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Statement of Purpose

What

Compare manganese exposures in various welding operations
using total, respirable, and inhalable sampling methodologies.
Manganese was chosen due to the prevalence of manganese in
common welding fumes and associated health effects.
Currently, the American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Values (TLVs) for manganese
are 0.02 mg/m3 for respirable-sized particles and 0.1 mg/m3 for
inhalable-sized particles.

Why

Occupational exposure limits (OELs), specifically many TLVs, are
now targeting both respirable and inhalable fractions along with
traditional total fractions, making sampling strategies complex.
The information gained through these size-selective sampling
comparisons of manganese exposures in welding operations
should aid the industrial hygiene (IH) professional in selecting
the best method(s) for sampling welding operations and provide
a better understanding of welding fume exposures.

Size-Selective OELs

Traditional workplace OELs have been expressed as total, respirable, or inhalable 
particulates, based on particle size, measured in microns µm.

Total particulates implies the collection of both the respirable and non-respirable 
portions of the airborne particulate (median particle size of 30 to 40 µm). 

Respirable particulates is defined as the airborne particulate that is less than 10 µm 
in diameter and small enough to penetrate the pulmonary region (median particle 
size of 3.5 to 4 µm).

Inhalable particulates is defined as the fraction of total workplace aerosol actually 
entering the respiratory tract (median cut point of 100 µm).

Manganese OELs

One of the most critical size differentiations in welding fume 
exposures relates to manganese in which the ACGIH has published a 
TLV of 0.02 mg/m3 for respirable-sized particles. 

This TLV is typically applied to the smaller manganese particles 
associated with the generation of fume created during welding, 
while a secondary TLV of 0.1 mg/m3 for inhalable sized particles 
considers the impact of larger sized manganese particles generated 
during tasks such as grinding. 

It is common for welding operations to include grinding tasks which 
often makes the interpretation of results difficult. 

Manganese Toxicology

The ACGIH TLV for manganese is based upon current
toxicological studies which indicate potential nervous system
impairment that may include changes in mood and short-term
memory, altered reaction time, and reduced hand-eye
coordination after prolonged exposures.

NIOSH Welding and Manganese, 
http://www.cdc.gov/niosh/topics/welding/.

“A TLV-TWA of 0.02 mg Mn/m3, respirable particulate matter is
recommended for manganese and its inorganic compounds to
reduce the potential for preclinical, adverse, neurophysiological
and neuropsychological effects in manganese-exposed workers.”

Manganese, elemental and inorganic compounds, ACGIH®© 2013.

Travelers Study Methods

Size-selective samples were collected during welding only, and
welding with grinding operations at various locations
throughout the United States in 2019 and 2020.

Multiple samplers (2 to 3) were placed on individual welders
when possible to gain side-by-side size-selective data for the
same operations.

A variety of sampling devices were used including closed face
cassettes, cyclones, PPIs, DRSs, and IOM samplers. Refer to Air
Sampling Methodology for details.

Samplers were positioned on the collars of the welders, near or
inside the welding helmets to gain information on welding fume
concentrations present in the personal breathing zone .

Samples were collected for durations up to 480 minutes for
comparison to eight-hour time-weighted average OELs.

This is an example of a welder participating in the study. He is equipped with 
three separate samplers to measure total, respirable, and inhalable fractions of 
welding fume exposures. The objective was to place the samplers within the 
breathing zone of the welder near or inside the welding helmet. When placing 
multiple samplers on a welder, it was difficult to fit them inside the helmet. 
Samplers: 37mm single inlet cassette for total fraction, SKC, Inc. parallel particle 
impactor (PPI) for respirable fraction, and SKC, Inc. Institute of Occupational 
Medicine (IOM) samplers for Inhalable fraction.

Welder equipped with three size-selective sampling devices.

