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Datafrom the HubbardBrook EcosystenStudyusedn this guidewereprovidedby GeneE. Likens
throughfunding from theéNational ScieceFoundatiorandthe Andrev W. MellonFoundation.

HubbardBrook ExperimentalForestis oneof 26 nationaLong Tem Ecological
ResearcliLTER)sitesestablishedy the NationalScienc&oundatiorto support
researclon longtermecologicabhenomenian the United StatesThe Network is
acollaborativeffort involvingmorethan1800scientistandstudentsnvestigating
ecologicaprocessesverlongtemporalandbroadspatialscalesThe Network
promotessynthesisndcomparativeesearclacrosssites andecosystemandamongotherrelated
nationalandinternationatesearclprograms.

TheHubbardBrook ExperimentalForestis oneof 22 experimentdbrests
administeretly the USDAForestServicelNorthernResearclstatiorwhich
partnerswith the HubbardBrook Researclroundationto developandimplement
the EnvironmentalLiteracyProgramELP),of whichthisguideisacomponent.
Experimentaforestsarededicatedo longtermresearclon ecosysterprocessesilvicultureand
forestmanagemerdptions, wildlife habitatcharacteristicandforestgrowthanddevelopment.
The ELP programworksto bringthelesson®f thisresearcto teachersstudentandthe public.

© Copyright2010HubbardBrook Researclroundation.
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time.All otherrightsreseved.
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Introduction

histeachingguidewasdesignedby the HubbardBrook Researclroundationto be a

resourcdor teachers ofraded throughl2.It offerscontentinformationclassroom
lessonsexperimentadctivitiesputdoor fieldwork,and dataanalysisuggestionthat will
introduceacidrain andbuild knowledgeaboutthe complexinteractiondbetweeracidrain
andecosystems. Studentsvho participaten fieldworkanddataanalysisvill generate
informationanddatathat canbe usedto raiselocalawarenesaboutacidrain.

About Hub bard Brook

TheHubbardBrookExperimentaForestfHBEF)isa7,800acre
forestedvalleyin centralNew Hampshirghat wassetasideby the
United Stateg-orestServican 1955anddedicateexclusivelyo the
longtermstudyof forestandaquatt ecosystem3hefirst streamat
the forestwasfitted with measuringlevicegweirs) in 1956and,since
then,watersamplesstreanflows,soil profiles,andotherscientific
measurementsave beentakenby researchechnicanson a weekly
basisjn all kindsof weatherconditionsNeatlystackedows of
thousandsf watersamplesretestamento the on-the-groundefforts
of countlessesearcher@ndtechniciansver nearlyhalf a century.
Thesesamplesandotherdatarepregntatreasurdrove for scientists
seekindo understandhe longterm changeshatoccurin forests.

In theearly 1960scientists fronDartmouthCollege anthe U.S.
ForestServicdbegarconductingongtermecologicatesearchat the
forestwhichledto the establishmendf the HubbardBrook Ecosystem
Study Over the yearsthe studyhasinvolvedresearcherfsom dozens
of universitiesgovernmentagenciegndotherinstitutionsrepresenting
awiderangeof disciplinesfrom botanyto geochemistry, limnology
to avianbiology. The HubbardBrook Ecosystenstudyemployghe
0 s mwatetshecd p p r dcaunderstandingcosystemsyhich was View at Hubbard Brook
onceconsidere novel, even revolutionaryjdea.Todaymorethan Experimental Forest
2,000scientificpapersusingHubbardBrook datahave beenpublished
in peerreviewedournalsand books.Perhapsho paper
wasmoreimportantthanthe 1968studydocumentinghe
link betweerthe increasin@cidityof precipitatiorand
fossilfuel combustiorin North Americaastudyin which
HubbardBrookresearchemoinedthe phrased a aaind

HubbardBrookisoneof then a t i2@&Lond Bem
EcologicaResearciil TER)siteswhicharesupported
bythe National Sciené®undationThe HubbardBrook
ExperimentaForestis operatecaindmaintainedy the
U.S ForestServiceNorthernResearctation

TheHubbardBrookResearckoundatior(HBRF)
isanonprofitorganizationthatsupportshe Hubbard
Brook Ecosysten$tudyOur missionisto promotethe
understandingndstewardshipf ecosystemthrough
scientificresearcHpngterm monitoringandeducation.

Monitoring equipment at Hubbard Brook
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Our EnvironmentalLiteracyProgram(ELP) hasbeendevelopedand conductedn
partnershipwith the U.S.ForestServiceNorthern ResearctBtation,and is aimedat middleand
high schoolleveleducationThe goal of the ELP is to fostera societywhereindividualand
collectivedecisionsare informed by a working knowledgeof ecosystenfunctioning.We strive
to meetthis goalby facilitatingthe transferof scientificknowledgerom researcheto teacher
by developingcurriculum,offering teacherprofessionabdevelopmentand workingdirectly with

interestedlocal schools.Educationfor collegdevel studentsis conducted
throughour ResearclExperiencdéor UndegraduateBrogram(REU)which
providesin-depth,handson researclexperienceat the HubbardBrook
ExperimentaForest.The programemphasizesoth the proces®f scientific
researclandthe skillsandimportanceof communicatinghatresearch

to broaderaudiences\fter an eightweeksessiorstudentsarepartnered
with researcimentorsandwith regionahon profit organizationand
managemeragenciesnvolvedwith communicatingcologicainformation
to broadaudiences.

H B R$-SEiencd.inks programwasestablishedo bridgethe gap
betweenscienceand public policy, working with Hubbard Brook scientists
to communicatehe resultsof their researclto governmentthe media,
environmentabnd publicinterestgroups,and the generalpublic. Our first
Sciencéinksproject,Acid Rain Revisited , publishedn 2001 synthesized
longterm monitoring dataand ecosystenexperimentghat shedlight on
acidrain in the Northeast.A valuableresourcethe reportis usedby policy
makers|and managersand the generalpublic, includinghigh schooland
collegeclassesrou maywishto usethe entireAcid Rain Revisited reportor
the summaryas a resourcefor your studentsduring your studyof acidrain.

For more informationon the pH scaleand the causesnd chemistryof acidrain, pleaseview the
PowerPointslideshowtitled Acid Rain 101, or useone of the resourcedistedin AppendixB.

W hy W asThis Teaching Guide Created?

Acid raincontinuedo degradecosystemscid rainwasfirst
documenteth North American theearlyl960saattheHBEF. The
resultsof earlysamplingdf uplandstreamsn the HubbardBrook valley
perplexedscientistsvhenthe waterindicatedunusuallyhigh acidity. They
subsequentlyacedthe sourceof the pollutionto coatburningelectric
utilitieslocatedn the MidwesternJ.S.andtransportatiorsourcesk-urther
investigationshowedhat acidrain wasalteringand degradinghe
ecosystenThisresearclplayedanimportantrole in shapinghe CleanAir
Act of 1970subsequeritiearAir Act Amendment§CAAA)of 1990and
the CleanAir InterstateRuleof 2005, whicleollectivelymandated
reductionsn emissionsghat contributeto acidrain. HubbardBrook
scientistdave sincebeenableto documenthat ecosystemisave benefited
from this federalegislationbut thatacidrainis still a problemandhashad
agreateenvionmentaimpactthanpreviouslyprojectedSeeChapter2
for moreinformation.

All citizensshouldbecomesnvironmentallliterate Whenstudents
graduatdrom high schooltheyshouldunderstandhow to useecological

Sampling stream water at
Hubbard Brook

knowledgdo makeinformeddecisiongor themselveandsocietyAn environmentallliterate
citizenryhasthe skills,knowledgeand motivationneededo promotea sustainabléuture.
Studentseedto be awareof the issueswhy they matter andhow theycanbe addressed.
Environmentaliteracyis fosteredhroughplacebasededucationSomestudentanayknow
aboutthe issueof acidrain,but do theyknow how acidrain affectstheir regionVhenlessons
directlylink studentsto theircommunitytheybecomemeaningfulearningopportunitieshat

Introduction
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help studentsto makedecisiondong into the future.
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Exploring Acid Rain

Chapter 1
AboutThisTeachingsuide

Exploring Acid Rain isdesignedb helpstudents
develop the followingenduringunderstanding:

Humanactivities can degade ecosystemand the
serviceghey provide.Scientificreseart andlong-
term monitoring are necessaryo understanchow
to promotetherecoveryof degadedecosystems.

