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The central goal of this demonstration project was to collect on-farm observations
during routine manure storage agitation operations and provide practical information to
practitioners relative to potentially dangerous manure gas emissions, especially
hydrogen sulfide. Of particular concern were farms managed with gypsum bedding. A
promising manure additive was evaluated for ability to reduce hydrogen sulfide release.
Personal-safety gas monitors were featured. Target audiences included dairy and
livestock producers, professional manure applicators, and agricultural support
industries. The project successfully completed all four primary deliverables:

1. A written document with recommendations on how project findings may be
incorporated into NRCS technical guidelines.

2. Training of NRCS engineers in safety, air quality instrument use, and environmental
issues associated with open-air manure storages.

3. A non-technical brochure for delivery to farmers as NRCS personnel work with them
on issues associated with gypsum bedding use and manure handling.

4. Events to attend included two webinars and on-farm field day with technical findings
suitable for producers and professionals.

In addition, several newspaper stories and trade press articles featured project findings
and recommended solutions to improve worker safety around manure storage agitation
events. Project findings were also shared at agricultural venues, professional and
technical meetings via presentations, papers, and posters.
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Manure gas risks associated with gypsum bedding at
dairy farms: On-farm demonstration

Chapter 1 Executive Summary

Recycled gypsum products can provide a cost-effective bedding alternative that is
popular among many dairy producers. Manufacturers report reduced odors, moisture and
bacteria in the stall environment when compared to traditional bedding and farmers point
to agronomic benefit of the gypsum bedding in the manure. Agitation of stored manure
promotes release of volatile gases that typically contain ammonia, methane, hydrogen
sulfide (H2S) and various odorants. Prior to the start of this project, incidents anecdotally
linked injury and death of people and cattle to dangerous levels of H.S emission released
from movement of manure containing gypsum-based bedding. Gypsum (CaSQO4-2H->0)
provides a sulfate source that can be converted to hydrogen sulfide under anaerobic
manure storage conditions. In order to investigate and potentially mitigate elevated H>S
release at farms using gypsum bedding, a manure amendment compound was identified
that reduced HS release at manure agitation. Of interest to customers of this project, low-
cost personal gas monitors were demonstrated for improving safety around hazardous gas
environments. Customers included dairy producers, manure haulers, agricultural service
professionals, design engineers, safety personnel, product suppliers, and educators.

The primary project goal was accomplished: To measure manure gas risks associated
with gypsum bedding at dairy farms using appropriate technologies and disseminating
such findings in user-friendly materials to the agricultural community.

The method employed was a “full-scale on-farm demonstration” to determine efficacy of
a manure amendment in reducing hydrogen sulfide risk. Observations at ten dairy farms
from three management categories were compared: those that used (1) traditional,
organic bedding; (2) gypsum-based bedding, and (3) gypsum-based bedding amended
with a commercial product added to the manure. Portable gas meters placed around the
perimeter of each dairy manure storage recorded H>S concentrations every minute prior
to and during nineteen agitation events during fall and spring hauling seasons. Each farm
operator wore a personal safety gas monitor to record their exposure to the heavier-than-
air HzS gas. A detailed farm characterization documented manure characteristics and
storage design parameters, manure handling practices and manure storage inputs.

Physical results from measurement events show that manure storage agitation at farms
using gypsum in bedding were capable of producing H.S concentrations that were
considered immediately dangerous to life and health (above 100 ppm). Increasing
gypsum use significantly increased cumulative H»S concentrations. But not all gypsum



farms experienced hazardous conditions at all times. Farms that used the manure
amendment reported to reduce H.S concentrations, showed reduced H.S concentrations
compared to gypsum farms not using any amendment. Unfortunately, this effect was not
statistically significant. However, this promising trend and effectiveness of other additive
compounds offers promise for a simple amendment-based solution.

No farm practice, manure characteristic, or environmental condition consistently and
significantly affected H>S production and release from storage. However, empirical
observations indicated lowered H>S concentrations near storages during agitation when
manure had been recently agitated or transferred from temporary pits before placement in
long-term storage. Wind directing manure gas into areas where emissions may be
trapped by proximate structures increased H>S concentrations near the storage
presumably due to reduced dilution with ambient air inhibiting dissipation. Notably a
storage containing gypsum bedding and no surface crust, showed low hydrogen sulfide
release during agitation.

Operator safety is enhanced by managing manure agitation activity above grade.
Hydrogen sulfide concentrations were notably lower inside a tractor cab. Operators who
adjusted manure agitation equipment at grade or within the perimeter of the manure
storage were exposed to harmful H2S gas during our observations. There remains
downwind risk for elevated H,S gas even 33 feet away from manure storage agitation
sites.

Primary project findings:

e Gypsum bedding adds sulfur to manure that can lead to dangerous levels of hydrogen
sulfide gas emission at agitation; but not all farms using gypsum had safety problems.

e Manure storage agitation creates greatest gas levels during the first hour of agitation.

e Crust-free manure and additives that inhibit crust formation seem to allow for
continuous low level HS release lowering risk at agitation.

e Gypsum benefits for cow bedding and agronomic values must be balanced against the
potential gas hazard.

Recommendations include:

1. Position operators above ground-level and away from edge of manure storage during
agitation of manure storage that contains gypsum bedding.

2. Save lives by requiring operators working around manure storages with gypsum
bedding to wear a hydrogen sulfide personal gas monitor.

3. Keep non-essential people (and cattle) away during agitation, especially children who
are at increased risk, as H>S concentration is greatest close to the ground.
4. Do not use gypsum bedding with under-barn manure storage. Potential is high for

release of dangerous level of H2S during any manure movement under such
conditions.



Chapter 2 Introduction

Overview: Recent lethal and near-lethal exposures of humans and dairy cattle to
unidentified conditions during open-air manure storage agitation prompted investigation.
One seemingly-innocent common factor was gypsum bedding being used for good
purpose in the barn for animal comfort and economic benefit. Yet could this be the
culprit, based on anecdotal and preliminary laboratory findings? An on-farm project
documented conditions that operators and nearby surroundings were exposed to during
manure storage agitation in relation to safe air quality conditions. Theory suggests that
increased sulfur content in manure, such as from gypsum bedding, promotes elevated H2S
gas emission concentrations. However, no scientifically-defensible evidence has linked
gypsum bedding use with dangerous levels of HS.

Project primary objective: To measure manure gas risks associated with gypsum bedding
at dairy farms using appropriate technologies and disseminating such findings in user-
friendly materials to the agricultural community.

This project was a collaboration among those who could help diagnose and offer practical
solutions to the agricultural community. Partners included the family farms (ten dairies),
material suppliers (USA Gypsum), safety equipment manufacturer (Industrial Scientific),
manure storage design agricultural engineers (NRCS) and academic professionals (Penn
State Extension safety and air quality).

Primary Project Personnel at Penn State:
Eileen Fabian (Wheeler)

Michael Hile

Davis Hill

Robert Meinen

Dennis Murphy

Robin Brandt

Hershel “Chip” Elliott

Vance Brown

Collaborators with significant roles:
Terry Weaver, USA Gypsum

Mike Platek, Industrial Scientific

Farm owners: ten family-owned dairies
NRCS Engineers

Project funding was provided by USDA NRCS CIG. In-kind contributions were
provided by Penn State Extension with cash match from USA Gypsum, Industrial
Scientific and PA State Conservation Commission (via PA Department of Agriculture).



Chapter 3 Background

3.1 Hydrogen Sulfide

Benefit to the agricultural industry is immediate and distinct when risk to dangerous
conditions is reduced, particularly when those risks are invisible and often otherwise
undetectable. In 1990, the agricultural industry had a death rate of 52 per 100,000
workers per year, more than five times the combined rate for all other industries in the
United States (Purschwitz and Field, 1990). Injuries due to agricultural machinery,
vehicles and animals constitute the majority of this statistic. Exposure to dangerous
invisible levels of manure gases including hydrogen sulfide (H2S), ammonia (NHs),
methane (CHa), and carbon dioxide (COy) are rare but yield an extremely high mortality
rate (Hallam, et al., 2012). Though manure gas is not the leading cause of injuries and
fatalities, eliminating preventable accidents clearly benefits the industry.

Hydrogen sulfide is considered to be the most dangerous emission in manure gases
because it is toxic and can cause serious injury or death during short-term exposures at
high concentrations (>500 ppm). Routine day-to-day exposure at low concentrations
(<10 ppm) (Costigan, 2003) can also cause injury. Because H>S is heavier than air, it has
the potential to displace fresh air in low lying areas causing an oxygen deficient
environment where workers may be exposed. Exposure is especially dangerous in
confined spaces. Despite the ‘rotten egg’ smell of this colorless gas, this warning sign
disappears within a few minutes of exposure as olfactory senses are fatigued, thereby
facilitating further exposure to unknowing victims above 100 ppm.

Conditions that promote H>S production are a sulfur source and a population of bacteria
in an oxygen deficient environment. Because there is little or no oxygen, the bacteria
utilize the energy from the organic matter and reduce sulfate, which generates HS gas.
These conditions commonly occur in dairy manure storage lagoons. When a manure
storage crust is present, H>S is trapped within the manure beneath a relatively
impermeable crust layer. When the manure is agitated and the crust layer containment
broken-up, high levels of various gases can be released into the environment, potentially
creating a hazard for humans and/or livestock unfortunate enough to encounter the gas
plume.



3.2 Gypsum bedding

Hydrogen Sulfide emissions have been implicated in incidents of human and animal
death and injuries on dairy farms in Pennsylvania, New York and Maryland. Penn State
Extension personnel have recorded elevated levels of H»S at the sites of some of these
tragedies. Anecdotally, some of these cases have been linked to farms that use gypsum
as a bedding material. With removal of manure from the barn floor one to three times
each day, bedding that spills from cow beds (including any added gypsum product) is
carried with the manure from the barn floor into the manure storage. Gypsum (calcium
sulfate - CaSQO4-2H,0) provides a sulfur source that potentially increases H2S production
from manure storage facilities.

Many farms that use gypsum bedding have never experienced problematic H2S
emissions. Moreover, farms that have reported episodes of injury do not experience
elevated HS during every agitation event. Surprisingly, open-air dairy manure storages
have shown problems with dangerous gas levels whereas in the past the fresh air
surroundings seemed to have dampened impact of manure gas release.

Notably, there are many benefits favoring the use of gypsum bedding. Gypsum bedding
amendments originate from recycled wastes generated during gypsum board (drywall)
manufacturing and related construction. This diverts a landfill waste stream. Because it
is highly absorbent, keeping the animals dry, is non-abrasive and discourages bacterial
growth, gypsum is considered to be an excellent alternative bedding material
(Drumnakilly, 2015; USA Gypsum, 2015). Richard Webster Nutrition (2013) asserts that
gypsum bedding lowers nitrogen loss from the manure storage and retains it for use by
crops when land applied. Additionally, as a recycled product in abundant supply year
round is a valuable bedding and contributes to agronomic improvements at land
application (USA Gypsum, 2015).

Prior to project initiation, scientific investigation had not proven gypsum use as bedding
is directly linked to elevated H.S emissions during manure mixing or transport. Other
factors such as sulfur source from water or feed may contribute to elevated sulfur
availability. Preliminary bench scale studies conducted at Penn State found higher H.S
concentrations during agitation from gypsum-amended manure, versus manure without
gypsum, following several weeks in undisturbed storage. However, these initial trials
performed as preliminary experiments suggested the need for further more detailed work
at farm-scale, with scientifically defensible findings. Among the preliminary findings was
a manure amendment that reduced the burst of H2S release at manure agitation.
Accordingly, the USDA-NRCS in collaboration with private sector contributors and Penn
State University launched a farm-scale project incorporating ten farms to demonstrate use
and affordability of this manure amendment to reduce H,S emissions. This project



demonstrated the practicality of personal safety instrumentation to inform and protect
farm workers during agitation of manure storages.

In summary, the goals of this demonstration project were to:

1. Explore the impact of a promising manure additive to reduce potential for unhealthy

bursts of hydrogen sulfide during manure agitation on farms using gypsum bedding.

Demonstrate personal H>S gas monitors as air quality safety instruments, and

3. Disseminate such findings in user-friendly materials to agricultural producers, manure
haulers, and NRCS professionals

N

3.3 Industry Concern

High levels of hydrogen sulfide (H2S) gas in and around manure storage areas on dairy
farms can present significant health risks to humans and livestock (Donham et al., 1982).
Hydrogen sulfide is a hazardous, flammable, colorless gas known by its characteristic
rotten egg odor. Human sensory detection is an unreliable indicator for presence of H2S
because prolonged exposure fatigues the sense of smell. Low concentration exposure can
burn the respiratory tract and cause swelling around the eyes. At high concentrations, H2S
exposure inhibits respiration and can cause death according the Occupational Safety and
Health Administration guidelines (OSHA, 2005). Physical effects for various H»S
exposure levels are summarized in Table 3-1.

Table 3-1: Physical effects of exposure to various levels of H2S (ANSI, 1972)

H2S Concentration Physical Effect
(ppm)
0.13 Minimal perceptible odor
4.6 Easily detected, moderate odor
10 Beginning eye irritation
27 Strong, unpleasant odor, but not intolerable
100 Coughing, eye irritation, loss of sense of smell after 2 to 5 minutes
Marked conjunctivitis (eye inflammation) and respiratory tract
200-300 R
irritation after one hour of exposure
Loss of consciousness, cessation (stopping or pausing) of
500-700 .
respiration, and death
Unconsciousness at once, with early cessation of respiration and
1,000-2,000 death in a few minutes. Death may occur even if individual is
removed to fresh air at once

According the U. S. Department of Labor (1997), occupational H>S exposure must not
exceed 20 ppm unless no other measurable exposure has occurred during the 8-hour work
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shift. Exposure may exceed 20 ppm, but not more than 50 ppm, for a single time period
up to ten minutes. At 100 ppm, H2S is considered an immediate danger to life and health.

Records of human deaths (Dai and Blanes-Vidal, 2013; Hooser et al., 2000) and animal
deaths (Maebashi et al., 2011; Oesterhelweg and Pischel, 2008) have been attributed to
dangerous levels of H>S gas from manure storages. Multiple incidents involving deaths in
manure storages in the mid-Atlantic region have been reported (Torres, 2012, Harrison,
2012). Penn State extension personnel have reported elevated levels of H>S shortly after
these incidents occurred. The elevated levels of H2S were often linked to farms that use
gypsum-based bedding. Penn State Extension personnel have recorded levels of H>S gas
during manure agitation ranging from <10 ppm to over 300 ppm. Concentrations >50
ppm were measured nearly an hour after agitation was initiated.

In 2012, the Natural Resources Conservation Service (NRCS) issued a news release
warning farmers of the potential for dangerous levels of H.S during agitation of their
manure storage (NRCS, 2012). In the United Kingdom, H»S concentrations > 2,700 ppm
have been observed on farms using gypsum as a bedding material (RREC, 2013). Parts
of the United Kingdom have considered restricting or banned gypsum use as animal
bedding (SEPA, 2012; EA, 2012; RWN, 2013).

Research is very limited regarding H2S production of dairy and cattle manure
(Andriamanohiarisoamanana et al., 2015). Moreover, dangerous H2S levels on dairy
farms using gypsum bedding have not been reported in the scientific literature. Notably,
the majority of work performed on manure H,S production originates from the swine
industry (such as in Blanes Vidal et al., 2009; Bicudo et al., 2002; Blunden and Aneja,
2008).

34 Hydrogen Sulfide Generation

Conditions that promote H>S generation in manure include a population of sulfur
reducing bacteria and sufficient sulfur (S) content in an anaerobic environment. Sulfate
reducing bacterial include desulfovibrio, desulfatomaculum, desulfobacter,
desulfococcus, desulfonema and desulfosarcina (Atlas and Bartha, 1987). These
anaerobes utilize the energy produced from the breakdown of organic matter and transfer
electrons from the organic substrate to the most oxidizing electron acceptor in the
environment to maximize the energy yield. Table 3-2 lists the oxidation-reduction
potential hierarchy for common electron acceptors.



Table 3-2: Oxidation-reduction potential (ORP) ranges for microbial utilization of
potential electron acceptors.

Reaction Oxidatio_n-Reduction

Potential (\Volts)
Oxygen Respiration 0, 2 HO 0.38100.32
Denitrification NOs 2> N> 0.28100.22
Manganese Reduction Mn** > Mn* 0.22t00.18
Iron Reduction Fe3* > Fe? 0.11 t0 0.08
Sulfate Reduction S04 > H,S -0.14t0 -0.17
Methanogenesis CO; 2> CH4 -0.20 to -0.28

When manure is stored in holding structures and accumulates over time, chemically
reducing conditions are created in the deeper strata of the manure as the microbial
population exhausts the higher yielding electron acceptors, including oxygen.

Typical sources of S in dairy manure come from diet nutrients such as dried distiller’s
grains with solubles (DDGS), S from drinking water and concentrate-based feed.
Gypsum (calcium sulfate, CaSO4 .2H>0) as part of bedding material, provides an extra
source of S and therefore creates potential for additional H2S production. Hydrogen
sulfide is created naturally when bacteria utilize the energy available from the organic
content of the manure and use sulfur compounds as the terminal electron acceptor as
shown in Equation 3-1 (Arogo et al. 2000 and Castro et al., 2000). As carbon is oxidized,
sulfate is reduced in an anaerobic environment. While bacteria population and sulfur
content in an anaerobic environment promote potential H>S generation, other
biochemical, environmental and physical factors affect H>S production.

Organic Matter (C,H,0) + H* + S0;% - H,S + CO, + H,0 Equation 3-1

3.4.1 Biochemical Factors

Figure 3-1 shows H.S is in equilibrium with bisulfide (HS") and sulfide (S?) based on pH
(Snoeyink and Jenkins, 1980). Hydrogen sulfide dominates under acidic conditions
(pH<5), while higher pH conditions (pH>8) promote dissociation of H,S into HS™ and S
(Figure 3-1). Andriamanohiarisoamanana et al. (2015) found that H.S concentrations in
the reactor headspace above dairy manure almost tripled (increased 285%) when pH
decreased from 7.32 to 6.83. Molecular H2S is elevated at pH below 7 and HS gas
concentration will increase in reactor headspace under such conditions (Blunden and




Aneja, 2008). Blanes-Vidal et al., (2009) confirmed that H.S concentrations increase
with decreasing pH in swine manure.
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Figure 3-1: Fractions of sulfide species vs. pH at 25°C showing that increasing manure
pH above 8 will reduce hydrogen sulfide formation (Snoeyink and Jenkins, 1980).

3.4.2 Environmental Factors

Ni et al. (2000) found that a decrease in temperature reduces sulfur reducing bacteria
activity. Bicudo et al. (2002) confirmed a negative temperature correlation with ambient
H>S concentrations downwind of swine facilities, however, Bicudo’s et al. (2002)
measurements for temperature and humidity are of the ambient air and not of the manure.
Andriamanohiarisoamanana et al. (2015) measured a tenfold decrease in HzS
concentrations (3,500 ppm to 306 ppm) above dairy manure when temperature decreased
from 23.9 to 9.8 °C. Further experimental results show an exponential increase in H2S
concentration as temperature increases from 8 to 26 °C as shown in Figure 3-2
(Andriamanohiarisoamanana et al. (2015). In addition to sulfur-reducing bacteria
activity, the rate of transformation from aqueous H»S to gaseous H>S is slower when
temperature is decreased (Ni et al., 2000 and Yongsiri et al., 2004). Zhu et al. (2002)
found that 75% of the aerobic bacteria counts were destroyed in swine manure when the
temperature rose 10 degrees (15 °C to 25 °C) and the oxidation reduction potential
decreased 100 mV (+40mV to -60 mV). This implies that increased temperatures yield
reducing environments and may produce more sulfide. However, Wang et al. (2014)
concluded that temperature had no effect on H>S emissions when investigating digested

pig slurry.
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Figure 3-2: H2S concentration increase with increase in temperature.
(Andriamanohiarisoamanana et al. 2015).

