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Unsustainable Agricul tu
Manure Hot Spots

Executive Summary

Pennsyl vaniads agriculture sector has a big p
Bay watershed, Pennsylvani# one of the states responsible for decreasing the nitrogen,
phosphorus and sedi ment pollution | oads that
contribution to these loads comes from agriculture.

1 Pennsylvania is responsible for roughly half of the niigen entering the Chesapeake
Bay each year, and more than a quarter of the phosphorus. The agricultural sector in
Pennsylvania alone is responsible for 26 percent of the nitrogen and 16 percent of the
phosphorus entering the Chesapeake Bay each year.

The Bay states are working with the EPA to im
known as the Total Maximum Daily Load orBay T MD L . Pennsyl vani abds agr
is struggling to keep up with the progress that other Bay states are making.

1 While the other Bay states are within one million pounds of their 2017 agricultural
nitrogen pollution reduction targets, Pennsylvania is off by 16 million pound®r 36
percent)

1 Pennsylvania is the only Bay state that has not met its 2017 target for agricultural
phosphorus.

Part of the problem is that
Pennsyl vani ads
industry has become larger, more
concentrated, and more intensive
over time. EIP looked closely at
four counties where the peacre
application of nitrogen and
phosphorus is the highesd
Franklin, Lancaster,Lebanon,
and Union Counties. This report
examinesinput data and model
estimates from the Chesapeake ==
Bay Programds r«
Model, and compared these four
counties to the rest of the

Commonwealth. Hog productiodand hog manure productiinas nearly doubled since
the 1980s in Pennsylvaniads Lz
counties.




The four counties have always produced more animalsd applied more manure to
cropland than other counties within Pennsylvanialn recent years, ompared to other
Pennsylvaniacounties in theBay watershed there areroughly twice as many turkeys per
farm acre, three times as many dairy cows, and six timas many chickens. In other words,
there is much more manure produced in the four focus counties relative to the amount of
land suitable for manure application.

Many of these animals are confined in large, federalyefined Concentrated Animal

FeedingOpeat i ons ( CAFOs). The majority of CAFO ani
part of the Bay watershed happens in these four counti&nce the mid 1980s, hog

production in these countiegat CAFOs and elsewherehas nearly doubled, turkey

production has inceased by 70 percenand broiler production by 44 percentAlong with

the increasing density of animal production comes more manure. Although not all manure

stays on the farm where it is generated, most stays within county lines. As a result, these

four counties have been adding more and more manure to each available acre over time.

1 Since 1984, the peacre application of manure nitrogen has increased by 40 percent
in the four counties that we analyzed. Applications in the rest of the Commonwealth
have al® increased, but only by 9 percent.

1 The peracre application of manure phosphorus has increased by 27 percent since
1984, twice as fast as the rest of the Commonwealth.

1 In other parts of
Pennsylvania, the majority
of nitrogen and : - :
phosphorus applied to ‘
cropland comes from
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Along with all of this manure comes ammonia, which is emitted from livestock angoultry
confinements, manure storage, and lardpplied manure and then radeposited on local land
and water. Compared to the rest of the Commonwealth, there is twice as much ammonia
deposition in the four counties that we analyzed, adding an extra doserofrogen.

Manure is routinely overapplied to cropland, adding more nitrogen and phosphorus than
crops can use. In the best cases, manure is applied to maximize crop yield, but without
adequate efforts to reduce runoff. In the worst cases, manure appliocas are simply waste
disposal. In the four focus counties, oveapplications of nitrogen and phosphorus in 2013
meaning the amount applied in excess of crop uptakewvas 34 pounds per acre (nitrogen)
and 18 pounds per acre (phosphorus). Outside of thauf focus counties, ovelapplications
were much less, at 14 pounds per acre (nitrogen) and 0.03 pounds per acre (phosphorus).

1 Although Pennsylvania formallyregulates manure applications, the rules have
traditionally been treated as effectively voluntaryAs of January 2016, state officials
estimated that only 30 percent of farms had manure management or erosion control
plans. The situation may be improving, with a survey released by the state in August
2017 finding that about 60 percent of farms had theglans There is still much room
for improvement however, and the recent inspections did not evaluate compliance
with manure management plans.

Enforcement of these regulations is rare, and undermined by severe budget cuts at the
Pennsylvania Department oEnvironmental Protection, which has seen its funding slashed
by about 40 percent over the last 15 years.

More importantly, the regulations that applyto most farms are extremely lax. Even if
farmers were fully compliant with the existing rules, manure wdd still be overapplied.

As a result, water quality has sufferedn the rest of the Commonwealth, roughly 8 percent
of stream miles are impaired by agriculture. Within the four counties, 24 percent of stream
miles are impaired by agriculture, with toanuch nitrogen, phosphorus, bacteria, and/or
siltation. Another 29 percent of streams have unsafe levels of bacteria from unknown
sources; these unknown sources are likely to include agriculture-dtream monitoring of
nitrogen and phosphorus showunhealhy levels of both in the water that drains from
Franklin and Lancaster Countiesln Lancaster County alone, 40 percent of stream miles are
impaired by agricultural runoff pollution, including 106 milesimpaired by pathogens and
462 milesby nitrogen and ghosphorus.In recent years, phosphorus levels in Lancaster
County have been bottunhealthy and rising.

The intensity of animal production and landapplication of manure in the four counties is
unsustainable. These counties generate more manure than avdéatropland can safely
absorb, and animal production exceeds the carrying capacity of the landscape. In order to
better protect both local water quality and the Chesapeake Bay, there are several steps that
Pennsylvania should take:

1 Reduce animal productia to a more sustainable level.



1 Inthe meantime, it will be critical for the Commonwealth to maximize the efficient
application of manure. Voluntary programs, which incentivize the use of certain Best
Management Practices, are not working. Pennsylvania shlol require all farms that
land-apply manure, particularly farms in areas that have intensive animal
production, to have and follow Nutrient Management Plans.

T Require universal i mpl ementation of Pennsy
evaluation tool deeloped to identify areas that are likely to discharge phosphorus to
surface water.

1 Eliminate its ban on stream fencing regulations and require practices that keep
livestock out of streams

1 Pronhibit or restrict winter spreading of manureas other Bay stats have done.

1 Require, statewide or in agricultural hotspots, the implementation of advanced
nutrient management practices such as immediate manure incorporation, split
applications, and the regular use of manure tests and soil tests.

Undertaking these stps would reduce the loss of nitrogen and phosphorus to the
environment while maintaining optimal crop yields. Failure to take these concrete steps will
mean that local water quality will continue to suffer, and Pennsylvania will continue to fall
behind Chesapeake Bay cleanup targets.
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1. Introduction

The Chesapeake Bay states are making notablegress in cleaning up the Bay. Sinc2010,
the states, the U.S. EPA, and other partners in the Chesapeake Bay Program Partnership

have been working to implement a opollution d
Maximum Daily Load, or TMDL. Two of the key pollutants that the TMDL seeks to
reduce are nitrogen and phosphorus, someti mes r

algae blooms and, as algae die and decompose, create-towygen dead zones. Between
2009 and 2015, simulated nitrogen and phosphorus loads to the Chesapeake Bay declined
by 8 percent and 20 percent, respectivelylhe industrial and municipal wastewater sectors,
in particular, have made significant reductions and are currently meeting future TMDL
targets?

