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Manufacturing Sector Council

The Manufacturing Sector Council includes 
representatives of different organizations and 
constituencies. Its membership is engaged in the 
generation of safety and health knowledge and 
tools, the distribution and dissemination of such 
information, or as users of information. 
http://www.cdc.gov/niosh/programs/manuf/
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http://www.cdc.gov/niosh/programs/manuf/


Manufacturing Sector

North American Industry Classification System 
(NAICS) codes 31-33 (21 subsectors)

Largest Sub-sectors
 Transportation equipment manufacturing
Primary metals and fabricated metal products 

manufacturing
 Food manufacturing

3



2010 NIOSH Fact Sheets

http://www.cdc.gov/niosh/docs/2010-142/pdfs/2010-142.pdf 4

http://www.cdc.gov/niosh/docs/2010-142/pdfs/2010-142.pdf


National Occupational Research Agenda:
Range of activities 

NORA Activities

Research Non-Research 
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https://www.cdc.gov/niosh/docs/ppop/

https://www.cdc.gov/niosh/docs/ppop/
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Looking at metrics for evaluation

Summary of Citations of NIOSH publications (2007-2014) as Outcomes by Sector

Sector
Intramural 

Publications
Average 
Citations Range

Extramural 
Publications

Average 
Citations Range

Manufacturing 480 11.6 0-783 90 13.1 0-37
Manuf= 33%
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http://inside.niosh.cdc.gov/DigitalDownloads/December2016.pdf

http://inside.niosh.cdc.gov/DigitalDownloads/December2016.pdf
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Beyond research:
Promoting the implementation of evidence-based 

occupational safety and health practices in the 
Manufacturing Industry
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Council Members growing involvement on the  
dissemination of the activities of the Council, by:

• coordination of activities, communication efforts and 
events

• co-authorship of publications, in particular the NIOSH 
Science Blog

• development of new page in the NIOSH website
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Organized joint session of the NORA Manufacturing Sector and Services Sector Councils on 
the hazards of temporary employment and published NIOSH Science Blog 

Coordination of activities, events and communication 
efforts



Coordination of activities, events and communication 
efforts
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NIOSH and the NSC held the third r2p track at the NSC conference. Newsletters 
and social media were used by both to bring attention to events and initiatives, 
such as the NSC Congress, the Campbell Awards and the Safe-in-Sound Award 
or other news items.  



Co-authorship of publications
NIOSH Science Blog entries

This workgroup authored a NIOSH Science Blog on best resources/cases for 
preventing MSDs (based on contribution by Tom Slavin for the Feb 2013 
Council Meeting).  A NIOSH expert (Brian Lowe) and Thais Morata co-authored 
it with external Council members. Several of the Council members provided 
comments. 
http://blogs.cdc.gov/niosh-science-blog/category/ergonomics-2/
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http://blogs.cdc.gov/niosh-science-blog/category/ergonomics-2/


Strategic and Priority  Goal

Reduce occupational hearing loss 
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Hoffman et al. JAMA Otolaryngology Dec 2016
NIH, National Institute on Deafness and  Other Communication 

Disorders

Research and Surveillance: Updated 
U.S. Hearing Statistics



The Safe•in•Sound Award™ was created in 2008 by NIOSH 
in partnership with the professional organization National 
Hearing Conservation Association to:
- formally recognize effective practices and 
- disseminate the methods of organizations that have 

achieved results and demonstrated excellence and 
innovation in hearing loss prevention initiatives. 

http://www.safeinsound.us/winners.html
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Coordination of activities, events and 
communication efforts

http://www.safeinsound.us/winners.html


AREA SPECIFIC EXAMPLES
Converting Equipment
• Area Description: Drum slitting and disc converting
• Reason for inclusion into HCP: Employee exposures could not be validated 

for a 12 hr shift duration.  
• Controls Implemented: Acoustical enclosures installed around blower 

motors
• Direct Costs: $600

Before Controls After Controls

82 - 85 dBA 72 – 76 dBA
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Testimonials at 
http://www.safeinsou

nd.us/impact.html

→ “Safe in Sound recognition was:
– Welcome recognition of what 

Colgate had done prior to 2012, but 
more importantly…

– A powerful springboard for further 
successes.”

