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Table A-1 The number of agricultural confined space incidents for every year from 1956
to 2013 and the 10-year average.

# of 10-year # of 10-year
Year Incidents Average Year Incidents Average
1956 1 1985 27 15.3
1957 0 1986 61 20.4
1958 0 1987 24 21.4
1959 0 1988 30 22.6
1960 0 1989 33 25.1
1961 0 1990 52 28
1962 1 1992 55 35
1963 0 1993 66 41.1
1964 1 1994 70 45.7
1965 2 0.5 1995 45 475
1966 2 0.6 1996 48 46.2
1967 3 0.9 1997 48 48.6
1968 5 1.4 1998 39 49.5
1969 7 2.1 1999 30 49.2
1970 12 3.3 2000 29 46.9
1971 12 4.5 2001 42 47.2
1972 5 4.9 2002 41 45.8
1973 16 6.5 2003 34 42.6
1974 11 7.5 2004 51 40.7
1975 7 8 2005 52 41.4
1976 10 8.8 2006 44 41
1977 14 9.9 2007 52 41.4
1978 18 11.2 2008 64 43.9
1979 8 11.3 2009 94 50.3
1980 23 12.4 2010 99 57.3
1981 18 13 2011 63 59.4
1982 6 13.1 2012 44 59.7
1983 5 12 2013 67 63
1984 24 13.3
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Table A-2 Number of agricultural confined space incidents in U.S. states from 1956 to
2013. Total number of incidents documented was 1,654.

State # of Incidents State # of Incidents

lowa 211 Idaho 13
Indiana 200 South Carolina 12
Illinois 166 Colorado 12
Minnesota 160 Washington 10
Nebraska 119 Tennessee 10
Wisconsin 112 Mississippi 9
Ohio 63 Georgia 8
Pennsylvania 59 Alabama 8
Michigan 58 Utah 7
Kansas 56 Louisiana 7
North Dakota 40 Florida 6
South Dakota 38 Oregon 4
California 38 New Jersey 3
Texas 37 Montana 2
New York 34 New Hampshire 1
North Carolina 25 Arizona 1
Missouri 25 Delaware 1
Arkansas 22 New Mexico 1
Virginia 18 Connecticut 1
Maryland 16 Alaska 1
Kentucky 14 Massachusetts 1

Oklahoma 14
Unknown 11
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Table A-3 Number of confined space incidents distributed across US regions.

Year Midwest East South West Unknown Total

1956 1 0 0 0 0 1
1957 0 0 0 0 0 0
1958 0 0 0 0 0 0
1959 0 0 0 0 0 0
1960 0 0 0 0 0 0
1961 0 0 0 0 0 0
1962 1 0 0 0 0 1
1963 0 0 0 0 0 0
1964 1 0 0 0 0 1
1965 2 0 0 0 0 2
1966 2 0 0 0 0 2
1967 2 0 0 0 1 3
1968 5 0 0 0 0 5
1969 7 0 0 0 0 7
1970 10 0 1 1 0 12
1971 12 0 0 0 0 12
1972 5 0 0 0 0 5
1973 13 0 0 2 1 16
1974 11 0 0 0 0 11
1975 4 0 1 2 0 7
1976 7 0 2 1 0 10
1977 13 0 1 0 0 14
1978 17 1 0 0 0 18
1979 6 0 1 1 0 8
1980 17 0 0 5 1 23
1981 11 1 1 3 2 18
1982 6 0 0 0 0 6
1983 5 0 0 0 0 5
1984 19 2 2 1 0 24
1985 20 5 1 0 1 27
1986 50 6 4 1 0 61
1987 19 0 3 2 0 24
1988 25 0 4 1 0 30
1989 26 2 4 0 1 33
1990 32 4 9 7 0 52
1991 30 7 0 2 0 39
1992 49 0 6 0 0 55
1993 54 3 6 3 0 66
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Table A-3 continued

Year Midwest East South West Unknown Total

1994 o1 1 11 7 0 70
1995 29 7 5 3 1 45
1996 42 3 2 1 0 48
1997 37 5 5 1 0 48
1998 30 5 4 0 0 39
1999 21 4 5 0 0 30
2000 21 4 2 2 0 29
2001 28 3 4 6 1 42
2002 26 2 8 5 0 41
2003 23 2 7 2 0 34
2004 42 2 5 2 0 51
2005 37 2 9 3 1 52
2006 37 1 2 4 0 44
2007 39 1 8 4 0 52
2008 38 1 20 4 1 64
2009 76 4 11 3 0 94
2010 75 9 13 2 0 99
2011 42 6 14 1 0 63
2012 29 4 8 3 0 44
2013 43 1 19 4 0 67
Grand 1,248 98 208 89 11 1,654

