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Nitrate
What is it?

Nitrate (NQ) is a watersoluble moleculehat
forms when ammonia or other nitrogerich
sources combine with oxygen. The concentratiol
2F YAGNIGS Ay o6 SNk
which reflects only the mass of nitrogen in the
nitrate (ignores the mass afxygen). Nitrate
levels in groundwater are generally below 2 part
per million (as nitrateN) where pollution sources
are absent. Higher levels indicate a
anthropogenicsource of contamination such as
agricultural or turf fertilizers, animal waste, septi
systems or wastewater.

Flooded field after manure spreding. Nutrient application on
agricultural fields accounts for 90% of nitrate in groundwater.
Photo: Marty Nessman, DNR.

What are the human health concerns?

The healthbased groundwater quality enforcement standard (ES) for nithhie groundwater and the
maximum contaminant level (MCL) for nitraliein public drinking water are both 10 ppivvl NR140.1Q
WI NR 809.1)1 Everyone should avoid loitgrm consumption of water containing nitrate above this

level.

Infants below the age of 6 months who drink watentaining nitrate in excess of the MCL are especially
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hasassociated at least three cases of suspected-bhigy syndrome in Wisconsin with nitrate

contaminated drinking water (Knobeloch et al., 2000). In children, there is also growing evidence of a

correlation between nitrate and diabetes (Moltchanova et 2004; Parslow et al., 2007).

Birth defects have also been linked to nitrate exposure. Several epidemiological studies over the past
decade have examined statistical links between nitrate exposure and neural tube birth defects (e.g.,
Brender et al., 201350me, but not all, of these studies have concluded there is a statistical correlation
between maternal ingestion of nitrates in drinking water and birth defects. Further work, including a clear
animal model, would be needed to conclusively demonstrate athms. Nonetheless, these studies
collectively indicate an ongoing need for caution in addressing consumption of nitrates by pregnant
women and support the continuation of private well testing programs for these women.

In the human body, nitrate can conveo nitrite (NQ) andthento Ny A i N2 a2 O2 YL} dzyR4a &6 bh/
are some of the strongest known carcinogens. As a result, additional human health concerns related to

nitrate contaminated drinking water include increased risk of hof R3I {1 A Yy Q& fr@evdlJK2 Y| 62 |
1996), gastric cancer (Xu et al., 1992; Yang et al., 1998), and bladder and ovarian cancer in older women
(Weyer et al., 2001).

The Wisconsin Department of Health Services (DHS) also highlights thyroid disease and colon cancer as
additional halth concerns and state§,2 KSy Yy AGNI 6S t S@St a I NBterohsBKEZ S@S
of the water for drinking and preparing foods that use a lot of water.
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http://docs.legis.wisconsin.gov/code/admin_code/nr/100/140/II/10
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https://docs.legis.wisconsin.gov/code/admin_code/nr/800/809/I/11
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Biotic effects

Adverse environmental effects are also well documenteasks of biodiversi in terrestrial and aquatic
systems has been documented with increagsiitgate. (Vitousek, P. M., et al. 199A)numberof studies

have shown that nitrate can cause serious health issues and can lead to death in fishes, amphibians and
aqguatic invertebrges (Camargo et al., 1995; Marco et al., 1999; Crunkilton et al., 2000; Camargo et al.,
2005; Smith et al., 2005; McGurk et al., 2006; Stelzer et al., 2010). This is significant because many
baseflowdominated streams (springs, groundwatfed low-order streams) in agricultural watersheds in
Wisconsin can exhibit elevated nitrate concentrations, at times exceeding 30@mundwater and tile

drain transported itrate, along with urea and ammonium, also play a roldriming harnful algal bloom
biomass trends and potential toxicity (Davis et2i15; Harke et al. 2016).

How widespreads elevatednitrate in groundwater?

bAGNI S A& 2Aa02yaiyQa Yz2a( ggrnoex™a ~ 0o -y RGE SN
contaminant. Nitrate contamination of groundwater is
increasing in extent and severity in the state (Kraft, 2003; Kr:
2004; Kraft et al., 2008; Saad, 2008). A 2012 survey of
Wisconsin mnicipal watersupply systems found that 47
systems have had raw water samples that exceeded the
nitrate-N MCL, up from just 14 systems in 1999.

