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Abstract: This research focuses on the efficiency of recommended heavy use area protection (HUAP)
pads installed in poultry houses utilizing the Choptank River, a tributary of the Chesapeake Bay. The
Chesapeake Bay watershed is severely affected by crop agriculture and poultry feeding operations.
Water quality degradation along with scarcity of water is a significant concern in this area, suggesting
a need for changes in both environmental and groundwater management practices. Our objective
in this study was to compare the efficiency of HUAP in reducing litter spillage and nutrient runoff
between two poultry houses, one of which was constructed in 2005 and the other in 2009. The
poultry house constructed in 2005 did not have HUAP pads initially; they were built in 2006. The
poultry house built in 2009 had the pads from the starting point. We collected soil and water samples
each month and analyzed them for pH, electrical conductivity (EC), nitrate, nitrite, total nitrogen,
phosphate, and other soil properties throughout the year. The pH of soil and water samples was in
the range of 6.8–8.0 and 6.5–7.2, respectively. We collected six water samples in total in the ditch,
from points at retention ponds near the farm ditch to sites in wooded areas on the farm. Water
sample B (where ditch water meets retention pond water from the poultry farm) had the highest EC
value and nitrate, nitrite, and total nitrogen concentrations compared with other water samples. The
subsequent water samples downstream had reduced loads of nutrients. The study results suggest
that there was a minimum carryover of nutrients from soil into the runoff water, storm ditches, and
adjacent stream. There was also a minimal effect of house cleaning and storm events in raising the
concentration of nutrients in soil and water samples at our study sites. The older poultry site had
higher total nitrogen and phosphorous surrounding the pads, whereas no elevated levels of nutrients
were identified at the newer site. The ability of HUAP pads to hold onto contaminates decreases
with age and use. This study also shows that the impacts from poultry activities on surface and
groundwater can be minimized by using management practices such as HUAP pads. These practices
can reduce pollution in the farm, increase productivity, and save farmers and ranchers time and
money in the long run.

Keywords: phosphorus; nitrate; heavy use area protection; poultry farm; soil and water quality; farm
runoff; HUAP

1. Introduction

One of the major challenges in modern day agricultural systems is soil and water
quality protection [1–3]. As the largest estuary in the United States, the Chesapeake Bay
has a drainage basin of over 166,534 km2 [4]. The bay receives 51 billion liters of freshwater
per day from more than 150 streams and rivers draining from six states (DE, MD, NY, PA,
VA, and WV) and the District of Columbia [5,6]. Having a length of 322 km, a width range
of 5.5–56 km, and an average depth of 7 m, the bay holds more than 18 trillion liters of
water in total [5]. The ecosystem provides a habitat for more than 2700 species of plants and
animals and supports the production of 227 million kg of seafood each year [7]. However,
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it has been reported that the water quality and overall health of the bay ecosystem have
been decreasing due to the synergic effect of several factors [8]. Agricultural development,
residential development, and effluent discharge from sewage treatment plants are a few
point and nonpoint sources to name [9]. As a result, the bay has experienced eutrophication
and the associated disturbances such as hypoxia, anoxia, fish kills, increased turbidity, loss
of submerged aquatic vegetation, and changes in food web structure [10]. Nutrient and
sediment pollution originating from agricultural land, especially in Delmarva’s tributaries,
are two major concerns to the agricultural industry [7]. Together with the ever-pressing
matter of water scarcity, it highlights the significance of groundwater management [11].

Coastal habitats across the Delmarva Peninsula have been degraded owing to chang-
ing land use patterns, intensive farming practices, and rural residential development [12].
It is estimated that 51% of the Delaware watershed is used for agriculture [13] and about
1700 farms are producing 11 million chickens per week for four chicken companies in
the Delmarva Peninsula [14]. The excessive loads of nitrogen and phosphorous from the
agricultural and poultry runoff, therefore, enrich surface waters [15]. According to the
United States Environmental Protection Agency [16], the total maximum daily load (TMDL)
for the Chesapeake Bay watershed is set at 84,323 metric tons of nitrogen, 5670 metric tons
of phosphorus, and 2,925,670 metric tons of sediment per year. Therefore, a 25 percent
reduction in nitrogen, 24 percent reduction in phosphorus, and 20 percent reduction in
sediment is suggested [16]. To achieve this, Delmarva has made some progress in reducing
runoff and increasing the water quality of Chesapeake Bay by utilizing physical and chemi-
cal treatment methods such as heavy use area protection (HUAP) pads, implementing a
confined animal feeding operation (CAFO) management plan, a stormwater prevention
plan (SWPP), and using best management practices (BMPs) [17]. However, the poultry
industry still faces challenges when reducing the nutrient runoff [18].

