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Introduction

Why the IIS is making this submission

The mandate of the Institute of Island Studiesiatniversity of Prince Edward Island is to imprdke

quality of life of Islanders through practical dipption of the scholarly discipline of Island Siesl and in

particular, to:

» Encourage and facilitate the greater understarafiflyince Edward Island : its history, culture,
governance, ecology and economy

» Promote the development of progressive public polic

» Facilitate and support global comparative islandlists through which PEI can learn from the
experience of other small islands

e Act as a bridge between UPEI and the wider Islaoch@unity

In meeting this mandate, the Institute often wawith the volunteer members of its Advisory Council
which includes an array of community representata® well as UPEI faculty and students. Where there
seems to be a gap in either publicly availablerimfztion or opportunities to discuss public polisgues,
the Institute may develop public meetings, a fomiti invited resource persons or a conference. ré&/he
the government has taken the lead, the Institut&sweith community and university partners to degel
evidence-based input to government forums and cesianis. Given its limited resources, there aresim
when the IIS cannot provide input; however, fundatrakissues of social security, natural resource
management, heritage and governance receive higiityor Water quality is an issue that cuts acraléef
the above.

Water Issues on PEI in the Context of North Americaand the World

The water that is in circulation on the surface emtthe shallow soils of the planet was depositbémthe
earth first formed, billions of years ago, andsitll the water we will ever have. There are ne seurces
of water; it does not rain down from outer spaae,aan it spring anew from any natural processasthe

although it cycles continually between living ar@hHdiving parts of the biosphere.

Precious little of the planet’'s water is fresh @imerefore potable. Of all the water on earth, ntbea 97%
is salty. Just over 2% is bound up in the (nownlhig) polar ice caps, and 0.6% lies in the earthalf of
which we can reach and extract with wells. A n@6909% is fresh water that lies on the surfacéef t
earth in ponds, lakes and rivers (Tweedie, 1966).

“Increasing scarcity, competition and arguments evagter in the first quarter of the 21st centuryl wi
dramatically change the way we value and use veat@éithe way we mobilize and manage water
resources.” - Dutch Crown Prince Willem-Alexand&'orld Water Forum 1999

“Even where supplies are sufficient or plentiftley are increasingly at risk from pollution andnis
demand.” — UN Secretary General Kofi Annan, 2002




Internationally it has been recognized that cottligithin and between nations, as well as urgengee
situations, are most likely to arise as a resuttahpetition over water because, on a global sealgss to
clean fresh water essential for life is diminishbiggh in terms of quantity and quality (Shiva, 2002
Barlow, 2007). North America is experiencing beittinctions of native freshwater wildlife (Riccia®
Rasmussen 1999) and invasions of exotic specieseltinends are exacerbated by climate change bet ha
their roots in longer term patterns of unsustai@étdiustrial development, wastefulness and polubib

the environment.

We tend to associate water shortages, gross emvéatal pollution and resource conflicts with deyéhy
countries. We also tend to be complacent in thieftbat Canada has relatively massive fresh water
resources (mostly in the Great Lakes and nortteerfiélds) and that North America generally is
sufficiently wealthy that any potential problemsidze fixed through development and application of
technologies, no matter how expensive these maythg.increasingly clear that such thinking hasbasis
in scientific reality. There is no economicallykile technological fix foreseeable for wide-scaléyted
groundwater, and climate change is already thngadethe water levels of Canada’s ponds, lakes and
rivers. For example, there is real evidence ofidaw water levels in our Great Lakes (Lenters,£200
Steen et al, 2006).

