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3 Project Description

This Flambeau Project monitoring and quality assurance plan has been developed for the
operation and long term care/maintenance phase in response to NR 132.06(3)(d), NR
182.08(2)(e)(8) and NR 182.09(2)(a)7 and the project’s long term care and maintenance phase in
response to NR 132.08, NR 182.09, NR 182.16 and NR 182.19. This monitoring will cease when
site closure has been completed.

Operation and long term care/maintenance phase monitoring includes individual programs for
groundwater, Type I stockpile exfiltrate, surface water, terrestrial ecology, total suspended
particulate (TSP), asbestiform minerals, meteorology and pit inflows, as well as effluent
discharges to surface water.

Monitoring during the long-term care and maintenance phase of the project will include
groundwater monitoring of wells located in the backfilled pit and outside the pit area, water level
measurements in selected wells, surface water monitoring (to include sediments,
macroinvertebrates, fish as well as water quality) and monitoring of vegetation and wildlife (see
Appendix B for sampling location).

Pursuant to the approved Mining Permit Conditions, Part 4, Section 8, the quality assurance
documents are required to be submitted to the Wisconsin Department of Natural Resources
(WDNR or the Department) at least 90 days prior to implementation of an element of the
monitoring plan. A document titled Revised Mining Permit Quality Assurance/Quality Control
Document was submitted to the Department in August of 1991 to satisfy these requirements.
Due to a change of laboratories for some of the monitoring and a change in some of the duties
by the responsible parties, this document was prepared for the operation and long term phases of
this project. This document is intended to satisfy those requirements. Contained within are
methodologies for sample collection, handling and analyses as well as monitoring data reporting
and evaluation procedures. Other elements of this plan will specify equipment calibration and
preventive maintenance procedures.

This quality assurance plan is structured to meet the intent of the Department’s requirement for
quality assurance documents and the United Stated Environmental Protection Agency’s
(USEPA’s) guidelines and specifications for preparing quality assurance project plans.

[32-15]93F019 Operational Phase and Long Term Care Quality Assurance Plan Foth & Van Dyke * 1
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4 Organization and Responsibility

This section of the quality assurance plan will describe the organization and responsibilities for
field operations and laboratory operations.

4.1 Field Operations

Field monitoring and sample collection activities will be performed by personnel from Flambeau
Mining Company or their subcontractors. Field operations will generally consist of sample
procurement and ancillary activities, measurement of sample characteristics, sample filtration,
sample preservation, sample documentation and recordkeeping, as well as sample shipment to
the laboratory for analysis.

The field operations staff structure is shown on Figure 4-1. The key field operations positions
are shown along with lines of authority. Individual members of the project team are responsible
for project quality assurance activities on a day-to-day basis. A quality assurance officer is
assigned to the project and is responsible to assure that:

. Appropriate project QC protocol is used.

. Project records are maintained in accordance with this plan and/or standard operation
procedures.
. The intent of this quality assurance plan is carried out as described.
4.2 Laboratory Operations

Laboratory analytical activities will be performed by the Northern Lake Service Inc. (NLS)
except for the following analytical activities which will be performed by Superior Testing
Laboratories of Superior, Wisconsin (Superior):

. Total suspended particulate (TSP)

and the following analyses which will be performed by Wisconsin Occupational Health
Laboratory (WOHL).

. Asbestiform analysis

NLS is an NR 149 certified laboratory. A copy of their DNR certification is included in
Appendix A. A copy of NLS’s quality assurance plan is also included in Appendix A. Flambeau
Mining Company will expect NLS to undertake their analytical activities in accordance with the
requirements of their quality assurance plan.

For the laboratory work highlighted above, which will be performed by Superior, the quality
assurance requirements are described in Appendix E.

For the laboratory work performed by WOHL, the quality assurance requirements are described
in Appendix J.

[32-15]93F019 Operational Phase and Long Term Care Quality Assurance Plan Foth & Van Dyke * 2
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Figure 4-1

Quality Assurance Plan Organization
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5 Quality Assurance Targets for Precision, Accuracy and Method Detection
Limits

The purpose of quality assurance objectives is to define the precision and accuracy targets as well
as the method detection limits which will be used for both laboratory and field measurement
data.

All measurements must be made such that results are representative of the media (air, water,
biota, etc.) and conditions being measured. Unless otherwise specified, data will be calculated
and reported in consistent units from one sampling event to the next. Metals results for SOlld
samples, i.e., tissue, sediment and soil will be reported on a dry-weight basis.

Data quality objectives for accuracy and precision for each measurement parameter will be based
on the measurement system employed and the requirements of this plan.

Quality assurance objectives for field measurement data are found in Table 5-1 while those for
laboratory data are found in Table 5-2.

[32-15]93F019 Operational Phase and Long Term Care Quality Assurance Plan Foth & Van Dyke ° 4
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Table 5-2

Quality Assurance Objectives for Laboratory Measurement Data

Parameter Natrix Method Precision | Accurac NDI, HOLDTIME RES ) vor.
pH Water | 150.1(A) 20 =~ | __N/A__| 28 hr N/A 10 (P)
TDS Watar 160.1(A) 20 - 2 _mg/L 48 hr 4 C 200(P)
Iron Watexr 6010 (B) 34 111-88 | 0.015 mg/L 6 mo |HNO3,PH<2 | 1000(P)

Sadiment 6010(B}) 20 120-~80 1.5 mg/kg 6 mo 4 ¢ 1000(P)
Fish * 3o 140-60 1.5 mg/kg 6 _mo 24 Cc Jww
Manganese Water 6010(B) 12 111-86 0.004 mg/L 6 mo HNO3,PH<2 | 1000(P)
Sediment | 6010(B) 20 120-80 0.4 mg/ky 6 mo 4cC 1000(P)
Fish bl 30 140-60 0.4 mg/kg & mo 4 C bl
| Sulfate Water 375.4(A) 20 120-80 2 mg/L 28 dy écC 20
Copper Water 6010 (P) 5 115-82 0.012 mg/L 6 mo HRO3,PH<2 | 1000(P)
Bediment | 6010(P) 20 120~80 1.2 nmg/kg 6 mo 4 c 1000 (»)
Fish * 30 140=60 1.2 mg/kg 6 mo 4 cC 1080(P)
Fauna aad 30 140-650 6 mo 4 C b hodud
Total Water 310.1{A) 20 103-95 2 mg/L 14 dy 4 C 100(P)
Alka-
linity .
Total Water 130.2(a) 9 106-93. 2 mg/L 6 mo HNO3, PH<2 100({P)
Hardness
Arsenic Water 206.2(D) 20 133-74 2 ug/L 6 mo |HNO3,PH<2 | 1000(P)
Sediment | 206.2(D) 20 120-80 0.2 mg/kg 6 mo 4 cC 1000 (P)
Fish * 30 140-60 0.2 mg/kg 6 mo 4 c ’
Fauna buad 30 140-60 6_mo 4 C Z
Baxium Hater 6010(B) 8.6 115-88__ | 0.015 mg/L | 6 mo__ |HNO3,pH<2| 1000(P)
Cadmium Water 213.2(b) 25 13066 0.2 ug/L € mo |HNO3,PH<2{ 1000(P)
Sediment | 213.2(D) 20 120-80 20 ug/kg 6 mo 4 cC 1000(P)
Fish * 30 140-60 20 ug/kg 6 mo 4 C LA
Fauna Yew 30 140=-60 ' 6 mo 4 C hdded
Chromium Water 218.2(D) 17 123~78 1 ug/L 6 mo HNO3,PH<2 | 1000(P)
Sediment | 218.2(D) 20 120-80 100 ug/kg 6 mo 4 C 1000(¢P)
Fish * 30 140-60 100 ug/kg 6 mo 4c "hw
Fauna ke a0 140-50 6§ mo 3 C B
Lead Water 239.2(D) 11 130-68 1l ug/L 6 mo HNO3, PH<2 1000(P)
Sediment | 239.2(D)} 20 120-80 100 ug/kg 6 mo 4 C 10¢0(P)
Fish * 30 140~60 100 ug/kg 6 mo 4 ¢ LA A
Fauna ol 30 140-60 6_mo 4 C kil
Mercury Water 245.1(D) 28 125~76 0.2 ug/L 6 mo HNO3,PH<2 | 1000(P)
Sediment | 245.1(D) 20 120-80 20 wg/kg 6 mo 4 C 1000(P)
Fish * 3o 140-60 20 ug/kg 6 mo 4 ¢ *Hh
Fauna il 30 140-60 6 mo 4 C oudud
Selenium Water 270.2(D) 16 1581-39 2 ug/L & mo HNO3,PH<2 | 10Q0(P)
Sediment | 270.2(D} 20 120-80 200 ug/kg 6 mo 4 C 1060(P)
Fish * 30 140-60 200 ug/kg 6 mo 4cC L
Fauna * 30 140-60 6_mo 4 C *hk
Silver Water 272.2(D) 20 111-71 0.5 ug/L 6 mo HNO3,PH<2 | 1000(P)
Sediment | 272.2(D) 20 120~80 50 ug/kg 6 mo 4 c 1000(P)
Fish v 30 140-60 50 ug/kg 6 mo 4 C o
Fauna hdd 30 140-60 6 mo 4 C bobd
Nickel | Sediment | 249.2(D) 20 120-80 10 ug/L 6 mo |HNO3,PH<2| 1000(P)
Fish w 20 120-80 1 mg/kg 6 mo 4 C LA
Fauna W 30 140~-60 6_mo 4 C il
Zinc Water 289.2 (D) 20 120-80 0.5 ug/L 6 mo HNO3,PH<2 | 1000(P)
Sediment | 289.2(D) 20 120-80 50 ug/kg 6 mo 4 C 1000(P)
Fish * 30 140-60 50 ug/kg 6 mo 4 cC wxw
Fauna * 30 140-60 6 _mo 4.C bukadd
Aluminum | Sediment 6010(B) 20 120-80 0.034 mg/L 6 mo HNO3 ,PH<2 1000(P}
Fish * 30 140-60 3.4 mg/kg 6 mo 4 C *ah
Fauna * 30 140-60 6 mo 4 C bl

Particle | Sediment D1140, 25 N/A 1 N/A N/A 500 gm

Size D442 (E)




Table 5-2 (cont.)

% Vol. Sediment | 160.2(A) 20 120-80 2% DWB 7 Qy 4 C 200(Pp)
Solidse 160.4(A)
Total Glass 091(1) N/A Flow +/= | 0.0005 gm N/A N/A
Suspanded Fibar 11101¢2) 9%,
Partic=- Filter Weight
ulates +/1 3.3=5
mg,
Conc., +/1
l.65=-2.5
g /m3
Asbestos Mixed 7400(3) 0.10 to |80 to 100 0.25 um N/A N/A 50~150
Cellulose 0.12 fibers eublic
Ester fest of
Filter &ir
" Arssnic Glaps 206.2(Aa) 20 120-80 0.0000158 N/A None
Fibexr uq/m3
Fliter _
Chromium Glass 200.7(A) 20 120-80 0.00002158 N/A None
Fiber ug/m3
Filter
Cadmium Glaas 200.7(A) 20 120-80 0.00000475 N/A None
Fiber ug/m3
Filter
Berrylium Glass 200.7(n) 20 120=-80 0.00000316 N/A None
Fiber ug/m3
Filter
Rickel GClass 200.7(a) 20 120-80 0.000158 N/A None
Fiber ug/m3
Filter
Mercury Glass 200.7(A) 20 120-80 0.00000791 N/A None
Fiber ug/m3
Filter

Method 620.2(C)/6010(B)

* Method 620.1(C)/6010(B)

** See Tables 6-5,6-6,6-15,6-16,6-17

(A} Methods for Chemical Analyses of Water and Wastes,

(B) SW B4é Test Methods for Evaluating Solid Wastes, Ph
{C) Wisconsin State Laboratory of Hygiene Method for Sa
(D) USEPA Contract Laboratory Program Statement of Work

(E) ASTH Method,
(P) Plastic Container.

T

Sediment Results reported on dry weight basis.
Fish results reported on an "as received" basis.

1 EPA Method No.
EPA Parameter No.
NIOSH Method taken from USEPA document No. EPA-600/2-77-478.

N/A = Not Applicable

EPA 600/4-70-020, revised March 1983.

ysical/Chemical Methods, Third Edition.
mple Preparation.
for Inorganic Analysis, July 1988.

6a




6 Sampling Procedures
Sampling procedures for this project are described in this section of the quality assurance plan.
6.1 Samples/Measurements

Samples to be collected and/or measurements to be made are detailed in Tables 6-1 through
6-18.

6.2 Cleaning/Decontamination Procedures

Sufficient clean equipment should be transported to the field such that field cleaning is
minimized. Equipment that is transported to the field shall be precleaned and ready to use.

Equipment is cleaned prior to transportation to the site according to the following scheme:

. Wash with hot, soapy water.

. Scrub with brush (if necessary).

. Rinse thoroughly with tap water.

. Rinse thoroughly with deionized water.

. Air dry completely.

. Store in a manner to minimize contamination.

When decontamination is necessary, the following procedure is to be used:

. Wash thoroughly with Alconox® and water using a brush (if necessary) to remove
heavy contamination.

. Rinse with water from a documented source.
. Rinse with deionized water from a documented source.
. Allow equipment to air dry.

Records will be maintained which indicate date and method of cleaning. This documentation
will be recorded in the field notebook (when equipment is decontaminated in the field) and in
the equipment service/maintenance record when cleaning is performed in-house.

6.3 Sampling Containers
Sample containers (when needed) will be provided by the laboratory. The laboratory will provide

new containers for samples and shall be able to substantiate the source(s) of containers used on
the project.

[32-15]93F019 Operational Phase and Long Term Care Quality Assurance Plan Foth & Van Dyke * 7
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Table 6-1

Groundwater Sampling
(Operation Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters

Quarterly

MWI1000R

Groundwater Elevation (Field)

(January, April, July, October) MW1000P Specific Conductance (Field)

MW1002 pH (Field)

MW1002G pH (Lab)

MW1004 Total Dissolved Solids
MW1004S Iron

MW1004P Manganese

MW1005 Sulfate

MW1005S Copper

MW1005P Total Alkalinity

MW1010P Total Hardness

Color (Field)
Odor (Field)
Turbidity (Field)

[32-15/14193F019



Table 6-2

Groundwater Elevation
(Operation Phase)
Flambeau Mining Company

Measurement

Frequency Location Parameters

Quarterly MW1001 Groundwater Elevation
(January, April, July, October) MWI1001G

MW1001P
MW1003
MW1003P
PZ1006
PZ1006G
PZ1006S
PZ1007S
PZ1008
PZ1008G
PZ1009
PZ1009G
PZ1011
PZ1012
PZR1
PZS1
PZS3
Sand Point
ST-9-23
ST-9-23A
ST-9-26
PZ-1A
PZ-1B
ow-7
OwW-10
OwW-39
OwW-42
ow-43

[32-15/14]93F019



Table 6-3

Type | Lysimeter and Type Il Leachate Sampling

(Operation Phase)
Flambeau Mining Company

Frequency

Sampling Location

Parameters

Quarterly
(January, April, July, October)

Quarterly
(January, April, July, October)

CL-1

MH-2

pH (Lab)

pH (Field)

Specific Conductance (Field)
Total Chromium

Copper

Iron

Manganese

Sulfate

Total Dissolved Solids
Total Alkalinity

Total Hardness

Volume of Liquid Removed

pH (Lab)

pH (Field)

Specific Conductance (Field)
Copper

Iron

Manganese

Sulfate

Total Dissolved Solids
Total Alkalinity

Total Hardness

Volume of Liquid Removed

[32-15/14]93F019
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Table 6-4

Sediment Sampling
(Operation Phase)
Flambeau Mining Company

Frequency

Sampling Location Parameters

Annually (May)

S-1
S-2
S-3

Particle Size
% Volatile Solids
Iron

Manganese
Aluminum
Arsenic
Silver
Nickel
Cadmium
Chromium
Copper
Lead
Mercury
Selenium
Zinc

Sample Locations:  S-1
S-2

S-3=

[32-15/14]193F019

Blackberry Lane (Upstream of Site)
Old Port Arthur Dam Site (Downstream of Site)
Sisters Farm (Downstream of Site)
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Table 6-5

Fish Sampling
(Operation Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters

Annually (Low Flow Period) F-1 Fillets (w/skin on)
F-2 Total Mercury
Livers
Aluminum
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Zinc
Selenium
Nickel
Silver
Iron
Manganese

Number of Walleyes to be Collected by Size at Each Sampling Location: 10"-12" -
12"_15" -
15"_18" -
18"_22“ -
>22"

g W DD

Location of Sampling: F-1
F-2

Ladysmith Flowage (Upstream of Site)
Thornapple Flowage (Downstream of Site)

[32-15/14]93F019 12



Table 6-6

Macroinvertebrate Sampling
(Operation Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters

Annually M-1(1) Aluminum
M-2(1) Arsenic
M-3(1) Cadmium

Chromium
Copper
Lead
Mercury
Zinc
Selenium
Nickel
Silver

(1) - 25 Crayfish or more will be composited at each sampling location.
Location of Sampling: M-1 = Blackberry Lane (Upstream)

M-2 = Above Mouth of Meadowbrook Creek (Downstream)
M-3 = OlId Port Arthur Dam Site (Downstream)

[32-15/14]93F019
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Table 6-7

Macroinvertebrate Fauna Sampling
(Operation Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters
Annually (Autumn) M-1 Lowest Taxonomic Level(1)
M-2
M-3

(1) - Sampling and evaluation will follow procedures outlined in Hilsenhoff (1987), "An Improved Biotic
Index of Organic Stream Pollution™.

Location of Sampling: M-1 = Blackberry Lane (Upstream)
M-2 = Above Mouth of Meadowbrook Creek (Downstream)
M-3 = Old Port Arthur Dam Site (Downstream)

14
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Table 6-8

Wetland Surface Flows
(Operation Phase)
Flambeau Mining Company

Frequency Measurement Location Parameters

Monthly (March-December) WT-1 Water Levels
WT-2
WT-3
WT-4
WT-5

[32-15/14]93F019
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Table 6-9

Groundwater Sampling
(Long-term Care/Maintenance Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters
Quarterly Well Nests: Specific Conductance (Field)
(January, April, July, October) MW1002 pH (Field)
MW1004 pH (Lab)
MW1005 Total Dissolved Solids
Well: Total Alkalinity
MW1000P Total Hardness
MWI1000R Iron
MW1010P Manganese
Copper
Sulfate

Groundwater Elevation (Field)
Color (Field)

Odor (Field)

Turbidity (Field)

[32-15/14]193F019
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Table 6-10

Groundwater Sampling
(Long-term Care/Maintenance Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters
Annually (July) Well Nests: Specific Conductance (Field)
MW1002 pH (Field)
MW1004 pH (Lab)
MW1005 Total Dissolved Solids
Well: Total Alkalinity
MW1000P Total Hardness
MWI1000R Iron
MW1010P Manganese
Copper
Sulfate
Arsenic
Barium
Cadmium
Total Chromium
Lead
Mercury
Selenium
Silver
Zinc

Groundwater Elevation (Field)
Color (Field)

Odor (Field)

Turbidity (Field)

{32-15/14]193F019 17



Table 6-11

Groundwater Quality .

(Long-term Care/Maintenance Phase)

Flambeau Mining Company

Frequency

Sampling Location

Parameters

Quarterly
(January, April, July, October)

For two years (i.e., eight quarters)

MW1013P
MW1013G
MW1014P
MW1014G

Groundwater Elevation (Field)
Specific Conductance (Field)*
pH (Field)

pH (Lab)

Total Dissolved Solids

Total Alkalinity

Total Hardness

Iron

Manganese

Sulfate

Copper

Color (Field)

Odor (Field)

Turbidity (Field)

[32-15/14]93F019
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Table 6-12

Groundwater Monitoring
(Long-term Care/Maintenance Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters
Annually (July) MW1013P Groundwater Elevation (Field)
MWI1013G Specific Conductance (Field)
MW1014P pH (Field)
MW1014G pH (Lab)

Total Dissolved Solids
Total Alkalinity
Total Hardness
Iron

Manganese
Copper

Sulfate

Arsenic

Barium
Cadmium

Total Chromium
Lead

Mercury
Selenium

Silver

Zinc

Color (Field)
Odor (Field)
Turbidity (Field)

19
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Table 6-13

Groundwater Elevations
(Long-term Care/Maintenance Phase)
Flambeau Mining Company

Mecasurement
Frequency Location Parameters

Quarterly* MW1001 Groundwater Elevation
(January, April, July, October) MWI1001G
MWI1001P
MW1003
MW1003P
PZ1006
PZ1006G
PZ1006S
PZ1007S
PZ1008
PZ1008G
PZ1009
PZ1009G
PZ1011
PZ1012
PZR1
PZS1
PZS3
Sand Point
ST-9-23
ST-9-23A
ST-9-26
PZ-1A
PZ-1B
Oow-7
Ow-10
OwW-39
Oow-42
Oow-43

* Until water levels stabilize.

132-15/14]93F019



Table 6-14

Sediment Sampling
(Long-term Care/Maintenance Phase)
Flambeau Mining Company

Frequency

Sampling Location

Parameters

Annually* (May)

*For two years after cessation
of discharge from wastewater

treatment facilities.

S-1
S-3

Particle Size
% Volatile Solids
Iron
Manganese
Aluminum
Arsenic
Silver
Nickel
Cadmium
Chromium
Copper
Lead
Mercury
Selenium
Zinc

Sample Locations:  S-1
S-3

[32-15/14]93F019

Blackberry Lane (Upstream of Site)
Sisters Farm (Downstream of Site)
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Table 6-15

Fish Sampling

(Long-term Care/Maintenance Phase)

Flambeau Mining Company

Frequency Sampling Location

Parameters

Annually* (Low Flow Period) F-1
F-2

*For two years after cessation
of discharge from wastewater
treatment facilities.

Fillets (w/skin on)
Total Mercury

Livers

Aluminum
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Zinc
Selenium
Nickel
Silver

Iron
Manganese

Number of Walleyes to be Collected by Size at Each Sampling Location:

Location of Sampling: F-1 = Ladysmith Flowage (Upstream of Site)
F2 =

[32-15/14]93F019

10"'12" -
12"-15" -
15"-18" -
18"-22" -
>22"
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Table 6-16

Macroinvertebrate Sampling
(Long-term Care/Maintenance Phase)
Flambeau Mining Company

Frequency Sampling Location Parameters

Annually M-1(1) Aluminum
M-2(1) Arsenic
(Until notice of completion M-3(1) Cadmium
of reclamation is issued.) Chromium
Copper
Lead
Mercury
Zinc
Selenium
Nickel
Silver

(1) - 25 Crayfish or more will be composited at each sampling location.
Location of Sampling: M-1 = Blackberry Lane (Upstream)

M-2 = Above Mouth of Meadowbrook Creek (Downstream)
M-3 = Old Port Arthur Dam Site (Downstream)

[32-15/14193F019



Table 6-17

Wetland Surface Flows
(Long-term Care/Maintenance Phase)
Flambeau Mining Company

Frequency* Measurement Location Parameters
Spring WT-1 Water Levels
Summer WT-2
Autumn WT-3
WT4
WT-5

* Until water levels in monitored groundwater monitoring wells stabilize.

24
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Table 6-18

TSP and Meteorological Monitoring Sites
Flambeau Mining Company

North Site (Rusk Hospital)

Northeast Site

Northwest Site (Blackberry Lane)

Southeast Site

Meteorological Station

Site State Plane Coordinates
593,030 N 1,715,240 E
590,100 N 1,714,760 E
589,730 N 1,711,640 E
589,550 N 1,714,825 E
581,260 N 1,714,730 E

North Site (Rusk County Hospital

Property Owner:

Location:

General Description:

Southeast Site
Property Owner:

Location:

General Description:

Northeast Site
Property Owner:

Location:

General Description:

[32-15/14]193F019

Rusk County Hospital

Southwest corner of the intersection of Highway 27 and College Avenue
West.

The sampler is located on the roof of the hospital. The face plate of the
sampler is 45 feet from the ground.

College Avenue runs approximately 200 feet on the north side of the hospital
complex, and Highway 27 runs approximately 440 feet along the east side.
The Flambeau River flows approximately 300 feet to the south. There are
woods and adjacent hospital buildings to the west. The sampler is sufficiently
high enough and far enough away so that interference will be prevented.

Flambeau Mining Company

Northwest corner of the intersection of Flambeau Mine Access Road and
Highway 27.

The sampler is located on a wooden platform such that the face plate of the
sampler is seven feet from the ground. The sampler is located approximately
180 feet west of Highway 27 and approximately 125 feet north of Flambeau
Mine Access Road. The sampler is located outside of the wake effects
region created by the Type II stockpile. Sufficient clearance from the trees
that stand east and south of the monitoring site will be provided in order to
meet siting criteria.

Flambeau Mining Company
Southwest corner of the intersection of Highway 27 and Blackberry Lane.

The sampler is located on a platform such that the face plate of the sampler
is 16 feet from the ground. The platform is located on the roof of a small
garage. This site sits approximately 170 feet west of Highway 27 and
approximately 260 feet south of Blackberry Lane.

25



Table 6-18 (Cont’d.)

Blackberry Lane
Property Owner:

Location:

General Description:

Meteorological Site
Property Owner:

Location:

General Description:

Flambeau Mining Company
South of Blackberry Lane and east of Kennecott Lane.

The sampler is located approximately 650 feet south of Blackberry Lane and
40 feet east of Kennecott Lane. The old gravel pit is approximately 300 feet
to the east. Two stands of trees grow approximately 150 feet northeast and
150 feet south of the sampling location.

Flambeau Mining Company

The northwest corner of Highways 27 and P. The site is approximately one
miie south of the southeast sampling site,

The wind speed, temperature sensor and direction sensors are placed on a
35-foot tall tower which will be located approximately approximately 290 feet
west of Highway 27 and approximately 470 feet north of Highway P,

The location of the four TSP monitoring sites and the meteorological station are shown in Appendix B.

[32-15/14J93F019
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6.4 Sampling Protocols

Described within this section of the quality assurance plan are those procedures which will be
used to collect those samples specified by the monitoring plan.

6.4.1 Wastewater Sampling
Wastewater sampling protocols are addressed in the WPDES Permit,
6.4.2 Surface Water Quality

Two surface water sampling locations (Appendix B) will be monitored quarterly when permitted
discharge is occurring.

A grab sample will be taken at each site. Parameters tested, methods and procedures are those
included in the WPDES pemnit issued for the facility discharge.

When collecting a sample, surface water sampling bottles will be inverted, submersed to mid-
depth and upright and allowed to fill. The sample bottles will then be removed from the surface
water and capped with Teflon® lined caps. Every effort will be made not to disturb the bottom
sediments. Samples will be collected so as not to cause cross-contamination; downstream
samples will be collected first. Care must be taken to not stir up bottom sediment when
sampling surface waters such that any sample loss is minimized. Decontamination and cleaning
between surface water sampling points should follow procedures stated in Section 6.2.

643 Groundwater Sampling

Permanently-installed wells shall be adequately developed at least five calendar days prior to
sampling by suction-lift pumping, pressure objectives pumping, submersible pumping, surge
blasts, and/or bailing.

Wells shall be purged prior to obtaining samples. Two methods are used to maximize
representative aquifer conditions:

1. Bail or pump the well until at least four static well volumes have been removed (or until the
well is dewatered). Well volumes are determined and recorded using Figure 6-1,
Groundwater Monitoring Field form. The water level depth will be determined using a
water level indicator and recorded on the Groundwater Monitoring Field form.

2. Bail or pump the well until the specific conductivity, temperature and pH of the groundwater
stabilizes (pH +£0.1 unit, temperature +0.5°C; conductivity -+10 umhos/cm).

Sampling shall follow purging by no more than six hours for wells which recover quickly. For
slowly recovering wells, sampling must be completed with 10 hours of purging. In no case will
wells be samples after 10 hours have elapsed following the purging event.

Prior to purging, the depth to water is first determined by weighted tape or a water level
indicator. The well is then purged such that the purging will "pull” water from the aquifer into
the screened area of the well and up through the casing.

[32-15}93F019 Operational Phase and Long Term Care Quality Assurance Plan foth & Van Dyke » 27
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Samples shall be collected directly into the appropriate containers, when possible. Groundwater
samples will be collected using dedicated, Grundfos Redi Flo II pumps or decontaminated PVC
bailers with clean nylon rope for lowering the PVC bailer into wells for sampling. Groundwater
collected by the Grundfos Redi Flo II pumps or PVC bailers will be poured directly into the
sampling containers specified by the laboratory. A transfer container may be needed if in-line
filtration cannot take place at the well head.

Metal sample aliquots will be filtered in the field through a 0.45-micron membrane prior to
preservation. Conductance, pH, and temperature readings will be performed at the wellhead.
Field observations of color, odor, turbidity will be noted on the field monitoring form (Figure
6-1). The field technician shall also note dates, times, personnel, water levels, purge volumes, as
well as field pH, conductance and temperature on the field monitoring form.

Documentation of purging and sampling activities shall be accomplished by using the
groundwater monitoring field form (Figure 6-1) and field log book as necessary.

6.4.4 Type I Stockpile Exfiltrate/Type II Leachate

Samples collected from the collection lysimeter will be used to determine the characteristics of
the exfiltrate from the Type I stockpile.

Samples will be collected from the sampling riser of the collection lysimeter. Samples will be
withdrawn from the sampling riser with a dedicated PVC bailer or submersible pump. Water
samples will be poured from the bailer or pump into transfer containers. Samples will be
prefiltered in the field with 0.45 micron membrane. Metal sample aliquots will be filtered at the
site lab with a 0.2 micron membrane prior to preservation. Conductance, pH and temperature
readings will be performed at the riser. Observations of color, odor and turbidity will be noted
on the field monitoring form (Figure 6-1). The field technicians shall also note dates, times,
personnel, water levels in the manhole, purge volumes as well as pH, temperature and
conductivity readings.

Prior to sampling and if the lysimeter is generating a large quantity of liquid on a continuous
basis (during the monitoring period), the sampling riser and storage space in the manhole sump
will be bailed/pumped dry approximately one to two weeks prior to the sampling date. Samples
shall be collected for the parameters below. Where only small sample volumes are obtained,
samples for analyses shall be collected in the order below:

pH (field and lab)

Specific conductance (field)
Total chromium

Copper

Iron

Manganese

Sulfate

Total dissolved solids

Total alkalinity

Total hardness

[32-15)93F019 Operational Phase and Long Term Care Quality Assurance Plan Foth & Van Dyke * 29
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Samples collected from Manhole No. 2 will be used to determine the characteristics of the
leachate from the Type II storage areca.

Samples will be collected from the sampling riser of the collection lysimeter. Samples will be
withdrawn from the sampling riser with a dedicated PVC bailer or pump. Water samples will be
poured from the bailer or pump into containers. Metal sample aliquots will be filtered in the
field through a 0.2 micron membrane prior to preservation. Conductance, pH, and temperature
readings will be performed at the riser. Observations of color, odor, and turbidity will be noted
on the field monitoring form. The field technicians shall also note dates, times, personnel, water
levels in the manhole, pH, temperature and conductivity readings.

Samples shall be collected for the parameters below. Where only small sample volumes are
obtained, samples for analyses shall be collected in the order below:

pH (field and lab)

Specific conductance (field)
Copper

Iron

Manganese

Sulfate

Total dissolved solids
Total alkalinity

Total hardness

6.45 Sediment Sampling

Three sediment traps will be suspended above the river bed at each sampling location

(Appendix B). These traps will be glass cylinders with an opening approximately one-third of the
cylinder depth. Sediment samples will be collected from the sediment within the jars for
analytical purposes. If WDNR should wish to split samples, WDNR should notify Flambeau in
advance so that appropriate arrangements can be made with regard to sample collection. If
insufficient sediments are collected by the traps for analysis, a proposal will be made to WDNR
to collect sediments in areas near the sediment traps.

6.4.6 Fish Sampling

Fish (walleye) are to be collected once annually during the low flow period of the year at one
upstream and one downstream location of the site (Appendix B).

Acceptable sampling methods will include hook and line, electroshocking and fyke nets. The
WDNR will be notified of each sampling event prior to mobilization. After a reasonable effort
(eight-hour nocturnal) is made to collect individual fish to coincide with the prescribed size range
(Table 6-5), Flambeau will consult with the Department to discuss substitution of walleyes with
other species or different sized walleyes.

Fillets (with the skin left on) will be tested. Livers of the fish collected will be composited into
one sample for each location and analyzed as outlined on Table 6-5. Each fish will be measured
for total length, sexed and the stomach contents will be noted. In addition, the age of each fish
will be determined by commonly-accepted techniques.
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6.4.7 Macroinvertebrate Sampling

Once per year, 25 or more crayfish (similar in size to the extent possible) will be collected from
each of three sampling locations (Appendix B). Whole body composites (including the
exoskeleton) will be made of those crayfish collected from each site. Each of the three
composites will be analyzed as noted on Table 6-6. If an insufficient sample is available after a
reasonable effort (eight hours), the tests will be run on the sample that is available.

In the autumn of each year, at each of the three sampling locations (Appendix B),
macroinvertebrate fauna will be collected. Suitable substrates will be chosen at each location.

These organisms will be identified to the lowest possible taxonomic level. Sampling and
evaluation of the taxonomic data will follow Hilsenhoff (1987), "An Improved Biotic Index of
Organic Stream Pollution: The Great Lakes Entomologist, Vol. 20".

64.8 Habitat Characteristics

A physical evaluation of the river bottom habitats will be performed annually at a designated
location during the summer low-flow period. The evaluation shall note the location of river

sediment loss, percent of area that is sand or finer particle size, as well as unusual biological
growth.

This procedure will be conducted annually during the low-flow period until permitted discharges
from the site cease.

6.4.9 Wetland Monitoring

Water levels will be read and recorded monthly from March through December of each year (see
Figure 6-2). These readings will continue until at least the time that the pit is backfilled unless
significant drawdown effects on those wetlands attributable to the project occur.

6.4.10 Pit Inflow

Estimates of groundwater inflow into the open pit during stripping of overburden and mining will
be calculated on a monthly basis using the following procedure:

. The total estimated amount of water pumped from the open pit will be recorded
through the use of either flow measurement equipment or by calculating flow using
recorded pump running time and the specific discharge rate versus head relationship
for the pumps used to remove the water from the pit.

. Groundwater inflow will be calculated by subtracting precipitation recorded (from
precipitation gauge) less evaporation from the volume pumped. Adjustments to the
calculation may be made to reflect the volume of runoff that flows into the pit and to
reflect overflows from the runoff and surge pond back into the pit.

[32-15]193F019 Operational Phase and Long Term Care Quality Assurance Plan Foth & Van Dyke » 31
November 30, 1993



*2ow)d YRwidap (00 Y3 03 PaPLodad pUR (YIUOW B} JO ISIE}) SIUNRIDUL YIuow UG 38 pudds 39 01 sabned 4jeis

t310N

2 ] £-1n ¢-in

J-1n

L3} SHRIOY3E 13A3T d31vA
HO1I¥YD0T 39NY9 JJViS

SNYYHIY IRELLEED] FELFAED]

Nl

1ivo

L 21T
NISHODSIA ‘HLIKSAGVY
123r0Y¥d ININ RLIWSAGYY
ANVAHOD DHINIM fV3EWY1d

H¥04 30NYD 44VIS GHVILIA
‘wio] SUTIOITUOR PUETIIM

Zz—-9 @and1g

32



6.4.11 TSP Meteorological Monitoring

Flambeau is required to monitor the TSP ambient air concentration using high-volume air
samplers at each of four sites (Appendix B). On behalf of Flambeau, Foth & Van Dyke
determined the location of the four sites. Site selections were based on USEPA siting criteria as
described in the Ambient Monitoring Guidelines for Prevention of Significant Deterioration,
EPA 450/4-87-007, as well as WDNR requirements. In addition to the TSP monitors, a
meteorological station consisting of wind speed and direction sensors, precipitation gauge, and
temperature sensors have also been installed. The location of the meteorological station is the
same as that used during baseline sampling. State plan coordinates for each of the five sites are
provided in Table 6-18.

6.4.11.1 Total Suspended Particulates (TSP) Monitors

Each of the four sampling sites are equipped with a TSP high volume sampler consisting of the
following:

Sierra-Anderson High Volume Air Sampler (motor and enclosure).
Pressure Transducer Flow Recorder.

Combined Flow Controller/Digital Timer-Programmer.

Glass Fiber Filter Media.

Wooden Support Platform.

. & & & »

With the high volume air sampler, the flow rate is easily adjusted with an adjustable resistor
(potentiometer) mounted in the electronics enclosure. The flow will be adjusted to
approximately 50 cfin so that it is in the required range of 40 to 60 cfm.

During the mining phase, each monitor shall be operated once every day (24 hours on and 24
hours off). If after one year of monitoring during the mining and reclamation phases, there have
been no exceedances of a TSP standard, the sampling schedule may be reduced to no less than
once every six days.

The high volume samplers will operate every third day (24 hours on, commencing at midnight
and 48 hours off) during the reclamation phase.

Filters will be installed one day prior and removed one day after the operating day to avoid non-
representative particulate loading. The meteorological instruments will operate continuously for
the entire 24-hour monitoring period.

A Sierra-Anderson variable resistance calibration kit which consists of an orifice and a
manometer is available for calibration. Calibration procedures for the samplers are contained in
Appendix F.

