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Instruments for measuring concentrations
and emission rates of gases and particulates
from animal feeding operations

his publication describes the operational
characteristics of some commonly used

instruments for measuring concentrations
and emission rates of gases and particulates
encountered in animal feeding operations
(AFOs). Of special interest are the measure-
ments of ammonia (NH3), hydrogen sulfide
(H2S), and particulate matters (PM).

Integration of sophisticated analyzers and
electronic devices, such as those listed
in Table 1, Figures 1–10, may be used to
measure multiple pollutants simultaneously
and continuously. The mobile emission lab
(MEL), Figure 11, with an estimated cost of
$125,000, is an example of such integration.
MEL is used by researchers and regulatory
agencies throughout the country to measure
ambient concentrations as well as emission
rates of carbon dioxide (CO2), NH3, H2S,
and PM. Another example of this methodol-
ogy is the custom-fabricated monitoring
devices that comprise commercially available
sensors that may also be used in air-quality
monitoring. The portable monitoring unit
(PMU), Figure 12, with an estimated cost
of $3,000, was developed by Iowa State
University researchers and is being used
in a nationwide study of NH3 and CO2
emission from poultry facilities.

It should be noted that concentrations and
emission rates are two different, although
related, quantities. Concentrations measure
the strength of the pollutant in the air or
solution and have the unit of percent (%),
parts per million (ppm), parts per billion
(ppb), or parts per trillion (ppt). Emission

rates, on the other hand, measure the magni-
tude of pollutant release from the source,
and have the unit of weight of pollutant
per animal or body weight (e.g., 500 kg or
1,100 lb) per unit of time (e.g., minute, hour,
day, or year). The two are related by the air
exchange rate through the source. Namely,
emission rate is the product of concentration
and ventilation rate.

The importance of quality data on ventila-
tion rate in determining the emission rate
cannot be overemphasized. Assumption and
use of published fan performance data under
commercial operation conditions can be
off by 10 to 50 percent. A quick but less
accurate way to check airflow rate of a
ventilation fan is to measure the average
air velocity (traverse) with an anemometer,
Figure 13, through the cross-sectional area of
the fan and multiply it by the cross-section
area. A newly refined device, referred to
as fan assessment numeration system
(FANS), Figure 14, costs $10,000 (with
trailer). The FANS allows users to calibrate
actual fan airflow rate on site. The FANS
has become a widely accepted and used
instrument among researchers in AFO air
emission studies.

The equation used to calculate emission
rates based on concentration of the sub-
stance and local climatic conditions is given
in Appendix A. Use of the equation also is
illustrated by calculating NH3 emission rate
from a manure-belt laying hen house in
central Iowa.
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Figure 12. Portable monitoring unit Figure 13. Anemometer

Figure 14. Fan assessment numeration system

Figure 11. Mobile emission lab
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Appendix A. Equation and example of emission rate calculation

ER = Q � (Co – Ci) � 10–6 � Wm � Tstd � Pa

Vm Ta Pstd

where ER = emission rate, weight per unit time
Q = ventilation or air exchange rate through the building or source

at field temperature and barometric pressure conditions, volume per unit time
Ci = concentration of the pollutant at inlet of the building or source, ppm
Co = concentration of the pollutant at outlet of the building or source, ppm
Wm = molar weight of the pollutant at standard temperature (0 °C) and

pressure (101.325 kPa) or STP, g/mole (e.g., 17 g/mole for NH3)
Vm = molar volume of the pollutant gas at STP, 22.4 L/mole
Tstd = standard temperature, 273.15 °K
Ta = ambient temperature, (°C + 273.15) °K
Pstd = standard barometric pressure, 101.325 kPa
Pa = ambient barometric pressure, kPa

Example. A manure-belt laying hen house located in central Iowa (elevation of 1,000 ft)
contains 100,000 laying hens. The layer house is ventilated at 1.5 CFM per bird to maintain
an indoor air temperature of 74 °F. Hourly average NH3 concentration of incoming or fresh
air and exhaust air is measured to be 0 and 4 ppm, respectively. Determine the hourly
ammonia emission rate from the layer building.

Step 1. Building ventilation rate, Q
Q = 1.5 CFM/hen � 100,000 hens/bldg = 150,000 CFM/bldg
Converting Q from CFM to liter per hour by multiplying CFM value by 1,699,
Q = 150,000 CFM/bldg � 1,699 L/hr/CFM = 254,850,000 L/(hr-bldg)

Step 2. Absolute ambient temperature of the exhaust air, Ta
First, converting air temperature from Fahrenheit to Celsius by the following equation:
°C = (°F – 32)/1.8 = (74 – 32)/1.8 = 23.33
Then, the absolute temperature is determined as,
Ta = °C + 273.15 = 23.33 + 273.15 = 296.5 °K

Step 3. Ambient barometric pressure, Pa
At elevation of 1,000 ft above the sea, the nominal barometric pressure is 98 kPa, and is used
in this calculation (if measured, use the actual value).

Step 4. Calculate NH3 ER of the building by substituting the values into the ER equation:

ER = 254,850,000 � (4 – 0) � 10–6 � 17 � 273.15 � 98      = 689 g /(hr-bldg)
22.4 296.5 101.325

= 1.52 lb/(hr-bldg)
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