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SECTION 3 AREAS OF ENVIRONMENTAL CONCERN _____________________________  
 
Template 3a: Problem Definition/Project Description 
 
3.1 Problem Definition 
 
This Site-Specific Quality Assurance Project Plan (QAPP) provides general information related to Quality 
Assurance and Quality Control (QA/QC) procedures designed to achieve the data quality objectives of 
the air monitoring project to be performed during the abatement of asbestos containing materials (ACM)  
identified in Site buildings at the Remington Site (“Site”) on behalf of MVEDD under the Environmental 
Protection Agency (EPA) Brownfields (BF) Cooperative Agreement (CA) 4B 96219500. Descriptions of 
sample collection and field data acquisition associated with an analytical sampling program will be 
provided in detail in this QAPP.  
 
To be investigated under this QAPP is the Site identified as the Remington Site, Site E located in Ilion, 
New York. The project includes the abatement of ACM within Buildings 82, 83, 84, 85, and 86 at the 
former Remington Arms Plant (Remington Site E).  This QAPP will outline the sampling and quality 
control procedures associated with the air monitoring program that will occur during building 
abatement.  A Site location map is provided as Figure 1. The air monitoring project will answer the 
following question: 
 

 Are asbestos containing materials present in the air at concentrations which contravene New 
York State Department of Labor 12 NYCRR Part 56-11.5 PCM clearance criteria? 

 
The QA/QC procedures addressed herein are applicable to both the field sampling activities and the 
laboratory analyses of field samples. Laboratory analyses and QA/QC procedures will be performed in 
accordance with the United States National Institute of Occupational Safety and Health (NIOSH) 
methodologies and the most recent New York State Department of Health (NYSDOH) Environmental 
Laboratory Approval Program (ELAP).  
  
3.1.1 Site Location and Description 
 
The Site consists of a portion of Tax Map/Parcel # 120.37-5-16. Improvements include Buildings 82, 
83, 84, 85, and 86, which are interconnected industrial buildings 
 
3.1.2 Physical Setting 
 
The Site lies at an approximate elevation of 400-480 feet (ft) above mean sea level. The nearest surface 
water body is Steele Creek, located approximately 1,000 feet west of the Site. The Mohawk River is 
located approximately 2,000 feet north of the Site. 
According to the United States Department of Agriculture Natural Conservation Service, soil at the Site 
is defined as Herkimer gravelly silt loam, 0 to 3 percent slopes (77%), and Hartland-Agawam complex, 
8 to 15 percent slopes (23%). Herkimer gravelly silt loam consists of loamy old alluvium derived from 
dark, calcareous shale, and varying amounts of sandstone and limestone, well-drained. Hartland 
Agawam complex consists of silty eolian or glaciolacustrine deposits, well-drained.  
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Site investigations revealed the presence of fill materials at depths ranging from 0 to 35 feet below 
grade across Sites A-E. These materials are underlain by native fine to medium sands, silts, and clays.  
 
According to the Surficial Geologic Map of New York, Hudson-Mohawk Sheet, surficial geology of the 
Site is classified as outwash sand and gravel. Materials are characterized as coarse to fine gravel with 
sand from proglacial fluvial deposition. 
During Phase II investigations at the Site, a groundwater investigation was not conducted in Site E, 
although groundwater was encountered at depths ranging from 4-feet to 19-feet below ground surface 
at other areas of the Remington Arms facility. 
 
3.1.3 Site History 
 
Until March 2024, the larger Remington Arms facility was used by Remington Arms for the design, 
manufacture, testing, and distribution of Remington firearms.  Site E was used for industrial 
manufacturing, primarily dedicated to firearms production as part of the larger Remington Arms facility.   
The Remington Arms facility was originally developed as an armory in the early 1800s and has since 
been used for the manufacturing of numerous products including firearms, ammunition, agricultural 
equipment, bicycles, steam cars, typewriters, sewing machines, and cash registers.  
 
3.1.4 Previous Environmental Investigations 
 
A Phase I Environmental Site Assessment (ESA) and asbestos survey have been performed at the Site 
to-date.  
 
Remington Arms Plant - 14 Hoefler Avenue, Ilion, New York - Phase I ESA  
Prepared by HRP Associates, Inc. – March 28, 2025 
 

HRP has completed a Phase I ESA in conformance with the scope and limitations of ASTM Practice 
E1527-21 of the Remington Arms Plant located at 14 Hoefler Avenue in the Village of Ilion, New 
York, the Site.  
 
This assessment has revealed the following recognized environmental conditions (RECs) in 
connection with the Site: 
 The 200-year history of manufacturing operations is considered a recognized environmental 

condition in connection with the Subject Property. Numerous current and historical areas of 
concern including various manufacturing operations, trench drains and dry sumps, oil/water 
separators, petroleum and chemical storage, coal storage, electrical transformers, gun powder 
houses, a railroad spur, and historic fill materials were identified, any of which may have 
impacted the Site with VOCs, SVOCs, and metals. A sitewide groundwater investigation was 
initiated in 1991 and completed in 2005, and a recent groundwater/soil characterization 
investigation specific to onsite areas of concern was conducted. Areas of concern with VOC, 
SVOC, and metals constituents in soil and/or groundwater were identified on-site during this 
investigation and are considered RECs. 
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If future development of the Site includes removal of site buildings and barrier surfaces, a soil 
management plan should be implemented to ensure that workers and the public are not exposed 
to dust from excavation or other handling and movement of soils.  Encapsulation as a result of 
Site development through the use of paved surfaces, building coverage and other barrier 
surfaces could serve to maintain stability of contaminated fill/soil materials.  If soil is to be 
removed from the Site and disposed, it should be characterized and re-used or disposed of at 
appropriate locations, based on the results of characterization and regulatory re-use 
requirements. 
 

 The site contact identified the location of a water main break in the vicinity of Building 56 where 
cyanide was reportedly detected above state standards in soil. Soil analytical data was not 
provided and it is unknown if the contamination was delineated or excavated.  

 
This assessment has revealed the following HRECs in connection with the Site: 
 Based on the investigations conducted, regulatory closure, and the likelihood that the residual 

petroleum hydrocarbon impacts have since continued to naturally attenuate, previously 
documented petroleum spills are considered historical recognized environmental conditions 
(HRECs) for the Site. 

 
Pre-Demolition Asbestos Survey for the Remington Site  
Prepared by HRP Associates, Inc. – November 2022 
 
Results of Asbestos Survey 
 
A material is considered by the US EPA and NYS Department of Labor (DOL) to be asbestos containing 
if at least one sample collected from the homogenous area shows asbestos present in an amount 
greater than 1%. Based on a review of the laboratory results, two of the submitted friable and non-
friable ACM samples analyzed contain asbestos. These materials are described below: 

 
Remington Site Buildings 82, 83, 84, 85, and 86 - approximate quantities: 
 

 2,141 linear feet (LF) thermal system insulation (TSI) 
 1,152 ft2 floor tile 
 770 ft2 Transite 
 220 ft2 tank insulation 
 90 ft2 mechanical insulation 
 940 ft2 duct tape, and 
 60 ft of gaskets 

 
Based on the results of this survey, HRP recommends the following: 
 

 Prior to any renovation or demolition activities, a copy of the asbestos survey should be provided 
to the renovation contractor and local asbestos control board. 

 Maintain a copy of this asbestos survey with the property. 
 If unassessed suspect ACM is identified during renovation or demolition activities, retain an 

asbestos building inspector to sample and test the material(s) following NYS requirements.  
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 One copy of this report must be immediately transmitted by the building owner, or their agent, 
to the local government entity charged with issuing a permit for such demolition, renovation, 
remodeling or repair work under applicable NY State or local laws. 

 The completed asbestos survey for controlled demolition (as per Subpart 56-11.5) or pre-
demolition asbestos abatement projects shall also be submitted to the appropriate Asbestos 
Control Bureau district office. 

 
Integrated Site Assessment Report – The Remington Sites A-E  
Prepared by HRP Associates, Inc. – November 2025 
 
To support a more comprehensive environmental investigation of the former Remington Arms facility, 
a supplemental Phase II ESA was conducted in May 2025 by HGL under the technical oversight of HRP. 
The parcels assessed were labeled consistently with those evaluated during HRP’s 2024 Phase II ESA. 
Subsurface investigation activities, including the advancement of soil borings, were conducted under 
the direction of HRP in coordination with HGL. While HRP provided oversight and technical guidance 
throughout the fieldwork, HGL was responsible for collecting and delivering the soil samples to the 
analytical laboratory for processing. This joint effort ensured adherence to the approved Quality 
Assurance Project Plan and maintained data integrity. 
 
Site E exhibited fill materials to a depth of 16 ft bg, consistent in composition with other sites. Native 
soils were composed of fine to medium sand and silt with gravel. Indicators of contamination were 
observed in 10 of the 19 borings, suggesting more widespread impacts than at Sites C and D. 
 
Analytical results from the Phase II investigation confirm that Site E meets the NYSDEC definition of a 
Brownfield site, with contaminants present at concentrations exceeding applicable CU SCOs established 
by the NYSDEC, based on the reasonably anticipated future use of the property. Contamination was 
observed across the Site. Three samples exceeded CU SCOs for metals, and three samples exceeded 
criteria for SVOCs. Arsenic was detected at concentrations ranging from 18 mg/kg to 83 mg/kg, 
exceeding CU SCOs. Lead and copper were also detected at concentrations exceeding CU SCOs. No 
VOCs were detected above applicable standards. 
 
3.1.5 Areas of Concern 
 
The area surrounding the Site buildings are identified as areas of concern due to the potential for 
release of ACM to the air during abatement activities. This area will be monitored and sampled for ACM 
during abatement activities. The area to be affected is depicted on Figure 1.  
 
3.1.6 Contaminants of Concern 
 
HRP identified asbestos as an airborne particle as the contaminant of concern (COC) to be monitored 
and sampled during abatement activities. Based on the results of the April 2025 Asbestos Survey ACM 
are present throughout the building interiors in TSI, floor tile, Transite, tank insulation, mechanical 
insulation, duct tape, and gaskets. 
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3.2 Project Description 
 
3.2.1 Sampling and Analysis Plan 
 
This QAPP has been designed to outline the procedures and quality control methods of monitoring the 
air quality of the Site during asbestos abatement activities. Activities will consist of the collection of air 
samples. No other environmental samples will be collected during this investigation. The sampling to 
be performed will be conducted by REST and overseen by HRP Associates, Inc. as the environmental 
consultant for the project. The project air sampling shall be conducted by an asbestos project air 
sampling technician (REST) who has been trained in the selected methodology of air sampling and who 
possesses an asbestos project air sampling technician certificate issued by the NYS DOL. Statements 
of Qualifications are included in Appendix D. Laboratory analysis of the air samples will be performed 
by AmeriSci. AmeriSci is a NYSDOH ELAP accredited laboratory. The Certificate of Accreditation for 
AmeriSci is included in Appendix F.  Data validation will be performed by a third-party quality 
assurance officer to ensure quality of data. All field sampling and laboratory analysis will be performed 
according to standard operating procedures (SOPs) referenced in Template 6 and included in 
Appendix A. 
 
A Safe Work Permit (SWP) to be utilized by on-site workers during field activities is included as 
Appendix B.   
 
The tasks to be completed are listed below in the order that they will be completed. An estimated 
project schedule/timeline is summarized in Template 4. 
 

1. Air sampling during abatement activities, including collection of background samples 
2. Post abatement visual survey and air samples in accordance with NYS DOL ICR 56 
3. Post abatement report preparation 

 
3.2.2 Air Monitoring 
 
To determine if airborne fibers which may include asbestos fibers have been released, REST will collect 
air samples from various locations throughout the Site during abatement activities. Air samples will be 
collected using high-flow pumps with PCM cassettes (25 mm filter, Pore Size 0.8u (Micro). Pumps will 
be set to a minimum flow rate capacity of two liters per minute (LPM). Eight (8) air samples will be 
collected per day.  Eight samples are specific to NYS State Code Rule 56which includes two field blank 
samples for quality control.  Typically, an additional sample may be required based on having a site-
specific variance that would include and inside the work area sample. A Site plan depicting the 
approximate sample locations is provided as Figure 2. Sampling will occur for the duration of the 
building abatement project. REST will collect and generate the data and will be overseen by HRP 
Associates. Samples will be collected and handled in accordance with REST SOP: #2 Air Sampling 
Protocols for interior Abatement of Asbestos Containing Materials (ACM). provided in Appendix A. 
 
3.2.3 Air Sample Laboratory Analysis 
 
Air samples will be collected daily and sent to AmeriSci for laboratory analysis. A total of 8 samples (6 
samples and 2 QA/QC samples) will be collected per day during abatement activities. Sampling locations 
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are described in Template 5a. In addition to Site samples, QA/QC samples (field blanks [FB]) will be 
collected. Field blanks will be collected at a frequency of two samples per day. Air samples will be 
analyzed by NIOSH Method 7400 PCM.  
 
3.2.4 Air Monitoring Report 
 
An electronic copy of the final air sampling report will be distributed to MVEDD, addressed to Heather 
Devitt. The report will provide a description of the field activities, present data collected, a physical 
description of the Site, and provide an analysis and interpretation of the available data. The report will 
include laboratory analytical results and a comparison of data to New York State Department of Labor 
(DOL) Title 12 NYCRR Part 56.-4.11 criteria to determine whether the air clearance samples are 
satisfactory. 
 
3.3 Project Decision Statements 
 
Data collected during air monitoring activities will be used to determine whether the air clearance 
samples are satisfactory to conclude that asbestos is not present in outdoor air above 0.01 fibers per 
cubic centimeter. Decisions to be made with the data include: 
 

1. If asbestos is present in air in excess of 0.01 fibers per cubic centimeter, then a corrective 
measure will be taken to reduce concentrations. The measure includes applying additional water 
to the abatement area. 

 
3.4 Project Quality Objectives 
 
Template 3b: Project Quality Objectives/Systematic Planning Process Statements 
 
3.4.1 Overall Project Objectives 
 
The objective of this sampling event is to assess air quality for the potential to contain airborne asbestos 
to evaluate potential exposure risks to workers, occupants, and the general public and to determine if 
the abatement meets the NYS DOL requirements. The overall project objectives will be accomplished 
by completing the air sampling during the abatement of the Site buildings. Laboratory analytical results 
from the air samples will be evaluated against New York State Department of Labor NYSDOL Title 12 
NYCRR Part 56.-4.11 to make decisions regarding exposure risks to the public (see Project Decision 
Statements in Template 3a). NYSDOL Title 12 NYCRR Part 56.-4.11 states that the PCM clearance air 
sample results shall be considered satisfactory when every clearance air sample demonstrates an 
airborne concentration of fibers of less than 0.01 fiber per cubic centimeter, or the established 
background level(s), whichever is greater. 

 
3.4.2 Project Quality Objectives 
 
The data will be used by MVEDD, HRP Associates, and relevant regulatory agencies to determine 
compliance with safety standards, assess environmental health risks, and make informed mitigation 
decisions. The data will be used to assess the current levels of airborne fibers sitewide, determine if 
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asbestos concentrations exceed regulatory action levels, and to guide decisions regarding mitigation 
measures and clearance after the demolition. 
 
The quality of the data must meet criteria for precision, accuracy, representativeness, comparability, 
completeness, and sensitivity. Specific criteria for each category of PQO are discussed below. PQOs are 
assessed and data usability is determined through the project data review and verification process 
completed by the environmental consultant, laboratory, and third-party data validator through 
procedures outlined in Template 13. 
 

Precision - Measures the agreement among a set of replicate measurements. Field precision is assessed 
through the collection and analysis of field duplicates. Analytical precision is estimated by 
duplicate/replicate analyses, usually on laboratory control samples, spiked samples and/or field 
samples. The most commonly used estimates of precision are the relative standard deviation (RSD) 
and, when only two samples are available, the relative percent difference (RPD). Precision related limits 
are presented for laboratory prepared QA/QC samples in Template 5d and for field QA/QC samples 
in Template 10. 
 
Accuracy - Accuracy is the closeness of a measured result to an accepted reference value. Accuracy is 
usually measured as a percent recovery. QC analyses used to measure accuracy include standard 
recoveries, laboratory control samples, spiked samples, and surrogates. Accuracy related limits are 
presented for laboratory prepared QA/QC samples in Template 5d and for field QA/QC samples in 
Template 10. 
 
Representativeness - Sample representativeness expresses the degree to which data accurately and 
precisely represents a characteristic of a population, parameter variations at a sampling point, a process 
condition, or an environmental condition. It is dependent on the proper design of the sampling program 
and will be satisfied by ensuring the approved plans were followed during sampling and analysis. To 
ensure that the samples delivered to the laboratory for analysis are representative of the Site conditions, 
quality assurance procedures for sample collection and handling will be followed whenever samples are 
collected. The HRP Associates project manager has the responsibility of determining whether 
resampling and reanalysis is necessary to meet PQOs. 
 
Comparability - Comparability expresses the degree of confidence with which one data set can be 
compared to another. The PQOs for comparability are to: 
 
1. Demonstrate traceability of standards to National Institute of Standards and Technology 

(NIST) or USEPA sources. 
2. Use standard methodology. 
3. Report results from similar matrices in standard units. 
4. Apply appropriate levels of quality control within the context of the laboratory QC program. 
5. Participate in inter-laboratory studies to document laboratory performance. 
6. Follow NYSDEC data validation process, which recommends the use of USEPA data validation 

guidelines. 
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Completeness - Completeness is a measure of the amount of valid data collected compared to the 
amount planned. Measurements are considered to be valid if they are unqualified or qualified as 
estimated data during validation. Field completeness is a measure of the number of samples collected 
versus the number of samples planned. Laboratory completeness is a measure of the number of valid 
measurements compared to the total number of measurements planned. Although 100 percent project 
completeness is desired it is understood this may not be possible due to unforeseen field conditions, 
laboratory conditions, and analytical limitations (such as matrix interference or required dilution) that 
could result in unusable data. The minimum level for laboratory completeness is 95 percent for each 
analytical parameter. The minimum level of project completeness will be 90 percent. This is expected 
to be achieved by ensuring proper sample packaging and extraction procedures. 
 
Sensitivity - Quantitation limits must detect asbestos fibers below the regulatory threshold (e.g., 0.01 
fibers/cubic centimeter). Laboratory reporting limits are listed in Template 5c. 
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SECTION 4 PROJECT TIMELINE ____________________________________________  
 
Template 4: Project Schedule/Timeline 
 

Activities Organization 

Dates (M/YYYY) 

Deliverable Deliverable 
Due Date 

Anticipated 
Date 

of Initiation 

Anticipated 
Date of 

Completion 

Preparation of QAPP HRP 7/2026 8/2026 QAPP N/A 

Preparation of Safe Work 
Permit HRP  7/2026 8/2026 HASP N/A 

Review of QAPP 
Patrick Peck, 
EPA BPO and 
Eric Best, EPA 

QAO 

Upon submission 
of QAPP 

Up to 5 
weeks after 
submission 

Approved 
QAPP by EPA 
Region 2 PO 

N/A 

Field Reconnaissance/Access HRP  
Access will be 
gained prior to 
field activities 

N/A N/A N/A 

Collection of Air Samples REST  
At the 

commencement 
of abatement 

activities 

Within the 
same day as 

activity 
initiation 

N/A N/A 

Laboratory Analysis AmeriSci 
Upon completion 
of Site sampling 

activity 

Within the 
established 
laboratory 

TAT 

Unvalidated 
data package 

3 weeks after 
activity start 

date 

Validation of Laboratory 
Results HRP Associates 

Within one week 
of receipt of 
laboratory 
analytical 
packages 

N/A 
Letter 

confirming 
the validity of 

the data 

2 weeks after 
activity start 

date 

Data Evaluation/ Preparation 
of Final Report REST  

Within two weeks 
of receipt of 
laboratory 

analytical results 

 2 weeks after 
initiation of 

report 
Final Report N/A 
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SECTION 5 SAMPLING AND ANALYTICAL REQUIREMENTS _______________________  
 
Template 5a: Sampling Methods and Locations 
 

Matrix Sampling Location Depth 
(ft) 

Analytical 
Group 

Number of 
Samples 

Sampling 
SOP 

Reference 

Rationale for 
Sampling 
Location 

Air 

  
Personal Decon Entrance 

N/A NIOSH 7400 
PCM 

8 samples per 
day (6 

samples plus 2 
field blanks) 

SOP 2: Air 
Sampling 

Procedures for 
Abatement of 

Asbestos 
Containing 
Materials 
(ACM) 

To determine 
if there are 

asbestos fibers 
in the outdoor 

air over 
NYSDOL 

permissible 
limits. 