Increasing nitrate levels have been observed in an additional
municipal systems. Private water wellghich serve about one
third of Wisconsin families, are at risk as well. Statewide, abc
10% of private well samples exceed the MCL for nithyte
although one third of private well owners have never had the ""' -
water tested for nitrate (Knobeloch et al., 28, Schultz and
Malecki, 2015). In agricultural areas, such as the highly .

cultivated regions in southentral Wisconsin, around 20%0% bAGNI GS Aa 2A8a02yaA
of private well samples exceed the MCL (Mechenich, 2015).  contaminant, yet 33% of private well
Nitrate concentrations are poised to further increase as bitra  owners have never had their water tested
pollution penetrates into deep aquifeedmigrates farther forit. Photo: DNR

from original source areas (Kraft et al., 2008).

In 2014 NR 812 code (Well Construction and Pump Installation) was changed to require sampling of newly
constructed wells and wells with pump wkofor nitrates. This was in response to the DHS revised health
recommendation that longerm use of water over the standard by anyone poses a significant health risk.
The nitrate sampling was also strongly supported by the Private Water Advisory Council.

Since October of 2014 the department has receigedr 80,000sample results. This last spring the
department analyzed the data set. This is probably the least biased large data set available in Wisconsin.
Overall 7% of sample results were greater tharpfth for nitrate. However, some counties have a

much greater percentage of well testing above the 10 ppm standard. See map below for individual
county results.

To obtain a safe water supply, private well owners may opt to replace an existing well widiperde
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better cased well or, if available, connect to a nearby public water supply. Owners ofnitrate
contaminated private wells can qualify for the state well compensation grant program only if the
nitrate-N level in their well exceeds 40 ppm and the wasealso used to water livestock.

Alternatively, well owners may choose to install a water treatment system or use bottled water. In a
survey of 1,500 families in 1999, the DHS found that few took any action to reduce nitrate exposure
(Schubert et al., 1¥9). Of the families who took actions, most purchased bottled water for use by an
infant or pregnanwoman.

More recently, it appears that some private well owners in rural Wisconsin are installing reverse
osmosis filter systems at considerable cost to obtain safe drinking W@&bhultz and Malecki, 2015).
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What makes an area vulnerable to nitrate contamination?

¢CKS aASyaArdadAaAgrie 2F Fy FldZATFTSNI G2 O2y il YAYlFI(GA2YX &2
of the ease with which water enters and moves through an aguiifés a characteristic of the aquifer

and overlying material and hydrologic conditions. The vulnerability of a groundwater resource to
contamination depends on aquifer sensitivitycombination with a source aofaturally occurringr

anthropogenic coramination Since the early 1990s, it has been vagltepted that around 90% of

nitrogen nputs to groundwater in Wisconsin can be traced to agricultural sources including manure
spreading and fertilizer application (Shaw, 199®)a recently updated repg & ! I NR Odzf § dzNJ €

| KSYAOILfa Ay 2 A&ao2yahtfie WshddgizDBpartmérs M Egriculluid,NadeH n M1 € X
and Consumer Protecn (DATCP) and thWisconsin Field Office of the National Agricultural Statistics

Service (NASSyrveyedprivate wels and placed them into categories based on how intensively the
surrounding land was cultivated for agricultural production. $terey found thabverall8.2% of

private wellsin Wisconsirexceeded 10 mg/L for nitrateHowever, marked differences in the

percentage of wells over 10 mg/l were notedhen groupingthe data bysurroundingagricultural

intensity, the percentagéancreased fronil.7% when surrounding land whghtly cultivated t020% of

wells exceeding the health based standard when the summland was greater than 75%
cultivated(DATCRO017).