Yet despite some signs of improvement, the Bay remains significenimpaired. According

to the U.I5e BE®A(sohedl th has sl owly improved |
ecosystem remains in poor condition. The Bay continues to have polluted water, degraded

habitats, and low populations of many fish and shellfish spisé® There is still much work

to be done. Continuedprogress will depend on additional reductions from certain key areas.

One of these is Pennsylvaniads agriculture se
Bay to meet 2017 and 2025 cleanuprgets unless Pennsylvania can reduce its agricultural

pollution. A few statistics should make this cleat:

1 In 2016, nearly half (47percen) of t he Bayds nitrogen | oad
as did 28percentof the phosphorus and 3percentof the sedinent.

T Most of Pennsylvaniads pollution comes fro
accounted for 56percent 59 percent and 62percentof the Commonwealthd s
nitrogen, phosphorus, and sediment loads in 2016.

1 In other words, Pennsylvania agriculture isasponsible for 2Gercentof the nitrogen
reaching the Bay each year, 1Bercentof the phosphorus, and 1®ercentof the
sediment.

1 Pennsylvania is also struggling more than the oth&ay states to meet cleanup
targets.Tables 1through3s how t hat Pennsyl vaniads agri ct
behind 2017 and 2025 targets than the agriculture sectors of the other states. For
example, while the other states are all within one million pounds of their 2017
agricultural target for nitrogen, Pemsylvania exceeds its target by more than 16
million pounds. And while the rest of the Bay states are ahead of their
201 7agricultural targets for phosphorus, Pennsylvania is still behind.



1 Betweennow and 2025, Pennsylvania will have to reduce nitrogen, psphorus, and
sediment loads from agriculture by 7percent 38 percent and 38percent
respectively to meet its obligations under the Bay TMDL

The excess nitrogen and phosphorus is not just a problem for the Chesapeake Bay; it also
creates significantocal water quality problems. This is particularly true in Lancaster

County, where both nitrogen and phosphorus exceed healthy levels, phosphorus has been
increasing in recent years, and at | east 40
agriculture (see Section 4 of this report for more details on local water quality problems).

Table 1. Difference between 2016 Agricultural Loads and 2017
Agricultural Targets (Ibs/year). °

State Nitrogen Phosphorus Sediment
NY 750,098 (6,919) 14,949,525
PA 16,592,334 325,601 178,322,023
MD 912,291 (117,447) (191,287,893
VA 929,945 (388,427) 255,500,27¢
Y (45,016) (35,716) (9,172,221)
DE 209,318 (33,759) (16,727,176)

Note:Positive values show excess loads, or the amount by which 2016 loa@8Ex¢eryidd. Negative values (in
parentheses) show the amounts by which simulated loads in 2016 were lower than 2017 targets.

Table 2. 2016 Agricultural Loads/2017 Agricultural Targets (%). °

State Nitrogen Phosphorus Sediment

NY 121% 98% 113%
PA 136% 115% 113%
MD 105% 92% 75%
VA 106% 90% 113%
Y 98% 92% 96%
DE 107% 87% 74%

Note:Values less than 100% indicate that the 2016 load was lower than the 2017 target.

P



Table 3. 2016 Agricultural Loads/2025 Agricultural Targets (%).

State Nitrogen Phosphorus Sediment

NY 144% 116% 128%
PA 177% 138% 138%
MD 118% 97% 74%
VA 129% 109% 136%
WV 105% 106% 115%
DE 127% 98% 74%

Note:Values less than 100% indicate that the 2016 load was lower than the 2017 target.

The primary purpose of thisreportis o exami ne the causes of Penn:
pollution problem and to offer possible solutions. Two critical, interrelated causes appear to
be high-density animal production and weak state rules regarding the laiagbplication of
manure. Most counies in Pennsylvania have been packing more and more animals onto
their farmland, and the four counties we are focusing on in this report are generally no
different. This means that the amount of manure has also been increasing. Most of the
manure generatedn a county stays within that county, even if some is transferred from one
farm to another. As a result, counties with high animal density also have high patre

manure applications. Unless farmers in counties with intensive animal production are
exceptonally careful about how much manure their crops actually need and how much they
apply, much of the nutrient content in the manure will continue to be lost, with
consequences for both the Chesapeake Bay and local water quality.

2. Agricultural hot spots

a. Nutrient application rates

. CURRENT APPLICADIN RATES

According to the Chesapeake?niBaggnarf phogphoaisnd s wa't
are applied to land in Pennsylvaniaat rates of roughly 50 pounds per acre per yefar

nitrogen and 10 pounder acre per yeafor phosphorus. However, more than 9%ercentof

these nutrients are applied to agricultural land, and agricultural applications are more

intensive. The Chesapeake Bay Program estimates that nitrogen and phosphorus were
appliedtoPennsw ani ads agricultur al |l and at average |
respectively, in 2013?

These statewide averages hide significavdriation among counties Table 4 shows the20
counties in the Chesapeake Bay watershed with the highest agricullurdrogen application
rates. Nine of these counties are in Pennsylvanidable 5 shows the20 highest phosphorus
applying counties. Lancaster and Lebanon Counties stand out as having nutrient
application rates higher than almost anywhere else in the Chesake Bay watershed.



Table 4. 2013 Nitrogen Application Rate on Agricultural Land: Twenty
Highest Counties in the Chesapeake Bay Watershed 1

State County Nitrogen Application

Rate (Ib/acre)

MD Somerset 177
PA Lancaster 147
DE Sussex 135
PA Lebanon 124
VA Rockingharr 108
MD Worcester 106
VA Page 103
MD Caroline 100
MD Wicomico 97
DE Kent 97
PA Franklin 92
VA Accomacl 89
DE New Castle 87
WV Hardy 87
PA Berks 86
PA Blair 85
PA Cumberland 85
PA York 83
PA Union 81
PA Chester 78




Table 5. 2013 Phosphorus Application Rate on Agricultural Land:
Twenty Highest Counties in the Chesapeake Bay Watershed 12

County  Phosphorus Application

Rate (Ib/acre)

MD Somerset 54.5
PA Lancaster 40.3
PA Lebanon 34.8
DE Sussex 32.3
VA Page 31.7
VA Rockingharr 30.9
MD Wicomico 29.7
wv Hardy 26.3
VA Amelia 23.8
MD Worcester 23.8
PA Union 21.9
MD Caroline 21.7
PA Snyder 20.9
PA Dauphin 20.9
VA Accomack 20.7
PA Franklin 20.2
VA Cumberland 19.6
DE Kent 19.5
PA Berks 19.0
PA Schuylkill 18.2

The remainder of the report will focus on thdour Pennsylvaniacounties that appear among

the top twenty listsshown abovefor both nitrogen and phosphorus applicatiorfwith the

exceptionof Berks County,most of which is located outside theChesapeake Ba

watershed). The four Penns2y0lov aanriea Lcaonucnatsiteesr ,wil
Franklin, and Union. This list includes the three highest nitrogeapplying countiesin

Pennsylvanig and also the three highest phosphortegpplying countes. These four counties

are compared, individually and as a group, to the other Pennsylvania counties in the

Chesapeake Bay Watershed in Appendix Alable 6 summarizes this comparison for the

four counties as a group.

