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US Chicken
Meat
Production

Broilers account for nearly all
chicken meat and most poultry
meat produced in the US
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Growth in broiler production, 1960-2006
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How are broiler chickens
produced?

 The broiler industry’s processes are tightly controlled by firms called
integrators who:

— operate processing plants
— feed mills
— hatcheries
e Integrators contract with farmers to grow broiler chicks to market weight



Integrator Companies

40 integrators are currently in operation in the US

e 10 integrators account for more than 60 percent of all the broiler
production in the US

e Broiler production is found mostly in the southeastern and south central
states

— these two regions produce ~ 85 % of US chicken meat

— Georgia, Arkansas, Alabama, Mississippi, and North Carolina produce ~
60 % of all the broiler meat in the US


Presenter Notes
Presentation Notes
Does anyone have a guess as to who the top companies are?


Top Integrator Companies (2019)

http://www.uspoultry.org/economic_data/



Broiler
Industry
Economics

* Broiler growers paid by the integrators by
contract

e Integrators own the feed and the chicks
e Compensation is based on:
— all growers receive a base fee
— relative performance to other growers

e e.g., growers who deliver more
poultry meat for the number of
chicks placed, receive higher
payments

— competition between growers results
e @Growerincome

— 4-6 building broiler farm will generate ~
$20,000, annually



Geographically Isolated



Summary Facts

Slaughter/evisceration (# plants)

Workers directly employed

Workers indirectly employed

Family farms growing broilers (or hatching eggs)
Corn used for feed (bushels)

Soybean used for feed (bushels)

Amount of mixed feed used (tons)

Wholesale value of shipments of industry
Consumer expenditures for chicken

185
300,000
200,000
30,500

1.2 billion
500 million
55 million
S50 billion
S70 billion

National Chicken Council, 2020



Broiler
Housing

* Broiler houses are expensive to build
— $300,000 per 30,000 ft2 house (2006 S)
— ~30,000 broiler chickens per house
e ~ 70,000 houses in production in 2006
e Current design standards
— solid walls compared to curtain walls
— climate control
e tunnel ventilation
e evaporative cooling cells

e designed to keep birds body temp
between 41°C and 42.2°C
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Lets follow the airflow
in the broiler house!
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Broiler House



Grower Major Work Tasks

Daily Tasks

 Mortality collection .

e Checking feed and .
water lines .

Monitoring computer
system .

Non-daily Tasks

Place chicks
Inspection

Caking out top layer of
litter for next flock

Catch crews
Power washing

*5-6 houses = about 40 hours per week of work



Mortality Collection (daily task)

e Walk through the
buildings and pick
up dead chickens

e Resultsin the
greatest amount
of time in the
building

— e.g., 2hr task for a
four-building farm

www.delawareonline.com



Mortality
Collection



Incineration
of
Mortalities




Inspection




Monitoring
Computer
System




Place New
Chicks




Catch Crew

e Chickens are manually caught and placed in cages on
a truck

* Privately contracted crews are hired by integrators

www.motherjones.com



Bedding Cake Out

* Breaking the crust of chicken
manure on the surface of the
bedding

e Beddingis most often wood
chips or sawdust



Maintenance



Grower Major Work Tasks

Daily Tasks
 Mortality collection

e Checking feed and
water lines

* Monitoring computer
system

*5-6 houses = about 40
hours per week of work

Non-daily Tasks

Place chicks
Inspection

Caking out top layer of
litter for next flock

Catch crews
Power washing



Sampling — What are the dust
concentrations?