Looking at a statewide scale, a simple plot of broad land use categories with the estimated percentage of
private wells exceeding theealth-based standard by individual counties also illustrates thare wells are
impacted in agriculturdy intensive areas of the state

e
R ’
oF

Land Cover

- Urban/Developed
I:I Agriculture
D Grassland
- Forest

|:| Open Water
[ wettand

- Barren

[ shrubland

Map of Estimated Percentage of Private Wells over Nitrate Standard by County with Land Cover



Wisconsin Groundwater Coordinating Council Report to the Legislatu | 2020

The dominanteffect of land useén comparison to aquifer sensitivity is also illustrated when overlaying
township level private well nitrate data andydcultural land usavith the Groundwater Contamination
Susceptibility Model (GCSM). The GCSM for Wisconsin was developed by WGNHS, WDNR, and the USGS
and is intended to be used at broad scaleise physical resource characteristics for which informatias
available were identified as important in determining how easily a contaminant can be carried through
overlying materials to the groundwater. These factors are type of bedrock, depth to bedrock, depth to
water table, soil characteristics, and characdéics of surficial deposi{®eologic materials lying between
the soil and the top of the bedrocklreas with sand and gravel are considered nemesitiveto
groundwater contamination; areas with silt and clay are considered less suscejgtibén viewd at a
statewide scale, many parts of the state with only moderate aquifer sensitivity have townships where
greater than 10% and frequently greater than 20% of private wells exceed the fieeid standard for
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B crop Rotation
D Townships with >20% nitrate exceedance
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nitrate in drinking water.

How is goundwater nitrate trending over time?

By analyzing a variety of data sources, evidend&atesthat nitrate contamination of ouigroundwater
resources has increas@a more locationver timethan have seen decreases.

An assessmenbf overallstatewide nitrate trend usingexisting private and publiwwell data is challenging

for several reasongzundamentally, public water data sampling is focused on the goal of providing water at
the tap meeting required maximum contaminant levels (M@ns)not to track changes ithe
groundwaterresourceover time.Private well sampling is conductday a very low percentage of well

ownersin any given year anir those who do, their gods getting information about theurrent

condition of theirwater suppy, nhot determininglong-term changes in water qualityf the resource itself

This leads to a large confidence interval in estimates of private wells above the nitrate standard and makes
trends difficult to discern. What is needed jstgematic repeated sapling of the sameaet ofwellsthrough

time and thisis rarely conductedh private wells Whilepublic wells aregequired to regularly test and

report resultsfrom a relatively stable set of wellence they exceed the nitrate MCL the system is required

by law to take action to come back into compliance with the MCL. The preferred action is to replace the
well, thereby removingvellswith increasing trends and biasing the public water dataset towarelts

without increasing nitrate concentrationk addtion, both new private and publiavells tend to besited,

drilled and casetb avoid knownwater quality issuesuch as nitrate contaminated groundwatdihe result

of these factords thatboth private and public wells areot consistentlyd I YLJX Ay3 GKS aal YSé
depthsover timeand are biased toward utilizing groundwater without contaminatioraking a analysis

of the groundwaterresource comparisorsover timeand trend analysidifficult using these existing data

sets

Oneavailable data setwith alarge number of wells distributed across the state is 8ade Drinking Water
Actcompliance data set farton-community public wellsg(g. small businesses, schools, and churches
There areapproximatelyl1,0000wells of this type actie at any given time, and they are required to
submit nitratesampleresults toDNRat least annuallyln review of the historical record of public supply
well datasince 1975we findarelativelyconsistentnumberof wells exceedhe 5 mg/Land 10 mg/Lnitrate
thresholds in anglecack (i.e. about 18.3% of notommunity water systems exceed 5 mg/L and about 6.5%
exceed 10 mg/L). Howeverhen looking athese publiownells for the full period of recordhere is a much
larger set of wells representgeb20,000 wells) anthe total number of wells excednl these thresholds at
any point intime is greater than in any discrete decadgver the full record of th&VDNR Public Water
Systendatabase, approximately 21% of these wells exceeded 5 mg/L and apptelky 8.3% exceeded 10
mg/L Many of the nitrate impacted welldhavedropped outof the data sebver time.This is to be
expected, as these are wells providing drinking water and subject to regulation to meet drinking water
standards.