6.411.2  Asbestiform Monitors
A separate high volume sampler will be established at the northeast site (southwest corner of the

intersection of Highway 27 and Blackberry Lane) to monitor for asbestiform fibers. Figure 6-3
depicts frequency of wind speed and direction for Eau Claire, Wisconsin. This wind rose shows
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wind direction from the south and west; hence, the northeast site was chosen as the appropriate
monitoring site.

A quality assurance plan for asbestiform sampling in ambient air is included as Appendix J. This
plan describes the sampling equipment, sample procedures and analytical procedures for
asbestiform sampling. If after three years there are no detects of asbestiform fibers, the
monitoring will be discontinued.

6.4.11.3 Meteorological Sensors

Meteorological sensors will consist of wind speed, direction sensors, temperature sensor and a
precipitation gauge. The wind sensors will be mounted on top of a tower located in the
southeast corner of a field. They will be approximately 35 feet off the ground where they will be
free of air turbulence caused by ground level obstructions. Any obstructions close enough to
cause turbulence will be removed.

Wind speed is sensed by a three-cup anemometer and is converted to an electric signal. Wind
direction is sensed by a counterbalanced wind vane coupled to a precision, low-torque
potentiometer. The following specifications will be met:

Accuracy Range Threshold
Wind Direction +3° 0-360° 1.0 mph
Wind Speed +0.25 mph 0-125 mph 1.0 mph

An external heater will also be provided for the wind sensor.

The heated precipitation gauge has the following characteristics:

. Type - Tipping bucket

. Sensitivity - One tip per 0.01-inch

. Resolution - 0.01-inch

. Accuracy - One percent at two inches per hour

Signals from the wind instruments, precipitation gauge and temperature sensor are recorded on a
Datalogger mounted in a weatherproof enclosure at the base of the tower. The Datalogger
performs sensor measurement signal conversion, timekeeping, communication, data reduction,
data/program storage and control functions. Data is transferred to a remote computer from the
station datalogger via a short-haul modem. Battery back-up is provided in the event of a power
outage.

6.5 Sample Documentation/ldentification

A sample numbering system is used to identify each sample. This numbering system will assure
that each sample is uniquely identified. In the case of TSP filters, they will be numbered
sequentially and placed in a manila folder. The folder will be placed into a resealabie plastic bag
to maintain their integrity during transportation and storage.

——
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Project sampling activities will be documented by keeping a written record of daily sampling
activities using forms provided in this plan for specific activities and/or implementing the chain-
of-custody procedures outlined in Section 7 of this plan.

6.6 Sample Preservation, Holding Time, Container Types, Required Sample
Volume

Samples requiring refrigeration will be stored in an ice chest containing sufficient wet ice for
transport to the laboratory. Samples requiring pH adjustment will be preserved on-site. Those
samples requiring filtration will be preserved after filtration. Preservatives will be provided by
NLS and shall be of sufficient purity so as not to interfere with the analysis of the parameters of
interest. Field verification of the pH of preserved samples will be accomplished by measuring
the pH of a sub sample using pH paper. Sample containers and preservation requirements are
listed in Table 5-2.

For TSP monitoring, each of the glass fiber filters will be conditioned and pre- and post-weighed
in order to determine particulate loading. A copy of the conditioning and weighing procedures is
included in Appendix F. Weighing and conditioning will be performed by Superior Testing
Laboratories in Superior, Wisconsin.

6.7 Sampling Procedures

Groundwater and lysimeter sampling is performed in accordance with WDNR guidelines
published in WDNR Publ. WR-153-87 "Groundwater Sampling Procedures Guidelines".

Plant and animal samples for tissue analysis will be placed in water-tight plastic bags, which are
securely sealed and placed on ice for transport to the laboratory.

‘TSP or meterologically-related items will be sampled as detailed in Appendix G. Other media
will be sampled as described in Section 6 of this quality assurance plan.

6.8 Sample Dispatch

Samples are segregated according to type, i.e., water, air and are packed in separate containers.
All samples requiring refrigeration will be packed in ice. When packing the shipping containers,
precaution will be taken to minimize sample container breakage during transport to the
laboratory. Chain-of-custody documentation will be used to track possession of samples on this
project.

After being removed from the sampler, the filter samples will immediately be sent to Superior
Testing Laboratories and weighed as soon as possible after reaching the lab. Superior Testing
Laboratories will notify Flambeau of the results.
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7 Sample Custody

The Chain-of-custody form (Figure 7-1 or equivalent) will be used to document sample
possession from the time the sample bottles leave the laboratory until they are received back at
the laboratory. Each time custody of a sample is transferred, the new custodian will sign the
form and will document the time and date. A sample will be considered in custody if it is:

. in one’s actual possession.

g in view, after being in physical possession.

. locked 50 that no one can tamper with it, after having been in one’s physical
possession.

. in a secured area, restrictive to authorized personnel.

Upon receipt of samples in the laboratory, the Chain-of-Custody form will be checked and
signed. A copy of the form will be retained by the laboratory and the remaining copy returned
to the sampling team.

Procedures for preparing and shipping samples will conform with labelling and packing
requirements of the United States Department of Transportation.

While awaiting screening or packaging, samples will be stored on wet ice in coolers.
Preservatives are added to collected samples such that the physical and/or chemical alterations
are minimized. Preservatives must be added immediately upon sample collection. The
preservative added will be documented on the Chain-of-Custody form in the "analyses required"
or "remarks" portion of the form. If samples cannot be shipped on the same day that they are
collected, packaging will be delayed until the following morning so that the samples can be
shipped with a full load of ice. These samples will be stored on wet ice in coolers and kept in a
secure area.

Each time the custody of the samples is relinquished to another individual (or to the laboratory),
the date, time and items transferred are noted on the Chain-of-Custody form. After the samples
have been packaged for shipping, the custody will be transferred to a team member who will ship

the coolers via overnight courier. Upon shipment, the laboratory will be notified that the sample
shipment is scheduled to arrive.

7.1 Laboratory Arrangements

Flambeau Mining Co. will send all samples for analysis to NLS in Crandon, with the exception of
the samples associated with particulate monitoring, which will be sent to Superior Testing
Laboratories and those for asbestiform, which will be sent to WOHL.

7.2 Laboratory Processing of Samples

Procedures for the receipt and logging of samples by the laboratory are addressed in their

individual quality assurance plans. The following minimum requirements will be expected of any
laboratory which is used for sample analysis on a given project.
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Figure 7-1 -

Sémplé Chain of Custody Form .
vo. 08017
“*5  NORTHERN LAKE SERVICE, INC.
%ﬂﬂi Analytical Laboratory and Environmental Services SAMPLE COL LECTION AND
Y 400 North Lake Avenue * Crandon, W| 54520 CHAIN OF CUSTODY RECORD
Tel: (715) 478-2777 » Fax; (715) 478-3060 Wiseamatn Luh tort, No, 72026460
RETUAN THIS FORM WITH SAMPLES.
CLIENT PROJECT TITLE
ADDRESS PROJECT NO. P.O. NO.
CITY STATE ZIP CONTACT PHONE
ITEM SAMPLE GRAB/ CONTAINER/PRESERVATIVE
1. :
2.
3.
4,
5.
6.
7.
8. L
9.
10.
11.
12.
SAMPLE TYPE: ] CONTAINER PRESERVATIVES & PREPARATION
SW = surface water OW = drinking water PROD = product P = plastic NP = nothing added OH = sodium hydroxide
WW = wastawater TIS = tissue SOIL = soil G = glass S = sulfuric acid HA = hydrochtaric & .
GW = groundwatar AR = air SED = sediment V = glass vial N = nitric acid ascorbie acid
B = plastic bag Z = zinc acetate H = hydrechleric acid
describe others : describe others
COLLECTED BY (signatures) CUSTODY SEAL NO. (IF ANY) DATE/TIME
RELINQUISHED BY (signature) RECEIVED 8Y (signatura) DATE/TIME
RELINCQIUISHED BY (signature) RECEIVED BY (signature} DATE/TIME
DISPATCHED BY (signature) METHOD OF TRANSPORT DATE/TIME
RECEIVED AT NLS BY (signature) DATE/TIME CONDITION TEMP.
SEAL INTACT? ‘ SEAL # REMARKS & OTHER INFORMATION
Oves [Owno

(EERIR |- TO MEET REGULATORY REQUIREMENTS, THIS FORM MUST BE COMPLETED IN DETAIL AND INGLUDED IN THE SHIPPER CONTAINING THE SAMPLES DESCRIBED.
2. PLEASE USE ONE LINE PER SAMPLE, NOT PER BOTTLE.
3. RETURN THIS FORM WITH SAMPLES - CLIENT MAY KEEP PINK COPY.

ORIGINAL COPY
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7.2.1 Receipt of Samples by Laboratory
Upon receipt of sampies at the laboratory, the following, at a minimum, shall take place:
7.2.1.1 Non-Air Quality-Related Samples

. Examine all samples and determine if proper temperature has been maintained during
shipment. If samples have been damaged during shipment, the remaining samples will
be carefully examined to determine whether they were affected. Any samples affected
will be considered damaged. It will be noted on the Chain-of-Custody form and
reported to laboratory management that specific samples were damaged and that the
samples were removed from the sampling program. Field personnel will be notified as
soon as possible that samples were damaged.

. Compare samples received against those listed on the Chain-of-Custody and any
analysis request forms which may be used. Any discrepancies are to be reported
immediately to the project manager.

. Verify that sample holding times have not been exceeded.
. Sign and date the Chain-of-Custody and any analysis request forms.
. Verify temperature of samples. If the temperature is not within specifications, the

project manager will be notified so that a decision regarding resampling can be made.

. Verify pH of samples. If the samples have been unpreserved, the project manager will
be notified so that a decision regarding resampling can be made.

’ Assign laboratory number to each sample.

. Place the samples in adequate laboratory cold storage. This is generally accomplished
by placing the samples in a refrigerator or cold storage room where the temperature is
maintained at 4°C. A maximum-minimum thermometer or thermomograph is used to
verify temperatures present in the refrigerator or cold room.

. Enter the following information in a laboratory sample log-in system:

Assigned laboratory numbers.
Project name.

Date received in laboratory.
Chain-of-Custody number.

7.2.1.2  Air Quality-Related Samples

Procedures for sample receipt of air quality-related samples are described in Appendix E and J.
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7.2.2 Laboratory Storage of Samples

The primary considerations for sample storage are:

. Maintenance of prescribed temperature, if required, which is typically 4°C.
. Proper preservation to ensure integrity of samples until samples are analyzed.
. Security of the laboratory and the samples.

All extraction and chemical analyses of samples at a given project will conform to the holding
times and be maintained at the temperatures given in Table 5-2. Placement of samples in the
proper storage environment is the responsibility of the laboratory.

7.3 Sample Disposal

After the testing program is completed, samples, extracts and digestates are handled, stored
and/or disposed in accordance with the individual laboratory’s procedure in that regard, and
within applicable State andfor Federal regulations.

7.4 Documentation

Project sampling activitics will be documented by keeping a written record of daily sampling
activities and implementing the Chain-of-Custody procedures described in this portion of the
quality assurance plan. The information documented will incorporate that which is specified in
Section 7.4.2 of the plan, at a minimum. This will provide for the integrity of data by tracking
and documenting samples from the time they are collected by the sampling team through receipt
at the laboratory.

7.4.1 Sample Numbering System
A sample numbering system will be used to identify each sample. This numbering system will

provide a tracking procedure to allow retrieval of information about a particular sample and
assure that each sample is uniquely numbered.

74.2 Sample Collection Data
Sample collection data will be collected in the field for each sample acquired. Collection data
for samples can be documented on the Groundwater Monitoring Field form (Figure 6-1), TSP

field data sheet (Appendix G), or other forms adopted for specific activities.

The information to be provided includes that which is required by these forms and any additional
information that the field technician deems important.

7.4.3 Sample Labelling

Sample labels must contain sufficient information to uniquely identify the sample in the absence
of other documentation. This will include at a minimum:
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Unique sample number.

Sample location (and depth, if applicable).
Sampling date and time.

Individual collecting of the sample (signature).
Grab or composite.

Preservation method employed (if any).

[ ] L J * L ] L] L]

744 Field Notebook

A bound field notebook with pre-numbered pages will be used to record field analytical sampling
results. The notebook will be completed in indelible ink and will include (as appropriate) a
record of:

Field screening instrument readings.

Water sampling field parameters (i.c., temperature, specific conductance and pH).
Sample identification numbers, and time/date of collection, location and description.
Sample preservation documentation.

Instrument adjustments {calibrations) performed in the field.

Statements pertaining to any problems encountered.

Field analysts.

Weather/site conditions.

Individuals collecting samples and field supervisor’s signature.

L ] L - L ] [ ] [ ] L ] L ] L ]

Mistakes in the notebook will be crossed through with a single line, initialled and dated.
7.4.5 Common Carrier Shipments
Samples may be shipped to the laboratory using common carriers. A copy of the shipping

documents which are completed in order to ship samples with a carrier will be maintained as part
of the file in order to demonstrate sample custody.
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8 Analytical Methods

The field reading methodologies to be taken or analytical methods to be performed are specified
in the tables which follow.

8.1 Field Operations
Methods to be used for field operations are listed in Table 8-1.

Table 8-1

Field Methodologies

Standards Methods

Parameter Method MDL 17th Edition Methods*
pH Meter/ 0.1 4500-H+ 150.1/9040
Electrode
Conductivity Meter 1 umho 2510 120.1/9050
Temperature ~ Thermometer/ 01C 2550 170.1/N/A
Meter

* Format used refers to:

Method for Chemical Analysis of Water and Wastes USEPA March 1983 Test Methods for
Evaluating Solid Waste (SW846) USEPA September 1986.

8.2 Laboratory Operations

8.2.1 NLS

Analytical methods to be used at NLS are listed in Table 5-2.

8.2.2 Superior Laboratory

Laboratory procedures for particulate filters are detailed in Appendix E.

In addition, after weighing each filter, a portion of it will be saved. Once every three months,
these filter sections will be composited and analyzed for arsenic, beryllium, cadmium, chromium,
mercury and nickel. These filter sections will be sent by Superior Labs to NLS for metals

analysis.

A description of the compositing procedure is provided in Appendix E.
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NLS will use a method for sectioning (303A) and digestion of TSP filters (822) taken from
"Methods of Air Sampling and Analysis, Third Edition", James P. Lodge, 1989 (included as
Appendix I).

TSP filter digestions are performed in accordance with Section 8.4.4, part 822 of "Methods of Air
Sampling and Analysis, Third Edition". James P. Lodge 1989. All filter samples are analyzed in
accordance with the following EPA methods: As:206.2, Cr:200.7, Cd:200.7, Ni:200.7, Hg:245.1.
All TSP filter results are blank corrected with the average of the blank filters.

A microscopic analysis will be conducted on all TSP filters exceeding 150 ug/m> averaged over a
24-hour period. A total of three filters will be analyzed per TSP sampler. In the event that less
than three filters per monitor exceed 150 ug/m3, the three filters having the highest concentration
will be analyzed, in those instances where at least one exceedance was noted.

8.23 Wisconsin Occupational Health Laboratories

Filters collected during asbestiform sampling will be sent to a certified laboratory for analysis.
Samples will be analyzed for mineral particles which have parallel sides with aspect ratios which
are greater than 3:1. Laboratory results will be reported as:

Number of asbestos fibers per cubic meter of air sampled.
Total number of fibers - length, width and aspect ratio.

Mass concentration of fibers.

Mineralogical composition based on X-ray analysis (if required)
Size distribution of asbestos fibers by length.

These procedures are detailed in the Asbestiform QA plan included as Appendix J of this
document.
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9 Calibration Procedures and Frequency
Standardized calibration of the equipment used is necessary to obtain valid data.

Measuring and test equipment will be calibrated at prescribed intervals and/or prior to each use.
The frequency of calibration will be based on the type of equipment, relative stability,
manufacturer’s recommendation, intended use and experience with a particular piece of
equipment. Calibration procedures and frequency of calibration of field equipment that will be
used are provided in Table 9-1.

Calibration of the TSP samplers will be performed after motor maintenance, whenever the
results of a quality assurance audit do not meet WDNR’s criteria (agreement within +9 percent
of the last calibration) and at such other time that the field technician observes conditions that
warrant a recalibration. In any event, each sampler shall be calibrated at least every three
months. See Appendix E for calibration procedures. Calibration of the meteorological sensors
will be conducted on site as necessary as determined by the site technician.

For asbestiform monitoring, less frequent calibrations will occur since monitoring will only be
conducted one day per month from May through September. Thus, it is anticipated that the
asbestiform sampler will be calibrated prior to and following each sampling event through the
reclamation phase.

Flambeau Mining Company anticipates that the WDNR will audit the instruments at the start of
the monitoring period and annually thereafter.

Replicate field measurements of samples and laboratory analysis of replicate samples will be
performed to document the effectiveness of these calibration procedures.

Calibration records for equipment used will be maintained.

Standards used in calibration procedures will be prepared from pure standard materials or will be
purchased as certified solutions (Table 9-2). The standards which are used an/or any preparation
of standards by ficld personnel will be documented. The documentation will contain the
following information for equipment used:

. Date of calibration.

. Data pertaining to calibration and/or maintenance procedures.

. An indication of the person performing the calibration and/or maintenance.

’ Adjustments made and an indication of accuracy of the equipment readings prior to

and following such adjustments (where applicable).

. Records of equipment failure or inability to calibrate to specification (where
applicable).
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10 Preventive Maintenance

The result of any equipment/instrument readings depends on the inherent accuracy and proper
operation, use and function of the instrument. It is essential that the equipment/instruments
operate under optimum conditions at all times. Each equipment/instrument user is expected to
be familiar with the manufacturer’s operations manual on each instrument and routinely
performs various service checks.

Each equipment/instrument is calibrated according to the manufacturer’s instructions. A
maintenance log will be maintained for each instrument. This log will include the following (at a
minimum): -

. Instrument description.

. Manufacturer, model number and serial number.

. Name, address and telephone number of company which services item.
. Type of service policy.

. Timing and frequency of routine maintenance, servicing and calibration.

Routine field preventive maintenance procedures are found on Table 10-1. Routine laboratory
preventive maintenance procedures for NLS are found in Appendix A (see also Table 10-2).

Critical spare parts are stocked where frequent failure or routine wear warrant. Unexpected
downtime is unavoidably encountered at times due to equipment failure. In such instances, a
protocol will be followed in which steps are taken to either correct the problem and resume
measurements or otherwise ensure that samples are properly analyzed within allowable holding
times. Regular maintenance of the TSP sampler will allow long periods of operation without
system failure. After each sampling period, the motors, the power cords, the filter holder gaskets
and the continuous recorder pen will be visually inspected.

The flow controller probe should be cleaned routinely with water followed by isopropyl alcohol.
The use of a small camel hair brush is recommended. The motor’s carbon brushes must be
replaced every 400 to 500 hours of operation, or after 17 days of operation. It is imperative that
the brushes be replaced before the brush shunt touches the motor commutator. This
maintenance procedure is described in the manufacturers literature.

In addition, the meteorological station will be visually inspected for damage. Routine service and
calibration will be provided by the site electrician. A separate manual will be available for
operation and maintenance of the met station equipment.

The following contingency plan has been established in the event of equipment malfunction. The
steps are carried out in sequence until the analysis of still-valid samples is ensured or provisions
are made for resampling.

10.1 Field Preventive Maintenance
1. Attempts made by field technician to correct the problem immediately, by referencing

available service information. Samples are returned to proper storage during trouble-
shooting.
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Table 10-1

Field Preventive Maintenance

Instrument

Activity

Frequency

pH Meter

Conductivity Meter

[32-15/14]93F019

Rinse electrodes with pH 7
solution.

Immerse electrodes if required
to do so based on type of
electrode. pH 7 solution

Clean electrodes with mild
acid or alcohol solution.

Recondition electrodes by
alternately soaking in a 1:10
solution of HCI for one minute
and then 1:10 solution NaOH
for one minute, for a total of
four soakings.

Add new KCl solution to
sensor probe.

Check batteries.

Standardization with standard
potassium chloride solution.

Rinse probe with deionized
water.

Check batteries (if any).

After each reading.

When not in use.

When dirty, coated with oil or
other precipitate.

When sensor probe will not
calibrate to pH 10 or pH 4
solution.

When excess KCl crystal
buildup, or when sensor
probe will not calibrate to pH
10 or pH 4 or KCl level is
less than (25mm) one inch.
Keep wetting cap saturated
with KCl.

Before each use.

Prior to each use.

After each use.

Prior to each use.
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Table 10-1 (Cont’d.)

Instrument

Activity

Frequency

D.O. Meter

Grundfos Redi Flo II
Pump

Water Level Indicator

Rinse tip with D.O. electrolyte
solution and clean sensor tip
with silver/gold polish.

Clean tip with silver and gotd
sensor tip. Replace D.O.
electrolyte solution.

Replace membrane cap.

Clean impellers. No regular
preventive maintenance
necessary on dedicated
equipment. Keep converter
dry.

Scrape with knife sensor tip.

Check batteries.

After every two weeks of
continuous use.

After every two weeks of
continuous use or inaccurate
calibrations.

Every four weeks or when
damaged.

If pump does not pump and if
not electrical problem.

When dirty or coated with a
precipitate.

Prior to each use.

[32-15/14]93F019
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2. Management is appraised that an equipment maifunction is disrupting normal field sampling
activities. Attempts made to correct failure are described.

3. Management decides whether or not to involve outside servicing. This decision is based on
the nature of the problem and availability of service assistance and parts.

4. Management assesses time required to restore proper equipment function in relation to
remaining sample-holding time.

5. Management selects an approved alternate analytical method, if possible, which will permit
completion of field activities within applicable time limits (if any).

6. Management makes arrangements with another equipment source to complete the field
measurements within remaining holding time and by approved methodology.

10.2 Laboratory Preventive Maintenance

Routine maintenance activities for NLS laboratory instruments are described in Appendix A.
Recommended maintenance activities for such instruments are found in Table 13-2.

10.3 Documentation

Routine maintenance procedures will be documented and records of maintenance activities will

be kept for each instrument. Records of non-routine repairs will be maintained at the
laboratory.
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11 Quality Control Checks

The quality control checks described in this section are those to be used in conjunction with
those sampling events not involving TSP or asbestiform monitoring. The quality control checks
for TSP are described in Appendices E, F and G.

11.1 Field QC Checks

11.1.1 Sampling Events Involving Ten or More Samples of Common Matrix

11.1.1.1 Equipment Blanks

At least one equipment blank on clean sampling equipment will be submitted and analyzed for
every 20 samples in a matrix group. This blank will be prepared in the field before sampling
begins by filling or rinsing the precleaned equipment with analyte-free water, filling the
appropriate container(s) and preserving and documenting in the same manner as the collected

samples. Suitable blanks for analyte groups of interest will be submitted and analyzed for each
type of equipment set to be used in sampling.

11.1.1.2  Field Duplicates

During each independent sampling event, at least one sample, or 10 percent of the samples,
whichever is greater, will be collected in duplicate for analysis. This requirement applies to each
matrix group that is samples.

11.1.2 Sampling Events Invelving Five to Ten Samples of Common Matrix

11.1.2.1 Equipment Blank

If equipment is cleaned in the field, one equipment blank for each matrix group will be collected
and analyzed on the field-decontaminated equipment. If no equipment is cleaned, then one
equipment blank that is prepared on-site on the precleaned equipment will be collected and
analyzed for each matrix group.

11.1.2.2  Field Duplicates

One field duplicate will be collected and analyzed for all matrix groups.

11.13 Sampling Events Involving Less than Five Samples of Common Matrix

One equipment blank on either precleaned or field-decontaminated equipment will be collected
and analyzed for each matrix group.

11.14 QC Checks on Field Measurements

At least one duplicate sample will be analyzed for every 10 field measurements.
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11.2 Laboratory QC Checks

11.2.1 Method Reagent Blanks

A method reagent blank is a blank of an appropriate analyte-free matrix that is processed
(digested, extracted, etc.) and analyzed with a specified sample set.

Method reagent blanks will be prepared and analyzed at a rate of one per sample set, or five
percent, whichever is greater.

11.2.2 Matrix Spikes

Matrix spikes are environmental samples selected from a set (not blanks) that are fortified to a
known and validated concentration of analyte(s) before sample preparation. The concentration
of each analyte in the spiking solution should be approximately three to five times the level
expected in the sample.

At least one matrix spike in a sample set (or five percent, whichever is greater), with common
matrices will be prepared and analyzed using the specified method. If a set contains samples of
different matrices, matrix spikes should be prepared and analyzed for each matrix type.

11.23 Quality Control Check Standards

Quality control check standards are standard solutions from a source other than normal
calibration standards that are certified and traceable. These standards are used to check the
accuracy of a calibration curve.

QC check standards will be analyzed at a continuing frequency equivalent to five percent of the
samples in the analytical set (i.e., one every 20 samples).

11.3 Routine Procedures to Assess Precision and Accuracy

The results of the instrument readings or laboratory results (as appropriate) will be used to
evaluate precision and accuracy.

11.3.1 Evaluation of Field Analytical Precision

To determine the precision of the field sampling methods used, a routine program of duplicate
measurements/analyses will be performed. The results of duplicate measurements/analyses will
be used to calculate the relative percent difference (RPD) to assess the degree of precision
associated with field measurement systems.
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The RPD is defined as:

D, - b,
% RPD = ———= x 100%
D, + b,
>
where:  RPD = relative percent difference
D, = first sample value
D, =  second sample value

Acceptable ranges for field measurements can be found in Table 5-1.

11.3.2 Evaluation of Field Analytical Accuracy

To determine the accuracy of the field sampling methods used, a routine program of evaluating
the results of an observed measurement of a check standard against the true concentration of
such a standard shall be used. The result of these evaluations will be used to calculate percent
recovery (percent R).

The percent R is defined as:

%R=Mx100%
frue

Acceptable ranges for field measurements can be found in Table 5-1.
11.33 Evaluation of Field Completeness
Completeness is defined as the percentage of valid data obtained as judged by the data quality

objectives compared to the total amount of data required to be collected. Completeness is
calculated for each field measurement/analysis in the following manner:

C =V/Dx 100

where: C = percent completeness
V = number of valid sample measurements/results
D = number of total sample measurements/results required

It is expected that at least 95 percent of the determination will be complete. Certain sample
types may require different levels of completeness, which should be identified in specific project
plans.
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11.34 Evaluation of Laboratory Analytical Precision (NLS)
These procedures are described in Appendix A.
11.3.5 Evaluation of Laboratory Analytical Accuracy (NLS)

These procedures are described in Appendix A.
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12 Data Reduction, Validation and Reporting
12.1 Data Reduction

The field technician/lab analyst will be responsible for reading charts and/or interpreting
instrument output and raw concentration data. Standard curves, determined by linear regression
of standard concentration with peak height (or equivalent output), will be used to calculate
sample concentrations. Other parameters (e.g., sample dilution, sample weight, extract volume)
will be factored in, to arrive at corrected concentration values. Field measurement data will also
be entered into spreadsheets for tabulation and analysis. Data entry will be performed by the
analyst, technicians or managers. It will be the responsibility of the manager to insure that data
are entered accurately and on time.

12.2 Data Validation
12.2.1 Data Integrity

Technicians and ultimately, managers will be responsible for the following tasks associated with
checking data integrity:

Checking raw data entries and calculations.
Checking sample preparation log books.
Checking analytical log books.

Checking calibration integrity.

Checking internal chain-of-custody.

Some or all of these tasks apply to both field measurements and laboratory analyses.
12.2.2 Data Validation
12.2.2.1 Field and Laboratory Activities

It will be the responsibility of the lab analyst or field technician to properly perform routine QC
checks and to identify and report out of control situations. The Supervisor of Environmental
Affairs will be responsible for verification of QC checks and resolution of any out of control
situations.

12.2.2.2 Project Data

The Supervisor of Environmental Affairs will be responsible for reviewing overall project data
before submission. Key areas of review include field and laboratory QC data, review of
supporting documentation and review of data for any obvious anomalous values.

12.3 Data Storage

Raw and processed data will be stored on computer disks and/or hard copy. Computer files will
be backed-up on separate disks stored in a different location than the original files. Data hard
copies, along with strip charts and instrument printouts, will be labelled and stored. Field,
laboratory, sample preparation and analytical log books will also be stored. All archived data will
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be stored in such a manner that records are easily accessed. All records will be maintained for a
minimum of three years.

12.4 Data Reporting

Data entry will be performed by the analyst, project technician or Supervisor of Environmental
Affairs. The Supervisor of Environmental Affairs will be responsible for checking data entry.
The Supervisor of Environmental Affairs will assure that data on the final report are correct, by
performing an informal audit of analytical, data entry and data reduction procedures.

Flambeau Mining Company will submit data consisting of 24-hour average TSP concentrations,
hourly average wind speed and direction and daily rainfall to the WDNR within 30 days after
completion of the required analyses. In addition, results of the metallic and asbestiform analyses
will be submitted within 30 days of completion of these analyses. An annual report will also be
submitted which will summarize the year’s monitoring activities and any observed trends in the
monitoring data.

Data will be submitted in accordance with guidelines provided by the Air Monitoring Section of
the Bureau of Air Management. A hard copy transmittal letter and summary of missing data will
be included with the data. The letter will contain our explanation relating to any missing data.

Should the TSP 24-hour concentration at a monitoring site exceed 150 micrograms per cubic
meter (ug/m® ), Flambeau shall investigate the exceedance and report it to the Department within
two working days of having validated the sample concentration. Flambeau will provide an
exceedance investigation report to the Department which shall include the following information:
an analysis of the monitoring filter; a wind rose or bar chart for the exceedance period; and
information about the operating conditions at the mining site during the exceedance period (i.e.,
number of trucks and mining vehicles in operation; amount of production occurring at the
facility, etc.)

The results of the groundwater analytical testing, collection lysimeter testing and groundwater
levels will be submitted to the WDNR within 30 days of receipt of validated results.

In March of each year, following the collection of monitoring data for the previous year, an
annual surface water monitoring report will be prepared and submitted to WDNR. The inflow
to the pit will be calculated on a monthly basis and reported to the WDNR on an annual basis
with the surface water monitoring report.
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13 Corrective Actions

A nonconformance is any procedure, event, reading or measurement which is outside the limits
established for field operations.

As a result of a nonconformance, whether identified by the project quality control officer, by the
sampling technician, or by an auditor, a corrective action shall be implemented. Any one of the
individuals indicated above can initiate a corrective action, if necessary.

Corrective actions are generally of two kinds:

. Immediate, to recalibrate or repair nonconforming equipment. The need for such an
action will most frequently be identified by the field technician.

. Long-term, to eliminate causes of nonconformance and to minimize the possibility of
their recurrence. These are usually system-related issues that may be identified as the
result of quality control reports associated with one or more projects.

Field corrective action procedures are detailed in Table 13-1. Laboratory corrective action
procedures are detailed in Table 13-2.

Depending on the nature of the problem, the corrective action employed may be formal or
informal. An informal corrective action consists of an evaluation of a nonconforming situation
that threatens the outcome of a procedure, event, reading or measurement. Upon recognition of
the problem, the field/lab technician will review his procedure for apparent errors, recalibrate the
instrument used for measurement and remeasure.

If this does not result in correction of the problem, the field/lab technician will bring the problem
to the attention of the appropriate manager who will determine the proper corrective action. If
significant time or costs are involved, the manager will obtain the necessary approval for the
corrective action indicated. The corrective action will be incorporated into the appropriate
procedures to minimize the possibility of recurrence.

In either case, occurrence of the problem, corrective action taken and verification of problem
resolution must be documented. Documentation of corrective action will be made in the
field/lab log book. Documentation of corrective actions will be in memos or forms developed for
this purpose.
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Table 13-1

Recommended Field Corrective Actions

QC Activity

Acceptance Criteria

Recommended Corrective
Action

Instrument Zero

Initial Calibration

QC Check Standard

Continuing Calibration (cc)

Must zero
Standard concentration +5%

of expected value

+5% of expected value

+5% of expected values

Reset zero: if same response,
determine cause.

Reanalyze standards; if stiil
unacceptable, remake
standards. If equipment
malfunctions, notify manager.

Reanalyze standard; if still
unacceptable, remake
standards or use new
standards. If equipment
malfunctions, notify manager.

Reanalyze standard; if
unacceptable, recalibrate
equipment and rerun samples
from last cc standard check.
If equipment malfunctions,
notify manager.
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Table 13-2

Recommended Laboratory Corrective Actions

QC Activity

Acceptance Criteria

Recommended
Corrective Action

Initial Instrument Blank

Initial Calibration Standards

QC Check Standard

Continuing Calibration

Method Blank

Instrument response >MDL
response

Coefficient of variation
>acceptable limit or standard
concentration value (*)
deviation from value

(*) Deviation from value

(*) Deviation from value

>MDL

Prepare another blank. If
same response, determine
cause of contamination:
reagents, environment,
instrument equipment failure,
etc.

Reanalyze standards. If still
unacceptable, then remake
standards.

Reanalyze standard. If still
unacceptable, then remake
standards, or use new primary
standards if necessary.

Reanalyze standard, If still
unacceptable, then recalibrate
and rerun samples from the
last cc standard check.

Reanalyze blank. If still
positive, determine source of
contamination. If necessary,
reprocess (i.e., digest or
extract) sample set.

* +10% for metals analyses.

+20% for wet lab/nonmetals analyses.

+15% for organic analyses
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14 Performance and System Audits
14.1 System Audits

A systems audit determines that each element within an activity is functioning appropriately and
is within the guidelines specified by the QA plan. These types of audits may be conducted on
field sampling, preservation, shipping and equipment calibration/cleaning procedures. A systems
audit will include a review of the sampling/analysis plan, sample collection/measurement
methods, sampling protocol, field chain-of-custody procedures, field documentation methods and
sample identification methods,

14.2 Performance Audits

These types of audits may be conducted on field or laboratory activities. Flambeau Mining
Company reserves the right to audit laboratories used for analyses on a regular basis or if there
are inappropriate trends in the laboratory data, major changes in personnel, and/or discrepancies
in quality control samples.
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15 Quality Assurance Records

Records shall be maintained to provide evidence of quality assurance activities. All activities
which indicate an out of control situation will be evaluated. Corrective actions taken will be
documented. This documentation will be in the field records or in formal memos, letters or
notifications which are part of the file.

Records will be maintained for a minimum period of three years or as specified by permit or
regulation.
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Appendix A

Northern Lake Service Quality Assurance Plan



NLS QA/QC MANUAL

NORTHERN LAKE SERVICE, INC..
QUALITY ASSURANCE/QUALITY CONTROL
MANUAL

This manual documents the methods and procedures used by Noxrthern
lLake Service (NLS) to comply with NR149 Wisconsin Administrative
code. Methods herein are taken from authoritative sources with
some modifications recommended by instrument manufacturers to
increase analytical performance and ease of instrument operation.

This QA/QC manual is updated annually.
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NLS QA/QC MANUAL

GENERAL INFORMATION

Northern Lake Service began operations in 1974 to provide
analytical and consulting support for Wisconsin's Inland Lake
Renewal Program. Under that program NLS conducted comprehensive
jake studies requiring collection, analysis, and interpretation
of groundwater and surface water samples along with hydrological
and biological investigations to determine water guality and lake
management alternatives for about 30 Wisconsin lakes. It was
under this program that our reputation for analytical expertise
and accurate results became recognized and grew.

NLS has continued to provide new environmental services in
response to client needs. Procedures and methods are chosen or
developed to provide the most accurate and precise information in
the most efficient and timely manner. Consequently, our
ever-expanding list of satisfied clients includes various
industries, landfills, municipal waste treatment plants, public
water utilities, government agencies, and private parties.

our modern laboratory is equipped with state-of-the-art
instrumentation for analyzing drinking water, groundwater,
process water, wastewater, soil, sediments, and tissue for
inorganic, organic, and physical constituents. We are Wisconsin
certified as an environmental laboratory. In addition, NLS is one
of the few labs in Wisconsin to become certified under the Safe
Drinking Water Act (SDWA), and by our request, one of the first

to undergo the comprehensive 1lab audit required under this
certification program.

While much of our present effort is committed to providing
analytical lab services, we also offer a variety of field
services. Our groundwater sampling service, which utilizes an
efficient in-line field filtering procedure to insure the
collection of representative samples, has set the standard for
producing reliable groundwater data and has become our primary

field service.

The NLS staff take particular pride in producing objective,
reliable, accurate, and precise environmental data. Praise and
satisfaction, both from our clients and from the regulatory
agencies, provide the chief driving force at Northern Lake
gervice. We strive to grow both in technology and client-base
without losing the level of personal service and efficiency

associated with being small.
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¥LS QA/QC MANUAL

RESUMES OF KEY PERSONNEL

RON K. KRUEGER, President

Ron Krueger founded Northern Lake Service in 1974 and currently
provides overall management of the company. He also remains
active in various NLS field activities, developing and refining
sampling procedures and programs to meet clients' needs.

Ron's environmental experience spans over 23 years and includes:
conducting biological and chemical surveys and coordination of
waste disposal programs in the paper industry; drainage basin
surveys and administration of aquatic nuisance control programs
in Wisconsin Department of Natural Resources' Lake Michigan
District; lake management consultation and field investigation
for over 30 lake districts while at NLS.

Ron holds a B.S. in biology and general science from the
University of Wisconsin-Stevens Point. He is a member of the
American Water Well Association and the Wisconsin Ground Water

Association.

JAMES E. FISHER, Laboratory Director

Jim Fisher provides technical management and overall direction of
the organic and inorganic laboratory operations. He helps to
develop and establish analytical methodology, oversees the QA/QC
program and manages the supervision and training of analytical
personnel. Jim is also involved with LIMS computer programming,

instrument troubleshooting, and technical liaison with clients
and requlatory agencies.