Human demand for fresh water has tripled in theé p@gears, but the quantity of clean, fresh water
available for human use is diminishing across Néuterica (Postel & Vickers, 2004). About 70% df al
water used by humans is dedicated to agricult® £ industry and the rest to municipal water $iegp
Nitrate pollution in ground and surface waterseoftinked to industrial agriculture, is a causeaficern
across the globe (Camargo & Alonso, 2006). In Néwnerica, elevated nitrates in groundwater are
commonly accompanied by pesticides and other cantarts (Gosselin et al, 1997; Squillace et al, 2002

Water Issues on Small Islands

Water resources on small islands are acknowledgbd particularly limited and vulnerable in this ef
climate change and environmental degradation. Afjtical and industrial practices and waste
management are always critical issues on smaiidsl®decause they lack space where pollutants can be
safely broken down or stored. Almost all of thediceed changes in climate will affect the fresh evat
resources of islands, whether it be through satémiatrusion or changing patterns of storms, &lrd€nd
evaporation. PEI's friable bedrock, sandy soild amall size means that we will be hard hit by elien
change impacts.

Water Quality on Prince Edward Island

Background concentrations of nitrate on PEI

It is generally accepted in North America thatatiérconcentrations in excess of 3 ppm indicate Jome

of water pollution, whether from chemical fertilise landfill leachate, industrial effluent, humaastes or
animal manures (Squillace et al, 2002). On PEkmrlwells — often found in forested areas — registels

of less than 1 ppm nitrate (Breadalbane Communétentests, 2008 from | Novaczek pers comm) and in
many cases can be dramatically less (< 0.1 mg/lyavi.den Heuvel, unpublished data). While more than
a century of agricultural disturbance on the Islpretludes an absolute determination of ‘natural’
background levels of nitrate on PEI, those levaedsenalmost certainly less than 1 mg/L. Elevatédhta
concentrations are especially common in westerreQuand eastern Prince counties and the correlation
with use of agricultural fertilizers is unambigugqBenson et al, 2006).

The Problem with Nitrate in Groundwater

Connectivity of surface, ground, riverine and marine systems

Nitrate seeps into the underlying groundwater aathfthere into rivers and streams, while manuned a
fertilised soil are swept into ponds and streamgalry, especially where soll tilth is poor and wdhetant
cover has been removed. The resulting cascadeotfggcal troubles runs with the river all the waythe
sea where algae, stimulated by excess fertilizapidly grow and reproduce. Soon the algae diay div
the bottom and rot, a process that removes oxygen the water, triggering the death of bottom dingll
fishes and shellfish. In the sea, natural nutidetnces are disrupted, which can trigger blooniex¢



plankton --- such as théitzchia outbreaks that poisoned some shellfish consunmetslaut down mussel
aquaculture in the late 1980s.

Interaction of Nitrate with Pesticides and other Pollutants

When nitrate enters ground and surface watersytme@ch concentrations that are in themselves hérmf
On PEI, nitrate is increasingly found at levelsabthresholds deemed acceptable for human healtat W
water quality guidelines fail to account for istteherever agricultural nitrate is found --- evércarrently
acceptable levels --- traces of other farm chersinay also be present. This has already been extand
PEI, in wells close to potato and blueberry figllemers et al 1999). Even higher concentrations of
combined pesticides and nitrate are found in tlantss rivers (ibid.). Similarly, where nitrate lelg are
high because of manure, landfill, factory or sewiageits, other deleterious substances and patha@gens
likely to also be present. Human health and eéoddgmpacts of certain pesticides and other palitg

are magnified if nitrate is also present (see below

Implications of Nitrate Pollution for PEI

Human Health

Nitrates in drinking water can be a health hazaneémpresent at relatively high concentrations (der
ppm). At much lower concentrations, nitrate intésagith other pollutants such as trace mixtures of
pesticides to produce health impacts. A mixturaithte and ppb concentrations of pesticides teen
found in rural wells and surface waters of PEI (8osret al, 1999). Such mixtures have been imglitat
a range of immune system, endocrine and nervousmysonditions (Guillette et al, 2005; Porter et al
1999) including various cancers (Pearce & McLea)5; Thorpe & Shirmohammadi, 2005), childhood
diabetes (Kostraba et al, 1992; van Maanen epal)2Parslow et al, 2000 among others), thyroid
dysfunction (Eskiocak et al, 2005) and attentioficitedisorders (Porter et al, 1999), as well as
reproductive problems and birth defects (Manassaxtaah 2006). These impacts are most serious for
small children, the frail elderly and persons witke-existing diseases affecting the immune, endeat
nervous systems.