Particle Fraction Cassette Membrane Filter Sampler Pump
Collection 

Rate
(LPM)

Total
37 mm/2-piece 5.0 µm preweighed PVC N/A High 

Flow 2.0
37 mm/2-piece 0.8 µm MCE N/A

Inhalable 25 mm 5.0 µm preweighed PVC SKC, Inc. Institute of Occupational 
Medicine (IOM)

High 
Flow 2.0

Respirable

37 mm/3-piece 5.0 µm preweighed PVC SKC, Inc. Aluminum Cyclone

High 
Flow

2.5

37 mm 5.0 µm preweighed PVC SKC, Inc. Parallel Particle Impactor (PPI ®) 2.0

25 mm 5.0 µm preweighed PVC Zefon International, Inc.
Disposable Respirable Sampler (DRS) 2.0

Air Sample Methodology

PVC = polyvinyl chloride
MCE = mixed cellulose ester

LPM = liters per minute

From our collection and analysis of 122 welding operations samples, we found that when using
the Respirable sampling methodology 57-percent (%) of samples exceeded the respirable ACGIH
TLV of 0.02 mg/m3 . When using Total sampling methodology, 70% of samples exceeded the
respirable TLV.

For each size selective sampling methodology, the percentage of sample results that were below
the ACGIH TLV for respirable manganese of 0.02 mg/m3, between the respirable TLV and inhalable
TLV of 0.1 mg/m3, and above the inhalable TLV are displayed. Results using the Total methodology
may overestimate the exposures as exceeding the respirable OELs. The inhalable results are
inconclusive due to the limited sample size.

This chart displays the sampling data collected during our study. Samples were collected between
January 2019 and March 2020 using Total, Respirable and Inhalable sampling methodologies. Of the
122 samples collected, 92% exceeded the ACGIH TLV of 0.02 mg/m3.

Using three size-selective sampling methodologies (Total, Respirable and Inhalable) for welding fume
exposures, 92% of the sample results were greater than the ACGIH TLV for respirable manganese of 0.02
mg/m3.

From our collection of 122 samples, we found that when using the Respirable sampling methodology, 57%
of samples exceeded the respirable TLV. When using Total sampling methodology, 70% of samples exceeded
the respirable TLV.

When comparing side-by-side results using Total and Respirable sampling methodologies, the Respirable
results exceeded the ACGIH TLV for respirable manganese of 0.02 mg/m3 when the Total results exceeded
the respirable TLV.

The Inhalable method results are inconclusive due to the limited sample size.

The information gained through this study suggests that using Total sampling methods for welding fume
exposures may be a reasonably conservative approach for comparison with size selective OELs.

Conclusions

The views expressed in this presentation are those of the authors and do not necessarily reflect the views of The Travelers Companies, Inc. or any of its subsidiaries. This presentation is for general informational purposes only.

The Travelers Companies IH Specialty Group: David J. Anderson, CIH; Gary M. Brockway, CIH; Joseph E.
David, III, CIH, CSP; Teresa A. Dyson, MPH; Cydney J. Green; Torey A. McLaren, CIH; and William J.
Shoemaker, CIH

The Travelers Companies Risk Control IH Laboratory: Josef Chrzanowski, IH Laboratory Director; Thomas
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122 Samples Collected

92% of the results were above
ACGIH Respirable Mn TLV

(Note: two results  - 1.2 mg/m3 and 0.81 mg/m3 not shown.)
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Side by Side Sampling
Manganese (mg/m3) - Total versus Respirable

Nineteen side-by-side sample sets using Total and Respirable sampling methodologies
showed that where Total results exceeded the ACGIH TLV for respirable manganese of 0.02
mg/m3, the Respirable results also exceeded the TLV.
Footnote: Comparing the absolute value of the difference between side-by-side respirable and total samples against 0, we performed a two-sided paired-t statistical
test. This yielded a p-value of 0.002, suggesting there is a difference in results for Respirable versus Total sampling methodologies. This may be biased by the limited
sample size.

Future Studies
Conduct studies that compare size-selective results for welding fume only or welding fume with grinding
combinations to better understand the contribution of fume versus grinding particulates to the
concentration of airborne manganese.

Conduct studies with larger side-by-side sample sizes, with emphasis on using Respirable and Inhalable
sampling methods for comparison with current ACGIH TLVs for manganese.

Analyze additional metals commonly found in welding fume that have size-selective OELs.
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1. Examples of fume extractor local exhaust systems used for controlling exposures to welding fumes. We 
commonly observed both effective and poor positioning of extractor snorkels during this study.

2. Uncontrolled welding fumes.

3. A common observation during the study showed welders positioned with their breathing zone in the path of 
the welding fume.

4. An example of welders relying on a canopy capture hood to control welding fume exposures. 
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