Jim has over ten years of experience in environmental analysis,
with half that time in supervision and management roles. Prior
to joining NLS, Jin managed an environmental laboratory in
Michigan and worked on PCB research projects at a USEPA
laboratory. He has a B.S. in Chemistry from Michigan State

University.

W. JOSEPH NOSEK, JR., Quality Assurance officer

Joe Nosek oversees the NLS gquality assurance progranm and the
continuous Quality Improvement Program, which he instituted at
NLS. Joe also monitors data quality and adherence to Standard
Operating Procedures (SOP's) . He interacts with regulatory
agencies and is generally responsible for maintaining current
laboratory certification by those agencies.

Joe graduated from the University of Minnesota at Duluth with a
B.S. in Earth Sciences. He has completed courses in quality
assurance from the National Bureau of Standards and the
Association of Official Analytical Chenmists, in Good Laboratory
Practices from the Society of Quality Assurance. He is a member
of the American Society for Quality Control and is a Certified
Quality Auditor. Joe has over seven years of experience in
quality assurance with environmental laboratories.
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CHRIS GESKE, LIMS Manager

Chris Geske manages the programming, operation and maintenance of
the NLS Laboratory Information Management System. He also
oversees the operation and maintenance of other computers and
networks, and is the principal computer systems troubleshooter.

Chris works closely with the Laboratory Director and the Quality
Assurance Officer, as well as with other departments. He
attended the Milwaukee School of Engineering and has an Associate
degree in electronics from North Central Wisconsin Technical

College.

JFRRY BOCK, Organics Supervisor

Jerry Bock provides supervision of the organics department and
organics analysis by gas chromatography with various detectors
for volatiles, semivolatiles and pesticides/PCBs. He has a
strong background in organic chemistry and over 15 years of

analytical chemistry experience.

Jerry has a B.S. in Medical Technology from the University of
Wisconsin-Eau Claire. He has also attended Hewlett-Packard

courses in gas chromatography techniques.

TED JOHNSON, Organic Chemist

Ted Johnson specializes in the analysis of diverse sample
matrices for pesticides and PCBs. He has over six years of
experience in organic analysis, using several types of
instrumentation, at commercial and state laboratories. Ted holds

a B.S. degree in Chemistry from the University of Wisconsin - Eau
Claire.

JENNIFER A. SCHLUNDT, Organic Chemist

Jennifer Schiundt provides analysis of samples for volatile
organic compounds. She has over eight years experience in
research and chemical analysis, including polymer chemistry, work

in a university setting and in private industry.

Jenny holds a B.S. degree in Chemistry from the University of
Wisconsin-Stevens Point, where she earned the Merck Index Award
for academic excellence. Presentations include ‘'"Factors
Affecting Reproducibility in Pyrolysis Gas Chromatography" given
at a U.W.-Eau Claire Research Symposium.

JOHN W. BEHRMAN, Organic Chemist
John Behrman conducts analysis for organic compounds by gas

chromatography/mass spectrometry. He has over five years of
analytical experience working with a variety of environmental
matrices. John operates and maintains our Varian Saturn II GC/MS

systemn.

John graduated ffbm the University of Wisconsin Stevens Point,
with a B.S. in Water Resources and Chemistry. He also attended
Hewlett Packard and Finnegan - sponsored GC/MS operations
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NLS QA/QC MANUAL

courses. John is a member of the American Water Resources
Association.

JOSEPH WEIX, Inorganics Chemist

Joe Weix workes in the inorganics department, and analyzes samples
for metals and nutrients. His primary experience is in analysis
for toxic metals in the ppm and ppb range via Aa-flame,
AA-graphite furnace and cold vapor, and ICP. Joe has a B.S.in
Natural Resources and Water Chemistry from the University of

Wisconsin-Stevens Point.

PAUL D. KNUTH, Chief Water Quality Technician
Paul Knuth has six years of experience in environmental analysis

and field work. At NLS he provides wet chemistry analysis in
inorganics and nutrients, as well as some work in analysis for
metals. He primarily works with the spectrophotometer, auto
analyzer and AA-flame/graphite furnace instruments, and provides
field sampling services.

THOMAS R. PRIEBE, Inorganic Supervisor

Tom Priebe provides supervision of the Inorganics department and
analysis of samples for metals and inorganic parameters. His
background also allows Tom to specialize in troubleshooting

analytical interferences 1n complex waste matrices.

He has experience with a large waste disposal company, as well as
with WDNR where he was involved with field sampling, analysis,
instrument calibration, and maintenance.

Tom holds a B.S. degree in Water Chemistry from the University of
Wisconsin Stevens Point, and has completed the 40 hr training in
Health, Safety & Management of Hazardous Materials per 29 CFR

1910.120.

ANDREW J. OSTROWSKI, Environmental Scientist
Andy Ostrowski provides analytical capabilities in inorganics and
wet chemistry. He is also a primary resource in NLs field

services, ground water monitoring, UST site assessments, and lake
management studies.

He holds a B.S. in Water-Resources, Chemistry and Soil Science
from the University of Wisconsin-Stevens Point. He has also
attended WGWA seminars and has completed OSHA's required 40-hour
HazWaste Site Training. Andy is a member of the Wisconsin Ground

Water Association.
DATA CONFIDENTIALITY

The results of all analyses are confidential. This data is only
released to the client, or to an agent of the client if NLS has
received prior written authorization from the client. Unless the
data has been subpoenaed by a court action, regulators can only
receive copies of this data from the client.
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LAB AND FIELD SECURITY

Lab equipment, field egquipment, reagents, empty prepared sample
bottles, and filled sample bottles are all items which
potentially can become contaminated either maliciously or
inadvertently through tampering. These items should remain in
secure custody to insure the legal credibility of analytical

results.

Sample Custody in the Field
There are basically two categories of custody for samples which

are collected at various locations and analyzed at Northern Lake
Service. The first category includes samples which are collected
by Northern Lake Service personnel in whose custody the samples
remain until they are received and logged into the data base at
the lab. The second category of custody occurs when a client or
his assign(s) collect a sample or set of samples and either makes
personal delivery or ships the sample(s) to the laboratory using

a public or private carrier.

To insure a secure custody of samples collected by NLS personnel,
the following policy will be followed by NLS field investigators
during sampling and while transporting samples to the lab:

The names or initials of NLS field personnel will be listed
on data sheets or field data records. NLS personnel will
insure that secure custody is maintained by keeping all
tamperable items either under lock and key or under the
direct surveillance of at least one NLS field investigator
at all times while in the field. This means that vehicles,
buildings, motel rooms, or other locations in which sampling
equipment and samples are stored or transported must be
securely locked whenever unattended by NLS personnel.
Whenever the conditions of this policy are not met, a
written report explaining the circumstances of
non-compliance is required. If the samples were left in
someone else's custody for a period of time, the times and

name will be Trecorded. If samples could mnot or
inadvertently were not securely locked up in the absence of
NLS personnel, the circumstances will be recorded. Any

comments regarding evidence of tampering or whether the
attending NLS personnel feel the samples were tampered with
should be recorded. This report will be signed by all NLS
personnel present on that sampling trip and attached to the
data to which it pertains in NLS files.

Northern Lake Service - assumes noO responsibility for sample
custody prior to delivery at the lab except when NLS personnel
have conducted the sampling and transporting. NLS does provide a
chain of custody form for its clients. NLS makes no claims
regarding the legal propriety of this form; it was designed to be
efficient and minimize paperwork, and to identify all sample
custodians. A signature is required by each custodian who is
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likely to have primary interest in the samples. Transporters are
identified only by company name or agency.

Section V of the NLS chain of custody form is completed by NLS
personnel when the sample(s) arrive at the lab. The original
copy is returned to the client with the final data reports for
the samples to which it pertains.

sample Custody in the Laboratory

Once samples are delivered to the laboratory, sample custody is
secure by virtue of the fact that no unauthorized persons are
allowed in the laboratory. Visitors and service personnel are
allowed only under the supervision of NLS personnel.

The computerized database is self-contained on the premises. The
computer system does not allow anyone to login without the proper
user-id and password.

All access doors to NLS are locked at all times when the premises
are vacated. All lab reagents, sample bottles, and lab equipment
are stored on the premises. Only full time employees are allowed
unsupervised access to the laboratory. Lab security is an
important consideration whenever new employees are hired. While
locks on the sample walk-in cooler and reagent cabinets are
considered unnecessary at £his time, the need for increased
sample security is reassessed from time to time.

REFERENCES OF METHODOLOGY

A1l Northern Lake Service analytical, gquality control, and
preservation methodologies are taken from the following sources:

1. American Public Health association, et. al. 1985. Standard
Methods for the Examination of Water and Wastewater. 16th
Edition. American Public Health Association. Washington, D.C.

2. &American Publie Health Association, et. at. 1989, Standard
Methods for the Examination of Water and Wastewater. 17th
Edition. American Public Health Association. Washington, D.C.

3. Federal Register. Guidelines Egtablishing Test Procedures
for the Analysis of Pollutants Under the Clean Water BAct.
Final Rule and Interim Final Rule and Proposed Rule.

October 26, 1984. Government Printing Office. washington, D.C.

4. American Society of ARgronomy, et. al., 1982. Methods of
Soil Analysis Part 2 = Chemical and Microbioclogical
Properties. 2nd Edition. Edited by A.L. Page, R.H.

Miller, D.R. Keeney.
Soil Science Society of America. Madison, Wisconsin.

§. Perkin-Elmer. Analytical Methods for Atomic Absorption. 1982.
perkin-Elmer Corporation.

6. Technicen Industrial Systems. Technicon Autoanalvzer IT
Qperation Manual. 1983. Technicon Instrument Corporation.
Tarrytown, New York.
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7. United States Environmental Protection Agency. Handbook

for Analytical Quality Control in Water and Wastewater
tLaboratories. March, 1979. E.P.A.-600/4-79-019.

Revised 1983. Government Printing Office. Washington, D.C.

B. United States Environmental Protection Agency. Methods

for the Chemical Analysig of Water and Wastes. March,
1983. E.P.A.-600-4-79-020. Government Printing Office.

Washington, D.C.

9. United States Environmental Protection Agency. Methods
for Organic Rnalysis of Municipal and Indusgtrial
Wastewater. July 1982. EPA-600/4-82-057. Government
Printing Office. Washington, D.C.

10. United States Environmental Protection Agency. Test
Methods for Evaluating Solid Waste. July, 1986. SwW-846,
Third Edition. Government Printing Office. Wwashington, D.C.

11. Varian Techtron Pty. LID. Analytical Methods for Flame
Spectroscopy. 1979. Varian Techtron. Springvale, Australia.

12. Varian Techtron Pty.LTD. Bnalytical Methods for Graphite

Tube Atomizer. 1982. Varian Techtron. Mulgrave Victoria,
Australia.

REPORTING WATER CHEMISTRY DATA

Significant Digits
All results are reported to two significant digits, unless

otherwise specified.

Rounding
Digits 6, 7, 8, & 9 are rounded up; 1, 2, 3, & 4 are rounded

down. 5's are rounded to nearest even number; e.g., 4.25 = 4.2;
4.35 = 4.4.

LABORATORY CEEMICALS AND GASES

High gquality results are a function of the reagents used. In
general, most reagents are of AR gquality or better. All
preservative chemicals meet a minimum quality of ACS analytical
grade. All laboratory water used in the analytical methods is
distilled and deionized. A1l acids used in graphite furnace
analysis are of J.T. Baker Instra-Analyzed guality or better.
Acetylene used in atomic absorption is the purified form.
Nitrous oxide is U.S8.P. grade. Air for atomic absorption
analysis is filtered to remove particulates and passed through
silica gel to remove moisture prior to its introduction into the
atomic absorption spectrophotometers. All chromatography gases
meet a minimum purity of 99.99%. Standards may be purchased or
made up by NLS staff. Chemicals used to make standards are of
primary standard grade. If purchased, standards are obtained from
a reputable supplier. All reagents are dated, and appropriate
shelf lives are recorded. Reagents are discarded prior to their
expiration date. Matrix modifiers meet ACS Grade. Matrix
modifiers for graphite furnace analysis may be extracted with
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ADPQ/MIBK to remove trace metal contaminants. GC gases are
purified using moisture, carbon, and oxygen traps when necessary.

IN-HOUSE BOTTLE CHECKS

New Bottles:

Northern Lake Service utilizes an in-house bottle check procedure
to rule out the sample container as a source of contamination.
Upon receipt of new sample bottles, each box is given a 1lot
number. Lot numbers are assigned by size of bottle and type of
preservative to be used. Bottles are immediately capped to
prevent contamination. A random sampling is then pulled from
each lot of bottles. These bottles are given a sample number and
logged into the database for the specific parameters each bottle
is used for during analysis. The appropriate preservative along
with distilled water is added to each bottle. These samples are
then analyzed according to EPA protocol and holding times. If a
lot is proven to be contaminated, the whole lot is rinsed in the

appropriate manner to remove the contamination. .

Reuse of Bottles:

Northern Lake Service reuses bottles for specific parameters.
The following are the parameters and the cleaning procedures for

each parameter:

0il and Grease ~ glass bottle:
1. Soap and water wash
2. Rinse three times with tap water
3. Hydrochloric acid wash with 20% HCL
4. Rinse three times with distilled - deionized water
4., Dry well
5. Replace cap with a new cap

Fecal Coliform - Polypropylene bottle:
1. Scap and water wash with low phosphorus lab detergent

2. Rinse three times with tap water _
3. Rinse three times with distilled - deionized water
4. Add sodium thiosulfate if necessary

5. Autoclave for 30 minutes at 15 pounds of pressure

PCBs, Pesticides, and PAHsS - amber glass bottle:
1. Soap and water wash with low phosphorus lab detergent
2. Rinse three times with tap water
3. Acid wash with Chromic-Sulfuric Acid
4. Rinse three times with tap water
5. Solvent rinse with Methylene Chloride
6. Rinse three times with distilled - deionized water

7. Dry
8. Replace cap with a new cap

SAMPLE PRESERVATIVE AND HOLDING TIMES
Sample preservation methods are taken from the following source:
American Public Health Association, et. al., 1989. Standard

Methods _for the Examination of Water  _and Wastewater. 17th
Edition. American Public Health Association. Washington, D.C.
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Sample preservation is difficult because almost all preservatives
interfere with some types of tests. Immediate analysis is ideal.
Storage at low temperature (4 degrees C) is perhaps the best way
to preserve most samples until the next day. Chemical
preservatives are used only when they are shown not to interfere
with the analysis being conducted. When used, preservatives are
added to the sample bottle initially, so that all sample portions
are preserved as soon as collected.

No single method of preservation is entirely satisfactory; the
preservative must be chosen with due regard to the determinations
to be made. All methods of preservation may be inadequate when

applied to suspended matter.

Methods of preservation are relatively limited and are generally
intended to retard biological action, retard hydrolysis of
chemical compounds and complexes, and reduce volatility of

constituents.

Preservation methods are limited to pH control, chemical
addition, refrigeration, and freezing. Table I contains holding
times and preservation techniques currently employed by Northern

Lake Service.

ANALYTICAL RECORDS

The following records are maintained for a minimum of three
years by Northern Lake Service:

1. Sample log book.
2. Samples processed SO that any sample may be traced back

+o the analyst, date collected, date analyzed, method
uged, raw data, calculations, results and final report.
3. Quality control data for spikes, duplicates, reagent
blanks, reference samples,mcalibration standards, and
known standards.
4. Quality control records for precision and accuracy.
5. Instrument maintenance records.
6. Sample preservation procedures for specific methods.
7. Status of samples on arrival.
8. Log books, bench sheets, and method demonstration.
9, Chain-of-custody.
10. If NLS does the sampling, the following records are kept on file:
A. Preservation techniques.
B. Grab or composite sample for wastewater.
C. Whether sample was equal volume, time-proportionate
or composited-proportionate to flow.
D. Whether groundwater samples were field filtered,
and the pore size dia. of the filter, i.e., 0.45 um.
E. Any unusual circumstances which may affect the
results.

F. Field sample results.
G. Calibration curves for field instruments, standard

conditions, and appropriate maintenance.
H. Location and time of sampling.

Analytical methods for the analysis of groundwater, surface
water, industrial and municipal wastewaters comply with Wisconsin
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Statutes NR101, N3140, NR149, NR180, NR1l81, NR204, NR214, NR219,
NR?OS: NOTE: This section does not address NR109 Wisconsin Safe
Drinking Water statute.

METHODOLOGY

In order to insure accurate and consistent results, Northern Lake
Service uses methods that have been studied and proven to be
reliable by the USEPA. Detection limits used by Northern Lake
Service are updated frequently. Detection limits are derived by
conducting a replicate analysis with a minimum of seven samples.
These samples are spiked and diluted to the proper volume. The
samples are extracted (if necessary) and analyzed as if they were
an actual sample. The average response and standard deviation is
calculated and the method detection limit is calculated using a
student-t table with 99% confidence level. The reported
detection limits are generally a multiple of two or three times
this calculated detection limit. Detection limits and methods
used for each parameter are shown in Table 2.

GENERAL QUALITY CONTROL

Quality assurance in the laboratory has come to mean many things.
To some, it is merely equated with such factors as:

1. Adequately trained and experienced personnel

2. Good physical facilities and equipment

3. Certified reagents and standards

4. Frequent servicing and calibration of instruments
5. Use of replicate and known-addition analysis

While all of these are important, none in itself assures
reliability of laboratory data. A goed analytical quality
control program consists of three factors:

1. Using only methods that have been studied collabaora-
tively and found acceptable (this generally implies
retandard Methods," EPA, etc.)

2. Routinely analyzing control samples regularly during
runs on which unknown samples are being analyzed

3. Confirming the ability of a laboratory to produce
acceptable results by requiring analysis of reference
samples several times a year

additional considerations which supplement those above, may be
designated as internal or statistical quality control, as well as
external guality control, proficiency testing, or laboratoery
evaluation. In the following discussion, internal quality control
is emphasized. It is based on a system developed for the control
of general production processes and product quality although the
same concepts are adapted readily to laboratory operations.

LABORATORY QUALITY CONTROL LIMITS

Tn industrial applications, control limits are recommended for
each product, each machine, and each operator. 1In the laboratory
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environment, the parameter of interest, the instrument, and the
operator are analogous system variables. However, environmental
1aboratories routinely have to contend with a variable that has
no industrial counterpart - the true concentration level of the
parameter of interest, which may vary considerably among samples.
Unfortunately, the statistics <that work well in industrial
applications are sensitive to the variability in true
concentration that is found in environmental analysis. This
variability in true concentration means that there are no
expected values for randomly selected samples, So that the
accuracy of testing methodology must be evaluated indirectly
through the recovery of known standards and spikes. As a result,
it is somewhat difficult to apply industrial gquality control
techniques to the environmental laboratory.

Accuracy Control Limits
Accuracy is defined as

the ability to obtain a result with

minimal deviation from the actual amount. control limits for
accuracy are calculated after running a minimum of thirty
analyses on spiked samples. The accuracy of the analysis is
recorded as percent recovery. Percent recovery (P) can be

calculated using the following equation:

(observed result - background}
X 100%

P =
(amount of spike)

points for percent

After collecting a minimum of thirty data
is calculated using

recovery, the average percent recovery (P,)
the following equation:

2P

(number of points)

P =

The standard deviation (Pg) is calculated using the following

equation:

nyp? - (Ip)

(Ps)2 = where n = number of points
n(n-1)
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The warning and control limits are calculated using the following
equations:

Upper Control Limit = UCL = P, + 3(Pg)
Upper Warning Limit = UWL = P, + 2(P,)
Lower Warning Limit = LWL = P, - 2(P,)
Lower Control Limit = LCL = P, = 3(Pg)

These control limits will stand until another set of data points
are collected (minimum of 30). puring an analytical run, every
one out of ten samples are spiked and analyzed. If the recovery
of these samples is out of control, the last ten samples are
reran until the spiked sample is in control.

Precision Control Limits

Precision is defined as the ability to obtain the same result
every time a sample is analyzed. Control limits for precision
are calculated after a minimum of thirty analyses on duplicate
samples. The precision of the analysis 1is recorded as the
difference in the results of the duplicate samples. The

duplicate difference is calculated using the following equation:

D = | (Result of 1st Analysis) - (Result of 2nd Analysis)l

Precision of the analysis can also be recorded as percent
difference in the results of the duplicate samples. Percent
difference (D) is calculated using the following equation:

(Result of 1st Analysis) - (Result of 2nd Analysis)
Dy = X 200%

(Result of 1st Analysis) + (Result of 2nd Analysis)

Because the characteristics of precision for samples with a low
concentration of analyte as compared to samples with a high
concentration of analyte are different, control limits for
individual analytes are divided into three ranges of
concentrations. Samples with a low concentration of analyte must
meet the control limits for the low concentration range. Samples
with a high concentration of analyte must meet the control limits
for the high concentration range. There is also an intermediate

range of analyte concentration. The following is an example of
this:
Range 1: 0 - 20 mg/l Maximum Duplicate Difference 1 mg/l

Range 2: 20 - 40 mg/l Maximum Duplicate Difference = 2 ng/l
Range 3: 40 - 100 mg/l Maximum Duplicate Difference = 3 mg/1l
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After collecting a minimum of thirty data points for duplicate
dlffgrence, the average duplicate difference (D,) for a
particular range can be calculated using the following equation:

2D

D, = where D = duplicate difference
(number of points)

The standard deviation (D_) is calculated using the following
equation:

, -nan - (Zp)?

n{n-1)

where n = number of points

(Dg)

The warning and control limits for a particular concentration
range are calculated using the following eguations:

Upper Control Limit = UCL = D, + 3(D,)
Upper Warning Limit = UWL = D, + 2(Dg)
lLower Warning Limit = LWL = D, = 2(Dg)
Lower Control Limit = LCL = D, - 3(Dg)

These control 1limits will stand until another set of data points
are collected (minimum of 30). During an analytical run, one out
of ten samples are run in duplicate. Many of these duplicate
analysis involve the spiking of the samples to provide a non-zero
result. If the difference between the duplicate analyses is out
of control, the last ten samples are reran until the duplicates

are in control.

Sample Matrix
Since accuracy and precision data is more likely to vary with

sample matrix, control 1imits have been established for the
different matrices. There are seperate control limits for clean,

solid, and waste matrices.

Control Charts and Benchsheets
Accuracy and precision data can be best observed on a control

chart. A control chart is a graphical representation of the
data. An example of a control chart can be seen in Figure 1.
This is a plot of Range 1 duplicate data and accuracy data for

Hardness (clean matrix).

When benchsheets are printed for an jndividual parameter, the
control limits for that parameter are printed on the first page.
Therefore, the analyst knows immediately if a spike or duplicate

analysis is out of control.
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Computer-Aided Data Entry and I,imit Calculation

To assist in the tracking and entry of guality control data,
customized computer programs are incorporated into the gquality
assurance program. Individual analytes are assigned a test code
specific to Northern Lake Service requirements. All quality
control data make reference to these testcodes. After the
completion of every analytical run, the guality control data for
that run is entered into the database. Any out of control
results are flagged immediately, and the samples reran. Control
1imits are automatically recalculated every three months. Only
those parameters with a minimum of thirty data points are
recalculated. All data and past control limits are stored in the
new database for ten years.

FIELD SAMPLING QUALITY CONTROL

In addition to laboratory quality control, NLS has standardized
field sampling technigues and field quality control. Each time
our field sampling crew conducts groundwater sampling, a field
equipment check is performed to determine cross contamination
between wells.

NLS has devised the following procedure:

i. BAll eguipment is triple rinsed with distilled-deionized
water. NOTE: This is the standard clean up procedure
between well samples.

2. 500 ml of distilled~-deionized water is run through the
Geofilter pump and filter holder which contain a 0.45 um
membrane filter to flush and remove any residual COD,
TOC, MBAS, or other trace analytes.

3. BAn appropriate volume of water is placed in the bailer,
filtered through the Geofilter filtering system, and
collected into new bottles containing the proper
preservatives. These samples are then iced.

4. Appropriate field analyses are run and recorded
immediately after sample collection. Examples would be
conductivity, pH, and temperature.

5. Date, time, weather conditions, etc. are recorded for
each sample collected.

6. The field equipment check ig logged into the database
when received at the lab with all the parameters to be
performed on the corresponding samples. This is done to
jinsure there is no possibility of cross-contamination.

7. All meters for field analysis are gtandardized prior to
and after sample collection. Both the pH and
conductivity meters are calibrated before sample
collection and at four hour intervals.

Field determination for odor, color, and turbidity on water
samples might be expected to vary from observer to observer on
the same sample. In an attempt to reduce this variability and
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produce the most definitive and repeatable results, the
terminoclogy shown in Table 3 will be used for these
determinations by NLS personnel in the field. All records
acquired during field sample collection are kept for a minimum of

three years.

ANALYTICAL EQUIPMENT

Northern Lake Service always strives to utilize the most modern
equipment available in the environmental analysis field. Many
hours of evaluation and testing go into any egquipment purchase.
The following is a list of analytical equipment used at Northern

Lake Service:

1. Technicon ARuto Analyzer II
2. Varian Atomic Absorption Spectrometer AR-1475
3. vVarian Graphite Tube Analyzer GTA-95
4. Perkin Elmer Zeeman Atomic Absorption Spectrometer 4100ZL
5. Thermo Jarrell Ash AtomScan 25 ICP
6. Cetac U-5000AT Ultrasonic Nebulizer
7. Sartorius Analtyical Balance
8. Mettler AT200 Analytical Balance
9. Milton Roy Spectronic 1201 Spectrometer
10. Blue~M Magni-Whirl Constant Temperature Water Bath (two)
11. BAmerican Scientific Products Model DX-38 Drying Oven (three)
12. Blue-M Single Wall Transite Oven
13. Linberg Laboratory Box Furnace Model 51748 Muffle Furnace
14. Technicen BD-20/40 Digestion Block and Controller
15. Orion Model 820 Oxygen Meter (two)
16. Hach Ratio/XR Turbidimeter
17. Orion Specific Ion Electrode Meter Model 920A
Flouride, ph/temperature, redox, single junction,
and double junction electrodes.
18. Precision Scientific Inc. Steam Bath
19. Baxter S5/P Brand Ultrasonic Cleaners (two)
20. Hewlett Packard 5890 Gas Chromatograph with
Electronic Capture Detector (two)
21. Hewlett Packard 5890A Gas Chromatograph with
Flame Ionization Detector
Nitrogen/Phosphorus Detector
22. Varian 3400 Gas Chromatograph with
Flame Ionization Detector
Photo-Ionization Detector
23. Varian 3400 Gas Chromatograph with
Hall Detector
Photo-Ionization Detector
24. Varian 3300 Gas Chromatograph with
Hall Detector
Photo-Ionization Detector
25. Varian Saturn II GC / Mass Spectrometer
26. Tekmar LSC 2000 Purge and Trap with
ALS 2016 16-position autosampler (four)
27. Tekmar 7000 Headspace Analyzer with
Tekmar 7050 S50-position autosampler
28. Hewlett Packard High Performance Ligquid Chromatograph with
1046A Flouresence Detector
1040 Diode Array Detector
1050 Autosampler
1050 Quaternary Pump
29, Hewlett Packard 3365 Dos Chemstation Software
30. Hewlett Packard 3D Win Chemstation for HPLC Software
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31. Varian DS654 Chemstation
32. Varian Saturn Mass Spectrometer Software

INSTRUMENT CALIBRATION

A1l instruments are calibrated on the day of analysis. A minimum
of three calibration standards is used to calibrate every
instrument. Some methods allow the use of a continuing
calibration check standard to assure the calibration from the
previous day is still intact. In which case, the recovery of the
check standard must fall within predetermined limits. If this
check standard does not meet the limits, the instrument must be
recalibrated using three calibration standards. The following
are summaries of the calibration procedures for all instruments:

1. Furnace Atomic Absorption analysis on Varian AR Furmnace:
all standard calibration curves consgist of a
blank and three standards. All samples in run
duplicate. Spike 1/10 samples. Reslope acceptable
after every l0th sample (maximum).

2. Flameless Atomic Absorption for Hg on Varian AA Furnace:
all standard calibration curves consist of the
following: 2 blanks, 2-0.05 ug, 2-0.10 ug, 2-0.2 ug,
2-0.5 ug, and 2-1.0 ug standards. All samples are
run in duplicate; different dilutions acceptable.

Spike 1/10 samples.

3. Metals by Thermo Jarrel Ash ICP model Atomscan 25:
All standard calibration curves consist of a blank
and a minimum of three calibratiocn standards. All
samples are scanned a minimum of three times per
element. Duplicate and spike 1/10 samples.

4. Metals by Perkin Elmer Zeeman Atomic Absorpticn
Furnace model 4100ZL: All standard calibration curves
consist of a blank and a minimum of three standards
run in duplicate. BAll samples are run in duplicate.
Spike 1/10 samples.

5. Wet chemistry determined on Technicon AR II:
All standard calibration curves consist of a blank
and a minimum of three calibration standards run in
duplicate. Duplicate and spike 1/10 samples.

6. Wet chemistry determined on Milton Roy 1201 and
Bausch & Lomb Spec 88: All atandard calibration curves
consist of a blank and a minimum of three standards.
puplicate and spike 1/10 samples.

7. conductivity meter:

Meter standardized using 0.010 Molar solution of
Potassium Chloride at 1413 Michromhos/cm @ 25C

§. pH meter:
Calibrated using a pH 7.00 buffer and one other
buffer to bracket the expected gample pH range.
Meter is recalibrated after every 20th sample and
at the end of the pH run. If gtandards differ
by greater than 0.05 pH units from the true
concentration, meter is recalibrated and samples rerun.
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9. Titrations:
Titration analyeis for alkalinity and calcium
congists of a titrated blank and a 100 mg/l standard as
Ccaco3, followed by the samples. Duplicate and spike
1/10 samples.

10. Gascline Range Organiecs and PVOCs run on Varian 3400 GC:
Standard curve consists of a blank and five calibration
standards. A continuing calibration is utilized on this
instrument for GRO and PVOcs. After the instrument hasg
been initially calibrated, the curve can be used until
the check standard recoveries are out of the 80-120%
range. Duplicate and spike 1/10 samples. Check
standards run a minimum of 1/20 samples.

11. Diesel Range Organics run on HP5890A GC:
standard curve consists of a blank and five calibration
standards. A continuing calibration is utilized on this
instrument for DRO. After the instrument has been
initially calibrated, the curve can be used until the
check standard recoveries are out of the §0-120% range.
Duplicate and spike 1/10 samples. Check gtandards run

a minimum of 1/20 samples.

12. PCBs and Pesticides run on HP5890 GC:
standard curve consists of a blank and five calibration
standards. A continuing calibration is utilized on this
instrument. After the instrument has been initially
calibrated, the curve can be used until the check
standard recoveries are out of the 80-120% range.
Duplicate and spike 1/10 samples. Check standards run
a minimum of 1/20 samples.

13. VOCs run on Varian 3300 GC and Varian 3400 GC:
standard curve consists of a blank and five calibration

standards at the beginning of every analytical run.
Duplicate and spike 1/10 samples.

i14. VOCs run on Varian Saturn GC/MS:
standard curve consists of a blank and five calibration
standards. A continuing calibration is utilized on this
instrument. After the instrument has been initially
calibrated, the curve can be used until the check
standard recoveries are out of the 80-120% range.
Duplicate and spike a minimum of 1/10 samples. Check
standards run a minimum of 1/10 samples.

calculations performed by NLS staff to reduce raw data into final
form are performed twice. (Once by the analyst and checked by a
senior chemist. The lab director periodically spot-checks rough
data calculations. The preferred mode of operation entails
instruments reading directly in concentration.

PREVENTATIVE MAINTENANCE

Refrigerators  are monitored daily for  temperature; the
temperature is kept at 4 degrees C. The BOD-5 incubator is kept
at 20 degrees C, and temperature 1is monitored daily. Glucose Or
glutamic acid checks are run monthly for BOD. BOD blanks should
have a depletion drop of <0.20 mg/l. If depletion exceeds 0.20
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mg/l, BOD bottles, storage bottles, and dilution water beakers
are washed with concentrated chromic acid and rinsed six times
with distilled deionized water. Analytical balances and triple
beam balances are cleaned frequently and checked annually by B&B
Scale. Balances are checked with class S weights daily.
Scheduled maintenance is performed on all analytical equipment.
Maintenance procedures for individual instruments are performed
according to instructions in the specific owner and operation
manual for that piece of equipment. Conductivity, pH, and
specific ion electrodes are rinsed with distilled and deionized
water after each use. Probes are also cleaned according to
cleaning procedure in operation manual. Records outlining daily
measurements are kept for a minimum of three 7years. The
following list outlines the type of measurements recorded:

1. Sample storage refrigeration temperatures.
5. Standards storage refrigeration temperatures.
3, Laboratory oven temperatures.
4. Laboratory digestion block temperatures.
5. sStandardization of pH and conductivity meters.
6. Water bath systems temperatures.
7. Turbidity Meter calibration.
8. Conductivity of distilled and deionized water.
g. Standardization of field meters.
10. pH of preserved samples.
11. Calibration of lahoratory thermometers.
12. Sample extraction data and procedures.
13. Sources and lot numbers of standards used.
14. Maintenance logs for all analytical instruments.
15. Records of computer archived raw data.

LABORATORY INFORMATION MANAGEMENT SYSTEM

In order to efficiently manage the large amount of data produced
by an analytical laboratory, Northern Lake Service uses an Altos
Multiuser System 5000 computer operating under the Unix V3.2
operating system and an oracle database Version 6.0. The Altos
5000 incorporates the latest 32-bit microprocessor technology in
the Intel 80486 CPU. The operating system allows for up to 200
simultaneous users, local area ethernet network, and wide area
networking. Every user must have a login name and password to
access the database.

The versatility of the Unix operating system and the Oracle
database allows us to conform to the various needs of our
customers. Data can be transferred to the customer via disk or
modem. Data format can be adjusted so it can be imported into
various types of software.

The database is used in almost every step of the analytical
process. After receiving a project from a customer at the
laboratory, the samples are logged into the database. The
corresponding customer information and analytical parameters to
perform on the samples are entered into the database. Sample
labels and login reports are automatically printed. The analysts
can then print benchsheets for the individual tests to perform.
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After completing the analytical run, the analyst enters all
results and corresponding quality control information into the
database. A list of completed projects is automatically printed
every morning. The final reports are then printed for these
projects, reviewed, and sent to the client. Quality control
limits for all parameters can be calculated on command and are
generally recalculated every three months. Results for every
project are stored in the computer for a minimum of ten years
after the receipt of samples. A number of reports can also be
run to help in the scheduling process. All customer data is

backed up every night onto a tape drive.
ANALYSIS OF QUALITY CONTROL SAMPLES

Laboratory Certification

Northern Lake Service participates in the Wisconsin Laboratory
Certification and Registration Program. NLS is currently
enrolled and certified in two USEPA Performance Evaluation
Programs: the Water Supply and the Water Pollution Programs. The
Wisconsin Department of Natural Resources grants certification
depending on the results of these programs. Certified
laboratories must comply with the rules and regulations
established in NR14S9.

Performance Evaluation Samples (Reference Samples)

Wisconsin certified laboratories are required to analyze
reference samples for each test category in which they wish to be
certified. Tn order to be certified for a test category, the
reference sample results must meet the acceptable limits
established by the provider. If certification of a test category
depends on more than one analyte, the laboratory must have 80% of
the results within acceptable limits. For test categories in
which reference samples are not required, the laboratory must
demonstrate acceptable precision and accuracy based on replicate
and spiked sample analysis. Table XXX displays the test
categories in which Northern Lake Service is certified or pending

certification.

Blind Standards

Wisconsin certification also requires the analysis of blind
standards. Blind standards must be analyzed a minimum of three
times per year. The known amount of analytes and the acceptable
ranges are shipped along with the blind standard ampules. If the
result of any test category is not within the acceptable range,
corrective action must be taken and the standard must be
reanalyzed until the corrective action proves to be successful.