Much of the evidence of human health impacts ohtetis very recent and some results differ frooséh
of earlier studies conducted in the 1990s (Steineloal, 1994; Fewtrell, 2004). Scientists ardioglfor
further studies to clarify the impacts of low contation, complex chemical mixtures in water (Canto
1997; van Grinsven et al, 2006; Guillette et aD&0WNard et al, 2006), but the weight of eviderxe i
already mounting. The levels of combined nitrate pesticides in drinking water that can be consider
safe need to be re-evaluated. The fact that pdsti@re also encountered in the air that all spdeathe
during the growing season on PEI, and the potefttidhese exposures to be additive, should alsaken
into account (White et al, 2006). Clearly thereianplications (as yet unquantified) in terms of tiealth
care costs that could result from widespread, teng consumption of what authorities now considdoé
only mildly contaminated water and air.

Wildlife Health

Humans can drill deeper wells or purchase bottlatemfrom clean sources to meet their needs, but
wildlife depend entirely on surface waters thatiaoeeasingly contaminated. Whereas the nitrate
concentration deleterious for human health is s20gppm, the CCME limit proposed for protection of
aquatic life is only 2.9 ppm. Most species, havangmaller body mass than the average human, will be
more affected than humans are by the chemicalsein water supply and environment. Recent studies
point to impacts of nitrate on the health of ampnls and crabs (Orton et al, 2006; Romano & Zeng,
2007a, 2007b; Griffis-Kye & Ritchie, 2007).

Fisheries, Shellfisheries and Aquaculture

Because nitrate pollution in rivers, estuaries a@arshore marine environments can have serioust dinel
indirect impacts on fish and shellfish, this prablalso affects fisheries and aquaculture. Nutdigading,
soil erosion and other forms of water pollution &&een noted as a concern among fishers affectdueby
collapse of the Northumberland Strait lobster, lspadnd spring herring fisheries (GTA, 2006).



Sources of Nitrate in Water

Agricultural Inputs

Nitrate in ground water is most strongly correlatéth agricultural land in potato rotation (Benseiral.
2006). Nitrate rich fertilizers move through saitd groundwater during summer when applicationgesdc
the absorptive capacity of the crop. In wintertai# may be mobilized from organic matter in soils.
Recent research indicates that the common praatifadl ploughing greatly exacerbates the libenatid
nitrate from soil organic matter (Somers, pers colay 2008; Lynch et al, in press). This practice
therefore robs the soil of nutrients that wouldenthise be available for growing crops the following
season, pollutes groundwater and increases dernactdmical fertilizers.

Industrial agriculture releases massive quantdfastrogen rich fertilisers into the Island’s eroment.
Assuming a conservative application rate of 13%™kger hectare per yr (Lynch et al, in press) fodlan
potato production, the annual planting of more th@6,000 acres (40,500 hectares) of potatoes bn PE
adds at least 5.5 million kg N to the land. Thecpca of applying fertilizer at planting means tiaga wet
year up to 80% of nitrogen can be leached intesthlebefore the potato plant even starts to grow (R
Coffin, Cavendish Farms, personal communicationyifiy) the remainder of the season, rain also moves
moves fertilizer that is not quickly absorbed bgwing plants into the ground and surface waterseRe
measurements of the subsequent loading of nitnatie$*E| streams range up to 1000 kgex day in

some watersheds (Dr M. van den Heuvel, pers cofpmil, 2008).