A negative correlation was also observed between wind speed and H2S concentration
(Bicudo et al. 2002). Wind will dilute and dissipate H2S concentrations, so even with
elevated H»S emissions, ambient H>S concentrations above open manure storages may
not persist in the presence of high wind speeds.

3.4.3 Physical Factors

Ni et al. (1999) observed release of H>S concentrations in bursts, or highly concentrated
pockets of H2S gas from stored swine manure. Hydrogen sulfide is most likely generated
in the deeper strata of the manure storage where there is little to no oxygen. Delayed
emissions to the surface can be due to the time it takes for the gas to migrate to the
surface and through a crust that forms on top of the storage creating a sealed top layer.
Clanton et al. (2001) found that straw covering can reduce H.S emissions from dairy
manure storages. Bicudo et al. (2000) measured elevated H>S concentrations above
swine and dairy manure during agitation. Andriamanohiarisoamanana et al. (2015) found
low HS concentrations emitted from dairy manure at low mixing speeds (<200 rpm),
short mixing durations (<15 min) and frequent mixing events (>4 times per day). Scully
et al. (2007) provides a review of studies investigating dairy and beef manure that found
elevated H.S concentrations at or above hazardous levels during agitation and mixing of
manure.
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Bicudo et al. (2002) documented significant differences in H2S emissions based on types
of manure storage structures and production facilities for the swine industry. Facility
management practices may also influence H.S emissions.

3.5 Need for Solution

The need for odor control and the prevalence of H»S in the swine industry have prompted
discussion and research endeavors regarding HS reduction from swine manure storages.
Clanton et al. (2001) provides an overview of research conducted by various scientists on
temporary covers made of various materials for manure storages to reduce odors, H>S and
NHz. Though successful, manure storage covers are not typically practical during
agitation of the manure unless extensive resources are invested in a permanent structure
that would enable control of emissions from the manure surface.

As noted in Table 3-2, selected microbes are able to utilize alternative terminal electron
acceptors in the absence of oxygen. The highest electron potential or energy yield
available will be reduced. Xue and Chen (1999) reported that adding potassium
permanganate and hydrogen peroxide both reduced H2S emissions by increasing the
redox potential in the manure. The energy yield for reducing sulfate to H2S is much less
than the energy vyields for these oxidizers. Thus, the presence of electron acceptors
having higher energy yield inhibit H.S emissions. Smith and Nicolai (2005) found that
potassium permanganate and hydrogen peroxide oxidized H>S into its elemental sulfur
form and reduced H>S emissions by over 90% for each category. The cost to treat a
swine pit sized at 61m x 12m x 1.5 m (200ft x 40ft x 5ft) was approximately $2,000 to
$5,000. Dairy manure storages can be significantly larger and the cost for these additives
would not be practical in most cases.

Most farms using gypsum bedding have not reported deaths or injuries due to H2S
exposure. Farms that have had reported safety incidents have not experienced problems
every time the manure is agitated. However, anecdotal occurrences of multiple events in
the northeast raise concern over health issues from H>S exposure potentially related to
use of gypsum-containing bedding.

This review of the literature has not identified any scientific evidence that proves
gypsum-based bedding is linked to excessive release of H.S gas from manure. A
substantial set of observations is first required for analysis. Biochemistry supports the
conditions for HaS production from gypsum mixed with manure. Dangerous levels of
H>S emissions occur due to a variety of factors. Environmental conditions, biochemical
characteristics and even management practices can promote H.S production. Yet,
addition of products or thoughtful management practices can reduce H2S emission at
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manure movement and agitation. Understanding the factors beyond the conditions that
generate H»S is crucial to identifying solutions that reduce or eliminate hazardous
conditions. Developing evidence for commercial amendments that mitigate H.S
emission levels would provide solutions for those in the dairy industry that use gypsum
bedding.

Chapter 4 Review of Methods with Quality Assurance

This demonstration comprised quality-assured field measurements of manure gas
concentrations and manure physical and chemical properties as well as a characterization
of each farm involved. The field measurements compared bedding categories via
statistical comparisons to find conditions that promote accelerated H2S production.

41 Field Measurements Collection

Farms in Pennsylvania were chosen in each of three categories to demonstrate the use of
manure amendments to reduce the potential for H>S release: [1] farms that use traditional
bedding (non-gypsum); [2] farms that use gypsum as bedding or as part of the bedding
material (gypsum), and [3] farms that use gypsum-based bedding along with a manure
amendment to reduce H>S emission levels (gypsum with amendment). Ten farms
participated in the demonstration study. In total, 19 site visits were conducted for
measurements during manure storage agitation. Protocol insisted that measurements be
during the first agitation of the manure hauling and application season (spring or fall).
Table 4-1 lists the farms, category and amendment used at participating farms. Each
farm was characterized by their management practices. Any differences in farm
characteristics or management were noted at each visit. Manure gas concentrations
emitted during agitation of the storage were measured and manure was sampled and
analyzed for physical and chemical properties. All storages were open-air, unroofed
structures with most (9 of 10 farms) in-ground structures. The primary manure additive
demonstrated as an amendment was Vital™ Breakdown (manufactured by Homestead
Nutrition, New Holland, PA; information sheet included in Appendix A). Another
amendment, OK-1000 (manufactured by Pro-soil Ag Solutions, Hawkins, TX) was used
on one farm included in this demonstration (Appendix A).
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Table 4-1: Participating farms and their gypsum category

Farm ID Location Category Manure Amendment
CcYy Lititz Gypsum with amendment Breakdown
HR Carlisle Gypsum with amendment 0K 1000
BL Danville Gypsum with amendment Breakdown
BR Lititz Gypsum with amendment Breakdown
CP New Bloomfield Non-gypsum none
SH Newport Non-gypsum none
HT Belleville Non-gypsum none
WR Lykens Gypsum none
WE Pine Grove Gypsum none
SR Reinholds Gypsum none

41.1 Farm Characterization

The type of bedding for each farm was identified as being in one of the three categories
(non-gypsum, gypsum and gypsum with amendment). The bedding material was further
categorized based on how much gypsum was used on a per cow basis. Manure
management practices were described in terms of the manure storage loading frequency
(barn to storage). Storage design parameters were identified and all storage inputs were
noted. Further characterization included the diet consumed by the herd. Information
collected for each participating farm is included herewith as Appendix B. Table A-1

summarizes the manure storage and handling characteristics.

4.1.2 Manure Gas Concentrations

A total of nine gas monitors recorded conditions during farm site visits. Three portable
multi-gas meters (MX6, Industrial Scientific, Pittsburgh PA; product information sheet is
shown in Appendix C) were placed around the perimeter of the manure storage at
approximately 1.2 m (4 ft.) above the top of the rim of the storage structure, when
possible. When these locations were not accessible, meters were placed on tripods
approximately 1.2 m (4 ft.) above ground level adjacent to the exterior wall of the

structure. An example of meter placement is shown in Figure 4-1.
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(methane), NH;

Figure 4-1: H:S concentrations were measured during agitation events using
portable meters placed around the manure storage.

Each meter was positioned prior to the start of agitation to datalog multiple gas
concentrations, including: H»S; CHa; NHs; carbon monoxide (CO); CO»; O2 and % lower
explosive limit (LEL). Two gas meters (M40, Industrial Scientific) were placed
approximately ten meters downwind from the edge of the storage structure on tripods,
one measured gas (H2S) concentrations 0.3 m (1 ft.) above the ground and the other 1.2 m
(4 ft.) above the ground. One single gas meter (Tango, Industrial Scientific; product
information sheet is shown in Appendix C) was worn on collar or belt by the agitation
tractor operator for the duration of the event for safety. Three other Tango H»S single gas
meters were placed at selected locations around the perimeter of the manure storage to
capture additional gas concentration data. All gas monitoring equipment recorded gas
measurements on one minute intervals starting at least 30 minutes prior to agitation and
continued throughout agitation for at least the first hour of mixing. Additionally, wind
speed, wind direction, air temperature and humidity were recorded every minute during
these events using a weather station (Kestrel Communicator model 4500, Nielsen-
Kellerman, Birmingham, MI). The list of weather parameters recorded during each event
and an example measurements set are provided herewith in Appendix D. Table A-2
summarizes the environmental conditions measured in the field for each agitation event.
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4.1.3 Manure Analyses

Prior to the start of agitation, two manure samples were collected, one from just below
the surface crust and one from the bottom of the storage (just above any accumulated
solids on the storage bottom). Once maximum agitation was achieved, based on visual
evaluation by equipment operator, another manure sample was collected from the middle
of the storage to represented well-mixed manure. Each manure sample was collected
using a 5-meter long, hollow core sampling tube equipped with a ball check valve on the
end of the sampling tube. Each sample was analyzed for pH, temperature and oxidation-
reduction potential (ORP). Sample ORP was measured immediately when brought to the
surface using a field probe (Model SDL100, Extech Instruments, South Burlington VVT).
Samples were analyzed for physical and chemical properties at Penn State’s Agriculture
Analytical Services Laboratory located in State College, PA. Manure characterization
analysis parameters and example results are provided herewith in Appendix D. Table A-
3 summarizes the manure analytical results collected at each farm.

4.2 Hydrogen Sulfide Concentrations Comparison

Gas concentrations measured at the perimeter of the storage were compared across
bedding groups (non-gypsum, gypsum and gypsum with amendment). Concentrations
were plotted over time from the start of agitation. The maximum gas measurement for
each time stamp was chosen among the perimeter meters and plotted with time to
eliminate variance related to changes in wind direction. Maximum HS concentrations
were used to demonstrate worst case scenarios since these levels represent the greatest
health and safety concerns. The area beneath these time versus concentration curves
(cumulative H>S concentration) was determined via integration over the first 60 minutes.
The integration was performed numerically using the trapezoid rule and was calculated in
Microsoft Excel™ according to Equation 4-1. The integration generated cumulative H.S
concentration over 60 minutes for each farm, which enabled comparison across
categories.

IA = IA—l + (TA - TA—l) * (CA + CA_l)/Z Equation 4-1

Where: 1a = Integration representing cumulative H,S concentration at time A
Ia1 = Integration at time A-1
Ta=Timeat A
Ta1=Time at A-1
Ca = Gas concentration at time A
Ca-1 = Gas concentration at time A-1
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Chapter 5 Findings

Observations collected as a part of this project demonstrate elevated H.S levels from
farms that use gypsum bedding during manure agitation. Hydrogen sulfide
concentrations were compared across farm categories.

5.1 Hydrogen sulfide

Figure 5-1 shows H>S concentrations observed at the perimeter of manure storages for
farms observed in all three categories. These figures present H>S concentrations at
identical scales to facilitate visual comparison. It is readily evident that farms using
gypsum, with or without manure amendments, exhibited elevated H»S concentrations and
farms that did not use gypsum bedding were observed to have low (<20 ppm) H2S
concentrations. Notably, less than 1 ppm H>S was observed prior to the start of manure
agitation for all farms.

Observations confirm anecdotal reports of elevated hydrogen sulfide (H2S) levels during
manure agitation from farms that use gypsum bedding. Figure 5-2 summarizes the
cumulative H.S concentrations over 60 minutes during agitation plotted against amount
of gypsum used for each cow per day, for all participating farms.
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Figure 5-1: Maximum H.S concentrations over the first 60 minutes of agitation for
participating farms show elevated H,S concentrations at farms that use gypsum bedding.
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Cumulative H,S Concentration for First 60 Minutes of Agitation vs. Gypsum
Application Rate
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Figure 5-2: Cumulative H,S concentration for first 60 minutes of agitation vs. gypsum use.

Gypsum and non-gypsum farms are represented by the diamonds. Gypsum and non-
gypsum categories are grouped together because non-gypsum farms have a gypsum use
of zero. The observations depicted by the squares represent farms that use Vital™
Breakdown (Homestead Nutrition), an amendment reported to reduce H2S emissions.
One of the farms observed, also identified in Figure 5-2 by the triangles, uses OK-1000
(Pro-soil Ag Solutions) as a manure additive.

A trend line, represented by the solid black line, was drawn through the observations
associated with farms that use gypsum with no manure amendment and the observations
represented by farms that do not use any gypsum (at 0 gypsum use). Note that one of the
farms was agitated two weeks prior to our observation collection. It is hypothesized that
H>S gas escaped during the initial agitation that was not available for monitoring during
collection date two weeks later. Thus, this observation (“prior agitation” in Figure 5-2)
was not used as part of the trend line for the gypsum and non-gypsum observations. The
octagon near the origin of axes encloses five observations superimposed on each other at
this resolution. These five non-gypsum farms exhibited concentrations below 20 ppm
over the duration of manure agitation and thus resulted in low cumulative H>S cumulative
concentrations. These observations show that lower gypsum use results in lower
cumulative H.S concentrations in the absence of amendments.
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Each of the four squares surround two observations conducted at the same farm during
one fall collection event and one spring collection event. Notably, H2S concentrations
recorded during different seasons were very similar for the same farm sites (Figure 5-2).
Hence, seasonal variation did not appear to play a substantial role in H>S generation or
cumulative concentrations for these farms.

One exception is a farm where three observations were collected, these three observations
are circled in Figure 5-2. The BI farm changed their gypsum bedding use, which explains
the offset in the two observations below 5,000 ppm in Figure 5-2. Additionally, as shown
in Figure 5-3, the wind direction in fall 2014 differed substantially from fall 2013 and
spring 2014. Two observations with <5,000 ppm cumulative H>S were recorded during
the fall 2013 and spring 2014 agitation events during prevailing wind direction ranging
from 73 to 90 degrees (azimuth), out and away from the farmstead. The observation
called out in Figure 5-2 by a photo showing the change in wind direction is plotted above
20,000 ppm recorded a wind direction ranging from 322 to 352 degrees from North
during the fall 2014 agitation, which is directly into an adjacent heifer barn. This likely
provided a barrier to H>S dissipation by wind. Based on these observations, it appears
that wind direction obstructed by nearby farm structures affect H>S concentrations found
near the storage during agitation. These observations suggest wind direction and physical
obstructions can have a dramatic effect on H.S build-up in nearby areas.

Figure 5-3: Changing range of wind directions at Bl farm impacted H.S exposure via
trapped gas emission near buildings from manure storage agitation. The solid arrows
(pointing right) represent range of wind direction during both the fall 2013 and spring 2014
agitation events. The dashed arrows (pointing left) represent the wind directions during fall
2014 agitation event with high H.S conditions.
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Figure 5-4 shows trends for gypsum farms (non-gypsum) as well as farms that use
manure amendment plotted against gypsum use. Farm categories were compared to
distinguish if there were any significant effects among farms that do not use amendments
and farms that use Vital™ Breakdown. It appears from Figure 5-4 that the farms using
Vital™ Breakdown reduced cumulative H»S concentrations. However, statistical
analysis indicates that Vital™ Breakdown did not significantly (alpha = 0.05) reduce
cumulative H»S concentrations during 60 minutes of agitation. More observations may
help confirm the significance among farms that use Vital™ Breakdown and those that do
not in regards to cumulative H»S concentrations. Because only one farm used OK-1000
as an amendment, the significance of this treatment could not be determined. It is notable
that when both amendments were combined for analysis there is a significant reduction in
cumulative H>S concentration, suggesting that H2S emissions may be decreased using
manure amendments.

Cumulative H,S Concentration for First 60 Minutes of
Agitation vs. Gypsum Use
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Figure 5-4: General linear model regression line through cumulative H,S concentrations vs.
gypsum use for all farms observed except for two farms that were outliers due to pre-
agitation and wind direction.

Recall that two farm observations (Wr farm observed in spring 2014 and Bl farm
observed in fall 2014) were excluded from the linear model findings in Figure 5-4. One
farm had agitation prior to our field collection date. Because this was outside of the
research protocol, and known to reduce subsequent emissions, this observation set was
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excluded from the general linear model. Additionally, one of the farms that used gypsum
with a manure amendment was not included in this analysis because it was found the
wind direction shifted into the direction of closely adjacent structures causing limited
dissipation of the H2S plume resulting in elevated cumulative H2S concentrations close to
the storage.

5.2 Operator Exposure

Personal monitors provided a way to measure operator exposure to H>S during the
observed 60 minutes of agitation. Recall that H.S exposure should not exceed 20 ppm
during an 8-hour period (U.S. Department of Labor, 1997) although exposure may
exceed 20 ppm, but not more than 50 ppm, for a single time period up to ten minutes US
DL 1997). Hydrogen sulfide is considered an immediate danger to life and health (IDLH)
at 100 ppm.

Fifteen of the 19 observations showed exposure below 20 ppm as shown in Figure 5-5.
Figure 5-6 shows four sets of observations that reach above 50 ppm of H2S during
agitation. Operators that were considered safe, therefore not exposed to over 20 ppm H2S,
controlled the agitator hydraulics from within the cab of the tractor elevated from ground
level as shown in Figure 5-7.

Operator exposure to H,S concentrations below 20 ppm
16 during agitation
14
12

10

H,S Concentration (ppm)

Time (min)

Figure 5-5: Fourteen (of nineteen) operators were able to manage manure agitation
equipment in relative safety while exposed to less than 20 ppm H>S during agitation.
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Figure 5-6: Four operators were periodically exposed to over 50 ppm H.S (above safe labor
standards) during manure storage agitation, with some exposures above the IDLH level of
100 ppm.

Figure 5-7: Operator controlling agitator hydraulics from within an elevated, enclosed
tractor cab had reduced exposure to hydrogen sulfide release.

Three of the four higher exposures (above 20 ppm H2S) were associated with operators
positioned over the rim of the storage as shown in Figure 5-8 and Figure 5-9. One
operator who controlled the agitator hydraulics from within the tractor cab was exposed
to over 20 ppm for a total of 12 minutes, much less than the other three operators in close
proximity to the manure storage.
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Figure 5-8: Operator manually positioning nozzle was exposed to high gas concentrations
over rim of storage.

Figure 5-9: Operator inspecting drive chain was exposed to high gas concentrations over
rim of storage.
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Awareness limits exposure to H»S even when a dangerous environment exists. Use of
personal gas monitors is demonstrated to raise awareness of conditions that might not be
immediately obvious during toxic gas exposure. It is evident from this study that use of
gypsum bedding on a dairy farm can create a toxic environment near agitated manure.
High-risk avoidance should be practiced when working in the vicinity of known danger.

5.3 Downwind Concentrations

A profile of high and low meters was positioned 10 m (33 ft.) downwind from the
manure storage perimeter. “Downwind” direction was based on the prevailing wind
direction recorded by the portable weather station (Kestrel®) during measurement
collection events for each farm. The object was to quantify the exposure to HoS
proximate to the storage. Table 5-1 lists maximum H>S exposure 10 m (33 ft.) away
from the manure storage for each observation event. Recall that OSHA recommends that
exposure not exceed 20 ppm. Note that none of the non-gypsum farms exhibited
observations of HzS concentrations above 5 ppm downwind of the manure storage. Eight
of 14 farms that used gypsum (including the farms that use a manure amendment to
reduce H>S emissions) showed downwind conditions above 20 ppm H>S.

Table 5-1: Maximum H:S concentrations 10 meters (33 ft.) from manure storage.