• “3M Reduced noise in 100% of areas previously in hearing 
conservation.

• Eliminated 92% of areas previously in hearing conservation.
• Removed 195 of 199 employees from the hearing conservation 

program.  Four (4) employees are currently still in the HCP.
• Employees feel better when they are working.”

“Since 2011 UTC businesses have identified and implemented 
over 250 projects worldwide to reduce noise exposures. 
Nearly 8,000 employees now have a reduced risk of noise 
overexposure and physical stress as a result of these efforts.”
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http://www.safeinsound.us/impact.html


Outputs
http://www.safeinsound.us/publications.html

→ Uncovering effective strategies for hearing loss 
prevention, Acoustics Australia Special Issue on 
Workplace Noise and Vibration – Effects and 
Control,  2016

→ Awarding and 
promoting excellence in 
hearing loss prevention, 
Int Journal of Audiology, 
2012

2015

Reducing Employee Noise Exposure in Manufacturing: Best 
Practices, Innovative Techniques, and the Workplace of the 
Future https://inceusa.org/pub/

http://www.safeinsound.us/publications.html
https://inceusa.org/pub/


Safe-in-Sound highlighted in OSHA’s August 2013 OSHA Technical Manual 
(OTM), Section III: Chapter 5 – Noise (APPENDIX G—ALTERNATIVES FOR 
EVALUATING BENEFITS AND COSTS OF NOISE CONTROL). The manual 
provides technical information and guidance to Compliance Safety and 
Health Officers (CSHOs) who evaluate noise hazards in the workplace. 

Examples of impact of this collaborative 
initiative

Round Table “Noise Can Be Beat: We Did it 
and Won”, selected to be in the Virtual AIHce
2016 program 
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https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=DIRECTIVES&p_id=5793
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Reaction measured

Most popular NIOSH Science Blog to date, following study
idea brought up by Council members
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Strategic and Priority  Goal

Improve workplace safety to reduce 
traumatic injuries
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Worker mural by Winold Reiss



• 327 manufacturing workers died from work-related injuries in 2012 
(CFOI, http://www.bls.gov/iif/oshwc/cfoi/cftb0268.pdf, accessed 5 
May 2014).  The leading causes of death were contact with objects 
and equipment (102), transportation incidents (87), and falls (39).  

• The leading causes of days away from work cases (BLS, SOII, 
http://www.bls.gov/iif/oshwc/osh/case/ostb3596.pdf, accessed 5 
May 2014) were contact with objects (46,640); overexertion and 
repetitive motion (46,040); and falls (22,040).  There were fourteen 
industries that reported more than 75,000 nonfatal occupational 
injuries and illnesses to BLS in 2012; three of these were in the 
manufacturing sector: transportation equipment manufacturing 
(75,300), fabricated metal product manufacturing (79,000), and 
food manufacturing (77,800) (BLS, SOII, 
http://www.bls.gov/news.release/archives/osh_11072013.pdf, 
accessed 5 May 2014).  
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http://www.bls.gov/iif/oshwc/cfoi/cftb0268.pdf
http://www.bls.gov/iif/oshwc/osh/case/ostb3596.pdf
http://www.bls.gov/news.release/archives/osh_11072013.pdf


Research Impact
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Co-authorship of publications 
NIOSH Science Blog entries

