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Overview

 History of IAAP
 BAECP SEC Class
 Identifying Line 1/Division B workers
 Line 1/Division B Work Tasks by Building
 BAECP Toxic Exposures
 Medical Screenings
 ILO Classification System, CXR Abnormalities
 IAAP Employment Records



Iowa Army Ammunition Plant (IAAP)
 19,000 acre facility which houses a large 

DoD conventional explosives 
manufacturing facility and a previously 
secret atomic weapons assembly plant 
in Middletown, IA (Des Moines Co.)

 Designed and built between 1941-1943 
as conventional munitions Loading, 
Assembly and Packing (LAP) facility.

 Over 1,000 buildings, 142 miles of roads, 
103 miles of railroad tracks

 Produced conventional missile warheads, 
caliber tank ammunitions, mines, 
mortars, artillery, demolition charges and 
weapons’ component parts.



DoD & AEC Work at IAAP

 Conventional Weapons, produced high explosive weapons
 Department of Defense, Division A
 ~32,000 workers
 Still in operation — current workforce approx. 600 employees

 Nuclear Weapons assembled, dissembled, modified
 AEC/Dept. of Energy, Line 1/Division B, Burlington AEC Plant (BAECP)
 1947 – 1975 (production line 1949-1975)
 1947 – 1951: the only large scale manufacturer of nuclear weapons in 

U.S.  First plant in the nation to assemble atomic weapons for the AEC. 
 Production transferred to Pantex Plant, Amarillo, TX in 1975
 ~5,000 workers



Environmental Toxicity 
from IAAP

 In the 1950s Brush Creek ran red 
from photochemical products of 
TNT production effluvia. 

 “You could identify workers who 
worked with Tetryl because their 
skin was yellow and they turned 
blond”!!!

 These workers were exposed to 
solvents, asbestos, heavy metals, 
explosives, and beryllium

 IAAP designated as a Superfund 
site in 1990
 Surface water, ground water wells 

& creek sediments contaminated 
with explosives from waste disposal



DATE EVENT
1940 November Contract with Day & Zimmerman approved

1941 January Plant construction begins

1941 July 31 Iowa Ordnance Plant (IOP) dedicated

1941 September Line 1 loading operations begin (non-nuclear)

1941 November Line II loading operation begin (Army side)

1941 December Line III operations begin

1941 December 12 Explosion in Building 1-05-1 of Line 1

1942 January Lines IV-A and IV-B begin

1942 March Explosion in Building 3-05-1 of Line III

1943 Line III-A begins

1945-1951 Increased production and recruitment at plant due to Korean War. Overall plant production peaks in 1952.

1947 Iowa Ordnance Plant converted to a weapons assembly plant. Functions were previously performed at Sandia Base. 
Burlington and Pantex Plants perform primarily nuclear weapons assembly functions from 1951-1975.

1947 Complete rehabilitation of Line 1 for AEC work

1947-1975 Burlington plant produces high explosive main charges (non-nuclear weapons component) for nuclear weapons

1949 Silas Mason Co. accepts responsibility for operation of highly classified Division B facilities (AEC)

1951 January Silas Mason accepts responsibility of operations for all shell, bomb and component lines at IOP, drew from existing Division B 
workers to meet demand

1952 December Division B production peaks with 1,535 employees

1953 Korean War cease-fire and major plant-wide reduction of employees 

1956 May AEC announces it will expand operations at the Burlington site. More production facilities built on Line 1 and a storage area
rehabilitated. The Eye (25 May 1956) announces that radioactive materials were to be introduced into production processes.

1957 More employee reductions due to Army economy move

1958 June Explosion on Line II, Building 2-10

1959 June Maintenance workers and craftsman stage two day strike. Intervention by AEC labor relations panel ends strike.

1962 Five day strike

1963 AEC takes over “Division B” from Silas Mason-Mason & Hangar

1965 Government scales back weapons assembly, modification and dismantlement—transfers functions to Burlington from the 
Medina Modification Center in Texas and the Clarksville Modification Center in Tennessee.