Upward nitrate tiends over time are frequentlgbservedwhenreviewingregional or local trends in well
water quality, particularly where wells are vulnerable to nitrate contaminatior examplethe Rock
County Health departmerttas been sampling and maintaining a detasased on a consistent set of
transient norcommunity publiovellsover approximately 25 yeardn aggregate,tis consistent group of
79 wells have shown an increasing nitratgerage concentratiotrend since 1994, with a marked increase
in the last eccade(see figure below)
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Nitrate in Groundwater -23 Year Trend in Rock County
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Source: Rock County Department of Public Health

Chippewa Countprovides another example where a consistentaeprivate welly175)were sampéd
multiple times ovethirty years. This data set shows the importance of locatiorost wells saw little or no
change over the 30 years (51%) and some wells showed a decrease (10%), while 39% showed an
increase in nitrate concentrations (see figure below).
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Anotherusefulmethod to assess long term groundwater nitrate trends throughout the state évaduate
data fromgroundwaterbaseflowdominated streams. A large portion of tetateis covered by
GINRdzy Rl GSNI R2YAY I 0SRé 6 GSNEKSRa O0A®PSd (KS
greater than 50%) ong term trend monitoring sites maintained by WDNR and Wista&8se watersheds
can providenformation about the aggregate water quality yielded by these watersioegs timefor
groundwater transportecontaminants such as nitrat&Visconsirhassome large basins where the
baseflow contribution at thenonitoring stationis estimated as high as 9qQWSGS Gerbert et al., 2011).

Qelernt ite from man

(
o
= NITRATE
N
. R
O~ 20
>3
o~ . 10
0
@
o
-

0 50 100 150
Each Year Sorted by Nitrate Concentration (Highest to Lowest)
. Source: Masarik et 312016 In preparation.

‘ . Greei;
© 2 =

Fox River at Oshkosh, Wi \

‘ Muc'htg-:'r
Rochest p
% hester @) = ‘“ ol
ZLosse Fond du Lac
Austin ‘ o Sheboyaan
’ o
Mason City Wisgons,,,
' ) , . ‘ . oMadis on Q ’Iilwaukee

. I 'R acine
g'v'at erloo O .. 5 hag

D ul:uuque:o
y & Rockford “Waukegan
Leaflet | Tiles © Esri —Esﬁ. DeLorme. NAVTEQ, TomTom, Intermap, iPC, USGS, FAO, NPS, NRCAN, GeoBase,
Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), and the GIS User Community

Select parameter Select time period
| — )
1861 1867 1973 1879 1885 1881 1807 2003 2008 203617

DNR Long Term Trend (LTT) Data Viewer: https://wisconsindnr.shinyapps.io/riverwa/
8

NI G A2



Wisconsin Groundwater Coordinating Council Report to the Legislatu | 2020

Dataf NEY 5bwQa [ 2y 3 sh&wWwdcreasdsB yiitRate wadbdenttratididr most locations
monitored throughout the state

Long-Term River Water Quality Trends in Wisconsin
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Estimated costs in Wisconsin toitigate Nitrate

The data from new wells and pump work since 2014 was also used in an analysis to develop a cost
estimate for private wells to address nitrate over the health 10 ppm standard. The estimate is based on
privatewell owners currently over the nitrate standard choosing the preferred safe at the source method
of drilling to a depth where water below the standard can be obtained.

The process involved estimating the number of private wells in each county and ningfifitat by the
percentage of wells over 10 ppm for each county. A cost for individual well replacement was developed
using the Groundwater Retrieval Network (GRN) nitrate data to determine the depth of penetration of
nitrate into the aquifer. This depthas used as the estimated depth to construct a well reaching water
safe at the source.

The estimated number of private wells exceeding the health standard for nitrate in Wisconsin is over
42,000, with a total cost estimate of abandoning the contaminated amd replacing with a new safe
water supply exceeding 440 million dollars. Results by county are shown in the table below.

An estimate of the cost to well owners who have already replaced their well due to elevated nitrate was
calculated by reviewing watbnstruction reports submitted to the department where nitrate was listed
as the reason for the new well. This likely underestiméitesnumber of wells replaced for nitrate, when
no reason was listed on the report. Using the same methodology, it isa&stihthat private well owners
9
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have spent more the 9 million dollars to replace wells elevated nitrate to date.