SAFE DRINKING WATER ACT

This section outlines QA/QC required for certification under the
safe Drinking Water Act (SDWA). Wisconsin has addressed the
necessary requirements under the Wisconsin administrative code
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NR109. Except where noted, this section only addresses SDWA
protocol.

sample Handling Procedures for Drinking Water

A chain-of-custody form accompanies all drinking water samples.
All such samples are collected in bottles provided by NLS. These
bottles come from a certified bottle check lot, and contain the
proper preservatives as listed in Table 1. When a sample is
received at NLS, whether collected by a client or by NLS staff,
it is logged into the Laboratory Database Management Program.
when all analyses are complete, a data report is printed,
reviewed by the laboratory technical director, then sent to the
client. Completed samples may be discarded by NLS staff two
weeks after completion of the final analytical report.

gample Collection, Handlind, and Preservation procedure:

The sample tap must be representative of the potable water
system. The water tap is sampled after maintaining a steady flow
for two to three minutes to clear the service line. The sample
is taken prior to any water purification or water softening
devices, if possible. The tap must be free of aerator, strainer,
and hose attachments. Samples are preserved according to Table
1. Analyses are then completed prior to maximum holding times.
When maximum holding times cannot be met, the sample is discarded
and a new sample collected. If a Safe Drinking Water Act sample
exceeds the maximum contaminant jevel for a primary drinking
water standard parameter, this sample is analyzed in both

duplicate and spike.

safe Drinking Water Methodolody
Table 4 contains the approved methodology for drinking water

parameters.
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TABLE I

SUMMARY OF SPECTAL SAMPLING OR_ HANDLING REQUIREMENTS
Test Container Size Regulatory '
Name Type (ml} Pressrvation Holding Time
Acidity P,G 100 Refrigerate 14 days f
Alkalinity P,G 200 Refrigerate 14 days i
BOD-5 P,G 1000 Refrigerate 48 hrs
Boron P.G 100 *6 & menths
Bromide P,G 100 None reguired 28 days !
Carbon, tot. Organic P,G 100 *4 28 days
Carbon dioxide P,G 100 None required Immediately )
(0] P,G 100 *4 28 days
Chleride P.G 30 None required 28 days
Chlorine, Residual P,G 500 None reguired Immediately }
Chlorine, Dioxide P,G 500 None reguired Immediately
Chlorophyll P,G 500 *2 28 days
Color ?,G 500 Refrigerate 48 hrs ]
Conductivity P,G 500 Refrigerate 28 days {
Cyanide, tot. P,G 500 *3 14 days
Fluoride P 300 None required 28 days
Grease & 0il G ipoe *4 28 days
Hardness P.G 100 *6 6 mos
Iodine P,G 500 None required Immediately
Metals P(A) ,G(A) --- *5, *§ 6 mos
Chromium, Hexavalent P(Aa),G(A) 300 Refrigerate 24 hrs
Mercury P(A),G(A) 500 *6 28 days
Nitrogen, Ammonia P,G 500 *1 28 days
Nitrogen, Nitrate P.G 100 Refrigerate 48 hrs
Nitrogen, N0O2+NO3 P,G 200 *4 28 days (
Nitrogen, TRN P,G 500 *4 28 days z
Cdor G 500 None required 48 hrs
Phenols, (4AAP)} G only 500 *4 28 days
Purgeables, purge & trap G(C) 40 *9 7 days
Pesticides-GC G (D} 1000 Refrigerate E7-A40
Nitrotoluenes G(D) 1000 Refrigerate E7-240
PAHs-GC G (D) 1000 Refrigerate E7-A40
Chlorinated Hydrocarbons G (D) 1000 Refrigerate E7-A40 ]
DRO (water) G(D) 1000 Refrigerate E7-A40 h
DRO (soil}) G (D) 25 g Refrigerate E7-240
GRO (soil) G(D) 25 g Refrigerate 14 days
GRO (water) G(D) 40 Refrigerate 14 days
Oxygen, dis. (electrode) G({E) 300 None required Immediately
pH P,G 50 None required 2 hrs
Phosphorus, elemental G 100 Refrigerate 48 hrs
Phosphorus, total P,G 100 *4 28 days I
Salinity G(F) 2490 Nore required Immediately
Silica P 50 Refrigerate 28 days
Solids P,G 250 Refrigerate 7 days
Sulfate P.G 50 Refrigerate 28 days
Sulfide P.G 300 *38 7 days
Taste G 500 None reguired Immediately
Temperature P,G 500 None required. Immediately

For determinations not Listed, glass or plastic containers are used; preferably refrigerated during storage and analyzed
as soon as possible.

Refrigeration = storage at 4 degrees C, in darkness. E7-A40 = extraction in 7 days, analysis in 40 days
P = plastic *1 = Analyse immediately, or refrigerate and add H2504 to ph < 2.
G = glass *2 = 30 days in dark freezer
G(A) = glass, acid rinsed or QA/QC checked *3 = pdd MaOH to pH > 12, refrigerate, store in dark
G¢(B) = glass, borosilicate *4 = Add H2S04 to pH < 2, refrigerate
G(C) = glass, VOC vial *5 = pissolved metals need to be filtered immediately - f
G¢D) = glass, teflon tined cap *6 = Add HNO to pH < 2, refrigerate
G(E) = glass, BOD bottle *7 = Analyze as scon as possible, refrigerate, or freeze at 20 C
G(F) = glass, wax seal *8 = Refrigerate, add 4 drops 2N zine acetate/100ml
G(S) = glass, rinsed with organic solvents. *G = Refrigerate, add 100mg ascorbic acid if residual Cl present add
1:1 HCL to pH < 2.
|
Copyright 1993 unauthorized duplication prchibited Page 21 1

A22 L



NLS QA/QC MANUAL

Parameter

Alkalinity

B.0.D. (5 days)

Chloride

c.0.D.

Color (APHA)

Conductivity

Cyanide

Dissolved Oxygen

Fluoride

Hardness (tot. as CaC03)
Nitrogen, ARmmonia
Nitrogen, Kjeldahl
Nitrogen, Nitrite
Nitrogen, Nitrate + Nitrite
0il & Grease

PH

Phenol {Distillation 4AARP)
Phosphorus Tot., Dis., Reactive
Solids-Total,
Solids-Volatile Dissolved
Solids-Volatile Total
Solids-Volatile Suspended
Solids-Dissolved
Selids-Organic
Solids-Percent

Sulfate

Sulfide

Turbidity

Furnace AR Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
iron

Lead
Manganese
Mercury, Cold Vapor
Molybdenum
Nickel
Selenium
Silver
Thallium
Tin
Vanadium
Zinc

TABLE 2

DETECTION LIMITS
REPORTED BY NORTHERN LAKE SERVICE
AND CORRESPONDING METHODS

AN A e ——

Detection
Limit
mg/1
mg/l
mg/1l
mg/l
c.P.U.
umohs/cm
01 mg/1l
mg/l
mg/i
mg/l

0.05 mg/l
0.01 mg/l
0.05 mg/l1
5.0 mg/l
0.1 su
0.01 mg/l
0.004 mg/l
mg/l
mg/l
mg/l
mg/1l
mg/l
%DWB
SDWB
mg/1l
mg/l
NTU

. e
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(&)
n
3
8]
i
joe

s & s . .
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ug/1l
ug/1
ug/1l
ug/l
ug/lL
ug/1l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/1l
ug/l
ug/1l
ug/1
ug/1l
ug/1

OORNPEPWW
[ T P
MOOOO

ONVFONWHOORFFNE
MOOOUODOONNOOCOOK

+

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
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" Method

310.1
405.1
325.2
410.1
110.2
120.1
335.1
360.2
340.1,.2,.3
130.2, 200.7
350.1
351.2
354.1
353.1
413.1
150.1
420.1,.2
356.2
160.3
160.4
160.4
160.4
160.2
160.3
160.3
375.1
376.1
180.1

202.2
204.2
206.2 -
208.2
210.2
213.2
218.2
219.2
220.2
236.2
239.2
243.2
245.1
246.2
249.2
270.2
272.2
279.2
282.2
286.2
289.2
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TABLE 2 CONTINUED: Methods and Detection Limits

Detection
Metals by ICP Limit Methed
Aluminum 0.034 mg/l EPA 200.7
Arsenic 0.134 mg/l EPA 200.7
Barium 0.015 mg/l EPA 200.7
Beryllium 0.480 mg/l EPA 200.7
Boron 0.022 mg/l EPA 200.7
Calcium 0.006 mg/l EPA 200.7
Cadmium 0.006 mg/l EPA 200.7
Cobalt 0.016 mg/l EPA 200.7
Chromiurm 0.014 mg/l EPAR 200.7
Copper 0.012 mg/l EPA 200.7
Iron 0.015 mg/l EPA 200.7
Lead 0.048 mg/l EPA 200.7
Magnesium 0.008 mg/l EPA 200.7
Manganese 0.004 mg/t EPAR 200.7
Molybdenum 0.020 mg/l EPA 200.7
Nickel 0.016 mg/l EPA 200.7
Potassium 0.600 mg/l EPA 200.7
Silver 0.010 mg/l EPA 200.7
Sodium 0.034 mg/l EPA 200.7
Strontium 0.009 mg/l EPA 200.7
Tin 0.052 mg/l EPA 200.7
Vanadium 0.012 mg/l EPA 200.7
Zine 0.003 mg/l EPA 200.7
Metals by ICP - Ultra Sonic Nebulizer (Low Level)
Antimony 10.0 ug/l EPA 200.7
Cadmium 0.4 ug/l EPA 200.7
Chromium 2.0 ug/l EPA 200.7
Copper 2.0 ug/l EPA 200.7
Lead 3.0 ug/l EPA 200.7
Molybdenum 2.0 ug/l EPA 200.7
Silver 2.0 ug/l EPAR 200.7
Thallium 7.0 ug/l EPA 200.7
vocs by EPA 8010, 8020, 8021, 502.2, 601, 602
Parametexr (water 5ml) _ (soil 0.5g)
Benzene 0.30 ug/l 7.0 ug/kg
Bromobenzene 0.50 ug/l 57 ug/kg
Bromochloromethane 1.00 ug/l 28 ug/kg
Bromodichloromethane 0.50 ug/l 7.0 ug/kg
Bromoform 1.00 ug/l 21 ug/kg
Bromomethane 2.00 ug/l 70 ug/kg
n-Butylbenzene 1.50 ug/l 14 ug/kg
sec—-Butylbenzene 1.00 ug/l 28 ug/kg
tert-Butylbenzene 1.00 ug/l 28 ug/kg
Carbon Tetrachloride 0.50 ug/l 7.0 ug/kg
Chlorobenzene 0.50 ug/l 7.0 ug/kg
Chloroethane 1.00 ug/l 43 ug/kg
Chloroform 0.50 ug/l 7.0 ug/kg
Chloromethane 3.00 ug/l 43 ug/kg
2-Chlorotoluene 1,00 ug/l 57 ug/kg
4-Chlorctoluene 1.00 ug/l 57 ug/kg
Dibromochloromethane 0.50 ug/l 7.0 ug/kg
1,2-Dibromo-3-Chloropropane 1.50 ug/1 28 ug/kg
Ethylene Dibromide 1.00 ug/l 28 ug/kg
Dibromomethane 1.00 ug/l 57 ug/kg
1,2-Dichlorchenzene 0.50 ug/l 14 ug/kg
1,3-pichlorchenzene 0.80 ug/l 14 ug/kg
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TABLE 2 CONTINUED: Methods and Detection Limits

Parameter
1,4-Dichlorcbenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2=Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
p~Isopropyltoluene
Methylene Chloride
Naphthalene
n-Propylbenzene
Styrene/O-xylene
1,1,1,2—Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorcbenzene
i,1,1-Trichlorocethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3=-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
vinyl Chloride
Meta/Para-xylene
tert=Butylmethyl ether
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Isopropyl ether

(water S5ml)

1.0C
0.50
0.50
0.50
0.50
0.50
0.70
0.50
0.50
0.50
i.00
1.50
0.50
0.50
0.20
1.00
1.00
0.50
0.50

vocs by GC/MS EPA 8240, 8260, 524.2, 62
{Water Sml)

Parameter

Benzene

Bromobenzene
Bromochloromethane
Bromodichlorocmethane
Bromoform
Bromemethane
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
carbon Tetrachloride
Cchlorobenzene
chleoroethane
Chloroform
Chloromethane
2=-Chloreotoluene
4-Chlorotoluene
Dibromochloromethane
1,2-Dibromo-3-Chloropropane
Ethylene Dibromide

Copyright 1993 unauthorized duplication prohibited
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ug/1l
ug/1l
ug/l
ug/l
ug/1l
ug/1l
ug/l
ug/l
ug/l
ug/1l
ug/1
ug/l
ug/1l
ug/1l
ug/l
ug/l
ug/1
ug/l
ug/1l
ug/L
ug/l
ug/1l
ug/L
ug/l
ug/1
ug/l
ug/1l
ug/l
ug/l
ug/li
ug/l
ug/l
ug/l
ug/1
ug/l
ug/1
ug/1

4.

ug/l
ug/1l
ug/l
ug/l
ug/l
ug/l
ug/1
ug/l
ug/l
ug/l
ug/1l
ug/1l
ug/1l
ug/1l
ug/1
ug/l
ug/1l
ug/l
ug/l
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(seil 0.5qg)

7.0 ug/kg
43 ug/kg
7.0 ug/kg
7.0 ug/kg
7.0 ug/kg
28 ug/kg
7.0 ug/kg
7.0 ug/kg
57 ug/kg
28 ug/kg
28 ug/kg
7.0 ug/kg
14 ug/kg
28 ug/kg
14 ug/kg
14 ug/kg
28 ug/kg
57 ug/kg
30 ug/kg
28 ug/kg
7.0 ug/kg
7.0 ug/kg
7.0 ug/kg
14 ug/kg
14 ug/kg
7.0 ug/kg
7.0 ug/kg
7.0 ug/kg
28 ug/kg
28 ug/kg
14 ug/kg
14 ug/kg
2.9 ug/kg
28 ug/kg
28 ug/kg

14 ug/kg
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TABLE 2 CONTINUED: Methods

Parametex
Dibromomethane
1,2-Dichlorchenzene
1,3-Dichlorokenzene
1,4-Dichleorobenzene
Dichlorodifluoromethane
1,1-Dichlorcethane
1,2-Dichlorocethane
1,1-Dichloroethene
gis-1,2~Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichleoropropane
1,3=-Dichloropropane
2,2-Dichloropropane
1,1-Dichloreopropene
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
p-Isopropyltoluene
Methylene Chloride
Naphthalene
n-Propylbenzene
Styrene/O-xylene
1,1,1,2-Tetrachloroethane
1,1,2,2—Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3~Trichlorcbenzane
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichlorcethane
Trichloroethene
Trichloroflucromethane
1,2,3-Trichlorcopropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
Meta/Para-xylene
tert-Butylmethyl ether
cis—1,3-Dichloropropene
trans—-1, 3-Dichloropropene
Acetone

Carbon Disulfide
2=-Butanone
4-Methyl-2-Pentanone
Z2-Hexanone

Acrolein

Acrylonitrile

Vinyl Acetate

pPvocs by EPA 8020
Parameter
tert-Butylmethyl ether
Benzene

Toluene

Ethyl Benzene -
Meta/Para-xylene
O-xylene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
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and Detection Limits

]
o

(water Sml)

POO0OrROO0OK

P A |

oot mo

ug/1l
ug/l
ug/l
ug/l
ug/1
ug/l
ug/l
ug/1

A26

(scil 0.5q)

ug/ky
ug/kg
ug/kg
ug/kyg
ug/kyg
ug/kg
ug/kg
ug/kg
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TABLE 2 CONTINUED: Methods and Detection Limits

Gasoline and Deisel Range Organics by Wisconsin GRO/DRO
(water)

Parameter

GRC
DRO

0.02 mg/l (5ml sample)
0.10 mg/l {(1000ml sample)

Organochloxine Pesticides by EPA 508, 608, 8080
water 1000ml

Parameter
Alpha-BHC

Beta-BHC

Gamma-BHC
Delta-BHC
Heptachlor
Heptachlor Epoxide

DDE
DDD
DDT

Aldrin
Dieldrin
Endrin

Endrin Aldehyde
Endrin Ketcone
Endusulfan I
Endosulfan II
Endosulfan Sulfate
Methoxychlor
Chleordane
Toxaphene

0.05
0.053
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.20
0.50

Polychlorinated Biphenols (PCE)
(water 1000ml)

Parameter

1016
1221
1232
1242
1248
1254
1260
1262

PCB
PCB
PCB
PCE
PCE
PCB
PCB
PCB

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

ug/l
ug/l
ug/1
ug/1
ug/l
ug/l
ug/1l
ug/l
ug/1l
ug/1l
ug/1l
ug/1l
ug/l
ug/1
ug/l
ug/l
ug/1l
ug/l
ug/1l
ug/l

by EPA 508,

ug/1
ug/l
ug/l
ug/l
ug/l
ug/l
ug/1
ug/1

Nitrogen/Phosphorus Pesticides by EPA 507
{(water 1000ml)

Parameter

Atrazine
Simazine

Diazinon
Alachlor
Cyanazine
Metolachlor
Methyl Parathion
Ethyl Parathion

0.5

ug/1l
ug/1l
ug/l
ug/1l
ug/1l
ug/1l
ug/l
ug/l

608,

2 mg/kg (25¢g sample)
5 mg/kg (25¢g sample)

8080
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TABLE 3 - FIELD SAMPLE CHARACTERISTICS

ODOR
Observe immediately upon collection.

intensity:

nct detected (ND)
glight (slt.)
moderate (mod.)
strong

description:
musty
sulfide
smokey

oily

sour

sweet
putrid
pulpy
mineral
other {specify)

COLOR
Observe filtered sample immediately after filtering, prior to preservation.

intensity:

not detected (ND)}
light {1lt.}
medium (med.)
dark (dk.)

description:
reddish brown {(red br.)
yellow '
gray

amber

green

salmon

purple

red

tan or natural
other ({specify)

TURBIDITY
Observe filter after about 0.3 to 0.5 liters are filtered.

ggantity:

not detected (ND)
slight

moderate {(med.)
extreme

texture:
very fine - slimy feel, no cbservable particles, clay.
fine - floury feel, no observable particles, silt.

medium (med.) - fine gritty feel, tiny observable particles, v.fine sand.
coarse - definite sandy feel; fine, med., coarse sand.

mixed texture (mxd.tx.) - mixture of above.

color:

state color

Copyright 1993 unauthorized duplication prohibited Pagel7
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TABLE 4 - CERTIFICATION PARAMETERS

Category Analvte
Oxygen Utilizaticn Biclogical Oxygen Demand
Carbonaceous Biochemical Oxygen Demand

Nitregen Nitrate

Nitrite

Ammonia

Kjeldahl

Phosphorus Orthophosphate
: Phosphorus

Physical Total Solids
Dissolved Solids
Volatile Solids
Total Suspended Scolids
0il and Grease

General I Alkalinity/Acidity
Bromide
Chlorophyll a
Color
Hardness
Silica
Silicate
Sulfide
Sulfite
Surfactants
General II Chemical Oxygen Demand
Chloride
Cyanide
Fluoride
Sulfate
Total Phenolic Compounds
General III EP Toxicity
Ignitability
Toxicity Characteristic Leaching Procedure

Metals I Aluminum Iron Strontium
Antimony Lead Thallium
Arsenic Magnesium Tin
Barium Manganese Vanadium
Beryllium Mercury Zinc
Boron Molybdenum
Cadmium Nickel
Calcium Potassium
Chromium Selenium
Cobalt Silver
Copper Sodium

Metals II Bismuth Palladium Titanium
Gold Platinum Tungscen
Iridium Rhodium Zirconium
Lithium Ruthenium
Osmium Silicon

Copyright 1993 unauthorized duplication prohibited
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TARLE 4 CONTINUED: Certification Parameters

Category
Organics; Purgeable

by Gas Chromatography
or Gas Chromatcgraphy-
Mass Spectrometry

Organics;
Extractables by
Liguid Chromatography
Organics; Acid

Extractable
Pesticide

Organics;
Petroleum Hydrocarbons

Analyte
Purgeable Halocarbons

Purgeable Aromatics
Acrolein
Acrylenitrile

Polynuclear Aromatic Hydrocarbons

2,4-D
2,4,5-T
Picloram
Chloramben

Gasoline Range Organics
Diesel Range Organics
Petroleum Volatile Organic Compounds

Organics; Polychlorinated Biphenyls

Organochlorine Organcochlorine Pesticides

Compounds

Copyright 1993 unauthorized duplication prohibited Page2?
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TABLE 5
SAFE DRINKING WATER METHODS

Primary Inorganic Contaminants Method

Antimony EpPa 200.9
Arsenic EPA 206.2, 200.7
Barium EpPA 208.2, 200.7
Beryllium EPA 210.2, 200.7
Cadmium EPAE 213.2, 200.7
Copper EPA 220.2, 200.7
Chromium EPA 218.2, 200.7
Cyanide EPA 335.1,.2,.3
Fluoride EPA 340.1,

Lead EPA 239.2
Mercury . EPA 245.1

Nickel EPR 249.2, 200.7
Nitrate EPA 353.1
Nitrite EPA 354.1
Selenium EPR 270.2
Sulfate EPA 375.1,.2
Thallium EPA 279.2
Turbidity EPa 180.1

Physical, Residual Chlorine, Sodium, Corrosivity and
Secondary Inorganic Contaminants Method

Alkalinity EPA 310.1

Aluminum, total EPA 202.2, 200.7

Calcium EPA 215.2, 200.7

Chloride EPA 325.2

Chlorine dioxide residual Standard Methods (1l7ed) 4500-Cl0,
Color EPA 110.2

Conductivity EPA 120.1

Corrosivity, Langelier index standard Methods (17ed) 2330
Foaming Agents EPA 425.1

Free Chlorine Residual Standard Methods (17ed)} 4500-Cl
Iron, total EPA 236.2, 200.7

Manganese, total EPA 243.2, 200.7

QOdor EPA 140.1

Orthophosphate EPA 365.2,.3

Ozone n/a -

pH EPA 150.1

Silica EPA 200.7

Sodium, total EPA 273.2, 200.7

silver, total EPA 272.2, 200.7

Sulfide EPA 376.1

Temperature EPA 170.1

Total Filterable Residue EPA 160.1

Total Residue - EPA 160.3

Turbidity EPA 180.1

Zinc, total EPA 28%.2, 200.7

Organic Contaminants

Regulated Parameters Method

Alachlor EPRA 505, 507, 525.1
Adicarb EPA 531.1

Aldicarb sulfone EPA 831.1

Aldicarb Sulfoxide EPA 531.1

Atrazine EPR 505, 507, 525.1
Benzo{a)pyrene EPA 550, 550.1, 525.1°
Carbofuran EPA 531.1

Chlordane ’ EPR 505, 508, 525.1
Dalapon EPA 515.1

Copyright 1983 unauthorized duplication prohibited Page3l
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TABLE 5 CONTINUED:

Organic Contaminants
Requlated Parameters (cont.)
Dibromochloropropane
Di(2-ethylhexyl)adipate
Di(2-ethylhexyl)phthalate
Dinoseb

Digquat

2'4_D

Endothall

Endrin

Ethylene Dibromide (EDE)
Glyphosate

Heptachlor

Heptachlor Epoxide
Hexachlorobenzene
Hexachlorocycolpentadiene
Lindane

Methoxychlor

Oxamyl

Picloram

Polychlorinated Biphenyls
pPentachlorophenol

Total Trihalomethanes (TTHM)
Simazine

Toxaphene

2,3,7,8-TCDD (Dioxin)
2;4'5_'TP

Volatile Organic Chemicals (VOCs)

Organic Contaminants
Unrequlated Parametexs
Aldrin

Butachlor

carbaryl

Dicamba

Dieldrin
3-Hydroxycarbofuran
Methomyl
Metolachlor
Metribuzin
Propachlor

Method
EPA 504
EPA 506,
EPA 506,
EPA 515.1
EPA 549
EPA 515.1
EPA 548
EPA 505,
EPA 504
EPA 547
EPA 505,
EPA 505,
EPA 505,
EPA 505,
EPA 505,
EPA 505,
EPA 531.1
EPA 515.1
EPA 505,
EPA 515.1
EPA 502.1
EPA 505,
EPA 505,
EPA 1613A
EPA 515.1
EPA 502.1

Method

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

505,

Safe Drinking Water Methods

525.1
§25.1

508, 525.1

508, 525.1
508, 525.1
508, 525.1
§25.1

508, 525.1
508, 52%5.1

508, 508A

, 525.1

, 502.2, 524.1,
507, 525.1

508

, 502.2, 503.1,

508, 525.1

507, 525.1
531.1

515.1

505, 508, 525.1
531.1

531.1

507, 525.1

507, 508, 525.1
507, 525.1
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A32

524.2

524.1,

524.2

Page3l



NLS QA/QC MANUAL

00¥5E5 "2~

ooaire2-

GOEZA: T

00321075

[s[sH3-F{ -]

QOFLGYER

QUFGRF =6

0QEEED Q0T

ODELIGQ FOL

nO2606 901

26-1NM-22 NO 0.27v2 ( 1/Bw 0000 002 - 0000° ) dno T 39Nvd

g7 se " 303} 'ssaupJedH - 0G80c

E6-NVF-80 :NO 0.07¥0 ( ¥ 0000°002 - 0000° ) dS | 39INVH
®) se ‘3031 'SsaupJeH - 0GOZ

o, \ M/ s\.//d\ o

0
[ B \/
P\ . ~oe—oa’ t
\vllbﬂnn 1|||ﬂ%||¢rlll ,
?

~g /& ~ /m

saIRUD Toxluod AjTTend
T 2anbtq

]

MY

amwn

on

an

hly!

mn

N

uotsl3add

Adwanaoy

Page32

hibited

Copyright 1993 unauthorized duplication pro

A33



NLS SOP Manual

TEST
Metals by Atomic Absorption by Flame or Furnace.

REFERENCE
Methods for Chemical Analysis of Water and Wastes. EPA March, 1983.

INSTRUMENTATION

vVarian AR~1475 Atomic Absorption Spectrophotometer.

Varian GTA-95 Graphite Tube Atomizer.

Starna Boost Control for Super Lamps.

Perkin Elmer 4100ZL Zeeman Atomic Absorption Spectrophotometer.

SCOPE RND APPLICATION

This method can be used for the determination of dissolved, suspended, oOr
total elements in drinking water, surface water, waste water, and waste
material. Dissolved metals are determined from filtered and acid preserved
samples. Total metals are determined after appropriate digestion procedures
have been performed. Drinking waters free of particulate matter may be
analyzed directly. Domestic and industrial wastes require processing to
solubilize suspended matter. Sludges, sediments and other sclid samples can
be analyzed after appropriate treatment.

Detection limits, sensitivity and optimum ranges will vary with various models
of atomic absorption spectrophotometers. Table 1 and Table 2 contain the
detection limits for the various metals analyzed on the Varian AA-1475 and the
Perkin Elmer 41002L. Detection limits by direct aspiration may be extended
through concentration of the sample and/or through solvent extraction
techniques. Lower concentrations can also be determined through the furnace
technique. When using the furnace technique, the analyst should be cautioned
as to possible chemical reactions occurring at elevated temperatures which may
interfere with the metals analysis. In order to provide valid data with
furnace technigques, the analyst must examine each matrix for possible
interference effects. If interference does occur in a particular matrix, the
sample should be analyzed accordingly either through dilution, matrix
modification, or the method of standard addition.

In samples where direct aspiration does not provide adequate sensitivity, the
furnace technigque may be used, Other specialized procedures are also
available such as gaseous hybride method for arsenic and selenium, cold vapor
method for mercury, and the chelation-extraction procedure for specific
metals. Approved colorimetric methods for many elements are also available.

SUMMARY OF METHOD

The following is a summary of the direct aspiration atomic absorption
spectroscopy method and the furnace atomic absorption spectroscopy method.
Lower detection limits can be determined with the furnace technigue.

Direct Aspiration
In direct aspiration atomic absorption spectroscopy, a sample is agpirated

into a flame. The heat of the flame causes the sample to atomize. A light
beam from a hollow cathode lamp with a cathode made of the element of interest
is directed through the flame into a monochromator. A detector in the
monochromator measures the amount of light absorbed by the atomized sample.
The amount of absorption depends on the presence of free unexcited ground
state atoms in the flame. The light produced by the cathode lamp has a
wavelength characteristic of the metal being analyzed. An increase in the
element of interest in the flame causes more light to be absorbed. The
detector monitors this absorption and a determination of the amount of element
in a sample can be derived.

Furnace Technigue
When using the furnace technique, a known amount of sample is placed in a

graphite tube in the furnace. The graphite tube is then heated, causing the
sample to evaporate, char, and finally atomize. Since a greater percentage of

Metals analyzed by atomic absorption spectrophotometer An - 1
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the atoms are atomized in the tube than in the flame, the detection of very
low concentrations of elements is possible. The principle is very similiar to
flame technique, except a furnace is used to atomize the sample instead of a
flame. Light of a specific wavelength is directed through the vapor of the
atomized sample. The intensity of the transmitted light decreases as the
amount of ground state element increases. 2 monochromator isclates the
wavelength of interest and transmits this to the photosensitive detector. The
detector monitors the amount of absorption and a determination of the amount
of element in the sample can be derived.

General Sample Characteristics
The atomic absorption method is generally limited to the analysis of metals in

solution or solubilized through some form of processing. Wastewater and
industrial effluents usually require some form of digestion because of the
complexity and variability of the matrix. A digestion is required when the

breakdown cof organic material is necessary.

DEFINITIONS
Optimum Concentration Range - A range below which scale expansion must be used
and above which curve correction should be considered. This range will vary

with the sensitivity of the instrument and the operating conditions.

Sensitivity - The concentration in milligrams of metal per liter that produces
an absorption of 1%.

Detection Limit - Detection limits can be expressed as either instrument
detection limits or method detection limits. Instrument detection limit is
defined as the concentration egquivalent to a signal, due to the analyte, which
is egual to three times the standard deviation of a series of ten replicate
measurements of a reagent blank signal at the same wavelength. Method
detection limit is defined as the

Dissolved Metals - Those constituents (metals) which will pass through a 0.45
um membrane filter.

suspended Metals - Those constituents (metals) which are retained by a 0.45 um
membrane filter.

Total Metals — The concentration of metals determined on an unfiltered sample
following vigorous digestion, or +the sum of the concentrations of metals in
both the dissolved and suspended forms.

Total Recoverable Metals - The concentration of metals in an unfiltered sample
following treatment with hot dilute minteral acid.

SAFETY
The toxicity or carcinogenicity of each reagent used in this method has not
been precisely defined. Each chemical compound should be treated as a

potential health hazard. Exposure to these chemicals must be reduced to the
lowest possible level by whatever means available. A reference sheet for
material handling is available for all chemicals used in this method. These
sheets available to all analysts.

INTERFERENCES IN FLAME ATOMIZATION

The most common type of interference is chemical interference. This occurs
when there is a lack of absorption of atoms bound in molecular combination in
the flame. This can occur when the flame is not sufficiently hot enough to
dissociate the molecules. The addition of lanthanum into the sample matrix
will overcome the phosphate interference in the Magnesium, Calcium, and Barxium
determinations. The addition of Calcium will eliminate the Silica
interference with Manganese. Chemical interferences may also be eliminated by
separating the metal from the interfering material. While complexing agents
are used to increase the sensitivity of the analysis, they may also be used to
eliminate interferences.

Metals analyzed by atomic absorption spectrophotometer an - 2
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INTERFERENCES IN FLAMELESS ATOMIZATION

Although the use of flameless atomization greatly reduces oxide formation, it
is still subject to chemical and matrix interferences. Gases produced in the
furnace during analysis may have molecular absorption bands that overlap the
analytical wavelength. The use of a background correction or an alternate

wavelength should eliminate this problem.
|

Interferences from a smoke producing sample matrix can be reduced by extending
the charring time at a higher temperature, or using an ashing cycle in the
presence of air. Samples with high concentrations of organic material should

be oxidized by a digestion procedure prior to analysis. Nitric acid is
preferred for the digestion procedure. If the addition of other acids is
required, use minimal amounts. This particularly applies to Hydrochloric
acid.

EQUIPMENT

The following is the equipment used to analyze water and waste samples for
trace elements:

1. Varian AA-1475 Atomic Absorption Spectrophotometer.

2. Varian GTA-95 Graphite Tube Atomizer.

3. Starna Boost Contreol for Super Lamps.

4. Perkin Elmer 4100ZL Zeeman Atomic Absorption Spectrometer.
5. Hollow Cathode Lamps (element specific).

6. Arsenic and Selenium Super Lamps.

7. Strip Chart Recorder, used primarily during Hg analysis.
8. Glassware.

REAGENTS AND STANDARDS
The following is the required chemicals for atomic absorption analysis:

1. bistilled and deionized water.

2. Nitric Acid, concentrated.

3. Nitric Acid, (1:1) Add 500 ml of concentrated HNO, to
500 ml deionized, distilled water.

4. Hydrochloric Acid, (1:1) add 500 ml of concentrated HCL to
500 ml deionized, distilled water.

5. Stock standard metal solutions used for calibration and
sample spiking.

6. Fuel and oxidant.

SAMPLE HANDLING AND PRESERVATION
All laboratory glassware used in this procedure must be thoroughly washed with

detergent and tap water; rinsed with (1:1) nitric acid; and final rinsed three
times with distilled and deionized water. Chromic acid may be used to remove
organic deposits from glassware, but extreme care must go into the final rinse
in order to remove all traces of Chromium.

Before collection of the sample, a decision must be made as to what types of

data is desired. For the determination of dissolved parameters, the sample
must be filtered throught a 0.45 um membrane filter as socon as practical after
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collection and acidified to a pH <2.0 with (1l:1) Nitric acid. For the
determination of total or total recoverable parameters, the sample must be
acidified to a pH <2.0 with (1:1) Nitric acid as soon as possible after the
time of collection. For determinations of suspended parameters, a measured
volume of nonpreserved sample must be filtered through a 0.45 um membrane
filter as soon as possible after ceollection. The filter should then be
transferred to a suitable container for storage. Drinking water samples
containing suspended and setteable material should be prepared as a total
recoverable parameter.

SAMPLE PREPARATION

For the determination of dissolved parameters, the filtered, preserved sample
may often be analyzed as received. Digestion is usually not regquired for a
filter sample. The acid matrix and concentration of the samples and
calibration standards must be the same. If a precipitate has formed upon
acidification of the sample, the precipitate must be redissolved before
analysis through the addition of more acid or by heat. If the precipitate can
not be redissolved, the sample must be digested for total recoverable

parameters.

Samples requiring total parameters for ground water, waste water, soils, and
sludges must be digested prior to analysis. Follow the digestion procedures

given on page DIG - 1.

PROCEDURE

Instrument parameters specific to each element analyzed by atomic absorption
are given in individual operating procedures in this manual. Refer to these
procedures for instrument setups. The general start-up and analysis
procedures for samples ran on the Varian AA-1475 and the Perkin Elmer 4100ZL

are given below.
I) Start-up procedure for Varian AA-1475 and GTA-95.

1. Turn on exhaust fume hood.
2. Turn argon carrier/purge gas on at tank regulator.
3. Turn printer on.
4. Turn power on to AR-1475 and GTA-95.
5. Select program to run on furnace.
A. Pick 1 of 8 preset programs on instrument panel.
B. Manually program element specific parameters.
C. Element specific parameters begin on page AAM - 1.
6. Select proper Hollow Cathode lamp and insert into turret.
7. Adjust lamp current to proper setting.
8. Allow lamp to warm up and stabilize for 45 minutes.
9, Check graphite tube appearance.
A. Clean furnace head and guartz window if necessary.
B. Insert pyrolytic platform or partition tube
if replacement is necessary.
10. Select and optimize for element specific wavelength,
11. optimize furnace workhead for maximum light throughput.
12. Optimize lamp for maximum light throughput using axial
adjustment on lamp turret and recheck workhead alignment.
13. Change water in reagent blank/autosampler flush reservoir.
14. Purge air bubbles from autosampler syringe.
15. Insert appropriate modifiers, blanks, and standards into
autosampler. Use the loading order list given below.
A. Verify auto sampler positions and sample pickup, adjust
if necessary-.
B. Verify sample injection into graphite tube.
Adjust depth if necessary. Adjust autosampler
if necessary.
16. When verification of autosampler is complete, reset the
autosampler and restart the program with the appropriate
samples inserted in the autosampler. Use the loading list
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17.
18.

19.

20.

given below.

Press run to initiate program.

Furnace will run a standard curve for the element of choice,
followed by a verification standard and a blank. )

If the results obtained for the calibration data and the
from the analysis of the blank are in control, continue

to analyze samples loaded according to loading list given
below.

Follow QC requirements given at the end of this SOP.

I1) Shutdown procedure for Varian AA-1475 and GTA-95.

Verify completion of last cycle.

Push STOP button on AA-1475.

Turn down lamp current if applicable.

Turn off GTA-95.

Turn off AA-1475.

Turn off Printer.

Turn off Super Lamp power supply of applicable.
Turn off Argon gas at regulator.

Turn off fume hood.

I1I) Start-up procedure for Perkin Elmer 4100ZL.

11.
12.
13.

14.

15.

16.

17.

Turn Argon gas on at tank regulator.
Turn printer on.
Turn computer on and start furnace software by
executing AR-INSTRUMENT file.
Turn 4100ZL on.
Prepare fume extraction unit.

BA. Empty scrubber water container and refill with

distilled, deionized water.
B. Remove scrubber filter paper and replace with
new filter.

Prepare distilled, deionized water reservoir and
waste containers.

A. Fill water reservoir.

B. Drain waste reservoir and replace.
The EDIL II source is now active.
Turn on the voltage supply and adjust to the proper voltage.
Allow 45 minutes for the EDL II's / HC's to warm up and
stabilize.
Select the method to load into the furnace.
Pull down the <Align Lamps> menu and select the element
to analyze. Select the <AGC/AIC> icon to get the
intensity reading for the element. RAlign lamp for
maximum intensity.
Select <Wavelength Scan> to verify the peak of interest.
Exit the <Align Lamps> window.
Prepare standards, blanks, modifiers, and verification
standards and insert them in the proper locations in
the autosampler. Use the loading list given below for
sequence.
Select the <AS-70> window, and then select <Sampler
Standby> and verify the sipper probe is entering the
graphite tube properly. Use the X-Y Axis adjustments
if needed.
Select <Flush Sampler> and remove impurities from the
sipper.
Select <Calibrate> to initiate the run of the calibration
curve. Visibly inspect and ensure proper sample deposition.
Run the standard curve and cbserve peak shapes and
correlation coefficients.
If the proper peak shapes are observed and the correlation
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18.
i9.

20.
21.

22,

coefficient is observed, calculate characteristic mass
to verify proper sensitivity.

Select the <AS~70> window and enter the positions required
for the analysis.

Select <Run Samples> to initiate the run.

Use the loading list given below.

Verification standards recovery limits, QC limits,
spikes recovery limits, and duplicate spike limits,
are all preprogrammed in the method. They will be

run automatically. If any deviations from the limits
are encountered, the instrument automatically executes
the corrective action required by the method.