Total
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Table A-4 Confined Space incident by type of incident for each year from 1956 to 2013

Year  Asphyxiation Entanglement  Fall Grain Other / Pinned  Total

/ Poisoning Entrapment  Unknown by

object

1956 0 0 0 0 0 1 1
1957 0 0 0 0 0 0
1958 0 0 0 0 0 0
1959 0 0 0 0 0 0
1960 0 0 0 0 0 0
1961 0 0 0 0 0 0
1962 0 1 0 0 0 0 1
1963 0 0 0 0 0 0
1964 0 0 0 1 0 0 1
1965 0 1 1 0 0 0 2
1966 0 0 0 2 0 0 2
1967 0 0 0 3 0 0 3
1968 0 0 0 5 0 0 5
1969 1 0 0 6 0 0 7
1970 0 1 0 10 1 0 12
1971 1 0 0 11 0 0 12
1972 0 1 0 4 0 0 5
1973 2 0 0 14 0 0 16
1974 3 0 0 8 0 0 11
1975 1 1 0 5 0 0 7
1976 2 0 0 8 0 0 10
1977 3 0 0 10 1 0 14
1978 0 0 0 18 0 0 18
1979 2 0 0 6 0 0 8
1980 10 0 0 13 0 0 23
1981 2 1 0 15 0 0 18
1982 0 0 0 6 0 0 6
1983 0 0 0 5 0 0 5)
1984 6 1 0 16 1 0 24
1985 2 2 0 22 1 0 27
1986 3 1 1 54 2 0 61
1987 2 1 0 21 0 0 24
1988 1 1 1 25 2 0 30
1989 7 2 0 22 1 1 33
1990 2 7 3 34 2 4 52
1991 0 5 7 19 3 5 39
1992 10 4 4 28 2 7 55
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Table A-4 continued

Year  Asphyxiation Entanglement  Fall Grain Other / Pinned  Total
/ Poisoning Entrapment  Unknown by
object
1993 S) 10 4 43 1 3 66
1994 7 17 5 36 1 4 70
1995 4 ) 7 26 1 2 45
1996 5 9 2 25 3 4 48
1997 7 2 5 29 4 1 48
1998 5 5 4 22 2 1 39
1999 6 0 2 20 2 0 30
2000 1 1 3 21 3 0 29
2001 8 ) 3 26 0 0 42
2002 5 2 4 25 2 3 41
2003 4 2 4 22 2 0 34
2004 10 4 6 27 3 1 51
2005 4 2 7 35 3 1 52
2006 1 3 10 26 4 0 44
2007 7 3 6 31 1 4 52
2008 9 2 10 35 4 4 64
2009 4 11 27 44 4 4 94
2010 14 9 13 59 2 2 99
2011 2 4 9 32 1 15 63
2012 6 14 3 20 1 0 44
2013 4 12 14 33 2 2 67




Table B-1 Grain entrapments over time by fatality

Appendix B Grain Entrapment Data

Year Non Fatal Fatality  Grand
Fatal Rate Total

1963 1 0% 1
1964 1 100% 1
1966 2 100% 2
1967 1 2 67% 3
1968 1 4 80% 5
1969 3 3 50% 6
1970 11 100% 11
1971 2 9 82% 11
1972 4 100% 4
1973 7 8 53% 15
1974 4 5 56% 9
1975 7 100% 7
1976 8 100% 8
1977 3 11 79% 14
1978 5 22 81% 27
1979 3 10 77% 13
1980 1 18 95% 19
1981 1 20 95% 21
1982 1 6 86% 7
1983 1 4 80% 5
1984 5 11 69% 16
1985 3 19 86% 22
1986 11 42 79% 53
1987 2 19 90% 21
1988 1 24 96% 25
1989 4 19 83% 23
1990 8 26 76% 34
1991 6 14 70% 20
1992 15 13 46% 28
1993 11 33 75% 44
1994 13 23 64% 36
1995 7 19 73% 26
1996 9 17 65% 26
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Table B-1 continued

Year Non Fatal Fatality = Grand

Fatal Rate Total
1997 9 21 70% 30
1998 6 16 73% 22
1999 3 16 84% 19
2000 2 19 90% 21
2001 4 23 85% 27
2002 9 17 65% 26
2003 7 15 68% 22
2004 10 19 66% 29
2005 13 24 65% 37
2006 12 15 56% 27
2007 15 17 53% 32
2008 17 18 51% 35
2009 23 20 47% 43
2010 27 32 54% 59
2011 21 12 36% 33
2012 15 8 35% 23
2013 21 12 36% 33
2014 20 18 47% 38
2015 10 13 57% 23
Grand 373 769 67% 1,142
Total
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Table B-2 Grain Entrapments by type of entrapment. Engulfment are any cases where the
head or airway is no longer visible. Entrapment are any cases in which at least the head or
airway is still visible.