Personal Decon Exit 
Inside Work Area 
(Variance Only) 
Adjacent #1 Critical Barrier 
Adjacent #2 Critical Barrier 
HEPA Exhaust – One per 
Negative Air Exhaust or Bank 
of 5 Exhausts 
Ambient Air 
Field Blank 
Field Blank 
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Template 5b: Analytical Methods and Requirements 
 
 

 

Matrix 

 
Analytical 

Group 

 
Concentration 

Level 

Analytical and 
Preparation 
Method/SOP 

Reference 

 

Sample Volume 

 
Containers 

(number, size, 
and type) 

Preservation 
Requirements 

(chemical, 
temperature, light 

protected) 

Maximum 
Holding Time 
(preparation/ 

analysis) 

Air Fibers           Low 
NIOSH 7400 / 

ASB-SOP 
Sections II and 

IV 

400 L @ 0.1 
fiber/ccc -MAX*: 

(NIOSH 7400 step 
4, sampling) 

*Adjust to give 100 
to 1300 fiber/mm2  

25mm, 3-piece 
cassette with 50-mm 
electrically conductive 
extension cowl with a 
mixed cellulose ester 
filter 0.45 to 1.2 µm 

pore size 

None 
60 days after 
preparation 
and analysis 
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Template 5c: Reference Limits and Evaluation 
 
 

Matrix: Air 
Analytical Method: NIOSH 7400 
Concentration level (if applicable):  
 
 

Analyte CAS# Analytical 
Method 

Reporting 
Limit 

(fibers/mm2) 
MDL 

New York State Department of 
Labor Sample Results Criteria 
(fibers per cubic centimeter) 

Fibers (manual 
count) 

*Actinolite 77536-66-4 

NIOSH 7400 
7 fibers/mm2            
of filter area 

 

7 fibers/mm2           
of filter area 

 

 
 
 
 

0.01 fibers/cc 

*Amosite 12172-73-5 
*Anthophyllite 77536-67-5 
*Chrysotile 12001-29-5 
*Tremolite 77536-68-6 
*Amphibole  1332-21-4 
*Only NIOSH 7402 can ID the asbestos 
fiber types 
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Template 5d: Analytical Laboratory Sensitivity and Project Criteria 

 
 
  

Matrix Air 
Analytical Group Fibers 
Concentration Level Low 

Analytical 
Method/SOP Data Quality Indicators 

Performance Criteria 
(related to analytical 

method) 

QC Sample such as 
Duplicate, Matrix Spike, 
Surrogates etc. Used to 

Assess Performance 
Criteria 

QC Sample 
Assesses 
Error for 
Sampling 

(S), 
Analytical 
(A) or both 

(S&A) 

NIOSH 7400/SOP 
Section II  

Accuracy/Bias Quantitation within established 
limits 

Reference Slides, Proficiency 
Test, Round Robin Exchange 

 
A 

Accuracy/Bias  
Contamination ~LOD 7 fibers/mm2 filter area Field Blank 

S &A 

Precision-Overall  10% Blind recounts, pair test 
cannot exceed 2.77 X S1r QC re-analyses (Field) 

 
S & A 

Sensitivity LOD 5 fibers/mm2 filter area Laboratory Blank 
A 
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Template 5e: Secondary Data Criteria and Limitations Table 
 

 

Secondary Data 

Data Source 
(Originating 

Organization, 
Report Title, 

and Date) 

Data 
Generator(s) 
(Originating 

Org., Data Types, 
Data 

Generation/ 
Collection 

Dates) 

 
How Data Will Be 

Used 

 
Limitations on Data 

Use 

Phase I 
Environmental 
Assessment (ESA) 

HRP Associates, 
Inc., Phase I ESA, 
Remington Arms 
Plant, March 28, 
2025 

No data was 
generated by this 
report due to the 
nature of Phase I 
ESA 

Presence of ACM 
was determined as a 
possibility, with 
recommendation to 
perform ACM Survey 
suggested. 

Phase I ESAs do not 
generally provide original 
analytical data.  

Asbestos Survey 

HRP Associates, Inc, 
Asbestos Survey for 
the former 
Remington Arms 
Site, April 3, 2025 

HRP Associates 
collected suspect 
ACM samples 
between December 
13, 2024 and January 
17, 2025 

The data is used to 
determine that it is 
necessary to 
conduct air 
monitoring for 
asbestos during the 
building abatement 
activities 

Asbestos conditions at a 
site may change over 
time due to 
environmental factors, 
renovations, or 
disturbance. Data from 
the survey only reflect 
conditions at the time of 
collection. 

Integrated Site 
Assessment  

HRP Associates, 
Inc., summary of 
Phase II sampling at 
the former 
Remington Arms 
Site, November 6. 
2025 

HRP and HGL 
collected soil and 
groundwater samples 
between August 26, 
2024 and May 9, 
2025   

The data is used to 
confirm widespread 
environmental 
contamination 
across the site 

The soil sampling was 
limited due to the 
presence of structures on 
the Site and, due to 
limited groundwater 
sampling, a site-wide 
understanding of 
groundwater impacts has 
not been achieved. 
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SECTION 6 PROJECT-SPECIFIC METHOD AND STANDARD OPERATING PROCEDURE 
REFERENCE 
 
Template 6: Project-Specific Method and SOP Procedure Reference Table 
 

ANALYTICAL METHOD REFERENCE 
1a. NMAM Asbestos and Other Fibers by PCM, Method 7400, Issue 3, 14 June 2019. 

ANALYTICAL LABORATORY SOPs 
1b. Standard Operating Procedure for PCM and TEM Analysis of Asbestos in Air Samples (NIOSH Methods 7400 and 7402), 
12/30/2024. 

FIELD SAMPLING SOPs 

1c. REST SOP 1: Air Sampling Procedures for Demolition with Regulated Asbestos Containing Materials (RACM) In-Place 
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SECTION 7 FIELD EQUIPMENT CALIBRATION/CORRECTIVE ACTION _______________  ________________________  
 
Template 7: Field Equipment Calibration, Maintenance, Testing, and Inspection 
 

Field 
Instrument  

Calibration 
Activity 

Maintenance Activity Testing/ 
Inspection 

Frequency Acceptance 
Criteria 

Corrective 
Action  

SOP Reference  

Rotameter Required Calibration using a Bios 
Defender 510-H 

N/A Every 3 
months 

N/A N/A 002 – Standard 
Equipment used 
for air sampling 

Gillian BDX II 
Adjustable 
Flow 0.2–3 
LPM 

Required Daily prior to conducting 
work activity and daily 
post work activity.  

 N/A Twice 
Daily 

N/A N/A 002 – Standard 
Equipment used 
for air sampling 

EMS ePro HD 
Adjustable 
Flow of 2–30 
LPMy6 

Required Daily prior to conducting 
work activity and daily 
post work activity.  

N/A Twice 
Daily 

N/A N/A 002 – Standard 
Equipment used 
for air sampling 

Super Vac Required  Daily prior to conducting 
work activity and daily 
post work activity 

N/A Twice 
Daily 

N/A N/A 002 – Standard 
Equipment used 
for air sampling 
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SECTION 8 LABORATORY EQUIPMENT CALIBRATION/CORRECTIVE ACTION _________  ________________________  
 
Template 8a: Analytical Laboratory Instrument and Equipment Maintenance, Testing, and Inspection 
 

AmeriSci Instruments Maintenance, Testing or Inspection 

Instrument/ 
Equipment 

Maintenance 
Activity 

Testing/Inspection 
Activity Frequency Acceptance Criteria Corrective Action Responsible 

Person SOP Reference 

Phase Contrast 
Light 

Microscope 
Alignment Cleaning and 

Maintenance  
Annual/As 
Needed 

Centering and 
focusing the 
objective, 

condenser, stage, 
and lamp 

Removed from 
service. Call technician 

for maintenance 

Supervisor/Man
ager 

ASB-SOP IV-
A.2 

Mechanical Tally 
Counter (hand 

clicker) 
Cleaned 

Verification 

Visual 
inspection/function 

testing 

Monthly/As 
Needed   

Ensure 100 count 
sequence twice 

Remove from service; 
replace tally counter 

Supervisor/Man
ager 

 
ASB-SOP IV-

A.3 
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Template 8b: Analytical Laboratory Instrument Calibration  

AmeriSci Laboratory Instrument Calibration 

Instrument Calibration 
Procedure/ 

Frequency of 
Calibration 

Acceptance 
Criteria 

Corrective 
Action (CA) 

Person 
Responsible for 

CA 
SOP 

Reference 

Phase Contrast Light 
Microscope Alignment Daily/Next use 

Centering and 
focusing the 
objectives, 
condenser, 
stage, and 

lamp 

Removed from 
service. Call 

technician for 
maintenance/repair 

Supervisor/Manager ASB-SOP II.4 

Phase Centering Telescope  Alignment of 
microscope Daily/Next use 

Ensure phase 
ring is 

concentric 

Remove from 
service. Call 

technician for 
replacement. 

Supervisor/Manager ASB-SOP IV-A.2 

HSL-NPL (phase-shift test 
slide) 

Verify performance 
of microscope Weekly/Next Use 

Visibility band 
5 fully visible 
and band 6 

partially 
visible 

Remove from 
service. Call 

technician for 
replacement. 

Supervisor/Manager ASB-SOP IV-A.2 

Walton-Beckett Graticule 
G22 

Verify fibers longer 
than 5 microns Monthly 100 µm at the 

stage 

Remove from 
service. Call 

technician for 
replacement. 

Supervisor/Manager 
 

ASB-SOP IV-A.2 
 

Mechanical Tally Counter 
(hand clicker) Fiber Counting Monthly/As 

Needed 

Ensure 100 
count 

sequence 
twice  

Remove from 
service; replace 

tally counter 
Supervisor/Manager 

 
ASB-SOP IV-A.3 
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AmeriSci Laboratory Instrument Calibration 

Instrument Calibration 
Procedure/ 

Frequency of 
Calibration 

Acceptance 
Criteria 

Corrective 
Action (CA) 

Person 
Responsible for 

CA 
SOP 

Reference 

Klarmann Ruling, Stage 
Micrometer 

Verify microscope 
eyepiece graticule 5 years 

Tolerance 
range of 100 

µm ±2 

Remove from 
service. Call 

technician for 
replacement. 

Supervisor/Manager 
 

ASB-SOP IV-A.2 
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SECTION 9 SAMPLE HANDLING AND CUSTODY REQUIREMENTS ___________________  
 
 
Template 9a: Sample Handling System 
 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

 
Sample Collection (Personnel/Organization): Eric Dousharm, REST 

 
Sample Packaging (Personnel/Organization): Eric Dousharm, REST 

 
Coordination of Shipment (Personnel/Organization): Eric Dousharm, REST 

Type of Shipment/Carrier: Lab courier or Commercial Shipping Company 

SAMPLE RECEIPT AND ANALYSIS 

 
Sample Receipt (Personnel/Organization): AmeriSci Receiving Department 

 
Sample Custody and Storage (Personnel/Organization): AmeriSci Receiving Department 

 
Sample Preparation (Personnel/Organization): AmeriSci Technician Department 

 
Sample Determinative Analysis (Personnel/Organization): AmeriSci Analyst Department 

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection): Samples to be shipped daily (upon completion of field 
sample collection). 

Sample Extract/Digestate Storage (No. of days from extraction/digestion): As per analytical methodology; See 
Template #5b. 

SAMPLE DISPOSAL 

Personnel/Organization: AmeriSci Warehouse Department 

 
Number of Days from Analysis: 3 months from receipt (unless client requests extension, up to 180 days total) 
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Template 9b: Sample Custody Requirements 
 
9.1 Sample Labels 
 
A sample label with a unique sample number will be attached to each cassette. An example of a sample 
label is provided in Appendix C. This unique number used for identification is part of a sample numbering 
system. This system will provide a tracking procedure to allow retrieval of information about a particular 
sample and will assure that each sample is uniquely numbered. The sample identification will consist of 
at two components: 
 

 Number- a unique sequential number will be assigned to each sample 
 Name- a name will be assigned to each sample corresponding to the location in which the sample 

was collected 
 

An example of the sample numbering system is: 
 

 01- Personal Decon Entrance 
 

Every sample label will clearly identify the sample and include the following information: 
 

 Project number 
 Sampler’s initials 
• Sample location 
• Sample identification number 
• Date/Time 
• Sample Type 
• Analyses to be performed 

 
9.2 Project Identification 
 
The project is identified with a three letter and four-digit code, followed by a letter and a digit. This project 
will be identified as TUR3503.BA. 
 
9.3 Quality Assurance/Quality Control Samples 
 
The samples will be labeled with the following suffixes: 
 
FB  Field Blank 

 
A unique sequential number will be assigned to each sample and will precede the FB suffix. 
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9.4 Field Sample Custody/Tracking Procedures 
 
The key element to every sampling program is the integrity of the samples collected.  If the samples have 
been mishandled, misused, or incorrectly documented at any point of the investigation, the results from 
the investigation may be compromised. A chain-of-custody tracks a sample from collection to laboratory 
analysis.  Along with a chain-of-custody, field logbooks, field datasheets, and sample labels record 
information such as personnel on-site, inspections, field activities, photographs collected, sample 
identification, sampling times and dates, and weather conditions. 
 
All samples will be recorded and tracked under strict chain-of-custody protocols.  In the field, each sample 
will be checked for proper labeling.  A chain-of-custody form will be completed for each sample batch. 
The form will be signed and dated by the person who collected the samples, the person the samples were 
relinquished to for transport to the laboratory, and the laboratory sample controller/custodian who 
receives the samples. 
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9.5 Laboratory Sample Custody/Tracking Procedures 
 
AmeriSci sample custody/tracking procedures are described in detail in the Sampling Handling SOP 
included in Appendix A and identified in Template 6 of this QAPP. 
 
9.6 Chain of Custody Record 
 
A chain-of-custody record is a printed form that accompanies a sample or group of samples as custody is 
transferred from person to person.  A sample chain-of-custody form is included in Appendix C. It 
documents custody transfer from person to person and sample information recorded on sampling 
containers.  A chain-of-custody record is a controlled document. 
 
As soon as practical after sample collection, preferably after decontamination, the following information 
must be entered on the chain-of-custody form. 
 

 HRP Project number 
 Project name 
 Sampler(s) 
 Sample number 
 Date 
 Time 
 Sample location 
 Remarks 

 
9.7 Sample Handling and Shipment 
 
Air samples collected during the project will be collected via courier or shipped via carrier (e.g., UPS, 
Federal Express) to AmeriSci. All samples will be packed appropriately as to not undermine the integrity 
of the sample containers. 
 
9.8 Transferring to Common Carrier or Courier 
 
Instructions for REST shipper transferring custody of samples to a common carrier or courier are as 
follows: 
 

 Sign, date, and enter time under "Relinquished by" entry. 
 Enter name of courier or carrier (e.g., UPS, Federal Express) under "Received by." 
 If using a carrier, enter bill-of-lading of air bill number under "Remarks." 
 Place the original chain-of-custody form in the appropriate sample shipping package. Retain a 

copy with field records. 
 Fold the custody seal over on itself so that it sticks together. 
 Complete other carrier-required shipping papers, if applicable. 

 
Common carriers will usually not accept responsibility for handling chain-of-custody forms; this 
necessitates packing the record in the sample package. 
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SECTION 10 FIELD/ANALYTICAL LABORATORY QUALITY CONTROL SUMMARY ________  
 
Template 10: Field Quality Control Summary 

 
 
 
 
 
 
 
 
 
 
 
 

Matrix Air 

Analytical Group Asbestos 

Concentration Level Low/Medium – fibers/cubic centimeter 

Sampling SOP(s) SOP 1: Air Sampling Procedures for Abatement of 
Regulated Asbestos Containing Materials (RACM) 

Analytical Method/SOP Reference NIOSH 7400 

Sampler’s Name To be determined 

Field Sampling Organization REST 

Analytical Organization AmeriSci 
No. of Sample Locations 11 

Quality 
Control 

(QC) 
Sample 

Frequency/ 
Number 

Method/SOP QC 
Acceptance 

Limits 
Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator (DQI) 

Field Blank 2 samples per day No constituent  
> CRQL Flag outliers Data Validator Accuracy 
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SECTION 11 DATA MANAGEMENT AND DOCUMENTATION/PROJECT REPORTS _________  
 
Template 11a: Data Management and Documentation 
 
Field Sample Collection 
Documents and Records Analytical Laboratory 

Documents and Records 
Data Assessment 
Documents and 

Records 
Project File 

 Air Sampling logs 
 Daily field log 

 Sample receipt logs 
 Internal and external 

COC forms 
 Equipment calibration 

logs 
 Sample preparation 

worksheets/logs 
 Sample analysis 

worksheets/run logs 
 Telephone/email logs 
 Corrective action 

documentation 
 Laboratory 

analytical data 
package 

 Data validation reports 
 Field 

inspection 
checklist(s) 

 Review forms for 
electronic entry of 
data into database 

 Corrective action 
documentation 

 HRP will retain copies of all field 
reports, laboratory reports or 
other generated documents, 
sampling logs, and data 
validation reports for a period of 
at least five years. Electronic 
copies of all forms will be 
generated upon completion and 
stored on HRP’s electronic 
network. 

 
Template 11b: Project Reports 
 

Type of Report Frequency Projected Delivery 
Date(s) 

Person(s) 
Responsible for 

Report Preparation 
Report Recipient(s) 

Daily Field Report Daily 1 day after daily field 
activities REST Rick Cwiklowski, HRP Associates, 

Inc. 

Laboratory 
Analytical Report Once 

Approximately 48hours 
after samples are 
submitted to the 

laboratory 

Analytical, Andrew Lee-
AmeriSci 

Rick Cwiklowski, HRP Associates, 
Inc. 

Eric Dousharm, REST 

Data Validation 
Letter Once 

Approximately 5 weeks 
after receipt of analytical 

results 
Ted Wall, HRP 
Associates, Inc. 

Jesse Zahn- HRP Associates, Inc. 

Eric Dousharm, REST 

Abatement Air 
Monitoring Report Once 

Approximately 1-3 
months following receipt 

of the data validation 
report 

Eric Dousharm, REST 

 
Patrick Peck, USEPA PO 

Heather Devitt, MVEDD 
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SECTION 12 ASSESSMENT/OVERSIGHT _______________________________________  
 
Template 12a/12b: Planned Project Assessments/Assessment Findings/Corrective Action 
Responses 
 
Planned project assessments are not included in the air monitoring sampling and analysis plan and are 
not applicable to this project. Therefore, Brownfields QAPP Templates #12a and #12b have not been 
utilized. Daily Field Reports may be generated by REST’s field project manager during sampling activities  
and may be provided to HRP’s Quality Assurance officer and/or Project Manager at the end of each 
workday. Daily field reports will document any pertinent field observations, deviations from the work plan, 
and weather conditions and any corrective actions taken in the field or by the laboratory. 
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SECTION 13 DATA REVIEW ________________________________________________  
 
Template 13a: Project Data Verification Process (Step I)1 
 

Verification  
Input Description 

Internal/ 
External 

Responsible for 
Verification (Name, 

Organization) 

Site/Field Logbooks 

Field notes will be prepared daily by the HRP 
and REST field staff and will be complete, 
appropriate, legible and pertinent. Upon 
completion of field work, logbooks will be 

placed in the project files. 

I Rick Cwiklowski, HRP 
Associates, Inc. 

Chains of custody 

COC forms will be reviewed against the samples 
packed in the specific container prior to 

shipment. The reviewer will initial the form. An 
original COC will be sent with the samples to the 

laboratory, while copies are retained for the 
project files. 

I Rick Cwiklowski, HRP 
Associates, Inc. 

Laboratory analytical 
data package 

Data packages will be reviewed/verified 
internally by the laboratory performing the work 
for completeness and technical accuracy prior 

to submittal. 

I Analytical, Andrew Lee-
AmeriSci 

Laboratory analytical 
data package 

Data packages will be reviewed as to content and 
sample information upon receipt by the HRP and 
REST project managers and the Third Party Data 

Validation Personnel. 
I/E 

Jesse Zahn and Rick Cwiklowski, 
HRP Associates, Inc. and Eric 

Dousharm, REST 

Final Sample Report 
The project data results will be compiled in a 
sample report for the project. Entries will be 

reviewed/verified against hardcopy information. 
I Rick Cwiklowski, HRP 

Associates, Inc. 
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Template 13b: Project Data Verification Process (Step IIa and IIb)1 
 

Step 
IIa1/IIb1 Validation Input Description Responsible for Validation  

(Name, Organization) 

IIa SOPs 
Ensure that the sampling 

methods/procedures outlined in QAPP 
were followed, and that any deviations 

were noted/approved. 
Ted Wall, HRP Associates, Inc. 