This teachingguidewasdevelopedto helpteacher: J*
studentsandschoolaneetthe followinggoals: o

I Learmaboutacidrainsciereandhow
ecosystentanrecovefromacidrain

I Learrskillsnscientifiégnquiryand >
environmentahonitoring

' I See¢hemselvesscontributorofknowledge
— anddataonlocalenvironmentatonditiongo
theircommunity

I Applythissetof understandirgjolocaland
globaknvironmentassues

I Achievacademistandards
I Promoteenvironmentandscientifiditeracy

I Integratehemisty,biologyandearttscience
withinthecontexof environmentacience

ChapterOne ExploringcidRain' 8
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ArrangemenbdfthisGuide

he heartof the teachingyuideis foundin

Chapters3 through5, which providecontent,
lesens andinvestigationdieldwork,and assistance
with datarepresentatioandinterpretationEach
chaptethasanaccompanyinghartthatliststhe New
HampshireSciencé.iteracyStandardaddressely
the activitiescontainedn thatchapterThesechapers
aredescribedriefly below.

Chapter 3:Concept-Building Activities

Thischapteprovidesnformationandoffers
experiencethatrangefrom discussioibasedo lab
basedactivitiesDependingn your studentsandther
academiexperienceyou maydecideto skip one or
moreof them.Werecommendhatyouadministea
pretestto asseswhatyour studentsalreadyknow to
identify gapsthat canbe addressebly theselessons.
All of theles®nsin this chapterincludeassessments
andrubrics;for moreon assessmerjleaseee
additionalnformationin Chaptei6: Curriculum

Options

Chapter 4: Fieldw ork

Giving studentghe opportunityto do fieldworkallows
themto participateén theproces®f0 d o s aige n ¢
anddirectlyconnectgshemwith environmental
conditions within thetommunityThe first lessons

in this chaptewill aidyouandyourstudens in
preparingo do fieldwork.Lessongl.5through4.9
provideprotocols for collectingdataon precipitation,

Photo. aney Bailey
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precipitatiorpH, alkalinity(of a waterbody),soil
characterizatiomndsoil pH. In addtion, thischapter
offerswaysfor studentgo synthesizenterpretand
communicateesultsoncestudentshave completed
datacollection.

Chapter 5:Slideshows

eFBur PowerPoint slideshowsave beendeveloped
for thisteachmgguideThefirst,Acid Rain 101,
cansere asa primerfor teachersvishingto learn
content informationabout acid rain. Three additional
slideshowdell the story of acid rain researchwithin the
HubbardBrook EcosystenstudyPart I: The Discovery,
Part Il: The Calcium Experiment, andPartlll: Ecosystem
Recovery.

Chapter 6:Curriculum Options

This chaptemnoffersideaghatyoumaywishto
incorporaten youracidrain unit includingthe

0 Under shyersd ogmgilumplanningmethod
anda frameworkfor usinginquiryin middleschool.

It alsoincludessereraltools andresourcesghatallow
for studentdirectedearningculminatingn student
independentesearclprojects.

ExploringcidRain’ 9
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CurriculumPlanning

eforegettingstartedwe suggesthat you ask

yourselfthe followingquestiongo help
determineyour approacho this studyandwhere
yourstudentsnightgo with it.

I How manyclasgperiodsor blocksof time canl
devoteto thisunit?

I Wouldl like to incorporatdieldworkinto this
unit? If so,wherewill we conductthe fieldwork
andhowwill | getmy studentgo thelocation?
(PleasseeChapter: Fieldworkfor amore
thoroughdiscussiomf fieldworkconsideration.

I Whatsuppliesandequipmento | alreadyhave
that mightbe useful2Vhatadditionakuppliesand
equipmentnightl needto obtain?

I How muchdirectionor guidancelo | need
to provideto helpmy studentonductscientific
investigations?

Answersto thesequestionswill becomemore apparent
after you reviewthe chaptersof this teachingguide
and consultother resourceslf you needevenmore
basicbackgroundabout the conceptsdiscussedelow,
the EnvironmentalProtectionA g e n (ERA) qriide,
Learning about Acid Rain,isagoodresourcéor
gradess through 8.

Photo: kevin McGuire
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Atwork in the forest

ChapterOne

Mostlessoné Exploring Acid Rain coverthefirsttwo
of the following spectrumof inquiry-basedapproaches:

Teader-directedstudentiearningwith strongteacher
directionandoversighthroughoutthe study;

Teader-guidedstudentiearningwherethe teacher
adivelyteachesmportantconceptshelpsgetstudents
startedon aninvestigaon, andprovidesongoing
guidance;

Studentdirectedlearningwherestudentsnitiate
investigationbasedn their own questionandcarry
themout whilethe teacheseresasa facilitator.

If youareinterestedn havingyour studentpursuea
student-directedlearningapproachpleaseseeChapter
6: CurriculumOptions

Science Standards

Chapter$,4,and5 containlinksto aNew Hampshire
Science Standards tablethatshowswvhichstandadsare
met by eachlessonor activity within that chapter.

We have chosera subsebdf the New Hampshire
Departmenbf EducatiorSciencéiteracyStandards
tha we feelareaddressedell by the lessonsand
activitiesThisis by no meansa comprehensivist
andother standardsanbe addressety this guide
aswell.We have choserto highlight9-11 GradeSpan
Expectation§GSE)althoughs S Efér gradesbove
andbelowthis rangearealsowellsered by these
lessonaindactivitiesWe usethesed-11G S Eliecause
theyhit the middleof the graderange(7 through12)
addressetly this teachingguide . The standardin
theboxesarethed a s s e § a mdoathesalence
portionof theNew EnglandCommonAssessment
Program(NECAP)examgivento studentsn gradell
eachyearWhileinclusionin the NECAP exammakes
theseboxedstandardémportantto teachall standards,
takentogetherrepresenthe body of knowledgeand
skillsstudentshouldgainin secondargchoolLessons
andactivitiedn this guideaddres®neor moreof the
followingstandards.
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New HampshirdDepa tmentof Education
Sciencd.iteracyStandards

Earth Space Science

Earth SpaceSciencel
The Earth and Earth materials, aswe know them today, have developed over long periods of
time, through constant change processes.

S:ESS1:11:2.1Recognizehat element®xistin fixedamountsaanddescribéhow theymowe
throughthe solid Earth,oceas,atmospherandliving thingsaspart of geochemicalyclessuch
asthe water,carbonandnitrogencycles.

S:ESS1:11:7.1Explainthat waterqualitycanbe affectedpositivelyor negativelypy outside
sources.

Earth SpaceScience4

The growth of sdentific knowledge in Earth Science has been advanced through the
development of technology, and is used (alone or in combination with other sciences)to
identify , understand, and solvelocal and global issues.

S:ESS4:11:3.FExplainhow the useof technobgiesat alocallevel, suchasburningof fossil
fuelsfor transportatioror powergeneratiomnaycontributeto globalenvironmentabroblems.

Life Science

Life Science2
Energy flows and matter recycles through an ecosystem.

S:LS2:11:1.4 Analyzeard describehow environmentatlisturbancesuchasclimatechanges,
naturalevents humanactivityandthe introductionof invasivespecies;anaffectthe flow of
energyor cyclingof matterin an ecosystem.

S:LS2:11:1.5 Usingdatafrom a specificecosystengxplainrelationships®r makepredictions
abouthow environmentatlisturbancéhumanimpactor naturalevents)affectsthe flow of
energyor cyclingof matterin anecosystem.

S:L.S2:11:2.2 Explainthat asmatterandenergyflow throughdifferentlevelsof organizatiorin
living system&ndbetweeriving system&ndthe environmentelementssuchascarbonand
nitrogenarerecombinedn differentways.

ChapterOne Exploringcidrain’ 11
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Life Science3
Groups of organisms show evidence of change over time (e.g.,evolution, natural selection,
structures, behaviors, and biochemistry).

S:LS3:11:1.1 Identify wayshumanscanimpactandalterthe stabilityof ecosystemsuch
ashabitatdestructionpollution,andconsumptia of resourcesanddescribeahe potentially
irreversibleeffectsthesechangegancause.

S:LS3:11:1.2 Identify waysof detectingandlimiting or reversingenvironmentatlamage.

S:LS3:11:1.3 Analyzethe aspect®f environmentabrotection suchasecosystenprotection,
habitatmanagementspeciesonservatiomnd environmentahgencieandregulationsand
evaluateandjustify the needfor publicpolicyin guidingthe useandmanagemerdf the
environment.

Life Science4
Humans are similar to other speciesin many ways,and yet are unique among E a r tlihedosms.