Type Non-Fatal Fatal  Total Percent Fatal
Engulfment 65 468 533 88%
Entrapment 195 15 210 7%

Unknown 113 286 399 72%




Appendix C  Small scale extrication experiment results

Table C-1 The force (newton) required to extricate an object out of grain in various conditions (depth, angle, grain type, limb
orientation, object type).

Object Orientation Depth  Angle Popcorn Oats Sunflower  Soybeans Dry corn Wet corn Canola Wheat
Cylinder - Ocm 90 443 ° 3.93 3.26 457 @ 431 ° 6.62 ® 5.49 4.20
Cylinder - 0cm 45 5.44 4.81 3.44 5.85 470 ° 725 ° 6.02 5.19

Mannequin Straight Ocm 90 499 »° 326 ° 240 @ 374 ° 442 @ 5,90 2.73 361
Mannequin  Stretched  Ocm 90 419 < 301 ® 232 @ 399 ° 404 5.14 ¢ 3.25 @ 381 °
Mannequin Straight Ocm 45 455 299 ° 228 @ 4,03 Ay 825 & 298 @ 331 ¢
Mannequin  Stretched 0cm 45 384 ¢ 3.07 ® 250 * 377 ° 384 ¢ 537 ¢ 3.13 @ 351 @
10
Cylinder - cm 90 12.49 8.49 750 ° 1237 ¢ 12.16 ¢ 1482 f 11.57 11.27
10
Cylinder - cm 45 16.05 13.36 776 ° 15.23 13.17 1491 f 15.22 13.38
10
Mannequin Straight cm 90 7.58 6.09 4.26 9.02 8.88 ¢ 13.13 ¢ 6.75 7.45
10
Mannequin  Stretched cm 90 10.85 9.02 6.47 11.81 ¢ 1130 f 1562 ™ 951 »° 9.96
10
Mannequin Straight cm 45 8.71 7.03 5.33 9.84 8.65 ¢ 1321 ¢ 7.54 9.08
10
Mannequin  Stretched cm 45 12.10 10.74 6.88 1250 °© 11.88 ¢ 16.07 " 9.11 »® 10.60

Notes: Experiments with same letters are not significantly different from each other at P<0.01

G81



Table C-2 The relative force (%) required to extricate an object out of grain in various conditions (depth, angle, grain type, limb

orientation, object type). Relative force is calculated by dividing the actual force in an experiment set (Table C-1) with the
maximum force obtained in the same experimental conditions regardless of grain type.

Object Orientation  Depth  Angle Popcorn Oats Sunflower Soybeans Dry Corn  Wetcorn Canola  Wheat
Cylinder - Ocm 90 67% 59% 49% 69% 65% 100% 83% 63%
Cylinder - Ocm 45 75% 66% 47% 81% 65% 100% 83% 72%
Mannequin  Straight 0cm 90 85% 55% 41% 63% 75% 100% 46% 61%
Mannequin  Stretched 0cm 90 82% 59% 45% 78% 79% 100% 63% 74%
Mannequin  Straight 0cm 45 73% 48% 37% 65% 68% 100% 48% 53%
Mannequin  Stretched Ocm 45 72% 57% 47% 70% 72% 100% 58% 65%
Cylinder - 10 cm 90 84% 57% 51% 83% 82% 100% 78% 76%
Cylinder - 10 cm 45  100%  83% 48% 95% 82% 93% 95% 83%
Mannequin  Straight 10 cm 90 58% 46% 32% 69% 68% 100% 51% 57%
Mannequin  Stretched 10 cm 90 69% 58% 41% 76% 72% 100% 61% 64%
Mannequin  Straight 10 cm 45 66% 53% 40% 74% 65% 100% 57% 69%
Mannequin  Stretched 10 cm 45 75% 67% 43% 78% 74% 100% 57% 66%

Average 75%*  59%° 43% 75%* 72%* 99% 65%%®  67%®
Standard Deviation 11% 10% 5% 9% 6% 2% 16% 8%

Notes: The averages of grains with same letters are not significantly different from each other at P<0.01