Used litter and manure are generally spread on croplands or open fields in poultry
operations [19,20]. When excess manure is applied, nutrients can wind up in surface
waters [21,22]. The poultry manure can also be transported to neighboring states as fertil-
izer [23]. In addition to nutrients like nitrogen and phosphorus, the poultry litter contains
trace elements like arsenic, copper, and zinc which are often added to poultry feed to
increase weight, improve feed efficiency and egg production, and prevent diseases [24–26].
Thus, waste leaching and subsequent water quality decline continue to be important issues
raised as environmental concerns in Delmarva [27].

BMPs can reduce or eliminate the potential of poultry litter nutrient runoff, prevent
soil erosion, and safeguard the quality of water bodies. Federal and state agencies (within
their jurisdictions), such as the Natural Resources Conservation Services (NRCS) and
the Delaware Department of Natural Resources and Environmental Control (DNREC) in
Delaware, now require BMPs such as cover crops, installation of HUAP, poultry carcass
composters, and manure storage sheds to decrease agricultural runoff to draining nearby
water bodies, some of which ultimately release to the Chesapeake Bay [28]. These concrete
HUAP pads are installed at the entrances of poultry houses, provide a stable surface
for farm equipment, and prevent ground and surface water contamination from leached
nutrients. Not only do HUAP pads provide safe and stable access to frequently used
areas, keeping the farm clean and animals healthier, but the HUAP pads also protect
surface water from nutrient runoff during poultry house cleanouts by capturing spilled
litter and manure [29]. Therefore, the use of HUAP pads in areas with extensive poultry
farming practices would help to minimize the loads of nutrients and sediments entering the
Chesapeake Bay area. It is our hope that coordinated pollutant load management strategies
with HUAP pads will help improve the environmental health of the Chesapeake Bay area.

This project aims to evaluate the efficacy of HUAP pads in mitigating nitrogen and
phosphorus loadings onto the watershed by monitoring soil and runoff nutrient composi-
tion at poultry houses equipped with HUAP pads and situated in a private poultry farm in
Kent County, Delaware.
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2. Materials and Methods
2.1. Study Site

A poultry farm located in Kent County, Delaware was selected for the study; aerial
photographs of this poultry farm with two poultry houses labeled as Sites I and II are
shown in Figures 1–4. All poultry houses in the participating farm were equipped with
HUAP pads. The first poultry house labeled Site I has a pond and a ditch adjacent to
it and was constructed in 2009, while the other poultry house labeled Site II had been
operating since 2005; the HUAP pads were constructed in 2006 on Site II. The research
team was not involved in the construction of the HUAP pads on the farm. The farmer
did not take pictures nor videos during the construction phase. However, based on the
information the farmer shared, he used the technique adopted from USDA NRCS. The
following video link is a good source for the HUAP pad layout, construction, and layers:
https://vimeo.com/14315831.
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2.2. Sampling

The soil and water samples were collected from various locations within the two
study sites on the farm in order to analyze and compare the distribution of physiochemical
parameters and nutrient profile in the soil and farm runoff. Samples at Site I were collected
from December 2011 through November 2012, whereas samples from Site II were evaluated
during June 2012 to December 2012. Some samples were collected after Hurricane Sandy
(November 2012) and after the poultry house clean-up (approximately seven- to nine-week
cycles for broilers to grow about 2 kg [30], in order to further check the efficiency of HUAP
pads after this type of intensive event. Site II was added during the middle of the study;
this site was relatively old and selected to compare the measurements with Site I. While
both soil and water samples were collected from Site I, only soil samples were collected
from Site II because this site was located far from the storm ditch. The sampling locations
for both study sites are shown in Figures 2–4, respectively. Soil samples surrounding the
HUAP pads were collected in order to monitor the potential nutrients leached in the soils
adjacent to the pads. A spade was used to collect these soil samples. Soil was collected
from a depth of 10 cm depending upon the underlying gravel layer. The use of a soil core
sampler was restricted to the first 10 cm soil layer in most locations due to a >50 cm gravel
layer below. We collected 10 spades-full from each sample site, combined them in a plastic
bag, and stored three replicates in zip-lock bags. In order to check the horizontal movement
of nutrients and the role of buffer grass strips, some samples were taken before and after
the buffer grass strips, while others were taken near the water source and after the grass
strips to check the nutrient concentrations before the storm ditch. The poultry manure,
which served as a positive control for our analyses, was also sampled from the storage
area to estimate the maximum nutrient load on the farm. The water sampling points were
chosen to reflect the overall quality of water entering and leaving the farm. The first water
sampling point was retention pond water prior to the ditch where there is no mixing of
the poultry house runoff with the pond water. The second sampling point was the runoff
from the farm pond and ditch adjacent to the farm. Another sampling point was the water
leaving the poultry house, which may contain the runoff nutrients. Several intermediate
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sampling points were chosen to monitor water quality at specific intervals, and a final
point was located in the forested part of the land situated away from the poultry houses.
Three water subsamples were collected across the ditch in each sampling site.

