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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from place
to place and over time. The information can be used to
help determine the efficacy of existing water-quality
policies and to help analysts determine the need for and
likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over
time.

« Improve understanding of the primary natural and
human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local agen-
cies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the Nation
and cover a diversity of hydrogeologic settings. More
than two-thirds of the Nation’s freshwater use occurs
within the 60 study units and more than two-thirds of
the people served by public water-supply systems live
within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the pub-
lic. The assistance and suggestions of all are greatly

appreciated.
{lobert m. Heroc

Robert M. Hirsch
Chief Hydrologist

Foreword m



CONTENTS

ADSIFACE c...vvicriiiine ittt sttt be ke e a s ar e R et et st ek et st eae ettt ee et et sesaeaeaenearaen 1
IIPOUCLION ..ttt e s et et ra s e et s e sttt b ae b e b e e b ses e nt st e s seraaesstsaranatananine 3
PUIPOSE QNG SCOPE ..eoverreeirieiitieecirieirectrtr ettt st e st s et ssa e s et e e s s et e s ses se st sseasasesssssessesentssassesassessesnenenes 3
ACKNOWIEAGINENLS ...ttt ettt se s s e e e e s s parse e e me e ene 3
DesCription Of STUAY UL .......cccvveieeernnierireereirinesieresersesssts e teessrsatesasestsrssesssassssssasestssesassssssesssarsssassssssessssssssessasasessssssess 5
LA USE ...covininiiirieiiiciiiintntcceseeeestrie sttt sa s sttt sesaests e st sae e s s s e s et s st s e e sasa b e et s e e st st s e st eaa e sanaeahe 5
Environmental SEtNGS .......ccovveviiiniiniineeireiccreet et se e sae e s sttt se e e e e s e et s s e e st ssenase s 9
New England UPIand ........c.oceoeiririeieneirictecertnee sttt sae e s s e s b st e e sassa st st sresesbesessasssasseseassesessessesenes 9
Connecticut Valley LOWIANA .......c.coiuivuiieininiec et seesss st sestse st ssas s bs e saesemesseneasoas 9
Housatonic Valley LOWIANA ..........ccviveiiirieieiirinieneecesee et sesentessesesecsssnsessasesessassessastssessssesessassssserassssseses 9
Mountain UPIAnd...........ccociveiiiircniiiinnriircnieieeeesrnsresesssns s sesesessesssesesesasasassonesassssentsanssessssentossns sessenrssssesssin 9
CoaStAl LOWIAN........coiiiomiiirieier et senessseiesese e besesesesesse e rsesecsssnsssessesenronssesanesnssrassesasassessssssasasess 11

SOLIS et e s e R SR e e RS a e e S e b ue e ser R e e e seera e st et enis 11
CHIMALE .....eovvviriieneiierecsr e rae st esese s sse e et st sbes st s s e b e s et sas b asesesssassrasssesesenassesaseossassenrassaeseseassrenensosnaensereneeros 11
Ground-Water HYAIOIOZY .......ccceceetrmeeiiurerrmintriirieseesensstseseesastssesiasesessesessestssesessetsessssesessessesesssesesessenesassesssnsscsnssesss 12
SUIFACE-WaLEr HYAIOIOZY.....ccoveririnrerireirintiiceinnteseeni s sesesesnssesrseseserassesesastsnassnssssestsnssensasssssenssssesnsserssnsassnssesess 15
WALET USE ..ttt sttt st sr st sa st e e s bt s e st sasass e st st s b et b e e saesassebesasebsnan st srerns st senesne 15
FrtIlIZEr TUSE ....c.ceveeeuiiniirniiririneeiiese ettt ter et s et s e s e ss st b bs et st sas b re e naa s s satasesanssbenssasssassnatenssssesassesnesesssesen 18
PESICIAE USE ...ttt st e e s e s ettt gt sttt st s s bbb r st 18
Collection, Compilation, Screening, and Analysis of Available Water-Quality Data..........ccoceeveerirereniereenceenerseseesnreenes 25
National Water Information SYSIEM........cocvceururueiiimmnecnrnrniiieeeiieeteeresinisiseresteteaestensssesssesseresssissssmssesesereensassrsseresss 25
Nutrients and Suspended SEAIMENL..........ceocvreverriiricererniecrrereeretsesetetraessetesetesestesesssessssesnesesesssssessesesesen 25
Constituent Screening and SElECHON.............cviiievieieirierreee st rireste e sse st e e se e sssesaestesassasassasseses 26

Station Screening and SEIECHOMN .........vvviriririer ettt sesresetssssesasessssnessbssesessasearsserestons 28

Effects of Changes in Laboratory Analysis Methods on Historic Nutrient Data..........cccoceceveevrvencreeenens 29

PESHICIACS 1.v.cvvrisesiriicsiniscse sttt sttt s s s n s st b s ms s st st s e s s s s s bt s s s s s st sus st s 30
QUALILY ASSUIANCE ....cevivereneeereeesenrerereerissstersressssessssssssessseneressesesssenssssstassessesseestatasssssssssassenestssontessssasssssossares 30
Storage and Retrieval System (STORET).....ccccceureiiriirerireeesisreeeseessrestsessssssaessssessssessssesssssssessesessesensesssssssessssesseneses 31
INUITIEIIES ..ottt e s e e e ssat e b et R et bbb sassaeaas 31
PESHCIACS .....cecveniriieeerciie ettt tteeeser et s et sasae e aeses s s s eoessese st b s e st sestenssemesssse bt sberssirasbentsbsnesssesbenan 31
QUALLLY ASSUTANCE ....cvveerereeeeetierareeeetestessesesresessserseessesssessesssessessarssessessesasessesesasesssesssessassaesssessaesessnessaerasesss 31
National Pollutant Discharge Elimination System and Permit Compliance SYStem .......c...ceoureereererreenisenienmsesmsesens 31
Connecticut Department of Health Services Pesticide Monitoring Program..........c..ccecoveveminiinniiincnsisscesnenvesenes 32
National Atmospheric Deposition PrOZIAM .........c.cccovverrirniiieiisinciiisieii e sssssrsssssessesssseeresasssnes 33
Acid Rain MORILOTING PIOJECE ......ccvovirririreereeiiririr et sesesenieresessessssesssessssesesesssasiesinssnssissssssssassssensssssesmassncasssans 33
DA ADALYSIS ..cetrveerenrrereeeieeerteerteseseeestsseetaresesestsse st ssssesestesesssssssssersssssssstessrentsasntoeesttsntieatert rertsanerent st s sesasntans 34
ATCAL DISLIIDULIONS .....eevemieererririressreeeristsiessessesansesstassssssessessesssnesarssessnsssesesesesssestimsasserssssstssocsionsasosesesssasssssss 34
CategoriCal DISIIDULONS. .........covveeiiiriereeeeirisesrs st see et et resseaesesacsesaesissesesaesesstssestsesessesarsaensesessestsssses 34
SUMMATY STALISHICS ...cevrueereirireeiriecetriire st ree et sresae et e e e s sesesscassaene s st esbanesbn et ebonsratbeesbossrbostonmatsnseserassin 34

SitE COMPATISONS. ....veovrurrriirreetieerenieseeseseetesnesasaetesesssstseasssesessesessesensesessssnsentosenesssseestssestssensssonsestennesesseesones 35
HYPOTRESIS TESIS......ouiviiiiiciritrrceetntre i retree ettt sebe e bbb e b nen bbb s bbbt s s b s 35
TIENA ANALYSIS «.ecuvenriirercriiriiiiteetie st rrs e et st s e reeere s s e besebs st sas e n e st saobe b bs et st se R b bt s e et e R b s s b ben 35

Load Estimation for Surface-Water CONSLIUEHLS. ...........evvccrrrereevenencremsienisessiessieteseresensesssesssssesssssssssssesesssnsse 36
Atmospheric Deposition EStIMAtION .........cvevevereverrnireniereinnicteenientsne ittt sssssessssssesssssessoneans 36

Contents \'J



Nutrients, Suspended-Sediment, and Pesticide Data-Collection Sites and Frequencies...........ccvoveverrvrereserereresiereeeesens 37

Nutrients and SuSPended SEAIMENL ...........cccvevirieiriiieeitciteeccte et se e se s esesse e be e s e beseesssessesessessesenrossesan 37
SUITACE WALET ....c.vceeniiiiiiiriitiiiet ettt ettt sttt s st e s aae st s s se st s s asnas s b et asbabesansasesaanssssasesnrtesensesesenss 37
Spatial DISTDULIONS ......ccooiiviiiiiiiiiieiertit ettt et st e et sne e st e st st s sass s e nasesanens 37

TempPOoral DISIIIDULIONS........cccveciiieeeiricecrite ettt e crve et tseeaesraesaeesbeesseeseessesssesssesesrsessesssessessesnreens 38
Distribution in Relation to Streamflow ............coceoviiieinnennierineniereee e 38

GIOUNA WALET .....oveemriiiiiitiniireieecnt et tese et eaee sttt er e st stese e e s st e sr s s eas et et asesemsasasansesessasesssessnsessrsasaserersons 40
Spatial DISTDULIONS ..o.eeveiiiiiicecteenieietee sttt st se et s et s se s sansa s e st ese s et st baseensones 42

Temporal DIStIDULIONS.........c.covririeeiiieicrie et ts e st se e sae e eressesssessesensssesanssssanas 42
Distribution by Well Type and Water USE..........cocccvrirreeereeererierennnrnuercreresserssisssierersssesesesessesnosesessssessonss 45
Distribution by AQUIFEr TYPE .....c.ccvrviirerirriiericrrnrec et seee sttt saese st sresesassasassenesessssenens 45
Distribution by Well DEPth ........ccceceeerviiriiiiieieeciieee ettt es st reete e e sae e st ssne e e sressassesesessasasssssassnrsenes 45

PESHCIACS ... eevereerencieterene ettt ettt et st ba et b e e sas e st st e e s aasss e s b e s e st s s e sebes et s ke st anasebesesasasessrtsassssssesansotesensasaneses 52
SUITACE WALET ....c.ouveveriirireicirtetitetsrsreeesestste e s s setebeses e sts s sesesasbssasesesassasssestasasestasasssenastosesensasesereasassasssensrsnsens 53
Spatial DISTIDULIONS ......coveviieiriiiriiceiireetetir et sae et b s s eesbsasseese st esessesbe e st see e ssesasaentene 53

TempPoral DIStTDULIONS ........cccotviriiiieeeetenteeseesteertee st ses e seese st e s sasee e se st a st e sassesssenasesanassesessansenes 53

GIOUNA WALET ..ottt et e et et ssa et sr st es et e st s e beastsbesassbe s st ss s esaantonsesnassessasnareranesssaseasens 57
Spatial DISITBULIONS ......ccocviiririiiiiiiinere ettt n st s bssesessenesasassesensssestsessesansssssesessasens 57

TemPOTal DIStIIDULIONS.......cviieriieririenriseet e cte st st e s e tes s e stesaessesaestenesaevassassesssessessessessansessnssasssesees 60
Distribution by Well Type and Water USE.........ccceveviiierenierirerinieissssanseesesseereesesessesssesessasssessessessesses 60
Distribution by AQUIfEr TYPE .....c.couririeuroiriieeiiiieetiteeit et ses e tse e esesaeae e sessesnanasons 60
Distribution by Well Depthi ..........cccovuermiiniieieeiiiie et ctnerteesee sttt et sne e se st e e e ssssees 60

Spatial and Temporal Distributions of Nutrients, Sediment, and PestiCides.........ccccovevverirrrrercrerriercceerererreenenssrseresessesnes 60
Nutrients and SUSPended SEAIMENL.........c..cccoveeeiriiineneie ettt e srertsre e e resessesesssaeessessassersassassasseessesaassess 60
SUITACE WALET .....vivieevcrererereietiter ettt ettt b ettt es e e seassbsseses s st sbesssbbesarasesesesansssasesosesessssssasansasessnsesensons 60
Previous INVESHIZALIONS ....c..ccceviiiiniieentiiiiee ettt e e res e ses s e st sae s b sesssesesesssesaseessasene 61

Previous National STUAIES .........ccccoereririiiniieeienerie et eere st ss e se st s e s e sassaesseestasessess 63

Spatial DIStHDUHONS .......coveuiiiiiriiccinnieciecrtrre et eaeb st et sreseresessoss seosesesesesssstassnerssasasssnes 63
Comparisons Among Environmental Settings............ceceevevereereerereereneen et e 72

TEENA PALEINS......cvereriiireeieetriieee ettt e st ssesestesessesasee e seesaasenessensasessesessaseenessensasessesnsaressessensenes 77

GIOUNA WALET .....virieiiicriccre et ese e sttt sttt sbe s et sasse s e s s u et s e sa et e s sesessesemesaeanesasaesns 80
ProviOUs STUGIES .....covuierireeeeeriieeenere st s st st eeseseetesesessestssessaseseassssesessestasassesssessasessessasasssasessasenss 80

Analysis Of INFOIMAION .....coeevruiieieireieieteieiese et see et sresae e e sessa e seesaesaseesssssaasesessnesassssassansenes 82

PESHCIARS .....eevurvicrctiiit ettt e r e saseeserase e e ssasasanessssesasaseaessestasensesasasessseesaseseesesessaseseserseserensssessaseresessssencs 87
Surface Water and Bed SEdImMENnL...........cccvviriveenineniiieeniireiienienseeesissesesessesesesssesssessssessnssesesesesessssesssees 88
GIOUNA WALET ....coeniiiiiiiceiit ittt e st ses e et seesases s e rsee st sae s e s esesbtee e s e aesaseeatesesesneesesaasaesereeranteneentessnsens 92
PIEvIOUS STUGIES ....veviiiiiiiiiieceiee ettt e s s b s e e et e saesasne e aemeenabas 92

ANalysis Of TRFOIMAON .....veucveeriireerirrierriiasstsessesesiasssessstsesessesasassssssesassssssssassssssessesesesesassassssssasassasens 82

Transport of Nutrients and Suspended Sediment by Surface Water and Atmospheric Deposition ..........c.cocececeeeererereennnnne. 102
Relation of Nutrient and Suspended-Sediment Concentrations to Streamflow ..........c.cccccererernnereseserennrecrerseevens 102
CONSLLUETIE LOAAS.......cuivieieniniiitiiiiiciceictistee ettt et se et s s et st ee sttt s s b s e sttt seunaes e san st ebenesassensserenssees 105
ANNUALLOAAS covviiniiiiiiiriiie et ettt s et e e e s R e bR an e 105
POINt-SOUCE LIOAAS .....cvrveuirieetereiirentrierictrirtiee et et st ssssssesessstsssaesesansesassosstssessatsbssensesessasssesesrasssassssens 107
Nitrogen Loads from AtmoSPheric DEPOSItION ..........coeevererereirireiresirinisestssesnesesreseesesesessaesessssssessssssssassesens 109
Assessment Of NULHIENt LOAAS......c.c.ccceviieirnriiiicinee ettt ess et sesnsnsssotesasassesssessasasssessssssesansasessacs 111
CONCIUSIONS ..oevviiiiiniiesi ettt e et b s s b e as et et ea s s st esanasasesesssasasanesenarsnseaertasesesssenarassacs 113
SElECtEd RELEIEICES. ......ooueuiirieeieiiereriiiteietretreetc ettt et se st sass s e e s e e esessesasses st esaseasatesssessesasessesassssssstesensesessassarens 115

Vi Contents



PLATE

[Plate is in pocket]

1. Map showing locations of nutrient and pesticide data sites for streams, wells, and springs in the Connecticut,
Housatonic, and Thames River Basins study unit

FIGURES
1-6. Maps showing:
1. Location of principal rivers, major tributaries, and selected streamflow-gaging stations in the
Connecticut, Housatonic, and Thames River Basing StUdY UNit ........cecevreriverrrrerercerecsererernsisseresessoresssaesens
2. Population density by town in the Connecticut, Housatonic, and Thames River Basins
SEUAY UNIL, 1990 ... ittt ettt e re e ebsetaetasarsesbe st e e esbessassessesessesnnassersensastessassassesssansensens
3. Generalized land use in the Connecticut, Housatonic, and Thames River Basins study unit.........c....ccv.....
4. Environmental settings in the Connecticut, Housatonic, and Thames River Basins study unit ..................
5. Distribution of stratified-drift deposits in the Connecticut, Housatonic, and Thames River
Basing STUAY UNIL .....cocuvvieeerreeiiirinrseeniinssisseessssesesssesesessesesessssssssesescressesessnesssesssssssesasessssssssaresssessasesessens
6. Distribution of three general types of fractured-bedrock aquifers in the Connecticut,
Housatonic, and Thames River Basing study Unit.........cooveeceniireriiinnmissoniininiesseiinesesnesssesnene
7,8. Graphs showing:
7. Variations in monthly discharge at selected sites in the Connecticut, Housatonic,
and Thames River Basing StUAY UNit........cccoovveiienreiiennineiicnininiitsesittees e esssessssesessssssnsronsas
8. Nitrogen and phosphorus fertilizer use by county in Connecticut, Massachusetts,
New Hampshire, Rhode Island, and Vermont, 1970 and 1985..........cocooirivieeencniiirenrceeeectreeierceenens
9. Map showing areal distribution of median concentrations of dissolved nitrate as nitrogen at stream
sites sampled by the Acid Rain Monitoring Project, 1984-01 ..........ccccoevirvinrnnniniininenesnsesessesesseeesessones
10-19. Graphs showing:
10. Number of monthly samples of total phosphorus at two selected water-quality stations on the
Connecticut and Saugatuck Rivers in CONNECHiCUL ..........ccovverireiriiniiiiinir s aes
11. Distribution of total phosphorus samples by decile of long-term streamflow at selected
WALET-QUALILY SEALIOMS .....cevncvieiirierieeeceete et st e et seeesee e s e e saesesbssesre b e s cb o s s b st st s b aene et s e sae st seraemtsbests
12. Total number of ground-water samples analyzed for nutrients and pesticides by year
£Or WAt YEArS 1915-93 .....ooeiiereire ettt et st ses e se e oot sas et s ses e e s e s mesasasssssasasaneserssessaseresses
13. Total number of ground-water samples analyzed for nutrients and pesticides by month
fOr Water YEars, 1915-93 ..ot ee s et ses sttt s e sasasbe st bbbt et s cnas s sttt snennssonsrans
14. Number of wells sampled for nutrients and pesticides by well type, 1915-93 ........ccccvvvivinninnniinnnnn
15.  Number of wells sampled for nutrients and pesticides by water use, 1915-93..........cccccvvvverirrvvcercnccne
16. Number of wells sampled for nutrients and pesticides by aquifer type, 1915-93.......cocovieiniiivnncnnns
17. Number of wells sampled for nutrients and pesticides by well depth, 1915-93 .......ccoceevevvivirncnencnrcrnens
18.  Number of wells sampled for nutrients and pesticides by depth to the water table, 1915-93 .....................
19. Number of wells sampled for all constituents, nutrients, and pesticides by depth below water
table to top of open interval, 1915-93 ...t e
20-22. Maps showing:
20. Areal distribution of pesticides at surface-water sites in the Connecticut, Housatonic,
and Thames River Basins study unit, 1969-92 ..........ccccoooviririiirmniniieiinteectree e snsene
21. Areal distribution of pesticides in bed sediment in the Connecticut, Housatonic, and
Thames River Basins study unit, 1369-92 ...........cccocviririrrnniiititntnenteeecsi e sassees s sserseesaessnesess
22. Areal distribution of pesticide sampling in public water supply from surface-water and
ground-water SOUICES, 197902 .........oviviiveirririrecircrenrertsessee et eresaset e b esststesbssase e saessesstessesnesaesnons
23,24. Graphs showing:
23. Number of surface-water column and surface-water bed-sediment samples analyzed for
pesticides by year for water years 1369-92..........cocerimiennnnnrnnin et eeeaessaseaer s ins
24. Number of surface-water column and surface-water bed-sediment samples analyzed for
pesticides by MONth, 1969-92 .............covvivrinniriniriererrrtrieree et sesesesessere st b ses e seeassstsssssesensesssnsns

Contents

10

13

14

17

19

39

41

47
48
49
50
51

52

54

55

56

57

58

vit



25-30. Maps showing:

25. Areal distribution of wells sampled for pesticides in the Connecticut, Housatonic, and

Thames River Basins study unit from the U.S. Geological Survey’s National Water

Information System data base, water years 1978-89 ..........ccovviiirereiinennnrrece e sennene 59
26. Areal distribution of median concentrations of total nitrogen at selected streamflow-gaging

stations in the Connecticut, Housatonic, and Thames River Basins study unit from the

U.S. Geological Survey’s National Water Information System data base .............cooeeveveerererecrrrernecrerereenene 64
27. Areal distribution of median concentrations of total phosphorus at selected streamflow-gaging

stations in the Connecticut, Housatonic, and Thames River Basins study unit from the

U.S. Geological Survey’s National Water Information System data base ............ccceererererceerererserrerueneererennes 65
28. Areal distribution of median concentrations of total nitrogen at selected surface-water sites in

the Connecticut, Housatonic, and Thames River Basins study unit from the U.S. Environmental

Protection Agency’s Storage and Retrieval System data base...........ccccorvviviereniireniinsnicniiinnniesinens 66
29. Areal distribution of median concentrations of total phosphorus at selected surface-water sites

in the Connecticut, Housatonic, and Thames River Basins study unit from the U.S. Environmental

Protection Agency’s Storage and Retrieval System data base..........ccocecvevvriiccniivcrninnnnninnnnccsnnns 71
30. Areal distribution of median concentrations of suspended sediment at selected streamflow-

gaging stations in the Connecticut, Housatonic, and Thames River Basins study unit from the

U.S. Geological Survey’s National Water Information System data base ........ccccoceveeurvricinccnrsicrneinnenas 73

31-38. Graphs showing:

31. Concentrations of total nitrogen, nitrite plus nitrate, total ammonia, total phosphorus, and

suspended sediment at selected surface-water stations in the Connecticut, Housatonic, and

Thames River Basins StUAY UNIE ......c.ccceirviueveiniiiieniieieieictiiiinit ettt sssessesessesssesssssassesssssnens 74
32. Concentrations of nitrite plus nitrate, total phosphorus, and suspended sediment in streams

characteristic of four land-use categories nationwide, 1980-89 ........ccccoiriivriiicninininninnereceeen 75
33. Median concentrations of nitrate as nitrogen in selected Massachusetts streams differentiated

by population density, land use, and stream order, water years 1984-91...........ccoeevveririnnrecniennereneneenns 76
34. Relations between selected nutrient water-quality constituents and time using smoothed,

flow-adjusted, LOWESS analysis at selected stations, 1980-92.........ccovivveerrniiniecniininisnnnesneinens 79
35. Relations between land use and nitrate concentrations in stratified-drift aquifers in Connecticut,

LO85-89 .ot et b e e e SRS bR et sh bbb b ns 81
36. Concentrations of dissolved nitrite plus nitrate in ground water by aquifer type in the Connecticut,

Housatonic, and Thames River Basins study unit, 1973-93 ........ccccocecirmivvmmimnnmiisseiiessrsnsnnene 85
37. Concentrations of dissolved nitrite plus nitrate by well depth in the Connecticut, Housatonic,

and Thames River Basins study unit, 1973-93 ........cccoveeininiinirrtneecrerresessestenssrese st eseesaesaessessnne 86
38. Concentrations of dissolved nitrite plus nitrate by land use in the Connecticut, Housatonic, and

Thames River Basins study unit, 1973-93 .........ccorririrecriernrierererenssenees st eesasstsassnesessesssnssesseresns 86

39. Map showing towns in present and former tobacco-growing areas of Connecticut and
Massachusetts where wells have been sampled and EDB has been detected in ground water,
JOB3-86 ...evrieirtirciirieiesrnt ettt et s s et bbb e SR e e b a s R et st e R e et e e s a s 93
40-48. Graphs showing:
40. Frequency of detection of atrazine in wells completed in stratified-drift aquifers underlying

seven land-use areas in Connecticut, 1985-89 .........ccovuvrrrreiveinrriniimreniitntnce ettt 95
41. Pesticides in ground water by screened depth of wells in stratified-drift aquifers in agricultural

areas Of CONNECHICUL, 1987-89 .......ooovriiveereiirieerereeeisririesseressssessssnessssseessssnseesnsesssssessssnsssesssesssonsnsensnnsanes 96
42. Frequency of detection of pesticides by aquifer type for wells in Connecticut, 1978-89...........ccceovverernenae 99
43. Frequency of detection of pesticides by land use for wells in Connecticut, 1978-89......c.ccccecerveverereecurnene 99
44. Frequency of detection of pesticides by agricultural crop type and related land use for wells

1N CONNECHICUL, 1978-8T .....ceoiiiiiterieceererrteseeree e sesssesasstesseessessasssesssessessasssessasssssssasseesssessasssssssessassssensas 99
45. Frequency of detection of atrazine by agricultural crop type and related land use for wells

N CoNNECHCUL, 1978-89.....cmvericniirriiiterneriiresis sttt et saesasasseseststssasesesasasasesesssessssssessesesensssons 100
46. Detections of atrazine in stratified-drift aquifer by depth to top of well screen below the water table

1N CONNECHICUL, 1978-8 ....ccutinreiieeecerieteerice ittt e restetesbess b e ssssasebsestssssesssessesssestsessssnnesnsasssessesssesnns 100
47. Relation between total phosphorus concentrations and discharge at selected stations in

the Connecticut, Housatonic, and Thames River Basins study unit .........c.cccceveeeeeeerereernveneevcvreneeeevereenenns 102

vili Contents



48. Relation between suspended-sediment concentrations and discharge at selected stations

in the Connecticut, Housatonic, and Thames River Basins study Uit ..........c.occecevevererrrcriesrerenrnresceesscneens 104
49,50. Maps showing:
49. Estimated loads of total nitrogen and phosphorus during median streamflow years at selected
surface-water-quality stations in CONNECLCUL..........cccccrvreerererririreeseetereresnresiseneseseessssnsssssesesserssseressssasssassons 108
50. Permitted surface-water dischargers with discharge volumes greater than 1 million gallons
per day under the National Pollutant Discharge Elimination SYStem............cccvuevrieerierirerenionenensenereresenes 110
TABLES
1. Streamflow characteristics at selected streamflow-gaging stations in the Connecticut, Housatonic,
and Thames River Basins study unit, water years 1905-91 ........ccocevrvrrvrrrrerenrrernniesseeessssesessssescsssaserasacsssesarens 16
2. Estimated average annual pesticide use for counties in Connecticut, Massachusetts, New Hampshire,
and Vermont in the Connecticut, Housatonic, and Thames River Basins study unit, 1982-85 .......c..ccceevcvverernce 21
3. Reported pesticide use for areas of Connecticut (1987), New Hampshire (1989), and Vermont (1991)
in the Connecticut, Housatonic, and Thames River Basins study URit .........c..ecevercrerrrmeeeriseersscnrsrsseresessssrssnsesceeses 23
4. Total estimated annual pesticide USE iN COMNECLICUL ...........ccereerrvererrrererrereresessminssesesesencssesesssssesssessessssosssesssssssnens 24
5. Summary of water-quality data-collection sites, water-quality records, and water years of record
by source of data, type of site, and constituents analyzed for the Connecticut, Housatonic, and
Thames River Basins study unit, water years 1915-93..........ccccevereriiernroriesercrnnensinsesesesesesesseseseresssstsesessesensaenes 26
6. Nutrient and suspended sediment parameter codes used in selecting surface-water-quality stations
FOr data ANALYSIS ...vovvvereeireiiiieiiistieereerertr sttt ere et s st e e be s ses s seresesa e s st b e e ae s as st s Rt e e et sh s e s b e e reen 27
7. Surface-water-quality stations selected for detailed asSESSIMENE .........ececveeererrereereereecemrierernrernerescseesecereesese s 28
8. Number of ground-water sites and samples with nutrient water-quality data in the Connecticut,
Housatonic, and Thames River Basins StUQY UNt .........ccceceeuiveeernrnrenriniereeereresesessesseseseesnesssssseesessesseseseeseesssnenes 43
9. Drainage areas, environmental settings, and upstream point sources for selected water-quality-
sampling stations in the U.S. Geological Survey’s National Water Information System in the
Connecticut, Housatonic, and Thames River Basins study Uit ........cc.ccoouvvrereerecnniniiecciiinninssesininns 67
10. Summary of trends in flow-adjusted concentrations of nutrients at selected stations in the
Connecticut, Housatonic, and Thames River Basins study unit, water years 1980-92 ...........c..cccovveicinienrnnnenas 78
11. Summary of nutrient concentrations in ground water in the Connecticut, Housatonic, and Thames
RiVET Basing STUAY UNIL......cccovievimiiiirinr ittt st sebes st st e se b e ss s s b enn b sbesen 83
12. Median nitrite plus nitrate concentrations and variance for ground-water samples from seven wells
in stratified-drift aquifers in Connecticut, June 1987 and July 1988 ........ccccrrivivrevnierrirnineniieeeeerenreeee e seneenes 87
13. Summary of pesticide detections and concentrations in surface water in the Connecticut, Housatonic,
and Thames River Basins study unit from the U.S. Geological Survey’s National Water Information
System (NWIS) data base, water YEars 1969-92 ..........cccoeeermrererrnverensinneeseseressesessesesassesnesessesesussessesssassentansss 89
14. Summary of pesticide detections and concentrations in surface water in the Connecticut, Housatonic,
and Thames River Basins study unit from the U.S. Environmental Protection Agency’s Storage
and Retrieval System (STORET) data Dase...........c.ccceeermiriereereseniisreieseneeresesesessessessessessessesseseassessensaassessassons 90
15. Summary of pesticide detections and concentrations in bed sediments from streams, estuaries and lakes
in the Connecticut, Housatonic, and Thames River Basins study unit from the U.S. Geological Survey’s
National Water Information System (NWIS) data base, water years 1973-91 ........ccconrvniininicnniiinicinnne, 91
16. Summary of pesticide detections and concentrations in bed sediments from streams, estuaries,
and lakes in the Connecticut, Housatonic, and Thames River Basins study unit from the U.S.
Environmental Protection Agency’s Storage and Retrieval (STORET) data base............cccoccovivvnciiicininnnnncnnes 91
17. Summary of ethylene dibromide detections and concentrations in ground-water samples from wells
in the Connecticut River Valley and adjacent areas of Massachusetts and Connecticut ...........c.cocveverviessnercccrnns 94
18. Estimated annual loads of total nitrogen and total phosphorus at selected water-quality sampling
stations in Connecticut during typical low-, high-, and median-flow water years based on annual
INEAN QISCRATZE........ceveeeeeererirrerireesereestetses s eeste e saeseetese st s e saesestssestsesssassastesesbesassenesasasssssnantaes nessesessensestssenassesernsenes 105
19. Regression models used to estimate transport of nitrogen and phosphorus at selected water-quality
sampling stations in the Connecticut, Housatonic, and Thames River Basins study unit...........cccocervvererererernccncnn 106
20. Statistical summary of nutrient concentrations and loads from 31 sewage-treatment plants
1N MASSACHUSELES, 1083-88 ....uveceeiieieeireieeeeteteeteteseeseeessesseessesssstestesesaessessessesssaasosersantsssenesssessensersessossessesnsesesseraens 109

Contents IX



21. Locations and altitudes of National Atmospheric Deposition Program stations used to calculate

DULTIENE EPOSILION ...vvviriiiiieiiieirtesc it sree et st ee e se st e sesae st e s sta s s se st enestesestesssasstassrtansasassansnsessessssesans 111
22. Estimates of atmospheric deposition of nitrogen constituents in selected basins of major water-
quality stations in the Connecticut, Housatonic, and Thames River Basins study unit.............cccovevrurrrrsrererrrnnens 112

23. Summary of water-quality stations, sampling frequency, and total number of observations for
selected nutrient species in the Connecticut, Housatonic, and Thames River Basins, water years

TOS5-92 ettt et e s et e e SR e R bbb e et b e raraeee 127
24. Number of ground- and surface-water sites with pesticide water-quality data in the Connecticut,
Housatonic, and Thames River Basing StUAY UNIt .........c..overervereeninierinniisinsesensereeeeressssseessseesossessessorosssesassones 135

25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological

Survey’s National Water Information System (NWIS) for selected water-quality stations in the

Connecticut, Housatonic, and Thames River Basins study unit, water years 1972-92 .........cccccovevemrevvvivrcrnnnene 139
26. Summary of median concentrations for selected nitrogen data from the U.S. Environmental

Protection Agency’s Storage and Retrieval System (STORET) for selected water-quality stations

in the Connecticut, Housatonic, and Thames River Basins study unit, water years 1972-90 ........c.cocovervevvvennnne 147
27. Land-use characteristics of the drainage basins of selected stream water-quality sampling stations

in the Connecticut, Housatonic, and Thames River Basins study Unit ...........ccceceeievcreicenincnsincnenicseniecsrereesiene 150
28. Summary of median nitrate concentrations for selected Acid Rain Monitoring Project (ARMP)

SIS, 1984-03 ..ottt e e e bR e R e e se e b en e be e neene 152

29. Summary of median concentrations for selected phosphorus data from the U.S. Environmental
Protection Agency’s Storage and Retrieval (STORET) System for selected water-quality stations

in the Connecticut, Housatonic, and Thames River Basins study unit, water years 1972-90 ........ccocevvrreenrnenee. 156
30. Summary of pesticide detections and concentrations in ground water in the Connecticut,
Housatonic, and Thames River Basins study unit, 1978-89 .......cccoceoirrrirreiiriinriieereereceeeiseeeeseesienseesianesaens 160

CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED
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CONVERSION FACTORS

Multiply By To obtain
acre 4,042 square meter
acre-foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 254 millimeter
inch per year (in/yr)
mile (mi) 1.609 kilometer
million gallons per day (Mgal/d) 0.04381 cubic meter per second
pound (1b) 0.4536 kilogram
pound per square mile (Ib/mi?) 0.1753 kilogram per square kilometer
square mile (mi®) 2.590 square kilometer
ton per square mile (ton/mi?) 0.3503 megagram per square kilometer
ton per year (ton/yr) 0.9072 megagram per year

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:
°C=5/9 (°F - 32).

VERTICAL DATUM
Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of

1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.

Milligram per liter (mg/L) is a unit expressing the concentration of a chemical constituent in solution
as weight (milligram) per unit volume (liter) of water.

Microgram per liter (1Lg/L) is a unit expressing the concentration of a chemical constituent in solution
as weight (microgram) of solute per unit volume (liter) of water.
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Water-Quality Assessment of the Connecticut, Housatonic,
and Thames River Basins Study Unit: Analysis of Available
Data on Nutrients, Suspended Sediments, and Pesticides,

1972-92

By Marc J. Zimmerman, Stephen J. Grady, Elaine C. Todd Trench, Sarah M. Flanagan, and

Martha G. Nielsen

Abstract

This retrospective report examines avail-
able nutrient, suspended sediment, and pesticide
data in surface and ground water in the Connecti-
cut, Housatonic and Thames Rivers Study Unit of
the National Water-Quality Assessment Program.
The purpose of this study is to improve the under-
standing of natural and anthropogenic factors
affecting water quality in the study unit. Water-
quality data were acquired from various sources,
primarily, the U.S. Geological Survey and the
U.S. Environmental Protection Agency. The
report examines data for water years 1972-92,
focusing on 1980-92, although it also includes
additional data from as early as 1905.

The study unit lies within the New England
Physiographic Province and altitudes range from
sea level in coastal Connecticut to 6,288 feet
above sea level at Mount Washington, New
Hampshire. Two major aquifer types underlie the
study unit—unconsolidated glacial deposits and
fractured bedrock. The climate generally is tem-
perate and humid, with four distinct seasons.
Average annual precipitation ranges from 34 to
65 inches. The study unit has a population of
about 4.5 million, which is most highly concen-
trated in southwestern Connecticut and along the
south-central region of the Connecticut River
Valley.

Surface-water-quality data were screened to
provide information about sites with adequate
numbers of analyses (50) over sufficiently long
periods (1980-90) to enable valid statistical analy-
ses. In order to compare effects of different types
of land use on surface-water quality, examination
of data required application of several statistical
and graphical techniques, including mapping, his-
tograms, boxplots, concentration-discharge plots,
trend analysis, and load estimation. Spatial and
temporal analysis of surface-water-quality data
indicated that, with a single exception, only sta-
tions in the Connecticut water-quality network
had sufficient data collected over adequately long
time periods to use in detailed analyses.

Ground-water nutrient and pesticide data
were compiled from several Federal and State
agencies, primarily the U.S. Geological Survey,
U.S. Environmental Protection Agency, and Con-
necticut Department of Health Services. Nutrient
data were available for several thousand wells;
nitrite plus nitrate as nitrogen was the most com-
monly reported constituent. Most wells with nutri-
ent data are in Massachusetts and Connecticut.

Relative to nutrient data in ground and sur-
face water, pesticide data are less common. Pesti-
cide data were available for slightly more than
200 surface-water sites and less than 500 wells;
about 95 percent of the wells are completed in
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stratified-drift or till aquifers. Data for 81 pesti-
cide compounds were available in various data
bases. 2,4-D and silvex were the most commonly
detected herbicides in surface water and dieldrin
and diazinon were the most commonly detected
insecticides. Most surface-water pesticide sam-
ples and detections are from bed sediment, but
much of the data are not recent.

Ethylene dibromide (EDB), a soil fumigant
used in tobacco farming was detected in 268 wells
in a 50 square-mile area of north-central
Connecticut; EDB contamination also was
detected in wells in Massachusetts. Atrazine, an
herbicide commonly used in corn farming, com-
monly was detected in wells installed in tilled
agricultural fields. Corn herbicides were com-
monly detected in the northern part of the study
unit, although the sampling has been less frequent
than in the southern part of the study unit. Pesti-
cides were seldom detected in public-supply wells
in Connecticut.

Urban sites with relatively high population
densities and high concentrations of dischargers
were characterized by having the highest nutrient
concentrations and loads when adjusted for
differences in drainage area or population.
Particularly, the Pequabuck, Naugatuck, and
Quinnipiac River Basins were characterized by
high nutrient concentrations—median total
nitrogen concentrations ranged from 3.3 to
4.2 mg/L (milligrams per liter) and median total
phosphorus concentrations ranged from 0.42 to
0.8 mg/L. In contrast, the predominantly forested
and low density residential land-use sites, such as
Saugatuck and Salmon River Basins, were
characterized by low nutrient concentrations—
median total nitrogen ranged from 0.50 to
0.60 mg/L and median total phosphorus
concentrations ranged from 0.01 to 0.02 mg/L.
Estimated total nitrogen loadings in median
discharge years ranged from 940 kilograms per

square mile at the Salmon River near East
Hampton, Conn., to 5,800 kilograms per square
mile at the Naugatuck River at Beacon Falls,
Conn. Water quality, in terms of nutrient
concentrations and areally adjusted loadings, for
sites with large drainage basins integrating a wide
variety of land-use categories fell between the
extremes of the urban and forested sites—total
nitrogen was 1,400 kilograms per square mile per
year at the Connecticut River at Thompsonville,
Conn.

Nitrate concentrations in ground water
occasionally exceeded the safe drinking-water
standard of 10 mg/L as nitrogen. The greatest
number of detections exceeding the standard,
however, were not in public-water supplies but in
shallow observation wells in agricultural settings
(the most frequently sampled type of well). None
of the public-supply wells in Massachusetts
exceeded the standard. Although nitrate concen-
trations for Vermont and New Hampshire gener-
ally were low, few data were available and those
were seldom reported on the basis of drainage
basin, making analysis difficult.

Trend analysis indicated that flow-adjusted
concentrations of total and dissolved phosphorus
generally decreased during the period of analysis,
however, total nitrogen did not change substan-
tially. Decreases in ammonia concentrations with
time were usually accompanied by increases in
nitrate, suggesting improvements in sewage
treatment.

The lack of adequate data from more or less
exclusively agricultural areas points to the need
for further study of the effects of farming on
surface-water quality in the study unit. Further-
more, additional information is needed on the
rates, transformations, and movements of nutri-
ents and other materials through and between the
aquatic and terrestrial components of the study
unit.
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INTRODUCTION

Water quality in the Connecticut, Housatonic,
and Thames Rivers study unit (fig. 1) has been
adversely affected by various human activities in
urban, residential, industrial, commercial, agricultural,
and recreational areas. Historically, waste effluents
from population centers and industries have created
some of the most serious water-quality problems on
major streams. A growing concern is the degradation
of water quality in small streams affected primarily by
nonpoint pollution sources such as residential septic
systems, storm runoff, and agricultural areas. Surface
water, streambed sediments, and ground water at some
locations in the study unit have been contaminated by
nutrients, bacteria, pesticides, trace metals, and
synthetic organic chemicals. The presence of these
contaminants may affect the suitability of water for
drinking, industrial use, recreation, or aquatic life. The
quality of fresh water in the study unit is well-
documented in some areas and unknown or minimally
documented in others.

The quality of fresh water in the study unit also
affects Long Island Sound, which is the receiving water
for all streams in the study unit. The waters of Long
Island Sound are affected by streamflow, point
discharges, and nonpoint discharges from Westchester
County, New York; the New York City area; the
northern part of Long Island, New York; and the
Connecticut, Housatonic, and Thames River Basins
study unit. The movement of nutrients, especially
nitrogen, from these areas into the waters of Long
Island Sound is a major regional concern. Excessive
nitrogen in the water of Long Island Sound promotes
excessive growth of aquatic algae. When these plants
die, they decompose, consuming the oxygen dissolved
in the water and contributing to a condition called
hypoxia, or low dissolved oxygen. Hypoxia adversely
affects the fish and invertebrates of the Sound in
various ways. State and Federal agencies have
attempted to determine the sources of nutrients that
have impaired the Sound’s water quality. However, the
relative contributions of different geographic areas and
land uses are not adequately understood in some cases.

Purpose and Scope

The purposes of this retrospective report for the
study period 1972-92 are to (1) document existing
nutrient, suspended-sediment, and pesticide data in the
Connecticut, Housatonic, and Thames Rivers study
unit; (2) provide a data base for the first National scale
systematic analysis of nutrient, suspended-sediment,
and pesticide data; (3) use existing data to develop a
conceptual model of the spatial and temporal patterns
of the concentrations and loads, where possible, of
nutrients, suspended-sediment, and pesticides in the
surface- or ground-water resources in the study unit;
(4) quantify nutrient loads leaving the study unit; and
(5) guide future data collection by demonstrating
where additional coverage is needed, identifying
appropriate conditions for synoptic surveys or case
studies, and suggesting how analytical coverage of
nutrient, suspended-sediment, and pesticide
constituents could be augmented or modified.

From among the large number of aquatic
chemical constituents, this report focuses on nitrogen
and phosphorus—essential plant nutrients occurring in
several chemical forms that may affect their
availability for uptake by aquatic plant life. Nitrogen in
ground water also was studied. This report also
presents information on suspended sediment,
sometimes referred to as suspended particulate matter,
which is associated with the movement of nutrients,
pesticides, bacteria, metals, and organic compounds.

In addition, the report examines the available
data on the occurrence and distribution of pesticide
compounds in surface and ground water, as well as in
the streambed sediments, of the study unit. Information
is presented on any pesticide compounds present in the
historical data from the various sources inventoried for
this effort.
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Figure 1. Location of principal rivers, major tributaries, and selected streamflow-gaging stations in the Connecticut, Housatonic,
and Thames River Basins study unit.
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and regional engineers Paul Ritsick, Robert Rivard,
and Michael Hage assisted by providing access to
records for public-supply wells and reservoirs. Dr.
Stephen P. Garabedian, Project Chief of this study,
performed innumerable tasks facilitating the writing of
this report and also contributed text to the study unit
description. Peter Steeves, U.S. Geological Survey
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of the cartography and Geographic Information
Systems (GIS) analysis. Joseph Nielsen, USGS,
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description of the study unit. Christopher Hudon,
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Connecticut Department of Health Services paper files
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from the State of Vermont. Keith Saxon and Teige
Davidson, USGS, Marlborough, Massachusetts,
assisted with graphics.

DESCRIPTION OF STUDY UNIT

The Connecticut, Housatonic, and Thames Riv-
ers study unit comprises an area of almost 16,000 mi?,
extending from Canada to coastal Connecticut (fig. 1).
The boundaries of the study unit are defined by the
drainage divides separating the Connecticut and Hou-
satonic River Basins from the Lake Champlain-St.
Lawrence River and Hudson River Basins on the west,
and by the drainage divides separating the Connecticut
and Thames River Basins from the Androscoggin,
Saco, Merrimack, Blackstone, and Pawcatuck River
Basins on the east. The study unit includes a 114 mi?
segment of the Province of Quebec, Canada, 3,928 mi
of eastern Vermont, 3,047 mi? of western New Hamp-
shire, 3,490 mi? in west-central Massachusetts, nearly
all (4,853 mi?) of Connecticut, and small parts of New
York (263 mi?) and Rhode Island (63 mi%)—an area of
15,758 mi%.

In addition to the multi-State drainage basins of
the Connecticut, Housatonic, and Thames Rivers, the
study unit also includes small coastal drainage basins
in Connecticut. Major streams in the study unit
generally flow from north to south and all eventually
drain into Long Island Sound at the southern border of
Connecticut. The study unit encompasses varied land

uses from forested wilderness area in the north to
densely populated cities in the south. Southern parts of
the study unit include some of the country’s oldest
industrial areas.

The study unit is less than one-half of 1 percent
of the total area of the Nation. In 1990, the population
was about 4.5 million people, or about 2 percent of the
Nation's population (U.S. Bureau of the Census, 1991).
The study unit is characterized by diverse population
density (fig. 2), ranging from sparsely populated (less
than 25 persons per square mile), rural agrarian, and
wilderness areas of northern Vermont and New Hamp-
shire to densely populated (more than 1,500 persons
per square mile), urban areas of southwestern Connect-
icut and the south-central part of the Connecticut River
Valley. The major urban centers of Springfield, Mass.,
and Hartford, New Haven, and Bridgeport, Conn., are
all in the southern part of the study unit.

Land Use

The land-use development of New England has
affected the current pattern of land use throughout the
study unit. The landscape was colonized and broken up
into small farms and small, closely spaced town centers
more than 200 years ago. During the intervening years,
the number of farms has decreased (with a concurrent
increase in forested land), but the size of the farms has
not substantially changed. This contrasts with land use
in the Western and Midwestern United States, where
the size of individual land holdings is very large and
towns are widely spaced. Thus, the current pattern of
agricultural, forested, and urban land use in the study
unit resembles a patchwork with small pieces and the
environmental settings comprise heterogeneous
mixtures of land use.

Information on the pattern of land use and the
history of development of a region is important to
developing an understanding of spatial and temporal
changes in water quality. Land use across the study unit
reflects physiography, geology and soil types, and
hydrography. Coastal areas and river valleys were
developed first, as inhabitants of the region from the
earliest 17th century European colonists have
depended on its harbors and navigable waterways for
commerce and transportation, and on its tillable river
valleys for agriculture. Large areas of the coastal
lowlands, river valleys, and rolling upland terrain were
progressively cleared of forests for expanding
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agricultural use through the middle of the 19th century.
Water-powered factories of the industrial revolution
brought swelling populations to “mill towns” that
developed along many of the rivers draining the upland
sections of the region. By 1880, 243 different
industries flourished among the more than 200
Connecticut mill towns (Lewis and Harmon, 1986,

p- 99). During the 20th century, manufacturing
continued and expanded in the region but hydroelectric
power replaced hydraulic power and industrialization
and population growth centered on large metropolitan
areas at the expense of the upland mill towns. In the
last 20 years, the economy of the southern part of the
study unit shifted from manufacturing to services and
financial sectors. With the development of an improved
highway network, population increased and land use
changed mostly in suburban and rural areas. The
pattern of land use resulting from these physical and
historical factors is a mosaic of land uses interspersed
at a scale of acres to tens of acres.

The generalized land-use data (fig. 3) have been
aggregated to Level I categories (Anderson and others,
1976). Although outdated in some parts of the study
unit, the USGS land-use/land-cover data, compiled at a
scale of 1:250,000 during 1970-78 (U.S. Geological
Survey, 1978a, 1978b; 1979a, 1979b, 1979¢, 1979d,
1979e; 1980a, 1980b; 1981), represent the most current
basinwide information available. The land-use data are
contemporaneous with water-quality data collected
during 1972-79.

Overall, 78 percent of the land in the study unit
can be classified as undeveloped, including a relatively
small part (4 percent) of the area'comprising surface-
water bodies, wetlands, or other barren land. A large
part of the area (74 percent) remains forested (fig. 3).
The largest expanse of forest cover is in the northern
part of the study unit in New Hampshire and Vermont.
Forests cover 84 percent of the upper Connecticut
River Basin, where evergreen or mixed ever-
green/deciduous forest is the principal forest type. Sil-
viculture for lumber and paper products and
recreational use are the principal human activities asso-
ciated with the forested lands in this part of the study
unit. In the more highly developed, southern parts of
the study unit, deciduous forest or woodland still cov-
ers much of the area. Sixty-nine percent of the lower
Connecticut River Basin is forested, mostly in the
upland areas. Seventy-three percent of the Connecticut
coast east of the Connecticut River (the area drained by
the Thames, Quinebaug, and Shetucket Rivers and

other smaller rivers discharging to Long Island Sound)
is forested; whereas the area west of the Connecticut
River (the area drained by the Housatonic, Naugatuck,
and Quinnipiac Rivers plus smaller rivers discharging
to Long Island Sound) is the least forested (58 percent)
in the study unit.

Agricultural lands occupy 12 percent of the
study unit (fig. 3), and include land in active, tilled cul-
tivation (harvested and unharvested fallow, idle, or
cover crops), pasture or other noncropland used for for-
age, and areas classified as "other" agricultural land
(feedlots, farmsteads, and nonproductive farmland).
Although the total amount of agricultural land use is
decreasing (U.S. Water Resources Council, 1978a,
1978b) as formerly agricultural lands are developed for
housing or industrial and commercial uses, or as
unused farmland reverts to forest cover, the percentage
of agricultural land use for food production is increas-
ing. The major crops produced are corn, potatoes,
tobacco, soy beans, fruit and vegetables, and lesser
amounts of small grains, ornamental shrubs, and
Christmas trees. About 2 percent of the harvested crop-
land is irrigated (U.S. Water Resources Council,
1978b). Dairy farming, once a principal agricultural
enterprise, is decreasing throughout much of the
region.