S:LS4:11:2.6 Useevidencdo makeandsupportconclusiongboutthe waysthat humansor
otherorganismareaffectedby environmentalactorsor heredity(e.g. pathogengjiseases,
medicaladvancegollution, mutations).

Physical Science

Physical Science?2
Energy is necessaryfor change to occur in matter. Energy can be stored, transferred, and
transformed, but cannot be destroyed.

S:PS2:11:2.3Recognizehatalargenumberof importantreactionsnvolvethe transferof either
electronsor hydrogernons betweerreactingons,moleculespr atoms.

Science Process Skills
ScienceProcess Skills 1: Scientificlnquiry and Critical Thinking Skills

1. Making Observations and Asking Questions

S:SPS1:11:1.1Ask questionsboutrelationshipsmongvariableshat canobseveddirectlyas
wellasthosethat cannot.

2. Designing Scientific Investigations
S:SPS1:11:2.2 Statea hypothes and predictionbasedn availableevidenceandbackground
information.

3. Conducting Scientific Investigations
S:SPS1:11:3.1Selectitnduseapparatusnd materialsagly.
S:SPS1:11:3.2Useinstrument®ffedivelyandaccurateljor collectingdata.
S:SPSL:11:3.3 Compileand organizedata,usingappropriatdools.

ChapterOne Exploringcidrain’ 12
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4. Representingand Understanding Results of Investigations

S:SPS1:11:4.XCompileanddisplaydata.evidenceandinformationby handandcomputerjn a
varietyof formats,ncludingdiagrans,flow chartstablesgraphsandscattemplots.

5. Evaluating Scientific Explanations

S:SPS1:11:5.1Explainhow datasupportor refutethe hypothesi®r prediction.
S:SPS1:11:5.2Providea statementhataddressethe questiorinvestigateth light of the
evidencagyeneratedh the investigation.

ScienceProcessSkills 2: UnifyingConcept®f Science

1. Nature of Science

S:SPS2:11:1.3 Sometimescientisteancontrolconditionsn orderto focuson the effectof a
singlevariableWhenthatis not possble for practicabr ethicalreasonsheytry to obseve as
widearangeof naturaloccurrenceaspossiblgo be ableto discernpatterns.

2. Systemsand Energy

S:SPS2:11:2.1 Systemsnaybe so closelyrelatedthatthereis no wayto drawboundarieshat
separatall partsof onefrom all partsof the others.

S:SPS2:11:2.3Evenin someverysimplesystemdt maynot alwayde possiblgo predict
accuratelyhe resultof changinggomepartor connection.

4. Patter ns of Change (constancy, change, evolutio n, and equilibrium)
S:SPS2:11:4.2Graphsandequationsreuseful(andoften equivalentyjvaysfor depictingand
analyzingatternsof change.

ScienceProcessSkills 3: PersonalSocialandTechnologicdPerspetives

2. Common Environmental Issues,Natural ResourcesManagement,and Conservation
S:SPS3:11:2.2Designinvestigationt answeparticulamuestionaboutthe environment.

3. Scienceand Technology; Technological Design and Application

S:SPS3:11:3.1Analyzeenvironmentailssuesuchaswaterqualty, air quality,hazardousvaste,
anddepletionof naturalresources.

ChapterOne Exploringcidrain’ 13



http://www.hubbardbrookfoundation.org/

Exploring Acid Rain

Chapter 2

TheHubbardBrook Ecosyster
StudyandAcid Rain

Chapter Overview

I A BriefHistoryof AcidRainResearcht
HubbardBrook

I Thelnterplay betweenMonitoringand
Experimentation

I WhatDoed ongtermDatafromHubbarc
BrookTellUsaboutAcidRain?

I EcosysterRecorelyfromAcidDepositior

I TheCalciuntExperiment
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TheHubbardBrook EcosystenStudy(HBES)

andAcidRain

A Brief History of Acid Rain Research at
the Hubbard Brook Experimental Forest

he existeneof acid rain (moreaccurately

calledacidicdepositiorto includesnow,fog,
anddust),hasbeenknownfor morethan100years.
Documentatiomf theacidification of surfacevaters
begarin Scandinaviaput the first researclproject
to documentandstudyacidrainin North America
wasledby GeneE. Likens F. HerbertBormannand
NoyeM. Johnsonwho begarnto measureghe acidityof
rainandsnowsample$n 1963atthe HubbardBrook
ExpermentalForestin WoodstockNew Hampshiré.
However, researchenserenot lookingfor acidrain
whentheydiscweredit. As partof their studyon the
biogeochemical cycle®fthenorthernhardwood
foresttheycollectedoredpitationsamplesandnoticed
somethingcuriousthe pH of rainandsnowwasvery
low. Insteadof measuringgH valuescloseto 5.2,the
averagepH of naturalprecipitationthe researchers
frequentlyrecordedvaluesbetweerd.0and4.2,
whichrefled veryacidicconditionsln fact,theyonce
measured rain samplewith apH of 2.85,which
is muchmoreacidicthanorangguice!The heavily
forestedWhite Mountainsarelocatedn averyrural
anduplandregionof New England Whywasthe pH
of the precipitaibn overthis regionsolow?Wherewas
theaciditycomingfrom?

Thediscoreryof acidrainat HubbardBrook
representa scientificanomalyd somethinghat
cannotbe explainedy currentlyacceptedcientific
theoriesThis acidrain mysteryceasedo be an
anomalyonceit wasunderstoodhatemissionsrom
Midwesternpowerplantswerebeingcarriedto
the White Mountaingby prevailingwesterlywinds
anddroppedon the forestbelowasprecipitation
anddry depositionBut it wasthe HubbardBrook
Ecosysten® t wsdngdingmonitoringeffortscoupled
with experimentatiothat solvedthe mysteryof the
unexpectegH data.Chapters includeghreeslide
showsthattracethe acidrainresearclof the Hubbard
BrookEcosystenstudy.

1 R.A. Smith, Airandrain:The Beginnings of a Chemical
Climatology . LongmansGreen,London,1872.

2 S.0den,The Acidification of Air and Precipitation and Its
Consequences in the Natural Environment. Swedish
National ResearchCouncil, Stockholm,1968.

8 G.E. Likens,F.H. BormannandN.M. Johnsono &id
Rain6Environment 14:33-40,1972.

ChapterTwo

Figure 2.1 Hubbard Brook Experimental Forest map, Woodstock,

New Hampshire

Aerial view of experimental watersheds at Hubbard
Brook (1984)

The Interplay between Monitoring
and Experimentation

In order to understaritbw an entireecosystem
(likeaforestor alake)is affectedby pollutants
andhow humanactionscanworsenor improve
environmentatonditionswithin that ecosystenwe
needto studyit asanintactunit andmonitorit for
manyyearsWe alsoneedto understandhe distinct
characteristicsf eachuniqueecosystenwve studyand
howits componentinteractwith disturbances sud
asair pollution causedy humanactivities(SeeFigure
2.2.) For examplethe northernhardwoodorestin
the White Mountainsof New Hampshirénassoilsthat
tendto be naturallyacidic. Thesesoilsreactdifferently
to acidrainthanthe sameypeof forestan western
Vemont,wherethe soilshave greatearlkalinity and
so arebetterableto neutralizeanthropogeniacids.

ExploringcidRrain’ 15
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CHancGes 1N THE CaLcium CrcLe

Figure 2.2 Calcium Cycle

TheHubbardBrookEcosystenstudy(HBES)
combinegwo poweful researcimethodologieto
shedlight on acidrain: 1) the weeklycollectionof
biogeochemicalat that goesbackto 1963;and
2) the smallwatershed ecosysterapproactthatallows
scientistéo designandimplementecosysterevel
experimentshat manipulatespecificwatershedand
leave othersaso reerfe nwatershedr comparison.
Severalsmallwatershedms the HubbardBrook
ExperimentalForest(seepreviouspage have been
designatetbr experimentadtudy Herearetwo links for
more informatiormboutreference watershedand
adescripton of HubbardBrook watersheds

W hat Does Long-term Data from
the HBES Tell Us about Acid Rain?

Longtermmonitoringeffortsdocumentedhat,asa
resultof the CleanAir Act andits amendment&missions
of sulfurdioxideandconcentrationsf sulfatein surface
watershave decreasedincel970;the acidityof stream
waterhasdecreasesdlightlyin the HubbardBrook valley
aswell. The buffering,or neutralizingcapacitiesf the
soil andsurfacewaterin the HubbardBrook valley,
however, did not improve with thesechangésand have
resultedn a delayof chemicahndbiologicalrecorery
in its aquatiandterrestriabcosystems.