To begin, Table 6 provides a snapshoof the most recent nitrogen and phosphorus
application rateestimatesfrom the Chesapeake Bay Program. The four focus counties add
2-3 times more nitrogen and phosphorus to agricultural land than the other counties in the
Commonwealth.



Table 6. Comparing the four counties (Franklin, Lancaster, Lebanon,
and Union) to other Pennsylvania Counties in the Chesapeake Bay
Watershed

Four Focus Counties Other Counties

Nitrogen

Pounds per agricultural acre, 2013 121 59
Change in the rate of applicatioh9842013" +24% +9%
Manure as source of cropland applications®(% 61% 28%
Manure nitrogen per agricultural acre, 2013 74 17
Change in manure applications, 198313’ +40% +9%
Ammonia nitrogen deposition, 2014 (Ib/acrg) 7.1 3.1
Phosphorus

Pounds per agricultural acre, 2013 32 12
Change in the rate of application, 198813° +4% -23%
Manure as source of cropland applications®(% 76% 42%
Manure phosphorus per agricultural acre, 201 24 5
Change in manure applications, 19831 3" +27% +13%

Concentrated Animal Production
Livestock at CAFOs, % of PA total 47% 53%
Poultry production at CAFOs, % of PA tofal 63% 37%

II. TRENDS IN NITRO&N APPLICATION RATES

Since 1984, the nitrogen application rate in Pennsylvania has increassdabout 13percent
Again, there are significant differences among counties, but there is a notable correlation
between trends and baseline nitrogen application ratésgure 1 shows the 36year change

in nitrogen application rates as a function of the 3@ear average application rate, and shows
a growing divergence between counties that are more or less intensive with their nitrogen
applications. Counties with lower historical application rates have seen a decrease in
nitrogen application intensity over ime. On the other hand, counties with high application
rates have seen a relatively steep increase in application intensity.

The four focus counties, like the rest of th€Eommonwealth, have lost about 1(ercentof
their farmland since 1984. But the fourdcus counties have been intensifying their
application of nitrogen to the remaining acres at a rate far higher than the rest of
Pennsylvania Since 1984, the rate of nitrogen application in the focus counties has
increased by 24ercent In the rest of theCommonwealth, the rate of nitrogen application
has increased by percent Over the past ten years the trend is the sar@¢he intensity of



nitrogen applications has increased statewide, but it has increased much faster in the four
focus counties.

In short, the most nitrogenheavy areas of the Commonwealth are becoming even more
nitrogen-heavy over time.

Figure 1. Changes in nitrogen application on Pennsylvania agricultural
land as a function of long -term average application rates, by county,
with the fou r focus counties in red. 26
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[1l. TRENDS IN PHOSHORUS APPLICATION RAES

Unlike nitrogen, statewide phosphorus application has been declining. Since 1984, the rate
of phosphorus application has dropped by about Jercent But as with nitrogen, longterm
trends are correlated with historical application rates (séegure 2). Compared to the rest of
the Commonwealth, the counties with high historical application rates have been reducing
the application rate more slowly; in several of these counties, includitigree of the four

focus counties, the phosphorus application rate has been increasing.

Over the long term, where the rest of th€Eommonwealth has reduced phosphorus
application rates by 23ercent the four focus counties have increased their phosphorus



application rates. The phosphorus application rate in Lebanon County has increased by 26
percent Over the short term (since 2004), three of the four focus counties have accelerated
their phosphorus applications while the rest of thEommonwealth continuesto decline.
Again, as with nitrogen, some of the most phosphordseavy areas of Pennsylvania are
becoming even more phosphorukeavy over time.

Figure 2. Changes in phosphorus application on Pennsylvania
agricultural land as a function of long -term average application rates,
by county, with the four focus counties in red. 27

30%
°]
-Lebanon

20% ®
2 [ ]
1]
E 10% @
c @
9 ]
3 @
o 0% @ Lancaster
5 @
& e *
E -10% (@] Franklin
2 [C]
2 o8
8 -20% ©
s @
E 0 o
5 -30% O

@

s &
e )
@ -40% @ Q
2 LY
& @@
o

-50% o"

‘60% T T T T T T T T 1

5 10 15 20 25 30 35 40 45
30-year mean rate of phosphorus application (pounds per agricultural acre)

b. Sources of nitrogen and phosphorus

The sources ofmitrogen and phosphorus that farmers apply to croplanare manure,

synthetic fertilizer, and biosolids (treated human waste). Gtside of the four focus counties,
most nitrogen and phosphorus is applied as fertilizer. Within the four countiethe opposite

is true and most of the nitrogen and phosphorus is applied as manure. Specifically, manure
accounts for61 percentof nitrogen and 76 percentof phosphorusapplications Figures 3

and 4 provide a comparisons of the manuréertilizer balance over timeIn the four focus
counties, not only is manure the dominant source of landpplied nutrients, it is also a

source that is increasig over time.



Figure 3. Nitrogen applied to cropland as manure and fertilizer in the

four focus counties (left) and the rest of the Commonwealth (right) 28
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Figure 4. Phosphorus applied to cropland as manure and fertilizer in
the four focus counties (left) and the rest of the Commonwealth
(right) 20
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c. Animal production

It is not surprising that the four focus counties landpply more manure than the rest of
Pennsylvanig because these counties have more intensive animal production. The intensity
of animal production in parts of Pennsylvania (and in other parts of the country) is typically
associated with a relatively large number @oncentrated Feeding @erations (CAFOS).
CAFOs consist of large barns full of tightlypacked animals with little or no access toatural



pasture. CAFOs may also have crop fields for the larapplication of manure, but much of

the waste generated by a CAFO is shipped offsite and laagplied elsewherdthough

usually within the same county) About 28 percentof the animal productionin

Pennsylvania happens at CAFO#’ Most of this happens in the four focus countie¥.

Overall, about 40percentof Pennsylvania CAFOs are in the four focus countie$,and these

operations are responsible for nearly gercentof CAFO animal inventories in the

Pennsylvania part otthe Chesapeake Bay Watershed, as shownTables6 and A9. Note

thatoverhal f of the CAFO animal s i n Breinlbascgstev ani ad
and Lebanon Counties.

