2 5 5 

HA Bc 31 02-16-89 8 1.4 1.1 2.2 0.50 21 17 
04-24-90 5.6 8 1.4 1.0 2.1 0.60 10 9 
04-18-91 6.7 8 1.5 1.1 2.2 0.50 9 8 
06-15-92 8.1 9 1.7 1.1 2 . 2 0.40 9 7 

HA Ca 23 07-03- 74 25 4 . 9 3.0 6.3 1.8 
09-21-88 7.1 36 7.4 4.3 6.5 1.9 23 19 
04-20-89 6.9 35 7 . 3 4.1 6.6 2.1 22 18 
06-14-89 7.2 32 6.7 3 . 7 6.3 2 . 0 20 16 
09-21-89 33 6.9 3 . 8 6.5 1.9 21 17 

06-20-90 35 7 . 6 4.0 6 . 6 2.0 21 17 
05-22-91 7 .4 35 7 .4 3 . 9 7.1 2.1 20 16 
06-15-92 9.2 37 7 . 8 4.2 7 . 2 2.1 22 18 

HO Cd 78 03-17-88 9.2 23 4.1 3.2 3 . 5 1.6 
06-09-88 9.4 25 4.4 3 . 5 3 . 3 1.5 
09-14-88 10.9 24 4.2 3.4 3 . 5 2.1 
12-22-88 8.7 24 4.3 3.1 3 . 4 1.4 9 7 
04-05-89 7 . 7 28 4.9 3.9 3.5 1.5 9 7 

06-29-89 8.6 27 4.7 3.8 3.4 1.6 10 8 
09-10-91 8.8 31 5 . 4 4.2 3.7 1.8 12 10 
06-23-92 7.7 30 5.1 4.2 3.7 1.6 8 7 

f'1J Be 62 06-21-93 26 3.0 4.4 3.2 1.3 6 5 

f'1J Db 68 07-13-78 110 34 6.8 6.3 0.60 
10-11-88 2.7 110 33 7.4 5.8 0.40 139 114 
03-27-89 6.2 100 31 6 . 4 5.4 0.50 141 115 
06-26-89 7 .2 110 33 6.9 6.0 0.40 136 113 
09-19-89 110 33 6.7 5.8 0.40 141 116 

05-23-90 110 34 7 . 0 5.9 0.40 140 115 
05-15-91 6 . 6 140 115 
06-08 -92 6.6 110 35 6.6 6.1 0.40 144 118 
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Table A 7.-Major ions, nutrients, fi eld parameters, and other chemical-quality data from wells and springs in Segment II-Continued 

(~S/cm, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
~g/L , micrograms per liter ; pCi/L, picocuries per liter; <, les s than) 

Solids, So lids , 
residue on sum o f 

Sulfate , Chloride , Fluoride, Silic a , evaporation, dissolved Nitrite, Nitrite, 
Site dissolved diss olved dis s olved dissolved dis s olved constituents total dissolved 

number Date (mg/L) (mg/L) (mg/L) (mg/L as S10
2

) (mg/L) (mg/L) (mg/L as N) (mg/L as N) 

FR Fb 12 08-21-81 39 32 <0 . 10 21 250 180 
06-16-83 55 30 0 .10 23 230 220 
04-27-89 47 40 0 . 10 20 194 
04-17 - 90 39 42 <0 . 10 2 5 238 18 4 
04-16-91 38 41 <0 . 10 20 212 178 <0 . 010 

05-12-92 45 43 <0 . 10 21 226 186 <0 . 010 

HA Aa 9 02-16-89 3 . 0 10 0 . 10 9 . 7 49 
04 - 24-90 2 . 5 12 <0.10 11 109 50 
04-18-91 3.6 13 0 . 20 9 . 1 102 54 <0.010 
06- 15-92 2 . 5 18 <0.10 9.2 114 54 <0 . 0 10 

HA Bc 31 02-16-89 0 . 40 2 . 4 0.10 10 28 
04-24-90 <1.0 3.2 <0 . 10 10 16 
04-18-91 0 . 40 2.5 <0.10 9. 2 17 22 <0 . 010 
06-15-92 0 . 30 3 . 0 <0 . 10 9 . 7 16 23 <0 . 010 

HA Ca 23 07-03-74 0 . 20 4 .2 0 . 20 22 73 
09-21-88 1.1 7 . 3 0 . 10 2 1 61 
04-20-89 <1.0 6 . 5 0 . 10 22 
06-14-89 <1.0 6 . 5 0.10 22 
09- 21-89 <1. 0 6 . 8 0 . 10 22 

06-20-90 1.1 9 . 6 0 .20 22 63 
05-22-91 1.4 7 . 5 <0 . 10 23 8 1 62 <0.010 
06-15-92 1.2 7.7 <0 . 10 21 102 62 <0.010 

HO Cd 78 03-17-88 4 . 0 8 . 1 0 . 10 12 54 <0 . 010 
06 - 09-88 3.9 8 . 7 0.30 13 56 <0 . 010 
09 - 14-88 3 . 6 8 . 4 <0 . 10 13 55 <0 . 010 
12-22-88 3 . 4 8 . 5 <0 . 10 13 55 <0.010 
04-05-89 4.0 8 . 9 0 . 10 12 57 <0.010 

06-29-89 4 . 0 8.8 0 . 10 12 59 0 . 01 0 
09- 10-91 5 . 5 13 <0 . 10 13 48 52 <0 . 010 
06- 23-92 5 . 0 12 <0 . 10 12 66 47 <0 . 010 

MJ Be 62 06- 21 - 93 2 . 9 7 . 9 <0 . 10 6. 7 44 45 <0.010 

MJ Db 68 07-13-78 2.3 3 . 3 <0.10 21 164 14 8 
10-11-88 0 . 90 2 . 3 <0 . 10 22 140 
03-27-89 1.0 2 . 3 0 . 10 20 136 
06-26-89 <1.0 2 . 4 0 . 10 23 
09-19-89 <1.0 2 . 5 0 . 10 22 

05-23-90 <1.0 3 . 7 <0 . 10 22 
05-15-91 
06-08-92 1.8 2 . 5 <0 . 10 22 156 14 5 <0 . 010 
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(jlS/em, micros,iemens per centimeter at 25 deg. C; mg / L, milligrams per 11 ter; 
jlg/L, micrograms per liter; pCi /L, picocuries par 11 tar; < less than) 

Nitrate plus Nitrate plus Ortho-
nitrite , nitrite, Amnonia, Amnonia, Phosphorus, Phosphorus, phosphate, 

Site total dissolved total dissolved total dissolved total 
number Date (mg/L as N) (mg/L as N) (mg/L as N) (mg/L as N) (mg/L) (mg/L) (mg/L as P) 

FR Fb 12 08-21-81 
06- 16-83 6.30 0.120 
04~27 - 89 3.90 0.090 
04 - 17-90 4.80 0.080 
04 - 16-91 4.40 <0 . 010 0.090 0.060 

05-12-92 4.90 0.030 0.100 0.100 

HA Aa 9 02 - 16-89 5.80 0.010 
04 - 24-90 11.0 0.010 
04 - 18-91 11.0 <0.010 <0.010 <0.010 
06 - 15- 92 11.0 0.020 0 . 020 0.010 

HA Be 31 02-16-89 0.200 0.020 
04-24-90 0.100 0.030 
04-18 - 91 0.097 <0.010 0 . 020 0 . 020 
06 - 15-92 0.190 0 . 030 0.020 0.020 

HA Ca 23 07 - 03-74 3.80 0.020 
09 - 21 - 88 4.60 <0.010 
04-20 - 89 6 . 70 0.010 
06 - 14-89 5.80 0.020 
09-21 - 89 5 . 30 0.020 

06 - 20-90 6 . 30 0.020 
05-22-91 6 . 60 <0.010 <0.010 <0.010 
06 - 15-92 6 . 40 0.020 0.010 0.010 

HO Cd 78 03 - 17-88 2.90 <0.010 <0.010 
06-09 - 88 3 . 00 <0.010 <0.010 
09-14-88 2.80 <0.010 0.010 
12-22-88 3 . 00 0.010 <0.010 
04-05-89 3.20 <0.010 <0.010 

06-29-89 3.50 0.010 <0.010 
09-10-91 3.30 0 . 020 0.010 <0.010 
06-23-92 3.10 0 . 020 <0.010 <0.010 

M:l Be 62 06- 21-93 2.80 0.030 0 . 080 

M:l Db 68 07 - 13 - 78 0.860 0.050 
10 - 11 - 88 1 . 40 0.060 
03-27-89 1. 00 0.070 
06- 26-89 1. 30 0.070 
09 - 19- 89 1. 20 0.050 

05 - 23 - 90 1. 30 0 . 060 
05 - 15-91 1.40 0 . 060 
06 - 08-92 1. 30 0 . 030 0 . 090 0.060 
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Table A 7.-Major ions, nutri ents, field parameters, and other chemical-quality data from well s and springs in Segment II-Continued 

(!"S/em , microsiemens per centimeter at 25 deg . C; mg/ L, mi lligrams per li ter; 
!"g/L, micrograms per lit er ; pC i / L, picocur i es per li tar; < less than) 

Ortho-
phosphate, Aluminum, Aluminum, Boron, Iron , Iron, Manganese, Manganese, 

Site dissolved total dissolved total total dissolved total dissolved 
number Date (mslL as Pl (!!SlLl (!!SILl (!!BlLl (!!SlLl (!!/lILl (!!BILl (!!/llLl 

FR Fb 12 08-21-81 200 200 160 10 <10 <10 
06-16 - 83 0.120 <100 6 <1 
04-27 - 89 <10 50 <10 4 <10 <1 
04-17 - 90 <10 30 30 5 <10 <1 
04-16-91 40 7 <10 <1 

05-12-92 40 <10 <1 

HA Aa 9 02 - 16-89 20 10 30 3 <10 8 
04-24-90 40 <10 30 <3 10 13 
04-18-91 30 40 3 10 13 
06-15 - 92 40 <3 10 10 

HA Be 31 02-16-89 <10 <10 <10 8 <10 2 
04 - 24 - 90 300 <10 200 16 <10 3 
04-18- 91 110 16 <10 3 
06 - 15- 92 <10 20 5 <10 2 

HA Ca 23 07-03-74 70 20 
09- 21-88 <10 <10 470 210 50 48 
04-20-89 <10 20 170 10 <10 7 
06-14 - 89 <10 <10 50 16 <10 15 
09-21-89 <10 <10 370 6 <10 

06-20-90 30 <10 5700 30 30 18 
05-22-91 <10 2800 23 <10 8 
06-15-92 200 <3 <10 6 

HO Cd 78 03-17-88 <10 3 
06-09-88 10 <3 3 
09-14-88 <0.010 <10 10 5 
12-22-88 <0.010 <10 7 6 
04 - 05-89 <0 . 010 10 5 4 

06-29-89 <0 . 010 20 8 4 
09-10-91 40 10 50 40 4 10 4 
06-23-92 40 <3 <10 3 

MO Be 62 06 - 21- 93 0.060 <10 10 <10 

MO Db 68 07-13-78 200 50 <10 <10 
10-11-88 20 <10 6200 15 70 5 
03-27-89 <10 20 100 12 <10 2 
06-26-89 <10 <10 40 10 <10 
09-19 - 89 10 <10 80 22 <10 <1 

05-23-90 <10 <10 <10 420 5 <10 
05- 15-91 
06-08-92 570 <3 <10 <1 
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("S/cm, microsiemens per centimeter at 25 deg . e; mg/L, milligrams per liter; 
"gIL, micrograms per liter; pCi/L, picocuries per liter; < less than) 

Organic 
Zinc, carbon, Radon-222, 

Site total total total 
number Date (!!SlLl (mslL as C) (!&ilLl 

FR Fb 12 08-21-81 10 
06-16-83 
04 - 27-89 30 1.3 
04-17-90 <10 0.9 
04-16-91 1.0 

05-12-92 1.2 

HA Aa 9 02-16-89 20 0.1 
04-24-90 20 2800 
04-18-91 0.4 
06-15-92 0 . 5 

HA Bc 31 02-16-89 <10 0 . 2 
04 - 24-90 <10 0 . 2 
04-18-91 0.8 
06- 15-92 0 . 4 

HA Ca 23 07-03-74 
09-21-88 20 0.9 
04-20-89 20 0.8 
06-14-89 <10 0.7 
09-21-89 10 0.2 

06-20-90 <0.1 2700 
05-22-91 <0.1 
06-15-92 0 . 1 

HO Cd 78 03-17-88 <0.1 
06-09-88 <0.1 
09-14-88 3.3 
12-22-88 <0.1 
04-05-89 

06- 29-89 0 . 4 
09-10-91 <10 0.2 
06-23-92 <0 . 1 700 

I-K) Be 62 06-21-93 <0 . 1 3600 

I-K) Db 68 07-13-78 
10-11-88 <10 2.9 
03-2]-89 <10 0.3 
06-26-89 <10 0.6 
09-19-89 10 0.3 

05-23-90 0.3 850 
05-15-91 
06-08-92 0.1 
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Table A8.-Trace-element and other water-quality data from wells and springs in Segment II 

(Concentrations in micrograms per liter, except as noted; <, less than) 

Dissolved 
Specific Color, oxygen 

conductance (plat- (milli - Alum- Beryl-
microseimens inum- grams Alum- inum, Arsenic, Barium, lium, 

Site per centimeter pH cobalt per inurn, dis- dis- dis- d1s- Boron, 
number Date at 25 deg . C) (field) units ) liter) total s olved solved solved solved total 

BA Dc 444 06-19-91 261 7.9 1.4 <10 <1 28 0 .7 

CE Cc 40 08-13-81 190 5.4 <100 <100 
05-20-91 322 5 .4 10 <1 65 0.7 

CL Ae 1 05-26-92 109 5.3 <1 8.3 20 20 <1 13 <0.5 <10 

CL Bf 184 05-22-91 194 6 . 4 1 6 . 0 <10 <1 <0.5 

FR Af 27 04-17-91 450 7.7 5 1.8 <10 76 <0.5 

FR Cd 38 05-11-82 6.7 <100 <100 
04-16-91 25 5 .2 2 8.2 <10 <1 24 <0.5 

FR Dd 178 08-21-81 510 7.2 200 100 
02-28-89 585 6.9 <10 <10 <1 54 <0.5 <10 
05-04-89 587 7.1 10 <1 53 <0.5 130 
06-16-89 578 7.2 20 <10 <1 52 <0.5 <10 
09-27-89 545 6 . 7 <10 <10 <1 52 <0 . 5 <10 

FR Df 35 05-22-90 133 6 . 9 <10 <10 <1 47 <0 . 5 <10 

FR Fb 12 08-21-81 385 6 . 5 200 200 
06-16-83 335 6 . 9 <100 
04-27-89 358 6 . 6 <10 <1 29 <0 . 5 50 

HA Aa 9 04-18-91 162 5 . 4 9 . 5 30 <1 40 <0.5 

HA Bc 31 06-15-92 32 5.6 <1 8.1 <10 <1 <2 0 . 7 

HA Ca 23 05-22-91 114 6.1 1 7.4 <10 <1 9 <0.5 

HO Cd 78 09-10-91 94 5 .4 <1 8.8 40 10 <1 57 <0.5 50 

MJ Be 62 06-21-93 83 5.3 3 <10 <1 13 <0 .5 

MO Db 68 05-23-90 231 7 .6 <10 <10 <1 120 <0.5 <10 
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(Concen trations in micrograms per liter, except a s noted; < l ess than) 

Chro- Manga-
Cadmium, mium , Cobalt, Copper, I ron, Lead , Lithium, Manga- nese, 

Site dis - dis - dis - dis - Iron, dis - Lead, dis - di s- n e se, dis-
number Date solved solved solved solved total solved tota l so l ved solved total solved 

BA Dc 444 06 -19- 91 < l. 0 <1 <1 3 100 8 2 <4 < 10 

CE Cc 40 08 - 13- 81 220 <10 7 <10 2 
05-20 - 91 <l.0 <1 2 3 <10 34 1 2 <4 <10 6 

CL Ae 05-26- 92 <l.0 <1 <1 10 120 30 2 <4 40 5 

CL Bf 184 05 - 22 - 91 <l.0 <1 <1 <1 710 34 <1 <4 <10 5 

FR Af 2 7 04 - 17 - 9 1 <l.0 <1 <1 5400 8 1 34 40 2 

FR Cd 38 05- 11- 82 180 15 20 2 
04- 16- 91 <1 .0 <1 1 20 3 <4 <10 7 

FR Dd 178 08 - 21 - 81 140 10 10 <10 
02- 28 - 89 <1.0 <1 <1 3 1000 13 <5 10 1 
05-04 - 89 3 . 0 2 1 14 20 <3 < 1 <4 <10 <1 
06-16 - 89 <1. 0 2 1 1 60 5 < 1 5 10 1 
09 - 27 - 89 <1. 0 1 <1 13 80 4 <1 6 40 <1 

FR Df 35 05 - 22 - 90 <1. 0 <1 <1 20 10 <1 <4 110 <1 

FR Fb 12 08- 21 - 81 160 10 8 <10 <10 
06-16 - 83 6 <1 
04 - 2 7- 89 <1.0 <1 <1 <10 4 <5 <4 < 10 <1 

HA Aa 9 04- 18- 9 1 <1.0 2 40 <1 <4 10 13 

HA Be 3 1 06 -1 5- 92 <1. 0 <1 <1 2 20 5 <1 <4 < 10 2 

HA Ca 23 05-22-9 1 < 1. 0 <1 <1 2800 23 <4 < 10 8 

HO Cd 78 09- 10 - 91 <1.0 <1 <1 40 < 1 <4 10 

MO Be 62 06 - 2 1- 93 < l.0 <1 < 1 17 10 5 <4 < 10 

MO Db 68 05-23 - 90 <1.0 <1 <1 <1 420 5 <1 7 <10 

107 



Table A8.-Trace-element and other water-quality data from wells and springs in Segment II-Continued 

(C oncentrations in micrograms per liter, except as noted; < les s t han) 

Site Mercury, Molybdenum, Nicke l, Selenium, Vanadium, Zinc, Zinc, 
number Date dissolved dissolved dis so lved dissolved dissolved total dissolved 

BA Dc 444 06-19 - 91 <0 . 1 2 < 1 <1 <3 

CE Cc 40 08-13-81 20 
05-20-91 <0.1 < 1 8 <1 <1 16 

CL Ae 05-26-92 0.1 < 1 < 1 <1 30 28 

CL Bf 184 05-22-91 <0 .1 <1 2 <1 <1 3 

FR Af 27 04-17-91 <0.1 6 <1 <3 

FR Cd 38 05-11-82 40 
04-16-91 <0.1 <1 <1 <1 7 

FR Dd 178 08-21-81 10 
02-28-89 0 . 3 4 < 1 <1 <1 10 <3 
05-04-89 <0.1 1 2 <1 <1 <10 5 
06-16-89 <0 . 1 <1 2 <1 <1 <10 4 
09-27-89 <0.1 <1 2 <1 <1 <10 7 