Human and animal waste

Sewage outfalls from primary treatment plants ohdREnp minimally treated human sewage directly into
rivers and the sea. Such sewage contains not @ndyas but pharmaceutical drugs, cleansers aret oth
toxic substances as well as pathogenic organisonggdsen & Halling-Sorensen, 2000; Sanderson et al
2003). Where secondary treatment of sewage oceutiseolsland, there is evidence of significant
phosphate release (added to the treatment pratesder for bacteria to thrive; M. van den Heuvel
unpublished data). Combined with agriculturallyided nitrate, this can dramatically exacerbate the
already deteriorating status of Island estuariesinincorporated areas characterized by ribbon
development, and in the many small villages anchtolacking sewage treatment infrastructure, faulty
household septic systems can add significant lohd&rate and other pollutants to aquifers andeastrs.
Individual household septic tanks are periodicpliynped out and the sludge is either sent to sewage
treatment plants and thus into surface watersprgad directly on agricultural land (without corspiag).

Owing to intensive dairy, beef and pork operatid?is| has, in recent years, been among the top areas
Canada in terms of manure production per acrenof klase. Manures are spread on the limited lagé, ba
and this is largely controlled not by regulatiort by voluntary guidelines. There has so far been no
movement toward the systematic use of the mansmuree for biogas production.

Landfills

PEI has made significant progress in landfill arabi# management, diverting organic material to a
composting facility, dramatically reducing the nwniof landfills and applying modern standards of
landfill construction and management. Howeveriokred leachate from the Richmond landfill is still
being pumped out and disposed through municipahgevireatment plants that dump their effluents into
inshore marine waters.

Fish and food processing

There are a number of fish and food processingplam PEI that generate nutrient rich effluentsn8o
efforts have been made to recover wastes for udevimstream processing (for example the capture and
use of whey by ADL). The Cavendish Farms potat@@ssing factory has an engineered wetland to help
polish its effluents. However, these and othetdiaes operate under federal regulations whichlewh
providing for a useful minimum standard acrossdbentry, often fail to adequately protect particula
receiving waters from deleterious impacts.



Solutions for Future Sustainability

PEI's Track Record of Commissions, Reports and Puld Consultations

Over the past 40 years the public purse has paid $eries of commissions and deliberative prosetsse
consider land use practices and more recentlysf@aicy and watershed management. Many excellent
recommendations have been made, but only a few e fully enacted. . The most recent of these,
released only a year ago, (Environmental Advisooyiiil, 2007) has 43 recommendations in response to
public consultation, many of which would be dirgattlated to the issue of nitrate contaminatiorP&.
This trend of using public commissions and consiolts to forestall action has led to considerable
cynicism and apathy on the part of stakeholdersstMwsidious is the frustration felt amongst those
members of watershed and other community groupviilahteer significant amounts of their time to
environmental improvement — without these individuae are truly lost. Clearly, there is much todome
that has already been clearly outlined in prevituslies. The answers have been obvious for declades,
the political will to act has faltered. It is fdri$ reason that the Commission for Nitrate in Gobwater has
seen so few submissions from academics.

Consultation with stakeholders such as the farmnoonity, municipal sewage managers and factory
effluent managers is important so that to the expgensible, stakeholders are well informed and
encouraged to make voluntary efforts to reduce m@tution. This should be balanced by consultati
with fishers, defenders of wildlife, tourism opena, health care providers, teachers and othersangho
adversely affected by the impacts of “businesssasl” water pollution. As stated above, it is orant
to consider that while valuable when used judidgusonsultation processes can also result in
procrastination or paralysis if they are overdone.

Learning from Other Jurisdictions — and Our Own History

Because many other jurisdictions face the samel@mhas we do with respect to contamination of wate
there is ample published literature and new studesing out every day that include recommendatams
how to prevent water contamination (e.g. Muscule1993; Stoddard et al, 2005; Oquist et al, 2007
Reichenberger et al, 2007). We can look to jurisolis in Europe which, in many instances, haveaalye
banned particularly dangerous and unnecessaryichksmand practices, set in place new governance
structures and invented technologies that can @alppda come to grips with our water and climatengba
challenges (e.g. Haycock & Muscutt, 1995; Witherale2002). Whereas research on PEI has greagvalu
it need not be a prerequisite to action. We neextarch out and adopt evidence-based best psafiice
other jurisdictions. Historically, many jurisdictie --- including the Great Lakes and the Rhine Rive
watershed --- have significantly reversed and reated nutrient-related issues. All that was reqlinas
the will to do it.