About 10 percent of the study unit is classified as
urban (fig. 3), including residential, commercial, indus-
trial, and institutional land uses and other developed
lands (golf courses, parks, and cemeteries; highways,
airports, and utility easements) in municipalities or
metropolitan areas. Urban areas commonly contain
high-density, residential land (greater than 150 persons
per square mile). The percentage of urban land use var-
ies greatly across the study unit. Twenty-two percent of
the Connecticut coast west of the Connecticut River is
urban, compared to only 9 percent of the coast east of
the Connecticut River. The southern part of the Con-
necticut River Basin includes 12 percent urban land
use, however, the upper Connecticut River Basin has
only 2 percent.

In the major urban areas of the region, water is
supplied by public and private utilities and is com-
monly imported from more rural areas. Sanitary-sewer
collection systems convey wastewater to treatment
plants that discharge into major streams and tributaries
or into coastal waters. The use of individual wells for
domestic-water supplies and on-site sewage-disposal
systems (septic tanks and cesspools) is much more
prevalent in nonurban areas.

Description of Study Unit 7
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Environmental Settings

The study unit is located entirely in the New
England Physiographic Province (Fenneman, 1938), a
plateau-like upland that rises gradually from the sea but
includes numerous mountain ranges and individual
peaks. Altitudes range from sea level in coastal Con-
necticut to 6,288 ft above sea level at the peak of
Mount Washington in the White Mountains of New
Hampshire.

The environmental setting classification in this
study uses Fenneman’s (1938) physiographic classifi-
cation in conjunction with bedrock geology to define
five major environmental settings—New England
Upland, Connecticut Valley Lowland, Housatonic Val-
ley Lowland, Mountain Upland, and Coastal Lowland
(fig. 4).

New England Upland

The largest environmental setting in the study
unit is the New England Upland. This environmental
setting corresponds closely to the New England Upland
Physiographic Province, but includes upland areas of
the Taconic Section and excludes valley lowlands
underlain by carbonate-rich bedrock. The New
England Upland is characterized by hilly topography,
small, narrow valleys, and isolated monadnocks of
crystalline bedrock. Local topographic relief can
exceed 1,000 ft, but is typically on the order of several
hundred feet. Crystalline igneous and metamorphic
bedrock typify the bedrock geology, although small
local areas are underlain by carbonate-rich
metamorphic rocks. The glacial geology is mainly
locally derived till, which for the most part, blankets
the bedrock. River valleys are partly filled with gener-
ally coarse-grained stratified drift. The glacial till typi-
cally yields rocky, thin soils best suited for agricultural
uses such as pasture and orchards. Locally, valley bot-
toms are cultivated for corn and other row crops. Forest
is the dominant land cover for the entire environmental
setting, although, locally, agricultural or urban land use
may significantly affect water quality. In the northern
part of the study unit, the land is dominated by forest
developed only for logging. There are no major urban
areas in this environmental setting. The principal urban
centers include small cities such as Waterbury, Conn.,
Keene, N.H., and St. Johnsbury, Vt.

Connecticut Valley Lowland

A subarea within the New England Upland, the
Connecticut Valley Lowland consists of the wide val-
ley bottom in west-central Massachusetts and central
Connecticut underlain by Mesozoic clastic sedimentary
bedrock, primarily arkosic sandstones and siltstones,
interlayered with igneous basalts. Stratified drift, con-
sisting mainly of extensive fine-grained lake-bottom
sediments that are capped by or interfinger with scat-
tered sands and gravels, covers the Mesozoic rocks in
the lowland. The landscape is characterized by a broad,
flat bottomland with occasional prominent bedrock
ridges of basalt rising above the valley bottom. Urban
and agricultural land uses predominate in this environ-
mental setting. Agricultural practices are intensive,
with heavy use of fertilizers and pesticides on crops of
corn, tobacco, potatoes, and other row crops. Much of
the valley that historically was agricultural land has
been converted to urban and suburban areas. The met-
ropolitan areas of Springfield and Northampton, Mass.,
and Hartford, Meriden, and New Haven, Conn., are
located in this setting.

Housatonic Valley Lowland

The Housatonic Valley Lowland lies in the
southwestern part of the study unit. This environmental
setting incorporates valley areas of the Taconic Section
and New England Upland that are underlain by a
carbonate-rich bedrock. Most of the carbonate-rich
bedrock in the study unit is in the Housatonic Valley
and consists of a heterogeneous mixture of carbonate
metamorphic and sedimentary rocks, and igneous and
other metamorphic rocks. Mostly, coarse-grained
stratified drift fills the valley bottom. The topography
consists of broad valleys interrupted by steep hills.
Substantial areas of agricultural land are in the northern
or central parts of the valley. Urbanization has claimed
much of the southern parts of the valley and the north-
ern and central parts of the valley are a heterogeneous
mixture of forested land, small agricultural fields, and
small urbanized areas. Major urban centers in the
valley include Pittsfield, Mass., and Danbury, Conn.

Mountain Upland

The Mountain Upland environmental setting
consists of areas in the study unit in the Green and
White Mountains Physiographic Provinces. The Green
Mountains of Vermont are in the west-central part of

Description of Study Unit 9
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the study unit and the White Mountains of New Hamp-
shire lie in the northeastern part of the study unit. The
mountain upland is formed by crystalline, igneous, and
metamorphic bedrock that is resistant to weathering
and erosion. Local topographic relief is as much as
4,500 ft near Mt. Washington, N.H. (the highest point
in the Northeastern United States, with an altitude of
6,288 ft above sea level), and 3,000 ft near Killington
Peak, Vt. Valleys are steep and narrow, while flood-
plains are rare. Coarse-grained stratified-drift deposits
occur in the deeper valleys. Much of the area is pris-
tine, undeveloped forest (except for local heavy log-
ging activities in the national forests), although
scattered small towns and built-up tourist areas do
occur in some of the larger river valleys. A few of the
mountains have major ski areas. The climate differs
from the rest of the study unit in that winters are longer
and colder, and precipitation is greater than in the New
England Upland or any of the lowland settings.

Coastal Lowland

A strip of land generally 6 to 16 mi wide along
the coast of Long Island Sound constitutes the Coastal
Lowland environmental setting. Topographic relief
generally is low and the geology is characterized by
till overlying crystalline metamorphic bedrock. Strati-
fied drift fills valleys that extend from the adjacent
New England Upland. Population and land-use
characteristics change substantially from west to east.
On the west, closer to New York City, urban land uses
dominate and population density is consistently high
(see fig. 2). Major urban areas include Norwalk, Stam-
ford, and Bridgeport, Conn. East of New Haven, the
dominant land cover is forest and population density
decreases considerably, with numerous, small, low-
density suburban areas. New London, Conn., is in this
environmental setting.

Soils

Soils in the study unit are highly variable in
terms of depth, texture, and drainage characteristics,
and have definite relations to topography, direction and
angle of hillslopes, regional geology, and climate.
Throughout much of the New England Upland and
Seaboard Lowland sections, the most extensive soils
are developed in acidic glacial till. Soils derived from
glacial till are moderately to very stony. Their thick-
ness and drainage characteristics are quite variable.

Upland soils derived from till generally are not well
suited for intensive agricultural development because
of stoniness, shallow depth, or steep slopes. However,
agricultural soils are productive in some upland areas
of the study unit. Soils in floodplain areas generally are
deeper, free of stones, and better suited for agricultural
use.

Soils developed in glaciofluvial materials along
major streams are deep, well to excessively drained,
with sandy to gravelly loam horizons underlain by sand
and gravel (Ilgen and others, 1966). The deep, well-
drained, fine to medium textured soils of the Connecti-
cut Valley Lowlands support the most intensive agri-
culture in the study unit. Developed from fine-grained
glaciolacustrine sediments, Connecticut Valley Low-
lands soils typically consist of 20 to 30 in. of a silty
material over sandy loam. Soils in the Taconic, Green
Mountain, and White Mountain sections are developed
largely on schist or granite, or in glacial till derived
from those rock types, and primarily are very stony and
well drained. Most of the soils are moderately deep but
shallow soils and rock outcrops are common. East of
the Connecticut River the soils generally are acidic, but
west of the river lime-bearing soils are more common.
Soils derived from the carbonate rocks of the Housa-
tonic River Valley are deep and well drained, and are
exceptionally productive agricultural soils, containing
higher concentrations of the nutrients calcium and
magnesium than Connecticut Valley Lowland soils
(Gonick and others, 1970).

Climate

The study unit is in the northeastern corner of the
continental United States, from 41° and 45° north
latitude, and lies in the path of prevailing westerly
winds that alternately transport cool, dry, continental-
polar, and warm, moist, maritime-tropical air masses
into the region, resulting in frequent weather changes.
Although the climate varies considerably in the study
unit, it is generally temperate and humid with four
distinct seasons. The climate is moderated by maritime
influence along coastal sections, although a more
extreme climate is characteristic of the northern,
interior parts of the study unit. Average annual
temperature ranges from less than 40°F in the northern
mountainous areas to about 50°F in southwestern
coastal Connecticut.
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There is substantial areal variation in precipita-
tion that reflects a pronounced orographic effect. Aver-
age annual precipitation ranges from about 34 in. in
parts of the northern Connecticut River Valley to more
than 65 in. on adjacent mountainous regions (Knox and
Nordenson, 1955). The maritime influence provides for
slightly greater precipitation amounts in places along
coastal sections than falls just inland. Mean annual pre-
cipitation averages about 43 in. for the entire study
unit.

Total annual precipitation is highly variable for
any station in the study unit, commonly fluctuating
annually by as much as 20 in. from the mean. Distribu-
tion of precipitation is relatively even on a monthly and
seasonal basis, although some variation occurs. Mean
monthly precipitation frequency is bimodal at most sta-
tions, and is the highest in November-December and
March-April. Mean monthly precipitation typically is
the lowest in May-June or February.

Prolonged periods of drought were severe in the
study unit during 1929-36, 1939-45, and 1947-51. The
most extensive drought to affect the region lasted from
1960 to 1969. The 1960’s drought period greatly
affected water supplies, agriculture, water quality, and
economic activity.

Ground-Water Hydrology

Two principal types of aquifers underlie the
study unit—unconsolidated glacial deposits and frac-
tured bedrock. Thin (a few feet to a few tens of feet)
deposits of alluvium may overlie glacial deposits and
bedrock in major river valleys. These local deposits
may yield water to wells but are not widely developed
aquifers in this study unit. The unconsolidated glacial
deposits include a generally thin (less than 15 ft), dis-
continuous layer of till—an unsorted mixture of boul-
ders, gravel, sand, silt and clay that mantles the
bedrock (Melvin and others, 1992a, 1992b). Till was
deposited directly by active ice or through the melting
and collapse of stagnant ice. The hydraulic properties
of till generally are unsuitable for the development of
substantial ground-water supplies and till is not a major
aquifer in the study unit (Melvin and others, 1992a).
Where glacial sediments were transported by meltwa-
ters, the sediment was sorted and deposited in layers of
similar grain size with hydraulic properties favorable
for the development of large ground-water supplies.

Although unevenly distributed (fig. 5), these stratified-
drift aquifers along stream valleys and in lowland areas
generally are the most productive sources of ground
water in the study unit.

Unconsolidated stratified-drift aquifers store and
transmit water through interconnected pores between
individual grains of sediment. Differences in the thick-
ness, extent, and permeability of stratified-drift
aquifers, and their proximities to surface-water bodies
that are sources of recharge, significantly affect the
availability of water to wells.

Ground water in most stratified-drift aquifers and
shallow bedrock aquifers occurs under unconfined con-
ditions, and the water table generally is a few feet to
several tens of feet below land surface. Recharge
occurs directly from precipitation that falls on the land
surface overlying the aquifer and infiltrates down to the
water table, but more than one-half of the water enter-
ing glacial-valley aquifers may be derived from upland
runoff (Morrissey and others, 1988). Surface water is
an additional large potential source of recharge to aqui-
fers. In many locations, pumping causes induced infil-
tration near surface-water bodies.

The size of ground-water-flow systems in the
study unit generally is controlled by the topography
(Randall and others, 1988). Flow is predominantly
localized within shallow flow systems (less than 300 ft
deep) between the topographic divide and perennial
streams—typically, a few hundred to a few thousand
feet.

Fractured bedrock aquifers underlie the entire
study unit and are an important source of water for self-
supplied domestic, commercial, and industrial users.
Bedrock aquifers primarily store and transmit water
through intersecting fractures in consolidated nonpo-
rous rock (Randall and others, 1988). Well yields
depend on the number, size, and degree of interconnec-
tion of water-bearing fractures. Arkosic sedimentary
bedrock of the Connecticut Valley Lowlands also has a
primary intergranular porosity and carbonate bedrock
of the Taconic Upland has a secondary solution poros-
ity. These characteristics enhance the water-yielding
properties of these bedrock aquifers that have a limited
distribution in the study unit (fig. 6).
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Figure 5. Distribution of stratified-drift deposits in the Connecticut, Housatonic, and Thames River Basins study unit. (Compiled

from Goldthwait and others, 1951; Lang and others, 1960; Feininger, 1962; Stewart and MacClintock, 1970; Stone and others,
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Surface-Water Hydrology

The Connecticut River, the principal river in the
study unit, flows about 400 mi from its source in the
Connecticut Lakes of northern New Hampshire to its out-
let at Long Island Sound (fig. 1). The Connecticut River
drains 11,260 mi?, or about 72 percent of the study unit.
Average discharge of the Connecticut River at gaged
sites ranged from 196 ft3/s at First Connecticut Lake in
New Hampshire (table 1) to 16,600 ft3/s at Thompson-
ville near the Connecticut-Massachusetts border.

Annual mean discharge was high in the study
unit during the mid-1950's and 1970's. Major floods
have occurred along the Connecticut River in March
1936, September 1938, and August and October 1955
(Weiss and Cervione, 1986). Since the 1955 floods,
flood-retention reservoirs have been built on many of
the tributaries to the Connecticut River to reduce the
flood peaks.

Average discharge for the major tributaries to the
Connecticut River range from about 1,300 ft>/s for the
Deerfield River near West Deerfield, Massachusetts, to
632 ft3/s for the West River at Newfane, Vermont
(table 1). Other major streams in the study unit include
the Housatonic and Thames Rivers, which together
drain 3,420 mi2, or about 20 percent of the study unit.
The Housatonic River drains a basin area of 1,950 mi2,
is about 160 mi long, and has its headwaters in western
Massachusetts. Average discharge in the Housatonic
River at Stevenson, Connecticut, is 2,610 ft’/s. The
Thames River is tidal along its length, and discharge is
measured for only its major tributaries: the Quinebaug,
Shetucket, and Yantic Rivers. There are many flood
and hydroelectric power impoundments in the Housa-
tonic and Thames River Basins. Numerous other
smaller streams and rivers that flow directly into Long
Island Sound, most notably the Quinnipiac River, col-
lectively drain 1,070 mi? in coastal parts of the study
unit.

Average monthly discharge in the study unit
generally peaks in the spring and there may be a
secondary peak in late autumn to early winter (fig. 7).
At locations on the Connecticut River, discharge peaks
in April with a secondary peak in late autumn. Low
streamflow conditions in the study unit generally occur
from late summer to early autumn. Average monthly
discharge for the Housatonic River at Stevenson,
Connecticut, is highest in March and April.

Water Use

Total freshwater withdrawals in the study unit
during 1990 were about 2,264 Mgal/d. Surface water is
the dominant source, supplying 88 percent
(1,996 Mgal/d) of the fresh water used. This surface-
water use is subdivided into three geographic regions:
the Connecticut River in Connecticut and Massachu-
setts, the Connecticut River in New Hampshire and
Vermont, and the coastal rivers in Connecticut and
Massachusetts, including the Housatonic, Thames, and
Quinnipiac Rivers plus all others draining directly to
Long Island Sound. In both Connecticut River regions,
thermoelectric-power generation is the largest volume
use of surface freshwater withdrawals—94.5 percent of
surface-water withdrawals in New Hampshire and Ver-
mont and 67.0 percent in Massachusetts and Connecti-
cut (Healy and others, 1990; Simcox and others, 1990;
U.S. Geological Survey, 1990a, 1990b). By contrast,
public supply in the coastal river basins of the study
unit is by far the largest volume use of fresh surface
water.

Public supply, an important use throughout the
study unit, is the dominant off-stream use in the Housa-
tonic and other coastal river basins. An important inter-
basin transfer source of public-water supply for the
Boston Metropolitan area is Quabbin Reservoir in the
Chicopee River Basin, a tributary of the Connecticut
River. Quabbin Reservoir, with a 1.2 million acre-ft
capacity, is the largest impoundment or lake in the
study area. The average flow diverted out of the study
unit from Quabbin Reservoir for Boston's use during
1973-82 was 192 Mgal/d (Gadoury and Wandle, 1986).
Currently, the average diversion from Quabbin Reser-
voir is 300 Mgal/d (R.A. Gadoury, U.S. Geological
Survey, oral commun., 1993).

Minor uses of surface water in the study unit
include the domestic, commercial, and agricultural cat-
egories. Agriculture has a minor impact on surface-
water use in the study unit because of the abundance of
precipitation during the growing season. There is rela-
tively little use of surface water for irrigation in the
study unit.

Ground water supplied only 12 percent
(268 Mgal/d) of the freshwater withdrawals—primarily
for public- and self-supplied domestic use. Nearly 75
percent of all ground-water withdrawals in the study
unit were from aquifers in Connecticut. There are
numerous towns in other States in the study unit where
ground water is the only source of drinking water.

Description of Study Unit 15



01zl €€ L'6T $'€9 €5t vz 06-1€61  SII “tuoD) ‘pIojBul[eM 16 10ATY oeidruumd 00596110

suiseq JIAY [BISe0)
ore9 008 I'Le 6v¢ 9vC 062°1 06-6161 €L uuo) ‘AN WoM3f Je 19ATY Sneqaumd 000LCII0
00t'1 6€1 68T 6L 6'€T €LT 06-7€61  SSI ‘wuoD ‘3neqouind e 19ARY Sneqouind  000KTIIO0
050y 9'cy 98z €0T 6€CT 0lIL 06-6761 44014 UuoD) ‘ONUBWIIIAL TeoU JOARY 19¥omaYS  00STZII0
ulseq JIARY soureyy,
orl‘e 1’29 00¢ Sl 69T vIS 06-6161 09T “uuo) ‘s[[ed uooeag I8 JOATY YonjesneN 00S80210
009°¢1 T6S 6'LT 6CL [12%4 019°'C 06-6761 1222 "Tuo)) ‘UOSUSARIS T8 J9ARY OTUOJesnoHy 00$S0Z10
08¢°8 081 8'LT L9V 6'CC 089°'T 06-1v61 966 "uuo)) ‘SIASPIO[ALD) I8 JOARY OTUOJeSnOH 00500210
088‘C VS §'ST el (%4 9t 06-v161 8¢ *SSEIA “UojSuireq 181D TesU JOARY OTUOJEsnOH 00SL6110
uiseq JIANR] J1U0)esnoly
0S0°T €9 0¢ 8YvS (454 S8l 16-8T61 001 "uuo)) ‘uojdure ISeq JeaU JSATY UOWES 00S€6110
0EL'S 681 1'8C LEE 78T 0021 16-CL61 LLS ‘uue)) ‘S[[IAJJLEL, 12 JOATY uojSururre 6668110
009°S 798 T'LT 16T [ %Y4 §T6 06-S161 L6Y "SSEIN ‘PIOYISOM TeU JOATY PISYISIM 00S€8110
0€T'y LS8 8'¢e Y0€ LLT 006 06-6761 689 "SSE ‘pIeYoIQ UBIpU] 18 J9ATY 95dooR]D 000LLTTO
0789 T'€L €T 06T L'1g 00€°'1 06-1v61 LSS 'SSBAL ‘PIOYIAS(] IS\ TedU JOATY P[aUISa(] 0000LT10
ore'e LSy L9t 0Ll (A X4 9¢£9 06-9161 LE *SSEN ‘SUIAIF 18 J9ATY SIO[IIA 00599110
o -
0€8°¢ 69 LT 81 61T 8L9 %m%mﬂ (4747 "H'N ‘S[epsury e I9ATY] 10[enysy 00019110
0s€’s 0'sT (Y44 wl 6'LT €9 06-0T61 80¢ “JA ‘OUBJMON Je JOATY ISOM 0009ST10
0T’ 101 I 0s¢C (A X4 081°1 06-9161 069 “JA ‘PIOJTBH 1SOM T8 JOATY SMYM 000110
OILY L'€6 161 wl e L 06-0¢£61 9et IA “otsdurnssed e 10ary orsdumnsseq 00SSET10
SIBINQLLY, J3ARY IN0ddUU0)
00S°¢8 0€8°'T 60T oLY'e €€T 009°91 06-6261 099°6 “uuoD) ‘OIAUCSAUIOY L, J& JSATY INONOSUU0D) 0008110
00C'TL LEL 9'61 0TLT ovT 006°¢€l 06-S061 098°L *sSeN ‘A1) anSeIUON 18 JSATY INOIOSUUCD) 00S0LTIO0
008°CS [ X4 60T 066°'T S'eT 015’6 06-€v61 £6V°S "H'N ‘o10d[ep YHON 18 JOATY IN0103uu0) 00SPSTI0
06-0861
00£°6€ €ee 661 0Tyl 9'¢€T 0zI°L ‘9L-Z161 60y ‘H'N ‘UOUBqa] 1SS\ 18 JSARY] IN0NOUU0D) 00SHY 110
00172 1454 L'81 176 1 494 0E6'y 06-1S61 0¥9°C ‘IA JOATY S[ISM 18 JSATY IB0NOSUUC) 00S8E110
000°L1 LOY 891 98y 09T 068°C 06-8761 015°1 "H'N ‘UOJ[e(] T3U JDATY INON0SUU0)) 00STETT0
0LI‘6 80T 791 96¢ 6'9C 08S°T 06-1€61 66L H'N ‘pI0J1BNS YUON I8 J9ATY Jnoosuue) 00S6C110
0zL'T 89 TSl €68 1'0¢ 79¢ 06-LS61 vST - "H'N ‘weang ueipu] Mo13q JOATY Indnosuuo) 00262110
€16 1S 70T §°6¢ I'ze 961 06-8161 0¢€8 "H'N ‘9YeT Ind[osuuo)) 11 18 JSATY Jnonosuuoy) 00S8C110
JIATY INOBIUU0D)
wassad jusdiad (ueosod) Baeuos saeok
: 66 hw__yw__wg Mmh.ﬂ_ﬁ _*w (ahyuy) (s754) .A_»“wnc (zw) .
(s/e4) mqegoud 10 uoneInap Houmna oabieyossip piodal eale aweu uopels ON uoneis
92UEP2IIXS PAJEDIPUL JudIdlo0) pIEpUERlS sbesony sbesony jJo polsad sbeureig

Joj abaieyosig

[reak xod your 2K/t {puodss 19d 300§ o1qnd s/ ‘s axenbs ‘1w ‘ssonoeid KrogenSar ur se3ueyd £q pajosjFe oq Aew Ajiqeqold 2ouepaddXS ‘uole[nSal £q paroage
SIS 3y :ANIqeqord 9ouepasoxs pajesIpul Joj a31eyosyq ‘suonels JurSeS-moguresns Jo Uoneoo] 10y | 2InSy 99S 'ON SNS "WASAS UOHBULIOJU] [eUOTEN S A9AMmg [e0150[09D) 'S’ S oy ere()

16-G06 | Sieak Jojem ‘pun Apnjs sisAlY Sewey| pue ‘OjuclesnoH noaioauuoy) 8y ul suoiels BuibeB-mojjwess pelos|es Je solsusloeIeyd MojweallS "| 8jqel

Water Quality Assessment for Connecticut, Housatonic, and Thames River Basins Study Unit, 1972-92

16



50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

800
700
600

500

STREAMFLOW, IN CUBIC FEET PER SECOND

300
200
100

800
700
600
500
400
300
200
100

T

T T T T T T T
A Connecticut River,

™ at North Walpole, N.H .
| 01154500 (Map No. 5)

L)

I} |

T T T T T

T I 1 T T T T
B Connecticut River,
at Thompsonville, Conn.
01184000 (Map No. 6)

Jcag”

T I | T T T
C Salmon River,
near East Hampton, Conn.
01193500 {(Map No. 12)

AL ITT

—1

{

I ] T I I T T
D Quinnipiac River,
at Wallingford, Conn.
01196500 (Map No. 13)

;

240

1

Oct. Nov. Dec Jan. Feb Mar. Apr

May June July Aug. Sept.

10,000
8,000
6,000
4,000
2,000

2,000
1,750
1,500
1,250
1,000

750

500

250

250
200
150
100

50

T T T T T T T T T T T

E Housatonic River,
at Stevenson, Conn.
01205500 (Map No. 15) -

45580

HT
L
il
A
A
11

T T T 1 T T I T 1 T T
F Naugatuck River,
at Beacon Falls, Conn.
01208500 (Map No. 16)

T T T T T T T T T T T T

G Saugatuck River, |
near Redding, Conn.
01208990 (Map No. 17) 1

oL ééQ ééé_ad;_

Oct. Nov. Dec. Jan. Feb. Mar. Apr May June July Aug. Sept.

EXPLANATION

90th PERCENTILE
75th PERCENTILE

MEDIAN
25th PERCENTILE
10th PERCENTILE

Figure 7. Variations in monthly discharge at selected sites in the Connecticut, Housatonic, and Thames River Basins study
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Fertilizer Use

Alexander and Smith (1990) provided fertilizer-
use estimates for the study unit. In their study, nitrogen
and phosphorus fertilizers included those commercially
available for farm and nonfarm applications; manure
applications of nitrogen were not included, but may
have been significant. Fertilizer application rates (by
State) were obtained from the U.S. Department of Agri-
culture (USDA). These data were disaggregated to the
county level by using data from the USDA’s Census of
Agriculture for the number of fertilized acres in each
county which in turn, were multiplied by the State’s fer-
tilizer-use rate in kilograms per acre to obtain estimated
fertilizer use in each county. Differences in application
rates between counties were not taken into account and
the technique may have underestimated usage in coun-
ties in which most usage is by nonfarm applicators.

Total nitrogen fertilizer applications in counties
at least partly lying in the study unit increased from
17 million kg in 1970 to about 20 million kg in 1985.
Whereas annual nitrogen use increased from 1970 to
1985, phosphorus use decreased from 6.8 to 5.8 million
kg/yr during this period (fig. 8; see plate 1 for county
locations). The increase in nitrogen use was geographi-
cally widespread. The biggest exception was Hartford
County, Connecticut, which experienced a decrease in
agricultural land and in nitrogen fertilizer use during
that period. The decrease in phosphorus use can be seen
in all counties, except for several counties in New
Hampshire, where phosphorus use increased. No
immediate explanation for this increase was available.

National fertilizer use by State for 1985 ranges
from a minimum of 20 kg/acre for nitrogen fertilizers,
to a maximum of 90 kg/acre (Alexander and Smith,
1990). The median state application rate for the Nation
for nitrogen fertilizers was 40 kg/acre. The minimum
State application rate for phosphorus fertilizers was
4 kg/acre, the maximum was 24 kg/acre, and the
median was 9 kg/acre. The estimates of nitrogen fertil-
izer use for each State in the study unit range from 20 to
50 kg/acre. Estimated phosphorus usage for each State
in the study unit ranges from 7 to 24 kg/acre (Alexander
and Smith, 1990).

Pesticide Use

Pesticides, a general term for a wide range of
substances that control undesirable organisms, include
insecticides, herbicides, fungicides, rodenticides, and
disinfectants. Since the 1940’s, thousands of chemicals
have been synthesized and introduced into the
environment for the purpose of controlling nuisance
organisms that interfere with the production of food and
fiber, or that threaten human health. As a consequence
of their widespread use, pesticides are detected widely
in surface- and ground-water resources and in fish and
wildlife populations.

Information on pesticide use is needed to under-
stand the occurrence and distribution of these possibly
hazardous chemicals in the environment. Knowledge
of when and where pesticides are applied helps scien-
tists and regulators to elucidate where environmental
contamination may occur and how to prevent or mini-
mize it. Currently, our knowledge of pesticide-use
patterns is limited by the availability of data on pesti-
cide application. Some pesticide-use data are available
for the study unit from various sources, however, defi-
ciencies in the scope, period, and methods of reporting
pesticide use prevent an accurate and comprehensive
assessment at this time.

Sources of information on pesticide use in the
study unit include a national data base from Resources
For the Future (Gianessi and Puffer, 1988, 1990) and
several State inventories. Resources for the Future
(RFF) estimated the national use of 25 compounds on
64 crops at the county level for 1982-85. These esti-
mates were calculated using crop-acreage information
for each county (from the 1982 Census of Agriculture)
and typical application rates for each crop in a State.
Crop-application rates, expressed as the number of
pounds of active ingredient typically applied per year,
were based on expert opinions obtained from State
agencies and other sources; no independent surveys
were conducted to verify these opinions. Estimated
pesticide usage equals the number of acres treated with
a compound multiplied by the crop-application rate
(Gianessi and Puffer, 1988). As the data represent use
on selected crops only, noncropland applications are
unaccounted for, as are uses on crops other than those
selected. Crops included in the estimates for the study
unit include alfalfa, apples, silage corn, pasture, pota-
toes, squash, sweet corn, barley, and other hay.
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Figure 8. Nitrogen and phosphorus fertilizer use by county in Connecticut, Massachusetts, New Hampshire, Rhode Island, and
Vermont, 1970 and 1985. (Data from Alexander and Smith, 1990.)
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Estimates of average annual pesticide use from
Gianessi and Puffer (1988) during 1982-85 for the nine
most heavily used compounds are listed in table 2. Pes-
ticide use is estimated for entire counties, not just the
parts in the study unit. A few counties having only a
small fraction of their area in the study unit (Orleans
and Washington, Vermont; Hillsborough, New Hamp-
shire; Duchess, Putnam, and Westchester, New York;
Providence and Kent, Rhode Island) were omitted from
the table. Vermont and Connecticut account for most of
the pesticides used (72 percent). This may reflect the
somewhat greater extent of agricultural land in these
States compared with Massachusetts and New
Hampshire (see fig. 3).

Pesticide compounds applied most heavily to
agricultural land in the study unit are atrazine and
alachlor (table 2). These are used on corn grown as for-
age for dairy cows. The three next most heavily used
pesticides are metolachlor, metiram, and methyl par-
athion. Methyl parathion, an organophosphate insecti-
cide used heavily on apples in Massachusetts and
Connecticut (Gianessi and Puffer, 1988), is now a fully
restricted product in Vermont. Since the compilation of
the RFF data base, when metiram was used on apples,
the use of metiram has been limited to potatoes and
roses, which are not major crops in the study unit. Some
of these pesticides, notably 2,4-D, are used more on
noncrop areas in the study unit, such as on golfcourses
and lawns, than on crop areas. Therefore, their actual
total use for the mid-1980’s probably is greater than
estimated by Gianessi and Puffer (1988).

Although the RFF data represent agricultural pes-
ticide use for the early to mid-1980’s, somewhat more
recent data are available from three States that consti-
tute a large part of the study unit (Connecticut, New
Hampshire, and Vermont). Commercial pesticide appli-
cators are required to report all pesticide use in Con-
necticut, New Hampshire, and Vermont. In addition,
farmers who apply pesticides that have restricted uses,
also must report the quantities of these pesticides that
they use. However, each State maintains its own list of
restricted use pesticides, which commonly includes
pesticides restricted nationally by the U.S. Environmen-
tal Protection Agency (USEPA). Homeowner use is not
reported in any State. Massachusetts is currently devel-
oping a computer data base of reported pesticide use
(Gail Kaprelian, Massachusetts Department of Food
and Agriculture, Division of Pesticide Control, oral
commun., May 5, 1993); however, summaries for
Massachusetts are not currently available. Vermont data

represent reported use in 1991 and the most current
available New Hampshire records date to 1989. In
1987, the State of Connecticut compiled a data base of
commercially licensed pesticide applicators (B.R. Rob-
inson, Connecticut Department of Environmental Pro-
tection, written commun., July 26, 1989). Private farm
applications of pesticides are not included in the compi-
lation for Connecticut, although they are included with
commercial applications in New Hampshire and
Vermont for restricted compounds.

Because some compounds (or some formulations
of certain compounds) are unrestricted, data collected
by the States are incomplete. In Vermont and
Connecticut, farmers are not required to report their
use of unrestricted pesticides. These compounds,
which are unregulated because of their formulations,
methods of application, low soil leaching potential,
relatively fast degradation in the environment, low
toxicity, or other reasons, are reported for commercial
applicators only.

The level of reporting completeness for various
pesticides may be broken down into several categories:
(1) those with primarily agricultural uses that are
restricted—such as carbofuran, chlordane, and cyana-
zine—are well accounted for; (2) those used agricultur-
ally with restrictions in use for formulations of more
than 2 to 5 percent active ingredient—such as alachlor,
atrazine, methyl bromide, and metolachlor—are rela-
tively well accounted for; and (3) those used primarily
on nonagricultural areas (turf, lawns, right-of-ways) by
commercial applicators and homeowners—(such as
2,4-D, MCPP, bensulide, siduron, vinclozolin, or try-
clopyr)—are relatively well accounted for, assuming
that total homeowner use is not significantly large in
comparison to commercial use. The real gaps in our
knowledge of pesticide use fall within categories (2)
and (3) as cited above: pesticides with wide agricul-
tural uses but nonstringent reporting requirements
(only formulations of more than 20 to 30 percent, or, in
one case, more than 65 percent active ingredient,
require reporting), such as chlorpyrifos, DCPA, diazi-
non, dicamba, isofenphos, or pendimethalin; and those
that are entirely unrestricted but have heavy agricul-
tural use, such as benefin, carbaryl, chlorothalanil, gly-
phosate, iprodione, and trifluralin. For benefin and
trifluralin, the only information available on their use is
for commercial applicators, which includes only a
small fraction of the total agricultural use of these
compounds.
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State compilations of available pesticide-use
data (in Connecticut, New Hampshire, and Vermont
only) have been tabulated for 55 active-ingredient pes-
ticides having a reported annual use of more than
1,000 Ib (table 3). The entire State of Connecticut is
included in the Connecticut figures (commercial appli-
cators only); in Vermont, only Essex, Caledonia,
Orange, Washington, Windsor, and Windham Counties
are included (see pl. 1 for county locations); and pesti-
cide use in 90 New Hampshire towns falling at least
partly in the study-unit boundaries is provided. The
compounds included represent 86 percent of the
reported pesticide use in New Hampshire, 89 percent
of reported use in Vermont, and 88 percent of the
reported commercial pesticide use in Connecticut. Sev-
eral factors limit the use of these data—noncommercial
use of nonregulated compounds is missing, as is all use
for Massachusetts, and the data do not cover the same
year in each State, which introduces errors due to
changes in pesticide use with time when making com-
parisons among the States. Despite these limitations,
the data do complement the RFF estimates, as they
include primarily commercial use, however, the RFF
data included solely agricultural use.

While taking into account the limitations of the
pesticide-use data, the State and RFF estimates indicate
that the most heavily used compounds in the study unit
include: atrazine (150,000 Ib/yr), chlorpyrifos
(147,000 1bfyr), carbaryl (68,000 1b/yr), metolachlor
(65,000 Ib/yr), alachlor (57,000 1b/yr), and pen-
dimethalin (42,000 1b/yr). Glyphosate, although not in
this group, may deserve special mention because offi-
cials have cited its heavy use (Jeff Comstock, Vermont
Department of Agriculture, oral commun., 1993; Gail
Kaprelian, Massachusetts Department of Food and
Agriculture, oral commun., 1993).

Alachlor, atrazine, and metolachlor are used
primarily on silage corn and sweet corn. Other
agriculturally used insecticides such as carbofuran,
chlorpyrifos, iprodione, and methoxychlor are not
commonly used in urban areas. Pesticides generally
used for turf or lawn care in urban and suburban areas
in the study unit include the herbicides 2,4-D,
bensulide, DCPA, and MCPP, and the insecticides
diazinon, carbaryl, isophenphos, and trichlorofon.
Some pesticides, such as glyphosate, pendimethalin,
and chlorpyrifos are used ubiquitously on urban and
agricultural lands. Since 1987, there has been a strong
shift away from using 2,4-D and few agricultural or

commercial users apply it currently (F. Himmelstein,
University of Connecticut Cooperative Extension
Service, oral commun., April 1993), although it still
receives use in homeowner products. The use of 2,4-D
decreased in New Hampshire from 1988 to 1989 by 25
percent in towns in the study unit (data from University
of New Hampshire Complex Systems Research
Center) and Vermont also reports a decrease in use
(Jeff Comstock, Vermont Department of Agriculture,
oral commun., 1993). In Connecticut, alachlor’s use is
decreasing as are other pesticides’ including
chlordane—discontinued in 1988—and carbofuran
(B.R. Robinson, Connecticut Department of
Environmental Protection, oral commun., May 1993).
Dicamba use in Vermont is decreasing (Jeff Comstock,
Vermont Department of Agriculture, oral commun.,
1993). Although usage of these pesticides decreased,
usage of atrazine, metolachlor, and pendimethalin
increased in Vermont. Sulfonylurea pesticide use has
begun in Connecticut, but not in Vermont. Chlorpyrifos
was the most widely used pesticide reported in
Connecticut in 1987 and its use has continued to
increase. Pendimethalin use also increased in
Connecticut, and, by contrast, the use of triazine
herbicides, such as atrazine and cyanazine, decreased
because of increased triazine resistance in weeds in
cornfields (B.R. Robinson, Connecticut Department of
Environmental Protection, oral commun., May 1993).

Because of the problems with under-reported
chemicals in most States, a complete breakdown of
usage in various sectors is not possible. However, in
conjunction with the compilation of pesticide use by
commercial applicators conducted in Connecticut in
1987 (B.R. Robinson, Connecticut Department of
Environmental Protection, written commun., July
1989), estimates of the amounts used in agricultural and
nonagricultural sectors (table 4) can be made (Keeney,
1991). Total agricultural use (private-agricultural and
commercial-agricultural applications) accounts for 46
percent of the total estimated pesticide use in
Connecticut. Total nonagricultural use (outdoors—
commercial and homeowner) in urban and suburban
areas accounts for 46 percent of the total estimated
pesticide use. These land uses may contribute to total
pesticide use in approximately equal proportions to
agricultural use in that State.
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Table 3. Reported pesticide use for areas of Connecticut (1987), New Hampshire (1989), and Vermont (1991) in the Connecti-
cut, Housatonic, and Thames Rivers study unit

[Uses: Data source—Sine, 1991. Sources for reported use, Conn., 1987: Data Source: B.R. Robinson, Connecticut Department of Environmental
Protection, Pesticide Control Section, written commun., July 1989. Restricted use status: Connecticut Department of Environmental Protection, 1992.
Restricted use status has little bearing on reporting in this compilation, as only commercial applicators report. No private use of restricted pesticides is
included for Connecticut. N.H., 1989: Data Source: Fay Rubin, University of New Hampshire, Complex Systems Research Center, written commun., April
1993. Restricted use status: New Hampshire Department of Agriculture, 1992. Vt., 1991: Data Source: Jeffrey Comstock, Vermont Department of
Agriculture, Plant Industry Section, written commun., April 1993. Restricted Use Status: Vermont Department of Agriculture, 1991. Reported pesticide use
includes only commercial applicators for Connecticut; all restricted pesticide use reported for New Hampshire and Vermont. For entries with no footnote, no

restrictions on the use of this chemical (only commercial use reported); nr = no reported use; <, actual value is less than value shown; 2,4-D, (2,4-
dichlorophenoxy) acetic acid; 2,4-DP, 2-(2,4-dichlorophenoxy) propionic acid; DCPA, dimethyltetrachloroterephthalate; MCPP, 2-(2-methy!-40-

chlorophenoxy) propionic acid; MSMA, monosodium methanearsonate; PCNB, pentachloronitrobenzene]

Reported use by State and year

Pesticide Uses (pounds of active ingredient)
Conn. N.H. Vt.
1987 1989 1991
2,4-D Systemic selective herbicide, turf, pasture, corn 131,017 170 1582
2,4-DP (Dichloroprop) Systemic herbicide, rights-of-way, aquatic weeds 2,960 nr 140
Acephate Contact and systemic insecticide, corn, alfalfa 2,436 <1 2
Alachlor Pre-emergence herbicide for corn, potatoes 21,425 21,421 24,121
Ammonium sulfamate Contact, translocated herbicide, discontinued 1988 17,181 nr nr
Anilazine Foliar fungicide, ornamentals, turf, vegetables, others 4,995 nr 237
Atrazine Selective herbicide (for corn) 213,872 27,278 19,732
Bendiocarb Residual insecticide (indoor use) 2,422 Ine l642
Benefin Preemergent herbicide for alfalfa, clover 12,223 1.5 nr
Benomyl Systemic fungicide for fruits, vegetables, turf, field crops 2,844 82 g4
Bensulide Herbicide for lawns, some vegetables 10,208 nr 242
Captan Protectant-eradicant fungicide for fruit trees 1,588 654 452
Carbaryl Broad spectrum insecticide for crops, lawn 56,107 175 677
Carbofuran Broad spectrum insecticide, nematicide, corn, potatoes 2270 2748 Znr
Chlordane Contact insecticide (highly toxic to fish) 114,391 Znr 2nr
Chloroneb Fungicide, seed treatment 3,470 nr 87
Chlorothalanil Fungicide for row crops and vegetables 28,270 136 1,308
Chlorpyrifos Insecticide for alfalfa, corn, other field crops, termiticide 146,801 56 1327
Cyanazine Selective herbicide for con 21,730 21,170 23,937
DCPA (Dacthal) Herbicide for turf, vegetables, ornamentals 24,148 nr lnr
Diazinon Multi-purpose insecticide, nematicide 117,885 90 1200
Dicamba Herbicide 14,055 62 1248
Dimethoate Systemic insecticide-acaricide, many crops 1,399 60 nr
Diuron Herbicide, for fruit orchards and vineyards 5,423 <1 11,656
Fosamine ammonium Brush control agent, growth regulant 1,308 nr 108
Fosetyl-Al Systemic fungicide, fruit and vegetable crops 1,426 nr 35.2
Glyphosate Nonselective herbicide, urban and agricultural uses 13,075 525 2,686
Iprodione Contact fungicide, potatoes, fruits, turf 8,913 nr 2,297
Isofenphos Insecticide for turf, lawns 117,275 250 1576
Malathion Insecticide for fruits, vegetables 9,739 154 6.4
Mancozeb Fungicide, fruit, vegetable, field crops 9,385 1,577 nr
Maneb Fungicide for potatoes, vegetables, tobacco 1710 627 nr
MCPP (potassium salt) Herbicide for grasses, lawns 17,593 1.2 239
Metalaxyl Fungicide seed dressing 2,393 8 10.3
Methoxychlor Insecticide, fruit & shade trees, vegetable gardens 3,763 32 nr
Methyl bromide Fumigant for insect and rodent control 11,978 Znr Znr
Metiram Fungicide, for fruits, vegetables, ornamentals, field crops nr 1,017 38.4
Metolachlor Selective herbicide for corn, potatoes, others 9,100 7,082 111,303
MSMA Herbicide, crabgrass and broadleafs in turf 1,469 nr nr

Description of Study Unit



Table 3. Reported pesticide use for areas of Connecticut (1987), New Hampshire (1989), and Vermont (1991) in the Connecti-
cut, Housatonic, and Thames Rivers study unit—Continued

Reported use by State and year
(pounds of active ingredient)

Pesticide Uses

Conn. N.H. Vt.

1987 1989 1991
0Oil Sprayed to control insects, insect eggs, plants 99,984 951 106.3
Oryzalin Selective preemergent herbicide, fruit trees, turf 1,208 19 40.5
PCNB Soil fumigant, soil dressing against smuts 943 nr 2,406
Pendimethalin Selective herbicide for corn, potatoes, tobacco 139,011 1,314 11,373
Permethrin Insecticide for corn, vegetables; wood preservative 11,677 255 Inr
Siduron Herbicide for grasses 3,482 nr 76.5
Simazine Selective herbicide for corn, alfalfa, fruit trees, lawns 13,409 1,045 1370
Sulfometuron methyl Herbicide for noncropland, reforestation areas 1,393 nr 49.3
Thiophanate Systemic fungicide, discontinued 1989 3,156 nr 137
Thiram Fungicide, animal repellant for fruit trees, shrubs 4,986 9.1 197
Triadimefon Systemic fungicide for fruit trees, vegetables, pine 3,254 nr 134
Trichlorofon Insecticide for corn, fruit trees, turf, forests, others 10,902 nr 809
Triclopyr Systemic herbicide, rights-of-way, pastures, 13,480 nr 1,581

industrial sites

Trifluralin Selective preemergent herbicide for alfalfa, vegetables 5,130 13 1,250
Vinclozolin Fungicide for turfgrass, vegetables 1,439 43 334
Vorlex Soil fumigant for potatoes, tobacco, vegetables 136,485 1,607 Znr

! Some formulations of this chemical are restricted (all commercial use reported, some private use reported).
2 Use of this chemical is restricted (all use reported);

Table 4. Total estimated annual pesticide use in Connecticut, 1987

[Data from Keeney, 1991]

Type of pesticide use

Total estimated annual use
(pounds of active

Percentage of
total use

ingredients)
Agricultural
Applied by farmer or landowner ...... 530,000 37
Applied by commercial applicator ... 130,000 9.0
TOtAl ..ottt e st 660,000 46
Non-agricultural use
Outdoors
Applied by commercial applicators ..........ccoceeveeriereenirerreieninnann 630,000 43
Applied by homeowners 42,000 3.0
TOLAL ...ttt 670,000 46
Indoors
Applied by commercial applicators ...........cccocoeneiriemninnecnnenininan, 64,000 4.0
Applied by DOMEOWNETS ......ccccuvenriiririniirieinieie et eresieenes 58,000 4.0
TOLAL ...eererrcniriresiresre ettt sire st sasas e e b sesnne 120,000 8.0
OVETAIL OLAL......eeiienieicirtieiereieiet ettt ee e et ebe st s st s ebe st sne b e et ns 1,450,000 100
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COLLECTION, COMPILATION,
SCREENING, AND ANALYSIS OF
AVAILABLE WATER-QUALITY DATA

This report incorporates information from seven
data-collection programs. Agencies providing data
include the USGS, USEPA, Connecticut Department of
Health Services, Colorado State University, and
University of Massachusetts. The data encompass six
major types of sampling sites, including surface water
(streams), estuaries, lakes, wells, springs, and
atmospheric-deposition collectors. Available data for
nutrients, suspended sediment, and pesticides were
evaluated and compiled for each type of site and in
each program (table 5).

The highest priority nutrients from the National
perspective of the NAWQA program, are total
nitrogen, dissolved ammonia as nitrogen, and dissolved
nitrate as nitrogen. Data for these constituents were
selected where possible. Where data for these
constituents are limited or unavailable, data for the
most closely related constituents were selected.
Similarly, phosphorus data analyses focused on total
phosphorus, dissolved phosphorus, and dissolved
orthophosphate. Among the data bases evaluated in
this report, data for suspended sediment were available
only from the USGS's National Water Information
System (NWIS), an automated information system for
processing, storing, and retrieving water data.

Quality-assurance practices affecting the data
included in this report have evolved substantially
during the 1972-92 study period. In general,
increasingly more stringent and well-documented
quality-assurance practices for the collection and
analysis of water-quality data have been implemented
during the 1980's and 1990's. In each agency or
program, quality-assurance practices ideally govern
each step leading to the creation of water-quality data;
selection and maintenance of equipment; field
measurements; collection, treatment, and shipping of
samples; laboratory analysis; and computer data entry
and verification. Such practices vary among different
agencies and programs, and, in some cases, are
unreported.

National Water Information System

NWIS constitutes the primary source of
information analyzed in this report. Federal and
Federal-State cooperative programs support the
collection of water-quality data stored and maintained
in NWIS.

The USGS collects surface-water-quality
samples from bridges, piers, riverbanks, and boats, and
instream by wading. Historically, methods used to
collect samples in the study unit have included point,
grab, single vertical, multiple vertical, and equal-
width-increment (EWI) sampling (Edwards and
Glysson, 1988). The methods most frequently used in
recent years have been single- and multiple-vertical
sampling. Sampling methods have changed at some
stations during the study period, and changes have not
been simultaneous at all stations in the study unit. Data
analyzed for this report typically include more than one
sampling method.

The USGS collects ground-water-quality
samples from public-supply, domestic, industrial, and
observation wells using various methods (Rainwater
and Thatcher, 1960; Wood, 1976; and Claassen, 1982).
In recent years, sample-collection protocols and
materials compatible with sampling for trace level,
synthetic organic compounds have been implemented
(Grady and Weaver, 1988; Mullaney and others, 1991).
Kulp and Hunter (1987) describe the Survey’s
precipitation-collection methods.

Data stored in the NWIS include values less than
and greater than analytical detection limits. Data less
than a detection limit are sometimes referred to as cen-
sored data or “less-thans.” The numerical values of
data less than a detection limit are unknown, but still
contain information that can be used in some analyses.
All analyses in this report incorporate censored data,
where present, unless otherwise indicated.