IIb SOPs 
Determine potential impacts from 

noted/approved deviations, in regard to 
PQOs. 

Ted Wall, HRP Associates, Inc. 

IIa Chains of custody 
Examine COC forms against QAPP and 
laboratory contract requirements (e.g., 

analytical methods, sample identification, 
etc.). 

Ted Wall, HRP Associates, Inc. 

IIa Laboratory data 
package 

Examine packages against QAPP and 
laboratory contract requirements, and 

against COC forms (e.g., holding times, 
sample handling, analytical methods, 

sample identification, data qualifiers, QC 
samples, etc.). 

Ted Wall, HRP Associates, Inc. 

IIb Laboratory data 
package 

Determine potential impacts from 
noted/approved deviations, in regard to 
PQOs. Examples include PQLs and QC 

sample limits (precision/accuracy). 

Ted Wall, HRP Associates, Inc. 

 
1Step IIa – Compliance with Methods, Procedures, and Contracts 
 
1Step IIb – Comparison with Performance Criteria in QAPP  
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Template 13c: Project Matrix and Analytical Validation (Steps IIa and IIb)1 
 

 
1Step IIa – Compliance with Methods, Procedures, and Contracts 
1Step IIb – Comparison with Performance Criteria in QAPP  

Step 
IIa/IIb Matrix Analytical 

Group 
Concentration 

Level Validation Criteria Data Validator (title and 
organizational affiliation) 

IIa / IIb Air Asbestos Low/Medium 
Comparison with performance and 
sampling criteria as outlined in the 

QAPP 

Ted Wall,  
Senior Database Manager, HRP 

Associates, Inc. 
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Template 13d: Usability Assessment (Step III)1 
 
Usability assessment process and all procedures, including interim steps and any statistics, 
equations, and computer algorithms that will be used:  
 
Determine if any detectable amounts of asbestos are present. If no detectable amounts are indicated and 
all data are acceptable for the verification and validation, then the data is usable.  
 
If verification and validation are not acceptable then take corrective action (determine cause, data impact, 
evaluate the impact and document the rationale for resampling).  
 
The evaluative procedures used to assess overall measurement error associated with the 
project:  
 
Determine if the quality control data is within the performance criteria (precision, accuracy, etc) through 
validation process IIb (Validation Activities).  
 
Personnel responsible for performing the usability assessment:  
 
Project Management Team: Rick Cwiklowski, Senior Project Manager, HRP Associates 
 
Documentation that will be generated during usability assessment and how usability 
assessment results will be presented so that they identify trends, relationships 
(correlations), and anomalies:  
 
The Usability Memo will describe the rationale for the data and the presentation of any data limitations. 
For example, if the performance criteria are not usable to address the regulatory requirements or support 
the project-decision, then the Memo should address how this problem will be resolved and discuss the 
alternative approach. 
 



 

 
 

 

 
 
 
 
 
 

 
TABLES



 

Quality Assurance Project Plan 
Remington Site, Site E 

14 Hoefler Avenue, Ilion, New York 
 

 

 
 

Table 1 – Data Elements for Data Review Process 

Item Step I - Data 
Verification 

Step IIa - Data 
Validation 

Compliance 

Step IIb - Data 
Validation 

Comparison 

Step III -Data 
Usability 

Planning Documents 
Evidence of approval of QAPP X   

 
Use outputs 

from previous 
steps 

Identification of personnel X   
Laboratory name X   
Methods (sampling & analytical) X X X 
Performance requirements (including QC 

X X  criteria) 
Project quality objectives X  X 
Reporting forms X X  
Sampling plans – locations, maps grids, 

X X  sample ID numbers 
Site identification X   
SOPs (sampling & analytical) X X  
Staff training & certification X   
List of project-specific analytes X X  

Analytical Data Package 
Case narrative X X X 

 
Use outputs 

from previous 
steps 

Internal lab chain of custody X X  
Sample condition upon receipt, & storage 

X X  records 
Sample chronology (time of receipt, 

X X  extraction/digestion, analysis) 
Identification of QC samples (sampling /lab) X X  
Associated PE sample results X X X 
Communication Logs X X  
Copies of lab notebook, records, prep sheets X X  
Corrective action reports X X  
Definition of laboratory qualifiers X X X 
Documentation of corrective action results X X X 
Documentation of individual QC results (e.g., X X X spike, duplicate, LCS) 
Documentation of laboratory method 

X X X deviations 
Electronic data deliverables X X  
Instrument calibration reports X X X 
Laboratory name X X  
Laboratory sample identification no. X X  
QC sample raw data X X X 
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QC summary report X X X  

Data Elements for Data Review Process 
Raw data X X X  

 
Use outputs 
from previous 
steps 

Reporting forms, completed with actual results X X X 

Signatures for laboratory sign-off (e.g., laboratory 
QA manager) 

X X  

Standards traceability records (to trace 
standard source form NIST, for example) 

X X X 

Sampling Documents 
Chain of custody X X   

 
 
 
 
 
 
 
 
 
Use outputs 
from previous 
steps 

Communication logs X X  
Corrective action reports X X X 
Documentation of corrective action results X X X 
Documentation of deviation from methods X X X 
Documentation of internal QA review X X X 
Electronic data deliverables X X  
Identification of QC samples X X X 
Meteorological data from field (e.g., wind, 
temperature) 

X X X 

Sampling instrument decontamination records X X  

Sampling instrument calibration logs X X  
Sampling location and plan X X X 
Sampling notes X X X 
Sampling report (from field team leader to project 
manager describing sampling activities) 

X X X 

External Reports 
External audit report X X X  

 
 
Use outputs 
from previous 
steps 

External PT sample results X X  
Laboratory assessment X X  
Laboratory QA plan X X  
MDL study information X X X 
NELAP accreditation X X  



 

Quality Assurance Project Plan 
Remington Site, Site E 

14 Hoefler Avenue, Ilion, New York 
 

 



 

 

 

FIGURES 



0 2,000 4,000 6,000 8,0001,000

Feet

P
at

h:
 S

:\D
at

a\
T

\T
U

R
M

G
 -

 T
U

R
IN

 M
A

N
A

G
E

M
E

N
T

 L
LC

\1
4 

H
O

E
F

LE
R

 A
V

E
N

U
E

, I
LI

O
N

, N
E

W
 Y

O
R

K
\T

U
R

35
03

B
A

 -
 S

ite
 E

 R
F

L 
Q

A
P

P
 R

em
 A

rm
s\

G
IS

\F
ig

ur
es

.a
pr

x

¤

Site E
Subject Property

USGS Quadrangle Information
Quad ID: 43075-A1

Quad Name: Ilion, New York

Figure 1
Subject Property Location Map
Remington Arms
Site E
Ilion, New York
HRP # TUR3503.BA
Scale 1" = 2,000'

1:24,000

Legend
Site E

Parcel Boundaries



O
t s

e
g

o
S

t

Capitol Theatre

51

E Main St

E State St

H
o

p
e

S
t

E Clark St

O
ts

e
g

o
S

t

Citgo

E Main St

O
ts

e
g

o
S

t

The Remington
Stables

E Clark St E Clark St

Stewart's

E Main St
E Main St

H
o

e
fl

e
r

A
v

e

C
a

th
e

ri
n

e
S

t
A

rl
in

g
to

n
A

v
e

E Clark St

H
o

e
fl

e
r

A
v

e

Spring St

Highland Ave

Remington Ave

P
e

lto
n

P
l

A
rling

to
n

A
v

e

P
a

rk
S

t

E Main St

E Clark St

E State St

C
o

tt
a

g
e

S
t

E Clark St

E
M

ain
S

treet
E

xt

Spring St

O
rc

h
a

rd
S

t
E State St

Highland Ave

E Main St

E Clark St

Site E

1
3

14

2

6

8

7

5

915

4

11
13

10
12

Site C

Site A

Site D

Site B

Site B

Site B

Sources:  Esri, TomTom, Garmin, FAO, NOAA, USGS, (c) OpenStreetMap contributors, and the GIS User Community,  Source: Esri, Vantor,
Earthstar Geographics, IGN, and the GIS User Community, New York State, Microsoft, Vantor

USGS The National Map: National
Boundaries Dataset, 3DEP Elevation

Program, Geographic Names
Information System, National

Hydrography Dataset, National Land

Legend

Site E

Surrounding
Properties

Other Sites

0 15075

Feet

P
at

h:
 S

:\D
at

a\
T

\T
U

R
M

G
 -

 T
U

R
IN

 M
A

N
A

G
E

M
E

N
T

 L
LC

\1
4 

H
O

E
F

LE
R

 A
V

E
N

U
E

, I
LI

O
N

, N
E

W
 Y

O
R

K
\T

U
R

35
03

B
A

 -
 S

ite
 E

 R
F

L 
Q

A
P

P
 R

em
 A

rm
s\

G
IS

\F
ig

ur
es

.a
pr

x i

Figure No.

2

S
ite

 E
S

ite
 P

la
n

Is
su

e 
D

at
e:

P
ro

je
ct

 N
o:

S
he

et
 S

iz
e:

D
es

ig
ne

d 
B

y:

D
ra

w
n 

B
y:

R
ev

ie
w

ed
 B

y:

07
/3

1/
20

26

T
U

R
35

03
.B

A

11
x1

7

C
LT

B
O

B

R
C

R
ev

is
io

ns

N
o.

D
at

e

North

T
he

 R
em

in
gt

on
 S

ite
 E

14
 H

oe
fle

r A
ve

nu
e

Ili
on

, N
ew

 Y
or

k

0 2,0001,000

Feet

Site E



 

 

 

APPENDIX A 
Standard Operating Procedures 

 
  



 

 

 

APPENDIX A-1  
NMAM Standard Operating Procedures 

 



NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

ASBESTOS and OTHER FIBERS by PCM  7400 

Formula: Various MW: Various CAS: Table 3 RTECS: Various 

METHOD:  7400, Issue 3 EVALUATION:  FULL Issue 1: 15 May 1989 
Issue 3: 14 June 2019 

OSHA: 0.1 asbestos fiber (>5 µm long and ≥3:1 aspect 
ratio)/cc; 1 f/cc, 30 min excursion; carcinogen 

NIOSH: 0.1 fiber (>5 µm long and ≥3:1 aspect ratio)/cc, for a 
400 L sample; carcinogen 

MSHA: As OSHA 

PROPERTIES:  solid, fibrous, crystalline, anisotropic  

SYNONYMS: actinolite or ferroactinolite; amosite; anthophyllite; chrysotile; crocidolite; tremolite; amphibole asbestos; refractory 
ceramic fibers; fibrous glass 

SAMPLING 
SAMPLER:  FILTER (0. 45- to 1.2-µm mixed cellulose 

ester membrane, 25-mm; conductive cowl 
on cassette 

FLOW RATE*:  0.5 to 16 L/min 

VOL-MIN*:  400 L @ 0.1 fiber/cc 
 -MAX*: (step 4, Sampling) 

*Adjust to give 100 to 1300 fiber/mm2 

SHIPMENT:  routine (pack to reduce mechanical and 
static electrical shock) (step 6, Sampling) 

SAMPLE 
STABILITY:  stable  

BLANKS:  2 to 10 field blanks per set 

ACCURACY 

RANGE  
STUDIED:  80 to 100 fibers counted 

BIAS:  see Evaluation of Method 

OVERALL 
PRECISION (𝐒𝐒�𝐫𝐫𝐫𝐫): 0.115 to 0.13 [1] 

ACCURACY:  see Evaluation of Method 

MEASUREMENT 
TECHNIQUE: LIGHT MICROSCOPY, PHASE CONTRAST 

ANALYTE:  fibers (manual count) 

SAMPLE 
PREPARATION:  Treatment of filter by acetone or 

dimethylformamide (DMF)/acetic acid, 
followed by triacetin or Euparal mounting 
medium [2-4] 

COUNTING 
RULES:  Described in previous version of this 

method as “A” rules [1,5] 

EQUIPMENT: 1. positive phase-contrast microscope; 
2. graticule (100-µm field of view);
3. phase-shift test slide

CALIBRATION:  Phase-shift test slide 

RANGE:  100 to 1300 fibers/mm2 filter area 
ESTIMATED LOD:  7 fibers/mm2 filter area 

PRECISION (𝐒𝐒𝒓𝒓): 0.10 to 0.12 [1]; see Evaluation of Method 

APPLICABILITY:  The quantitative working range is 0.04 to 0.5 fiber/cc for a 1000-L air sample. The LOD depends on sample 
volume and quantity of interfering dust, and is <0.01 fiber/cc if free of interferences. The method gives an index of airborne fibers. 
This method can be used in conjunction with electron microscopy (e.g., Method 7402) for assistance in identification of fibers. For 
fibers with diameters >1 μm, polarizing light microscopy (as in NIOSH Method 7403) may be used to identify and eliminate 
interfering non-crystalline fibers [6]. Asbestos fibers thinner than about 0.05-0.15 µm diameter, depending on asbestos type, will 
not be detected by this method [7-10]. This method may be used for other materials with alternate counting rules. 

INTERFERENCES:  If the method is used to detect a specific type of fiber, any other fiber may interfere because all particles meeting 
the counting criteria are counted. Chain-like particles may appear fibrous. High levels of non-fibrous dust particles may obscure 
fibers in the field of view and increase the detection limit. 

OTHER METHODS:  This revision replaces Method 7400, issue 2 (dated 08/15/1994).
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REAGENTS: 

1. Acetone*, reagent grade.
NOTE: Dimethylformamide (DMF)*, reagent

grade/glacial acetic acid can be used 
as an alternative filter clearing 
reagent. 

2. Triacetin (glycerol triacetate), reagent grade.
NOTE: Euparal (synthetic Canada Balsam)

can be used as an alternative 
mounting media. 

*See SPECIAL PRECAUTIONS.

EQUIPMENT: 

1. Sampler: Field monitor, 25-mm, 3-piece
cassette with 50-mm electrically conductive
extension cowl and mixed cellulose ester
(MCE) filter, 0.45- to 1.2-µm pore size, and
backup pad.
NOTE 1: Analyze representative filters for fiber

background before use to check for 
clarity and background. Discard the 
filter lot if mean is ≥ 5 fibers per 100 
graticule fields. These are defined as 
laboratory blanks. Manufacturer-
provided quality assurance checks on 
filter blanks are normally adequate as 
long as field blanks are analyzed as 
described below. 

NOTE 2: The electrically conductive extension 
cowl reduces electrostatic effects 
[11]. Ground the cowl when possible 
during sampling. 

NOTE 3: 0.8- µm pore size filters are 
commonly used for personal 
sampling. However, 0.45-µm filters 
are recommended for sampling 
when performing TEM analysis on 
the same samples. Check personal 
sampling pumps before use with 
0.45-µm filters to ensure they can 
operate at the higher pressure drop. 
Perform calibration with same type 
of filter as used for sampling. 

2. Sampling pump, battery or line-powered
vacuum, of sufficient capacity to meet flow
rate requirements and, for personal sampling
pumps, applicable ISO Standard [12], with
flexible connecting tubing.
NOTE: See Step 4 in Sampling section for flow

rate. 
3. Wire, multi-stranded, 22-gauge; 1” hose

clamp to attach wire to cassette for
grounding, if needed.

4. Tape, shrink- or adhesive-, or cellulose bands.
5. Slides, glass, pre-cleaned, 25- x 75-mm.
6. Cover slips, 22- x 22-mm, No. 1 ½, unless

otherwise specified by microscope
manufacturer.

7. Cover slips, as above, imprinted with a
relocatable grid, where required for quality
assurance or training purposes.

8. Lacquer or nail polish.
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9. Knife, #10 surgical steel, curved blade, or 
scissors.

10. Forceps (tweezers).
11. Flash vaporization system for clearing filters 

on glass slides using acetone. (See ref. [11] for 
specifications or see manufacturer’s 
instructions for equivalent devices.). Use a 
drying oven or warming plate located in fume 
cabinet if using DMF/glacial acetic acid.

12. Micropipettes or microsyringes, 5-µL and 100-
to 500-µL.

13. Microscope, positive phase (dark) contrast, 
with green or blue filter, adjustable field iris, 
8x to 10x eyepiece, and 40x to 45x phase 
objective (total magnification ca. 400x); 
numerical aperture (NA) = 0.65 to 0.75.

14. Graticule, Walton-Beckett type (Type G22 and 
G24 are optimized for different counting rules 
per Appendix C.) with 100-µm projected 
diameter circular field (area = 0.00785 mm2) at 
the specimen plane. Alternative graticules 
may be used where similar performance has 
been demonstrated; e.g., the RIB graticule. 
NOTE: The graticule is custom-made for each 

microscope. See APPENDIX A for the 
custom-ordering process.  

15. Phase contrast test slide. A slide with blocks
of visible ruled lines where at least one block
of lines is certified as invisible under the
microscope set up conditions given below.

16. Telescope, ocular phase-ring centering.
17. Stage micrometer (0.01-mm divisions).

SPECIAL PRECAUTIONS:  Wear appropriate personal protection during sampling activities and analysis. It 
is essential that suitable gloves, eye protection, laboratory coat, etc., be used when working with the 
chemicals. Acetone is toxic at high exposures and is extremely flammable. Take precautions not to ignite 
it. Heating of acetone in volumes greater than 1 mL must be done in a ventilated laboratory fume hood 
using a flameless, spark-free heat source. DMF is toxic by inhalation; heating in a drying oven or warming 
plate located in an operating fume exhaust hood will reduce potential exposure. DMF is also toxic via 
absorption through the skin. 

SAMPLING: 

1. Calibrate each personal sampling pump with a representative sampler in line.  Use a flow meter 
whose calibration is traceable to national or international standards.
NOTE: See NMAM guidance chapters for discussion on sampling.

2. Cassette assemblies shall be tested to ensure they are not likely to fall apart during sampling. (This 
testing can be undertaken by the manufacturer.) A press may be useful in ensuring a tight fit, but shall 
not cause the filter to be cut. To reduce contamination, seal the crease between the cassette base and 
the cowl with a shrink band or light-colored adhesive tape. Commercial pre-assembled cassettes may 
already include a taped seal. For personal sampling, fasten the uncapped open-face cassette to the 
worker’s lapel. The open face shall be oriented downward. 
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NOTE: Electrically grounding the cowl is highly recommended during area sampling, where possible, 
but especially under conditions of low relative humidity. Use a hose clamp to secure one end of 
the wire (Equipment, Item 3) to the monitor’s cowl. Connect the other end to an earth ground 
(e.g., cold water pipe). It is recognized that circumstances do not always allow this procedure. 

3. Submit at least two field blanks (or 10% of the total samples, whichever is greater) for each set of
samples. Handle field blanks in a manner representative of actual handling of associated samples in the
set. Open field blank cassettes at the same time as other cassettes just prior to sampling. Store top
covers and cassettes in a clean area (e.g., a closed bag or box) with the top covers from the sampling
cassettes during the sampling period.

4. Sample at 0.5 L/min or greater [13]. Adjust sampling flow rate, Q [L/min], and time, t (min), to produce a
fiber density, E, of 100 to 1300 fibers/mm² (3.85×104 to 5×105 fibers per 25-mm filter with effective
collection area Ac = 385 mm2) for optimum counting. These variables are related to the concentration of
fibers in air, L (fibers/cc), of the fibrous aerosol being sampled by:

𝑡𝑡 =
𝐴𝐴𝑐𝑐 ∗ 𝐸𝐸

𝑄𝑄 ∗ 𝐿𝐿 ∗ 103
 

NOTE 1: The purpose of adjusting sampling times is to obtain optimum fiber loading on the filter. The 
collection efficiency does not appear to be a function of flow rate in the range of 0.5 to 16 
L/min for asbestos fibers [14]. However, counting efficiency is a function of filter loading, with 
lower loadings typically resulting in higher proportional concentrations [14-16]. A sampling 
rate of 1 to 4 L/min for 8 h is appropriate in atmospheres containing about 0.1 fiber/cc in the 
absence of significant amounts of non-asbestos dust. Dusty atmospheres require smaller 
sample volumes (≤400 L) to obtain countable samples. In such cases take short, consecutive 
samples and average the results over the total collection time. For documenting episodic 
exposures, use high flow rates (7 to 16 L/min) over shorter sampling times. In relatively clean 
atmospheres, where targeted fiber concentrations are much less than 0.1 fiber/cc, use larger 
sample volumes (3000 to 10000 L) to achieve quantifiable loadings. Take care, however, not 
to overload the filter with background dust. If ≥50% of the filter surface is covered with 
particles, the filter may be too overloaded to count and will bias the measured fiber 
concentration. 