1.

4 G.E. Likens,C.T. Driscoll,andD.C.Bus0.0 L o-TfegnEffects
of Acid Rain:Responseandrecoveryof a forestecosystera.
Science, 272:244046,1996.

Recentstudiesat HubbardBrookand
otherplacesave shownthat acidrain
haschangedhe chenical compositiorof
soilsin the followingways:

Base cations in the soil (such as
calcium and magnesium) have
becomedepleted. Figure2.2,Changes
in the CalciumCycle,illustratehanges
to the calciunmcyclein the Northeast
betweerthe yearsl9501995and
showsthatthereis significantljess
calciumavailablein the soil at Hubbard
Brook.Thereductionof basecations
fundamentallwlterssoil processeand
hindersthe ability of acidsensitivesoils
to buffer (neutralizegcosystem#n
addition the reductionof basecatins
hascompromisedhe nutrition of trees
suchasred spruceandsugamaple.

2.Acid rain causesaluminum to be
released in an inorganic, dissolved
form, from soil into soil water,vegetation, lak es,
and streams. Figure2.3 AcidDepositiorEffectson
Treesillustrateshow high concentrationsf aluminum
in thisform canbetoxic to organisms.

3. Sulfur and nitrogen have accumulated in

forest soils acrossthe region. Evenif lesssulfur
andnitrogenaredepositedn precipitationsulfate
andnitratecontinueto be releasedrom soil,which
continuedhe acidificatiorprocessn lakesandstreams.

Ecosystem Recovery from

Acip DerosiTioN EFFecTs oM TREES

|
6 Red Spruce Sugar Maple
\ Cakcium &
TEETIESA LM
Caleium leached from soil
leached from
::::L: I s Aduminum
s mobilized &
- = gaken up
Decreased .. byuee
cold

tolerance *

Incroased Root

freozing function &
“..jl"r:f RUtritson
mpaired
. LN
‘___* by ;
Aluminum Calcium & magnesium

Figure 2.3 Acid Deposition
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Figure 2.4 Ecosystem Recovery Over Time

Acid Deposition

How do ecosystem®cover from acidrainand
how do scientistknowthatrecoveryis occurring?
To assestherecoveryof anecosysterfrom acid
deposition , longtermmonitoringis essentiags
backgrounaonditions(dataprior to aciddeposition)
mustbe comparedo currentconditions.

In orderfor anecosysta to recover,theremust
first be chemicaltecorery (decreasedoncentrations
of sulfate pnitrateandaluminumin soils,lakesand
streams)As chemicatonditionsasmprove, biological
recosery canstartto happenBiologicakecorery
will mostlikelyoccurin stagesasnot all organisms
canrecover atthe samerateandsomemaybe more
sensitiveo acidicconditionsthanothers. Figur@.4,
EcosystenRecoveryfrom Acid Depositionabove,
detailsthe procesf ecosystemecoreryby listing
specificthreshddsrequiredfor chemicatecoveryand
by describingpiologicakecorery ratesfor various
aquatiocorganismsandtrees.

Decades

ChapterTwo

Bislogical Bascvery lindarwry

Centuries =

The Calcium Experiment

A majorHBESresearcprojectthatinvolves
both longterm monitoringandexperimentatiois
the calciumexperimeninitiatedin 1999 (Seerigure
2.3.)HBESscientisthiypothesizethatif calciunfi
animportantplantnutrientanda basecationthat
buffersincomingacidsi wasreplacedicrossa whole
forestedvatershedecoreryfrom acidificationrwould
acceleratd.hey calculatedhe amountof calciumthat
hadbeenlost,andthencommissioned helicopter
to broadcastvollastonite (aminerakhatcontains
calcium)pelletsevenly over Watershed.. Sincethen,
datahasbeengatheredn both Watershed. andthe
referencevatershedywatershedb, whichreceivecho
treatment . Dataincludemeasurements stream
chemigry, soil chemistryandthe healthof treessuch
assugamapleandred spruceThe resultsobtained
thusfar showthatthereis a differencebetweerthe two
forestedvatershed@atafrom Watershed. indicates
bettergrowthof sugamaplesmoreseedligs,more
soil basecationsandhigherpH of streamwater)but
new questionsurfaceaven asunderstandingontinues
to grow.The HBESprovidesamodelfor scientific
inquiry,which canbe imaginedasa spiralthat leadsthe
inquirerthrougharepeatingeaiesof stepsthatinvolve
questioningand experimentatiorwhich generateesults
which spawnmore questionsetc.

Thetablethatfollowsshowshow longterm
monitoringandexperimentatiomteractandenhance
eachotheratthe HBEF to producevaluablénsightsnto
ecosysterfunctions.Thetableusesacidrainto illustrate
how this inquiry processwvorks.
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MONIT ORING AND EXPERIMENTA TIO N

LongTerm Monitoring

Experimentation

Analysisy
b

AnalysisY

Question

Why isthe pH of precipitationfallingon the HubbardBrook
ExperimentalForestsoacidic?Low pH of rainfirst documentedn
1963.)

Hypothesis

Sulfuremissionfrom Midwesterrelectricutility plantsarecausingcid
raininNH forests.

DataproducefromtheHBESnfomedC o n g de@somm lggislatéhe
1970ClearAirAct.

Test

The1970CleanAir Act ispassedvith limitson sixmajorpollutantsto
reducepollutionincludingulfurdioxideandparticulateemissionfrom
Midwesternelectric utilities.

Response/
Results

HBEScientistsneasurdessacidigrecipitation(pHisincreasinghut
acidsensitie surfacavatersthroughouttheregiondonot shov a
recoveryinacidityor bufferingcapacity.

Conclusion

NH forestsarestillimpactedby acidrainbecauséd) the acidneutralizing
capacityf ANC) of forestsoilshasbeendepleteddueto pastacidrain
inputsand2) sulfurandnitrogenemissionsnainlyfromelectricutilities
andtransportationsourcesgontinueto produceacidrain.

New Question

Would aforestecosystenshow signsof recoveryif calciun(lostin soil
dueto acidrain)wasreplaced€alciumisanimportantplantnutrient
andabasecationthat buffersincomingacids.

Hypothesis

Forestecosystenfunctionsvouldrecoverifthe amount of calciumost
dueto acidrainwasreplaced.

Test

Calciumwasaddedo anentire watershedW1) at HBEFandcompared
overtimewith areference(untreated)watershedW6).

Response/
Results

Thewatershedwith addedcalcium(W1) showsbetter growth of sugar
maplesmore seedlingsnore soilbasecationshigherpH of streamwater,
etc.,comparedvith thereferencg\W6).

Conclusion

Replacingalciunmpromotesecosystemmecoveryin aforestthathasbeen
damagedy acidrain.

New questionsrisethatleadto further experimentatiorandthe inquiryspiralcontinues.
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Exploring Acid Rain

Chapter 3
ConceptBuildingLessons

Chapter Activities

3.1 Pre/PostTest

3.2 Pick Your BrainaboutAcid Rain
3.3 ThepH Game

3.4 ModelaCatchmenBasin v .
3.5 JustPassingThrough .

3.6 Buffering Experiments

3.7 WhatDoesthe Data Tell Us?
3.8 Whatls EcosystenRecovey?

Overview

T hesdessonsill help studentgo learn
importantconceptsaboutacidrainand

its effectson ecosystem#. yourstudentalready
= have the knowledgeand experienc¢hat these
‘li?ﬁ:-- lessongrovide,you maydecideto skip oneor
moreof them.
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Activity
3.1 Pre/Post -test top of chapter3

Overview

e recommendhdministering pretestto studentdbeforebeginninganyunit of study.This servestwo

purposesAs an advancerganizerit letsstudentknow whattheyareexpectedo learnby the end of
the unit, andit allowsthe teacheto gaugdahe rangeof knowledgelreadyheld by studentsWe alsorecommad
administeringhe samesetof questionssa posttestat the endof the unit. This allowsteacherso checkfor
understandingndto helpbuild a sensef accomplishmenn the studentghroughtheirdemonstratiomf what
theyhave learnedThe following pre/posttestprimarilycoversacidrain pollutantslYou maywishto addor omit
questionsgependingn the contentareasyou chooseto cover in your unit.

