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ABSTRACT

Human hedlth hazards can exigt in swine confinement buildings due to poor indoor air quaity
especidly asaresult of high respirable dust and ammonia concentrations. The purpose of this
study was to access the tempora variability of airborne dust and ammonialevelsin aworking
farrowing facility over both a daily and seasond basis. An ammonia sensor, aerosol photometer,
interna relative humidity sensor, and datalogger containing an internd temperature sensor were
mounted on a board suspended just above the worker bresthing zone in the center of aroom in
the facility. Sensor readings were taken once every 4 minutes continuoudy between successive
room washings, which occurred on a 3-week basis. Sensor readings, standard methods for the
measurement of total and respirable dust concentrations, aerosol size didtribution, and ammonia
concentrations were taken once per week in addition to temperature and relative humidity
measurements using a thermometer and ding psychrometer, respectively. Samples were taken
between September 1999 and September 2000. The continuous readings of both dust and
ammonia concentrations revealed a pattern that was inversaly related to internd temperature and
the related ventilation rate. This pattern was most gpparent during weeks exhibiting large
variationsin daly externa temperatures. As expected, seasond differences demonstrated an
increase in contaminant concentrations during the cold weather months. However, average dust
concentrations were very low (<0.1 mg/nt) throughout the year. Likewise, anmonia
concentrations averaged 3.6 ppm.
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INTRODUCTION

A large increase in the number of intensive hog production facilities has been evident in recent
years. Many studies have identified these “confinement” buildings as hazardous work places
(Donham et a.1989; Donham 1990; Heedrick et a. 1991; Barber et al. 1991; Larson et a. 1994).
These facilities are operated with a high anima dengty in buildings thet are generaly enclosed
during the winter months to minimize heating costs. The combination of increased stocking
dengity and low ventilation rates has contributed to poor indoor ar quaity (IAQ) within
confinements that can be hazardous to workers' hedlth (Takai 1997). Although the gaseous
portion of these aeria pollutants may be hazardous to hedth, particularly the high anmonia
concentrations (Donham et a. 1988), equal concern has been given to the high particulate
portion. Microscopic andysis of dust in pig farms showed that feed and feces were the mgjor
congtituents of dust in confinements (Donham et a. 1986). The concentration of airborne dust in
swine confinements may be affected by increased animd activities, low ventilation rates, feeding
practices, bedding materids, flooring type, and dung and durry handling (Preller et . 1995;
Taka et d. 1995). A study conducted to determine the amount of inhaable dust typicaly found
in swine confinements in the Netherlands reported vaues ranging from 0.3 to 26.6 mg/

(Preller et a. 1995) and asimilar study performed in lowa reported averages of 0.53 and 6.25
mg/nT for total and respirable (< 4 nm) dust respectively (Donham et a. 1986).
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Many swine confinement buildings are built with manure storage structures below the datted
floors of the animd pens. Manureistypicaly stored for 3 to 9 monthsin aliquid form (10%
solids) prior to remova for land gpplication (Donham et d. 1988). In these pits, the manure
undergoes anaerobic digestion, during which up to 40 different gases and vapors can be
generated. Of these, methane (CH,), hydrogen sulfide (H»2S), anmonia (NHs), and carbon
dioxide (COy) are the mgjor compounds. Studies have shown that health problems associated
with exposure to H,S and NHs in swine confinements include irritation of the eyes, mucous
membranes, and respiratory tract (Donham and Gustafson 1982). The production of gases by
manure sored in a confinement variesin relaion to the age of the manure after cleaning, time of
year, and animd age. Ammonia measurements in confinement buildings taken during one study
varied between 13 and 76 ppm. However, only a portion of the NHz was determined to originate
from manure and the rest from urine and manure that accumul ates on top of the datted flooring
(Donham et a. 1988).

Totd dugt and ammonia levels in the range of ther respective threshold limit vaues (TLVS
ACGIH 2000) have been shown to be sgnificant contributors to respiratory disease in swine
confinement workers (Donham et al. 1989; Robertson 1993). Therefore, more stringent TLVsS
for application in swine confinements of 0.23 mg/nt for respirable dust, 2.4 mg/nt for tota dus,
and 7 ppm of ammonia have been proposed (Donham et a. 1989). It has been shown that
improved ar quaity resulted in improved human respiratory responses (Zhang e d. 1997).
However, in teems of animd hedth, studies have shown that little economic benefit, as
determined by weight gain rdative to feed consumption, are expected when current levels of
arborne dusts in swine confinements are reduced (Taka et d. 1995 Kloogter 1993).
Conversely, some reduction (12%) in the growth rates of young pigs was found when exposed to
a concentration of 50 ppm of ammonia (Drummond 1980).