NOTE 2: OSHA regulations specify a minimum sampling volume of 48 L for an excursion measurement, 
and a maximum sampling rate of 2.5 L/min for all personal asbestos sampling [5]. 

5. At the end of sampling, shut off the pump, record the time, remove the cassette from the tube
attaching it to the pump, and replace top cover and end plugs. Capping the cassette before shutting off
the pump and removing the tubing will cause a vacuum within the cassette and damage to the filter.

6. Ship samples with conductive cowl attached in a rigid container with packing material to protect
cassettes from jostling or damage.
NOTE: Do not use untreated polystyrene foam in shipping container because electrostatic forces may

cause fiber loss from sample filter. 

SAMPLE PREPARATION: 

Two acceptable procedures for clarifying either a whole filter or a portion of a filter are described below. 
These procedures are the Acetone clearance procedure and the DMF/acetic acid clearance procedure. In 
either procedure, the filter material is placed on a glass microscope slide. It is then made transparent 
(clarified). Then, either triacetin or Euparal are placed on the clarified filter and a cover slip is placed on top. 

NOTE 1: The object is to produce samples with a smooth (non-grainy) background in a medium with 
refractive index ≤ 1.46. An early method (P&CAM 239 in APPENDIX F) used dimethyl phthalate 
and diethyl oxalate [17]. This method may still be used as an alternative to those described 
below, but because the preparations are only stable for one to two days, the procedure is not 
further discussed. 
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NOTE 2: Other procedures use a technique for clearing the filter, either acetone (section A) or 
DMF/glacial acetic acid (section B), followed by mounting the cleared preparation (section C 
or D). Acetone collapses the filter into a gel, and has the advantage of being the fastest 
procedure to prepare the filter for the mounting medium. However, acetone can leave 
residual polymeric structures in the filter that may be counted as fibers. DMF/acetic acid 
dissolves the filter and does not leave residual structures to the same extent as acetone 
collapse. 

NOTE 3: After the filter is clarified, either triacetin (section C) or Euparal (section D) are acceptable 
alternative mounting media. Triacetin provides reasonably permanent mounts when the 
amount used is restricted to ≤ 3.5 µL, otherwise fiber migration has been observed in slides 
made with larger quantities [4]. Euparal provides permanent mounts for long-term storage (> 
5 years) regardless of the amount used. Either mounting medium can be used with either 
filter preparation procedure, and all combinations have been demonstrated to provide 
equivalent fiber counts [4]. 

7. Prepare samples in a clean area away from any bulk samples which might contaminate the samples.
Ensure that the glass slides and cover slips are free of dust and fibers.

8. Determine and record the effective sample collection or filtration area and record the information
referenced against the sample ID number.

9. Cut wedges of about 1/4 for a 25-mm diameter filter using a curved-blade surgical steel knife using a
rocking motion to prevent tearing. Do not use a blade that was used to open the cassette. Scissors are
an option for cutting the filter. The entire filter can be used instead of a wedge, but with the
understanding that the whole sample is lost if there is a problem in preparation. Place the wedge or
entire filter, dust side up, on slide using forceps. To prevent cross-contamination of samples, blades or
scissors should be cleaned between samples.
NOTE 1: Filters can be cut while still in the base of the cassette, or removed and cut on a special cut-

stand. If a cut-stand is used it shall be cleaned between filters to ensure no cross-
contamination.  

NOTE 2: Static electricity will usually keep the wedge on the slide. 

A. ACETONE CLEARANCE PROCEDURE

NOTE 1: The aluminum “hot block” or similar flash vaporization techniques may be used outside the
laboratory [2]. 

NOTE 2: Excessive water in the acetone may slow the clearing of the filter. Also, filters that have been 
exposed to high humidity or water prior to clearing may have a grainy background. 

NOTE 3: Rest the “hot block” on a ceramic plate and isolate it from any surface susceptible to heat 
damage unless it is designed with appropriate safety features to prevent fire or damage. 

A1. If the temperature can be varied, adjust the “hot block” to ca. 70 °C [2], otherwise switch on until ready. 
A2. Mount a wedge cut from the sample filter on a clean glass slide. Insert slide with wedge into the 

receiving slot at base of the “hot block.” Immediately place the tip of a micropipette or microsyringe 
containing ca. 250 μL acetone (use the minimum volume needed to consistently clear the filter 
sections) into the inlet port of the PTFE cap on top of the “hot block” and inject the acetone into the 
vaporization chamber with a slow, steady pressure on the plunger button while holding the 
micropipette or microsyringe firmly in place. After waiting 3 to 5 seconds for the filter to clear, remove 
the micropipette or microsyringe and glass slide from their ports. 
NOTE: Using excess acetone, or delivering it too fast into the “hot block” may cause material to be 

washed off the surface of the filter. Using insufficient acetone may cause the filter to curl. 
CAUTION: Although the volume of acetone used is small, use safety precautions. Work in a well-

ventilated area (e.g., laboratory fume hood). Take care not to ignite the acetone. Continuous 
use of this device in an unventilated space may produce unhealthful levels or even explosive 
acetone vapor concentrations. 
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B. DMF/ACETIC ACID CLEARANCE PROCEDURE

B1. Make a mixture of 1.4mL (35% volume) of DMF, 0.6mL (15% volume) of glacial acetic acid and 2mL 
(50% volume) of distilled water in a dark brown vial [3].  This should be done in a fume hood to 
minimize exposure to chemicals. This solution must be made at least once per week and the vial shall 
be stored in accordance with applicable laboratory safety procedures (e.g., kept in a vented chemical 
cabinet rated for flammable materials). 

B2. Turn on the drying oven or warming plate (vented or located in a laboratory fume hood) and allow to 
come to working temperature. Place a cut filter wedge on a glass slide using forceps. Using 20 ± 5 µL 
DMF solution, place several drops along the edge of the wedge and allow the solution to wick onto 
the filter to avoid washing fibers off the filter. Warm the slide at 60 (+2/-5) °C for 30 minutes in the 
drying oven or on the warming plate. 

C. TRIACETIN MOUNTS AFTER CLEARING AND COLLAPSE

C1. Using a 5-μL micropipette or microsyringe, immediately place 3.0 to 3.5 μL triacetin on the wedge. 
Gently lower a clean cover slip onto the wedge at a slight angle to reduce bubble formation. Avoid 
excess pressure and movement of the cover glass. Do not wait longer than 30 seconds before applying 
the coverslip. 
NOTE: If too many bubbles form or the amount of triacetin is insufficient, the cover slip may become 

detached within a few hours. If excessive triacetin remains at the edge of the filter under the 
cover slip, fiber migration may occur [4]. 

C2. Mark the outline of the filter segment just inside the edge of the segment with a glass marking pen 
(such as a permanent ink marker) to aid in microscopic evaluation and to ensure the edge is avoided in 
the examination. Markings on the bottom of the slide are visible, but outside the depth of focus of 
fibers and this must be accounted for when positioning the microscope for counting. However, 
marking the bottom avoids any pressure on the coverslip. If marking the coverslip is preferred, it must 
be done very lightly and carefully. 

C3. Glue the edges of the cover slip to the slide using lacquer or nail polish [18]. Counting may proceed 
immediately after clearing and mounting are completed. 
NOTE: If clearing is slow, warm the slide on a hotplate (surface temperature 50 °C) for up to 15 min in 

order to hasten clearing. Heat carefully to prevent gas bubble formation. 

D. EUPARAL MOUNTS AFTER CLEARING

D1. Add 1 drop of Euparal solution on the middle of the wedge and 1 drop to the center of a cover slip.  In 
order to avoid trapping air bubbles, gently lower the cover slip onto the slide at a slight angle. Warm 
the slide at 60 (+2/-5) °C for 1 hour to polymerize the Euparal resin.  

D2. Mark the outline of the filter segment just inside the edge of the segment with a glass-marking pen 
(such as a permanent ink marker) to aid in microscopic evaluation and to ensure the edge is avoided in 
the examination. Markings on the bottom of the slide are visible, but outside the depth of focus of 
fibers and this must be accounted for when positioning the microscope for counting. However, 
marking the bottom avoids any pressure on the coverslip. If marking the coverslip is preferred, it must 
be done very lightly and carefully. 

D3. It is not necessary to seal the edges of the cover slip with nail polish if Euparal is used. Counting may 
proceed immediately after clearing and mounting are completed. 
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CALIBRATION AND QUALITY CONTROL: 

10. Microscope adjustments. Follow the manufacturer’s instructions for centering and focusing the
objectives, condenser, stage, and lamp, if applicable. At least once daily, and preferably at regular
intervals throughout the day, use a phase telescope ocular (or Bertrand lens, for some microscopes) to
ensure that the phase rings (annular diaphragm and phase-shifting elements) are concentric. With each
microscope, keep a paper or electronic logbook in which to record the dates of microscope cleanings
and major servicing.
a. Each time a sample is examined, do the following:

i. Adjust the light source for even illumination across the field of view at the condenser iris.
Use Köhler illumination, if available. With some microscopes, the illumination may have to
be set up with bright field optics before aligning the phase contrast elements.

ii. Focus on the particulate material to be examined (do not focus on the marking line).
iii. Using the condenser focus, make sure that the field iris is in focus, centered on the sample,

and open only enough to fully illuminate the field of view.
b. Check the phase-shift detection limit of the microscope periodically for each

microscopist/microscope combination:
i. Center the certified phase-contrast test slide under the phase objective.

ii. Bring the blocks of grooved lines into focus in the graticule area.
NOTE: The slide contains seven blocks of grooves (ca. 20 grooves per block) in descending order of 

visibility. For asbestos counting, it is intended that some blocks of lines are completely visible 
and one or more are completely invisible when centered in the graticule area (blocks in 
between may be partially visible). The visibility of the blocks must match the statements in 
the accompanying certificate [19]. A microscope which fails to meet this requirement for a 
test slide has resolution either too low or too high for fiber counting.  

iii. If image quality deteriorates, clean the microscope optics. If the problem persists, consult
the microscope manufacturer.

c. Measure the projected diameter of the Walton-Beckett type graticule to assure that it is 100 μm ± 2
μm. Use the measured value to calculate the actual area of graticule. Check the measured value at
the minimum and maximum interpupillary distance of the eyepieces. If the diameter changes, then
the diameter may change any time a different microscopist uses the microscope and changes the
interpupillary distance. If service is performed on the microscope, or components of the microscope
are changed, measure the projected diameter again as changes may occur if the tube length or the
location of the graticule in the eyepiece is changed.

i. Center the stage micrometer under the 40X objective of the microscope.
ii. Bring the scale into focus in the graticule area

iii. The lines in the scale will appear wide. Using the mechanical stage of the microscope,
manipulate the slide until the graticule is at one edge of a major line of the stage
micrometer.

iv. Estimate the diameter of the graticule using edges of the lines of the stage micrometer. Do
not attempt to use the center of the micrometer lines.

v. If the diameter is greater than 102 µm or less than 98 µm, determine if the inter-pupillary
distance is correct for the analyst. If it is, then the microscope must be adjusted by
someone qualified to service the microscope, or the graticule replaced by one meeting the
projected diameter specification.

11. Determine a microscopist’s ability to observe, measure, and count fibers.
NOTE: Prior to examining samples, microscopists shall undergo training to observe, measure, and

count fibers and the results of such training shall be available for inspection. A procedure for 
such training, which allows proficiency to be demonstrated quantitatively, may be found in 
Appendix B.  

12. Document the laboratory’s precision for each microscopist for replicate fiber counts.
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a. Maintain as part of the laboratory quality assurance program a set of reference slides to be used on a
daily basis [20]. These slides shall consist of filter preparations including a range of loadings and
background dust levels from a variety of sources including both field and reference samples (e.g.,
PAT, AAR, or commercial samples). The Quality Assurance Officer shall maintain custody of the
reference slides and shall supply each microscopist with a minimum of one reference slide per
workday. Change the labels on the reference slides periodically so that the microscopist does not
become familiar with the samples.

b. From blind repeat counts on reference slides, estimate the laboratory intra- and inter-microscopist
precision. Obtain separate values of relative standard deviation (Sr) for each sample matrix analyzed
in each of the following ranges: 5 to 20 fibers in 100 graticule fields, >20 to 50 fibers in 100 graticule
fields, and >50 to 100 fibers in 100 graticule fields. Maintain control charts for each of these data
files.

c. Alternatively, a laboratory may develop an analytical uncertainty model from intra- and inter-
microscopist precision measurements (but, in practice, most laboratories will choose option b).
NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor precision [23].

13. Prepare and count field blanks along with the field samples. Report counts on each field blank.
NOTE 1: The identity of blank filters shall be unknown to the microscopist until all counts have been

completed. 
NOTE 2: If a field blank yields greater than 7 fibers per 100 graticule fields, report possible 

contamination of the samples. 
14. Perform blind recounts by the same microscopist on 10% of filters counted (slides relabeled by a

person other than the microscopist). Use the following test to determine whether a pair of counts by
the same microscopist on the same filter shall be rejected because of possible bias: Discard the data if
the absolute value of the difference between the square roots of the two counts (in fiber/mm²) exceeds
2.77𝑋𝑋𝑆𝑆𝑟𝑟′  where 𝑋𝑋 is the average of the square roots of the two fiber counts (in fiber/mm²) and 𝑆𝑆𝑟𝑟′ =
(𝑆𝑆𝑟𝑟/2) where Sr is the intra-microscopist relative standard deviation for the appropriate count range (in
fibers) determined in step 12. For more complete discussions see reference [20].
NOTE 1: Fiber counting as the measurement of randomly placed fibers may be described by a Poisson

distribution, so that a square root transformation of the fiber count data will result in 
approximately normally distributed data [20]. 

NOTE 2: If a pair of counts is rejected by this test, recount all other samples in the set and test the new 
counts against the first counts. Discard all rejected paired counts. It is not necessary to use 
this statistic on blank counts. 

NOTE 3: Do not use an intra-microscopist variation calculated from standard relocatable test slides 
(Appendix B) for this test. 

15. The microscopist is a critical part of this analytical procedure. Care must be taken to provide a non-
stressful and comfortable environment for fiber counting. Use an ergonomically designed chair, with
the microscope eyepiece situated at a comfortable height for viewing. Set external lighting at a similar
level to the illumination level in the microscope to reduce eye fatigue. In addition, microscopists shall
take 10- to 20-minute breaks from the microscope every one or two hours to limit fatigue [21]. During
these breaks, eye and upper back, and neck exercises can be performed to relieve strain.

16. All laboratories engaged in asbestos counting shall participate in a proficiency testing program such as
the AIHA Industrial Hygiene Proficiency Analytical Testing (IHPAT) Program for asbestos.

17. Each laboratory analyzing asbestos samples shall implement an interlaboratory quality assurance
program that as a minimum includes participation of at least two other independent laboratories. Each
laboratory shall participate in round robin testing at least once every 6 months with at least all the
other laboratories in its interlaboratory quality assurance group. Each laboratory shall submit slides
typical of its own work load for use in this program. The round robin shall be designed and results
analyzed using appropriate statistical methodology.
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MEASUREMENT: 

18. Center the slide on the stage of the calibrated microscope under the objective lens. Focus the
microscope on the sample-containing plane of the filter.

19. Adjust the microscope (Step 10).
20. Counting rules: (same as P&CAM 239 rules [1,17,22]: see examples in APPENDIX C).

a. Count any fiber longer than 5 μm which lies entirely within the graticule area.
i. Count only fibers longer than 5 μm.

ii. Measure length of curved fibers along the curve. Count only fibers with a length-to-width
ratio equal to or greater than 3:1.

b. For fibers which cross the boundary of the graticule field:
i. Count as 1/2 fiber any fiber with only one end lying within the graticule area, provided that

the fiber meets the criteria of rule “a” above.
ii. Do not count any fiber which crosses the graticule boundary more than once.

iii. Reject and do not count all other fibers.
c. Count bundles of fibers as one fiber unless individual fibers can be identified by observing both ends

of a fiber.
d. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields. Stop at 100 graticule

fields regardless of count.
21. Start counting from the tip of the filter wedge and progress along a radial line to the outer edge. Shift

up or down on the filter, and continue in the reverse direction. Select graticule fields randomly. Ensure
that, as a minimum, each analysis covers one radial line from the filter center to the outer edge of the
filter. When an agglomerate or bubble covers ca. 1/8 or more of the graticule field, reject the graticule
field and select another. [35] Do not report rejected graticule fields in the total number counted.
NOTE 1: When counting a graticule field, continuously scan a range of focal planes by moving the fine

focus knob to detect very fine fibers which have become embedded in the filter. The small-
diameter fibers will be very faint but are an important contribution to the total count. A 
minimum counting time of 15 s per field is appropriate for accurate counting. 

NOTE 2: Do not count at the outside edge of the filter, or at edges where the filter was cut, as the fiber 
distribution may be disturbed in these areas. Move in at least 1 mm from the edge (i.e., inside 
the marked line). 

NOTE 3: Under certain conditions, electrostatic charge may affect the sampling of fibers. These 
electrostatic effects are most likely to occur when the relative humidity is low (below 20%), 
and when sampling is performed near the source of aerosol. The result is that deposition of 
fibers on the filter is reduced, especially near the edge of the filter. If such a pattern is noted 
during fiber counting, choose fields as close to the center of the filter as possible [11]. 

NOTE 4: Counts are to be recorded on a paper or electronic data sheet that provides, as a minimum, 
record of the counts for each field, filter identification number, analyst’s name, date, total 
fibers counted, total fields counted, mean count, fiber density, and commentary. The average 
count is calculated by dividing the total fiber count by the number of fields observed. Fiber 
density (fibers/mm²) is defined as the average count (fibers/field) divided by the field 
(graticule) area (mm²/field). 

CALCULATIONS AND REPORTING OF RESULTS: 

22. Calculate and report fiber density on the filter, E (fibers/mm2), by dividing the mean fiber count per
graticule field, F/nf, minus the mean field blank count per graticule field, B/nb, by the graticule field area,
Af:

𝐸𝐸 =
� 𝐹𝐹𝑛𝑛𝑓𝑓

� − � 𝐵𝐵𝑛𝑛𝑏𝑏
�

𝐴𝐴𝑓𝑓
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓/𝑚𝑚𝑚𝑚2 ,
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NOTE 1: Af=0.00785 mm2 is the area for a graticule with a projected diameter of 100 µm. The actual 
area shall be calculated using the measured diameter of the graticule. The measured 
diameter shall be 100 ±2 µm at the proper magnification. The diameter of the graticule shall 
be re-measured whenever the microscope is serviced or if necessary if there is a change in 
measured size with inter-pupillary distance (e.g., between different microscopists). 

NOTE 2: Fiber counts above 1300 fibers/mm² and fiber counts from samples with >50% of filter area 
covered with particulate shall be reported as “uncountable” or “probably biased.” Fiber 
counts outside the 100–1300 fiber/mm² range shall be reported as having “greater than 
optimal variability” and as being “probably biased.” 

23. Calculate and report the concentration, (C) in fibers/cc, of fibers in the air volume sampled, (V) in liters,
using the effective collection area of the filter, Ac (nominally 385 mm² for a 25-mm filter):

𝐶𝐶 =
𝐸𝐸𝐴𝐴𝑐𝑐

𝑉𝑉 ∗ 103
 

NOTE: The area varies according to the cassette inner diameter, where it contacts the filter, which 
could vary between manufacturers and even between production runs. For most accurate 
results the value of Ac may be checked and adjusted accordingly, but, in practice, the variation 
in this parameter is very small in comparison to other sources of uncertainty. 

24. Report intra- and interlaboratory relative standard deviations with each set of results.
NOTE: Precision depends on the total number of fibers counted [1,24]. Relative standard deviation is

documented in references [1,24-25] for fiber counts up to 100 fibers in 100 graticule fields. 
Comparability of interlaboratory results is discussed below. As a first approximation, use 213% 
above and 49% below the count as the upper and lower confidence limits for fiber counts 
greater than 20 (Figure 1). 

EVALUATION OF METHOD: 

Summary of Method Revisions: 

Each revision or release clarified minor points of grammar and procedure as well as major changes. This 
summary lists the major changes only. 