FR Df 35 05-22-90 0 . 1 <1 2 <3 1 13 

FR Fb 12 08-21-81 10 
06-16-83 
04-27-89 <0.1 <1 2 <1 <1 30 12 

HA As 9 04-18-91 <0.1 <1 <1 <1 20 

HA Bc 31 06-15-92 <0 . 1 <1 <1 <1 <1 8 

HA Ca 23 05-22-91 <0.1 2 <1 <1 

HO Cd 78 09-10-91 <0.1 <1 <1 <1 <10 6 

MO Be 62 06-21-93 <0.1 <1 5 <1 <1 23 

MO Db 68 05-23 - 90 0.1 <1 <1 <1 2 6 
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Table A9.-Schedule 1304 analyses from wells and springs in Segment II 

(Concentrations are total amounts, in micrograms per liter) 

Site 
number Date 2 ,4-D 2 ,4 - DP 2,4,5- T Silvex Sevin Picloram Dicamba 

CE Cc 40 

CL Bf 184 

FR Dd 17 8 

FR Df 35 

HA Aa 9 

HA Ca 23 

HO Cd 78 

MO Db 68 

05- 07-90 

05- 22 - 91 

04-1 7-9 1 

05-22 - 90 

04 - 24-90 
04 -18-9 1 

05-22-91 

08-23 - 88 

05-23-90 

<0 . 01 

<0.01 

<0.01 

<0 . 0 1 

0.11 
<0 . 0 1 

<0 .0 1 

<0.01 

<0 .01 

<0.01 

<0 . 01 

<0.01 

<0.01 

0.01 
<0.01 

<0 . 01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0 . 01 

<0 . 01 
<0.01 

<0.0 1 

<0.01 

<0 . 01 

<0 . 01 

<0.0 1 

<0.01 

<0 . 01 

<0 .01 
<0.01 

<0 .01 

<0 . 0 1 

<0 .01 

Table A I O.-Schedule 133 1 analyses from well s and springs in Segment II 

<0.5 

(All concentrations are disso l ved amoun ts , in micrograms pe r liter) 

Site 
nwnber 

CE Cc 40 

CL Bf 18 4 

FR Dd 178 

FR Df 35 

HA Aa 9 

MO Db 68 

Site 
nwnber 

CE Cc 40 

CL Bf 184 

FR Dd 178 

FR Df 35 

HA Aa 9 

MO Db 68 

Site 
nwnber 

CE Cc 40 

CL Bf 18 4 

FR Dd 178 

FR Df 35 

HA Aa 9 

MO Db 68 

Date 

05-07-90 

06 -1 9- 90 

04-17-90 

05 -22-90 

06-15 - 92 

05 -23-90 

Endosulfan 

<0 . 01 

<0.01 

<0.01 

<0.01 

<0 .01 

<0.01 

Methy l 
parathi on 

<0 . 01 

<0 . 01 

<0 . 01 

<0.01 

<0 . 01 

<0.01 

PCB PCN Aldrin Chlordane DDD DDE 

<0.1 <0. 10 

<0.1 <0 .10 

<0.1 <0 . 10 

<0.1 <0.10 

<0. 1 <0. 10 

<0 . 1 <0.10 

Endrin 

<0 . 01 

<0 . 0 1 

<0.01 

<0.01 

<0.01 

<0.01 

Methyl 
tr ithion 

<0.0 1 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

Ethi on 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0 . 01 

<0 .01 <0. 1 <0.0 1 <0 .01 

<0.01 <0. <0 .01 <0.01 

<0 .0 1 <0. <0.0 1 <0.0 1 

<0.01 <0. 1 <0.0 1 <0.01 

<0.0 1 <0. <0 .01 <0. 01 

<0 . 01 <0. <0.01 <0 . 0 1 

Heptachlor 
Heptachlor epoxide Lindane 

<0. 01 <0.0 1 <0.0 1 

<0.0 1 <0 . 01 <0.0 1 

<0.0 1 <0. 01 <0. 01 

<0.0 1 <0. 01 <0 .01 

<0 .01 <0 .01 <0.01 

<0.0 1 <0 . 0 1 <0.0 1 

Mirex Parathion Perthane 

<0.0 1 <0.0 1 <0.10 

<0.01 <0.01 <0.10 

<0.0 1 <0.0 1 <0 .1 0 

<0.01 <0 . 01 <0.10 

<0 .01 <0 .01 <0. 10 

<0.0 1 <0 . 01 <0. 10 
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DDT Di azinon Dieldrin 

<0 .01 <0.01 <0.0 1 

<0.0 1 <0.01 <0.0 1 

<0 .01 <0.01 <0 . 0 1 

<0.01 <0.01 <0.0 1 

<0 .01 <0.0 1 <0.01 

<0 . 01 <0.01 <0.01 

Malathion Methoxychlor 

<0.01 <0.0 1 

<0.01 <0.01 

<0.01 <0.0 1 

<0.01 <0.01 

<0.0 1 <0 . 01 

<0.01 <0.01 

Toxaphene Trithi on 

<l. 0 <0.01 

<l.0 <0.01 

<l.0 <0.01 

<l. a <0.01 

<l.0 <0 . 0 1 

< l. a <0.01 



Tabl e A I I .- Schedule 1389 analyses from well s and springs in Segment II 

(All concentrations are total amounts, in micrograms per liter) 

Site 
nlllllber Date Alachlor Ametan Atrazine Cxanazine Bromacil Butachlor Butxlate Carboxin 

CE Cc 40 02-21-89 <0 . 10 <0.10 <0.10 <0 . 10 

CL Bf 184 09-22-88 <0.10 <0.10 0.10 <0.10 
02-28- 89 <0.10 <0.10 0 . 10 <0.10 
06-19-89 <0 . 10 <0.10 0.20 <0.10 
09-20-89 <0.10 <0.10 0.10 <0.10 
06-19- 90 <0.10 <0.10 0.10 <0 . 10 

FR Af 27 05-03 - 89 <0.10 <0 . 10 <0.10 <0 . 10 

FR Dd 178 04-17-90 <0.10 <0.10 <0.10 <0.10 

FR Of 35 05-22-90 <0.10 <0.10 <0.10 <0.10 

HA Aa 9 04-24-90 <0.10 <0.10 <0 . 10 <0.10 

HA Ca 23 09-21-88 <0 . 10 <0.10 <0.10 <0 . 10 
04-20-89 <0.10 <0.10 <0.10 <0 . 10 
06-14-89 <0.10 <0 . 10 0.10 <0.10 

HO Cd 78 08 - 23-88 <0.10 <0.10 <0.10 0.10 

M:l Db 68 05-23 - 90 <0.10 <0 . 10 <0.10 <0.10 

Site De-ethyl De-isopropyl 
nlllllber Cxcloate atrazine atrazine DiQhenamid Hexazinone Metolachlor Metribuzin Prometon 

CE Cc 40 <0.10 <0.10 <0 . 10 

CL Bf 184 <0 . 10 <0 . 10 <0.10 
<0.10 <0.10 <0.10 
<0.10 <0.10 <0.10 
<0 . 10 <0.10 <0 . 10 
<0.10 <0.10 <0 . 10 

FR Af 27 <0.10 <0.10 <0 . 10 

FR Dd 178 <0 . 10 <0 . 10 <0 . 10 

FR Of 35 <0 . 10 <0 . 10 <0.10 

HA Aa 9 <0.10 <0.10 <0.10 

HA Ca 23 <0.10 <0.10 <0.10 
<0.10 <0 . 10 <0 . 10 
<0 . 10 <0 . 10 <0 . 10 

HO Cd 78 0.30 <0.10 <0.10 

M:l Db 68 <0.10 <0.10 <0 . 10 

Site 
number Prometry!! ProEazine Pro12achlor Simazine Simetrme Terbacil Trifluralin Verno late 

CE Cc 40 <0.10 <0.10 <0.10 <0 . 10 <0.10 

CL Bf 184 <0.10 <0.10 <0.10 <0 . 10 <0 . 10 
<0 . 10 <0 . 10 <0.10 <0 . 10 <0 . 10 
<0.10 <0 . 10 <0 . 10 <0.10 <0.10 
<0.10 <0.10 <0 . 10 <0.10 <0.10 
<0 . 10 <0.10 <0.10 <0.10 <0.10 

FR Af 27 <0.10 <0 . 10 <0 . 10 <0.10 <0 . 10 

FR Dd 178 <0 . 10 <0.10 <0.10 <0.10 <0.10 

FR Of 35 <0.10 <0.10 <0.10 <0.10 <0 . 10 

HA Aa 9 <0.10 <0.10 <0 . 10 <0.10 <0.10 

HA Ca 23 <0 . 10 <0.10 <0.10 <0.10 <0 . 10 
<0.10 <0 . 10 <0 . 10 <0.10 <0 . 10 
<0.10 <0 . 10 <0.10 <0.10 <0.10 

HO Cd 78 <0 . 10 <0.10 <0.10 <0 . 10 <0.10 

M:l Db 68 <0.10 <0 . 10 <0.10 <0.10 <0 . 10 
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Table A 12.-Schedule 1390 analyses from wells and springs in Segment II 

(Concentrations are total amounts, in micrograms per liter; <, less than) 

Site 
Pumb!f 

CE Cc 40 

CL Bt 184 

FR Af 27 

FR Dd 178 

FR Df 35 

FR Fb 12 

SA Ca 23 

HJ Db 68 

Site 
number 

CE Cc 40 

CL Bf 184 

FR Af 27 

FR Dd 178 

FR Df 35 

FR Fb 12 

HA Ca 23 

I1::l Db 68 

Site 
number 

CE Cc 40 

CL Bf 184 

FR Af 27 

FR Dd 178 

FR Df 35 

FR Fb 12 

HA Ca 23 

I1::l Db 68 

Date 

0.5-21-92 

05-13-92 

05-11-92 

02-28-89 
05-04-89 
06-16-89 
09-27-89 
04-17-90 

05-22-90 

04 - 27 - 89 

05-22-91 

05-23-90 

Carbon 
tetra

chloride 

<3 . 0 

<3.0 

<3.0 

<3 . 0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Dibromo
methane 

<3.0 

<3.0 

<3.0 

Acrolein 

<20 

<20 

<20 

Acrylo
nitrile 

<20 

<20 

<20 

Benzene 
Bromo
benunll 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

2-Chloro
ethyl-

Bromoform 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Chloro
benzene 

Chloro
dibromo
methane 

Chloro- vinyl- Chloro- o-Chloro-
ethane ether form toluene 

<3.0 

<3.0 

<3.0 

<3 .0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3.0 
<3.0 
<3 . 0 
<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

1,2- 1,3- 1,4-

<3.0 

<3 . 0 

<3.0 

<3 . 0 
<3.0 
<3 . 0 
<3.0 
<3.0 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

Dichloro- Dichloro- Dichloro-
benzene benzene benzene 

<3 . 0 

<3.0 

<3.0 

<3 . 0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 
<3 . 0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3 .0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3 . 0 
<3.0 
<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Dich1oro
bromo

methane 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3 . .0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
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<3.0 

<3.0 

<3.0 

Dichloro 
difluoro
methane 

<3.0 

<3.0 

<3.0 

16 
11 
16 
6.4 
8.9 

<3.0 

<3 . 0 

<3.0 

<3.0 

n-Butyl 
benzene 

sec-Butyl 
benzene 

<3 . 0 

<3.0 

<3 . 0 

p-Chloro
toluene 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Dibromo
chloro
propane 

<3.0 

<3.0 

<3.0 

tert - Butyl 
benzene 

<3.0 

<3.0 

<3.0 

l,2-Dibromo
ethane 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3 . 0 
<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

1,1- 1,2- l,2 - trans-
Dichloro- Dichloro- Dichloro-

ethane ethane ethene 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3 . 0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 



Table A 12.-Schedule 1390 analyses from wells and springs in Segment II- Continued 

Site 
number 

CE Cc 40 

CL Bi 184 

FR Ai 27 

FR Dd 178 

FR Di 35 

FR Fb 12 

HA Ca 23 

MO Db 68 

Site 
number 

CE Cc 40 

CL Bi 184 

FR Ai 27 

FR Dd 178 

FR Df 35 

FR Fb 12 

HA Ca 23 

MO Db 68 

Site 
number 

CE Cc 40 

CL Bf 184 

FR Ai 27 

FR Dd 178 

FR Df 35 

FR Fb 12 

HA Ca 23 

MO Db 68 

cis-1,2-
Dichloro

ethene 

<3.0 

<3.0 

<3.0 

Ethyl
benzene 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3.0 
<3.0 
<3 . 0 
<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

Styrene 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3 . 0 
<3 . 0 

<3.0 

<3 . 0 

<3 . 0 

<3 . 0 

(Concentrations are total amounts, in micrograms per liter; <, less than) 

1,1- 1,2~ 

Dichloro- Dichloro
ethylene propane 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3.0 
<3 . 0 
<3.0 
<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

Hexa
chloro

butadiene 

<3.0 

<3 . 0 

<3.0 

1,1,2,2-
Tetra

chloro
ethane 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3.0 
<3.0 
<3 . 0 
<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Isopropyl
benzene 

<3.0 

<3.0 

<3.0 

1,1,1,2 
Tetra
chloro
ethane 

<3. 0 

<3.0 

<3.0 

1 3- 2,2- 1 1- 1,3- cis - 1, 3-
Dichloro- Dichloro- Dichioro- Dichloro- Dichloro- 5~~~~~;~: -
propane propane propene propene propene propene 

<3.0 

<3.0 

<3.0 

p-Is opropyl 
toluene 

<3 .0 

<3 .0 

<3.0 

<3.0 

<3.0 

<3.0 

Methyl
bromide 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3 . 0 
<3.0 
<3.0 
<3.0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

Methyl
chloride 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3. 0 
<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3. 0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3 .0 

<3 . 0 

Methy lene 
chloride 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

1,2,3- 1,2,4- 1,1,1-

Naphth
alene 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3 . 0 

<3.0 
<3.0 
<3 . 0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

n-Propyl
benzene 

<3.0 

<3.0 

Tetra
chloro 

ethy lene 
Trichloro- Trichloro- Trichloro-

1 ,1 ,2-
Trichloro

ethane 

<3 .0 

<3.0 

<3 .0 

<3.0 
<3.0 
<3 . 0 
<3.0 
<3.0 

<3.0 

<3.0 

<3 :0 
<3 .0 

Toluene benzene benzene ethane 

<3. 0 

<3 . 0 

<3 . 0 

<3.0 
<3.0 
<3.0 
<3.0 
<3 . 0 

<3 . 0 

<3.0 

<3 . 0 

<3.0 

112 

<3.0 

<3 .0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 .0 

<3 . 0 

<3.0 
<3.0 
<3.0 
<3.0 
<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3.0 
<3.0 
<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 



(concentrations are total amounts, in micrograms per liter; < less than) 

1,2,3 1,2,4 - 1,3,5 
Site Trichloro- Trichloro - Trichloro- Trimethyl- Trimethyl- Vinyl 

number ethylene fluoromethane propane benzene benzene chloride Xylene 

CE Cc 40 <3.0 <3.0 <3.0 <3 . 0 <3.0 <1.0 <3.0 

CL Bf 184 <3.0 <3.0 <3.0 <3 . 0 <3.0 <1.0 <3.0 

FR Af 27 <3.0 <3.0 <3 .0 <3.0 <3.0 <1.0 <3 .0 

FR Dd 178 <3.0 <3.0 < 1. 0 <3 .0 
<3.0 <3 . 0 <1.0 <3.0 
<3.0 <3.0 <1.0 <3.0 
<3.0 <3.0 <1.0 <3.0 
<3 . 0 <3.0 <1.0 <3 . 0 

FR Df 35 <3 . 0 <3 . 0 <1.0 <3.0 

FR Fb 12 <3.0 <3 . 0 <1.0 <3.0 

HA Ca 23 <3.0 <3.0 <1. 0 <3.0 

MO Db 68 <3.0 <3.0 <1.0 <3.0 
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Tabl e A 13.-Major ions, nutri ents, field parameters, and other chemical-quality data from well s in Segment III 

(~S/cm, microsiemens per centimeter at 25 deg . C; ms/L, milligrams per liter; 
~g/L, micrograms per liter; pCi/L, picocuries per liter; <, less than) 

Specific Tampar - Temper- Color, 
Water level conduct- ature, 8tur~. (platinum-

Site Record (feet below Discharge ance air water cobalt 
number number Date Time land surface) (sallmin) (!!Slcm) I2H (des· Cl (des· Cl units) 

AA Ad 104 98800075 12-07-87 1245 9.05 1.7 292 6.4 10 . 0 14.0 
98800296 03- 15-88 1220 7 . 80 1.5 321 6.3 2.0 9 . 5 
98800390 05-17-88 1100 7.58 1.4 330 6 . 0 21.0 10.0 
98800606 07-11-88 1325 9.21 1.7 415 6.1 32 . 5 13.0 
99000239 12- 26-89 1145 7.17 1.0 384 5.9 1.0 14 . 5 

99000923 07-19-90 1030 5.53 1.2 630 6.1 30 . 5 15.0 
99100845 06-26-91 1120 6.99 1.0 610 6 .2 24.0 13 . 5 
99200547 05-21-92 1005 9.31 1.0 552 6.2 20.5 12 . 0 5 

AA Cg 25 98800173 02-10-88 1230 16.86 1.5 134 6 . 3 5 . 0 13 . 0 
98800604 07 - 13-88 1310 15 .90 1 .6 111 6 .4 28 . 0 14.0 
98900316 01 - 24-89 1340 16.30 1.4 105 6 . 4 14 . 0 13.5 
99000706 05-24-90 1630 15.64 1.3 133 6.2 22.0 13.5 
99100563 05-14-91 1617 15.64 0.9 132 6.3 14 . 0 

99200529 05-19-92 1050 15 . 88 0.7 139 6 . 3 22.0 14.5 

AA Of 103 98800162 02-11-88 1230 24.57 0.7 260 5 .8 4.0 11 .5 
98800603 07-21-88 1140 24.54 1.4 308 5.6 27.0 14.0 
98900319 01-25-89 1215 25.06 1.5 243 5 . 5 6.0 13.0 
99000704 05-24-90 1130 23.27 1.2 258 5.4 18.0 13.5 
99100562 05-14-91 1230 '23.43 0.8 246 5.4 26.0 14.5 