Maximum Downwind Exposure
Gypsum Use
Category Farm 10 meters from storage Notes
(Ibs cow™ day™) (ppm)
Ht F13NG 0.0 0
Cp F13NG 0.0 3
Non-gypsum
(NG) Cp S14 NG 0.0 5
Ht S14NG 0.0 3
Sh S14 NG 0.0 3
Wr F13 G 5.1 45
WrS14 G 5.1 11 prior agitation
Gypsum We S14 G 0.6 72
(G) SrS14G 0.3 0
We F14 G 0.6 88
SrF14 G 0.3 42
BI F13 GT 2.0 64
[B1 524 GT 3.4 31
||Br S14GT 0.4 7 Multi-stage Manure Transfer
Gypsum with treatment {Cy S14 GT 1.2 11 Slurry Store™
(GT) ||Hr S14 GT 7.4 5 liquid manure, no crust
||Hr F14 GT 7.4 170 liquid manure, no crust
||Br F14 GT 0.5 2 Multi-stage Manure Transfer
B F1a GT 3.4 1000

Notes: Codes for sampling seasons are F13 =fall 2013, S14 = spring 2014 and F14 = fall 2014.
Codes for treatment groups are NG = non-gypsum, G = gypsum and GT = gypsum with treatment.
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Six farms that use gypsum had maximum H.S concentrations under 20 ppm 10 m
downwind from the manure storage. Five of these can be explained by farm
characteristics. Both the Sr and Br farms had relatively low gypsum use. The Sr farm
had one elevated H>S concentration of 42 ppm confirming anecdotal reports that some
farms using gypsum bedding experience no problems with HS levels, but at other times
encounter hazardous conditions. It seemed that frequent movement decreased H>S
emission risk at any one manure movement event. Manure at the Br farm is transferred
through two sumps. Dairy barn manure is scraped into a pit at the end of the barn and
from there is transferred weekly to another sump beneath the heifer barnyard before
being pumped into the long-term concrete manure storage once every two weeks. It is
thought that H»S generated during transfer is lost to the atmosphere before reaching the
long term concrete storage structure, thus reducing H.S available for emission during
storage agitation. Recall that the Wr storage had been agitated within two weeks prior to
the agitation monitoring event during spring 2014 resulting in greatly reduced emission in
subsequent agitation.

The Cy farm differs from other participating farms in that the manure storage is a metal
structure 6.1 m (20 ft.) above grade, as shown in Figure 5-10. All the other farms used
subgrade concrete structures or earthen storages. Hydrogen sulfide plumes may not have
reached the gas monitors offset 10 m from storage at ground-level by the time H,S
escaped over the edge of the storage. Note though that H,S at 10 m distant was
measured at 11 ppm for the Cy farm during the spring 2014 agitation.

Figure 5-10: Manure storage for Cy farm was 20 ft. above-grade steel structure.

These results measuring H>S 10 m (33 ft.) away from the manure storage provide
additional support for concluding that gypsum promotes greater risk of H.S exposure.
Though these concentrations are not as dangerous as the levels measured right at the
perimeter, it shows that exposure can still occur downwind from the storage. Animals,
children and other workers downwind are susceptible to H>S exposure even if they do not
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have direct involvement with manure agitation tasks immediately adjacent to the manure
storage.

5.4 Manure Handling Practices and Farm Characterization

Not all dairy farms that use gypsum products have safety incidents. Moreover, farms that
do incur problems with elevated H>S concentrations do not have these issues every time
the manure storage is agitated.

Figure 5-2 and Figure 5-4 show that increased gypsum use results in elevated H>S
cumulative concentrations after 60 min of agitation. Table 5-2 shows other independent
variables, or factors that were quantified or characterized during each field visit. These
factors were investigated to see if these independent variables had any effect on
cumulative H2S concentrations.

Table 5-2: Manure characteristics, environmental parameters, manure handling
practices and sulfur sources that were analyzed for effect on HzS concentrations.

Independent Variables

Manure surface temperature
Oxidation-reduction potential (ORP)
Manure temperature

pH

Manure characteristics

Ambient temperature
Wind speed

Environment parameters

Storage volume
Storage design

Storage engineering

Manure transfer technique
Manure handling Thickness of solids on bottom of storage
% crust cover

Copper sulfate foot bath
DDGS grains in feed ration

Sulfur sources

None of the independent variables in Table 5-2 had a statistically significant effect on
cumulative HzS concentrations during manure agitation. Surprisingly, no temperature
effect on H>S cumulative concentration was found as this is a documented influence with
greater temperature increasing H»S gas release under controlled conditions. But as
typical of field demonstrations, manure surface temperatures during Fall 2013 were not
significantly different than for spring 2014 and fall 2014. There was a wide variation of
manure surface temperatures collected during the fall 2013 sampling season likely due to
a late start in the sampling season when temperatures were dropping rapidly.
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No effect from wind speed on H»S concentration was detected, however, it should be
noted that wind direction could be a localized factor. Observation of highly elevated H.S
concentrations were documented during the third field collection event at one site (Bl
farm as shown in Figures 5-2 and 5-3) where adjacent structures trapped manure storage
emissions and inhibited dissipation of gases from the open-air storages.

Limiting sources of sulfate in manure storages would limit H>S production. Observations
showed that repeated movement or mixing of the manure released H,S gas trapped
beneath the storage crust, leading to reduced emission at subsequent agitations, but this
was not found to be significant by statistical analysis. More measurements could support
the observational findings collected with this demonstration, however, this demonstration
has provided evidence that elevated H>S concentrations occur at farms using gypsum
products.

Chapter 6 Conclusions and Recommendations

Nineteen open-air, manure storage agitation events were monitored at ten dairy farms
over a 14 month period. Hydrogen sulfide gas release was measured along with
environment features, management practices and manure parameters thought to impact
development and emission of H.S gas. Findings include:

6.1  Conclusions

e Gypsum bedding use clearly and significantly increased H»S release during manure
storage agitation versus farms with conventional bedding materials (non-gypsum
farms).

e Measurements collected before and after agitation show H»S concentrations at
gypsum bedding farms immediately begin at the start of agitation.

e Increased gypsum bedding use (amount per cow) was correlated with increasing risk
of elevated H-S gas release at manure storage agitation.

e The manure amendment Vital™ Breakdown showed a promising trend in diminishing

hydrogen sulfide release, but did not significantly reduce cumulative HzS
concentrations with respect to farms that do not use manure amendments.

27



Manure amendments did reduce H2S concentrations when all farms that used
products were considered together, offering hope that mitigation of risky gas levels
may have some relatively simple solutions.

Environment measurements did not significantly affect cumulative H>S
concentrations during manure agitation. These included: average ambient air
temperature, average manure surface temperature, manure temperature at depth, pH,
ORP and wind speed. Limited measurements and high variability in environmental
conditions were challenges affecting evaluation of their effect on H.S concentrations
during the monitored events.

Similarly, neither design parameters nor manure characterization measurements
(storage design, manure transfer, crust cover, crust thickness) were found to
significantly affect cumulative H2S concentrations at agitation.

Though statistical evidence from this research did not estimate significant
environmental effects, farm observations must consider empirical analysis at each
farm. Wind direction that is obstructed by proximate barns or outbuildings can cause
elevated H.S concentration near the storage during agitation.

Awareness greatly reduces risk of H.S exposure. Four out of 19 operators were
exposed to elevated levels of H>S at farms that used gypsum in bedding. Careful
implementation to avoid dangerous plumes of manure gas can prevent exposure such
as operating the agitator from an elevated, closed tractor cab. Efforts that require
operators to work at the rim of the storage or lean over it are susceptible to high risk
of HxS exposure.

Unacceptable H>S concentrations (greater than 20 ppm) exist 10 meters away from
manure storage during agitation events when gypsum bedding is used. Children,
workers and animals are at risk at least 10 meters away from a manure storage that
contains gypsum.

With the bedding and agronomic benefits of gypsum, a balance exists between these
rewards and the risk of H>S gas toxicity during manure agitation.
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6.2 Recommendations

Overview: Highly elevated H>S concentrations are likely to occur in the vicinity of
manure, which contains gypsum bedding, during agitation or movement. Awareness of
dangerous environments is crucial to limiting risk. With awareness, safer practices can
be implemented to limit risk to exposure of H2S and reduce health hazards. Safety can be
improved through awareness of conditions via personal gas monitors and, perhaps,
manure amendments to lower H>S emission during agitation. Because of this
demonstration project, knowledge of the extent of risk and awareness of the types of
hazards have been communicated to the agriculture community.

General Recommendations for any outdoor manure storage:

e Access during agitation: Keep non-essential people away during agitation,
especially children who are at increased risk as HS is typically at higher
concentration close to the ground. Nearby cattle are also at risk.

e Secure storage from entry: provide rescue and fall protection; gas monitors
recommended.

Specific to gypsum bedding use

e Under-barn manure storage: Our unconditional recommendation is to not use
gypsum bedding with under-barn manure storage. Potential is very high for release of
extreme concentration of H2S when manure is moved or mixed, resulting in harm to
barn workers and confined cattle.

e Operator position during agitation: During any manure movement or mixing,
operator must be up above the ground and away from edge of a manure storage.
Particularly with manure containing gypsum bedding material, HzS gas at lethal
levels (>600 ppm) is quickly produced and undetectable by smell. Hydrogen sulfide
is a heavy, ground-hugging gas.

e Position work area so operator:

o Does not reach over the storage for routine practices
o Does not work or need to adjust machinery near storage edge
o Isnotinalow-lying area

e Wind Direction: Hydrogen sulfide can settle in windless areas, shelterbelts or among
buildings blocking airflow near a storage unit. Strong breezes will move H.S out and
away from storage, diminishing risk. Operators should be positioned upwind.

e Access during Agitation: Once manure storage agitation begins, no one should be in
the immediate area. Encourage casual onlookers to keep well away (minimum of 50
feet). Children, pets, calves, and resting cattle are more susceptible due to lower
breathing zones. Low areas accumulate H>S so operators, other people and animals
should avoid any nearby depressions.
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e Planning Layout: Gases “throw” in the direction of a manure agitator nozzle, so be
aware of dangerous impact on “downwind” animal or human occupied areas.
Confined cattle in the area are at risk.

e Confined storage: Long ago it was discovered that confined spaces accumulated
dangerous levels of manure gases (sumps; low areas; gutters; cross channels; pits;
pump out access areas; underfloor manure storages). Dangerous gas levels are
especially common during agitation of the manure. The addition of gypsum bedding
makes this an even greater hazard with the potential for high H2S levels.

Chapter 7 Dissemination of Information: Penn State Extension

As a demonstration project, the information learned was made available to the dairy
industry in many user-friendly formats. Nationwide and international meetings provided
excellent opportunity to highlight the findings of this project and communicate the
potential hazards of working around manure storages that contain gypsum products. This
section provides the details and references for the information sessions, conference and
poster presentations, webinars and Penn State Extension documents that were conducted
as a part of this demonstration project. There have been numerous media articles about
project outcomes, and more continue to be made available to the farming community. At
least two web pages catalog resources related to demonstration findings.

The project successfully completed all deliverables:

1. A written document with recommendations on how project findings may be
incorporated into NRCS technical guidelines [Appendix H]

2. Training of NRCS engineers in safety, air quality instrument use, and environmental
issues associated with open-air manure storages [Table 7.1; Appendix E]

3. A non-technical brochure for delivery to farmers as NRCS personnel work with them
on issues associated with gypsum bedding use and manure handling [Appendix H]

4. Events to attend included two webinars and on-farm field day with technical findings
suitable for producers and professionals [Table 7.1; Appendix E; Appendix G]

Information Sessions (deliverables 2 & 4):

Table 7-1 provides a list of information sessions during which observations from this
project were communicated to producers, manure haulers and engineers. The slide set
from the most recent presentation (2015 North American Manure Expo, Chambersburg,
PA) is included in Appendix E. This appendix also includes field day promotion and
NRCS training information.
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Table 7-1: Trainings, field days and expos for technical and professional

audiences.
Approximate
Information Session Date Location Number of
Attendees
. . Livestock Evaluation
NRCS PA regional engineers
. o July 9, 2014 Center - Penn State's 20
technical training update .
Ag Progress days Site
Manure Hauler's field day August 6, 2014 Lebanon County, PA 80
2014 North American Manure o
o July 8-9, 2014 Springfield, MO 30
Exposition
International Society for
. June 22 - 29,
Agriculture Safety and Health 2014 Omaha, NE 20
annual meeting
Ag Progress Days, Manure August 12 and Penn State Ag 60
Haulers Training 14,2014 Progress Days site
. Pleasant View Dairy
On-farm Demonstration Day August 28, 2014 . 70
Farms, Pine Grove, PA
2015 North American Manure
July 14-15, 2015 Chambersburg, PA 80

Exposition

Conference Oral Presentations and Papers:

1.

Hile, M. L., E. Fabian-Wheeler. R. C. Brandt, H. A. Elliott, D. A. Hill and R. J.

Meinen. 2013. Hydrogen sulfide emissions from dairy manure and gypsum
bedding. Presented in Altoona, Pennsylvania at Northeast Agriculture and
Biological Engineering Conference.

Hile, M. L., E. E. Fabian, R. C. Brandt, H. A. Elliott, R. B. Bryant, C. A.

Rotz. 2014. Hydrogen sulfide release from manure storages of dairy cows bedded
with gypsum products. Presented in Long Beach, California at American Society of
Agronomy, Crop Science Society of America, Soil Science Society of America
Annual meeting. Reference No. 95-5.

Fabian, E. E., and M. L. Hile. 2014. Hydrogen sulfide release from manure storages

of dairy cows bedded with gypsum products. Presented in Montreal, Canada at
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American Society of Agricultural and Biological Engineers. Reference No.
1893752.

4. Hile, M.L. and E. Fabian-Wheeler. 2015. Gypsum bedding impact on hydrogen
sulfide release from dairy manure storages. Proceedings of Dairy Environmental
Systems and Climate Adaptation Conference. July 2015. Ithaca NY. USA. 13 pages.

5. Fabian-Wheeler, E. E., M. L. Hile and R. C. Brandt. 2015. Gypsum Bedding
Impact on Operator Exposure to Hydrogen Sulfide from Dairy Manure
Storages. Presented in New Orleans, Louisiana at American Society of
Agricultural and Biological Engineers international meeting. Paper Number
2182514.

Conference Poster Presentations:

A poster was developed for the 2015 Waste to Worth national meeting in Seattle,
Washington. This is referenced below and a copy of this poster is provided in Appendix
F.

1. M. L. Hile, E. E. Fabian, H. A. Elliott, C. A. Rotz, R. B. Bryant, D. J. Murphy, R.
C. Brandt, D. A. Hill and R. J. Meinen. 2015. Hydrogen sulfide production from
dairy manure storages that contain gypsum bedding. Presented in Seattle,
Washington at Waste to Worth national meeting. Reference No. 9543986.

Webinars (deliverable 4):

Two webinars were provided to a national audience. The references and link to these
webinars are listed below. The slide set of the most recent webinar (Hile and Meinen,
2015) and overview of each webinar is provided in Appendix G.

1. Fabian, E. E., M. L. Hile, D. A. Hill and R. J. Meinen. 2015. Handling manure with
gypsum bedding. Technical Tuesday dairy webinar series. Available at
https://meeting.psu.edu/p65jlt70l1df/?launcher=false&fcsContent=true&pbMode=nor
mal.

2. Hile, M. L. and R. Meinen. 2015. Gypsum bedding risks and rewards. Livestock
and Poultry Environmental (LPE) Learning Center Educational Webcast Series Waste
2 Worth Preview. Available at: www.extension.org/pages/72649/waste-to-worth-
preview:-gypsum-bedding-risks-and-rewards.
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Written Documents (deliverables 1 &3):

Two Penn State Extension fact sheets were developed and are available on the Penn State
Extension gypsum website (Penn State Extension, 2015) and are included in Appendix H.

1. A written document with recommendations on how project findings may be
incorporated into NRCS technical guidelines:
Fabian-Wheeler, E. and M. Hile. 2015a. E-70. Manure storage design and safety
considerations with gypsum bedding. Penn State Extension. University Park PA.
Available at: http://extension.psu.edu/business/ag-safety/confined-
spaces/manure/manure-pit-safety-fact-sheets/e-70/extension publication file.

2. A non-technical brochure for delivery to farmers as NRCS personnel work with them
on issues associated with gypsum bedding use manure handling:
Hile, M. L. and E. Fabian-Wheeler. 2014. Safety risk from manure storages of dairy
cows bedded with gypsum. G-112. Penn State Extension. University Park PA.
Available at http://extension.psu.edu/animals/dairy/health/facilities/gypsum-
bedding/safety-risk-from-manure-storages-of-dairy-cows-bedded-with-

gypsum/extension publication file.

News Articles:

Table 7-2 lists the news articles that reference this work. Copies of these articles are also
provided in Appendix | for convenient reference. Another Article has been drafted and
approved for publication in a future issue of Hoard’s Dairyman.

Table 7-2: Summary of news articles

Title Newspaper Author Date
It's coming! Don't let it get you! Farmshine Dieter Krieg 9/5/2014
Manure handling field day focuses on hydrogen sulfide gas Lancaster Farming Dick Wanner 9/6/2014
Please be afraid of deadly hydrogen sulfide Farmshine Dieter Krieg 9/19/2014
Gypsum bedding—is it worth the manure safety risk? Progressive Dairyman | Eileen Fabian-Wheeler | 10/1/2014
Do not give the killer in the pit the benefit of the doubt Farmshine Dieter Krieg 10/10/2014
Empty it, maintain it, and above all, stay safe Farmshine Emily Dekar 10/17/2014
They're not just standing around! Farmshine Dieter Krieg 10/24/2014
Agricultural safety, sometimes forgotten Industrial Hygiene Mike Platek 12/1/2014
The invisible goon in the lagoon has been detected Farmshine Dieter Krieg 12/5/2014
This poisonous cocktail shows absolutely no mercy. Farmshine Dieter Krieg 12/5/2014
Gypsum linked to poison gas in manure storage Lancaster Farming Gruber, Philip. 2/21/2015

Given the numerous opportunities within the state of Pennsylvania and around the

country, this work has been well received and has generated interest from a range of
people in the industry including producers, haulers, engineers and county officials and
fire departments. A nationally recognized manure management eXtension website has
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early findings from this demonstration (eXtension, 2015). Continued communication of
the observations collected from this project will prolong the discussion of manure storage
safety, such as in articles generated from our fact sheets in farm.com (2015) and The
Beef Site (2015).
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Appendix A. Manure Additives

Vital Breakdown

Benefits of Vital Break Down

1/ ITAL
Recommendarions for Use: B'eak n“wn

LIQUID MANURE PITS AND SLURRY TANKS: A praduct for decom position of
Inirial Trearment: .-\pp:}r 2 lb:. per 10 000 Eill.‘sn af |i|:|_1id. -
Suhstqu:nr Trcarmene: Apply 1/2 b, For cach additional manure In th]—' |I" LJ[Ct
10,000 galloa of ligud. znd dry syslemns.
OR
For Dairy: 5374 o 1 |b. per cow per year
FI'II Hl'g{ 1 .“'I I'Ifr l"—l) I'IPJi'I pff }'Fﬂl

55 agirarion
= RCT&ETJ.FLg ]'llgl'l ll'_"-'l:l.'l CIF‘}JiTT(!;_L’Eﬂ

** Important **

* Agitaie bor proper aetation o irsure eticient hiological actian. I"I"un m- mn I'I'a“n
Rl

# [f evtra ndor corerol is needad, do not hesieare to add mare.

= Werkly applicatious puoduee the bow iouls, II' “ul'“ n' !'. r' rm

DEY MANITRFE TACKS: H
Trearment: 1/2 |b. for 100 squarc fecr I.' Ilueslu cl|
Mon-Fibrous - Apply at every 3 inch denth
Fibrous - Apply at every 6-8 inch depch

Distributed By: Homestead Nutrition, Ine.

D4E White Oak Toad
ﬂ&. New Holland. PA 17557 .l/ ITAL

™o 1.888.336.7878

www. hnmasteardriritinnine com
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Total N % DM

% of Dry Matter
Canwana

# &S
© & &
A

N

Vital Break Down Test05

This data shows the of N ired in the toral dry
mareer of the manure after I):mg treated with Vical Ereak Down The

chart reveals that the highest amount of rerained Nirogen occurred at
the recommended rate of 1 Iy per cow per year

Thll&a shows the amount of organic Nitrogen formed after ueating
the manure with Vital Break Down. Organic Nitrogen is a more stable
for of Nitrogen. The presence ofolgnmc Nitrogen confirms tie fact
thar humus is being built, which is a very positive thing.