Nutrients and Suspended Sediment

NWIS lists numerous sampling sites in the study
unit, and records exist for many constituents over a
long period of record. For this reason, sites and constit-
uents were screened to obtain the most useful data.
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Table 5. Summary of water-quality data-collection sites, water-quality records, and water years of record by source of data, type
of site, and constituents analyzed for the Connecticut, Housatonic, and Thames Rivers study unit, water years 1915-93

[Data from the U.S. Geological Survey’s National Water Information System (NWIS) and from the U.S. Environmental Protection Agency’s STOrage and
RETrieval system (STORET). Each water-quality record refers to one sampling, which may include data for several constituents and properties. --, indicates
no data]

Source of data

NWIS STORET
Water-quality constituent(s) Number of Period of Number of Period of
Wb ateaueity  ocord MM ey oo
records year) records year)

Surface water

All constituents 1,194 28,000 1952-93 1,791 238,127 1939-91

Nutrients 839 10,958 1952-93 962 20,067 1959-91

Suspended sediment 121 3,950 1965-91 0 0 --

Pesticides 90 333 1969-92 14 34 1962-87
Estuaries

All constituents 69 2,190 1952-93 40 280 1969-89

Nutrients 48 2,023 1952-93 38 247 1970-89

Suspended sediment 8 21 1971-76 0 0 --

Pesticides 12 44 1972-82 0 0 --
Lakes

All constituents 269 2,025 192191 590 10,903 1966-91

Nutrients 193 999 1921-91 251 3,600 1972-87

Suspended sediment 1 1 1983 0 0 -

Pesticides 22 34 1975-91 2 2 1973-77
Wells

All constituents 2,357 4,075 1915-93 64 581 1939-90

Nautrients 1,872 2,508 1917-93 25 341 1971-84

Pesticides 225 512 1978-89 0 0 --
Springs

All constituents 42 52 1951-93 2 3 1988-90

Nutrients 42 47 1951-93 0 0 -

Pesticides 8 8 1988 0 0 --
Meteorological

All constituents 43 1,366 1963-91 0 0 -

Nutrients 32 780 1964-91 0 0 --

Pesticides 1 2 1987 0 0 -

Constituent Screening and Selection parameter codes (table 6) served to screen surface-

water-quality stations with nutrient and sediment data,
as described below. These parameter codes for nitro-
gen, phosphorus, and suspended sediment represented
the bulk of the recent and long-term nutrient and sedi-
ment data collection in the study unit, and included
constituents of priority at the National level. Surface-

Requirements of the NAWQA program at the
National level and the availability, quality, and abun-
dance of data at long-term surface-water sampling
stations in the study unit guided selection of water-
quality constituents for nutrient and suspended sedi-

ment. Historically, NWIS stored nutrient data under water nutrient and sediment data retrieved from the
many different parameter codes, depending on changes ~ NWIS include laboratory analytical values and values
in laboratory methods and other factors. Sixteen calculated from other analyzed values.
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Table 6. Nutrient and suspended sediment parameter codes
used in selecting surface-water-quality stations for data
analysis

[Data from the U.S. Geological Survey’s National Water Information
System (NWIS) and from the U.S. Environmental Protection Agency’s
STOrage and RETrieval system (STORET). Parameter code is a 5-digit
number used to uniquely identify a specific constituent. Codes used in
NWIS are the same as those used in STORET. U.S. Environmental
Protection Agency assigns and approves all requests for new codes.
mg/L, milligram per liter]

Pan;a;::ter Constituent (mg/L)
00620  Nitrogen, nitrate, total (as N)!
00618  Nitrogen, nitrate, dissolved (as N)!
00615 Nitrogen, nitrite, total (as N)
00613 Nitrogen, nitrite, dissolved (as N)
00630 Nitrogen, nitrite plus nitrate, total (as N)
00631 Nitrogen, nitrite plus nitrate, dissolved (as N)
00610  Nitrogen, ammonia, total (as N)
00608 Nitrogen, ammonia, dissolved (as N)
00605  Nitrogen, organic, total (as N)!
00625 Nitrogen, ammonia plus organic, total (as N}
00623 Nitrogen, ammonia plus organic, dissolved (as N)
00600  Nitrogen, total (as N)!
00665 Phosphorus, total (as P)
00666 Phosphorus, dissolved (as P)
00671 Phosphorus, orthophosphate, dissolved (as P)
80154 Sediment, suspended
lCalculated.

All available nutrient data in NWIS for ground-
water sites (wells and springs) were retrieved. The
resulting nutrient data cover an extensive period of
record (water years 1917-93), and the data include
more than 2,500 analyses containing one or more of 20
nutrient water-quality constituents (table 5).

Sample counts and summary statistics for the
constituents retrieved were reviewed in the process of
selecting constituents for data analysis in this study.
Because of the abundance of data in the study unit,
complete data analyses for all these constituents were
not included in this report.

Data in the study unit are considerably more
extensive for total nitrite plus nitrate than for dissolved
nitrate. Furthermore, data for selected surface-water-
quality stations indicate that at most locations, the con-
centration of dissolved or total nitrite is usually negligi-
ble. Consequently, data on total nitrite plus nitrate have
been presented in this report, rather than dissolved
nitrate. Statistical analyses on a national data set show
no significant difference between paired values of total
and dissolved nitrite plus nitrate samples because of a

laboratory analytical problem (D.A. Rickert, U.S. Geo-
logical Survey, written commun., 1992). For this rea-
son, and because of negligible nitrite concentrations,
reported concentrations of total nitrite plus nitrate are
considered essentially equivalent to concentrations of
dissolved nitrate, unless otherwise indicated.

There is an abundance of data on total nitrogen
for the study unit. Total nitrogen, calculated as part of
the data-retrieval process in NWIS is the sum of ana-
lyzed concentrations for total nitrite plus nitrate and
total ammonia plus organic nitrogen (table 6). If either
of the two constituent concentrations were less than the
detection limit, total nitrogen was not calculated. This
represents a potential loss of data at the low end of the
concentration range for total nitrogen.

In analyzing total nitrogen data, we compared the
use of censored data with the elimination of censored
data. Three methods were used to evaluate censored
data for the constituents used to calculate total nitrogen:
(1) censored data eliminated; (2) censored data set high
(the detection limit); and (3) censored data set low
(zero). For method 1, the method used by NWIS, if
either constituent concentration was censored, total
nitrogen was not calculated and the sample was elimi-
nated. This procedure can result in either a positive or
negative bias in the estimated distribution of total nitro-
gen concentrations. For method 2, if either constituent
concentration was censored, the detection limit for that
constituent was used in the calculation of total nitrogen.
This method also could result in a positive bias. For
method 3, zero was used in place of censored data in
the calculation. This method could result in a negative
bias.

Boxplots (Chambers and others, 1983) of total
nitrogen were constructed using the three methods for
evaluating censored data. In this report, data percen-
tiles define the boxplots. Any change in the boxplots
resulting from methods of evaluating censored data
reflected changes in the percentiles. Boxplots for seven
of the eight stations examined generally were insensi-
tive to the method used to evaluate censored data
(Michael Turtora, U.S. Geological Survey, written
commun., 1993). The data sets evaluated were large
enough, and the number of censored data low enough,
for the percentiles represented by the box diagram to
remain unchanged.
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Evaluation of total nitrogen data for these sta-
tions indicates that total nitrogen concentrations
retrieved from and calculated by NWIS, where the
number of values is large (about 100 or more), ade-
quately represent the range and distribution of this con-
stituent in the study unit for the purposes of this report.
Where the number of concentrations were small, the
reported percentiles may reflect a positive bias. That is,
the percentages for total nitrogen may be somewhat
higher than the actual concentrations, particularly for
relatively pristine drainage basins where there is likely
a large number of censored data used to calculate total
nitrogen.

Station Screening and Selection

For the analysis of surface-water quality, all sta-
tions with nutrient or suspended-sediment data were
retrieved from NWIS. Lakes, impoundments, estuaries,
and all other stations where tides affect stage were
eliminated. A total of 452 stations had at least one
observation for at least one of the nutrient or sediment
parameter codes listed in table 6. Of these 452 stations,
119 stations had at least 10 observations for at least one
of the nutrient or sediment parameter codes during
water years 1972-921. These 119 stations were selected
for analysis.

Further screening of these 119 stations yielded a
group of 18 major water-quality stations. Each major
station: (1) had at least 50 observations for one or more
of the parameter-coded water-quality constituents; (2)
was associated with a streamflow-gaging station served
by a continuous water-stage recorder; and (3) had con-
tinuous streamflow records for water years 1980-90.
Only one of these stations was outside of Connecticut.

A subset of eight stations (table 7) was selected
from the 18 major stations for use in many of the
analytical procedures of this study. Water quality at
the remaining 10 stations is discussed in the text,
but, in general, is not presented graphically. These
eight stations were selected for geographic coverage
of the study area, along with consideration of the
following factors that affect the quality of the data:

(1) continuity of water-quality-sampling site with time;
(2) consistency of streamflow data; (3) proximity of the

1A water year is the period of time beginning on October 1 and
continuing through 30 September of the following calendar year.

water-quality-sampling station to the stream-gaging
station, and (4) lack of problems with streamflow
calculations for the water-quality-sampling site. These
criteria minimize or remove potential sources of error
in analyses, in particular, trend analysis and load
estimation. Four stations are part of the USGS’s
National Stream Quality Accounting Network
(NASQAN) in the study unit’s three major river basins
and are referred to as “integrator’” stations because their
relatively large drainage basins include a variety of
environmental settings and land uses whose cumulative
effects on water quality tend to mask the water-quality
characteristics of any specific setting. The other four
stations represent smaller drainages in relatively
homogeneous environmental settings.

NWIS ground-water sites were included in this
report if they were in the study unit as verified by plot-
ting the location of all ground-water sites. If site loca-
tion information was inconsistent (such as latitude and
longitude not agreeing with site identification number,
hydrologic unit code, or State and county code), some
effort generally was made to confirm or rectify dubious
entries. If the site data could not be verified, the site
was excluded.

The NWIS ground-water-quality data base
reflects the nature of most hydrogeologic investigations
undertaken in the past by the offices of the USGS’s,
Water Resources Division in the study unit. Most of
these previous investigations have primarily focused
on cooperating agencies’ need to determine the

Table 7. Surface-water-quality stations selected for detailed
assessment

[Data from the U.S. Geological Survey’s National Water Information System.
Map No.: See plate 1 for locations of water-quality sampling stations]

Map
No.

2 01122610 Shetucket River at South Windham, Conn.!
5 01154500 Connecticut River at North Walpole, N.H.!

Station No. Station name

6 01184000 Connecticut River at Thompsonville,
Conn.

12 01193500 Salmon River near East Hampton, Conn.
13 01196500 Quinnipiac River at Wallingford, Conn.
15 01205500 Housatonic River at Stevenson, Conn.!
16 01208500 Naugatuck River at Beacon Falls, Conn.
17 01208990 Saugatuck River near Redding, Conn.

INASQAN, National Stream Quality Accounting Network.
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availability and general quality of ground-water
resources. As such, these investigations sampled a
wide variety of wells and aquifers. Some recent studies
have focused on ground-water-quality problems, both
natural and anthropogenic. No effort was made to
screen and eliminate sites installed to sample
contaminated ground water. The NWIS data base used
for the analysis of nutrients in ground water in the
study unit includes 1,872 wells and 42 springs

(table 5).

Effects of Changes in Laboratory Analysis Methods on
Historic Nutrient Data

Changes in laboratory analytical methods for a
constituent can affect the comparability of data
between different periods of the historical record
(Alexander and others, 1993). Evaluation of methods
and the resulting data also can yield information that
affects the validity of data for certain interpretive anal-
yses. Information on some of these changes and evalu-
ations, and their possible effects on NWIS data, is
available from the Survey's Office of Water Quality
(OWQ) and National Water Quality Laboratory
(NWQL). The following discussion refers only to
NWIS data.

Most samples from water-quality stations in
Connecticut were analyzed in the Survey's Albany,
New York, laboratory before May 1977. Connecticut
samples were analyzed in the Atlanta, Georgia labora-
tory from May 1977 to November 1985, and Connecti-
cut samples for all constituents, except suspended
sediment, were analyzed at the NWQL in Denver, Col-
orado, from December 1985 to the present.

Nitrogen

The Denver laboratory experienced an ammonia
contamination problem from 1980 through 1982 that
affected ammonia and Kjeldahl nitrogen concentra-
tions (D.R. Helsel, U.S. Geological Survey, written
commun., 1992). The Atlanta laboratory analyzed sam-
ples from the Connecticut stations during that time
period, and, thus, there would not be an analytical bias
in these data.

Analyses for total ammonia, total nitrite, and
total nitrite plus nitrate were discontinued at the
NWQL as of January 1, 1993, because the laboratory
method was determined to be unsuitable for accurately
measuring total concentrations for these species, and
because a statistical analysis showed no significant

difference between paired values of total and dissolved
samples (D.A. Rickert, U.S. Geological Survey, written
commun., 1992). Data for total nitrite-plus-nitrate are
included in this report with the cautionary note that the
reported concentrations may not accurately represent
environmental concentrations in some cases. These
data are believed, however, to give a qualitative picture
of general concentration variations across the study
unit. The accuracy of total nitrite plus nitrate
concentrations potentially affects concentrations of
total nitrogen, because analyzed concentrations of total
nitrite plus nitrate are used in the calculation of total
nitrogen concentrations. The nature of the laboratory
analytical problem for total nitrite plus nitrate is such
that total nitrogen concentrations could be
underestimated in some situations in the study unit.

Phosphorus

Information from the NWQL indicates that phos-
phorus samples analyzed at the Denver laboratory
showed a positive bias from 1980 through 1982; a
much smaller bias in phosphorus may be present dur-
ing the same time period for the Atlanta laboratory
(D.R. Helsel, U.S. Geological Survey, written com-
mun., 1992). The Atlanta laboratory analyzed samples
for the Connecticut stations during that time period, so
the bias for data for these stations is presumed to be
small. The positive bias for 1980-82 was detected
through analysis of data from the Survey’s Standard
Reference Water Samples quality-assurance program
(R.B. Alexander, U.S. Geological Survey, oral
commun., 1994).

A negative bias in phosphorus data, related to a
different aspect of the analytical process, has been
reported by the OWQ. Total phosphorus data produced
prior to October 1, 1991, tend to be negatively biased,
that is, the reported analytical concentrations probably
are lower than actual environmental concentrations
under certain conditions (D.A. Rickert, U.S. Geologi-
cal Survey, written commun., 1992). The negative bias
probably is greater in data produced prior to May 1,
1990.

National statistical analyses have shown that the
negative bias in total phosphorus data increases in sam-
ples with high concentrations of particulate phospho-
rus, suspended sediment, and organic carbon.
Specifically, the bias was notable in samples with total
phosphorus concentrations exceeding 0.2 mg/L when
suspended-sediment concentrations exceeded 50 mg/L.
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Bias was not statistically significant for samples with
total phosphorus concentrations less than or equal to
0.2 mg/L.

Counts of samples were evaluated to determine
the possible influence of the reported bias in total phos-
phorus concentrations for NWIS data in the study unit.
Counts of samples less than and greater than the thresh-
old concentrations of suspended sediment and total
phosphorus noted above were made for several sta-
tions. Five stations in the study unit have 40 or more
suspended-sediment samples collected on a quarterly
basis. These five stations represent large basins, of sev-
eral hundred square miles or more, and include a large
part of the study unit. In each case, concentrations
greater than 50 mg/L constituted less than 10 percent of
the record. In a smaller drainage basin with more than
300 daily suspended-sediment samples, concentrations
greater than 50 mg/L constituted less than 5 percent of
the record.

Eighteen stations in the study unit have substan-
tial total phosphorus records; all but one have more
than 100 samples, and 11 have more than 200. The per-
centage of samples exceeding 0.2 mg/L varies substan-
tially among the stations. Twelve of the stations have
fewer than 10 percent of the total phosphorus data
exceeding 0.2 mg/L. Most total phosphorus exceeded
0.2 mg/L at three stations with highly urbanized
drainage basins or major point-source discharges.

Preliminary evaluation of these data indicates
that for large drainage basins in the study unit, and for
smaller, less developed drainage basins, phosphorus
data are essentially unbiased because concentrations of
total phosphorus and suspended sediment typically
were less than the threshold concentrations where bias
is reported. Bias may be greater in small, highly urban-
ized basins, in basins with major point discharges, and
locally in other environmental settings with relatively
high suspended-sediment concentrations.

Bias in total phosphorus data could have impli-
cations for use of the data in trend analysis and load
estimation. Limitations on the data for these uses are
discussed in those sections of the report.

Pesticides

This analysis included all NWIS sites that were
confirmed to be in the study unit that had been sampled
for any pesticide. In addition to an extensive list of
chemicals that are exclusively used to control pests, the

list of pesticides included in this report is broadly
interpreted to include a number of volatile organic
compounds (VOCs) and semi-VOCs that have some
pesticide use, or are a component of a pesticide
application. In total, one or more of 81 different
pesticide compounds or their metabolites have been
sampled 933 times at 358 sites in the study unit during
water years 1969-92 (table 5). Ground-water sites
(wells and springs) account for nearly two-thirds (65.1
percent) of the sites sampled; most have only been
sampled once and most have been sampled within the
last decade. Stream-gaging stations comprise about 25
percent of the sites sampled but many were sampled
more than once, and both water and bed sediments also
were sampled.

The NWIS stream-gaging stations sampled for
pesticides include estuaries and lakes, as well as
streams. The estuarine and lacustrine stations are
included in this analysis even though they are not
within the scope of the NAWQA study because they
augment the limited data available for streams in the
study unit. The estuary stations generally are in the
lower reaches of the three principal streams in the
study unit, in tidally affected tributaries, or in the har-
bors of coastal cities. The lake stations are principally
impounded, run-of-the-river lakes along the
Housatonic and Connecticut Rivers.

Quality Assurance

Guy and Norman (1970), Wood (1976), Wer-
shaw and others (1987), Edwards and Glysson (1988),
Britton and Greeson (1989), and Fishman and Fried-
man (1989) have described USGS procedures for field
measurements and for collecting, treating, and shipping
samples. The National Field Quality Assurance Pro-
gram was initiated in 1979 to monitor the accuracy and
precision of field measurements (Stanley and others,
1992).

The NWQL currently (1992) performs all the
analytical work for the NWIS constituents discussed in
this report, with the exception of suspended sediment,
which is analyzed at the Lemoyne, Pennsylvania office
of the USGS. Guy (1969), Wershaw and others
(1987), Britton and Greeson (1989), and Fishman and
Friedman (1989) have described laboratory analytical
methods. Friedman and Erdmann (1982) and Pritt and
Raese (1992) have described quality-assurance
practices at the NWQL.. Since 1981, the NWQL has
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issued a series of reports (Lucey, 1989) that evaluate
the precision and bias for inorganic major ion and trace
metal constituent data. Dempster and Merk (1991)
have described quality assurance for the NWIS data
base.

Individual USGS offices are responsible for veri-
fying correct entry of field data, checking data released
from the NWQL for inconsistencies reported by the
laboratory, and checking data against historical data for
values that are outside normal ranges. Accepted data
are entered into the water-quality data base of NWIS
(Maddy and others, 1989). The routine office and labo-
ratory procedures for checking water-quality data are
considered adequate to ensure the reliability of data for
the purposes of this report.

Storage and Retrieval System (STORET)

The USEPA generally does not collect its own
data. Consultants, Federal and State agencies, universi-
ties, and others contract with the USEPA to perform
studies and submit the water-quality data to USEPA for
entry into STORET. Samples are collected and ana-
lyzed according to USEPA guidelines. Methods used to
collect surface-water-quality samples have not been
clearly documented in STORET, but it is assumed that
most surface-water-quality samples were collected
using the grab sample method.

Nutrients

This report includes nutrient data from
STORET for water years 1972-90 from water-quality
stations with at least 10 samples for one or more of the
16 nutrient constituents previously identified (table 6).
This criterion eliminated more than 1,800 water-quality
stations with limited data, leaving 114 stations. Loca-
tions of the 114 stations with adequate data were plot-
ted on 1:24,000 or 1:25,000 scale USGS topographic
maps to verify that they plotted along the identified
stream reach. One station was eliminated based on this
check. Finally, STORET stations were compared with
NWIS stations to eliminate duplication. Four STORET
stations were eliminated on this basis, leaving 109
STORET stations for analysis. All ground-water sites
in STORET with nutrient water-quality data for any
water years were retained for data analysis. Because of
the limited nutrient water-quality data from lake, reser-
voir, meteorological, or estuary stations in STORET,
these stations were not included in the analysis.

Pesticides

Pesticide data were available for only a few of
the more than 2,000 STORET sites with water-quality
data. Screening the pesticide data in STORET further
limited the number of sites selected for this analysis.
Eight sites with pesticide data were eliminated from the
analysis because the source of water to the site was
unknown. Thirty-nine wells with pesticide data were
eliminated because the wells were located at two haz-
ardous-waste sites. Twenty surface-water and two res-
ervoir stations (table 5) were selected for further
analysis. Pesticide data were not available for estuary,
meteorological, or spring sites.

Quality Assurance

Little is known about the quality of STORET
data. Information on sample-collection methods or
quality assurance/quality control (QA/QC) practices is
unavailable. Methods of analysis also are unknown, but
it is assumed that they follow USEPA guidelines. Ana-
lytical methods are known to have changed for the
period of record, because the data include multiple
detection limits for individual constituents and, in
some cases, zero values were assigned to older samples
prior to the routine use of the less-than symbol (<).

National Pollutant Discharge Elimination
System and Permit Compliance System

The USEPA’s National Pollutant Discharge
Elimination System (NPDES), developed to enforce
discharge limitations under the Clean Water Act, con-
tains information compiled about permitted dischargers
in the study unit as of 1990. NPDES includes informa-
tion about each discharger's permit, such as permitted
discharge volume, location, and Standard Industrial
Classification code. NPDES does not include water-
quality data. Of 706 NPDES-reported dischargers in
the study unit, 177 had permitted to discharge volumes
exceeding 1 Mgal/d.

The Permit Compliance System (PCS), a data
base-management system, functions within the
NPDES. This system contains information on the
chemical status of discharges regulated under NPDES.
The data base is accessible to registered users nation-
wide through the USEPA. Data are stored as records
consisting of concentrations and loads of nutrients
sampled in waste streams to comply with individual
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facility permits. PCS data are usually reported on a
monthly basis; the period of record spans 1986-91.
Nutrient species reported in the data base include total
nitrogen, Kjeldahl nitrogen, nitrite, nitrate, ammonia,
nitrite plus nitrate, total phosphorus, and phosphate. It
is unknown whether the samples for each facility are
filtered or unfiltered.

PCS data for gross outfalls only were analyzed.
Data were checked for consistency and some data were
discarded for sample periods where the reported maxi-
mum concentration, or load, was less than the average
concentration or load. All sites were included that had
gross outfall data for one of the constituents of interest.

The quality of data reported in NPDES and PCS
depends on several factors: (1) whether the state or the
USEPA has primary responsibility for maintaining the
data base in each State; (2) the type of facility; (3) the
rigor with which each State inspects dischargers; (4)
data-collection and laboratory analysis procedures for
each facility; (5) the year the data were collected, and
(6) the State or the USEPA’s quality-assurance plan at
the data-entry level. Major public wastewater-
treatment facilities and major industrial dischargers
receive highest priority for the USEPA’s QA/QC
activities. Less attention is paid to small industrial
dischargers. Checking information on the discharge
permit is the responsibility of the USEPA, regardless of
whether USEPA or the State is responsible for
maintaining the monthly records data base. Since 1990,
USEPA Region I has made a concerted effort to
improve the data base’s reliability. Because each
facility uses a separate laboratory to analyze its
samples, the data inevitably include multiple detection
limits. However, concentrations of nutrients in effluent
generally are high enough that few if any data are less
than the detection limit for constituents of interest.

Connecticut Department of Health Services
Pesticide Monitoring Program

The Connecticut Department of Health Services
(CTDOHS) regulates the quality and adequacy of the
States’s public-water supplies under Section 25-32 of
the Connecticut General Statues. Pursuant to that
responsibility, the Water Supply Section of the
CTDOHS monitors, or requires monitoring, of about
240 reservoirs and streams and about 1,600 wells that
provide potable water for about 700 community water-
supply utilities that serve 82 percent of the State’s

population (Prisloe and Sternberg, 1983, p. 3). In
Connecticut, a community water supply is defined as
any water system that serves at least 2 residences or 25
residents. Community water supplies range in size
from large investor-owned water companies or
municipal water departments to State institutions,
residential developments, and seasonal communities.
About 100 of these systems serve at least 1,000 people,
and collectively supply 95 percent of all public-water-
supply recipients (Healy and others, 1990, p. 196).

Since 1976, the Federal Safe Drinking Water Act
and, subsequently, the Connecticut Public Health Code
have required analysis for selected pesticides. All
surface-water supplies have been sampled for endrin,
lindane, methoxychlor, toxaphene, 2,4-D, and 2,4,5-TP
(Silvex) under Federal regulations and the State has
required that EDB (ethylene dibromide) as well as
other VOCs be sampled. Large community supplies
(those serving more than 1,000 people) from surface-
water sources are tested more frequently than small
supplies, but all surface-water supplies must be
sampled at least once every 3 years. Federal statutes
have not required analysis for pesticides in ground-
water sources, but the CTDOHS has required that
VOC:s be sampled for in every system every 3 years.
Large ground-water supplies are tested approximately
annually and CTDOHS also conducts random
sampling of about 100 community supply wells each
year (P. Ritsick, Connecticut Department of Health
Services, oral commun., 1992). Frequently, the
pesticides identified above also were analyzed in
ground-water samples. Occasionally, additional
pesticide compounds (including alachlor, aldicarb,
atrazine, and metabolites, carbofuran, chlordane, and
dieldrin) have been analyzed in surface- and ground-
water supplies from areas close to agricultural
activities. In addition, some community water supplies
conduct their own monitoring and may report these
additional samples to the CTDOHS.

The CTDOHS maintains the data from public-
water-supply monitoring in paper files at the Hartford
office of the Water Supply Section. For this investiga-
tion, the USGS inventoried information on pesticide
analyses available in the CTDOHS active files during
the summer of 1992. The period of record on file varied
for different community water supplies. Generally, files
maintained on small utilities (less than 1,000 people
served) contained data from 1979 through 1992,
whereas files on large utilities typically contained data
for 1988 through 1992 only.
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All CTDOHS pesticide data included in the
active files were inventoried for this report, except for
analyses that indicated the sample was from a mixed
source (either multiple surface-water or ground-water
sources, or a mixture of surface- and ground-water
sources), or that indicated the source sampled was
treated (chlorination, fluoride augmentation, filtration,
softening, and control of iron, manganese and pH).
Samples generally were collected from the intake to the
treatment plant, from near the well head (for treated
ground-water supplies), or from some point in the dis-
tribution system (for untreated ground-water sup-
plies). In total, data for 75 surface-water sources
(mostly reservoirs, but including some stream diver-
sions) and 238 community-supply wells were invento-
ried for this report. These data include analyses for one
or more of 16 pesticide compounds in 433 samples col-
lected from 1979 to 1992.

There is little information readily available con-
cerning field and laboratory QA/QC practices and pro-
tocols for the sample collection and analysis of
pesticides in public-water supply. The CTDOHS data
include samples collected by agency staff, utility staff,
servicing laboratories, and consultants. Analyses are
performed by as many as 23 State-approved laborato-
ries. Monitoring conducted in compliance with the
Safe Drinking Water Act (Public Law 93-523) is
required under Section 1401(1) of the Act to include
“check samples and special samples in appropriate
case” (U.S. Environmental Protection Agency, 1975,
p. 59569). The USEPA mandates use of State-approved
laboratories that conduct analyses for specific pesticide
compounds using USEPA-approved methods. Con-
necticut Public Health Code (Connecticut Department
of Health Services, 1985) similarly requires “represen-
tative samples....be tested in accordance with regula-
tions of the Federal Environmental Protection
Agency.”

National Atmospheric Deposition Program

The National Atmospheric Deposition Program
(NADP) of the Natural Resource Ecology Laboratory,
Colorado State University, Fort Collins, Colo.,
compiled data on concentrations and net deposition of
major ions in precipitation at six regional stations in
New England and New York for 1980-91. Nutrient
species reported include nitrate and ammonia.

Data from all six sites were screened for com-
pleteness during the period of record. Observations
not meeting the criteria, which included percentage of
period represented both in volume of precipitation and
in time of collection, were excluded from further anal-
ysis. This screening did not eliminate any sites or con-
stituents.

The NADP maintains an extensive QA/QC pro-
gram, affecting field operations, laboratory activities,
and data base management (Aubertin and others,
1990). The field operations quality-control activities
include external audits of field parameters, perfor-
mance audits, measurements of dynamic blanks (mea-
surements made on ion content of collection buckets
during weeks of no precipitation), operation of dupli-
cate sampling stations, and audits of site configuration
and equipment. Laboratory QA/QC procedures include
duplicate analyses of samples (2 percent), analyses of
standard reference materials, internal blind samples,
and equipment blanks, and maintenance of a quality-
control officer at the laboratory. All national samples
are handled and analyzed by the same central labora-
tory. Data-management quality-control procedures are
used for reviewing field forms for internal consistency,
checking data entry, flagging of suspected contami-
nated samples, verifying lab data at sampling site, and
checking rain gauge charts against information from
field forms.

Acid Rain Monitoring Project

Volunteers, trained by professional staff from the
University of Massachusetts—Ambherst Water
Resources Research Center (WRRC)—collected major
ion samples and physicochemical data at more than
5,000 sites in Massachusetts for the WRRC’s Acid
Rain Monitoring Project (ARMP) during 1984-91.
These sites primarily included ponds and small
streams, as well as a number of large rivers. Data were
collected at many sites on an irregular basis; 800 ponds
and streams have been sampled quarterly from 1986 to
1991. Analyses for nitrate, the only nutrient species
included in the study, were performed on unfiltered
grab samples.

Sites on streams and rivers in the study unit with
10 or more nitrate measurements for the period of
record were selected for analysis for this report. Of the
original 5,000 sites, 1,179 were stream or river sites,
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and of these, 185 were selected for analysis. Some of
these sites were designated as “upper” and “lower”
although they occurred at the same locations. For
screening purposes, all observations at a single site
were combined to represent one location.

Quality control of the samples included spikes,
duplicates, and blanks. According to the WRRC, the
data conform to USEPA QA/QC standards. Concentra-
tions less than the detection limit were originally
assigned zeros in the data base. Based on the lowest
reported nitrate concentrations (0.2 mg/L), these values
were reassigned as less than 0.2 in this analysis.

Data Analysis

Choices of analytical methods are based on the
reliability, quantity, and distribution of the data. Sites
where data are minimal, or where quality-assurance
procedures are unknown, are used only in qualitative
analyses, such as site location maps, or areal distribu-
tions of constituent detections or median concentra-
tions. Long-term sites with a well-documented history
and established quality-assurance procedures are used
in quantitative analyses such as trend analysis and load
estimation. All maps, graphs, and tables indicate the
source of the data, because of the wide variability in
documentation available for the different sources.

Areal Distributions

Most areal compilations and analyses used a
Geographic Information System (GIS). Maps have
been used to display locations of surface- and ground-
water sites in the NWIS, STORET, NPDES, and
ARMP data bases sampled for nutrients or suspended
sediment, and to display the areal distribution of
median concentrations of nutrients and suspended
sediment.

For the 18 major surface-water-quality
stations selected from NWIS, land use in each basin
was classified according to the Anderson Level II
classifications (Anderson and others, 1976), and basin
totals for each classification were prepared, using a
GIS. The number and major types of NPDES point-
source dischargers within each of these 18 basins also
were documented.

Maps showing locations of sites in the NWIS,
STORET, and CTDOHS data bases where pesticides
were sampled and detected were prepared using GIS.

NWIS and STORET sites that were coded as streams,
lakes, or estuaries are shown on the same maps. The
CTDOHS reservoir and public-supply well locations
are shown together on a single map. NWIS ground-
water well and spring sites sampled for pesticides are
shown on separate maps.

Categorical Distributions

Evaluation of sample and site distribution made
extensive use of bar graphs and clustered bar graphs. In
some cases, numerous graphs for sites or constituents
were inspected and compared to select representative
graphs for inclusion in this report.

Distribution of surface-water samples for several
constituents at 18 NWIS stations were evaluated by
year, month, and decile of long-term flow duration.
Numbers of ground-water samples in NWIS were
evaluated by aquifer type, well type, water use, well
depth, water level, and sample depth, comparing
sample counts for nutrients to sample counts for all
constituents. Permitted NPDES dischargers were
categorized by type of facility: sewage-treatment
plants, industries, paper and paper-products plants,
utilities, and services. Facilities in each category were
enumerated.

Bar graphs and clustered bar graphs were used to
describe the temporal distribution of samples or the
distribution of pesticide detections that relate to various
site categories, for example, land use or aquifer type.
Numbers of ground-water samples in NWIS were
evaluated by period of record, aquifer type, well type,
water use, well depth, water level, and sample depth,
contrasting the number of pesticide samples with
sample counts for nutrients and all constituents.
Detection frequencies of selected pesticides were
evaluated by land use and crop type.

Summary Statistics

Summary statistics, including median
concentrations and other concentration percentiles, are
presented to describe selected nutrient data for surface-
and ground-water sites in NWIS and STORET. The
number of observations and the 75th, 50th, and 25th
percentiles were calculated for five nitrogen, three
phosphorus, and one suspended-sediment water-quality
constituents for 83 NWIS surface-water stations with
15 or more observations for a constituent. Because of
the uncertain quality of the STORET data and the
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variability in the numbers of samples at each station,
only the median concentrations and number of samples
were calculated and tabulated for STORET stations.
Further analyses include the ranges of median
concentrations and their site locations in figures of the
study unit. The number of observations and median
concentrations were calculated for three nitrogen and
three phosphorus water-quality constituents for 109
STORET water-quality stations where there are 10 or
more samples for a constituent. Median concentrations
of nitrate in precipitation were calculated for each site
selected from the ARMP data base. Information on the
number of NWIS and STORET ground-water sites and
samples with nutrient data is summarized. The
minimum and maximum concentrations, as well as the
10th, 25th, 50th, 75th, and 90th percentiles, were
reported for 9 nitrogen and 10 phosphorus water-
quality constituents in ground water at each site where
there were at least 10 samples.

Information on the frequency of detection and
the range in concentration of pesticides detected in
samples of whole water and bed sediment from water-
quality stations reported in NWIS and STORET, and
for ground-water samples from NWIS sites, is summa-
rized for this report. Because pesticide detections gen-
erally are infrequent, pesticide concentration
distributions are strongly censored at the analytical
detection limit, and are not amenable to characteriza-
tion or estimation of median concentrations or other
summary statistics.

Site Comparisons

Boxplots were used to compare constituent
medians, ranges, and interquartile ranges at eight
NWIS surface-water-quality stations, with attention to
differences in environmental settings among the station
drainage basins. Comparisons also were made with
boxplots summarizing national constituent data for
surface water. Concentrations of selected nutrients in
ground water were compared for data grouped by
aquifer type, well type, well depth, and land use.
Boxplots were used to evaluate pesticide detections by
sample depth.

Hypothesis Tests

Kruskal-Wallis tests (Helsel and Hirsch, 1992,
p- 159) were computed to evaluate and compare data
on nitrite-plus-nitrate and pesticides in ground water

from specific hydrogeologic or land-use settings. The
null hypothesis tested is that there is no significant
difference among the samples segregated by
hydrogeological or land-use settings with respect to
nitrite-plus-nitrate concentrations or pesticide
detections. Rejection of the null hypothesis at the 0.05
level of significance is evidence of a relation between
nitrite-plus-nitrate concentration or pesticide
occurrence and the factor tested. Results of the
Kruskal-Wallis tests, as with other statistical methods
used for this analysis, are reported as the attained
significance level (p value), which defines the
probability that the measured differences are due to
chance rather than the tested effect. Tukey’s test, a
multiple comparison test, was used to discriminate
among populations with measured significant
differences (Helsel and Hirsch, 1992, p. 198).

Trend Analysis

Trend analysis of nutrient and sediment data was
accomplished using an automated program developed
by the USGS. The statistical test used by this program
to detect trends is the seasonal Kendall test (Hirsch and
others, 1982; Smith and others, 1982). This test is a
distribution-free or nonparametric test which requires
no assumption of a particular statistical distribution.
The magnitudes of the data are used only to rank the
data. The probability of obtaining the observed pattern
of the ranks is then calculated without the need for esti-
mating the parameters of a distribution (Smith and oth-
ers, 1982, p. 5). The seasonal Kendall test is based on
the nonparametric Kendall's Tau test (Kendall, 1975),
which compares the relative values of all possible pairs
of data values in a time series. In the seasonal Kendall
test, comparisons between data values are restricted
to pairs of data values that are from the same time
period annually; this period is defined as a "season."
The seasonal Kendall test is not adversely affected
by nonnormal data distributions, potentially large sea-
sonal variability, values less than the detection limit,
missing values, or outliers, all of which are typical of
water-quality data.

The seasonal Kendall test also involves
hypothesis testing for trend detection. The null
hypothesis is that the parameter of interest, such as
constituent concentration, and its time of observation
are independent, which indicates no trend (Smith and
others, 1982). The chance of incorrectly rejecting the
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null hypothesis (detecting a trend) when a trend
actually does not exist is measured by the probability
level (p), also called the attained significance level. For
example, a p value of 0.05 means that there is a 5-
percent chance of making an error when rejecting the
null hypothesis. In this report, test results that produced
a p value less than or equal to 0.05 were considered to
indicate significant upward or downward trends in
constituent concentrations.

For many constituents, much of the variability
in concentration is related to variability in streamflow
and the effects of different sources of streamflow.

The program used for trend analysis removes the
effects of streamflow variability on constituent
concentrations by computing a time series of flow-
adjusted concentrations and testing this time series for
trend. Removing streamflow effects from water-quality
data increases the power and efficiency of trend-
detection procedures (Hirsch and others, 1991).

The software used to perform the trend analyses
examines the concentration data to see whether they
span the period of analysis and whether the data are
sufficient at the beginning and end of the period to
make the required number of pair-wise comparisons
for most seasons. If data criteria are met, the program
determines whether a trend test can be performed,
selects the test’s seasonal definition (monthly,
bimonthly, or quarterly), and performs flow
adjustments.

Although a trend with time may be positive or
negative, the relation between data values and time
may not be linear. Smoothing lines are used to depict
patterns in the data values throughout the selected
period of record. The smoothing technique is called
Locally Weighted Scatterplot Smoothing, or LOWESS
(Cleveland, 1979; Helsel and Hirsch, 1992, p. 94-98).
The LOWESS smooth provides graphical information
about short-term changes in water quality within the
selected period of record, whereas the trend indicates
the general relation between values in the early part of
the period of record and values near the end of the
record.

Load Estimation for Surface-Water Constituents

A minimum variance unbiased estimator
computer program (Cohn and others, 1992) calculated
total nitrogen and total phosphorus loads at six water-

quality stations in the study unit. Site selection was
based on adequacy of the data for analysis. Stations
with the best discharge and water-quality records,
which included, at a minimum, water years 1980-90,
were selected for analysis.

Stations used in the load estimation procedure
were selected from the eight stations listed in table 7.
These stations are part of a network set up to monitor
ambient water-quality conditions and evaluate long-
term trends. The regular sampling schedule in any
given year may not encompass the major storm
discharges that carry a large proportion of the annual
load for some constituents. Further, even when water-
quality samples are collected during high streamflow,
the sampling time may not coincide with the peak load
of the constituent in that particular storm. Despite these
limitations, the records for these stations represent a
wide range of streamflow conditions, including high
flows, over a long period of record.

Development of a suitable model involves
selecting a number of regression variables, generally
related to streamflow and time, to calibrate the model.
Individual models were created for each constituent at
each station. As recommended, the longest possible
continuous period of data collection was selected for
calibrating the several models (T.A. Cohn, U.S.
Geological Survey, oral commun., 1993). Low,
median, and high flow years, based on annual mean
discharge, were determined for each station. Because
of the variability in factors affecting discharges among
these stations, the same years could not be chosen to
exemplify low, median, and high flow years for all
stations; that is, each station had its own set of low,
median, and high flow years.

Atmospheric Deposition Estimation

Estimates of total atmospheric deposition of
nitrate and ammonia (the combination of wet, dry, and
droplet deposition) were based on wet-deposition data
collected at nearby regional NADP sites. Application
of correction factors derived from a National study of
atmospheric nitrate deposition (Sisterson, 1990)
enabled inference of the dry and droplet components of
total nitrate deposition. Studies have not been con-
ducted on the distribution of ammonia deposition, so
ammonia is presented here as uncorrected wet deposi-
tion and all discussion of deposition corrections (urban,
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dry, and droplet) refers to nitrate only. In addition,
urban effects added another level of complexity to the
estimation of total deposition from wet deposition.
Minimal urban influences were expected at NADP
sites. Because deposition tends to be greater in urban
areas, corrections were applied in this study to account
for the amount of urban area in each drainage basin.

NADP wet-deposition data were available on a
quarterly composited and an annual basis for each
monitoring site. The median of quarterly composited
data for each site, multiplied by four, was used as an
estimate of the annual areally based deposition for each
NADP site. These estimates were used to calculate
regional (nonurban) wet deposition for each of the 18
basins, in the following manner: first, the geographic
centroid of each basin was estimated visually using
basin boundaries drawn at a scale of 1:250,000; then,
the estimate of regional wet deposition at each centroid
was obtained from a spatially weighted average of the
annual areal-deposition estimates from the three NADP
sites nearest the basin centroid.

The ratio of wet to dry nitrate deposition was
calculated for each basin from Sisterson’s (1990) wet-
and dry-deposition estimates. This ratio was used to
calculate areal regional dry deposition from the esti-
mate of areal nonurban wet deposition. The total nitrate
load to each basin for wet and dry regional deposition
was then estimated by multiplying the areal estimates
times the area of each basin. Urban areas are estimated
to have 1.75 times as much wet deposition and five
times as much dry deposition as nonurban areas. Using
GIRAS data, the percentage of urban area for each
basin was calculated. These percentages were used to
correct the regional, nonurban-based nitrate load
estimates for urban effects.

Droplet deposition can be a significant propor-
tion of total deposition at high altitudes. The area of
each basin exceeding 2,000 ft was multiplied by the
areally based wet plus dry nitrate deposition and by an

empirically derived correction factor (Sisterson, 1990).

NUTRIENTS, SUSPENDED-SEDIMENT,
AND PESTICIDE DATA-COLLECTION
SITES AND FREQUENCIES

Accurate characterization of water-quality
conditions in the study unit, and reliable analyses of the
distribution of constituent concentrations, constituent

trends, and loads, require data that are well distributed
with respect to several factors:
® major physiographic, hydrologic, geologic, and
land-use features of the study area,
® period of water-quality record,
¢ seasons,
* range of streamflow conditions,
® major aquifers, and
® varying conditions along ground-water-flow
paths.

This section of the report analyzes and evaluates
existing surface-water and ground-water-quality data
in terms of these major distributions, and notes
important gaps in the data.

Nutrients and Suspended Sediment

Surface Water

Nutrient data are available for a substantial
number of water-quality stations in the study unit. The
number of analyses available at an individual location
generally is much larger for surface-water-quality
stations than for ground-water sites. Suspended-
sediment data are less abundant than nutrient data at
most water-quality stations.

Spatial Distributions

The USGS’s NWIS and USEPA’s STORET data
bases yielded 228 water-quality stations with a
minimum of 10 samples during the study period for at
least one water-quality constituent (table 23 at back of
report; pl. 1). These agencies have conducted different
types of data-collection activities to meet various
agency responsibilities. The requirements of these
programs dictate the placement and number of
sampling sites and affect the applicability and
availability of the data for broad-scale interpretation.

The USGS stations (pl. 1, map reference
numbers 1-119) are primarily along major streams and
rivers in the States of Connecticut (75 stations),
Vermont (23 stations), Massachusetts (17 stations),
New Hampshire (3 stations), and New York (1 station).
NWIS stations include long-term stations representing
major drainage basins or tributaries, as well as local
clusters of stations used for special studies of more
limited duration and scope. These station locations
were selected through cooperative studies and
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programs with State and local agencies, or in some
cases through Federal programs. Cooperative surface-
water-quality studies between the States of New
Hampshire and Vermont and the USGS have not been
as extensive as those between the USGS and the State
of Connecticut. Thus, the number of NWIS stations
varies considerably in different parts of the study unit,
and little or no water-quality data are available for a
number of major streams, particularly in the northern
part of the study unit (pl. 1).

Sites from STORET (pl. 1, map reference
numbers 120-228) are in Vermont (46 sites), New
Hampshire (20 sites), Massachusetts (24 sites), and
Connecticut (18 sites). Many of the STORET sites are
clustered along stream reaches with known or
suspected water-quality problems. As is the case with
NWIS stations, the STORET sites do not represent all
major subbasins in the study unit (pl. 1).

Data from 185 sites in the Acid Rain Monitoring
Program of the University of Massachusetts-Amherst
were appropriate for use in this study (fig. 9). ARMP
water-quality monitoring sites in the study unit
primarily are in Massachusetts; a few sites are on
streams in Connecticut. In Massachusetts, drainage
basins of all major tributaries to the Connecticut,
Housatonic, and Quinebaug Rivers include some of
these sites. ARMP sites also are on minor tributaries to
the Connecticut River as well as the Connecticut River
itself.

Temporal Distributions

The temporal distribution of samples collected at
each NWIS and STORET station was examined in
terms of two characteristics: (1) the length of the water-
quality record, and (2) the sampling frequency or
seasonal distribution of samples. The period of record
and approximate sampling frequency are shown in
table 23 for each station.

The period of record for NWIS stations ranged
from less than 2 years to more than 20 years, reflecting
the inclusion of long-term monitoring stations as well
as short-term project stations. Sampling may not have
been continuous during the period of record (table 23).
Only 11 stations, all in Connecticut, were sampled
continuously during the 21-year study period of water
years 1972-92.

Sampling frequency has varied considerably in
the study unit (table 23). Sampling frequencies for

individual water-quality constituents may differ at a
given station, and sampling frequency has varied dur-
ing the period of record at most stations. Most long-
term NWIS stations in Connecticut were sampled
monthly (fig. 10). However, sampling in the month of
February was discontinued during water years 1983-
91. Beginning in water year 1992, stations in Connecti-
cut were sampled bimonthly during the first 8 months
of the water year (October-May) and monthly from
June through September. A few Connecticut stations
were sampled on a bimonthly or quarterly basis. Dur-
ing water years 1988-90, several Connecticut stations,
including seven stations evaluated in this study, were
sampled for nutrients on a biweekly basis as part of the
Long Island Sound Study (1990). Some NWIS stations
in Massachusetts and Vermont were sampled on a
monthly basis, but only for 6 or 7 months of the year.

Distribution in Relation to Streamflow

Sampling frequency in relation to flow duration
was examined for five nitrogen, three phosphorus, and
one suspended sediment water-quality constituents at
the eight major NWIS water-quality stations (table 7).
For the most part, data for the same water-quality con-
stituents were available at the major stations. However,
at some stations different analyses were routinely per-
formed, making it necessary to examine alternative
constituents. For example, data on total ammonia
(parameter code 00610) were evaluated for stations
with little or no data on dissolved ammonia (parameter
code 00608). Similarly, data on dissolved nitrate
(parameter code 00618) are limited. Consequently, data
for either total nitrite-plus-nitrate (parameter code
00630) or dissolved nitrite plus nitrate (parameter code
00631) have been substituted. In addition, dissolved
phosphorus (parameter code 00666) is discussed,
because its record was more extensive than the other-
wise preferable dissolved orthophosphate (parameter
code 00671). Examination of data for stations in the
study unit indicated that substitution of these alterna-
tive constituents would not affect data interpretation.

Distribution of data over the range of discharge
conditions was evaluated using long-term flow
duration data at or near a water-quality station. Flow
duration refers to the percentage of time a specified
discharge is equaled or exceeded. For example, the
70-percent flow duration is the daily mean discharge
that is equaled or exceeded 70 percent of the time.
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Figure 10. Number of monthly samples of total phosphorus at
two selected stations on the Connecticut and Saugatuck
Rivers in Connecticut.

Distribution of data for a particular constituent has
been evaluated by dividing the long-term flow duration
at a station into deciles (10-percent segments) and
determining the constituent sampling frequency within
each decile of flow, based on the stream discharge
associated with each water-quality sample.

The distribution of total phosphorus samples by
decile of long-term flow at eight water-quality stations
(fig. 11) generally matches the frequency distribution
for the other nutrients at the same station, although
most nutrients were sampled less frequently than total
phosphorus. Sampling frequencies for suspended sedi-
ment, available for four of these stations, generally
were similar to nutrient sampling frequencies at the
same station. The 0 to 10 decile represents infrequent,
high-flow conditions (flows exceeded 10 percent of the
time or less) and the 91 to 100 decile represents low-
flow conditions exceeded most of the time. If sampling
were evenly distributed with respect to flow, then each
decile would include 10 percent of the samples, and all
bars would be of equal length.

Sample distribution should be relatively even to
avoid biasing a data analysis so that high flows, which
may carry the largest loads of some constituents, are
not under-represented, thereby causing underestimates
of loads. With few exceptions, each decile of flow was
well represented with samples for the eight stations
selected for close scrutiny. The distribution was not
ideal in all cases. Discharges at two stations, the Hou-
satonic River at Stevenson, Conn., and the Connecticut
River at North Walpole, N.H., are affected by regula-
tion at hydropower dams immediately upstream. Flow-
duration data for these two stations exhibit skewed or
discontinuous patterns (fig. 11), resulting from
controlled hydropower-generation discharges.

Sampling frequencies at the eight selected
stations exhibit several similarities and differences
(fig. 11). For stations on the Salmon, Connecticut, and
Quinnipiac Rivers, in the central part of the study unit,
the sampling frequency was higher for discharges
greater than the median streamflow. Several of the
stations were sampled relatively infrequently at very
low flows. The frequency distribution on the
Naugatuck and Saugatuck Rivers, in the western part
of the study unit, is fairly uniform. By contrast, the
bimodal distribution for the Housatonic River at
Stevenson shows the effects of streamflow regulation
by the hydroelectric power dam immediately upstream
from the sampling station; most samples are collected
at either very high or very low flows. According to the
sampling distribution for the Connecticut River near
North Walpole, N.H., few samples were collected
when flows were low.

Ground Water

Data on nutrients in ground water in the study
unit were fairly abundant and comprehensive. NWIS
lists 1,872 wells and STORET has 25 wells where
ground water was sampled for one or more of 20 nitro-
gen or phosphorus water-quality constituents (table 5).
In addition, 42 springs in the NWIS data base were
sampled for nutrients (table 5). There were, however,
considerable differences in numbers, types, locations,
and dates of nutrient samples represented.

NWIS data were more comprehensive than
STORET in the suite of nutrients represented (table 8),
including 10 nitrogen and 10 phosphorus constituents,
but most NWIS sites were sampled only once for any
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Figure 11. Distribution of total phosphorus samples by decile of long-term streamflow at selected water-quality stations.
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particular constituent. STORET data included only five
nitrogen and one phosphorus constituent, but individ-
ual sites were sampled on 10 or more occasions. In
terms of numbers of sites and samples, nitrite plus
nitrate as nitrogen (parameter code 00630) was the
most commonly reported constituent in NWIS and
STORET.