1975 Division B Burlington Plant functions transferred to Pantex Plant in Texas









BAECP SEC Class

 July 2005, NIOSH clarified that the SEC class 
for the IAAP encompassed AEC workers at 
Line 1 and associated areas of the facility 
between the years 1947 through 1974, 
including Yard C, Yard G, Yard L , Firing Site 
Area, Burning Field "B", and Storage Sites for 
Pits and Weapons including Buildings 73 and 
77.





Criteria for Line 1/Division B 
cohort selection Records N Comments

3x5 cards job codes match those from the IAMAW job code 
classifications 7,170 4,364 7,183 by the second run?

3x5 cards job classification matches L class 4,655 3,171

AEC specific comments in 3x5 cards – transfer to: Line 1, AEC, 
Division B, contract 68, Pantex 1,618 609

IAMAW (Machinists’ Union) Division B seniority lists – Division B 
specific comments/job name 916 163

Available radiation badge information 1708 (n=399) 
matches 434 35  AEC employees 

Employees in industrial hygiene MOCA logs from buildings 1-61, 
1-40 and 1-12 249 48

Security guards (most of whom were Q cleared,– 3x5 job codes: 
P-31-1, P-71, P-72, P-73, PG-1, PG-2, PG-3 570 418 G-1 AEC status identified by 

matching with other tables 

Codes for firing sites FS-6, FS-12 (P-1-6, P-6-1) 3 3

PBX Press operators, who pressed the high explosive into its 
initial form (P-26, PP-26) 16 15

X-ray operators and technicians identified by job code (PX-1, X-
11,PC-7) 65 42

Sub Total 16,940 4,639

Screened by ORISE (BeLPT only) 304 304 identified 65 as Division A

Employees specifically identified on pre-1975 medical records as 
Line 1 employees 82 82

Former workers screened by BAECP-FWP from 1/2002 –
selected for the screenings from Line 1 cohort or called in and 
identified themselves as Line 1 workers

942 942 (incl. 6 by 
NSSP)

Includes subcontractor(s) –
Aramark etc. 

Total 18,268 5,267











Beryllium tools were the norm in munitions industry. These were
typically 2% copper Beryllium alloys, used for avoiding spark.



Copper-Beryllium Non-Sparking Tools

98% Cu, 2% Be











BAECP Toxicants
 Occupational exposures to fissionable or radioactive 

materials and a variety of  hazardous substances
 High explosives, solvents, epoxies, toxic metals, fibrogenic

dusts
 Uranium and Plutonium, (U-235, Pu-239)
 Beryllium, Asbestos
 Isocyanates
 MOCA, B-Naphthylamine
 Benzene, Nitrobenzene, Dinitrobenzene
 TNT, DNT, Tetryl
 RDX, PBX, HMX, Octol, PETN
 Lead, Mercury, Arsenic, Cadmium, Manganese
 Depleted Uranium, (U-238)
 Physical Hazards- Noise



Beryllium surface concentrations by munitions plant locations 
(% of samples in concentration categories) 

Samples < LOQ ≤ 0.2 0.2 < x ≤ 3.0 > 3.0

Main Machine ShopA 14 7 36 43 14

Production Line Maintenance 
ShopsA 22 5 50 45 -

Production linesB 39 5 80 - -

Change House and 
LaundryA,B 11 18 64 18 -

Non-Production and 
Administrative AreasC 9 67 33 - -

All Munitions Areas* 95 13 60 25 2
All reference site samples*
(Off-Site) 46 28 65 7 0

Superscripts A, B, and C indicate plant areas with significant (p>0.05) frequency differences in concentration categories.
* Chi-square test comparing all munitions plant samples and all reference plant samples = 11.1; p=0.011.

Sanderson WT, Leonard SA, Ott DK, Fuortes LJ, Field RW (2006) Beryllium Exposure from Use of Non-Sparking Tools in a Military 
Ammunition Plant, Journal of Occupational and Environmental Medicine, 5: 475-481, 2008 



Implications

 Likely similar risks for other workforces 
exposed to Be alloy tools

 Demonstrated link between workers in the 
vicinity of Be tools and a higher prevalence 
of positive BeLPTs

 May provide for improved policy review of 
Beryllium usage and biomonitoring 



Hazard Screening Test Results of Screening

Asbestos chest x-ray, spirometry
early diagnosis of asbestosis or lung cancer; 
smoking cessation, pulmonary rehabilitation, flu 
and pneumonia vaccinations

Beryllium lymphocyte proliferation 
test, chest x-ray

early diagnosis of sensitization (i.e., identification 
of increased risk for chronic beryllium disease), 
chronic beryllium disease (CBD), or lung cancer, 
steroid treatment, and interventions noted 
above.