99200528 05-19-92 1340 24 . 19 0.7 251 5.4 21. 5 14 . 5 <1 

CA Fc 13 98700561 09-01-87 1400 28.72 0.8 610 7.1 27.5 16.0 
98800079 12-09-87 1130 30 . 05 1 .0 501 7.2 17 .5 15 . 5 
98800348 03-15-88 1135 27.87 0.7 688 7.1 1.5 15 . 0 
98800512 06-22-88 1125 27.63 1.0 596 7.1 37.0 14.5 
98900218 12-14-88 1315 30.27 0 . 5 572 6 . 7 15.0 

99000872 07-02-90 0830 24.38 0.9 531 7.1 24.5 16 .5 
99101063 09-09-91 1031 30 . 07 0 .6 561 7.3 26.5 16.0 1 
99200651 06-29-92 1038 29 . 18 5.0 620 7.1 26 . 5 16 . 5 <1 

CH Cb 98800360 05-11-88 1400 87 . 52 6 . 0 290 6.8 21. 0 14 . 0 
99000070 10-18-89 1430 6.0 304 7 .5 21. 0 16.0 
99000930 07-23-90 1500 85 . 34 8.5 293 7.6 34.0 15.5 
99100843 06-25-91 1520 87.00 9.2 293 7.7 26 . 5 15.5 
99200595 06-17-92 1310 82 . 39 6 . 7 315 7.7 24.5 16.0 

CH Ee 16 96200118 12-13- 6 1 1200 121 6 . 5 15.5 30 

98800074 12-08-87 1400 15 . 67 1.8 401 7 . 4 10 . 0 15.0 
98800205 03-09-88 1220 13 . 76 1 .3 295 7.1 16 . 0 12.0 
98800392 05-19-88 1125 14.68 1.0 207 6.3 23.0 13.0 

9 8800668 07-28-88 1125 19.73 1.5 260 6.6 23.0 14 . 0 

99000609 05-09-90 1335 15.34 1.3 260 7 .0 25 . 5 15 . 0 
99100557 05-09-91 1325 18.92 0.6 194 6.6 19 . 5 14 .5 2 

99200648 06-30- 92 0935 0.5 221 6 . 5 25.5 16 . 0 <1 

CH Ee 90 98900830 06-05-89 1645 4.60 269 5 . 8 26 . 0 14.0 

99000603 05-08-90 1359 4.35 l.3 255 5 . 8 28.0 15.5 

99100553 05-08-91 1350 5 . 29 0 .3 232 5.6 27.0 13 .5 45 

99200649 06-29-92 1630 5 . 28 0 . 8 237 5 .6 26 . 0 15.0 <1 

HA Dd 92 98800381 04-07-88 1300 13 .22 6.0 292 6.1 9.0 14.0 2 

98800602 07-19-88 1040 11. 45 1.7 360 6.1 29.5 15.0 

9890024 1 01-17-89 1050 12 . 31 l.5 361 5.9 0 . 5 16 . 0 

99000900 07-10-90 1005 11 . 10 l.2 427 5 .9 32 . 0 15 . 0 

99100611 05-20-91 1409 8 . 87 l.1 420 6 . 0 25 . 5 15 . 0 8 

99200548 05-21-92 1315 10.77 l.0 449 5 . 9 19 . 0 15 . 5 70 

PG Bc 37 99000520 04-23-90 1455 9.82 1.2 1710 5 . 0 18 . 0 11.5 

99100613 05-21-91 1647 10.80 1.0 1710 5.0 26.0 12.5 6 

SM Ef 80 98800206 02-24 -88 1200 17 . 46 l.5 258 5.6 3 . 0 10 . 0 

99000606 05-09-90 0930 14.40 1.2 166 5 . 4 20.5 13.0 

99100555 05-09-91 1004 17.62 0.7 166 5 .6 18. 5 13.0 7 

99200650 06-29 - 92 1335 18.22 0 .7 161 5.2 28.0 15 . 5 <1 
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("S/cm, microsiemens per centimeter at 25 deg. C' mg/L, milligrams per liter; 
"gIL, micrograms per liter; pCi/L, picocuries per liter; <, less than) 

Hardness, Magn .. - Bicar-
Dissolved total Calcium, sium, Sodium, Potassium, bonate, Alkalini ty, 

Site oxygen (mg / L as dissolved dissolved dissolved dissolved total total 
number Date (mg/L) C8C0

3
) (mg / L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L 8S C8C0

3
) 

AA Ad 104 12- 07 - 87 87 28 4.2 25 3.2 93 76 
03 - 15-88 76 23 4.5 28 3.2 82 67 
05-17 - 88 77 23 4.7 30 1.8 69 57 
07-11-88 94 29 5.2 38 3.5 82 67 
12-26-89 89 27 5.3 38 3.0 94 77 

07-19- 90 110 35 6 . 1 82 3.2 121 99 
06-26- 91 0.1 127 104 
05-21-92 0.2 120 35 8.3 50 3.4 121 99 

AA Cg 25 02 - 10-88 31 8.5 2.4 3.6 3.5 68 56 
07-13 - 88 0.2 31 8.4 2.5 3.2 3.1 68 56 
01- 24 - 89 30 8.2 2.3 3.4 3.5 92 75 
05-24 - 90 32 8.7 2.4 3.7 3.2 61 50 
05-14-91 0.1 67 55 

05- 19-92 0.4 30 8.2 2.3 3.3 3.4 68 56 

AA Of 103 02-11 - 88 69 17 6.4 18 4 . 4 23 19 
07-21 - 88 5.1 79 19 7.6 20 3 . 8 25 20 
01-25-89 79 19 7.7 21 4.4 21 17 
05 - 24 - 90 62 15 6.0 21 3.6 21 17 
05- 14 - 91 5.6 56 14 5.2 18 3.3 20 17 

05- 19 - 92 5.2 53 13 5. 0 20 3.3 20 17 

CA Fc 13 09-01- 87 6.6 320 110 10 8.7 6.9 341 280 
12-09- 87 5.9 320 120 5.1 10 3. 1 
03-15-88 4 . 9 360 130 8.2 11 6.5 
06-22- 88 6.1 300 110 6.7 9.7 4.1 
12-14-88 4 . 9 300 110 5.4 9.5 3 . 7 

07 - 02-90 270 94 8.3 8.7 4 . 0 289 237 
09-09-91 6.5 290 110 4.9 10 2.8 310 254 
06-29-92 5.5 300 110 5.5 10 3.2 320 262 

CH Cb 7 05 - 11 - 88 14 2.8 1.7 63 2.7 166 136 
10 - 18 - 89 13 2.7 1.4 63 
07 - 23 - 90 12 2.5 1.5 62 2.8 170 140 
06- 25- 91 0.1 13 2 . 7 1.5 65 2.6 165 135 
06-17-92 0.1 12 2 . 6 1.4 60 3.0 173 142 

CH Ee 16 12-13 - 61 46 16 1.5 3.6 3.1 
12-08-87 170 61 5.2 5 . 7 5 . 0 178 146 
03-09- 88 130 43 4 . 3 5 . 7 3 . 9 106 86 
05 - 19 - 88 82 26 4.1 4.6 2.3 66 54 
07-28 - 88 110 37 5.2 4.5 3.3 113 92 

05- 09-90 110 37 4.0 5.5 3.2 110 90 
05 - 09- 91 6.7 87 28 4.1 4.4 2.8 70 57 
06-30 - 92 7 . 2 100 33 4 . 4 6 . 6 5.0 88 72 

CH Ee 90 06-05 - 89 88 25 6.3 12 5.6 36 29 
05-08 - 90 82 24 5.4 9.7 5.0 39 32 
05-08 - 91 3 . 9 73 21 4.9 12 5 . 2 26 21 
06 - 29-92 3.0 67 19 4 . 8 11 5.9 23 19 

HA Dd 92 04-07-88 0 61 9.8 8. 9 35 l.0 58 
07-19-88 71 12 9. 9 34 1 . 5 67 55 
01-17-89 74 13 10 38 1.1 60 49 
07-10 - 90 84 14 12 46 0.8 59 48 
05-20 - 91 0.2 82 13 12 54 0.7 60 49 

05-21- 92 0 . 2 78 13 11 49 0.8 61 50 

PG Bc 37 04-23 - 90 77 15 9. 5 270 4. 17 13 
05-21 - 91 3 . 2 8 1 16 10 300 5. 10 9 

SM Ef 80 02 - 24 - 88 80 24 4 . 9 4.9 6.6 6 5 
05-09-90 60 19 3.0 l.9 3.2 15 12 
05-09-91 3.7 61 18 4.0 3.1 2.8 8 7 
06-29-92 1.6 61 16 5 . 1 2.4 0 . 9 7 6 
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Table A l3.-Major ions, nutrients , field parameters, and other chemical-quality data from wells in Segment III-Continued 

(IlS/cm, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
Ilg/L, micrograms per liter; pCi /L, picocuries per liter; < less than) 

Solids, Solids, 
residue on sum of 

Sulfate, Chloride, Fluoride, Silica, evaporation, dissolved Nitrite, Nitrite, 
Site dissolved dissolved dissolved dissolved dissolved constituents total dissolved 

number Date (mg/L) (mg/L) (mg/L) (mg/L as Si0
2

) (mg/L) (mg/L) (mg/L as N) (mg/L as N) 

AA Ad 104 12-07-87 19 44 0.20 6.2 187 178 
03-15-88 19 50 0.20 4.9 174 
05-17-88 20 56 0.20 5.0 176 
07 - 11-88 15 81 <0.10 4.8 220 
12-26-89 12 65 0.10 6.0 204 

07-19-90 13 100 <0.10 4.2 305 
06-26-91 130 
05-21-92 6.3 95 <0.10 4.1 304 265 0.020 

AA Cg 25 02-10-88 4.5 6.1 0.60 27 99 105 
07-13-88 3.8 4.6 0.50 2.8 79 
01-24-89 6.9 5.5 0.60 27 118 
05-24-90 3.8 5.1 0 . 30 27 100 
05-14-91 5.0 

05-19-92 4.1 5 . 0 0.70 26 88 102 <0.010 

AA Df 103 02-11-88 11 53 0 . 10 18 162 140 
07-21-88 10 77 0.10 16 166 
01-25-89 9.6 67 0.10 16 155 
05-24-90 9.3 56 <0.10 17 139 
05-14-91 9 . 2 23 <0.10 16 193 99 <0.010 

05-19 - 92 15 49 <0.10 17 142 132 <0.010 

CA Fc 13 09-01-87 19 13 0.20 20 377 397 
12-09- 87 13 14 0.30 23 390 384 
03-15-88 23 15 0.10 22 426 0.010 
06-22-88 16 14 0.30 22 382 0.010 
12-14-88 16 13 0 . 20 22 374 

07-02-90 12 14 <0.10 19 302 
09-09 - 91 1 8 12 0.20 20 360 330 <0.010 
06-29-92 20 10 0 . 20 23 340 339 <0 . 010 

CH Cb 05 - 11-88 9 . 9 7.1 0 . 90 33 203 
10-18-89 8.0 8.1 32 196 
07-23-90 8 . 0 11 0.80 33 187 206 
06-25-91 7.8 11 0.90 33 202 206 <0.010 
06-17-92 6.6 12 0.80 33 194 205 <0.010 

CH Ee 16 12 - 13-61 6.0 6 . 2 l.4 62 126 127 
12 - 08-87 19 11 l.3 72 274 270 
03 - 09-88 32 11 l.6 69 223 
05-19-88 23 10 l.2 72 176 
07-28-88 18 8.6 l.0 73 206 

05-09-90 19 11 l.4 66 201 
05-09-91 18 12 l.3 74 168 179 <0.010 

06-30-92 22 11 l.3 67 178 194 <0.010 

CH Ee 90 06-05-89 54 12 0.10 12 145 

05-08-90 47 10 <0.10 11 131 
05-08-91 42 13 <0.10 13 137 124 <0 . 010 

06-29-92 43 14 <0 . 10 15 124 124 <0.010 

HA Dd 92 04-07-88 23 55 0 . 20 34 209 208 
07-19-88 20 63 0.30 33 214 

01-17-89 29 68 0.2.0 34 230 
07-10-90 27 84 0 . 10 33 250 

05-20-91 53 75 0.20 32 242 273 <0.010 

05-21-92 46 69 <0.10 33 298 255 <0.010 

PG Bc 37 04-23-90 20 460 <0.10 10 886 807 

05-21-91 25 540 0.20 9.9 956 919 <0.010 

SM Ef 80 02-24 - 88 49 9.0 0 .10 6 . 1 153 107 

05-09-90 43 4.7 <0 . 10 3.9 86 

05-09 - 91 30 5.2 <0.10 5 .9 . 101 73 <0.010 

06- 29-92 39 6 .1 <0.10 7.0 80 80 <0.010 
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Site 
number 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fc 13 

CH Cb 

CH Ee 16 

CH Ee 90 

HA Dd 92 

PG Bc 37 

SM Ef 80 

Date 

12- 07 - 87 
03- 15-88 
05 -1 7 - 88 
07 -11- 88 
12-26 - 89 

07-19-90 
06 - 26 - 9 1 
05-21-92 

02-10-88 
07 -1 3 - 88 
01-24-89 
05-24-90 
05-14-91 

05-19-92 

02 -11- 88 
07 -21- 88 
0 1-25-89 
05- 24 - 90 
05-14-91 

05 - 19-92 

09-01-87 
12-0 9 - 87 
03-15-88 
06-22-88 
12 -14- 88 

07 - 02 - 90 
09-09-91 
06-29-92 

05-11-88 
10- 18 - 09 
07 - 23-90 
06-25 - 91 
06-17-92 

12-13-61 
12-08 -87 
03-09-88 
05-19-88 
07-28-88 

05-09-90 
05-09-91 
06-30-92 

06 - 05-89 
05 - 08 - 90 
05-0 8 -91 
06-29-92 

04-07- 88 
07-19-88 
01-17-89 
07-10-90 
05-20-91 

05-21-92 

04-23-90 
05-21-91 

02-24-88 
05-09-90 
05-09-91 
06-29-92 

(~S/cm, microsiemens per centimeter at 25 deg. C; mg/L, mi ll igrams per liter; 
~g/ L, micrograms per liter; pCi/L, picocuries per l iter; < less than) 

Nitrate plus 
nitrite, 
tota l 

(mp,IL as N) 

<0.100 
0.300 
0.200 

<0.100 
<0. 100 

<0 . 100 
0. 12 0 

<0.050 

<0.100 
<0.100 
<0.100 
<0.100 
<0.050 

<0 . 050 

1. 80 
1. 90 
1. 90 
1. 50 
1. 60 

.60 

9.10 
8 . 60 
9.40 
8 . 20 
8.10 

7 . 50 
8.40 
6.90 

<0. 100 

<0.100 
<0.050 
<0 . 050 

0.200 
0.100 
0 . 200 
0.100 

0.200 
0.100 
0.440 

4 . 80 
5 . 70 
5 .50 
4.80 

0.100 
<0. 100 
< 0.100 
< 0 . 100 
<0.050 

<0.050 

0.200 
0 . 220 

8.00 
5 . 70 
6 . 00 
3.00 

Nitrate plus 
nitrite, 

dissolved 
(mp,/L as N) 

0.027 

9.20 
9.30 
9.20 
9.20 
8.50 

0.170 

Ammonia , 
total 

(mg/L as N) 

2.30 

0 .0 80 

<0 . 010 

<0 . 010 

0.010 
0.010 

0.680 
0.670 

0.050 
0.190 

<0.010 
<0.010 

0.120 

0.100 

0.060 

<0.010 
0 . 020 
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Phosphorus , 
tot a l 

(mp,IL as P) 

0 . 050 

<0.010 
0 . 030 
0.070 

0.020 
0.020 
0.030 

0.390 
0.470 
0.990 
1. 70 
0.310 

1. 70 

0.140 
0 . 090 
0 . 060 
0.050 
0.040 

0 . 050 

0.160 

0. 130 
0.140 

0.130 
0. 150 
0.130 

1. 70 

1. 60 
1. 60 
1. 80 

1. 20 
0.040 
1. 40 
1. 60 

1. 4 0 
1. 60 
2 . 90 

0.060 
0.020 

<0. 01 0 
0.040 

0 . 160 
0.040 
0.020 
0.010 

<0 .010 

0.010 

<0 . 010 
<0 . 010 

0.030 
0 .020 

<0 . 010 
0.020 

Ortho
phosphate, 

total 
(mp,IL as P) 

0.030 

1. 00 

0.010 

0.050 

0.050 
0.140 

1.6(, 
1.fO 

1. 50 
0.880 

<0.0 10 
0.020 

<0.0 10 

<0.0 10 

<0 . 010 

<0.010 
0 . 020 

Ortho 
phosphat e, 
dis solved 

(mg/ L as P) 

0.026 

0.133 
0 .150 

0.250 

Aluminum , 
total 
(~g/l) 

180 
240 
160 
270 

220 

20 
<10 
<10 

270 
150 
110 

<10 
40 
10 

20 

220 

<50 

20 
80 

110 

40 

580 
370 

<10 
20 

<10 

240 

10 



Table A 13.-Major ions , nutrients, field parameters, and other chemical-quality data from wells in Segment III-Continued 

(~S/cm, microsiemens per centimeter at 2S deg. C; ms/L, milligrams per litar; 
~g/L, micrograms per liter; pCi/L, picocurias par liter; <, less than) 

Organic 
Aluminum, Boron, Iron, Iron, Manganese, Manganese, Zinc, carbon, Radon-222, 

Site dissolved total total dissolved total dissolved total total total 
number Date ~!HI£Ll ~!!I!i£Ll ~!!I!i£Ll ~!!I!i£Ll ~!!I!i£Ll ~!!I!i£Ll ~!!I!i£Ll ~!!!li£L as q ~~i£Ll 

AA Ad 104 12-07-87 140 1600 1600 140 140 
03-1S-88 20 1300 1300 170 170 <10 
OS-17-88 20 1100 1000 190 180 <10 12 
07-11-88 20 2700 2800 160 160 <10 11 
12-26-89 40 2600 lS00 190 170 20 12 

07-19-90 <10 1900 1800 220 220 13 <80 
06-26-91 16 
OS-21-92 3400 3600 310 310 loS 

AA Cg 2S 02-10-88 13000 lS000 3S0 380 
07-13-88 20 14000 16000 360 360 <10 4.2 
01-24-89 <10 13000 lS000 370 360 <10 1.7 
OS-24-90 <10 20 16000 1 s"Oo 0 380 400 100 
OS-14-91 

OS-19-92 13000 lS000 330 3S0 0.2 

AA Of 103 02-11-88 13000 S20 30 9 
07-21-88 10 lS00 19 20 13 10 2.0 
01-2S-89 20 760 21 10 12 <10 loS 
OS-24-90 <10 20 6S0 19 10 12 O.S 300 
OS-14-91 280 S <10 11 0 .3 