Source

HubbardBrookResearclroundation

Materials and Tools

Copiesof pre/posttestfor studets (seefollowingpage)

Answer Key for Pre/Post-test
1.C

2.A andB
3.C
4.A
5.C
6.A
7.B

Estimated Time to Complete Lesson

10minutes

Background Needed

None
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Name: Date:

1. Whatarethe two majorpollutantsghatcreateacidrain?Chooseoneanswe.
A. ozoneandsulfurdioxide
B. chlorofluorocarbonandozone
C. nitrogenoxidesandsulfurdioxide
D. mercuryand methane
2. Whatarethe two majorsource®f acidrainpollutants?Choosdwo answers.
A. coalburningpowerplantsandfactories
B. automobileemissions
C. solidwasteincineratiorplants
D. nucleampowerplants
3. Howis0 a a ia dcaméonlydefinedZThooseoneanswe.
A. rain (or anydepositionthathasa pH valuelessthanneutral(7.0)
B. rain (or anydepositionthat hasa pH valuegreatethanneutral(7.0)
C.rain(or anydepositionthat hasa pH valueof 5.20r less
D. rain(or anydeposition}hat containssulfuric,nitric or organicacids

4. How doesacidrainaffectacidsensitiveecosystensuchasthe HubbardBrook ExperimentaForest?
Chooseneanswe.

A. It mobilizstoxic substanceandleadgo lossof importantplantnutrientsin the soil.
B. It increasegrowthof treesresultingn injury dueto weakemwood density.
C. It createshange# physicaboil structureresultingn morecompactedoil.

D. It decreasemncentration®f sulfatein soilsandstreamwater.
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Questions 5-7

To reduceemissionsf pollutantghatcreateacidrain,the 1990CleanAir Act Amendmentinstituteda
0 c anglt r apbleEydn oneof the majorcontributorsChooseoneanswe.

5. Forwhichacidrainpollutantwasthiso ¢ amgt r apbleyreated?
A. nitrogenoxides
B. ammonia
C. sulfurdioxide
D. chlorofluorocarbons
6. Whichacidrainpollutantwasaddresseldutnotd ¢ a p pChods@oPeanswe.
A. nitrogenoxides
B. ammonia
C. sulfurdioxide
D. chlorofluorocarbons
7. Whichacidrainpollutantwasnot addressedtall by the CAAA?Chooseoneanswe.
A. nitrogenoxides
B. ammonia
C. sulfurdioxide

D. chlorofluorocarbons
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Activity

3.2 Pick Your Brain about Acid Rain top ofchapter3

Overview

tudentsareencouragetb recallanythingthey have heardaboutacidrain and generatguestions

aboutit. Thisprocessefleds the usualstartng point for scientificinvestigationgndit helpsteachergind
out whatstudentsalreadyknow andwhatmisconceptionthey mayhave. Studentsalsodiscaoer whattheir
classmatelsave heardandbeginto exploreandsynthesizeomeinitial informationabout acidrain.

At the endof the adivity, the classwill have alist of statementandalist of questionsboutacidrain.
Thesdistswill helpstudentssort out the scientificvalidityof hearsaynformationand,asthe unit progresses,
to correctmisconceptionsandseparatéactualinformationfrom statementmorerelatedo socialvalues.

Sources

Modifiedandadaptedrom Acid Rain, oneof morethan70t e a cduidesngh& GreatExplorationsn
MathandScienc€GEMS)seriesThe guideis copyriglted by The Regentof the Universityof California,
but the copyrightholderis not responsibléor anymodificationsor adaptations<SEMS guidesareavailable
from GEMS,LawrenceHall of SciencdJniversityof CaliforniaBerkeleyCA 94720pn the Webat
http://www .Ihsgems.org

Standards Addressed

(referto NH Scienc&tandards)
ES:ESS4:11:3.3
FS:LS2:11:1.4
FS:1.S3:11:1.111:1.2,11:1.3
FS:SPS3:11:3.1

Student Outcomes

E Articulate initial understandingsand questions about acid rain.

£ Sort through complex,sciencerelated social issuessurrounding acid rain and distinguish between
incorrect, factualand value statements.

EDiscussand use various learning modesin investigating the range of scientific issuessurrounding
acidrain.

Materials and Tools

£ 30 to 40 sheetsof blank paper

E approximately 30 O N O A GADE E1®-i6ah by 3-inch strips of paper or card stock) 2 5 or more for
eachgroup of 4 students

E newsprint sheets

E markers

E masking tape

£ Acidsin Your Life homeworkpagepneperstudent

Assessment

£ Acidsin YourLife homework
Z Homework Rubric

Estimated Time to Complete Lesson
One 40minuteperiod

Background Needed
None
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3.2 Teacher , Lesson Planning: PickYour BrainaboutAcid Rain

Part 1:Introduce the 6 Ch a | loétimegDea y 6

1.

Introducethe topic by tellingthe classhatyouwantto find out whatt h e he@rdaboutacidrain.
Emphasiethatthisis the samewaythat scientiststartaninvestigationtheyfind out whatis already
knownin orderto figureout whatto investigatmextandhowto doiit.

Ask studentgo writedownwhatt h e fie@drdaboutacidrain. They d o méetito be surethe information
is correctratheranythinghatt h e he@rdaboutthe topic from books, TV, newspapersy word of
mouthis acceptablédsk themto write downshort,concisestatementsatherthanlong explanations.
They will have aboutthreeminutesto makea list of everythingthatcomesto mind.No oneelsewill read
theirlist;i gsitnplyto helpthemcollecttheirthoughtsfor the nextpartof the adivity.

Tell studentghatif theyrun out of thingsto write down (or if theyd o mé@edanythingto writein thefirst
place)to turn over the paperandwrite down anyquestiongheyhave aboutacidrain.

Ask the studentsf theyunderstandvhatt h e supposedo do. Thenpassout piecef blankpaperand
askthemto begin.

Part 2:Organizethe 0 Mi 1sdva p 6

After threeminutes(or alittle longerif needed)have the studentsndthe exercise.

Explainthattheywill work in teamsto combinewhattheyhave heardaboutacidrainby doinga o mi

swa pimtheir groups.

Explainthe followingrules

a) In eachgroup,one studentbeginsby sharingall she/hehasheardaboutacidrain.No oneisto
interruptthe speakepr discussanythingyet.

b) The othergroupmemberdistenand,if theywish,theycanaddthingsthe speakehassaidto theirown
individuallists.Again,no discussiomt this point.

c) Eachpersonjn turn, tellsthe groupw h a dn @isg’her list. Make sureeveryonen the grouphasa
chanceo speak.

d) After everyonehashadaturn, theycanaskeachotherquestionanddiscussvhatwassharel.

Organizethe clasdnto groupsof 3 or 4 studentsAskif thereareanyquestionsthenhave the groups
begin.

Part 3: Share What Everyone Has Heard

1.

After aboutfive minutesconcludehe groupdiscussiong\sk the groupsto taketurnssharingonething
thattheir grouphasheardaboutacidrain.List thesetemson a sheef newsprinto keepfor reference
asthe unit develops.Continueuntil all groupshave sharedall of theirideasTell themthatit is okayto

0 p a if &l df their statementbave alreadypbeensaidby someonelse(Note: Youmaywantto havea
studenthelp write the ideason the sheetof newsprintsoyou canfacilitate and keepthe process
flowing.)

Ask studentdf theyseeanytwo statementsn the sheef newsprinthatc a bhdihtbetrue.Encourage
discussionYou canmakeseveralimportantpoints:

£ There is often controversy and disagreementin science.

E Sometimeswe think weknowsomethingandit might have beentrueatonetime,butasknowledgén
the scientificcommunitygrows,thiso f a c tbe@showrdiorbeinaccurate.

E It is sometimeseasyto confusewhat we know about acid rain with information about other
environmental topics.

Remindthe clasghatwhatthe groupshave beensharings whattheyhave heard to betrue.Explainthat

asthe classcontinuedts studyof acidrain,theywill be betterableto determinavhetheranyof the

statementarecorrect.

nd
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Part 4:Generate Questions: What We D o n Knbw about Acid Rain

1. Telltheclasghattheywill work togetherto generatequestionsaboutacidrain. Whilesomeof themmay
have alreadybegunthis individuallynowy o uikethemto focuson it asa group.

2. Explainthatthed r uHereisthattheywill onlylist questiongor whichno onein the grouphasan
acceptablanswerSoeachgroupneeddo discusghe questiornto seeif anyonemightknowthe answer.
Ask eachgroupto comeup with atleastone questiorper person.

3. Tellgroupsthattheywill have aboutfive minutesto write eachquestionin large clearprint on a question
strip. Thentheywill posttheir questiorstripson alargesheetf paperon the wall.
4. Checkto makesureall studentaunderstanahenhandout markersandquestionstripsand have thembegin.