Wells from a number of hydrogeologic catego-
ries were evaluated to illustrate the proportion of the
2,357 NWIS wells with water-quality data that also
have nutrient data. These comparisons demonstrated
the strengths, weaknesses, and biases in the existing
ground-water data base with respect to assessing the
occurrence and distribution of nutrient concentrations
in the study unit.

Spatial Distributions

Most of the 1,872 NWIS wells and the 42 NWIS
springs with nutrient data were in Connecticut and

Massachusetts (pl. 1). These sites included a wide vari-
ety of wells and represent all the principal aquifer types
in the study unit. Most NWIS wells were installed for
areal appraisals of ground-water availability and
included some limited ground-water-quality sampling;
they also may have been installed to evaluate known or
potential sources of ground-water contamination, such
as landfills, industrial discharges, and agricultural
activities. No effort was made to eliminate known or
potentially contaminated sites from the population of
NWIS sites used in this analysis.

Sites in New Hampshire were primarily installed
or sampled during a recent cooperative, statewide,
stratified-drift aquifer mapping program between the
New Hampshire Department of Environmental Ser-
vices (NHDES) and the USGS (Moore and others,
1994). NWIS water-quality data for the New Hamp-
shire wells and springs reflected ambient conditions in
stratified-drift aquifers in the Connecticut River Basin
in New Hampshire, and included little or no data for
other principal aquifers. Few wells and springs were
sampled by the USGS in Vermont. Five wells clustered
in northern Vermont (pl. 1) were installed and sampled
for nutrients and other water-quality constituents for
this study, as were eight wells in western Massachu-
setts and four wells in north-central Connecticut.

The 25 STORET ground-water sites with nutri-
ent data were located exclusively in New Hampshire
and Vermont and most are near the study-unit boundary
(pl. 1). It is not known whether these wells were drilled
and screened in stratified-drift, till, or bedrock aquifers;
therefore, the only data analysis performed was the
enumeration of samples per nutrient constituent
(table 8).

Temporal Distributions

The temporal distribution of 2,508 nutrient sam-
ples from NWIS wells was similar to the distribution of
all NWIS water-quality samples for the period of
record (fig. 12) because one or more nutrient constitu-
ent commonly was included in the analysis of ground-
water samples. The first nutrient sample collected from
a ground-water site in the NWIS data base was in water
year 1917. However, the next sample was not collected
until 1949 and only 145 additional samples were
collected through water year 1962.
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Table 8. Number of ground-water sites and samples with nutrient water-quality data in the Connecticut, Housatonic, and

Thames Rivers study unit

[Nutrients are in milligrams per liter unless otherwise noted. NWIS, U.S. Geological Survey’s National Water and Information System; STORET, U.S.
Environmental Protection Agency’s Storage and Retrieval system. Data on number of samples from wells are for 1917-93 (NWIS) and 1971-84 (STORET);
data on number of samples from springs are for 1951-93. pg/L, microgram per liter]

NWIS STORET
Pan;aorgzter Nutrient Wells Springs Wells
Sites Samples Sites Samples Sites Samples
91003  Nitrogen, nitrate, dissolved (as N) (ug/L) 3 3 0 0 0 0
00615  Nitrogen, nitrite, total (as N) 101 104 2 2 8 14
00613  Nitrogen, nitrite, dissolved (as N) 150 216 13 13 0 0
00630  Nitrogen, nitrite plus nitrate, total (as N) 192 367 9 10 25 340
00631  Nitrogen, nitrite plus nitrate, dissolved (as N) 402 576 12 14 0 0
00610 Nitrogen, ammonia, total (as N) 112 265 1 1 10 19
00608  Nitrogen, ammonia, dissolved (as N) 332 513 20 23 0 0
00625  Nitrogen, ammonia plus organic, total (as N) 56 93 7 8 15 89
00623  Nitrogen, ammonia plus organic, dissolved (as N) 120 181 12 14 0 0
00600  Nitrogen, total (as N) 47 68 7 8 15 317
00665  Phosphorus, total (as P) 98 160 8 11 0 0
00650  Phosphate, total (as PO4) 135 205 0 0 14 228
00666  Phosphorus, dissolved (as P) 149 257 12 14 0 0
70507  Phosphorus, orthophosphate, total (as P) 121 316 1 2 0 0
00671 Phosphorus, orthophosphate, dissolved (as P) 312 516 5 5 0 0
00669  Phosphorus, hydrolyzable, total (as P) 2 2 0 0 0 0
00672  Phosphorus, hydrolyzable, dissolved (as P) 1 0 0 0 0
00678  Phosphorus, hydrolyzable plus orthophospate, total (as P) 4 5 0 0 0 0
00677  Phosphorus, hydrolyzable plus orthophospate, 18 36 0 0 0 0
dissolved (as P)
91004  Phosphorus, orthophenol, dissolved (as P) (ug/L) 3 3 0 0 0 0

During water years 1963-72, a large number of
nutrient samples was collected during ground-water-
resources investigations in Connecticut (Cushman,
1964; Cushman and others, 1964; 1965; LaSala, 1964;
1968; Randall, 1964; Pauszek and Edmonds, 1965;
Randall and others, 1966; Thomas and others, 1967;
Thomas and others, 1968; Ryder and others, 1970;
1981; Cervione and others, 1972; Wilson and others,
1974; Mazzaferro and others, 1979; Weiss and others,
1982; Handman and others, 1986). Although the
present study concerns itself primarily with water years
1972-92, historic data were included because eliminat-
ing them would have severely limited the spatial
assessment of nutrient conditions in ground water.

Relatively few samples were collected during
water years 1973-81. A resurgence in sampling
occurred through the 1980’s as Grady and Weaver
(1988, 1989) conducted studies evaluating the effects
of land use on ground-water quality in stratified-drift
aquifers and Mullaney and others (1991) assessed the
occurrence of pesticides and nutrients in ground water
beneath agricultural settings in Connecticut. Few sam-
ples have been collected since 1989; the sample count
for water year 1993 only included data in NWIS as of
December 17, 1992.

Although most NWIS sites were sampled only
once for nutrients, some nutrient samples have been
collected during all seasons. Examination of the
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number of nutrient samples collected by month
(fig. 13) indicates a bimodal distribution (April and
August) with two-thirds (1,674) of the samples
collected from April through August.

Distribution by Well Type and Water Use

Most (70 percent) of the wells listed in NWIS
were in the category of withdrawal wells (fig. 14).
Two-thirds (876) of the withdrawal wells were used for
domestic supply (fig. 15); about 15 percent (197) are
public-supply wells; and the remainder were used for
various purposes including commercial, industrial,
institutional, agricultural, or other water-supply needs.
Essentially all the withdrawal wells were selected and
sampled by the USGS from a much larger population
of existing wells inventoried during the course of vari-
ous ground-water investigations. About 20 percent
(375) of the wells sampled for nutrients in the NWIS
data were identified as observation wells (fig. 14).
These observation wells, together with wells coded as
test wells, generally wells installed by the USGS, or
unused wells (fig. 14), comprised the 416 wells sam-
pled for nutrients in the “unused” water-use category
(fig. 15). Generally, domestic wells were drilled and
left as open holes in bedrock aquifers; high-yield,
public-supply wells typically were screened in strati-
fied drift and observation and test wells were com-
pleted primarily in stratified-drift aquifers.

Distribution by Aquifer Type

The distribution of wells sampled for nutrients
by aquifer type (fig. 16) reveals that the largest number
of wells sampled for nutrients (768, or 41 percent) are
screened in stratified-drift aquifers (see fig. 5). These
aquifers are the most productive sources of ground
water in the study unit and have been studied more
extensively than other aquifers in the study unit. The
crystalline bedrock aquifer is the most broadly
distributed in the study unit and has the second largest
number of wells (644) with nutrient data. Combined,
the stratified-drift and crystalline bedrock aquifers
account for 75 percent of data on nutrients in ground
water from NWIS wells. About 15 percent of the wells
sampled are in the arkosic bedrock aquifer underlying
the Connecticut Valley Lowland in Massachusetts and
Connecticut. The other aquifers (alluvium, till, and
carbonate bedrock) are poorly represented in the

ground-water-nutrient data, largely because of their
limited areal extent or lack of development as a water
supply. About 2 percent of the NWIS wells with
nutrient data could not be assigned to an aquifer type.

Distribution by Well Depth

An evaluation of the depth of wells sampled for
nutrients in the NWIS data indicates a strongly skewed
distribution showing a decrease in the number of sites
sampled as well depth increases (fig. 17). Nearly one-
third (600) of the wells sampled for nutrients are less
than 50 ft deep, and 90 percent are less than 300 ft
deep. This pattern reflects two factors that have bearing
on the distribution of well depths: (1) the preponder-
ance of wells used to sample the shallow stratified-drift
aquifers and (2) the general decrease in well yields in
fractured bedrock aquifers at depths greater than 300 ft
below land surface (Cushman and others, 1953),
resulting in few deep wells in New England.

Shallow water tables are prevalent in the study
unit; hence, most wells (about 73 percent) are in the
categories showing water levels less than 25 ft below
land surface (fig. 18). Less than S percent of the wells
have water levels greater than 50 ft below land surface.
More than 30 percent of the wells sampled for
nutrients, however, have no water-level data. The
prevalence of shallow wells and shallow water tables in
the study unit indicates that many of the wells with
missing water-level data may be similarly distributed,
and indicates that, in general, the set of NWIS wells
sampled for nutrients may be appropriate for
evaluating the relation of nutrient concentrations in
ground water to the overlying land use.

Because the actual depth to the pump intake
commonly is unknown or seldom reported, as are the
pumping duration, the discharge rate, and other
hydraulic data, the part of the aquifer or flow system
represented by the sample is difficult to determine.
However, calculation of the distance between the water
table and the top of the open interval reasonably
approximates the sample depth. Although nearly one-
half of the wells (799) do not have sufficient data
(missing water levels or well-construction data) to cal-
culate the approximate sample depth (fig. 19), the
available data indicate that 64 percent of the samples
were from wells completed at depths less than 25 ft
below the water table.
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Pesticides

Data on the occurrence and distribution of
pesticides in the study unit were much more limited
than nutrient data. Only 90 streamflow-gaging stations
(streams) in NWIS, or about 7 percent of the total
number of NWIS streamflow-gaging stations with
water-quality data (table 5), were sampled for
pesticides. Although many of these stations were
sampled more than once, few were sampled on more
than three or four occasions, and only about 1 percent
of all surface-water records included in NWIS had any
pesticide data. Twelve NWIS estuary stations and 22
lake stations had some pesticide data. In addition to the
NWIS stations, the STORET data base had some

limited information on pesticides, including data for 20
stream and 2 lake stations.

Pesticide data were associated with more NWIS
ground-water sites, including 225 wells and 8 springs,
than streamflow-gaging stations (table 5); however,
most wells were sampled only once. No suitable
STORET data were available to enhance the NWIS
ground-water pesticide data base used in this analysis.
Additional data were compiled from CTDOHS
monitoring records for community water supplies to
augment the pesticide data available from NWIS and
STORET. CTDOHS data were obtained for 75 surface-
water sources (primarily reservoirs) and 238 public-
supply wells.
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Chemical analyses for 81 different pesticide
compounds or their metabolites in water and bed-
sediment samples are included in the combined NWIS
and STORET data (table 24, at back of report). In addi-
tion to synthetic organic compounds used exclusively
as pesticides, a number of volatile and semi-volatile
compounds (mostly halogenated aliphatic, monocyclic,
and polycyclic aromatic hydrocarbons) are included
among the active ingredients of several pesticide com-
pounds, or have subsidiary pesticide uses (Smith and
others, 1988). NWIS data are more comprehensive, as
STORET data include only 20 of the 81 compounds.
The number of sites and samples varies widely for each
compound and for the same compound in different
sample media. At streamflow-gaging stations, orga-
nochlorine insecticides are included in more samples
(water column and bed sediments) from more stations
than other pesticide types. In ground water, by contrast,
triazine and related herbicides as well as organochlo-
rine insecticides are sampled most.

Surface Water

Evaluation of the spatial and temporal distribu-
tions of pesticide data for streamflow-gaging stations
reveals the limitations inherent in using these data to
assess pesticide occurrence and distribution in the
study unit. Recognition of these limitations and identi-
fication of the scope of pesticide data needed to prop-
erly conduct such an assessment are principal
objectives of this analysis.

Spatial Distributions

NWIS and STORET streamflow-gaging stations
(streams, estuaries, and lakes) where water or bed-
sediment samples were collected for pesticide analysis
are concentrated in the southern part of the study unit
(figs. 20, 21, 22). Only seven streamflow-gaging
stations were sampled for pesticide analysis of bed
sediments outside of Connecticut. The distribution was
nearly as skewed for water-column stations. In
addition, a cluster of stations on the Black River, a
tributary to the Connecticut River in southeastern
Vermont, was sampled during an appraisal of water-
quality conditions prior to construction of a
hydroelectric power impoundment (Toppin, 1983).

Many of the stations with pesticide data are on
the lower reaches of the principal rivers of the study
unit, the Connecticut, Housatonic, and Thames Rivers,
or their major tributaries. Thus, the stations sample

large, complex drainage areas and integrate numerous
point and nonpoint sources of contamination. Conse-
quently, there are few locations where pesticides in sur-
face water can be used to relate pesticide occurrence
and distribution to specific land uses. In a few places,
most notably the Black River in Vermont and the
Pomperaug River in Connecticut, a group of closely
spaced stations may allow more detailed data analysis
(fig. 20).

CTDOHS has monitored pesticides at 75 sur-
face-water sources (reservoirs and some stream diver-
sions) for community water supplies (fig. 22). These
locations represent a subsample of about 240 reservoirs
and streams that are or have been used for public
drinking-water supplies. CTDOHS analytical cover-
age generally is limited to fewer than 16 pesticide
compounds.

Temporal Distributions

During 1969-92, 411 NWIS surface-water
(stream, lake, and estuary) samples were collected for
pesticide analysis, including 196 samples for analysis
of water, 174 samples for analysis of bed sediments,
and 41 samples for which both water and sediment
were analyzed (fig. 23). About 85 percent of the
samples were collected from water years 1972 to 1980.
These samples were analyzed mostly for
organochlorine and organophosphorus insecticides and
chlorophenoxy-acid herbicides. Few additional
samples were collected until water years 1991 and
1992, when 13 stations (impoundments) were sampled
for polycyclic aromatic hydrocarbons in bottom
material, and three streams in the Scantic River Basin
in Connecticut were sampled repeatedly during a
spring runoff event in 1992 for dissolved triazine and
related herbicides as part of this NAWQA study.

The monthly distribution of pesticide samples
from NWIS streamflow-gaging stations shows that
most samples were collected during the summer
months and few samples were collected during the
winter months (fig. 24). These data do not include the
spring 1992 runoff-event sampling for triazine
herbicides in the Scantic River Basin. Water-column
samples were collected in 11 of 12 months, with
highest numbers of samples in July and the lowest
(none) in February. Bed-sediment samples were
infrequently collected from November to May when
sampling would be inhibited by ice cover or high
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Figure 20. Areal distribution of pesticides at surface-water sites in the Connecticut, Housatonic, and Thames Rivers study unit,
1969-92. [Data from the U.S. Geological Survey’s National Water Information System (NWIS) data base and the U.S.
Environmental Protection Agency’s Storage and Retrieval System (STORET) data base.]
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Figure 21. Areal distribution of pesticides in bed sediment in the Connecticut, Housatonic, and Thames River Basins study
unit, 1969-92. [Data from the U.S. Geological Survey's National Water Information System (NWIS) data base and the U.S.
Environmental Protection Agency’s Storage and Retrieval System (STORET) data base.]
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Figure 23. Number of surface-water column and surface-water bed-sediment samples analyzed for pesticides by year
for water years 1969-92. (Data from the U.S. Geological Survey’s National Water Information System data base.)

flows. Most samples were collected in summer when
low-flow conditions prevailed. The small number of
samples collected in September and the subsequent
large number collected in October likely reflected
differences in availability of funds just prior to and
following the start of new fiscal years.

Ground Water

In terms of numbers of sites, samples, and types
of analyses performed, more data are available for
pesticides in ground water than in surface water. Several
ground-water studies in Connecticut have targeted
pesticide compounds (Grady and Weaver, 1988; 1989;
Mullaney and others, 1991), or have at least included
pesticides in more general water-quality sampling
(Handman and Bingham, 1980; Grady and Handman,
1983; Bingham, 1991). Nevertheless, significant

deficiencies in the spatial and temporal coverage limit a
comprehensive assessment of pesticide occurrence and
distribution in ground water in the study unit.

Spatial Distributions

All but 11 of the 225 wells sampled for at least
one pesticide compound were in Connecticut (fig. 25),
where they were distributed unevenly. Wells in north-
central and southwestern Connecticut were clustered in
four particular stratified-drift aquifers studied by Grady
and Weaver (1988, 1989), whereas individual wells
distributed throughout much of the State were installed,
for the most part, for a reconnaissance of pesticide
occurrence in ground water beneath agricultural areas
and golf courses (Mullaney and others, 1991). An
additional 21 wells sampled for pesticides in
Connecticut were installed for other studies (Handman
and Bingham, 1980, Grady and Handman, 1983;
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Bingham, 1991). Outside of Connecticut, only 11 wells
(fig. 25) and 8 springs in New Hampshire were sampled
for volatile organic compounds, including some of the

compounds listed in table 24 (Moore and others, 1994).

Ground-water pesticide data are not available in
NWIS for large parts of the study unit, including Mas-
sachusetts and Vermont, most of New Hampshire, parts
of northwestern Connecticut, and the New York drain-
age basins. Previous pesticide studies or monitoring
conducted by or for the States of Massachusetts (Mas-
sachusetts Interagency Pesticide Task Force, 1986;

Stone & Webster Engineering Corporation, 1988),
New Hampshire (New Hampshire Division of Public
Health Services, 1986) and Vermont (Vermont Depart-
ment of Agriculture, 1988) are the only known sources
of pesticide information for those areas. In Connecti-
cut, information on public-supply wells sampled for a
limited number of pesticides is used to augment NWIS
data. About 1,600 public-supply wells in Connecticut
are subject to some pesticide monitoring and 237 were
inventoried for this analysis (fig. 22).
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Temporal Distributions

Essentially all ground-water pesticide data in
NWIS were collected during a 5-year period (fig. 12)
beginning in 1985, peaking in 1988 when 192 samples
were collected, and ending in 1989. Pesticide samples
were not collected by the USGS in the study unit after
1989.

Unlike the distribution of samples for nutrients or
any other constituents, few pesticide samples were col-
lected in the spring (fig. 13). Most samples were col-
lected during the 3 summer months when essentially no
recharge occurs. Also, samples were not collected
during the 3 winter months.

Distribution by Well Type and Water Use

Essentially all the NWIS wells sampled for pesti-
cides were USGS observation wells (fig. 14). Excluding
wells coded as “test” wells and "unused” wells, which
are likely to be observation wells, only one well with
pesticide data was coded as a withdrawal well. This sin-
gle withdrawal well was a public-supply well (fig. 15).
All other NWIS pesticide samples came from observa-
tion and kindred wells where the water was not used.

Distribution by Aquifer Type

Clearly, most pesticide data (84 percent) were
from wells completed in stratified-drift aquifers
(fig. 16). About 11 percent are screened in till aquifers;
hence 95 percent of the NWIS ground-water pesticide
data represent shallow, unconsolidated, glacial aquifers.
Only 12 NWIS wells sample the arkosic and crystalline
bedrock aquifers, and the carbonate bedrock aquifer has
not been sampled at all for pesticides.

Distribution by Well Depth

The bulk of the NWIS ground-water pesticide
data was collected from shallow wells with even shal-
lower water levels (figs. 17, 18). Sixty-five percent of
the wells are less than 25 ft deep, and 95 percent do not
extend to 50 ft below land surface. Of the 225 NWIS
wells with pesticide data, 193 were installed for the pur-
pose of sampling shallow ground water beneath agricul-
tural or other land-use areas for pesticides and other
potential contaminants. Depth to the water table is less
than 10 ft in 66 percent of the wells, and less than 25 ft
in more than 90 percent. The sample depth, or depth
from the water table to the top of the open interval, is
consequently shallow (fig. 19) for most of these sites.

SPATIAL AND TEMPORAL
DISTRIBUTIONS OF NUTRIENTS,
SEDIMENT, AND PESTICIDES

Information presented in the previous chapters
provides the foundation for data presented here on con-
centrations of nutrients, suspended sediment, and pesti-
cides found throughout the study unit. In particular, the
data in this chapter show the relations between
environmental factors and water quality.

Nutrients and Suspended Sediment

Surface Water

Although nitrogen and phosphorus are essential
nutrients for aquatic plant growth, high concentrations
of these constituents can adversely affect water quality
through eutrophication, toxicity to aquatic life, and tox-
icity to warm-blooded animals that drink the water.
The most readily absorbed, soluble forms of these
nutrients are nitrate (NO3"), ammonium (NH,4*), and
orthophosphate (PO4'3 ). Other forms of these elements
commonly reported individually or in combination
include nitrite, total nitrogen, Kjeldahl nitrogen, dis-
solved phosphate, and total phosphorus. Hem (1985)
provides an excellent, concise summary of the bio-
geochemistry of nitrogen and phosphorus in freshwater
environments.

Nitrogen can exist in many forms in natural
waters depending on source and degree of decomposi-
tion. Sources of nitrogen include atmospheric deposi-
tion, nitrate and ammonium agricultural fertilizers,
organic wastes (sewage and industrial effluents, decay-
ing plants, and animal wastes) and, to a lesser degree,
weathering of certain types of igneous rocks and min-
erals in soil. Nitrogen availability rarely limits aquatic
plant growth in freshwater.

In surface water, phosphorus generally occurs in
sufficiently low concentrations to limit plant growth.
Meybeck (1982) estimates that, globally, orthophos-
phate is naturally present in concentrations less than
0.010 mg/L. For this reason, phosphorus is recognized
as the single nutrient most likely to limit primary pro-
duction in fresh water. Sources of phosphorus in sur-
face water include the breakdown and erosion of
phosphorus-bearing minerals in soils, decaying vegeta-
tion, phosphate fertilizers and detergents, sewage
effluent, and metabolic wastes from animals.
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Suspended-sediment movement in streams is an
important factor in the transport and fate of chemicals
in the environment. Many surface-water-quality
constituents, such as trace metals, organic compounds,
indicator bacteria, and nutrients, especially phospho-
rus, are transported by suspended sediment (Rinella
and others, 1992). Flowing streams almost always
carry some sediment, but the highest concentrations
and greatest loads are carried by storm runoff. Sus-
pended-sediment sources include erosion due to natural
geological conditions; erosion resulting from land-use
practices, such as tilled agriculture, silviculture, and
construction; and storm runoff from urbanized areas
where storm sewers carry material washed in from
roads. Because undeveloped areas in the study unit are
heavily forested, erosion rates are low, and suspended-
sediment concentrations in streams draining these areas
are likely to be low. The highest concentrations of sus-
pended sediment are likely to occur in urbanized and
agricultural areas, where the land surface is disturbed
and vegetative cover removed.

Previous Investigations

Water-quality studies in the Connecticut, Housa-
tonic, and Thames River Basins began in the early
1900’s. Southern basins, mainly in Connecticut, have
received more attention than the northern basins. This
dichotomy resulted, in part, from differences in popula-
tion density and associated problems of deteriorating
water quality. Previous studies were done by the
USGS, primarily in Connecticut, and by State govern-
ments, which have published reports in all States, but
most extensively in Massachusetts. Most water-quality
studies have not examined suspended-sediment issues.

Historical Conditions

A series of water-resources investigations in
Connecticut in the early 1960’s included water-quality
information (Pauszek, 1961; Pauszek and Edmonds,
1965; Randall and others, 1966; Ryder and others,
1970; Cervione and others, 1972; Hansen and others,
1973; Wilson and others, 1974; Mazzaferro and others,
1979; and Ryder and others, 1981). Although pollution
received some notice at that time, most concerns about
water quality in these studies focused on the effects of
hardness, iron, and manganese on the use of the water
for domestic and industrial uses. However, Randall and
others (1966, p. 41), reporting on the water resources
of the Quinebaug Basin, stated that the major rivers in

the basin were primarily “used to transport industrial
waste. Industrial wastes discharged into the streams of
the Quinebaug River Basin in Massachusetts and Con-
necticut include cyanide, copper, nickel, chromium,
grinding rouge (iron oxide), bleaches, dyes, soap, and
acids and alkalis. Organic wastes, including sugar,
starch, pulp fibers, blood, feathers, grease, and domes-
tic sewage are also present.” Most rivers in the basin
were classified as unsuitable for bathing, public-water
supply, some agricultural uses, and recreation.

By the mid-1960’s, water-quality studies
reported nitrate as a pollutant in surface and ground
water. Many of the streams and rivers had nitrate
concentrations exceeding 2 mg/L (as N), especially
those in urbanized and heavily farmed areas
(Mazzaferro and others, 1979; Ryder and others, 1981).
Dissolved-oxygen concentrations commonly were less
than 20 percent of saturation in many streams
(Pauszek, 1961, Randall and others, 1966, Wilson, and
others, 1974). In the mid-1960’s to early 1970’s, water-
quality degradation was particularly noted in the
Naugatuck, Still (near Danbury, Conn.), Quinnipiac,
and Quinebaug River Basins, as well as the
Connecticut River and some of its smaller tributaries.
Water quality in less urbanized areas of the Housatonic,
Thames, and Deerfield River Basins was not as
noticeably affected by human activities.

Few early reports discussed phosphorus or sus-
pended sediment. However, Cervione and others
(1972) reported high phosphate concentrations in the
upper Housatonic River Basin, where phosphate con-
centrations in some streams ranged from 0.23 mg/L at
high flows to 0.38 mg/L at low flows. That study also
reported turbidity being troublesome at high flows on
the Still River due to construction and, on the Housa-
tonic River near New Milford, Conn., due to extensive
clearing and tilling of agricultural land upstream.
Ryder and others (1981) reported differences in turbid-
ity in streams in the Connecticut River drainage basin
in northern Connecticut. In farmed and rural areas,
streams running through soils developed over fine-
grained glacial-lake deposits were highly turbid at
times.

Although no reports exist on historical water-
quality conditions in New Hampshire and Vermont,
water quality in rivers in those areas probably was
affected by unregulated industrial and municipal waste
discharges. However, because of lower population den-
sities and less extensive industrial areas in those states,
the problems may have been less widespread.
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Current Conditions

Since the adoption of the Clean Water Act of
1972, major improvements in water quality were
achieved. Organic pollution in the Connecticut,
Housatonic, and Thames River Basins was reduced
and the percentage of major stream miles meeting
water-quality standards increased.

States must now submit evaluations of water
quality in their rivers and lakes to comply with the
Clean Water Act of 1972, under the USEPA’s 305-B
program. These evaluations generally are qualitative
descriptions containing little data and they are not spe-
cifically studies of nutrients and suspended sediment.
Water-quality conditions are described in terms of
"designated" and “attained" uses for stream reaches,
lakes, ponds, and reservoirs. Although each State
defines its own classification system of designated use,
most have adopted the following system: Class A water
bodies are suitable for public-drinking-water supply;
Class B streams are suitable for fishing and bathing;
and Class C streams are suitable for fishing, but not for
bathing. States are primarily interested in whether or
not a stream or river reach meets the classification
criteria.

About 3 percent of the total stream miles in Ver-
mont are classified as A (not including all waters
recently classified A at altitudes of 2,500 ft above sea
level); 91 percent of Vermont’s streams are classified as
B; and 6 percent of the streams are classified as C. An
analysis of the rivers indicates that 60 percent of classi-
fied stream miles support designations, 23 percent are
in danger of violating their designations, 14 percent
partially support designations, and only 4 percent do
not support classification designations. The most com-
mon pollutant concerns of those stream miles not
achieving their classification goals in the Connecticut
and Deerfield River Basins are nutrients, siltation, and
organic enrichment. These water-quality problems are
linked primarily to nonpoint sources and agriculture
(Vermont Department of Environmental Conservation,
1990).

Toppin (1983) reported mean concentrations of
total nitrogen ranging from 0.31 to 0.61 mg/L along a
26-mile reach of Vermont’s Black River. Mean organic
nitrogen ranged from 0.16 to 0.27 mg/L. Ammonia
concentrations were low, with the highest mean
concentration reported for any station of less than
0.08 mg/L, despite three sewage-treatment plants
operating along the reach. Concentrations of mean total
phosphate ranged from 0.014 to 0.112 mg/L (as P); the

high mean concentration was associated with a
sampling site just downstream from the largest sewage-
treatment plant. Most stations had mean concentrations
of total phosphate ranged from 0.02 to 0.03 mg/L for
most stations.

Of the 14,544 river miles in New Hampshire, 99
percent are classified at least as good as class B (New
Hampshire Department of Environmental Services,
1990). About 477 river miles of a total of 3,484 in the
Connecticut River Basin have been evaluated and 58
river miles do not support their classification criteria;
200 river miles partly comply; 219 river miles fully
meet the criteria, although all 477 of these river miles
are in danger of violating their designated classifica-
tions. The major causes of nonattainment are heavy
usage by 25 sewage-treatment plants and nonpoint-
source contamination from failing septic systems,
road-salt storage and use, and landfill leachate.

The major water-quality problems in Massachu-
setts are urban and suburban runoff, combined sewer
outfalls, and contaminated sediments in the Housatonic
and Connecticut Rivers and most of the Connecticut’s
major tributaries. About 10 percent of streams in the
Connecticut, Housatonic, and Thames River Basins in
Massachusetts are class A streams and the remaining
90 percent are class B streams (Massachusetts Depart-
ment of Environmental Protection, 1990c). In 1989, 35
percent of the river miles in Massachusetts fully met
their designated classification criteria. In addition, 29
percent partially met, and 36 percent did not meet their
criteria. Water-quality problems caused by ammonia
and suspended solids decreased substantially from
1979 to 1989 and violations resulting in nonattainment
for nutrients decreased from 41 percent in 1979 to 24
percent of classified river miles in 1989 (Massachusetts
Department of Environmental Protection, 1989).

Water-use classification goals for the State of
Connecticut put all of the State’s streams and rivers in
the class A or B categories—suitable for fishing and
bathing. As of 1990, 68 percent of Connecticut’s
rivers and streams fully complied with their water-
quality standards. Of the remainder, 26 percent par-
tially complied with their goals and the remaining 6
percent did not support most water uses (Connecticut
Department of Environmental Protection, 1990).
Common reasons for nonattainment of designated-use
goals included pathogen indicators, low dissolved-
oxygen concentrations accompanied by high organic
enrichment, high concentrations of ammonia and
metals, and the occurrence of PCBs. In Connecticut,
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major water-quality concerns include combined sewer
overflows, municipal and industrial discharges, landfill
leachates, agricultural runoff, and contaminated stream
sediments.

Trends in Water Quality

Trends in water quality were analyzed for 33
stream sites in Connecticut for periods of record in
water years 1969-88 (E.C.T. Trench, USGS, written
commun., 1993). The combined drainage area for this
monitoring network encompassed most of the
NAWQA study unit. Preliminary trend results from the
Connecticut study indicated statewide decreases in
some suspended constituents in surface water and
increases in dissolved constituents. Turbidity and con-
centrations of total phosphorus and total organic car-
bon decreased and specific conductance and
concentrations of dissolved magnesium and chloride
increased.

The following trends in nutrients were
detected for water years 1974-88 period: (1) increasing
concentrations of total nitrogen and total organic nitro-
gen at most stations; (2) increasing concentrations of
total nitrite-plus-nitrate at slightly less than one-half of
the stations; (3) decreasing concentrations of total
phosphorus and total organic carbon at most stations.
The number of stations with increasing concentrations
exceeded the number of stations with decreasing con-
centrations for five out of six nitrogen water-quality
constituents analyzed for trends during water years
1981-88. However, the percentage of stations with
increasing concentrations of nitrogen water-quality
constituents was much smaller for water years 1981-88
than for water years 1974-88. The number of stations
with decreasing concentrations of total ammonia nitro-
gen exceeded the number of stations with increasing
concentrations during water years 1981-88.

Previous National Studies

Smith and others (1987) discussed national
trends in river water quality for water years 1974-81.
They found decreases in total phosphorus associated
with improvements in advanced wastewater treatment
following passage of the Clean Water Act of 1972.
National trends showed that increased nitrogen
fertilizer use and increased atmospheric deposition of
nitrogen, two nonpoint sources, correlated with
increases in total nitrogen in surface water.

A USEPA study (Omernik, 1977) of 928 streams
with nonpoint sources only, sampled from 1972 to
1974, indicated a correlation between land use and
nonpoint source nutrient concentrations. Nationally,
nutrient concentrations were considerably higher in
streams draining agricultural drainage basins than in
streams draining forested drainage basins. This USEPA
study also indicated that total phosphorus concentra-
tions in the study unit did not exceed the 0.1 mg/L con-
centration limit recommended to inhibit excessive
growth of aquatic plants in flowing water.

Spatial Distributions

Examination of surface-water-quality data in the
NWIS data base indicates that median concentrations
for most nitrogen and phosphorus constituents gener-
ally are higher in the southern part of the study unit
than in the northern part of the study unit (table 25, at
back of report; figs. 26 and 27). Median concentrations
are high for all constituents at the Connecticut stations,
and low at the Vermont and New Hampshire stations.
These latitudinal variations in concentration corre-
spond generally to the overall increasing population
density and urban land-cover patterns southward in the
study unit (figs. 2 and 3). However, most of the stations
used in this analysis are in Connecticut where water-
quality issues have received more attention;
Massachusetts has the fewest stations.

Unlike the NWIS data, STORET nitrogen data-
collection stations primarily are in Vermont and New
Hampshire (table 26, at back of report; fig. 28). Like
the NWIS data, STORET data indicate that median
concentrations of total nitrate in surface water do not
approach the USEPA’s maximum contaminant level
(MCL) of 10 mg/L as nitrogen (44 mg/L as nitrate).
Stations with low concentrations are in the far northern
part of the study unit. However, the geographic cover-
age of the STORET data is quite limited; large parts of
the study unit are not represented.

Much of the analysis in this report is based on 18
major long-term NWIS water-quality stations and the
characteristics of their respective basins (tables 9 and
27, at back of report). The Connecticut River at
Thompsonville, Conn., drains the largest basin
(9,660 mi?), comprising more than one-half of the area
of the study unit. The smallest basin studied,
Burlington Brook near Burlington, Conn., is a
primarily rural forested site, with some low-density
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residential development. Many of the basins have
significant numbers of upstream point-source
discharges. Of these 18 basins, the Quinnipiac River at
Wallingford, Conn., and the Naugatuck River at
Beacon Falls, Conn., have the most dischargers per unit
area in their basins; Burlington Brook near Burlington,
Conn., the Salmon River near East Hampton, Conn.,
and the Saugatuck River near Redding, Conn., have the
fewest. Data presented for each basin include the major
environmental setting, or settings if the basin
encompasses more than one setting or has mixed land
uses. For example, the drainage basin of the Shetucket
River at South Windham, Conn., consists primarily of
forested areas, with several smaller urban areas in the
New England Uplands. Detailed land-use data
(Anderson Level II; Anderson and others, 1976) in
each basin are from the mid-1970’s (table 27).

Total Nitrogen

Analyses for total nitrogen include organic and
inorganic forms of dissolved and suspended nitrogen
including nitrite, nitrate, and ammonia species. Median
total nitrogen concentrations for 60 NWIS surface-water
sampling stations (table 25) ranged from 0.31 (Black
River at Weathersfield, Vt.) to 4.2 mg/L as N
(Pequabuck River at Farmington, Conn.). Median con-
centrations of total nitrogen for 34 STORET water-
quality sampling stations (table 26) ranged from 0.19
(West Branch Upper Ammonoosuc River at Berlin,
N.H.) to 1.30 mg/L as N (confluence of Hop and
Shattuck Brooks at Waterbury, Conn.)

Ammonia

Ammonia is generated as the primary nitrogenous
end product of decomposition of organic matter, and to a
lesser degree, as an excretory product of aquatic ani-
mals. In most fresh water of the study unit, ammonia
occurs primarily as the ammonium ion (NH,*), a nutri-
ent form readily absorbed by aquatic plants. Under con-
ditions of high pH, however, the change in chemical
equilibrium may result in a substantial proportion of
ammonia existing as un-ionized NH3, a form toxic to
freshwater aquatic life, especially to fish. Ata pH of 9.3,
and a temperature of 25 °C, about one-half of the ammo-
nia is un-ionized NH3 (D.R. Helsel, U.S. Geological
Survey, written commun., 1993).

Minimum ammonia concentrations that are toxic
to invertebrates and fish vary among animal species;

for invertebrates, these minimum concentrations range
from 0.12 to 22.8 mg/L as NH;3 (or 0.10 to 18.7 mg/L
as N) and for fish, the range is 0.083 to 4.60 mg/L as
NHj; (or 0.068 to 3.77 mg/L as N) (U.S. Environmental
Protection Agency, 1986). The USEPA’s criteria for
NH; for protection of aquatic life vary with tempera-
ture and pH, according to different formulae based on
duration of exposure for salmonids or other fish
species.

Ammonia concentrations in this report cannot be
directly related to USEPA thresholds of toxicity to
aquatic life because of reporting conventions for this
nitrogen species. According to established nomencla-
ture conventions in the U.S. Geological Survey and
other State and Federal agencies, the sum of the ammo-
nium ion [NH4*] concentration and the solvated (un-
ionized) ammonia [NHj (aq)] concentration deter-
mined for a natural water sample is reported as ‘ammo-
nia’ (D.A. Rickert, U.S. Geological Survey, written
commun., 1993). Ammonia [NH; (aq)] is the constitu-
ent of concern in terms of toxicity to aquatic life. How-
ever, the proportion of ammonium ions [NH4*] in
reported ammonia concentrations is likely to be high
under most conditions in the study unit. Equilibrium
calculations for individual samples, incorporating an
equilibrium constant and information on temperature
and pH of the sample at the time of collection, would
be necessary to estimate concentrations of [NH3 (aq)]
and [NH,*] from samples reported as ‘ammonia’.

Of 48 NWIS stations reporting 15 or more dis-
solved ammonia samples (table 25), median concentra-
tions range from less than 0.01 mg/L as N (West Branch
Swift River near Shutesbury, Mass.) to 1.9 mg/L as N
(Pequabuck River at Farmington, Conn.). Only 11 of the
stations are north of Connecticut.

Total ammonia concentrations are greater than
the detection limit for 91 sampling stations in
STORET. Concentrations at those stations range from
0.004 mg/L (as N) at South Peacham Brook at South
Peacham,Vt., to 0.55 mg/L (as N) at Otter River at
Baldwinsville, Mass. Ammonia concentrations are
high at NWIS and STORET stations in urbanized
settings with point-source discharges.

Nitrate or Nitrite Plus Nitrate

Ammonium ions in aerobic soil or water undergo
bacterial oxidation to nitrite and then nitrate. In addi-
tion, certain prokaryotes can fix atmospheric nitrogen
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(N,) and convert it into nitrate. Conversely, in anaero-
bic soils and water, through the process of denitrifica-
tion, bacteria may reduce nitrite and nitrate to nitrogen
gas (Np).

Examination of data in the NWIS data base
indicates that at most locations in the study unit, con-
centrations of nitrite are negligible most of the time.
Thus, little or no difference exists in the data for total
nitrate and the data for total nitrite plus nitrate. For that
reason, these constituents are discussed together here,
and one can assume that general statements about
nitrite plus nitrate concentrations also are valid for
nitrate at most times and locations in the study unit.
However, nitrite occasionally exceeds negligible con-
centrations in many streams that receive effluent from
sewage-treatment plants. The streams with the highest
concentrations of nitrite and the greatest frequency of
high concentrations are all in Connecticut—the
Pequabuck River, the downstream end of the Farming-
ton River, the Quinnipiac River, the Still River (at
Brookfield Center), and the Naugatuck River. Other
unmonitored stream reaches in the study unit also may

have high nitrite concentrations under some conditions.

High concentrations of nitrate, nitrite, or nitrite
plus nitrate in a water supply may harm warm-blooded
animals by causing methemoglobinemia, a condition in
which red blood cells are unable to carry oxygen. The
greatest human health risk is to infants less than 1 year
of age. The MCL for nitrate (as N) in domestic drink-
ing-water supplies is 10 mg/L (U.S. Environmental
Protection Agency, 1986). Data for the 228 NWIS and
STORET stations listed in table 23 were examined to
determine if any stations had nitrite plus nitrate (for
NWIS) or nitrate (for STORET) concentrations that
equaled or exceeded the USEPA's drinking water
MCL. One NWIS station had two samples that equaled
the MCL, and eight STORET stations each had one
sample that exceeded the MCL. All these samples were
collected during water years 1974-76.

High concentrations of nitrite plus nitrate in the
presence of other nutrients also help to stimulate unde-
sirable plant growth in streams. However, a nitrite plus
nitrate criterion for controlling these growths has not
been established.

Median concentration of nitrite plus nitrate in
United States rivers was 0.36 mg/L from 1974 to 1981
(Smith and others, 1987). Median concentrations of
total nitrite plus nitrate in water from 61 NWIS

water-quality stations (table 25) ranged from 0.01 at
the East Branch Fever Brook near Petersham, Mass., to
1.9 mg/L at the Podunk River at South Windsor, Conn.
Median concentrations of total nitrate from 56
STORET water-quality stations (table 26) ranged from
0.07 at the Quinebaug River at Holland, Mass., to 0.89
mg/L at the Miller River below Birch Hill Dam,
Royalston, Mass.

Nitrate data from the ARMP served to augment
the otherwise sparse stream water-quality data for Mas-
sachusetts. Nitrate (as N) concentrations were calcu-
lated for the 185 ARMP sites (fig. 9) for the monitoring
period, 1984-93, and 62 percent were less than the
detection limit of 0.2 mg/L (table 28, at back of report).
About 79 percent of the median concentrations were
less than 0.2 mg/L and 17 percent of the median con-
centrations ranged from 0.2 to 1.0 mg/L. Only 3.2 per-
cent were greater than 1.0 mg/L. The maximum nitrate
concentration for any site was 9.63 mg/L as N at Well-
ington Brook at Oxford, Mass., slightly less than the
USEPA’s MCL of 10 mg/L for drinking water.

Total Phosphorus

Total phosphorus concentrations include the
organic and inorganic forms of dissolved and sus-
pended phosphorus. The dynamic physical, biological,
and geochemical factors affecting phosphorus concen-
trations in rivers may result in analytical concentrations
of dissolved species varying from concentrations less
than detection limits to concentrations equal to the total
analytical concentration (Livingstone, 1963).

Phosphorus concentrations determined in the
study unit from 1972 to present resemble concentra-
tions measured in many rivers in the United States
from 1974 to 1981 (Smith and others, 1987). Median
concentrations of total phosphorus in United States riv-
ers was 0.13 mg/L (as P). Median concentrations of
total phosphorus for 67 NWIS streamflow-gaging
stations (table 25) ranged from 0.01 (9 stations) to 0.80
mg/L (as P) for the Pequabuck River at Farmington,
Conn., which has four upstream sewage-treatment
plants. Median concentrations of total phosphorus for
the 94 STORET streamflow-gaging stations (table 29,
at back of report) ranged from less than 0.003 mg/L (as
P) (Hancock Branch tributary to White River at Han-
cock, Vt., and Clark Brook at Granville, Vt.) to 0.365
mg/L (as P) (Otter River at Baldwinsville, Mass.)
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A comparison of figures 26 and 27 shows that,
for NWIS data, areas of the study unit with high
median concentrations of total nitrogen also tend to
have median concentrations of total phosphorus greater
than 0.1 mg/L (as P). Most of the stream reaches with
high median concentrations of total phosphorus
(fig. 27) are receiving water for major municipal or
industrial discharges.

Dissolved Orthophosphate

Median concentrations of dissolved orthophos-
phate for 23 NWIS streamflow-gaging stations (table
25) ranged from 0.001 mg/L (as P) (Schroeder Brook
at South Marlborough, Conn.) to 0.28 mg/L (as P)
(Naugatuck River at Beacon Falls, Conn.) Median con-
centrations of dissolved orthophosphate concentrations
for 33 STORET streamflow-gaging stations (table 29)
ranged from 0.004 (as P) (Connecticut River at Cor-
nish, N.H.) to less than 0.30 mg/L (as P) (six stations).
The upper median concentration (<0.3 mg/L) was a
censored value reflecting multiple detection limits used
by different laboratories.

In addition to contributing to eutrophic condi-
tions, orthophosphate (as P) concentrations greater
than 0.1 mg/L may interfere with coagulation during
the removal of fine-grained sediment at water-
treatment plants (U.S. Environmental Protection
Agency, 1976). Median concentrations of dissolved
orthophosphate greater than 0.1 mg/L (as P) were
reported in water from three NWIS streamflow-gaging
stations: a tributary to Peake Brook at Harrisville,
Conn. (downstream from a dairy barn), the Quinnipiac
River at Wallingford, Conn. (three upstream sewage-
treatment plants), and the Naugatuck River at Beacon
Falls, Conn. (downstream from the city of Waterbury
and three sewage-treatment plants). Median concentra-
tions of dissolved orthophosphate greater than or equal
to 0.1 mg/L (as P) also were reported from three
STORET stations—the Quinebaug River at Dudley,
Mass., at Thompson, Conn., and at Fabyan, Conn.

Eutrophication

Examination of recent data from the NWIS and
STORET data bases (tables 25, 29; pl. 1; figs. 27, 29)
indicates several locations where median concentra-
tions of total phosphorus exceed 0.1 mg/L. These data
indicate the potential for eutrophication in the follow-
ing Connecticut River subbasins—Ashuelot, Farming-
ton, Millers, Otter, Park, and Pequabuck Rivers; in the

Naugatuck and Still Rivers, which drain into the Hou-
satonic River; and in the following Thames River sub-
basins: French, Quinebaug, and Shetucket Rivers; and
in the coastal Quinnipiac River (pl. 1). Most of these
streams receive substantial point discharges and some
receive urban nonpoint runoff.

Suspended Sediment

From a purely physical standpoint, heavy
suspended-sediment loads can have detrimental
effects on aquatic stream life. Sediment, on settling
out, can bury rocky streambeds, obliterating
macroinvertebrate and fish spawning habitats. Large
concentrations of suspended material create turbidity
that may inhibit photosynthesis. Suspended sediment
with a high organic content can create a significant
oxygen demand in the water column, thereby depleting
dissolved-oxygen concentrations.

The predominance of forest cover throughout the
drainage basins, the relatively insoluble, crystalline
bedrock, and the widespread deposits of compact,
erosion-resistant glacial till tend to limit sediment
erosion in the study unit. Sediment erosion mainly
occurs wWhere small tributary streams locally incise the
terraces along the study unit's three main rivers and
their major tributaries. These terraces are formed from
stratified gravel, sand, silt, and clay deposited in
proglacial lakes and streams. Sediment erosion also
can occur in lowland areas where intensive agricultural
activity is undertaken with little or no erosion control
(Fay and Downer, 1971). Erosion of sediment also is
likely in urban or developing areas where roads or
buildings are being constructed.

Most rivers in New England have been dammed
to provide power and to control floods. The study unit
rivers are no exceptions. Much of the sediment load
may settle in the impoundments behind these dams.
Because significant fractions of the total phosphorus
load may be associated with particulate material, the
controlled releases from dams tend to diminish or
attenuate natural transport of nutrients and suspended
sediment and to alter natural patterns of nutrient loads.
Sediments and associated nutrients trapped behind the
dams and reservoirs may not leave the basin and,
therefore, would not be reflected in samples collected
downstream. However, the biogeochemical processes
of nitrification and denitrification, for example, may
mobilize some portion of the nutrients.
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Generally speaking, excessive erosion and
subsequent suspended-sediment transport and
deposition in streambeds and lake or reservoir bottoms
are not the problems in the study unit that they are
elsewhere in the Nation (Briggs and Ficke, 1977).
Only two sites, a tributary to Peake Brook at
Harrisville, Conn., and a tributary to Mill Brook at
South Woodstock, Conn. (table 25) had median
concentrations of suspended sediment that exceeded
the median concentration of 66.8 mg/L for many rivers
in the United States for water years 1974-81 (Smith
and others, 1987). In addition to geologic and climatic
factors, two other reasons may account for the low
median concentrations of suspended sediment
reported: (1) samples from the 30 NWIS surface-water
sites with suspended-sediment data (table 25, fig. 30)
may have been collected during normal to low-flow
periods when suspended-sediment concentrations are
low; and (2) many of the sampling sites are affected by
the numerous dams and reservoirs located throughout
the study unit, especially along the Connecticut,
Housatonic, and Thames Rivers.

Comparisons Among Environmental Settings

Most of the NWIS stations with the highest
median concentrations of nitrogen and phosphorus
constituents (table 25) are in environmental settings
characterized by a large percentage of urbanized area,
including major point discharges. The drainage basins
of some of these stations also contain a substantial
amount of agricultural land.

More detailed examination of nutrient data
from eight representative stations in the study unit
(fig. 31) illustrates how nutrient concentrations in
urban environmental settings differ from
concentrations in forested basins or integrator basins.
Median concentrations for all nutrient water-quality
constituents at the two urban stations—the Quinnipiac
River at Wallingford, Conn., and the Naugatuck River
at Beacon Falls, Conn.—substantially exceed medians
for the other stations. In addition, median nutrient
concentrations for these two stations exceed median
concentrations for selected urban stations (fig. 32)
examined in a nationwide survey (D.A. Helsel, U.S.
Geological Survey, written commun., 1992).

The Connecticut River at North Walpole,
N.H., which drains the northern part of the study unit,
has the largest percentage of forested land and the

smallest percentage of urbanized land in the basins
associated with the stations shown in figure 31. Among
the four integrator basins evaluated for nutrients and
the five integrator basins evaluated for suspended sedi-
ment, this station consistently has the lowest median
concentrations.

The lowest median concentrations and small-
est interquartile ranges for nutrients are consistently
seen in the data for the Connecticut River at North
Walpole, N.H., the Salmon River near East Hampton,
Conn., and the Saugatuck River near Redding, Conn.
(fig. 31). These three drainage basins include the fol-
lowing environmental settings (fig. 4)—Mountain
Upland, New England Upland, and Coastal Lowland.
Land-use comparisons alone (table 27) are inadequate
to explain the differences between these three basins
and the five basins characterized by high nutrient con-
centrations. For example, the Saugatuck River near
Redding, Conn., which has low nutrient concentra-
tions, and the Naugatuck River at Beacon Falls, Conn.,
which has high nutrient concentrations, have about 22
percent of their drainage basins in urbanized land uses.
Hypothetically, the important factors in explaining
major differences in nutrient concentrations may be the
type and intensity of urban land uses, in addition to the
overall percentage of urbanized land; the number and
size of point discharges, or absence of point discharges;
and the distribution of urbanized land and point dis-
charges in the drainage basin, relative to the monitoring
location.