Follow QC requirements given at the end of this SOP.

IV) Shutdown Procedure for Perkin Elmer 4100ZL.

1.

2.
3.
4.
5.
6.

Select the <AS-70> window, verify the current run has
been completed, or select terminate run from the menu.
Turn down the voltage to the EDL II's.

Exit furnace software program.

Turn 4100ZL off.

Turn printer off.

Turn off Argon gas supply at regulator.

IV) Sample Loading List AA-1475 and 4100ZL.

1. The following is the loading list for the autosampler.
These positions are relative to initial calibraticn
and blank reagent samples.
Sample Position Sample Type
i Blank
2 Check Standard
3 Sample
4 Sample 3 spiked
5 sample 3 duplicate spike
6 - 10 Samples
11 Blank
12 Check Standard
13 Sample
14 sample 13 spiked
16 Sample 13 duplicate spike
16 - 20 Samples
2. The same pattern holds true for samples 21 through 40,
samples 41 through 60, etc. A blank and a check standard
will be analyzed before every group of six samples.
CALCULATIONS

Direct determination of liquid samples can be derived from calibration
linear regression analysis or from the direct readout of the instrument.

If dilution of the sample was required:

ug/l metal in sample = A((C + B) / C)

where A = ug/l of metal in the diluted aliquot from curve,
B = ml of deionized water used for dilution,
¢ = ml of sample aliquot.
If sample contains particulates:

ug/l metal in sample = A(V /[ C)
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where A = ug/l of metal in the sample from curve,
Vv = final volume of the processed sample,
¢ = ml of sample processed.

For dry solid samples (reported as mg/kg dry weight basis):

mg metal / kg sample = (A x V) / D

where A = mg/l of metal in processed sample from curve,
Vv = final volume of the processed sample in ml,
D = weight of dry sample in grams.

For wet solid samples (reported as mg/kg dry weight basis):

mg metal / kg sample = (A x V) / (W x P)

where A = mg/l of metal in processed sample from curve,
V = final volume of the processed sample in ml,
W = weight of wet sample in grams,
P = percent solids.

QUALITY CONTROL

Instrument standardization is checked initially and throughout the analytical
run by the analysis of an appropriate check standard containing the elements
of interest. This check standard is analyzed once for every six samples. If
the response for any of these elements is out of control, the previous six
samples are reanalyzed with a new calibration curve until an acceptable

response is acquired.

A calibration blank is analyzed once for every six samples. If the response
for any element in this blank is unacceptable, the previous six samples are
reanalyzed with a new calibration curve until an acceptable response is
acquired.

one out of every six samples is analyzed in duplicate. The duplicate
difference for the elements in these samples must meet quality control limits
established in the Northern Lake Service Quality Control Database for that
gpecific element. If the duplicate difference exceeds the established control
limits, the next six samples are reanalyzed with a new calibration curve until

an acceptable response is acquired.

one out of six eight samples is spiked with the elements of interest to

monitor instrument accuracy. The recovery of the elements in this spiked
sample must meet gquality control limits established in the Northern Lake
Service Quality Control Database. If the response for an element does not

meet the established control limits, the next six samples are reanalyzed with
a new calibration curve until an acceptable response is acguired.

If it appears there is a sample matrix problem, perform the appropriate
procedure to improve element response. Samples that are ran in duplicate are
spiked to provide positive results for each element of interest.

all quality control results from an analytical run must be entered into the
Northern Lake Service Quality Control database. Control 1limits are
recalculated every three to six months. Only those parameters with a minimum
of thirty data points will be recalculated.

INSTRUMENT MAINTENANCE
Procedures for general maintenance on the Varian AA-1475, the Varian GTA-95,

and the Perkin Elmer 4100ZL are given in the owners manual for the instrument.
Refer to these manuals for maintenance procedures.

Metals analyzed by atomic absorption spectrophotometer AR -
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METALS DIGESTION FOR ICP AND FLAME AA

Aqueous Sample Preparation — Dissolved Metals

For the determination of dissolved constituents, the sample must be filtered
through a 0.45 um membrane filter as soon as practical after collection. Use
the first 50-100 ml to rinse the filter flask. Discard this portion and
collect the required volume of filtrate. BAcidify the filtrate with (l:1)
redistilled HNO, to a pH less than 2. Normally, 3ml of (1:1) Nitric Acid per
liter should be sufficient to preserve the sample. If hexavalent Chromium is
to be included in the analytical scheme, a portion of the filtrate should be
transferred before acidification to a separate container and analyzed as soon
as possible using Method 218.4.

1. Transfer 100 ml of sample to beaker.
2. Add 2 ml of (1:1) Nitric Acid to sample.
3., Add 1 ml of (l:1) Hydrochloric Acid to sample.
4. Sample is now ready for analysis.
Allowance for sample dilution should be made in
calculations.

Note: If a precipitate is formed during acidification, transport, or storage,
the sample aliquot must be treated using the total recoverable digestion
procedure.

Aqueous Sample Preparation - Total Metals

For the determination of total metals, the sample is acidified with (1:1)
Nitric Acid to a pH of less than 2 at the time of collection. The sample is
not filtered before processing.

1. Transfer 50 ml of sample to Griffin beaker.
2. Add 3 ml of concentrated Nitric Acid to sample.
3. Place beaker on hot plate.
4., Evaporate to near dryness. Do not boil.
5. Cocl the beaker.
6. Add another 3 ml of concentrated Nitric Acid to sample.
7. Cover beaker with watch glass.
8. Return sample to hot plate.
9. Increase temperature so that a gentle reflux action occurs.
10. Continue heating, adding additional acid if necessary, until
the digestion is complete. This is generally indicated when
the digestate is light in color or does not change in
appearance with continued refluxing.
11. Evaporate to near dryness.
12. Cool the beaker.
13. Add a small quantity of (1l:1) Hydrochloric hcid and warm
beaker to dissolve any precipitate or residue resulting
from evaporaticn.
14. Wash down the beaker walls and watch glass with distilled,
deionized water.
15. Filter the sample to remove silicates and insoluble matter.
16. Adjust the volume to 50 ml in a volumetric flask.
17. Transfer sample to appropriately labeled 60 ml plastic bottle.
18. The sample is ready for analysis.

Aqueocus Sample Preparation - Total Recoverable Metals

For the determination of total recoverable metals, the sample is acidified
with (1:1) Nitric Acid to a pH of less than 2 at the time of collection. The
sample is not filtered before processing.

1. Transfer 50 ml of sample to Griffin beaker.

2. Add 2 ml of {(1:1) Nitric Acid to sample.

3. Add 1 ml of (1:1) Hydrochloric Acid to sample.
4. Place sample on hot plate at 85 degrees Celsius.

ICP Metals Digestion ICP-DIG 1
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5. Heat until volume is reduced to approximately 20 ml.

6. Do not boil.

7. Cover the beaker with a watch glass.

8. Increase temperature.

9. Reflux sample for 30 minutes. Slight boiling may occur.
10. Cool beaker and watch glass.

11. Transfer sample to 50 ml volumetric flask.
12. Dilute to volume with distilled - deionized water.
13. Transfer sample to appropriately labeled 60 ml plastic bottle.
13. Centrifuge sample or allow to sit overnight.
14, Sample is now ready for analysis.

Aqueous Sample Preparation — Suspended Metals

For the determination of suspended metals, a representative volume of
unpreserved sample must be filtered through a 0.45 um membrane filter. When
considerable suspended material is present, as little as 100 ml of a well
mixed sample is filtered. Record the volume filtered.

1. Transfer membrane filter to a 250 ml Griffin beaker.

2. Add 3 ml concentrated Nitric Acid to sample.

3. Cover the beaker with a watch glass.

4. Place sample on hot plate.

5. Heat gently.

6. Once filter has dissolved, increase temperature of hot plate.

7. When acid has nearly evaporated, add 3 ml concentrated Nitric
Acid to sample.

8. Continue heating, adding additional acid if necessary, until
the digestion is complete. This is generally indicated when
the digestate is light in color or does not change in
appearance with continued refluxing.

9, Evaporate to near dryness.

10. Add 5 ml Hydrochloric Acid and warm beaker gently to dissolve
any soluble material.

11. Wash down the watch glass and beaker wall with distilled,
deionized water.

12, Filter sample to remove silicates and insoluble matter.

13. Transfer sample to 50 ml volumetric flask.

14. Dilute to volume with distilled, deionized water.

15. Transfer sample to appropriately labeled 60 ml plastic bottle.

16. Sample is ready for analysis.

Solid Sample Preparation - Total Recoverable Metals
For determination of total recoverable elements in solid samples (sludge,

soils, and sediments), mix the sample thoroughly to achieve homogeneity before
processing. The following procedure is used for samples with a high
percentage of solids. If a particular sample is found to have a low
percentage of solids, increase the sample portion to be digested.

1. Weigh accurately a 1.0 gram portion of the sample.

2. Transfer sample to a 250 ml Phillips beaker.

3, Add 4 ml (1l:1) Nitric Acid to sample.

4., Add 10 ml (1l:4) Hydrochloric Acild.

5. Cover beaker with a watch glass.

6. Heat sample on a hot plate and gently reflux for 30 minutes.

7. Cool beaker and watch glass.

8. Wash down the watch glass and beaker walls with distilled,
deionized water.

9, Transfer sample to 100 ml volumetric flask.

10. Dilute to volume with distilled, deionized water,

11. Transfer sample to appropriately labeled 100 ml plastic bottle.

12. Centrifuge sample or allow to sit overnight.
13. Sample is now ready for analysis.

ICP Metals Digestion ICP-DIG 2
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Note: Determine the percent solids in the sample for calculating and
reporting data on a dry weight basis.

Solid Sample Preparation - Total Metals
For the determination of total elements in scolid samples {sludge, scils, and

sediments), mix the sample thoroughly to achieve homogeneity before
processing. The following procedure is used for samples with a high
percentage of solids. If a particular sample is found to have a low
percentage of solids, increase the sample portion to be digested.

1. Weigh accurately a 1.0 gram portion of the sample.
2. Transfer sample to a 250 ml Phillips beaker.

3. Add 10 ml of (1:1) Nitric Acid to sample.

4. Mix, and cover with watch glass.

5. Heat the sample to 95 degrees Celsius.

6. Reflux for 10 to 15 minutes without boiling.

7. Bllow beaker and watch glass to cool.

8. 2dd 5 ml of concentrated Nitric Acid to sample.

9. Cover with watch glass.

10. Reflux sample for 30 minutes.

11. Add 5 ml of concentrated Nitric Acid to sample.

12. Cover with watch glass.

13. Reflux sample for 30 minutes.

14. Allow sample to evaporate down to 5 ml without beiling.

15, Cool beaker and watch glass.

16. add 2 ml of water to sample.

17. Add 3 ml of 30% Hydrogen Peroxide.

18. Cover with watch glass.

19. Heat sample to start the peroxide reaction.

20. Continue heating until effervescence subsides.

21. Cool beaker and watch glass.

22. Continue to add 30% Hydrogen Peroxide in 1 ml aliquots with
warming until the effervescence is minimal or until the
sample appearance is unchanged.

23. Do not add more than a total of 10 ml 30% Hydrogen Peroxide.

24. Add 5 ml of concentrated Hydrochloric Acid to sample.

25. Add 10 ml of distilled, deionized water to sample.

26. Reflux for additional 15 minutes without boiling.

27. Wash down beaker walls and watch glass with water.

28. Filter sample to remove insoluble matter.

29. Transfer sample to 100 ml volumetric.

30. Dilute to volume with distilled, deionized water.

31. Transfer sample to appropriately labeled 100 ml plastic bottle.

32. The sample is ready for analysis.

Note: Determine the percent solids in the sample for calculating and
reporting data on a dry weight basis.

ICP Metals Digestion ICP-DIG 3
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TEST
Metals Digestion for analysis by atomic absorption, inductively coupled
plasma, or colorimetric procedures.

REFERENCE
Methods for Chemical Analysis of Water and Wastes. EPA March, 1983.

Test Methods for Evaluating Sclid Waste, Physical /Chemical Methods.
SW846 -~ EPA November, 1986.

SCOPE AND APPLICATION

This operating procedure outlines the methods required to prepare a sample for
the analysis of metals. This method can be used for the preparation and
digestion of drinking water, waste water, surface water, ground water, process
water, soils, sludges, industrial wastes, and tissue.

SUMMARY OF METHOD

Colorless samples with a turbidity of <1 NTU, no odor, and of single phase may
be analyzed directly by atomic absorption or inductively coupled plasma
techniques for total and dissolved parameters. Samples that do not meet the
above criteria require a pretreatment to remove particulates and organically
bound metals. This pretreatment is generally called a digestion. The
digestion reduces interference by organic matter and converts metals
associated with particulates to a form that can be determined by atomic
absorption or ICP techniques. There are a number of digestion techniques, but
the least vigorous procedure that provides complete and consistent recovery
should be used. Nitric acid will digest most samples adequately. Nitrate is
an acceptable matrix for atomic absorption techniques. Some samples require
the addition of perchloric, hydrochloric, or sulfuric acid for complete
digestion. Hydrochloric acid is required in the digestion of metals analyzed
by inductively coupled plasma techniques, but interferes with analysis by
furnace techniques. Hydrochloric acid will not ke ugsed in the digestion
procedure for metals analyzed by furnace.

Seperate digestion methods are given for trace metals analysis of metals by
inductively coupled plasma and atomic absorption.

DEFINITIONS
Dissoclved — Those elements that will pass through a 0.45 um membrane filter.

suspended - Those elements which are retained by a 0.45 um membrane filter.

Total - The concentration determined on an unfiltered sample following
vigorous digestion, or the sum of the dissolved plus suspended concentrations.

Total Recoverable - The concentration of an analyte determined in an
unfiltered sample following treatment by refluxing with hot, dilute mineral

acid.

Laboratory Reagent Blank ~ An aliquot of reagent water that is treated exactly
ac a sample including exposure to all glassware, egquipment, reagents, and
acids that are used with other samples. The LRB is used to determine if
method analytes or other interferences are present in the laboratory

environment, the reagents, or apparatus.

Laboratory Fortified Blank - An aliquot of reagent water spiked with the
appropriate levels of analytes that is treated exactly as a sample including
exposure to all glassware, equipment, reagents, and acids that are used with
other samples. The LFB is used to determine if method analytes are being lost

during the methed procedure.

Laboratory Fortified Blank Spiking Solution - A mixture of the elements of
interest at the appropriate level of concentration to provide a result in the

Metals Digestion Methods for Furnace, Flame, and ICP DIG 1
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midrange of the calibration range used to spike the reagent water to provide a
LFB.

EQUIPMENT
The following is the equipment required to prepare samples for trace metals
analysis:

1. Griffin Beakers, 250 ml

2. Phillips Beakers, 250 ml conical

3. Pipet, 0.1 to 2500 ul

4, Pipet tips

5. RAnalytical Balance, accurate to nearest 0.0001 grams
6. Hot plate, graduated dial S0 to 450 degrees Celsius
7. Centrifuge (optional)

8. Volumetric Flasks, 50 and 100 ml

9. Filters, Whatman GF/A Glass Microfibre Filters
10. Filter apparatus and vacuum source

REAGENTS
The following is the reagents reguired to prepare samples for trace metals

analysis:

1. Nitric BAcid, concentrated

2. Nitric Acid, (1:1) with distilled, deionized water

3. Hydrochloric Acid, concentrated

4. Hydrochloric Acid, (1:1) with distilled, deionized water
5. Hydrogen Peroxide, 30%

6. Distilled, deionized laboratory grade water

7. Spiking Solution, see Table 1

SAFETY

The toxicity or carcinogenicity of each reagent used in this method has not
been precisely defined. Each chemical compound should be treated as a
potential health hazard. Exposure to these chemicals must be reduced to the
lowest possible level by whatever means available. A reference sheet for
material handling is available for all chemicals used in this method. These
sheets are available to all analysts.

SAMPLE HANDLING AND PRESERVATION

All laboratory glassware used in this procedure must be thoroughly washed with
detergent and tap water; rinsed with (1l:1) nitric acid; and final rinsed three
times with distilled and deionized water. chromic acid may be used to remove
organic deposits from glassware, but extreme care must go into the final rinse
in order to remove all traces of Chromium.

Before collection of the sample, a decision must be made as to what types of
data is desired. For the determination of dissolved parameters, the sample
must be filtered through a 0.45 um membrane filter as soon as practical after
collection and acidified to a pH < 2.0 with (1:1) Nitric acid. For the
determination of total or total recoverable parameters, the sample must be
acidified to a pH < 2.0 with (1:1) Nitric acid as soon as possible after the
time of collection. For determinations of suspended parameters, a measured
volume of nonpreserved sample must be filtered through a 0.45 um membrane
filter as soon as possible after collection. The filter should then be
transferred to a suitable container for storage.

QUALITY CONTROL
A laboratory reagent blank and laboratory fortified blank will be digested

along with each set of digested samples. The data obtained from the analysis
of the LRB will be used to assess contamination from the laboratory
environment. If an analyte value in the reagent blank exceeds its determined
MDL, then laboratory or reagent contamination should be expected. Any
determined source of contamination should be corrected and the samples
reanalyzed. The data obtained from the analysis of the LFB will be used to

Metals Digestion Methods for Furnace, Flame, and ICP DIG 2
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assess the accuracy of the results obtained for the samples digested with that
L¥B. If the recovery of any analyte in the LFB falls outside of the control
limits established in the NLS QC Database, the scurce of the problem should be
identified and resolved before continuing analysis.

A minimum of 10% of the actual samples must be digested in duplicate. These
duplicate analysis will be spiked with the same solution used to spike the
LFB. If the recoveries of these matrix spikes does not meet the control
limits established in the NLS QC Database, the source of the problem should be
identified. If it is determined that the source of the problem is system
related, the set of ten samples digested prior to the matrix spike will be
redigested. If it is determined that the source of the problem is matrix
related, the sample will be analyzed using the method of standard addition.

Table 1 contains the elements and dorresponding concentration levels for the
spiking solution used for inductively coupled plasma and furnace techniques.

TABLE 1
COMPOUNDS AND CORRESPONDING
CONCENTRATIONS FOR DIGESTION SPIKING SOLUTIONS

Compound ICP Level Furnace lLevel
Metals Digestion Methods for Furnace, Flame, and ICP DIG 3
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METALS DIGESTION -~ FURNACE

Agueous Sample Preparation -~ Dissolved Elements
For the determination of dissolved constituents, the sample must be filtered

through a 0.45 um membrane filter as soon as practical after collection. Use
the first 50-100 ml to rinse the filter f£flask. Discard this portion and
collect the required wvolume of filtrate. Acidify the filtrate with (1:1)
redistilled HNO; to a pH less than 2. Normally, 3ml of {l:1) Nitric AReid per
liter should be sufficient to preserve the sample. Sample is now ready for
analysis by furnace technique. If hexavalent Chromium is to be included in the
analytical scheme, a portion of the filtrate should be transferred before
acidification to a separate container and analyzed as soon as possible using
Method 218.4.

If a precipitate is formed upon acidification, the filtrate should be digested
using the procedure for total metals.

Agueous Sample Preparation — Total Metals

For the determination of total metals, the sample is acidified with (1:1)
Nitric Acid to a pH of less than 2 at the time of collection. The sample is
not filtered before processing.

1. Transfer 50 ml of sample to Griffin Beaker.

2. Add 3 ml of concentrated Nitric Acid to sample.

3. Place beaker on hot plate.

4. Evaporate to near dryness. Do not boil.

5. Cool the beaker.

6. Add another 3 ml of concentrated Nitric Acid to sample.

7. Cover beaker with watch glass.

8. Return sample to hot plate.

9. Increase temperature so that a gentle reflux action occurs.

10. Continue heating, adding additional acid if necessary, until
the digestion is complete. This is generally indicated when
the digestate is light in color or does not change in
appearance with continued refluxing.

11. Evaporate to near dryness,

12. Cool the beaker.

13. Add a small quantity of (1:1) Nitric Acid and warm beaker
to dissolve any precipitate or residue resulting from
evaporation.

14. Wash down the beaker walls and watch glass with distilled,
deionized water.

15. Filter the sample to remove silicates and insoluble matter.

16. Adjust the volume to 50 ml in a volumetric flask.

17. Transfer sample to appropriately labeled 60 ml plastic bottle.

18. The sample is ready for analysis.

Aqueous Sample Preparation - Total Recoverable Metals
For the determination of total recoverable metals, the sample is acidified
with (1:1) Nitric Acid to a pH of less than 2 at the time of collection. The

sample is not filter before processing.

1. Transfer 50 ml of sample to Griffin Beaker.

2. Add 2 ml of (1:1) Nitric Acid to sample.

3. Place sample on hot plate at 85 degrees Celsius.

4. Heat until volume is reduced to approximately 20 ml.
5, Do not boil.

6. Cover the beaker with watch glass.

7. Increase temperature.

8. Reflux sample for 30 minutes. Slight boiling may occur.
9, Cool beaker and watch glass.

10. Transfer sample to 50 ml volumetric flask.

11. Dilute to volume with distilled, deionized water.

Furnace Metals Digestion FURN-DIG 1
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12, Transfer sample to appfopriately labeled 60 ml plastic bottle.
13. Centrifuge sample or allow to sit overnight.
14. Sample is now ready for analysis.

Agqueous Sample Preparation - Suspended Metals

For the determination of suspended metals, a representative volume of
unpreserved sample must be filtered through a 0.45 um membrane filter. When
congiderable suspended material is present, as little as 100 ml of a well
mixed sample is filtered. Record the volume filtered.

1. Transfer the membrane filter to a 250 ml Griffin beaker.
2. BAdd 3 ml concentrated Nitric Acid to sample.

3. Cover the beaker with a watch glass.

4., Place sample on hot plate.

5. Heat gently.

6. Once filter has dissolved, increase temperature of hot plate.

7. When acid has nearly evaporated, add 3 ml of concentrated
Nitriec Acid to sample.

8. Continue heating, adding additional acid if necesgsary, until
the digestion is complete. This is generally indicated when
the digestate is light in coler or does not change in
appearance with continued refluxing.

9. Evaporate to near dryness.

10. Add 1 ml Nitric Acid and warm beaker gently to dissolve any
soluble material.

11. Wash down the watch glass and beaker walls with distilled,
deionized water.

12. Filter sample to remove silicates and insoluble material.

13. Transfer sample to 50 ml volumetric flask.

14, Dilute to volume with distilled, deionized water.

15. Transfer sample to appropriately labeled 60 ml plastic bottle.

16. Sample is ready for analysis.

Solid Sample Preparation - Total Recoverable Metals
For determination of total recoverable elements in solid samples (sludge,

soils, and sediments), mix the sample thoroughly to achieve homogeneity before
processing. The following procedure is used for samples with a high
percentage of solids. If a particular sample is found to have a low
percentage of solids, increase the sample portion to be digested.

1, Weigh accurately a 1.0 gram portion of the sample.

2. Transfer sample to a 250 ml Phillips beaker.

3, Add 4 ml (1l:1) Nitric Acid to sample.

4. Cover beaker with a watch glass.

5. Heat sample on a hot plate and gently reflux for 30 minutes.

6. Cool beaker and watch glass.

7. Wash down the watch glass and beaker walls with distilled,
deionized water.

8. Transfer sample to 100 ml volumetric flask.

9. Dilute to volume with distilled, deionized water.

10. Transfer sample to appropriately labeled 100 ml plastic bottle.

11. Centrifuge sample or allow to sit overnight.

12. Sample is now ready for analysis.

Note: Determine the percent solids in the sample for calculating and
reporting data on a dry welght basis.

Solid Sample Preparation - Total Metals

Furnace Metals Digestioen FURN-DIG 2
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For the determination of total elements in solid samples (sludge, soils, and
sediments), mix the sample thoroughly to achieve homogeneity before
processing. The following procedure is used for samples with a high
percentage of solids. If a particular sample is found to have a low
percentage of solids, increase the sample portion to be digested.

1. Weigh accurately a 1.0 gram portion of the sample.
2. Transfer sample to a 250 wml Phillips beaker.

3. Add 10 ml of (1:1) Nitric Acid to sample.

4. Mix, and cover with watch glass.

5. Heat the sample to 95 degrees Celsius.

6. Reflux for 10 to 15 minutes without boiling.

7. Allow beaker and watch glass to cool.

8. BAdd 5 ml of concentrated Nitric Acid to sample.

9. Cover with watch glass.

10. Reflux sample for 30 minutes.

11. Add § ml of concentrated Nitric Acid to sample.

12. Cover with watch glass.

13. Reflux sample for 30 minutes.

14. Allow sample to evaporate down to 5 ml without boiling.

15. Cool heaker and watch glass.

16, Add 2 ml of water to sample.

17. Add 3 ml of 30% Hydrogen Peroxide.

18. cover with watch glass.

19, Heat sample to start the peroxide reaction.

20. Continue heating until effervescence subsides.

21, Cool beaker and watch glass.

22. Continue to add 30% Hydrogen Peroxide in 1 ml aliquots with
warming until the effervescence is minimal or until the
sample appearance 1s unchanged.

23. Do not add more than a total of 10 ml 30% Hydrogen Peroxide.

24. Cool beaker and watch glass.

25. Wash down beaker walls and watch glass with water.

26. Filter sample to remcve insoluble matter.

27. Transfer sample to 100 ml volumetric.

28. Dilute to volume with distilled, deionized water.

29. Transfer sample to appropriately labeled 100 ml plastic bottle.

30. The sample is ready for analysis.

Note: Determine the percent solids in the sample for calculating and
reporting data on a dry weight basis.

Furnace Metals Digestion FURN-DIG 3
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TEST
Inductively Coupled Plasma - Atomic Emission Spectrometric Method for Trace Element
Analyesis of Water and Wastes.

REFERENCE
Methods for Chemical Analysis of Water and Wastes. EPA March, 1983. Method 200.7.

INSTRUMENTATION

Therme Jarrell Ash ATOMSCAN 25 ICP Emission Source.
Cetac Ultrasonic Nebulizer Model U-50COAT.
ThermoScan Software Version 5.02 on 80386 Computer

SCOPE AND APPLICATION

This method can be used for the determination of dissolved, suspended, or total elements
in drinking water, waste water, and surface water. Dissolved elements are determined
from filtered and acid preserved samples. Total elements are determined after
appropriate digestion procedures have been performed. The following table contains the
1ist of elements for which this method applies and the recommended wavelengths and
estimated detection limits:

TABLE 1
Estimated

Element Wavelength (nm} Detection Limit (ug/l)
Aluminum 308.215 45

Antimony 206.833 53

Arsenic 193,696 32

Barium 455,403 2

Beryllium 313.042 0.3

Boron 249.773 5

Cadmium 226.502 4

Calcium 317.933 10

Chromium 267.716 7

Cobalt 228.8616 7

Copper 324.754 6

Iron 259.940 7

Lead 220.353 42

Magnesium 279.079 30

Manganese 257.610 2

Molybdenum 202.030 8

Nickel 231.604 15

Potassium 766.491 na

Selenium 196.026 75

Silica 288.158 58

Silver 328.068 7

Sodium 588.995 29

Thallium 190.864 40

Vanadium 292.402 8

Z2inc 213.856 2

The estimated instrument detection limits in the above table are derived from
conventional pneumatic nebulization. Actual detection limits and wavelengths are
instrument dependent and vary with sample matrix. Table 2 contains the calibration

standards and detection limits used for analysis of trace metals on the Thermo Jarrell
Ash ICP.

SUMMARY OF METHOD
The following method is for the simultaneous or sequential multielement analysis of

trace elements in solution. The method involves the measurement of atomic emission of
excited atoms by an optical spectroscope. The emission source in the ATOMSCARN 25
spectrometer is an inductively coupled argon plasma (ICAP}. The electron source is
powered by a 2kwW crystal controlled radio frequency (RF) generator operating at 27.12
MHz. The output of the radio frequency generator is coupled to a water cooled copper
induction coil that is wrapped around a quartz torch assembly. Plasma ignition occurs
when an argon gas flow is seeded with electrons from an external spark source. These

Inductively Coupled Plasma - Atomic Emission Spectrometric Method ICP - 1
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seed electrons are accelerated in a torreoidal path by the RF electromagnetic field. As
the electrons collide with the argon atoms, the argon becomes ionized and more electrons
are produced. This process continues until the gas becomes highly ionized and a plasma
is produced. At this point, the plasma is completely stable and self-sustaining as long
as the RF field is applied. The plasma temperature can reach as high as 10000 degrees
Kelvin.

Liquid samples can then be introduced into the plasma as an aerosol suspended in argon
gas. As the aerosol passes through the center of the torch, the sample becomes
atomized. The resulting atoms have their outer shell electrons excited by the plasma
source. After excitation, the atoms emit photons (light) at their characteristic
wavelength. This light is transmitted to the optical system. The argon plasma source
is close to the ideal excitation source. It provides a high degree of excitation,
resulting in a number of excitation lines to monitor for each element. The high density
of free electrons ensures that the portion of ionized elements remains constant despite
sample matrix. The extremely high temperature reduces anion interferences.

Light from the plasma emission source is focused onto the entrance slit of the optical
system. The incoming light is then dispersed by a diffraction grating. A narrow rangse
of wavelengths is passed through an exit slit onto the detector. The wavelength passed
to the detector is controlled by varying the angle of incidence and the angle of
reflection of the incoming light. These angles are controlled by changing the position
of the diffraction grating. The position of the grating is controlled by an electric
stepper motor under computer control. The measurement of the intensity of light at a
particular wavelength 1is very accurate once the optical system is calibrated.
Calibration is achieved by scanning for the maximum emission lines of a Mercury lamp.
These maximum emission lines are known and constant over a linear range. The detector
consists of a photo-multiplier tube that converts light energy intoc an electrical
current, of which the magnitude is proportion to the light intensity. The current
produced by the detector is monitored and integrated over a predefined period of time
and passed onto the host computer. as long as sample aerosol is continuocusly passed
through the plasma torch, the sample can be analyzed for a number of elements. Elements
are analyzed sequentially by setting the diffraction grating to reflect the optimum
wavelength for each element (one at a time) onto the detector.

DEFINITIONS
Dissolved - Those elements which will pass through a 0.45 um membrane filter.

Suspended ~ Those elements which are retained by a 0.45 um membrane filter.

Total - The concentration determined on an unfiltered sample following vigorous
digestion, or the sum of the dissolved plus suspended concentrations.

Instrument detection limit - The concentration equivalent to a signal, due to the

e e —_—

analyte, which is egual to three times the standard deviation of a series of ten
replicate measurements of a reagent blank signal at the same wavelength.

Sensitivity - The slope of the analytical curve. The functional relationship between
emission intensity and concentration.

Instrument check standard - A multielement standard of known concentrations prepared by
the analyst to monitor and verify instrument performance on a daily basis.

Interference check sample - A solution containing both interfering and analyte elements
of known concentration that can be used to verify background and interelement correction

factors.

Ouality control sample - A solution obtained from an outside source having known
concentration values to be used to verify the calibration standards.

Ccalibration standards ~ A series of known standard solutions used by the analyst for
calibration of the instrument.

Inductively Coupled Plasma - Atomic Emission Spectrometric Method ICP - 2
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Linear dynamic range - The concentration range over which the analytical curve remains
linear.
Reagent blank - A volume of deionized, distilled water containing the same acid matrix

as the calibration standards carried through the entire analytical scheme.

Ccalibration blank - A volume of deionized, distilled water acidified with BENO3 and/or
HCL.
Method of standard addition - The standard addition technique involves the use of the

unknown and the known amount of standard.

SAFETY
The toxicity or carcinogenicity of each reagent used in this method has not been
precisely defined. Each chemical compound should be treated as a potential health

hazard. Exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference sheet for material handling is available for all
chemicals used in this method. These sheets are available to all analysts.

INTERFERENCES

Several type of interferences can contribute to inaccuracies in the analysis of trace
elements. The following discussicn separates these interferences into individual
topics.

Spectral Interferences
The spectral line from another element in the sample matrix may overlap the spectral

line of the required element. This interference can be compensated by utilizing a
computer correction of the raw data, which requires the monitoring of the interfering
element. The unresolved overlap of molecular band spectra may interfere with the
spectra of the required element. This interference may reguire the monitoring of
another wavelength. Background contribution from stray light and from continuous or
recombination phenomena also contributes to spectral interference. Background
interference can be compensated by a background correction adjacent to the analyte

spectral line.

Physical Interferences
Physical interferences are generally related to ‘sample nebulization and sample delivery

to the plasma torch. Variations in sample viscosity and surface tension can cause
significant changes in analyte response. The use of a peristaltic pump decreases the
chance of variation in samples with high concentration of dissolved solids and/or acids.
Samples with a high degree of physical interferences usually require the analysis of a
dilution or reguire analysis by standard addition.

Chemical Interferences
Molecular compound formation, ionization effects, and solute vaporizaticon effects are

all considered chemical interferences. These interferences are not common in the ICP
method. When chemical interferences do occur, they can be minimized by careful
selection of operating conditions. Incident power, observation position, sample

buffering, matrix matching, and standard addition are factors that should be considered
to minimize chemical interference.

EQUIPMENT
The following is the equipment reguired to analyze water and waste samples for trace

elements:
1. Thermo Jarrell Ash Inductively Couple Plasma Spectrometer.

2. Argon gas supply, welding grade or better.

3. Cetac Ultrasonic Nebulizer Model U-5000AT (optional
for low level analysis).

REAGENTS AND STANDARDS
The following is the reguired chemicals for ICP analysis:

Inductively Coupled Plasma - Atomic Emission Spectrometric Method Ice - 3

A52



NLS SOP Manual

1. Acetic Acid, concentrated
2. Hydrochloric Acid, concentrated

3. Hydrochlorie Acid, (1:1) Add 500 ml of concentrated
HCL to 400 ml deionized, distilled water and dilute to
1 liter.

4. Nitric Acid, concentrated

5. Nitric Reid, (1:1) Add 500 ml of concentrated HNOj
to 400 ml deionized, distilled water and dilute to 1 L.

6. Deionized, distilled water.

7. Standard stock solutions, (purchased or prepared).
Concentration of standard solutions for each element
for the calibration curve are given in Table 2.

SAMPLE HANDLING AND PRESERVATION

aAll laboratory glassware used in this procedure must be thoroughly washed with detergent
and tap water; rinsed with (1:1} nitric acid; and final rinsed three times with
distilled and deionized water. Chromic acid may be used to remove organic deposits from
glassware, but extreme care must go into the final rinse in order to remove all traces

of Chromium.

Before collection of the sample, a decision must be made as to what types of data is
desired. For the determination of dissolved parameters, the sample must be £filtered
through a 0.45 um membrane filter as soon as practical after collection and acidified to
a pH < 2.0 with (1:1) Nitric acid. For the determination of total or total recoverable
parameters, the sample must be acidified to a pH < 2.0 with (1l:1) Nitric acid as soon as
poseible after the time of collection. For determinations of suspended parameters, a
measured volume of nonpreserved sample must be filtered through a 0.45 um membrane
filter as soon as possible after collection. The filter should then be transferred to a
suitable container for storage.

SAMPLE PREPARATION

For the determination of dissolved parameters, the filtered, preserved sample may often
be analyzed as received. Digestion is usually not required for a filtered sample. The
acid matrix and concentration of the samples and calibration standards must be the same.
If a precipitate has formed upon acidification of the sample, the precipitate must be
redissolved before analysis through the addition of more acid or by heat. )

Samples requiring total parameters for ground water, waste water, soils, and sludges
must be digested prior to analysis. Follow the digestion procedures given on page

XXXXXXXX.

PROCEDURE
Standard curves, optimum wavelengths, and detection limits for metals ran by EPA Method

200.7 are. given in Table 2. The following is the operating procedures for the Thermo
Jarrell Ash ICP and the Cetac U-S5000AT Ultra Sonic Nebulizer:

I) Start-up Procedure

1. Turn fume hood on (switch on north wall).

2. Turn cooling pump on (switch on floor below fume hood).

3. Turn on computer and printer.

4. Open nebulizer compartment dcor.
A. Disconnect argon carrier tubing from teflon nebulizer,
B. Disconnect sample carrier tubing.
C. Carefully pull teflon nebulizer cap off of the quartz

tube and dry the inside using kimwipes. Blow ocut with
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microduster if necessary.

D. Pull teflon flow spoiler out of quartz tube using
forceps. Clean with scapy water and rinse with
distilled, deionized water. Dry off with kimwipes.

E. Dry the inside of quartz tube with kimwipes using
forceps. Periodic dismantling and c¢leaning of this
egquipment is necessary. This will be performed by the
metals chemists.

¥. Reinstall the flow spoilers and position v-shaped groove
at the bottom of the quartz tube. This allows excess
water to escape from the chamber into the drain tubing.

¢. Carefully reinstall teflon nebulizer cap and reattach
argen tubing.

H. Replace sample peristaltic pump tubing with new tubing
and attach to nebulizer.

I. Route all tubing ocut of nebulizer compartment and secure
with black rubber stopper.

J. Clip pump tubing harness down onteo peristaltic pump.
Tension adjustment lever should be at 45 degrees from
horizontal position.

K. Close nebulizer compartment.

II) Instrument Calibration

1.

2.
3.

On power-up, the computer will automatically load and run
the Thermospec software.

Use the cursor keys and pull down the menu for <SET-UP>.
Select <Plasma Control Panel> from the menu.

A. Press <Fl> to ignite plasma.

B. When prompted, press <F9> to continue with ignition.
The torch enclosure will then purge for 90 seconds
with argon.

C. After plasma ignition, press <enter> to continue.

D. Press <F2> to adjust pump rate.

Enter a value of 100 for pump rate and press <enter>.