OS-19-92 S10 14 30 9 O. S 

CA Fc 13 09-01-87 <10 <3 
12-09-87 <10 20 7 <10 <1 
03-1S-88 20 <10 <3 <10 <1 <10 <0.1 
06-22-88 30 SO <3 <10 <1 20 0.3 
12-14-88 SO 30 8 <10 <1 30 13 

07-02-90 20 <10 6 <10 2 <10 0.4 
09-09-91 50 5 <10 <1 O. S 
06-29-92 30 <3 <10 <1 0.3 1000 

CH Cb 05-11-88 1800 370 60 55 
10-18-89 650 47 O.S 
07-23-90 250 1800 460 40 43 0.6 
06-25-91 <10 820 600 30 41 0.5 
06-17-92 730 620 30 39 O.S 

CH Ee 16 12-13-61 1400 150 <50 
12-08-87 <10 350 98 20 23 
03-09-88 30 140 140 <10 5 <10 0.7 
OS-19-88 <10 480 31 70 S9 <10 1.7 
07-28-88 <10 920 230 120 110 30 7.0 

OS-09-90 20 600 25 30 25 0.7 1200 
OS-09-9 1 630 35 80 87 0 .8 
06-30-92 4600 190 170 120 2.6 

CH Ee 90 06-0S-89 30 1900 S7 20 11 20 3.6 
05-08-90 20 1200 9 20 7 2.6 1800 

OS-08-91 <10 600 16 10 16 1.7 
06-29-92 1600 7 30 13 1.6 

HA Dd 92 04-07-88 6600 6300 180 180 1.5 
07-19-88 <10 6300 7000 200 200 <10 
01-17-89 <10 5700 6500 190 190 <10 
07-10-90 20 4000 4300 170 200 1.5 140 

05-20-91 <10 3200 3500 230 180 1.3 

05-21-92 2800 2900 190 180 26 

PG Be 37 04-23-90 20 12000 9600 880 800 50 1.2 550 

05-21-91 280 8000 6100 1100 970 loS 

SM Ef 80 02-24-88 80 13 10 14 
05-0 9-90 10 20 8 10 7 1.2 250 

05-09-91 20 60 4 20 18 20 1.3 

06-29-92 30 9 20 22 0.8 
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Table A14.-Trace-element and other water-quality data from wells in Segment III 

Site 
number 

M Ad 104 

M Cg 25 

M Of 103 

CA Fc 13 

CH Cb 7 

CH Ee 16 

CH Ee 90 

HA Dd 92 

PG Bc 37 

SM Ef 80 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Of 103 

CA Fc 13 

CH Cb 7 

CH Ee 16 

CH Ee 90 

HA Od 92 

PG Bc 37 

SM Ef 80 

Date 

12-07-87 

05-24-90 

05-24-90 

09- 01-87 
12- 09- 87 

06-25-91 

12-08- 87 

05-08-91 

05-20-91 

05-21-91 

05-09-91 

Boron, 
dis 

solved 

50 

30 
30 

40 

(Concentrations in micrograms per liter, except as noted; < less than) 

Specific 
conductance 

(micro.ieen. 
per centimeter 
at 25 dell. C) 

292 

133 

258 

610 
501 

293 

401 

232 

420 

1710 

166 

Cadmium, 
dis 

solved 

<1. 0 

<1. 0 

<1. 0 

1.0 
<1. 0 

<1. 0 

<1. 0 

<1. 0 

<1. 0 

<10 

<1.0 

Chro
mium, 
dis-

solved 

<1 

5 

<10 
<5 

<1 

<1 

<1 

<1 

<1 

<1 

pH 
(fhld) 

6.4 

6.2 

5.4 

7.1 
7.2 

7.7 

7.4 

5.6 

6 . 0 

5.0 

5.6 

Color, 
(plat
inum
cobalt 
units) 

7 

45 

8 

6 

Dissolved 
oxygen 

(milli
grams 
per 

liter) 

6.6 
5.9 

0.1 

3.9 

0.2 

3.2 

3.7 

Cobalt, 
dis

solved 

Copper, 
dis

solved 
Iron, 
total 

1 

<1 

1 
2 

<1 

<1 

10 

140 

2 

2 

5 

2 
19 

<1 

2 

<1 

5 

1600 

16000 

650 

20 

820 

350 

600 

3200 

8000 

60 

119 

Alum
inum, 
dis-

Anti
mony, 
dis-

Arse
nic, 
dis-

Alum
inum, 
total aolved solved solved 

Barium, 
dis

solved 

<10 

110 

Iron, 
dis

solved 

1600 

15000 

19 

<3 
7 

600 

98 

16 

3500 

6100 

140 

<10 

<10 

<10 
<10 

<10 

<10 

<10 

<10 

280 

20 

Lead, 
dis

solved 

<5 

<1 

<1 

<5 
<5 

<1 

<5 

<1 

<1 

5 

<1 

1 

<1 
<1 

1 

<1 

<1 
<1 

<1 

2 

<1 

2 

<1 

<1 

Lithium, 
dis

solved 

<4 

8 

<4 

<4 
11 

<4 

23 

<4 

<4 

<4 

<4 

29 

29 

31 

32 
14 

14 

12 

29 

47 

330 

15 

Manga
nese , 

total 

140 

380 

10 

<10 

30 

20 

10 

230 

1100 

20 

Beryl
lium, 
dis 

solved 

<0.5 

<0.5 

<0.5 

<0.5 
<0.5 

<0.5 

<0.5 

<0 . 5 

0.7 

0.8 

<0 . 5 

Manga 
nese, 
dis

solved 

140 

400 

12 

<1 

41 

23 

16 

180 

970 

18 

BoroD, 
. total 

20 

20 



Table A 14.-Trace-element and other water-quality data from wells in Segment III-Continued 

(Concentrations in micrograms per liter, except as noted; < l ess than) 

Site Mercury, Molybdenum, Nickel, Selenium, Strontium, Vanadium, Zinc, Zinc, 
number dissolved dissolved dissolved d is solved dissolved dissolved total dissolved 

AA Ad 104 <1 <1 73 5 19 

AA Cg 25 0.3 <1 <2 <1 

AA Df 103 <0. 1 <1 3 <1 <1 13 

CA Fe 13 <1 3 2 440 <1 12 
2 2 2 470 <1 8 

CH Cb <0. 1 <1 <1 <1 <1 <3 

CH Ea 16 2 250 <1 14 

CH Ee 90 <0 . 1 < 1 5 <1 <1 8 

HA Dd 92 <1 13 <1 5 9 

PG Be 37 <0.1 <1 46 <1 25 62 

SM Ef 80 <0.1 <1 2 <1 <1 20 13 
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Table A IS .-Schedule 1304 analyses from well s in Segment III 

(Concentrations are total amount s, in mi crograms per liter) 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fc 13 

CH Ee 16 

CH Ee 90 

SM Ef 80 

Da te 

12-07-87 

05-24 - 90 

05-24-90 

09-0 1- 87 
12-14-88 

12-08-87 

05-08 - 90 

05-09-9 1 

2 ,4-D 

<0.01 

<0.0 1 

<0 . 0 1 

<0 . 01 
<0 . 0 1 

<0.0 1 

<0 . 01 

<0 .01 

2,4-DP 

<0.0 1 

<0.0 1 

<0.01 

<0 .01 
<0 . 01 

<0.01 

<0 . 01 

<0 . 0 1 

2 .4.5-T 

<0 . 01 

<0 . 01 

<0 .01 

<0.01 
<0.0 1 

<0.0 1 

<0.01 

<0.0 1 

Tab le A 16.- Schedule 133 1 analyses from we ll s in Segment III 

Si l vex 

0. 01 

<0 . 01 

<0 .01 

<0. 01 
<0. 01 

<0.01 

<0.01 

<0 .01 

Sevin Picloram 

(All concentrat i ons are dissolved amounts , in micrograms per liter) 

Di camba 

Site 
number Da te PCB PCN Aldri n Chlordane DOD DOE DDT Di azinon Dieldrin 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fc 13 

CH Ee 16 

CH Ee 90 

SM Ef 80 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fc 13 

CH Ee 16 

CH Ee 90 

SM Ef 80 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fe 13 

CH Ee 16 

CH Ee 90 

SM Ef 80 

12-07-87 

05-24-90 

05-24-90 

09 - 01-87 
12 - 14-88 

12-08-87 

05-08-90 

0 5-0 9-90 

Endosulfan 

<0.01 

<0 .01 

<0 . 01 

<0.01 
<0 . 01 

<0 . 01 

<0 . 01 

<0. 01 

Methyl 
parathion 

<0 . 10 

<0 . 01 

<0.01 

<0.01 
<0.01 

<0 . 01 

<0 . 01 

<0.01 

<0.1 

<0.1 

<0.1 

<0.1 
<0.1 

<0.1 

<0.1 

<0 . 1 

<0 .1 0 

<0. 10 

<0. 10 

<0 .1 0 
<0. 10 

<0. 10 

<0 .10 

<0 .10 

<0.01 

<0.01 

<0.01 

<0.01 
<0.0 1 

<0.01 

<0.01 

<0 . 0 1 

Endrin Ethion 

<0.01 

<0.01 

<0.01 

<0 . 01 
<0 . 01 

<0 . 01 

<0 . 0 1 

<0.01 

Methyl 
trithion 

<0.01 

<0.01 

<0 . 01 

<0 . 01 
<0.01 

<0 . 01 

<0 . 01 

<0.01 

<0 . 0 1 

<0 . 0 1 

<0.01 

<0.01 
<0.01 

<0.01 

<0.01 

<0.01 

Mirex 

<0.01 

<0 . 0 1 

<0.01 

<0.01 
<0.01 

<0 . 01 

<0 . 01 

<0.01 

<0 . <0. 01 

<0 . 

<0 . 

<0. 
<0. 

<0 . 1 

<0 . 

<0. 

<0. 01 

<0 . 01 

<0. 01 
<0.0 1 

<0.0 1 

<0. 01 

<0.0 1 

<0.01 

<0.0 1 

<0.01 

<0 .0 1 
<0.01 

<0.01 

<0.01 

<0.01 

Heptachlor 
Hep tach lor epoxide Lind ane 

<0.0 1 <0 .01 <0.01 

<0.01 

<0.0 1 

<0.01 
<0.01 

<0.01 

<0.01 

<0 . 01 

Parathion 

<0. 01 

<0.01 

<0 . 01 

<0.01 
<0 . 01 

<0 . 01 

<0.01 

<0 . 01 
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<0.0 1 

<0.0 1 

<0 . 0 1 
<0 . 0 1 

<0.0 1 

<0 . 01 

<0 .01 

<0.01 

<0.01 

<0.01 
<0.01 

<0.01 

<0.01 

<0.01 

Perthane 

<0.10 

<0 . 10 

<0 . 10 

<0.10 
<0.10 

<0 . 10 

<0.10 

<0.10 

<0.01 

<0.0 1 

<0.0 1 

<0.0 1 
<0.01 

<0.01 

<0.0 1 

<0.0 1 

<0.10 

<0 .0 1 

<0.01 

<0.01 
<0 . 01 

<0.01 

<0.01 

<0.0 1 

Malathion 

<0.10 

<0.0 1 

<0.0 1 

<0.01 
<0.0 1 

<0.0 1 

<0.0 1 

<0.01 

Toxaphene 

<1.0 

<1.0 

<1.0 

<1.0 
<1.0 

<1.0 

<1.0 

<1.0 

<0.01 

<0.01 

<0.01 

<0.01 
<0.01 

<0.01 

<0.01 

<0.01 

Methoxychlor 

<0.0 1 

<0.01 

<0.01 

<0 .01 
<0.01 

<0.0 1 

<0.01 

<0.0 1 

Trithion 

<0.01 

<0 . 01 

<0.01 

<0 . 01 
<0.01 

<0.01 

<0.01 

<0.01 



Table A 17.- Schedule 1389 analyses from well s in Segment III 

(All concentrations are total amounts, in micrograms per liter) 

Site 
nwnber Date Alachlor Ametrm Atrazine C;!anazine Bromacil Butachlor But;!late Carboxin 

AA Ad 104 12-07-87 <0.10 <0.10 <0.10 <0 . 10 

AA Cg 25 05-24-90 <0.10 <0 . 10 <0 . 10 <0 . 10 

AA Of 103 05-24-90 <0 . 10 <0 . 10 <0.10 <0.10 

CA Fc 13 09-01-87 0.20 <0 . 10 0.10 <0 . 10 
12-14-88 <0.10 <0 . 10 0.10 <0 . 10 

CH Ea 16 12-08-87 <0 . 10 <0 . 10 <0 . 10 <0 . 10 

CH Ee 90 05-08-90 <0.10 <0.10 <0 .10 <0.10 

HA Dd 92 07-19-88 <0 . 10 <0 . 10 <0.10 0.10 
01-17-89 <0 . 10 <0 . 10 <0.10 <0 . 10 

SM Ef 80 02-24-88 <0 . 10 <0.10 <0.10 <0 . 10 

Site De-ethyl De-isopropyl 
nwnber C;!eloata atrazine atrazine Diphenamid Hexazinone Metolaehlor Metribuzin Prometon 

AA Ad 104 <0.10 <0.10 <0.10 

AA Cg 25 <0.10 <0.10 <0.10 

AA Of 103 <0 . 10 <0 . 10 <0.10 

CA Fe 13 <0 . 10 <0 . 10 <0.10 
<0.10 <0 . 10 <0 . 10 

CH Ee 16 <0.10 <0.10 <0.10 

CH Ea 90 <0.10 <0.10 <0.10 

HA Dd 92 <0 . 10 <0.10 <0.10 
<0 . 10 <0 . 10 <0 . 10 

SM Ef 80 <0.10 <0 .10 <0.10 

Site 
nwnber Prometrm Propazine Propaehlor Simazine Simetrme Terbaeil Tr i fluralin Verno late 

AA Ad 104 <0.10 <0.10 <0.10 <0 . 10 <0.10 

AA Cg 25 <0.10 <0.10 <0 . 10 <0.10 <0 . 10 

AA Of 103 <0.10 <0.10 <0.10 <0 . 10 <0.10 

CA Fe 13 <0.10 <0.10 <0.10 <0.10 <0 . 10 
<0.10 <0.10 <0.10 <0.10 <0.10 

CH Ee 16 <0.10 <0 . 10 <0.10 <0 . 10 <0.10 

CH Ee 90 <0.10 <0.10 <0. 10 <0 . 10 <0 . 10 

HA Dd 92 <0 . 10 <0.10 <0.10 <0.10 <0.10 
<0. 10 <0.10 <0.10 <0 . 10 <0 .10 

SM Ef 80 <0.10 <0.10 <0.10 <0 . 10 <0.10 
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Table A 18.-Schedule 1390 analyses from wells in Segment III 

(Concentrations are total amounts, in micrograms per liter; <, less than) 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fc 13 

CH Cb 7 

CH Ee 16 

CH Ee 90 

PG Bc 37 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fc 13 

CH Cb 

CH Ee 16 

CH Ee 90 

PG Bc 37 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Df 103 

CA Fc 13 

Date 

12-07-87 

05-24-90 
05-19-92 

05-24-90 

09-01-87 

06-17-92 

12-08-87 

06-29-92 

04-23-90 

Carbon 
tetra

chloride 

<3.0 

<3.0 
<3 .0 

<3.0 

<3.0 

<3 . 0 

<3 .0 

<3.0 

<3.0 

Dibromo
methane 

<3.0 

CH Cb <3.0 

CH Ee 16 

CH Ee 90 <3.0 

PG Bc 37 

Acrolein 

<20 

<20 

<20 

Acrylo
nitrile 

<20 

<20 

<20 

Benzene 
Bromo
benzene 

<3 . 0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

2-Chloro
ethyl-

Bromoform 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Chloro
benzene 

Chloro
dibromo
methane 

Chloro- vinyl- Chloro- o-Chloro-
ethane ether form toluene 

<3.0 

<3 . 0 
<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3.0 

<3.0 

<3.0 

<3.0 

<3 .0 

<3 . 0 

<3.0 

1,2- 1,3- 1,4-

<3.0 

<3.0 
<3 .0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Dichloro- Dichloro- Dichloro-
benzene benzene benzene 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3. 0 
<3.0 

<3.0 

<3.0 

<3.0 

<3. 0 

<3. 0 

<3.0 

Dichloro
bromo

methane 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 
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<3.0 

<3.0 

<3.0 

Dichloro
difluoro

methane 

<3.0 

<3.0 
<3 . 0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

n-Butyl 
benzene 

<3.0 

<3.0 

<3.0 

sec-Butyl 
benzene 

<3.0 

<3.0 

<3.0 

tert-Butyl 
benzene 

<3.0 

<3.0 

<3.0 

p-Chloro
toluene 

Dibromo
chloro
propane 

l,2-Dibromo
ethane 

<3.0 

<3.0 

<3.0 

1,1-
Dichloro

ethane 

<3.0 

<3 . 0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 .0 

<3.0 

<3.0 

<3.0 

1,2-
Dichloro

ethane 

<3.0 

<3 . 0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3. 0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

1,2 trans
Dichloro

ethene 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 



Table AI8.-Schedule 1390 analyses from wells in Segment III-Continued 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Of 103 

CA Fc 13 

CH Cb 

CH Ee 16 

CH Ee 90 

PG Bc 37 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Of 103 

CA Fc 13 

CH Cb 7 

CH Ee 16 

CH Ee 90 

PG Bc 37 

Site 
number 

AA Ad 104 

AA Cg 25 

AA Of 103 

CA Fc 13 

CH Cb 

CH Ee 16 

CH Ee 90 

PG Bc 37 

cis-1 2-
Dichl~ro

ethene 

<3 . 0 

<3.0 

<3.0 

Ethyl
benzene 

<3.0 

<3 .0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

Styrene 

<3 . 0 

<3 . 0 
<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3.0 

(Concentrations are total amounts, in micrograms per liter; <, less than) 