Estimated # of | Estimated % of Estimated # of Estimated
private wells well over 10 private wells over | Replacement Cos
ppm Nitrate Nitrate Standard | (millions)
Standard
Adams County 9959 12.4% 1232 $10.82
Ashland County 2290 0.0% 0 $0.00
Barron County 9336 9.3% 872 $8.69
Bayfield County 5679 0.0% 0 $0.00
Brown County 14077 2.9% 414 $4.93
Buffalo County 3158 7.1% 224 $1.67
Burnett County 6689 1.2% 82 $0.41
Calumet County 3932 10.5% 413 $5.25
Chippewa County | 13242 13.5% 1788 $15.99
Clark County 6581 5.4% 357 $1.80
Columbia County | 8762 17.9% 1564 $19.22
Crawford County 2485 0.9% 24 $0.28
Dane County 23506 18.3% 4313 $65.61
Dodge County 11112 5.0% 553 $7.44
Door County 11797 1.3% 153 $2.04
Douglas County 5165 0.0% 0 $0.00
Dunn County 7501 12.1% 906 $6.65
Eau Claire County | 9153 5.3% 483 $3.89
Florence County 2423 1.6% 39 $0.18
Fond du Lac County| 12190 5.3% 649 $8.41
Forest County 4073 1.3% 54 $0.19
Grant County 5895 6.6% 389 $6.05
Green County 5474 20.2% 1106 $15.22
Green Lake County | 4957 19.5% 968 $14.60
lowa County 3511 12.5% 438 $7.13
Iron County 749 0.7% 6 $0.02
Jackson County 4688 6.7% 312 $1.63
Jefferson County 9491 8.3% 792 $8.16
Juneau County 5166 11.6% 600 $3.85
Kenosha County 15570 0.8% 132 $1.21
Kewaunee County | 3741 3.3% 122 $0.90
La Crosse County | 7216 13.4% 965 $8.99
Lafayette County 2628 15.3% 402 $5.74
Langlade County | 6387 4.7% 298 $2.41
Lincoln County 7396 3.7% 277 $1.55
Manitowoc County | 8693 6.2% 539 $6.87
Marathon County | 22195 7.1% 1578 $11.36
Marinette County | 10295 2.3% 239 $1.41
Marquette County | 5951 9.4% 559 $5.90
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Menominee County | 1287 0.0% 0 | $0.00
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Milwaukee County | 23534 0.3% 80 $0.48
Monroe County 6561 10.1% 662 $4.63
Oconto County 13336 2.4% 321 $2.54
Oneida County 15788 1.7% 274 $1.31
Outagamie County | 13997 0.8% 117 $1.91
Ozaukee County 11940 0.7% 80 $0.69
Pepin County 1593 20.1% 320 $2.48
Pierce County 4678 14.7% 689 $9.98
Polk County 8907 4.7% 422 $3.75
Portage County 8658 17.7% 1536 $13.13
Price County 4868 1.9% 94 $0.38
Racine County 16892 0.6% 99 $0.84
Richland County 3262 8.8% 286 $2.47
Rock County 12275 24.4% 2999 $32.45
Rusk County 4857 3.6% 175 $1.00
Saint Croix County | 13362 12.2% 1624 $15.97
Sauk County 7775 13.4% 1042 $9.33
Sawyer County 9796 1.0% 99 $0.48
Shawano County 7604 8.0% 606 $5.14
Sheboygan County | 11561 3.0% 344 $3.03
Taylor County 5255 2.7% 144 $0.91
Trempealeau 5044 18.2% 917 $10.05
County

Vernon County 4350 3.3% 142 $2.11
Vilas County 12718 1.6% 201 $0.95
Walworth County | 17916 4.0% 715 $6.31
Washburn County | 6395 0.8% 53 $0.34
Washington County| 19541 3.8% 735 $10.52
Waukesha County | 57361 1.8% 1041 $14.38
Waupaca County | 10389 7.1% 736 $6.15
Waushara County | 9254 10.4% 964 $9.08
Winnebago County | 14271 1.9% 266 $4.27
Wood County 8099 4.9% 394 $2.75
Totals 676,237 42,019 $446v