The breakdown of animal production by animal type is shown iifable 7. The four focus
counties clearly have a much higher density of animals relative to the amount of land
available for manure application. For every agricultural acre in the four focus cotigs, there
are twice as many turkeys, three times as many dairy cows, and roughly six times as many
chickens as there are elsewhere in the Commonwealth. In other words, there is much more
manure produced in the four focus counties relative to the amount kand suitable for

manure application. Like the rest of the state, these four counties have seen an increase in
animal production over time, as shown iPAppendix A, Table A10 . For example, broiler
production has increased by 44 percent since the ri880s turkey production has

increased by 70 percent, and hog production has nearly doubled. Manure production has
increased in tandem, as shown iAppendix A, Table A1l . Since the mid1980s, the
production of broiler litter in the four focus counties has inciesed from roughly 65,000 wet
tons per year to over 110,000 dry tons per year; the amount of hog manure has doubled
from 700,000 tons per year to 1.4 million tons per year. Dairy inventories and manure
production, which account for a large fraction of totamanure production in a county, have
increased by 16 percent in the four focus counties while they have declined by 27 percent
everywhere elseTables A10 and AlJ).

Table 7. Animal production details (for 2013) 3

Number of animals Animals per agricultural acre

4 focus counties Other counties 4 focus counties Other counties

Beef 12,027 80,350

Dairy 191,958 281,056 0.29 0.09
Hogs and pigs 870,806 894,128 1.3 0.3
Broilers 91,227,718 82,658,295 138.4 25.3
Layers 15,316,811 9,336,038 23.2 2.9
Pullets 4,341,303 2,511,939 6.6 0.8
Turkeys 1,974,239 4,701,948 3.0 1.4

d. Manure transport

The relationship between animal production in a given county and the land application of
manure in that county is not necessarily direct. Farmers routinely sell manure for use as

10



fertilizer on other farms. Butas mentioned previouslywhen manure is shippd off-site, it
usually does notgo very far.

EIP obtained manure transport data from the Pennsylvania Department of Environmental

Protection (DEP), covering the period from June 2011 through June 20%¥&-or 25 percent

of the transferred tons, the destinain was unknown. Of the transfers with a known

destination, 89percentof the transferred tons stayed within the county of origin and an

additional 4 percentwas shipped to both the county of origin and another county

(presumably to farms that straddle caaty lines); for example, a January 2015 transfer of
chicken Ilitter from Adamso Clhuentfyo uwre nft o ¢ wbs ocAduar
rest of theCommonwealth are nearly identicalwhen it comes to patterns of manure

transport (seelTable 8 below). In short, the manure transport data support the assumption

that almostall of the manure and litter generated in a county stays in that county.

Table 8. Manure transfers in Pennsylvania, 2011 -2016 (tons) 3

Four focus Other

counties counties
Transferredwithin county 637,353 1,389,625
'(I)';%ri?;erred to multiple destinations, including county of 21.208 80,234
Transferred out of county 32,163 107,315
Transferred to unknown destination 363,883 409,192
In-county transfers gs fraction of transfers  with 95% 93%

known destination

e. Oveapplied nitrogen and phosphorus

As a result of the patterns described abodgoo many animals for the amount of cropland
available for manure application, and limited transport of manure out of the county of
origin 0 the four focus counties are systematically ovapplying nutrients tocropland. This
problem is not unique to the four focus counties, but it is particularly egregious in these
counties. Table 9 shows the amount of nitrogen and phosphorus applied to each acre of
cropland in 2013, along with estimated crop uptak@ote that copland is a subset of
agricultural land, so results differ from those presented in Table 6 abaviédr nitrogen,
over-application is routine across the state. Outside of the four focus counties, & centof
land-applied nitrogen is lost to the local envonment. In the four focus counties the problem
is more acuted 18 percentof land-applied nitrogen, or 34 pounds per crop acre, is lost to the
environment. For phosphorus,there wasvery little over-application outside the four focus
countiesin 2013 Within the four counties, however, 3percentof land-applied phosphorus
was lost to the environmentThese numbers probably underestimate true ovapplication
because they do not account for nutrients available to crops before any additional fertilizer
or manure is applied. But at a minimum, for every acre of cropland in the four focus
counties, 34 pounds of nitrogen and 15 pounds of phosphorus were added to the soil, not
taken up by crops, and either accumulated in soil or leaked out into the local enviroant in
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2013. This adds up to nearly 14 million pounds of nitrogen, and over 6 million pounds of
phosphorus, lost to the environment from just four counties in one year.

It bears repeating that in these four counties, unlike the rest of the state, moshefland-
applied nitrogen and phosphorus comes from manure. Since crops are clearly not using all
of the manure nutrients, it is hard to justify the intensive manure applications as
fertilization. Instead, land application functions more as waste dispostr the growing
animal production industry. As we describe in Section 3, this is largely unregulated waste
disposal. Like any other unregulated waste disposal practice, runaway manure application
creates serious environmental contamination, in this casepaired water quality, as
described in Section 4 below.

Table 9. Nutrients applied to ¢ ropland in 2013 *

Four Focus Counties The rest of

Pennsylvania
Cropland with nitrogen applications (acres) 412,493 1,634,759
Nitrogen applied (Ib/acre) 186 117
Crop uptake (Ib/acre) 152 103
Net loss (Ib/acre) 34 14
Net loss (Ibs) 13.8 million 22.7 million
Net loss (% of applied) 18% 12%
Cropland with phosphorus applications (acres 411,734 1,634,421
Phosphorus applied (Ib/acre) 40 17.18
Crop uptake (Ib/acre) 25 17.15
Net loss (Ib/acre) 15 0.03
Net loss (Ibs) 6.1 million 45,092
Net loss (% of applied) 37% 0.2%

f. Ammonia deposition

The concentration of animals and animal waste in the four focus counties creates an
additional source of nitrogen pollution in the form of ammonia deposition. Gaseous
ammonia is emitted from livestock and poultry barns, from manure storage areas, and from
land-application fields. Although there are other sources of ammonia in the air, most
atmospheric ammonia comes from agricultureAccording to the most recent National
Emissions Inventory, out of a national total of 3.9 million tons of ammonia that are ertied
each year, 1 million comsfrom synthetic fertilizer and 2.2 million comes from animal
waste*® Atmospheric ammonia does not travel far (relative to other atmospheric sources of
nitrogen like nitrites and nitrates), which means that ammonia depositidends to be
concentrated in areas where agricultural sources are concentrated. This can be seen in the
Chesapeake Bay Watershed Model input data, where Lancaster and Lebanon Counties
have the highest ammonia deposition rates in the entire Chesapeake Bayershed
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(including other states)® The mean ammonia deposition rates for the full watershed and for
Pennsylvania were 3.1 and 3.4 pounds per acre, respectively, in 2014 (the most recent
available data)!* In Lancaster and Lebanon Counties, ammonia is depded at rates of 9.4
and 8.9 pounds per acre (se&ppendix A, Table A12). For the four focus counties as a
group, the ammonia deposition rate is 7.1 pounds per acre. In the aggregate, roughly 11
million pounds of nitrogen are deposited in the four focus cmties each yearActual
deposition may be even higher than these estimates suggest, because model assumptions
about ammonia emissions from animal barns are outdated and potentially too low. For
example, a recent EPA monitoring study of a 21,000roiler CAFO barn found 4.1 tons of
ammonia emitted in a year? A separate, independent model estimated that a barn with the
same characteristics would emit 4.9 tons in a ye&The EPA model used by the
Chesapeake Bay Program, by contrast, would assume that emissiovere roughly half that,
at 2.3 tons**