981
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Figure C-1 Comparison between the forces required to pull an object vertically upwards
from dry corn, wet corn, popcorn and soybeans at 0 and 10 cm depth.
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Grain Type / Extrication Force (N)
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Figure C-2 Comparison between the forces required to pull an object vertically upwards
from oats, wheat, canola and sunflower at 0 and 10 cm depth.
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Figure C-4 Comparison between force required to pull an object at 45° angle out of oats,
wheat, canola and sunflower at 0 and 10 cm depth.
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Appendix D Spine force curves

Spine 2

N
»

N

=
o

o
00

Tensile Force (kN)
N

o
s

o

0 10 20 30
Elongation (mm)

Figure D-1 Tensile force vs. elongation curve for lumbar sheep spine segment # 2. (Solid
line represents the force experienced by the spine; dashed line represents the yield-elastic
curve. Intersection of the solid and dashed lines is the yield strength.)
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Figure D-2 Tensile force vs. elongation curve for lumbar sheep spine segment # 3. (Solid

line represents the force experienced by the spine; dashed line represents the yield-elastic
curve. Intersection of the solid and dashed lines is the yield strength.)
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Figure D-3 Tensile force vs. elongation curve for lumbar sheep spine segment # 5a.
(Solid line represents the force experienced by the spine; dashed line represents the yield-
elastic curve. Intersection of the solid and dashed lines is the yield strength.)
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Figure D-4 Tensile force vs. elongation curve for lumbar sheep spine segment # 2. (Solid
line represents the force experienced by the spine; dashed line represents the yield-elastic
curve. Intersection of the solid and dashed lines is the yield strength.)
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Confined-Space Related Cases: 1964-2013. Journal of Agricultural Safety
and Health v22 (1)

S. F. Issa, W. E. Field, K. E. Hamm, Y.-H. Cheng, M. J. Roberts, & S. M.
Riedel. (2016). Summarization of Injury and Fatality Factors Involving
Children and Youth in Grain Storage and Handling Incidents. Journal of
Agricultural Safety and Health v22 (1)

S. Issa, H. Mohammad, & M.I. Sarfaz. “Restaurant hope: Engineering a
choice-based service initiative to address hunger. Purdue Journal of
Service-Leaning and International Engagement vol 2.

Conference Proceedings

2015

2015

American Society of Agricultural and Biological Engineers, (July) S. Issa,
and W. Field. “Study of the impact of engulfment/entrapment and
extrication on the human body”

International Society for Agriculture Safety and Health, (June) S. Issa, and
W. Field. “How ‘Safe’ Is Grain Bin Fall-Safety Equipment? A Review of
Entrapment Cases Where Such Equipment Was Used”




2014

2013
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International Society for Agriculture Safety and Health, (June) S. Issa, and
W. Field. “An updated summary of agricultural confined-related incidents
- 1964-2013”

International Society for Agriculture Safety and Health, (July) W. Field, S.
Issa, K. Hamm, M. Roberts, S. Riedel and Y.H. Chang. “Estimation of the
Frequency, Severity, and Primary Causative Factors Associated With
Injuries and Fatalities Involving Grain Entrapments and Youth And
Young Adults Under the Age of Twenty-One.”

Web-based Publications

2016

2015

2014

2013

S.Issa, Y.H. Chang, & W. Field. “2015 Summary of U.S. Agricultural
Confined Space-Related Injuries and Fatalities”.
www.agconfinedspaces.org

S. Issa, Y.H. Chang, & W. Field. “2014 Summary of U.S. Agricultural
Confined Space-Related Injuries and Fatalities”.
www.agconfinedspaces.org

S. Issa, Y.H. Chang, & W. Field. “2013 Summary of U.S. Agricultural
Confined Space-Related Injuries and Fatalities”.
www.agconfinedspaces.org

S. Issa M. Roberts & W. Field. “2012 summary of grain entrapments in
the United States" . www.agconfinedspaces.org

Reprinted in Grain Journal (June 2013)

Other Publications

2012

S. Issa. "Evaluating Hybrid-Maize model in rainfed conditions in

northwestern Indiana”. Agricultural and Biological Engineering, MS
Thesis. Published.