In the farm, poultry litter was managed in-house and there was outdoor in-field
roofed manure storage to reduce pathogens and ammonia. The litters were cleanout
and transported according to Delaware Nutrient Management Law (https://agriculture.
delaware.gov/nutrient-management/). The litter goes through degradation to decrease
litter mass and concentrate nutrients such as phosphorus and potassium and increase
the proportion of fulvic and humic acids. This method has a relatively complete removal
and reduces the nutrient loss. Those litters were hauled using standard tractors to move
the litter to nearby agricultural fields (https://lpelc.org/alternative-poultry-litter-storage-
for-improved-transportation-and-use-as-a-soil-amendment/). Cleanout/crust-out was
usually done once a year, and the litters were stored in a conical shape in order to minimize
the nutrient loss and reduce the nutrient leach; however, chicken movement occurs five to
six times each year, so the HUAP pads capture bird catching and spilled litter.

2.3. Soil and Water Samples

A total of nine composite soil samples were collected at Site I (Figure 2). The nine
samples are identified by their location relative to the second poultry house and are listed
in Table 1. Also, seven soil samples were collected from Site II (Figure 4). Samples were
taken from all side edges within 300 cm of the HUAP pads and named based on the relative
location to the front, main door, and they are listed in Table 1. Likewise, a total of six water
samples were collected in the ditch from Site I (Figure 3). The stations are identified by
their location from the ditch (Table 1).

Table 1. Sampling site locations and descriptions in a poultry farm, Kent County, Delaware, USA.

Site Code Latitude|Longitude Description

Site I—soil

1 39◦11′29.99′′ N 75◦36′44.4′′ W 2nd poultry house facing from back right side surface
2 39◦11′30.30′′ N 75◦36′44.7′′ W 2nd poultry house side edge deep (10 cm)
3 39◦11′30.5′′ N 75◦36′44.5′′ W 2nd poultry house front edge deep (10 cm)
4 39◦11′30.54′′ N 75◦36′44.3′′ W 2nd poultry house front edge (surface 5 cm)
5 39◦11′28.4′′ N 75◦36′41.2′′ W Manure storage pile located inside the storage shed
6 39◦11′30.4′′ N 75◦36′44.15′′ W 2nd poultry house side edge (surface 5 cm)
7 39◦11′30.97′′ N 75◦36′43.46′′ W Drainage swale between houses 3 and 5
8 39◦11′30.81′′ N 75◦36′46.62′′ W Before grass buffer strip
9 39◦11′30.94′′ N 75◦36′45.01′′ W After grass buffer strip

Site I—water

A 39◦11′29.85′′ N 75◦36′47.38′′ W Before ditch water mixed with water from the retention pond
B 39◦11′30.21′′ N 75◦36′46.79′′ W Ditch water mixed with water from the retention pond
C 39◦11′31.70′′ N 75◦36′43.26′′ W Front of the third chicken house from 1st station
D 39◦11′32.09′′ N 75◦36′43.23′′ W At far end of 4th chicken house
E 39◦11′32.87′′ N 75◦36′41.30′′ W Further down from Station D
F 39◦11′33.51′′ N 75◦36′41.05′′ W Very far in woods from Station E

Site II—soil

11 39◦11′26.15′′ N 75◦36′28.87′′ W Right edge near (5 cm)
12 39◦11′24.05′′ N 75◦36′28.56′′ W Right edge far (5 cm)
13 39◦11′26.35′′ N 75◦36′28.53′′ W Front edge right (10 cm)
14 39◦11′26.45′′ N 75◦36′28.54′′ W Front edge middle (10 cm)
15 39◦11′26.69′′ N 75◦36′28.59′′ W Front edge left (10 cm)
16 39◦11′26.74′′ N 75◦36′28.72′′ W Left edge far (10 cm)
17 39◦11′26.70′′ N 75◦36′28.99′′ W Left edge near (10 cm)