g. Summary of agricultural hot spots

All of the evidence discussed above points to a critical conclusion: Animal production in the
four focus counties is more intensive than the land can support, and now exceeds the
carrying capacity of the landscape. These animals generate a huge volume of manure and
litter, and most stays within county linesAs a result, the amount of manure applied to
cropland has increased along with animal number3he average acre of cropland in these
counties receives twice as much nitrogen, and nearly three times as much phosphorus, as an
acre of cropland elsewhere in Pennsylvania. This is simply unsustainable. As discussed
below, these manure applications aregely unregulated, with much of the laneapplied

nutrient content lost to the environment, creating local water quality impairments and,
ultimately, impairing the health of the Chesapeake Bay.

3. Nutrient management regulations: Lax, voluntary, and
ineffective

a. Regulatory framework

Nutrient managementin Pennsylvania, and specifically the lanépplication of manure,is
regulated in different ways for different types of operation:

1 The least rigorous standards revolve around Manure Management Plans (N,
and applyto all operations that landapply manure.

1 More rigorous state requirements apply to Concentrated Animal Operations (CAOS).
CAOs are defined as operations with more t
AEUSs, and more than two AEUs per ace of land suitable for manure applicatiort?
AEUs are effectively the same as Animal Units, both being equal to 1,000 pounds of
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animal weight, regardless of the type of animdf.CAOs are therefore operations with

more than 8,000 pounds of animals above @&dain density.Roughly 5 percentof

Pennsyl vani ads ani mdCAOs aereqaired tamdevelopaande CAOs .
follow Nutrient Management Plans (NMPs).

1 Large CAOs, and other operations that fit the federal definition of a Concentrated
Animal Feeding Operation (CAFO), are subject to federal Clean Water Act
requirements. CAFOs, like CAOs, must have and follow NMPs for lanéipplication
of manure.

1 Finally, all farms that disturb more than oneenth of an acre should have and follow
erosion and sediment cotmol plans to minimize the loss of topsoil. However, as
discussed below, this is more of a suggestion than a requirement.

There are two major problems with this frameworkdiscussed in more detail in the sections
that follow. First, there is little or noenforcement of manure management regulations. This
means thatMMPs and even NMPsare effectively voluntary. Second, the regulations allow

for the application of much more nitrogen and phosphorus than crops can use. As a result,
even farmers who comply withthe regulationsmay be overapplying nutrients.

. MANURE MANAGEMENPLANS

Pennsyl vani ads @dtabliahes aShont lstafmeqjuirkneents for agricultural

operations that are not CAOs or CAFOs*? The primary requirement of the law is thaall

operations that landapply manuremust have and follow Manure Management Plas

(MMPs) based on Pennsyl vani a6*%Thdwamual fays ouvithen a g e me |
following guidelines for MMPs:

1 Farmers can write their own MMPs, and are not required to have the approved.

1 Land application generally has to adhere to a 1€@ot setback from surface water,
though this can be reduced if a stream is not flowing, if soil phosphorus is lower than
200 ppm, or if there is a vegetated buffer along the waterway.

1 The Manual sets some restrictions on winter land application, as discussed more
fully below.

1 Farmers are given three choices for establishing manure application rates. The
simplest option is to use one of two sets of charts attached to the manual. The first is
for fields with soil phosphorus levels below 200 ppm. On these fields, farmers can
land-apply to meet crop nitrogen need. The second set of charts is for fields with
more than 200 ppm phosphorus, or unknown soil phosphorus levels. These charts
provide application rates based on the amount of phosphorus that growing crops will
remove from the soil. Both sets of charts
optimistic crop yieldd6é), type of manure (e
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application timing (season), and method of manure incorporation. The charts do not
consider soil nutrient content, prior crops grown on a field, or factors that might
contribute to phosphorus runoff, such as runoff potential and distance to streams.

[I. NUTRIENT MANAGEMENT PLANS

Manure applications at CAOs are governed by P
and its implementing regulations® CAOs are required to develop and implement Nutrient
Management Plans (NMPs) > NMPs are prepared by certified nutrienmanagement

specialists and reviewed and approved by the County Conservation District (CCD) or the

State Conservation Commission (SCC¥ Each NMP must include, among other things:

1 Information about the amount, type, and nutrient content of manure or litteto be
land-applied.>®

1 Information about residual soil nitrogen left over from previous legume crops.

1 The types and expected yield of crops to be grown on lasagplication fields.
Expected yields must be oOreal i stpéreentaf and i
expected yield after three years, the NMP must be adjusted to reflect actual yi&ld.

1 Soil test data (for phosphorus, potassium, and pH).

91 Details about manure application rates. These rates must take into account the
nutrient content of the marre, expected crop yields, residual soil nitrogen from past
crops, and the application of starter fertilizer and any other synthetic fertilizer.

1 Details about the timing and method of land applications, including the use of any
Best Management Practices BMPs ) , whi ch should collectiv
place for crop growth, and prtect surface

1 The regulations also require setbacks from surface water bodies and wells, and some
minimal restrictions on land applications in vinter and in-field stacking of manure>®

In addition, when necessary to minimize the risk of phosphorus runoff, NMPs must limit
phosphorus applications to the amount that crops will take ufi.Phosphorus application is
prohibited if surface waterimpactsannot be Omanagedo by | imiting
phosphorus uptake. The regulatory language is vague about when and how farmers should
manage phosphorus runoff risk, but one option for complying with these requirements is to
use Pennsyl vanlhdaxddescrbdédddelopihmaddition to CAOs, some
operations may voluntarily adopt NMPs in order to take advantage of financial assistance
programs. These are known as Voluntary Agricultural operations, or VAOs. As of 2014,
there were roughly 1,200 Vs in the Pennsylvania portion of the Bay watershed, slightly
more than the number of CAOs. However, the number of VAOs has been decreasing,
particularly in Lancaster, Lebanon and Union Counties, as farmers switch to more lenient
MMPs. 62
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lIl. CAFOS

CAOs with more than 300 animal units (AEUs), and any operation with more than 1,000
animal units, is defined as a Concentrated Animal Feeding Operation (CAF®)CAFOs

are required to obtain federal wastewater permits, known as National Pollutant Discharge
Elimination System permits, and are required to have and follow NMPs. As with CAOs,
these NMPs must beprepared by certified nutrient management specialists and reviewed
and approved by a CCDor the SCC.%* Unlike CAOs, however, CAFOs must submit their
NMPs to the Pennsylvania DEP for approval.