E. Press <esc> to return to main menu.

Select <Wavelength Calibration> from the menu.

Date calibrated and current date will appear on the
screen. Press <Fl> and the computer will display
"Wavelength Calibration is recommended", if
recalibration is necessary. When wavelength calibration
is completed, press <F9> to return to main menu.

Allow 45 minutes for the instument to stabilize before
running any samples.

Select <Development> from the menu.

A. Select <Methods> from the development menu.

Enter the name of the method to use and press <enter>,
or press <F6> to list all of the methods available.

B. Press <F8> to show method options. Press <F2> to
show print options. Press <F9> to print method.

C. The Methods Options menu will now be displayed.

Press <F9> twice to return to main menu.
Select <Peak Search> from the main menu.

A. Press <enter> to initiate the peak search process.

B. Manually aspirate the standard displayed and
press <F1> to start the peak search. The monitor will
display ‘'done' next to the standard when it is
completed.

C. Press <F2> to save peak search information and return
tc main menu.

Select <Operations> from the main menu.

A. Select <Analsys> from the operations menu.

B. Type in the appropriate method name and press <enter>.

C. Press <F3> to begin calibration procedure.

Inductively Coupled Plasma - Atomic Emission Spectrometric Method ICP
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D.

E.

F.

G.

H.

I.

The monitor will display:

Blank

stdl

std2

std3
Use the cursor keys to move the cursor to the
appropriate standard.
Manually aspirate the standard and press <Fl> to
begin calibration procedure for that standard.
The monitor will display the intensity counts for
the standard that was just ran. Press <F9> to commit
that data to the calibration table.
Select and aspirate the next standard and continue
this process until all standards have been analyzed.
When the last standard is completed and committed,
press <F9> to commit all calibration data.
Press <F4> to review the data, <F2> to print the
data, <F9> when completed.

9. Press <F1> to analyze a blank sample.

A.
E.
C.
D.
E.

Enter <blank> for name of sample.
Press <F1> to begin run.

Aspirate blank into nebulizer.
Results will be printed.

Verify a result of zero.

10. Press <Fl> to analyze a verification sample.

A.

Enter <chkstd> for name of sample.

Press <Fl>» to begin run.

Aspirate verification standard into nebulizer.
Results will be printed.

Verify results are in control.

If blank and verification standard are good, then

11. Press <F9> to select autosampler control.

A.
B.

Connect autosampler to aspiration tube.
Press <F1l> when ready to run.

III) Autosampler Loading List

1. The following is the loading order for the autosampler:

Sample Pogition Sample Type
1 Sample 1
2 Sample 1 spiked
3 Sample 1 duplicate spike
4 - 10 Samples
11 Blank
12 Check Standard
13 Sample 13
14 Sample 13 spiked
15 sample 13 duplicate spike
16 - 22 Samples
23 Blank
24 Check Standard
..... Inductively Coupled Plasma - Atomic Emission spectrometric Method ICP
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2. The same pattern holds true for samples 25 through 48,
samples 49 through 72, and samples 73 through 96.
Check standards will be in positions 12, 24, 36, 48,
60, 72, 84, and 96.

IV) Instrument Shutdown Procedure

1. Use the cursor keys and pull down the menu for <SET-UP>.

2. Select <Plasma Control Panel> from the menu.

3. Press <F7> to turn off the torch.

The torch will turn off, and the cool down process
will begin.

4. After the instrument has cooled down, power can be removed
from all components if desired. Power to all components may
be left on, but the computer monitor should be turned off
to prevent screen burn-in.

V) Use of Cetac Ultrasonic Nebulizer for Low Level Analysis

1. If the constant temperature cooling system is off,
turn it on and let the temperature stabilize for
approximately 90 minutes. The cooling system may
be left on while not in use to minimize the cool-down
time.

2. Connect the output aspiration tube of the Cetac to the
input aspiration tube of the ICP.

3. The sample will now be aspirated into the ultrasonie
nebulizer before entering the ICP. A sample can be
fed to the Cetac either manually or through the ocutput
of the autosampler.

4. Turn on the U-S5000AT. The U-tube temperature should
stabilize at 140 degrees celcius in about 10 minutes.

5. Initiate the plasma according to the startup procedure.

6. Press the operate switch on the Cetac to turn on the
ultrasonic nebulizer transducer.

7. Turn on the sample peristaltic pump and deliver deionized
water to the transducer. The ultrasonic nebulizer should
stabilize in about 15 minutes. If necessary, aspirate
a dilute hydrofluric solution to achieve a dense aerosol.
The ultrasonic nebulizer is now ready for routine analysis.

VI) Shutdown Procedure for the Cetac Ultrasonic Nebulizer.

1. Aspirate deionized water for at least 3 minutes.

2. Turn off the sample peristaltic pump and let the nebulizer
run dry for about 15 seconds.

3. Turn off the operate switch on the Cetac.

4. Press the fast pump switch on the Cetac and allow the pump
to drain liquid from the system until no liquid can ke seen
flowing out of the drain tubing.

5. Turn off the fast pump switch on the Cetac.

6. Turn off the power switch on the Cetac.

7. Disconnect sample input and output delivery tubes on the

Cetac.
CALCULATIONS
Reagent blanks should be subtracted from all samples. This is important for digested
samples requiring large quantities of acids to complete the digestion. If dilutions

were performed, the appropriate factor must be applied to sample values.

QUALITY CONTROL
Instrument standardization is checked initially and throughout the analytical run by the

analysis of an appropriate check standard containing the elements of interest. This
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check standard is analyzed once for every eight samples. If the response for any of
these elements is out of control, the previous eight samples are reanalyzed with a new
calibration curve until an acceptable response is acquired.

A calibration blank is analyzed once for every eight samples. If the response for any
element in this blank is unacceptable, the previous eight samples are reanalyzed with a
new calibration curve until an acceptable response is acquired.

One out of every eight samples is analyzed in duplicate. The duplicate difference for
the elements in these samples must meet quality control limits established in the
Northern Lake Service Quality Control Database for that specific element. If the

duplicate difference exceeds the established control limits, the next eight samples are
reanalyzed with a new calibration curve until an acceptable response is acquired.

One out of every eight samples is spiked with the elements of interest to monitor
instrument accuracy. The recovery of the elements in this spiked sample must meet
quality control limits established in the Northern Lake Service Quality Control
Database. If the response for an element does not meet the established contreol limits,
the next eight samples are reanalyzed with a new calibration curve until an acceptable
response is acguired.

If it appears there is a sample matrix problem, perform the appropriate procedure to
improve element response. Samples that are ran in duplicate are spiked to provide
positive results for each element of interest.

control limits are established by the Northern Lake Service Quality Control Database.
all quality control results from an analytical run must be entered into this database.
Control limits are recalculated every four to six months. Only those parameters with a
minimum of thirty data points will be recalculated.

INSTRUMENT MAINTENANCE

Procedures for general maintenance on the TJA Atomscan ICP are given in the ow the
instrument maintenance procedure given in the operators manual for the TJA Atomscan ICP.
Procedures for general maintenance on the Cetac U-5000AT Ultrasonic Nebulizer are given
in the operators manual for the Cetac USN.

TABLE 2
CALIBRATION STANDARDS AND DETECTION
LIMITS ON THE TJA ATOMSCAN 25 SPECTROMETER

Detection

Element standard Curve (ppm) Limit

Aluminum 0.5 - 1.0 - 5.0 0.034 ppm
Barium 0.1 - 0.5 - 5.0 0.015 ppm
Beryllium 0.010 - 0.025 - 0.050 1.000 ppm
Boron 0.1 - 0.5 - 1.0 - 5.0 0.022 ppm
Cadmium 0.1 - 0.5 - 1.0 - 5.0 0.006 ppm
Cobalt 0.0% - 0.50 - 5.00 0.006 ppm
Chromium 0.1 - 0.5 - 1.0 - 5.0 0.014 ppm
Copper 0.1 - 0.5 -1.0 - 5.0 0.012 ppm
Iron 0.1 - 0.5 -1.0 - 5.0 0.015 ppm
Lead 0.25 - 0.50 - 1.0 - 5.0 0.048 ppm
Magnesium 1.0 - 5.0 - 10 - 20 - 5O 0.008 ppm
Manganese 0.1 - 0.5 - 1.0 - 5.0 0.004 ppm
Molybdenum 2.0 - 5.0 - 10.0 0.020 ppm
Nickel 0.1 - 0.5 - 1.0 - 5.0 0.016 ppm
Potassium 0.5 - 5.0 - 50 - 100 0.600 ppm
Silver 0.1 - 0.25 - 0.50 0.010 ppm
Sodium 0.5 - 5.0 - 50 - 100 0.034 ppm
Strontium 0.25 - 0.50 - 1.0 0.009 ppm
Tin 0.25 - 0.50 - 1.0 0.052 ppm
Zinc 0.1 - 0.5 -1.0 - 5.0 0.003 ppm
Cadmium (USN) 0.010 - 0.025 - 0.050 - ©.10 0.400 ppb

Inductively Coupled Plasma - Atemic Emission Spectrometric Method icp - 8
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NLS SOP Manual

Chromium (USN) 0.010 - 0,025
Copper (USN) 0.010 - 0.025
Lead (USN} 0.010 - 0.025
Molybdenum (USNy 0.05 - 0.10 -
Silver (USN) 0.010 - 0.025
Thallium (USN) 0.025 - 0.050
Antimony (USN} 0.10 - 0.25 -

0

o

Note: The designation (USN)
nebulizer. These method detection limits were approved on 3/3/93. Detection limits are
recalculated frequently and the above limits may not be up to date. Ask the Quality
control Officer for current detection limits.

0.050
0.050
0.050
.25
0.050
.10

.50

means

0.10
0.10
0.10

0.1C

the

2.000
2.000
3.000
2.000
2.000
7.000
16.00

element was

analyzed with an ultrasonic

Inductively Coupled Plasma - Atomic Emission Spectrometric Methed ICP - 9
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The State of Wisconsin
W DEPARTMENT OF NATURAL RESOURCES

£ : Hereby grants

WISCONSIN . ps .
OEPT. OF MATURAL RESOURCES Certification

under the provisions of ch. NR 149, Wisconsin Administrative Code to:

Northern Lake Service Inc 721026460
400 North Lake Avenue Laboratory ID Number
Crandon, W1 545201286

Issued: September 17, 1993

Expires: _June 30, 1994

for the following test categories:

* Oxygen Utilization Calcium . Petroleun VOCs
* Nitrogen Cadmium ' * Organics; Organochlorine
Ammonia Cobait pCBs
Nitrite Chromium Pesticides
Nitrate Copper * Any Single Analyte
Kjeldahl Nitrogen Iron Atrazine
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Chloride Manganese
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Fluoride Hickel
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* Metals | . Zine
Silver * Organics; Purgeable
Aluminum * Liquid Chromatography
Arsenic Polynuclear Aromatic He
Boron * patroleum Hydrocarbons
Barium Diesel Range Organics
Beryllium Gasoline Range Organics
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oo ik
2 & M, Y il
%,@M . (Jal DEATIRENL N, S
Secretary 0 d’ Ad:ﬁ{nist.{:'nor. Division for Environmental Quality Director—&Tfice of Technical Services
This certificate is valid unless revoked or suspended and supercedes all previous certificates. Form 4800-10 Rev. 2-93
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volatile Organics
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Secretary G Adnﬁmslmtor Division for Enwromnenu] Quality Directr—©ffice of Technical Services

This centificate is valid unless n:vokcd ar suspended and supercedes all previous certificates. Form 4800-10 Rev. 2-93
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SITE LOCATION: SECTIONS 9, 10,15 & 16, T34N, R6W, RUSK COUNTY. WISCONSIN,

TOPOGRAPHIC BASE MAP PREPARED FROM AERIAL SURVEY 3Y SURDEX CORPORATION,
CHESTERFIELD, MSSOURL DATE OF PHOTOGRAPHY = AFRN. 24,1970,

ROADS, TREES AND BUILDINGS WERE UPDATED AS PER AERIAL PHOTOGRAPH

TAKEN BY MARKHURD CORPORATON, MINNEAPOLIS, MINNESOTA,

DATE OF PHOTOGRAPHY - SEPTEMBER M, 1987,

ELEVATIONS BASED ON MEAN SEA LEVEL DATUM.

CONTOUR WTERVAL I TWO FEET.
HORIZONTAL DATUM BASED ON PROJECT SITE GRD SYSTEM. SITE GRiD
COORCINATES CORRELATION T STATE PLANE COOROMATES DERIVED AS FOLLOWS:

SITE GRID COORDMATES STATE PLANE

CONTROL MONUMENT F-I COORDMNATES
49082 N = 547, J57. 8RBT N
40238 E = 1,713,516,1229 E

THE ANGULAR ROTATION FROM STATE PLANE BEARNGS TO SITE GRID
BEARINGS 15 359323 RIGHT WITH CONTROL POMNT F-1 AS THE BASE PONT,

SEE FIGURE NQOS T-1 AND T-7 FOR THE LOCATION OF WETLAND STAFF
GAUGE WT-2 AND FOR SURFACE WATER MONITORING LOCATIONS,
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Foth & Van Dyke

2737 S. Ridge Road
P.O. Box 19012
Green Bay, WI 54307-9012
414/497-2500
Fax: 414/497-8516

October 29, 1992

Mr. Tom Bauman

Industrial Wastewater Section
Department of Natural Resources WW/2
P.O. Box 7921

Madison, WI 53707-7921

Dear Tom:

RE: Flambeau Project - Quality Assurance/Quality Control, Biomonitoring Study Plan
On behalf of the Flambeau Mining Company (Flambeau), Foth & Van Dyke is submitting
two copies of the attached pursuant to Part I, E(4) of the WPDES Permit (Permit No. WI-
0047376-1, Docket No. IH-89-14) for the Flambeau project in Rusk County, Wisconsin.

If you have any comments or questions regarding this submittal, please contact
Jim Hutchison at (414) 497-2500.

Sincerely,

Foth & Van Dyke e

o B W W Such

ames B. Hutchison, P.E. Jer evick, P.E.
Project Engineer Group Vice President
JBH:JWS:jef
[A3510191F6.51
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Distribution List

Sent to

Tom Bauman

Industrial Wastewater Section
Department of Natural Resources WW/2
P.C. Box 7921

Madison, WI 53707-7921

Gordon Reinke, Chief

Mine Reclamation Section

Bureau of Solid Waste Management
Wisconsin Department of Natural Resources
202 South Webster Street, GEF 11

Madison, WI 53707

Lawrence E, Mercando
Vice President

Flambeau Mining Company
Ladysmith Office

105 West Lake Avenue
Ladysmith, WI 54848

Henry J. Handzel

DeWitt, Port, et al.

121 South Pinckney Street
Madison, WI 53707

Bernice Dukerschein, Chairman
Rusk County Board

114 West Miner Avenue
Ladysmith, WI 54848

Robert Plantz, Chairman
Town of Grant

N3356 Plantz Road
Ladysmith, WI 54848

Al Christianson, City Administrator
City of Ladysmith

c/o City Hall

P.O. Box 431

Ladysmith, WI 54848

Clarence Glotfelty

Rusk County Zoning Administrator
311 East Miner Avenue

Ladysmith, WI 54848
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1 Description of Activities

The Quality Assurance/Quality Control Biomonitoring Study Plan is being submitted in
accordance with the requirements of Section E(4) of Part I of the WPDES Permit No. WI-
0047376-1 for the Flambeau Mining Co. Section E(4) requires Flambeau Mining Co.
(Flambeau) to perform effluent toxicity test batteries. All toxicity tests required by the permit
shall be conducted according to the QA/QC plan.

Flambeau is required to perform the effluent toxicity test batteries as follows:

a. Flambeau shall conduct an acute toxicity test battery using the procedure described in
the QA/QC plan twice each year following commencement of discharging effluent
from outfall 001 (wastewater treatment plant effluent). Flambeau will conduct these
tests between the months of May-September and November-April.

b. Flambeau shall conduct an acute toxicity test battery using the procedure described in
the QA/QC plan once during the first year of permit issuance and twice each year
thereafter for effluent discharged from outfall 002 (settling pond effluent). Flambeau
will conduct these tests between the months of May-September and November-April.

c. Flambeau shall conduct a chronic toxicity test battery using the procedure described in
the QA/QC plan once each year between the months of June-September upon
commencement of discharging effluent from outfall 001.

1A3510191F6.51 Foth & Van Dyke * 1
October 29, 1992 cé
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2 Acute/Chronic Bioassay Study Plan

Flambeau has selected Integrated Paper Services, Inc. (IPS) as the laboratory to perform this
effluent toxicity testing. A copy of the IPS Study Plan for Flambeau is found in Appendix A.
The plan and use schedules for hand delivery and overnight delivery are found in Tables 2-1 and
2-2 respectively. IPS standard operating procedures (SOP) and quality assurance practices are
incorporated in the plan by reference to their SOP document which is approved and on file with
the Wisconsin Department of Natural Resources.

[A3510]191F6.51 c7 - Foth & Van Dyke * 2
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Table 2-1

Sample Acquisition/Hand Delivery/

Use Schedules for Flambeau Mining Co.

Sample Sample Type Volume {gal) Delivery* Test Use
Acute(s):

River: Grab 35 Tuesday Ac(1-4)
Tuesday

Effluent: 001 Comp. 2 Tuesday Ac(1-2)
Monday-Tuesday 002 Comp. 2 Tuesday Ac(1-2)
Effluent: 001 Comp. 2 Thursday Ac(3-4)
Wednesday- 002 Comp. 2 Thursday Ac(3-4)
Thursday

Chronic:

River: Grab 6 Tuesday Ch(1-7)
Tuesday

Effluent: 001 Comp. 1 Tuesday Ch(1-2)
Monday-Tuesday

Effluent: 001 Comp. 1 Thursday Ch(3-4)
Wednesday- :

Thursday

Effluent: 001 Comp. 2 Friday Ch(5-7)
Thursday-Friday

Acute/Chrenic:

River: Grab 10 Tuesday Ac(1-4)/Ch(1-7)
Tuesday

Effluent: 001 Comp. 2.5 Tuesday Ac(1-2)/Ch(1-2)
Monday-Tuesday 002 Comp. 2 Tuesday Ac(1-2)
Effluent: 001 Comp. 2.5 Thursday Ac(3-4)/Ch(3-4)
Wednesday- 002 Comp. 2 Thursday Ac(3-4)
Thursday

Effluent: 001 Comp. 2 Friday Ch(5-7)

Thursday-Friday

[A3510]91F6.51

Delivery by 10:30 a.m.
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Table 2-2

Sample Acquisition/Overnight Delivery/
Use Schedules for Flambeau Mining Co.

Sample Sample Type Volume (gal) Delivery* Test Use
Acute(s):
River: Grab 3.5 Monday/Tuesday Ac(1-4)
Monday
Effluent: 001 Comp. 2 Monday/Tuesday Ac(1-2)
Sunday-Monday 002 Comp. 2 Monday/Tuesday Ac(1-2)
Effluent: 001 Comp. 2 Wednesday/Thursday  Ac(3-4)
Tuesday- 002 Comp. 2 Wednesday/Thursday  Ac(3-4)
Wednesday
Chronic:
River: Grab 6 Monday/Tuesday Ch(1-7)
Monday
Effluent: 001 Comp. 1 Monday/Tuesday Ch(1-2)
Sunday-Monday
Effluent: 001 Comp. 1 Wednesday/Thursday  Ch(3-4)
Tuesday-
Wednesday
Effluent: 001 Comp. 2 Friday/Saturday Ch(5-7)
Thursday-Friday
Acute/Chronic:
River: Grab 10 Monday/Tuesday Ac(1-4)/Ch(1-7)
Monday
Effluent: 001 Comp. 2.5 Monday/Tuesday Ac(1-2)/Ch(1-2)
Sunday-Monday 002 Comp. 2 Monday/Tuesday Ac(1-2)
Effluent: 001 Comp. 2.5 Wednesday/Thursday  Ac(3-4)/Ch(3-4)
Tuesday- 002 Comp. 2 Wednesday/Thursday  Ac(3-4)
Wednesday :
Effluent: 001 Comp. 2 Friday/Saturday Ch(5-7)
Thursday-Friday

' Delivery by 10:30 a.m.

1A3510191F6.51
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3 Statement of Effluent Sampling Specifics

Flambeau will be responsible for effluent and receiving water sampling, handling and
transportation to IPS for testing. Samples to be collected for toxicity testing include the
receiving water (Flambeau River), Qutfall 001 (wastewater treatment plant effluent) and
Outfall 002 (settling pond effluent).

3.1 Sample Type

The receiving water sample will be a grab sample. The sample from Outfall 001 will be a flow-
proportional composite sample collected over a 24-hour period. The sample from Outfall 002
will be a time-proportional composite sample collected over a 24-hour period.

3.2 Sample Volume and Frequency

The sample volume and frequency of collection will be as shown in the Plan and Use Schedules
(Tables 2-1 and 2-2). :

3.3 Sample Location
The receiving water sample will be collected from the Flambeau River at the west end of

Blackberry Lane. This location is upstream from and out of contact with Outfalls 001 and 002.
The sample will be collected by inverting the sample containers and submerging them below the

water surface to about mid-depth. The sample bottles will then be turned upright and allowed to

fill. Care will be taken not to disturb the river bottom sediments.

The sample from Outfall 001 will be collected from a stationary refrigerated composite sampler
(ISCO Model 2910R or equal) located downstream from the wastewater treatment plant process
but prior to discharge to the Flambeau River.

The sample from QOutfall 002 will be collected from a similar composite wastewater sampler
located downstream from the settling ponds but prior to discharge to the Flambeau River.

3.4 Sample Containers and Shipping Coolers

IPS will provide Flambeau with sample containers (new cubitainers) and shipping coolers for the
toxicity testing. Flambeau will notify IPS several weeks in advance of the anticipated testing in
order that the containers and coolers can be shipped in a reasonable time frame.

3.5 Sample Labeling

Each sample collected will contain a label with the following minimum information:

October 29, 1992

. Client identification
. Individual collecting the sample
. Sample identification (001, 002 or receiving water)
. Date and time of sampling
. Sample type (grab or composite)
[A3S10}91F6.51 Foth & Van Dyke » 5
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Care will be taken when labeling samples such that the label cannot be washed off or smeared
when ice is added to the cooler.

3.6 Sample Preservation

The samples from Outfalls 001 and 002 will be refrigerated during the 24 hours they are being
composited. The temperature of the refrigerators will be maintained at 4°C. A thermometer will
be placed in each unit to ensure that the 4°C temperature is maintained.

Upon completion of the 24-hour sample collection period, the samples will be transferred from
the polyethylene sample container inside the refrigerator to the labeled sample containers
provided by IPS. These samples, along with the grab sample from the receiving water, will be
placed inside the IPS coolers for shipment. The coolers will then be filled with a sufficient
amount of wet ice to maintain the temperature of the samples at, or less than, 10°C until receipt
by IPS the following day.

3.7 Chain-of-Custody Record and Custody Seal

An IPS chain-of-custody record will be completed for all samples to be shipped to IPS. See
Figure 3-1. At a minimum, the chain-of-custody record will include the following information:

Client identification

Samplers signature

Sample identification (001, 002 or receiving water)
Number of containers

Sample type (grab or composite)

Date and time of sampling

Initial temperature and pH of sample (if known)
Carrier identification (UPS, Federal Express, etc.)
Shippers signature, date and time

* [ ] L] [ ] a L ] L ] L ] -

The shipper will keep a copy of the completed chain-of-custody record for Flambeau files in
order to demonstrate sample custody. The shipper will place the completed chain-of-custody
record inside a sealed plastic bag and place the sealed bag inside the cooler with the samples.
The cooler will then be securely fastened for shipment to IPS. An IPS custody seal will be
placed around the cooler to ensure that no tampering of the samples takes place.

3.8 Sample Transportation

Flambeau will select a common carrier, who will guarantee delivery by 10:30 a.m. the next day, to
transport the samples to IPS. The samples will be collected, shipped and delivered to IPS
according to the IPS overnight delivery schedule found in Table 2-2. Flambeau will retain a copy
of the shipping documents for their files to demonstrate sample custody. Flambeau will also
notify IPS in advance of the shipment. In return, IPS will notify Flambeau upon receipt of the
samples.

IA3510]91F6.51 Foth & Van Dyke * 6
October 29, 1992
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As an alternate, Flambeau may also choose to hand deliver the samples to IPS by 10:30 a.m. on
the day of sample collection. In this case, the samples will be collected and delivered according
to the IPS hand delivery schedule found in Table 2-1. Upon delivery of the samples to IPS,
Flambeau will receive a signed copy of the chain-of-custody record from sample receiving
personnel at IPS,

(A3S10191F6.51 Foth & Van Dyke * 8
October 29, 1592 Al3



Appendix A

Acute/Chronic Bioassay Study Plan for Flambeau Mining Co.

Cla



Acute/Chronic Bioassay Study Plan for Flambeau Mining Co.

This plan, when accompanied by a detailed description of methods for effluent and receiving
water sampling, handling, and transportation to the IPS laboratory comprises the QA/QC
biomonitoring study plan required as per Section E(4)(a) of WPDES Permit No. WI-0047376-1.
This plan is intended for submission to the Wisconsin Department of Natural Resources.
Prescreen Tests

Date: Within two weeks prior to definitive tests.

Samples: 0.5 gallon Flambeau River water (grab sample from upstream and outside of all
influence of the outfall) and/or 0.25 gallon effluent (grab sample)

Definitive Tests

Type: Acute tests using fathead minnows (96 hour), Daphnia magna, and Daphnia pulex
(48 hour)

Seven-day fathead minnow and C. dubia chronic tests

Date: Acute - Outfall 001 effluent twice annually (November-April and May-September)
following commencement of discharge for term of permit; Qutfall 002 effluent
once during year of permit issuance and twice annually (November-April and
May-September) following commencement of discharge for term of permit.

Chronic - Qutfall 001 effluent once annually (June-September) following
commencement of discharge for term of permit

Test Acute - Fathead minnows (20-40 days old), Daphpia magna and Daphnia pulex
Organisms: (<24 hours old at test initiation)

Chronic - Fathead minnows (<24 hours old at test initiation) and Ceriodaphnia
dubia (<24 hours old and within 8 hour window at test initiation)

Treatments:  Acute - 100% (v:v) Outfall 001 and Outfall 002 effluents, Flambeau River water
{primary control/diluent), and laboratory water (secondary controi/diluent)

Chronic - 1% (IWC) and 100% (v:v) Outfall 001 effluent, Flambeau River water
(primary control/diluent), and laboratory water (secondary control/diluent)

Samples: See Tables 2 and 3

Reporting:  Formal report issued within ten business days after completion of the test

(A3510]91F6.51 cl5
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Laboratory Identification:

Integrated Paper Services, Inc.
P.O. Box 446

101 W. Edison Avenue, Suite 250
Appleton, WI 54912-0446

Applicable SOP Documentation: Sections 4, 5.2, 5.3, 5.4.1, 54.3, 5.5.1, 5.5.2, 6 and 7 of, and

[A3510]91F6.51

amendments to, Standard Operational Procedures
document dated February 1, 1990.
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3a.

BIOTIC INDEX SORTING PROCEDURE - 1983

Place contents of the jar into a Targe pan or tray containing a grid of
2-inch, consecutively numbered squares. The grid pattern may be on the
bottom of the tray or on some suitable material placed under a transparent
tray. If desired, alcohol can be removed by placing the sample in a

US #30 mesh seive and washing with water before transferring to the pan.

Distribute the debris and arthropods as evenly as possible in the tray.
Remove any large debris, being careful to not discard any arthropods with
it. Samples with large numbers of organisms can be divided and

sub-sampled.

Remove all arthropods from one grid at a time and place them in a jar
containing 70 percent alcohol. - Arthropods can be sorted to an
identifiable taxonomic level and placed in separate jars. An arthropod is
considered to lie within a grid if more than one-half of it is within the
grid. The grids to be picked should be selected from a random number
table and picked individually. Continue picking until at least 100
arthropods with B.I, values have been removed. The last grid should be
totally picked, no matter how many arthropods end up in the sample.

Alternative sorting procedure: A random number table works well on some
samples, but not those with a Tot of debris and few insects. Under these

circumstances the following is suggested:

a. randomly select a corner of the pan to start picking from,
b. randonly select a direction to proceed {vertical or horizontal),
€. pick grids in line.

This semi-random method allows the debris to be pushed aside as sorting
progresses.

Avoid sorting arthropods less than 3 mm in length, except for adult riffle
beetles (Elmidae}. Collect, but do not count, adult insects except for
riffle beetles (Eimidae and Dryopidae). Adult beetles (Dytiscidae,
Gryinidae, Hydrophilidae) and adult bugs (especially Corixidae) are
frequently found in some samples but cannot be used in the HBI analysis.

2660A
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MACROINVERTEBRATE/BIOTIC INDEX SAMPLING GUIDELINES - 1683

The following macroinvertebrate sampling guidelines are designed as standard
operating procedures for routine investigations, basin assessments, pre and
post studies, etc. The objective of these guidelines is to provide minimum
requirements to assure data quality, and to assure that future data can be
reliably compared to past data. These guidelines do not cover all possible
sampiing situations. However, investigators are expected to conform as
closely as possible to these guidelines in all routine sampling programs which
use the Hilsenhoff Biotic Index analysis system,

SAMPLING STRATEGY

Site Selection

The basic site selection criterion is that most sampling sites within a stream
reach should have simijlar habitat characteristics. Of particular importance
is substrate and current velocity.

Riffles, where flow is rapid and the substrate is composed of gravel or small
stones, is the preferred sampling habitat. However, if riffles are not
available at most sampling sites, the next best habitat which is available at
most sites should be sampled. A variety of habitats found in most streams are
suitable for macroinvertebrate sampling. The only exception is that
nonflowing areas should not be sampled. In streams with poor habitat,
artificial substrate samplers can be used.

General site selection criteria include: )

1. sample similar habitat at most sites (for example, do not sample a gravel
riffle upstream and debris in a slower velocity area downstream);

2. Riffles with gravel or stone substrates are preferred;

3. Sample areas with a flow velocity of at least 0.5 ft/sec., preferably with
gravel or stone substrates;

A. If areas with gravel or stone substrates are not available, sample debris
in the fastest turbulent current;

5. Leaves, grass and other debris clinging to branches or snags are
acceptable if nothing better can be found;

6. Avoid areas directly downstream from impoundments or bridges;

7. Avoid sampling silty substrates;

8. Streams without suitable habitat should be sampled with artificial
substrates. i
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Replicate Sampling

For routine investigations three replicate samples should be taken at a
control, or upstream site, and no replicates at other sites within a stream

reach.

When conducting 1nvestigatioﬁs for enforcement purposes or other potentially
sensitive situations, three replicate samples at each site are suggested, It
may not be necessary to process aill samples, but replicates should at least be

available if needed.

Sampling Seasons

Macroinvertebrate sampling in Wisconsin should generally be done from October
to May. Because of ice conditions, autumn sampling should be done as late as
possible before freeze up, and spring sampling should be done as soon after
jce out and return to normal flow conditions as possible.

For routine investigations, sampling only one season is recommended. Spring
sampling is preferred in most situations. However, there are situations where

autumn sampling may be preferred.

To insure any future sampling can be correlated with past data it is important
to collect water temperature and flow, or stage data when macroinvertebrate
samples are taken. Future samples should be taken under similar physical

conditions.
SAMPLING PROCEDURES

Sampling Methods

Sample with a D-frame net by holding the net firmly against the substrate and
disturbing the substrate upstream from the net with your feet to dislodge
arthropods. Do not try to push the net throtugh the substrate. Let the
arthropods wash downstream into the net. X Tew Tocks, sticks or pieces of
vegetation should be examined and sampled 1f necessary, to ensure that firmly

attached insects are inciuded in the sampie.

Try to sample all suitable niches at each sampling site with equal effort. Do
not sample areas at the site with flow velocity less than 0.5 ft/sec., or :
areas with substrate composed of sediment. In some situations, sampling along
a transect is appropriate, in others an expanded effort at a site may be

required.

te samples are to be taken, sample from downstream to upstream to
area is sampled, A stream reach should also be

ose together.

when replica
insure that an undisturbed

sampled from downstream to upstream {f sites are ¢l
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Number of Arthropods

A minimum of 100 arthropods that have Biotoc Index values should be sampled at
each site. Sample all suitabTe habitat at each sife no matter how many

arthropods are collected.

Sample Handling and Preservation

1.

2.

1.

2.

After the sample is collected rinse sediment from the net by forcefully
running the net through the water a few times.

Visually inspect the net contents to insure that at least 100 arthropods
with Biotic Index values were collected, Insufficient numbers may

jndicate a water quality problem and should be noted.

Transfer the debris and arthropods to a wide-mouth jar of sufficient

size. Remove any arthropods clinging to the net and include them in the
sample. Add enough 70 percent alcohal to the jar to cover the debris (use
95 percent alcohol if enough water remains in the sample to dilute the

alcohol to 70 percent).

Field Data

Fi11 out the Macroinvertebrate Field Sampling Data sheet (Form 3200-52)
when samples are taken. Use a dirferent sheet at each site within a

stream reach.

Describe, in detail, the exact location of each sampiing site. Use
landmarks such as bridges, rock outcroppings, etc. Record distances,
directions (east, west -~ NOT left, right). Be precise as possible to
jnsure someone else can find the same site in the future.

Record water temperatufe and flow, or stage for future reference.

Record sampling methods, i.e., D-frame net, number of repiicates, number
of transects or other sampling pattern, etc. :

Record the time spent taking each sample.

Record an estimate of the abundance of arthropods at each site as follows:

Abundant - large number of arthropods found at the site, greater than
1,000 collected in a short time.

Cormon - no difficulty in gollecting 100 arthropods, sampling re
200 to 1,000 arthropods. ] ,

Uncommon - had difficulty, but managed to collect at least 100 arthropods

sulted in

_with Biotic Index values. :

Rare - could not obtain 100 arthroa?ds.
- D
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Appendix E

Laboratory Handling Procedures for
Particulate and Asbestiform Filters



1.0 LABORATORY HANDLING PROCEDURES FOR PARTICULATE FILTERS

1.1 Introduction

Precise and reproducible laboratory procedures are an essential
aspect of producing accurate particulate concentrations via the high
volume sampling technique. The laboratory procedures to be employed
by Foth & Van Dyke are in compliance with the procedures and gquality
assurance requirements established by the U.S. Environmental
Protection Agency (USEPA) in the following guideline documents:

"ouality Assurance Handbook for Air Pollution Measurement
System, Vol. II -~ Ambient Air Specific Methods," EPA-600/4-77-
027A, May 1977.

nReference Method for the Determination of Suspended
Particulate Matter in the Atmosphere," 40 CFR 50, Appendix B.

1.2 Filter Media and Selection

Filters for the measurement of particulates will consist of an 8
inch by 10 inch mat of binderless glass fiber material. This is the
normal or traditional filter grade. Surface alkalinity should be
between a pH of approximately 6.5 and 7.5. Since commercially
available filters freguently have alkaline pH valves greater than pH
7.5, they will be checked at a sampling fregquency of 7 percent
(approximately one out of every fourteen) to make certain they meet

the specified maximum pH.

only filters having a collection efficiency of at least 99 percent
for particles of 0.3 um diameter, as measured by the DOP test (ASTM-
D2986-71), are to be used. The manufacturer shall be required to
furnish proof of the collection efficliency of a batch of new filters

when purchased.
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Each filter will be visually inspected with the aid of a light
table. Filters with pinholes and other defects such as tears,
creases, or lumps shall be discarded or returned to the supplier.
Loose particles shall be removed with a soft brush.

1.3 Filter Handling and Identification

Standard procedures require that any laboratory personnel handling
the filters during any stage of the laboratory analysis must wear
plastic gloves such that dirt and perspiration are not transferred
to the filter.

Filters will be numbered and weighed by the lab in batch gquantities
of sufficient size to accommodate at least a three month periocd for
each sampler (120 filters during the proproduction and reclamation
phases and 180 filters during the first year of the mining phase).
Filters will be numbered sequentially using an ink stamp along an
edge of each filter that is not part of the sampling surface. To
avoid misidentification of filters, the filter I.D. numbers will ‘be
prefixed with a code unique to this project (i.e. FMC ). Each
filter will be placed in its own (dedicated) manila folder.

Each folder will be marked with the following information:

SUPERIOR TESTING LABORATORY
Project
Inst. # Site #
Filter #
Date Sampled

The above information will be logged on an independent lab data
sheet that will be kept in the laboratory files in the event the
filter label or folder is lost or destroyed. Enter the filter
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number only at this time. Each folder will then be placed into a
resealable plastic bag. The sealed filters will then be arranged in
numerical order and stored in the original or a similar container.

1.4 Filter Equilibrium and Weighing

1.4.1 Equilibrium

The filter shall equilibriate (desiccate) in a conditioning
environment for a minimum of 24 hours prior to weighing to minimize
errors in measuring the weight. Longer periods of equilibrium will
not affect accuracy. The conditioning environment shall have an
average temperature between 209C and 30°C. Temperature must not
vary more than +3°C. Relative humidity (RH) must be below 50
percent and vary by not more than +5 percent. A convenient working
RH is 40 percent. Clean filters are usually processed in lots, that

is, several at one time.

This procedure ensures that each filter has a uniformly low moisture
content and that the effects of variable atmospheric humidity are

minimized when each individual filter is weighed.

