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Silver Springs Land Use

◊ Majority of inputs occur within agricultural and urban landscapes

◊ Nitrogen sources are concentrated in 44% of the BMAP land use
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Estimating Nitrogen Loads to Ground Water 

1. Estimate the inputs of nitrogen to the land surface from the source 
inventory information (best available).

2. Apply attenuation factors based on the various environmental 
processes that could transform the various forms of nitrogen in the 
subsurface (such as denitrification, nitrification of ammonia, uptake 
by vegetation, mineralization of organic nitrogen).

3. Apply an areal weighting factor that is based on the rate of recharge 
to ground water to get nitrogen loads to ground water.

4. Account for proximity of N source to spring.  Fine-tune estimates 
after getting feedback from stakeholders. 

Process:
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Nitrogen Cycle and Nitrogen Attenuation

http://nutrients.ifas.ufl.edu/cycle.asp

Processes that control 
the transformation of N 
in soils and the 
subsurface.

Fixation, mineralization, 
and nitrification 
increase plant available 
N.

Denitrification, 
volatilization, 
immobilization, plant 
uptake and harvesting 
remove or attenuate N.

The wide ranges (kg/ha) 
reflect variable soil 
conditions, fertilizer 
material, livestock, crop 
types, etc.,  all affect 
leaching of N to ground 
water. 
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Recharge to Ground Water

◊ Quantify the movement of non-
attenuated nitrogen within the 
BMAP boundary based on 
recharge to groundwater:

◊ High Recharge: >12 in/yr

◊ Medium Recharge: 4-12 in/yr

◊ Low Recharge: 0-4 in/yr

◊ Rates are weighted to estimate 
loading potential for each 
source category
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Atmospheric Deposition

◊ National Atmospheric Deposition 
Program (NADP)

◊ Wet deposition 

◊ Bradford Forest (FL03)

◊ Orlando (FL32)

◊ Clean Air Status and Trend 
Network (CASTNET)

◊ Dry deposition
◊ Indian River Lagoon (IRL141)

◊ Annual Average TN deposition 
◊ 2007-2012
◊ 2.73 lb-N/ac
◊ 588,417 ac
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Wastewater Treatment Facilities

◊ 97 permitted facilities

◊ 17 with discharge ≥0.1 MGD

◊ 80 with discharge <0.01 MGD

◊ TN effluent concentrations as 
reported in DMR

◊ NO3 used to project TN data, if 
necessary

◊ 8.97 mg/L TN used if no data 
available

◊ Input to land surface

◊ High Recharge: 104,967 lb-N

◊ Medium Recharge: 151,700 lb-N

◊ Low Recharge: 64,415 lb-N
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Septic Tanks

◊ Marion County provided best 
available septic tank data 

◊ DOH model relying on tax parcel 
data and sewer service areas

◊ Average annual input to septic tank   
=  9.92 lb-N/person

County
People per 
household 

(2010 Census)

Recharge 
Area

# of septic 
tanks

Alachua 2.46

Low 587 

Medium 1,299 

High 818 

Lake 2.45

Low 532 

Medium 3,818 

High 3,341 

Marion 2.41

Low 3,710 

Medium 16,825 

High 22,070 

Sumter 2.26

Low 184 

Medium 1,803 

High 748 

Putnam 2.53

Low 1,715 

Medium 1,551 

High 372 

Recharge
Area

Input to Land 
Surface

(lb-N)

Low 162,938

Medium 605,305

High 653,925



4/24/2014

5

9

Livestock Populations

◊ Census of Agriculture

◊ Dept of Agriculture

◊ Every 5 years

◊ # of livestock (categorized by animal)

◊ Full county data ONLY

◊ Livestock waste factors 

(lb-N/animal/day)

◊ Cow: 0.337

◊ Calf: 0.068

◊ Horse: 0.273

◊ Goats: 0.035

◊ Hogs: 0.190

◊ Sheep: 0.198

◊ Turkey: 0.006

◊ Broiler Chickens: 0.159

◊ Layer Chickens: 0.003
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Livestock: Land use Percentages

◊ Pastures 

◊ Improved

◊ Unimproved

◊ Woodland

◊ Feeding Operations

◊ Cattle

◊ Poultry

◊ Dairies

Separate Category

◊ Horse Farms
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Land use Percentages: Horse Farms

◊ EXAMPLE:

Marion County 
Horse Farms

◊ Marion County-
68,845 ac

12

Land use Percentages: Horse Farms

◊ EXAMPLE:

Marion County 
Horse Farms

◊ Marion County-
68,845 ac

◊ BMAP Area-
28,541 ac, 41%
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Land use Percentages: Horse Farms

◊ EXAMPLE:

Marion County 
Horse Farms

◊ Marion County-
68,845 ac

◊ BMAP Area-
28,541 ac, 41%

◊ High Recharge-
24,173 ac, 35.1%
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Land use Percentages: Horse Farms

◊ EXAMPLE:

Marion County 
Horse Farms

◊ Marion County-
68,845 ac

◊ BMAP Area-
28,541 ac, 41%

◊ High Recharge-
24,173 ac, 35.1%

◊ Medium Recharge-
3,816 ac, 5.5%
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◊ EXAMPLE:

Marion County 
Horse Farms

◊ Marion County-
68,845 ac

◊ BMAP Area-
28,541 ac, 41%

◊ High Recharge-
24,173 ac, 35.1%

◊ Medium Recharge-
3,816 ac, 5.5%

◊ Low Recharge-
551 ac, 0.8% 

Land use Percentages: Horse Farms

16

Horse Farms: N in Waste

◊ Determined only 62% of population 
contributes N in the BMAP area 
based on a summary of information 
from horse farm visits by the Marion 
Co. Extension Office (J. Cohen)

◊ Estimated that 8,818 horses 
contribute N to the BMAP boundary

◊ Daily waste factor = 0.273 lb-N/day

◊ Input to land surface

◊ High Recharge: 692,255 lb-N

◊ Medium Recharge: 152,727 lb-N

◊ Low Recharge: 34,911 lb-N
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Horse Farms: Fertilizer N
◊ Land use data used to estimate the percentage of horse farms within 

each recharge area

◊ Marion County, High Recharge

◊ 56,412 ac all livestock lands

◊ 24,173 ac horse farms

◊ 43% horse farms

◊ Property appraiser data provided pasture 
and hay acreage

◊ Estimate horse vs cattle pasture acreage

◊ Application rates and frequencies (based 
on horse farm visits)

◊ 26% at 30 lb-N /ac

◊ 21% at 100 lb-N /ac

◊ 53% no fertilization

◊ Input to land surface

◊ High Recharge: 702,191 lb-N

◊ Medium Recharge: 122,406 lb-N

◊ Low Recharge: 21,424 lb-N
18

◊ Full county data multiplied by the 
land use percentages

◊ Estimated 21,180 cows and 14,752 
calves within BMAP boundary

◊ Daily waste factor

◊ Cow: 0.337 lb-N

◊ Calf: 0.068 lb-N

◊ Calves spend approximately 
6 months in Florida

Cattle Farms: N in Waste

◊ Input to land surface

◊ High Recharge: 1,343,692 lb-N

◊ Medium Recharge: 1,086,652 lb-N

◊ Low Recharge: 359,432 lb-N
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◊ Improved and semi-improved 
pastures and hay fields are fertilized

◊ 81,561 ac

◊ Land areas calculated from property 
appraiser data

◊ 17 lb-N/ac application rate

Cattle Farms: Fertilizer N

◊ Input to land surface

◊ High Recharge: 728,752 lb-N

◊ Medium Recharge: 490,587 lb-N

◊ Low Recharge: 167,205 lb-N
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Miscellaneous Livestock Waste
◊ BMAP populations estimated with 

land use percentages

◊ 337 broiler chickens

◊ 2,912 layer chickens

◊ 2,396 goats

◊ 767 hogs

◊ 605 sheep

◊ 99 turkey

◊ Daily waste factors applied

◊ Input to land surface

◊ High Recharge: 80,890 lb-N

◊ Medium Recharge: 53,616 lb-N

◊ Low Recharge: 15,792 lb-N
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Crop Fertilizer N
◊ Property appraised land use data was 

compiled

◊ Each county was evaluated individually

◊ Land areas for specific crops were estimated

◊ Application rates based on IFAS 
recommendations (lb-N/ac)