Seven of the eight stations for which nutrient
concentrations are shown in figure 31 have greater than
10 percent of their drainage basins in agricultural land
(table 27). Possible effects of agricultural fertilizer
applications are not discernible at this level of analysis.
Four of these seven stations monitor large integrator
basins where high discharges may dilute local agricul-
tural nutrient sources, and two of the stations monitor
smaller basins where the effects of urban nutrient
sources may mask agricultural effects.

The shortage of long-term water-quality
stations in primarily agricultural basins makes it diffi-
cult to assess the effects of farming practices on water
quality in any of the environmental settings in the study
unit or in comparison to agricultural land nationally.
The mixture of urban and agricultural land use in many
individual basins in the study unit further exacerbates
this analysis problem.
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Figure 31. Concentrations of total nitrogen, nitrite plus nitrate, total ammonia, total phosphorus, and suspended
sediment at selected streamflow-gaging stations in the Connecticut, Housatonic, and Thames River Basins study
unit. (Data from U.S. Geological Survey’s National Water Information System data base.)
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Median concentrations of suspended sediment
for six stations in the study unit (fig. 31) are less than
the national median for urban land-use settings and
similar to the national median for forested basins
(fig. 32). These six stations include five integrator
basins with varying degrees of urban development, and
one small, primarily forested basin. Four of the six
drainage basins are underlain primarily by crystalline
bedrock of the New England Upland and Mountain
Upland environmental settings (fig. 4, table 9). One
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station, the Connecticut River at Thompsonville,
Conn., also includes arkosic bedrock of the Connecti-
cut Valley Lowland in its drainage basin. The Housa-
tonic River at Stevenson, Conn., includes carbonate
bedrock of the Housatonic Valley Lowland environ-
mental setting within its drainage basin. Land uses in
these six basins are too varied, and the number of
basins is too small to discern differences in suspended-
sediment concentration that may be attributable to dif-
ferences in geology. This is a potential area for further
study.

In order to provide some insight into factors
controlling nitrate concentrations, the analysis of data
from the 185 ARMP sites considered correlation of
nitrate concentrations with population density, land
use, and stream order. Distribution of sites by town
population density is as follows: low population-
density towns (towns with less than 25 persons per
mi2) accounted for 20 percent of the sites; low to
moderate density towns (25 to 150 persons per miZ)
had 49 percent; moderate to high density towns (151 to
500 persons per mi?) contained 20 percent; and high
population-density towns (more than 500 persons per
mi2) had 11 percent. Nitrate concentration correlates
strongly with town population density (fig. 33). Median
concentrations of nitrate (fig. 9) were high in streams
near Northampton and Ambherst in central
Massachusetts, in the Springfield area, in tributaries to
the southern reaches of the Deerfield River, in the
Pittsfield area in the upper Housatonic drainage, and in
the Quinebaug drainage. These regions encompass
urban areas with the highest population density in the
Massachusetts section of the study unit.

Sites in low population-density towns tend to
have lower nitrate concentrations than sites in
moderate to high population density towns,
irrespective of existence of upstream dischargers. In
towns with moderate to high population density and
few point sources, median concentrations of nitrate are
high. Low median concentrations of nitrate
characterize some sites downstream from sewage-
treatment plants in towns with low population density.
Thus, much of the high nitrate concentrations in
Massachusetts streams may result from nonpoint-
source pollution. Sources of this high nitrate may
include a combination of agriculturally derived
nitrogen, leaky (or nonexistent) septic tanks, nonpoint
urban runoff, and undocumented industrial or
municipal discharges.
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Figure 33. Median concentrations of nitrate as nitrogen in
selected Massachusetts streams differentiated by population
density, land use, and stream order, water years 1984-91.
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The ARMP sites were located on a land-use map
compiled in the mid-1970’s to compare effects of land
use on nitrate concentrations, which is the most recent
land-use data available for the whole study unit (fig. 3).
Twenty percent of the ARMP sites were in cropland
areas, 49 percent in forested areas, 14 percent in urban
areas, and 14 percent in wetlands. An additional 3
percent were classified as “water” because, at the scale
of resolution of the data, the site was located on a
significant water body. Although land use has changed
in some areas since the period of land-use data
compilation, the general categorization of ARMP sites
by land use is believed to be accurate.

Relating land use to nitrate concentration
indicates that median concentrations of nitrate were
highest in urban areas (fig. 33). Forested sites generally
have low nitrate concentrations and cropland and
wetlands have intermediate nitrate concentrations. For
example, median concentrations of nitrate are high at
Hinsdale and Stafford Brooks, two tributaries to the
Green River (0.61 mg/L and 0.62 mg/L, respectively);
the predominant land use is agriculture in these basins.
Median concentrations of nitrate are similar in the
Swift and Ware Rivers, which drain primarily
undeveloped, forested areas, and supply drinking water
to metropolitan Boston (less than 0.2 mg/L). Nitrate
concentrations are low (table 28, fig. 9) in the Millers
River, which has many water-quality problems related
to point sources (G.G. Girouard, U.S. Geological
Survey, oral commun., 1992); the predominant land
uses are forests and wetlands in this basin.

Of the 185 sites, first-order streams accounted
for 31 percent, second order 43 percent, third order 18
percent, and fourth order or higher 8 percent. In gen-
eral, stream order does not appear correlated with
median nitrate concentrations for first, second, or third
order streams; however, fourth and higher order
streams, which are larger streams and may occur on
more urbanized settings, consistently have higher
median concentrations of nitrate (fig. 33).

Trend patterns

Trends in water-quality-constituent
concentrations can indicate long-term improvement or
deterioration in stream quality and may be caused by
various conditions within a stream’s drainage basin.
Trend tests were performed for total nitrogen, total
ammonia, total nitrite-plus-nitrate, total phosphorus,

and dissolved phosphorus at 18 stations (table 10).
Suspended-sediment trend results do not appear in
table 10, since only two stations, the Housatonic River
at Stevenson, Conn., and the Connecticut River at
North Walpole, N.H., had adequate suspended-
sediment data to perform trend tests and no trends were
detected at these stations. Among the eight stations
selected for graphical presentation, trends in flow-
adjusted concentrations may not be readily apparent
because of the scales of the graphs (fig. 34). However,
where the trends are pronounced, such as at the
Quinnipiac River at Wallingford, Conn., the LOWESS
(LOcally Weighted Scatterplot Smoothing) curves
(Cleveland, 1979) plotted on these graphs may be quite
informative, because they can show points in time
when trends developed or changed.

Trend analyses for the 18 stations indicated
(table 10) either no trends or downward trends in nutri-
ents at most stations during water years 1980-92. At
most stations, total and dissolved phosphorus trends
were downward. These downward trends may be due
to improvements in wastewater treatment, changes in
agricultural fertilization practices, or the elimination of
phosphate from some laundry detergents.

The bias in phosphorus data discussed earlier in
this report is assumed to have had a negligible effect on
the analyzed trends, because of the low concentrations
of phosphorus and suspended sediment at most sta-
tions. The change in NWQL methodology may result
in higher reported phosphorus concentrations after
May 1, 1990, than those reported before May 1 for
some environmental settings. However, data for all sta-
tions evaluated indicate either a downward trend or no
trend, indicating that the method change has not pro-
duced any false positive trends. The preponderance of
downward trends in phosphorus also is consistent with
preliminary results of a study of stream-quality trends
in Connecticut for water years 1974-88 (E.C.T. Trench,
U.S. Geological Survey, written commun., 1993).

The only upward trend in total nitrogen is at the
Willimantic River at Merrow, Conn. Upward trends
determined for total nitrite-plus-nitrate were associated
with either a downward trend in total ammonia or an
upward trend in total nitrogen. Most stations with
increases in nitrite-plus-nitrate either represent urban
settings or integrate large drainage basins with multiple
environmental settings. This land-use association sug-
gests interpretations related to wastewater treatment.
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Table 10. Summary of trends in flow-adjusted concentrations of nutrients at selected stations in the Connecticut, Housatonic,

and Thames Rivers study unit, water years 1980-92

[Map No.: See plate 1 for location of water-quality sampling stations. All trend tests were monthly, except as noted. Trends were considered significant for

p<0.05. --, insufficient data to determine trends]

Trends
Map No. Station name Nitrogen, Ammonia, Nitrite plus Phosphorus, Phosphorus,
total total nitrate, total total dissolved
1 Willimantic River at Merrow, Conn. Upward No Upward Downward Downward
2 Shetucket River at South Windham, Conn. No No No Downward  Downward
3 Quinebaug River at Quinebaug, Conn. Downward Downward No Downward  Downward
4 Quinebaug River at Jewett City, Conn. No Downward  No Downward  Downward
5 Connecticut River at North Walpole, N.H. - - - No! No?
6 Connecticut River at Thompsonville, Conn. No No No Downward  Downward
7 Still River at Riverton, Conn. No Downward No Downward  Downward
8 Burlington Brook near Burlington, Conn. -- - - - -
9 Farmington River at State Highway 4, No Downward  No Downward  Downward
at Unionville, Conn.
10 Pequabuck River at Farmington, Conn. No Downward  Upward Downward  Downward
11 Farmington River at Tariffville, Conn. No Downward ~ Upward Downward ~ Downward
12 Salmon River near East Hampton, Conn. No No No No? No?
13 Quinnipiac River at Wallingford, Conn No Downward  Upward Downward  Downward
14 Housatonic River near New Milford, Conn. No Downward  No Downward ~ Downward
15 Housatonic River at Stevenson, Conn. No Downward  Upward Downward  Downward
16 Naugatuck River at Beacon Falls, Conn. No No No No No
17 Saugatuck River near Redding, Conn. No Downward ~ No No No?
18 Norwalk River at Winnipauk, Conn. Downward Downward Downward Downward No

1Quanerly data.
2Concentration trend test only, no flow adjustment.

Improvements in municipal wastewater treatment are
likely to be reflected in downward trends in phosphorus
and ammonia, as evidenced here. The concurrence of
upward trends in concentrations of nitrite plus nitrate
with downward trends in ammonia further reflects
these improvements; that is, as sewage is treated,
reduced nitrogen compounds are oxidized and more of
the discharged nitrogen occurs in the form of nitrate.

Additional data for dissolved oxygen, evaluated
as part of this study, but not presented in this report,
showed widespread increasing trends in dissolved-
oxygen concentrations for water years 1972-92, but
few increasing trends during water years 1980-92. This
ancillary information supports an inference that the
major improvements to water quality in these basins
were achieved in the 1970’s.

At primarily forested, low population-density
sites, such as the Salmon River near East Hampton,

Conn., and the Saugatuck River near Redding, Conn.,
which have no major point or nonpoint sources, con-
centrations of nitrogen and phosphorus are historically
low and there are no significant phosphorus trends. The
Saugatuck River near Redding, Conn., has a downward
trend in ammonia.

One station affected by major urban areas, the
Naugatuck River at Beacon Falls, Conn., exhibits no
trends in nitrogen or phosphorus while also having
some of the highest nitrogen and phosphorus concen-
trations of any station examined. The lack of trends in
nutrients during water years 1980-92 may be explained
by recognizing that major improvements in waste treat-
ment in that basin were achieved in the previous
decade. No major municipal wastewater treatment
upgrades took place during the period covered by the
trend analysis (W.R. Hogan, Connecticut Department
of Environmental Protection, oral commun., 1993). All
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the municipal sewage-treatment plants that discharge
to the Naugatuck River achieved secondary level waste
treatment by 1976; advanced treatment projects are
planned for completion in the late 1990’s (Connecticut
Department of Environmental Protection, 1992, p. 47-
48). This basin contains the highest density of dis-
chargers in the study unit and further substantial
reductions in nutrients may be difficult to achieve.

The trend analyses presented here further sup-
port the need for additional data collection from prima-
rily agricultural basins in the study unit. Agricultural
areas, with their less easily managed nonpoint sources
of nutrients, have received inadequate study to deter-
mine their contributions to water-quality conditions,
trends, and nutrient loads in the study unit’s streams.

Ground Water

Nitrogen, in the form of nitrate (NO;"), probably
is the most common contaminant in ground water
(Freeze and Cherry, 1979, p. 413). Under oxidizing
conditions, nitrate usually is the most prevalent and
stable form of nitrogen in ground water. However,
nitrogen also may occur as ammonium, ammonia,
nitrite, nitrogen gas, and organic nitrogen. Although
there are no solubility constraints on the concentration
of nitrate in ground water, chemical and biological pro-
cesses control the speciation of nitrogen and direct its
transport between soil, water, plants and animals, and
the atmosphere. In the absence of human sources,
nitrate concentrations in ground water are typically
low, less than 2.0 mg/L as nitrogen (Feth, 1966, p. 49).
Nonpoint sources of nitrogen in ground water include
agricultural use of organic and inorganic fertilizers,
subsurface disposal of sewage, application of lawn and
garden fertilizer, domestic animal wastes, leakage from
sewer lines, and atmospheric deposition (Feth, 1966;
Ragone and others, 1980). Nitrate concentrations in
excess of 10 mg/L as N (44 mg/L as nitrate) in drinking
water pose a health hazard and may cause methemo-
globinemia in infants and, consequently, the U.S.
Environmental Protection Agency (1975) has set the
drinking-water regulation at this concentration.

Phosphorus is a relatively abundant element in
soil and rock, but the low solubilities of its common
inorganic compounds control its concentration in natu-
ral ground water to a few tenths of a milligram per liter
(Hem, 1985, p. 126). Although phosphorus can occur
in a number of oxidation states, the only phosphorus
species present in natural ground waters under

oxidizing conditions is the fully oxidized form—phos-
phate. Anthropogenic phosphorus sources include fer-
tilizers, and domestic and industrial sewage effluents.
Phosphate was a principal component of many house-
hold detergent formulations in the 1950’s and 1960’s,
but increasing awareness of the role of phosphorus
enrichment as the primary factor in cultural eutrophica-
tion, led to greatly restricted use in detergents. Some
insecticides (malathion, parathion, ethion, and diazinon
among other “organophosphorus” insecticides) incor-
porate reduced forms of phosphorus. Generally, the
low solubility and high sorption of most of these com-
pounds enhance the likelihood of their chemical and
biological degradation and limit their environmental
persistence (Smith and others, 1988, p. 36-39), except
in some reducing environments (Hem, 1985, p. 127).

Previous Studies

High nitrate concentrations in ground water were
noted as early as 1954 in the study unit, when nitrate
concentrations were as high as 86 mg/L (19.4 mg/L as
N) in wells completed in stratified drift in north-central
Connecticut (Pauszek, 1961, p. 38-40). These exces-
sive nitrate concentrations were attributed to surface
contamination. Subsequently, the Connecticut water-
resources-inventory studies conducted from 1963 to
1972 listed 18 wells, mostly completed in bedrock, but
also in stratified drift and till, that had nitrate concen-
trations greater than 45 mg/L (10 mg/L as N), with the
highest reported concentration being 171 mg/L (38.6
mg/L as N) (Randall and others, 1966; Thomas and
others, 1967, 1968; Ryder and others, 1970, 1981;
Cervione and others, 1972; Wilson and others, 1974;
Mazzaferro and others, 1979; Weiss and others, 1982;
Handman and others, 1986). Nitrate concentrations
were highest in samples from the upper 75 ft of
stratified-drift aquifers in north-central Connecticut
(Ryder and others, 1981, p. 63).

The Connecticut water-resources-inventory stud-
ies reported that nitrate concentrations in 8 to 46 per-
cent of the wells sampled in each basin exceeded the
2.2 mg/L (as N) “background concentration” perceived
to represent natural conditions. The Quinnipiac River
Basin, which is among the most highly urbanized of
the large drainage basins in the study unit, had the
highest frequency of wells with nitrate concentrations
exceeding 2.2 mg/L (as N) (46 percent) (Mazzaferro
and others, 1979). Melvin and others (1988, p. 192-
194) reported median nitrate concentrations less than
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1.0 mg/L (as N) in bedrock and stratified-drift aquifers
in Connecticut and only one percent of all wells had
nitrate concentrations exceeding the MCL of 10 mg/L
(as N). By 1990, nitrates from agricultural practices,
waste disposal, or urbanization were identified as the
cause of 6.1 percent of the 1,368 incidents of contami-
nated wells on file at the Connecticut Department of
Environmental Protection (1990, p. 65).

More recently, other studies were conducted to
relate anthropogenic sources of contaminants,
including nutrients, to shallow ground-water quality in
Connecticut. Statistical analysis of new data on
nutrient concentrations in ground water has identified
relations between water quality and common land uses
or agricultural practices. Grady and Weaver (1988,

p. 25), working with a small sample size, did not
discern statistically significant differences for nitrate
and ammonia concentrations in ground water beneath
agricultural, residential, and mixed industrial and
commercial land-use areas, although the median
concentrations were highest in residential areas.
Subsequently, after augmenting the number of wells
sampled and including wells in undeveloped reference
sites, Grady and Weaver (1989, p. 24-25) reported
significantly higher (p = 0.0002) nitrite plus nitrate
concentrations in all three developed land-use
categories than in the undeveloped reference sites.
After installing a network of 116 observation wells in
four stratified-drift aquifers in Connecticut, Grady
(1993) reported significantly higher nitrite-plus-nitrate
concentrations in ground water in tilled agricultural,
sewered and unsewered residential, and commercial
land-use areas than in ground water in undeveloped
areas (p = 0.0001) (fig. 35). The median concentration
of nitrite plus nitrate for ground-water samples from
the undeveloped areas, 0.11 mg/L (as N), represented
essentially natural (unaffected by human activity)
water-quality conditions. Median concentrations of
nitrite plus nitrate were highest (4.7 mg/L as N) in
ground-water samples from tilled agricultural areas
where silage corn was the principal crop. High
concentrations of nitrite plus nitrate in water from the
shallow, stratified-drift aquifers beneath tilled
agricultural areas were assumed to result from the use
of organic and inorganic fertilizers. A significantly
higher frequency of ammonia was detected in tilled
agricultural, sewered residential, commercial, and
industrial areas than in the undeveloped areas

(p =0.0415).
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Figure 35. Relations between land use and nitrate
concentrations in stratified-drift aquifers in
Connecticut, 1985-89 (from Grady, 1993).

Mullaney and others (1991, p. 18-20) statisti-
cally compared concentrations of nitrite plus nitrate in
ground water from agricultural and nonagricultural
sites where pesticides were applied. Agricultural sites
included tilled fields with corn, potato or vegetable cul-
tivation, orchards, and ornamental plant nurseries.
Nonagricultural sites included residential and commer-
cial areas and recreational fields and golfcourses.
Ground-water samples were collected primarily from
stratified-drift aquifers but shallow till and bedrock
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(1988) and Cotton (1988) summarized ground-water-
quality conditions for New Hampshire and Vermont,
respectively, using analyses of samples from public-
supply wells. Morrissey (1988, p. 363-364) used
analyses of 57 samples collected from 1980 to 1985 to
compare water quality between stratified-drift and
crystalline-bedrock aquifers in New Hampshire.
Median nitrate concentrations were less than 1 mg/L as
N for both aquifers and the maximum concentration in
the State was 3.4 mg/L (Morrissey, 1988, p. 364).
Median nitrate concentrations in Vermont were less
than 0.5 and 0.6 mg/L as N, respectively, for
crystalline-bedrock and stratified-drift aquifers, based
on 218 samples collected from 1979 to 1986 (Cotton,
1988, p. 502-504). Nitrate concentrations were less
than 2.0 mg/L (Cotton, 1988, p. 504) in 90 percent of
the samples from public-supply wells in stratified-drift
aquifers in Vermont and 75 percent of the samples in
crystalline bedrock were less than the detection level of
0.5 mg/L.

Analysis of Information

Analysis of NWIS data on nutrient
concentrations in ground water was summarized for
wells and springs in the study unit. Summary statistics
present analyses for 19 nutrient constituents (table 11).
Sample size was too small (less than 10 observations)
to provide percentile values for 12 constituents in
springs and 5 constituents in wells. Median
concentrations for all nutrients except total nitrite plus
nitrate were less than 1.0 mg/L. High concentrations of
nitrite plus nitrate (46 mg/L as N, total; 60 mg/L as N,
dissolved) and phosphorus (23 mg/L as P, total) were
measured in some wells in the study unit. Whether
point or nonpoint sources caused high nutrient
concentrations generally is unknown; hence, no effort
was made for this analysis to screen any well from the
data base on the basis of measured concentration.

In addition to constraints imposed on the
analysis of data by small sample size, sample
population distributions were severely censored. That
is, 50 percent or more of the observations were less than
detection limits for nearly one-half of the nutrient
constituents (table 11) sampled in wells and springs.

Data for total and dissolved nitrite plus nitrate
were among the most numerous, least censored,
and most recent (period of record is water years
1973-93) of the nutrient constituents. Consequently,

aquifers also were sampled. Concentrations of nitrite
plus nitrate were significantly higher in samples from
the agricultural sites than in samples from the nonagri-
cultural sites (p = 0.001). Median concentrations of
nitrite plus nitrate was 3.90 mg/L (as N) for samples
from the stratified-drift aquifer beneath agricultural
sites, but was 9.30 mg/L for samples from shallow till
and bedrock aquifers beneath agricultural sites. Median
concentrations were significantly lower for stratified-
drift aquifers (2.85 mg/L) and till or bedrock aquifers
(1.95 mg/L) beneath nonagricultural areas than for
agricultural areas. Concentrations of nitrite plus nitrate
also were related to the detection of pesticides at
agricultural sites. Where pesticides were detected,
median concentrations of nitrite plus nitrate were sig-
nificantly higher (p = 0.003) in agricultural sites than in
nonagricultural sites.

Published information on the occurrence and dis-
tribution of nutrients in ground water for areas of the
study unit outside of Connecticut was largely limited to
monitoring programs of public supply wells. In Massa-
chusetts, Trombley (1992) assembled and analyzed
data from public-supply wells for 1975-86. Trombley
(1992, p. 53-55) reports summary statistics for nitrate,
nitrite, and ammonia concentrations in ground water in
wells in eight subbasins in the study unit in Massachu-
setts. Median nitrate concentrations for the eight basins
were less than 1.0 mg/L (as N) and ranged from less
than 0.1 to 0.7 mg/L. The maximum concentration for
any Massachusetts public-supply well sampled in the
study unit was 9.3 mg/L (as N). Median nitrite and
ammonia concentrations were less than 0.0002 and
0.02 mg/L as N, respectively, in wells in six of the
eight basins. Exceptions were the Millers and
Quinebaug River Basins. Trombley further reports
(1992, p. 36) that nitrate and ammonia concentrations
were significantly correlated to basin population den-
sity (p = 0.01). Trends in nitrate concentrations
decreased (p = 0.1) for the Chicopee River and
Quinebaug River Basins, whereas trends increased in
wells in the French River Basin (Trombley, 1992,

p- 39). :

Published information on the occurrence and
distribution of nutrients in ground water for the
northern part of the study unit was even more limited
and, where available, has not been compiled by
drainage basin. Hence, available data were difficult to
relate directly to conditions in the study unit. Morrissey
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nitrite-plus-nitrate data were examined in this analysis
for potential relations to the study unit’s hydrogeologic
and land-use characteristics. In total, 565 NWIS wells
had one or more sample for either total or dissolved
nitrite-plus-nitrate. Data for total and dissolved nitrite-
plus-nitrate were combined, and median concentrations
were determined when more than one sample was
reported for any well.

Nitrite-plus-nitrate data were not evenly
distributed by aquifer type (fig. 36). Stratified-drift
aquifers, with 69 percent of the wells, were sampled
more frequently than other aquifers in the study unit,
reflecting the importance of the stratified-drift aquifers
for water supply. Among the bedrock aquifers, the
carbonate bedrock (two wells) was effectively not
sampled for nitrite plus nitrate and the number of wells
from the arkosic bedrock (22 wells, or 4 percent)
appeared inadequate in light of the large variance in
concentrations. Only five wells in alluvium had nitrite-
plus-nitrate data. Alluvium is not a major water-supply
aquifer in the study unit, and commonly is difficult to
distinguish from stratified-drift aquifers composed of
sand and gravel.

Concentrations of nitrite plus nitrate generally
are low in all aquifers (fig. 36). Median concentrations
are less than 1.0 mg/L (as N) in all aquifers except the
till, where the median is 1.5 mg/L. About 20 percent of
the samples from wells in till aquifers exceed the 10
mg/L (as N) MCL for nitrite plus nitrate. This apparent
association of high concentrations of nitrite plus nitrate
with the till aquifers may be an artifact of the relatively
small sample size together with a biased distribution of
till wells with respect to land use. More than one-half
(26) of the till wells sampled for nitrite plus nitrate are
in agricultural or nonagricultural sites where
agricultural chemicals (pesticides and fertilizers) are
known to be used. Other reasons for high nutrient
concentrations in till aquifers include shallow water
tables (Melvin and others, 1992b, p. 25) and the
presence of near-surface features (fractures,
macropores, and lenses of stratified drift) that enhance
contaminant migration from the surface (Melvin and
others, 1992a, p. 16-17; 1992b, p. 31-32).

Median concentrations of nitrite plus nitrate are
less than 1.0 mg/L (as N) for all well-depth categories
except the shallowest (less than 50 ft) where the median
concentration is 1.2 mg/L (fig. 37). All but 1 of the 28
wells with concentrations of nitrite plus nitrate greater
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Figure 36. Concentrations of dissolved nitrite plus nitrate in
ground water by aquifer type in the Connecticut, Housatonic,
and Thames River Basins study unit, 1973-93. (Data from
U.S. Geological Survey’s National Water Information System
data base.)

than 10 mg/L are shallower than 50 ft. High nitrogen
concentrations in the shallowest wells may reflect: (1)
the surface and shallow subsurface contributions of
nitrogen from agricultural and lawn fertilizers and
sewage disposal through septic tanks, (2) vertical
transport to the water table with infiltrating recharge
from precipitation, snowmelt, or irrigation, (3) lateral
movement in the upper part of the ground-water-flow
system with little mixing, dispersion or diffusion, or (4)
less frequent sampling of deeper wells.
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Figure 37. Concentrations of dissolved nitrite plus nitrate by
well depth in the Connecticut, Housatonic, and Thames
River Basins study unit, 1973-93. (Data from U.S.
Geological Survey’s National Water Information System
data base.)

In order to evaluate concentrations of nitrite plus
nitrate in ground water in relation to land use, the 565
NWIS wells sampled were assigned the USGS’s Level
I land-use categories (Anderson and others, 1976)
based on Geographic Information Retrieval and Anal-
ysis System (GIRAS) coverages (Mitchell and others,
1977). A number of factors complicated the use of the
GIRAS coverage for evaluating the effects of land use
on ground-water quality. First, the 1970’s GIRAS
land-use coverage represented land-use conditions
existing as much as two decades prior to the installa-
tion and sampling of some wells. Furthermore, the
land-use coverage was produced at a scale of

1:250,000, a scale unlikely to accurately designate
land use where wells were in areas of heterogeneous
land use or on boundaries between land-use categories.
Lastly, categorizing land use at wellhead sites did not
necessarily reflect all important land-use impacts
within the contributing area of the well.

All but seven wells with nitrite-plus-nitrate data
were assigned to Level I urban, agricultural, forest,
and wetland land-use/land-cover categories (fig. 38).
A Kruskal-Wallis test was applied to test the nuil
hypothesis that concentrations of nitrite plus nitrate
were not significantly different for any of the land-use
categories. Median concentrations of nitrite plus
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land use in the Connecticut, Housatonic, and Thames River
Basins study unit, 1973-93. (Data from U.S. Geological
Survey’s National Water Information System data base.)
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nitrate were significantly greater (p < 0.001) for the
urban (1.7 mg/L) and agricultural (1.5 mg/L) wells
than the forest (0.24 mg/L) and wetland (0.10 mg/L)
wells.

The wells listed in NWIS were sampled too
infrequently to evaluate long-term trends for nutrient
concentrations in ground water. However, as part of an
evaluation of land-use effects on ground-water quality
in Connecticut (Grady and Weaver, 1988, 1989), seven
stratified-drift wells were sampled repeatedly for nitrite
plus nitrate from June 1987 to July 1988. Four of the
wells were in agricultural areas; two were in urban
settings; and one was in a forested, undeveloped area
(table 12).

The variance in concentrations of nitrite plus
nitrate for five of the wells was quite small (less than
1.0), even though they included sites clearly affected by
nitrogen sources (wells V 89, F 324, and V 96 with
median concentrations of nitrite plus nitrate greater than
1.0 mg/L), as well as sites with no apparent enrichment
of nitrite plus nitrate from anthropogenic sources (wells
NT 100 and EL 81 with median concentrations less than
1.0 mg/L). The small variance in concentrations of

Table 12. Median nitrite plus nitrate concentrations and vari-
ance for ground-water samples from seven wells in stratified-
drift aquifers in Connecticut, June 1987 to July 1988

[Data from U.S. Geological Survey’s National Water Information System.
Wells listed in order of increasing variance. mg/L, milligram per liter]

Median
Local oo Number MRS
‘“:" upgradient of samples  concen- Variance
: well P trations
(mg/L as N)
NT 100 Agricultural, 12 0.58 0.025
hay
EL 81 Forest, 8 73 044
undeveloped
V89  Urban, 11 35 S77
residential
F324 Agricultural, 12 5.6 241
corm
V96  Urban, 11 5.8 .875
commercial
SB 37 Agricultural, 12 11 13.8
berries
EL 85 Agricultural, 11 33 436
corn

nitrite plus nitrate in these five wells indicated that
sources of nitrogen, or its transport to the wells, was
relatively constant for the 1-year period of sample
collection. The two wells with the highest median
concentrations of nitrite plus nitrate (SB 37 and EL 85),
however, also had highest variances (13.8 and 436,
respectively). The high variance in concentrations of
nitrite plus nitrate in these two wells may have reflected
variable sources of nitrogen or intermittent transport to
the wells over the sampling period.

Pesticides

The number and type of synthetic organic
compounds used to control pests have increased sharply
since they were first introduced in the 1940’s. Because
of changing agronomic practices, State and Federal
regulatory actions restricting or eliminating use of
specific pesticides, as well as increased immunity of
targeted organisms to some widely used formulations,
the pesticide industry continually produces and
introduces new products.

The occurrence and distribution of pesticides in
surface water, streambed sediments, and aquifers in the
study unit are functions of their usage and chemical
characteristics, as well as hydrologic factors. The fate of
various compounds and their metabolites in aquatic
environments depends greatly on the degree to which
they are soluble in water, their tendency to be sorbed
onto sediment or other organic particles, and the extent
to which they are degraded by physical, chemical, and
biological processes. The movement of pesticides from
areas of application to surface and ground water also
depends on the timing and intensity of precipitation, the
quantity and pathways of runoff from agricultural fields
and urban areas, the type, thickness, and permeability of
soils, and depth to the water table.

Soluble pesticide compounds such as atrazine
tend to move readily from areas of application by
surface runoff, or to infiltrate the water table where they
move with the ground-water circulation. Hydrophobic
compounds that degrade slowly, such as DDT, and that
have not been used extensively in the study unit for
decades, can persist in river sediments, where they may
remain until resuspended during floods or ingested by
aquatic organisms (Gilliom, 1985).
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The use of pesticides in the study unit is
extensive, considering the region’s limited and declining
agricultural economy. The most productive farmlands,
most notably in the Connecticut Valley Lowland, are in
the densely populated, southern half of the study unit,
where the cultivation of vegetables, berries, and
ornamental plants uses more varied and heavier
applications of pesticides than commonly is associated
with silage corn production for dairy farms. In addition,
the rate of application of pesticide active ingredients in
urban areas of the study unit may equal or exceed
agricultural uses. Commercial and domestic applicators
tend to use a broader spectrum of pesticide compounds
than do farmers. Surface-water and bed-sediment
samples have not been analyzed for many of the
compounds used in the study unit.

Surface Water and Bed Sediment

Only 11 pesticide compounds or other
metabolites were detected in NWIS surface-water
samples collected in the study unit (table 13). Four of
those were acetamide and triazine herbicides detected in
storm runoff samples in one of the most heavily
agricultural drainages, the Scantic River Basin in
Connecticut. This basin was the only one in the study
unit sampled for this class of pesticides. Trace-level
concentrations of three organochlorine insecticides, one
organophosphorus insecticide, and three
chlorophenoxy-acid herbicides were reported for
surface-water samples from 17 stations. Forty-eight
NWIS stations in the study unit were sampled for these
three classes of pesticides, although not every
compound identified with each class was included in all
analyses (see table 24). Most of the stations sampled
were in Connecticut and almost all the detections were
in that State. Pesticides were detected in surface-water
samples at only two of the NWIS stations outside of
Connecticut—the Connecticut River at Wilder, Vt., and
the Connecticut River at Agawam, Mass. (fig. 20).

Total 2,4-dichlorophenoxy acetic acid (2,4-D)
was the most commonly detected pesticide compound in
the NWIS surface-water data, both in the number of
sites (15) with detections and the percentage of samples
(22) with detections, followed closely by the related
compound total silvex. 2,4-D is a general purpose
herbicide with agricultural, commercial, and residential
uses and is among the 10 most heavily applied
pesticides (tables 2 and 3) in the study unit. 2,4-D was
detected at stations on many of the major streams in
Connecticut, including the Shetucket, Quinebaug, and

Yantic Rivers in the east, the Connecticut, Farmington,
Salmon, and Quinnipiac Rivers in the central part of the
State, and the Housatonic, Pomperaug, Saugatuck, and
Norwalk Rivers in the west. This compound also was
detected at two NWIS stations on the Connecticut River
north of Connecticut (Agawam, Mass., and Wilder, Vt.).
2,4-D and the other chlorophenoxy-acid herbicides are
relatively soluble, and rapidly degraded by biological,
chemical, and physical processes (Smith and others,
1988, p. 40-41), and do not persist in the environment.
The maximum concentration measured for NWIS
surface-water samples from the study unit was 0.05
microgram per liter (JLg/L); 2,4-D in surface water were
not detected in the STORET data (table 14). The period
of record for 2,4-D sampling was water years 1971-82,
with most samples dating to 1973 or earlier.

Other pesticide compounds detected at more
than one NWIS station (table 13) were the insecticides
dieldrin and diazinon. STORET listed no diazinon data
but dieldrin was detected in nearly two-thirds of the 21
STORET surface-water samples (table 14). Like the
other organochlorine insecticides, dieldrin was not
used extensively after the mid-1960’s (Smith and oth-
ers, 1988, p. 27). Low solubility and a high affinity for
sediment particles generally limit dieldrin and other
organochlorine insecticide concentrations in the water
column to trace levels. Dieldrin concentrations in
surface-water samples from the study unit were less
than or equal to 0.03 pg/L. All dieldrin data for water-
column samples from NWIS surface-water stations
were from water year 1982 or earlier, whereas the
STORET data were for the mid-1960’s. Diazinon, a
general purpose, organophosphorus insecticide and
nematocide used heavily by commercial applicators
in Connecticut (table 3), was detected at trace concen-
trations (less than or equal to 0.03 [Lg/L) in the
Connecticut and Quinnipiac Rivers.

The CTDOHS pesticide data for surface-water
sources (mostly reservoirs and a few stream diversions)
indicated that pesticide detections were less frequent in
sources used for drinking-water supplies. Only 1 of the
145 pesticide analyses inventoried in this study for 75
surface-water sources in Connecticut (fig. 22) reported
any pesticides—trace levels of two organochlorine
insecticides, methoxychlor (0.09 LLg/L) and endrin
(0.03 ng/L) measured in a sample collected in May
1992 from a reservoir in south-central Connecticut.
Detection of pesticides in reservoirs or other drinking-
water sources is less likely than in ambient surface
water because large areas of their drainage basins
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Table 14. Summary of pesticide detections and concentrations in surface water in the Connecticut, Housatonic, and Thames
Rivers study unit from the U.S. Environmental Protection Agency’s Storage and Retrieval System (STORET) data base

[DDD, dichlorodiphenyldichloroethane; DDE, dichlorodiphenyl-dichloroethylene; DDT, dichlorodiphenyltrichloroethane; JAg/L, microgram per liter]

» Period Number of Number of samples Range qf
Pesticide (parameter code) of record greater than concentrations
(water year) samples reporting level (ng/L)
Organochlorine insecticides
DDD, total (39360) 1962-67 21 2 0.004 - 0.013
DDE, total (39365) 1962-67 21 1 0.002
DDT, total (39370) 1962-67 21 1 0.005
Dieldrin, total (39380) 1962-67 21 14 0.002 - 0.023
Endrin, total (39390) 1962-76 23 2 0.014 - 0.025
Heptachilor, total (39410) 1962-80 24 1 0.037
Heptachlor epoxide, total (39420) 1962-76 23 1 0.001
Lindane, total (39340) 1962-67 21 2 0.002 - 0.004

generally were preserved in undeveloped conditions, if
possible, with access and human activities strictly
limited to prevent contamination.

Bed sediments were sampled more frequently for
various pesticides, and at more locations in the study
unit than surface water (tables 15 and 16; fig. 21). Bed
sediments were analyzed for organochlorine
insecticides at 82 NWIS streamflow-gaging stations,
organophosphorus insecticides and chlorophenoxy-
acid herbicides at more than 50 NWIS stations, and
semi-volatile organic compounds at 14 stations. Seven
organochlorine insecticides, two chlorophenoxy-acid
herbicides, and one semi-volatile organic compound
were detected at NWIS streamflow-gaging stations
(table 15), and detections of most of the same
compounds also were listed in the more limited
STORET data (table 16). As with water samples, most
bed-sediment pesticide samples were collected in
Connecticut and most detections for those samples also
were in Connecticut.

Organochlorine insecticide residues were
detected at more stations and were more frequently
detected in river, lake, and estuary sediments (table 15)
than in water-column samples (table 13) from NWIS
stations in the study unit. Four organochlorine insecti-
cides (chlordane, DDD, DDT, and dieldrin) were
detected in bed-sediment samples at more than one-
half of the stations, and a fifth (DDE) at nearly one-half
(44 percent) of the stations. DDT was the most widely
detected pesticide, reported in bed sediments at 58 per-
cent of the streamflow-gaging stations. Dieldrin was
the most frequently detected compound, in 45 percent
of all bed-sediment samples from all stations;

chlordane, DDD, DDE, and DDT were detected in
more than 25 percent of the samples. Concentrations
ranged from 0.1 to 220 micrograms per kilogram
(1g/kg) for some of these insecticides.

Most of the data on organochlorine pesticides in
bed material were collected in water years 1973-77
(see fig. 23). Use of these compounds to combat ter-
mite infestations and soil insects in corn, vegetable,
fruit, and ornamental plant production was banned or
severely restricted in the early 1970’s.

Six organochlorine insecticides were detected
once or twice in bed sediments at STORET surface-
water sites in the study unit, but the number of sites and
samples were quite limited and reporting levels for
some samples were too high to provide useful informa-
tion (table 16). STORET bed-sediment samples, how-
ever, were collected more recently than most of the
NWIS data. Concentrations for five of the six orga-
nochlorine insecticides in bed sediments from
STORET stations were low, less than 1.0 pg/kg, but
one sample contained 5.3 pg/kg of heptachlor epoxide.

The pattern of detections of organochlorine com-
pounds has as much to do with chemical properties and
analytical capabilities as it does with past usage (Gil-
liom, 1985, p. 87). Few organochlorine compounds
have been detected in water samples because, as a
class, they have low solubilities and tend to adsorb
onto sediment particles. Some of the DDD and DDE
organochlorine compounds detected in bed-sediment
samples are metabolic degradation products of other
compounds, such as DDT, and were commonly
detected although DDD was used on a limited basis
and DDE was not used at all. Chlordane, one of the
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Table 15. Summary of pesticide detections and concentrations in bed sediments from streams, estuaries, and lakes in the Con-
necticut, Housatonic, and Thames Rivers study unit from the U.S. Geological Survey’s National Water information System
(NWIS) data base, water years 1973-91

[Reporting level is the least concentration detectable by analytical methods used during the period of record. USEPA draft sediment-quality criteria:
Derived from Final Residue Value, contaminant concentration in water that will protect wildlife that consume aquatic organisms and will not result in tissue
concentrations that exceed U.S. Food and Drug Administration action levels. USEPA, U.S. Environmental Protection Agency; DDD,
dichlorodiphenlydichloroethane; DDE, dichlorodiphenyl-dichloroethylene; DDT, dichlorodiphenyltrichloroethane; 2,4-D, (2,4-dichlorophenoxy) acetic acid;
2,4,5-T, (2,4,5-trichloro-phenoxy) acetic acid; pg/kg, microgram per kilogram; <, actual value is less than value shown]

. Reporting detections concen- . yient- USEPA
Pesticide (parameter code) level (percentage shown in trations quality refer-
(ng/kg) parentheses) d(etected criteria ence
Sites Samples nalkg) (ng/ka)
Organochlorine insecticides
Aldrin, bottom material (39333) 0.1 1 1 (<1 0.6 - -
Chlordane, bottom material (39351) 1.0 42 (51 76 (38) 1.0-150 309 1990
DDD, bottom material (39363) A 46 (56) 87 (44 0.1-220 -- --
DDE, bottom material (39368) 1 36 (449 52 (26) 0.1-81.0 - --
DDT, bottom material (39373) .1 48 (58) 72 (36) 0.1-54.0 828 1988a
Dieldrin, bottom material (39383) 1 43 (52) 91 45) 0.1-29.0 9,000 1991c
Heptachlor epoxide, bottom material (39423) 1 1 @ 1 (<) 0.8 -- -
Chlorophenoxy-acid herbicides
2,4-D, bottom material (39731) 1 2 @4 2 2 0.1-0.2 - -
2,4,5-T, bottom material (39741) 1 3 (6) 3 3 0.4-13.0 -- --
Semi-volatile organic compounds
Acenaphthylene, bottom material (34203) 200 2 (14 2 (12) 210-540 -- --

Table 16. Summary of pesticide detections and concentrations in bed sediments from streams, estuaries, and lakes in the Con-
necticut, Housatonic, and Thames Rivers study unit from the U.S. Environmental Protection Agency’s Storage and Retrieval
(STORET) data base

[2,4-D, 2,4-dichlorophenoxyacetic acid; 2,4,5-T, trichlorophenoxyacetic acid; DDD, dichlorodiphenyldichloroethane; DDE,
dichlorodiphenyldichloroethylene; DDT, dichlorodiphenyltrichloroethane; ug/kg, microgram per kilogram; <, actual value is less than value shown]

o Period of Number of Number of samples Range of concen-
Pesticide (parameter code) record greater than reporting trations detected
(water year) samples level (ug/kg)
Organochlorine insecticides
Aldrin, bottom material (39333) 1973-79 4 2 0.2 - <0.06
DDD, bottom material (39363) 1979-80 3 1 0.8
DDE, bottom material (39368) 1979-80 3 1 0.2
DDT, bottom material (39373) 1979-80 3 1 0.1
Heptachlor, bottom material (39413) 1973-79 3 1 0.1
Heptachlor epoxide, bottom material (39423) 1974-79 3 1 53
Organophosphorus insecticides
Methyl parathion, bottom material (39601) 1973 2 1 0.1
Chlorophenoxy-acid herbicides
2,4-D, bottom material (39731) 1974 1 1 0.05
2,4,5-T, bottom material (39741) 1974 1 1 43
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most persistent of the organochlorine insecticides, also
was one of the most frequently detected organochlorine
insecticides in bed sediments, even though its reporting
level was higher than those of other compounds
detected.

Other than organochlorine compounds, there
were a few detects of the chlorophenoxy-acid
herbicides 2,4-D and 2,4,5-T in bed-sediment samples
from NWIS and STORET streamflow-gaging stations,
and a few organophosphorus insecticide detections.
Acenaphthylene, a coal-tar derivative with some insec-
ticide and fungicide usage, was detected in bed sedi-
ment at two NWIS stations.

Pesticide data for surface water are inadequate to
accurately and completely describe the occurrence and
distribution of pesticides in the study unit. For much of
the study unit, including parts of Massachusetts, New
Hampshire, New York, Rhode Island, and Vermont, lit-
tle or no pesticide data exist for surface water or bed
sediments. For some of the study unit, notably the State
of Connecticut, the historical data coverage is rela-
tively complete and fairly extensive. However, even in
Connecticut, data are collected primarily at stations on
large, high-order rivers and their tributaries. These sta-
tions commonly are downstream from point-source
dischargers, such as sewage-treatment plants or indus-
trial discharges, and generally represent drainage areas
that are hundreds of square miles in size with heteroge-
neous land uses. Data from stations located down-
stream from point-source dischargers can not be
readily used to interpret water-quality effects related to
specific land use or human activities in their drainage
basins. Furthermore, the pesticide information for these
stations generally dates to the early to mid-1970’s, with
essentially no data available for the last decade.

Although some 57 different pesticide com-
pounds or metabolites were analyzed in surface-water
or bed-sediment samples, many of the compounds used
extensively in the study unit were never included in
pesticide analyses. Other pesticides with unreported or
under-reported use may be present in the rivers,
sediment, or biota of the study unit as well.

Ground Water

More information is available in the study unit
on the occurrence and distribution of pesticides in
ground water than in surface water. A number of
previous studies by the USGS, State agencies, or
consultants have documented the occurrence of various

pesticides in surficial and bedrock aquifers in the study
unit. Data on pesticides in ground water collected
during several of these studies are in the NWIS data
base, and these data are sufficient to synthesize new
information or reaffirm relations formerly identified
between pesticide occurrence and human activities or
hydrogeologic factors.

Previous Studies

Connecticut

Before 1983, few instances of ground-water con-
tamination by pesticides were reported in the study
unit. Miller and others (1974, p. 283) attributed thal-
lium contamination of wells in the sedimentary bed-
rock aquifer in Middlefield, Conn., in 1966 to
applications of thallium sulphate as an insecticide and
rodenticide.

In 1983, the soil fumigant ethylene dibromide
(EDB), long used on tobacco fields in north-central
Connecticut, was discovered in water from domestic
and public-supply wells in 10 Connecticut towns
(Frink and Hankin, 1986). By 1986, the State had
tested water samples from more than 2,000 domestic
and public-supply wells in a 50-square-mile area of
north-central Connecticut and EDB was detected in
samples from 268 domestic and 54 public-supply wells
at concentrations that equaled or exceeded the State’s
0.1 mg/L drinking-water standard (Melvin and others,
1988, p. 195). Through the end of 1989, the State had
analyzed 3,928 samples from 2,246 domestic wells and
840 samples from 278 public-supply wells in 20 towns
in north-central Connecticut (fig. 39). EDB was
detected in 575 of the wells (23 percent) at concentra-
tions ranging from 0.02 to 25 pg/L (table 17). Ground-
water samples from two-thirds of the wells where EDB
was detected, including 330 domestic wells and 56
public-supply wells, contained EDB concentrations
equal to or greater than the 0.1 mg/L State drinking-
water standard (Connecticut Department of Health Ser-
vices, written commun., 1992). The largest number of
affected wells and the highest concentrations were in
the towns of Somers, East Windsor, and Ellington
where cultivation of shade tobacco was extensive;
EDB also was detected in 12 other Connecticut towns.
The CTDOHS continues to monitor public-supply
wells in the State for EDB and some additional data are
collected annually for their EDB survey.
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Figure 39. Towns in present and former tobacco-growing areas of Connecticut and Massachusetts where wells have been
sampled and EDB has been detected in ground water, 1983-86. (Data from Connecticut Department of Health Services,

written commun., 1992; Massachusetts Interagency Pesticide Task Force, 1986; Stone and Webster Engineering Corp.,
1988.)

Spatial and Temporal Distributions of Nutrients, Sediment, and Pesticides 93



Table 17. Summary of ethylene dibromide detections and concentrations in ground-water samples from wells in the
Connecticut River Valley and adjacent areas of Connecticut and Massachusetts

[Data for Connecticut from Connecticut Department of Health Services (written commun., 1992). Sampling conducted from March 1984 to December
1989. Data for Massachusetts from Massachusetts Department of Environmental Quality and Engineering (Massachusetts Interagency Pesticide Task Force,
1986; Stone and Webster Engineering Corp., 1988). Sampling conducted from 1983 to 1986. pg/L, microgram per liter; --, no data]

Range of Range of

sampled  detections (hg/L) sampled detections (1g/L)

Connecticut Massachusetts

Avon 17 0 - Agawam 9 0 e
Bloomfield 22 2 0.03 Ambherst 2 0 --
Cromwell 14 2 0.02-0.09 Bernardston 2 0 --
East Granby 219 4 0.05-0.15 Chester 2 0 -
East Hartford 10 0 -- Colrain 1 0 -
East Windsor 383 165 0.01-7.1 Deerfield 5 2 0.15-7.40
Ellington 134 51 0.02-25 Easthampton 4 0 --
Enfield 130 39 0.01-2.1 Granville 1 0 --
Glastonbury 64 8 0.02-1.88 Greenfield 5 0 --
Granby 88 0 - Hadley 5 0 --
Hartford 2 0 -- Hatfield 12 1 0.16
Manchester 44 3 0.04-0.41 Holyoke 2 0 -
Portland 29 2 0.03-0.07 Ludlow 1 0 -
Simsbury 276 69 0.02-1.6 Montague 6 0 -
Somers 327 170 0.02-2.8 Northampton 2 0 --
South Windsor 248 39 0.03-1.2 Orange 2 0 --
Suffield 249 13 0.01-2.2 Russell 2 0 --
Vernon 15 0 - South Hadley 2 0 --
Windsor 234 6 0.04-0.14 Southampton 3 0 -
Windsor Locks 19 2 0.02-0.57 Southwick 26 9 0.05-4.80
Sunderland 22 4 0.08-0.60

Westfield 9 0 --

Whately 132 43 0.02-6.9

In 1985, the Connecticut Agricultural Experi-
ment Station analyzed ground-water samples from 95
public-supply wells (or adjacent surface-water bodies
subject to induced infiltration) for a suite of 32 pesti-
cide compounds (Frink and Hankin, 1986). Public-
supply wells were selected from the 49 largest commu-
nity water utilities that rely at least in part on ground-
water sources. Wells were selected to include locations
where agricultural, urban, and recreational (golf-
courses) land uses were present in the recharge areas.
The only pesticide detected was the soil fumigant 1,2-
dichloropropane. This pesticide was detected in sam-
ples from four wells in Cheshire, Conn., at concentra-
tions less than the CTDOHS action level of 1.0 mg/L
(Connecticut Department of Health Services, written
commun., 1984).