The initial US Public Health Service/NIOSH method for counting fibers was published in 1968 [26]. It was 
based upon the British Hygiene standard [27] and procedures developed by the British Asbestos Research 
Council. The procedure was published in the NIOSH Criteria for a Recommended Standard [28] Section VIII, 
Appendix I (1972). 

An informal draft version was used until 1976 when NIOSH issued it as P & CAM 239. It was published in the 
NIOSH Manual of Analytical Methods, 2nd ed., Vol. 1, P&CAM 239, U.S. Department of Health, Education, 
and Welfare Pub. (NIOSH) 11-157-A (1977) [17]. 

NIOSH Method 7400 Issued 15 February 1984 

In 1984, the NIOSH P&CAM 239 Fiber counting method was renamed Method 7400 and rewritten to be in 
the standard format for inclusion in the NIOSH Manual of Analytical Methods. This revision included 
changes in three areas: 

1. Sampling: The change from a 37-mm to a 25-mm filter improved sensitivity for similar air volumes. The
change in flow rates allowed for 2 m³ full-shift samples to be collected, providing that the filter is not
overloaded with non-fibrous particulates. The collection efficiency of the sampler is not a function of
flow rate in the range 0.5 to 16 L/min [17].

2. Sample preparation technique: The acetone vapor-triacetin preparation technique was included as a
faster, more permanent mounting technique than the dimethyl phthalate/diethyl oxalate method of
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P&CAM 239 [2,7,17]. The aluminum “hot block” technique minimizes the amount of acetone needed to 
prepare each sample.  

3. Measurement:
a. The Walton-Beckett graticule standardizes the area observed [21,29-30].
b. A phase shift test slide standardizes microscope optics [31].
c. Because of past inaccuracies associated with low fiber counts, the minimum recommended loading
was increased to 100 fibers/mm² filter area (a total of 78.5 fibers counted in 100 fields, each with field
area = 0.00785 mm²). Lower levels generally result in an overestimate of the fiber count when
compared to results in the recommended analytical range [15]. The recommended loadings are
expected to yield intra-microscopist Sr in the range of 0.10 to 0.17 [32, 36].

d. An alternative set of counting rules (B rules) was introduced to improve precision of counting.

NIOSH Method 7400 Issued 15 February 1984, Revision #1 15 May 1985 

Revision #1 included a discussion of interlaboratory variability and comparison of the A and B counting 
rules. 

NIOSH Method 7400 Issued 02 February 1984, Revision #2 15 May 1986 

Revision # 2 added an expanded discussion of interlaboratory variability and comparison of the A and B 
counting rules. It moved the “B” rules to an appendix as alternate counting rules (which should be used 
when counting man-made mineral fibers, e.g., fibrous glass, refractory ceramic fibers, etc.). It added three 
Appendices: 

a. Appendix A: Calibration of the Walton Beckett Graticule
b. Appendix B: Examples of Counting Rules
c. Appendix C: Alternate Counting Rules

NIOSH Method 7400 Issued 02 February 1984, Issue 1: Revision #3 15 May 1989 

Issue 1: Revision #3 corrected some technical issues and clarified the method language. 

NIOSH Method 7400 Issued 02 February 1984, Issue 2: 15 August 1994 

Issue 2 refined the method language, added some procedural notes and added an additional Appendix D 

listing Equivalent Limits of Detection and Quantitation. 

NIOSH Method 7400 Issued 02 February 1984, Issue 3: 29 April 2019 

Issue 3 of this Method incorporates: 

1. More accurate values for the minimum width limits for asbestos fiber detection. A value of 0.15 μm for
chrysotile and 0.05 μm for amphibole asbestos is based on published research [7,8]. A recent user check
confirms that these values are achievable [10]. However, not all microscopists can see finer chrysotile
fibers between 0.15 µm and 0.2 µm without adequate training [33-34]. Note that PCM does not
distinguish between asbestos types.

2. DMF/acetic acid as an alternative filter clearing procedure to acetone, and Euparal as an alternative
mounting medium to triacetin. Either mounting medium is used with either clearing procedure. The
DMF/acetic acid procedure does not leave undissolved residues from the filter medium, which may
appear as fibers. Euparal produces permanent mounts regardless of the quantity of medium used [3].
These alternatives have been shown in a user-check to provide fiber counts that are not significantly
different from counts in slides made from the original dimethyl phthalate/diethyl oxalate procedure [4].
This revision also allows the continued use of dimethyl phthalate/diethyl oxalate, if preferred.
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3. A generic description of phase-shift test slides, since changes in the manufacture have led to confusion
[19]. The description now only requires the slides to have a certificate stating that there are fully visible
blocks and invisible blocks, so that the required phase-shift is bracketed. The microscopist is expected
to be able to visualize a slide according to its certificate. Newer slides have been shown in a user-check
to provide fiber counts that are not significantly different from counts in slides where the original
version of the phase shift test slide was used for calibration [10].

4. Standard relocatable test slides as an additional non-mandatory quality assurance Appendix, and as
documentation of inter- and intra-microscopist precision without the contribution from the selection of
counting fields. Several user-checks have demonstrated increases in average analyst performance after
training on these slides [33-34].

5. Guidance on the calculation of an expanded uncertainty budget. This guidance allows users to
determine expanded uncertainty as required under international standards [35].

6. Re-numbering of appendices.

INTERLABORATORY COMPARABILITY 

An international collaborative study involved 16 laboratories using prepared slides from the asbestos 
cement, milling, mining, textile, and friction material industries [23]. The relative standard deviations (Sr) 
varied with sample type and laboratory. The ranges were: 

Rules Intralaboratory Sr Interlaboratory Sr Overall Sr 

AIA (NIOSH A Rules)* 0.12 to 0.40 0.27 to 0.85 0.46 
Modified CRS (NIOSH B 
Rules)* 

0.11 to 0.29 0.20 to 0.35 0.25 

*Under AIA (Asbestos International Association) rules, only fibers having a diameter less than 3 µm are
counted and fibers attached to particles larger than 3 µm are not counted. NIOSH A Rules are otherwise
similar to the AIA rules.

A NIOSH study conducted using field samples of asbestos gave intralaboratory Sr in the range 0.17 to 0.25 
and an interlaboratory Sr of 0.45 [20]. This agrees well with other recent studies [21,23-24,36]. 

At this time, there is no independent means for assessing the overall accuracy of this method. One 
measure of reliability is to estimate how well the count for a single sample agrees with the mean count 
from a large number of laboratories. The following discussion indicates how this estimation can be carried 
out based on measurements of the interlaboratory variability, as well as showing how the results of this 
method relate to the theoretically attainable counting precision and to measured intra- and 
interlaboratory Sr (NOTE: The following discussion does not include bias estimates and cannot be taken to 
indicate that lightly loaded samples are as accurate as properly loaded ones). 

Theoretically, the process of counting randomly (Poisson) distributed fibers on a filter surface will give a Sr 
that depends on the number, N, of fibers counted: 𝑆𝑆𝑟𝑟 = 1

√𝑁𝑁

Thus, Sr is 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual Sr found in a number of studies is 
greater than these theoretical numbers [15,25,30,36]. 

An additional component of variability comes primarily from subjective interlaboratory differences. In a 
study of ten microscopists in a continuing sample exchange program, Ogden [24] found this subjective 
component of intralaboratory Sr to be approximately 0.2 and estimated the overall Sr by the term: 
�𝑁𝑁+(0.2+𝑁𝑁)2

𝑁𝑁
. 

Ogden found that the 90% confidence interval of the individual intralaboratory counts in relation to the 
means were +2 Sr and −1.5 Sr . In this program, one sample out of ten was a quality control sample. For 
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laboratories not engaged in an intensive quality assurance program, the subjective component of 
variability can be higher. 

In a study of field sample results in 46 laboratories, the Asbestos Information Association (AIA) also found 
that the variability had both a constant component and one that depended on the fiber count [18]. These 
results gave a subjective interlaboratory component of Sr (on the same basis as Ogden’s) for field samples 
of ca. 0.45. A similar value was obtained for 12 laboratories analyzing a set of 24 field samples [36]. This 
value falls slightly above the range of Sr (0.25 to 0.42 for 1984–85) found for 80 reference laboratories in the 
NIOSH PAT program for laboratory-generated samples [25]. 

A number of factors influence intralaboratory Sr for a given laboratory, such as that laboratory’s actual 
counting performance and the type of samples being analyzed. In the absence of other information, such 
as from an interlaboratory quality assurance program using field samples, the value for the subjective 
component of variability is chosen as 0.45. It is recommended that each laboratory establish an 
interlaboratory quality assurance program to improve their performance and thus reduce the 
intralaboratory Sr. 

The above relative standard deviations apply when the population mean has been determined. It is more 
useful, however, for laboratories to estimate the 90% confidence for of the count distribution for both 
interlaboratory and intralaboratory results [24]. 

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean interlaboratory count 
will fall within the range of 227% above and 52% below that value 90% of the time. These percentages can 
be applied directly to the air concentrations as well. If, for instance, this sample (24 fibers counted) 
represented a 500-L volume, then the measured concentration is 0.02 fibers/cc (assuming 100 fields 
counted, 25-mm filter, 0.00785 mm² counting field area). If this same sample were counted by a group of 
laboratories, there is a 90% probability that the mean would fall between 0.01 and 0.08 fiber/cc. These 
limits are to be reported in any comparison of results between laboratories. 

Note that the interlaboratory Sr of 0.45 used to derive Figure 1 is used as an estimate for a random group of 
laboratories. If several laboratories belonging to a quality assurance group can show that their 
interlaboratory Sr is smaller, then it is more correct to use that smaller Sr. However, the estimated 
interlaboratory Sr of 0.45 is to be used in the absence of such information. Note also that it has been found 
that interlaboratory Sr can be higher for certain types of samples, such as asbestos cement [23]. 

Quite often the estimated airborne concentration from an asbestos analysis is used to compare to a 
regulatory standard. For instance, if one is trying to show compliance with an 0.5 fiber/cc standard using a 
single sample on which 100 fibers have been counted, then Figure 1 indicates that the 0.5 fiber/cc 
standard must be 213% higher than the measured air concentration. This indicates that if one measures a 
fiber concentration of 0.16 fiber/cc (100 fibers counted), then the mean fiber count by a group of 
laboratories (of which the compliance laboratory might be one) has a 95% chance of being less than 0.5 
fibers/cc; i.e., 0.16 + 2.13 × 0.16 = 0.5. 

It can be seen from Figure 1 that the Poisson component of the variability is not very important unless the 
number of fibers counted is small. Therefore, a further approximation is to simply use +213% and -49% as 
the upper and lower confidence values of the mean for a 100-fiber count. 
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Figure 1. Interlaboratory precision of fiber counts 

The curves in Figure 1 are defined by the following equations: 

and 

where Sr = subjective interlaboratory relative standard deviation, which is close to the total interlaboratory 
Sr when approximately 100 fibers are counted, X = total fibers counted on sample, UCL = upper 95% 
confidence limit, and LCL = lower 95% confidence limit. 

NOTE: The range between these two limits represents 90% of the total range. 

It is also possible to use a similar approach to determining expanded uncertainty within a single laboratory. 

The formula: 

𝑆𝑆𝑟𝑟 =
�𝑁𝑁 + (0.2𝑁𝑁)2

𝑁𝑁

suggests that if n is the number of counts taken in a single reading, then the distribution of 

𝑈𝑈𝑈𝑈𝑈𝑈 =
2𝑋𝑋 + 2.25 + �(2.25 + 2𝑋𝑋)2 − 4(1 − 2.25𝑆𝑆𝑟𝑟2)𝑋𝑋2

2(1 − 2.25𝑆𝑆𝑟𝑟2)

2𝑋𝑋 + 4 −�((4 + 2𝑥𝑥)2 − 4(1 − 4𝑆𝑆𝑟𝑟2)𝑋𝑋2)
𝑈𝑈𝑈𝑈𝑈𝑈 =

2(1 − 4𝑆𝑆𝑟𝑟2)



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 3, dated 14 June 2019 - Page 15 of 40 

NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

𝑛𝑛 − 𝑁𝑁

�𝑛𝑛 + 𝑆𝑆𝑟𝑟2𝑁𝑁2

though unknown, depends only weakly on N, because the mean and variance are independent of N. In 
fact, from many readings by a number of microscopists, with N equal to the mean across the microscopists, 
confidence intervals were determined [24] as: 

−1.8 ≤
𝑛𝑛 − 𝑁𝑁

�𝑁𝑁 + 𝑆𝑆𝑟𝑟2𝑁𝑁2
≤ +2.6 

By solving the two quadratic equations at the two extreme limits for N in terms of n, confidence limits 
enclosing the consensus mean N, given single measurements n are easily obtained: 𝐿𝐿𝐿𝐿𝐿𝐿[𝑛𝑛] < 𝑁𝑁 < 𝑈𝑈𝑈𝑈𝑈𝑈[𝑛𝑛] 
(95% Confidence Limit), where LCL and UCL are given by: 

𝐿𝐿𝐿𝐿𝐿𝐿[𝑛𝑛] =
2𝑛𝑛 + 2.62 − �(2.62 + 2𝑛𝑛)2 − 4(1 − 2.62𝑆𝑆𝑟𝑟2)𝑛𝑛2

2(1 − 2.62𝑆𝑆𝑟𝑟2)

and 

NOTE: In these formulae the confidence level is expanded from 90% to 95%. 

From these equations, the confidence limits accounting for both subjective microscopist and Poisson 
components for various fiber counts are calculated (Table 1) by taking Sr = 0.2. The intra- and inter-
microscopist variability may be greater if quality control is poor. 

Table 1. Intra-microscopist (Sr=0.2) 95% confidence interval bracketing the consensus mean for various 
numbers (n) of fibers in a single count 

Number (n) for fibers Lower confidence limit 
(LCL) 

Upper confidence limit 
(UCL) 

Expanded uncertainty 
(%) 

5 1.6 13 (−68;160) 
7 2.6 16 (−63;129) 
10 4.2 21 (−58;110) 
20 10 37 (−50;85) 
50 29 85 (−42;70) 
100 62 163 (−38;63) 
200 127 319 (−36;60) 

NOTE: Also shown is the confidence interval expressed as expanded uncertainty asymmetric around n and 
stated relative to n. 

UNCERTAINTY BUDGET EXCLUDING COUNTING ERRORS 

Various factors aside from counting errors can introduce random variation in measured values of asbestos 
concentrations [35]. Such factors are identified in Table 2. 

𝑈𝑈𝑈𝑈𝑈𝑈[𝑛𝑛] = 2𝑛𝑛 + 1. 82 +�(1. 82 + 2𝑛𝑛)2 − 4(1 − 1. 82𝑆𝑆𝑟𝑟2)𝑛𝑛2

2(1 − 1. 82𝑆𝑆𝑟𝑟2)
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Table 2. Example of an uncertainty budget for non-counting variable 

Variable Estimated uncertainty Uncertainty squared 
Sampling flowrate 0.03 0.0008 
Sampling time 0.02 0.0004 
Master stage micrometer 0.01 0.0001 
Calibration of submaster 0.01 0.0001 
Calibration of graticule 0.02 0.0004 
Area of exposed filter 0.05 0.0025 
Sum of squares - 0.0043 
Square root of sum of squares 
= Overall uncertainty 

- 0.066 

Expanded uncertainty 
(coverage factor k = 2) 

- 0.13 or 13 % 

The uncertainty in Table 2 contributes in quadrature to the expanded uncertainty. Therefore, as 13% is 
small relative to the values in Table 1, it may be reasonable to conclude that the contribution of non-
counting errors to the total uncertainties is not significant in comparison to the Poisson and subjective 
errors. 

NOTE 1: Non-counting errors are negligible only if consistently controlled. 
NOTE 2: Inhomogeneous deposition of dust on the filter leads to gross errors, the magnitude of which 

cannot be estimated. Counting 20 or more fields ensures that minor divergence from 
randomness does not bias the result. 

REFERENCES: 

[1] NIOSH [1979]. USPHS/NIOSH Membrane Filter Method for Evaluating Airborne Asbestos Fibers.  By
Leidel NA, Bayer SG, Zumwalde RD, Busch KA. Cincinnati, OH: U.S. Department of Health, Education,
and Welfare, Center for Disease Control, National Institute for Occupational Safety and Health, DHEW
(NIOSH) Publication No. 79-127.

[2] Baron P, Pickford PA, Pickford GC [1986].  An asbestos sample filter clearing procedure. Appl Ind Hyg
1:169–171, 199.

[3] LeGuen JMM, Galvin S [1981]. Clearing and mounting techniques for the evaluation of asbestos
fibers by the membrane filter method.  Ann Occup Hyg 24:273–280.

[4] Lee EG, Pang TWS, Nelson J, Andrew M, Harper M [2011].  Comparison of mounting methods for the
evaluation of fibers by phase contrast microscopy.  Ann Occup Hyg 55:644-657.

[5] OSHA [1994]. 29 CFR Part 1910.1001 Occupational Exposure to Asbestos.  Washington, DC: U.S.
Department of Labor, Occupational Safety and Health Administration.

[6] McCrone W, McCrone L, Delly J [1978]. Polarized light microscopy. Ann Arbor, MI: Ann Arbor Science.

[7] Rooker SJ, Vaughn NP, LeGuen JM [1982]. On the visibility of fibers by phase contrast microscopy.
Am Ind Hyg Assoc J 43:505–515.

[8] Kenney LC, Rood AP, Blight BJN [1987]. A direct measurement of the visibility of amosite asbestos
fibres by phase contrast optical microscope. Ann Occup Hyg 33:261–264.



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 3, dated 14 June 2019 - Page 17 of 40 

NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

[9] Harper M, Lee EG, Doorn SS, Hammond O [2008]. Differentiating non-asbestiform amphibole and
amphibole asbestos by size characteristics. J Occup Envir Hyg 5:761–770.

[10] Lee EG, Nelson J, Kashon M, Harper M [2015]. Evaluation of the dark-medium objective lens in
counting asbestos fibers by phase-contrast microscopy. Ann Occup Hyg 59:616–628.

[11] Baron P, Deye G [1990]. Electrostatic effects in asbestos sampling: parts I and II. Am Ind Hyg Assoc J
51:51–69.

[12] ISO [2013]. ISO 13137-13 Workplace atmospheres -- Pumps for personal sampling of chemical and
biological agents -- Requirements and test methods. Geneva, Switzerland: International
Organization for Standardisation.

[13] Johnston AM, Jones AD, Vincent JH [1982]. The influence of external aerodynamic factors on the
measurement of the airborne concentration of asbestos fibers by the membrane filter method. Ann
Occup Hyg 25:309–316.

[14] Beckett ST [1980]. The effects of sampling practice on the measured concentration of airborne
asbestos. Ann Occup Hyg 23:259–272.

[15] Cherrie J, Jones AD, Johnston AM [1986]. The influence of fiber density on the assessment of fiber
concentration using the membrane filter method. Am Ind Hyg Assoc J 47(8):465–474.

[16] Lee EG, Nelson J, Hintz PJ, Joy G, Andrew ME, Harper M [2010]. Field performance of the CATHIA-T
sampler and two cyclones against the standard cowled sampler for thoracic fiber concentrations.
Ann Occup Hyg 54:545-556.

[17] NIOSH [1977]. P&CAM 239. In: Taylor DG, ed. NIOSH manual of analytical methods, 2nd ed.
Cincinnati, OH:  U.S. Department of Health, Education, and Welfare, Center for Disease Control,
National Institute for Occupational Safety and Health, DHEW(NIOSH) Publication No. 77-157-A.

[18] AIA [1979]. AIA Health and Safety Recommended Technical Method #1: airborne asbestos fiber
concentrations at workplaces by light microscopy. London, England: Asbestos International
Association.

[19] Crane D, Harper M [2011]. The phase-shift test slide.
https://www.aiha.org/Registries/aar/Documents/Phase%20Shift%20Interpretation%20OSHA%20NI
OSH_2011_04_11.pdf.

[20] Abell MS, Shulman SA, Baron P [1989]. The quality of fiber count data. Appl Ind Hyg 4:273–285.

[21] AIA [1983]. A study of the empirical precision of airborne asbestos concentration measurements in
the workplace by the membrane filter method. Arlington, VA: Asbestos Information Association, Air
Monitoring Committee.

[22] NIOSH [1976]. Revised Recommended Asbestos Standard.  Cincinnati, OH: U.S. Department of
Health, Education, and Welfare, Center for Disease Control, National Institute for Occupational Safety
and Health DHEW (NIOSH) Publication No. 77-169.