1 ,1- 1,2-
Dichloro- Dichloro
ethylene propane 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Hexa
chlorp

butadiene 

<3.0 

<3.0 

<3.0 

1,1,2,2-
Tetra

chloro
ethane 

<3.0 

<3 . 0 
<3.0 

<3.0 

<3 . 0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

Isopropyl
benzene 

<3 .0 

<3.0 

<3 . 0 

1,1,1,2-
Tetra
chloro
ethane 

<3.0 

<3.0 

<3.0 

1 3- 2,2- 1 1- 1,3- cis-1,3-
Dichloro- Dichloro- Dichioro- Dichloro- Dichloro-

trans-1,3-
Dichloro
propene propane propane propene propene propene 

<3 . 0 

<3.0 
<3 . 0 <3.0 <3.0 

<3.0 

<3.0 

<3 . 0 <3.0 <3.0 

<3.0 

<3.0 <3.0 <3 . 0 

<3.0 

<3.0 

<3.0 
<3.0 

<3 . 0 

<3 . 0 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3 . 0 

p-Isopropyl 
toluene 

Methyl
bromide 

Methyl
chloride 

Methylene 
chloride 

Naphth
alene 

n-Propyl
benzene 

<3 .0 

<3.0 

<3.0 

Tetra
chloro

ethylene 

<3 . 0 

<3 . 0 
<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3.0 

<3.0 
<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3 . 0 
<3 .0 

<3 . 0 

<3.0 

<3.0 

<3.0 

<3.0 

<3 . 0 

1,2,3-
Trichloro

Toluene benzene 

<3.0 

<3 .0 
<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 
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<3.0 

<3 . 0 

<3 . 0 

1,2,4-
Trichloro
benzene 

<3.0 

<3 . 0 

<3.0 

<3 . 0 

<3.0 
<3.0 <3.0 <3 . 0 

<3.0 

<3 . 0 

<3 . 0 <3.0 <3.0 

<3 . 0 

<3 . 0 <3 . 0 <3.0 

<3 . 0 

1,1,1-
Trichloro

ethane 

<3.0 

<3 . 0 
<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3 . 0 

<3.0 

<3.0 

1,1,2-
Trichloro

ethane 

<3 . 0 

<3 . 0 
<3 . 0 

<3.0 

<3.0 

<3 . 0 

<3.0 

<3.0 

<3.0 



(Concentrations are total amounts, in micrograms per l iter; < less than) 

1,2,3- 1,2,4 - 1 , 3,5 
Site Trichloro- Trichloro - Trichloro- Trimethyl- Trimethyl- Vinyl 

number ethylene fluoromethane propane benzene benzene chloride Xylene 

AA Ad 104 <3.0 <3.0 <3.0 <3.0 

AA Cg 25 <3.0 <3 . 0 1.4 <3.0 
<3.0 <3 . 0 <3. <3.0 <3.0 1.4 <3 . 0 

AA Of 103 <3.0 <3 . 0 <1. 0 <3.0 

CA Fc 13 <3.0 <3.0 <3.0 <3.0 

CH Cb 7 <3.0 <3.0 <3.0 <3 . 0 <3.0 <1.0 <3.0 

CH Ee 16 <3.0 <3.0 <3.0 <3.0 

CH Ee 90 <3.0 <3.0 <3 . 0 <3.0 <3.0 <1. 0 <3.0 

PG Bc 37 <3.0 <3.0 <1.0 <3.0 
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Table A J 9.-Major ions, nutrients , field parameters , and other chemical-qual ity data from wells in Segment IV 

(~S/cm, microsiemens per centimeter at 25 des. e; maIL, milligrams per liter; 
~g/L, micrograms per liter; pCi/L, picocuries per liter; <, leu than) 

Specific Temper- Temper- Color, 
Water level conduct- ature, ature, (platinum-

Site Record (feet below Discharge ance air .. ater cobalt 
nwnber nwnber Date Time land surfacel ~l5allminl ~I!Slcml EH ~del5 Cl ~del5 Cl unitsl 

CO Dc 146 98901001 06-27-89 1040 0.51 1.0 181 5.5 34.0 14.5 
99100732 05-30-91 1410 7 . 65 0.9 238 5.1 34.0 14.0 1 
99200527 05-18-92 1521 6.63 0 . 9 232 4.9 26.0 14.0 <1 

CO De 16 98801318 07-19-88 0900 8 . 80 384 4.3 27.5 22 . 0 
99100730 05-30-91 1057 5 . 47 274 4.4 33 . 0 17.0 
99200569 06-02-92 1335 5.63 0.9 321 4.4 23.0 17 . 5 <1 

CE Dd 102 99101138 09-13-91 1145 62 5.1 24 . 0 14.5 <1 
99200585 06-09-92 1015 65 5.0 22.5 15.0 <1 

DO Cg 46 98901107 07-26-89 1330 2.20 0.5 109 5.0 32.0 16 . 5 
99100729 05-29-91 1620 2.97 0.9 99 5.0 32.0 14.5 1 
99200530 05-18-92 1300 2.57 99 4.8 26.0 14.0 <1 

KE Be 47 98800728 07-13-88 1000 14.40 0 . 5 373 5.1 34.5 15 . 0 
99100977 08-19-91 1533 11.85 0.7 269 6.0 31. 0 15.0 5 
99200583 06-09-92 1220 13.52 0.7 303 5.9 24.0 14.0 3 

QA Cg 1 99000865 06-26-90 1120 4 . 64 8.0 214 5.8 24 .0 15.5 
99000975 08-16-90 1515 3.78 8 . 9 204 5.6 32 . 5 16.0 
99100121 11-20-90 1615 5 . 35 6.9 187 5.8 10.0 15.5 
99100259 02-20-91 1740 4.30 10 185 5 . 7 13 . 0 15.5 
99200582 06-09-92 1600 7.3 252 5.8 24 . 5 16.0 5 

QA Ea 78 98401317 07-31-84 1140 24.00 12 302 7.6 15.0 
99000767 06-12-90 1135 13.10 1.2 309 7 . 6 24.0 16.0 2 
99100726 05-28-91 1447 12.15 0.9 307 7.8 29.5 16.0 5 
99200419 04-02-92 1028 12.80 6.7 320 7 . 7 4.5 15.0 10 

SO Ce 98 99200601 06-16-92 1155 5.59 7.1 72 5.8 23.5 16.0 <1 

TA Ce 7 99000764 06-13-90 1125 15 . 88 1.2 340 7.7 27 . 5 17 . 5 
99000974 08-16-90 1215 25.94 10 340 7.7 29 . 0 16 . 5 
99100120 11-20-90 1232 11 . 56 9 . 3 334 7.7 12.0 16 . 0 
99100258 02-20-91 1350 5.93 0.8 334 7.7 15.5 18.0 
99200531 05-18-92 1050 10.20 6 . 7 360 7.8 22.5 16.5 <1 

WI Cd 71 9880077 4 07-21-88 1200 5.00 1.2 48 4.7 38.0 15.0 
99100979 08-20 - 91 1525 3.85 0.9 47 5.2 27 . 5 16.0 2 
99200570 06-02-92 1035 2.86 0 . 9 52 5.1 17.0 13.5 <1 

WI Ce 13 98102490 05-13-81 1430 3.50 30 104 5.1 15.0 0 
99000732 05 - 30-90 1623 3.72 1 . 2 131 5.8 21. 0 16.0 
99000973 08-16 - 90 0930 5 . 19 1.0 139 5.8 26.5 16.5 
99100119 11-20-90 0908 3.27 63 144 5.6 7.0 15.5 
99100257 02-20-91 0950 3.48 0.9 146 5.8 18.0 15.5 

99200571 06-02-92 0855 3 . 70 1.0 146 5.8 15.5 15 . 5 <1 

WO Bf 87 98901089 07-13-89 0930 6.34 0.5 313 5.6 25.0 16 . 0 
99100978 08-20-91 1046 7.05 0.6 299 5.8 28.0 18.5 2 
99200575 06-01-92 1220 4.51 0.8 333 5.7 22 . 5 14.5 5 

WO Bh 84 97300556 04-18-73 1518 150 338 7.9 
98600168 04 - 08 - 86 1440 33 350 6.6 24.0 15 . 5 
98600384 08- 27-86 1505 5.1 6 50 365 6.9 32.0 16.0 
98700593 08-24-87 1440 5.54 50 332 6.7 24.0 16.0 
98800918 09-07-88 1345 5 . 31 50 356 7.0 16 .0 

98901252 09-21-89 1205 4.38 48 351 6.9 28.0 16.0 
99001121 06 -12-90 1615 3.52 1.3 356 6.9 20.5 16.5 48 
99001123 08-15-90 1840 4 . 05 1.0 319 6.6 27.0 16.5 
99100355 11-19-90 1420 3.15 0 . 8 343 6 . 7 11 . 0 15.0 
99100256 02-19-91 1716 4.14 0.8 3 60 6.9 11. 5 15 . 5 

99200574 06-01 - 92 1415 3. 9 1 l.0 3 79 6.9 22.0 16 . 5 200 

WO Cc 3 98800782 07-26-88 1630 5. 30 0.9 53 5 . 5 26 . 0 14.5 
99100728 05-29-91 1330 0.9 50 5.6 32.5 14.0 
99200573 06-01-92 1643 3 . 67 0.9 55 5.5 21. 0 13.0 <1 
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(/iS/cm, microsiamens per centimeter at 25 deg . C; maIL, milligrams per liter; 
/ig/L, micrograms per Uter; pCi/L, picocuries per liter; < less than) 

Hardness, Magne- Bicar- Ali<a-
Dissolved total Calcium, sium, Sodium, Potassiwn, bonate, Unity, 

Site oxygen (maIL as dissolved dissolved dissolved dissolved total total 
number Date (mg/L) CaC03 ) (maIL) (maIL) (mg/L) (mg/L) (mg/L) (mg/L as CaC0

3
) 

CO Dc 146 06-27-89 8 . 8 70 8 . 3 12 3.2 2 . 5 5 4 
05-30-91 9.8 89 9 . 4 16 2.5 3.7 3 2 
05-18-92 9.8 79 8.5 14 2.3 3.3 2 2 

CO De 16 07-19-88 8.8 62 4 . 4 12 39 4.6 1 1 
05-30-91 1 1 
06-02-92 8.7 40 2.6 8.1 34 4 . 0 1 1 

CE Dd 102 09-13-91 4.8 11 2.4 1.3 5 . 0 1.6 5 4 
06-09 - 92 4.3 10 2.1 1.2 4.7 1.2 4 3 

DO Cg 46 0 7- 26 - 89 0.5 25 4.9 3.0 7.2 2.0 2 2 
05-29-91 0 . 1 22 4.6 2.5 7.8 1.7 1 1 
05- 18-92 0.5 19 4.1 2 . 1 7.1 1.5 1 1 

ICE Be 47 07-13-88 7 . 3 150 22 22 11 1.7 11 9 
08-19-91 9 . 6 110 19 14 6.0 2.4 20 17 
06-09-92 9 . 1 110 21 14 6.2 3.1 23 18 

QA Cg 1 06-26-90 47 10 5.4 14 6 . 4 16 13 
08-16-90 48 11 5 . 0 14 6.2 15 12 
11-20-90 41 9.2 4.3 12 6.0 16 13 
02-20-91 2 . 9 41 9.4 4 . 3 12 6 . 3 15 12 
06-09-92 8.7 61 14 6.2 13 8.1 23 19 

QA Ea 78 07-31-84 0 130 41 7.3 11 3.6 
06- 12-90 140 44 7.3 12 3.5 200 164 
05-28-91 0 140 45 7 . 4 12 3.9 201 165 
04-02-92 140 43 7.3 11 3.7 

SO Ce 98 06-16-92 0.3 10 2.6 0 . 83 6.7 0 . 9 7 6 

TA Ce 7 06-13-90 150 42 12 16 5.2 225 184 
08-16-90 150 41 12 15 5.3 228 187 
11 - 20 - 90 140 38 12 14 5.4 220 180 
02-20-91 0.3 150 40 12 15 5.8 221 181 
05-18-92 0.2 150 40 12 14 5.7 213 175 

WI Cd 71 07-21-88 1.8 9 1.5 1.2 3.7 1.4 4 3 
08-20-91 6.1 8 1.4 1.2 3.6 1.5 2 1 
06-02-92 3.5 10 1.6 1.4 3.7 1.4 4 3 

WI Ce 13 05-13-81 23 6 . 5 1.7 12 1.7 
05-30-90 28 8.1 1.9 12 1.7 17 14 
08-16-90 30 8 .7 2.0 13 1.8 17 14 
11 - 20-90 30 8 . 6 2 . 0 13 1.8 19 15 
02-20-91 5 . 3 31 8.9 2.2 13 1.9 18 15 

06-02-92 5 . 4 29 8 . 3 2 . 0 12 1.8 18 15 

WO Bf 87 07-13-89 6 . 9 110 20 14 11 2.5 9 7 
08-20-91 7.2 100 19 13 10 2 . 9 10 9 
06-01-92 7 . 8 110 21 15 9 . 9 2 . 4 10 9 

WO Bh 84 04-18-73 88 17 11 30 8.1 
04-08-86 90 18 11 29 9.1 
08-27-86 88 17 11 29 8.7 
08-24-87 84 17 10 35 8. 5 
09- 07-88 88 17 11 32 9 . 1 

09-21-89 84 17 10 30 11 115 
06-12-90 76 14 10 31 10 152 125 
08 - 15-90 79 15 10 32 11 157 129 
11-19-90 79 16 9 . 6 29 10 149 122 
02-19-91 0.3 86 18 10 32 11 153 126 

06-01-92 0.3 93 19 11 30 11 148 121 

WO Cc 07-26 - 88 0.1 6 1.3 0.64 6 . 3 0.9 17 14 
05 - 29 - 91 0 . 3 7 6 
06-01-92 0.5 1. 5 0.89 5.6 1.2 9 7 
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Table A 19.-Major ions, nutrients, field parameters, and other chemical-quality data from wells in Segment IV -Continued 

(I-LS/cm, microsi emens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
I-Lg/L , mi crograms per liter; pCi/L, picocuries per liter ; <, less than) 

Solids, Solids, 
residue o n sum of 

Sulfate, Chloride, Fluoride, Silica, evaporation, dissolved Nitrite, Nitrite, 
Site dissolved dissolved dissolved dissolved dissolved const ituents total dissolved 

number Date (mg/L) (mg /L) (mg /L) (mg/L as Sia2 ) (mg/L) (mg/L) (mg/L as N) (mg/ L as N) 

CO Dc 146 06-27 -89 13 14 <0. 10 12 117 <0.010 
05-30-91 9 . 8 26 <0 . 10 12 135 81 0 . 010 
05-18-92 12 24 <0.10 13 128 78 0 . 030 

CO De 16 07-19-88 1.2 100 0.10 15 191 <0.010 
05-30-91 
06-02-92 1. 3 72 <0.10 13 166 135 <0.0 10 

CE Dd 102 09 - 13-91 2.5 7.2 <0. 10 11 30 34 <0.010 
06-09-92 2.8 7.8 <0.10 12 50 34 <0 .0 10 

DO Cg 46 07-26- 89 18 12 <0.10 18 68 <0.010 
05-29-91 14 9.5 <0. 10 21 66 61 <0 .0 10 
05- 18-92 15 11 <0.10 21 68 62 <0.010 

KE Be 47 07-13-88 35 77 0.10 13 204 <0 . 010 
08-19-91 22 26 <0.10 10 178 110 0.010 
06-09-92 24 22 <0 .10 9.9 188 112 <0.010 

QA Cg 1 06-26-90 7 .0 19 0 . 10 18 89 
08-16- 90 14 19 <0 . 10 19 96 
11-20-90 9.4 17 <0. 10 18 84 <:0. 010 
02-20 -9 1 12 17 <0.10 19 87 <0.010 
06-09-92 23 19 <0.10 20 158 115 0,020 

QA Ea 78 07-3l-84 12 4.1 0. 10 23 205 
06-12-90 <1.0 7.9 0.20 24 186 
05-28-91 0.20 5,9 0.10 24 197 199 0,010 
04-02-92 <0.10 5 . 3 0.20 25 19 3 <0.010 

SO Ce 98 06-16-92 12 7.2 <0, 10 22 60 59 <0.010 

TA Ce 06 - 13-90 3 . 1 4 . 7 0 . 30 56 239 250 
08-16-90 4.0 4.4 0. 20 58 252 
11-20-90 4 .4 3 .2 0 .20 58 243 <0. 010 
02-20-91 2.8 4.7 0.30 53 242 <0 . 010 
05-18-92 3 . 1 4.3 <0 .10 60 232 244 <0 . 010 

WI Cd 71 07-21-88 11 3.6 0.10 12 37 <0 . 010 
08-20-91 8.2 4.8 <0. 10 11 33 33 <0 .010 
06-02 -92 10 5.3 <0. 10 11 42 36 <0. 010 

WI Ce 13 05-13-81 4.0 9. 8 <0, 10 26 94 78 
05-30-90 2 . 7 17 <0.10 25 77 
08-16-90 2.3 17 <0 . 10 26 80 
11-20- 90 3.5 16 <0.10 25 79 <0.010 
02-20- 9 1 3.2 15 <0. 10 25 78 <0 . 010 

06-02-92 2 . 7 15 <0. 10 25 100 76 <0 . 010 

we Bf 87 07-13-89 33 30 0.10 12 185 <0.010 
08-20-91 35 32 <0 . 10 10 181 127 <0.010 
06 - 01-92 34 34 <0.10 10 188 131 <0.010 

we Bh 84 04-18-73 6 . 0 39 0.30 33 210 0.006 
04-08-86 12 36 <0.10 36 228 208 
08-27-86 13 40 0 . 10 35 212 240 
08-24-87 5 . 5 38 0 .1 0 37 214 229 
09-07-88 9.5 38 0 . 10 36 210 227 

09-21-89 <1.0 36 0 .1 0 35 198 
06-12-90 <1.0 40 0 . 20 34 206 
08 - 15- 90 <1.0 40 0.10 34 
11-19- 90 1.1 43 0.10 34 222 <0.010 
02-19-91 <1.0 44 0 . 10 34 <0.010 

06-01-92 <0 . 10 45 <0 . 10 34 208 <0 . 010 

we Cc 3 07-26-88 4 . 8 6 . 5 <0 . 10 23 54 <0 . 010 
05-29-91 6.7 
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<I'S/cm , microsiemens per centimeter at 25 deg . C; mg/ L, mi ll igrams per li ter ; 
I'g/ L, mi crog r ams per lite r ; pCi /L, picocuries per li ter; < l ess t han) 

Nitra t e p l us Ni t r ate plus Or tho - Ortho-
ni t r it e, ni trite, Ammonia , Armlon i a, Phosphorus, phosphate , phosphate, 

Site to t a l di s s ol ved tota l disso l ved t ota l tota l disso l ved 
number Date (mgL L a s N) (mgL L as N) (mgLL as N) (m!l LL a s N) (m!l LL as P) (m!lL L as P ) (m!lLL as P) 

CO Dc 14 6 06- 27-89 1l. 0 0.020 0 . 070 
05-3 0 - 91 15.0 <0.010 <0.010 <0.0 10 
05-1 8- 92 12.0 0.040 0.040 0.050 