The research presented here was undertaken as part of alarger research agenda, which includes
an andysds of the effect of ventilation rates on confinement IAQ. This study had as its primary
god the development of an understanding of the tempora variation in airborne dust and gaseous
ammonia concentrations within aworking confinement. A farrowing facility was chosen asthe
study Ste because the facility is completely reiant on mechanica ventilation for dl air moved
through the building. A complimentary god was to evauate the accuracy of red-time sensorsin
the harsh environment of a confinement over ayear-long period by comparison with
standardized sampling methods.

METHODS

Two ar contaminants, ammonia and particulate matter, were continuoudy monitored for week-
long periods between September 1999 and September 2000 in afarrowing facility associated
with the Swine Education Center of Kirkwood Community College of Cedar Rapids, lowa. One
room of the facility was used as part of this research. The room measured 7 m by 9 m and
contained two rows of 5 pens each with a central ide separating the two rows. FHoor grating
separated the room area from the waste pit area. One variable-speed fan was mounted on the far
wall to pull ar through the room and down into the pit area before exhaugting. Two fans were
aso mounted on the center of the outside wall to increase the air exchange rate as needed to
decrease room temperature during warm days.

Ammonia was measured using a direct-reading ingrument (Ammonia- e, Indudtrid Scientific
Corporation, Oakdde, PA) and particulate matter was measured using an aerosol photometer
(Handheld Aerosol Monitor, PPM Inc., Knoxville, TN). Two environmental parameters,
temperature and relative humidity, were also monitored insde the study area. A current-
transmitting meter was purchased to monitor relative humidity (HMW60U, Vaisda, Helsnki,
Finland) and temperature was recorded with a sensor associated with the datalogger used to
record readings (Smart Reader Plus 7, ACR Systems Inc., Surrey, British Columbid). The
sensors and datalogger were mounted to a board and suspended in the center of aroom in the



swine confinement, just above the worker breathing zone. On aweekly basis, the photometer
was cleaned by spraying the “view volume® of the sensor with filtered, compressed air. Each
room of the farrowing facility was occupied on an gpproximately 3-week basis between which
were 5to 7 daysfor cleaning. Therefore, the readings taken did not represent a continuous
recording throughout the year-long sample period.

The particular datalogger used during this study was only cgpable of retrieving and storing a
voltage signa from asensor intherangeof 0to 5V. The aerosol photometer produced an
output voltage of 0to 2V proportional to 0to 20 mg/nt. Therefore, an operationd amplifier
was used to increase the output by afactor of 2.5 to take advantage of the full range of the
datdogger. Furthermore, both the relative humidity sensor and the ammonia sensor produced a
current Signa of 4 to 20 mA proportiond to the full range of each instrument; 0 to 100% and 0 to
100 ppm, respectively. Therefore, 250W resistors were used to produce a 1-V and 5-V sgnd
when the sensors transmitted a4-mA and 20-mA signd, respectively. The voltage readings from
the datalogger were taken once every 4 minutes and downloaded once during each week of
sampling. These readings were then imported into a spreadsheet for conversion to the physica
vaues represented by each voltage reading. For example, the equation relating voltage to
ammonia concentrations (ppm) was.

ppm =25V - 25

On the same day that the datalogger was downloaded, 8-hour samples were taken for particulate
matter and ammonia. A measure of “total dust” was taken as per NIOSH Method 0500 with the
exception of using an “open-face’, rather than “closed-face”, filter cassette. Furthermore, a
cyclone (BGI Inc., Wdtham, MA) was used to measure respirable dust, and a 5-stage cascade
impactor (Series 290, Anderson Inc., Smyrna GA) was used to determine the particulate size
digtribution. Results from this instrument are expressed in terms of the geometric mean and
geometric standard deviation of the aerosol size distribution under the assumption that the

aerosol has alognorma distribution (Cooper, 1993).  Sampling was carried out using alarge
pump attached to along piece of vinyl tubing draped over the sampling board. The tube was
branched out using Y connectors, which in turn were connected to flow redtrictors (critical
orifices) that were cdlibrated to a desired flow rate of 2.0 L/min for tota dust and cascade
impactor sampling and 4.0 L/min for respirable dust sampling.

Ammoniawas sampled using a sulfuric-acid-treated slica gd sorbent tube (SKC Inc., Eighty
Four, PA) as per NIOSH Method 6016. A critical orifice providing aflow rate of 0.30 L/min
was used to draw air through the sorbent tube. The silica gel was removed from each tube
gpproximately once every two months after storage in arefrigerator, desorbed in ditilled water,
and injected into an ion chromatograph for andyss relaive to prepared standards.