IV. THE PHOSPHORUSIDEX

In some cases, farms that are vulnerable to phosphorus runoff must restrict their phosphorus
applications by using a tool called the Phosphorus Index. The Phosphorus Index is a
worksheetbased formué for deriving a single score from multiple pieces of information,
including soil phosphorus levels, manure and fertilizer application details, runoff potential,
distance from surface water, and the presence or absence of a vegetated Haffmpending

on the score, manure applications may be limited to the amount of phosphorus that crops
can take up, or may be prohibited altogether. Generally speaking, operations with NMPs
should be using the Phosphorus Index, though not all of these operations will beuggd to
restrict their phosphorus applications: Field
manure to meet nitrogen need? As we describe in Section 3(c) below, when farmers apply
manure to meet nitrogen needs, they are usually ovapplying phosphous.

V. EROSION AND SEDIEMNT CONTROL PLANS

All farms that disturb more than onetenth of an acre through plowing, tilling, or heavy
animal use, are formally required to have and implement Erosion and Sediment Control
Pl ans (O0OEr osi on PHatdistsrldany amauntdf sal houldfirgplemest t
erosion control Best Management Practicé$ Erosion Planscan be prepared by the Natural
Resources Conservation Service, a CCD, or a private consultant, and must be kepsiba,
but are not subject to approal by any agency. As discussed belogection 3(b),Lack of
Enforcement), the erosion and sediment control regulations are treated more like
suggestions than regulations.

VI. MANURE TRANSFERS

Manure exported from CAOs and CAFOs to neighboring farms is suégt to even less care

and oversight in Pennsylvania than osite land applications. A limited set of regulations

creates a paper trail between manure exporters and importers (or intermediary haulers and

brokers), requires a nutrient balance sheet for laagplication at the importing farm, and

incorporates some of the NMP requirements regarding manure application rates and

setbacks’® Records related to manure application must be kept by the entity that does the
applying, whet her t marehduder undeecontractiomthetexparterfy, or a m
the importer, or a broker®®

It is unclear whether or to what extent these requirements are followed. There appears to be
confusion about whether anything more than a Manure Management Plan is ever required
for an importing farm.”® There also appears to be little or no enforcement of the
requirements that apply to manure haulers and brokers. In 2013, for example, there were
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ono fekehtted compliance and enforcement activi
program.” Overall, given the attenuation between manure source and manure destination,

the complex paper trail, and the lack of regulatory oversight, it appears that exported

manure is effectively exempt from the requirements that apply to the manure source. This

may be why, according to EPA, some CAFO owner
entities on adjacent land parcels in order to possibly avoid [Clean Water Act] permit

C 0 VvV e raCAFO. pérmits require NMPs for land application of manure, and it may be

muches i er for CAFO owners to Oexportdéd the manur
restrictions.

VIl. STREAM FENCING

One of the easiest ways to reduce manure pollution is to keep livestock out of streams. This

is generally done through stream fencing, alterrige sources of water, or botH® As absurd

as it may sound under Pennsylvania law the Commonwealth is not allowed to require

stream fencing’* This may changed two house bills introduced in 2017 would repeal that
provision"dbut for now the Commonweal thds hands ar e
tried to encourage voluntary stream exclusion. As part of that effort, and pursuant to its

obligations under the Bay TMDL, Pennsylvania set a target of roughly 200,000 acres for
opsture management, 6 including subsidiary tar
control with fencingd and r oughl8Althbugothe0 00 acr
Commonwealth has made some progress, as of 2016 it was still@@scentbehind its2015

target for stream fencing, 3@ercentbehind its 2015 target for alternative watering, and 36
percentbehind its 2015 target for pasture management overdll.

VIII. WINTER MANURESPREADING

Another simple way to reduce manure pollution is to prohibit tb spreading of manure
during the winter, when the ground is hard or frozen and less able to absorb nutrients. This
is not unheard of in the Chesapeake Bay watershédboth Delaware and Maryland prohibit
winter manure spreading® In Pennsylvania, however, vinter spreading is only subject to
minimal restrictions including 10Gfoot setbacks from water, a requirement that the field
have 25percentcrop residue or a cover crop, and a requirement that the field have less than
15 percentslope./? Farmers following MMPs may still apply up to 3 tons of dry poultry

litter, 20 tons of nondry poultry manure, or 5,000 gallons of liquid manure per acre during
winter months as long as they meet these minimal restrictiofsAlthough the U.S. EPA has
urged Pennsylvania to father restrict winter applications, and the Commonwealth may be
considering a prohibition®! for now this reckless manure handling practice is allowed.

b. Lack ofrforcement

Pennsyl vaniads manure management rulTees are | a
most rigorous standards, and presumably the rules most likely to be enforced, apply to

CAFOs. The PennsylvaniaDEP is theoretically responsible for enforcement of CAFO

NMPs, btEPA has found significant probl ems with

NMPs are frequently inaccurat e, and EPA concl
NMP submitted with a CAFO application, which was developed by a certified planner, will
be accurate, corffplete, and current. o
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The regulations governing NMPs at CAOs and otér operations are supposed to be

enforced by theCounty Conservation Districts (CCDs) and theState Conservation

Commission (SCC). Enforcement appears to be lax. All records are kept-site by the

operation, not submitted to the CCD or the SCC? CCDs inspect CAO NMPs annually and

are authorized to refer noncompliant operations to the SCC for enforcement. In practice,
according to EPA, the CCDs wutil i ze-compliantehr ee s
to the SCC, grant compliance schedules of up toyaar, and as a result, rarely make referrals

to the SCC (there were five in 2013%.

A further problem with NMPs is that they are often inaccurate or incomplete. CCDs in

Union, Snyder, and Lebanon Counties have all stated that certain private sectortifed
nutrient management pl anner s°ERAcalssobserveent |y dev
incomplete NMPs during its review® The SCC could, but has not, revoked the certification

of these planners!

Most operations are only required to have MMPs, anthis is for all practical purposes a
voluntary program. The CCDs are not authorized to enforce manure management
regulations® Neither PA DEP nor the CCDs appear to know how many operations have
MMPs.® Farmers can write their own plans, and there is no approvptocessMany

farmers simply ignore the requirement altogether: In 2009, EPA inspected 24 farms in
Lancaster County and found that only 4 had MMPS? As of 2016, Pennsylvania DEP
estimated that only 30 percent of farms in the state had the required pl&h$he situation

may be improvingba mor e recent inspection survey founc
of farmers met their requirements to have manumanagement plans, erosion and sediment
contr ol pl @Thereis stillrmudh cooninfor énprovemen however, and the recent
inspections did not evaluate compliance with MMPs.