We can also look to our local, pre-industrial fgsractices, to the cultural values of the Islandi®Aginal
people and to current organic agricultural prastiwe inspiration. For example new research bydhyet
al (in press) conducted in PEIl and NB clearly laysthe benefits of spring clover plough-down corega
to use of chemical fertilizers, in terms of thekrig nitrate contamination.

Educating our young people is a critical part dblprieducation and could be advanced effectivelgugh
development of a provincial museum of natural listbat dedicated significant resources to suppgrti
citizen science, informing watershed managemenidfieding educational programs to schools.

End of Pipe Mitigation vs Prevention

There is no technological fix for a polluted aquifieat can serve the needs of both humans and other
species. The most cost effective solutions foldhg term all involve the prevention of water pibn

rather than mitigation or treatment. A Precautigrgpproach to development and resource management
has been entrenched in various national and irtienad laws and conventions, including Canada’sabse
Act. However, precaution has yet to be adequatebgrated into day to day decision-making at amnglle

of government (Kerans and Kearney, 2006).



Regulation vs Voluntary Guidelines

Public education and peer pressure leading to talyicompliance with best practices for eliminating
water pollution are necessary but not necessarfficeent. Well crafted regulatory measures folkvup
by enforcement and suitable penalties are alsanegtjuFor example, consideration must be given to
replacing current manure management guidelinesagfropriate regulations.

Regulatory gaps

The regulatory and governance systems of PEI avdypequipped for the challenge of stemming water
pollution. As has been detailed by previous corsiiss, changes are needed in land use zoning,iptann
and management structures.

Recently there has been a surge in on-the-grounmhduy Island citizens under the umbrella of vaso
watershed groups. This is a tremendous asset. idevagon should be given, when developing betad|
management models and tools, to regulatory arraagenthat cover geographic areas consistent with
watershed boundaries.

Federal regulatory frameworks and laws relatedltavable effluent discharges from fish and food
processing facilities fail to take into account taerying capacity of the receiving waters. These
regulations should be backed up by provincial igt#bns appropriate to the particular receiving evat
Sewage treatment standards are similarly lax aadieiquate to protect receiving waters. The province
could research and promote cost-effective tertiggtment systems using biological processes, asich
engineered wetlands. European jurisdictions apjoelae far advanced in pollution prevention as asl|
treatment technologies, and will provide a valuaaerce of new ideas.

Improving Agricultural methods

Existing regulations aimed at preventing soil esnsieed to be strengthened and enforced. Thddggis
of science-based limits on the annual amountstodgen that can be spread on any given field, tirec
linked to the crops that will be grown, is anotpessibility. There are decades of scientific depeient
of slow-release fertilizers, so the eventual oltriganning of nitrate-based fertilizers may be itable.
Since the leaching of nitrate from agriculturall enier winter is stimulated by fall ploughing, thisactice
needs to be banned. Eliminating the practice afating manure in the fall or over the winter, wkiggre
are no growing plants to take up the nitrogen, @alo be sensible. Limiting fertilization untiterf the
plant emerges would definitely have significantdfis. To stem nitrate pollution associated with so
erosion, broader riparian zones could be estadisnd left unploughed and mandatory crop rotation
could be lengthened.

The government could further support and rewardempgntation of organic farming methods that
improve soil tilth and reduce the need for chemiedilizers. With the growing recognition of thalue of
medicinal herbs and flowers needed to support emgetgjosciences, promoting such new crops and new
forms of agriculture --- especially ones that regudiewer inputs and can be done with minimal plongh-

- are promising opportunities. The withdrawal ofsidies and supports from less sustainable forms of
agriculture is also necessary.