More recently, the USGS conducted studies in
Connecticut to assess the occurrence and distribution
of a large number of pesticide compounds in ground
water. Grady and Weaver (1988, 1989) sampled
shallow wells in stratified-drift aquifers in Connecticut
to statistically relate water-quality conditions to
common land uses. With only a few pesticide samples
(13) and limited analytical coverage (26 compounds),
Grady and Weaver (1988, p. 31) reported the detections
of three compounds—2,4-D, 2,4,5-T, and silvex—in
one well and diazinon in a second well in residential
areas. Pesticides were not detected in the six
agricultural-area wells sampled. In 1989, after
expanding the pesticide sampling to 80 wells and
including triazine herbicides in the analyses, Grady and
Weaver (1989, p. 25-26) reported atrazine detections in
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13 percent of the agricultural-area wells at
concentrations of 0.1 to 0.2 mg/L. The frequency of
atrazine detections was significantly higher in ground-
water samples from agricultural areas than in samples
from undeveloped or residential areas (p = 0.0193). In
the final report on these studies, Grady (1993) reported
that atrazine was detected in one-third of the 15 wells
installed in tilled agricultural fields (fig. 40). The tilled
agricultural land was used almost exclusively for silage
corn production and atrazine was a commonly applied
pre-emergent broadleaf herbicide. Although no other
pesticide compound was detected in sufficient numbers
of wells to relate its occurrence statistically to any land
use (at the 0.05 level of significance), 19 additional
pesticides (or other synthetic organic compounds with
some pesticide usage) were detected in one or more
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Figure 40. Frequency of detection of atrazine in wells com-
pleted in stratified-drift aquifers underlying seven land-use
areas in Connecticut, 1985-89 (from Grady, 1993).

wells from seven land-use categories (Grady, 1993,
p.18-20). Forty percent of the pesticide detections were
in ground-water samples from wells in residential
areas. Compounds detected in more than 5 percent of
the wells sampled include the herbicide 2,4-D, the
organochlorine insecticide dieldrin, and two volatile
organic compounds used as insecticide fumigants: 1,2-
dichloropropane and 1,1-dichloroethane. Other
compounds detected less frequently included
chlordane, diazinon, DDD, DDE, 2.4-DP, 2 4,5-T,
cyanazine, phorate, prometone, propazine, silvex,
simazine, acenaphthene, 1,2-dichloroethane, 1,1-
dichloroethylene, diethyl phthalate, and naphthalene.
In a similar study of the occurrence of pesticides
in shallow ground water in Connecticut, Mullaney and
others (1991) sampled 89 wells installed at 59 agricul-
tural and nonagricultural sites for pesticides known or
inferred to have been applied. Agricultural sites
included corn, potato, mixed vegetable, nursery, and
orchard production. Nonagricultural sites included
golfcourses, recreational areas, and residential and
commercial land-use areas. Wells were installed in
stratified-drift, till, and shallow bedrock aquifers, and
core samples of soils and sediments from the unsatur-
ated zone were collected. Twenty-four pesticides were
detected in one or more of the wells. Atrazine, the most
commonly detected pesticide in the study, was detected
in 25 wells at 76 percent of the agricultural sites, at
concentrations ranging from 0.1 to 9.7 mg/L (Mullaney
and others, 1991, p. 12-13). The herbicide dimethyl tet-
rachloroterephthalate (DCPA) was the most commonly
detected pesticide at nonagricultural sites, reported at
concentrations ranging from 0.01 to 124 mg/L in 15
wells at 73 percent of those wells. Pesticides appeared
to be present in ground water beneath agricultural set-
tings regardless of underlying aquifer type (stratified
drift or till-mantled bedrock). By contrast, pesticides in
nonagricultural areas were detected in fewer till and
bedrock wells than in wells in stratified-drift aquifers.
At 21 of the 32 agricultural sites, multilevel sampling
was conducted to determine the vertical distribution of
pesticides in the aquifers. In wells in agricultural areas
underlain by stratified drift, Mullaney and others
(1991, p. 14) found that the preponderance of pesticide
detections at shallow depths (less than 15 ft below the
water table) was statistically significant (fig. 41).

Spatial and Temporal Distributions of Nutrients, Sediment, and Pesticides 95



60

(15)

40t .

ul

-

om

<

s

o

jut]

<

=

=

(@]

-

Jen]

m

m

w 30| (16) B
w o}

=

T

= 20f 4
o

wl

[a)

Z

i

o 101 7
@]

(7]

0
PESTICIDES PESTICIDES
NOT DETECTED
DETECTED
EXPLANATION
(16) NUMBER OF WELLS
P =0.0001
o—— OUTLIER GREATER THAN 3.0

TIMES INTERQUARTILE RANGE
ABOVE THE BOX

——HIGHEST DATA POINT WITHIN
1.5 TIMES INTERQUARTILE
RANGE ABOVE THE BOX

——THIRD QUARTILE
] INTERQUARTILE

—MEDIAN RANGE

—FIRST QUARTILE

——LOWEST DATA POINT WITHIN
1.5 TIMES INTERQUARTILE
RANGE BELOW BOTTOM OF BOX

Figure 41. Pesticides in ground water by screened depth of
wells in stratified-drift aquifers in agricultural areas of
Connecticut, 1987-89 (from Mullaney and others, 1991).

Massachusetts

In response to incidents of ground-water
contamination resulting from the use of aldicarb and
EDB in potato- and tobacco-producing areas of New
York and Connecticut, respectively, Massachusetts ini-
tiated monitoring for aldicarb in 1983, and for EDB in
1984 (Ellis, 1986). The Massachusetts Interagency
Pesticide Task Force (MIPTF) expanded its pesticide
sampling in 1985 to cover six additional compounds:
carbofuran, oxamyl, dinoseb, alachlor, 1,2-dichloro-
propane and 1,3-dichloropropene. The MIPTF had
sampled 341 sites in 27 western Massachusetts com-
munities that are in the study unit through 1986; 1,2-
dichloropropane, aldicarb, and EDB were the most fre-
quently detected pesticides (Massachusetts Interagency
Pesticide Task Force, 1986).

In 1986, the Massachusetts Department of
Environmental Quality and Engineering (MDEQE)
contracted for a study of the occurrence of pesticides in
relation to land use for a 20-town area of the
Connecticut River Valley encompassing areas of shade
tobacco cultivation similar to those in Connecticut, as
well as potato and vegetable production (Stone and
Webster Engineering Corporation, 1988). Using the
data collected by the MIPTF during 1984-86, the
MDEQE-sponsored study reported one or more of
seven pesticide compounds (all the above except 1,3-
dichloropropane) in water samples from 146 of 358
sites. Most of the pesticide detections were
concentrated in the lowland areas of the Connecticut
River Valley where agricultural activities were heaviest
(Stone and Webster Engineering Corporation, 1988)—
the towns of Deerfield, Hatfield, Southwick,
Sunderland, and Whately, Mass. Detections of specific
pesticide compounds were strongly correlated to crop
type and pesticide use on fields adjacent to
contaminated sites. Eighty-eight percent of the 358
sites sampled in the Massachusetts study were wells,
including 248 domestic and 66 public-supply wells; 44
surface-water sources (reservoirs) also were sampled.
Contamination generally was found in “shallow
wells...[although] some deep wells showed
contamination” (Stone and Webster Engineering
Corporation, 1988). Site-specific information on
aquifer type, well depth, or depth to the water table was
generally unreported for the wells sampled.

Data on EDB in ground-water samples were
available for 23 Massachusetts towns that generally lie
within or adjacent to the Connecticut River Valley
(fig. 39; table 17). Although EDB was detected in only
5 of the 23 towns, all but 4 towns had fewer than 10
wells sampled. More than one-half (51 percent) of the
wells sampled for EDB were in the town of Whately,
Mass. Comparing the results for Massachusetts with
those reported for Connecticut shows that, although
many more wells were sampled in Connecticut than
Massachusetts, the frequency of EDB detections was
similar (about 23 percent), as was the range of EDB
concentrations reported (0.02 to 7.40 mg/L).

Information on the occurrence of 1,2-dichloro-
propane and aldicarb in ground water for the 27 towns
in or near the Connecticut River Valley in Massachu-
setts also was available (Massachusetts Interagency
Pesticide Task Force, 1986; Stone and Webster Engi-
neering Corporation, 1988). A nematocide used on
tobacco and strawberry fields, 1,2-dichloropropane was
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the most frequently detected pesticide, reported in 36
percent of the wells sampled in 12 of the 27 towns
(Massachusetts Interagency Task Force, 1986). Most of
the detections (61 percent), however, were in Whately,
Mass., where samples were far more numerous (129
wells) than in other towns. Concentrations of 1,2-
dichloropropane in ground water ranged from 0.03 to
51 mg/L, with nearly 40 percent of the detections
exceeding the State’s 1.0 mg/L drinking-water standard
(Massachusetts Interagency Pesticide Task Force,
1986). Aldicarb, a carbamate pesticide widely used to
control soil insect pests in potato fields, was detected in
30 percent of the wells from 9 of the 27 towns. Con-
centrations of aldicarb in ground-water samples from
Massachusetts ranged from 1.0 to 34 mg/L, with about
one-third of the detections exceeding the 10 mg/L State
drinking-water standard.

Detections of other carbamate pesticides in
samples from wells in Massachusetts were much less
common—11 percent for carbofuran and less than 1
percent for oxamyl—and similarly, most occurred in
Whately. Dinoseb, a phenol herbicide used to kill
potato vines to facilitate harvest, and alachlor, a broad-
leaf herbicide commonly used on corn fields, were
detected in 7 and 1.5 percent, respectively, of the wells
sampled; all detections were in Whately. There were no
detections of 1,3-dichloropropene in any of the wells
(Massachusetts Interagency Pesticide Task Force,
1986).

Vermont

The ongoing Vermont Pesticide Monitoring Pro-
gram began in 1986, with the goal of providing Ver-
mont’s citizens, agricultural community, and State
agencies with information on the extent and patterns of
pesticide use and on the environmental fate of pesti-
cides in the State. A major component of this program
was sampling wells and other sources of drinking water
in or near areas of pesticide application (Vermont
Department of Agriculture, 1988). Vermont’s monitor-
ing focused on pesticides used on corn, fruits and vege-
tables, and Christmas trees; three separate projects
investigated each of these crop categories.

The corn herbicide survey project focused on
existing private and public drinking-water wells adja-
cent to cropland (within 500 ft) used for silage and
sweet corn production (Vermont Department of Agri-
culture, 1988). Samples collected in 1986-87 were ana-
lyzed for five herbicides applied to corn fields—
alachlor, atrazine, cyanazine, metolachlor, and

simazine; in 1988, analyses for carbamates (aldicarb
sulfoxide and aldicarb sulfone) and pendimethalin
were added to the program. Between April 1986 and
February 1993, 967 samples were collected from 491
wells and other sampling locations statewide (J.G.
Comstock, Vermont Department of Agriculture, writ-
ten commun., March 1993). The sampling sites
included 305 drilled wells, 75 dug wells, 27 driven
points, 68 springs, 6 streamflow-gaging stations, and
10 wells of unknown construction. Of these, only 137
were in the Connecticut River Basin and, hence, in the
study unit. Overall, 6 percent of the sites sampled had
detections of one or more of the five corn herbicides;
atrazine was the most frequently detected, followed by
metolachlor. Herbicide concentrations ranged from 0.1
to 24.3 mg/L. However, 43 percent of the detections
were in samples from shallow ground-water sources—
springs, dug wells, and drive-point wells—which col-
lectively comprised only 35 percent of the sites. Of the
137 sites tested in the Connecticut River Basin, 10 per-
cent produced water samples with detectable concen-
trations of pesticides, but information on the type of
wells was unavailable.

Fewer data were collected by 1993 for Ver-
mont’s fruit and vegetable and Christmas tree pesticide
surveys than for the corn herbicide project. Through
February 1993, the fruit and vegetable survey had col-
lected 52 samples from 19 wells statewide (J.G. Com-
stock, Vermont Department of Agriculture, written
commun., March 1993). The fruit and vegetable survey
samples were analyzed for DCPA (dacthal) plus metab-
olites, napropamide, pendimethalin, and terbacil.
Thirty-two percent of the samples tested positive for
DCPA or its metabolites; one sample also contained
terbacil. Three of the nine fruit and vegetable survey
wells that occur in the Connecticut River Basin were
among the wells that tested positive for DCPA or its
metabolites. Through February 1993, 34 samples were
collected from 23 Christmas tree survey wells state-
wide—only nine of the Christmas tree survey wells
sampled were in the study unit. Samples from Christ-
mas tree survey wells were analyzed for herbicides and
carbamate insecticides, including those pesticides pre-
viously identified as among the corn herbicide and fruit
and vegetable herbicide surveys. In the Christmas tree
survey, only one of nine wells sampled in the study unit
tested positive for any herbicide. This well, the only
one of 23 wells in the state with a detection in this cate-
gory, tested positive for atrazine and cyanazine, but not
for any of the fruit and vegetable herbicides.
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In addition to sampling existing wells, the State
of Vermont installed 23 monitoring wells during 1988
and 1989 on three farms, one of which was in the study
unit. According to the Vermont Department of Agricul-
ture, these were primarily shallow wells with depths
ranging from 11 to 50 ft and were sampled quarterly.
Water samples were analyzed for the same herbicides
as the wells in the corn survey project. Corn herbicides
were detected in 52.2 percent of the wells in this study.
On the one farm that is in the NAWQA study unit, pes-
ticides were detected in five of nine wells. Atrazine,
cyanazine, and metolachlor, the only herbicides
detected, were in 35, 9, and 35 percent, respectively, of
all wells sampled in this three-farm study (J.G. Com-
stock, Vermont Department of Agriculture, oral
commun., March 1993).

New Hampshire

The State of New Hampshire coordinated a
multi-agency study in 1986 to collect and analyze
ground-water samples from existing wells near agricul-
tural lands and golfcourses (New Hampshire Division
of Public Health Services, 1986). Twenty-five shallow
wells (25 ft deep or less) located on or directly down-
gradient from farms cultivating potatoes, corn, mixed
vegetables, berries and ornamentals or from golf-
courses with well-documented pesticide use were
selected in 15 towns. Information on well location was
unavailable, but county designations suggest that no
more than five of the wells may be in the study unit.
Wells were sampled for as many as 18 commonly used
pesticides during July, August, and September 1986.
The analytes, selected based on usage and mobility in
ground water, included alachlor, aldicarb, atrazine, car-
bofuran, chlordane, chlorpyrifos, dacthal, diazinon,
dicamba, dieldrin, dinoseb, disyston, endosulfan, lin-
dane, methoxychlor, oxamyl, simazine, and 2,4-D. Pes-
ticides were not detected in samples from any of the 25
wells at laboratory reporting levels, which ranged from
1.0to 2.5 mg/L.

Analysis of Information

In the NWIS data base, a total of 34 pesticide
compounds were detected in one or more samples from
one or more wells in the study unit (table 30, at back of
report); no ground-water pesticide data from STORET
were used in this analysis. All of the NWIS wells in the
study unit where pesticides have been detected are in
Connecticut (fig. 25); few NWIS wells outside of
Connecticut have had any pesticide sampling. The few

wells in New Hampshire were sampled only for vola-
tile organic compounds and did not provide a satisfac-
tory data base for comparison. However, no pesticides
were detected in any of the limited number of NWIS
springs sampled in the study unit (see pl. 1).

Of the pesticide compounds sampled for in a
large number of wells (80 or more), only one com-
pound, atrazine (present in 22 percent of wells sam-
pled), was detected in water from more than 10 percent
of the wells. Six other pesticides, simazine, meto-
lachlor, 1,2-dichloropropane, 1,1-dichloroethane,
dieldrin, and 2,4-D, were detected in 5 percent or more
of the wells. Three compounds, DCPA, diuron, and ter-
bacil, were reported at unusually high detection fre-
quencies (43 to 100 percent of wells sampled), but
were only included as target analytes in samples from a
small number of wells (see table 24). The remaining
24 compounds identified in ground-water samples
from NWIS wells in the study unit (table 30) were
detected in only one to five of the wells sampled.

Evaluation of the relations between pesticide
occurrence or concentration and hydrogeologic factors
(aquifer type) or human activities (land use or crop
type) was limited using the NWIS data. Not all wells
were sampled for all pesticides and different detection
limits were reported for some pesticide compounds. A
variety of well-construction characteristics and sam-
pling protocols, which could have influenced the detec-
tion of some compounds present at low concentration,
were used. Comparisons were not valid because too
few wells were sampled in some aquifers and some
land-use or crop types. Still, some useful information
can be provided by presenting such comparisons,
tempered by realization of the shortcomings in the
data.

Pesticides were detected in NWIS wells in every
sampled aquifer in the study unit (fig. 42; see also
fig. 16). Nearly one-third of the wells in stratified drift,
the most intensively sampled aquifer, contained one or
more pesticide compound. This frequency, however,
was biased because most of the wells were installed in
areas of known or inferred pesticide use. The same bias
was reflected to a greater degree in till and bedrock
aquifer detections because the small sample number
included few or no wells in undeveloped, relatively
natural areas. Additional data are needed for these
aquifers, particularly for carbonate bedrock aquifers
where no wells were sampled for pesticides, to accu-
rately assess the relation between pesticide occurrence
and aquifer type.
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Figure 42. Frequency of detection of pesticides by aquifer
type for wells in Connecticut, 1978-89. (Data from U.S.
Geological Survey’s National Water Information System
data base.)

Pesticides also were detected in ground-water
samples from NWIS wells in seven land-use categories
examined in the study unit (fig. 43). The high fre-
quency of pesticide detections in urban areas may have
reflected a great variety and heavy application rate of
pesticides by commercial applicators, businesses, and
homeowners. The high frequency of pesticide detec-
tions in ground water in tilled agricultural areas was
not unexpected, considering the intensity of agricul-
tural use of pesticides and the favorable hydrogeologic
conditions (shallow water tables, thin permeable soils,
and porous, unconsolidated or fractured bedrock
aquifers near the land surface).

Further examination of the frequency of pesti-
cide detections in the 102 wells in untilled and tilled
agricultural land-use categories (fig. 43) indicated that
frequencies of pesticide detections was high for vegeta-
bles, orchards, and nurseries (fig. 44). Although inten-
sive pesticide usage may be associated with these
agricultural practices, the number of wells sampled
was far too small to provide a valid comparison among
crop types. Pesticide detections in more than one-half
of the wells sampling ground water in corn fields
reflected the widespread use of herbicides, particularly
atrazine, simazine, and metolachlor, on the principal
crop in the study unit. Atrazine was present in more
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Figure 43. Frequency of detection of pesticides by land use
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than 50 percent of the wells in corn fields (fig. 45) and
also in ground water in areas of mixed corn and pota-
toes, or in areas where corn may have been grown in
prior years.

Atrazine was the most frequently detected pesti-
cide compound in ground-water samples from NWIS
wells in the study unit. Reported in 32 of the 143 wells
sampled for this compound, atrazine was present at
concentrations equal to or greater than 0.1 pg/L in 24
percent of the NWIS ground-water samples collected
from all aquifers. However, only one well yielded
water with an atrazine concentration (9.7 pg/L)
exceeding the USEPA’s 3.0 pg/L MCL for drinking-
water supplies. Although all the wells sampled for atra-
zine were monitoring wells, the presence of concentra-
tions exceeding the MCL in productive aquifers is a
cause for concern.

The NWIS data collected to date indicate that
atrazine detections were limited to the shallowest part
of the ground-water resource. All the wells with
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Figure 45. Frequency of detection of atrazine by agricultural
crop type and related land use for wells in Connecticut, 1978-
89.(Data from U.S. Geological Survey’s National Water
Information System data base.)

atrazine detections were less than 40 ft deep, regardless
of aquifer. In the stratified-drift aquifers where most of
the atrazine was detected, the depth of the screened
(sampled) interval below the water table was signifi-
cantly different in wells in which atrazine was detected
than in those wells without atrazine detections (fig. 46).
Atrazine detections were limited to the top 15 ft of the
saturated zone in stratified-drift aquifers.

In addition to atrazine, three other pesticides
were detected in ground water at concentrations
exceeding USEPA MCL’s for drinking water—alachlor
in one well at a concentration of 11 pug/L, 1,2-
dibromoethylene (EDB) in two wells at concentrations
of 0.2 and 0.5 pg/L, and simazine in one well at
concentrations of 9.1 to 10 pg/L.. The high EDB
concentrations also exceeded the Connecticut drinking-
water guidelines, as do the 41 pg/L of 1,2-
dichloropropane in water from one well and the
detection of 1,2-dichloroethane at concentrations of 2.4
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Figure 46. Detections of atrazine in stratified-drift aquifer by
depth to top of well screen below the water table in
Connecticut, 1978-89. (Data from U.S. Geological Survey's
National Water Information System data base.)
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to 4.8 ug/L in four wells. However, all of the above
pesticide concentrations that exceeded Federal or State
drinking-water MCL’s, as well as all other pesticide
detections in the study unit from NWIS wells, were in
samples from observation wells. Many of these
observation wells were designed to maximize the
likelihood of detecting pesticides in ground water.
They were shallow small-diameter wells with a short
screened-interval installed within or just downgradient
from areas of known or inferred pesticide application.
As such, these wells provided a biased assessment of
the extent to which pesticides have degraded the
available ground-water resource. The sampling sites
did not accurately indicate the extent to which
drinking-water supplies may be impaired in the study
unit. The observation-well samples did, however, show
that pesticides were present in the shallow ground-
water and provided information on the association

of pesticides with land uses or human activities. With
this knowledge, more appropriate monitoring of
ground-water supplies may be possible.

As of 1992, the CTDOHS monitoring of
public-supply wells confirmed the assessment
(Frink and Hankin, 1986) that few incidents of
pesticide contamination of water supplies occurred
in Connecticut other than the widespread EDB
problem. Only two of the CTDOHS-monitored
public-supply wells inventoried for this report (see
fig. 22) had any pesticide detections (trace levels of
dieldrin). However, only four organochlorine
insecticides, two chlorophenoxy-acid herbicides,

and EDB were routinely analyzed in samples from
public-supply wells.

Although 77 different pesticide compounds or
metabolites were analyzed in at least some NWIS
ground-water samples, nearly two-thirds of the
pesticides reportedly used in the study unit (see table 3)
were never included in laboratory pesticide analyses of
water samples. Additional pesticide compounds
without reporting requirements were not listed in table
3, but they were applied widely in the study unit.
Detections of nearly one-half (44 percent) of the
pesticide compounds for which ground-water samples
were analyzed indicated that a substantial number of
additional pesticides also may be present in ground
water in the study unit. Better information on the use of
pesticides by agricultural, commercial, and private
homeowner applicators would allow a more

comprehensive assessment of pesticide occurrence and
distribution in surface and ground water of the study
unit.

Review of the previous investigations and
analysis of the NWIS data indicated that the occurrence
of pesticides in ground water in the study unit was
diversified and extensive. Overall, 40 different
pesticide compounds or metabolites were reported in
ground-water samples collected from three States—
Connecticut, Massachusetts, and Vermont—which
constituted a major part of the study unit. In parts of the
study unit where pesticides were not yet detected in
ground water, New Hampshire, in particular, sampling
for pesticides was minimal or absent. Even in the three
States where sampling was substantial, much of it
focused on specific areas or types of agriculture,
leaving large areas of untargeted land use and some
aquifers unsampled.

Pesticides were detected in the unconsolidated,
surficial, glacial aquifers, till and stratified drift, as well
as in fractured bedrock aquifers in the study unit. Much
of the sampling to date focused on the stratified-drift
aquifers, although the bedrock aquifers, particularly the
carbonate-bedrock aquifer, were undersampled. The
occurrence of pesticides appeared to be limited largely
to the shallower parts of the sampled aquifers, but
fewer samples were analyzed for pesticides from
deeper parts of the ground-water-flow system.

The distribution of pesticides in ground water
in the study unit is associated with land use. Although
some pesticides were detected in ground-water samples
from all major land-use categories, the relation with
agricultural land use is best defined. The most
widespread occurrence of pesticides in ground water,
as well as the most severe contamination of drinking-
water supplies, is related to agricultural pesticide use,
particularly from the former use of EDB on tobacco-
growing regions of central Connecticut and
Massachusetts. Urban pesticide use also results in the
detection of pesticides in ground water in the study
unit, but sampling in urban areas is not nearly as
intensive as in agricultural areas. A few pesticides have
even been detected in ground water beneath
undeveloped areas, however, these areas were sampled
the least and data are insufficient to assess the
occurrence or the sources of pesticides relative to
undeveloped land use.
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TRANSPORT OF NUTRIENTS AND
SUSPENDED SEDIMENT BY SURFACE
WATER AND ATMOSPHERIC DEPOSITION

The movement of nutrients, especially nitrogen,
through the study unit and into the waters of Long
Island Sound is a major regional concern. State, Fed-
eral, and local agencies have gone to great lengths to
determine the sources of nutrients that have caused
hypoxic conditions during summer months in the west-
ern part of the Sound. This chapter addresses questions
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related to the sources and magnitudes of these nutrient
contributions and provides some estimates of the load-
ings of nitrogen and phosphorus to rivers that discharge
into Long Island Sound.

Relation of Nutrient and Suspended-Sediment
Concentrations to Streamflow

Concentrations of many water-quality
constituents vary with changes in stream discharge.
Relations between total phosphorus and discharge
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Figure 47. Relation between total phosphorus concentrations and discharge at selected stations in the Connecticut,
Housatonic, and Thames River Basins study unit. (Data from U.S. Geological Survey’s National Water Information

System data base.)
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EXPLANATION
(see plate 1 and table 23)

MAP NO. STATION NAME
2 Shetucket River at South Windham, Conn.
5 Connecticut River at North Walpole, N.H.
6 Connecticut River at Thompsonville, Conn.
12 Salmon River near East Hampton, Conn.
13 Quinnipiac River at Wallingford, Conn.
15 Housatonic River at Stevenson, Conn.
16 Naugatuck River at Beacon Falls, Conn.
17 Saugatuck River near Redding, Conn.
— LOWESS SMOOTH

Figure 47.—Continued.

(fig. 47) closely resemble those for other phosphorus
and nitrogen constituents. High total phosphorus
concentrations decrease with increasing streamflow at
the Shetucket River at South Windham, Conn., the
Quinnipiac River at Wallingford, Conn., and the
Naugatuck River at Beacon Falls, Conn.—three
stations significantly affected by urban land use; this
relation indicates that inputs are relatively constant and
increasing discharge tends to dilute them.
Concentrations increase at low flows, when point
discharges are major influences. Conversely, low
concentrations of phosphorus, regardless of
streamflow, characterize the water quality of the two
stations with sparsely populated drainage basins—the
Salmon River near East Hampton, Conn., and the
Saugatuck River near Redding, Conn.

Data from three stations, the Connecticut River
at North Walpole, N.H., and at Thompsonville, Conn.,

and the Housatonic River at Stevenson, Conn., indicate
the impacts of flow regulation and discharge volume.
In spite of the wide range of discharges at these sta-
tions, the concentration ranges do not vary greatly. The
North Walpole and Stevenson stations are just down-
stream from hydropower dams. The effects of dis-
charge regulation at Stevenson are most striking, with
two distinct groupings of concentration measurements
at about 100 and 5,000 ft3/s, reflecting nongenerating
and peak power-generating discharges. Reservoir
releases farther upstream affect discharges at Thomp-
sonville and the magnitude of the discharge dilutes any
high nutrient concentrations contributed from smaller
tributary streams or from point sources.
Suspended-sediment concentrations follow
somewhat different patterns with respect to discharge,
but stations and data are fewer (fig. 48). Suspended-
sediment deposition is not perceived as a major
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EXPLANATION
(see plate 1 and table 23)
MAP NO. STATION NAME
2 Shetucket River at South Windham, Conn.
4 Quinebaug River at Jewett City, Conn.
5 Connecticut River at North Walpole, N.H.
6 Connecticut River at Thompsonville, Conn.
12 Salmon River near East Hampton, Conn.
15 Housatonic River at Stevenson, Conn.
—— LOWESS SMOOTH

Figure 48. Relation between suspended-sediment concentrations and discharge at selected stations in the
Connecticut, Housatonic, and Thames River Basins study unit. (Data from U.S. Geological Survey's National Water
Information System data base.)
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problem in the study unit. The physiography and agri-
cultural practices are such that sedimentation is only
infrequently a local problem. Suspended-sediment con-
centrations generally increase with increasing stream-
flow, especially for the high discharges at stations with
long-term data. High discharges resuspend sediments
that have settled between hydrologic events and carry
particles off land surfaces to streams. Most suspended-
sediment concentrations for all selected stations range
from 10 to 30 mg/L. Deviations from this range, or a
greater variability at any given station generally are
associated with high discharges. Suspended-sediment
concentrations are highest at high discharges, such as
those for the Connecticut River at North Walpole,
N.H., and Thompsonville, Conn.

Constituent Loads

Annual Loads

Loads of total nitrogen and total phosphorus
were calculated for low, high, and median discharge
years for six water-quality stations in the study unit
(table 18), using the USGS’s Estimator computer pro-
gram (Cohn and others, 1992). Load estimates were
based on a simple log-linear concentration model that
used functions of two explanatory variables, flow and
time.

All estimated loads were significantly and posi-
tively related to the log of discharge (coefficient a,
table 19) Statistically significant positive quadratic
relations with the log of discharge squared (coefficient
b, table 19) are noted at the Naugatuck River at Beacon

Table 18. Estimated annual loads of total nitrogen and total phosphorus at selected water-quality sampling stations in Connect-
icut during typical low-, high-, and median-flow water years, based on annual mean discharge

[Map No.: See plate 1 for location of water-quality sampling stations and table 23 for summary of data. Stations are presented in order of increasing drainage

area. kg, kilogram; ft%/s, cubic foot per second; miZ, square mile]

Calibration period

Low-flow load

Ma Drainage - Low- Mean -
N op Station name area  Nitrogen, Phosphorus, flow discharge Nitrogen, Phosphorus,
. (mi?) total total year (f3/s) total total
(kg x10%) (kg x 10%) (kg x10%) (kg x10%)
17  Saugatuck River near Redding 21.0 10/73-9/92 10/71-9/92 1985 20.2 12.6 0.456
12 Salmon River at East Hampton 100 10/73-9/91 10/73-9/91 1981 116 80.3 3.13
13 Quinnipiac River at Wallingford 115 7/72-9/92  7/72-9/92 1981 137 410 61.3
16 Naugatuck River at Beacon Falls 260 7/74-9/92  7/74-9/92 1981 331 1,150 140
15 Housatonic River at Stevenson 1,544 10/73-9/92 10/71-9/92 1981 1,550 1,470 75.3
6 Connecticut River at Thompsonville 9,660 10/72-9/91  1/70-9/92 1985 10,900 9,380 664
High-flow load Median-flow load
High-  Mean - Median-  Mean -
Station name flow discharge Nitrogen, Phosphorus, flow discharge Nitrogen, Phosphorus,
vear (ft%/s) total total year (f/s) total total
(kgx10°%) (kg x 10°) (kgx10°) (kgx10%)
Saugatuck River near Redding 1978 58.6 27.2 1.52 1990 46.6 28.6 0.941
Salmon River at East Hampton 1979 271 187 12.5 1975 200 94 4.76
Quinnipiac River at Wallingford 1983 310 640 78.3 1991 240 577 54.5
Naugatuck River at Beacon Falls 1983 773 1,800 192 1980 594 1,500 165
Housatonic River at Stevenson 1976 3,740 2,780 199 1982 2,720 2,610 131
Connecticut River at Thompsonville 1990 22,300 17,200 881 1987 17,700 13,200 862
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Falls, Conn., for total nitrogen and phosphorus and at
the Salmon River near East Hampton, Conn., the Hou-
satonic River at Stevenson, Conn., and the Saugatuck
River near Redding, Conn., for phosphorus only.

For nitrogen loads, the linear time coefficient
(coefficient c, table 19) was statistically significant and
positive for the Saugatuck River near Redding, Conn.,
the Salmon River near East Hampton, Conn., the Hou-
satonic River at Stevenson, Conn., and the Connecticut
River at Thompsonville, Conn., indicating increasing
total nitrogen loads with time at these locations. The
linear time coefficient for total phosphorus was statisti-
cally significant and negative for the Quinnipiac River
at Wallingford, Conn., the Housatonic River at Steven-
son, Conn., and the Connecticut River at Thompson-
ville, Conn., indicating decreasing total phosphorus
loads with time.

Seasonal effects were indicated by statistically
significant (p<0.05) positive coefficients (coefficients e
and f, table 19) for the sine or cosine terms of the load
models for total nitrogen in the Connecticut River at
Thompsonville, Conn., Housatonic River at Stevenson,
Conn., and Salmon near East Hampton, Conn., and for
total phosphorus in the Housatonic River at Stevenson,
Conn.

Estimated loads of total nitrogen and phosphorus
(table 18) reflect characteristics of their station’s envi-
ronmental settings and also are related to the sizes of
their drainage basins (tables 9 and 27). Estimated
annual loads are smallest for the two stations with the
smallest drainage areas. However, the Saugatuck River
near Redding, Conn., and the Salmon River at East
Hampton, Conn., also have high percentages of for-
ested land use with no major point sources. The Saug-
atuck station has substantial, low-population-density,
unsewered residential areas. For the low, high, and
median discharge years selected, the ratios of estimated
total nitrogen and total phosphorus loads between the
two basins are roughly proportional to their drainage-
basin areas. Although the annual mean discharges in
the years selected differ considerably between these
stations, the ratios of annual mean discharges between
stations remain relatively consistent for each of the
three discharge conditions selected.

The Quinnipiac River at Wallingford, Conn.,
drains approximately the same number of square miles
as the Salmon River station (115 compared to 100 mi?),
but has a highly urbanized drainage basin, containing
numerous point-source discharges. Although their

annual mean flows during low, median, and high dis-
charge years are comparable, their estimated loads dif-
fer greatly. The estimated loads of nitrogen and
phosphorus carried by the Quinnipiac River greatly
exceed those carried by the Salmon River. By contrast,
the Naugatuck River at Beacon Falls, Conn., drains an
urbanized basin about 2.3 times the area of the Quin-
nipiac River Basin at Wallingford and transports about
two to three times the total nitrogen and phosphorus
loads; the ratio of their annual mean flows is similar to
the ratio between their basin areas and nutrient loads.

Total nitrogen and total phosphorus loads at the
Housatonic River at Stevenson, Conn., and the Con-
necticut River at Thompsonville, Conn., which drain
1,544 and 9,660 mi?, respectively, are roughly propor-
tional to their drainage areas. Their drainage basins
integrate a wide variety of environmental settings and
cannot be uniquely classified.

Loads for the six sites investigated fit a pattern
associated with drainage area and environmental set-
ting (fig. 49). Within lightly developed, forested, or
urban basins, loads are clearly functions of drainage
area. The two integrator basins also exhibit loads pro-
portional to their drainage areas. For a given drainage
area, highly urbanized basins transport substantially
larger loads of nitrogen and phosphorus than forested
basins. Available information is insufficient to evaluate
load characteristics of drainage basins dominated by
agriculture in the study unit.

As noted previously, an historic negative bias in
total phosphorus data may indicate that environmental
concentrations of total phosphorus are greater than
reported concentrations under some conditions. The
effect of this bias is believed to be negligible for large,
integrator basins and relatively undeveloped smaller
basins during median and low-flow conditions. The
bias may be a factor during extreme high flows in some
basins, and in small, highly urbanized basins under all
streamflow conditions. Reported phosphorus loads
under these circumstances may be underestimated.

Point-Source Loads

Data on point-source discharges to individual
drainage basins of the study unit were obtained from
the USEPA, in the PCS of the NPDES, and from the
Commonwealth of Massachusetts (Massachusetts
Department of Environmental Quality Engineering,
1984, 1985a, 1985b, 1986a, 1986b, 1986¢c, 1988;
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Figure 49. Estimated loads of total nitrogen and phosphorus during median streamflow years at selected surface-water-quality
stations in Connecticut.
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Massachusetts Department of Environmental
Protection, 1989). The study unit contains 177 point-
source dischargers with volumes exceeding 1 Mgal/d
(fig. 50). Most of these point sources are in
Massachusetts and Connecticut and most discharge
directly into the Connecticut, Quinebaug, Naugatuck,
Pequabuck, and Quinnipiac Rivers, or to Long Island
Sound. In New Hampshire and Vermont, the only large
dischargers are sewage-treatment plants and paper-
processing facilities. The number of industrial
dischargers substantially increases in Connecticut.
Inconsistent data-collection requirements in the study
unit among the various States, especially differences in
constituents monitored, precluded making reasonable
estimates of nutrient loadings.

From 1983 to 1988, the Massachusetts Depart-
ment of Environmental Protection (MDEP) (1989)
conducted several synoptic studies of nutrients in sew-
age effluent, covering those parts of all the basins in the
study unit that lie in Massachusetts. Samples in the
Connecticut River drainage basin were collected at 31
sewage-treatment plant outfalls. Nutrient analyses
included Kjeldahl (organic plus ammonia) nitrogen,
ammonia-nitrogen, nitrate-nitrogen, and total phospho-
rus. Plant discharge was measured during each sam-
pling and loads were calculated for each water-quality
constituent at the 31 plants. A statistical summary of
nutrient concentrations and loads from all 31 plants is
shown in table 20. Loadings from sewage-treatment
plants into the Connecticut River drainage basin in
Massachusetts were 7,134 kg/d of total nitrogen
(2.6 million kg/yr) and 950 kg/d of total phosphorus
(0.35 million kg/yr).

Nitrogen Loads from Atmospheric Deposition

Atmospheric loads of nitrogen were calculated
for the study unit based on data from six NADP sites
(table 21). Estimates were made for wet, dry, and drop-
let deposition of nitrate-nitrogen, for deposition of total
ammonia, and for deposition of total nitrogen
(table 22).

Sisterson (1990) reports that total wet nitrogen
deposition accounts for 42 percent of the total nitrogen
deposition for the Eastern United States, including
urban wet deposition. Urban-effect deposition (wet
plus dry) comprises 28 percent of the total nitrogen
deposition in the Eastern United States. Total wet depo-
sition accounts for as much as 60 percent of the total
nitrogen deposition (in the Willimantic River drainage
basin), or as little as 42 percent of the total (in the Nor-
walk River drainage basin). All basins in the study unit
receive a higher percentage of total nitrogen deposition
from wet deposition than do other Eastern United
States sites on average, possibly because New England
receives more annual precipitation. The basins with the
lowest proportion of wet to total deposition are in the
more urbanized areas of western Connecticut. Those
basins with a high proportion of wet to total deposition
generally are in the northern and eastern parts of the
State.

The ratio of urban-effect deposition to total dep-
osition varies widely across the study unit. In the north
(Connecticut River at North Walpole, N.H.), the urban
effect is quite small (4 percent of the total nitrogen dep-
osition), reflecting that area’s distance from large urban
centers. In the southern urbanized areas, especially the

Table 20. Statistical summary of nutrient concentrations and loads from 31 sewage-treatment plants in Massachusetts,

1983-88

[Data from Massachusetts Department of Environmental Protection, 1989. mg/L, milligram per liter; kg/d, kilogram per day)

Percentile
Constituent
Minimum 25th 50th (median) 75th Maximum

Concentrations (mg/L)

Nitrogen, total (as N) 3.82 1091 19.75 29.7 45.7

Nitrogen, nitrate plus ammonia (as N) .16 5.71 10.0 13.85 23.25

Nitrogen, kjeldahl (as N) 2.25 5.4 10.0 16.0 32.0

Phosphorus, total (as P) 31 14 2.66 44 14.65
Loads (kg/d)

Nitrogen, total (as N) 1.0 7.0 50 260 2,621

Phosphorus, total (as P) 25 1.7 54 38 330
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Figure 50. Permitted surface-water dischargers with discharge volumes greater than 1 million gallons per day under the
National Pollutant Discharge Elimination System. (Data from the U.S. Environmental Protection Agency, 1990.)

110 Water-Quality Assessment for Connecticut, Housatonic, and Thames River Basins Study Unit, 1972-92



Table 21. Locations and altitudes of National Atmospheric
Deposition Program stations used to calculate nutrient
deposition

] ) Altitude
Station name La.tlfu”de Lor}g’lt:xde a(;?)?e

sea level)
Quabbin Reservoir, Mass. 42 23 33 72 2040 1,004
Hubbard Brook, N.H. 43 56 35 714212 820
Knobit, N.Y. 4222 42 7330 10 1,332
West Point, N.Y. 4121 03 740255 659
Bennington, Vt. 42 52 34 730948 1,001
Underhill, Vt. 44 31 42 725208 1,309

Quinnipiac River and Norwalk River Basins, the ratios
are 57 and 66 percent, respectively. Even in relatively
nonurbanized areas of southwestern Connecticut (the
Saugatuck River Basin), the proportion of urban-effect
deposition is fairly high (42 percent), as a result of the
basin’s proximity to heavily urbanized areas.

An estimation of total nitrogen deposition per
unit area per year can be made by dividing total deposi-
tion by the basin area. Thus, deposition on a unit-area
basis in the Norwalk River Basin in Connecticut is
about twice that in the Housatonic River Basin near
New Milford, Conn., or the Still River at Riverton,
Conn. For most of the basins, the amount of nitrogen
deposition is about 2,200 to 2,400 kg/yr/miz. In the
Quinnipiac and Norwalk River Basins, which are
highly urbanized and close to other urban areas, the
deposition is about 3,300 and 4,000 kg/yr/mi2,
respectively—much higher than in the other basins.

The effects of the corrections made to the data
(see section on "Atmospheric Deposition Estimation")
must not be minimized. The variations in wet, dry, and
total deposition estimates among basins result almost
entirely from variations in the area and the percentage
of urban area used in the calculations. Variations in the
median areal deposition among NADP stations are
small by comparison.

Assessment of Nutrient Loads

Numerous factors complicate determination of
the contributions of various components of the total
nutrient loads in the study unit. First of all, the areal
distribution of surface-water-quality data is strongly
skewed toward the southern section of the study unit,
particularly Connecticut. This is a valuable distribution

of data for estimating loads to areas bordering Long
Island Sound. However, this data distribution makes it
difficult to obtain a more complete understanding of
the hydrologic processes affecting water quality
throughout the study unit. The data reported here
account for surface water, atmospheric inputs (esti-
mates from NADP data) to the study unit in general,
and some point source discharges from treatment
plants in Massachusetts. Contributions of ground
water, additional point sources, and nonpoint sources
of nutrients are not documented and deserve additional
study. Rates of movement of nutrients and other mate-
rials from terrestrial areas to the aquatic media—that
is, to surface and ground waters, are unknown.

The highly regulated nature of streams in New
England also increases the difficulty of assessing mass
movement through the system. Nutrients and sus-
pended sediment may settle in impoundments and only
occasionally are released. Water-quality-sampling sta-
tions would be needed just downstream from a greater
number of dams to estimate the amount of nutrients
released. Additional information needed would include
in-pool data to help determine the source of released
nutrients (sediment release, resuspension, or water
column).

Despite these limitations, it is useful to attempt a
synthesis, or compilation, of data in order to direct fur-
ther work in the study unit. The strongest data sets
come from NWIS stations for Connecticut and provide
the basis for estimating loads leaving the nontidally
affected parts of rivers in the southern part of the study
unit. For median discharge water years, the estimated
loads for six river basins (table 18) which account for
about 75 percent of the surface water discharged from
the study unit, amount to 18 X 10%kg/yr of nitrogen and
1.2 x 10° kg/yr of phosphorus. These loads represent,
approximately, the nutrient output of the study unit.

The total nutrient inputs to the study unit are less
well substantiated. Data on estimated atmospheric
loadings of nitrate and ammonia for about 80 percent
the study unit show a total input of about 32 X
10° kg/yr of nitrogen; comparable phosphorus data do
not exist. Atmospheric deposition is unlikely to be a
significant source of phosphorus. Estimates of agricul-
tural fertilizer use have not been quantitatively linked
to surface-water quality and the processes that control
movement of fertilizer compounds to surface water and
ground water are not fully understood. Currently, data
have not been compiled on the discharge of nutrients
from ground water to surface water of the study unit.
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ARMP nitrate data provide information on the
quality of surface water of Massachusetts, but generat-
ing any load estimates from these data would be diffi-
cult. Point-source loads for the Connecticut River
Basin in Massachusetts total 2.6 x 100 kg/yr of nitro-
gen and 0.35 x 10° kg/yr of phosphorus. Comparable
point-source data are not currently available elsewhere
in the study unit. North of Massachusetts, water-quality
data of any kind are limited.

Thus, about 35 x 10° kg/yr of nitrogen and
0.35 x 10%kg/yr of phosphorus reaching land and water
in the study unit can be accounted for. At least 18 x 10°
kg/yr of nitrogen and 1.2 x 100 kg/yr of phosphorus are
estimated to leave the nontidal parts of the study unit
annually during a year of median streamflow condi-
tions. There are substantial gaps in information on
nutrient inputs to the study unit. Point-source-loading
data for Connecticut, New Hampshire, and Vermont
are needed to augment these data. Additional informa-
tion regarding the processes by which atmospheric and
fertilizer nutrients move to the streams in the study unit
would provide a better understanding of the mecha-
nisms affecting water quality and the effects of non-
point sources on total nutrient loads in the study unit.

CONCLUSIONS

Most of the analytical data for concentrations
of nutrients, suspended sediment, and pesticides in
ground water and surface water pertain to the southern
part of the study unit, most of which is in Connecticut.
Although most of the reviewed data-collection
activities to date focused in one State, the implications
of these data analyses can be extrapolated to other
comparable environmental settings throughout the
study unit. Additionally, several water-quality stations
located in Connecticut integrate water-quality effects
of upstream drainage areas in Massachusetts, New
Hampshire, Vermont, New York, Rhode Island, and
Quebec.

Data on nutrients in surface water are abundant
but unevenly distributed. In Connecticut, surface-water
samples were collected from most types of environ-
mental settings in the study area: large and small drain-
age basins, urbanized and forested basins, and most
geologic settings. The following areas and settings are
not well represented in the data for the study unit: the
northern part of the study unit, particularly New
Hampshire and Vermont; agricultural areas in all parts

of the study unit; small basins in areas underlain by
carbonate bedrock; and small forested basins in the
Connecticut Valley Lowland.

Suspended-sediment data are not abundant for
streams in the study unit. Long-term data are available
only for the larger basins. Information generally is
sparse for small drainage basins, agricultural areas, and
the northern part of the study unit.

Distribution of nutrient and suspended-sediment
data in relation to streamflow conditions is generally
good at stations with a substantial amount of data.
However, additional data on concentrations at the high-
est stream discharges would benefit load estimation for
all these water-quality constituents. Although concen-
tration data are present for some flows in the top 10th
percentile of flow, these data typically do not represent
the maximum discharges, which are responsible for
carrying most of the annual load for suspended sedi-
ment and possibly other constituents. Furthermore, the
highest loads are associated with the onset of a flood
discharge and most of the above-mentioned data
probably were obtained as the discharge was abating.

Urban settings in the study unit are clearly
marked by substantially higher concentrations of nutri-
ents in surface water than sparsely populated, forested
areas. Median concentrations of nitrogen and phospho-
rus generally increase from north to south across the
study unit, following the pattern of increasing popula-
tion density and increasing proportion of urbanized
land. Median concentrations of nitrogen and phospho-
rus were highest at stations that monitor streams with
numerous major point discharges. Concentrations are
consistently high in the Pequabuck, Quinnipiac, Still
(near Danbury, Conn.), and Naugatuck Rivers, which
drain urbanized areas in central and southwestern
Connecticut.

Nitrogen in the surface water of the study unit is
a major water-quality concern primarily because of its
effects on freshwater aquatic life and its effects on
water quality and aquatic life in Long Island Sound. In
the fresh surface water of the study unit, nitrogen also
serves as an indicator of the extent of contamination
from various point and nonpoint sources.

Concentrations of total nitrite plus nitrate were
substantially less than 1.0 mg/L (as N), and in many
cases typically less than 0.5 mg/L in streams draining
forested basins, or basins with small percentages of
urbanized area. Concentrations of nitrate or nitrite plus
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nitrate exceed presumed background levels on many
streams in the study unit, but are well below the MCL
for nitrate in drinking water, even on some of the most
polluted streams.

Median concentrations of total phosphorus at 20
stations in the study unit exceed 0.1 mg/L—the con-
centration above which phosphorus is likely to cause
excessive aquatic plant growth in fresh surface water.
These stations include several large drainage basins
with mixed land uses, as well as smaller, heavily
urbanized basins.

Data on suspended sediment are too sparse, and
too unevenly distributed among the environmental set-
tings of the study unit, to draw conclusions regarding
the relation of suspended-sediment concentrations to
environmental settings. However, suspended-sediment
concentrations generally do not constitute a major
water-quality problem in the study unit.

Nutrient data were analyzed for trend at 18
streamflow-gaging stations. These stations represent a
large part of the study unit although 17 of the stations
are in Connecticut. Trends in the concentration of total
nitrite plus nitrate increased at five stations, incorporat-
ing several environmental settings. Trends in the con-
centrations of total ammonia decreased at 11 stations.
Trends in the concentrations of total and dissolved
phosphorus decreased at 13 and 12 stations, respec-
tively. The decreasing trends in ammonia and phospho-
rus concentrations may be related to improvements in
sewage-treatment practices, or, in the case of phospho-
rus, to changes in agricultural fertilizer use or changes
in laundry detergent composition.

Loads of total nitrogen and total phosphorus
were estimated for six streamflow-gaging stations in
Connecticut, including two stations that drain parts of
other States in the study unit. Although the data are
limited, it appears that for comparable basin size, nutri-
ent loads from urbanized basins are substantially
greater than from forested basins. For a given basin
size, urbanized basins may deliver 3 to 5 times as much
nitrogen and 6 to 20 times as much phosphorus as pri-
marily forested basins on an annual basis. Loads were
approximately proportional to drainage area in similar
environmental settings.