Because nitrate is both an acute and chronic health isso@munityPublicWater Systems cannot serve
water over theEnforcement Standard (E&hd therefore must either replace the well or install approved
treatment if they exceedhe ESIn 2019, the city of Colby in Marathon Couspent $769,000 to install a
nitrate mitigation system. In 2018, the village of Junction City in Portage Coyfaged a public water
supply well due to high nitrate concentrations at a cost of $1,128,000. That same year, the village of Fall
Creek spent $1,074,000 to replace a well due to high nitrate. While complete information on the costs
have not been confirmedhe current estimate is over 40 million dollars have been spent by municipal
public systems to deal with nitrate. Theses cost estimates do not include increased sampling or
investigative cost, nor operational costs to maintain treatment systems.
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The Saf®rinking Water Act allows transient namommunity (TN) systems to continue to operate with
nitrate above the health standard of 10 mg/L but below 20 mg/L if nitrate level is posted. TN systems
include motels, restaurants, taverns, campgrounds, parks asdtations. Currently in Wisconsin there

are nearly 300 TN systems in operation in this situation. Using the same process for developing costs as
for the private well replacement, the total cost for TN well mitigation of the currently existing system
over10 ppm is 3.2 million dollars. Each year about 20 new TN systems go over the nitrate standard.

Over the past 10 years 61 Naransient Noscommunity systems (such as wells serving schools, day care
centers and factories) have gone over the standard. gJaisimilar cost estimate method as above, the
cost to those systems is estimated at 747,060ars.

What is being done bysCC Agemes to address nitrate?

Nitrate has always been a core concern for GCC agencies. Over 40 pojH%s of the total pofblio

funded by the Wisconsin Groundwater Research and Monitoring Program (WGRMP), have investigated
the occurrence, transport, removal or management of nitrogen in Wisconsin. In addition, multiple
sampling programs have been carried out by the DNR, DAf@Cthe WGNHS to characterize the extent

of contamination.

In addition to regular well sampling surveysrformed by
DATCPDATCRupporsthe development of nutrient
management plans (NMPs). These plans specify the
amount and timing of nutrient sources applied to a field
to optimize economic input. Approximately 31fthe
agricultural land in Wisconsin is covered by an approvet
management plan (DATCP, 2015). Not all farms are
required to have a nutrient management plan, but DATC
provides free resources and training for farmers to
encourage total coverage across gtate.

DATCP estimated that in 2007, over 200 million pounds ko :
nitrogen were applied to agricultural lands in excess of ~ Exploring best nitrogen management practices in on
UW recommendations, a number that could be agricultural fields is a key research priority for the
substantially reduced with broader adoption of NMPs, ~ GCC. Phot®NR

However, NMPs do not presently contaimechanisms

specifically designed to assess potential nitrate loading to groundwater.

Numerous studies indicate that NMRse not alway®ffective at reducing nitrate levels to below the
MCL. Even in the best managed agricultural systems, over thedomg(7 years) nearly 20% of nitrogen
fertilizer bypasses plants and is leached to groundwater, which makes itthielgroundwater
concentrations of nitrateN at or above the MCL will continue to be a concern for Wisconsin residents
(Brye et al., 2001; Msarik, 2003; Norman, 2003). That said, there is still significant potential for
improvement through increased adoption of NMPs.

The Nitrate Initiativavasstarted by the WDNR Drinking Water and Groundwater Progna2@12to
develop partnerships ancbllaborate with the full spectrum of drinking water stakeholders, including the
agricultural community, t@valuate strategies to reduadtrate loading to groundwater from agricultural
activities and enable protection of drinking water sources while maimgifarm profitability.Pilot
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projects were focused in locations where drinking water systems were approaching unsafe levels of
nitrate contamination. Common themes and challen@@sth technical and sociadmergedduring these
projects. Because nitrate @) acute contaminant, water suppliers and consumers both need assurances
that anyland usemitigation efforts will be robust and reliable enough to result in a safe concentration of
nitrate at the tap. Therefore, when water resource managers engage anttolwners and agricultural
producers in a groundwater management area, such as a wellhead protection area, these stakeholders
need to know which conservation practicesuldachieve the desired water quality resyltsow

intensively those practices need b@ applied in a given setting and time period, and how much those
practices will costDeveloping answers to these questions in the context of a nutrient management plan
leadsto the realization that data on the efficacy abnservation and nitrogen manamentpracticesfor
protecting groundwater iseither lackingor involves significant degrees of variabilitythie expected
results(owing to differences in physical setting and climatic drixérsols do not presently exist to allow
F2NJ GKS F2N¥dzZA FGA2y 2F | INRdAzyRelF GSN) ydziNARSyid 2R
drinking water wellsStakeholderslso need to know the time periaat dage between implementing
practices irthe field and the onset of water quality improvements at the tdpaditional nutrient
management planning and traditional wellhead protection planning are not designed or equipped to
answer these questions.