Investing in Climate Change Preparedness

Climate change will unfold largely through changethe cycling of water. There will be changes in
patterns of rainfall, bringing increased summerdtds. Rain, when it does fall, will fall with greer
intensity, increasing soil erosion and the movenoésilt and fertilisers into fresh water bodiesinér
snowfall will diminish as climate change kicks leaving ploughed fields more vulnerable to winténdv
erosion. As climate change intensifies, movingustainable farming practices and replacing walstefu
mass irrigation with micro-irrigation will be urgepriorities.

Focused use of Federal Infrastructure Funds

New funds directed to improving sewage treatmengrading water supply infrastructure, protecting
wellfields and watersheds etc that are coming ftieenfederal level need to be deployed strategically
through coordinated, holistic planning that crogg@gernment departments.



Strengthening local governments, watershed groupsd citizen science

The province has already begun to improve supportsiunicipalities and watershed groups. Suchr&ffo
require coordination and long range planning sotthey support future water security for the Island
Recommendations from UPEI biology professors faaading watershed management were included in a
previous submission to the Environmental AdvisopaRl (Teather et al, 2007).

Establishing a Coherent Vision for the Next Century

Protection and rehabilitation of water resources é®mplex, long term process requiring a holistic,
publicly supported vision of the future of our eoary and society on Prince Edward Island. More than
any other resource, water cuts across and has ispa@very facet of our lives and livelihoods.

References

Barlow, M, 2007 The Global Water Crisis and the Coming Battle for the Right to Water. Toronto:
McClelland & Stewart Ltd.

Benson V.S, VanLeeuwen J.A, Sanchez J, DohoorldRSmmers G.H, 2006. Spatial analysis of land use
impact on ground water nitrate concentratiahisnviron Qual. 2006 Feb 2;35(2):421-32.

Birol E, Karousakis K and Koundouri P, 2006. Usetpnomic valuation techniques to inform water
resources management: a survey and critical ag@fiavailable techniques and an applicati@oence
of the Total Environment 365(1-3): 105-122.

Brander L, Raymond M, Florax J.G.M and Vermaat 28)6. The empirics of wetland valuation: a
comprehensive summary and a meta-analysis oftératiuire Environmental & Resource Economics
33:223-250.

Camargo J.A and Alonso A, 2006. Ecological andcmingical effects of inorganic nitrogen pollutiom
aguatic ecosystems: a global assessniemiironment International 32:831-849.

Cantor K.P, 1997. Drinking water and canc¢gancer Causes Control. 8(3):292-308.

Environmental Advisory Council, 2007. We are alstrpam, we all downstream, we are all part of a
watershed. A report on the public consultationmahaging land and water on a watershed basis.

Eskiocak S; Dundar C; Basoglu T and Altaner S, 200 effects of taking chronic nitrate by drinking
water on thyroid functions and morpholog@lin Exp Med 5 (2) : 66-71.

Fairchild W, Arsenault J.T, Comeau M, Benhalimad¢ok A.M, Jackman P.M and Doe K.G, 2006.
Acute and chronic effects of pesticides and nonylphenol on growth, molting, histology and survival in

larval American lobster (Homarus americanus). Presented at DFG"National Science Workshop, Mont
Joli Quebec Nov 21-23, 2006.

Fewtrell L, 2004. Drinking-water nitrate, metherwgnemia and global burden of disease: a discuassio
Environ Health Perspect 112 (14):1371-74.

Gosselin D.C, Hendrick J, Tremblay R, Chen X.H &athmerside S, 1997. Domestic well water quality in
rural Nebraska: Focus on nitrate-nitrogen, pestiidnd coliform bacteri&round Water Monitoring And
Remediation 17(2):77-87.

Griffis-Kyle K.L and Ritchie M.E, 2007 Amphibian stival, growth and development in response to
mineral nitrogen exposure and predator cues ifi¢hd: an experimental approadbecologia 152(4):633-
42.



van Grinsven H.J, Ward M.H, Benjamin N and de Kokl;T2006. Does the evidence about health risks
associated with nitrate ingestion warrant an increase of the nitrate standard for drinking water?
Environ. Health 5:26.