This workgroup authored a NIOSH Science Blog asking for input related to the 
Control of Hazardous Energy.  NIOSH experts co-authored with external 
Council members http://blogs.cdc.gov/niosh-science-blog/2014/07/07/loto/
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http://blogs.cdc.gov/niosh-science-blog/2014/07/07/loto/
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Good reach and response, even if they provided limited input.
Picked up by several websites and news agencies. 
• http://safety.blr.com/workplace-safety-news/equipment-and-process-safety/lockout-

tagout-LOTO/NIOSH-Lockouttagout-failures-cause-numerous-injuri/
• http://ehstoday.com/safety/lockouttagout-programs-falling-short-food-industry
• http://www.foodqualitynews.com/Regulation-and-safety/NIOSH-seeks-lockout-tagout-

input
• http://www.shrm.org/hrdisciplines/safetysecurity/articles/pages/hazardous-energy-

food-manufacturing.aspx
• http://www.pinpointnews.net/wordpress/niosh-highlights-prevalence-of-machine-

related-injuries-in-food-industry/

http://safety.blr.com/workplace-safety-news/equipment-and-process-safety/lockout-tagout-LOTO/NIOSH-Lockouttagout-failures-cause-numerous-injuri/
http://ehstoday.com/safety/lockouttagout-programs-falling-short-food-industry
http://www.foodqualitynews.com/Regulation-and-safety/NIOSH-seeks-lockout-tagout-input
http://www.shrm.org/hrdisciplines/safetysecurity/articles/pages/hazardous-energy-food-manufacturing.aspx
http://www.pinpointnews.net/wordpress/niosh-highlights-prevalence-of-machine-related-injuries-in-food-industry/


Development of new online resources
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Proposal of new NORA webpage with Resource Guide, proposed 
and developed by Council members (dev site below)



Thank you!

tmorata@cdc.gov
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https://www.cdc.gov/niosh/programs/manuf/

mailto:tmorata@cdc.gov
https://www.cdc.gov/niosh/programs/manuf/
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Effects of exposure, solubility and 
genetic factors on beryllium sensitization 

and chronic beryllium disease among 
short-term beryllium industry workers 

Christine R. Schuler, PhD
M. Abbas Virji, ScD

NIOSH

The findings and conclusions in this presentation are those of the 
authors and do not necessarily represent the views of the 

National Institute for Occupational Safety and Health
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The workplace

• Primary manufacturing facility

• Receives beryllium hydroxide feedstock from company’s mine/mill

• Produces beryllium oxide powder for ceramics

• Produces beryllium metal 

• Produces various alloys – most common is copper-beryllium alloy
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Sensitization and CBD

• Sensitization (BeS) – beryllium lymphocyte proliferation test (BeLPT); 
confirmed positive (abnormal) BeLPT

• Chronic beryllium disease (CBD) – clinical evaluation with biopsies; 
presence of granulomas or other abnormalities in sensitized person

• A study had been conducted in 1993-94

• BeS = 6.9%; CBD = 3.8%

• Changes made in late 1990s at highest-risk work processes
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Memorandum of Understanding

• In 1997, the company approached NIOSH to conduct collaborative 
research

• In 1998, a Memorandum of Understanding was signed

• In 1999, a second survey was conducted at the primary 
manufacturing facility

• The goals were to understand the current status of BeS and CBD, and 
determine effectiveness of engineering controls
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Epidemiologic survey in 1999

• Consenting workers tested for sensitization and CBD

• Medical and work history questionnaire

• Eligible – current employees with no CBD

• Participants divided by participation in earlier survey (1993-94)

• First set of studies on those hired after 1994 (“short-term workers”)
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Job-exposure matrix: personal exposure estimates

• Full-shift personal exposure samples (1999; n=4,022)

• Area and task samples (1994-99; n=76,349)

• Job-exposure matrix created

• Work histories applied to job-exposure matrix to create:

 Average annual exposure (µg/m3)

 Cumulative exposure (µg/m3-year)

 Highest-job-worked (µg/m3) – a type of relative peak exposure



7Objective – Exposure-response relationships

• Historically, exposure-response relations inconsistent

• Hampered by:

• Exposure misclassification

• Exclusion of exposure-related factors and genetic susceptibility

• Imprecise understanding of timing of BeS or CBD onset

• Our studies:

• More precise exposure estimates

• Information on additional exposure factors

• Information on genetic factors

• Information on dermal exposure

• For short-term workers, less exposure misclassification/more precise timing



8Earlier results from this short-term worker cohort

• N = 264

• 91% participation, median 21 months tenure (0.3-73 months)

• BeS = 9.8% (26/264)

 Average exposure, highest-job-worked

• CBD = 2.3% (6/264)

 Cumulative exposure

• Higher-risk job processes: 

• Metal/oxide production (BeS), alloy melting and casting (BeS, CBD)

• No BeS or CBD in admin-plant or admin-office

• Multiple exposure pathways for BeS (inhalation, skin)

• Skin symptoms, peak exposure metrics associated with BeS
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Study aims

• Are exposure-response relations for BeS and CBD different by 
solubility factors?

• Soluble salts vs. not soluble salts

• Are exposure-response relations different for those with various 
higher-risk genetic markers?

• Glu69 carrier status

• Allele electronegativity
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Methods

• Short-term workers (n=264)

• Same health outcome, questionnaire data collected in 1999

• Same exposure estimates: 

• Average, cumulative, highest-job-worked

• New data – solubility of Be materials

• New data – genetic markers
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Compounds Example Processes t1/2 (days) Lung Fluid Solubility Class

Beryllium salts Reduction furnace 0.7 - 15 Soluble

Copper-beryllium alloy Master alloy 319 Poorly soluble

Beryllium oxide
Oxide production
and machining

153 - 3,657 Poorly soluble

Complex silicates Ore extraction 425 - 160,000 Poorly soluble

Solubility classification (chemical factors)

 Class relative to rate of mechanical clearance from lung

 Class assigned to jobs in work histories based on forms of Be used
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Genetic data

• Separate consent obtained

• Genetic research separate from collaborative work

• HLA-DPB1Glu69

• More common in CBD, BeS; also common in population

• Variables:

• Glu69 carrier status: yes, no for at least one copy of Glu69

• Allele electronegativity: -9 charge, -7 charge, -9 or -7, other charge
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Data analysis

• Logistic regression models:

• Splined and log-transformed summary exposure metrics

• Covariates for solubility, genetic markers, and interactions 

• Odds ratios and prevalence:

• Overall and stratified by solubility and genetic markers 



14Results – BeS by solubility
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15Results – CBD by solubility
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16Splined average exposure and sensitization - solubility
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17Summary of solubility results

• Soluble salt exposure associated with higher prevalence of BeS

• Soluble salt exposure also associated with higher CBD 

• All CBD also worked with poorly soluble materials; small numbers

• Non-linear association for BeS and exposure 

• Stratified analysis suggests interaction

• Not significant in model
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Results – genetic study participation 

• 157 (59% of 264) short-term workers took part in genetic study

• Similar to overall survey population for gender, race, age at hire, tenure

• Similar for BeS = 8.9% (14/157); CBD = 2.1% (3/157)

• Analyses for genetic variables done on reduced dataset

• Small numbers precluded CBD-only analyses



19Results – genetic markers 

• Glu69 carrier status:

Glu69 Prevalence OR (95% CI)

Carriers 41.4% 4.0 (1.3 – 15.2)

Non-carriers 58.6% (referent group)

• Allele charge status:

Charge Allele prev. OR (95% CI)

-9 13.4% 7.2 (1.7 – 31.9)

-7 25.5% 3.3 (0.8 – 13.9)

-9 or -7 38.9% 4.5 (1.4 – 17.1)

Other 61.1%    (referent group)



20Splined average exposure and sensitization - genetics
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21Summary of Genetic Results 

• Both exposure and genetic factors were associated with BeS

• No separate analysis for CBD, too few cases

• Strong non-linear association between BeS and exposure among 
Glu69 carriers

• Stratified analysis suggests interaction

• Not significant in model



22Discussion

• Solubility of beryllium materials is a relevant factor
• Consistent with the kinetics and dynamics

• Partly masked by narrow range, high concentration soluble exposures; few 
exposed

• Genetics relevant for BeS

• Exposure-response was non-linear

• Interaction between solubility and exposure suggested
• Different shape for soluble salts, not significant

• Interaction between genetics and exposure suggested
• Different shape for non-carriers, not significant 
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• Deciphering risk factors for BeS and CBD requires:

• A multidisciplinary approach

• Valid and precise estimates of historical exposure

• An understanding of physicochemical properties

• Multi-pathway exposure assessment

• Mechanistic-based exposure-response analyses

• An understanding of markers of genetic susceptibility

• What is next?