CO De 16 07 - 19- 88 2.70 0.010 <0.010 
0 5-30-9 1 4.00 0.0 10 
06- 02- 92 6.60 0 .030 0.020 <0 .010 

CE Dd 102 09-1 3 - 91 2 . 00 <0 .010 <0.010 <0 .010 
06- 09 - 92 l. 80 0 .030 0.030 0 .0 10 

DO Cg 46 07- 26 - 89 <0 . 100 0 . 860 <0.010 
05-2 9- 9 1 l. 40 <0.010 <0.010 <0 .010 
05 - 18 - 92 l. 40 <0 . 010 0.030 <0.010 

KE Be 47 07- 13-88 3.70 <0.010 <0.010 
08 -1 9-91 14 . 0 0.020 <0.020 <0.010 
06 - 09 - 92 16 . 0 0 . 030 0.030 0.010 

QA Cg 06-26-90 12.0 0.020 
08-16 - 90 11 .0 <0.010 
11-20 - 90 9.50 0.910 <0.010 <0 .0 10 
02-20 - 91 8.00 0.790 <0.010 <0 .010 
06- 09 - 92 10.0 0.850 0.020 <0 .0 10 

QA Ea 78 07-31- 8 4 <0. 100 0.040 
0 6-12 - 90 <0. 100 0 .040 
0 5- 28 - 9 1 <0.050 0.910 O. 180 O. 180 
0 4- 02-92 <0.050 0 . 930 o. 150 O. 180 

SO Ce 98 06 -1 6-92 <0.050 0.040 <0 .010 0.010 

TA Ce 06 - 13 - 90 <0. 100 <0.0 10 
08 -1 6-90 <0. 100 <0.010 
11-20-90 <0.050 0.220 <0.010 <0 .0 10 
02- 20-9 1 <0.100 0.150 <0.010 <0 .0 10 
05- 18 - 92 0. 140 0.150 0.020 <0 .010 

WI Cd 71 07-21- 88 <0 .1 00 0 . 020 0.010 
08 - 20 -91 0 .06 7 <0.0 10 <0 .010 <0 .0 10 
06-02- 92 0 . 06 4 0.020 0 .020 <0.0 10 

WI Ce 13 0 5-1 3- 8 1 5.4 0 0.020 
05- 30-90 6 . 20 0.010 
08-16- 90 6. 70 <0.0 10 
11-20-90 7 . 20 0.040 0.020 <0. 010 
02-20- 91 6 . 00 <0.010 <0.010 <0. 010 

06-02 - 92 6.50 0 . 040 0.020 <0. 010 

WO Bf 87 07 - 13- 89 13 .0 0. 020 <0.0 10 
08-20-91 13. 0 <0.010 0.010 <0. 01 0 
06-01- 92 13 . 0 0.020 0.030 0. 01 0 

WO Bh 84 04-18-73 0.270 
04-08-86 <0.10 0 0. 2 60 
08 - 27-86 <0.1 00 0 .2 10 
08 - 24 - 87 <0.1 00 0 . 190 
09-07- 88 <0.100 0 . 2.0 0 

09-21-89 <0 . 100 0 . 230 
06-12-90 <0 . 100 0 . 200 
08-15-90 <0 . 100 0 . 230 
11-19-90 <0 . 100 0 .530 0 . 280 0 . 270 
02-19-91 <0 . 100 0 .4 40 0 . 110 0 . 020 

06-01-92 <0 . 050 0 . 450 0 . 250 0.230 

WO Cc 3 07-26-88 <0.100 0 . 170 0 . 100 
05-29-91 0 . 057 0 . 030 
06- 01 - 92 0 . 057 0 . 030 0.020 <0 . 010 
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Table A19.-Major ions, nutrients, field parameters , and other chemical-quali ty data from wells in Segment IV-Continued 

(~S/cm, microsiemens per centimeter at 25 deg. C; ms /L , milligrams per liter; 
~g/L, micrograms per liter; pCi/L, picocuries per liter; <, less than) 

Aluminum, Aluminum, Boron, Iron. Iron, Manganese, Manganese, 
Site total dissolved total t otal dissolved total d issolved 

number Date (!H!LLl (!!gLLl (!!S LLl (!!SLLl (!!SLLl (!!SLLl (!!S LLl 

CO Dc 146 06-27-89 30 40 57 
05- 30-91 120 80 20 8 30 29 
05-18-92 230 <3 30 21 

CO De 16 07-19-88 530 29 88 
05-30-91 
06-02-92 60 22 30 28 

CE Dd 102 09-13-91 10 20 <10 300 330 20 14 
06-09-92 330 310 20 12 

DO Cg 46 07-26-89 < 10 24 92 
05- 29-91 80 <10 <10 6 80 81 
05-18-92 30 5 90 74 

ICE Be 47 07-13 - 88 < 10 4 84 
08- 19-91 170 26 280 290 
06-09-92 50 23 800 780 

QA Cg 1 06-26- 90 <10 <10 40 1000 230 80 66 
08- 16-90 <10 10 30 27 0 73 60 65 
11-20-90 <10 50 350 190 60 58 
02-20-91 340 140 50 59 
06 - 09-92 250 190 90 76 

QA Ea 78 07-31-84 <100 1500 29 
06-12-90 <10 <10 40 1600 1100 30 3 1 
05-28-91 <10 <10 1600 1400 30 28 
04-02-92 20 40 1600 1600 230 32 

SO Ce 98 06-16-92 <10 3000 3100 30 29 

TA Ce 06-13-90 <10 10 90 2200 46 <10 2 
08-16-90 30 <10 160 240 61 < 10 2 
11-20-90 <10 120 210 65 10 2 
02-20-91 5800 20 0 <10 5 
05-1 8-92 170 71 20 2 

WI Cd 71 07-21-88 20 5 9 
08-20-91 100 <3 <10 3 
06-02-92 10 <3 <10 4 

WI Ce 13 05-13-81 1900 200 30 20 
05-30-90 < 10 <10 <10 1300 76 <10 11 
08-16-90 30 <10 60 3000 50 <10 9 
11-20- 90 <10 10 6600 43 20 8 
02-20-91 6600 39 <10 11 

06-02-92 2500 47 20 14 

we Bf 87 07 -13- 89 <10 <4 7 
08-20- 91 110 <3 <10 1 
06 - 01-92 10 <3 <10 3 

we Bh 84 04-18-73 11000 120 
04-08-86 6400 75 
08-27-86 6300 78 
08-24-87 6100 80 
09 -07- 88 6100 80 

09-21-89 5900 78 
06-12-90 < 10 <10 90 6000 6000 80 110 
08-15~90 < 10 20 80 6000 5900 80 87 
11-19-90 < 10 110 6100 5600 90 72 
02-19- 91 6000 6100 60 81 

06-01 - 92 5600 6000 90 80 

we Cc 3 07-26-88 <10 1600 150 
05-29-91 
06 - 01-92 100 11 0 < 10 9 
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("S/em, microsiemens per centimeter at 25 deg. C; mg/L, milligrams per liter; 
"g/L, micrograms per liter; pCi/L, picocuries per liter; < less than) 

Organic 
Zinc, carbon, Radon-222 

Site total total total 
nwnber Date (ug{L) (mg/L as C) (pCi{L) 

CO Dc 146 06-27-89 210 
05-30-91 20 0.7 
05-18-92 1.0 

CO De 16 07-19-88 170 
05-30-91 1.6 
06-02-92 0.5 

CE Dd 102 09-13 - 91 90 
06- 09- 92 0.2 

DO Cg 46 07-26-89 240 
05-29- 91 <10 0.6 
05-18-92 2 . 7 

KE Be 47 07-13-88 250 
08- 19-91 0.4 
06 - 09- 92 0.7 

QA Cg 1 06 - 26-90 0.4 
08-16-90 0.5 
11-20-90 0 . 8 
02-20-91 50 0.5 
06-09-92 0.7 

QA Ea 78 07-31-84 
06-12-90 0.9 
05-28-91 <10 1.1 
04-02-92 <10 

SO Ce 98 06-16-92 0 . 4 300 

TA Ce 06-13-90 0.3 
08-16-90 10 
11-20-90 0.7 
02-20-91 90 1.0 
05-18-92 0.6 

WI Cd 71 07-21-88 180 
08-20-91 0.8 
06-02-92 0.9 

WI Ce 13 05- 13-81 
05-30-90 0.2 
08-16-90 0 . 2 
11-20-90 0.9 
02-20-91 370 0.3 

06 - 02-92 0.1 

WO Bf 87 07-13-89 400 
08-20-91 0.7 
06-01-92 0.9 

WO Bh 84 04-18-73 
04-08-86 
08-27-86 
08-24-87 
09 - 07-88 

09-21 - 89 
06-12-90 2.4 
08-15-90 2.4 
11-19-90 3.1 
02- 19-91 <10 2.7 

06-01-92 2.0 

WO Cc 3 07-26-88 250 
05-29-91 
06 - 01 - 92 0.7 
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Table A20.-Trace-element and other water-quality data from well s in Segment IV 

Site 
number 

CE Dd 102 

CO Dc 146 

CO De 16 

DO Cg 46 

KE Be 47 

QA Cg 

QA Ea 78 

SO Ce 98 

TA Ce 

WI Cd 71 

WI Ce 13 

we Bf 87 

we Bh 84 

we Cc 

Site 
number 

3 

CE Dd 102 

CO Dc 146 

CO De 16 

DO Cg 46 

KE Be 47 

QA Cg 

QA Ea 78 

SO Ce 98 

TA Ce 

WI Cd 71 

WI Ce 13 

we Bf 87 

WO Bh 84 

we Cc 3 

Date 

09 - 13-91 

06-27-89 

07-19-88 

07-26-89 

07-13-88 

06-26-90 
08-16 - 90 

07-31-84 
06-12-90 

06-16-92 

06 - 13-90 
08-16-90 

07-21-88 

05-30-90 
08-16-90 

07-13-89 

06-12-90 
08-15 -90 

07-26-88 

Boron, 
dis
solved 

<10 

<10 

20 

<10 

<10 

<10 

<10 

(Concentrations in micrograms per liter, except as noted; < less than) 

Dissolved 
Color, oxygen 

(plat- (milli-
inum- grams 

Specific 
conductance 

(microsiemens 
per centimeter 
at 25 des. C) 

pH 
(field) 

cobalt per 
units) liter) 

Alum
inum I 

total 

62 

181 

384 

109 

373 

214 
204 

302 
309 

72 

340 
340 

48 

131 
139 

313 

356 
319 

53 

Cadmium, 
dis

solved 

<1.0 

<1.0 

<1. 0 

<1. 0 

<1. 0 

<1.0 
2.0 

<1.0 

<1.0 

<1.0 
<1.0 

<1.0 

1.0 
1.0 

<1.0 

3 . 0 
3.0 

<1. 0 

Chro
mium, 
dis
olved 

2 

<5 

<5 

<5 

<5 

<1 
<1 

<1 

<1 

<1 
<1 

<5 

<1 
<1 

<5 

<1 
<1 

<5 

5.1 

5.5 

4.3 

5.0 

5.1 

5.8 
5.6 

7.6 
7.6 

5.8 

7.7 
7.7 

4.7 

5.8 
5.8 

5.6 

6.9 
6.6 

5 . 5 

<1 

2 

<1 

48 

Cobalt, 
dis

solved 

2 

3 

10 

<3 

<3 

<1 
1 

<1 

<1 
<1 

<3 

<1 
<1 

<3 

<1 
<1 

<3 

4 . 8 

8.8 

8.8 

0.5 

7.3 

0 . 3 

1.8 

6.9 

0.1 

Copper, 
dis

solved 

2 

<10 

<10 

<10 

50 

260 
150 

<1 

3 

<10 

240 
230 

<10 

4 
1 

<10 

Iron, 
total 

300 

1000 
270 

1600 

3000 

2200 
240 

1300 
3000 

6000 
6000 

l32 

10 

<10 
<10 

<10 

<10 
30 

<10 
30 

<10 
<10 

Alum
inum, 
dis-

solved 

20 

30 

530 

<10 

<10 

<10 
10 

<100 
<10 

Iron, 
dis

solved 

330 

40 

29 

24 

230 
73 

1500 
1100 

3100 

46 
61 

5 

76 
50 

<4 

6000 
5900 

1600 

<10 

10 
<10 

20 

<10 
<10 

<10 

<10 
20 

<10 

Anti
mony, 
dis-

solved 

Lead, 
dis

solved 

<1 

<10 

<10 

<10 

<10 

<1 
<1 

<1 

<1 

1 
<1 

<10 

2 
1 

<10 

<1 
<1 

<10 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

Arse
nic, 
dis-

solved 

<1 

< 1 

< 1 

<1 

<1 

<1 
<1 

5 

<1 
<1 

<1 

<1 
<1 

<1 

<1 
<1 

<1 

Lithium, 
dis

solved 

<4 

<4 

<4 

<4 

<4 
4 

15 

5 

19 
15 

<4 

<4 
<4 

<4 

5 
5 

<4 

Barium, 
dis

solved 

28 

170 

1300 

67 

130 

210 
210 

90 
67 

10 

3 
7 

49 

61 
63 

61 

79 
82 

37 

Manga
nese, 
total 

20 

80 
60 

30 

30 

<10 
<10 

<10 
<10 

80 
80 

Beryl
lium, 
dis

solved 

<0.5 

0 . 6 

2 

1 

<0.5 

0.8 
0.9 

<0.5 

0.8 

<0.5 
<0 . 5 

<0.5 

<0.5 
<0.5 

<0.5 

<0.5 
<0.5 

<0.5 

Manga
nese, 
dis

solved 

14 

57 

88 

92 

84 

66 
65 

29 . 
31 

29 

2 
2 

9 

11 
9 

110 
87 

150 

Boron, 
total 

<10 

40 
30 

40 

90 
160 

<10 
60 

90 
80 



Table A20.-Trace-element and other water-quality data from wells in Segment IV-Continued 

(Concentrations in micrograms per liter, except as noted; <, less than) 

Site 
number 

CE Dd 102 

CO Dc 146 

CO De 16 

DO Cg 46 

KE Be 47 

QA Cg 

QA Ea 78 

SO Ce 98 

TA Ce 7 

WI Cd 71 

WI Ce 13 

WO Bf 87 

WO Bh 84 

WO Cc 3 

Mercury, 
dissolved 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 
<0.1 

0.1 

<0 . 1 

<0.1 
<0.1 

<0.1 

<0.1 
<0.1 

<0.1 

0.2 
<0.1 

<0.1 

Molybdenum, Nickel, 
dissolved dissolved 

<1 

<10 

<10 

<10 

<10 

<1 
<1 

<1 

<1 

<1 
<1 

<10 

<1 
<1 

<10 

<1 
<1 

<10 

<1 

<10 

10 

<10 

<10 

5 
4 

<1 

<1 

<10 

<1 

<10 

<1 
1 

<10 

Selenium, 
dissolved 

<1 

2 

<1 

<1 

14 

<1 
<1 

<1 

<1 

<1 
<1 

<1 

<1 
<1 

2 

<1 
<1 

<1 

Table A21.-Schedule 1304 analyses fro m wells in Segment IV 

Strontium, Vanadium, 
dissolved dissolved 

140 

160 

55 

250 

130 

43 

220 

30 

<1 

<6 

<6 

<6 

<6 

<1 
<1 

< 1 

3 

<1 
<1 

<6 

<1 
<1 

<6 

<1 
4 

<6 

Zinc, 
total 

90 

(Concentrations are total amounts, in micrograms per liter) 

Site 
number 

CE Dd 102 

CO Dc 146 

CO De 16 

DO Cg 46 

KE Be 47 

QA Cg 

QA Ea 78 

TA Ce 

WI Cd 71 

WI Ce 13 

WO Bf 87 

WO Bh 84 

WO Cc 3 

Date 

06-09 -92 

06-27-89 

07-19-88 

07-26-89 

07-13-88 

06-26-90 
08-16-90 

06-12-90 

06-13-90 
08-16-90 

07-21-88 

05-30-90 
08-16-90 

07-13-89 

06 -12 - 90 
08-15-90 

07-26-88 

2 , 4-D 

<0.01 

<0.01 

<0.01 

<0.01 

<0 . 01 

<0.01 
<0.01 

<0.01 

<0.01 
<0.0 1 

<0.01 

<0.01 
<0.01 

<0.01 

<0.01 
<0.01 

<0.01 

2,4-DP 

<0.01 

<0.01 

<0.01 

<0.01 

<0 . 01 

<0.01 
<0 . 01 

<0.01 

<0.01 
<0.01 

<0.01 

<0.01 
<0.01 

<0.01 

<0,01 
<0.01 

<0.01 

2,4,5-T 

<0.01 

<0 . 01 

<0.01 

<0.01 

<0.01 

<0 .01 
<0.01 

<0.01 

<0.01 
<0 . 0 1 

<0.01 

<0.01 
<0.01 

<0.01 

<0.01 
<0.01 

<0 . 01 
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Silvex 

<0.01 

<0.0 1 

<0.01 

<0.01 

<0.0 1 

<0 .01 
<0.0 1 

<0.01 

<0.01 
<0.01 

<0.01 

<0.01 
<0.01 

<0.01 

<0 .01 
<0, 01 

<0.01 

Sevin Picloram 

<0.5 <0.01 

<0.5 <0.01 

<0.5 <0.01 

<0.5 <0.01 

<0.5 <0.01 

<0.5 <0.01 

<0.5 <0.01 

Zinc, 
dissolved 

81 

11 

64 

23 

30 

79 
79 

<3 

8 

3 
7 

<3 

280 
310 

5 

<3 
3 

3 

Dicamba 

.2 

<0.01 

<0.01 

<0.01 

<0 . 01 

<0.01 

<0.01 



Table A22.-Schedule 1331 analyses from wells in Segment IV 

(All concentrati ons are dissolved amounts, in micrograms per liter) 

Site 
number Date PCB PCN Aldrin Chlordane DOD DOE DDT Diazinon Dieldrin 

CE Dd 102 09-13-91 <0.1 <0 . 10 <0 . 01 <0.1 <0.01 <0.01 <0 . 01 <0.01 <o.oi 
06-09-92 <0 . 1 <0 . 10 <0.01 <0 . 1 <0 . 01 <0 . 01 <0 . 01 <0.01 <0 . 01 

QA Cg 1 06-26-90 <0.1 <0.10 <0.01 <0 . 1 <0 . 01 <0 . 01 <0.01 <0.01 <0.01 
08-16-90 <0.1 <0.10 <0. 01 <0 . 1 <0 . 01 <0.01 <0.01 <0.01 <0.01 