2.4. Analysis of Soil Samples

The soil samples were collected in zip-lock bags (3.79 L; Ziploc bags, S. C. Johnson &
Son Inc., Racine, WI, USA) and were transferred in a cooler (Polar Pac, Mid-Lands Chem-
ical Company Inc., Miami, FL, USA) to the laboratory within one hour of collection for
measuring physicochemical parameters according to the procedures used by the University

https://agriculture.delaware.gov/nutrient-management/
https://agriculture.delaware.gov/nutrient-management/
https://lpelc.org/alternative-poultry-litter-storage-for-improved-transportation-and-use-as-a-soil-amendment/
https://lpelc.org/alternative-poultry-litter-storage-for-improved-transportation-and-use-as-a-soil-amendment/
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of Delaware Soil Testing Program (http://ag.udel.edu/dstp/analytical_information.html).
Soil pH was analyzed using samples with a soil to water ratio of 1:1 [31], which is the stan-
dard measurement of soil pH in North America according to the North America Proficiency
Testing (NAPT) program [32]. The pH value was read using a Fisher Scientific Accumet
pH meter (Thermo Fisher Scientific Inc, Waltham, MA, USA) and a VWR Symphony elec-
trode (VWR Scientific Inc., Radnor, PA, USA). Organic matter also was measured by loss
on ignition at a temperature of 360 ◦C [33], using a Blue-M High Temperature Furnace
(SPX-TPS-Blue-M division, White Deer, PA, USA). For the nutrient profile, we measured
nitrogen, phosphorous, nitrate nitrogen, ammonia nitrogen, cation exchange capacity
(CEC), total nitrogen, and total carbon concentrations. Nutrient analysis was performed by
extracting the nutrients, using the Mehlich 3 soil extraction (1:10) method [34]. The Mehlich
3 soil extracts were further analyzed by a Thermo Electron Iris Intrepid II Duo View XSP
Inductively Couple Plasma Spectrometer (Thermo Electron, Madison, WI, USA). CEC and
percent base saturation were estimated from the Mehlich 3 soil test results [35], and acidity
was predicted by the buffer pH [36]. Nitrate-N and ammonia-N were extracted from the
soil using 2M potassium chloride at a 1:10 (w/v) ratio [37] and analyzed colorimetrically
using a Bran and Luebbe Auto Analyzer II Flow Injection System (Bran and Luebbe, Inc,
Buffalo Grove, IL, USA).

2.5. Analysis of Water Samples

Water samples were collected in 500 mL amber plastic bottles (USPlastic, United
States Plastic Corporation., Lima, OH, USA) and were transferred in a cooler (Polar Pac,
Mid-Lands Chemical Company Inc., Miami, FL, USA), at 4 ◦C, to the Water Quality and
Analytical Laboratory for further measurements according to the procedures used by the
University of Delaware. The value of pH was measured using a Fisher Scientific Accumet
pH meter (Fisher Scientific Inc, Massachusetts) and a VWR Symphony electrode (VWR
Scientific Inc., Pennsylvania). Electrical conductivity (EC) was measured using a VWR
Conductivity Meter 1052 with dip probe (VWR Scientific Inc., Pennsylvania). The water
samples were tested for different elemental analytes, which were measured using a Thermo
Electron Iris Intrepid II Duo View XSP Inductively Couple Plasma Spectrometer (Thermo
Electron, Madison Wisconsin). Ortho-phosphate-P, nitrate-N, and ammonium-N were
measured colorimetrically [35] using a Bran and Luebbe Auto Analyzer II Flow Injection
System (Bran & Luebbe, Inc, Buffalo Grove, Illinois).

2.6. Rainfall Measurement

The rainfall data were recorded using a data logger (PC 200 W, Campbell Scientific,
Inc, Cache Valley, UT, USA) installed on a rain gauge at the farm. With the exception
of March 2012 where rainfall data were collected only for a 15-day period, rainfall data
were collected for the entire month, starting from April and ending in December of 2012.
We reported the monthly average, and the data were used to investigate the relationship
between the precipitation and the nutrient levels at the study sites.