1.4.2 Weighing

Before weighing the first filter, a balance check shall be performed
by weighing a standard Class "S" weight of between three and five
grams. The actual and measured weights, the date, and the
operator’s initials shall be recorded in the lab log book. If the
actual and measured values differ by more than +0.5 mg. (0.0005 g),
it shall be reported to the project manager before proceeding.

If the actual and measured values agree to within +0.5 mg., each

filter shall be weighed to the nearest mg. Each filter shall be
weighed within 30 seconds after removal from the equilibration

E3



chamber. The initial weight and serial number of each filter shall
be recorded on the Particulate Sample Data Sheet. Clean filters
shall not be folded or creased prior to weighing or use. The

following procedure shall be used for weighing the filters:

1. Each filter shall be weighed to the nearest ten-thousandth of a
gram on a Sartorius Model A200S Air analytical balance. This
balance is referenced fo Class S weights traceable to the
National Bureau of Standards (NBS). The filter number, date
weighed, project number, person weighing, and initial weight of
each filter shall be recorded on a Particulate Sample Data
Sheet (see Figure E-1 attached), which will be supplied to the
laboratory. This sheet will be mailed to the site with the
individual filter. As a backup, information for each filter
shall also be recorded on a laboratory data sheet, This
summary sheet shall be stored in the project file.

2. In order to check that the proper weighing procedures were
followed and that the initial weight of the. filter was
accurate, every tenth filter shall be independently audited by
an individual not responsible for the initial weighing of the
filter. If the audit weight of the filter differs by greater
than .0005 grams from the initial weight of the filter, then
the filter must be reweighed and, if necessary, redesiccated
for another 24-hours. Enter this information on the

Particulate Sample Data Sheet.

3. Fach individual filter shall be placed in a separate manila
folder which is then placed into a resealable plastic bag.
These precautionary procedures shall be followed to protect the
filters from damage either in mailing or on-site handling. For
jdentification and data recording purposes, the Particulate
Sample Data Sheet shall be placed in the plastic bag. The
filter shall then be mailed to the sampling site.
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1.5 Post Sampling Filter Processing and Analvysis

Upon arrival of the filter at Superior Testing Laboratories, the date of receipt and the
person receiving the filter is immediately entered on the Particulate Sample Darta
Sheet and the lab data form. Thc filter shall then be placed in a desiccator for a
minimum of 24 hours before the final weighing. The conditioning environment shall
have a temperature between 200C and 300C. Temperature must not vary by more than
+30C. Relative humidity must be below 50 percent and not vary by more than +5
percent. A convenient working RH is 40 percent. The desiccation process minimizes
the effect of the varying moisture content of the atmosphere between the site and
laboratory conditions when the final weight of the filter is determined.

The filter is then weighed to the nearest ten-thousandth of a gram on the same
analytical balance on which it was preweighed. The final weight of the filter, date
weighed, person weighing, and particulate weight (Pwt) is recorded on both the
Particulate Sample Data Sheet and on the lab data form. As in the preweighing
procedures, the final weight of every tenth filter shall be independently audited to

cheek that the pro;ier procedure was followed in the weighing technique.

1.5.1 Calculations

Calculations shall then be performed to determine the actual particulate concentration,

in ug/m3, on each filter. The following formula is used:

Wr - Wy
Qa x t x (0.02832 m3/ft3) x CF

where Wg = Final Weight of the filter, ug

W1 = Initial weight of the filter, ug
Qstd = Ambient Volumetric flowrate of the sampler, scfm
t = Total sampling time, min.
Cf = Seasonal correction factor

ES



The flow rate of air through the filter at site conditions shall be determined using the
most recent calibration information available. An on-site calibration of the sampler
shall be performed every three months using a certified calibration orifice, traceable
to the NBS, with a known response curve (sce Appendix A). The timer on the sampler

will control the sampling time to within 15 minutes.

The site flow rate is adjusted to an cquivalent flow rate at standard atmospheric

conditions (25°C and 1.0 atmospheric pressure ) with the use of the seasonal correction

factor. These correction factors are as follows:

Dec/Jan/Feb - 1.050
Mar/Apr/May - 1.021
Jun/Jul/Aug/Sep - 1.000
Oct/Nov - 1.024

Such an adjustment is necessary in order to compare the partfculatc loading on the

filter to the National Ambient Air quality Standards, which are referenced to

standard conditions.

Finally, the calculations for every tenth filter shall be independently audited by an
individual not responsible for calibrating the samplers in order to check that the

proper techniques, calibration curves, and mathematical procedures were followed.

1.6 Data Archives —

The collected particulate samples shall be stored in airtight containers (plastic
resealable bags) after final weighing. Once every three months, a portion of each
filter will be composited and analyzed for metals, Therefore, the samples shall be
protected from contamination or alteration. Where chemical analysis is required, the

procedure described in Section 2.0 herein should be followed.

All input data, calculation methods, and results shail be stored permanently in the

project files.
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2.0 CHEMICAL ANALYSIS

When chemical analysis of the collected particulates is required,
several filters will generally have to be combined to have a
sufficient sample for the analysis. Particulates will be analyzed
for heavy metals content as described in Section 8.2.2. This
procedure requires about 0.5 - 1.0 gm of sample. Each filter to be
submitted is cut in half, and half of each submitted to the
laboratory along with an equivalent number of unexposed blank
filters. The following procedure describes the process of
compositing filters for chemical analysis.

2.1 Preweighing

1. When preweighing a series of particulate filters for the
project, one additional filter shall be set aside for each
filter weighed. Those filters which have been set aside shall
be used as blanks in the subsequent chemical analysis. They
need not be preweighed.

2. Place each filter that is set aside in a plastic bag and label
it:

Blanks for Filters XX to YY

(where XX to YY are the inclusive numbers of the series
of filters being weighed).

3. The blank filters shall be stored until needed for chemical
analysis.

4. The other filters shall be weighed as described in Section
104.2.
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2.2

Compositing Exposed Filters

All filters exposed at the site during a composite period (3
months) shall be collected. A composite sample shall be
prepared by cutting each filter in half, with half going in the
composite resealable plastic bag and half being retained in its
original resealable plastic bag as described below.

The precautions described in Section 1.3 shall be taken while
handling filters. The filter to be cut shall be placed on the
cutting board with the exposed surface up. A non-metal
straightedge and a cutting wheel shall be used to cut the
filter in half at the line scribed on the cutting board.

The half of the filter that has been touched by the
straightedge shall be placed in the plastic bag for the
composite sample. Any sample adhering to the straightedge
shall also be transferred to the composite sample plastic bag.

The other half of the filter shall be placed back in its
original plastic bag. Care shall be taken as not to touch the
exposed surféce of the filter because it may need to be
examined later microscopically.

The plastic bag that contains the composite sample shall be
marked with the months of the quarter included, project number,
date composited, filter I.D., and date exposed. The same
information shall be entered on a lab data sheet that will be
retained at the lab.

Compositing Blank Filters

The blank filters that were set aside when the exposed filters

were preweighed shall be assembled.
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The blank filters shall be composited in the same manner as the
exposed filters - half of each filter shall be retained in the
composite blank bag and half shall be retained in its original

plastic bag.

The plastic bag that contains the composite blank shall be
marked with the months of the guarter included, project number,

and date composited.
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FIGURE E-1
PARTICULATE SAMPLE DATA SHEET
Flambeau Mining Company

Filter No.

Project Number :

Intital Weight (grams)

Final Weight (grams) :
Particulate Weight (Pyt, grams) :

Date Received :

Person Receiving :

Date Weighed : Initial: Final:
Person Weighing : Initial: Final:
Audited
Audited by
Audit Date
Audit Remarks:

e

Yes: No.:

Initial: Final:

e

Initial: Final:

—— ——

———

Field:

Date of Sampling

Site I.D. :

(33

Standard Volume (m3)

Foth & Van Dyke
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High Volume Air Sampler Calibration Procedures

Calibration will be done in the ficld using the [ollowing procedures:

I.

Shut off motor, and attach the variable resistance orifice (vari-flow calibrator)
and place the calibrator on the first setting.

Check that the flow recorder is properly zeroed. Adjust the set screw on the
front of the recorder as necessary.

Record the site location, sampler L.D., date and the operators initials on the back
of a clean recorder chart,

Record the following parameters on the calibration data sheet (see Figure A-1):

Site 1.D,,

Date,’

Sampler No.,

Orifice No.,

Ambient Temperature (°C),

Station barometric pressure (mmHg)

e a0 o

Disable the flow controller by unplugging it from the power source. Restart
motor by plugging it in directly to the power source. Allow it to warm up.

Record the following on a calibration sheet:

a. Manometer reading or pressure change (/\P) for the vari-flow calibrator
position.

b.  Transducer reading (I) for the resistance position.

C. Measured air flow rate (Qa) for the measured /\P from the orifice
calibration curve.

Change the calibrator position and repeat Step 6 for all other resistance
positions. ‘

Calculate and record the flow event recorder actual correction (IC) for each
calibration point as:

I (Pa/Pstd x Tstd/Ta)l/2

where: IC = actual correction
I = recorder response, arbitrary units

On a sheet of graph paper, plot the sampler corrected recorder \.mits, IC (y-axis),
versus the corresponding calculated orifice flow rates, Qa (x-axis), to obtain a

Fl



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

visual calibration curve and indication of the calibration linearity. A five-point
calibration shouid yield a regression equation with a correlation coefficient of
r > 0.990.

Using a programmable calculator, determine the best-fit straight line by the method
of least squares. The equation for this fit is:

IC = m(Qa) + b
The slope, m, and intercept, b, are then calculated.
Calculate and record on the calibration data sheet the set point flow rate (SFR).
SFR = (142xm) + b
where: SFR = sampler’s seasonally adjusted set point flow rate, ft¥min
Reconnect the motor to the mass flow controller.

Install a clean filter (within a filter cartridge) in the sampler. Tighten the four wing
nuts to ensure an even seal, do not overtighten or the gasket may warp.

Install a clean recorder chart in the flow recorder and verify that the recorder is
zeroed (the pen rests on the innermost circle of the chart). Gently tap on side of

sampler to seat ink pen. Rotate chart with coin or screwdriver until chart indicates
correct time.

Energize the sampler and allow it to warm up to operating temperature. Adjust the
flow rate potentiometer on the mass flow controller until the recorder response
indicates the set point flow rate (SFR) as calculated in Step 11.

Verify that the flow controller will maintain this flow rate for at least ten minutes.
Turn off the sampler. The sampler can now be prepared for the next sampler run
day.

Complete any required maintenance or adjustments.

Repeat steps 1, 2 and 3 for the post adjustment portion of calibration.

Record the data on the Hi-Vol Calibration Sheet. Store the completed forms in the
project file with the other completed forms.

[32-14]93F019 F2



Figure F-1

HI-VOL CALIBRATION DATA SHEET
Flambeau Mining Company

City Date

Site No. Site LD.

Orifice No. Instrument No.

Temperature (T) *K

Pressure (P) mm Hg

Calibrator Sampler Corrected aP Qa
Position Response Response (in. H,0) X-Axis
I IC
Y-Axis

- -
1 = Instrument Reading ' b=
IC = I(Pa/Pstd x Tstd/Ta)/? m=
aH = Wsater Manometer Reading =
Qa = Flow from Orifice Calibration Curve
SFR = m%min SFR=(142xm)+b
Pre-Maintenance - Post-Maintenance

Calibrated by

[32-34191F6,51/41-VCALL . FOR
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1.0 TS.P FIELD OPERATING PROCEDURES

The sampling procedures used in this network are in accordance with those found in
the Federal Reference Method for the Determination of Total Suspended Particulate
Matter in the atmosphere.

1.1 Sampling Operations

The procedure for TSP sampling is as follows:

1. Remove a clean filter from the bag and inspect it for holes, tears or any other

irregularities. If any of these are found, discard filter and select another.
2. Fill out the top portion of the TSP Field Data Sheet (Figure G-1) and enter the
sampling date and the site L.D. on the particulate Sample Data Sheet that is

enclosed with the filter.

3. Record the sampling date, sampler 1.D,, site L.D., date started and time started on

the manila folder.

4. Record the sampling date, sampler LD, site I.D,, and filter number on the back

side of the flow recorder chart.
5. Record initial counter reading.
6. Load the filter cartridge with standard filter.

a. Loosen the four nuts that clamp the cartridge together and remove the

upper portion of the filter cartridge.
b. Inspect the filter cartridge screen for deposits for foreign material. Clean

if necessary. Ensure that the cartridge gasket is not damaged or

compressed.

Gl



10.

11,

12.

13.

14.

C. Center the [ilter on the cartridge support screen,

d. Replace the top cover and tighten the nuts,
e. If the cartridge is equipped with a protective, snap-on screen cover the
cartridge.

Transport the monitoring equipment to the sampler location.

Raise the sampler inlet and inspect the sampler’s filter screen and remove any

deposits or foreign matter.

Inspect the filter holder sealing gasket located beneath the filter screen for

compression or damage. Replace, if necessary.

Remove the filter cartridge protective cover and center the cartridge on the

sampler’s filter screen, Tighten the four swing bolts.

Open the shelter door and the flow event recorder. Install the annotated recorder
chart. Set the chart at 12 midnight.

Make sure that the flow recorder is connected to the motor housing pressure tap
and it is properly zeroed (the pen rests on the innermost circle of the chart).
Adjust the zero by rotating the small set screw located on the bottom right of the

recorder.

Energize the sampler. Ensure that the recorder pen is inking and indicates that

the sampler is operating at its correct set-point.

Allow the sampler to operate for three to five minutes. If necessary, adjust the

potentiometer on the MFC until the correct set-point is indicated.

Turn off the sampler and close the recorder and shelter doors. Lower the sampler

roof. Set timer to activate the sampler on the next scheduled run day.

G2
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1.2 Post-Sampling Procedures

After the 24-hour sample has been taken, the site technician must:

L.

Remove the filter cartridge by reversing the installation procedures. Replace the

snap-on Cover.

Open the shelter and recorder doors. Remove and examine the recorder chart.
The trace should be stable without peaks or interruptions. Irregularities may

result from:

Power failure or fluctuations.
Pen failure,
Motor brush failure.

Complete the Field Data sheet. Record any unusual weather or site conditions
that may have affected the sample.

Record:

Sample stop time (24-hour clock basis).
Total elapsed sampling time (minutes).
Seasonal or ambient temperature (Ts or Ta, °F),
Seasonal or ambient pressure (Ps or Pa, mmHg).

Final counter reading.

Transport the filter cartridge to a protected area.

Carefully remove the filter from the cartridge. Handle the filter only by the
edges to avoid disturbing any of the deposit. Remove insects loosely attached to
the filter with a pin or with TeflonR-tipped tweezers. If they are embedded in
the particulates, note this and do not try to remove them. Fold the filter

lengthwise aligning the deposit edges (inward toward the "dirty" side) and place it
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in the appropriate manila folder and rescalable plastic bag. Place the Particulate
Sample Data Sheet form in the same bag. Note any problems with the filter
resulting from air leakage on the Ficld Data Sheet. Mail filters to Superior
Testing Laboratories. Mail copies of the Field Data Sheets to Foth & Yan Dyke

in St. Louis.
1.3 Data Validation
If any of the following conditions exist, the sample should be voided in the field.
"VOID" should be written in large letters in the remarks section of the Field DAta

Sheet followed by the reason for voiding the sample.

Flow

If the instrument reading every indicates a flow outside the flow rate range of 40 cfm
to 60 cfm for more than six hours, the sample must be voided. Corrective action

should be taken.

Time

Whenever the sampling time is less than 23 hours or greater than 25 hours, or
whenever the start and stop times are not within one hour of midnight, the sample

must be voided.

Filter

The number on the filter must correspond to the number on the Particulate Sample
Record sheet. If there is no tare mass on the sheet, the filter is invalid. Check the
filter visually for defects before and after use. Look for rips, holes, and gasket leaks,
Note any defects and record them on the Field Data Sheet. Physical damage to the
filter after sampling does not always invalidate the sample as long as all pieces of the
filter are included in the folder. However, any loss of sample due to leakages during

the sampling period caused by holes or tears in the exposed portion of the filter or to
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loss or loosc particulates from the filter after sampling (¢.g., loss of particulates when

folding the filter) invalidates the sample.
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Operator

FIGURE G-1
TSP FIELD DATA SHEET
Flambeau Mining Company

Filter No.

Sampler I.D.

Date

Site Location

Time Off

Time On

Total Elasped

Counter Reading

Time

Recorder Response (1) =
bs = ___ From most recent calibration
ms = ____ From most recent calibration
sQa = _____ = (Il-bs)/ms
astd = __ = S@a x (Pa/Pstd) x (Tstd/Ta)
Total Volume = = Qstd x Min,
Remarks

Average Barometric

Wind Visibility Sky Humidity Temp. 9F Pressure’

Direction _______ Clear Clear I Dry Below 20 ipHg
calm e Hazy Scattered Moderate 20 - 40

Light - Overcast Humid 40 - 80 _

Gusty I Rain 60 - 80 ___

Snow Above 80
Date

Operator Signature
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ASBESTIFORM SAMPLING IN THE AMBIENT AIR

Flambeau Mining Company
Ladysmith, Wisconsin
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Foth & Van Dyke

11970 Borman Drive, Suite 110
St. Louis, MO 63146 |
314/434-5700 '
FAX: 314/434-7071

May 30, 1991

Mr. Julian Chazin

Chief, Air Monitoring Section '
Wisconsin Department of Natural Resources -
101 South Webster Street |
Madison WI 53707 |

Dear Mr. Chazin: I
RE: Asbestiform Sampling at Flambeau Mining Company'

Please find attached the monitoring plan for Abestiform Sampling in the Ambient
Air at Flambeau Mining Company in Ladysmith, Wisconsin. This plan outlines the
process to be followed for sampling during the mining phase of the project. The

procedures and schedule we had agreed to during our previous meeting of April 5, |
1991, and telephone conversation of May 3, 1991, are presented in this plan. l

Please rcviéw the proposed plan and return comments to me so that Foth & |
Van Dyke on behalf of Flambeau may initiate the plan. If you have questions or |
comments, please address them to me at the above address or phone number,

éinccrcly, l
Chuste. ) Onduaeer

Christa Andrew _ I
Chemical Engineer ‘

CDA/jmk

Attachment i
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1.0 INTRODUCTION

Flambeau Mining Company, located in Ladysmith, Wisconsin, has been required by the
Wisconsin Department of Natural Resources (DNR) to monitor for asbestiform fibers for
one month during each 12 month period for the first three years or throughout the
operating life of the mine if found necessary. Pursuant to the approved Mining Permit
Conditions, Part 4, Section 5, this monitoring plan is submitted for approval by the
Wisconsin Department of Natural Resource’s air monitoring section. Contained herein are
methodologies for asbestiform fiber sample collection and analyses and descriptions of
sampling equipment. The sampling schedule and locations are also presented.

9156
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2.0 OVYERVIEW
2.1 Sampling

Samples will be collected at three sites around the mine. Each sample will be collected over
an eight hour sampling period per sampling event. A measured volume of air will be drawn
through a 25 mm diameter, 0.8 um pore size mixed cellulose ester (MCE) membrane filter. A
high volume pump, equipped with a critical orifice to maintain a controlled flow rate, will

be employed at each site to collect the required samples.

2.2 Analytical

The MCE filters will be analyzed first by phase contrast microscopy (PCM) in order to
screen out samples with small amounts of asbestiform fiber on them. Transmission ¢lectron
microscopy (TEM) will be used to analyze filters with a concentration of greater than or
equal to 0.01 fibers per cubic centimeter (f/cc) as analyzed by PCM. When the
concentration is less than 0.01 f/cc, only the filter from the downwind site with the highest
fiber concentration will be analyzed by TEM.

A concentration of 0.01 f/cc was selected as the level at which TEM will be performed
because it is the limit for reliable quantification by PCM. It was also selected because this
is the level at which asbestos removal contractors are released following an abatement
action as specified by the Quality Assurance Division of the USEPA.

91F6
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3.0 AIR SAMPLING PROCEDURES
3.1 Sampling Locations and Schedule

Ashestiform samples will be collected at three of the sites where total suspended particulate
samples will also be collected. These are the northeast, northwest (Blackberry Lane) and
southeast sites as shown on Figure 3-1.

Samples will be collected one day a2 month during the period May through September for a
total of five samples per year. One sample will be coordinated with a blasting day at the
mine or during another significant material handling procedure. This monitoring will be
conducted only once if no asbestiform fibers are detected. The remaining samples wiil be
collected according to the commoniy employed national sampling schedule.

Each monitoring event will be conducted over an eight hour duration coincident with the
normal daily operating schedule of the mine. Two samples will be collected at each site, one
at a low flow rate and the other at 2 high flow rate. Two flow rates will be used in order to
prevent voiding a sampling event due to overloaded or underloaded samples.

Monitoring shall begin when the mining phase begins and shall be repeated annually. If
monitoring during the first three years of active mining does not detect asbestiform fibers
from the mining operations, monitoring will be discontinued.

3.2 Sampling Equipment

In the sampling process, air is drawn through a filter at a known rate by a flow-controlled
pump. The sampling components are described below.

3.2.1 Filter Media and Cassettes

Commercially available filters comprised of the filter media and cassettes will be used for

- sample collection. The cassette shall be loaded with a 25 mm diameter mixed cellulose ester
filter of pore size 0.8 um. The filter shall be backed with a 5.0 mm pore size MCE filter
foliowed by a cellulose support pad. The support pad is provided so that distortion of the
filter caused by differential pressure across it does not occur during sampling. The
cassettes shall be purchased with the required filters in position. The cassettes will be
sealed by the manufacturer to prevent air leakage.

The movement of air through the filter may cause a significant buildup of static charge on
the cassettes. The static charge, in turn, is likely to affect the distribution of fibers on the
filter and may cause fibers to collect on the cassette walls rather than on the filter. To
guard against static buildup, a metal cowl or clectrically conductive cassette shall be used in
conjunction with the sampling train.

3.2.2 Sampling Pump

The sampling pump shall be capable of achieving flow rates of 2-12 liters per minute (Ipm)
and of pumping over an cight hour duration. A typical pump and sampling train is shown
in Figure 3-2. Flexible tubing shall be used to connect the filter cassette to the sampling
pump. The sampling pump shall provide a non-fluctuating air-flow through the filter, and
shall maintain the initial flow rate to within £10% throughout the sampling period. A

91E6
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critical orifice will be used to meet this requirement. Because slight changes in size and
shape of the orifice {due to wear or accumulation of particles) will change the orifice
characteristics, orifices shall be inspected during each sampling event.

3.2.3 Rogtameter

A high quality rotameter with arbitrary unit graduations shall be used to monitor the
sample flow rate through the sampling apparatus. The flow measuring device shall be
inserted downstream of the filter and the pump assembly. The rotameter shall be accurate
to +5% of the expected sampling flow rate. The rotameter shall be calibrated before and

after each sampling event against a NBS traceable primary flow standard with an accuracy
of =1%.

3.3 Sampling Procedures

3.3.1 Air Yolume

The sampling rate and the period of sampling shall be selected to yield as high a sampled
volume as possible. Two samples will be collected over an eight hour period; one at 3-4 lpm
and the other at 6-8 lpm in order to collect an optimum volume of air per unit area of filter.
This will minimize the potential that filters will have to be rejected for analysis due to
overloading or underloading.

3.3.2 Sampling Operation

Before air samples are collected, unused filters shall be analyzed to determine the mean
background asbestos structure count for the analytical procedure. Air samples shall be
collected using the cassettes described in Section 3.2.1. Each cassette assembly will be
visually checked for leaks both before and after each sampling event.

Sampling shall be conducted with the cassette open-face. During sampling, the filter
cassette shall be supported on a stand so that it is isolated from the vibrations of the pump.
The cassette shall be held facing vertically downward at a height of approximately 2.1
meters above ground level and connected to the pump with a flexible tube. It may be
sufficient to collect samples with a standard cassette configuration. If conditions dictate
the need for additional protection, however, an extension cowl may be affixed to the front
of the cassette.

The sampling pumps will be calibrated with a loaded cassette in line. A rotameter which
has been calibrated against a primary standard will be inserted downstream of the filter
and the pump assembly. Once the sampling equipment is in place, as shown in Figure 3-2,
and has been calibrated, the sampling site location, start time, filter oumber, pump number
and other pertinent information will be recorded. The pump will be started and the flow
rate recorded. Flow will be verified after 15-30 minutes of sampling. The critical orifice
should maintain the set flow rate. The rate will be verified at least every 2 hours. If atany
time the measurement indicates that the flow rate has decreased by more than 30%, the
sampling will be terminated. The mean value of these flow rate measurements will be used
to calculate the total air volume sampled.

At the end of each sampling event, the final flow rate and the stop time will be recorded. A
cap will be placed over the open end of the cassette, and the cassette will be packed in 2

91F6
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clean plastic bag for return to the laboratory. Field blank filters will also be included in
the shipment to the laboratory, as described in Section 5.2, and will be processed through
the remaining analytical procedures along with the samples.
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4.0 ANALYTICAL PROCEDURE

As previously discussed, samples will first be screened by PCM. Filters from the downwind
site which have a concentration of 0.01 fibers per cubic centimeter (f/cc) as detected by
PCM will be further analyzed by TEM as a confirmatory analysis. This analysis will be
performed because PCM does not differentiate between asbestos and other fibers. Any
particle meeting the counting criteria will be counted. When the results for all filters
indicate concentrations of less than 0.01 f/cc, the sample with the highest concentration
from the downwind site will be analyzed by TEM. The PCM analytical method will be
based on NIOSH Method 7400. A copy of this method is presented in Appendix A. The
equipment used, and the sample preparation, calibration, quality control and measurement
procedures and calculations are described in the method. The TEM method is taken from
USEPA document No, EPA-600/2-77-178, "Electron Microscope Measurement of Airborne
Asbestos Concentrations, A Provisional Mcthodology Manual®. Excerpts from this USEPA
manual are provided in Appendix B.

91F6
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5.0 QUALITY CONTROL

Reliable results can be obtained only if the collection, transfer, handling and analysis of
the filters, and collection and documentation of the data follow specified procedures. The
following discussion presents the key clements of a comprehensive QC program.

5.1 Training

Everyone involved with measuring airborne asbestos (field technicians, microscopists, etc.)
will be properly trained in applicable procedures. Only trained analytical laboratories will
be hired. If possible, the laboratories will participate in NIOSH’s Proficiency Analytical
Testing Program. The laboratories will provide information on:

The laboratory’s quality control program;
The lowest fiber counts in f/cc that are routinely reported;
The thinnest fibers that are routinely detected.

5.2 Blanks

Before air samples are collected, a2 minimum of two unused MCE filters from each lot of 100
filters shall be sectioned and analyzed by PCM to determine the mean background asbestos
structure concentration. If the mean concentration for all types of asbestos structures,
expressed as the concentration per unit area of the sample collection filter, is found to be
more than 7 structures/mm?, the reasons for the high blank values will be determined and
the situation corrected before scheduled air samples are collected.

To ensure that contamination by extraneous asbestos structures during specimen
preparation is insignificant compared with the results reported on samples, it is essential
that a continuous program of blank measurements be established. The number of field
blanks incorporated into the program will be at least 10% of the total number of samples
coliected. All of these field blanks will be analyzed. The caps from the field blank
cassettes will be removed and then the caps and cassettes will be stored in a clean area (bag
or box) during each sampling event. The caps on the blank cassettes will be replaced when

the sampling event is completed.

It is further recommended that laboratory blanks be collected intermittently at all critical
phases of the laboratory program. The mean of the fieid blank counts and laboratory blank
counts will be calculated and these values will be subtracted from each sample count before

reporting the results.
5.3 Analytical Checks

Since there is a subjective component in the structure counting procedure, it is necessary
that re-counts of some specimens be made by different microscopists in order to minimize
the subjective effects. Such recounts provide a means of maintaining comparability
between counts made by different microscopists. Variability between microscopists will be
characterized. These quality assurance measurements will be made for a minimum of
approximately 10% of all scheduled analyses. Repeat results shall not differ by more than
5%. If they do, appropriate action, ¢.g., reanalysis, retraining, equipment inspection, etc.,

will be taken.

91F6
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5.4 Sample Transport and Chain-of-Custody

After collecting each sample, precaution must be taken to ensure its integrity and prevent
contamination until it is analyzed. The plastic top cover and small end caps will be
replaced on the monitor immediately after sampling. Collected samples will be shipped in a
rigid container with sufficient packing material to prevent damage. Each step in the
transfer of the samples from the ficld to the laboratory will be recorded on a chain-of-
custody form. An example of the Chain-of-Custody Form is presented in Figure 5-1.
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FORMULA: various

FIBERS

M.W.: various

WEIHOD: 7400
1SSUED:  2/15/B4

OSHA: 0.5 asbestos fibers (> 5 pm long}/ml,

NIOSH: 0.1 asbestes f/mL [1]; 3 glass Fibers (>10 wm x <3.5 wm)/mL (2]
ACGIH: 0.2 crocidolite; 0.5 amosile; 2 chrysotile and other asbestos, f/ml.

. PROPERTIES: solid,

fibrous

SYNOHYMS: asbestos (actmo‘nle fCAS #13168-00-8), grurerite (amosite) [CAS F12172- 13—5],
anthoohyllite [CAS 217068-18-9), chrysotile [CAS #12001-29-8], crocidolite - -
~ [cAs #12001-28-4), tremolite [CAS #14567-13.8]); fibrous glass. .. .. ..

SAMP! TNG

MEASUREMEHT

SAMPLER: FILTER
(0.8-1.2 pm cenulose ester
membrane, 25-m diameter)

FLOW RAE*: > 0.5 L/min

VOL-HIN*: 400 L @ 0.1 fiber/mL
MAxx: 1920 L @ 0.1 fiber/ml
*Adjust for 100 to 1300 flbers/m? (step 4)

SHIPMENT: routine

SA.HPLE STABILII‘( mdefinite

aLAHK_s ‘IO'L of sanples (m:mmn 2) {31

ACCLRACY

s am dwk 4w we se: bdk M

RAMGE STUDIED: 80 to 100 fibers counted

BIAS: see EVALUATION OF METHOO

OVERALL PRECISION (s.): 0.115 to 0.13 (3]
' _ (A Rules)

"IF_GHIQ*. H!CRO‘CDPY PHASE (IIN'IRAS'I

.'AHALY‘IE ftber's (manual counL)

'SN&PLE PREPAR.AI 10N: acetone/triacetln method
l

ICOUNTING RULES: Set A (PSCAM 239 (3, 4]) or Set B

! . (mod!f!ed GS [5])

IR phatﬂ-contrast mlcroscope

£
3

field diameter):
G-22; B Rules use Type G-24

3 degrees [7]
I
'ESTIMATED LOD: 7 fibers/mm? filter area

tPRECISION: 0.10 to 0.12 [3]
(A Rules_)

TN et

2. '.alton-Beckett graticule (100 =
A Rules use

3. phase-shift'test slide (HSE!NPI.)

CALIBRAII(R' phase-shtft det.ect.lon Timit about

IRAMGE: 100 to 1300 f\barslm? fllter area [s]

APPLICABILITY: The working range is 0.02 ftber/ml. (1920-L air sample)} to L. 25 fibers/rd (AC-O—L

air sarple). The method gives an index of airborne asbestos fibers but may be used

for other materials such as fibrous glass by inserting switable parameters mto the counting
rules. The method does not differentiate between asbestos and other flbers. Asbestos fibers

jecs than ca. 0.2% um diamster will not be detected by this method [7].

"INTERFERENCES: Any ather airborne fiber may interfere since all partu:les meeting the counting
criteria are counted.' Chain-like particles may appear fibrous.
_ particles may obscure fibers in _the field of view and raise the detection limit:

High levels of non-f:hrous d:st

OTHER METHODS: This mathod introduces changes for mproved sensi h\nty and naprodn.nc:bihty and

rephces P&CAH 239 [3 4]

é)’isz':a't'.'-"" P
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FIBERS i METHOO: 7400
REAGENTS: EQUIPMENT:
1. Acetone.* ‘ 1. Sampler: field monitoi, 25 m, threspiece cassette
‘2. Triacetin (glycerol triacetate), ~ with 50-mm extension cowl with cellulose ester filter,
reagent grade, 0.8 ta 1.2-ym pore size and backup pad.
" HOTE: Ahalyze representative filters for fiber
*See Special Precautions. Lackground before use and discard the filter lot if

aore than 5 fibers/100 fields are found.
2. Personal sampling pump, > 0.5 L/min (see step 4 f‘or
. flow rate}, with flexible convecting tubing, -

3. Microscope, phase contrast, with green or blue fllter
8 to 10% eyepiece, and 40 to 45X phase abjective (total
nagmf:cauon ca. 400X); rumerical 2perture = 0. 65 to

N By

4. Slides, g\a'_ss, single-frosted. pre-cleaned. 25 x 15 ow.

5. Cover slips, 25 x 25 rm, mo. 1-172, uniess otherwise
© specified by microscope manufacturer.

6. Knife, no surg! c.al steel, cx.r*-nd b'lade.

1. Tweezers. . :

8. Flask, Guth-type, insulated ned: 250 to 500 mt (with

" single-haled rubber stepoer and elbow-jointed glass

' tubing, 16 to 22 cm long). o

9. Hotplate, spark-free, stirring type; heatmg mantle; or
infrared latp and magnetic stirrer.

10. Syringe, hypodermic, with 22-gauge needle.

C 1. Graticule, Walton-Beckett type with 100 ym diameter

- circular field at the specimen plane (area = 0.007685
rm2) (Type G-22 for A Rules; Type G-24 for B Rules).. ...

] Available from Graticules Ltd., Morley Road, Tonbridge . - . - -

oo TN IRN, Xent; England (Telephone 011-44-732.352061). = - . - "=

S ) - ROTE: The graticule is custom-made for each microscope.

Specify disc diameter needed to fit exactly the
" ocular of the microscope and the diameter (mm) of
" the cirwilar ceunting area {see step 11), ' v
12. HSE/NPL phase contrast test slide, Mark II. Available
. from PIR Optics Ltd., 145 Newton Street, Waltham, MA
—— 02154 (Telephone: (517) 891-6000).
o 13. Telescope, ocular phase-ring centering.
14, Stage micrcmeter (0.01 em divisions),

SPECIAL PRECAUTIONS: Acetone is an éxtraneiy flammable liquid and precaufims must be taken
not to ignite it, Heating of acetone must be cbne in a ventﬂated laboratory fume hood using a
flameless, spark-free heat source.

SARPLING: '
1. Calibrate each persmal sapling purp with a raprtsentatwe sapler in hne [al.
2. Fasten the samler to the worker's lapel as close as possible to the worker's mouth, |
Rexove the top cover from the end of the coul extension (open face) .and orient face down.
- wrap the joint botween the extender and ‘monitor body with shrink tape to prevent 3ir !uks.

[
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METHOOD: 7400 . * FIBERS

3. Sutmiit at least two field blanks (or 101 of the total samles, whichever is greater) for
each set of samples. Remove the caps from the field blank casseties and store the caps and
cassattes in a clean area (bag or box) during the samiing period. Replace the caps in the e
cassattes when simpling is completed.

4. Sample at 0.5 L/min or greater [8]. Do not exceed 1 mg total dust loading on the ﬁlter ‘
Adjust sarpling flow rate, G (L/min), and time to produce a fiber density, € o ]
{fibers/mm2), of 100 ta 1300 fibers/mm? [3.85 + 10* to 5 = 10% fibers per . |

) 25-m filter with effective collection area (A= 385 m?)] for cotimum counting ;

- precision (see step 21). Calculate the minimum sampling time, tpin (min), at the action

: . level (cne-half the eurrent standard), L (fibers/ml), of the fibrous aeroso) being sampled: . .

Ulc)(El _ e Cee
S Wit B B Jf
S. Remcve the field nnmtor at the end of sxmling, replace the plastlc tap cover and s-al‘l L
end caps, and store the monitor, ,
6. Ship the samples in a rigid container with suffu:tent packing materul to prevent Jostlmg - l

——— .

or damage.
. NOTE: Do not use polystyrene foam in the shipping contamer because of electmstahc forces .
‘. . . uhich may cause ftber Toss from the sampier filter. '

S SAWLE PREPARATION: - ' C o o ]
4 . . NOTE: The object is to produce satples with a smooth (non-grainy) background in a medium with a .
refractive index equal to or less than 1.456. The method below collapses the filter for ..
- easier focusing and produces permanent mounts which are useful for quality control and )
interlaboratory comparison. Other .ounting techniques meeting the above criteria may
also be used (e.g., the non—permanent field mounting technigue used in P&CAM 239 [1, 3 AD.
LT 7. Ensure that the glass slides and cover slips are free of dust and .ivers. ... -~ T
— 8. Place 40 to 60 mL of acetcne into a Guth-type flask. Stopper tie lask with a smgle-hule D l
_’( P . ' rubber stopper through which a glass tube extends $ to 8 om int> w2 flask.” The portion of - -
e : the glass tube which exits the top of the stopper {8 to 10 am) is: bent dowrmeard in an elbow L
M . o which makes an angle of 20 to 30° with the horizontal. ' oo T (
SR B © 9. Place the flask on a stirring hotplate or wrap in a heatmg manﬂe. ‘Heat the acetone oo ]
e gradually to its boilirg temperature (ca. 58 *C). o
i. - CAUTION: The acetone vapor must be generated in a ventnated fume hood auay fruu an mm oo
o ' flames and spark sources, Alternate heatmg methods can be used, pmvldmg no . : (
. . open flame or sparks are present. o
H 10. Mount either the whole sample filter or a uedge cut frem the sauple filter on a clun glass
slide.
\ ) a. Cut wedges of ca. 25% of the filter area with a curved blade steel surglcal kmfe usmg o l
\‘\ r a rocking motion to prevent tearing.
' N, 4 L Place the filter or wedge, dust side up, on the slide. Stanc electrlc:ty uﬂl usm]ly A
AR keep the filter on the slide until it is cleared. - .- - I
i c. Hold the glass slide support\ng the filter appronmteiy ¥ to 2 cm from the glass ube ’
) port where the acetone vapor is escaping from the heated flask. The acetone vazpor
T : stream should cause a condensation spot on the glass slide ca. 2 to 3 om in diameter. . -~ -
- . © Move the glass slide gently in the vapor stream. The filter should clear in'2 to 5 2l I
. . . sac. If the filter curls, distorts or is otherwise rendered unusable, the vapor stream
N “ is probably not strong encugh, Periodically wipe the outlet port with tissue to premt
’ liquid acetone dﬁpplng ontn the fﬂter. :

= . L. ' e 2T . . ol 5 -
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FIBERS METHOO: 7400

d. Using the hypodermic syringe with a 22-gauge needle, place 1 to 2 drops of triacetin on
the filter. Gently lower a clean 25-mm square cover slip down onto the filter at a :
slight angle to reduce the possibility of forming bubbles. If too many bubbles formor T
the amount of triacetin is lnsufficaent the cover siip may become detached within a few
hours.
e. Glue the edges of the cover slip to the glass slide usmg a lacquer or n.n‘l pohsh {91.
WOTE: If clearing is slow, the stide preparation may be heated on a hotplate (surface
: temperature 50 °C) for 15 min to hazten clearing. Counting may proceed
iumd:ately after clearing and mounting are completed.