QA Ea 78 06-12-90 <0.1 <0 . 10 <0 .0 1 <0.1 <0 . 01 <0 . 01 <0.01 <0.01 <0.01 

TA Ce 7 06-13-90 <0.1 <0.10 <0 . 01 <0.1 <0 . 01 <0.01 <0.01 <0 . 01 <0 .01 
08-16-90 <0 . 1 <0.10 <0 . 01 <0 . 1 <0 . 01 <0 . 01 <0.01 <0 . 01 <0.01 

WI Ce 13 05-30-90 <0.1 <0.10 <0 . 01 <0.1 <0.01 <0.01 <0 . 01 <0 . 01 0 . 01 
08-16-90 <0.1 <0.10 <0.01 · <0 . 1 <0.01 <0.01 <0.01 <0.01 0 . 01 

we Bh 84 06-12-90 <0 . 1 <0.10 <0.01 <0. 1 <0.01 <0 . 01 <0 . 01 <0.0 1 <0. 01 
08-15 - 90 <0.1 <0.10 <0 .01 <0.1 <0 . 01 <0.01 <0 .0 1 <0 . 01 <0.0 1 

Site Heptachlor 
number Endosulfan Endrin Ethion Heptachlor epoxide Lindane Ma lathion Methoxychlor 

CE Dd 102 <0 . 01 <0.01 <0.0 1 <0.01 <0.0 1 <0.01 <0 . 01 <0. 01 
<0 .0 1 <0 .01 <0.0 1 <0.01 <0 . 01 <0.01 <0 . 01 <0 . 01 

QA Cg 1 <0.01 <0.01 <0 . 01 <0.01 <0.01 <0.01 <0.01 <0.01 
<0.01 <0.01 <0.01 <0 . 01 <0.01 <0.01 <0.01 <0.01 

QA Ea 78 <0.01 <0.01 <0.01 <0 . 01 <0 . 01 <0 . 01 <0.01 <0 . 01 

TA Ce 7 <0.01 <0.01 <0.0 1 <0.01 <0.0 1 <0.01 <0. 01 <0.01 
<0.01 <0. 01 <0 . 01 <0 . 01 <0 .0 1 <0 . 01 <0 .01 <0. 01 

WI Ce 13 <0.01 <0 .01 <0 .01 <0.01 <0.01 0.20 <0 . 01 <0. 01 
<0.01 <0 .01 <0.01 <0.01 <0.01 0.05 <0.01 <0 . 01 

we Bh 84 <0.0 1 <0.01 <0.01 <0.01 <0 . 0 1 <0 . 01 <0 . 01 <0.0 1 
<0 . 0 1 <0.01 <0 . 01 <0.01 <0.0 1 <0 . 01 <0. 01 <0 .01 

Site Methyl Methyl 
number parathion trithion Mirex Parathion Perthane Toxaphene Trithion 

CE Dd 102 <0.0 1 <0.0 1 <0.0 1 <0.01 <0.10 <1.0 <0.01 
<0.0 1 <0.01 <0.0 1 <0.01 <0.10 <1.0 <0.01 

QA Cg <0.0 1 <0.0 1 <0.01 <0.01 <0. 10 <1. 0 <0. 01 
<0 . 01 <0.0 1 <0.01 <0 . 01 <0. 10 <1. 0 <0 . 01 

QA Ea 78 <0 . 0 1 <0 . 01 <0.01 <0.01 <0 .10 <1. 0 <0.0 1 

TA Ce <0 . 01 <0.01 <0.01 <0 . 01 <0 . 10 <1.0 <0 . 01 
<0.0 1 <0.01 <0.01 <0 . 0 1 <0 .10 <1.0 <0.0 1 

WI Ce 13 <0 . 01 <0 . 01 <0.01 <0.01 <0.10 <1.0 <0.01 
<0.01 <0.01 <0.01 <0.01 <0. 10 <1.0 <0.0 1 

we Bh 84 <0.01 <0.01 <0.01 <0 . 0 1 <0.10 <1.0 <0.01 
<0 .01 <0 . 01 <0 . 01 <0.0 1 <0.1 0 <1.0 <0.0 1 
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Table A23 .-Schedule 1389 analyses from wells in Segment IV 

(All concentrations are total amounts, in micrograms per liter) 

Site 
number Date Alachlor Ametryn Atrazine Cyanazine Bromacil Butachlor Butylate Carboxin 

CE Dd 102 06-09-92 <0 . 10 <0.10 <0 . 10 <0 . 20 <0.20 <0.10 <0 . 10 <0.20 

CO Dc 146 06-27-89 <0 . 10 <0 . 10 0.10 <0.10 

CO De 16 07-19-88 <0.10 <0 . 10 <0.10 <0.10 

DO Cg 46 07-26-89 <0 . 10 <0 . 10 <0.10 <0.10 

ICE Be 47 07-13-88 <0.10 <0.10 0 . 10 <0 . 10 

QA Cg 1 06-26-90 <0 . 10 <0 . 10 <0 . 10 <0 . 10 
08-16-90 <0.10 <0 . 10 <0 . 10 <0.10 

QA Ea 78 06-12-90 <0.10 <0.10 <0 . 10 <0.10 

TA Ce 7 06-13-90 <0.10 <0 . 10 <0 . 10 <0 . 10 
08-16-90 <0.10 <0 . 10 <0.10 <0 . 10 

WI Cd 71 07-21-88 <0.10 <0 . 10 <0.10 <0.10 

WI Ce 13 05-30-90 <0.10 <0 . 10 <0.10 <0 . 10 
08-16-90 <0.10 <0 . 10 <0 . 10 <0 . 10 

we Bf 87 07-13-89 1.4 <0.10 0.10 <0.10 

we Bh 84 06-12-90 <0.10 <0.10 <0.10 <0.10 
08-15-90 <0 . 10 <0.10 <0 . 10 <0 . 10 

we Cc 3 07 - 26-88 <0.10 <0.10 <0.10 <0.10 

Site De-ethyl De-isopropyl 
number Cycloate atrazine atrazine Diphenamid Hexazinone Metolachlor Metribuzin Prometon 

CE Dd 102 <0. 10 <0.20 <0.20 <0 . 10 <0.20 <0 . 20 <0 . 10 <0.20 

CO Dc 146 <0 . 10 <0.10 <0.10 

CO De 16 <0.10 <0 . 10 <0 . 10 

DO Cg 46 <0.10 <0.10 <0 . 10 

KE Be 47 <0.10 <0.10 <0.10 

QA Cg 1 <0.10 <0.10 <0 . 10 
<0.10 <0.10 <0 . 10 

QA Ea 78 <0.10 <0.10 <0.10 

TA Ce <0.10 <0.10 <0.10 
<0.10 <0.10 <0.10 

WI Cd 71 <0.10 <0.10 <0 . 10 

WI Ce 13 <0.10 <0 . 10 <0 . 10 
<0.10 <0.10 <0.10 

we Bf 87 <0.10 <0.10 <0.10 

we Bh 84 <0.10 <0 . 10 <0 .10 
<0.10 <0.10 <0.10 

we Cc 3 <0.10 <0 . 10 <0 . 10 
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Table A23.-Schedu le 1389 analyses from wells in Segment IV-Continued 

(All concentrations are tot al amounts, in micrograms per liter) 

Site 
number Prometryn Propazine Propachlor Simazine Simetryne Terbacil Trif l uralin Verno late 

CE Dd 102 <0.10 <0.10 <0. 10 <0. 10 <0 . 10 < 0 . 20 < 0 . 10 <0.10 

CO Dc 14 6 <0.10 <0.10 <0.10 <0. 10 <0. 10 

CO De 16 <0.10 <0.10 <0.10 <0.10 <0.10 

DO Cg 46 <0.10 < 0 . 10 <0.10 <0.10 <0.10 

KE Be 47 <0. 10 < 0 . 10 <0.10 <0.10 <0 . 10 

QA Cg <0.10 <0. 10 <0.10 <0 . 10 <0 . 10 
<0.10 <0. 10 <0.10 <0.10 <0 . 10 

QA Ea 78 <0.10 <0.10 <0. 10 <0. 10 <0.10 

TA Ce 7 <0.10 < 0 . 10 <0 . 10 <0.10 < 0 . 10 
<0.10 <0.10 <0 . 10 <0.10 <0. 10 

WI Cd 71 <0.10 <0 . 10 <0 .10 <0.10 <0 . 10 

WI Ce 13 <0 . 10 < 0 . 10 <0.10 <0. 10 <0. 10 
<0.10 <0. 10 <0. 10 <0.10 <0. 10 

we Bf 87 <0 . 10 <0.10 <0.10 < 0 . 10 <0.10 

we Bh 84 <0. 10 <0 . 10 <0 .10 <0.10 <0.10 
<0.10 <0.1 0 <0 .10 < 0 . 10 <0 . 10 

we Cc 3 <0.10 <0.1 0 <0. 10 <0.10 < 0 . 10 
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Table A24.-Schedule 1390 analyses from wells in Segment IV 

(Concentrations are total amounts , in micrograms per liter; < less than) 

Site Acrylo- Bromo- n-Butyl sec - Butyl tert-Butyl 
number Date Acro l ein nitri l e Benzene benzene Bromoform benzene benzene benzene 

CO Dc 146 06- 27- 89 <0.2 <0 .2 <0.2 

CO De 16 07 - 19-88 <0.2 <0.2 

DO Cg 46 07 - 26 - 89 <0.2 <0.2 <0.2 

KE Be 47 07 - 13- 88 <0 .2 <0.2 

QA Cg 06- 26-90 <3.0 <3.0 
08- 16 - 90 <3.0 <3.0 

QA Ea 78 06- 12 - 90 <3.0 <3.0 

TA Ce 7 06 - 13-90 <3.0 <3.0 
08 -1 6-90 <3 . 0 <3 . 0 

WI Cd 71 07 - 21-88 <0 . 2 <0.2 

WI Ce 13 05- 30-90 <3.0 <3.0 
08- 16-90 <3 . 0 <3.0 

WO Bf 87 07 -13-89 <0.2 <0 . 2 <0.2 

WO Bh 84 06-12-90 <3.0 <3.0 
08-15-90 <3.0 <3.0 

WO Cc 3 0 7 - 26-88 <0.2 <0.2 

2 Chloro-
Carbon Chloro- ethyl- Dibromo -

Site tetra- Chloro- dibromo- Chloro- vinyl- Chloro- o - Chloro- p-Chl oro- chloro- 1.2-Dibromo-
number chloride benzen e methane eth an e ether form to l uene toluene 12ro12ane ethane 

CO Dc 146 <0.2 <0.20 <0.2 <0.2 <0 . 2 <0 . 2 <0 . 2 <0.2 

CO De 16 <0 . 2 <0.20 <0.2 <0 . 2 <0.2 <0.2 

DO Cg 46 <0.2 <0.20 <0.2 <0 . 2 <0 . 2 <0.2 <0.2 <0.2 

KE Be 47 <0 . 2 <0.20 <0.2 <0.2 <0 . 2 

QA Cg <3.0 <3 . 0 <3.0 <3.0 <3.0 <3.0 <3. 0 
<3 . 0 <3 . 0 <3.0 <3.0 <3.0 <3 . 0 <3 . 0 

QA Ea 78 <3.0 <3.0 <3.0 <3 . 0 <3.0 <3.0 <3.0 

TA Ce <3.0 <3.0 <3.0 <3.0 <3.0 <3 . 0 <3.0 
<3 . 0 <3 . 0 <3.0 <3.0 <3.0 <3.0 <3.0 

WI Cd 71 <0.2 < 0 .20 <0.2 <0 .2 0 . 8 <0.2 

WI Ce 13 <3.0 < 3 .0 <3.0 <3.0 <3.0 <3 . 0 <3.0 
<3 .0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 

WO Bf 87 <0.2 <0.20 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

WO Bh 84 <3. 0 <3 . 0 <3.0 < 3 . 0 <3.0 <3.0 <3 . 0 
<3 . 0 <3 . 0 <3 . 0 <3.0 <3.0 <3 . 0 <3.0 

WO Cc 3 <0.2 <0.20 <0 . 2 <0.2 0 . 7 
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Table A24.-Schedule 1390 analyses from wells in Segment IV-Continued 

Site 
number 

CO Dc 146 

CO De 16 

DO Cg 46 

KE Be 47 

QA Cg 1 

QA Ea 78 

TA Ce 7 

WI Cd 71 

WI Ce 13 

WO Bf 87 

WO Bh 84 

we Cc 

Site 
number 

3 

CO Dc 146 

CO De 16 

DO Cg 46 

KE Be 47 

QA Cg 

QA Ea 78 

TA Ce 

WI Cd 71 

WI Ce 13 

WO Bf 87 

WO Bh 84 

we Cc 3 

Dibromo
methane 

<0.2 

<0.2 

<0 . 2 

<0 . 2 

<0 . 2 

<0 . 2 

<0 . 2 

(Concentrations are total amounts, in micrograms per liter; <, less than) 

1,2- 1,3- 1,4-
Dichloro- Dichloro- Dichloro-
benzene benzene benzene 

<0.2 

<0.2 

<0.2 

<0 . 2 

<3 . 0 
<3 . 0 

<3 . 0 

<3.0 
<3.0 

<0 . 2 

<3.0 
<3 . 0 

<0 . 2 

<3 . 0 
<3.0 

<0 . 2 

<0 . 2 

<0 . 2 

<0 . 2 

<0 .2 

<3 . 0 
<3 . 0 

<3.0 

<3.0 
<3.0 

<0.2 

<3 . 0 
<3 . 0 

<0 . 2 

<3.0 
<3 . 0 

<0 . 2 

<0 . 2 

<0 . 2 

<0 . 2 

<0 . 2 

<3 . 0 
<3 . 0 

<3.0 

<3.0 
<3.0 

<0.2 

. <3 . 0 
<3 . 0 

<0 . 2 

<3 . 0 
<3 . 0 

<0.2 

Dichloro
bromo
methane 

<0.2 

<0 . 2 

<0 .2 

<0 . 2 

<3 . 0 
<3.0 

<3 . 0 

<3.0 
<3.0 

<0.2 

<3.0 
<3.0 

<0.2 

<3 . 0 
<3.0 

<0 . 2 

Dichloro
difluoro

methane 

<0.2 

<0.2 

<0.2 

<0.2 

<3 . 0 
<3 . 0 

<3.0 

<3.0 
<3. 0 

<0.2 

<3.0 
<3 . 0 

<0.2 

<3.0 
<3.0 

<0.2 

1 1-
Di~hloro

ethane 

<0 . 2 

<0.2 

<0 . 2 

<0.2 

<3 . 0 
<3 . 0 

<3 . 0 

<3 . 0 
<3.0 

<0.2 

<3.0 
<3 . 0 

<0 .2 

<3.0 
<3 . 0 

<0.2 

1 2-
Dichloro

ethane 

<0 .2 

<0.2 

<0.2 

<0.2 

<3.0 
<3.0 

<3.0 

<3 . 0 
<3.0 

<0.2 

<3 . 0 
<3.0 

<0 . 2 

<3.0 
<3.0 

<0 .2 

cis-l 2- 1 1- 1,2- 1,3- 2 2- 1 1- 1,3- cis-l,3-
Dichioro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro-
ethene ethylene propane propane propane propene propene propene 

<0.2 

<0 . 2 

<0 . 2 

<0.2 

<3.0 
<3.0 

<3 . 0 

<3.0 
<3.0 

<0.2 

<3 . 0 
<3 . 0 

<0.2 

<3.0 
<3 . 0 

<0 . 2 

<0.2 

<0.2 

<0 . 2 

<0.2 

<3. 0 
<3.0 

<3.0 

<3 . 0 
<3.0 

<0 . 2 

<3 . 0 
<3.0 

<0.2 

<3.0 
<3.0 

<0.2 

<0.2 

<0.2 

<0.2 

<0 . 2 <0.2 

<0 . 2 <0.2 

<0.2 <0.2 
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<3.0 
<3.0 

<3. 0 

<3.0 
<3.0 

<3.0 
<3.0 

<3.0 
<3 . 0 

<0.2 

<0.2 

<0 . 2 

<0.2 

<3.0 
<3.0 

<3 . 0 

<3.0 
<3.0 

<0.2 

<3.0 
<3 . 0 

<0.2 

<3. 0 
<3.0 

<0.2 

l,2-trans
Dichloro

ethene 

<3.0 
<3 . 0 

<3 . 0 

<3.0 
<3. 0 

<3.0 
<3.0 

<3.0 
<3 . 0 

trans-l,3 
Dichloro

propene 

<0.2 

<0 . 2 

<0.2 

<0 . 2 

<3 . 0 
<3 . 0 

<3.0 

<3 . 0 
<3.0 

<0.2 

<3.0 
<3.0 

<0.2 

<3.0 
<3.0 

<0.2 



(Concentrations are total amounts, in micrograms per liter; <, less than) 

He xa-
Site Ethyl- chloro- Isopropyl- p-Isopropyl Methyl- Methyl- Methylene Naphth- n-Propyl-

number benzene butadiene benzene toluene bromide chloride chloride alene benzene 

CO Dc 146 <0. . 2 <0.2 <0 . 2 0 . 2 

CO De 16 <0..2 <0.2 <0 .2 <0 . 2 

DO Cg 46 <0 . 2 <0 . 2 <0 . 2 <0.2 

KE Be 47 <0.2 <0 .2 <0.2 <0 . 2 

QA Cg 1 <3.0. <3.0 <3.0 <3. 0 
<3.0 <3 . 0 <3 .0 <3 . 0 

QA Ea 78 <3 .0 <3 . 0 <3 . 0 <3 . 0 

TA Ce 7 <3 . 0 <3. 0 <3 . 0 <3. 0 
<3.0 <3 .0 <3 . 0 <3 . 0 

WI Cd 71 <0.2 <0 . 2 <0 . 2 <0 . 2 

WI Ce 13 <3 . 0 <3.0 <3.0 <3.0 
<3 . 0 <3 . 0 <3 . 0 <3. 0 

WO Bf 87 <0 . 2 <0 . 2 <0.2 0.3 

we Bh 84 <3.0 <3.0 <3.0 <3 . 0 
<3.0 <3. 0 <3.0 <3.0 

we Cc 3 <0 .2 <0 . 2 <0.2 <0.2 

1,1,2,2- 1 , 1,1,2-
Tetra- Tetra- Tetra- 1,2,3- 1 , 2,4 - 1,1,1- 1,1,2-

Site ch l oro- chloro - chloro- Trichloro- Trichloro- Trichl oro- Trichl oro -
number Styrene ethane ethane ethyl ene To l uene benzene benzene ethane ethane 