VITAL
BREAK
DOWN
TRIAL

2 Tounds Agicaned 2 Tounds Noc Ageared

This charr compares th: amounts of roral Nitrogen, organic and non-
arganic, after the applicarion of Vinl Remak Down Again, the hest resnlre
were obrained from applying the 1 pound rate, whick is our suggested rate
of application.

Organic N % OM

% of Dry Matter

12) s
100 +

% remaining N
=3

Vital Break Down Trial/05
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Pro Soil OK-1000

OK-1000 isa product that is designed to abate mal-odors and reduce solids for animal

waste byproducts. This technology uses z proprietary enzymatic process that works through the
acceleration of the natural biodagradation process and includes enzymes and biological catalyst
as well as specific micronutrients all of which are non hazardous, non toxic and environmentally
friendly. This process molecularly transforms mal-odors into benign species. In waste
byproducts, mal-odors are generated by the anaerobic digestion of biomass. Hydrogen sulfide
and mercaptans, which are generated as by-products of anaerobic digestion, are strong
correlants to the mal-odor industry. OK-1000 enzyme mal-odor abatement proiocol proceeds in
three stages. In the first stage, t1e mal-odor species generated by the decaying of biomass are
captured. This is facilitated by the enzymes and bio-chemical reactions with a number of the
micro constituents in the catalyst solution. The second stage,involves the aerobic respiration of
the insitu and added microbes. his process consumes the Biomass, releasing carbon dioxide,
water and energy. The third stage, involves the propagation and grewth of the microbial
populations. Mal-odor and toxic emmissions species, such as hydrogen
sulfide,mercaptans,ammonia,amines and other nitrogen or sulfur hetero-atom containing
organic materials are converted into a benign species, becoming part of the building blocks of
new cell structure. Hydrogen sulfide are suppressed by the use of the product. When hydrogen
sulfide is present, this proprietary bio catalyst enzyme captures the hydrogen sulfide and cleave
the sulfhydryl group. The sulfhydryt group winds up in a sulfur containing amino acid or
mercaptans when incorporated into animal manure or municipal sludge that is maintained
aerobically. It is also effective in treating solid waste streams and waste water, both the insitu
and air to air phases. Ammonia emissions are suppressed by a bioenzyme/catalytic process, Any
ammonia captured is bound into the enzymatic process, The ammonia is then used to build
amino acids, pricipally aspartic. These then support the healthy propagation of the aerobic
bacteria populations. Instead of the ammonia winding up in the air, the nitrogen source stays
contained in the biomass, organically bound and enhances the fertilizer value of the manure.
Recommended application rates are 1 gallon to 326,000 gals of manure.
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OK-1000 is a non-toxic, biodegradable
bioenzyme mixture with micro-
natrients and waste digestant designed
for a multitude of uses.

DIRECTIONS FOR USE

Mix with sufficient water to allow nniform
coverage. Can be tank mixed with most liquid
fertilizers, herbivides, insecticides and fungicides,
Usc in conjunction with a good soil test and soil
fertility program. Always perform acompatibility
test prior to mixing any chemicals. Application
should be made within 24 hours after difution.

This product is intended as a supplement or
addition to regular fertility NOT areplacement of
fortility,.

LIMITED WARRANTY
Manufacturer and seller makes no warranty,
expressed or implied congerning the use of this
product; and shall not be liable {or any injury or
damage occuring from muisuse or mishandling.
Buyer assumes ail responsibilities other than
stated label guarantees. Manufacturer or seller
obligation is limited to replacement for the
quantity of defective matetial only.

KEEP OUT OF REACH
OF CHILDREN

SHAKE WELL BEFORE USE
PROTECT FROM FREEZING

Net Content

20.85 U, §

OK-lOOO

RECOMMENDED APPLICATIONS

COLLECTION PONDS -« LAGOONS AND

Spray 8 to 12 ppm over surface using water as
a carrier for uniform coverage, or add at
several locations, depending on solids,

STOCK PONDS » FISH CULTURE PONDS:
Use | to 3 ppm. Ifexcessively muddy or very
high algae is present, repeat application in three
to four days. Afler pond has been stabilized,
repeat application of 1 to 3 ppm every two 10
three weeks as needed.

FEEDLOTS * BARNAREAS:

Spray 4 10 6 ounces per 1,000 square feet of
surface area. Use sufficient amount of water

for

form covemge.
ANIMAL LSAGE;

Use 3 ounces per quart of water. Spray
liberally onto animal. Can be repeated every
24 hours.

HOME SEPTICSYSTEMS:

Use 1 quart every 30 days by flushing into
system. To aid in cleaning pipes and drains, use
i fluid ounce monthly in each commode, wash
basin and drain. Follow application by either 1
flush for commodes or 1 gallon of water for
drains.

Manufactured by:

PRO-SOIL AG SOLUTIONS, INC.

P.O0. BOX 1537- HAWKINS, TX 75765
903-769-5673

5 gallons (9.4L)
Ibs, (9.45 k)
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Appendix B. Dairy Farm Background Characterization

NRCS CIG Demo Gypsum, Additives & Dairy Manure Gas
Farm Name or Owner

Date and note taker name:

Farm contact person
Phone #s

Email

Address

Driving Directions

Type of dairy for our demonstration: ___gypsum; with additive; ___no gypsum

Barn Description(s) that contribute manure to storage
General: # stall rows; feeding aisle; shape

Primary barn dimensions (L, W, H) and description (natural ventilation, bedded pack;
freestall; etc.):

2"4 barn dimensions (optional):
Site plan sketch (on back) with compass north

House age and builder
Cleanliness/ condition of note

Barn Manure Management
Type of handling system (slurry, liquid, etc.)

Barn cleanout schedule (daily-approx. time; 2xdaily, etc.)
Cleanout technique (scraper, skid steer, gutter cleaner, etc.)

General conditions
(temperature, odor, moisture, quantity of feed waste, water spill, etc.)

Type and use of manure additives

Notes:
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Manure Storage Description

Geometry and maximum manure depth
Design and construction contractors

Size (dimensions, gallons, etc.)
Material (concrete, steel, earthen)
Intended capacity (6 months, etc.)

Loading design (push off onto top, bottom, etc.)

Unloading design

Notes relevant (% buried; surface water encroachment, etc.)

Manure Storage Management
Agitation schedule
Type (top discharge; tractor PTO, etc.)

Frequency/ duration
Notable criteria

Manure and other materials (check-off and estimated amounts, where available)

Notes:

Dairy manure Y/N
Heifer manure Y/N
Dry cow manure Y/N
Silage leachate Y/N

Milkhouse washwaterY / N
Barnyard runoff Y/N
Other additions Y/N

Cow Management

Milk su

Milk cow population

Population contributing to manure storage

Heifers

pplied to

Groups (hi, lo)
Average cow weight
Milk production
Number milking/day

Dry cows
Other animals contributing to manure storage

Breed
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Feeding Schedule, type of feeders, total tonnage, daily feed consumption
Lighting Schedule, type and amount
Type of waterers; consumption if available
Feed analysis (get papers from nutrition consultant?)
DDGs fed?
Special Production strategies (cooling for feed consumption etc.)

Notes:

Bedding
Type
Amount
Cost
Amendment (description and amount)
Gypsum use(d)
Amount
Cost

Notes:

3k 3k 3k 3k sk 3k 3k 3k 3k 3k 3k ok 3k 3k 3k ok 3k sk 3k ok 3k 3k 3k 3k 3k 3k 3k 3k ok ok sk %k 3k 3k 3k 3k 3k 3k 3k ok 3k %k 3k 3k ok 3k ok 3k ok 3k 3k 3k 3k 3k 3k 3k 3k 3k ok ok 3k 3k 3k %k sk %k 3k %k 3k %k 3k %k

Site visit #1 Farm Name/owner
Date
Personnel present
Observations today:
Temperature range
Humidity
Wind velocity and direction
Precipitation
Weather-clouds etc.
Notes

Manure storage
Crust? Depth & description
Last agitation. Date and describe

Notes:

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k 3k 3k 3k 3k %k 3k 3k ok %k 3k 3k 3k 3k %k 3k 3k 3k %k %k 3k 3k 3k %k %k 3k 3k 3k %k 3k 3k 3k %k %k 3k 3k 3k %k 3k 3%k 3k 3k %k 3k 3%k ok %k %k %k 5k %k %k k 3k k
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Site visit #2 Farm Name/owner

Date

Personnel present

Observations today:
Temperature range
Humidity
Wind velocity and direction
Precipitation
Weather-clouds etc.
Notes

Manure storage today

Crust? Depth & description
Last agitation. Date and describe

Notes:

45



Table A-1: Farm characterization summary

Cumulative H,S Gypsum Application .
X Storage Thickness of Sulfur Sources (Aside from Gypsum)
Sampling Concentration Rate . . Surface Crust Somatic Cell
Farm Storage Structure Manure Transfer size Bottom Solids
Season 60 min Ibs cow-1 day-1 Copper Sulfate Foot Baths | Distiller's Grains® Count
(gal) (inches) (%) (inches) (gal 6 month™) (% DM)
BI F13GT 1250.8 2.0 Subgrade Concrete Scrape - Topload 1,100,000 36 45 12 0 0 225,000
Fall 2013 |WrF13G 13261.7 5.1 Subgrade Concrete Scrape - Topload 415,000 12 100 12 2400 0 150,000
(F13) Ht F13NG 150.2 0.0 Subgrade Concrete Scrape - Topload 365,000 48 100 36 0 0 60,000
Cp F13NG 145.7 0.0 Subgrade Concrete Scrape - Topload 290,000 36 100 36 480 1.319 140,000
Cp S14NG 262.7 0.0 Subgrade Concrete Scrape - Topload 290,000 12 100 30 480 1.319 140,000
Ht S14 NG 91.4 0.0 Subgrade Concrete Scrape - Topload 365,000 36 100 36 0 0 60,000
Sh S14NG 66.5 0.0 Subgrade Concrete Scrape - Topload 1,500,000 24 100 12 0 0 100,000
WrS14 G 982.9 5.1 Subgrade Concrete Scrape - Topload 415,000 36 55 12 2400 0 150,000
Spring 2014 (We S14G 2828.8 0.6 Subgrade Concrete Scrape to Sump - Gravity Flow 850,000 6 100 2 600 5.07 200,000
(S14) SrS14G 203.0 0.3 Earth Lagoon Scrape - Topload 160,000 NA 100 12 0 NQ 200,000
BIS14GT 3645.4 3.4 Subgrade Concrete Scrape - Topload 1,100,000 60 35 12 0 0 225,000
BrS14 GT 60.6 0.4 Subgrade Concrete Scrape to sump - Two Transfer Sump Pumps 370,000 12 50 0 1040 NQ 225,000
Cy S14GT 1888.2 1.2 Abovegrade Steel Scrape to Sump - Tranfer Pump to Bottom of Storage 380,000 80 100 12 0 7.914 170,000
Hr S14 GT 2102.3 7.4 Lined Earth Lagoon Scrape to Sump - Gravity Flow 250,000 NA 0 0 150 0 150,000
We F14 G 3104.3 0.6 Subgrade Concrete Scrape to Sump - Gravity Flow 850,000 60 100 12 600 5.07 200,000
Fall 2014 SrF14G 737.5 03 Earth Lagoon Scrape - Topload 160,000 NA 100 12 0 NQ 200,000
(F14) Hr F14 GT 1984.1 7.4 Lined Earth Lagoon Scrape to Sump - Gravity Flow 250,000 NA 0 0 150 0 150,000
Br F14 GT 127.2 0.5 Subgrade Concrete Scrape to sump - Two Transfer Sump Pumps 370,000 24 100 2 1040 NQ 225,000
Bl F14 GT 21076.5 3.4 Subgrade Concrete Scrape - Topload 1,100,000 24 80 12 0 0 100,000
Notes: Season codes are F13 = fall 2013, S14 = spring 2014 and F14 = fall 2014

Treatment codes are NG = non-gypsum, G = gypsum and GT = gypsum with treatment

NQ= Distiller's grains are used in diet but were not quantified
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Appendix C. Gas monitor information sheets

MX6 iBrid Brochure and specification sheet (Industrial Scientific, Pittsburgh, PA)

An easy and flexible way to do gas detection.

Simple, user-friendly, Full-color graphic LCD is
Shie Roiddal highly visible in a variety

of lighiing conditions

Get ready to see hazardous levels of oxygen, toxic and combustible gas, and
volatile organic compounds (VOCs) like never before.

The MX5 IErid™ is more than an imelligent hytrid of And a color display is more than eye-catching. &
Indusinial Scentiic’s best moniioning technologies. If's aliows e user 10 step through nsrument setiings and
1he Srst gas monitor to feature a ful-caor LCD display functions with an intutive menu and the Instrument’s

screen. five-way navigation buon. It even supports the opion
of on-board graphing for easily inlerpreted direct

The display mproves sadety with clear readings in reacings and recoeded cata.

low-ight, beight-ight or anywhere in between. Whether

the work is cutside, inside or underground, IF's easy Plus, the NXE Enid Is cur most rugged instrument ever. it

10 see what gas hazards ki in e immediale work Is compatibie with our DSX™ Docking Station and Net.

INDUSTRIAL

SCIENTIFIC

www.indscl.com

he Gas Detection Peopie
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-

It gives you help from The Gas
Detection People.

Let us handle your gas detection program. Gas d
efection is probably not core %o what you do. 8w,
it's all that we do. It's wihat we love 1o do.

It gives you a safer workplace.

On average, gas deteciors go into high alam once
every ten days. Mow many high alarms did your faclty
have? iNet gives you information and tools %o fx probs

lems before they happen.

How Does INet Work?

‘ ' Don’t Buy Gas Detectors
g Subscribe to Gas Detection as a Service

It gives you cost savings.

The ist price is only part of a gas detecior’s total cost.
You have to maintain £. You have %o watt or & to be
mamienance costs.

iNet Compatible for Increased Safoty,
Cost Savings and Productivity

iNet is 2 software-based service that manages your
fleet of gas detectors. iNet salves the mast common
gas delection problems. For example, iNet keeps
pecple sxfe by providing visibity o alarms, exposure
and usage. It keeps gas deleciors working without
iNet, you won't have to buy the MX6. So why do it?

Onrmmo.p "'

q._.

mmm

et Contral provcis vistdty
« IS your gas delecton program

o dirts and wlibus reports,
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Appendix D. Manure Characterization and Environmental Parameters
NRCS CIG Demo Gypsum, Additives & Dairy Manure Gas

On-Farm measurements

Manure surface temperature: IR thermometer
Manure sample ORP (oxidation reduction potential): hand-held meter (starting spring 2014)
Gas concentration:

Hydrogen sulfide

Ammonia

Carbon dioxide

Carbon monoxide

Methane (%LEL)
Oxygen
Weather (one location):

Air temperature

Relative humidity

Wind velocity

Wind direction

Manure analysis from Ag and Analytical Services Lab (Penn State)
3 Samples drawn: Before agitation, near top and near bottom of storage and After
agitation.

Solids %

Total Nitrogen (N)
Ammonium N (NH4-N)
Calculated organic N
Total Phosphate (P205)
Total Potash (K20)
Total Calcium (Ca)
Total Magnesium (Mg)
Total Sulfur (S)

Total Copper (Cu)
Total Zine (Zn)

Total Manganese (Mn)
Total Iron (Fe)

Total Sodium (Na)
Total Aluminum (Al)
pH

Ash %

Volatiles %

P Source Coefficient
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Table A-2: Summary of field measurements

Ambient Manure Temperature Oxidation-Reduction Potential (ORP) pH Average
Sampling . ,| Surface Before |1 Foot Below Crust|Bottom Before | Middle After || 1 Foot Below Crust | Bottom Before [ Middle After i Wind
Season Farm Temperature Agitation3 Before Agitation Agitation Agitation Before Agitation Agitation Agitation 1Foot Below Crust | Bottom Before | Middle After Speed4

Before Agitation Agitation Agitation -

degC degC degC degC degC (mv) (mv) (mv) ms?
Bl F13 GT 14.8 13.7 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.5
Fall 2013 Wr F13 G 14.7 7.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.6
Ht F13NG 18.0 16.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.5
Cp F13NG 4.1 2.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.0
Cp S14NG 12.5 9.5 15.2 14 8 15.1 23 22 28 6.46 6.42 6.38 0.0
Ht S14NG 68 4.3 7.2 115 10.5 19 10 2 6.65 6.82 6.77 2.0
Sh S14NG 19.7 83 16.4 12.7 16.4 -39 -57 -23 7.71 8.02 7.45 3.2
Wr S14 G 03 -5.6 0.1 1.2 6.1 -13 -11 -21 7.31 7.2 7.39 0.8
. We S14 G 10.1 -2.7 2.8 5.4 6.6 18 17 11 6.67 6.69 6.79 0.4

Spring 2014
SrS14G 3.4 -0.8 8.8 8.0 11.0 -4 -10 7 6.69 6.83 6.75 0.2
Bl S14 GT 75 2.7 4.9 7.0 5.5 -3 -7 -6 7.08 6.95 6.89 3.2
BrS14 GT 16.7 155 9.1 8.6 9.0 -13 -7 -11 7.24 7.14 7.2 N/A
Cy S14 GT 21.8 153 11.7 14.6 14.0 -13 7 -8 7.24 6.88 7.16 0.0
Hr S14 GT 3.6 1.6 7.1 6.8 6.8 -37 -2 -3 7.67 6.96 7.06 0.9
We F14 G 20.9 195 20.9 208 223 19 24 22 6.52 6.47 6.47 2.9
SrF14 G 13.3 205 20.0 21.0 20.5 16 -3 -17 6.6 7.01 7.19 N/A
Fall 2014 [Hr F14 GT 14.4 18 5 17.8 18.6 17.5 5 9 11 6.85 6.72 6.67 N/A
Br F14 GT 17.9 20.0 21.7 21.7 21.8 -28 -28 -34 7.42 7.38 7.49 0.7
Bl F14 GT 6.7 152 14.7 13.6 16.2 14 12 8 6.62 6.67 6.71 0.5
Notes:  'F13, S14 and F14 represent Fall 2013, Spring 2013 and Fall 2014, respectively

NG, G and GT represent non-gypsum, gypsum and gypsum with treatment, respectively

2Ambient temperature was averaged from Kestral wetaher station data.