Long-term water-quality information from areas
dominated by agriculture were not available to com-
pare with the quality of water affected by urban set-
tings, or to provide information on trends or loads in
basins dominated by agricultural nonpoint sources.
Thus, some future data-collection efforts need to focus

on water-quality effects caused by agricultural activi-
ties in the study unit, if these effects are considered to
be substantial. The effects of agriculture may need to
be assessed to obtain adequate baseline data for deter-
mining the direction and extent of future water-quality-
sampling activities.

Data are currently inadequate to calculate total
nutrient inputs to the basins of the study unit. More
extensive verified data are needed to quantify major
point source loads in some States, and minor point
source loads in all States. Current estimates of the load
from atmospheric deposition incorporate numerous
qualifying assumptions and considerable uncertainty.
Additional understanding is needed of the processes by
which nitrogen and phosphorus move from nonpoint
sources, particularly agricultural nonpoint sources, to
the surface watér of the several environmental settings
in the study unit. The extent to which ground-water
discharge contributes nitrogen and phosphorus to
surface water is unknown.

Although nutrient loads were estimated for sev-
eral major streams in the study unit, analyses were lim-
ited to freshwater, nontidal environments. Where
streams enter tidal, estuarine areas and mix with salt-
water, the processes affecting the fate of nutrients are
not fully understood. This lack of knowledge limits
evaluation of the amount and timing of actual nutrient
loads delivered by streams to Long Island Sound.

Nutrient data were compiled from nearly 2,000
wells throughout the study unit. Although the areal dis-
tribution of nutrient sampling in ground water is more
extensive than in surface water, sampling is much less
frequent at individual wells than at water-quality
sampling stations. Wells in stratified-drift aquifers, the
most productive sources of ground water, account for
41 percent of the ground-water nutrient sampling sites.
High nitrogen concentrations in shallow ground water
were statistically related to tilled agricultural, residen-
tial, and commercial land uses. Nitrogen concentra-
tions in agricultural areas were high at the same
locations as pesticide detections. The frequency of
nitrate concentrations exceeding USEPA drinking-
water standards was low, and confined to only the
shallowest wells.

Data indicated that pesticide occurrence and
distribution in surface and ground water of the study
unit are much more limited than nutrient data. The bulk
of the pesticide data for surface water are for
Connecticut, where a significant proportion of these
data come from monitoring of public drinking-water
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supplies. Comprehensive analytical coverage is
lacking, as only a relatively small number of pesticide
compounds were analyzed—primarily organochlorine
insecticides no longer in use.

Specific pesticide compounds were targeted in a
number of studies done on ground water in Connecti-
cut, resulting in considerably more data than are avail-
able for pesticides in surface water. Most of the data
were from shallow observation wells installed in agri-
cultural settings. Soluble herbicides were the most
commonly detected compounds, but their concentra-
tions seldom exceeded drinking-water guidelines. The
most extensive ground-water contamination in the
study unit was associated with former widespread use
of the soil fumigant EDB in tobaéco~growing areas,
with several hundred wells exceeding drinking-water
guidelines.

Future pesticide data-collection efforts are
needed to provide more comprehensive analytical cov-
erage, particularly soluble pesticide compounds in sur-
face and ground water. Additional sampling is needed
to identify pesticides associated with agricultural land
use in the northern part of the study unit, and with
urban land uses in the southern part. Information on the
seasonal variability of pesticide occurrence in surface-
and ground-water runoff also is needed.
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Table 24. Number of ground- and surface-water sites with pesticide water-quality data in the Connecticut, Housatonic, and
Thames Rivers study unit

[Pesticides are in micrograms per liter unless otherwise noted. NWIS, U.S. Geological Survey’s National Water and Information System; STORET, U.S.
Environmental Protection Agency’s Storage and Retrieval system. Ground-water data include samples from wells (water years 1978-89) and springs (water
year 1988); surface water includes samples from streams (water years 1969-92 from NWIS and 1962-87 from STORET), estuaries (water years 1971-76 from
NWIS), and lakes (water years 1975-91 from NWIS and 1973-74 from STORET).

DDD, dichlorodiphenlydichloroethane; DDE, dichloro-diphenyldichloroethylene; DDT, dichlorodiphenyltrichloroethane; DEF, S,S,S-tributylphosphorot-
rithioate; 2,4-D, (2,4-dichlorophenoxy) acetic acid; 2,4-DP, 2-(2,4-dichlorophenoxy) propionic acid; 2,4,5-T, (2,4,5-trichlorophenoxy) acetic acid; DCPA,
dimethyltetrachloroterephthalate. pg/L., microgram per liter; pg/kg, microgram per kilogram. --, no data]

NWIS STORET
Ground water Surface water Surface water
Sites Samples ~ Sites Samples  Sites Samples

Parame-
ter code

Pesticide

Organochlorine Insecticides

Aldrin, dissolved 39331 25 25 7 12 0 0
Aldrin, total 39330 130 156 42 182 3 21
Aldrin, bottom material (ug/kg) 39333 0 0 82 200 4 4
Chlordane, dissolved 39352 25 25 7 12 0 0
Chlordane, total 39350 130 156 42 176 5 5
Chlordane, bottom material (ug/kg) 39351 0 0 82 200 2 2
Chlorobenzilate, total 39460 0 0 1 1 0 0
DDD, dissolved 39361 25 25 7 12 0 0
DDD, total 39360 130 156 42 184 3 21
DDD, bottom material (ug/kg) 39363 0 0 82 200 3 3
DDE, dissolved 39366 25 25 7 12 0 0
DDE, total 39365 130 156 42 184 3 21
DDE, bottom material (ng/kg) 39368 0 0 82 201 3 3
DDT, dissolved 39371 25 25 7 14 0 0
DDT, total 39370 130 156 42 184 3 21
DDT, bottom material (ng/kg) 39373 0 0 82 201 3 3
Dieldrin, dissolved 39381 25 25 7 12 0 0
Dieldrin, total 39380 130 156 42 184 3 21
Dieldrin, bottom material (ng/kg) 39383 0 0 82 201 0 0
Endosulfan, dissolved 82354 23 23 0 0 0 0
Endosulfan, total 39388 130 156 22 65 0 0
Endosulfan, bottom material (ug/kg) 39389 0 0 10 12 0 0
Endrin, dissolved 39391 25 25 7 12 0 0
Endrin, total 39390 130 156 42 183 5 23
Endrin, bottom material (ug/kg) 39393 0 0 82 201 0 0
Heptachlor, dissolved 39411 25 25 7 12 0 0
Heptachlor, total 39410 130 156 42 183 6 24
Heptachlor, bottom material (jg/kg) 39413 0 0 82 201 3 3
Heptachlor epoxide, dissolved 39421 25 25 7 12 0 0
Heptachlor epoxide, total 39420 130 156 42 150 5 23
Heptachlor epoxide, bottom material (ug/kg) 39423 0 0 82 201 3 3
Isodrin, dissolved 39431 0 0 2 2 0 0
Isodrin, total 39430 0 0 1 1 0 0
Lindane, dissolved 39341 25 25 7 14 0 0
Lindane, tota 39340 130 156 42 183 3 21
Lindane, bottom material (ug/kg) 39343 0 0 82 201 2 2
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Table 24. Number of ground- and surface-water sites with pesticide water-quality data in the Connecticut, Housatonic, and
Thames Rivers study unit—Continued

NWIS STORET
Pesticide f :;2;":; Ground water Surface water Surface water
Sites Samples Sites Samples Sites Samples
Organochlorine Insecticides—Continued
Methoxychlor, dissolved 82350 23 23 0 0 0 0
Methoxychlor, total 39480 127 153 20 25 2 2
Methoxychlor, bottom material (ug/kg) 39481 0 0 13 15 1 1
Mirex, dissolved 39756 25 25 7 12 0 0
Mirex, total 39755 129 155 24 46 0 0
Mirex, bottom materials (ug/kg) 39758 0 0 10 11 0 0
Perthane, dissolved 82348 23 23 0 0 0 0
Perthane, total 39034 128 154 20 40 0 0
Perthane, bottom material (pg/kg) 81886 0 0 10 12 0 0
Toxaphene, dissolved 39401 25 25 7 12 0 0
Toxaphene, total 39400 130 156 42 150 2 2
Toxaphene, bottom material (ug/kg) 39403 0 0 83 202 2 2
Organophosphorus Insecticides
Chlorpyrifos, total recoverable -- 110 110 0 0 0 0
DEF, total 39040 86 86 0 0 0 0
Diazinon, dissolved 39572 13 13 0 0 0 0
Diazinon, total 39570 126 149 27 106 0 0
Diazinon, bottom material (ug/kg) 39571 0 0 51 128 0 0
Disulfoton (Disyston), total 39011 88 88 0 0 0 0
Ethion, dissolved 82346 13 13 0 0 0 0
Ethion, total 39398 126 149 27 101 2 2
Ethion, bottom material (ug/kg) 39399 0 0 51 128 0 0
Fonofos, (Dyfonate), total - 88 88 0 0 0 0
Malathion, dissolved 39532 13 13 0 0 0 0
Malathion, total 39530 126 149 27 107 0 0
Malathion, bottom material (pg/kg) 39531 0 0 51 128 0 0
Methyl parathion, dissolved 39602 13 13 0 0 0 0
Methyl parathion, total 39600 126 149 27 107 0 0
Methyl parathion, bottom material (ug/kg) 39601 0 0 51 128 2 2
Methyl trithion, dissolved 82344 13 13 0 0 0 0
Methy! trithion, total 39790 126 149 27 104 0 0
Methyl trithion, bottom material (ug/kg) 39791 0 0 51 128 0 0
Parathion, dissolved 39542 13 13 0 0 0 0
Parathion, total 39540 126 149 27 107 0 0
Parathion, bottorn material 39541 0 0 51 128 0 0
Phorate, total 39023 88 88 0 0 0 0
Trithion, dissolved 82342 13 13 0 0 0 0
Trithion, total 39786 126 149 27 103 0 0
Trithion, bottom material (ug/kg) 39787 0 0 51 128 0 0
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Table 24. Number of ground- and surface-water sites with pesticide water-quality data in the Connecticut, Housatonic, and
Thames Rivers study unit—Continued

NWIS STORET
Pesticide :’;r::)ndee- Ground water - Surface water “Surface water
Sites Samples ~ Sites Samples ~ Sites Samples
Carbamate Insecticides
Aldicarb, total 82619 133 171 0 0 0 0
Aldicarb sulfone, total 82587 133 171 0 0 0 0
Aldicarb sulfoxide, total 82586 133 171 0 0 0 0
Carbofuran, total 82615 133 171 0 0 0 0
3-hydroxy Carbofuran, total 82584 133 171 0 0 0 0
Methomy], total 39051 133 171 0 0 0 0
1-Naphthol, total 77441 133 171 0 0 0 0
Oxyamyl, total 82613 133 171 0 0 0 0
Propham, total 39052 133 171 0 0 0 0
Sevin, total 39750 133 171 0 0 0 0
Benzoic, Chlorophenoxy-Acid, and Pyridine Herbicides
Dicamba, (Banvel), total 82052 57 97 0 0 0 0
2,4-D, dissolved 39732 13 13 7 12 0 0
2,4-D, total 39730 149 191 27 106 2 2
2,4-D, bottom material (ug/kg) 39731 0 0 54 102 1 1
2,4-DP, dissolved 82356 13 13 0 0 0 0
2,4-DP, total 82183 149 192 7 9 0 0
Picloram, total 39720 52 92 0 0 0 0
Silvex, dissolved 39762 13 13 7 10 0 0
Silvex, total 39760 149 192 27 107 0 0
Silvex, bottom material (Lg/kg) 39761 0 0 54 102 0 0
2,4,5-T, dissolved 39742 13 13 7 10 0 0
2,4,5-T, tota 39740 149 192 27 106 2 2
2,4,5-T, bottom material (ug/kg) 39741 0 0 54 102 1 1
Acetamide, Triazine, and Trifloromethyl Herbicides
Alachlor, dissolved 46342 0 0 3 28 0 0
Alachlor, total 77825 143 265 0 0 0 0
Ametryn, dissolved 38401 0 0 3 28 0 0
Ametryne, total 82184 143 265 0 0 0 0
Atrazine, dissolved 39633 0 0 3 28 0 0
Atrazine, total 39630 143 265 0 0 0 0
Cyanazine, dissolved 04041 0 0 3 28 0 0
Cyanazine, total 81757 143 265 0 , 0 0 0
Desethylatrazine, dissolved 04040 0 0 3 28 0 0
Deisopropylatrazine, dissolved 04038 0 0 3 28 0 0
Metolachlor, dissolved 39415 0 0 3 28 0 0
Metolachlor, total 82612 143 265 0 0 0 0
Metribuzin, dissolved 82630 0 0 3 28 0 0
Metribuzin, total 82611 143 265 0 0 0 0
Prometon, dissolved 04037 0 0 3 28 0 0
Prometon, total 39056 143 265 0 0 0 0
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Table 24. Number of ground- and surface-water sites with pesticide water-quality data in the Connecticut, Housatonic, and
Thames Rivers study unit—Continued

Parame- Nwis AE
Pesticide ter code Ground water Surface water Surface water

Sites Samples  Sites Samples  Sites Samples
Acetamide, Triazine, and Trifluromethyl Herbicide—Continued

Prometryn, dissolved 04036 0 0 3 28 0 0
Prometryn, total 39057 143 265 0 0 0 0
Propazine, dissolved 38535 0 0 3 28 0 0
Propazine, total 39024 143 265 0 0 0 0
Simazine, dissolved 04035 0 0 3 28 0 0
Simazine, total 39055 143 265 0 0 0 0
Simetryn, total 39054 143 265 0 0 0 0
Trifluralin, total 39030 143 265 0 0 0 0
Urea, Uracil, and Other Pesticides
DCPA (Dacthal) plus metabolites, total - 16 20 0 0 0 0
Diuron, total -- 7 7 0 0 0 0
Terbacil, total -- 0 0 0 0
Ethylene thiourea, total - 11 11 0 0 0 0
Volatile Organic Compounds
1,2-Dibromoethane, total 77651 8 8 0 0 0 0
1,2-Dibromoethylene, total 39082 129 146 2 2 0 0
1,1-Dichloroethane, total 34496 138 173 8 9 4 6
1,1-Dichloroethylene, total 34501 138 173 8 9 4 6
1,2-Dichloropropane, total 34541 146 181 8 9 4 6
1,3-Dichloropropene, total 34561 146 181 8 9 0 0
Semivolatile Compounds
Acenaphthene, total 34205 11 11 0 0 0 0
Acenaphthene, bottom material (ug/kg) 34208) 0 0 14 16 0 0
Acenaphthylene, total 34200 11 11 0 0 0 0
Acenaphthylene, bottom material (ug/kg) 34203 0 0 14 16 0 0
1,2-Dichlorobenzene, total 34536 129 157 2 2 0 0
1,2-Dichlorobezene, bottom material (Lug/kg) 34539 0 0 14 16 0 0
1,3-Dichlorobezene, total 34566 129 157 2 2 0 0
1,3-Dichlorobezene, bottom material (Lg/kg) 34569 0 0 14 16 0 0
1,4-Dichlorobezene, total 34571 129 157 2 2 0 0
1,4-Dichlorobezene, bottom material (ng/kg) 34574 0 0 14 16 0 0
Diethylphthalate, total 34336 11 11 0 0 0 0
Diethylphthalate, bottom material (pg/kg) 34339 0 0 14 16 1 I
Dimethylphthalate, total 34341 11 11 0 0 0 0
Dimethylphthalate, bottom material (ng/kg) 34344 0 0 14 16 0 0
Hexachlorobenzene, total 39700 11 11 0 0 0 0
Hexachlorobenzene, bottom material (ng/kg) 39701 0 0 14 16 0 0
Naphthalene, total 34696 11 11 0 0 0 0
Pentachlorophenol, bottom material (ug/kg) 39061 0 0 14 16 0 0
1,2,4-Trichlorobenzene, total 34551 11 11 0 0 0 0
1,2,4-Trichlorobenzene, bottom material (ug/kg) 34554 0 0 14 16 0 0
2,4,6-Trichlorophenol, total 34621 11 11 0 0 0 0
2,4,6-Trichlorophenol, bottom material (ug/kg) 34624 0 0 14 16 0 0
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey's National

Water Information System (NWIS) for selected water-quality stations in the Connecticut, Housatonic, and Thames Rivers study
unit, water years 1972-92

[Map No.: See plate 1 for location of water-quality stations and table 23 for summary of data. Quartile values are not necessarily representative of the annual
conditions nor are they necessarily representative of the seasonal variations, because all months and years were not equally represented. For each constituent,

stations are listed in order of increasing median concentrations. mg/L, milligram per liter; <, actual value is less than value shown]

Percentage of observations in

Period of NUMber  ypich concentrations were
l\‘llap Station name record °f Watel-  jeqs than or equal to those

0. quality

(wateryear) o e shown
75 50 25
Nitrogen, total, as N (mg/L)
38 Black River at Weathersfield, Vt. 1977-81 27 0.37 0.31 0.24
37 Black River near Hawk Mountain, below Cavendish, Vt. 1977-81 28 43 33 27
39 Black River at Tolles Hill Dam near Weathersfield, Vt. 1977-81 28 44 .34 28
40 Black River at North Springfield, Vt. 1977-81 28 .50 .36 31
34 Black River above Ludlow, Vt. 1979-81 16 47 .38 .30
41 Black River at Gilman Dam, in Springfield, Vt. 1977-81 28 .56 .40 32
36 Black River below Cavendish, Vt. 1977-81 28 .53 43 .36
8 Burlington Brook near Burlington, Conn. 1972-92 208 .60 43 .33
50 West Branch Swift River near Shutesbury, Mass. 1984-85 58 .66 43 33
35 Black River above Cavendish, Vt. 1977-81 28 .59 45 35
17 Saugatuck River near Redding, Conn. 1972-92 382 .69 .50 37
9 Farmington River at State Highway 4, at Unionville, Conn. 1974-91 320 .70 .52 41
45 Connecticut River near Northfield, Mass. 1975-80 54 .62 53 44
19 Natchaug River at U.S. Highway 6, at Willimantic, Conn. 1974-80 75 .63 .55 48
42 Black River below Springfield, Vt. 1977-81 28 72 .58 47
12 Salmon River near East Hampton, Conn. 1972-92 207 .80 .60 45
46 Connecticut River at Holyoke, Mass. 1975-80 54 1 .61 .52
44 Connecticut River at Walpole, N.H. 1975-80 62 77 .62 44
49 East Branch Fever Brook near Petersham, Mass. 1989-81 27 .98 .63 44
31 Connecticut River at Wells River, Vt. 1975-91 23 .76 .65 St
76 Shepaug River near Roxbury, Conn. 1974-92 191 .80 .69 .50
55 Connecticut River at Agawam, Mass. 1973-80 54 91 12 57
61 Porter Brook near Manchester, Conn. 1975-81 74 .88 .76 .64
1 Willimantic River at Merrow, Conn. 1974-92 201 1.0 .76 .60
81 Norwalk River at Cannondale, Conn. 1976-78 22 .96 .76 .64
78 East Aspetuck River (inflow site 23) at New Preston, Conn. 1974-76 28 .92 .80 72
80 Norwalk River at Georgetown, Conn. 1976-78 22 1.0 .81 .61
82 Norwalk River at South Wilton, Conn. 1976-78 22 .99 .81 57
29 Yantic River at Yantic, Conn. 1972-80 98 1.0 .86 .70
14 Housatonic River near New Milford, Conn. 1974-91 185 1.1 .87 73
15 Housatonic River at Stevenson, Conn. 1972-92 244 1.1 .88 73
2 Shetucket River at South Windham, Conn. 1974-92 234 1.1 .90 .70
18 Norwalk River at Winnipauk, Conn. 1981-92 152 1.2 .90 79
3 Quinebaug River at Quinebaug, Conn. 1981-92 127 1.2 .90 70
6 Connecticut River at Thompsonville, Conn. 1972-92 251 1.1 .90 a1
58 Farmington River at Windsor, Conn. 1974-76 27 1.1 94 .83
68 Housatonic River near Canaan, Conn. 1974-83 110 1.2 .96 .78
77 Pomperaug River at Southbury, Conn. 1972-79 16 1.1 .99 .78
7 Still River at Riverton, Conn. 1974-91 189 1.6 1.0 .68
20 Shetucket River near Willimantic, Conn. 1972-74 23 14 1.0 .85
22 Quinebaug River at Putnam, Conn. 1974-80 75 14 1.0 .81
57 Farmington River at Avon, Conn. 1974-91 91 1.5 1.1 .86
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study
unit, water years 1972-92—Continued

Percentage of observations in

M Period of NUMber  yhich concentrations were
ap Station name record of water- less than or equal to those
No. quality
(water year) records shown
75 50 25
Nitrogen, total, as N (mg/L)—Continued
4 Quinebaug River at Jewett City, Conn. 1972-92 246 13 1.1 0.90
67 Housatonic River near Sodom, Conn. 1984-91 85 14 1.1 .90
28 Quinebaug River at Pomfret Landing, Conn. 1974-80 75 1.5 1.2 .90
11 Farmington River at Tariffville, Conn. 1972-92 224 1.5 1.2 .94
56 Stony Brook near West Suffield, Conn. 1981-91 76 1.6 1.2 .99
60 Park River at Hartford, Conn. 1974-79 61 1.5 1.3 1.1
25 Tributary to Mill Brook at South Woodstock, Conn. 1981-83 19 2.1 1.5 1.1
26 Tributary to Peake Brook at South Woodstock, Conn. 1982-83 52 2.0 1.5 1.1
21 French River at Mechanicsville, Conn. 1974-91 196 2.3 1.6 1.1
24 Tributary to Mill Brook at Woodstock, Conn. 1981-83 17 1.95 1.6 90
79 Naugatuck River near Waterville, Conn. 1981-92 133 3.1 2.2 1.3
59 Podunk River at South Windsor, Conn. 1975-81 49 2.8 23 1.85
27 Tributary to Peake Brook at Harrisville, Conn. 1982-83 49 395 2.8 1.95
65 Quinnipiac River near Meriden, Conn. 1974-92 208 3.8 29 2.1
13 Quinnipiac River at Wallingford, Conn. 1972-92 261 4.0 33 2.5
16 Naugatuck River at Beacon Falls, Conn. 1974-92 232 5.2 34 2.13
75 Still River at Brookfield Junction, Conn. 197492 206 5.95 3.9 25
10 Pequabuck River at Farmington, Conn. 1974-92 207 6.3 4.2 2.7
Ammonia, dissolved, as N (mg/L)
50 West Branch Swift River near Shutesbury, Mass. 1983-85 46 .03 <.01 <.01
64 Dickinson Creek near Marlborough, Conn. 1986-90 50 .032 .01 .006
63 Schroeder Brook at South Marlborough, Conn. 1986-90 49 .027 .02 .007
47 Natty Pond Brook at Templeton Road near Hubbardston, Mass.  1985-87 16 .04 02 01
12 Salmon River near East Hampton, Conn. 1972-92 67 .06 .02 .01
76 Shepaug River near Roxbury, Conn. 1974-92 51 .05 .02 .01
18 Norwalk River at Winnipauk, Conn. 1981-92 54 .04 02 .01
8 Burlington Brook near Burlington, Conn. 1972-92 67 .06 .02 .01
52 Dickey Brook near Cooleyville, Mass. 1985-89 82 .06 .02 <.01
53 Dickey Brook tributary near Cooleyville, Mass. 1985-89 80 .04 .02 <01
44 Connecticut River at Walpole, N.H. 1975-80 12 .06 .03 012
59 Podunk River at South Windsor, Conn. 1975-81 37 05 .03 02
17 Saugatuck River near Redding, Conn. 1972-92 67 .07 .03 .01
19 Natchaug River at U.S. Highway 6, at Willimantic, Conn. 1974-80 51 .07 .03 .01
61 Porter Brook near Manchester, Conn. 1975-81 39 05 .03 .01
82 Norwalk River at South Wilton, Conn. 1976-78 19 .05 .03 .02
5 Connecticut River at North Walpole, N.H. 1980-91 52 .04 .03 .01
81 Norwalk River at Cannondale, Conn. 1976-78 22 055 04 .03
49 East Branch Fever Brook near Petersham, Mass. 1983-85 45 .08 .04 <.01
9 Farmington River at Unionville, Conn. 197491 51 .07 .04 .02
14 Housatonic River near New Milford, Conn. 1974-92 51 .06 .04 .02
1 Willimantic River at Merrow, Conn. 1974-92 51 12 .04 .01
31 Connecticut River at Wells River, Vt. 1980-86 37 .06 .04 .01
29 Yantic River at Yantic, Conn. 1972-80 75 11 .05 .01
48 Natty Pond Brook near Hubbardston, Mass. 1985-86 16 12 .05 .02
80 Norwalk River at Georgetown, Conn. 1976-78 21 A2 .06 .035
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study
unit, water years 1972-92—Continued

Percentage of observations in

Map _ Period of c::lmlt,ee; which concentrations were
Station name record " less than or equal to those
No. quality
(water year) records shown
75 50 25
Ammonia, dissolved, as N (mg/L)—Continued
68 Housatonic River near Canaan, Conn. 1974-83 51 0.14 0.08 0.04
15 Housatonic River at Stevenson, Conn. 1972-92 196 13 .08 .05
78 East Aspetuck River (inflow site 23) at New Preston, Conn. 1977-78 27 15 .08 .05
4 Quinebaug River at Jewett City, Conn. 1972-92 177 17 .08 .04
77 Pomperaug River at Southbury, Conn. 1972-79 19 15 .09 .06
51 Dickey Brook tributary #2 (site 7) near Cooleyville, Mass. 1988-89 17 .26 .10 .03
2 Shetucket River at South Windham, Conn. 1974-92 161 .14 .10 .07
6 Connecticut River at Thompsonville, Conn. 1972-92 188 21 12 .07
60 Park River at Hartford, Conn. 1974-79 50 192 12 .058
58 Farmington River at Windsor, Conn. 1974-76 27 .26 13 .09
28 Quinebaug River at Pomfret Landing, Conn. 1974-80 51 22 .14 .09
22 Quinebaug River at Putnam, Conn. 1974-80 51 21 .15 .09
11 Farmington River at Tariffville, Conn. 1972-92 70 .28 .16 A1
7 Still River at Riverton, Conn. 1974-91 51 32 17 .10
21 French River at Mechanicsville, Conn. 1974-91 51 .39 .18 .10
20 Shetucket River near Willimantic, Conn. 1972-74 25 ° .36 .19 115
57 Farmington River at Avon, Conn. 1974-91 39 45 31 .19
13 Quinnipiac River at Wallingford, Conn. 1972-92 129 97 34 A1
65 Quinnipiac River near Meriden, Conn. 1974-92 51 1.1 .54 .28
16 Naugatuck River at Beacon Falls, Conn. 1974-92 105 2.0 1.0 .565
75 Still River at Brookfield Junction, Conn. 1974-92 51 1.6 1.1 .73
10 Pequabuck River at Farmington, Conn. 1974-92 51 4.7 1.9 1.0
Nitrate, dissolved, as N (mg/L)
49 East Branch Fever Brook near Petersham, Mass. 1983-85 48 .05 .02 <.05
50 West Branch Swift River near Shutesbury, Mass. 1983-85 49 04 .02 .01
52 Dickey Brook near Cooleyville, Mass. 1985-89 72 .08 .03 .01
53 Dickey Brook tributary near Cooleyville, Mass. 1985-89 70 .06 .03 02
51 Dickey Brook tributary #2 (site 7) near Cooleyville, Mass. 1988-89 17 14 .10 .04
63 Schroeder Brook at South Marlborough, Conn. 1986-90 46 31 .16 .10
17 Saugatuck River near Redding, Conn. 1972-92 16 24 19 .09
32 Connecticut River at Wilder, Vt. 1972-73 21 .40 .27 .20
8 Burlington Brook near Burlington, Conn. 1972-92 18 30 .28 .20
12 Salmon River near East Hampton, Conn. 1972-92 16 47 .30 .20
6 Connecticut River at Thompsonville, Conn. 1972-92 35 44 .38 .30
2 Shetucket River at South Windham, Conn. 1974-92 18 .59 39 30
15 Housatonic River at Stevenson, Conn. 1972-92 44 .59 45 33
64 Dickinson Creek near Marlborough, Conn. 1986-90 47 1.0 45 .30
20 Shetucket River near Willimantic, Conn. 1972-74 16 .59 .46 40
4 Quinebaug River at Jewett City, Conn. 1972-92 33 .60 .49 40
11 Farmington River at Tariffville, Conn. 1972-92 18 75 55 .50
29 Yantic River at Yantic, Conn. 1972-80 16 78 55 44
77 Pomperaug River at Southbury, Conn. 1972-79 16 .98 77 51
13 Quinnipiac River at Wallingford, Conn. 1972-92 22 2.36 2.0 1.45
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study
unit, water years 1972-92—Continued

Percentage of observations in

Period of NUMber — pich concentrations were
Map Station name record of water- less than or equal to those
No. quality
(water year) records shown
75 50 25
Nitrite plus nitrate, total, as N (mg/L)

49 East Branch Fever Brook near Petersham, Mass. 1983-85 56 0.03 0.01 <0.01
50 West Branch Swift River near Shutesbury, Mass. 1983-85 56 .03 .01 <.01

47 Natty Pond Brook at Templeton Road near Hubbardston, Mass.  1985-88 16 .10 <1 <1

48 Natty Pond Brook near Hubbardston, Mass. 1985-87 16 .20 <1 <.1
38 Black River at Weathersfield, Vt. 1977-81 27 20 11 .06
17 Saugatuck River near Redding, Conn. 1972-92 218 .20 12 .07
37 Black River near Hawk Mountain, below Cavendish, Vt. 1977-81 28 .19 .13 .06
39 Black River at Tolles Hill Dam near Weathersfield, Vt. 1977-81 28 21 .14 .08
40 Black River at North Springfield, Vt. 1977-80 28 17 .14 .08
41 Black River at Gilman Dam, Springfield, Vt. 1977-81 28 22 .16 A2
34 Black River above Ludlow, Vt. 1979-81 16 22 17 11
8 Burlington Brook near Burlington, Conn. 1972-92 131 22 .18 11
9 Farmington River at State Highway 4 at Unionville, Conn. 197491 197 25 20 .16
76 Shepaug River near Roxbury, Conn. 1974-92 209 32 .20 .10
42 Black River below Springfield, Vt. 1977-81 28 32 21 .18
36 Black River below Cavendish, Vt. 1977-81 28 28 21 .16
12 Salmon River near East Hampton, Conn. 1972-92 218 33 21 .16
45 Connecticut River near Northfield, Mass. 1975-80 54 .33 21 17
35 Black River above Cavendish, Vt. 1977-81 28 31 22 .15
19 Natchaug River at U.S. Highway 6, at Willimantic, Conn. 1974-80 75 29 22 .16
44 Connecticut River at Walpole, N.H. 1975-80 65 .36 25 .19
46 Connecticut River at Holyoke, Mass. 1975-80 54 33 27 .20
31 Connecticut River at Wells River, Vt. 1979-81 23 .34 29 22
5 Connecticut River at North Walpole, N.H. 1981-92 17 .40 .29 22
7 Still River at Riverton, Conn. 1974-91 198 .60 .30 .20
3 Quinebaug River at Quinebaug, Conn. 1981-92 133 48 .30 .20
1 Willimantic River at Merrow, Conn. 1974-92 208 46 .30 22
55 Connecticut River at Agawam, Mass. 1973-80 54 .36 31 22
80 Norwalk River at Georgetown, Conn. 1976-78 22 53 33 .23
81 Norwalk River at Cannondale, Conn. 1976-78 22 .55 .34 .23
6 Connecticut River at Thompsonville, Conn. 1972-92 245 42 35 .30
78 East Aspetuck River (inflow site 23) at New Preston, Conn. 1977-78 28 46 .35 28
2 Shetucket River at South Windham, Conn. 1974-92 238 .50 40 .30
22 Quinebaug River at Putnam, Conn. 1974-80 75 51 40 .28
14 Housatonic River near New Milford, Conn. 1974-91 197 .50 40 27
15 Housatonic River at Stevenson, Conn. 1972-92 244 .50 40 .30
82 Norwalk River at South Wilton, Conn. 1976-78 22 .56 41 27
18 Norwalk River at Winnipauk, Conn. 1981-92 161 .60 42 .30
4 Quinebaug River at Jewett City, Conn. 1972-92 246 .53 44 .30
68 Housatonic River near Canaan, Conn, 1974-83 110 .60 45 32
57 Farmington River at Avon, Conn. 1974-91 91 .60 45 .35
28 Quinebaug River at Pomfret Landing, Conn. 1974-80 75 .61 .46 35
29 Yantic River at Yantic, Conn. 1972-80 84 .63 A48 37
61 Porter Brook near Manchester, Conn. 1975-81 75 .59 .50 42
67 Housatonic River near Sodom, Conn. 1984-91 87 .70 .50 .40
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study

unit, water years 1972-92—Continued

Percentage of observations in

" Period of Number . ich concentrations were
ap Station name record O Water-  jooq than or equal to those
No. quality
(water year) records shown
75 50 25
Nitrite plus nitrate, total, as N (mg/L)—Continued
25 Tributary to Mill Brook at South Woodstock, Conn. 1982-83 21 1.1 0.55 0.30
58 Farmington River at Windsor, Conn. 1974-76 27 .67 .56 49
26 Tributary to Peake Brook at South Woodstock, Conn. 1982-83 53 .64 .58 .40
21 French River at Mechanicsville, Conn. 1974-91 197 1.1 .60 40
11 Farmington River at Tariffville, Conn. 1972-92 209 .74 .60 46
56 Stony Brook near West Suffield, Conn. 1981-91 76 .80 .60 40
24 Tributary to Mill Brook at Woodstock, Conn. 1982-83 19 1.2 .63 .30
60 Park River at Hartford, Conn. 1974-79 61 .88 .66 49
27 Tributary to Peake Brook at Harrisville, Conn. 1982-83 52 .90 .80 .50
10 Pequabuck River at Farmington, Conn. 1974-92 209 1.5 1.0 .82
75 Still River at Brookfield Junction, Conn. 1974-92 209 1.7 1.2 .90
79 Naugatuck River near Waterville, Conn. 1981-92 133 2.05 1.2 I
16 Naugatuck River at Beacon Falls, Conn. 1974-92 236 2.1 1.3 .90
65 Quinnipiac River near Meriden, Conn. 1974-92 208 2.2 1.7 1.2
13 Quinnipiac River at Wallingford, Conn. 1972-92 246 2.7 1.8 1.4
59 Podunk River at South Windsor, Conn. 1975-81 49 23 1.9 1.45
Nitrite plus nitrate, dissolved, as N (mg/L)
47 Natty PondBrook at Templeton Road near Hubbardston, Mass.  1985-88 16 13 <1 <1
48 Natty Pond Brook near Hubbardston, Mass. 1983-87 17 .14 11 <1
5 Connecticut River at North Walpole, N.H. 1981-91 52 .33 23 .20
31 Connecticut River at Wells River, Vt. 1979-86 38 33 28 .20
44 Connecticut River at Walpole, N.H. 1979-80 13 .34 .29 .20
6 Connecticut River at Thompsonville, Conn. 1972-92 121 44 .37 31
2 Shetucket River at South Windham, Conn 1974-92 111 .50 .39 .30
15 Housatonic River at Stevenson, Conn. 1972-92 138 .50 4 .30
18 Norwalk River at Winnipauk, Conn. 1981-92 54 54 41 .30
4 Quinebaug River at Jewett City, Conn. 1972-92 109 .54 45 35
16 Naugatuck River at Beacon Falls, Conn. 1974-92 54 2.8 1.6 1.08
13 Quinnipiac River at Wallingford, Conn. 1972-92 61 3.35 2.5 1.7
Phosphorus, total, as P (mg/L) ,
47 Natty Pond Brook at Templeton Road near Hubbardston, Mass.  1985-87 16 .02 .01 <.01
34 Black River above Ludlow, Vt. 1979-81 16 .03 .01 <.01
31 Connecticut River at Wells River, Vt. 1979-86 44 .03 .01 .01
12 Salmon River near East Hampton, Conn. 1972-92 242 .03 .01 01
8 Burlington Brook near Burlington, Conn. 1972-92 155 .03 01 .01
36 Black River below Cavendish, Vt. 1977-81 28 .03 .01 .01
37 Black River below Cavendish, Vt. 1977-81 28 .02 .01 .01
38 Black River at Weathersfield, Vt. 1977-81 27 .02 .01 .01
39 Black River at Tolles Hill Dam near Weathersfield, Vt. 1977-81 28 .02 .01 <.01
5 Connecticut River at North Walpole, N.H. 1981-91 52 .02 .02 <.01
32 Connecticut River at Wilder, Vt. 1972-73 21 .02 .02 .02
44 Connecticut River at Walpole, N.H. 1981-91 65 .03 .02 .01
61 Porter Brook near Manchester, Conn. 1975-81 75 .03 .02 .01
35 Black River above Cavendish, Vt. 1977-81 28 .04 .02 .01
40 Black River at North Springfield, Vt. 1977-81 28 .03 .02 .01
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study
unit, water years 1972-92—Continued

Percentage of observations in

Period of Number — \,ih concentrations were
I\ﬂap Station name record ©°f Wa:it:r- less than or equal to those
© (water year) r?;c:zr d‘; shown
75 50 25
Phosphorus, total, as P (mg/L)—Continued

19 Natchaug River at U.S. Highway 6, at Willimantic, Conn. 1974-80 75 0.03 0.02 0.01

17 Saugatuck River near Redding, Conn. 1972-92 242 .03 .02 .01

72 Lake Waramaug Brook (inflow site 7) at Warren, Conn. 1977-78 27 .07 .02 .01
45 Connecticut River near Northfield, Mass. 1975-80 54 .03 .03 .02

9 Farmington River at State Highway 4 at Unionville, Conn. 1974-91 198 .04 .03 .02
76 Shepaug River near Roxbury, Conn. 1974-92 209 .04 .03 .02
29 Yantic River at Yantic, Conn. 1972-80 108 .04 .03 .02
41 Black River at Gilman Dam, in Springfield, Vt. 1977-81 28 .04 .03 .02
83 Tributary to Lake Waramaug (inflow site 9) near New Preston, 1977-78 32 .05 .03 .02

Conn.

1 Willimantic River at Merrow, Conn. 1974-92 208 .05 .03 .02
59 Podunk River at South Windsor, Conn. 1975-81 49 .07 .04 .03
15 Housatonic River at Stevenson, Conn. 1972-92 269 .05 .04 .03
46 Connecticut River at Holyoke, Mass. 1975-80 54 .05 .04 .03
18 Norwalk River at Winnipauk, Conn. 1981-92 161 .07 .05 .04
42 Black River below Springfield, Vt. 1977-81 28 .07 .05 .03
82 Norwalk River at South Wilton, Conn. 1976-78 22 .07 .05 .03
14 Housatonic River near New Milford, Conn. 1974-91 197 .06 .05 .03
77 Pomperaug River at Southbury, Conn. 1972-79 36 13 .05 .03

2 Shetucket River at South Windham, Conn. 1974-92 238 .09 .05 .04

6 Connecticut River at Thompsonville, Conn. 1972-92 264 .09 .06 .04
48 Natty Pond Brook near Hubbardston, Mass. 1985-87 16 11 .06 .03
56 Stony Brook near West Suffield, Conn. 1981-91 75 A1 .06 .05
67 Housatonic River near Sodom, Conn. 1984-91 86 .08 .06 .03
73 Lake Waramaug Brook (inflow site 26) near Warren, Conn. 1977-78 23 .19 .06 .02
78 East Aspetuck River (inflow site 23) at New Preston, Conn. 1977-78 28 .07 .06 .05
55 Connecticut River at Agawam, Mass. 1973-80 55 .10 .07 .04
24 Tributary to Mill Brook at Woodstock, Conn. 1981-83 19 13 .07 .06
68 Housatonic River near Canaan, Conn. 1974-83 110 12 .08 .07
81 Norwalk River at Cannondale, Conn. 1976-78 22 13 .08 .06

7 Still River at Riverton, Conn. 197491 198 .18 .09 .05

4 Quinebaug River at Jewett City, Conn. 1972-92 270 .14 .09 .06
60 Park River at Hartford, Conn. 1974-79 62 .16 .10 .07
80 Norwalk River at Georgetown, Conn. 1976-78 22 .14 A1 .06
74 Lake Waramaug Brook (inflow site 2) near New Preston, 1977-78 34 27 11 .03

Conn,
20 Shetucket River near Willimantic, Conn. 1972-74 33 .17 A1 .07
11 Farmington River at Tariffville, Conn. 1972-92 235 .20 .14 .10
22 Quinebaug River at Putnam, Conn. 1974-80 75 25 14 .09
79 Naugatuck River near Waterville, Conn. 1981-92 133 22 .13 09

3 Quinebaug River at Quinebaug, Ct. 1981-92 133 24 13
66 Housatonic River near Great Barrington, Mass. 1981-82 28 .20 13 .
26 Tributary to Peake Brook at South Woodstock, Conn. 1982-83 53 .18 13 .05
28 Quinebaug River at Pomfret Landing, Conn. 1974-80 75 .23 15 .09

57 Farmington River at Avon, Conn, 1974-91 91 23 .16 11
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study
unit, water years 1972-92—Continued

Percentage of observations in

Period of NUMber ~ yhich concentrations were
I\Iﬂap Station name record of walgter- less than or equal to those
o (water year) r(;";?): d‘;. shown
75 50 25
Phosphorus, total, as P (mg/L)—Continued

58 Farmington River at Windsor, Conn. 1974-76 27 0.18 0.14 0.09

21 French River at Mechanicsville, Conn. 1974-91 197 .28 17 .10

25 Tributary to Mill Brook at South Woodstock, Conn. 1982-83 21 .70 28 .07

16 Naugatuck River at Beacon Falls, Conn. 1974-92 237 .67 .39 21

75 Still River at Brookfield Junction, Conn. 1974-92 208 .63 40 .26

65 Quinnipiac River near Meriden, Conn. 1974-92 208 .69 42 .26

13 Quinnipiac River at Wallingford, Conn. 1972-92 270 .61 43 .28

27 Tributary to Peake Brook at Harrisville, Conn, 1982-83 52 93 48 27

10 Pequabuck River at Farmington, Conn. 1974-92 209 1.5 .80 46

Phosphorus, dissolved, as P (mg/L)
83 Tributary to Lake Waramaug (inflow site 9) near New Preston, 1977-78 18 .009 .006 .004
Conn.

31 Connecticut River at Wells River, Vt. 1979-86 43 .01 <.01 <.01
8 Burlington Brook near Burlington, Conn. 1972-92 45 01 <.01 <.01
5 Connecticut River at North Walpole, N.H. 1981-91 52 .01 <.01 <.01

44 Connecticut River at Walpole, N.H. 1975-80 36 .01 .01 <.01

17 Saugatuck River near Redding, Conn. 1972-92 132 .02 .01 <.01

12 Salmon River near East Hampton, Conn. 197292 134 .02 .01 <01

76 Shepaug River near Roxbury, Conn. 1974-92 134 .02 .01 <.01

24 Tributary to Mill Brook at Woodstock, Conn. 1982-83 19 .03 .02 .02
9 Farmington River at State Highway 4 at Unionville, Conn. 1974-91 122 .03 .02 .01

14 Housatonic River near New Milford, Conn. 1974-91 122 .03 .02 .01

15 Housatonic River at Stevenson, Conn. 1972-92 197 .03 .02 .01
1 Willimantic River at Merrow, Conn. 1974-92 133 .03 02 <.01

18 Norwalk River at Winnipauk, Conn. 1981-92 161 .04 .03 .02

26 Tributary to Peake Brook at South Woodstock, Conn. 1982-83 53 .05 .03 .02

67 Houousatonic River near Sodom, Conn. 1984-91 86 .04 .03 .01
6 Connecticut River at Thompsonville, Conn. 1972-92 198 .05 .03 .02
2 Shetucket River at South Windham, Conn 1974-92 181 .05 .03 .02
4 Quinebaug River at Jewett City, Conn. 1972-92 195 .07 .04 .03

68 Housatonic River near Canaan, Conn. 1974-83 35 .08 .05 .03

56 Stony Brook near West Suffield, Conn. 1981-91 75 .08 .05 .03

25 Tributary to Mill Brook at South Woodstock, Conn. 1982-83 21 12 .06 .03
7 Still River at Riverton, Conn. 197491 121 15 .07 .03
3 Quinebaug River at Quinebaug, Conn. 1981-92 133 .18 .08 .04

74 Lake Waramaug Brook (inflow site 2) near New Preston, 1977-78 20 127 .08 .054

Conn.

79 Naugatuck River near Waterville, Conn. 1981-92 -133 175 .09 .06

66 Housatonic River near Great Barrington, Mass. 1981-82 28 137 095 .06

11 Farmington River at Tariffville, Conn. 1972-92 134 .16 .10 .06

21 French River at Mechanicsville, Conn. 1974-91 122 202 1 .05

57 Farmington River at Avon, Conn. 1974-91 44 218 13 072

27 Tributary to Peake Brook at Harrisville, Conn. 1982-83 52 358 22 .093

75 Still River at Brookfield Junction, Conn, 1974-92 134 452 .265 12

13 Quinnipiac River at Wallingford, Conn. 1972-92 161 43 .28 175
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study
unit, water years 1972-92—Continued

Percentage of observations in

Period of Number which concentrations were
Map Station name record of wa_ter- less than or equal to those
No. quality
(water year) records shown
75 50 25
Phosphorus, dissolved, as P (mg/L)—Continued
16 Naugatuck River at Beacon Falls, Conn. 197492 162 0.56 0.3 0.137
65 Quinnipiac River near Meriden, Conn. 1974-92 132 .588 33 .183
10 Pequabuck River at Farmington, Conn. 1974-92 134 1.1 .66 .28
Phosphorus, orthophosphate, as P (mg/L)
63 Schroeder Brook at South Marlborough, Conn. 1986-90 49 .003 .001 <.001
5 Connecticut River at North Walpole, N.H. 1982-91 42 <01 <01 <.01
31 Connecticut River at Wells River, Vt. 1982-86 21 <.01 <01 <.01
47 Natty Pond Brook at Templeton Road near Hubbardston, Mass. ~ 1985-87 16 <.01 <.01 <.01
49 East Branch Fever Brook near Petersham, Mass. 1983-85 59 <.01 <.01 <01
50 West Branch Swift River near Shutesbury, Mass. 1983-85 58 <.01 <.01 <.01
51 Dickey Brook tributary #2 (site 7) near Cooleyville, Mass. 1988-89 17 <.01 <.01 <.01
52 Dickey Brook near Cooleyville, Mass. 1985-89 81 <.01 <.01 <.01
53 Dickey Brook tributary near Cooleyville, Mass. 1985-89 80 <01 <01 <01
15 Housatonic River at Stevenson, Conn. 1972-92 112 .02 01 <01
2 Shetucket River at South Windham, Conn. 1974-92 922 .03 .02 .01
6 Connecticut River at Thompsonville, Conn. 1972-92 95 .04 .02 .01
18 Norwalk River at Winnipauk, Conn. © 1981-92 54 .04 .02 <.01
24 Tributary to Mill Brook at Woodstock, Conn. 1982-83 19 .03 .02 .02
48 Natty Pond Brook near Hubbardston, Mass. 1983-87 17 .05 .02 <01
64 Dickinson Creek near Marlborough, Conn. 1986-90 50 .036 027 .013
4 Quinebaug River at Jewett City, Conn. 197292 90 .04 .03 .01
26 Tributary to Peake Brook at South Woodstock, Conn. 1982-83 53 .05 .03 .01
25 Tributary to Mill Brook at South Woodstock, Conn. 1982-83 21 11 .06 .02
66 Housatonic River near Great Barrington, Mass. 1981-82 28 137 085 .04
27 Tributary to Peake Brook at Harrisville, Conn. 1982-83 52 425 24 .093
13 Quinnipiac River at Wallingford, Conn. 1972-92 60 38 .26 132
16 Naugatuck River at Beacon Falls, Conn. 1974-92 54 .615 .28 .108
Suspended-sediment concentration (mg/L)
53 Dickey Brook tributary near Cooleyville, Mass. 1985-89 42 53 2.5 1
23 Muddy Brook at Childs Hill Road near Woodstock, Conn. 1980-83 142 5 3 2
30 Ammonoosuc River at Bethlehem Junction, N.H. 1972-74 15 7 3 1
54 West Branch Westfield River at Huntington, Mass. 1972-74 16 7.5 3.5 2
52 Dickey Brook near Cooleyville, Mass. . 1985-89 42 8 3.5 2
12 Salmon River near East Hampton, Conn. 1972-92 321 7 4 2
43 Williams River at Brockways Mills, Vt. 1972-74 16 7 5 1.3
56 Stony Brook near West Suffield, Conn. 1981-91 347 8 5 2
62 Coginchaug River at Middlefield, Conn. 1981-82 387 9 5 3
80 Norwalk River at Georgetown, Conn. 1976-78 22 12.5 5 4
33 White River at West Hartford, Vt. 1972-74 28 11.5 5.5 3
44 Connecticut River at Walpole, N.H. 1975-80 56 12 6 23
81 Norwalk River at Cannondale, Conn. 1976-78 22 18.8 6 3
31 Connecticut River at Wells River, Vt. 1979-85 37 14 7 3.5
5 Connecticut River at North Walpole, N.H. 1981-91 47 13 7 4
15 Housatonic River at Stevenson, Conn. 1972-92 133 12 7 3
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Table 25. Summary statistics for selected nutrients and suspended-sediment data from the U.S. Geological Survey’s National
Water Information System (NWIS) for selected water-quality stations in the Connecticut,Housatonic, and Thames Rivers study
unit, water years 1972-92—Continued

Percentage of observations in

Period of Number =, phich concentrations were
Map Station name record of water- o5 than or equal to those
No. quality
(water year) records _ shown
75 50 25
Suspeinded-sediment concentration (mg/L)—Continued

82 Norwalk River at South Wilton, Conn. 1976-78 22 14.3 7.5 2.8

2 Shetucket River at South Windham, Conn 1974-92 65 13 8 5
66 Housatonic River near Great Barrington, Mass. 1979-87 187 12 9 5

6/  Connecticut River at Thompsonville, Conn. 1972-92 126 17.3 10 6

4‘, Quinebaug River at Jewett City, Conn. 1972-92 74 143 10 7
69| Housatonic River at Falls Village, Conn. 1972-80 181 235 14 8
71, Housatonic River at Gaylordsville, Conn. 1979-80 224 20 14 10
24 Tributary to Mill Brook at Woodstock, Conn. 1982-83 19 37 16 11
70 Housatonic River at Kent, Conn. 1985-88 313 38.5 16 5
83 Tributary to Lake Waramaug (inflow site 9) near New Preston, 1977-78 22 34.3 26 10.3

‘ Conn.
72 Lake Waramaug Brook (inflow site 7) at Warren, Conn. 1977-78 17 148 29 15
26 Tributary to Peake Brook at South Woodstock, Conn. 1982-83 52 110.3 43 13
74 Lal((:e Waramaug Brook (inflow site 2) near New Preston, 1977-78 21 200.5 45 18
onn.