• Evaluation of long-term worker cohort

• Dose modeling

Take home
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Thank you

Christine R. Schuler, PhD

NIOSH/Division of Safety Research

CSchuler@cdc.gov

M. Abbas Virji, ScD

NIOSH/Respiratory Health Division

MVirji@cdc.gov

mailto:CSchuler@cdc.gov
mailto:MVirji@cdc.gov


2017 Expanding Research Partnerships: State Of The Science Conference at the 
Colorado School of Public Health, CU Anschutz Medical Campus, Aurora, CO

June 21-22, 2017

Tim Bushnell
Economics Research and Support Office

NIOSH

The findings and conclusions in this presentation are those of the authors and 
do not necessarily represent the views of NIOSH

The contributions of occupational safety and health to 
organizational productivity and environmental goals



Occupational 
Safety and 

Health

Economic 
Sustainability

Environmental 
Sustainability

Lean 
Production

Potential support
Potential conflict



Lean Production
(aka TQM, 6 Sigma, etc.)

“Systemic”

Focus on goals that improve systemic coordination, 
rather than productivity or costs of individual activities

“Developmental”

Focus on continuous improvement of work processes
by workers, rather than relying only on engineers or planners
to generate less frequent changes in process

Bushnell, PT, Transformation of the American manufacturing paradigm. Garland. 1994
Womac JP, Jones DT, Roos D. The machine that changed the world. Rawson Associates, Macmillan. 1990



The systemic goals

Quality: Central value of organization, emphasis on prevention, zero defects

Synchrony: producing on as-needed basis, JIT delivery, zero inventories

The systemic vision
Continuous Flow----from raw material to final delivery, 

tightly hitched to customer demand



Quality: Key Tools

• Involvement of workers in quality control analysis and problem solving

• Close process monitoring and use of statistical process control

• Involvement of QC personnel in product and process design

• Close relationship with suppliers on product design and quality problems

• Preventive maintenance

• Housekeeping: Order and cleanliness

• Field study of customer needs and experience



• Reducing defect rates save time and expense of 

inspection to identify defects
correcting defects 
wasted materials  
product returns

• Prevention of errors and malfunctions prevents process interruptions and 
equipment damage

• Reducing process variation often makes processes more efficient

• Reducing process variation makes downstream processes more efficient

• Protects and builds reputation with customers

Quality: Value



Synchrony

• Flexibility: Short changeover and set-up time—drawing on worker skills

• Quality control—drawing on worker skills

• Close relationships with suppliers who deliver just-in-time

See Hall RW. Zero Inventories. Dow Jones-Irwin. 1983

Key Tools

• Visual systems for signaling downstream production needs
• Forced, stepwise, reduction of inventories to force improvements in 

flexibility and quality
• Final product production schedules that closely track customer orders
• Cellular production: Integration of separate stages of production in 

one location for families of similar products (with worker cross-training)

Other tools



Synchrony: Value
• Reduces cost of inventories

Transport Tracking and counting
Storage—space and energy Spoilage and deterioration
Financial capital costs

• Facilitates adjustment of processes to meet downstream processs and 
customer needs 

---closer proximity of processes and visual clarity

---immediate feedback on quality problems

• Develops opportunities for speeding transfer between processes,
including progress toward automation

• Ability to provide more product variety efficiently



Environmental Sustainability:
Goals for Employers

• Reduce use of materials, energy, and water

• Reduce waste

• Shift to less toxic materials

• Dispose of harmful waste in way that protects people and environment

• Direct management of environmental impacts (for businesses operating
directly on land or water)