Dust Concentration (mg/nt)
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Presenter Notes
Presentation Notes
Just like the ANOVA table can be used to test the null hypothesis that μ1=μ2= ... = μp when looking at the means of several groups, it can also be
used in regression. In the case of means, the null hypothesis means that knowing the group membership provides no extra information about y. In
the case of regression, the corresponding null hypothesis would be that knowing x provides no extra information about y. If we were to guess the
same y value for every x, that would mean that the regression line was flat, that it had no slope. Therefore, the null hypothesis for the ANOVA table
in regression is H0: β1=0 and the alternate hypothesis is HA: β1 ≠0.
The main idea in setting up the ANOVA table for regression is that instead of comparing the individual observations to the group averages yi (our
best guess for the observations in each group), we will compare them to 0 1xi βˆ + βˆ (the best guess for the observation at each x). In other words,
we’ll basically use the same table we used before and just replace the yi by the 0 1xi βˆ + βˆ and make sure the degrees of freedom work out correctly.
When calculating the degrees of freedom now, instead of using p (one for each group average) we use 2 (one for each β). It is almost easier to do
because we only have one subscript to worry about instead of two.
An example of a completed ANOVA table for regression can be seen in Figure 11.8 on page 532 and in Figure 11.12 on page 536. Note that the
“Root MSE” in the SAS output is the same square root of the MSE in the ANOVA table (this is called “S” in the MINITAB output). Also note that
the p-value from the ANOVA table is the same as the p-value for the t-test for the slope variable (0.0354) and that the t=3.66 is the square root of the
F=13.36. The t-test for β1 ≠0 will always agree with the F-test for β1 ≠0. The t-test has the advantage that it can be made to test > or <. The
ANOVA table has the advantage that it will be useful in many other situations in STAT 516.
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Inhalable Dust

Age of Broiler (days)

Dust Concentration (mg/m3)
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3.76
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3.26

8.04

13.36

1.014
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		Week		Respirable Dust				Age of Birds (Days)		Sample ID		Amount Collected (EU/filter)		Time Sampled (min)		Flow rate (Lpm)		Total Air Sampled (m3)		Conc. (EU/m3)

		1		0.12				2		SFA Poultry Sample Inhalable dust #1 Wes W. 7/12/10		1028.33		481		2.00		0.96		1068.95

		2		0.00				9		IOM Sample #1 Trial 2 (SFA) Wes's Sample 7.27.10		587.83		725		2.15		1.56		377.12

		3		0.00				16		IOM Sample #1 Week-3 (SFA) Wes's Sample 8.2.10		1365.03		720		2.15		1.55		881.80

		4		0.74				23		IOM Sample #1 SFA (Week 4) Wes's Sample 8.9.10		3823.17		720		2.14		1.54		2481.29

		5		0.36				30		IOM Sample 1 (Week 5) Wes 8.11.10		2228.40		720		2.09		1.50		1480.86

		6		0.36				37		IOM Sample 1 (week 6) Wes 8.9.10		9910.03		720		2.13		1.53		6461.94

		7		0.74				44		IOM Sample 1 (week 7) Wes 8/16/10		4756.40		720		2.13		1.53		3101.46

		1		0.18				5		IOM Sample 1 Week 1 9.8.10		515.64		720		2.02		1.45		354.54

		2		0.37				12		IOM Sample 1 Week 2 2nd Flock 9.15.10		1257.33		720		2.09		1.50		835.55

		3		0.00				18		IOM Sample 1 Week 3 2nd Flock 9.20.10		2419.60		720		2.12		1.53		1585.17

		4		0.54				25		IOM Sample 1 week 4 2nd Flock 9.27.10		8130.27		720		2.09		1.50		5402.89

		5		1.26				32		IOM Sample 1 Week 5 SFA Poultry 2nd F 10.4.10		19095.67		720		2.06		1.48		12874.64

		6		0.91				39		IOM Sample 1 Week 6 2nd Flock 10.8.10		19246.00		720		2.07		1.49		12913.31

		7		0.91				51		IOM Sample 1 Week 7 2nd Flock 10.20.10		9347.33		720		2.04		1.47		6363.93

				Inhalable Dust

		1		0.50				2		SFA Poultry Sample Resp. Dust #1 W. Ward 7.12.10		135.05		481		2.48		1.19		113.22

		2		3.76				9		Respirable Sample #1 Trial 2 (SFA) Wes's Sample 7.27.10		248.77		725		2.57		1.86		133.51

		3		4.08				16		Respirable Sample #1 Week 3 Wes Ward (SFA) 8.2.10		189.55		720		2.60		1.87		101.26

		4		4.19				23		Respirable Sample 1 Week 4 (SFA) Wes's Sample 8.9.10		380.54		720		2.62		1.89		201.73