Part 5: Post the Questions

1. After aboutfive minues,stopthe groupsandaskthemto posttheir questionsif youhave time,youmay
wantto sortthesequestionsnto groupsor categoriesuchastechnicabjuestionsboutacidrain,
questionsboutits effects guestionsboutthe future,questiongabaut possiblesolutiongto the acidrain
problem.etc.

2. After all groupshave postedtheir questionsaskstudentdo readthroughthemandthenaskif anyonecan
offerarespons&o anyof the questions.

3. Pointout thatscientistandothersworkingon the add rain problemalsohave manyquestiongor which
theyd o rkridowvthe answersT h adnéof the reasonsvhyacidrainis a difficult problemto addressBut
sciencas the processf askinggoodquestionsaboutthe world and buildingknowledgdehrough
investigation.

4. Tell studentsthat you will keeptheir statement@and questiongto refer to in later sessions(If possible, find
a place to post them on the classroom wall until the unit is completed. If you cand keep them on the wall the
whole time, be sur etorecord them on sheets of newsprint soyou can post them at appropriate times.)

Hereis a sampléelist of statementaind questionsaboutacid rain, generatedoy a 7" grade class.

ACID RAIN

Student Statements Student Questions
Acid rain is harmfulto people. What isacidrain?
Acid rain comesfrom factories. How doesacidrainfall?
Acidrainruinsf a r nceopss 6 Whydoesacidrainfall?
Acid rainis madeof poisonousmoke. What does acid rain corfnem?
Acid rainis a deadlychemical. Canacidrainbe useful?
Acid rainkills fish. How doesacidrainaffed the ecosystem?
Acid rain cankill trees. How doesacidrain affed the ozonelayer?
Acid rain poisonsplants. Whatistheo a cin atidrain?
Acid rainkills animals. Doesacidraindestroymetalsandrocks?
Acid raincomesfrom air pollution. Whatdoesacidrainsmelllike?
Doesit harmpeople?
Is it straightacidwhenit falls?
Is therea wayto filter or cleanacidrain?
Is allrainacidrain?

Homework Assignment

Tell studentghatin orderto gaina betterunderstandingf acidrain,i €fiGt necessanp learnmoreaboutacids
andhow theyaffectthe world. To prepardor this,youwill be askingthemto do a homeworkassignmenhav
themthe Acidsin Your Life homeworksheet. Askhemto look aroundtheirhomesor ata grocerystore

for labeledtemsthattheythink areacidsandto recordthemon the sheetEmphasizeéhe saktyinformation

on the sheet.
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Assignment: Acids in Your Li fe

We sometimeshink of acidsasnastychemicalshat cancauseskinburnsandholesin our clothesBut not
all acidsarelike that. Acidsareeverywheren our livesandsomearevery usefulto us.

Look aroundyourhomeor atthe grocerystoreto find asmanydifferentacidsasyou can,asdeterminedy
the produd s@abel.If the labelsayshewordo a c anyivberethenthe enclosedubstancerobablycontains
somethingacidicFood itemswill probablynot saywhetheringredientsreacidicbutd o rfaigetto look
throughyourrefrigeratorandpantry!lFind at least five items.

CAUTION: Do nottouchanycontainersor substancethatyouwould NOTnormallyuseat home!
If yod rnetsureaboutthe safety of a substancesuchasa strongcleaningliquid or somethingn a
medicinecabinet,askan adult to help you.

For each acid you find, fill in the details in the table below.

Name of substance
listed on the label

Brand name on the container

Purpose of the substance
(e.g.,food, cleaning supply, etc.)

[Adaptedand modifiedfrom Acid Rain, oneof morethan70t e a c duidadrs tbe GreatExplorationsin Math
and Sciencd GEMS) seriesavailabldrom the Lawrence Hall of ScienceUniversityof Californiaat Berkeley

ChapterThree

Exploringcidrain’ 26



http://www.hubbardbrookfoundation.org/

3.2 Teacher ,

Assessment Rubric: AcidsinYour Life

The Acidsin Your Life homeworkassignmertiasa valueof 15 points.To earnl5 points, studentsiust
accuratelydentifythe nameof substancehrandname andpurposeof five labeledsubstances.

HIGHEST LOWEST

Score 5 4 3 2 1
Nameof Studenhas Studenhas Studenhas Studenhas Studenhas
substancen accurately accurately accuratelyisted | accuratelyisted| accuratelyisted
label listed5 listed4 separate 3 separate 2 separate 1item.

separatétems. | items. items. items.
Brandname Studenhas Studenhas Studenhas Studenhas Studenhas
on container accurately accuratelyisted | accuratelyisted | accuratelyisted, accuratelyisted
listed5 4 separatbrand| 3 separate 2 separate 1 brandname.
separatdrand | names. brandnames. | brandnames.
names.
Purposef Studentas Studentas Studentas Studentas Studentas
substance accurately accurtely listed | accuratelyisted | accuratelyisted| accuratelyisted
listed5 4 separate 3 separate 2 separate 1 purpose.
separate purposes. purposes. purposes.
purposes.
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’ivity

3.3The pH Game top of chapter3

Overview

S tudentsbecomeamiliarwith the pH scaleandeverydayacidsandbasedy measuringhe pH of water
samplessoil samplesplantsandother natural material§rom differentplacesStudentsreatemixturesof
material$n orderto collectdifferentpH measurements.

Source
Globe, The pH Game

Standards Addressed

(referto NH Scienc&tandards
FS:ESS4:11:3.3
FS:SPS1:11:1.11:2.2,11:3.1,11:3.2,11:3.3
FS:SPS3:11:3.1

Student Outcomes

Eldentify the pH of common substances.

EExplain how high or low pH levels may result in dangerousconditions in the environment.

£ Give examplesof factors that can changethe pH of a solution.

EZDescribethe conceptof acid neutralizing capacity and predict the ability of a solution to buffer pH.

Materials and Tools

For eachteam:
Z20 pH strips
FZ3 to 5 small cups
E paper and pencil
Elabelsto attachresults to results board

Forthe class:
Fresults board (one line of pH levels from 2 to 9 for eachteam)
Eflip chart with rules
K additional pH strips
Fcups of solutions prepared for analysis

Estimated Time to Complete Lesson

Two 40-minuteperiods

Assessment

E StudenfAssessmer@uestions
E PerformanceAssessmeftaskandRubric

Background Needed

EDiscussionof lab safety procedures
EZBasic knowledge of the pH scale

Using a pH meter
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3.3 Teacher , Lesson Planning: ThepH Game

he followingstudenthandoutincludegproceduraktepsfor the adivity. For assessmepurposesitems

markedwith anarrowindicateplacesvhereresponseareexpectedsstudentperformthe adivity.
Four analyticatjuestiongollow the activitydescriptionA performancassessmetdaskwith arubricfollows
the analyticatjuestions.

Dependingon the type of assessmetite teachewishego assignstudentsnightsimplyrecordanswer®n the
studenthandoutto submitto the teacheror studentsnightwrite alabreportinsteadln this casetheteacher
caneliminatephotocopyindy displayingassessmenuestionn an overheacdr boardandstudentsanrecord
responses lab books.

Click herefor a Lab ReportAssessmerRubric Also seeChaper 6.6 for informationon assessintab reports.
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3.3 Student

Assignment: The pH Game

Name: Date:

Pleasgrovideresponsefor questionandtaskamarledwith anarrow( Y ).

The objectiveof the gameis for eac teamto identify as manysolutionswith a differentpH valueas
possible.

Y 1.n your labbooksor in the spacebelow,drawa horizontalline andlabelit with the pH scalefrom
0 to 14, markingpH 7 asthe neutmal point. EachpH unit shouldbe spacedt leastl cm apartso thatyou
will have room to write notesbeloweachunit number.

2.Yourteachewill dividethe classnto teamsanddrawthe followingmatrixon the board:

Teams 112, 3, 4, 5/ 6,789 10 11 12 13 14 TOTAL

Teaml

Team?2

etc.

Y 3.Now eachteamwill measur¢he pH of varioussolutionsandthe goalis to try to find asmany
differentpH valuesaspossibleEachtime youmeasuréhe pH of a solution,markandlabelthatsolutionon
the pH scaleyoudrewabove. Recordall the informationaboutthe solutionfrom the labelsandanyother
informationthatmightbeimportant.For pH valueswith adecimabpointlike 2.5,youcanchoosewhetherto
have this countfor apH of 3 or 4. For examplel, & sayoutook the pH of solutionsA andB andgotthe
followingresults:

SolutionA (blackcoffee):pH value= 3.0
SolutionB (orangeguice):pH value= 2.5

You canchoosawnvhetherto markSolutionB aspH= 2.0or pH=3.0,but sincey o u d@readyoundthat
SolutionA hasavalueof 3.0,youd grobablydecideto markSolutionB $valueas2.0to getmore pointsfor
your team.