Explosives, solvents liver function tests
early diagnosis of chronic liver disease or liver 
cancer and leukemia, dependent on test 
abnormality

MOCA urinalysis early diagnosis of bladder cancer; surgical 
intervention

Radiation early diagnosis of cancers

Medical Screenings & Interventions



FWP Medical Screening Program Goals

 To detect conditions that are amenable to early 
intervention
 colorectal cancer, bladder cancer

 To ameliorate certain conditions 
 chronic respiratory diseases

 To provide primary prevention 
 lung cancer via smoking cessation

 Fortunately, Former Workers lives have been saved as 
a result of early detection of cancers and other 
conditions



Profusion of small opacities
 Determined by comparison of radiograph with 

standardized reference films
 Reference films represent midrange of four 

major ordinal categories (0-3)
 Minor categories

 Help reader place radiograph on continuum
 Create twelve-point scale

Background: ILO Classification System

NIOSH Topic: Chest Radiography: B Reader Information for Medical Professionals | CDC/NIOSH." Centers for Disease 
Control and Prevention. 08 Jan. 2010. Web. 10 Sept. 2010. <http://www.cdc.gov/niosh/topics/chestradiography/breader-
info.html#e



ILO Scoring

Categorization

0/-

0/0

0/1

1/0

1/1

1/2

2/1

2/2

2/3

3/2

3/3

3/+

1

2

3

4

5



 CXRs n=757 with 3 ILO readings

 n=45 (5.9%) with ILO parenchymal abnormalities
 60% with ILO 1/0
 22% with ILO 1/1
 18% with ILO ≥1/2 (1/2-3/2)

 n=19 (2.5%) with ILO parenchymal & pleural abnormalities
 47% with ILO 1/0
 26% with ILO 1/1
 27% with ILO ≥1/2 (1/2-2/2)

 n=37 (4.9%) with ILO pleural abnormalities only

CXR Abnormalities in IAAP DoE Workforce
Results



Increasing ILO scale linked with decreasing FVC ILO groupings
Group 0 0/-, 0/0

Group 1 0/1

Group 2 1/0

Group 3 1/1

Group 4 1/2

Group 5 2/1, 2/2, 2/3

Group 6 3/2, 3/3, 3/+
Grouped according to Miller et al., 
1996.

•The association of ILO score to FVC % predicted is independent of age, gender, smoking 
status, and Be exposure.  Both Be exposure and ILO independently affect FVC % predicted.



Hankinson equations for spirometry values based on NHANES
Parameter = b0 + b1 * age + b2 * age2 + b3 * height2

FVC = -0.1933 + 0.00064 * Age - 0.000269 * Age2 + 0.00018642 * Ht2 [Men, Age 20 and over]
FVC = -0.3560 + 0.01870 * Age - 0.000382 * Age2 + 0.00014815 * Ht2         [Women, Age 18 and over] 

FEV1 = 0.5536 - 0.01303 * Age - 0.000172 * Age2 +0.00014098 * Ht2    [Men, Age 20 and over]
FEV1 = 0.4333 - 0.00361 * Age - 0.000194 * Age2 +0.00011496 * Ht2 [Women, Age 18 and over] 



FWP Screening Summary

 Elevated rate of beryllium sensitization despite low 
exposures and benefit of IH coordination with 
surveillance

 Implications for more widespread screenings of DoE
populations and other workforces utilizing Be alloys

 Fibrotic lung diseases more prevalent than expected 
(is this an age, smoking, screening or occupational 
exposures?)