3surface temperature were averaged from measurements collected using an infrared thermometer

*Wind Speeds were average over first 60 mins of agitation from data collected from Kestra

N/A cells represent dates that kestral data was not measured or recovered. MX1 meter
Fall 2013 Observation did not include manure temperature, pH or ORP at depth because the field meter was not available for these field collection dates
Temperature for shaded cells are from

™
|

weather station at one location
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Table A-3: Summary of laboratory analytical results

Cumulative HS Gypsum Application Rate pH PSC Solids (% dry weight) Total Nitrogen (% dry weight) Sulfur (% dry weight) Calcium (% dry weight)
Sampling Season Farm Concentration
60 min Ibs cow™ day’1 Surface | Bottom | Agitated || Surface | Bottom | Agitated || Surface | Bottom | Agitated || Surface | Bottom | Agitated || Surface | Bottom | Agitated | Surface | Bottom | Agitated
Bl F13 GT 1251 2.0 7.18 7.12 7.3 0.22 0.11 0.2 2.96 11.48 6.43 20.8 2.6 4.4 3.7 2.0 2.3 5.2 3.9 5.9
Fall 2013 (Wr F13 G 13262 5.1 7.5 7.38 7.51 0.19 0.15 0.16 4.72 10.47 8.95 5.7 3.1 3.7 3.2 2.0 2.3 7.9 7.2 15.7
Ht F13 NG 150 0.0 7.88 7.96 7.82 0.35 0.24 0.32 9.32 5.81 8.29 3.9 5.4 4.3 0.5 0.5 0.5 23 1.9 4.0
Cp F13NG 146 0.0 7.8 7.86 7.88 0.25 0.31 0.31 9.51 3.2 5.58 2.8 6.2 3.9 0.3 0.9 0.4 2.0 3.5 3.4
Cp S14NG 263 0.0 7.02 7.12 7.13 0.36 0.36 0.37 8.8 8.82 9.2 3.2 3.7 35 0.4 0.4 0.4 19 1.8 4.6
Ht S14 NG 91 0.0 7.33 7.41 7.38 0.33 0.39 0.52 14.81 12.54 12.58 3.2 3.4 3.7 0.4 0.5 0.4 26.6 1.6 5.9
Sh S14 NG 66 0.0 7.52 7.82 7.43 0.36 0.34 0.35 13.09 8.82 10.73 4.0 4.4 3.7 0.3 0.3 0.3 1.9 1.9 5.1
(Wr $14 G 983 5.1 7.79 7.69 7.89 0.29 0.17 0.16 5.58 10.72 9.99 5.3 4.1 4.3 3.1 3.0 3.0 4.4 5.9 12.7
Spring 2014 (We S14 G 2829 0.6 7.01 6.73 6.93 0.7 0.64 0.66 2.8 5.53 5.41 6.5 4.4 4.3 1.1 0.8 0.8 33 2.6 3.2
SrS14 G 203 0.3 7.19 7.09 7.42 0.64 0.65 0.62 10.69 10.65 10.62 4.1 3.9 4.3 0.6 0.6 0.6 3.0 2.8 7.7
Bl S14 GT 3645 3.4 7.57 7.42 7.31 0.42 0.15 0.18 1.83 6.97 7.95 119 2.8 2.9 5.1 2.4 2.2 5.2 4.6 10.8
Br S14 GT 61 0.4 7.56 7.66 7.76 0.48 0.45 0.48 7.39 7.61 7.83 4.0 3.8 3.7 0.6 0.5 0.5 1.7 1.5 2.9
Cy S14 GT 1888 1.2 7.65 7.44 7.12 0.3 0.32 0.3 10.08 7.82 8.85 3.9 4.4 4.0 1.5 1.8 1.6 3.6 3.9 7.7
Hr S14 GT 2102 7.4 7.49 7.59 7.62 0.29 0.43 0.3 1.31 1.33 1.97 5.4 7.9 5.5 2.7 5.6 5.8 4.8 7.1 2.8
\We F14 G 3104 0.6 6.89 6.8 6.81 0.54 0.59 0.57 2.8 3.4 5.23 7.2 6.0 4.2 11 0.9 0.7 3.5 3.2 3.1
SrF14 G 737 0.3 7.43 7.25 7.44 0.39 0.46 0.41 9.7 9.27 10.28 3.9 3.9 4.2 0.6 0.6 0.7 2.9 3.0 7.5
Fall 2014 Hr F14 GT 1984 7.4 7.53 7.46 7.48 0.11 0.12 0.1 7.28 5.55 7.86 3.0 8.0 2.7 1.8 2.2 2.0 8.2 8.6 31.0
Br F14 GT 127 0.5 7.83 7.83 7.98 0.29 0.29 0.311 6.77 6.89 6.7 4.2 4.1 4.0 0.6 0.6 0.6 2.1 2.2 3.6
||B| F14GT 21076 3.4 7.32 7.26 7.26 0.13 0.1 0.11 7.38 7.71 7.71 2.2 2.9 2.9 1.6 1.6 1.9 3.1 4.3 14.4
Notes: 'F13, S14 and F14 represent Fall 2013, Spring 2013 and Fall 2014, respectively

NG, G and GT represent non-gypsum, gypsum and gypsum with treatment, respectively
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Appendix E. Example Oral Presentation Slides

Hile, M. L. 2015. Hydrogen sulfide production in manure storages at Pennsylvania dairy farms
that use gypsum bedding. North American Manure Expo. Chambersburg, Pennsylvania.

Dairy Manure-gas Agitation Risks-Field Day

Thursday August 28, 2014
10:30 AM - 12:30 PM

2.0 Continuing Education Credits (CECs) for Act 49 Haulers and Brokers
No Registration. No Charge. No meal provided.

Penn State Extension, in conjunction with USDA-NRCS, is conducting an educational
program at an actual manure gas measurement event at a dairy farm. This one event is
part of a larger project that is exploring Hydrogen Sulfide emissions during agitation at a
number of manure storage structures. A number of recent dangerous or deadly
incidents related to toxic gas levels at dairy farms has increased interest in working
safely around manure storages. Farms participating in the study either bed with
gypsum, bed with gypsum but use a manure pit additive, or do not gypsum for bedding.

Educational discussions and presentations will include: manure storage practices and
risks; safety instruments and protective gear; emergency response actions; gases
released at agitation; gypsum bedding benefits and risks; observations of agitation
during field demonstration. Personal safety gas monitors will be available to try.
Supplier of instruments available for questions.

Wolfe Dairy
181 Wolfes Road
Pine Grove, PA 17963

10:30-Explore the demonstration site of gas monitors surrounding the
manure storage with Extension researchers
11:00 - Agitation begins
Actions for safe mixing.
Impact of stall bedding, including gypsum.
Gas level detection instruments for personal use.
Safety tips.
12:00 - Field day discussion of dairy manure storage agitation with
instruments and safety practices demonstrated.
Actions useful in an emergency response.
Observation of gas monitor changes during agitation of both
stationary monitors and those worn by workers.
12:30 Finish




NRCS Safety & Air Quality Training
Penn State Extension
July9,2014  9:30 AM-1:30PM
114 Agricultural Engineering Building, University Park campus

1. Welcome & introductions

2. Environmental issues associated with open-air manure storages
a. Toxic gas levels observed during data collection-Mike Hile/Eileen Fabian
i. Measurement and observation results
b. Makeup of “normal” air and factors that affect the air we breathe-Mike Platek
i. Chart of oxygen levels
ii. H2S-Source and levels
iii. NH3-Souce and levels
iv. CO2-Source and levels
v. CH4-Source and levels
c. Using instruments to measure unsafe atmospheres-Mike Platek
i. Selection, use, calibration and care of gas detection equipment

3. Creating and encouraging a safety culture with manure storages-Dave Hill
a. Restricted areas during agitation

Training of family & employees

Signage & barriers

PPE

Developing an on-farm manure storage safety program-farm info kit

-

4. Next steps and discussion

5. Adjourn

58




PENNAG INDUSTRIES ASSOCIATION

MANURE HAULER/APPLICATOR
FIELD DAY

Wednesday, August 6, 2014

Lehanon Convention Expo G
& Fairgrounds

80 Rocherty Road, Lebanon, PA 17042 (Entes

“
Q “ -
.-.‘s

PI‘E'IIIIIIHIIT Agemla
8am. -%am. Registration
9am.-10am. Manure Gas Ei

10 am.-10:30 am.  Regulatory Review

Mike Aucoin, SCCH

Recordkeepin
Mike Auco, SCC

NOTE: RSVP by
emailing (mfleetwood@
pennag.com), calling
(717-651-5920) or

10:30 a.m. - 11 am.

ance — Roundtable Dlscusmn T

11am.-12pm. ﬁf{llcahon Com, 8h

Steve Taglang DEP, Robb Memen PSU & others i

faxing (717-651-5926)

P the below information.
12p.m.-1p.m. Lunch Registration fee
1p.m.-2pm, Live Action Spill Response Demonstratmn Dlscussu)n and Demonstrahon will be collected
2p.m, -2:30 p.m. Council Meeting : ‘ atevent. Cash

Buestions? contact Mindy Flestwood at rnﬂeﬁiwood@génﬁg q 'éon'i 6r'7'17£51"5920‘

- e e e e B e e R G G e e e e e e e e SR e e e e e e e e G D A e e

2014 MANURE HAULER/APPLICATOR FIELD DAY REGISTRATION

Registration Fee: $15 PennAg Members, $25 Non-Members

or check only.

(Registration includes presentations and lunch. Registration fee will be collected at event. Cash or check only,)

Name(s):

Company:

Address:

Phone:

Email:

'COMPLETE AND RETURN (OR CALL 717-651-5920) BY WEDNE§DAY, JULY 23

TO GUARANTEE LUNCH RESERVATION

PennAg Industries Association = 2215 Forest Hills Dr., Suite 39 = Harrisburg, PA 17112
Phone 717.651.5920 « Fax 717.651.5926 » mfleetwood@pennag.com « www.pennag.com
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[ |
Hydrogen sulfide production in manure
storages at Pennsylvania dairy farms that
use gypsum bedding

e
e .
, N ‘lJ Penn State Extension

What is Gypsum

Calclum Sulfate
. CaS0, 2H,0 {Mydrous)
. CaSO, (Anhydrous)

Naturally occurring mineral and ..'?\
cod plant byproduct o
e

e s e ——

Penn Slate Extension

Manufacturing And Construction Waste Is
Processed And Sold For Use In Agriculture

Penn State Extension

GYPSUM BEDDING Introduction
Benefits and Use

a
r

: -lj Penn State Extension

Manufacturing And Construction Waste

Gypsum is used 1o produce drywall for corstruction.
Manufachuring rejects and construction waste i collected and

Penn Slate Extension

Agricultural benefits — improves soil

erIvet F @rucTae perc tigne sl mpoves ool utrierts
* e mors moble i wod * Eaducs phogbone ~eolf
T TStIeE Mook dewslapTers * Bemaioa pacr walase nitroges

* Pravidec 1oute of wacondary ot
seriems [y d §

‘e Extension
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. N . _ Gypsum bedding provides a sulfate source within the
Agricultural benefits - ideal bedding for dairy cows manure storage that reduces to form H,S
As bedding 1T R -

* Moisture absorption
Ra3icpen r
sulfide :

* Neutral pH

* Low bacteria counts
rrbany e -

Sufate 3
(50.%) (H,8) 5 e S

Penn State Extension

Hydrogen Sulfide Creates A Dangerous
Environment Heavier Than Air

Penn Slate Extension Extension

Numerous reports of: Child Found Unresponsive Here (2011)

REALLY strong smell
Dead livestock
Employees/waorkers

avercome

Some haulers would
not haul from gypsum
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May 2012 -
3 PA Workers Die In MD Manure Storaze

Penn State Extension

Dairy Farmer's Boys Have Close
Call With Manure Gas

Unresponsive but breathing

slate Extension

500-600 ppm H,S

150 ppm H,S

Penn State Extension

50 feet away (50 ppm H,S)

tate Extension

Penn State Extension

Inside free stall (35 ppm)

METHODS: Three farm categories were
observed in the fall and spring:

1 Gypsum
2. Gypsum with treatment
3 Noewgypsum

1 State Extension
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METHODS: H,S concentrations were
measured during agitation events using
portable meters

Irduntried SoentiRc meten, Ptesburgh, P

METHODS: Manure was characterized

Fleld and Lab Analysis

= Samples were collected and
analyzed for % solids, Ca, S, Towad N, -t{
pH, ORP, P5C and temperature.

Physical Characteristics
= Crust thickness,
Bottomn sediments,

R e P

METHODS: Temperature, wind speed and wind
direction were recorded during data collection

e Extension

METHODS: Farm practices were documented

= Storage Design
= Type of structure, volume

* Manure Handling
— Loading, sulfate inputs

Increase in gypsum application rate significantly increases
cumulative H,S concentrations, Treatments are not
significant.

Curudutive ¥, 5 C jon for Firt " of
Agitation ve. Gypsum Applcation Rate

¥ 1000
§l(m v 1570k SAl Py
é 15000 v -sass
& Cppaun 2 RGP N
£ 10000
BOpraes oo drhven)
g 00 - {
A Cappvaan jor 1o
z (000 >
; 4000 B e 2vem
m . - - Woaaso A
—m
® Oh
e 2 4 ¢ .
Gypsem Application Rate (s cow ' doay'')
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Change in wind direction Increased H,S
concentrations

Extension

Personal monitoring devices provide
effective awareness of exposure

Extension

Best management practices lower exposure risk

| <10ppm H2S

Extension

Operators with two highest H,5 readings were clase to agRation

>300 ppm H,S

Penn Slate Extension

Concentrations 10 meters away from
storages were measured

Elevated H,S concentrations (S0 to »500 ppm) were observed at
farms that cee gypsum

Extension

Conclusions: H,S Concentrations
Increased gypsum use increases cumulative H_S
concentrations.

Treatments did not significantly reduce
cumulative H,S concentrations, but more
research could show otherwise.

Manure moving-mixing-agitation creates safety
concerns related to high gas levels,

Safety practice’s lower risk of exposure.

Risk of exposure present even at 10 meters
downwind from storages that contain gypsum.
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Open Air Manure Storage Safety

*  Noovendosed manure storages
an still meet the defirition of
a confined space in terms of
occupational safety and
health:

= 4 Large encugh that a
worker can enter and
periorm work;

= Hic Bmited of restricied
means for entry or el and

= (4 not desigrmd for
continuons humas
eeTupancy

“Easy in. Hard to get out!”

Penn State Extension

Invest in the Insurance of a Monitor

Test atmasphere
*  Oxygen deficency
*  Combustibles
*  Toxic gases
Muitiple gas vs single gas—

cost and case of use willbe 2
factor

Mast rellable way of
“secing” the Invizible

:» Extension

Operator Position — up and away

Position operator work area so that a person...
— Does not reach over the storage for routine practices
= Does not work o need 1o adjust machinery near storage
cuge
= & notin a low-lying area. [Remember H.S is a heavy
WOl DR )

Penn State Extension

\ Confined Spaces

— Do not enter temt!
— Gases can couse ioss of
COnSTIOUSNEess and death.
un
- Adways assume there are
c?'?“m gazes prazent.

Observed gas behavior

Gases ‘throw’ In the direction of manure agitator
nozzle, so be aware of dangerous Impact on
‘downwind’ animal- or human-occupled areas

Extension

Gypsum bedding should not be used
with under-barn manure storage
Unconditional recommendation against

under-barn manure storage when gypsum
bedding is used.

Penn State Extension
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Body Alarms!!! - Headaches
* Nausea/Vomiting
* Dininess * Shortness of breath
*  Wobbly kinees * Pasting
*  Feeling hot and clammy * Pacting/Swoppieg of breath
*  Lack of antention 1o details * Respiatory tract
* Loss of motor skills/ iritation/Coughing
fatigue * Tightness of chest
«  Ansety * Acute beonchitis
*  Severe eye irritation/ * Asphyation
decrease in sight * Loss of consciousness
*  Ivegular/fast heartbeat
Poy atrention to your body. Toke action If there are siges of
Gos exposure. Get 1o fresh o

FLEASE B /PR OF DEADLY NYOROBEN SULFIDE

Questions

e Extension

Acknowledgment and Thank You to the
supporters of this project.
Penn State Investigators
* Elleen Fabian-Wheeler, Michael Hile, Davis Hill,

Dennis Murphy, Robin Brandt, Mershel Elliot, Robert
Meinen

'@ Natural Resources Conservation

Urtted M‘DW_< of dgricuttare N i

INDUSTRIAL

SCIENTIFIC

The Gae Diaction Peopin
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Appendix F. Poster

M. L. Hile, E. E. Fabian, H. A. Elliott, C. A. Rotz, R. B. Bryant, D. J. Murphy, R. C. Brandt, D. A. Hill
and R. J. Meinen. 2015. Hydrogen sulfide production from dairy manure storages that contain
gypsum bedding. Presented in Seattle, Washington at Waste to Worth national meeting.
Reference No. 9543986.

Hydrogen sulfide production from dairy manure storages
that contain gypsum bedding

M L. Hile', E. E. Fablan1 H. A. Elliott!, C. A. Rotz2 R. B. Bryant?, D. J. Murphy', R C. Brandt!, D. A. Hill":R. J. Meinen?

and Biological g, The F i State L Research Service, U.S. Department of A e JAnimal Scit , The F Y State Ui y

34

Introduction Methods Results

Presence of gypsum in manure storages promotes H,S Most (14 out of 18) operators were exposed to less than
Drywall ing rejects and waste Gas Concentrations production, which is released during agitation. 20 ppm H,S during agitation by being in a protected or
are collected and recycled to produce gypsum bedding — s distant area.
for dairy cows. ortable instruments were placed proximate to ten
g manure storages during 18 agitations, including farms Podsmtiagradnrpripdeipetnd)
that: 1. use gypsum bedding, 2. do not use gypsum
and 3. use gypsum along with a2 manure amendment
reported to reduce H,S emissions.

| f['v”

RETEEE LR

M, Concentration (ppm)

;.gm,.y hmw& LA

Time (MI

Gypsum bedding is
inorganic, thus limiting
bacteria populations,
absorbs moisture and
has a neutral pH.

Increased gypsum bedding use (Ib/cow/d) increased
cumulative H,S concentrations during agitation. Manure
amendment effects were not consistent.

Operators with H,S
exposure above 50 ppm
were too close to agitation.
High H,S levels were
found 10 m from storage.

o T

Gypsum, or calcium sulfate, provides a source of sulfate
that can be reduced by bacteria in the anaerobic
environment of deep, liquid manure storages to produce
hydrogen sulfide (H,S) Environmental Conditions

=

Gases escape during agitation of manure, which can
result in dangerous levels of H,S near the storage.

Ambient temperature,
wind speed, and wind

direction were
recorded during
agitation events. \ /
e : D
Conclusions
Manure characteristics ydrogen Sulfide C
Nutrients, % solids, pH, + Increased gypsum bedding use i ive H,S
Oxidation-Reduction * Manure did not signif reduce H,S i but some promising results were
Potential, Phosphorus + Manure moving-mixing-agitation creates safety concems related to toxic gas levels.
Source Coefficient and + Operators away from the storage or in a protected environment had lower risk of toxic gas exposure.
temperature were « Risk of high gas level occurred even at 10 meters downwind from storage.
measured. Environmental
* Wind speed and direction affectH,S dispersion.
Manure handling + Higher temperatures increased methane (CH,) emissions but not H,S
Manure handling procedures were documented Gypsum Benefits
. ion of Source C ient (PSC) with gypsum is confirmed, however minimum gypsum bedding use may
M,5 Concentration (ppm) be required.
Ferminaibie Cxpovare Uit (PEL) o Coling
* Gypsum was not found to help retain manure nitrogen.
Immediately Dangerous to ke and Health (IDLH) 100

Industry Standard: H,S exposures shall not \ g
exceed 20 ppm (ceiling) with the following Acknowledgements

if no other occurs This demonstration of manure amendment was possible wih the parinership of Penn State Extension with USA Gypsum. Industrial Scientific (gas detection) and Pennsyhana
during the 8-hour work shift, exposures may 2 - State Conservation Commission. This matedial is based upon work supported by the Natural Resources Conservation Service. U.S. Department of Agnculture, grant number 63-
exceed 20 ppm, but not more than 50 ppm (peak), 2D37-13-673. Any opinions. findngs, conclusions, of recommendations expressed in this publication are thase of the author(s) and do nt necessarly reflct the view of the U.S.

L . 2 o Department of Agnculture
for a single time period up to 10 minutes. o -
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Appendix G. Example Webinar Slides (deliverable)

Hile, M. L. and R. Meinen. 2015. Gypsum bedding risks and rewards. Livestock and
Poultry Environmental (LPE) Learning Center Educational Webcast Series. Waste 2
Worth Preview.

Livestock and Poultry Environmental (LPE) Learning Center
Educational Webcast Series
g http://www.extension.org/animal+manure+management

Waste to Worth Preview:
Gypsum Bedding Risks and Rewards
February 27, 2015
2:30 pm (eastern), 1:30 pm (central), 12:30 pm (mountain), 11:30 am (pacific)

A preview of the useful topics that will be discussed and presented via posters and informational sessions at the Waste to
Worth Conference in Seattle, a group of professors and extension professionals present about the use of gypsum in dairy
bedding. Gypsum recycled from dry wall is used to supplement traditional bedding materials with agronomic, milk
quality, and cow health benefits. But once in the manure storage, gypsum bedding is a source of sulfur that leads to
increased hydrogen sulfide gas production. This toxic gas is commonly found at deadly levels in enclosed manure pits,
though dangerous levels are found even around outdoor open-air storages during agitation of gypsum manure. An
application for continuing education credit for Certified Crop Advisors (CCAs) and members of the American Registry of
Professional Animal Scientists (ARPAS) has been submitted.