[23] IOM [1982]. A comparison of the effects of different counting rules and aspect ratios on the level and
reproducibility of asbestos fiber counts. Part I: effects on level and Part II: effects on reproducibility.
By Crawford NP, Thorpe HL, Alexander W. Edinburgh, Scotland: Institute of Occupational Medicine.

[24] HSE [1982]. Health and Safety Executive research paper 18: the reproducibility of fiber counts. By
Ogden TL.  Sheffield, England: Health and Safety Laboratory, Health and Safety Executive.



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 3, dated 14 June 2019 - Page 18 of 40 

NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

[25] Schlecht PC, Schulman SA [1986]. Performance of asbestos fiber counting laboratories in the NIOSH
Proficiency Analytical Testing (PAT) Program. Am Ind Hyg Assoc J 47:259–266.

[26] Edwards GH, Lynch JR [1968]. The method used by the Public Health Service, for enumeration of
asbestos dust on membrane filters. Ann Occup Hyg 11:1-6.

[27] Lane RE, Barnes JM, Roach SA, Smith S, Addingley CG, Holmes S, Hunt R, Knox JF, King E [1968].
Hygiene standard for chrysotile asbestos dust. Ann Occup Hyg 11:47 -49.

[28] NIOSH [1972]. NIOSH criteria for a recommended standard: occupational exposure to asbestos.
Cincinnati, OH: U.S. Department of Health Education and Welfare, Center for Disease Control,
National Institute for Occupational Safety and Health, DHEW (NIOSH) Publication No. 72-10267.

[29] Royal Commission on Matters of Health and Safety Arising from the Use of Asbestos in Ontario.
Measurement of asbestos fiber concentrations in workplace atmospheres: Study No. 9. By Chatfield,
EJ. Toronto, Ontario.

[30] Walton WH [1982]. The nature, hazards, and assessment of occupational exposure to airborne
asbestos dust: a review. Ann Occup Hyg 25:115–247.

[31] LeGuen JMM, Ogden TL, Shenton-Taylor T [1984]. The phase-shift test slide. Ann Occup Hyg 28:237-
247.

[32] Taylor DG, Baron PA, Shulman SA, Carter JW [1984]. Identification and counting of asbestos fibers.
Am Ind Hyg Assoc J 45:84–88.

[33] Pang TWS, Harper M [2008]. The quality of fiber counts using improved slides with relocatable fields.
J Environ Monit 10:89-95.

[34] Harper M, Slaven JE, Pang TWS [2009]. Continued participation in an asbestos fiber counting
proficiency test with relocatable grid slides. J Environ Monit 11:434-438.

[35] ISO [2014]. ISO 8672-14[E] Air quality — determination of the number concentration of airborne
inorganic fibres by phase contrast optical microscopy — membrane filter method. Geneva,
Switzerland: International Organization for Standardisation.

[36] Baron PA, Shulman SA [1987]. Evaluation of the Magiscan image analyzer for asbestos fiber counting.
Am Ind Hyg Assoc J 48:39-46.

[37] Pang TWS [2000]. Precision and accuracy of asbestos fiber counting by phase contrast microscopy.
Am Ind Hyg Assoc J 61:529–538.

[38] Harper M, Bartolucci A [2003]. Preparation and examination of proposed consensus reference
standards for fiber-counting. Am Ind Hyg Assoc J 64:283-287.

[39] WHO [1985]. Reference methods for measuring airborne man-made mineral fibers (MMMF). By: The
WHO/EURO Technical Committee for Monitoring an Evaluating Airborne MMMF. Copenhagen,
Denmark: World Health Organization.

[40] NIOSH [1977]. NIOSH criteria for a recommended standard: occupational exposure to fibrous glass.
Cincinnati, OH: U.S. Department of Health, Education, and Welfare, Center for Disease Control,
National Institute for Occupational Safety and Health, DHEW (NIOSH) Publication No. 77-152.



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 3, dated 14 June 2019 - Page 19 of 40 

NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

METHOD WRITTEN BY: 

Paul A. Baron, PhD, NIOSH; Revised by Martin Harper, PhD, CIH, FAIHA, CChem, FRSC, NIOSH (retired) and 
Rosa Key-Schwartz, PhD, NIOSH. 

Disclaimer:  Mention of any company or product does not constitute endorsement by the National 
Institute for Occupational Safety and Health, Centers for Disease Control and Prevention. In addition, 
citations to websites external to NIOSH do not constitute NIOSH endorsement of the sponsoring 
organizations or their programs or products. Furthermore, NIOSH is not responsible for the content of 
these websites. All web addresses referenced in this document were accessible as of the publication date. 

Table 3. CAS numbers for analytes 

Name CAS No. 
Actinolite [77536-66-4] 
Ferroactinolite [15669-07-5] 
Amosite [12172-73-5] 
Anthophyllite [77536-67-5] 
Chrysotile [12001-29-5] 
Crocidolite [12001-28-4] 
Tremolite [77536-68-6] 
Amphibole asbestos [1332-21-4] 
Refractory ceramic fibers [142844-00-6] 
Fibrous glass [14808-60-7] 

APPENDIX A: CALIBRATION OF THE GRATICULE 

Before ordering any graticule, the following calibration must be done to obtain a counting area (D) 100 μm 
in diameter at the image plane. The diameter, dc (mm), of the circular counting area and the disc diameter 
must be specified when ordering the graticule. 

1. Insert any available graticule into the eyepiece and focus so that the graticule lines are sharp and clear.
2. Set the appropriate inter-pupillary distance and, if applicable, reset the binocular head adjustment so

that the magnification remains constant.
3. Install the 40x to 45x phase objective.
4. Place a stage micrometer on the microscope object stage and focus the microscope on the graduated

lines.
5. Measure the magnified grid length of the graticule, Lo (μm), using the stage micrometer.
6. Remove the graticule from the microscope and measure its actual grid length, La (mm). This can best

be accomplished by using a stage fitted with verniers.
7. Calculate the circle diameter, dc (mm), for the Walton-Beckett graticule: 𝑑𝑑𝑐𝑐 = 𝐿𝐿𝑎𝑎

𝐿𝐿𝑜𝑜
× 𝐷𝐷 

EXAMPLE: if Lo = 112 µm, La = 4.5 mm, and D = 100 µm, then dc = 4.02 mm.
8. Check the field diameter, D (acceptable range 100 µm ± 2 µm) with a stage micrometer upon receipt of

the graticule from the manufacturer. Determine field area (acceptable range 0.00754 mm² to 0.00817
mm²).

APPENDIX B: DETERMINATION OF A MICROSCOPIST’S ABILITY TO OBSERVE, MEASURE AND COUNT 
FIBERS USING RELOCATABLE GRIDDED COVERSLIPS (Non-mandatory) 

1. Reference slides are commercially available, made from chrysotile or amosite proficiency test filters
obtained from the Industrial Hygiene Proficiency Analytical Testing (IHPAT) scheme of the American
Industrial Hygiene Association Proficiency Analytical Testing, LLC [37]. Each slide has been mounted
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with a permanent Euparal medium and covered with a relocatable gridded cover slip. The fibers visible 
in each grid opening have been identified and their locations marked on a drawing of each opening. 
The identity, number and position of each fiber have been verified by a second microscopist. The 
accuracy of this verification has been shown to be within 3% of consensus values determined by 
multiple microscopists, separately and together [38]. Such slides are referred to in this method as 
standard relocatable test slides, and they are applied in various ways to improve and assess the quality 
of fiber counts. 
NOTE: It is also possible to make standard relocatable test slides in the laboratory from PAT or field 

samples by using commercially available relocatable gridded cover slips. Either filter clearance 
or slide mounting procedure can be used with these cover-slips, but the DMF/acetic acid-
Euparal procedure has been demonstrated to provide slides with long-term stability. The fibers 
in each grid are identified, marked and verified by at least two microscopists as above.  

2. Count the fibers in each designated field and refer the counts to the accompanying slide descriptions.
Calculate a score from the number of absolute discrepancies between the reported and verified fibers
in each field as shown in:

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = (1 − �
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑛𝑛𝑛𝑛𝑛𝑛𝑏𝑏𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

�) × 100 

3. Microscopists shall obtain a discrepancy score of more than 70 for a slide containing amosite fibers
and more than 50 for a slide containing chrysotile fibers from the AIHA IHPAT scheme (or more than 70
for a slide prepared from chrysotile field samples) before proceeding. These scoring criteria are based
on the results that have been achieved in round-robin studies and proficiency test programs. If these
scores are not achieved, the Quality Assurance Officer is expected to work with the microscopist to
review the slide descriptions to determine the cause and then attempt to rectify the situation by
having the microscopist repeat the microscope set-up or by re-training.
NOTE: The number of absolute discrepancies has been shown to be linearly related to the sum of

counting errors [37]. The positive discrepancies are mainly due to sizing extra fibers (especially 
amphiboles). The negative discrepancies are mainly due to oversight of fibers (especially 
chrysotile). Chrysotile filters from the AIHA IHPAT program contain a large number of fibers 
with narrow widths near the limit of detection and thus provide a very robust test of visual 
acuity and concentration. In theory, it should be possible for microscopists to obtain high 
discrepancy scores using slides made from chrysotile PAT samples, but a discrepancy score 
above 50 is sufficient to ensure the microscopist will be able to see the majority of the wider 
fibers typical of field samples. 

4. The repeated fiber counts obtained from standard relocatable test slides can be used to document the
laboratory’s precision for each microscopist, per step 13. If repeated counts from specific fields are
used, the resulting intra- and inter-microscopist precision will be improved because there will not be a
contribution from the selection of field areas to be counted.

APPENDIX C: COMPARISON OF COUNTING RULES 

Figure 2 shows a Walton-Beckett graticule as seen through the microscope. This is a Type G22 graticule 
with 3:1 ratios, providing optimal assistance for these counting rules. The rules will be discussed as they 
apply to the labeled objects in the figure. 
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Figure 2 Walton-Beckett graticule with fibers 
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These rules are sometimes referred to as the “A” rules: 

Object Count Discussion 
1 1 fiber Optically observable asbestos 

fibers are actually bundles of fine 
fibrils. If the fibrils seem to be 
from the same bundle, the object 
is counted as a single fiber. Note, 
however, that all objects meeting 
length and aspect ratio criteria 
are counted whether or not they 
appear to be asbestos. 

2 2 fibers If fibers meeting the length and 
aspect ratio criteria (length >5 
µm and length-to-width ratio > 3 
to 1) overlap, but do not seem to 
be part of the same bundle, they 
are counted as separate fibers. 

3 1 fiber Although the object has a 
relatively large diameter (>3 µm), 
it is counted as a fiber under the 
rules. There is no upper limit on 
the fiber diameter in the 
counting rules. Note that fiber 
width is measured at the widest 
compact section of the object. 

4 1 fiber Although long fine fibrils may 
extend from the body of a fiber, 
these fibrils are considered part 
of the fiber if they seem to have 
originally been part of the 
bundle. 

5 Do not count If the object is ≤ 5 µm long, it is 
not counted 

6 1 fiber A fiber partially obscured by a 
particle is counted as one fiber. If 
the fiber ends emanating from a 
particle do not seem to be from 
the same fiber and each end 
meets the length and aspect ratio 
criteria, they are counted as 
separate fibers. 

7 ½ fiber A fiber which crosses into the 
graticule area one time is 
counted as ½ fiber. 

8 Do not count Ignore fibers that cross the 
graticule boundary more than 
once. 

9 Do not count Ignore fibers that lie outside the 
graticule boundary. 
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NOTE 1: OSHA Method ID-160 has slightly different counting rules, e.g.  Rule 5: If the object is ≤ 5 µm, it 
is not counted, would become: If the object is < 5 µm, it is not counted. In practice, these 
minor differences would not likely modify calculated concentrations to the extent that 
decisions based on those concentrations would be affected, but this opinion has not been 
tested.  

NOTE 2: Fibers wider than 3 µm are included in this method. Some other methods for counting 
asbestos fibers restrict the count to only those fibers of 3 µm width or less, as these are the 
fibers most likely to penetrate to the bronchial and lower airways. However, the inlet efficiency 
of the cowl has a similar effect in that it limits the maximum diameter of fibers entering the 
cassette, so the effect of this additional dimensional counting rule on the total fiber count is 
expected to be small. Any bias from not applying an upper width limit is also conservative (i.e. 
concentrations will be assessed higher). 

APPENDIX D: ALTERNATE COUNTING RULES FOR NON-ASBESTOS FIBERS 

Other counting rules may be more appropriate for measurement of specific non-asbestos fiber types, such 
as fibrous glass. These include the rules given below (“B” rules from NIOSH Method 7400, Revision #2, dated 
08/15/1987), the World Health Organization reference method for man-made mineral fiber [39], and the 
NIOSH fibrous glass criteria document method [40]. The upper diameter limit in these methods prevents 
measurements of non-thoracic fibers. It is important to note that the aspect ratio limits included in these 
methods vary. Graticules designed for counting according to these rules are available (e.g. Walton-Beckett 
Type G24). 

OSHA recommends using these alternate, or “B” counting rules as given below for all man-made vitreous 
fibers (MMVF). It is emphasized that hybridization of different sets of counting rules is not permitted. 
Report specifically which set of counting rules are used with the analytical results. 

“B” Counting Rules 

1. Count only ends of fibers. Each fiber must be longer than 5 µm and less than 3 µm diameter.
2. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1.
3. Count each fiber end which falls within the graticule area as one end, provided that the fiber meets

rules 1 and 2 above. Add split ends to the count as appropriate if the split fiber segment also meets the
criteria of rules 1 and 2 above.

4. Count visibly free ends which meet rules 1 and 2 above when the fiber appears to be attached to
another particle, regardless of the size of the other particle. Count the end of a fiber obscured by
another particle if the particle covering the fiber end is less than 3 µm in diameter.

5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of 10 ends (5
fibers), provided that each segment meets rules 1 and 2 above.

6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 graticule fields. Stop at 100
graticule fields, regardless of count.

7. Divide total end count by 2 to yield fiber count.
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APPENDIX E: EQUIVALENT LIMITS OF DETECTION AND QUANTITATION 

Fiber density on filter* 
(Fibers per 100 fields) 

Fiber density on filter* 
(Fibers /mm2) 

Fiber concentration in 
air, f/cc (400-L air 
sample) 

Fiber concentration in 
air, f/cc (1000-L air 
sample) 

200 255 0.25 0.10 
100 127 0.125 0.05 
LOQ 80 102 0.10 0.04 
50 64 0.0625 0.025 
25 32 0.03 0.0125 
20 25 0.025 0.010 
10 12.7 0.0125 0.005 
8 10.2 0.010 0.004 
LOD 5.5 7 0.00675 0.0027 
*Assumes 385 mm2 effective filter collection area, and field area = 0.00785 mm², for relatively “clean” (little
particulate aside from fibers) filters

APPENDIX F: P&CAM 239 ASBESTOS FIBER IN AIR [17] 

Analyte: Asbestos fibers 

Matrix: Air 

Procedure: Filter collection, microscopic 
count  

Date Issued: 3/30/77 

Method No.: P&CAM 239 

Range: 0.1-60 fibers/cm3 

Precision (CVT): 0.24 to 0.38 

Classification: D (Operational) 

1. Principle of the Method
1.1. This method describes the equipment and procedures for collecting, mounting, and counting

asbestos fibers on cellulose ester membrane filters in the evaluation of personal samples of airborne 
asbestos fibers. The purpose of the method is to determine an employee's index of exposure to 
airborne asbestos fibers. The method is primarily a personal monitoring technique, but can be used 
for area monitoring. 

1.2. The sample is collected by drawing air through a membrane filter by means of a battery powered 
personal sampling pump. The filter is transformed from an opaque solid membrane to a 
transparent optically homogeneous gel. The fibers are sized and counted using a phase-contrast 
microscope at 400-450X magnification. 

1.3. Definitions. Asbestos fiber, for counting purposes, means a particulate which has a physical 
dimension longer than 5 micrometers and with a length to diameter ratio of 3 to 1 or greater. 
Asbestos includes chrysotile, cummingtonite-grunerite (amosite), crocidolite, fibrous tremolite, 
fibrous anthophyllite, and fibrous actinolite. 

1.4. Any laboratory attempting to use this procedure should have at least one counter attend a training 
course conducted by an experienced, proficient laboratory. Novice, untutored counters, using only 
published instructions, can easily obtain counts of half those performed by experienced, proficient 
counters. Large differences between laboratories can be caused by: 1) differences in technique and 
observing ability among counters and 2) small, but significant, differences between microscopes 
meeting the basic specifications of Section 6.2. The following procedures are recommended: 
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1.4.1. All microscopists who perform asbestos counting should meet together for an "asbestos 
counting workshop" at least quarterly.· This is best accomplished with counters from several 
laboratories using their own microscopes. 

1.4.2. Each microscopist should count the same series of slides and with the results being compared. 
1.4.3. Differences between counters should be resolved with side-by-side counting of the fields by 

the different counters. 
1.4.4. Individuals who are found to be persistent outliers over several sessions should be encouraged 

to seek other tasks in their respective laboratories. 
2. Range and Sensitivity

2.1. The usable range is primarily a function of sample volume, microscope count field area, and
background airborne particulates. The influence of these variables is discussed in 8.1.3. For a 
microscope count field area of 0.003 mm2 (see Figure 1) and a pump flow rate of 1.7 lpm, the 
optimal fiber densities would be produced over the range of 0.4 fiber/cm3 (8-hour sample) to about 
60 fibers/cm3 (15-minute sample). For a field area of 0.006 mm2 (see Figure 2) and a pump flow rate 
of 1.7 lpm, the optimal range is 0.2 fiber/cm3 (8-hour sample) to about 30 fibers/cm3 (15-minute 
sample). In each case, the optimal detection limits are inversely proportional to pump flow rate. 
The upper detection limit can be extended by using sample times less than 15 minutes or using 
lower flow rates. The lower detection limit can be extended by increasing the flow rate up to about 
2.5 lpm. Filter surface fiber densities less than optimal (less than about 0.5 to 1.0 fiber per count 
field) are still adequate, but will lead to decreased precision for the method (increased coefficient of 
variation, see Section 4). The minimum total fiber count in 100 fields considered adequate for 
reliable quantitation is 10 fibers. Thus, the lower limit of reliable quantitation is 0.1 fiber/cm3 
(100,000 fibers/m3). For this level, a flow rate of about 2.5 lpm is recommended. For a field area of 
0.003 mm2 , the minimum sample time would be about 2 hours. For a field area of 0.006 mm2, the 
minimum sample time would be about 1 hour. 

2.2. This method considers only fibers with a length to diameter ratio of 3 to 1 or greater and a length 
greater than 5 micrometers. 

3. Interferences
In an atmosphere known to contain asbestos, all particulates with a length to diameter ratio of 3 to 
1 or greater, and a length greater than 5 micrometers should, in the absence of other information, 
be considered to be asbestos fibers and counted as such. 

4. Precision and Accuracy
4.1. In the past decade, there have appeared a number of articles examining sources of variation in the

asbestos sampling and counting procedure. These include: Lynch et al. (11.1), Weidner and Ayer 
(11.2), Conway and Holland (11.3), Leidel and Busch (11.4), Beckett and Attfield (11.5), and Rajhans 
and Bragg (11.6). The sources of variation will be discussed by stages in the membrane filter 
evaluation procedure. 

4.2. Sources of Variation in the Sampling Process. These include variations in pump flow rate, 
proximity of the filter to the employee's body, and filter location (left to right) in the employee's 
breathing zone. 

4.2.1. Section 9.1 requires that the personal sampling pump be calibrated with sufficient accuracy 
such that the 95% confidence limits on the flow rate are ±10%. This is equivalent to a 
coefficient of variation (CV) of about 5%. However, this CV makes a negligible contribution to 
the total CV for the method due to the relatively large CV of the counting procedure. 

4.2.2. Conway and Holland (11.3) concluded that positioning of the filter cassette on the wearer 
(regarding the angular portions of the filter and their proximity to the wearer) is not a 
significant factor in determining the fiber distribution on filters. 

4.2.3. Weidner and Ayer (11.2) concluded that there is no appreciable difference between samples 
collected on either the right or left sides of a breathing zone or between samples collected 
side-by-side, especially for samples with concentrations less than 2.5 fibers/cm3. 
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4.3. Sources of Variation in the Counting Procedure 
4.3.1. Random variations exist in the fiber distribution on a filter wedge (intra-wedge variability). The 

industrial hygiene literature has seen considerable debate in the last 20 years concerning 
whether or not the distribution of mineral dust or asbestos fibers on a filter surface is 
adequately described by a Poisson distribution probability density function. Leidel and Busch 
(11.4) found excellent agreement between empirical error variance and theoretical variance 
calculated from the assumption of Poisson distributed true counts. They concluded that there 
was not excessive variation among count fields for a filter wedge and that clumping of fibers 
(non-random coalescence) did not occur. 