IAAP Employment Records
 Historic employment records on file with the 

University of Iowa Former IAAP BAECP Worker 
Program 
 Main contractor - Silas and Mason (Mason and Hanger) 

3x5 employment cards – scanned images (~35,000 
employees)

 International Association of Machinists and Aerospace 
Workers Union (IAMAW) Schedules of Job Classifications 
and Salary Ranges (Job Dictionaries)

 Radiation Dosimetry Badge Records 

 Union Seniority Lists, Division B Production Workers

 Line 1 Incident Reports



IAAP Employment Records 

 Other (provided by former worker/family)
 Medical records from IAAP 

 Clearance documents, salary slips, social security 
records, congratulatory letters and any other 
documents with IAAP employment information

 Individual and/or co-workers account of employment 
history



3x5 Employment Cards 
 N>68,000, start in 1948, include AEC era (1949 -

1975), replaced in early 1990s with e-records 
(PeopleSoft, MainFrame) 

 Contractor only (No Gov’t or subcontractor employees)  

 Include: 
 ID (Name, SSN)
 Badge number
 Start and end date 

(<40% with complete 
hire and pre 6/1/1975 
term date information)

Cards scanned, available 
in e-format, database searchable



3x5 Employment Cards 
 Job code

(N>2000 era and line specific (1950s) 
job codes)

 Job class 
(relevance unknown, no correlation
with job codes or AEC employment)

 Wages 
(Higher wages in several AEC 
production jobs compared to DoD)

 Free text 
(e.g. reasons for termination)

 Other (relevance unknown)



3x5 Cards –
Utility in Employment Verification

 Main (available) historical employment roster for IAAP 
workers

 Include job codes and dates of employment

 Incomplete - no information on:
 Federal government workers (e.g. AEC inspectors)
 Subcontractor workers (cafeteria)
 Duration of employment for every worker (esp. early 1950s)

 Lack of consistency throughout decades
 1960s and 1970 job codes no longer specific to Line 1  vs Div. A (DoD)
 Same job codes used for different job titles



IAMAW Job Dictionaries & Wage Lists
 Approved job classifications 

for collective bargaining for 
non-exempt positions

 Include:
 Job code and job title
 Div. B (AEC Line 1) vs. Div. A Line 2-9) 

designation (1950s with few positions 
in 1960s and 1970s)

 Wages/salary ranges
 Contract numbers

AEC Contract W-49-010-ORD-68         
DoD Contract DA-11-173-ORD-85

Schedules scanned (OCR) - available in e-
format, database searchable 



Radiation Dosimetry Badge Reports 

 Occupational Radiation 
Exposure Monitoring Records 
for AEC workers

 Dosimetry film badge reports
 Only AEC workers (N=402)

Include:
 Last, First Name or First Initial, 

SSN  
 Film badge start and end Date
 Exposure dose 

Reports scanned, available in e-format
Database searchable 



Seniority Lists and AEC Incident Reports
 IAMAW Seniority Lists for Div. B (AEC) Production Workers 

(N=326 workers)

Include:
 First Name, Last Name, MI
 Badge no, job code (PP-7 through 10), seniority date
 Only available for 1950s 

Lists scanned (OCR), available in e-format, database searchable 

 Division B Incident Reports
 N=6 incidents, 1966-1967 
 N<10 workers involved 
 N<15 Line 1 engineers and safety & health personnel 

Reports scanned (OCR), available in e-format



Other (provided by former worker/family/AR)

 Medical Records from IAAP

 Available per individual request from IAAP HR
 Claimant required to provide copy of Birth 

Certificate/Death Certificate 
 S&H cost

Include:

First Name, Last Name, 
MI

Badge No, Job Code, 

Line /Division 
designation, 

Date of Clinic Visit



Other (provided by former worker/family/AR)

 Clearance documents
 Congratulatory letters 
 Salary slips
 Social Security information
 Workers own account 
 Co-workers account



Contacts
BAECP Employment Verifications

Lar Fuortes, MD, MS
Principal Investigator, BAECP-FWP
2207 Westlawn
University of Iowa 
Iowa City, IA  52242

Phone: (319) 384-2882
Toll-free: 866-282-5818
Email: laurence-fuortes@uiowa.edu

Marek Mikulski, MD, MPH, PhD
Co-Investigator, BAECP-FWP
2215 Westlawn
University of Iowa 
Iowa City, IA  52242

Phone: (319) 384-4296
Toll-free: 866-282-5818
Email: marek-mikulski@uiowa.edu
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