AWARDS AND HONORS

2015

2015

2015
2014
2013
2012
2010

2010

2010
2009

National Arab American Association of Engineers and Architects
(NAAAEA), $750

Harold Reese Memorial Scholarship, The Grain Elevator & Processing
Society (GEAPS), $500

Cecelia Zissis Grant for Graduate Students, Purdue University, $1000
Indiana Small Conference, Purdue University

Purdue Graduate Student Travel Grant, Purdue University, $1000
Byron Fellowship Course, Byron Institute

Tri-State Arab American Association of Engineers and Architects
(AAAEA), $1000

Purdue Engineering Student Council Merit Grant, Purdue University,
$5000

Hydrologists Helping Others (H20) Grant, Purdue University, $10,000
Lynn Fellowship, Purdue University



http://www.agconfinedspaces.org/
http://www.agconfinedspaces.org/
http://www.agconfinedspaces.org/
http://www.agconfinedspaces.org/
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PRESENTATIONS

Conferences

2016

2016

2016

2015

2015

2014

2014
2014

2013

Campus
2014

2014

2013

2013

2013

Oral Presentation “The effects of grain type and condition on the force
needed to extricate a victim”. American Society of Agricultural and
Biological Engineers (July).

Oral Presentation “Determining the pull-forces required to extricate a
victim entrapped at various angles in a grain mass”. International Society
for Agriculture Safety and Health, (June)

Poster Presentation “The effects of grain type and condition on the force
needed to extricate a victim”. International Society for Agriculture Safety
and Health, (June)

Oral Presentation “Study of the impact of engulfment/entrapment and
extrication on the human body”. American Society of Agricultural and
Biological Engineers (July).

Oral Presentation “How ‘Safe’ Is Grain Bin Fall-Safety Equipment? A
Review of Entrapment Cases Where Such Equipment Was Used”.
International Society for Agriculture Safety and Health, (June)

Oral Presentation “An updated summary of agricultural confined-related
incidents for 1964-2013” International Society for Agriculture Safety and
Health, (June)

Oral Presentation “Grain Entrapment Cases Involving Youth” Indiana
Small Farms Conference (February)

Poster Presentation “Grain Entrapment Cases Involving Youth” Indiana
Small Farms Conference (February)

Poster Presentation “DSSAT vs Hybrid-Maize: A comparative study
between two maize (Zea mays L.) crop models”. ASA-CSSA-SSSA
annual conference (November).

Poster Presentation “Summarization grain entrapment cases in agriculture
involving youth”. Sigma Xi poster competition, Purdue University
(February)

Oral Presentation “Grain entrapments”. Graduate Professional
Development Course (February)

Poster Presentation “Summarization of Injury and Fatality Factors
Involving Youth and Grain Entrapment in Agriculture”. Ecological
Sciences and Engineering Annual Symposium, Purdue University
(October)

Poster Presentation "DSSAT vs Hybrid-Maize: A Comparative Study
Between Two Maize (Zea mays L.) Crop Models" Office of
Interdisciplinary Graduate Program Spring Reception, Purdue University
(April)

Poster Presentation "DSSAT vs Hybrid-Maize: A Comparative Study
Between Two Maize (Zea mays L.) Crop Models™ Agricultural and
Biological Engineering Poster Symposium, Purdue University (March)
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TEACHING EXPERIENCE
Workshops
Grain Entrapment Rescue Class, “Summary of grain related incidents involving
youth” (8/26/13 , 8/28/13)
Train the Trainer Class, “ Agricultural confined spaces : Summary of incidents”
(August 2013)

Classes — Teacher Assistant
Safety in Agriculture (Spring 2014)
Emergency Management of Agricultural Production (Fall 2013 - 2016)
Peer to Peer Leadership & Mentoring (Fall 2010, Spring 2011)

RESEARCH EXPERIENCE
2013-Current Grain Entrapments, Research Assistant, Agricultural and Biological
Engineering, Purdue University
2009-2012  Crop Model Analysis, Research Assistant, Ecological Sciences and
Engineering, Purdue University

EXTRACURRICULAR ACTIVITIES

2016 President, Graduate Muslim Network, Purdue University Chapter

2015-2016  Professional Development Chair, Agricultural and Biological
Engineering Graduate Student Association, Purdue University

2014-2015  Philanthropy Chair, Agricultural and Biological Engineering Graduate
Student Association, Purdue University

2014 Panel Chair, Agricultural and Biological Engineering Symposium,
Purdue University

2010-2011  President, Muslim Student Association, Purdue University Chapter

2009-2010  Grant writer, Engineers Without Borders, Purdue University Chapter

COMMUNITY INVOLVEMENT
2010-Current Mentor/founder, ISGL Youth Group
2013-2014  Tutor, Lafayette Transition Housing
2011-2014  Educational Coordinator, ISGL Weekend School
2011 Teacher, ISGL Weekend School

LANGUAGES
Arabic — native
English — native

PROFESSIONAL MEMBERSHIP/AFFILIATIONS
Grain Elevator And Processing Society (GEAPS)
ASA-CSSA-SSSA
International Society for Agricultural Safety & Health (ISASH)
American Society of Agricultural and Biological Engineers (ASABE)