Avoiding: overharvesting and depletion, erosion, habitat destruction, 
Maintaining: ecosystem balance and diversity
Ecological restoration: cleanup, restoring natural water drainage, 

species management

• Purchase resources from suppliers that meet sustainability goals

• Enable customers to meet sustainability goals 



Environmental Sustainability: 
Value for Employer

• Discovery of cost savings:
Reduced cost of materials, energy, water, waste disposal

Example: EDF Climate Corps

• Increased value to customers who save money or value sustainability

• Reduced risks of remediation and compensation costs due to environmental damage

• Long-run costs of complying with regulations lower: longer lead time
for developing technology; more uniform standards; cooperative relationship 

with regulators
• Discovery of product/service improvements; new products

--Sustainability-related products and services
--Other products and services

• Attract and retain employees with environmental values



Environmental Sustainability as a Focus that
Supports Employer Economic Sustainability

KPMG International. Corporate sustainability: A progress report. 2011

Survey of 378 senior executives, and interviews with key informants

“For a growing number …., [Sustainability] has become the strategic lens 
through which they view their businesses. For these organizations, 
sustainability offers an undeniable opportunity to gain competitive advantage, 
drive innovation and generate real bottom-line results.”

Percent saying biggest benefit of sustainability would be increased profitability:

2008   31%      2010  48%



Nidumolu et al. study of sustainability initiatives of 
30 large corporations over time*

“Our research shows that sustainability is a mother lode of organizational 
and technological Innovations that yield both bottom-line and top-line returns”

“The initial aim is usually to create a better image, but most corporations
end up reducing costs or creating new businesses as well.”

Environmental Sustainability as a Focus that
Supports Employer Economic Sustainability

*Ram Nidumolu, CK Pralahad, and MR Rangaswamy, Why sustainability is now the key driver of innovation. 
Harvard Business Review, Sept. 2009



Commonalities of Environmental Sustainability
and Lean Production

• Greater focus on control of processes

• Continuous improvement of technology

• Emphasis on prevention and the long-range view

• Closeness to suppliers and customers—the larger system

• Primary focus is on physical aspects of process, not on costs



Occupational Safety and Health Outcomes: 
Value for Sustainability

Reduced injury and illness   

 Lower workers’ compensation costs, other medical expenses
 Less absence, presenteeism, turnover, disruption, delay

Reduced symptoms: pain, discomfort, fatigue, sleepiness, stress 

 Less presenteeism, absenteeism, turnover

Reduced material and property damage associated with injury incidents

Reduced harms to customers and public associated with injury incidents



Occupational Safety and Health Tools: 
Value for Sustainability

Safety committees and participatory ergonomics

Worker participation (Lean production)

Incident investigation

 Root cause analysis (Lean production – quality)

Ergonomics
 Reduction of un-needed motions (Lean prod.)



Occupational Safety and Health Tools: 
Value for Sustainability

Hierarchy of controls

 Emphasis on elimination of hazardous materials
before safe handling and disposal (Environ. Sust.)

 Reduction of non-value-adding activities such as
transport and storage of inventories (Lean prod.)

Housekeeping
 Housekeeping (Lean prod.)

Training
 Training (Lean prod.)

Maintenance
Maintenance (Lean prod. and Environ. Sust.)



Occupational Safety and Health: 
Fundamental Contribution to Work Culture

That Supports Sustainability

Prevention

Control of process

More focus on physical process, less on cost goals

Respect for workers and their contributions



Need for integration of OSH,
lean production and environmental sustainability

Conflicts between OSH and lean production and
environmental sustainability also exist.

--Environmental – OSH conflicts  (Schulte et al. 2013, 
Roelofs et al. 2000)

--Lean production –OSH conflicts  (Koukoulaki 2014)

But if conflicts are to be resolved in favor of worker 
safety and health, it may be helpful to highlight ways in 
which OSH can contribute to achieving lean and 
environmental goals.



References in previous slide
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