This haded tothe recommendatiorfor the State on a collaborative basigith all drinking water

stakeholdersto engage ira multi-stageprocess to developew technical toolshat will enable the

realization of the goal of protecting our sources of drinking water while maintaining robust and profitable
agricultural productionSuch tools would assist local resource managers with creating landowner and
producer partnerships to imptaent cgroundwater protec®? S ¢y dzli NA S yplansYitayeasa SY Sy i
contributing recharge tgpotable wells.

Groundwater and nitrogen fertilizer decision support

In 2019 he WDNRR S @S f 2 LIS Rwvoréplaisivitl 8chmicélpartners tobegin thedevelopment ofa

suite of Groundwater and NitrogdrertilizerDecision Support tools (GW & Nitrogen DSTs)itonate

use by community water supplies, conservation departmethis,agricultural communityand other

drinking waterstakeholders tdelp achieve groundwateprotection in the context of nutrient

management planningNitrogen fertilizer decision support tools will be develomet improvedover

time based on contributions from the full range of stakeholders. Guiding principles includéngréatls

that are complimentary and supplementary to the existing Nutrient Management Planning programming

in the state.Starting with basic tools and progressing to more advanced applications over time,

stakeholders will be engaged to develop collaba@solutions to existing data and research gass

Sttt A OFNNASNE (2 FR2LIA2Yy ® 9 Inikdgeh budie®ardde@ i & a6 A £ €
ol f 1 yOS¢ (iMotedadvanged fdrodlucts \siltilize models in order to incorporataitrogen cycle

drivers and simulation of the effects wieather variability The goal ipair with existing NMPs (e.g. a user

might export a data file from SNAP+ and process separately with a Nitrogen DST to generate estimates of
nitrate leaching potential andxglore options to reduce losses). To protect our sources of drinking water,
resource managers arttie agricultural community need tools with thkexibility to scenario test

potential nutrient management plarthat incorporak various beneficial managemeptactices Because

GKS yAGNR3ISY 0edftS A4 AYKSNByiGte afSll1eés 65 SELISC
circumstances. The goal is to provide reasonable expected ranges of the nitrate leaching below the root
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zone that would be expected toccur (based on the details of a nutrient management pl@hjs
information is needed in order to devise groundwater management plans that assurpdtailewells
located hydraulically downgradient will remain below the hedidsed standard for nitrateToachieve

the dual goal of source water protection while maintaining farm profitability, we mustedigzidate any
tradeoffs in productivity. Where economic offsets are expected to ocpuantification of these costs
could serve as the basis for Wihig existing state and federal conservation practice funding sources in
new ways that protect drinking water sources aafeguardhe public health

This longterm project will provide a frameworfor the continueddevelopment andmprovement of
nitrogen fertilizer decision suppogtroductsas more research and data is incorporated over tiffieebe
successful, and develop the capacity in the state to protect our sources of drinking water even in
agriculturally intensive settings, ttall range ofdrinking water stakeholders the state including the
agricultural communitywill need tosharecownershig and responsibility for continuougevelopment
andimprovementof thesetools (analogous to the existing programming in the state that develops and
improves the science supporting nutrient management planning in general).

Whenfully realizedthese tools wouldest alternative land management and nutrient management
scenari@, predict the nitrate load reductions that can be expected from chosen conservation practices,
inform economic tradeoffs, and addressmmonquestions such ashe estimated time delay between
practice implementation and expected water quality improvementa mgceptorof concern

Additionally, GW & Nitrogen DSTs will facilitate access to existing state and fiecleqadint pollution
control programs thatund land conservation practices. The DSTs could be used, for example, to meet
requirementsof traditionalwatershedd  a SR L) | ya 6&dzOK | & dad YSe 9fSYSy
information on estimatedhitrate pollutant load reductiondased orproposed management practices

and helping to describe achievable milestones (e.g. magnitude and timing of water quality
improvements). Approvediatershedbasedplans,now expanded to includgroundwaterprotection,

would thenmeetthe pre-requisites for agricultural practice cost share funding frexistingnon-point
source pollution mitigation progranm@vhichhave traditiorally focusedorimarilyon improving surface
water quality).