To gainapoint for eachsolution,showyourteacheryourt e anmot@sandsampleTogethemwith your
teachermeasuréhe pH with anewpH strip.If the pH agreesvith yourt e a me@&suremengpoursample
will be appraved andthe pointswill be addedio yourt e a sodresOne pointis awardedor eachbox filled,
evenif yourteamfindstwo samplesvith the samepH.

Hereis anexamplef resultdor differentteams:

Teams 2 3 4 5 6 7 8 9 TOTAL
Teaml 1 1 1 1 4
Team?2 1 1 1 3
Team3 1 1 1 3
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The followingareanalysigjuestions:

Y 1.WhichsolutionhadthelowestpH valueandwhichhadthe highest®id eitherof thesesurprise
you?Explain.

Y 2. Compareghe pH of the lakeor river waterwith the pH of the tap water Explainwhy youthink the
pH valuesaredifferent.

Y 3. Compardghe pH of the lakeor river waterwith the pH of the soil solution.Explainwhyyouthink
the pH vduesaredifferent.

Y 4. Whydo youthink werethereno solutionswith a pH valueof 1 or apH valueof 14?

ChapterThree Exploringcidrain’ 31


http://www.hubbardbrookfoundation.org/

3.3 Teacher , Assessment: PickYour BrainaboutAcidRain

Performance Assessment Task

tudentscreate/drava horizontalpH scaldine from O to 14 from memoy, markingpH 7 asthe neutralpoint,

andwritingin numberdrom 1 to 14in the appropriaterder.Thenlist atleastfive substancewith different
pH valueswriting the nameof eachsubstancenderthe appropriatgoH on the scaleThe substanceshouldbe
itemsthat weretestedby teamsor discusseih classi itemswith whicheveryoneis familiar.

Rubric

Userubricbelowto scores t u d acomplesaodof task.

Note: A scoreof 4isexemplargndascoreof 1isinadequaténdicatingeitherhighor low masteryf the
contentandskills.

HIGHEST LOWEST

Score 4 3 2 1
Criteria Studentreates Studentreatesa Studentreates Studenfailsto

apH chartas pH chartasdirected apH chartas follow directions
directedandlists andlistsfive directedandlists to complete
five substancein substancein the atleasttwo or apH chartas
the appropriate appropriate pH threesubstances requested.
pH rangewith no rangewith lessthan in the appopriate
mistakes. one mistake. pH rangewith at

leasttwo being

accurate.
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Activity

3.4 Model a Catchment Basin top of chapter3

Overview

tudentsconstructa threedimensionamodelof a catchmenbasinanduseit to investigatevatershedand

waterpathwaysn alandscape& scientificstudyknownashydrology . They experimentvith the modelto
explorehow catchmenbasinscanchangedueto the eat b destrutive andconstudive forcesaswellasaresult
of humanactivities.

Source

Globe,ModelaCatchmenBasin

Standards Addressed
(referto NH Scienc&tandards

FS:ESS1:11:2.111:7.1
FS:LS2:11:1.511:2.2

FLS3:11:1.1
FS:SR51:11:1.111:2.2,11:3.1,11:5.1,11:5.2
FS:SPS3:11:3.1

Student Outcomes

£ Define the concept of a catchment basin and a watershed.

EZ Provide examplesof how their model relates to the real world.

F Provide examplesof basicconceptsof catchmentbasinsandwatersheds;for example water runs downhill,
hills makedivides,low-lying areascreatepooling, water quality is affectedby what is upstreametc.

Materials and Tools

£ miscellaneousobjectsthat may be usedto create the model infrastructure

FZ outdoor models may use sand,wood, rocks, etc.

Eindoor models may use classroomitems such as buckets,bowils, rolls of paper towels, etc.
E plastic sheet(2 x 2 meters)

EZ spray bottle with water

FZ sponges

E blue food coloring (or other color you choose)

EZ permanent marker that will write on plastic or black electrical tape

Eruler

FZ topographic map

Estimated Time to Complete Lesson

Two 40-minuteperiods

Assessment

Z Assessment Questions
£ PeiformanceAssessmeiitaskandRubric

Background Needed

None
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3.4 Teacher , Lesson Planning: ModelaCatchmentBasin

hefollowingstudenthandoutincludesprocedurastepsfor the adivity. For assessmepurposesthe items
markedwith arrowsindicateplacesvhereresponseareexpectedsstudentgperformthe adivity. A
performanceassessmetaskwith rubric followsthe analyticatjuestions.

Dependingn the typeof assessmetite teachewishego assignstudentsnightsimplyrecordanswer®n the
studenthandoutto submitto the teacheror studentsnmightwrite alabreportinsteadin this casethe teacher
caneliminatephotocopyindy displayingassessmeiguestion®n an overheadr boardandstudentsanrecord
responsem their lab book<lickherefor aLab Report Assessmdriibric Also seeChapter 6.for information
on assessinigb reports.

Seeadditionaldescriptiorandphotoson page37.
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3.4 Student Assignment: Model a CatchmentBasit

Name: Date:

Provideresponsefor questionsnarledwith anarrow(V ).
How to Make the Model

1. Find anareaaboutl metersquareo build a catchmenbasinmodel. This couldbe atabletopor plywoodsheet
if youareworkinginsideor a grassyor sandyareaoutside.

2. Gatherthe variousobjectsto makethe model,suchasa plasticsheetrocks,bucketsspongesspraybottleswith
water,andfood coloring.

3. Arrange objectsof varioussizednsidethe area. Théallestobjectswill representmountainsShorterobjectsor
bucketsor bowlsmayrepresenhills, lakespr plains.

4. Cower the entireareaandall of the objectswith a sheetbf plasticUseyourhandsto mald the plasticloosely
aroundthe coveredobjectsThisis now a modelof alandscapsvith hills, valleysandconnectionbetweerthem.

5. Add food coloringto waterin spraybottle.

Adding Rain to Model

Y 5. Predictwhatwill happernif it 8 r aon yoardodel. Wherewill the watergo?Will it mowe fasterin some
placesWill someplacegorm pools?How do youknow?

6. Usethe spraybottleto makeit rain on the top of your highestmountain Continuesprayingvateruntil youcan
seewherestreamstivers,and lakesform.

7.Choosea smallpool on your modelto be your hydrology site . Mark the sitewith a marker,stone,or other object.

Y 8.Makeitrain by usingthespraybottleandthenansverthefollowingquestions:
(a) Wheredoesthe watercomefrom thatflowsto yourhydrologysite?
(b) Wheredoeswaterflow awayfrom your site?
(c) Whatfeature®n the landscapdeterminavhatwill be partof yourbasin?

(d) Whatdetermineshe watershed?

The placesvherewater(precipitation)andsandflowsin yourhydrologysiteis consideredhe catchment basin
for yoursite,andthewatershed is the basin boundary fi thehighelesationareasurroundingand defining
your site.

Y o. (a)Wherewouldbeagoodplaceto locateour schoolon your model?
(b) Wherewouldyou like your houseto be located?

Marktheseplacesn the model.
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Y 10 Exploretheconsequence$changemmthecatchmenasin:

(a)Whathappensf youdamthe streanthat flowsto yourwatersiteAUsea spongédo createa dam.)

(b) Whathappensf you planta forestabore your siteAUsea largeflat spongdor the forestd it will soak

up waterfor atime justlike soil andvegetation.YVhathappensf youremove the forest?

(c)Whathappensf someonéuildsanindustrythat causegpollution?(Placea smallpieceof sponge

soakedn food coloringwhereyourindustrywill be locatedandwatchthed p ol p U u

BséE @mins.)

(d) Whathappensf someonalecidedo drawwaterfrom your streantor irrigationor urbanuse{Make

6 c a thattlaketBe waterawayfrom your streamto otherplaces.)

After you have completed/our model,think aboutyour hydrologysiteif you madethe followingchangesn
the landscape:

v
v
v

v

11. Whatwould happernif you poureda pile of salton the mountainabove your site?
12. Whatwould happenf you pouredthe pile on the othersideof the mountain?
13. Usea markerto outlinethe watershedhoundaryfor your hydrologysite.