◊ 0: Peanuts

◊ 80: Ornamentals, sod

◊ 120: Cotton, watermelons, corn

◊ 150: Citrus, Orchards

◊ Input to land surface

◊ High Recharge: 501,255 lb-N

◊ Medium Recharge: 161,809 lb-N

◊ Low Recharge: 145,022 lb-N
22

N in Fertilizers: Urban uses

◊ FL Dept of Ag Fertilizer Sales Data

◊ Annual data

◊ Total Fertilizer Sold

◊ Total N in Fertilizer Sold

◊ Total Fertilizer for Non-Farm 
Applications

◊ Full County data ONLY

◊ Land use percentages were used to 
appropriate the fertilizers applied 
with the BMAP boundary

◊ Input to land surface

◊ High Recharge: 437,130 lb-N

◊ Medium Recharge: 474,143 lb-N

◊ Low Recharge: 116,846 lb-N

Includes 
residential areas, 
golf course, parks 

and zoos, and 
recreational 

areas
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Storm water runoff to drainage wells 

◊ 42 City of Ocala drainage wells

◊ 33% in Low Recharge

◊ 21% in Medium Recharge

◊ 45% in High Recharge

◊ Runoff curve numbers and event 
mean N concentrations (H. Harper, 
2011) used to calculate N loads for 
each sub-basin land use 

◊ Ave. annual rainfall of 50.8 in/yr 

◊ Storm water N input to wells 

 High Recharge: 18,230 lb-N

◊ Medium Recharge: 8,635 lb-N

◊ Low Recharge: 13,433 lb-N
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Environmental Attenuation Factors (EAFs)

◊ EAFs represent the 
percentage of N 
removed and therefore 
not available for 
leaching to groundwater

◊ Examples

◊ Volatilization

◊ Plant uptake

◊ Denitrification

◊ Based on factors used in 
similar past studies and 
found in relevant 
literature

Loading Category Attenuation Factor
Atmospheric Deposition 90%

Wastewater Treatment Facilities 60%

Septic Tanks 40%
Urban Fertilizers 80%
Crop Fertilizers 70%

All Livestock 90%
Drainage Wells 35%
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Recharge Factors

◊ Recharge factors are used to 
estimate the percentage of 
the non-attenuated nitrogen 
expected to reach the 
aquifer

◊ Drainage wells are direct 
conduits to the aquifer; 
therefore, recharge factors 
not applied

26

Annual Average Loading to Ground Water

1,510,456 lb-N/yr



4/24/2014

14

27

Annual Average Loading to Ground Water

1,510,456 lb-N/yr

36,899 lb-N/yr

485,988 lb-N/yr

987,570 lb-N/yr
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Annual Average Loading to Ground Water
10 year capture zone

◊ 10 year capture zone is 20% 
of the BMAP by land area

◊ 31% of the load to ground 
water is sourced within the 
10 year capture zone468,554 lb-N/yr
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1,000 tons N

** Legacy nitrate 
from commercial 
fertilizer applications 
several decades ago 
could still be in the 
subsurface and 
moving toward 
springs.

County Fertilizer Sales Data 

Legacy nitrogen in the subsurface
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Population and Septic Tanks, 1970-2005

C
u

m
u

la
ti

ve
 P

o
p

u
la

ti
o

n
 a

n
d

 
N

u
m

b
er

 o
f 

Se
p

ti
c 

Ta
n

ks
 (

b
ar

s)
 

Ye
ar

ly
 P

o
p

u
la

ti
o

n
 M

o
vi

n
g 

to
 C

o
u

n
ty

an
d

 P
er

m
it

te
d

 S
ep

ti
c 

Ta
n

ks

Cumulative population

Cumulative septic tanks



4/24/2014

16

31

Historical Crop Acreage and 
Commercial Fertilizer Applications
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Next Steps

• Compile historical information on 
wastewater and other N sources

• Compare historical land use 
information from past GIS datasets

• Analyze nitrate data from multiple 
agencies to look at changes and 
trends in nitrate concentrations in 
ground water over time

• Estimate the time required for 
legacy nitrate to discharge from 
ground water system
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Annual Average Loading to Ground Water

1,510,456 lb-N/yr

36,899 lb-N/yr

485,988 lb-N/yr

987,570 lb-N/yr

34

Current Nitrogen Load to Ground Water, 
Export in Silver Springs, and TMDL target 

Note that even with the 
maximum amount of N 
attenuation, N loading to 
ground water needs to be 
substantially reduced.  
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QUESTIONS??

Brian.Katz@dep.state.fl.us
Kirstin.Eller@dep.state.fl.us

Richard.W.Hicks@dep.state.fl.us

Division of Environmental Assessment and  Restoration
Ground Water Protection Section
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