Rdative humidity and temperature measurements were taken using a ding psychrometer and
associated dry-bulb thermometer, respectively. These measurements were compared to
measurements taken from the datalogger at the same time as those taken with the psychrometer.
This comparison was made at both the beginning and end of each sample period on aweekly
basis.

RESULTS

The relative accuracy of each sensor was a primary consderation associated with this study.
Once the relationship between sensor readings and measurements taken when using sandardized
methods was established, the time-varying nature of the readings was andlyzed. Therefore,
results are presented in asimilar order that firgt indicates the accuracy of each instrument and
then demondirates the daily and seasond variationsin readings recorded in the confinement
room.

Sensor Accuracy




The relationships between the various sensors used during this study and the established
sampling methods for eech are given in Table 1. The following informationisgiven in Table 1
for each comparison: the sample sze (n), the range of measurement values; alinear equation and
associated r? vaue relating the standardized measurement value (X) to the corresponding sensor
vaue (Y); and the lowest and highest 95% confidence va ue associated with the regression line
to give an indication of the accuracy of theinsrument. For example, a plot showing the

rel ationship between humidity measurements made with the sensor in relation to those made
with ading psychrometer isgiven in Figure 1. For that rdationship, the 95% confidence interva
about the central value of 65% RH is+/- 4.6%, which expandsto +/- 11% near the extreme
vaues of 40% and 100%.

Table 1: Sensor measurements rd ative to measurements made with sandardized methods.

Comparison*  n Range Equation re 95% ClI
Humidity 66 40 —100% Y =090X -18.46 053 46t011%
Temperature 65 15- 30°C Y =0.88X +450 0.73 0.83t01.00°C

Totd Dugt 18 0.01-030mg/n? Y =0.291X +0.191 0.02 0.093 to 0.260
RespirableDust 18 0.001—0.054 mg/n® Y =0.227X —0.456 0.01 0.093to 0.300
Ammonia 17 0.6 —14.0 ppm Y =0193X +6.83 004 1.941t05.00

* Comparisons between sensor reading (Y) and standardized measurement (X)
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Figure 1. Linear regression comparing ding psychrometer readings with reative humidity sensor
measurements.

An andysis to indicate whether sensor response changed over the course of the sample period
was aso performed by comparing the ratios of sensor measurements to standardized methods
over the yearlong sample period. Linear regressons comparing these ratios to days after the start
of the sampling period were computed and an analysis performed to determine whether the dope
was sgnificantly different from 0. Resuts from that andysis demondtrated that the temperature
sensor and aerosol photometer response remained relatively stable throughout the sample period.
However, photometer readings often increased during the course of a sample period and between
deanings (see Figure 3). The dopesfor both the humidity and ammonia ratios were sgnificantly
negative. Using the resulting regression lines as abasis of comparison, the humidity sensor
readings dropped to 63% of the readings taken at the beginning of the study. Likewise, the
ammonia readings dropped to 30% of initid readings, however much of that decrease occurred
after the first three months of use. The averageratio of the first 4 readings compared with that of
the last 4 readings indicated a drop to 40% of theinitid readings.

Daly Vaidions

In generd, daily variations in both environmenta and contaminant measurements varied more
during warm wegther than cold weether. As shown in Figure 2, diurnd variations in dust
concentration were evident over severd daysin May when externa temperatures varied from 8
to 20°C. Huctuationsin externa temperature caused related changesin interna temperature and



the air flow rate through the confinement room as more air was required to minimize overheeting
thearea. Therefore, oscillations in dust concentration occurred where higher concentrations
were evident during the night when temperatures were coolest and the air exchange rate the
lowest. This pattern is contrasted with that evident during cold periods when only the pit fan was
operaing at alow speed. During those times, there was little difference between night and day
concentrations as the fan speed remained congistently low throughout that time period (Figure 3).

Similar patterns were dso evident in plots made of ammonia concentrations over time except

that the relationship between temperature and concentration was not as well defined. As shown
in Figure 4, ammonia concentrations increased with low temperatures and, hence, low air
exchange rate. However, a secondary peak occurred as temperatures increased. Thismay bea
consequence of aresulting increase in flow rate and grester mixing between the room and pit
aress causing a subsequent increase in ammonia concentrations. This phenomenon was not
goparent in al warm-wesather recordings however.
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Figure 2. Dust concentrations relative to interna temperature during warm weather period.