14. List threethingsthat mightaffectthe waterquality(flow, temperaturesedimentation,

etc.)atyoursiteanddescribehe effectthat eachmight have on waterquality.
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Model a Catchment Basin

This hydrologyexperimenallowsstudentgo investigatevatershedandwaterpathwaysn a landscape.

au photos. Mary ann McGanry

Thesearethe materialshatthe studentsusedto
0 cr & ap e g linanpkingth&ircatchment
basin(watershedBtudentgplacedtemssuch
asrocks,funnelsandbottlesinsidethe lid of a
cardboardox andthen coveredeverythingwith
plastic.This plasticrepresentthe soil surfacen
a catchmenbasin(watershed).

Hereyoucanseethes t u d\eatersted
the cadboardbox lid. Noticethe spraybottle
thatis filled with water.The waterhasbeen
coloredwith food coloringto makeit easieto
seethe flow pathsthatthe watercreatessit
mowvesdownhill. To representain fallingin the
watershedstudentsspragd the coloredwater
on the plasticand obseved whereit went.

Studentsvereaskedo obsevewhered st r e a n
ando reir ¥srided/startedandto noticewhere
ponds/lakedormed.

This plasticdishcontains3 typesof colored
spongesThe greenspongesepresentrees,

the orangerepresenindustrythatis leaking
pollution,andthe bluesponge®itherrepresent
thes t u dszhool, $rduse,dam.Noticethat
the orangesponge$iave beendippedin food
coloringori n k é wilbseaewhathappensn
the followingpictures.

Seehow the waterleavingthe industryis
carryinghe pollutioninto the watershedrl his
examplecouldbe usedfor otherthingsthat

a r earedbiiouslyd b a slich@swastewater
treatmenplantsfi theydischargéheirclean
waterinto therivers,but oftenthe watercoming
from the wastewatdreatmenplanti s exactly
the samen qualityor temperatureomparedo
river water.
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Model a Catchment

Basin page2

Noticethegreemd t r e e s bassepgkealn g e
up someof the waer. Thistruly represents
whattreesdo: theysoakup water.This shows
studentghe valueof treesin retainingwaterin

an ecosystemyithout trees steepslopeswould
erodeawayMakingstudentsawarethattrees
drawwaterup from the soilis importantalso
becausdé helpsstudentgealizethat treesneed
cleanwatertoo!

Somestudentgut their bluesponggschool

or housepr dam)in the middleof ariver!

The teacheaskedhemto placethe sponges
BEFOREtheystartedsprayingheird ainolf the
bluespongds a dam,thentheyput it in a good
site.But if the bluespongesvasab ui | di ng
badchoice!

The blacld X drawnon the plasticepresents
thes t u dde Hdgplagysited Theteacheasked
questionslike© Wh aid the waterat your
hydrologys i t e ¢ o Whe tedchepas® 6
askedstudentgo noticedo r i d ghasthesa e s ,
creataminiwatershedd his activityshows
thatalthoughit is easyto understandhow
pollutionaffectsthingsdownstreamit is not
easyto picturewhata waterskdis, andhow
somethinghat seemdar awayreallymightbe

in the samewatershed-or exampleif alarge
areaof treesarecutright besideariver, high

up in awatersheda lot of erosionwill happen.
Whatif thereis aresevoir fartherdown,even

on the othersideof a smallridge,in thatsame
watershedPhe resevoir wouldfeelthe

effectsi  befilled with silt, etc.from the
erosionof the steephillside.

(¢}
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3.4 Teacher , Assessment: Model Catchment

Performance Assesanent Task

Provideatopographianapthatdepictsa catchmenbasin Ask studentgo indicatethe followingusingdifferent
coloredpencils

(a) Theboundary ofthe catchmertiasin (RED pencil)
(b) Drainagdrom the watershedlivideinto the catchmenbasinusingarrows(BLUE pencil)
(c) Thesteepestlopeusingathick arrow(YELLOW pencil)

Studentghencreatea legendon the mapexplaining/defininghe colorsandtheir meaningg(Thelegend
canbe createdn a separatevhite sheetandtapedor pastedo the map.)

Lastly instructstudentgo write a shortparagraplexplaininga catchmenbasinandhow andwhy the term
is usedby scientistsStudentsnayelectto do additionakesearcho write a clearparagraph.

Rubric

Completethe taskdescribedbore usingthe rubric belowfor guidance.

Note: A scoreof 4isexemplargndascoreof 1isinadequatandicatingeitherhighor low masteryf
thecontentandskills.

HIGHEST LOWEST

Score 4 3 2 1

Criteria Thestudent Thestudent Thestudent Studentdoesnot
completesll of completesll of completesome, follow directions,
therequiredtasks | therequested but not all, of the anddoesnot
asindicatedfor tasksfollowingthe assignedasks: completeall
ascoreofo 3 6 guidelinesprovided: a)addingcolor theinformation
andalsoincludes addingappropriate codedsymbols requestedising
additionaluseful colorcodedsymbols | tothemap appropriatecolor
featuresr with amatching asdescribed, codedpencils.
informationonthe | legendexplaining b) addinga Studentoesnot
map andlegend, the symbolsand matchinglegend, createa legible,
and/or writesa writinga conciseand | and completelegend.
stellardescription | accuratelescription c)writinga Studentdoesnot
of acatchment of acatchmenbasin | descriptiorof write a paragraph
basinwith no mentioning the most| acatchment describinca
grammatical importantfeatures basin.Students catchmenbasin.
mistakesandwhich | and purposes. mustattemptat
showsextrainsight leasttwo of the
into understanding threetasksabore
the usefulnesof indicating he/she
this concept to understandthe
scientists. directions.
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Activity

3.5 Just Passing Through top ofchapter3

Overview

tudentstimethe flow of waterthroughsoilswith differentpropertiesandmeasurg¢he amountof waterheld

in thesesoils.They alsoexperimenwith filteringandbufferingabilitiesof soilsby observingzhangeso
clarityof waterandcharacteristiasf soil andtestingthe pH of waterbeforeandafterit passeshroughsoil.
Source

Globe Just Passing Through

Standards Addressed

(referto NH Scienc&tandards
FS:ESS1:11:7.1
FS:PS2:11:2.3
FS:SPS1:11:1.11:2.2,11:3.1,11:3.2,11:3.3,11:4.1,11:5.1,11:5.2
FS:SPS3:11:3.1

Student Outcomes

Eldentify the physical and chemical changesthat occur aswater passesthrough soil.
£ Designexperiments that test soil and water properties.

Materials and Tools

Note: Reviewthe Materialsand Tools sectionof the Globe Just Passing Through activityfor importantdetails.

For eachteamof threeto four students:
Etwo or three clear 2L bottles (prepared asdescribedin set-up instructions below.*)
Efour to six (maybe more) 500ml beakers or similar size clear containers
Esoil samples
Efine window screenor other fine meshthat doesnot absorb or react with water (mesh size 1mm or less)
Estrong tape
Escissors
Ewater
Elaboratory ring standswith rings, if available
K pH paper, pen, or meter

* How to construct funnels using clear 2L plastic bottle:

£ Removethe labelsandlids and cut off the bottoms of the clear plastic 2L bottles. The pour spoutor top will
fit into a 500 mL beakeror other clearcontainerand serveasa funnel.

K Discardthe bottoms; or, bottoms canbe usedin placeof beakers,though students will haveto mark
gradationsby pouringin known volumesof waterand markingwaterlevelsat variousgradations.

E Cutacircle of afine meshwindow screen,nylon net or panty hoseabout 3 cm larger than the opening
madein the top of the bottle. Using strongtapeor rubberbands,securethe meshcircle aroundthe end of
the bottle top.

EZ Pour 3-4 cm of sand onto the screen.The sand will keep the screenfrom becoming clogged.

EZ Placethe bottle, mesh side down, on a beaker (or plastic bottle bottom), or setit in aring stand and place a
catchment beaker underneath.

ChapterThree Exploringcidrain’ 40


http://www.hubbardbrookfoundation.org/
https://hubbardbrook.org/sites/default/files/includefiles/education/Just_Passing_Through_3.5.pdf
http://www.hubbardbrookfoundation.org/filemanager/download/18013
https://hubbardbrook.org/sites/default/files/includefiles/education/Just_Passing_Through_3.5.pdf

Estimated Time to Complete Lesson

One40-minuteperiod.
Two-three40-minuteperiodsfor Further Investigations

Assessment

E StudenfAssessmeiuestions

E PeiformanceAssessmeiitaskandRubric

Background Needed

None

Photo: JennaGuarino

Comparing the flow of water through different soil types
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