Finally, Erosion Plans like MMPs, are effectively voluntary. No agency is responsible for
approving Erosion Plans and the plans do not have to be updated or revised on a fixed
schedule? The CCDs do not tend to review implementation oErosion Plans only their
presence or absence. The Lebanon County CCD has stated that farmers rarely Hzaesion
Plans, though that may be improving according to the recent statede inspections
mentioned above The EPA observed that CCDs rarely check Erosion Plans for consistency
with NMPs (at farms where both are required). When EPA reviewed CAFOs in 2013 it

found oO0significant inconsistenciesoO betoween E
EPA, Pennsylvania 0does not have a consistent
applicable operations are meeting [a¥%Inicul tur

short, there does not appear to be a reliable regulatory safeguard agairssien and soil
loss.

EPA has repeatedly warned Pennsylvania that it is not on track to meet TMDL targets for
agricultural pollution, and specifically flagged inadequate nutrient management
implementation and lax enforcement? In response, Pennsylvaniaecently launched a

or e bo ot 6toranpumeffatgiy compliance, data tracking and reporting, anarovide
targeted funding for Best Management Practice implementation in an effort to meet its 2025
TDML goals.* These are important steps to take, butig not clearwhether Pennsylvania

has, or will continue to have, the resources necessary to carry out this stratéigdye
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Pennsylvania Department of Environmental Protection, in particular, continues to face
devastating budget cuts, and has gone from a budgf $246 million in 2002 to the current
20172018 proposal of $148 millior?’

A more fundamental problem is thata fully-funded reboot strategy would only get
Pennsylvania part of the way. This is because the existing legal framework, even if perfectly
complied with and enforced, is not adequately protective of water quality. The next section
addresses this issue imore detail.

c.Overapplication is the standard recommendation

Even when farmers are following the rules, they may be contributing to ongoing water

gual ity problems, because Peguatoybutharineited s manu
over-application of animal waste.The following discussion is focused mainly oManure

Management Plan (MMP)requirements, because these are the most widely applicable

To begin with, MMPs are based on forward o o ki ng esti mates of oOreal.
y i e ¥ Wherdactual crop yield is less than desiredthe unused excess nitrogen and

phosphorus from manure applications cafd and often does leave the field as pollution

While NMPs must be corrected if actual yield does not meet expected yield, there is no such
requirement for MMPs.

Second, recommendationitentionally exceed crop needlue to the fact thatmuch of the
nitrogen and phosphor uéthreughpvoldtiizadioniofmmmoaiay ur e i s
runoff, or by leaching below the root zone in the sqgibeforeit can be used by growing

crops®When nitrogen and phosphorus are o0lost, 6 t

Consider the example of poultry litter from broilerdbeing landapplied to corn grain
cropland. According to the Chesapeake Bay Program, a ton of broilertér contains
approximately 91 pounds of nitrogen and 31 pounds of phosphortf8. According to
Pennsyl vani ads Manur e Ma n égsedmgphlicationvMaesforal , t he
broiler litter on corn grain fieldsrange from 2 to 4 tons per acre, depending @xpected
yield (bushels per acre) and when and how the litter is incorporated into the soil. Adh
recommendation is rareand islimited to spring applications that are incorporated within
one day on fields that are expected to have relatively low yisldA 4-ton recommendation is
much more common. Recommended applications in the fall, or in the spring if the litter is
not incorporated into the soil, are 4 tons per acre across the boétkgardless of expected
crop yield. Recommendations for spring appations that are incorporated within one week
are also generally 4 tons per acté- Four tons of broiler litter contain 364 pounds of
nitrogen and 122 pounds of phosphorug.he most common recommended rate of broiler
litter application to corn grain fieldsis therefore 364 pounds/acre (nitrogen) and 122
pounds/acre (phosphorus).

How much does grain corn actually need? Accor
office, an acre of grain corn needs between 100 and 220 pounds of nitro&and between

17 and 35 pounds of phosphoru$® This is much less than the amount in the recommended
applications.
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Here is a secondmore detailed example. Consider two grain corn fields, one higheld and
the other lowyield. The high-yield field is expected to produc20 bushels of corn per acre,
while the low-yield field is expected to yield 100 bushels of corn per acii@able 10 provides

a comparison between application recommendations and crop need. Note that these
recommendati ons ar e breads @he batanca of sutrients i snanare t
is not the same balance of nutrients that crops require. The amount of manure required to
meet a cropds nitrogen needs will al most
needs'® When manure is overapplied from a nitrogen perspective, there is an even greater
over-application of phosphorus.

Table 10. Recommended rates of broiler litter application to corn
grain fields compared to actual crop need.

High -yield field Low -yield field
Expected 220 bushels per acre 100 bushels per acre

yield

Application Nitrogen Phosphorus Nitrogen Phosphorus
rates® SAGTE lbs/acre  Ibs/acre S E lbs/acre  Ibs/acre
Spring 3 273 92 2 182 61

Incorporation
within 1 day
Spring 4 364 122 3 273 92
incorporation
within 1 week
Spring no 4 364 122 4 364 122
incorporation
Fall 4 364 122 4 364 122

Winter with 3 273 92 3 273 92

cover crop

Winter no 3 273 92 3 273 92

cover crop

Crop need® 220 35 100 17

Ibs/acre Ibs/acre Ibs/acre Ibs/acre

In short, farmers following theManure Management Manual for the application of broiler

litter to grain corn fields may be applying three times more nitrogen than the corn needs,
and seven times more phosphorus than the corn needs. The same is generally true for other
crops as welld farmers following the Manure Management Manual are likely oveapplying
nitrogen and phosphorugdy substantial amounts
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Another way in which the Manure Management Manual authorizes oveapplication is by
ignoring prior land use and the availability of nutriets in the soil. For example, legume
crops like alfalfa fix atmospheric nitrogen in the soil. According to Penn State, if a corn crop
is planted after an alfalfa crop, it only needs a small starter application; the rest of its
nitrogen needs are met by theitrogen that was fixed by the alfalfd’” The Manure
Management Manual recommends manure applications in a forwaldoking way,
considering crop uptake only and ignoring existing soil fertility.

Phosphorus can build up in soil over time, and many crop fig$ already have more than

enough phosphorus to support a healthy crdpefor@ny manure is addedFor example,
according to Virginiads nutrient management cr
above 127 pprtf® do not need any additional phosphorusyet the Manure Management

Manual authorizes, and even recommends, the application of manure to all fields, including

fields with more than 127 ppm phosphorus. If soil phosphorus levels are below 200 ppm, the
Manual recommends the application of manure to ®et nitrogen needs. Manure applied to

meet nitrogen needs automatically adds more phosphorus than crops can takeé®po this

results in an extreme oveapplication of phosphorus. Even if soil phosphorus levels exceed

200 ppm, the Manure Management Manuabnly requires that manure applications be
l'imited to the amount of phosphorus that the
need any more phosphorus, and most or all of the added phosphorus is wasted.

d. Options for more efficient manure uahzati

There is not enough cropland in the four focus counties to safely absorb the amount of
manure that the counties generate. Through either a reduction in animal numbers or a more
aggressive effort to export manure away from the region, the amount of laagplied

manure in these counties must decline. One way to facilitate this change without sacrificing
crop production is to more efficiently utilize manure.