4.3.2. Variations exist in the fiber distribution on the total filter surface (inter-wedge variability) due 
to the random or non-random distribution of fibers across the total surface of the filter. This 
type of variation is easily confused with intra-wedge variations. The count procedure does not 
require counting of multiple sectors of the filter. There may be significant differences between 
average counts for different wedges, or the fiber distribution variations for the total filter 
surface may be greater than the variations of the Poisson distribution. If either of these occur 
experimentally, one must use the experimental variations to estimate the minimum precision 
of the count procedure. The minimum precision is governed by the variations of the fiber 
distribution on the total surface of the filter. 
Conway and Holhind (11.3) concluded the distribution of fibers on filters is not uniform and, 
the distribution of fiber counts is more disperse than Poisson. For their filters which had 
significant variations in fiber concentrations between sectors (as much as 50-60% of the total 
filter mean), they described the following relation for the standard deviation of the total 
number of fibers counted on a wedge (N) 

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠(𝑁𝑁) = 1.6(𝑁𝑁)1/2 
where N is about 100. The Poisson standard deviation would be: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝜎𝜎 (𝑁𝑁) = (𝑁𝑁)1/2 
Rajhans and Bragg (11.6) in Series I of their study found significant variation between filter 
segments and rejected the Poisson distribution for the total filter surface. However, in Series II 
of their study, utilizing various experimental modifications, they found no significant variation 
between filter segments and no reason to reject the assumption of Poisson distributed fiber 
counts. 

4.3.3. Systematic variations due to differences between microscopes were studied by Leidel and 
Busch (11.4). In their study using five different brands of microscopes, they found no significant 
differences among four, but the fifth gave counts approximately 45% higher on the average 
than the other four. 

4.3.4. Variations due to differences between counters should be examined at three levels: 
experienced counters occasionally counting, experienced counters routinely counting, and 
inexperienced (new or untutored) counters. Leidel and Busch (11.4) studied five experienced 
counters, with one counting only occasionally. There were no significant differences among 
three of the counters, but a fourth was 16% lower than the first three. The fifth, who 
occasionally counted, averaged 27% higher than the first three. Conway and Holland (11.3) 
studied three experienced counters and three inexperienced counters. They found statistically 
significant differences between the means of both the experienced and inexperienced 
counters that typically were in the range plus or minus 5 to 15%. They concluded that 
experience as a fiber counter is not a significant parameter affecting intercounter variations. 
Rajhans and Bragg (11.6) found no significant differences among means of five experienced 
counters in Series I of their study. But in their carefully controlled Series II, an analysis of 
variance showed significant variations between counters that were plus or minus 1 to 15%. 

4.3.5. Variations between laboratories are most likely due to systematic biases and are not a 
significant additional source of random variations. Any additional variations are most likely due 
to differences in counting technique. Beckett and Attfield (11.5) observed that standard 
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counters improved greatly after personal instruction; also new counters, after instruction, 
tended to overcompensate and get exceedingly high counts. Additionally, they found that 
counts from an experienced laboratory that had not had contact with other laboratories 
performing the same analysis were as far from the standard values as were the counts by new 
counters. 

4.4. Sources of variations between samples taken at different times on one employee during one work 
shift can affect the exposure estimate for that employee. These are primarily due to a) differences in 
exposure concentrations during the day, b) differences in location of the employee within the plant, 
and c) differences in work operation performed by the employee during the day. These sources of 
variation can be controlled by proper choice of sampling strategy. Refer to Leidel and Busch (11.7) 
and Leidel, Busch, and Lynch (11.8) for an extended discussion of sampling strategies. Interday 
temporal variations can affect the exposure estimates obtained on different days. Refer to Leidel, 
Busch, and Crouse (11.9) for a discussion of this type of variation. 

4.5. Until recently, the total coefficient of variation (CVT) for the sampling and counting procedure was 
best estimated from the work of Conway and Holland (11.3). The conclusions of their study 
included: 

4.5.1. The precision of their procedure for filters not containing an abundance of fine fibers can be 
estimated by a coefficient of variation of 16.2%. This value includes variation among counters 
and observed interaction effects. 

4.5.2. The accuracy of the procedure for similar filters may be estimated for a 100-fiber count by a 
coefficient of variation of 21.4%. This assumes that the contribution of the overall variance 
from the nonuniform fiber distribution is additive. 

4.5.3. A high percentage of very fine fibers on the filter can significantly affect the standard deviation 
and confidence limits for counts by different counters. After combining variations in fiber 
concentrations over the entire filter with those for different counters, it was concluded: 
1. For filters with a low concentration of fine fibers, the coefficient of variation is estimated at

21% and the 95% confidence interval is ±43%.
2. For filters with a high concentration of fine fibers, the coefficient of variation is estimated

at 25% and the 95% confidence interval is ±50%.

Lynch, Kronoveter, and Leidel (11.1) have also reported on variations of the method. Their 
intralaboratory study utilized the data from a large number of dust counts made by different 
methods by experienced counters over a period of years in an epidemiologic study of the asbestos 
products industry. They concluded that the standard deviation of counts of fibers longer than 5 
micrometers on membrane filters could be estimated from the relation σ=(N )0.591. Thus for counts 
of about 100 fibers, the coefficient of variation could be estimated at about 15.2% and the 95% 
confidence limits at ±30.4%. 
These values are lower than the values reported by Conway and Holland (11.3). Recently, the 
Johns-Manville Corporation conducted an in-house investigation of the asbestos count method. 
(11.10). The study data contained total fiber counts for over 100 filters with each filter counted by 
two to five counters. From the Johns-Manville data, NIOSH calculated over 100 estimates of the 
count CV for the method (11.11). The NIOSH CV estimates included random intrafilter variations 
and intercounter variations, but did not include random pump flow rate variations. It was found 
that the count coefficient of variation (all random variations except for pump variations) was a 
function of the total fiber count. NIOSH then included a CV of 0.05 for random pump variations (see 
Section 9.1) in the CV-estimator equation to obtain a CVT-estimator. The CVT-estimator line is 
plotted on Figure 3 for total fiber counts in the range 10 to 100 fibers. Or the following equation 
can be used: CVT=[antilog10(-0.215-0.203(log10FB))+0.0025]2
where FB is total fiber count as discussed in Section 10. 
Figure 3 demonstrates that for a total fiber count of 100, the best CVT is attainable with the 
appropriate sampling times given in 8.1.3 and the count rules in 8.3.9. When making 
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decisions regarding compliance with the OSHA asbestos exposure standards in 29 CFR 
1910.1001, the statistical procedures given in Leidel et al. (11.11) should be followed. The 
procedures are based on statistical theory and assumptions given in References 11.12, 
11.13. 
Because of the possibility of systematic biases due to differences between microscopes, 
counters, and laboratories as discussed above, it is strongly recommended that any 
laboratory counting asbestos should participate in an interlaboratory quality control 
program that includes the counting of standard reference filters. These standard filters 
are available from NIOSH through the Proficiency Analytical Testing (PAT) Program. The 
PAT Program is used by the American Industrial Hygiene Association (AIHA) as part of its 
Laboratory Accreditation Program. Each laboratory's quality control program must 
include protocols for routinely adjusting, and calibrating sampling and counting 
equipment plus training and evaluation programs for counters. 

5. Advantages and Disadvantages of the Method
5.1. The method is intended to give an index of employee exposure to airborne asbestos fibers of

specified dimensional characteristics. 
5.2. It is not meant to count all asbestos fibers in all size ranges or to differentiate asbestos from other 

fibrous particulates. 
6. Apparatus

6.1. Sampling Equipment
The personal sampling equipment train consists of 1) personal sampling pump, 2) tubing, 3) 
clothing spring clip, 4) tubing-to-field monitor metal adaptor, and 5) field monitor (filter and 
holder). 

6.1.1. Personal Sampling Pump. The pump must be capable of sampling at 1.0 to 2.5 liters per minute 
(lpm) against a flow resistance of 7.5 inches of water (1.4 mm Hg) for 8 continuous hours on a 
fully charged battery. 

6.1.2. Tubing. Laboratory tubing such as rubber or plastic with 6-mm bore and about 100 cm length. 
6.1.3. Clothing Spring Clip. The clip attaches the rubber tubing to the lapel or shirt of the individual 

being monitored. 
6.1.4. Tubing-to-field Monitor Adaptor. A short metal adaptor with ridges on one end to grip the 

inside of the tubing. The other end is designed for a pressure fit into the field monitor. 
6.1.5. Field Monitor (Filter and Holder). The only field monitor currently considered acceptable by 

NIOSH is manufactured by the Millipore Corporation. The unit consists of 1) a three section 
styrene plastic case designated Millipore Aerosol Monitor Case, 2) a 37-mm diameter plain 
white cellulose ester membrane filter designated Millipore AA (pore size of 0.8 micrometer), 3) 
a support pad, and 4) two plastic sealing caps. If a large number of samples are to be taken, it 
may be less expensive to reuse the plastic cases. Great care must be taken in the cleaning and 
reassembly process. The outside mating surfaces of the field monitors may be covered with a 
"shrink-fit" band to provide proper sealing and a writing surface for filter identification. 

6.2. Optical Equipment and Microscope Features 
6.2.1. Microscope body with binocular head. 
6.2.2. 10X Huygenian eyepieces are recommended. Other eyepieces can be substituted if necessary. 

Wide field eyepieces can be used; however, wide field eyepieces may yield a count field area 
less than 0.003 mm2 with the Porton reticle. This is not always desirable from the standpoint of 
obtaining optimum sampling times (see Section 8.1.3). If wide field eyepieces are used, it is 
preferable to use the Patterson Globe and Circle reticle to obtain a larger count field area. 

6.2.3. Koehler illumination (preferably built- in with provisions for adjusting light intensity). 
6.2.4. A Porton reticle is recommended. Others such as the Patterson Globe and Circle can be 

substituted. 
6.2.5. Mechanical stage. 
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6.2.6. Phase-Contrast condenser with a numerical aperture (N.A.) equal to or greater than the N.A. of 
the objective. 

6.2.7. 40-45X phase contrast achromatic objective (N.A. 0.65 to 0.75). 
6.2.8. Phase-ring centering telescope or Bertrand lens. 
6.2.9. Green or blue filter, if recommended by microscope manufacturer. 
6.2.10. Stage micrometer with 0.01 mm subdivisions. 
6.2.11. For general guidance on phase contrast microscopy, consult Needham (11.12), Clark (11.15) 

and McCrone (11.14). 
6.3. Filter Mounting Equipment. Experience has shown that certain equipment is useful for efficient 

sample mounting. The following items are recommended for extracting and mounting a portion of 
the filter for counting. 

6.3.1. Microscope slides. 2.5 by 7.5 cm glass slides are most commonly used. Sample number, data, 
initials, etc., can be conveniently written on a frosted end slide. 

6.3.2. Cover Slips. Cover slips are a necessary part of the slide mount and optical system. The shape 
should be appropriate for the size of the filter wedge. The appropriate cover slip depends upon 
the objective to be used. Ordinarily, objectives are optically corrected for a #1½ (0.17 
millimeter) thickness cover slip. Improper cover glass thickness will detract from the final 
image quality. 

6.3.3. Scalpel. A scalpel is needed to cut out a portion of the filter to be examined. A number-ten 
curved blade scalpel is recommended. 

6.3.4. Tweezers. A pair of fine-tipped tweezers is used to remove the membrane filter slice from the 
field monitor and place it upon the slide. 

6.3.5. Lens Tissue. To insure cleanliness, a lint-free tissue is recommended. This tissue should also be 
used for wiping mounting tools and for cleaning slides and cover slips. 

6.3.6. Glass Rod. A fire-polished glass rod may be used to spread the mounting solution on the slide. 
6.3.7. Wheaton Balsam Bottle. This special glass container has a glass top which prevents 

contamination of the mounting solution. A glass rod is included for dispensing the solution. 
7. Reagents

Chemicals should be reagent grade, free from particles and color, conforming to the specifications of the
Committee on Analytical Reagents of the American Chemical Society, where such specifications are
available.
7.1. Dimethyl phthalate
7.2. Diethyl oxalate
Avoid getting the mounting solution on the skin. Wash skin promptly with soap and water if skin contact
occurs.

8. Procedure
8.1. Sampling

8.1.1. General Information 
Guidelines for the monitoring of employee exposures to industrial atmospheres are given in 
Reference 11.8. The Federal requirements for monitoring employee exposure to airborne 
asbestos are found in 29 CFR 1910.1001. 

8.1.2. Mounting the Sampling Pump on the Worker 
Fasten the sampling pump to the worker's belt and fasten the field monitor to the lapel or .shirt 
front (as close to the breathing zone as is practical). Remove the top cover of the plastic 
monitor, then invert the monitor making certain the exposed filter is facing downward. Turn 
the pump on and adjust to the calibrated flow rate (1.0 to 2.5 lpm). Record the following 
information in a logbook. 
1. Filter number
2. Pump start time and date
3. Flow rate
4. Subject's name and job title
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5. Type of operation or process
6. Ventilation controls and is the worker wearing a respirator approved for asbestos?
The pump should be checked periodically during the sampling period for proper operation
and flow rate.

8.1.3. Optimum Sampling Times 
The requirement for the minimum count of 100 fibers or 20 fields in 8. 3. 9 was determined to 
be the best compromise to achieve adequate precision for the airborne fiber estimate and 
reasonable counting times. An optimum fiber density of about 1 to 5 fibers per microscope 
count field is recommended. To estimate appropriate sampling times for feasible counting and 
optimal counting, one must consider the following constraints: 
1. microscope count field area (generally 0.003 to 0.006 mm2)
2. pump flow rate (typically 2.5 lpm maximum)
3. average airborne fiber concentrations
4. counting rule range of 20 to 100 fields
5. adequate fiber density to obtain a minimum count of 10 fibers in 100 fields, which is the

least total fiber count that yields an acceptable count precision
6. background airborne particulate levels that can reduce the count precision due to an

obscuring of fibers on the filter surface
The preceding constraints were considered in drawing Figures 1 and 2. These figures were 
developed from the following relationship: 

where: 

FB/FL = 1 to 5 fibers/field 
ECA = effective collecting area of filters (855 mm2 for 37-mm fiilter with effective diameter of 
33 mm) 
MFA = microscope field area (generally 0.003 to 0.006 mm2) 
FR = Pump flow rate (generally 1.0 to 2.5 lpm) 
AC = Air concentration of fibers in fibers/cm3 . 
Figure 1 (microscope field area = 0.003 mm2) and Figure 2 (microscope field area = 0.006 
mm2) show optimum and feasible sampling times for a pump flow rate of 1.7 lpm. Each 
individual responsible for sampling asbestos should prepare a similar chart for his particular 
pump flow rate and microscope field area before sampling is performed to aid in estimating 
proper sampling times. On Figures 1 and 2, the areas with solid shading lines are generally 
the optimum conditions for counting. The broken shading lines are for conditions very close 
to optimal. 
However, feasible counting conditions may extend down to about 0.1 fiber/field and above 
5 fibers/field. Recommended sampling times are most strongly influenced by background 
airborne particulate levels, once all the other constraints have been estimated. For heavy 
particulate levels, it may be necessary to limit each filter to about 60 to 180 minutes 
sampling duration. Each individual responsible for sampling should work closely with the 
microscopist to attain as high as possible filter surface fiber densities (up to about 5 
fibers/field), while avoiding filter surface background particulate levels that create very 
difficult or impossible counting conditions. If one has very little idea of airborne fiber and 
particulate levels, the best procedure is to take several long samples (as. one 8-hour or two 
consecutive 4-hour samples) in conjunction with several short samples (as four consecutive 
2-hour or eight consecutive 1-hour samples). If the longer samples prove very difficult to
count, the microscopist will have the shorter samples to fall back on.
From Figures 1 and 2, it can be seen that there are certain sampling times which will yield
optimum fiber densities on the filter for almost all airborne fiber concentrations from 1 to 10
fibers/cm3. These optimum times have been calculated and are presented in Figure 4. Note

𝑓𝑓𝑑𝑑𝑚𝑚𝑑𝑑𝑒𝑒𝑓𝑓𝑛𝑛𝑎𝑎 𝑡𝑡𝑓𝑓𝑚𝑚𝑓𝑓 =
�𝐹𝐹𝐿𝐿� �𝑀𝑀𝐹𝐹𝐴𝐴�
𝐹𝐹𝐵𝐵 𝐸𝐸𝐶𝐶𝐴𝐴

(𝐹𝐹𝐹𝐹)(𝐴𝐴𝐶𝐶)(1000)𝑚𝑚𝑓𝑓𝑛𝑛𝑛𝑛𝑡𝑡𝑓𝑓𝑓𝑓 
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that the optimum times given by Figure 4 are approximate and can be varied by as much as 
±25%. The nomogram is intended as a guide to be used where no prior knowledge of the air 
concentration is available. 

8.1.4. End of Sampling Period 
Remove the field monitor, replace the plastic top cover and the small end caps, and store the 
monitor. Always shut off the pump when changing monitors to avoid contaminating or 
damaging the pump. Record the pump shutoff time and flow rate in the logbook. 

8.1.5. Blanks 
With each batch (25 to 50 filters) of samples sent for analysis, submit two unopened field 
monitors which have been subjected to the same treatment as the samples except that they 
were not exposed to the sampling environment. Label these as blanks. If the blanks yield fiber 
counts greater than 5 fibers/ 100 fields, then the entire sampling procedure should be 
examined carefully for the cause of contamination. The mounting solution of Section 8.2.1 
should also be examined for contamination and/or crystal growth. 

8.1.6. Shipping 
The field monitors in which the samples are collected should be shipped in a rigid container 
with sufficient packing material to prevent crushing. 

8.1.7. Numbers of Samples 
When sampling for the Federal ceiling standard of 10 fibers (>5 µm)/cm3, [29 CFR 1910-.1001(b) 
(3), effective July 7, 1972], only one sample (15 minutes maximum duration) is necessary, 
theoretically. However, several samples should be taken during expected periods of peak air 
concentrations to allow for detection of gross sampling or counting errors. 
When sampling for determination of noncompliance with the Federal 8-hour TWA standard of 
2 fibers (>5 µm)/cm3, [29 CFR 1910.100l(b) (2)], one should continuously sample as large a 
portion of the work day as is feasible for airborne concentrations of about 2 to 10 fibers/cm3. 
However, for a lower airborne concentration such as 0.5 fiber/cm3, one sample might require 4 
to 8 hours sampling time in order to get the proper filter fiber density (Section 8.1.3). For this 
situation, the 8-hour TWA exposure would be determined from one 8-hour or two 4-hour 
samples as appropriate. 

8.2. Sample Preparation 
8.2.1. Preparation of Mounting Solution 

A very important part of the sample evaluation is the mounting process. This process involves a 
special mounting medium of prescribed viscosity. The proper viscosity is important in order to 
expedite filter dissolving and still minimize particle migration. After the sample has been 
mounted, an elapsed time of approximately sixty minutes is needed before the sample is ready 
for evaluation. 
Combine the dimethyl phthalate and diethyl oxalate in a one to one ratio by volume and pour 
into a Wheaton balsam bottle. Add approximately 0.05 (±0.005) grams of new membrane filter 
per milliliter of solution to reach the necessary viscosity. The mixture must be stirred 
periodically until the-filters have dissolved and a homogeneous mixture is formed. The normal 
shelf life of the mounting solution is about three months. Twenty milliliters of mounting 
solution will prepare approximately 300 samples. 

8.2.2. Sample Mounting 
Cleanliness is important! A dirty working area may result in sample contamination and 
erroneous counts. The following steps should be followed when mounting a sample. 
1. Clean the slides and cover slips with lens tissue. Lay each slide down on a clean surface

with the frosted end up. It is a good practice to rest one edge of the cover slip on the slide
and the other edge on the working surface. By doing this, you keep the bottom surface
(the one which contacts the filter) from becoming contaminated.

2. Wipe all the mounting tools clean with lens tissue and place them on a clean surface
(such as lens tissue). All tools should be wiped clean prior to mounting each sample.
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3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of mounting
solution onto the center of the slide. It may be necessary to adjust the quantity of
solution so that after the cover slip has been placed on top, the solution extends only
slightly beyond the filter boundary. If the quantity is greater than this, particle migration
may occur.