0.9 25

0.8 1 Temperature [ 23
0.7 1
0.6 1
05 1 Concentration M7

0.4 1

B
w o
Temperature, deg. C

0.3 1

Concentration, mg/m°'
[

0.2

0.1

T
g N ©

oOt+——T— T T T T T T T T T T T T T T T 7T
g8 8888888888888 88 88 8
§8S8§ 888488 §&ee8gs

S ©

Time, hours

Figure 3. Dust concentrations rdative to interna temperature during cold westher period.

Seasond Variation

The geometric means of dl standardized samples taken during the project period were computed
(Table2). Asshownin Table 2, the dust levelsin the confinement were very low relaive to the
threshold limit values of 10 mg/n™ and 3 mg/nT for total and respirable dust respectively. The
messured levels changed with the seasons with a doubling of the concentration between summer
(June, duly, and August) and winter (December, January, February). Ammonia concentrations,
however, were greatest in the fal (September, October, December) with vaues four times that of
soring (March, April, May) and summer. The geometric mean diameters measured with the
cascade impactor remained relatively constant throughout the year at levels between 11 and 14
mm.
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Figure 4. Ammonia concentrations reative to interna temperature during warm weather period.

Table 2. Seasond variation in contaminant levels
Totd Respirable Ammonia Diameter

Dust Dust ppm Geo. Mean
mgn?  mgin? mm
FI 0.050 0.013 8.0 13.8
Winter  0.089 0.020 5.6 11.2
Soring 0.066 0.017 2.2 12.8
Summe 0.038 0.009 2.0 10.9
DISCUSSION

During this research, red-time sensors were placed in aworking swine confinement and allowed
to monitor the air for temperature, relative humidity, particulates, and ammonia. The
measurements made with these insruments were compared to established sampling methods. A
comparison of the sensor measurements with those made with established methods reveded a
closefit to temperature measurements, a reasonably good fit to reative humidity measurements,
and poor fits to both particulate and ammonia measurements.

Despite their wide use, anumber of studies have indicated that aerosol photometers are often
inaccurate, especidly when senang an air volume that contains a mixture of dust types (O’ Brien
et a., 1989) or when the particle size digtribution of the aerosol changes over time (Willeke and
Baron, 1990). Furthermore, the response of these indruments is not congtant for al particle szes
and diminishes sharply for particles with a diameter greater than 2 mm (MIE, Inc., 1990). It was
a0 evident from the photometer readings that the sensor’ s optics were increasingly dirtied
during a sample period with a corresponding increase in measured concentrations. A find

reason for the poor relationship may be associated with the low dust concentrations found in the
confinement room; levels near the lower limit of detection of the instrument. The cleanliness of
the study room relative to other facilities of this type (Donham, 1990) may be attributed to the
frequent room cleanings conducted every three weeks.

As occurred with the aerosol photometer, there was a steady decrease in the relative accuracy of
the ammonia monitor with time. This sensor was most accurate when compared with results
associated with using the standard method during the first three months of operation. No
attempts were made to clean or service the insrument during the year-long study. There were
aso difficulties encountered when attempting to carry out the procedures associated with the
standard method. This method uses an ion chromatograph to determine the amount of ammonia
captured on the silicagel. We found that the type of digtilled water and the type of column used
in the chromatograph affected the results obtained. 1n addition, the stated accuracy of the



method is +/- 14.5%. Therefore, some of the variation between sensor and method can be
atributed to variability in the standard method.

Despite the inaccuracies in the sensor measurements, the continuous recordings made give a
quditative assessment of the variation in contaminant levelsin the confinement. Both dally and
seasond differences in sensor readings were evident. Furthermore, these variations were largely
a consequence of the ventilation rate through the room.

CONCLUSIONS

This study demonstrated that readl-time sensors capable of monitoring both environmenta
conditions and arborne contaminants could be placed in aworking swine confinement without
hindering the daily operations within the confinement. These instruments stayed in working
order throughout a year of use; however, their accuracies diminished over time. Readings from
these ingruments were useful for determining the relative changes in contaminant levels as
affected by changesin internd temperature and, hence, air flow rate through the confinement. If
ingruments of thistype are to be used in working confinements, they should be serviced at least
on amonthly basis. An aerosol photometer capable of compensating for large particles and
containing an interna pump to continuoudy clean the optics is recommended. Future work will
involve establishing the direct relationship between contaminant concentrations and air flow
rates. Thiswork will lead to the establishment of feedback control methods to minimize
contaminant levels while congdering the related energy costs associated with an increasein air
flow rate.
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