The GroundwateDSTgand the underlying spatial datasets) will have masgs andapplications

beyond understanding nitrate transport from below the root zone and though the subsurface to a well
or stream. Toaddress potable well impacts from ngmoint pollution sources, we musacilitate
identification ofcritical land areas where management actions will be most effective. Groundwater
DSTs will leverage existing hydrogeologic research and mgg®bducts and utilize advanced
techniques to make essential hydrogeologic informatioore available to decision maker&oth the
Groundwater and Nitrogen DTSs will be designed to communicate the sources of uncertainty
associated with model predictionull realization of the DST products will quantitatively bracket

model output ranges such that local planners can effectively incorporate these factors into the
resource protectiorplanning process.

Initial workbeganin early 202@®@n the Groundwater ad Nitrogen Decision Support Tatdvelopment.
Thedevelopmentpartnershipis expected to expand over time, amgtorporatemulti-disciplinary

technical contributions from researchers at the University of Wisconsin, and from other state agencies
and organizations such as the Wisconsin Geologic and Natural History Surv&xi@islion), the
Wisconsin Department of Agricultureale and Consumer Protection, the Department of Health
Services and the Wisconsin Rural Water Association. Key federal partners include US@& RUOSDA
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and EPA. The Wisconsin Land and Water Conservation Association is providing essential connections to
county conservation and county health departments. Through these local connections, the range of
participatingagricultural stakeholders will expand, providing essential feedaadkdatafor

developing robust decision suppandenableprotection of drinkingwater supplies while sustaining
profitable agricultural production.

Nitrate Targeted Performance Standard

In 2019, Governor Tony Evers directed DNR to pursue rulemaking through NR 151 to reduce nitrate
contamination by establishing targeted nitratenfiormance standarsifor soils that are most likely to
SELISNASYOS yAGNR3ISY O2yilYAYlILGA2Yyd ¢KS 2Aa02y&aAy b
of Scope in December 20 KA OK adl GSa GKFIG a¢KS LIzN1IR2 aSwi F (K S
Adm. Code, and limited incorporation by reference of those proposed revisions to ch. 243, is to establish
agricultural nonpoint source performance standards targeted to abate pollution of nitrate in areas of the

state with highly permeable soils whiahe susceptible to groundwater contamination (sensitive areas) for

0KS LizN1J2&aS 2F | OKASGAy3a O2YLX Al yOS 46AGK GKS yAGNY
GKIFIG a¢KS Nz S NBGAAaAA2Yya gAff RSTA sidhdamSngerddioh S | NB
protect surface and groundwater quality in these areas. Soil maps based, in part, on soil permeability in
O2ye2dzyOlA2y GAGK ANRdAzyRgolF GSNI ljdz f Adie AYTF2NNIGAZ2Y Y
promulgation of proposed rules geradly takes about 31 months. Presently, the rule making committee

has formed a &chnical Advisory Committee (TALY is holding meetings open to the publior further

information, please seBIR 151 rule changes for nitrafténk].

Future Work

Given the pervasiveness of nitrate contamination in groundwater and the seriousness of suspected
human health impacts, there is a need for a better understanding of the health effects of higfte ritr
drinking water. DHS will continue to monitor and review the literature on this topic, particularly with
regards to links with birth defect3hroughout all of this, continued groundwater monitoring is also
needed to assess existing problem areas igedtify emerging areas of concefevelopment and
communication ofrnprovedgroundwater protectiorstrategies,ncludingtechnical tools andlirecting
conservationincentives to promote efficient use of nitrogermd reduce losses fgroundwater are
another top priority.

Further Reading
DNR overview fonitrate in drinking water|[nk]

DNR overview fonutrient management plannindiipk]
DATCP overview autrient management|nk]

DHS overview of nitrate health effectak]

DNR, DATCP, and DHS water quality recommendations

NR 151 rule chares for nitrate
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