GTA Consultants, 2006Consultations on Ecosystem Overview and Assessment Report for the
Northumberland Strait, February 28, 2006. Available online at http://www.glf.dfo-mpo.gc.ca

Guillette L.J, 2006. Endocrine disrupting contamitsa- Beyond the dogmanvironmental Health
Perspectives 114: 9-12, Suppl. 1.

Guillette L.J and Edwards T.M, 2005. Is nitrateegologically relevant endocrine disruptor in vertgbs?
Integrative And Comparative Biology 45 (1 ): 19-27.

Haycock N and Muscutt A, 1995. Landscape Manage®eategies For The Control Of Diffuse
Pollution. Landscape And Urban Planning 31 (1-3): 313-321.

Hayes, T.B, Case P, Chui S, Chung D, Haeffele Gid#eK, Lee M, Mai V.P, Marjuoa Y, Parker J and
Tsui M, 2006. Pesticide mixtures, endocrine didouptand amphibian declines: are we underestimating
the impact?Environ Health Perspect 114 Suppl 11: 40-50.

Jorgensen S.E and Halling-Sorensen B, 2000. Drudjee environmeniChemosphere 40:691-699.

Kerans P & Kearney J, 2006urning the World Right-Sde Up: Science, Community and Democracy.
Halifax: Fernwood Publishing.

Kostraba J.N, Gay E.C, Rewers M and Hamman R.R.198rate levels in community drinking waters
and risk of IDDM. An ecological analysiBiabetes Care 15(11):1505-8.

Lenters, J.D, 2004. Trends in the Lake Superidemaudget since 1948: A weakening seasonal cykle.
Great Lakes Research 30:20-40 Suppl. 1.

Lynch D.H, Clegg E, Owen J and Burton D, in pre@seenhouse gas emissions from organic crop
management in humid region eastern Canada.

van Maanen J.M.S, Albering H.J, de Kok T.M.C.M, \Breda S.G.J, Curfs D.M.J, Vermeer I.T.M,
Ambergen A.W, Wolffenbuttel B.H.R, Kleinjans J.GaBd Reeser H.M, 2000. Does the Risk of Childhood
Diabetes Mellitus Require Revision of the Guidelifedues for Nitrate in Drinking WaterZEnviron

Health Perspect 108(5).

Manassaram, D.M, Backer, L.C and Moll D.M, 2007red&iew of nitrates in drinking water: maternal
exposure and adverse reproductive and developmauttzdmesEnviro. Health Perspect 114(3): 320-27.

Muscutt A, Harris G, Bailey S and Davies D, 1998ffBr Zones To Improve Water-Quality - A Review
Of Their Potential Use In Uk Agriculturégriculture Ecosystems & Environment 45(1-2):59-77.

Nieves-Puigdoller K, Bjornsson B.T and McCormiclbS2007. Effects of hexazinone and atrazine on the
physiology and endocrinology of smolt developmaniflantic Salmon.Aquat. Toxicol. 84:27-37.

Oquist K.A, Strock J.S and Mulla D.J, 2007. Inflaerof alternative and conventional farming practioa
subsurface drainage and water qualti#nviron Qual 2007 Jun 27; 36(4):1194-204.

Orton F, Carr J.A and Handy R.D, 2006. Effectsitfie and atrazine on larval development and dexua
differentiation in the northern leopard frog Ratigigns.Environ Toxicol Chem. 25(1):65-71.



Parslow R.C, McKinney P.A, Law G.R, Staines A, Vdiths R and Bodansky H.J, 2000. Incidence of
childhood diabetes mellitus in Yorkshire, north&mmgland, is associated with nitrate in drinking evatin
ecological analysidDiabetologia 43(5):682-4

Pearce N and McLean D, 2005. Agricultural exposaresnon-Hodgkin's lymphom&cand J Work
Environ Health. 31 Suppl 1:18-25; discussion 5-7.

Porter W.P, Jaeger J.W and Carlson I.H, 1999. Bimtendmmune, and behavioral effects of aldicarb
(carbamate), atrazine (triazine) and nitrate (feeti) mixtures at groundwater concentrations.
Toxicol Ind Health 15 (1-2) : 133-50.