		5		3.26				30		Respirable Sample 1 (Week 5) 8.3.10		447.75		720		2.60		1.87		239.18

		6		8.04				37		Respirable Sample 1 (Week 6) Wes 8.9.10		245.56		720		2.60		1.87		131.18

		7		13.36				44		Respirable Sample 1 (Week 7) SFA Wes 8/16/10		565.12		720		2.60		1.87		301.88

		1		1.01				5		Respirable Dust Sample 1 Week 1 2nd Flock 9.8.10		11.73		720		2.57		1.85		6.34

		2		0.89				12		Respirable Dust Sample 1 Week-2 2nd Flock 9.15.10		33.64		720		2.60		1.87		17.97

		3		3.23				18		Respirable Sample 1 Week 3 2nd Flock 9.20.10		228.26		720		2.60		1.87		121.93

		4		6.34				25		Respirable Sample 1 Week 4 2nd Flock 9.27.10		786.91		720		2.57		1.85		425.27

		5		11.46				32		Respirable Sample 1 Week 5 2nd Flock 10.4.10		901.58		720		2.50		1.80		500.88

		6		14.27				39		Resp. Sample 1 Week 6 2nd Flock 10.8.10		1069.33		720		2.55		1.84		582.43

		7		7.25				51		Respirable Sample 1 Week 7 2nd Flock 10.20.10		714.35		720		2.56		1.84		387.56

		Sample ID		Assay  Date		Elution volume (ml)		Dilution factor		EU/ml		EU/filter		Polyn. Regression R2=		Substrate Lot Number		Endotoxin Lot Number		rFC Lot Number		Buffer Lot Number		Software used		Microplate Reader

		Respirable Sample 1 SFA Poultry eNO 12.9.10		12/28/10		10		25		13.43		134.3		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Respirable Sample 2 SFA Poultry eNO 12.9.10		12/29/10		10		25		19.38		193.8		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Respirable Sample 3 SFA Poultry eNO 12.9.10		12/29/10		10		25		2.51		25.1		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Respirable Sample 4 SFA Poultry eNO 12.9.10		12/29/10		10		25		24.57		245.7		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Respirable Sample 5 SFA Poultry eNO 12.9.10		12/29/10		10		25		9.87		98.7		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Inhalable Sample 1 SFA Poultry eNO 12.9.10		12/28/10		10		100		1007.07		10070.7		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Inhalable Sample 2 SFA Poultry eNO 12.9.10		12/28/10		10		100		467.94		4679.4		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Inhalable Sample 4 SFA Poultry eNO 12.9.10		12/28/10		10		100		650.39		6503.9		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Inhalable Sample 5 SFA Poultry eNO 12.9.10		12/28/10		10		100		703.04		7030.4		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Inhalable Sample 3 SFA eNO 12.9.10		12/29/10		10		300		608.97		6089.7		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

		Inhalable Field BlK SFA Poultry eNO 12.9.10		12/28/10		10		100		0.12		1.2		1.000		0000176398		0000146831		KL034U		0000176389		KC4		FLx800

										10070.7

										4679.4

										6503.9

										7030.4

										6089.7

		Age of Birds		Flow rate (L/Min)		Sample Time (min)		Sample Volume (L)		Pre-weight (mg)		Post-weight (mg)		Field Blank (mg)		Total Mass (mg)		Total Endotoxin (EU/Filter)		Dust Concentration (mg/m3)		Endo Concentration (EU/m3)