4. Using another glass rod, spread the mounting media into a triangular shape. The size of
this triangle should coincide with the dimension of the filter wedge.

5. Separate the middle and bottom sections of the field monitor case to expose the filter.
Cut a triangular wedge from the center to the edge of the filter using .the scalpel. The size
of the wedge should approximate one-eighth of the filter surface. The filter can be very
carefully removed from the cassette for cutting, but this should only be done with great
care.

6. Grasp the filter wedge with the tweezers on the perimeter of the filter which was
clamped between the monitor case sections. Do not touch the filter with your fingers.
Place the wedge, sample side up, upon the mounting medium.

7. Pick up a clean cover slip with tweezers and carefully place it on the filter wedge. Once
this contact has been made, do not reposition the cover slip.

8. Label the slide with the sample number and current date before proceeding to the next
filter: On the bottom (backside) of the slide, trace the perimeter of the filter wedge with a
felt tip marking pen. This will ·enable the counter, after the filter has become transparent,
to stay within the filter perimeter when counting.

9. The sample should become transparent within fifteen minutes. If the filter appears
cloudy, it may be necessary to press very lightly on the cover slip. This is rarely necessary;
however, counting should not be started until an hour after the mounting. This allows the
microscopic texture of the filter to become invisible to microscope viewing.

10. Discard the sample mount after two days if it has not been counted. Crystals appearing
similar to asbestos fibers may begin to grow at the mounting media/air interfaces. They
seldom present any problems if the slide is examined before two days. In any case, stay
away from the filter's edges when counting and sizing.

8.3. Counting of Fibers 
8.3.1. Place the slide on the mechanical stage of the microscope and position the center of the 

wedge under the objective lens and focus upon the sample. Start counting from one end of 
the wedge and progress along a radial line to the other end (count in either direction from 
perimeter to wedge tip). Random fields are selected, without looking into the eyepieces, by 
slightly advancing· the slide in one direction with the mechanical stage control. 

8.3.2. It is essential to continually scan over a range of focal planes (generally the upper 10 to 15 
micrometers of the filter surface) with the fine focus control during each field count. This is 
especially necessary for asbestos fibers due to their impaction into the filter matrix. 

8.3.3. On most airborne samples, asbestos fibers will generally have fiber diameters less than one 
micrometer. Therefore, it is necessary to look carefully for faint fiber images. 

8.3.4. Regularly check phase ring alignment. 
8.3.5. When an agglomerate (mass of material) covers a significant portion of the field of view 

(approx 1/6 or greater)--reject the field and select another. (Do not include it in the number of 
fields counted.) However, report the fact as it may have meaning on other data collection. 

8.3.6. Bundles of fibers are counted as one fiber unless both ends of the fiber can be clearly resolved. 
8.3.7. Count only fibers with a length to width ratio greater than or equal to 3:1. 
8.3.8. Count only fibers greater than 5 micrometers in length. (Be as accurate as possible in accepting 

fibers near this length.) Measure curved fibers along the curve to estimate the total length. 
8.3.9. Count as many fields as necessary to yield a total count of at least 100 fibers. Exceptions: a) 

count at least 20 fields even if you count more than 100 fibers, and b) stop at 100 fields even if 
you haven't reached 100 fibers. 
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8.3.10. For fibers that cross either one or two sides of the counting field, the following procedure is 
used to obtain a representative count. 
COUNT any fiber greater than 5 micrometers in length that lies entirely within the counting 
area. COUNT as "1/2 fiber" any fiber with only one end lying within the counting area. DO NOT 
COUNT any fiber crossing any two sides. 
Reject and do not count all other fibers. Refer to Figures 5 through 10. Note that the fibers in 
Figures 5 through 10 are not representative of the appearance of most asbestos fibers. Most 
fibers have a very faint image. 

9. Calibration and Standards
9.1. Sampling Train Calibration

The accurate calibration of the sampling pump is essential to the correct calculation of the air 
volume sampled. The frequency of calibration is dependent on the use, care, and handling to which 
the pump is subjected. Pumps must be recalibrated if they have just been repaired, misused, or 
received from the manufacturer. If the pump receives hard usage, more frequent calibration may be 
necessary. Ordinarily, pumps should be calibrated in the laboratory both before they are used in the 
field and after they have been used to collect a large number of field samples. 
The accuracy of calibration is dependent upon the type of instrument used as a reference. The 
choice of a calibration instrument will depend largely on where the calibration is performed. For 
laboratory testing, a 1-liter buret used as a soap bubble flow meter or wet-test meter is 
recommended. Other standard calibrating instruments, such as a spirometer, Marriott's bottle, or 
dry gas meter can be used. The calibration should be of sufficient precision that the 95% confidence 
limits on the flow rate are ±10% (95% of the flow rates will fall within ±10% of the calibrated value). 
Instructions for calibration with the soap bubble flow meter follow. The sampling train used (pump, 
hose, filter cassette) in the pump calibration should be the same as the one used in the field. 

9.1.1. Check the voltage of the pump battery with a voltmeter both with the pump off and while it is 
operating to assure adequate voltage for calibration. If necessary, charge the battery to 
manufacturer's specifications. 

9.1.2. Fill a beaker with 10 ml of soap solution. 
9.1.3. Connect the filter cassette inlet to the top of the buret with a length of hose. 
9.1.4. Turn the pump on and moisten the inside of the soap bubble meter by immersing the open 

end of the buret into the soap solution and drawing bubbles up the inside of the buret. 
Perform this task until the bubbles are able to travel the entire length of the buret without 
breaking. 

9.1.5. Adjust the pump rotameter to provide a flow between 1.5 to 2.5 lpm. 
9.1.6. With a water manometer, check that the pressure drop across the filter is less than 13 inches of 

water (about 1 inch of mercury). 
9.1.7. Start a soap bubble up the buret and measure the time it takes for the bubble to travel a 

minimum volume of 1 liter. 
9.1.8. Repeat the procedure in 9 .1. 7 at least three times, average the results, and calculate the 

calibrated flowrate by dividing the volume traveled by the soap bubble by the elapsed time. If 
the range between the highest and lowest of the three flow rates is greater than about 0.33 
lpm, then the calibration should be repeated since it is likely that the precision is not adequate. 

9.1.9. Data required for the calibration include the volume measured, elapsed time, pressure drop, air 
temperature, atmospheric pressure (or elevation), pump serial number, date, and name of 
person performing the calibration. 

9.1.10.  Corrections to the flow rate for pumps with rotameters may be necessary if the pressure 
(elevation) or temperature where the samples are collected (actual flow rate) differs 
significantly from that where the calibration was performed (indicated flow rate). Actual flow 
rates at time of sampling may be calculated for a linear scale rotameter by using the following 
correction formula:  
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where both pressure (P) and temperature (T) are in absolute units such as: 
psia = psig + 14.7 
deg Rankin = deg Fahrenheit + 460 
deg Kelvin = deg Celsius + 273 

9.2. Microscope Setup 
9.2.1. Porton Reticle and the Counting Field 

The asbestos fiber count procedure consists of comparing fiber length to the diameters of 
calibrated circles of a Porton reticle, and counting all fibers greater than 5 micrometers in 
length lying within a given counting field area. The Porton reticle is a glass plate inscribed with 
a series of circles and rectangles. The left half of the reticle is divided into six rectangles 
constituting the counting field. The counting field is illustrated in Figures 5 through 10. 

9.2.2. Placement in Eyepiece 
The Porton reticle is placed inside the Huygenian eyepiece where it rests on the field limiting 
diaphragm. If other types of eyepieces are used, it may be necessary to insert a counting collar 
for retaining the reticle. The reticle should always be kept clean, since dirt on the reticle is in 
focus and could complicate the counting and sizing process. 

9.2.3. Stage Micrometer 
The Porton reticle cannot be used for counting until it has been properly calibrated with a 
stage micrometer. Most stage micrometer scales are approximately two millimeters long and 
are divided into units of one-hundredth of a millimeter (ten micrometers). 

9.2.4. Microscope Adjustment 
When adjusting the microscope, follow the manufacturer's instructions while observing the 
following guidelines. 
1. The light source image must be in focus and centered on the condenser iris or annular

diaphragm.
2. The particulate material to be examined must be in focus.
3. The illuminator field iris must be in focus, centered on the sample, and opened only to

the point where the field of view is illuminated.
4. The phase rings (annular diaphragm and phase-shifting elements) must be concentric.

9.2.5. Porton Reticle Calibration Procedure 
Each eyepiece-objective-reticle combination on the microscope must be calibrated. Should 
any of the three be changed (disassembly, replacement, zoom adjustment, etc.), the 
combination must be recalibrated. Calibration may change if interpupillary distance is 
changed. For proper calibration, the following procedure should be followed closely. 
With a 10X objective in place, place the stage micrometer on the mechanical stage, focus the 
millimeter scale, and center the image. Change to the 40-45X objective and adjust the first 
millimeter scale division to coincide with the left boundary of the Porton rectangle. Measure 
the distance between the left and extreme right boundaries of the Porton rectangle, 
estimating any portion of the final division. This measurement represents 200 L units. The 
rectangle is 100 L units on the short vertical dimension. The calculated "L" is inserted into the 
formula D = L(2N)1/2 where "N" is the circle number (indicated on the reticle) and "D" is the circle 
diameter. Since the circle diameters vary logarithmically, every other circle doubles in 
diameter. For example, circle number three is twice the diameter of number one; number four 
is twice the diameter of number two. When the circle sizes have been determined, the 
counting field area which consists of the left six smaller rectangles can be calculated from the 
relation 10,000 L2. This completes the reticle calibration for this specific objective-eyepiece- 
reticle combination. 

𝑄𝑄𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑐𝑐𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖��
𝑃𝑃𝑐𝑐𝑎𝑎𝑎𝑎
𝑃𝑃𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
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Example for Porton Reticle 
The following calibration was obtained for a pair of 10X Huygenian eyepieces and a 43X 
objective: 

200 L = 0.148 mm = 148 micrometers 
100 L = 0.074 mm = 74 micrometers 
One L-unit = 0.74 micrometers 

Thus Circle #1 has a diameter D = L(2N)1/2 = 0.74(21)1/2 = 0.74 (1.414) = 1.05 micrometers. 
Then our circle diameter calibration table looks like: 

Diameter of Circle #1 = 1.05 micrometers 
        #2 = 1.48 

#3 = 2.09 
#4 = 2.96 
#5 = 4.19 
#6 = 5.92 

Field area = (10,000) (L2) = (100 L) (100 L) = (0.074) (0.074) = 0.0055 mm2 
Thus fibers with a length greater than a distance halfway between the diameters of the #5 and 
#6 circles would be counted. 
If a Patterson Globe and Circle reticle is used, a different calculation procedure is required. The 
circle diameters are related as follows. The #25 circle diameter is (0.1) (reticle length). 
The circle diameters are proportional to the ratio of their numbers. Thus the #20 circle 
diameter is (20/25) or 0.8 times the #25 circle diameter. 

10. Calculations
10.1. The average airborne asbestos fiber concentration estimated by the filter sample may be calculated

from the following formula: 

𝐴𝐴𝐴𝐴 =
��𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹� − �𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵�� (𝐸𝐸𝐸𝐸𝐸𝐸)

(1000)(𝐹𝐹𝐹𝐹)(𝑇𝑇)(𝑀𝑀𝑀𝑀𝑀𝑀)
where:· 
AC = Airborne fiber concentration in (fibers >5 µm)/cm3. 
BFB = Total number of fibers counted in the BFL fiels of the blank or control filters in fibers >5 µm. 
BFL = Total number of fields counted on the blank or control filters. 
ECA = Effective collecting area of filter (855 mm2 for a 37-mm filter with effective diameter of 33 
mm). 
FR = Pump flow rate in liters/min (lpm). 
FB = Total number of fibers counted in the FL fields in fibers >5 µm. 
FL = Total number of fields counted on the filter. 
MFA = Microscope count field area in mm2 (generally 0.003 to 0.006). 
T = Sample collection time in minutes. 

10.2.  Recount criteria. It is very desirable for a counter to conduct a "blind recount" for about 1 in every 
10 filter wedges (slides) counted. Alternatively, a second counter could perform the blind recount. 
In training sessions for novice counters, the trainee should conduct a blind recount for filter wedges 
counted by an experienced, proficient counter. In all cases, we will observe differences between the 
first and second counts of the same filter wedge. Most of these differences will be due to chance 
alone, that is, due to the random variability (precision) of the count method. Statistical recount 
criteria enable us to decide whether observed differences can reasonably be explained due to 
chance alone or are probably due to systematic differences between counters or microscopes or 
due to some other biasing factor. 
The following recount criterion is for a pair of counts that estimate some airborne fiber 
concentration (AC) in fibers/cm3. The criterion is given at the type-1 error level. That is, there is a 5% 
maximum risk that we will reject a pair of counts for the reason that one might be biased, when the 
large observed difference is really due to chance. 



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 3, dated 14 June 2019 - Page 36 of 40 

NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

Reject a pair of counts because one might be biased if: 
(𝐴𝐴𝐴𝐴2 − 𝐴𝐴𝐴𝐴1) 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 2.77(𝐴𝐴𝐶𝐶����)(𝐶𝐶𝐶𝐶𝐹𝐹𝐹𝐹)

where: 
AC1 = lower estimated airborne fiber concentration 
AC2 = higher estimated airborne fiber concentration 
𝐴𝐴𝐴𝐴���� = average of the two airborne concentration estimates 
CVFB = average CV for the two concentration estimates which are a function of the total fiber count 
(FB) in each case. Use the relation in Section 4 or Figure 3. 
For a pair of counts on the same filter, reject the pair because one might be biased if: 

(𝐹𝐹𝐹𝐹2 − 𝐹𝐹𝐵𝐵1) 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 2.77(𝐹𝐹𝐹𝐹����)(𝐶𝐶𝐶𝐶𝐹𝐹𝐹𝐹− )
where: 
FB1 = lower fiber count on the filter (total fibers) 
FB2 = higher fiber count on the filter (total fibers) 
𝐹𝐹𝐹𝐹���� = average of the two total fiber counts 
𝐶𝐶𝐶𝐶𝐹𝐹𝐹𝐹−  = CVT for the value FB. Use the relation in Section 4 or Figure 3. 
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Figure 1 Optimum Sampling Times for airborne asbestos where microscopic field area = 0.003 mm2 
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Figure 2 Optimum sampling times for airborne asbestos where microscopic field area = 0.006 mm2 

Figure 3 Total coefficient of variation as a function of total fiber count 
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Figure 4 Nomogram of optimum sampling times for airborne asbestos fibers in concentrations of 1 to 10 fibers/cm3 

Figure 5 DO NOT COUNT. Fiber crosses top and bottom sides. 

Figure 6 COUNT. One fiber. 
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Figure 7 COUNT. One-half fiber. Fiber crosses left side and one end lies within the count area. 

Figure 8 COUNT. One-half fiber. Fiber crosses bottom side and one end lies within count area. 

Figure 9 DO NOT COUNT. Fiber crosses two sides. 

Figure 10 DO NOT COUNT. Fiber crosses two sides (bottom left corner). COUNT. One-half fiber. Fiber crosses bottom side and one end lies 
within count area. COUNT. One fiber (top right corner). 
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Standard Operating Procedure #2 

Title Air Sampling Protocols for Interior Abatement of Asbestos Containing Materials (ACM) 

Description This Standard Operating Procedure (SOP) outlines how REST, LLC, will meet the New York 
State Department of Labor (NYS DOL) requirements for all asbestos projects performed in 
New York state which are subject to Part 56 Title 12 of the Official Compilation of Codes, 
Rules and Regulations of the State of New York (Cited as 12 NYCRR Part 56) 

Link to NYS DOL code 
rule: 

https://dol.ny.gov/system/files/documents/2023/12/icr56.pdf; 

Effective Date / Updated January 31, 2019 
Cancellation Date N/A 
Replaced by P&P # N/A 

Qualifications of Air 
Sampling Personnel 

REST Project Monitors/Air Sampling technicians are trained and certified yearly by NYS 
Department of Health (NYS DOH). 

Sample Analysis Method The NIOSH 7400 Method is the standard used for measuring the concentration of asbestos 
and other fibers in the air. It uses Phase Contrast Microscopy (PCM) to analyze samples 
collected on approved cassettes and shall be used at all phases of an asbestos project which 
require air sampling and analysis. 

Laboratory Accreditation All laboratories used by REST for sample analysis shall be accredited by both the National 
Voluntary Laboratory Accreditation Program (NVLAP) and the New York State Department 
of Health Environmental Laboratory Accreditation Program (ELAP) 

Duration, Flow Rate and 
Calibration 

For interior abatement air sampling, the samples shall be collected for the entire work shift, 
with a minimum flow rate capacity of two (2) liters per minute (LPM) and a maximum flow 
rate consistent with the applicable accepted air sampling and analysis methodology. 

The flow rate for each air sample shall be pre-calibrated and post-calibrated at the beginning 
and end of each work shift. 

Standard Placement of 
Air Samples 

NYS DOL has minimum requirements. Air sampling equipment shall be in place prior to the 
start of work activities and located as follows: 

• Personal Decontamination Unit Entrance
• Personal Decontamination Unit Exit (Remote Decon Only)
• HEPA Exhaust – one per negative air exhaust or bank of 5 exhausts.
• Adjacent #1 critical barrier
• Adjacent #2 critical barrier
• Ambient Air
• Two Field Blanks

It is important to note that a site-specific variance can impact the actual number of samples 
that are required. REST will make appropriate adjustments as needed based on the site-
specific variance. 

Standard Sample labeling Per project REST will utilize a sequential number scheme starting with 01. 

ROME ENVIRONMENTAL SOLUTIONS & TESTING, LLC 

https://dol.ny.gov/system/files/documents/2023/12/icr56.pdf
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Qualification of Air 
Sampling personnel 

All project air sampling shall be conducted by an asbestos project monitor/air sampling 
technician who has been trained in the selected methodology of air sampling and who 
possesses an asbestos project air sampling technician certificate issued by NYS DOH. 

All of REST Project Monitors/Air Sampling Technicians are trained and certified annually by 
NYS DOH. 

Equipment used for air 
sampling 

• PCM Air Cassettes 25 mm filter, Pore Size 0.8u (Micro)
• Battery air pump – Gillian BDX II; Adjustable Flow 0.2–3 Liters Per Minute (LPM)
• High Volume battery air pump – Super Vac; Adjustable Flow 2.0 – 12.0  LPM 
• Electric air pump – EMS ePro HD; Adjustable Flow of 2–30 LPM

• All air pumps are calibrated at the start of the sample period and at the end of 
the sample period using a rotameter.

• GFCI Ext Cord 2 ‘with 3-way plug; UL rainproof rated for outdoor use. Complies
with all OSHA regulations.

• 5/16-inch O.D. polyethylene tubing
• Telescopic Air Sampling Stands
• Environmental Monitoring System (ems) Rotameter – 1-20 LPM; Calibrated every 3

months

Standard Protocol 

REST will have the air sampling technician on-site to observe and maintain air sampling 
equipment for the duration of air sample collection. 

• At the start of the shift the project monitor/air technician will fill out an air sample
analysis sheet/chain of custody (sample log) that includes the client/job information,
the project monitor/air technician information and the Rotameter number/calibration
date.

• The air sample cassette is numbered with a Sharpie non erasable marker and placed
on a 4-foot-tall stand at a 45-degree angle.

• Each air sample shall be placed in accordance with the above standard placement of
air samples and/or the Site-Specific Variance.

• At the beginning of each shift, each sample will be pre-calibrated by attaching the
PCM Cassette to a calibrated rotameter and adjusted for the appropriate flow rate
and documented on the sample log.

• If an electric air sampling pump is utilized it is to be plugged into an OSHA
approved GFCI extension cord.

• The air sample will be run the entire time that the controlled demolition site has
active work being performed.

• At the end of the shift, the sample will be attached to the same rotameter and the
post-calibrated flow rate will be documented on the sample log. The average of the
two readings shall be used in calculating the total liters of air collected.

• The sample will be capped and placed in a large plastic sealable bag with the
completed and signed air sample analysis chain of custody document.

• The plastic bag is placed in a shipping bag and sent overnight to an approved
NVLAP/ELAP laboratory.

• The laboratory will sign the chain of custody and email the results back to REST
within 48 hours of sample collection.

• REST will provide hard copies of the air sample results on site and also will be
available electronically.
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