Robb Meinen is a Senior Extension Associate in the Department of Animal Science at Penn State
University. His main duty is to coordinate education for the PA Commercial Manure Hauler and
Broker Certification Program. Additional duties include education in Nutrient and Odor
Management and service to the swine industry. Meinen co-instructs the Nutrient Management
course at Penn State. He is involved in long-term Manure Expo planning and is Co-Chair of the
2015 North American Manure Expo in Chambersburg, PA on July 14-15. Be sure to attend the
Manure Expo. It promises to provide Manure than you can Handle.

Phone: (814) 865-5986. Email: rjm134@psu.edu

Dr. Joe Harrison is a faculty member of the Department of Animal Sciences at Washington State
University and has been conducting research and demonstration projects related to feed
management and whole farm nutrient management since the early 2000’s. His projects include:
precision nitrogen feeding, effect of potassium on milk fat in the early lactation cow, capture of
phosphorus for off-farm transport, and efficiency of capture of manure nitrogen in crops as affected

by manure source and method of application. Phone: (253) 445-4638; Email: jhharrison@wsu.edu ‘ N\

Mike Hile is a Ph. D. Candidate in the Department of Agricultural and
Biological Engineering at Penn State University. His research focuses on gas emissions from
manure storage, processing and handling in the agricultural industry. As one of the members of the
Penn State Odor Assessment Laboratory (PSOAL), Mr. Hile has evaluated the efficacy of manure
additives and technological solutions to reducing odors for biosolids and animal manures. Field
and laboratory experience enables Mr. Hile to be a key member of projects that involve measuring
greenhouse gases, ammonia and hydrogen sulfide.

Phone: (814) 865-1783. Email: mlh 144@psu.edu

How Do I Participate?
On the day of the webcast, go to www.extension.org/58813 to download the speaker’s power point presentations and
connect to the virtual meeting room. First time viewers should also follow the steps at: www.extension.org/8924.

For More Information

* Waste to Worth - http://wastetoworth.org/

* Gypsum Bedding — Risks and Recommendations for Manure Handling - www.extension.org/67660

* Gypsum bedding: Is it worth the manure safety risk? - hitp://www.progressivedairy.com/dairy-basics/manure/12719-

gypsum-bedding-is-it-worth-the-manure-safety-risk
The LPE Learning Center is a project dedicated to the vision that individuals involved in public policy issues, animal production, and

delivery of technical services for confined animal systems should have on-demand access to the nation's best science-based
resources. See our website at: http://www.extension.org/animal+manure+management.



SUM BEDDING
AND REWARDS

FESRUARY 201%

v TUR/ Penn State Extension

GYPSUM BEDDING Introduction
Benefits and Use

What is gypsum and where does it come from
- Uses hgﬁcmu benefits

5 DUk Penn State Extension

Manufacturing And Construction Waste

Gapsum s usad to prosuce doywal for construction
Marufacturing rejects and consinsson waste 5 colbacied ang
recycled
Wi

GYPSUM BEDDING Introduction
Benefits and Use

4
-

L 94/ Penn State Extension

What is Gypsum

Cabcram Sulfate
. Ca50,2H,0 (Rydrous|
. Cas0, (Andwdrous)

v e = —t o

Naturally ocowring minersl and ;j.‘"\‘f_ ‘
coa plant byproduct LS

Pena&5e s Extansgion

Manufacturing And Construction Waste Is
Processed And Sold For Use In Agriculture
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Agricultural benefits — improves soil
: & ,

Agricultural benefits — ideal bedding for dairy cows
As bedding :
* Moistum asonption

* Low bacteria counts
* Neutral pH

e i deaben hoptws MM WA warwrs ool re by
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Waves e e Bl wn il aidales w S ey
= e i o wnimday e
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Gypsum bedding provides a sulfate source within the
manure storage that reduces to form H,5

Hydrogen Sulfide Creates A Dangerous
Environment Heavier Than Air
ek
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ParnS-ata Extanaion

Numerous reports of:

* REALLY stroeg smell
* Dead lvostock
* Empkrpees/workers
avercome
* Some haulers would

nat haul froem gypsum
T

~ Extanslion

FarnE-ak: Extansion
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Child Found Unresponsive Here (2011)

Fean Shate Extension

Dairy Farmer's Boys Have Close
Call With Manure Gas

Fear State Extenslon

Mzy 2012 -
3 PA Workers Die In MD Mamure Storage

‘r——

Farmm tecdas wih Gypsum

Henswnss Extenslon

Barn 30 feet away-(30-60 ppm H,S)

Uneesponsive but bﬂ,'dhmg
S00-600 ppm H.S

150 ppm H,S

I'en1312ie Rxtenalon

Fen Stale Extension

50 feet away (50 ppm H,S)

Inside free stall (35 ppm)
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METHODS: Three farm categories were
observed in the fall and spring:
1 Gypzaum
2 Gyzaum weih redtmem
3 Non-gypium

METHODS: H,S concentrations were
measured during agitation events using
portable meters

METHODS: Temperature, wind speed and wind
diraction ware racorded during data colaction

Extension

PzrnGat: Extenslon

METHODS: Manure was characterized
Fiald and Lab Analysis

= Semrples were colected and
anaiyvaed for % solads, Ca, 5 Toll N,
P OR2, 1750 ard tamperiture

Physical Characteristics
= Crust thickness,

METHODS: Farm practices were documented

= Storage Design
=Type of Structure, volume

* Manure Horvling
= Loading, sulfste inputs

Bottom sediments,
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Change in wind direction Increased H,S

e 1,5 o st o
“ N0 perw

M M8 SOOI

14 out of 18 operators did not exceed 20 ppm H;S exposure

HS concantrations measured by operator
during agitation that did not exceed 20 ppm

1,3 Concentration jepmp

4 out of 18 operators were exposed to M,$ above 20 ppm

H,5 concentrations measured by operator
during agitation that exceeded 20 ppm

H,S Concestration (ppm|
-2 FEFYRL

Maar Stats Extension

Personal monitoring devices provide
effective awareness of exposure

.2 Extension

Best management practices lower exposure risk

1 2 = v ——
i - SR

Operators with two highest H.S readings were dose to agitation

MenaSlele Bxbension
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Concentrations 10 meters away from
Flarages were measursd

Fleaated H,5 conenirations were abasreed 3t tanme =ak use gypsum

Frrnr Shzle Exbension

Conclusions: H,5 Concentrations

* Increased gypsum application abe signifcanthy
ircreases cumulative Hy5 concentratians.

* Treatmenks did nof significanthy reducs

cumulatree H,5 concerirations, but maors

resegrch cauld shaw of herwiae

Bdarure moving-misrg-agitaticn cresles salety

comcerns relabed ta high gas level,

Salety praciice’s lowwer rigk of exposura,

Risk af exposurs pragent evan at 10 meters

cawnwind from storages that contain gyosum,

Conclusions: Ernvironmental Effects

» Wind speed and direction affect H,5
* Temperature affected CH, but not H,5

Conclusions: Gypsum Bensfits

Users and manidsmrars dalm gygsemrebaing glank
awnlizhle ritragrn - homsever mesaiemenss di nog
rzrvirm thinclaim

Phonphorun reierriian incrsases writh irersasng

pypum spplesbon reie, bk rat st bed2Sing ratm
kxis Baan ¥ 1B prpzsomn per cora pean ey

T Pl oo nee sl el

Ferie Silkzle Exbenwsion

Additional Project Findings

Lirae o an i re ol veethia e s re phisenviad o mon
Emsarmand gygasum L during man e agieation

Corroidon of metal knce
ind b llding compossnls
wiis nbsireed 4l mollighs
fa v thval wsed gapras.

g e vy il i s repartad by s v B hdve
i o,

Fanr Stele Exbanfiom

SUMMARY
On-Farm Demonstration Study

QUESTIONS?

o, |

= A/ Penn State Extension
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Practical Thoughts for Manure Handlers

H?S o Lol | Do o Gywene
2 Bl
L= L oot
* Many people can [JT" T [T mnemes A
detact it <1 ppm [k Torera e Swr
.)"::\v-u "":':"'M-an:
Sl iy o vy |
>.Con deaden sense Vo b R L L e
of smell at 100 a2
I;z-v e
ppm & Tu Vo
N, R
Deadly 6§00 ppm - .
Nl Pl o o ey e
S g bl &l -
S JCHHOR KAt A 0301 e 1O

Penn Slizle Exbension

Open Air Manure Storage Safety

* NOnendiosed manure S1orages
can wdl ment the defdinition of
» confined space n terra of
oooupet ondd salety ard
health

= b large wnough thal a
worber can enter and
pertorm wark;

= Hai e o restocted
mearas for ontry o et and

= %ot dedgresd fivr
ostha s homnon
LCOUEINCY

“Eosy In. Hord to get out!”

oo State Extension

Fen1 5% s Extanslon

Gypsum and Liquid not needed

« Al manures ae
organic matenal in 3
Stade of microbial

oegracation

+ Gasesare 3 by-
procuct of microbia)
FESOIENON.

Gases

» Some are odorless
+ Most (3¥) are colorless
+ Some are explosive

« Some sink (=3.=:3)
« Some nse

. -
A

U e
R

Confined Spaces

= Uo oot enter thee!
- Sxpes cEn cwoae oa ot
STAATITLANEET IOT TeniN.

Wﬁm - ANARSE XIZLTE hete are
e —
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What is your responsibility?
Evencos nasancolgetonts IR
ez, supoly Cuy cperaizant B
maistain mancre storage and
hencling systems tnet are safe for

workess, vistors and chilrgn

Qpen Air Manure Storage Safety

Safecy tigs indlude:
v No borsessy
* No uroking aper fleres or

ek
v i ecpapmaet malncnians vhan —j
11 ofY and remsces & belcee
mrverg
I fopng voary or
avoorfartatie, mep back,
cortact somoane erxd rewew the
s bifire prodeeding
* Beprvpured (o cel 2114 an
GTRYECTCY hepeaTn.
- MOy dru g Ve i A L
vavhe of e 2l ey
e s te Dot ulie ol
1A e mgmny

Observed gas behavior

Gases ‘throw’ in the direction of manure agitator
nazzle, so be aware of dangerous impact on
‘dowrwind' animal- or human-occupied areas

Extcnsion

Invest in the Insurance of o Monitor

Test atmosghore
* Ouypan defieoncy
*  Combustibies
* Toxk pasves

M tiphee gas ws sirgthe gin -
cost and exse of use wilbe a
factor

Most relatie way of
“reeing” the imvisble

Parns-ata Extanglon

Tips for Operators

* Use a monitor,

* Observe agitation from a distance, Consider
remote control kil switches,

= The first hour of agitation s prabably the
worst, but never ket your guard down,

* H.S Is 3 heawy gas = higher &5 better.

* Remember health of nearby livestock.

« This s one time when the Agricultural Work
Ethic can backfire!

Operaotor Position — up and away

Position opertor wark area 50 that a person,
= Dcen not reach cavwe the durage for rawtine praction
= D00 0L WOrk OF Ne0d 30 28] LT machinery Near Sorage
e
=13 not n g low-hang erea. [Remember 4.5 b2 heovy,
Wround-bugpeg pas)

Chaoie op wnd
postos

» Extenslon

76



Gypsum bedding should not be used
with under-born monure storage
Uncendtianal recammendation against

under-barn manure starage when gypsism
badding iz usad

Fonrn Skt Extens bon

I SLdle Extension

v Fsehing Nt 3 ned chariive

¥ Lexck ol atieniion io doisia

v Liris af e shilky
U
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Porgsmng {Siop pareg of Brziath
Resplirgtury iract

Tt eaghing
Tightaprsy e rhase

Frube bronchitin
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Loss o Dodachod He st

Body Alarms!l]  » Heedeche
" harssERVarsiTng
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detreass i sight
¥ Ireegu b itant hearibeat
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pan e, Cad o fresn ord

e Sl s Exbtenaion

Monure Gos Risks Associaled wilh G piiim
Bedaling at Dairy Forms
Pein SEabE Irissecli Balon

= Eileen Fabian-Wheelss, Mike Hile, Davis Hill, Denniy
BAurphy, Bobe Brandt, Heshel Oliot, ke Platek,
Raobert Melnen

uhlgﬂﬂ R 2 hﬂ Arkamaisdgmeni
e u e L et et mirwat] e |
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L U DT s el ik | Taonk Toa
MNDEASTRIAL oo
% SEIENTIFIC :::::,.:':Lf
Ihe L Leberion Mecpde
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New NRCS DURING EITA'I'II'_‘IM

Warning Sign

-z Extensian

Lemrn Mane ot the Narth Amerkooen Manure Expo
» Data collection demonstrations (ily 14 Tour Day)
* Highlighted oducation om manume gas issuas

Chambershurg, PA
- Towr Day - July 14
- Wlain Evert - July 15

AR BRI, OV

WWiL manurepitsafety. psu. edu
Video Presentahions.
»  Reducing Entry Fisk: Solid Floor Stomges
*  Reducing Entry Risk: Slotted Floor Storagas
Feied Sharebi:
v E 5L Confined Space Manure Stomnge Hazards
v ES2: Confined Sgak Manin G Moanbsing

* E43: Confned Seace Menure Sinrage Yerglston
Spmem Deugs

* E B Cenlifed Space Masure Sterage Exsrgencies
" Cpen Alr Masarae Shorape Safety Tips

Mer1 Sl Bxfengion
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More information on issues surrcunding
handling manure with gypsum bedding

fgncubural Sadety wes site

— Eaerion gasedaueine g ag saleny

g bedding and marre Banding

= ate :-51.! st news I I grsum-bed drg . Jst-worihe
LR

" Comreercial Marure Hasgler ara Broker Cartification.
Progrars
= e, B L L i ST . Pl

' Haorth Amnerican Masure Cepo

= MATRTGER TR

Fenr Steic Extension

SUMMARY
Practical Thoughts for Manure Handlers

QUESTIONS?

: -l,j Penn State Extension
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Appendix H. Fact Sheets (deliverables)

Written document for NRCS technical guidelines & non-technical brochure for NRCS personnel

Penn State Extension

SAFETY RISK FROM MANURE STORAGES OF DAIRY COWS
BEDDED WITH GYPSUM

Michael Hile and Eileen Fabian-Wheeler, Agricultural and Biological Engineering G-112

Human and cattle deaths have prompted investigation into what is causing dangerous conditions during otherwise
routine manure handling procedures on farms. This brochure provides background and findings from on-farm
monitoring of dairies using gypsum as stall bedding where a link has been found to highly toxic levels of hydrogen sulfide
gas during manure movement and agitation.

GYPSUM — ANIMAL WELFARE AND AGRONOMIC IMPROVEMENT
Gypsum recycled from manufacturing and construction waste
provides a bedding source for the dairy industry. Gypsum can be
used as 100% of the bedding or as a bedding additive to traditional
bedding materials. Advantages to its use include the following:

Bedding Soil
e Absorbs moisture e Low carbon
e Low bacteria e Adds sulfur
e Neutral pH e Adds calcium
e Improved udder e Reduced
health phosphorus runoff

GYPSUM AND MANURE GAS HYDROGEN SULFIDE

Gypsum is calcium sulfate (CaSO,2H,0) so it Hydrogen sulfide is immediately dangerous
provides a source of sulfate, which under to life and health above 100 ppm. Lower
anaerobic conditions can be microbially concentrations of 10 to 20 ppm can be
converted to hydrogen sulfide (H.S) gas. DURING AGITATION tolerated for periods of time, such as a
Anaerobic conditions (without oxygen) exist part of a workday. Hydrogen sulfide gas

in dairy manure slurry within many short- has a familiar “rotten egg” odor to a

term and most long-term storages. Hydrogen healthy human nose. Unfortunately, this
sulfide is heavier-than-air. It therefore settles DEADLY GASES POSSIBLE distinctive odor goes undetected at

in low areas such as in pits, near storages, ” RENAN dangerous levels or after extensive

and in the breathing zones of calves and exposure. Because of this, instruments are
children. When present, H,S is released in needed to detect H,S concentrations to
bursts that are dangerous to nearby humans avoid dangerous conditions.

and cattle during manure movement or agitation.

PERSONAL MONITORING TO SAVE LIVES

Portable gas instruments detect and indicate hazardous situations. Audible, vibration, and visual
alarms are set to alert the user of dangerous gas concentrations that are not otherwise
detectable. /t is recommended that farm operators working around manure storages with
gypsum bedding wear a hydrogen sulfide personal gas monitor. Single gas monitors (right) are
about the size of a cell phone and cost under $300. Units can provide multi-year battery life,
display of gas level, and a second backup sensor. For professional dairy manure haulers a four-
gas monitor offers additional safety from methane, low oxygen level in a confined space, carbon
monoxide (exhaust) from equipment operation, in addition to hydrogen sulfide protection for
gypsum-using farms.

PENNSTATE

1 Cooperative Extension
College of Agricultural Sciences

Photo Source:
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MONITORING MANURE AGITATION GAS RELEASE

Three types of farms were monitored based on their
bedding management: 1) conventional dairy stall bedding; 2)
gypsum bedding, and 3) gypsum bedding with a manure
additive treatment. Instruments placed around the
perimeter of the outdoor open-air manure storages “U 2 “ > = S

BEGIN AGITATION @ 20 minutes

(ppm)

H,S Concentration
gE
=L

recorded gas concentration immediately prior to and for up
to two hours after manure agitation began. Findings are

§ 50
from ten farms during 19 events. E_ 00
300
L
e The use of gypsum bedding increased H,S gas § N o 1
release during manure agitation to levels that were ® 0 100
dangerous near the storage (see graphs).
e Almost no H,S was found near the non-gypsum dairy g 2
400
manure storages. E- .
e Some additive-treated manure and crust-free §§ 20
manure reduced H,S emissions during agitation. 2 m(, ua o
e Operators with highest H,S exposure were very close o » “© ime (min) ® %0

to agitation.
e The first 30 to 60 minutes of agitation is the most dangerous even near open-air outdoor manure storages.

REDUCING RISKS FROM GYPSUM-MANURE STORAGE

1. Gypsum bedding adds sulfur to manure that can lead to dangerous levels of hydrogen sulfide gas emission at
agitation; but not all farms with gypsum bedding have safety problems.

Keep non-essential people away during agitation, especially children who are at increased risk as H,S is typically at
higher concentration close to the ground. Nearby cattle are also at risk.

Secure storage from entry; provide rescue and fall protection; gas monitors recommended.

Manure moving-mixing-agitation creates highest gas levels for the first hour. Leave the area.

Crust-free manure and additives seem to allow continuous H,S release lowering agitation risk.

Gypsum benefits for cow bedding and agronomic values must be balanced against the potential gas hazard.

N

o Hw
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Penn State Extension

Manure Storage Design and Safety

Considerations with Gypsum Bedding

Eileen Fabian-Wheeler, Professor of Agricultural Engineering
Mike Hile, Post-Doc, Agricultural and Biological Engineering

Surprise! Open-air, outdoor manure storages pose dangers
even with all that fresh air around. A number of recent
human tragedies in the vicinity of mixing and cleanout of
outdoor manure storages raised concern. A series of
investigations by farmers, manure haulers, Penn State
Extension personnel and industry leaders identified that
gypsum-laced manure was capable of creating deadly
levels of gas emissions, specifically hydrogen sulfide gas
[H,S]. The gypsum, a.k.a. calcium sulfate, was a residual
in the manure from its use as a beneficial bedding
material in the dairy barn. This fact sheet outlines
practical design considerations of manure storages and
management for safely working during manure agitation
events on dairy farms using gypsum bedding.

UNDER-BARN MANURE STORAGE

Our unconditional recommendation is to_not use gypsum
bedding with under-barn manure storage. Potential is very
high for release of extreme concentration of H,S when
manure is moved or mixed, resulting in harm to barn
workers and confined cattle.