Penn State has identified several manure application practices for optimal delivery of
nitrogen to aops with minimal loss, including:

1 Incorporate manure immediately after spreading to minimize volatilizatiod°

1 Apply manure as close to the time of crop need as possiblelf poultry litter is
applied in the fall before a crop with no cover crop, 85 percent of the nitrogen is lost.
If litter is applied in the spring and immediately incorporated, only 25 percent is
lost.*?

1 Rotate legumes into the crop mix to reduce the needrffertilizer.**

T Use a test kmdwmredasstshesodgdreitrate testodo (
when corn is 12 inches tall, to determine exactly how much nitrogen a crop actually
needs™*

1 Keep records of actual crop yield*
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In order to minimize phosphorus overapplication and loss, at a minimum, all farms should
be required to use Pennsylvaniads Phosphorus

These and other techniques are captured in a suite of Best Management Practices known as
OSuppl emental Nutrient MagRlmgpé ClesapeakeBay t he f or
watershed model!® Specific practices that the Bay Program counts toward reductions in

nitrogen and phosphorus loss include:

1 Various nitrogen tests, including the PSNT (identified above), the corn stalk nitrate
test, the lllinois il Nitrogen Test, and the Fall Soil Nitrogen Test.

Annual manure analysis
Ammonia loss assessment and modeling
Split applications

Subsurface injection or incorporation

= =2 =2 =4 -2

Use of the phosphorus index
1 Phosphorus removabased manure rates

There is overlap bateen these specific techniques. For example, a farmer using the
Phosphorus Index will sometimes be required to use phosphorus remotaked manure
rates, and the use of a PSNT or corn stalk nitrate test goes haneéhand with split
applications. Farmers umg a combination of these practices are able to maximize the
amount of land-applied nutrients going to crops and minimize loss to the environment.

4. Agriculture andocalwater quality

Nutrient runoff from land-applied manure is a problem for th&€hesapeake Bay, but it is
also a problem for local water quality. This can be seen in water monitoring data, and in the
Pennsyl vania DEPO6s assessment of impaired riwv

a. Water quality data
As nitrogen and phosphorus increase in surface watéhey present risks to aquatic life by

fueling the growth of algae, and then the depletion of oxygen as the algae die and
decompose. Pennsylvania does not have water quality standards for nitrogen and
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phosphorus. Virginia, however, uses threshold valuabove which nitrogen and phosphorus

|l evel s are oOoOsuboptimal . é These threshold valu
(phosphorus);'” are similar to water quality standards established by other states across the
country.8

There are two sources of data thatan be compared to these thresholds. First, the U.S.
Geological Survey maintains a longerm database of monitoring stations throughout the
Chesapeake Bay Watershed? There are four such stations relevant to the four focus
counties:

i Stations in Conestoga and Martic Forge, PA monitor water that drains from
Lancaster County into the Susquehanna River.

1 A station on the West Branch of the Susquehanna in Lewisburg monitors water that
drains from Union County (and other counties).

1 A station in Fairview, MD, just south of the state line, monitors water in
Conococheague Creek, draining from Franklin County.

Figures 5 and 6below show the data for these four stations. Although average
concentrations have been declining over the long term,eth remain far above healthy levels
in Lancaster County and in Conococheague Creek. The two Lancaster County stations
show increases in phosphorus concentrations in recent years.

Figure 5: Total Nitrogen data from USGS Stations near the four focus countié®
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Figure 6: Total Phosphorus data from USGS Stations near the four focus counti@$
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A second source of data is Pennsylvania DEPGO®s
the 20122016 time period. Most of the monitoring stations in this databaseein Lancaster

County. As shown in Appendix B, and summarized inFigures 7 and 8below, most of

these stations show unhealthy levels of both nitrogen and phosphorus. This is true during

both routine sampling and sampling during storm events. Thghosphorus data show that

streams during storm events generally haved3times more phosphorus than normal stream

water. This suggests that soil runoff from crop fields continues to be a major source of

phosphorus and a major problem.
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Figure 7: Total ni trogen sampling data from Pennsylvania DEP, 20 12-
2016. The mean values shown here only include routine sampling (no sampling from storm
events). Virginiads threshold for Osuboptimal 6 t ot

total nitrogen data for Fanklin County. See Appendix B for more detail.
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Figure 8: Total phosphorus sampling data from Pennsylvania DEP,

20112-2016. The mean values shown here only include routine sampling (no sampling

from storm events). Virgini atalphospiaoresdevedslisd0.0650 r 0s Uubc
mg/L. There were no total phosphorus data for Franklin County. See Appendix B for more

detail.
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b. Impaired waterways

The nutrient pollution in these waterways con
are documentedinP nnsyl vani a DEP&s annual Waheer gqual it
report categorizes impairments by both source (e.g., agriculture) and cause (e.g., nutrients,

meaning nitrogen and phosphorus¥? This means that stream segments can be impaired by
agricultural sources of nitrogen and phosphorus, or by agricultural sources of other

pollutants. One of the leading causes of impairments in Pennsylvania, for example, is

siltation. Siltation is frequently caused by soil runoff from agricultural lanéf* Another

common cause of impairments is pathogens, typically bacteria at levels that make

recreational use of a waterway unsafé> Many pathogen impairments are linked to
agriculture, while others are coded as ounkno
there are seveal potential sources of bacteria in the watershed, the assessor lists the source

as unknown wuntl better *infother woads, someofthee c o me s a
ounknowndé i mpairments invariably are associ at
sources.Table 11 summarizes impairment data for the four counties, anBigures 9 through

11 show impairment locations.

Table 11: Stream impairment summary **/
PA as a

Franklin Lancaster Lebanon Union . whole
Counties 128

Four

Miles assessed 2,655 2,553 6,979

Impaired by 91 562 83 30 766

nutrients from

agriculture (miles)

Impaired by 0 106 3 0 109

pathogens from

agriculture (miles)

Other agriculture 183 364 182 74 804

related impairments

(miles)

Total agriculture 274 1,033 268 104 1,679 6,798
related impairments

(miles)

Agricultural 10% 40% 27% 13% 24% 8%
impairments as

fraction of miles

assessed

Pathogens, source 899 798 304 6 1,992

unknown (miles

impaired)

84,372
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Figure 9: Water quality impairments in Lancaster and Lebanon
Counties. **#
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