Postel S and Vickers A, 2004. Boosting water pobidity. In State of the World 2004, Washington
D.C.: Worldwatch Institute, p. 46-65.

Reichenberger S, Bach M, Skitschak A and Frede R0B7. Mitigation strategies to reduce pesticide
inputs into ground- and surface water and thegaffeness; A reviewscience of the Total Environment
384 (1-3): 1-35.

Ricciardi A and Rasmussen J.B, 1999. Extinctidagaf North American freshwater faun@onservation
Biology 13(5):1221-1222.

Romano N and Zeng C, 2007a. "Acute toxicity of satlnitrate, potassium nitrate and potassium chdorid
and their effects on the hemolymph composition gilictructure of early juvenile blue swimmer crabs
(Portunus pelagicus, Linneaus 1758) (Decapoda,higaa, Portunidae) Environmental Toxicology and
Chemistry 26: 1955-1962.

Romano N and Zeng C, 2007b. "Effects of potassinmitvate mediated changes to osmoregulation in
marine crabs"Aquatic Toxicology 85: 202-208.

Sanderson H, Johnson D.J, Reitsma T, Brain R.AséilC.J and Solomon K.R, 2003. Ranking and
prioritization of environmental risks of pharmadeats in surface watersRegulatory Toxicology and
Pharmacology 39(2): 158-183.

Shiva V, 2002.Water Wars. Privatization, Pollution and Profit. Toronto: Between the Lines.

Somers G, Raymond B & Uhiman W, 199BEl Water Quality Interpretive Report. Charlottetown:
Province of PEI Dept Environment & Technology. Aahie online atvwww.pe.ca

Squillace P.J, Scott J.C, Moran M.J, Nolan B.T, Kotpin D.W, 2002. VOCs, pesticides, nitrate, and
their mixtures in groundwater used for drinking rah the United State&nviron Sci Technol 36 (9) :
1923-30.

Steindorf K, Schlehofer B, Becher H, Hornig G andhMéndorf J, 1994. Nitrate in drinking water. A
case-control study on primary brain tumours witreartbedded drinking water survey in Germait J
Epidemiol. 23(3):451-57.

Steen, D.A, Gibbs J.P and Timmermans S.T.A, 208&essing the sensitivity of wetland bird
communities to hydrologic change in the easterraGrakes regionWetlands 26(2):605-611.

Stoddard C.S, Grove J.H, Coyne M.S and Thom W.052Bertilizer, tillage, and dairy manure
contributions to nitrate and herbicide leachid@nviron Qual. 2005 Jul 5; 34(4):1354-62.

Teather K, Dupuis T, Guignion D and van den HelwgP007. Community-based Watershed Planning
and Management Recommendations. Submission to the Environmental Advisory Boardimy Public
Consultations on Managing Land and Water on a \Bhtg Basis.



Thorpe N and Shirmohammadi, A, 2005. Herbicidesritrdtes in groundwater of Maryland and
childhood cancers: a geographic information systeppsoach J Environ Sci Health C Environ Carcinog
Ecotoxicol Rev 23 (2) : 261-78.

Tweedie A.D, 1966Water and the World. Melbourne: Thomas Nelson (Australia) Ltd.

Ward M.H, deKok T.M, Levallois P, Brender J, Gulis Nolan B.T and VanDerslice J, 2006.
International Society for Environmental Epidemiogtdgyorkgroup report: Drinking-water nitrate and
health--recent findings and research ne&dsiron Health Perspect. 114(8):A458-9; author reply A459-
61

White L.M, Ernst W.R, Julien G, Garron C and LejER006. Ambient air concentrations of pesticides
used in potato cultivation in Prince Edward Isla@dnadaPest Manag <ci. 62(2):126-36.

Withers P.J.A and Lord E.I 2002. Agricultural rieiht inputs to rivers and groundwaters in the UK:
policy, environmental management and research n8egace of the Total Environment 282: 9-24.

10