		4 weeks		2.488		120		298.56		15.3		15.5		0		0.2		134.3		0.670		446

		4 weeks		2.068		120		248.16		1130.8		1134.2		0		3.4		10070.7		13.701		40581

		4 weeks		2.495		105		261.98		16.3		16.5		0		0.2		193.8		0.763		740

		4 weeks		2.000		105		210.00		1128.0		1131.4		0		3.4		4679.4		16.190		22283

		5 weeks		2.487		100		248.70		16.8		16.9		0		0.1		25.1		0.402		101

		5 weeks		2.065		100		206.50		1139.4		1143.6		0		4.2		6503.9		20.339		31496

		5 weeks		2.445		70		171.15		18.4		18.6		0		0.2		245.7		1.169		1435

		5 weeks		2.053		70		143.71		1133.8		1136.9		0		3.1		7030.4		21.571		48921

		5 weeks		2.541		60		152.46		15.6		15.7		0		0.1		98.7		0.656		647

		5 weeks		1.999		60		119.94		1134.2		1137.2		0		3		6089.7		25.013		50773

																0.72		Respirable Dust Mean		0.73

																1.79		SD		0.28

																1.75		Inhalable Dust Mean		19.36

																		SD		4.47

														Respirable		Inhalable

										Mean		593		446		40581		4 Weeks		Mean		31432

										SD		208		740		22283				SD		12939

														101		31496		5 Weeks

														1435		48921

														647		50773

												Mean		728		43730

												SD		671		10635

												Total Mean		674		38811

								EU/blank		1.2		Total SD		491		11991



Matt Nonnenmann:
Can be postive or negative number (ie. If blank gained weight, subtract weight from total mass of sample) Correction should be same for all similar filters (i.e. 37 mm cassette or IOM)
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Inhalable Endotoxin

Days of Growth

Endotoxin (EU/m3)
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Respirable Endotoxin

Days of Growth

Endotoxin (EU/m3)



		



Respirable Dust

Age of Broiler (days)

Dust Concentration (mg/m3)



				1st Flock

				Respirable		Inhalable

		Week 1		0.12		0.5

		Week 2		0		3.76

		Week 3		0		4.08

		Week 4		0.74		4.19

		Week 5		0.36		3.26

		Week 6		0.36		8.04

		Week 7		0.74		13.36
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Respirable Dust

Inhalable Dust

Time Period

Total Dust Conc. (mg/m3)

Dust Concentration at Poultry Barn

0.12

0.5

0

3.76

0

4.08

0.74

4.19

0.36

3.26

0.36

8.04

0.74

13.36



		






Task-Based Exposure Assessment — Dead
Bird Pick-Up (n=5)

Inhalable Dust’ Inhalable Respirable Respirable
(Mean, SD) Endotoxin* Dust™ (Mean, | Endotoxin*
(Mean, SD) SD) (Mean, SD)
Week 4 15.0 (1.8) 31,423 (12,939) 0.7 (0.1) 593 (208)
(n=2)
Week 5 22.3 (2.4) 43,730 (10,635) 0.7 (0.4) 728 (671)
(n=3)
Combined 19.4 (4.5) 38,811 (11,991) 0.7 (0.2) 674 (491)
mg/m3

fEU/m3




Task-Based Exposure Assessment — Dead
Bird Pick-Up (n=5)

Inhalable Dust’ Inhalable Respirable Respirable
(Mean, SD) Endotoxin* Dust™ (Mean, | Endotoxin*
(Mean, SD) SD) (Mean, SD)
Week 4 31,423 (12,939) | 0.7(0.1) | 593 (208)
(n=2)
Week 5 @ 43,730 (10,635) | 0.7 (0.4) 728 (671)
(n=3)
Combined 19.4 (4.5) 38,811 (11,991) 0.7 (0.2) 674 (491)
fmg/m?3 . . .
'EU/mM?3 Exposure concentrations exceed recommended guidelines and likely OSHA

Permissible Exposure Limits (8-hr TWA: 15 mg/m?3 — Total Dust). However, workers
may not spend 8-hrs in barns.




WHAT SHOULD
WE DO?




Intervention: what should we do?

Engineering Administrative PPE

e Litter  Change task to e Define barriers to
amendments to reduce exposure N95 use
reduce dust e Other respirators
generation e QOther PPE

e More ventilation



“l Task-Based Exposure Assessment

Task - Mortality Pickup -
Administrative Control

The goal was to alter the
approach to the task of
“mortality pick up” to
experimentally decrease

dust exposure during work

J




Traditional Experimental
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Traditional Experimental



What’s next?

e Disseminate information to growers to suggest
changing how the task is performed

e Organizing focus groups to evaluate change

e Collect information about the success/failure of
task-modification

— Take longer?
— Other hazards?

e Try again....other modifications?
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