2.7. Statistical Analysis

Significant variables affecting the poultry farm were studied using principal com-
ponent analysis (PCA) (PRIMER-E Ltd., Plymouth, UK), based on the correlation matrix
between the components and standardized variables. The method was performed to an-
alyze the nutrient data of the soil and water sample, on a data matrix of 7 by 7 based on
the seven variables used for the plots. The rows correspond to the soil and water samples
analyzed and the columns correspond to the concentration of different nutrients. The
PCA method was performed to analyze the nutrient data of the soil and water samples
as it can draw meaningful information on a two-dimensional plot by grouping the soil
nutrients into a small set of new variables explaining most of the variance [38]. This is used
to observe the correlations of the nutrient quality parameters among the study sites and
the sample collection times (months). The significance of this analysis is explained by the

http://ag.udel.edu/dstp/analytical_information.html
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% variation of the Eigenvalues in the PCA plot; variation greater than 95% is considered to
be significant [39]. Sample means and standard deviations were analyzed using Microsoft
Excel software.

3. Results and Discussion
3.1. Soil and Manure/Litter Testing

The general characteristics of the poultry manure sampled at various lots from Site I
are summarized in Table 2. The poultry manure samples were collected from the poultry
manure storage building. The storage building was also equipped with HUAP pads and
covered. Nutrient analysis has been compared between manure and the soil samples from
Site I, and the manure is considered as a positive control and is expected to have high
nutrient concentration. The manure pile at the storage building (sample location 5) had
a near-neutral pH, with approximately half of the manure samples containing organic
matters. The Mehlich 3 extractable phosphorus was high, averaging about 3785 mg/kg. The
extractable calcium (1922.3 mg kg−1) and sulfur (2995.2 mg kg−1) contents were also high.
The manure samples contained enormous amounts of ammonia nitrogen. However, nitrate
nitrogen was significantly low, and in some cases below detection limits. The PCA plot
(Figure 5) clearly shows that location 5 is significantly different (>95%) in nutrient levels
from other sample locations. In July, ammonia nitrogen was higher than other months in
the manure pile. This result could be attributed to high temperature. The micronutrients
at all sample locations were low, with an exception of location 5 (manure pile), which
was high in aluminum and iron. Again, the concentrations are not statistically significant.
Aluminum (11.6 mg kg−1) and copper (35.7 mg kg−1) concentrations were significantly
lower compared with other elements analyzed for the soil samples. The concentrations of
iron (112.3 mg kg−1), zinc (204.9 mg kg−1), and manganese (126.2 mg kg−1) were moderate
in the soil. The nutrient levels in other sample locations were low during all sampling
months when compared to the manure pile, which is supported by the PCA plot (Figure 5).

Table 2. Characteristics of the poultry manure at the farm, Kent County, Delaware, USA.

Sample OM† M3-P M3-Ca M3-Mg M3-S M3-Al Est. CEC NH4
+ NO3−

Date pH (%) (mg kg−1) (mg kg−1) (mg kg−1) (mg kg−1) (mg kg−1) (meq100g−1) (mg kg−1) (mg kg−1)

13-Dec-2011 7.8 55.1 4740.14 2849.78 2510.69 1367.04 29.45 53.00 947.90 2.60
7-May-2012 6.9 42.9 3416.35 1771.28 1874.34 3237.82 26.08 49.69 2607.00 0.00
4-Jun-2012 6.4 35.6 2610.82 1330.28 1420.62 2467.08 4.00 40.56 5409.00 0.00
20-Jun-2012 7.1 64.2 5161.11 3854.15 2888.05 4516.75 2.28 77.27 799.30 28.60
11-Jul-2012 7.0 52.9 3298.70 1854.14 1771.10 3022.44 1.98 48.09 3100.00 839.00

16-Aug-2012 7.0 51.6 3316.14 1788.46 1780.90 2835.18 3.83 50.90 820.50 7.52
18-Sep-2012 6.5 42.2 2648.64 1285.43 19301.69 2423.03 18.41 193.80 5228.00 2006.00
18-Oct-2012 6.6 41.1 3317.03 1210.04 1366.42 2435.93 1.10 41.40 4360.00 105.80
1-Nov-2012 7.0 37.4 3893.87 1307.55 2143.03 3261.05 5.26 57.60 3722.00 195.80
6-Dec-2012 7.0 45.6 5447.16 1971.90 2992.89 4385.92 23.38 74.90 3302.20 21.09

Average 6.9 46.9 3785.00 1922.30 3805.00 2995.20 11.60 68.70 3029.60 320.60

OM† = organic matter; M3-P = Mehlich III extractable phosphorus; M3-Ca = Mehlich III extractable calcium; M3-Mg = Mehlich III
extractable magnesium; M3-S = Mehlich III extractable sulfur; M3-Al = Mehlich III extractable aluminum; CEC = cation exchange capacity;
NH4

+ = ammonium nitrogen; NO3
− = nitrate nitrogen.
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(sample 5).