27 Tributary to Peake Brook at Harrisville, Conn. 1982-83 52 446 101.5 26.3
25 Tributary to Mill Brook at South Woodstock, Conn. 1982-83 21 384.5 161 45

Table 26. Summary of median concentrations for selected nitrogen data from the U.S. Environmental Protection Agency’s com-
puter STOrage and RETrieval system (STORET) for selected water-quality stations in the Connecticut, Housatonic, and Thames
Rivers study unit, water years 1972-90

[Map No.: See plate 1 for location of selected water-quality stations and table 23 for summary of data. Median concentrations are not necessarily representa-
tive of the annual conditions nor are they necessarily representative of the seasonal variations, because all months and years were not equally represented.
Stations are listed in descending order of map no.. <, actual value is less than value shown; --, no dataj

Periodof Nitrogen, total Ammonia, total Nitrate, total

ey Station name record_(mgfLasN)  (molasN) _(molasN)
year) Median ples Median ples Median ples
228  Wooster Brook at Waterbury, Conn. 1974-88  0.765 5 0.09 64 0.80 83
227  Beaver Brook at Bethlehem, N.H. 1979-90 .365 48 <.05 28 -- --
226  Cold Brook at Berlin, N.H. 1973-90 28 31 <.05 4 - --
225 Number 9 Brook at Berlin, N.H. 1979-90 32 6 <.05 2 -- -
224 Small Brook at Berlin, N.H. 1979-83 .29 4 <.05 1 -- -
223 West Branch Upper Ammonoosuc River at Bertin, N.H. 1979-90 .19 16 - - -- -
222  Wild Ammonoosuc River at Benton, N.H. 1983-90 .26 11 - -- -- -
221  Passumpsic River at East Barnet, Vt. 1985 31 12 .05 13 - --
220  Clough Brook at Lemington, Vt. 1984-85  -- -- -- -- -- --
219  Passumpsic River at St. Johnsbury, Vt. 1985 31 13 .038 12 -- -~
218  Moose River at Granby, Vt. 1984-85 -- -- - - - -
217  Ompompanoosuc River at Union Village, Vt. 1972-88  -- - <.05 71 38 81
216  West Branch Ompompanoosuc River at Thetford, Vt. 1972-88  -- -- <.05 72 .39 60
215  East Branch Ompompanoosuc River at Thetford Center, Vt. 1972-88 - -- <.05 72 .20 58
214  West Branch Ompompanoosuc River at South Strafford, Vt. 1979-88  -- -- <.05 66 21 9
213 East Branch Ompompanoosuc River at West Fairlee, Vt. 1979-88  -- -- <.05 30 18 10
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Table 26. Summary of median concentrations for selected nitrogen data from the U.S. Environmental Protection Agency’s com-
puter STOrage and RETrieval system (STORET) for selected water-quality stations in the Connecticut, Housatonic, and
Thames Rivers study unit, water years 1972-90—Continued

Periodof Nitrogen, total Ammonia, total Nitrate, total
Map Station name record (mg/L as N) {mg/L as N) {mg/L as N)
No. (water “yjdian  S3M  Median S8M  Median Sam-

year) ples ples ples

212 Harvey's Tributary #2 at Barnet, Vt. 1981-82  -- - - -- -- --
211 Steven's River at Barnet, Vt. 1980 -- -- - - - --
210  South Peacham Brook at Barnet, Vt. 1980-82  -- -- -- - - --
209  South Peacham Brook at South Peacham, Vt. 1982 0.79 10 0.004 10 - --
208  South Peacham Brook at Peacham, Vt. 1982 645 10 .004 10 -- -
207  Ottauquechee River at North Hartland, Vt. 1972-82 90 1 06 31 0.48 96
206  Connecticut River at Hinsdale, N.H. 1980-86  -- -- - - -- -
205  Connecticut River at Lancaster, N.H. 1978-89 48 28 <.10 32 41 2
204  Connecticut River at Cornish, N.H. 1976-81 .52 37 <10 41 -- --
203 Connecticut River at Hinsdale, N.H. 1980-86  -- - - - - -
202  North Branch Gale River at Bethlehem, N.H. 1976-90 535 14 <.05 16 - -
201 Garland Brook at Lancaster, N.H. 1980-90 47 31 <.05 30 - -
200  Morey Tributary #3 at Fairlee, Vt. 1981-82 - -- -- - -- --
199 Scarface Brook at Bethlehem, N.H. 1982-90 24 17 - - - -
198  Clark Brook at Granville, Vt. 1984-85 - -- - - -- --
197  Hancock Branch tributary to White River at Hancock, Vt. 1984-85  -- -- -- -- -- --
196  White River at Granville, Vt. 1984-85  -- - -- - - -
195  Third Branch White River at Roxbury, Vt. 1982 .53 10 .03 10 -- --
194 Third Branch White River at Roxbury, Vt. 1982 395 10 .008 10 - -
193 North Branch Black River at Weathersfield, Vt. 1980-88  -- - <.05 29 -- -
192 Ottauquechee River at North Hartland, Vt. 1981-88  -- -- .02 15 21 3
191  Ottauquechee River at Quechee Village, Vt. 1981-82  -- -- <.05 15 -- -
190  Ottauquechee River at Quechee Gorge, Vt. 1980-88  -- -- 03 40 21 3
189  Black River at Perkinsville, Vt. 1972-86 .70 2 <.05 32 22 70
188  North Branch Black River at Amsden, Vt. 1972-86 58 1 <.05 31 30 73
187  Ottauquechee River at Quechee, Vt. 1974-88 18 1 <.05 37 .29 58
186 West River at North Springfield, Vt. 1972-86 91 1 .02 35 40 99
185 North Branch Ball Mountain Brook at Jamaica, Vt. 1988 57 2 <.02 7 -- -
184  West River at Stratton, Vt. 1988 79 4 <.02 7 -- -
183  Ball Mountain Brook at West Jamaica, Vt. 1984-85  -- - - - - -
182  West River at Townshend, Vt. 1981-86  -- - .06 10 - --
181  West River at East Jamaica, Vt. 1972-86  -- - <.05 14 .18 71
180  Wardsboro Brook at Jamaica, Vt. 1976-86  -- -- <.05 14 12 24
179 North Branch Ball Mountain Brook at Jamaica, Vt. 1985-88 .795 14 <.02 23 - -
178  Winhall River at Londonderry, Vt. 1977-86  -- -- <.05 12 13 11
177 West River at South Londonderry, Vt. 1980-86  -- -- <.05 12 -- --
176  Winhall River at near Rawsonville, Vt. 1980-86  -- -- <.05 12 - --
175  Winhall River at Winhall, Vt. 1982-85 -~ - - -- -- --
174  Kidder Brook at Jamaica, Vt. 1985-87 25 5 <.02 16 -- -
173 Ashuelot River at Gilsum, N.H. 1980-86  -- -- <.05 21 - -
172 Ashuelot River below Surry Mountain Dam, at Surry, N.H. 1972-86  -- -- <.05 23 18 99
171 Otter Brook below Otter Brook Dam at Keene, N.H. 1972-86  -- -- <.05 18 .14 96
170 Otter Brook at Keene, N.H. 1972-86  -- - <.05 18 .10 79
169  Merriam Brook at Surry, N.H. 1973-86  -- -- <.05 18 27 73
168  Merriam Brook at Surry, N.H. 1975-86  -- -- <.05 18 .19 53
167  Ashuelot River at Swanzey, N.H. 1976-89 76 35 25 41 31 2
166  East Branch Tully River at Tully Dam in Royalston, Mass. 1980-86 - -- <.05 14 - -
165  Miller River at Winchendon, Mass. 1980-85  -- - .24 25 - -
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Table 26. Summary of median concentrations for selected nitrogen data from the U.S. Environmental Protection Agency’s com-
puter STOrage and RETrieval system (STORET) for selected water-quality stations in the Connecticut, Housatonic, and
Thames Rivers study unit, water years 1972-90—Continued

Periodof Nitrogen, total Ammonia, total Nitrate, total

",ﬂ;‘_’ Station name ;;c::;l (mg/L ass':;- (nl'gll- assf::n_ (nlrg/L . :I)“
‘ year) Median ples Median ples Median ples
164  Priest Brook at Royalston, Mass. 1980-85  -- - 0.02 25 - -
163 Lawrence Brook below Doanes Falls, Royalston, Mass. 1976-86  -- - <.05 13 0.14 16
162  Miller River below Birch Hill Dam, Royalston, Mass. 1972-85  -- -- .18 25 .89 6
161  Otter River at Baldwinsville, Mass. 1976-85 - -- .55 25 7154 16
160  East Branch Tully River at Royalston, Mass. 1980-86  -- -- <.05 14 -- --
159  North Branch Deerfield River at Wilmington, Vt. 1985 051 13 .30 13 -- --
158 Binney Brook at Wilmington, Vt. 1985 26 3 .03 14 - -
157  North Branch Deerfield River at Wilmington, Vt. 1985 295 10 .04 14 -- -
156  North Branch Deerfield River at Wilmington, Vt. 1985 52 12 .30 13 -- --
155  Deerfield River at Somerset, Vt. 1984-85 -- -- -- - -- -
154  Conant Brook at Monson, Mass. 1973-87 - - <.05 15 - -
153  Vinica Brook at South Monson, Mass. 1972-87 - - .04 18 17 55
152 Westfield River below Knightville Dam at Huntington, Mass.  1973-86  -- - .04 16 .30 79
151  Westfield River at Huntington, Mass. 1980-88  -- -- <.05 11 .10 1
150  Little River at Huntington, Mass. 1973-86  -- -~ <.05 11 .39 38
149  West Branch Farmington River below Goodwin Dam in 1981-86  -- - .04 8 -- -
Hartland, Conn.
148  Quinebaug River at Thompson, Conn. 1975-88  -- - .03 65 42 65
147  Quinebaug River at Fabyan, Conn. 1972-88  -- -- .08 43 63 75
146  Quinebaug River at Fabyan, Conn. 1978-88  -- -- 13 66 .39 23
145 Quinebaug River below West Thompson Dam at Thompson, ~ 1972-88  -- - .05 73 49 110
Conn.
144 Quinebaug River at Thompson, Conn. 1981-88  -- - 11 39 .62 7
143 Quinebaug River at Thompson, Conn. 1972-88  -- - .05 42 .59 90
142  Mill Brook at Brimfield, Mass. 1980-88  -- - <.05 39 15 3
141 Quinebaug River at Holland, Mass. 1980-88  -- -- <.05 42 .07 3
140  Quinebaug River at East Brimfield, Mass. 1972-88  -- -- <.05 42 33 42
139 French River at Oxford, Mass. 1980-87  -- - 05 13 -- -
138 Quinebaug River below East Brimfield Dam, Sturbridge, 1972-88  -- - <.05 44 43 68
Mass.
137 Tributary to Quinebaug River at Quinebaug, Conn. 1982-88  -- - A2 37 28 7
136  French River below Hodges Village Dam, Oxford, Mass. 1972-87  -- -- A1 24 .76 93
135  Little River below Buffumville Dam, Oxford, Mass. 1972-88  -- -- <.05 51 44 85
134  Little River at Oxford, Mass. 1972-88  -- - .03 48 .60 73
133 Quinebaug River below Westville Dam, Southbridge, Mass. 1972-88  -- - <.05 34 .60 76
132 Quinebaug River at Sturbridge, Mass. 1972-88  -- - .06 29 .60 53
131  South Fork Little River at Oxford, Mass. 1972-88  -- - <.05 50 .26 82
130 Natchaug River at Mansfield Hollow, Conn. 1972-86  -- - - 14 18 41 81
129  Mount Hope River at Mansfield, Conn. 1980-86  -- -- <.05 9 -- --
128  Fenton River at Mansfield, Conn. 1980-86  -- -- .04 9 - --
127  Naugatuck River at Thomaston, Conn. 1972-85  -- - .16 37 .86 101
126  Northfield Brook at Thomaston, Conn. 1972-88  -- - .03 28 34 102
125 Leadmine Brook at Thomaston, Conn. 1972-87 -- - .01 31 .35 72
124 Naugatuck River at Campville, Conn. 1972-85  -- - 48 30 .81 74
123 Northfield Brook at Thomaston, Conn. 1972-88 - -- <.05 23 37 87
122 Confluence of Hop and Shattuck Brooks at Waterbury, Conn.  1972-88  1.30 5 .03 61 43 12
121  Hop Brook Dam at Waterbury, Conn. 1972-87  -- -- .02 15 75 72
120  Welton Brook at Waterbury, Conn. 1974-88  1.10 5 <.05 60 .70 78
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Table 27. Land-use characteristics of the drainage basins of selected stream water-quality sampling stations in the

{Map No.: See plate 1 for location of water-quality sampling stations and table 23 for summary of data. Land-use categories from Anderson and others
(Mitchell and others, 1977). Detailed land-use data not available for Farmington River at State Highway 4, at Unionville, Conn. (map reference No. 9).

, Drainage Transpor-
':? St:::)n Station name arg:g Resi- Commercial tation‘:\nd Mixed and
(mi€) dential and services utilities  other urban
1 01119375 Willimantic River at Merrow, Conn. 94.0 4.2 0.5 0.7 0.8
2 01122610 Shetucket River at South Windham, Conn. 408 59 1.0 .6 i
3 01124000 Quinebaug River at Quinebaug, Conn. 155 55 .8 1.9 8
4 01127000 Quinebaug River at Jewett City, Conn. 713 4.0 7 1.0 1.2
5 01154500 Connecticut River at North Walpole, N.H. 5,490 i 1 .6 4
6 01184000 Connecticut River at Thompsonville, Conn. 9,660 2.6 .6 .6 .6
7 01186800  Still River at Riverton, Conn. 86.2 4.1 1.2 T 3
8 01188000 Burlington Brook near Burlington, Conn. 4.10 0 1.0 0 0
10 01189030 Pequabuck River at Farmington, Conn. 57.2 222 4.7 2 53
11 01189995 Farmington River at Tariffville, Conn. 577 7.1 1.2 2 1.6
12 01193500 Salmon River near East Hampton, Conn. 100 5.5 .8 1.5 1.0
13 01196500 Quinnipiac River at Wallingford, Conn. 115 239 53 2.5 4.1
14 01200600 Housatonic River near New Milford, Conn. 1,022 5.1 7 4 1.0
15 01205500 Housatonic River at Stevenson, Conn. 1,544 7.1 1.0 4 1.1
16 01208500 Naugatuck River at Beacon Falls, Conn. 260 15.2 3.1 1.1 2.7
17 01208990 Saugatuck River near Redding, Conn. 21.0 19.8 Ni 0 1.6
18 01209710 Norwalk River at Winnipauk, Conn. 33.0 41.6 2.0 0 3.1
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Connecticut, Housatonic, and Thames Rivers study unit

(1976). Land-use data from mid-1970’s extracted using the U.S. Geological Survey’s Geographic Information Retrieval and Analysis System (GIRAS)
<, actual value is less than value shown]

Percentage of drainage area in land-use classes

Forested
Cr:ﬁlgnd Orchards ag:ir::euI;- De;:iduous Evergreen Mixed o - Lakesand andnon- Minesand 1;:::::' Other
pasture tural orest forest forest reservoirs forested gravel pits areas
wetlands

7.1 0 <0.1 50.6 32 29.6 0 1.5 0.8 04 0.2 04
10.7 1 1 58.0 25 16.7 0 22 8 4 1 2
7.1 4 <1 554 52 133 0 23 6.7 2 Nl 3
11.5 2 <1 54.1 4.6 16.4 <1 25 29 3 4 1
13.5 0 0 249 23.0 344 2 1.0 1.1 <1 <1 1
11.8 1 <1 311 22.0 26.8 3 14 1.8 N 1 1
57 0 0 65.3 14.6 T 0 2.1 32 4 .6 1.1
259 0 5 67.0 1 42 0 0 0 2 0 1.1
6.2 2 0 50.9 2.2 14 0 1.7 29 1.1 1.0 <1
8.9 1 2 49.6 14.2 94 0 2.7 2.6 5 i 4
12.5 .6 1 73.6 1.3 0 0 1.3 1.1 2 1 4
16.3 1.2 0 43.0 0 4 0 1.8 0 8 1 <1
204 <1 <1 523 14.7 1.2 0 14 23 3 <1 1
19.8 1 <1 53.9 10.0 1.7 <1 23 1.7 3 1 .5
10.5 0 0 61.6 1 2.6 0 2.1 3 4 1 2
5.6 0 0 69.0 0 0 0 1.6 .8 0 0 .9
4.8 0 _ 0 474 0 0 0 1.0 0 0 0 1
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Table 28. Summary of median nitrate concentrations for selected Acid Rain Monitoring Project (ARMP) sites, 1984-93

[Overall median for the ARMP sites is <0.2 milligram per liter (mg/L). Stations are listed in order of decreasing median concentration. Data
are from University of Massachusetts Water Resources Research Center. <, actual value is less than value shown]

Si Period of Latitude Longitude Nitrate as N (mg/L) Number of
ite name [ . Tt m - -
record Median Maximum samples

Bottom Brook, Northfield, Mass. 1984-93 42 42 28 72 27 33 5.15 8.83 26
Wellington Brook, Oxford, Mass. 1986-92 42 08 44 71 52 32 4.66 9.63 19
Mountain Brook, Southwick, Mass. 1984-91 42 00 28 72 46 14 3.22 5.13 16
Plum Brook, Southampton, Mass. 198593 42 16 12 72 39 15 1.26 1.90 25
Bagg Brook, West Springfield, Mass. 1986-92 42 07 26 72 37 24 1.25 1.97 15
Mill River, Springfield, Mass. 198693 42 05 18 72 35 02 1.06 1.94 22
Turkey Brook, Northampton, Mass. 1984-93 42 17 48 72 44 03 .82 2.62 23
Dry Brook, Gill, Mass. 1985-93 42 38 03 72 29 29 .81 1.77 27
South River, Ashfield, Mass. 1986-93 42 32 27 72 39 29 .63 1.41 23
Sleepy Hollow Brook, Richmond, Mass. 1985-92 42 23 17 73 21 34 .62 2.48 20
Stafford Brook, Colrain, Mass. 1986-93 42 40 48 72 39 12 .62 1.72 23
Hinsdale Brook, Shelburne, Mass. 1986-93 42 37 18 72 37 32 .61 1.12 25
Cady Brook, Charlton, Mass. 1986-92 42 04 36 72 01 32 .60 1.81 23
Swift River, Ashfield, Mass. 1985-90 42 26 39 72 51 33 .60 1.16 16
Sucker Brook, New Braintree, Mass. 1986-92 42 15 24 72 09 24 45 1.35 23
Plum Brook, Amherst, Mass. 1984-93 42 20 31 72 31 37 44 1.22 22
Esther Brook, Conway, Mass. 1986-93 42 27 16 72 38 16 44 1.10 23
Moose Meadow Brook, Montgomery, Mass. 198693 42 08 13 72 47 03 43 1.28 27
Sackett Brook, Dalton, Mass. 1986-90 42 25 23 73 14 07 42 13 11
Chicopee River, Chicopee, Mass. 1985-92 42 08 54 72 37 19 39 3.64 18
Little River, Westfield, Mass. 1986-93 42 07 00 72 44 02 .39 .88 27
Housatonic River, Sheffield, Mass. 1986-90 42 02 54 73 20 27 38 .81 14
Stage Brook, Blandford, Mass. 1986-93 42 11 17 72 51 52 38 1.24 24
French River, Oxford, Mass. 1984-92 42 07 18 71 52 48 38 1.01 21
West Branch/Brook, Worthington, Mass. 1985-93 42 24 00 72 52 28 37 1.61 26
Mill River Diversion, Northampton, Mass. 1984-93 42 17 29 72 38 26 37 .85 20
Mill River, Northampton, Mass. 1986-93 42 17 03 72 38 57 .36 1.66 22
Shingle Brook, Shelburne, Mass. 1986-93 42 32 39 72 39 39 .35 98 22
Naultaug Brook, Warren, Mass. 1986-93 42 13 33 72 10 27 33 1.29 21
Munn Brook, Southwick, Mass. 1985-93 42 07 11 72 47 54 .30 77 22
Big Brook, Wilbraham, Mass. 1986-93 42 03 51 72 24 36 .29 1.27 22
Fort River, Hadley, Mass. 1986-93 42 19 33 72 35 05 .26 1.19 23
Deerfield River, Deerfield, Mass. 1986-90 42 34 40 72 34 41 26 1.04 12
Mill River, Conway, Mass. 1986-93 42 21 06 72 36 56 25 1.13 16
Gibbs Brook, Blandford, Mass. 1984-93 42 12 00 72 54 56 25 .56 21
Scantic River, Hampden, Conn. 1985-93 41 52 06 72 37 00 25 1.19 28
Underwood Brook, Heath, Mass. 1986-93 42 42 20 72 49 26 23 .68 22
Mount Lebanon Brook, Hancock, Mass. 1986-92 42 24 59 73 19 50 23 .57 21
Beaman Brook, Winchendon, Mass. 198492 42 37 35 72 05 35 <.2 2.90 19
Hartwell Brook, Charlemont, Mass. 1985-92 42 37 01 72 50 12 <2 2.13 24
West Brook, Great Barrington, Mass. 1986-91 42 16 08 73 16 23 <.2 1.46 12
Bailey Brook, Bernardston, Mass. 1985-93 42 40 41 72 28 45 <2 1.45 23
Jabish Brook, Palmer, Mass. 1986-93 42 12 28 72 21 48 <2 1.29 25
Dry Brook, Sheffield, Mass. 1985-93 42 03 42 73 24 32 <0.2 1.20 20
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Table 28. Summary of median nitrate concentrations for selected Acid Rain Monitoring Project (ARMP) sites, 1984-93

—Continued
Site name Period of L.atit’udf L?ngituge Nitfate as N (m-gIL) Number of
record Median Maximum samples

May Brook, Holland, Mass. 1984-93 42 01 57 72 09 57 <2 1.17 24
West Branch Ware River, Hubbardston, Mass. 1984-93 42 25 45 72 01 15 <2 1.16 26
Flat Brook, Ware, Mass. 1986-93 42 14 27 72 16 00 <2 1.12 26
Doolittle Brook, Leverett, Mass. 1986-93 42 25 46 72 29 34 <2 1.10 25
Factory Brook, Middlefield , Mass. 1985-92 42 18 33 73 01 30 <2 1.08 22
Bozrah Brook, Hawley, Mass. 1986-93 42 37 30 72 52 54 <2 1.07 23
Scarboro Brook 1986-93 42 19 18 72 26 54 <2 1.06 22
Roberts Meadow Brook, Northampton, Mass. 1986-93 42 21 12 72 42 06 <2 1.06 21
Sykes Brook, Pittsfield, Mass. 1986-91 42 25 15 73 14 11 <.2 .90 15
Drake Brook, Southwick, Mass. 1984-93 42 04 53 72 50 12 <2 .78 18
Tully River, Athol, Mass. 1986-92 42 35 48 72 14 25 <2 73 21
Hamant Brook, Sturbridge, Mass. 1986-93 42 05 54 72 05 27 <2 N 21
Breakneck Brook, Sturbridge, Mass. 1985-93 42 04 38 72 04 54 <2 .69 24
Burrow Brook, Oakham, Mass. 1986-92 42 22 27 72 05 54 <2 .68 25
Hop Brook, Lee, Mass. 1986-93 42 16 19 73 15 09 <2 .67 21
Florida Brook, Huntington, Mass. 198492 42 18 51 72 51 07 <2 .67 17
Barton Brook, Dalton , Mass. 1986-93 42 27 43 73 12 05 <2 .67 21
Moody Brook, Tolland, Mass. 1986-92 42 04 11 73 03 41 <2 .66 15
Bow Brook, New Salem, Mass. 1984-93 42 31 10 72 16 18 <2 .63 24
Williams River, West Stockbridge, Mass. 1986-92 42 13 37 73 21 10 <2 .62 21
Gulf Brook, Pelham, Mass. 1986-93 42 21 57 72 22 05 <2 .62 20
Pond Brook, Granville, Mass. 1986-93 42 02 18 72 56 31 <2 .61 25
Stones Brook, Ashfield, Mass. 1985-90 42 27 18 72 50 51 <2 .60 17
Umpachene River, Monterey, Mass. 1985-93 42 05 39 73 16 19 <2 .59 18
Baker Brook, Gardner, Mass. 1986-93 42 33 10 71 59 21 <2 .59 25
Fourmile Brook, Northfield, Mass. 1985-93 42 36 56 72 28 45 <.2 .58 26
Gate Hill Brook, Wendell, Mass. 1984-93 42 34 08 72 25 45 <2 .58 23
Charles Brook, Brimfield, Mass. 1984-93 42 06 57 72 13 04 <2 .57 21
Benton Brook, Otis, Mass. 1984-93 42 11 06 73 05 03 <.2 .56 22
Vincent Brook, Colrain, Mass. 1986-93 42 41 57 72 46 27 <2 .56 24
Swift River, Ware, Mass. 1985-92 42 11 21 72 21 29 <2 .56 27
Robbins Brook, Winchendon, Mass. 1986-93 42 41 45 72 04 55 <2 .55 26
Mahoney Brook, Gardner, Mass. 1984-93 42 33 38 71 59 03 <2 .53 24
Kilburn Brook, Peru, Mass. 1986-93 42 25 17 73 04 55 <2 .53 23
West Branch Westfield, Chester, Mass. 1985-93 42 13 50 72 52 24 <2 .53 29
Wilder Brook, Gardner, Mass. 1986-93 42 35 03 72 00 46 <2 .52 24
Cady Brook, Washington, Mass. 1986-93 42 24 59 73 06 36 <2 .52 17
Hume Brook, Windsor, Mass. 1986-93 42 29 22 73 01 37 <2 .51 18
Hoyt Brook, Phillipston, Mass. 1984-93 42 36 42 72 07 42 <2 51 25
Y okum Brook, Becket, Mass. 1986-91 42 19 58 73 04 58 <2 .50 13
Hearthstone Brook, Shutesbury, Mass. 1984-93 42 23 08 72 29 21 <.2 .50 25
Mill Brook, Washington, Mass. 1986-93 42 23 16 73 14 26 <2 .49 22
Anthony Brook, Dalton , Mass. 1986-93 42 28 45 73 09 08 <2 .49 22
Parsons Brook, Northampton, Mass. 1984-93 42 18 33 72 41 17 <.2 48 27
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Table 28. Summary of median nitrate concentrations for selected Acid Rain Monitoring Project (ARMP) sites, 1984-93

—Continued
Site name Period of I:atit’udf L?ngitu;de Nitl:ate as N (m.glL) Number of
record Median Maximum samples

Sawmill River, Upper, Montague, Mass. 1984-92 42 31 35 72 34 00 <0.2 0.48 25
Gulf Brook, Savoy, Mass. 1984-92 42 37 59 72 59 50 <2 47 19
Yokun Brook, Lenox, Mass. 1987-91 42 22 42 73 14 43 <2 47 13
Lawrence Brook, Royalston, Mass. 1985-93 42 38 57 72 12 24 <2 47 26
Walker Brook, Becket, Mass. 1985-92 42 16 40 72 58 48 <2 46 24
East Oxbow Brook, Charlemont, Mass. 1985-93 42 37 17 72 46 50 <2 45 24
Priest Brook, Winchendon, Mass. 1986-93 42 38 39 72 05 58 <2 44 22
Bronson Brook, Worthington, Mass. 198593 42 25 27 72 55 10 <2 44 24
West Brook, Upper, Orange, Mass. 1986-93 42 34 33 72 15 42 <2 44 10
Middle Brook, Westfield River, Middlefield, Mass. 1986-93 42 15 33 72 52 00 <2 44 24
Maynard Brook, Oakham, Mass. 1987-92 42 19 18 72 02 36 <2 43 15
Dunbar Brook, Monroe, Mass. 1985-89 42 42 25 72 57 05 <2 42 14
Pond Brook, Huntington, Mass. 198493 42 16 49 72 52 06 <2 42 26
Soda Creek, Sheffield, Mass. 1984-93 42 06 21 73 19 36 <2 42 20
Dean Brook, Shutesbury, Mass. 198593 42 24 54 72 28 44 <2 41 26
Moccasin Brook, Petersham, Mass. 1986-93 42 28 14 72 09 43 <2 41 17
Clear Brook, Windsor, Mass. 198493 42 31 55 72 59 38 <2 40 20
Tyler Brook, Wendell, Mass. 1984-93 42 30 41 72 25 48 <2 .39 18
Amethyst Brook, Amherst, Mass. 1985-93 42 22 41 72 29 36 <2 39 29
Windsor Jambs Brook, Windsor, Mass. 1986-93 42 30 47 72 59 21 <2 38 24
Moosehorn Brook, New Salem, Mass. 1986-93 42 30 33 72 18 50 <2 .36 24
Bearmeadow Brook, Ashburnham 1986-93 42 41 16 71 57 16 <2 35 22
West Brook, Lower, Orange, Mass. 1985-93 42 34 33 72 15 42 <2 35 14
Black Brook, Warwick, Mass. 198493 42 40 55 72 19 13 <2 .35 16
East Branch Tully River, Royalston, Mass. 1985-93 42 36 48 72 14 34 <2 34 26
‘White Brook, Florida, Mass. 1984-92 42 40 22 73 01 59 <2 33 20
Kenny Brook, Royalston, Mass. 198593 42 37 59 72 08 22 <2 33 21
Newton Brook, Hardwick, Mass. 198492 42 18 56 72 14 23 <2 33 23
Ground Brook, Conway, Mass. 198593 42 26 03 72 40 18 <2 32 25
Chickley River, Hawley, Mass. 1985-90 42 37 48 72 54 06 <2 32 16
Rice Brook, Rowe, Mass. 1986-93 42 41 13 72 54 34 <2 32 19
Shattuck Brook, Phillipston, Mass. 1984-93 42 31 49 72 09 01 <2 32 17
Lord Brook, Rowe, Mass. 1986-93 42 43 26 72 56 18 <2 31 23
Chaffee Brook, Pelham, Mass. 1986-92 42 20 02 72 22 08 <2 31 16
Wilder Brook, Charlemont, Mass. 1985-93 42 37 13 72 47 24 <2 31 23
Mill Brook, Northfield, Mass. 198593 42 42 20 72 27 29 <2 31 23
Templeton Brook, Templeton, Mass. 1986-93 42 32 32 72 00 48 <2 31 24
Shaker Mill Brook, Becket, Mass. 1986-93 42 19 59 73 05 03 <2 31 23
Whiting River, New Canaan, Conn. 1986-92 42 00 38 73 16 26 <2 .30 15
Middle Brook Swift River, Petersham, Mass. 1985-93 42 31 14 72 18 05 <2 .30 27
Todd Brook, Charlemont, Mass. 1985-93 42 39 02 72 55 53 <2 .30 22
Glendale Brook, Middlefield, Mass. 1984-93 42 21 06 72 57 42 <2 .30 26
Fish Brook, Royalston, Mass. 1986-93 42 39 54 72 16 13 <2 .30 18
Cobb Brook, Shutesbury, Mass. 1985-93 42 25 45 72 22 51 <2 29 27
Mongue Meadow Brook, Windsor, Mass. 1986-92 42 28 05 72 59 26 <2 .29 18
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Table 28. Summary of median nitrate concentrations for selected Acid Rain Monitoring Project (ARMP) sites, 1984-93

—Continued
si Period of Latitude Longitude Nitrate as N (mg/L) Number of
ite name PR . S a .
record Median Maximum samples
Cadwell Creek, Pelham, Mass. 198593 42 20 03 72 22 12 <0.2 0.29 25
Breakneck Brook,Huntington, Mass. 1984-93 42 14 34 72 47 57 <2 29 20
Dead Branch/Brook, Chesterfield, Mass. 1984-93 42 20 24 72 50 47 <2 .29 27
Osgood Brook, Wendell, Mass. 1986-92 42 35 45 72 21 56 <.2 .29 21
Hamilton Brook, Becket, Mass. 1986-93 42 16 24 73 03 42 <2 .28 18
Bilodeau Brook, Hinsdale, Mass. 1986-93 42 23 43 73 06 20 <2 .27 17
Roaring Brook, Leverett, Mass. 1985-92 42 26 09 72 29 34 <2 .27 25
Mormon Hollow Brook, Wendell, Mass. 1985-93 42 35 26 72 26 32 <2 .27 26
Boyce Brook, Royalston, Mass. 1986-92 42 40 46 72 13 09 <.2 .27 23
Jack’s Brook, Upper, Northfield, Mass. 1985-93 42 36 51 72 24 03 <2 .26 16
Atherton Brook, Shutesbury, Mass. 1985-92 42 24 51 72 22 49 <2 .26 24
Bennett Brook, Northfield, Mass. 1984-93 42 40 13 72 28 24 <2 .26 24
Purgee Brook, Pelham, Mass. 1985-93 42 23 12 72 22 26 <2 .26 25
Keyup Brook, Lower, Northfield, Mass. 1986-93 42 35 53 72 24 06 <2 .26 13
Pelham Brook, Rowe, Mass. 1985-89 42 39 17 72 56 15 <2 25 14
Ellinwood Brook, Athol, Mass. 1985-93 42 32 48 72 16 04 <2 23 27
Giles Brook, New Salem, Mass. 1984-93 42 30 11 72 18 54 <2 .23 24
Unquomonk Brook, Williamsburg, Mass. 1986-93 42 23 00 72 43 01 <2 22 23
Spud Brook, Winchendon, Mass. 1987-93 42 42 50 72 05 11 <2 22 20
Kidder Brook, Warwick, Mass. 1984-93 42 42 33 72 21 03 <2 .21 23
Tully Brook, Warwick, Mass. 1985-92 42 40 54 72 17 08 <2 21 23
Towne Brook, Royalston, Mass. 1984-93 42 42 10 72 07 18 <2 .20 22
Moss Brook, Upper, Warwick, Mass. 1985-93 42 35 56 72 21 33 <2 <2 5
Bluefield Brook, Ashburnham, Mass. 198593 42 41 16 71 57 16 <2 <2 21
Bailey Brook, Gardner, Mass. 198593 42 35 35 72 01 38 <2 <2 22
Blodgett Mill Brook, Warren, Mass. 198593 42 10 11 72 15 43 <2 <2 18
West Brook Tully River, Orange, Mass. 1984-93 42 36 49 72 14 34 <2 <2 26
Fox Brook, Granville, Conn. 1984-93 42 01 30 72 51 38 <2 <2 22
Hubbard Brook, Granville, Conn. 1986-93 42 01 50 72 56 04 <2 <2 26
Valley Brook, Granville, Conn. 1985-93 42 01 50 72 56 02 <2 <2 26
Thousand Acre Brook, Phillipston, Mass. 198492 42 37 01 72 09 32 <2 <2 19
Hop Brook, New Salem, Mass. 1985-93 42 28 00 72 19 09 <2 <2 25
Scott Brook, Royalston, Mass. 1985-93 42 42 10 72 07 18 <2 <2 26
Nelson Brook, Athol, Mass. 1984-93 42 31 54 72 12 50 <2 <2 22
Ripley Brook, Granville, Mass. 1986-93 42 07 26 72 57 10 <2 <2 15
Briggs Brook, Pelham, Mass. 1986-93 42 24 35 72 22 53 <2 <2 25
East Branch Fever Brook, Petersham, Mass. 1986-93 42 26 44 72 15 15 <2 <2 27
Lyons Brook, Wendell, Mass. 1986-93 42 34 36 72 28 00 <2 <2 23
Bigelow Brook, Phillipston, Mass. 1985-93 42 31 33 72 09 10 <2 <2 25
Popple Camp Brook, Phillipston, Mass. 1984-92 42 31 49 72 09 01 <2 <2 24
Baker Brook, Wendell, Mass. 1984-92 42 34 09 72 25 46 <2 <2 20
Adams Brook, Shutesbury, Mass. 1985-93 42 22 41 72 29 36 <2 <2 28
Keyup Brook, Northfield, Mass. 1986-93 42 35 53 72 24 06 <2 <2 12
West Branch Fever Brook, Petersham, Mass. 1986-92 42 28 02 72 15 34 <2 <2 22
West Branch Swift River, Shutesbury, Mass. 1986-93 42 16 59 72 20 38 <2 <2 24
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Table 28. Summary of median nitrate concentrations for selected Acid Rain Monitoring Project (ARMP) sites, 1984-93
—Continued

si Period of Latitude Longitude Nitrate as N (mg/L) Number of
ite name e 4 om e T4 on o T

record Median Maximum samples
Riceville Brook, Athol, Mass. 1985-93 42 32 12 72 15 24 <0.2 <0.2 28
Whetstone Brook, Wendell, Mass. 1985-93 42 35 42 72 21 47 <2 <2 26
Rocky Brook, Douglas, Mass. 1985-92 42 00 12 71 48 34 <2 <2 20
Moss Brook, Warwick, Mass. 1990-93 42 35 56 72 21 33 <2 <2 11
Orcutt Brook, Upper, Warwick, Mass. 1990-93 42 35 53 72 20 29 <2 <2 18
Orcutt Brook, Lower, Warwick, Mass. 1985-93 42 35 53 72 20 29 <2 <2 10
Keyup Brook, Upper, Northfield, Mass. 1986-93 42 35 53 72 24 06 <2 <2 15

Table 29. Summary of median concentrations for selected phosphorus data from the U.S. Environmental Protection Agency’s
storage and retrieval system for selected water-quality stations in the Connecticut, Housatonic, and Thames Rivers study unit,
water years 1972-90

[Map No.: See plate 1 for locations of water-quality stations and table 23 for summary of data. Median concentrations are not necessarily
representative of the annual conditions and they are not necessarily representative of the seasonal variations because all months and years
were not equally represented. Stations are listed in descending order of map no. mg/L, milligram per liter; --, no data; <, actual value is less
than value shown]

Orthophosphate Phosphorus,

Pe;i:d Phosphorus, phosphorus, dis- dissolved,
'::” Station name ;:;;z? total as P (mg/L) ass:l(\::n_ ) ( ;ZIT. )
year) Median ?;;' Median ?:::;' Median ?:;ns-

228 Wooster Brook at Waterbury, Conn. 1974-88 0.02 62 <0.10 7 -- --
227 Beaver Brook at Bethlehem, N.H. 1979-90 - -- - -- - --
226 Cold Brook at Berlin, N.H. 1973-90 - -- - -- -- -
225 Number 9 Brook at Berlin, N.H. 1979-90 - - - -- -- -~
224 Small Brook at Berlin, N.H. 1979-83  _. -- - -- - -
223 West Branch Upper Ammonoosuc River at Berlin, N.H. 197990  _ -- - -- - -
222 Wild Ammonoosuc River at Benton, N.H. 1978-90 - -- - - - --
221 Passumpsic River at East Barnet, Vt. 1985 - -- - -- -- --
220 Clough Brook at Lemington, Vt. 1984-85 005 12 - - -- -
219 Passumpsic River at St. Johnsbury, Vt. 1985 - -- - - - --
218 Moose River at Granby, Vt. 1984-85 004 12 .- -- - --
217 Ompompanoosuc River at Union Village, Vt. 1972-88 <.03 65 <10 7 - --
216 West Branch Ompompanoosuc River at Thetford, Vt. 1972-88 <01 64 <.10 7 - -
215 East Branch Ompompanoosuc River at Thetford Center, Vt. 1972-88 <02 65 <.10 7 - -
214 West Branch Ompompanoosuc River at South Strafford, Vt.  1979-88 <.02 64 <10 7 -- --
213 East Branch Ompompanoosuc River at West Fairlee, Vt. 1979-88 <01 24 <.10 8 -- --
212 Harvey's Tributary #2 at Barnet, Vt. 1981-82 26 196 - - 026 40
211 Steven's River at Barnet, Vt. 1980 014 16 - - 005 6
210 South Peacham Brook at Barnet, Vt. 1980-82 01 313 - -- 005 63
209 South Peacham Brook at South Peacham, Vt. 1982 -- - - 005 9
208 South Peacham Brook at Peacham, Vt. 1982 - - -- 008 10
207 Ottauquechee River at North Hartland, Vt. 1972-82 ot 24 - -- -- -
206 Connecticut River at Hinsdale, N.H. 1980-86 025 14 - -- -- --
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Table 29. Summary of median concentrations for selected phosphorus species from the U.S. Environmental Protection
Agency’s computer STorage and RETrieval (STORET) system for selected water-quality stations in the Connecticut, Housa-

tonic, and Thames Rivers study unit, water years 1972-90

—Continued
Period Orthophospha'te Ph.osphorus,
Phosphorus, phosphorus, dis- dissolved,
Map Station name re::r d total as P (mg/L) solved as P

No. (water s asP (mglL) (mgll.s) i

year)  Median p?:: Median palen: Median p?:a;
205 Connecticut River at Lancaster, N.H. 1978-89 0.03 32 0005 29 -- --
204 Connecticut River at Cornish, N.H. 1976-81 01 40 004 35 - -
203 Connecticut River at Hinsdale, N.H. 1980-86 021 14 . - - -
202 North Branch Gale River at Bethlehem, N.H. 1976-90  __ - » - - -
201 Garland Brook at Lancaster, N.H. 1980-90 . - - - - -
200 Morey Tributary #3 at Fairlee, Vt. 1981-82 039 93 - - 0.027 91
199 Scarface Brook at Bethlehem, N.H. 1982-90  __ - . -- - -
198 Clark Brook at Granville, Vt. 1984-85 <003 10 .- - - -
197 Hancock Branch tributary to White River at Hancock, Vt. 1984-85 <003 12 - - - -
196 White River at Granville, Vt. 1984-85 003 11 » - — -
195 Third Branch White River at Roxbury, Vt. 1982 -- - -- 02 10
194 Third Branch White River at Roxbury, Vt. 1982 _ -- - -- 007 9
193 North Branch Black River at Weathersfield, Vt. 1980-88 <03 28 -- -- -- --
192 Ottauquechee River at North Hartland, Vt. 1981-88 <01 12 <10 3 -- -
191 Ottauquechee River at Quechee Village, Vt. 1981-82 <03 14 - - - -
190 Ottauquechee River at Quechee Gorge, Vt. 1980-88 <02 37 <.10 3 - --
189 Black River at Perkinsville, Vt. 1972-86 <03 31 - - - -
188 North Branch Black River at Amsden, Vt. 1972-86 <03 31 - - - --
187 Ottauquechee River at Quechee, Vt. 1974-88 <03 34 <10 3 - -
186 West River at North Springfield, Vt. 1972-86 01 29 -- - -- --
185 North Branch Ball Mountain Brook at Jamaica, Vt. 1988 008 7 - - 004 7
184 West River at Stratton, Vt. 1988 008 7 -- - 006 7
183 Ball Mountain Brook at West Jamaica, Vt. 1984-85 004 12 - - - -
182 West River at Townshend, Vt. 1981-86 <03 9 - - - -
181 West River at East Jamaica, Vt. 1972-86 <02 14 - - - -
180 Wardsboro Brook at Jamaica, Vt. 1976-86 <.02 15 - - - —
179 North Branch Ball Mountain Brook at Jamaica, Vt. 1985-88 01 9 -- - .004 21
178 Winhall River at Londonderry, Vt. 1977-86 <03 12 - - — —
177 West River at South Londonderry, Vt. 1980-86 <03 12 - - -- --
176 Winhall River near Rawsonville, Vt. 1980-86 <02 13 - - - -
175 Winhall River at Winhall, Vt. 1982-85 o007 11 - - - —
174 Kidder Brook at Jamaica, Vt. 1985-87 .003 2 - - .002 14
173 Ashuelot River at Gilsum, N.H. 1980-86 <03 22 - - — -
172 Ashuelot River below Surry Mountain Dam at Surry, N.H.  1972-86 01 22 - - - -
171 Otter Brook below Otter Brook Dam, at Keene, N.H. 1972-86 <03 17 - - - -
170 Otter Brook at Keene, N.H. 1972-86 <03 18 - - - -
169 Merriam Brook at Surry, N.H. 1973-86 <03 18 - - - -
168 Merriam Brook at Surry, N.H. 1975-86 <03 18 - - - -
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Table 29. Summary of median concentrations for selected phosphorus species from the U.S. Environmental Protection

Agency’s computer STorage and RETrieval (STORET) system for selected water-quality stations in the Connecticut, Housa-
tonic, and Thames Rivers study unit, water years 1972-90

—Continued
Period Orthophospha.te Ph.osphorus,
T hosptors, | ohospror d: - disohe
No. Station name ::vca:;? as P (mg/L) (mg/L)
year) Median sp?:;' Median sp?:: Median i?e":
167 Ashuelot River at Swanzey, N.H. 1976-89 0.10 43 0.042 34 -- --
166 East Branch Tully River at Tully Dam in Royalston, Mass.  1980-86 02 14 -- -- -- --
165 Miller River at Winchendon, Mass. 1980-85 06 26 -- - -- --
164 Priest Brook at Royalston, Mass. 1980-85 02 26 =" -- -- --
163 Lawrence Brook below Doanes Falls, Royalston, Mass. 1976-86 03 14 - - - -
162 Miller River below Birch Hill Dam, Royalston, Mass. 1972-85 16 26 -- - - --
161 Otter River at Baldwinsville, Mass. 1976-85 365 26 -- -~ - --
160 East Branch Tully River at Royalston, Mass. 1980-86 02 15 -- -- -- --
159 North Branch Deerfield River at Wilmington, Vt. 1985 073 13 -- -- -- --
158 Binney Brook at Wilmington, Vt. 1985 o007 13 -- -- -- --
157 North Branch Deerfield River at Wilmington, Vt. 1985 o12 14 -- - -- --
156 North Branch Deerfield River at Wilmington, Vt. 1985 076 13 - -- - -
155 Deerfield River at Somerset, Vt. 1984-85 01 10 - - - -
154 Conant Brook at Monson, Mass. 1973-87 <03 16 - - - --
153 Vinica Brook at South Monson, Mass. 1972-87 <03 14 - - - --
152 Westfield River below Knightville Dam at Huntington, Mass. 1973-86 <.02 11 - - - -
151 Westfield River at Huntington, Mass. 1980-88 <02 11 <.10 1 -- -~
150 Little River at Huntington, Mass. 1973-86 <02 10 - - -- --
149 West Branch Farmington River below Goodwin Dam, at 1981-86 <03 8 - - - --
Hartland, Conn.
148 Quinebaug River at Thompson, Conn. 1975-88 192 50 <30 7 - --
147 Quinebaug River at Fabyan, Conn. 1972-88 18 31 <30 7 - --
146 Quinebaug River at Fabyan, Conn. 1978-88 22 52 12 7 - --
145 Quinebaug River below West Thompson Dam, at 1972-88 144 52 <30 7 - --
Thompson, Conn.
144 Quinebaug River at Thompson, Conn. 1981-88 145 38 <30 7 - --
143 Quinebaug River at Thompson, Conn. 1972-88 15 28 .10 5 - --
142 Mill Brook at Brimfield, Mass. 1980-88 02 40 <.10 3 -- -
141 Quinebaug River at Holland, Mass. 1980-88 01 43 <.10 3 -- --
140 Quinebaug River at East Brimfield, Mass. 1972-88 02 42 <10 3 - -
139 French River at Oxford, Mass. 1980-87 067 14 - - - --
138 Qmﬁebaug River below East Brimfield Dam, at Sturbridge =~ 1972-88 01 41 <.10 3 -- --
ass.
137 Tributary to Quinebaug River at Quinebaug, Conn. 1982-88 18 37 11 7 - --
136 French River below Hodges Village Dam, at Oxford, Mass.  1972-87 07 13 - - -- --
135 Little River below Buffumville Dam, at Oxford, Mass. 1972-88 02 39 <.10 3 - -
134 Little River at Oxford, Mass. 1972-88 02 40 <.10 3 - --
133 Quillllebaug River below Westville Dam, at Southbridge, 1972-88 04 27 <30 -- --
ass.
132 Quinebaug River at Sturbridge, Mass. 1972-88 .05 27 <.30 2 -- --
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Table 29. Summary of median concentrations for selected phosphorus species from the U.S. Environmental Protection
Agency’s computer STorage and RETrieval (STORET) system for selected water-quality stations in the Connecticut, Housa-
tonic, and Thames Rivers study unit, water years 1972-90

—Continued
Period Orthophospha-te I5h.osphorus,
Map o e bimgl) | sowed T Taab
No. Station name ;:c:ac::: as P (mg/L) (mglL)
year) Median i?:: Median ii": Median i?e":
131 South Fork Little River at Oxford, Mass. 1972-88 0.01 39 <0.10 3 - --
130 Natchaug River at Mansfield Hollow, Conn. 1972-86 02 10 - - - -
129 Mount Hope River at Mansfield, Conn. 1980-86 03 10 - - - -
128 Fenton River at Mansfield, Conn. 1980-86 02 9 - - - -
127 Naugatuck River at Thomaston, Conn. 1972-85 27 29 - - - -
126 Northfield Brook at Thomaston, Conn. 1979-88 .01 19 <.10 3 - -
125 Leadmine Brook at Thomaston, Conn. 1972-87 01 29 - - - -
124 Naugatuck River at Campville, Conn. 1972-85 37 28 - - - -
123 Northfield Brook at Thomaston, Conn. 1972-88 01 20 <10 3 - -
122 Confluence of Hop and Shattuck Brooks at Waterbury, Conn. 1972-88 024 60 <.10 7 -- --
121 Hop Brook Dam at Waterbury, Conn. 1972-87 04 15 - - - -
120 Welton Brook at Waterbury, Conn. 1974-88 02 59 <10 7 - -~
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