OPERATOR POSITION DURING AGITATION

During any manure movement or mixing, operator must
be up above the ground and away from edge of a manure
storage. Particularly with manure containing gypsum
bedding material, H,S gas at lethal levels (>600 ppm) is

PENNSTATE

E-70

quickly produced and undetectable by smell. Hydrogen
sulfide is a heavy, ground-hugging gas.

Position work area so operator:
e Does not reach over the storage for
routine practices
¢ Does not work or need to adjust
machinery near storage edge
e Isnotin a low-lying area

WIND DIRECTION

Hydrogen sulfide can settle in windless areas, shelterbelts
or among buildings blocking airflow near a storage unit.

Strong breezes will move H,S out and away from storage,
diminishing risk. Operators should be positioned upwind.

ACCESS DURING AGITATION

Once manure storage agitation begins, no one should be
in the immediate arca. Encourage casual onlookers to
keep well away (minimum of 50 feet). Children, pets,
calves, and resting cattle are more susceptible due to
lower breathing zones. Low areas accumulate H,S so
operators, other people and animals should avoid any
nearby depressions.

B Cooperative Extension

College of Agricultural Sciences
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PLANNING LLAYOUT

Gases “throw” in the direction of a manure agitator
nozzle. so be aware of dangerous impact on “downwind”
animal or human occupied areas. Confined cattle in the
arca are at risk.

CONFINED MANURE STORAGE

Long ago it was discovered that confined spaces
accumulated dangerous levels of manure gases (sumps;
low areas; gutters; cross channels; pits; pump out access
areas; underfloor manure storages). Dangerous gas levels
are especially common during agitation of the manure.
The addition of gypsum bedding makes this an even
greater hazard with the potential for high H,S levels.

Take home points are:

1. Manure movement and mixing will almost
certainly cause dangerous level of H,S gas
release from manure that contains gypsum
bedding.

2. Avoid being anywhere near the manure storage
during agitation events and consider impact on
occupants of nearby surroundings.

3. Up and away. Operators positioned above
surrounding topography and at a distance from
the storage are at reduced risk for experiencing
dangerous H,S gas levels versus operators
positioned nearby at ground-level. Operators
should be positioned upwind.

May 2015

Contact Information

Department of Agricultural and
Biological Engineering

249 Agricultural Engineering Building
University Park, PA 16802
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endorsement by Penn State Extension is implied.

This publication is available in alternative media on request.
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Appendix I. News Articles

Krieg, Dieter. It’s coming! Don’t let it get you! Farmshine - September 5, 2014.

18~ Farwarces, Fricey, Gaptersder 5, 200
- -

. e

-

&5 Avatlahie

Having problems
with high SCC?
Call us, we can help!
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Warner, Dick. Manure handling field day focuses on hydrogen sulfide gas. Lancaster Farming -
September 6, 2014.

 Manure Handling Field Day
Focuses on Hydrogen Sulfide Gas

Dick WaNNER
Reporter

PINE GROVE, Pa. — It was al-
most like standing next to a pond
full of spring peepers. Peep-peep-
peep.

But the noise wasn’t coming from
tiny frogs. It was coming from hy-
drogen sulfide monitors hanging
from a chain-link fence encircling
a 12-fool-deep liquid manure pit on
Eric and Amy Wolfe’s dairy farm
here in Schulykill County.

Many of the 50-or-so observers
wandering around the pit were also

wearing monitors that contributed
to the din. i

The Wolfes were the hosts for a
liguid manure handling field day
designed to emphasize the nced for
safety awareness around manure
pits.

The demonstration project was
also expected [o provide some in-
sight into the effectiveness of addi-
tives that might reduce the presence
of hydrogen sulfide — H35 — in
liquid manure,

The project was the result of an

More FIELD DAY, page A3 12-foot-deep pit and sprayed it through a nozzle onto the (op.

By

Pholto by I:Ilcllt Wanner
A tractor-powered agitator drew material from the bottom of the
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TTeTa vay
Conminued om A1

unuseal allssnce o government,
academn and mdusu'\ acconding
\o Eileen Fabian-Wheeler, o Penn
Stte professor of agncultural and
blologicol eagineening,

It was alsp ooe of ke fow ma-
nure projects 4o ever receive a hefty
grant from the USDA's Nutaral
Resources Conservation Service.
Here's the way Fabian-Wheeler
described that alliance:

NRC3 spunncd Peon Siatc
doctoral candidae Mike Hile's
demonstration  peoject  with @
$70,000 grant. Marching supportal’
the same wmount came from Pean
Stute, USA Gypsam, the Pennsyl-
vania State Conservation Commis-
s100 and Isdustrial Scientific.

Terry Weaver, president of USA
Gypsum, covered the fickl day ex-
peases for snacks and beverages,
fuel and time for the Walles

Penn Stte Extensson coordmat-
ed the 10 farms wsed in Hile's proj.
ect, and prepared and presented the
program o the Wolfe farm

Industial  Scieatific  dosated
about $15,000 warth of gas moni-
tars 30 the peoject, and thase moai-
tars will continue to be used in
other  demorstrations, Exteasion
education and resesrch.

Aug. 28, 1he day of the program,
was clear, windy and on the cool
sxde of pormal foe lote summer. &
was o pestect day for agtatng 2
manure pit before hauling the con-
tents out to e fickd for spreading.

But the Wolfes weren'l plasning
on spreading, They just apreed
o stir up their pit so folks could

mhld!xwhmmed
About 11 am Waolfe
climbed o the sear of & trattoe

hookdwmﬂn agitator giat took
material the battom of the pit
and blew = onto the crust that had

Mike Hile, a doctoral ag engi-

in height can mean the difference
between a safe and deadly level of
the heavier-than-air gas.

side, diseribucing stimed-wp ma-
terial evenly scross the surfoce,
About 11:05, the monitos siasted

beeping.

Fabion-Whecler said some of the
maniors were dasigned to desect
maltiple guses, hydrogen sulfide
anvon@ Thee. Others weee desigsed
for HaS alone.

Hydsogen sulfide in the airat 100
parls per million & considered an

A concestraton of 20 ppm i3 con-
sxdeced safe, The fBeld day moni-
tors were et ta go off a1 10 ppm.

Bt wis pussible to track the poe
wtion of the agititor mazzle by
the monitor beeps. As the nozzle
swung across the surface, i created
A plume of gas with considerabiy
clevated concentrations of HaS,

Hydrogen suvlfide smelis [ike
rovien eggs, and it can be desdly,
And insidious. It I besvier than
iy, whech has a molecular weight,
when dry, of about 29 grams
muode. Hydrogen salfide welyls n
at 34 g/mole.

It can cresp out of 4 manure pat
und hag the groend in sn mvsible,
deadly carpet 1 foot or two thack,
where a farmer’s kids can be rid-
ing theis tricycles, while the farmer
Is breathing good air severnl feet
above the grovnd

Thiz actually happened two years
ago in Montonr Cousty, and for-
tunately, the boys’ father dragged
them 1w sufety just m time.,

Mike Hile's doctoral thesis will
focus oa the effectiveness of addi-
tives intended to reduce the pres-
ence of hydrogen sulfide In ma-
e pits, The additive used an the
Wolfe fuom s Vital Breskdown, a
limastone-rich formulaton made
by Homestead Nutritios in New
Holland, P,

“We have seen some peonise for
additives undor these oncontrolled
conditions and in some previous
coatrolled lab-scale work,” Fabian-
Wheeler saidl.

Weaver's isterest m Hile's work
mmnhdbym:faclmngyp-

Amy and Eric Walfe are

mum-—-

with their clean, healthy snd prodective

gypsun-bedded mixed beeed berd of 180 milkers.

nure pats, Weaver said If o person  aware that thexr bedding practices
slips and fulls into 2 manure pit, can result @0 the peodoction of
the presence or shsence of hydro.  hydrogen sulfide Bul as Weaver

gen sulfide is pretry much
cademic

Althoagh gypsum bed-
ding can Ipcrease  the
scoce of deadly HpS,
¢ sakd, farmess have 10
know how to deal whth
numerces  oxic  chemi-

cals — footbatks for dairy

COWS Wi one example be
used — on & daily basis.

Weaver liked the xetup
an the Wolfe furm, es.
pecially the fact that the
gites on the chamdink
fence could be snugged

sum bedding can dn Iy
increase the amount of hydragen
sulfide m liquid manure, His come
pay, US Oypsum, is a major sup-
plier of gypsum badding, which is
made from recycled wallhoard and
other gypsum-nich building prod-
ucis.

"My imtgrest Is in safery of farm
famibies,” Weaver said. “We Bave
had a handful of ragi incidents in
the past few yem , somne involving
RYPSUM, SoMms

Fall protoction 4 h fizst and fore-
dety issue for ma-

up agss the tmactor
wheels to prevent intre-
shon into the pit,

“Too often.” be sxid,
“a farmer will open the
gattes and lesve them open
while be's omplymng e
pit. Sometimes. they 'l be
open for days”

Weaver sand the Wolfes'
setup was about 2y good

pomied oot they bad thewr

practices, enclosure nnd

monitars i place before

they even stred thesr

gcﬁci;unon ' the Penn
fase

bt solutions — but they
say \bz}y Teel mammvu-h
0l !psum
;s“wlmgh what theb
see as a msk.

They milk abcot 180
head of mostly Holsteins
with & few Brosn Swiss,
Linebacks,  Guemseys
and one looe Jersey.

“The cows are clean
and dry, They're comfor-
able. Our somatic el
count las dropped from
400,000 12 20,000 sivce
we switched (0 gypoam
beddimg - Our mastits Is
way down snd our pro-

&8 you're goiag 0 sot 00 2 dairy.  docton b up” Enc Wolle saed.

farm,

Eric and Amy Wolfe sy fally’

“We're goang to stick with gyp-
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Krieg, Dieter. Please be afraid of deadly hydrogen sulfide. Farmshine - September 19, 2014.

20— F Fraivy, Sop 19, 2014
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Fabian, Eileen. Gypsum bedding: Is it worth the manure safety risk? Progressive Dairyman —
October 1, 2014.

Gypsum bedding: Is it worth the manure safety risk?

Edaon Fabian-Whoeler lor Progressive Dairysman

Recent deaths of farmers and
cactle have ralsed awaseness of the
alktoo-common dangers of wocking
around manure storapge facilitios
Prople “being overcome” or feeling
dixay around asare slodage areas
happens too often, Headlines often list
the reason as asphyxiation or toxic gas,
Many timses, the toxic gas s hydrogen
sulfide, with must deaths associated
with below.-ground, endlosed starages.
Moru rocest inveatigations mdaxcato
that hydrogea sulfide is also present in
outdoar open ctommges, particulady ca
dairy [arms where gypsum is used as
bedding matarial.

Recest mismsurements o 10
dalry farms confirm highly elevated
byydrugen sulficde gas comcentrations
surrounding open manure sLorages
during agitation prior to mamare
removal foe land application. A knk
to gygeum bedding seems desr. A big
cancern is respecting the everyday ricks
of working sear any stored manunm,
porticulardy when agitating.

Gypsum bedding bas become
papuler In regians with &n atfordatide
supply, mach as in Penasylvania. [tss
obtalned from recycled constroction
wastos, sech 3 drywall bosed. Bodding
products range from a Bowry powder
to granular material to pellet-sized
wall-board chunks All versions seem

comfortable 1o the oows, ofering
Increased molsture absorption and
Jow bacteria growth in the pld-seutral
mntorsl, enhancing saimal welfare
through impeoved vddec health and
cow cheanliness,

Farmizs who are lans of gypsum
becding point to the sotl benefits.
Manure Cram gy pswm-bedded cows
has reduced carbon to be broken down
once lnd-applied versus wood chips
and sawdast bedding. Plus gypsum-
manwre provides additional sulfate to
soil while rdecing phosphorus rusaff
through improved phosphomos souroe
coefBclent (PSC).

Thus, there sre many good
reisons for the use of gypsum as
Gairy cow badding, The question sow
s how to rkse awaresess that safe
mrmre-handling peactices are just
as important, if not more so, when
hasdling manure contalning gypswm
as with any dairy manure,

One mighe ask how a bedding
maierial choice could influenos risk
during manure handling months fatec
Gypsum is calcium sulfate (Ca2049.
ZH2O) that under anaccobic (no
oxygen) conditions in manure gorges
is microbially converted to hydrogen
sulfide gox, This makes it very likely
that hydrogen sulfide will be prodoced
in dairy manue oxection pits and

Gypeum badding offars benafits 1o cow comiort, mik qualty and
agronomic featuree, but e uea should be welghed againet the rigk of
slevated levels of hydrogen sufide Gas in manure sharages.

Footo tg Notee t Melvan. Peen Grm Lawren s

marure storages. Some will recagnize
Pydeogen sulfde by s “rolten egg”
saell.

Hydrogen sulfide gas is
particuakardy rcky as it is heavier than
alr. It can settie In low spots nzar
mamare storage. Chiklres briathing &
thelr Yow hetght ace more susceptible Lo
bydsogen sulfide phumes. Equally tricky
is that hydrogen sulfice overtomes the
sanse of smefl and 2o looger smells ke
rotten eggs o dangerous levels (100
ppm). Then, at higher Jeveds (5300 ppm
ar one), it quickly arrests the abdity to
bresthe progeely, resulting in diazines
followed by passing oul. At extremely
high levels (appeoximately £O00 ppm),
breathing ceases quickiy,

Hydrogen sulfids and other

gases of concernare released in

bursts during sunune movement

and agiation, These bursts ave often
accompanied by sigalficant odor,
During cur mesmrements from a
USDA Natural Desources Conservation
Service-fusded deoncteation projodt,
we found severa features of iaterest,
O |5 with gyprans-bedded cows,

the manure darng agitstion reeased
fdrogen sulfide leveds that wese
immedistely dargrrous Lo 1k and
health (st ¥} ppm or higherd, This
rakses obvioas cencern. Plumes of this
gas havo boon ksown to be pessent

in dangerous levels in below-groumd,
eaclosed storages with any species of

Covitmnued on page 135
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Gypsum bedding: Is it worth the manure safety risk? cont'd frem page 131

anizal manure and any dairy bedding
matesial. Bug recent observations
rase the need for concern even at

door open o during
agision. A second prosect finding
is emcouraging in that use of manure
additives that beeak down the dored
manure seemed to redoce hydrogen
sullide g levels at agiation on farmy

Three manure storage safety tips

© Fing moe useful
information in the publicarion

surmon help 1 an emergancy

usiog gypsum bedding, Qas

Wi also found that the first 30 te and assist with rescue without from which tiese three tips
60 misutes of manue: Stocoge agitation ﬂ If you must gexinto the enteing the sisrage, were taken: Opent Air Marure
amy the most dangerous. Stay awoy fenced area ol the cpen Etorage Safely Tips, Pear
during this time. Or wear  a5s monisor rEANWe 5008, Waaring & i you feed unsure or Etate Extension. By D.J.
that warns of risky gas kvel Personal cafaty hamass with ife line uncomforiable with what you  Murphy, R. Meinen and DE
@8 momitoes are barely larger than a £ttached 10 a safely located are getting ready to do near the kill. 2014,

cell phane sed cost less. The farmers 1
oar 18 demonstoation sites sach wore
o personal gas mondor dering manure
Storage agitation 30 we could obseove
exposure and increase thedr safety,

Operators with highest bydroges
sulfide exposune during cwr projgct
ware very ciodn 10 the mramene being
agitated or had leamed over the storsge
fience line to adjust or maintain
equiprment. Operators who stayed In
tractee cabs oc were otherwise wall
away from gas plames coming off the
manure were at lower risk.

(2 Is victually impossibde for an
indrexcual to get themselves out of a
manure storage accdent. Every recen:
fatal Incident in the northeassorn
LLS. fexoept two young boys in
Pemnsylvania who were owercame
By gas and foundd upconscions at the
wdge of an lo-ground open starsge
during agitation) Involved people whe
were ound cnresponsive in 3 manure
stocage with no means of rescue or
recovery Ia place. The fatalicics hawe
imulved farms using gypsue badiding
and those that do mot. We will never
kmow if the peopie wene ovescome by
gas o simply fell 1a¢o the stecage, as
thess were no survivimg witnesses.
These traghe remindess peint to the
lenportance of providing a life line
(harness and rope, for cxample} and
i plan that dees not endanger thoe
Mampling rescue

This leads to two strong
recommenditions for any and 3l dairy
manwre storages, One is to stay dear
of manure being agitated fox the fiest
hall-hour when most gas s redeased;
muce than an hour is even better. This
Inchades nox leaning ovir se within the
stoesge conlimes. Secondly, keep non-
essential people away durng agitatior,
especlly childron.

Gypsam bedding offers beoefits
0 cow comfert, milk quality and
agronomic eatures. These benefits
vhould be weighed against the risk
of clevated kevels of hydrogen sulfide
gas. Hydrogen sulfide is likely to reack
dangsrous kevels in locations in barsts
éven around outdoor opes manure
storages during agitstion peioe 1o land
application when gypsum bedding &
used. Be aware. PD

Ltleer Fabian-Wheeler (s an
agriculivral gud bivkogicw! enyinsering
professor with Penrs State University.
Emvadl Frer a2 ¢f w2 pes ade

YIELD |
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Dy eetersive fmeof comventiorad vad Gesaty’
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Platek, Mike. Agricultural safety, sometimes forgotten. Industrial hygiene — December 2014.

Agricultural Safety, Sometimes Forgotten

There must be ongoing education of farmers,

their families, and hired hands on the dangers

of gases on farm properties.

BY MIKE PLATEK

The Agricsitueal and Bislagical Englseceing grosp of Penn State University is currently

conducting a resednch projoct en hydeegen sulfide rele froee

pits, with a focus

on farmes ssing gypsum products as bedding for dalry cows.

ne industry in the United States that many

people take for grasted is the farming in-

dustry. Agricalture and agriculture-related

industries contributed $753 billion to the
LS. Grass Domestic Product In 2012, & 4.8 percent
share. Of that amount, American farms contributed
$166.9 hillson, or about 1 percent. That translates o
16.5 million full- and pan-time jobs, accountieg for
about 92 pescent of total US. employment. Maore
than 2.6 millioa of those jobs are directly connected
%0 US, farms

Why all the stats? Agricaliural deaths in 2012 t0-
taled 475, making the death rate 21.2 per 100,000 full-
time workers. And to make matters woese, in 2013,
the number of deaths dimbed to 479 and the rate
increased 10 22.2 deaths per 100,000 workers. These
oumbers shoulda® be accepted by anyone.

Having spent time on farms, 1 have seen several
unsafe acts invalving different age groups. On family
farms, the “young ones™ are always helpleg out, from
driving tractors and combines to working cosely with
the animals

Of the many safety hazards that exist oo a farm,
the atmospheric hazards ofien go unaccounted for or
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are skmply forgotten. This & doe to either lack of car-
Ing or just being unaware of the potential gas hazards
on a farm. Because of this, an increasing number of
farmers and their family members are dying from
£as exposures.

Aress o a farm that should be of concern are siks,
outbuildings, barns, and manuse pits. The most hax-
ardous of these locations, by far, ks manure plts. Same
of the gases that can be found on a farm are hydro-
gen sulfide (HS), nitrogen dioxide (NO,), methane
(CH,), chioeime (C1:), and ammonia (NH,). In addi.
tices 0 these hazardous gases, amother threat & the
depletion of axygen (O,), which &s & wery common
problem. The areas where these gases appear oo &
farms property are numerous. For example, ammonia
Is wsed s a fertilizer, while nitrogen dicxide can be
foussd when corn and other crops along with silage are
stored In silos, while methane and hydrogen sulfide
are present in manure pits. The list goes on.

Manure Pit Gas Hazards

As mentioned, the most hazardous ares on a farm &
the manure pit. Lock at any fatality report regarding
farming, and you'll see that the manure px generally
gets top billing as cee of the most dangerous boca-
tices. Why are masure pits so dangerous? A typical
dairy cow that produces approximately 2,000 galloes
of milk per year akio produces more than 7,000 gal-
lons of Bquid manure. The muanure requires storing
and overall maraging by the farmers.