A poultry manure storage pile (sample 5 in site I) was used as a positive control to
estimate the maximum nutrient loads on the farm. PCA analysis as shown in Figure 6
was performed to understand the similarities and differences among the study sites with
regard to the soil nutrients. As the manure storage pile contained high levels of nutrients
(Mehlich 3 phosphorus, ammonia, calcium, sulfur, and others), these data were excluded
from the PCA analysis in Figure 6. The purpose of this was to understand the real variation
within the soil nutrients among the study sites. When the manure pile was included in the
analysis (Figure 5), real differences among the study sites could not be observed because
the manure pile was skewing the results.

Most of the soil samples in Site I, except for the manure pile, had pH in the slightly
alkaline range (7.1–7.2) throughout the sampling season; however, sample 7 had a pH
lower than 7 (Table S1 for Site I Data). PCA analysis for nutrients was performed for these
samples without considering sample 5 (manure pile), which shows that sample 6 is high in
ammonia nitrogen. Samples 1, 7, and 9 are high in total carbon, and samples 3, 4, and 8 have
more total phosphorus (Figure 6). However, these results are not statistically significant
because % variation for the parameters analyzed is only 57%. These results thereby show
that the HUAP pads on the poultry farm have a key role in trapping excess nutrients from
the poultry litter and decreasing contamination of the soil.

Aside from sample 17, Site II soil samples had near-neutral pH. Mehlich 3-P content of
the soils was relatively higher when compared with Site I (Table S2 for Site II Data). Recall
that Site II had been in operation since 2005, but the HUAP pads were built in 2006, which
might lead to accumulation of phosphorous and increasing its load at site II. Ammonium
and nitrate concentrations of both the sites were comparable, except for a few sampling times.
The ammonia nitrogen and nitrate nitrogen content of sample 6 was found to be significantly
higher than other samples throughout the year (Table S2 for Site II Data). This sample was
collected from the area surrounded by trees and was usually saturated with water.



Agriculture 2021, 11, 154 10 of 16Agriculture 2021, 11, x FOR PEER REVIEW 10 of 16 
 

 

 
Figure 6. PCA plot for Site I soil samples without manure pile (sample 5). 

Most of the soil samples in Site I, except for the manure pile, had pH in the slightly 
alkaline range (7.1–7.2) throughout the sampling season; however, sample 7 had a pH 
lower than 7 (Table S1 for Site I Data). PCA analysis for nutrients was performed for these 
samples without considering sample 5 (manure pile), which shows that sample 6 is high 
in ammonia nitrogen. Samples 1, 7, and 9 are high in total carbon, and samples 3, 4, and 8 
have more total phosphorus (Figure 6). However, these results are not statistically signif-
icant because % variation for the parameters analyzed is only 57%. These results thereby 
show that the HUAP pads on the poultry farm have a key role in trapping excess nutrients 
from the poultry litter and decreasing contamination of the soil. 

Aside from sample 17, Site II soil samples had near-neutral pH. Mehlich 3-P content 
of the soils was relatively higher when compared with Site I (Table S2 for Site II Data). 
Recall that Site II had been in operation since 2005, but the HUAP pads were built in 2006, 
which might lead to accumulation of phosphorous and increasing its load at site II. Am-
monium and nitrate concentrations of both the sites were comparable, except for a few 
sampling times. The ammonia nitrogen and nitrate nitrogen content of sample 6 was 
found to be significantly higher than other samples throughout the year (Table S2 for Site 
II Data). This sample was collected from the area surrounded by trees and was usually 
saturated with water. 

Study Site II was an older poultry site operating since 2005; the HUAP pads were 
installed in 2006, whereas Site I was constructed in 2009. Because the HUAP pads were 
older in Site II, there might be comparable differences in the soil nutrient levels among 
Sites I and II depending on the quality of pads and their potential to retain the nutrients. 
For this reason, PCA analysis was performed separately for Site I (Figures 5 and 6) and 
Site II (Figure 7). 

Figure 6. PCA plot for Site I soil samples without manure pile (sample 5).