CO Dc 146 <0 . 2 <0 . 2 <0.2 <0 . 2 <0.2 <0 . 2 <0.2 

CO De 16 <0 . 2 <0 . 2 <0 . 2 <0 . 2 <0 . 2 <0.2 

DO Cg 46 <0.2 <0 . 2 <0 . 2 <0 . 2 <0 . 2 <0.2 <0.2 

KE Be 47 <0.2 <0 . 2 <0 .2 <0 . 2 <0 . 2 <0.2 

QA Cg 1 <3 . 0 <3.0 <3.0 <3 . 0 <3.0 <3.0 
<3 . 0 <3.0 <3 .0 <3 . 0 <3.0 <3.0 

QA Ea 78 <3 . 0 <3 . 0 <3 .0 <3 . 0 <3.0 <3.0 

TA Ce <3.0 <3.0 <3 .0 <3.0 <3.0 <3.0 
<3 . 0 <3.0 <3 .0 <3 . 0 <3.0 <3.0 

WI Cd 71 <0 .2 <0 . 2 <0. 2 <0.2 <0.2 <0.2 

WI Ce 13 <3 . 0 <3 . 0 <3 . 0 <3.0 <3.0 <3.0 
<3.0 <3.0 <3 . 0 <3.0 <3 .0 <3.0 

we Bf 87 <0.2 <0 . 2 <0 . 2 <0. 2 <0 . 2 <0 . 2 <0.2 

we Bh 84 <3.0 <3.0 <3 .0 <3.0 <3 . 0 <3 . 0 
<3 . 0 <3 . 0 <3 .0 <3.0 <3 . 0 <3 . 0 

we Cc 3 <0.2 <0.2 <0 . 2 <0.2 <0.2 <0 . 2 

139 



Table A24.-Schedule 1390 analyses from wells in Segment IV-Continued 

(Concentrations are total amounts, in micrograms per liter; < less than) 

1,2,3 1,2,4- 1,3,5-
Site Trichloro- Trichloro- Trichloro- Trimethyl- Trimethyl- Vinyl 

number ethylene fluoromethane propane benzene benzene chloride Xylene 

CO Dc 146 0.2 <0.2 <0.2 <0.2 <0.2 

CO De 16 <0.2 <0.2 <0.2 <0.2 <0.2 

DO Cg 46 <0.2 <0 . 2 <0.2 <0.2 <0.2 

KE Be 47 <0.2 <0.2 <0 . 2 <0.2 <0.2 

QA Cg <3.0 <3 . 0 <1.0 <3.0 
<3.0 <3 . 0 <1.0 <3 . 0 

QA Ea 78 <3.0 <3.0 <1.0 <3.0 

TA Ce <3 . 0 <3.0 <1.0 <3.0 
<3.0 <3.0 <1.0 <3.0 

WI Cd 71 <0.2 <0.2 <0.2 <0.2 <0.2 

WI Ce 13 <3 . 0 <3.0 <1.0 <3 . 0 
<3.0 <3.0 <1.0 <3.0 

we Bf 87 <0.2 <0.2 <0.2 <0.2 <0.2 

we Bh 84 <3.0 <3 . 0 <1.0 <3 . 0 
<3 . 0 <3 . 0 <1.0 <3.0 

we Cc 3 <0.2 <0 . 2 <0.2 <0.2 <0.2 
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APPENDIX 8 
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Table B I.-Well characteristics, aquifer data, and land-lise information for wells in the Maryland 
ground-water-qllal i ty network 

Altitude of 
land surface Topographic Depth of 

Well number Permit number Completion date (ft) setting well (ft) Use of water 

Segment I 

AL Ae 36 AL-81-0022 08-21-1982 700 V 40 S 

AL Ai 26 AL-73-1058 10-20-1980 1250 H 83 H 

AL Cb 8 AL-01-2926 10-20-1953 2000 S 86 R 

GA Ae 50 GA-73-0233 06-12-1973 2400 S 90 T 

GA Ba GA-OO-5557 04-08-1950 2010 S 70 H 

GA Da 17 GA-67-0179 08- -1966 2430 H 226 R 

WA Ad 101 WA-72-0225 04-10-1972 560 S 120 H 

WA Ah 63 WA-02-5 774 12-06-1956 515 V 25 U 

WA Ak 99 WA-71-00 19 08-01-1970 670 V 32 H,S 

Segment II 

BA Dc 444 BA-81-4198 10-09-1985 390 S 300 U 

CL Ae CL-OI-0525 08-25-1952 1005 W 100 T 

CL Bf 184 CL-73-6466 11-16-1977 790 V 339 U 

FR Af 27 FR-73-7155 08-29-1979 385 G 365 U 

FR Df 35 FR-73-0852 05-26-1973 570 H 302 U 

HA Ca 23 HA-73-1630 06-25-1974 470 S 200 U 

HO Cd 78 HO-81-2386 03-31-1988 426 W 19 U 

MO Be 62 MO-73-0083 02-07-1973 805 H 180 U 

MO Db 68 MO-73-1869 05-30-1978 260 V 250 U 

TOl2ogral2hic setting Use of water 

V Valley F Flat S Stock U Unused 
H Hilltop W Upland H Domestic I Irrigation 
S Hillside draw R Recreation F Fire 

G Floodplain T Institutional 
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Table B 1.-Well characteristics, aquifer data, and land-use information for wells in the Maryland 
ground-water-quality network-Continued 

Casing Ol2enings 

Depth 
Dia- of 

Depth meter Fin- grout Diameter Interval Fin- Aquifer 
Well Geologic unit (ft) (in) ish (ft) (inches) (ft) ish type 

Segment I 

AL Ae 36 Mahantango 29 6 ST 24 29-40 OH U 
Fm. 

ALAi 26 Jennings Fm. 30 6 ST 30 30-83 OH U 

ALCb 8 Conemaugh Fm. 34 5-5/8 ST 34-86 OH U 

GA Ae 50 Conemaugh Fm . 21 6 ST 21 21-90 OH U 

GA Ba Conemaugh Fm. 41 5-5/8 ST 41-70 OH U 

GA Da 17 Allegheny/ 37 6 ST 37-226 OH U 
Pottsville Fm. 

WA Ad 101 Romney Fm. 21 6-1/4 ST 20 21-120 OH U 

WA Ah 63 Rockda le Run ST OH U 
Fm. 

WA Ak 99 Tomstown Fm. 20 6 ST 20 20-32 OH U 

Segment II 

BA Dc 444 Cockeysville 86 6 ST 34 86-300 OH U 
Marble 

CL Ae Marburg Schist 17 .5 6 ST 17 .5- OH U 
100 

CL Bf 184 Prellyboy Schist 50 6 ST 48 50-339 OH U 

FR Af 27 Gellysburg 39 6 ST 39 39-365 OH U 
Shale 

FR Df 35 Urbana Fm. 26 6 ST 26 26-302 OH U 

HA Ca 23 Loch Raven 24 6 ST 24 24-200 OH u 
Schist 

HO Cd 78 Loch Raven 9 3 PL 8 3 9- 19 PL U 
Schist (saprolite) 

MO Be 62 ljamsville Fm. 29 6 ST 27 29-180 OH U 

MO Db 68 New Oxford 40 6 ST 35 40-250 OH U 
Conglomerate 

Casing finish Ol2enings fini sh Aguifer tYl2e Ul2gradient land use 

PL Plastic PL Slolled plastic U Unconfined Residential 4 Cropland 

Upgra-
dient land 

use 

6 

6 

6 

5 

6 

6 

6 

4 

4 

6 

6 

4 

6 

4 

4 

5 

5 

C Cement BR Brass screen S Scmiconfined 2 Commercial 5 Pasture/g rassland 
ST Steel C Cement C Confined 3 Institutional 6 Forest 

OH Open hole 
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Table B I .- Well characteristics, aquifer data, and land-use information for wells in the Maryland 
ground-water-quality network-Continued 

Altitude of Topo-
Completion land surface graphic Depth of Use of 

Well number Pennit number date (ft) selling well (ft) water Geologic unit 

Segment ill 

AA Ad 104 AA-81-2760 05-10-1984 77 F 29 U Patapsco Fm. 

AACg 25 AA-74-1240 09-15-1979 17 F 107 U Aquia Fm. 

AA Df 103 AA-73-3315 09-01 -1 974 27 F 46 U Aquia Fm. 

CA Fe 13 CA-81-2391 07-15-1986 47 F 35 U Chesapeake Group 

CH Cb 7 CH-01 -1 908 03 -03-1952 36 F 400 U Potomac Group 

CH Ee 16 pre-1946 40 S 23 U Maryland Point Fm. 

CH Ee 90 CH-81-0606 08-22-1983 7 G 21 U Nanjemoy Fm. 

HA Dd 92 HA-81-4137 02-05-1988 20 F 38 U Talbot Fm. 

PG Be 37 PG-81-0661 09-22-1984 170 H 25 U Patuxent Fm. 

SM Ef 80 40 F 21 U Omar Fm. 

Segment IV 

CO Dc 146 CO-81-1524 06-15-1988 45 F 20 U Pensauken Fm 

CO De 16 CO-81-1530 06-16-1988 61 F 17 U Beaverdam Fm. 

CE Dd 102 CE-81-1895 05-01-1986 70 s 122 Magothy Fm. 

DO Cg 46 DO-88-0090 05-01-1989 18 F 17 U Beaverdam Fm. 

KE Be 47 KE-81-0943 06-22-1988 66 F 24 U Pensauken Fm. 

QA Cg I QA-00-3949 06-10-1949 69 F 60 F Pensauken Fm. 

QA Ea 78 QA-81-0474 07-31-1984 12 F 135 U Aquia Fm. 

SO Ce 98 SO-81-1912 10-23-1990 15 F 60 U Beaverdam Fm. 

TA Ce 7 pre-1949 13 F 104 U Calvert Fm. 

WI Cd 71 WI-88-0650 05-17-1989 35 F 18 U Beaverdam Fm. 

WICe 13 08- -1942 7 F 65 U Pensauken Fm. 

WO Bf 87 WO-81-2672 04-27-1989 33 F 18 U Beaverdam Fm. 

WOBh 84 WO-73-0095 04 -15-1973 5 F 89 U Beaverdam Fm. 

WOCc 3 WO-81-2286 06-07-1988 30 G 21 U Beaverdam Fm. 

144 



Casing OQenings 

Depth 
Dia- of Upgra-

Depth meter Fin- grout Diameter Interval Fin- Aquifer dient land 
Well (ft) (in) ish (ft) (in) (ft) ish type use 

Segment ill 

AA Ad 104 19 4 PL 15 4 19-29 PL U 2 

AA Cg 25 100 3 PL 73 3 100-107 PL U 6 

AA Df 103 39 4 PL 20 2 39-46 PL S 

CA Fe 13 29 3.5 PL 23 3.5 29-34 PL U 4 

CH Cb 7 400 8 ST 7.5 144-167 BR C 6 

CH Ee 16 42 C C U 6 

CH Ee 90 11 4 PL 5 2 11-16 PL U 

HA Dd 92 28 4 PL 15 4 18-28 PL S 

PG Be 37 15 4 PL 15 4 15-25 PL U 3 

SM Ef 80 42 C C U 4 

Segment IV 

CO De 146 17 2 PL 17 2 17-20 PL S 4 

CO De 16 14 2 PL 14 2 14-17 PL U 4 

CE Dd 102 100 4 PL 90 3 100-122 ST C 4 

DO Cg 46 14 2 PL 14 2 14-17 PL U 6 

KE Be 47 21 2 PL 21 2 21-24 PL U 4 

QA Cg I 50 4 50-60 U 

QA Ea 78 125 4 PL 4 125-135 PL C 3 

SO Ce 98 35 6 PL 26 6 35-55 PL S 3 

TA Ce 7 82 4 82-89 ST C 2 

WI Cd 71 15 2 PL 15 2 15-18 PL U 4 

WICe 13 16 ST -65 ST U 

WO Bf 87 15 2 PL 15 2 15-18 PL U 4 

WO Bh 84 84 4 PL 50 4 84-89 PL S 2 

WO Ce 3 18 2 PL 18 2 18-21 PL S 6 
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Table B2.-Spring characteristics, aquifer data, and land-use information for springs in the Mary
land ground-water-quality network 

Altitude of 
Spring land surface Topographic Use o f Upg radient 
number (fl) setting water Geologic unit Improvements land use 

Segment I 

AL Ce 4 710 V P,Z Marcellus/ Collecting basin; 6 

Needmore Shale springhouse 

GA Eb 72 2410 S U Jennings Fm. Collecting basin 6 

WA Ab 3 910 S S Hampshire Fm. Collecting basin; 4 

springhouse 

WA Di 103 470 S S Conococheague Collecting basin; 4 

Limestone springhouse 

Segment II 

CE Cc 40 180 S Z James Run Fm. Steel discharge p ipe 6 

FR Cd 38 690 S T Weverlon Fm. Collecting basin with 6 
roof 

FR Dd 178 315 V Q Frederick Fm. Springhouse 3 

FR Fb 12 300 S P Granodiorite and Steel discharge pipe 
Biotite Granite 

Gneiss 

HA Aa 9 690 S S Prettyboy Schist Collecting basin in 4 

covered pit 

HA Bc 3 1 280 V U Wissahickon None 6 

Boulder Gneiss 

TopograQhic setti ng Use o f water U12gradient land use 

V Valley U Unu sed Residential 4 Cropland 

S Hill side P Public suppl y 2 Co mme rc ial 5 Pasture/grassland 

S Stoc K 3 Insti tutional 6 Forest 

Z Used by passers-by 

Q Aquaculture 

T Institu tional 
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APPENDIX C 

LOCATIONS OF NETWORK SITES: 

Segment I: Appalachian Plateau and Valley and Ridge Physiographic Provinces 

Segment II: Piedmont and Blue Ridge Physiographic Provinces 

Segment III: Western Shore Coastal Plain 

Segment IV: Eastern Shore Coastal Plain 

• Well location 

~ Spring location 

Base maps from U.S. Geological Survey 7·1 /2 minute quadrangles. 

SCALE 1 :24000 

1000 0 1000 2000 3000 4000 5000 6000 7000 FEET 
EHCEHCEHC===~==~C====Er===~==~==~==~~===1 

1 inch = 2000 feet 

N 

t 
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Segment I: Appalachian Plateau and Valley and Ridge Physiographic Provinces 

Well AL Ae 36. 
Evitts Creek quadrangle. 

Well AL Cb 8. 
Lonaconing quadrangle. 
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Well AL Ai 26. 
Artemas quadrangle. 

Spring AL Ce 4. 
Patterson Creek quadrangle. 



Well GA Ae ~O. 
Grantsville quadrangle. 

Well GA Da 17. 
Oakland and Sang Run quadrangle~ . 
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Well GA Ba l. 
Friendsville quadrangle. 

Spring GA Eb 72. 
Deer Park and Oakland quadrangles . 



Spring WA Ab 3. 
Bellegrove quadrangle. 

Well WA Ah 63. 
Mason-Dixon quadrangle. 
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We ll WA Ad 101. 
Cherry Run quadrangle. 

Well WA Ak 99. 
Smithsburg quadrangle. 
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Spring WA Di 103. 
Keedysville quadrangle. 

\ 

Segment II: Piedmont and Blue Ridge Physiographic Provinces 

Well BA Dc 444. 
Cockeysville quadrangle. 
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Well CL Ae l. 
Manchester quadrangle. 



Well CL Bf 184. 
Lineboro quadrangle. 

Well FR Af 27. 
Emmitsburg quadrangle. 
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Spring CE Cc 40. 
Havre de Grace quadrangle. 

Spring FR Cd 38. 
Catoctin Furnace quadrangle. 



Spring FR Dd 178. 
Frederick quadrangle. 

Spring FR Fb 12. 
Point of Rocks quadrangle. 
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Well FR Df 35. 
Walkersville quadrangle. 

Spring HA Aa 9. 
Norrisville quadrangle. 



Spring HA Bc 31. 
Fawn Grove quadrangle. 

Well HO Cd 78. 
Clarksville and Sykesville d' qua 1 angles. 
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Well HA Ca 23. 
Phoenix quad rang le. 

Well MO Be 62. 
Damascus quadrangle. 



Well MO Db 68. 
Poolesville quadrangle. 

Well AA Ad 104. 
Relay quadrangle . 

Segment III: Western Shore Coastal Plain 

Well AA Cg 25 . 
Gibson Island quadrangle . 
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Well AA Df 103. 
Annapolis quadrangle. 

Well CH Cb 7. 
Indian Head quadrangle. 
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Well CA Fe 13. 
Broomes Island quadrangle. 

Well CH Ee 16. 
Colonial Beach North quadrangle. 



Well CH Ee 90. Well HA Dd 92. 
Popes Creek quadrangle. Edgewood and Perryman quadrangles. 

Well PG Be 37. Well SM Ef 80. 
Washington East quadrangle . St. Marys City quadrangle. 
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Segment IV: Eastern Shore Coastal Plain 
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Ridgely quadrangle. 
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Well CE Dd 102. 
Earleville quadrangle. 
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Well CO De 16. 
Hickman and Hobbs quadrangles. 
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Well DO Cg 46. Rhodesdale and 
East New Market quadrangles. 
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Well KE Be 47. 
Galena quadrangle. 

• It.: 

:r· 71. 
, . /1 ' .. 

Well QA Ea 78. 
Kent Island quadrangle. 
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Well QA Cg l. 
Sudlersville quadrangle . 

Well SO Ce 98. 
Princess Anne quadrangle. 



Well TA Ce 7. 
Easton quadrangle. 

Well WI Ce 13. 
Salisbury quadrangle . 
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Well WI Cd 7l. 
Hebron quadrangle. 

Well WO Bf 87. 
Selbyville quadrangle. 
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Well WO Bh 84. Ocean City and 
Assawoman Bay quadrangles. 
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Well WO Cc 3. 
Wango quadrangle. 

~ 
\\ 

\\ 
1\ 
/I ,\ 
~ 
~ 
~ 

ume 

1/=::::: 
/I 
II 
1\ 
Ij 





APPENDIX D. 
CUMULATIVE-PERCENTAGE PLOTS FOR SELECTED ANALYTES 

Cum ul ative-percentage plots for se lected analytes were constructed using the median ana lyte value at each site. For some 
ana lytes, detection levels changed during the project sampling period . For other anal ytes, so me si tes w ith only two analyses had 
one sample above detection level and the other below detection level. Thus there were some d iffi cu lti es in plotting these data near 
the detection levels. 
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Figure D I .-Cumulative-percentage plots of median specific conductance, total-dissolved-solids, pH, and hardness values. 
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Figure D2.-Cumulative-percentage plots of median calcium, magnesium, sodium, and potassium concentrations. 
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Figure D3.-Cumulative-percentage plots of median alkalinity, chloride, nitrate, and sul fate concentrations. 
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Figure D4.-Cumulative-percentage plots of median iron, manganese, and radon concentrations. 
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