The Agricultural and Biological Engineering
group of Penn State University is currently conduoct-
Ing a research peoject oa hydrogen sulfide releases
from manure pits, with 2 focus an farms using gyp-
sum peoducts as bedding for dalry cows. The gypsum
bedding is being used for the animals’ welfare in that
it impeoves the dairy cows’ Uvieg conditions. The gyp-
sum absorbs moisture better, reducing the bacteria
count, and it is pH neutral. As a result, the cows are
healthier. Lates, as the masure & spread oo the Selds
the effects ca the soll are bow carbon additions with
added sulfiar.

{‘Ihis stady was principally funded by 2 grant from
the USDA-Natural Resources Comservation Service
[USDA-NRCS]. ¥ & being conducted by Mike Hile,
4 Ph.D. candidate at Pena State Usiversity, and over-
seen by Elleen Fablan Wheeler, professce, Atr Qual-
ity. They are located In University Park, Pa., and can
be contacted as follows: Mike Hile, selh 24 dSengr.piu.
mu‘u;l‘hn“Ma.l"":t-"f’:h.n.hl.)

Before gypsum was introduced 1o the dairy indus-
try, there needed to be an und ding of the work-
Ing of the masure pits and the dangers asociated with
them. The cow manure is moved from the barn into

waw ONhsenling. com
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2 sanure pit either by 2 buili-in conveyor
system or manually by the farmer, depend-
ing on the size of the dairy operatica. Foe
example, ane farm included in the research
stody has 275 dairy cows and a 1 millios-
gallons masvare pit. The pit & emptied twice
a year, with the manure speead over the
fields for fertilizer. Typically this is doae In
Lte fall after the crops have been harvested
and then again In the spring before the
crops are planted.

This Jong storage time of the manure
allows it to go anacrobic (without cxygen)
and allows the bacterial actioa to produce
hydrogen sulfide. Sometimes a “crust™
forms oa the top of the manure, acting as
a lid trapping the gases. The danger accurs
when the farmer neads to “stir” the manure
Pk 10 prepare for the disposal or spread-
ing of the manure. The stirring releases the
hydrogen sulfide, along with any methane.
The presence of these gases abo can con-
tribate to low-oxygen atmaspheres. There
are numerows acctdents on record of farm-
ers and members of their families who have

been overcome by these deadly gases.

While gypsum benefits the welfare of
cows, it increases the presence of hydrogen
sulfide. Gypsum Is a sulfur-based oee. Also
known as calclum sulfate, CasO, it pro-
vides a sulfate source within the manure
starage that reduces to foem HS. The Penn
State research is focused on the use of gyp-
sum as bedding and 2s contribution to the
incressed levels of H,S. When farms usng
gypsum were studied, H.S was detected at
life-threatening levels

OSHA has a PEL of 20 ppm thae is stat-
ed as the ceiling level, with an lmamediately
Dangerous to Life or Health level of 100
ppm. When the manure pits containieg
gypsum were stirved, Jevels as high as 500
Ppm were encountered. A beeath or two at
these levels could have serious effects ca a
furmer, induding respiratory distress and/
o uncomsclousnes, potestially leading
that farmer t0 fall into the manure pit. This
could Jead to higher gas exposures, asphyx-
utioe, and even

One farm visited during the study ex-
perienced a very dose call related to the
safety of the family’s two young boys. Play-

ing slightly downhill fram the pit
one day during a stieving process, the boys
wese observed by their father to be lying
next to their bikes. Thinking the boys were
Just playing, he contissed his woek. A shoet
time dapsed and he noticed the boys wese
in the same position. They had been over-
come by hydrogen sulfide. He immediately
attended 10 the boys and was able .0 revive
them. No loeg-term damage occurred, but
the yousger boy was kept overnight at the
hospital foe observatica.

There must be ongoing education of
farmers, their families, and hized hands on

these gas dangers on farm properties. O+

Mike Platek is a Gas Detection Specialist ar
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Krieg, Dieter. The invisible goon in the lagoon has been detected. Farmshine — December 5,
2014.
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Krieg, Dieter. This poisonous cocktail shows absolutely no mercy. Farmshine — December 5,
2014.

-t Sk e e e
This poisonous cocktail shows absolutely no mercy

ot g

S . bepad mawae 0 38 10 fock dicsrsicr by
PINEGHRONE, P~ Hadogm siifde B 12 foorchasp it B WA T hong Desine oo
(MG (e 2 bwenn el 1T you e 3 dan »

ranae s ity ae yoor fare thy

ool dagerins i o ol = ety watiag v,
Do D Tk surtxe Aad if seu're Nex warposdgly, Wb the desioulessvn
et cavefel, HUS cas overome you in lide pnwl«lJm PRI Wi e
mows ther o inatat. Plaw ol e PRt 1 B pregrirs crmptentond e noed!
vemisp Tles osocee axchaall shows fx ety
nchaicdy s trevey o sifide is o koown Ciber, yes
A Gl diy Tedd oewr texe o & ?x:mmmmwm,
T o Enc Wolle's ban presersed ol e § the safery protoosb Azew the
evidonce. Naameces whnius 3 wel o5 oot i sghe thees a: the it for
ooy coreermed it G sty Shoomd 12 sac. Barpers were off 2k sver e
b et ol s the HS wach s bt 90 s Wtk e bscos v atfeened try the
trema el OF ¢ P mOOTRY te TRaTRIT Air- m.?mm-nm
wge weas o Ouelere dso 0 D (F rags- sppreched hetol devels, Srepie ssoe
wey Bua coe theeg I aove 105 0 oo A Bexk ofl Sewy awent
fast eller, Wil st wiltin de weive sk of
Mulm-unﬂwl e E000r s O, For pood ioersre, be bed
o o'y il de vitim » wis o 5 e it basow it
Fappensto G008 res (he ranuee o, Jeah is lewed of HS cipenae be wem e
38 het cortam Urie meon 1 S modt {1 Joond 1. A% § CUBES (e e
o Al s un-‘-nnﬂ addition o being & Seoaoa) be ondes

et ol Wil ey Gl unlos <harces Sy o
prepaions heve boen ek abead of beiny coclid ey woll mess avaxdng
rn 40 pags W

'nfl:h u't;tww ol e o el m:
s shautisry thes gies 0 ke i papk. aihse
mn-p-—-lwm bocane oopditone S 5‘(;‘:‘ hm: cane of
:i“"u:: nﬂh;uhm :-:zsh Ol gty 1300 prrnndh froen
g (e sesciech b e Tt place: s yadiay. salsy ' while fie famce
N sfery b wtion Bl £ o ahos” .mmmmmum .‘“;mzm, w wwmm ln.l‘m&
et Mies Kida, 4 toconl deprn 630%  ducrbicnd aied Rsops e shavings e Do) a, Sukay cudelioes bave ben peblided oy Areces o Engreccs el
dur o Pen Sakes Qultege of Agiubel munqndw—mﬂ- yeins fien oy soerees and oo be waned  of 1000 PPM vigutow gitnien Lewds
Schancen and bemden of DS pontiudier resoed L 1N .‘Q,Em-m- o hy che o gputing Bgad - abose SO PPN e te
I]:w llin gn is oo we'm :gm Yawafeof good gend  rapere rm- wiloa safdy  Soece |96 (16 yeard USA Jan
Imtatully. e svoxch ocesscial bes bt Hike. ik o deayiu die berclis of - mmmmmq.”nm mmm t—-&m&hunj
arreer uow Lokl calkad foe by om, B e s o) e prodaces gwe toend g 10 ther Baddigg < o
Mo coudd poiantely be [ by I smads  rrmaiced, (e b potmial for KYOez v ooy, anuisoes. carboo aad liydoe- m-Iuplimh
Temy Wearer. onax of LA G n b walfuds From 1995 Orvogh 2000 77 fusd sl s mafice fie Sty con. which

VERTICAL PTO PUMP FOR it
BETTER NUTRIENT RECOVERY For all your manure | B geysps

handling needs call

N‘E:H h“‘ 1"17‘.”- .‘I . mwm
2o womerg ke deess

: srioes % hecd B e

Hearey Dty ; .

VISt ' iRe et by Pern Stez
Simpys Design : el S Ry
wwwnmmao:n i e e et




g from i B 2wy 15 P Ve,
i ke hie g, Wity T They wemed o
They wamod i s fesd pisiils i dheret 18,
m-ﬂdhwmuﬂ.

hmﬂﬂﬂhm}mhmﬁm

Fish dobeimen from Penm Siie's Deparomen)
of Al Srisares desoribad de g of hmg
o - .u'-ﬂu. 5
md—lhﬁ":;

the Faemas work oihe" e
N Wi i oot s o
oz g gl Sheree's Pt gev dncrr ot

i den'tdn it i i s, Linen o e ol

'rn-#-u.mumm
o D ol w i wlso mong B el
there wors o help promume saieey around e
He haz A s mmht;
Sy clemrof i

Sty g b the big odesd b0 ol of
gin. The wond noods o pet out,” comciaded
e S 'y Ml Bilie.

Slose mformudion o be staped in s spoon:
g edition. Flass say hsed,

B ¥ T T PR ; = s
WD OO IS TN -
'} 'y -!_'_.. . L
e Sy g st

"g._ o .._-. I-
II- .FT ' g le Ty

-. . ','..‘. ! s el

v 8 L | = ,
| [t ':'q?";:u:'l.h.": ke l'l_l_:J.'l-Hi.l..,'l .1.
Sy | mwee ke e qu?,, e 'I-h'lu't\. 3

93 o o



Krieg, Dieter. Do not give the killer in the pit the benefit of the doubt. Farmshine — October 10,

2014.

Green Flag Count
Is farm frigndly. o

The cherisery of a manuse sooraze facility i Viared. myseri.
s, .nﬂyuuy,'{mslud&cys:ammn
teing 0. ing it hods nobenefes.

ut the ry inthe Eunon, swoiding the sm-

b

dater killer isas easy as 1-2-3.
1. Make sare the iy is mauec] by fawes wd ynes 56 that
fiere’s no cxnce of asy unathorized Jeckm entering either
Collberitely or aoadantaly.

S‘qu.m.mbpuﬁmmu*i@d;mm
m;m oy bamessed and 1 second peson sanding hy
E ) .
No masser what we doas farmers - fron 2 to harviesting
g g e
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Dekar, Emily. Empty it, maintain it, and above all, stay safe. Farmshine — October 17, 2014.

You and your manure storage ladlity

Farmihine, Friday, October 17, 2014 — 21

Empty it, maintan it, and above all, stay safe

EMILY DERAR
Bradierd Counly Conservation Disnct

TOWANDA, Pa. — Now 5 the e © predare *our namrz
staraze shieiiee for 1 Winter months sbead. The Dost mpce-
mﬁguoguwmmmmmmu

A manure soeage faclily can b et (cr vosst) fiend
dmmmmwm-&‘w(mmgww

board. Fall manere spplcatioes Mib«nmd.hllplmld
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Krieg, Dieter. They’re not just standing around.

10 — Farmshing, Friday, Ociober 24, 2014

Getober ﬂll December 1, 2014

qr,. Eﬂﬂ,
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$10.00 off

per 25 Pound Buckat

$20.00 off
per 30 Pound Rag

Nuiriion, Tne. £
243 Whits Uil B, New Holland, FA 17557 ;
1BBR1I6-THTR

: m-mmm“ hnimdnm

brosght seversl dezen pecpls to Erie Welf's farm In
Sahurylll County sarlier llis ful, wome COMINg rom as far
=y a5 The Finger Lakes Region of New York Sta'e. Various
indusiry experts wars Tiere to oefing snd messire the hid-

den killars that exiet In manure ctorage faciiities, of which

Farmshine — October 24, 2014.

il |I'."";lll|

h‘m-ﬂh £ m»ummlmmml.
But with salety rocecures in plsce, the danger is all but
edminatad Every axpert who tack the micmphons urged
sately fisi. Plance hied the warninges whon you empty you
marune alerege tacility, especlaly during aghaton,

Prato by Dieter Krlsgy
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Gruber, Philip. Gypsum linked to poison gas in manure storage. Lancaster Farming - February

21, 2015.

Wi lANCAREriarInG, Com

Larcagiar Farmming, Salunday, Fobruany 21, 2015 - 413

Gypsum Linked to Poison Gas in Manure Storage

Puiuir Gruser
Seaff Wriser

A soft minerad that makes a good dairy bed-
dirg can alse make muinure storapes o dun-
FETaus,

Begearchers hove suspectsd for some tme
that gypsam, ibe maln mabenial used (2 deys
wakl, mcreases bydrogen sullide Jevels in ma-
ne storkged, and new reseanch supparts thas
helief, Penn Stale Eatensicn mssocisied said
Feb. 10 during a Technodogy Tisesdyy webinar,

Gypssm. of caltivm wlise, oocwrs nam-
ally and as a byproduct of huming coal. The
pyvpsum used vm farms is made asing waste
froen drywall manufnchuring, said Mike Hile,
& Penn Stste gradunte sisdent who conducted
the: research.

Whien used ns o bedding for dairy cows, gyp-
sum pbsorbs molsbee und helps keep bactena
lﬂw-hh»nwuudp}i,w'i:'uﬁu[rnnidml

As 2 =il additi mpumwlllhtm’lh

a ive,
wiﬂﬁmnﬂhﬁlkm%m
dwelq)mm. It rbuces phosplorns rasolf,

retaing plant-availeble nileogen, udﬁ.pphns
calcimm and salfiar, b said.

Usfortanately, whea gypsam kmds in ma-
nure storage. i tonds 1o beeak down and
priduce. hydrogen sulfide, 2 poisonoos and
explosive gas that ix dungerous even i Jow
Coacenirations,

Tladisstry doesn’t lKe 0 e workers ex-
posed o above 20 parts per mallion.” and the
g5 s immedianely threstening a1 100 parts per
million, Hile suid.

Most people can smell hydoopen sulfide &
exlremely low concontrations, soid Rob Mei-
nen, an Exiensdon awocials,

“As the comcentretion increases, actally
yaour alfactory mpdwimahﬂebnmd
vk 2l of a sudden don”| o ithat mbien-
cgg smell, and you can pelsally sull be i that
dangerous enviroament without even edize

| ing." Hile said.

Hydrogen sultide |s relensed when ceotted-
dver mosmre if agitated, Hile sid.

For yeary, thene buve boen <t of fammens
esiineg ooverwihaehoeed by nensae gascs, but over

| lnmn:-cl wed employees
vollapsing, =g Duvis
Hill, on  Hatensics  ag
) saﬁe:y assnciole.
*We've heond (e} some
eanne hamler (ke hie

Mike Hile

uﬁtnboﬁhs."liiﬂwd,
Muy 2012, three Pennsyvlvands workers
died i o masure storage on a Marylongd (e
that used gypsam bedding.

Later that year, two litthe bays (s Mostour
County were foupd uneesponsive next 6o &
manune slorsge shortly nfter agitation started,
Thear (ather maoved Mmbﬂaﬁtjj}.ﬂt im dive,
Hill said.

Usually, bydrogen selfide makes up 10-20
parts pir mnillsom of the air aound 3 masur:

Pt during agitation. bul s the Momoar ki the
'qub were 150 pans per mulbion The bows
perchably rode thaough a plume of S00-600 pan
per milkion oo their bikes, Hill suid

Hydrogen sulfide oflen escapes in buris,
Megnen sl

Hill ussed 1o 1ell people taat 30 feet was 3
sale dislance, but even of thoi dsianee b
fonnd elovated levels of hydrogen sulfide an
the Montour farm,

“Even imside the Eeesall bars we were
kind of grubbing some samples shove that 20
k™ be said,

Thow find=ps prompied Hile 1o determin:
whether gypsam was indeed  producieg the
dewlly g,

Hile poitiomed gas monidoring  devices
arcand musune pis on o oumber of farms o
menmre hydrogen sulfide kvels during ogite-
tion, He alin igsted the manure arsd noted eavi-
ronmenial eonditions Lke wird direction.

The farms ths ised gypaam indeed fod high
bevcls of bydrogen sulfide. Hide found &4 parts
o i Mooy evem 30 bt dommmnina of the Wir-

- ape. The famu that did mot wse pypsam aaved
unded five parts pef mallion, he siod.

The: farmers whe agi the mamee als
ware manitors, aid mes) of them sved below
hazanbais bevels of exposure.

These whis were fine ran the gitaie from
the can of their ractee with the doars closed.
mmmr elevated them shove the pit, Hile

These who were cipMed 0 more gas
wiroed ourtside the racton, often af the edge o
e leaming oves the dovspe wall, Hile waid

Soame larmers comiesaim of femoss
med brilding components, he saad.

Environmental conditioes can change the
rsks. A storm was rolling ko during ope agito-
ton, The wind usaally blew east oa the farm,
Mth;ammsmmm:wiudﬂiﬂxummm
— bowin Evdrogen sublide direcily into

Enrn.whmm tapped g twpped
il}pampu million.

It was actually higher then my meters
woitld measare,” Hike said

ot s, sty phocamtion: sne Lhe best way
1o nedhoce the fick From mesore gas expoane.

Treatments claimed 10 reduce the
salﬁnkd:dmpmw-iﬂmdmlma

Snm.c additives bave been promising in lab
fisearch, but mure firm-scale research peeds
o b dne, Hilde said,

Once agitstlon siarts, everyone shoold stay
ul lewst 500 feet pway foom e storage, said Ei-
il:mﬁﬁ.u,:ﬁmkuragen;imq-iuwn—
[N

“Ii's helpful 1o be sware of whi's sound:
cten chakiren, snimale, other workers that
'l necessanly working rnght @ the perim-
eer Hile snid,

Hydrogen sulfide is boovier than zir and
bends i strabify 8 the few fest above the
ground. “You might be good while yoa'm
shnding. When you bend over you might be in
mauble,” Meden sufd,

Chikdren are of particubar risk hecauze they are
shoet evough to bresthe @ the hvdnogen sobfde’s

Am“nweﬁlpu-rm“mm

“Every Gme there was 8 hole or 8 condined
spnce, the kids wese the first ones to walk up
and look in there and get clise,”™ be sabd.

Purdue University found that 10 percent
4Huumgﬂ deaths were chikiven, Meinen
i

Most manure s deaths hagpen duing
Wl iaeihs when microhial lrl,hﬂ;.rmw
dal Aogest sccoanted for & quamser of the

Presumushly, the farmers empticd the donepe
ia the spring. the s=nare sccemulaed whils
crops were groring in the summer, and they
HM:J'I]’IG spriaid aaum when silige came off,

L

Bt 15 Best b0 haye A second person 1o sl least
get Belp, not necessarily reigue, somecne
working with o mamure dorage. "We could
avoid denths if wa employed a huddy
sysiem,” Hill said.

I help is [ sovay, the second pefion iy
e 0 perionm 3 resoue, bt tsis i daky, “For
every four people that went anconicious, &o-
oiher person dicd trying 1o rescac them,” Mei-
nen said,

Melsen s peaple near monie slorapes
nood 1o pay atleotion 1o their "hady alanms™
Just o5 they would heed o anwoke deteciar

=¥ yewy forl like yom jost walked up thres or
o e
yoursll, ur

e your body calling fue axygen,

Iheinen said & nneee bosder who wisied e
Bilaryland farm said his expocane was w0 bad be
oould Barely s0¢ 3 mangre tank 30 yeeds sway,

Carrying a pas detectos can rmunimize yous
sk, “The first hoor of agetation is probehly the
wiarst, bal never let your goard down,” be said.

Fabdnn, the enploees, “vnconditionally rec-
cenmends™ thag gypsum bedding nor be wsed
wilh usderbarm manure storage, The chanes of
expasura 15 just oo great, she said,

Hydmgen sulfide is ooly ooe of more han
200 manare gases. but Farmons abill eeed oo

the by mienic value of gypium bedding
the dapger of the gas il cealed Later.
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