Study Site II was an older poultry site operating since 2005; the HUAP pads were
installed in 2006, whereas Site I was constructed in 2009. Because the HUAP pads were
older in Site II, there might be comparable differences in the soil nutrient levels among
Sites I and II depending on the quality of pads and their potential to retain the nutrients.
For this reason, PCA analysis was performed separately for Site I (Figures 5 and 6) and Site
II (Figure 7).
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The PCA plot (Figure 7) shows that there are clear grouping trends between the
samples based on their locations. Samples from sites 12, 13, and 14 are together and show
high levels of total nitrogen. This might be because of their locations in front of the poultry
house and more leaching of nutrients into the soil as the pads get older. Samples 17 and 11,
which are located on the edges of the house, have low levels of total nitrogen.

Comparing the water samples with the soil samples, the contribution of soils for
increasing concentrations of ammonium and nitrate in water was significantly lower based
on our results. Also, phosphate content of water was significantly lower, but Mehlich 3-P
content was higher in the soil samples and poultry litter. Our results suggest that there
were no major differences in nutrient composition of soil and water samples after rainfall
and the poultry house cleanout. The amount of water added due to the rainfall might
have neutralized the amount of nutrients added to the soil and water system. Edwards
and Daniel [40] conducted field-based experiments on the effect of poultry litter rate and
rainfall intensity on runoff from the field. The authors observed similar results; however,
an increased transfer of litter mass was found with increasing litter load and rainfall
intensity. Schroder et al. [41] also did not find any correlation of soil test P levels to runoff
P concentration for surface-applied poultry manure. They found that the pattern of rainfall
had an effect on P concentration in runoff. P levels in runoff were more concentrated
with high litter rate and immediate rainfall, compared with rainfall after 30 d of litter
application and small rainfall events every 7 d for 30 d. Nguyen et al. [42] evaluated
the application of poultry manure (168 kg N/ha−1) on subsurface drainage water quality
under a corn/soybean rotation system. They found significantly lower concentrations of
nitrate flow and the minimum nitrogen losses to subsurface soil in comparison with using
inorganic fertilizer. As our study area was covered and protected with HUAP pads, there
was no direct mass transfer loss observed. In a pilot study on phosphorus runoff and soil
phosphorus concentrations in relation to HUAP pads, Ozbay et al. [12] observed that the
concentrations of orthophosphate and total phosphorous (<0.05 mg L−1) were less than
the USEPA upper limit in the ditch receiving farm runoff. They found Mehlich 3-P ranging
from 22.82 to 200 mg kg−1 at the new poultry site locations, while it ranged from 48.17 to
1179.6 mg kg−1 at the old sites, with some of those being higher concentrations than the
optimal soil concentrations.

The soil samples had a significant amount of Mehlich 3-P. However, if we compare
the phosphate content of water samples, it was negligible. The HUAP pads that had been
constructed on both study sites minimized the load of nutrients to the soil and water, as
our data suggest. The water leaving the poultry house did not have any greater amount of
nutrients compared to that of stream water entering the poultry house. Even though some
amounts of nutrients (nitrate, nitrite, and phosphate) were added to water near the poultry
house entrance, the level was neutralized as the water moved downstream. Although
we did not directly measure the contribution of the relatively narrow buffer strips with
native grass and bushes, we believe that the low nutrient concentration of water in the
stream adjacent to the buffer strip in front of the HUAP pads by the poultry house deserves
mentioning in this paper. Vegetative buffer strips were closer to the ditch restricting soil
and nutrient runoff.

3.2. Water Sample Analysis

The results of water quality parameters are summarized in Table 3. The PCA analysis
did not show a significant difference in nutrient levels between the sampling locations
or over time. However, sample B (the point where poultry retention pond water met
the stream water) had the maximum concentration of total phosphorus and electrical
conductivity during June and July 2012, and the nitrate nitrogen concentration was at the
highest level in December 2012. The pond located next to the poultry house accumulated
rooftop water and surface runoff. It was not used for any kind of poultry house discharge
collection. The concentrations of phosphate (maximum 3.873 mg L−1) and ammonium
(0.67 mg L−1) were negligible in the samples analyzed; however, nitrate concentration was
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higher for sample B in December (7.7 mg L−1). In most of the water samples, calcium
(maximum 23.247 mg L−1), sodium (maximum 8.56 mg L−1), and sulfur (maximum
5.29 mg L−1) were higher when compared with other nutrients, but these levels were still
below the maximum allowable EPA limits (250 mg L−1 sulfate); sodium and calcium
limits are not yet set by EPA. This suggests that there are no major issues of hardness
in the farm water runoff from the poultry houses. Likewise, other elements, such as
extractable aluminum (<0.67 mg L−1), boron, and copper, were negligible in all samples
except sample B (14.8 mg L−1 Cu+2) collected on 11 July 2012.

Table 3. Characteristics of the water samples ranging from the lowest to the highest concentration
detected during 10 sampling dates throughout the year.

Sample EC† PO43− NH4
+ NO3−

Location ID pH (mmhoscm−1) (mg L−1) (mg L−1) (mg L−1)

A 6.4–7.3 0.00–0.48 0.02–3.86 0.00–1.64 0.00–1.69
B 6.1–7.1 0.10–7.34 0.00–0.07 0.00–0.67 0.34–7.78
C 6.8–7.2 0.06–0.19 0.01–0.22 0.00–0.32 0.55–4.63
D 6.6–7.2 0.06–0.19 0.00–0.29 0.00–0.46 0.30–2.63
E 6.6–7.1 0.06–0.22 0.00–0.16 0.00–0.44 0.34–2.55
F 6.5–7.0 0.06–0.23 0.00–0.18 0.00–0.17 0.05–2.56

The maximum electrical conductivity (EC) was recorded in sample station B. Tem-
porally, it was at its peak during June and July. One possible reason for this is that the
activity of the poultry farm increased during these months and the water levels dropped
in the ditch. No significant increase was observed in the nutrient levels of the samples
collected after rainfall events and removal of chickens from the houses. The pH of all
water samples tested was near-neutral (pH = 7), except for water sample B collected in
November 2012, which had a pH of 6.05 right after Hurricane Sandy (22–31 October 2012).
Although there are some differences in the nutrient levels among the study locations, they
were not considered to be significant as % variation for the variables (parameters) tested
between the sites is lower. The PCA plot shows that these study sites have a variation of
75%, which is not considered significant. From the PCA analysis, samples from location B
that were collected during June and July can be grouped together, and all other samples
can be pooled as one group because of the very small differences between the samples.

Groundwater is the sole water supply in the farm for both household and farm opera-
tion. Although we did not test the groundwater quality from the farm in our laboratory,
a groundwater sample from the farm was obtained and submitted to the Public Health
Laboratory, Smyrna, DE. The samples were tested for pH, nitrite, nitrate, sulfate, alkalinity,
fluoride, hardness, iron, total coliform, and E. coli. All the parameters fell in the acceptable
ranges with no nutrient or bacterial contaminants.

3.3. Rainfall Measurement

The total monthly rainfall data are shown in Figure 8. The highest rainfall was
recorded in October due to Hurricane Sandy, but this event did not significantly affect the
leaching of soil nutrients on the farm as effective waste management practices (i.e., covered
manure storage and HUAP pads) were adopted. Our result shows that HUAP pads may
have the potential to help control the nutrient runoff on the farm. The rainfall time and
distribution were found to impact farmers’ scheduling of daily farm operations, including
chicken house cleaning, maintenance, chicken harvesting, and manure transport, which
also helps farmers to minimize potential spillage issues.
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4. Summary and Conclusions

The analysis of soil and water samples around the HUAP pads did not show a
significant increase in the concentration of nutrients in the surrounding area. The HUAP
pads made a contribution to reducing the nutrient loads in the soil and water at our study
sites. The results suggest that there was a minimal transfer of nutrients from soil into the
water and that the added amount of nutrients was neutralized with downstream flow
of the water. The house cleaning and storm events had a minimal effect on raising the
concentration of nutrients in soil and water samples in the particular farm we tested.

This study shows that there are some differences in the efficiency of HUAP pads
between Sites I and II. Site II had higher total nitrogen and phosphorous surrounding the
pads, whereas no excess nutrients were recorded at Site I. There was a lag period of over
a year in constructing the pads at Site II, and our study was unable to determine if these
excess loads of nutrients were a result of degraded pads or due to the lag period. Long-
term monitoring of soil and water quality in poultry farms is required to comprehensively
assess the efficiency of HUAP pads in preventing nutrient contamination of surface and
subsurface waters. We recommend continuous monitoring of the soil and water quality
in the poultry farm, along with monitoring of the weather conditions. Also, studying the
nutrient loadings of the poultry house without HUAP pads would provide a better picture
of the efficiency of HUAP pads in protecting the soil and water quality. Unfortunately, we
could not get any farmers not using HUAP to participate in our study due to potential
regularity concerns among the farmers regarding nutrient loads. Therefore, it is advisable
to conduct this research in different farms with and without HUAP pads to better assess the
effectiveness of the pads in controlling the nutrient runoff. Further research on microbial
contaminant monitoring will also ensure the efficacy of using these pads to reduce the
nutrient loads for both chemical and biological origins.
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