CALIBRATIC!!WQHLITY CONTROL: - - Ce
11. calibration of the Walton-Beckett graticule. The diameter, d. {(sm}, of the circular. -
. counting area and the disc diameter must be specified when ordering the graticule.

a. Insert any available gratlcule mto the eyep:ece and focus 50 that the gratu:u‘le hnes
. are sharp and clear.:

b.

c.
©d.

Set the appropriate mlerpt.pﬂ'lary distance dnd if a.pphcab'le. ,1_'eset the bmncular head

. adjustment so that the magnification remains constant. .

Install the 40 to 45X phase objective.

Place a stage micrometer on the mcmscope cbject stage and focus the mlcroscope on the
gradiated lines..

Measure the mgmfied gr:d length Lg {m}. usmg the stage mmter. )

o ——y

LT - to meet these requirements has either too.low or too lng'n a resulutlon to beused A i

Pk

f. Remove the graticule from the microscope and measure its actual grid 'Iength Ly (mm).
. This can best be accamplished by using a stage fitted with verniers. .
g. Calculate the circle diameter, d. {mm), for the Walton-Beckett graticule: o

--‘ . - dc:.-.-G.!D.

Exarple: If Ly = ICB wn, Laszgsmandb-—lmm, then do = 2.71 oM,
R h. Check the field diameter, Dfacceptable range 100 ym & 2 1m) with a sta.ge mxcrcneter
’ upon receipt of the graticule from the ‘manufacturer.. -Detennme field area (mm<).

‘ 12. Microscope adjustments. Follcs the manufacturer's instructions and also the following: '

a. Mjust the hght source for even 11'Iumnamon across the fleld of view at the condenser I
iris. ) .
NOTE: KShler lllumnahon is preferred, where available. L -
b. Focus on the particulate material to be examined. . '
c. Make sure that the field iris is in focus, cent.ered on the saqﬂe and open unly emugh
to fully illuminate the field of view.
.d. Use the telescape ocular supplied by the :anufacturer to ensure t.hat tbe phase rings
(annular diaphragm and phase-shifting elements) are concentric. ..
13. Check the phase-shift detection limit of the microscope periodicaily. .
. Remove the HSE/KPL ptase—mntrast test shde frf.n its shvppmg amtamer- and center it
. under the phase cbjective., =~ - EER
b. Bring the blocks of grooved lines mto focus.
' NOTE: The slide consists of seven sets of groowes (ca. 20 grms to each block} in 3
descending order of visibility from sets } to 7. The requirements for asbestos:.
counting are that the microscope optics mrst resolve the grooved lines in set 3
completely, although they may appear scmewhat faint, and that the ‘grooved lines in
sets 6 and 7 must be invisibla. Sets 4 and 5 must be at least partta'l‘ly visible
but may vary slightly in visibility betueen microscopes. A microscope shich fat'ls

T .-‘_v' :

for asbestos countmg. S o '.."'" L Tt
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PETHOD: 7400 FIBER3

€. If the imige quality deteriorates, clean the microscope optics and {f the problem
persists, consult the microscope manufacturer,

Grality control of fiber counts.

é. Prepare and count field blanks along with the field samples. Report the counts cn ead: .
blank. Calculate the mean of the field blank counts and subtract this xalue from each -
cample count before reporting the results.’ ’
HCTE 1: The identity of the blank filters shauld be unknown to the counter until atl

counts have been campleted. . .
NOTE 2: 1If a field Llank yields fiber counts greater than 1 flberslloo ﬁelds report -
possible contaminating of the samples.

b. Ferform blind recounts by the same counter on 10% of ﬁ'lters o:mted (slides relabeled
by a persoa other than the counter).

15. Use the foilowing test to determine whether a pair of counis on the same fllter should be

L]

. rejected because of possible bias.  This statistic estimates the counting repeatability at’ B

the 951 confidence level. Discard the sawle if the difference betwean the two counts
excesds 2.77 (F)s,.. where F = average of the two fiber counts and Sp = relative -

‘standard deviation, which should be derived by =ach Iaboratnrv based cn hustcncal- 1n-hmse_
data,

NOTE: If a pair of counts is rejected as a result of this test, recnunt the remaining

samples in the set and test the new counts agamst the first cnunts mscard all
. rejetted paired counts.

6. Enroll each new counter in a training course wh'u:h campares perforuance of. oounters on a
variety of samples usmg this procedure.

"HOTE: To ensure-good reproducibility, all laboratories engaged in asbestos countmg shoutd '
_participate in an asbestos proficiency testing program such as the HIOSH Proficiency

~-Analytical Testing (PAT) Program and routinely participate with other asbestos fiber -

counting laboratories in the exchange of field sarrp]es to cc:mare performance of
.counters. .

. 17, Place the slice’ on the mechamca‘l :.tage of the cahhrated mcrosocpe unth the center of the e

filter under the cbjective lens. Focus the microscope on the plane of the fllter
18. Regularly check: phase-ring alignment and Khler l'l‘lmmatmn [T]
19. Select one of the following sets of counting rules: =
HOTE: The two sets of rules have been danonstrated.to produce equ:va'lent mean ccunts on a :
’ variety of asbestos sample types [5].and must be strictly followed in order to obtam :
‘valid results. - No hybr:dzzmg of the two sats of rules is permitted. The )

calibration of the microscope with the HSE/NPL test shde determnes the mmm.n
detectahle fiber diameter (ca. 0.25 pm). c

4. A Rules (same as PACAM 239 rules [1,3,4]).
. NOTE: Tha A Rules are required for momtormg asbestos for cmphance purposes under
: OSHA or NIOSH standards.

. 1. Count only fibers longer than 5 um. Measure the length of un'-ed ftbers a‘lmg the

curve.
2. Count only fibers with a length—to—mdth ratio equa] to or greater than 3: 'I. )

.3. For fibers which cross the boundary of the graticule field, do the following: -
a. Count any fiber longer than 5 pm which lies entirely within the graticule area.-
b. Count as 1/2 fiber any fiber with only one end lying within the graticule area.
€. Do not count any fiber which crostes the graticuie boundary more than once,

. d. Re_;ect and do ot counh all other flbers. I IREI
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FIBERS METHOD: 7400

Count bundles of fibers as one filer unless individual fibers can be identified by
cbserving both ends of a fiber,
5. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields.
Stop at 100 fields regardlezs of fiber count,
b. B Rules
HOTE: The B Rules are pref'erred analytically because of their demoastrated ability to
improve the reproducibility of fiber counts [S].
}. Count only ends of fibers. Each fiber must be lenger than 5 ym and less than -
3Im dxamet.er
2. Count only ends of fibers with a length-to-width ratio equal to or gr'eater than 5:1
- 3. Count-each fiber end which falls withia the graticule irez as one end, mwlded Lhat

the fiber meets rules b.1 and b.2.

4. Count visibly free ends which meet rules b.1 and b.2 when the fiber appears to ke

"~ attached to another particle, regardiess of the size of the other particle.

Count the free ends of fibers emanating from large clums and bundles up to a maximm

of 10 ends (5 fibers), provided that esch segment meets rules b.1 and b.2,

6. Count enough graticule fialds to yield 200 ends. Coent a minimum of 20 fields. Stop

at 100 fields, regardless of the fiber count, '
7. Divide the total end count by 2 to yield fiber count,
NOTE: Split fibers will rormally be couited as more than two ends if the free ends
meet the rules b.l..and 1.2,

20. Start counting from one end of the filter and progress along a radial line to the other
end, shift either up or down on the filter and continue in the reverse direction [10].
Select fields randamly by looking away from the eyepiece briefly while advancing the
mechanical stage. When an agglomerate covers ca. 1/6 or more of the field of view, reject
the field and select another. Do not repart rejected fieids in the number of total fields
counted. ] ’

NOTE: When counting a field, continuously scanm a range of focal planes by moving the fine
focus knch to detect very fine fibers which have becom embedde. in the filter. The

smail-diameter ftbers will be very faint but are an important contribution to the
total count.

4,

CALCULATIONS:

21. Calculate and report fiber- dansity on the filter, E (fibars/m3), by dnndmg the total
fiber count, F, minyus the mean field blank count, 8, by the nusber of fields, n, and the
field area, Ay (0.00785 mn? €~ a properly calibrated Walton-Backett graticule):

E= {fﬁ_a}- fioers/mm2.

&2. Calculate the concentration, € (fibers/mi), of fiders in the air volume sa-pled v (L,
using the effective collection area of the filter, Ac (385 m? for a as-m filter}:

G- (E) (ALY
V108

WOTE: Periodically check and adjust the value of A, *f necessary.

EVALUATION OF METHCOD:

This method is a revision of HIOSH Method PRCAM 239 1.3 4] A summary of the revisions is as '
follcns .o ‘ : .

2/15/84 o 1400-6
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A. Sampling
The change from a 37-m to a 25-mm filter size was incorporated to irrprove sensitivity and i
reduce problems associated with noh-uniform fiber loading reported on the 37-um filters
[10]. The change in flow rates allows for 2 m? full-shift samples to be taken,.providing
that the filter is not overloaded with non-fibrous particulates. The collection efficiency
of the sanmpler is not affected by changes in flow rate in the range 0. 5 to 16 Umin [8].
8. Sample Preparation Technique
The acetone vapor-triacetin preparation technique has been incorporated in ‘the method as a
faster, more permanent reunting technique than the dimethyd phthalateldlethyl oxalate method
of P&cam 239 [1,3,4, 11] : )
C. Measurement
1. The inclusion of the Walton-Beckett graticule in the method was made to standardize the
- field area cbserved through the eyepiece {6,111. o
2. The introduction of the HSE/NPL test slide was made to standardize microscope optics for ‘ l
 sensitivity to fiber diameter [7,11].
3. A recent international collaborative study involved 16 laboratorles using prepared slides
fram the asbectos, cement; milling, mining, textile, and friction material industries S '
{5]. The relative levels of count by different counting rules were: 4

—

Nurber of Aspect Ratio > 3:1 Aspect Ratio > 5:1

Sample Type Samples AIA Mod. CRS*  AIA . Mod. CRS* . I
Mining ' 10 100 127 14 92
Killing 10 100 12 84 95 ,
Asbestos Cement 14 100 145 %0 137 %
Textile Chrysotile 10 100 109 89 %9
. Friction Material B [ 100 130 a7 - 16 .
Others (Insulation, Amosite) 6 100 127 92 ht:| w

TOTAL: 60 MEAN: 30O 125 86 T

*Arithmetic means of counts made by different iaboratories relative to the ATA counts. T (

The modified CRS (NIOSH B) Rules were found to be rore precisa than the AIA (KICSH A)E
Rules. The ranges of relative standard deviations (sr) uhu:h varied with sample type

and la.boratory were: €
T Sp ..
Intralaboratory Interlaboratory Overall ]
AIA (NIOSH A Rules)¥ 0.12 to 0.40 0.27 to 0.85 0.86
Modified CRS {HIOSH B Rules) .11 to 0.29 0.20 to Q.35 ©0.2%

*Under AIA rules, only fibers having a dizmeter less than 3 i are counted and C ]
fibers attached to particles larger than 3 pm are not counted NIOS!-I A Rules -
are othermse similar to the AIA rules. . l

The B Rules have also been favorab‘ly received by analysts as less mbiguous and simpler
. to us2; these rules alsc showed the least bias relative to AlA rules in the
collaborative study. An independent NIOSH laboratory study using amosite fibers

————

r

"

. reported a relative standard deviation, including within- and between-sanple .- - R
s/ T 4001 e l
i
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variability, of 0.157 for the B Rules [12]. Adding an estimated s.:q:hng pup error,
of 0.05 [13] to the within-sample vanah:hty in this study results in an estimate of )
overall precision, s, of 0.162 for the B Rules. N
4. Because of past inaccuracies associated with low fiber counts, the minimum loading has
been increased to 100 fibers/mmé filter area (80 fibers tctal count). This lével yields
an averall s. = 0.13, as indicated in Figure 3 (revised) of PECAM 239 (3,4) which
corTesponds to a measurement s, = 0.12 after removal of pump error [13]. Similarly, at
the maximm count of 100 fibers, overall s,. = 0.115 and measuresent 5, = 0.10 are
obtained. ) :
D Evaluation of the method using the A and B countmg rules Will proceed on a continuing basxs
A - through the NIOSH Proficiency Analytical Testing (PAT) Program. The new PAT repartmg fom
.. ) allows for reporting of results by either set of rules as of Ja.nuary 1%&

S

-
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RESEARCH REPORTING SERIES

Research reponts of the Otfice of Research and Developmeni. U S Environmental
Protection Agency, have been grouped into tive senes Thei2 tive broad
categories were estabhsned 1o facihtate funrer develosment and aophcation of
environmental technoiegy Eluminaucn of tragitional Qreuping was conscously
planned to toster technology transter and a tnaxifnium interface in refated fHelds.
The five series are:

1. Environmental Heallh Effects Research

2. Environmenta) Protection Technology

3. Ecological Research

4, Environmental Monitoning

5. Sociceconomic Environmenta Studies
This report has been assigned to the ENVIRONMENTAL PRCTECTION
TECHNOLOGY senes Tris series describes reseach perfc:med 0 develep and
demaonstrate instrurcntation. equ vment, ang rethodelogy 1o repair of prevent
environmental deg-adation from peint ang non-pint SCUICES of poliution This
work provides ihe new Or impioved technciogy ruquired for the control anrd
treatmient of poltution sourses 10 meet snvironmantal quality standaras

EPA REVIEW NOTICE

This report has been reviewed by the 11.S. Environmental
Protection Agency. and approved for publication. Approval |
does not signify that the contents necessarily reflect the
views and policy of the Agency. nor does mention of trade
names or commercial products constitute endorsement or
recommendation for use.
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16. ABSTRACT

This manual describes a provisional optimm electron microscope (M) procedure
for measuring the concentration of asbestos in air samples. The main features of the
method include depositing an air sample on a polycarbonate membrane filter, examining
an M grid specimen in a transmission electro: microscope (TEM), and va rlfyz.ng fiber
identity by selected area electron diffraction (SAED).

This provisional manual results from a studv to develop an optimam EM procedire
for airborne asbestos determination. The amnalytical data supporting the provisional
methodology are included in a separate final report
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FOREWARD

Asbestos or asbestiform minerals include several types or groups of
fibrous crystalline substunces with special thermal und electricul
properties that have long encouraged their use in the manufacture of
such products as roofing, insulation, brake linings, fireproof curtains,
ete. Their occurrence as pollutants in the ambient air and in supplies
o of food and drinking water has caused considerable concern because
occupational exposures to asbestos have been found to induce mesotheliomz
of the pleura and peritoneum, as well as cancer of the lung, esophagus,
and stomach, after latent periods of about 20 to 40 years.

Electron microscepy is currently the principal technique used tc
identify and characterize asbestos fibers in ambient air and water
samples. Because of the poor sensitivity and specificity of conven-
tiopnal bulk analytical methods, electron microscopy is also being used
= for routine measurement of airborne or waterborne asbestos concentrations.
rs The several laboratories that perform such analyses generally have
reascnahble internal self consistency. Hcwever, interlaboratory compari-
sons have shown that the results obtained by the separate laboratories

are often widely different.

This manual describes a provisional optimum electTon microscape
procedure for measuring the concentration of asbestos in uir samples.
It results from a study, carried out under EPA Contract No. 68-02-2251,
to evaluatc the various methods currently in use in the various labora-
tories. Statistical analysis was used to evaluate the effects of the
many interacting sub-procedures and arrvive &t an optimum composite

procedure.

This manual does not provide the vast amount of data that supporis
the provisional methodology. These data are included in th= final

3

report on LPA Contract No. 68-02-2251. -

Jsck Wwagman
Project Officer
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ABSTRACT

PR TPE RS SR
microscope (EM) procedure for measuring the concentration of

asbes*-os* fibers** i1 zir samples. The main featire. «. the

methed includs depr-.iving an air sanple on a polycurhor .tz
ma2mbrane £iltes, c.caining an EYM grid specimen i1 a :lansmic -
sion .lectron nmicroscope (TEM), anu verifying fimer icenticty by
selecc:d area electron diffraction (SAED).

This provisional manual results from a study to develop an

optimum EM prouvedure for airborne asbestos determination. The

analytical data supporting the provisional methodoliogy are
included in a separate ¢inal report.

Asbestos is used as a collective term for the six minerals:
chrysotile, amosite. crocidolite, and the asbestiform
varieties of anthophvllite, actinolite and trenolite.
The term fiber is used for a particle with an aspect ratioc
3:1 or greater and with substantially parallel side:
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ELECTRCN MICROSCOPE MEASUREMEIT
OF AIRBORSE ASBESTOS CONCENTRATIONS

A Provisional Methodology Manual

1. PROVISIONAL METHODOLOGY - SUMMARY

(1) Take an air sample on a solvcarbonate membrane
fil-er, 0.4 um, using a high-volume or personal sampler.

(2) Coat the filter with a 40 nm thick film of carbon
using a vacuum evaporator.

(3) Transfer the deposit from the polycarbonate filter
to an electron microscope grid using a modified Jaffe washer.
The Jaffe washer is prepared as follows. A 60 or 100 mesh
stainless steel mesh is placed on toOp of a paper filter
stack or foam sponge contained in a petri disk. Chloroform
is carefully poured into the petri dish until the level is
just touching the stainless steel mesh. A 1 mm x 2 mm portion
of carbon coated polycarbonate filter is olaced particle side
down on a 200 mesh carbon coated copper electron microscope
QEM) grid and this pair is placed on the steel mesh. The
1 mm x 2 mm portion is wetted with a 5 y2 drop of chloroform.
The polycarbonate filter will dissolve in about 24 to 48 nours.

(4) Examine the EM grid under lov magnificaticn in the
TEM to determine its suitability for high-magnification exam-
ination. Ascertain that the loading is suitable and is uni-
form, that a high number of grid openings have their carbon
film intact, and that the sample is not contaminated.

(5) Systematically scan the EM grid at a magnification
of about 20,000X (screen magnification 16,000X) for chrysotile
and possibly a lower magnification for cases where predominant
amphibole fibers are present. Record rhe length and breact:
of all fibers that have an aspect ratio of greater than 3:1
and have substancially parallel sides. Observe the morphclegy
of each fiber through the 10X binocular and note whether a
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tubular structure characteristic of chrysotile astestos is
present. Switch into SAED mode and observe ths diffraction
pattern. Note whether the pattern is typical of chrysotile
or amphibole, or whether it is ambiguou. or neither chryso-
tile nor amphibole.

{(6) Count 100 fibers in several grid openings, or al-
ternatively, count all fibers in at least 10 grid openings.
If more than 300 fibers are observed in one grid opening,
tlien a more lightly loaded filter sample should be used. If
no other filter sample can be obtained, the available sample
should be transferred onto a 400 mesh grid. Processing of
the sample using ashing and sonification techaiques should
be avoided wherever nossible.

(7) Fiber number concentration is calculated £rom the
following equations

_. Total No. of Fibers
No. of EM Fields

.Fibers/mS

, Total Effective Filter Area, cm?
Area of an EM Field, cm2

1
Volume of Air Sampled, m3

Fiber masz for each type of asbestos in the sample is calcul-
ated by assuming that the breadth measurement is a diameter;
thus, the mass can be calculated from

Mass (ug) = i + (length, uym) -+ (diameter, um)2

« (density, g/cmj) . 1076

The density of chrysotile is assumed to be 2.6 g/cm3, and of

amphibole 3.0 g/cmB. The mass concentration for each type of

asbestos is then calculated from
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. Total Mass of all
Mass Concentration .
(Lg/m3) of a -~ _fibers of that Tvpe (.g)

Particular Type Volume of Air Sampled (m3)

(8) Other characterizing parameters of the asbestos
fibers are:

(a) Length and width distributions of chrysotile fibers
(b) Volume distribution of chrysctile fibers
(¢) Fiber concentration of other asbestos minerals

(d; Relative proportion of chrysotile fibers with
respect to total number of fibers.

2. METHODOLOQGY

2.1 Air Sampling

Collect the sample of airborne asbestos on 0.4 :m pore
size polycarbonate filrers using the shiny smooth side as the
particle capture surface. In cases where polrcarbonate filters
cannot be used, the air sample may be collected cn a nigh
efficiency membrana filter, e.g. cellulose acetate, which can
then be prepared by using an ashing procedure described in
Section 2.8. Use the high-volume air sampler [1]¥, or in
certain instances, tne personal dust sampler.[2] When 110GV,

60 cycle power supply is available, a variety of other combina-
‘tions of pumps and filters and other techniques can be used
for air sample collection.[3-5]

2.1.1 Air Sampling Parameters

Sampling rates vary with the type and model of sampler and
with the type and pore size of filter used to collect an air
sample. Typically, a high-volume air sampler fitted with a 20
¢m x 25 cm, 0.4 .m pore size, polycarbonacte filter will
have a flow rate of about 700 :/min (25 cfm) at a pressure
drop of 145 cm of water across the filter. By comparison, a

* Numbers in brackets denote the literature references.
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personal dust sampler, operated with a 37 mm dianmerer, 0.4 im
pocre size, polycarbonate filter, is set, by a flow controller,
to sample at a flow rate of 2 #/min. The pressure drop across
the filter is 20.9 cm of water.

The two types of samplers can be compared by dividing
the volumetric flow rate by the effective filtratiun area of
the filters. The high-volume sampler, with an effective £il-
tration area of 406.5 cmz, operates at a rate of 28.7 cm3/cm2/sec
while the personal dust sampler, with an effective filtration
area+ of 6.7 cmz, operates at a rate of 5.0 cm3/cm2/sec. Thus,
the filtering rate of the high-volume sampler is about five
times higher than that of the personal sampler. Some research
investigators contend that the higher face velocity of the
high-volume sampler results in a lower fiber retention efficiency.
These investigators expect the fibevs to align perpendicular
to the collection filter, and hence, better able to penetrate
through the pores in the filter. They recommend collecting
.air samples at as low a face velocity as feasible aud precpor-
zionately extending the sampling time. The optimization study,
upon which this provisional methodology is based, tends to
support tiic contention but the reason remains obscure.

Personal dust samplers are used frequently to assess re-
spirable dust levels. When used in this mode. they a: e pre-
ceeded with a nvlon cyclone that collects fibers and other
particles with aerodynamic diameters in excess cf 10 ym. To
be comparable with the results of the high-volume sampler. it
is recommended that the personal sampler be operated without
the cyclone.

It is recommended that a cellulose acetate membrane fil-
ter with a pore size of 5 um be used to support the polycar-
bonate filter in the samplers. It should be placed between

4 The effective filtration area varies with the style or
manufacturer and hence should be measured.
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the polycarbonate filter and the wire mesh filter support of
the high-volume sampler, or the glass frit filter support of
the personal sampler. The cellulose acetate mambrana acts

as a diffusion plate and aids in obtaining a uniform deposit

on the polycarbonate filter. It also decreases the possibility

of contaminating the filter with particles from the sampler
frame.

It is recommended that flow rate meters be checked per-
10dically during sampling to ascertain constancy of flow rate.

2.1.2 Sample Time Periods

As a guide, the following time periods are‘suggested for
the sampling of airborme asbestos. It is recommended that
samples be collected at all three of the sdggested time periods
until experience dictates otherwise. Sampling at the three
time periods increases the orobability that one of the samples
will be suitably loaded with asbestos to permit quantification
of the asbestos by the direct transfer technique.

Table 1

SUGGESTED SAMPLING TIMES FOR DETERMINING
AIRBORNE ASBESTOS CONCENTRATIONS

Proximity Sampler
to Source Type Supgested Sampling Times, min
Point Source High-volume 15, 30, 60
90 m Personal 75, 150, 300
Near Source High-volume 30, 120, 480
90-180 m Personal 150, 600
Distant Source High-volume 240, 480, 1440
0.8-1.6 km Personal not recommended
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2.2 Sample Storage and Transport

After acquiring the sumple, every precaution must be
taken to assure L:s integrity and prevent contamination and
loss of fibers until the sample is examined under the elec-
tron microscope. The polycarbonate filter should be removed
immediately from the filter holder with great care and
tacked, with cellophane tape, to the bottom of a clean plas-
tic petri dish. The dish cover should then be secured and
all necessary sample identifying marks and symbols applied
to the cover. With the 20 cm x 25 cm high-volume filters,
it may be necessary to cut the filter into 5 em x 5 cm seg-
ments and store each segment'in separate petri dishes. A
consistent notation must be used so that the location and
orientation of each segment with respect to the original
filter is not lost. It is recommended that the petri dishes
containing the filters be maintained in 2 horizontal position
at all times during storage and transportation to the analyzing
laboratory. At the present time, there are no reliable
estimates ou the loss of fibers from polycarbonate filters
prior to carbon coating the filters in the laboratory.

If other membrane filtérs, such as cellulose acetate,
are used for collecting airborne particles, it is generally
believed that the storage and transport do not affect these’
filters because of their high retention efficiency. However,
there are no reliable data for comparing retention efficiency
of polycarbonate filters and other membrane filters.

Suitable blank and standard filters should be introduced
at this stage in the analytical process and carried through
the remaining procedivres aloag with the samples.

2.3 Carbon Coatrig the Filter

Th2 polycarbonate filter with the sample deposit and
suitable blarks and standards should be coated with carbon
as soon after sampling is completed as possible. The carbon
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coating forms an almost continuous film over the filter and
bonds the collected particles to the filter surface. Losses
are thus reduced during subsequent handling of the filrer,
and during the transfer process to the electron microscope
grid. A carbon film of about 40 nm thickness is most suit-

able., All experimental equipment and supplies are listed in
Appendix A.

It is highly recommended that the handling and processing
of the filters after their receipt by the analyzing laboratory
be conducted in a clean room or clean bench to reduce the
possibility of contamination. 1weezers should be used for
handling the filters; static charge eliminators will facili-
tate handling of the polycarbonate filters by neutralizing
the surface electrostatic charge.

Because a thin, uniform, carbon film is desired, the
coating of the filter deposit with carbon should be carried
out in a vacuum evaporator. Carbon sputtering devices should
be avoided because they produce a film of uneven thickness.
Too thick a film can lead to problems during the subseguent
steps in the procedure, particularly filter dissolution,
fiber sizing, and fiber identification. ZElectron diffraction
patterns tend to be faint when operating the TEM at less
‘than 100 KV.

Typically, vacuum evaporators accept samples as large
as 10 cm in diameter. Thus, if the personal sampler was used
for sample collecticn, the entire filter may be carbon coated
at one time. It is convenient to use the petri dish in which
the polycarbonate filter is being stored. After inspecting
the filter to be sure it is securely tacked to the bottom of
the petri dish, remove the cover and place the bottom of the
dish containing the filter in the vacuum evaporator for coating.
If the airborne asbestos was collected on the 20 cm x 25 cm
polycarbonate filter using the high-volume samplexr, the entire
fil‘er cannot be coated at once. Portioms, about 2.5 ecm x 2.5 cm,
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should be cut from the central region of the filter using
scissors or scalpel. The portions should be tacked with
cellophane tape to a clean glass microscope slide and placed
in the wvacuun evaporator for ccating.

Any high-vacuum, carvon evaporator may be used to carbon
coat the filters (caution again: carbon sputtering cevices
should not be used). Typically, the electrodes are adjusted
to a height of 8-10 cm from the level of the turn-table upon
which the filters are placed. A spectrographically pure car-
bon eicctrode sharpened to a 0.1 cin neck is used as the
evaporating electrode. The sharpened electrcde is placed in
its spring-loaded holder sc that the neck rests against the
flat surface of a second graphite electrode., The samples, in
either g petri dish bottem or on a glass slide, are attached
tc the turn-table with double-sided cellophane tape.

The manufacturer's instructions should be followed to

obtain a vacuum of about 1 x 107> torr in the bell jar of

the evaporator. With the turn-table in motion, the carbon
neck is evaporated by increasing the electrode current to
about 15 amperes in 10 seconds, followed by 25-30 seconds at
20-25 amperes. If the turn-table is not used during carbon
evaporation, the particulate matter is not coated from all
sides and there is a shadowing effect which is not desirable.
The evaporation should procead in a series of short bursts
until the neck of the electrode 1s consumed. Continuous
prolonged evaporation is not recommended since overheating
and consequent polymerization of the polycarbonate filter

may easily occur and impede tiie subsequent step of dissoclving
the filter. The evaporaztion process may be observed by
“viewing the arc through welders goggles. (CAUTION: mnever
lock at the arc without appropriate eye protection.) A rough
calculation shows that a graphite neck of 5 o volume,

when evaporated over a spherical surface of 10 cm radius,
will yield a carbon layer 40 nm thick.

H50
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Afrer varbon coating, the vacuum chamder i3 slow.v returned
to atmespheric pressure, the [ilitors »re removed and placed in

clain, marked petri dishes, and gtored in a clean ber.ch.

2.4 Transfer of the Sample to the EM Grid

The trransfer of the collected airborne asbestos from the
coated polycarbonate filter to an electron microscope grid is
accomplished in a clean room or bench using a Jaffe washer
technique [6] with some modification.

Transfer is made in a clean glass petri dish about 10 em
diameter and 1.5 cm high. A stack of 40 clean, 5% cm diameter
paper filter circles is placed in the dish; ;1cernacively. a 3
cm x 3 cm x 0.6 cm piece of polvurethane foam (like those used as
packing in Polaroid film boxes) may be used;! Spectrosccpic <rade
chloroform is poured into the petri dist unt&l it is level w th
the top surface of the paper filrer stiack or the foam. On top of
the stack or foam a piece of (abouc: 0.6 ecm x 0.6 cm) 60-mesh
stainless steel screen is placed; Several transfers may be
completed at one time and a separite piece of mesh is used for
each grid. Details of the modified Jaffe washer and the washing
process are illustrated in Figure 1.

Sections of the varbon-coatzd polycarbonate filcter on
winich the sample is deposited are obtained either by using a
punch to punch out 2.3 mm discs or sharp scissors to cut
out approximately 1 mm x 2 mm rectangles. 4 secticn is laid
carbon side down on a 20C-mesh carbon-coated clectron micro-
scope (TEM) grid. (Alternatively, one may use formvar-coated
grids or uncoated TEM grids. Here, the carbcn coat on the
polycarhonate filter forms the grid substrate.) 3Minor overlap
or underlap cf cthe grid by rhe filter secrtion can be tolerated
since only the central 2-mm portion of the grid is scanned in
the microscope. This pair (TEM grid and filter section) 1is

picked up with tweezers and carefully placed on the moist
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ainless steel mesh of the Jnffe washer, The 1 mm x 2 mm

/1)

C
ection is wetted immediartely tv a 5 . drop of chloroform.

When all the samples are in place in the washer, Tore
chloroform is carefully added to inarease the level back to
where it just touches the top of the paper filter stack.
Raising the chloroform level any higher may flovat the TEM
grid off the mesh or displace the polycarbenate filter seccion;
neither is desirable. The cover is placed on the washer and

weighted to improve and seal and reduce the evaporation of
the chloroform.

More chloroform should be added periodically to maintain
the level within the washer. After a minimum of 24 hours,
the'polycarbonate filter should be completely dissolved. The
TEM grid is removed by picking up the stainless steel mesh
with tweezers and placing it on a clean filter. When all
traces of chloroform have evaporuted, the grid may e lifted
from the mesh and examined in the electron microscope or
stored for future examination.

2,5 Examination of tle Grid by Transmission
Electron Microscony

2.5.1 Low Magnification

The grid is observed in the transmission electron micro-
scope at a magnification of 500X to determine its suitabilicy

for detailad study at high magnification. The grid is rejected
if:

(a) The carbon film over a majority of the grid opening
is damaged and not intact. 1f so, the transter

7,

step 2.4 must be repeated -o obtain a new grid.

{b) The fibers give poor images and pour diflractien
patterns due to organic contamination or Inter-
ference due to non-fibrous particles. Ti so,
the filter mav be ashed, redispersed, and ro-
filtered (see Section 2.8). Ashing ste> allows
elimination of organic matter and facilitates
diluting to minimize the interfervnce from other
particles.
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2.5,

High Magnification

2.5.2.1 Calibrating Magnification at Fluorescent Screen -

It is importanc to know the exact value of magnification
at the fluorescent screeu for the most common settings of the

.elecctron microscopz. The method for calibrating magnification

is illustrated in Appendix B.

2.5.2.2 Loading Levels

The method for examining the grid for fiber counting is
a function of the fiber loading on the filter. Three general-
ized loading levels may be encountered.

(a)

(b)

(c)

Low Loading -- less than 50 fibers in a full grid
opening ZE% um x 80 um).

Medium Loading -- 50 to 300 fibers in a full grid
opening.

High Loading -- more than 300 fibers per full grid
opening.

2.5.2.3 Fiber Counting Rules

In making a fiber count, the following rules are to be

observed:

(a)

(b)

(c)

A fiald of view is defined. In some microscopes,
it is convenient to use the central rectangular
portion of the fluorescent screen which is lifted
for photographic purposes [see Figure 2(a)]. On
other microscopes, a scribed circle or the entire
cirzular screen may be used as the field of view.
The area of the field of view must be accurately
mezsurable.

All fibers within the field of view are counted and
their length and width estimated and ncted.

Fibers which extend bcyond the perimeter of the
field of view are counted. The width oZ these
fibers is measured but their length is measured

as only that portion which lies within the field
of view. Such fibers are noted by the letter "L“
as the length information is recorded, indicating
that it is a limit case [see Figure 2(a)]. In the
final analysis, such fibers are trvated as half-
fit 2ars (half-counts).
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{d) Tightly bound bundles of fibers are counrned as a
single fiber and an estimate made of their average
length and width. Fibers which touch or crcss are
counzed separarely. Some subjecrive Judgemenc is
required bu: fortunately, borderline cases arc rare.
Notation is aiso made in recording che dava thav
the fiber was a bundle.

(e) Selection of the grid opening and the selection of
a field of view within a grid opening should be
done on a random basis [see Figure 2(b)]. This is
important for aveoiding biases and to ensure the
statistical validity of the results.

(£) Morphological comparison with standard specimens is
used as a basis for rejecting non-asbestos particles
such as plant parts and diatoms. Where doubt exiscs,

the electron diffraction pattern of the particles
should be examined.

2,5.2.4 Fiber Classification Rules

Fibers are classified by observation of their morphology
and electron diffraction patterns. It is recommended that

both morphological and diffraction pattern study be done at
zero degree tilc angle.

‘ The following rules should be followed when classifying
a fiber:

(a) Observe a fiber at a TEM screen magnification of

S about 16,000X through a 10X binocular. At such
high magnificacions, the tubular structure of
chrysotile is usually apparent (compare with
standard specimens). Fibers showing the tubular
structure may be classified tentatively as chrysotile.
A few other minerals, e.g. halleysite, show tubular
structure. but can be recognized frem chrysotile by
electron diffraction. Amorphous matter can get
inside the tube or cover the chrysotile fiber, and
thus obscure the tubular structure, Therefore,
non-tubular structure does not rule out chrysotile.

Amphibole asbestos fibers usvally have a lath or
plate-like shape, are more electrcn dense, and show
thickness cortours and other diffraction contcras=zs
which change due to beam heating. Morphological
features alone may not be a sufficient basis for
distinguishing chrysotile from 2mphiboles and other
fibrous minerals.
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(b) Electron diffracticn patterns from single riters of
asbestos minerals fall into distinct groups. ~The
chrysotile asbestos pattern has characteristic streaks
on layer lines other than th2 central line and some
streaking also cn thi cencral line. There are spots of
normal sharpness on che cenctral layer line and on
alternate lines (2nd, Ath, eic.). The vepeatr distance
between layer lines is abcut J.53 nm.

Amphibole asbestos fiber pazterns show layer lines
formed by very closely spaced dots, and the repeat
distance between layer lines is also about (.53 nnm.
Streaking in laver lines is occasionally present due
to crystal structure defects.

(¢) Transmission electron micrographs and selected area
electron diffraction patterns obtained with standard
samples should be used as guides to fiber identifica-

tion.[7-9]
From the examination of the electron diffraction patterns,

fibers are classified as belonging to one of the following
categories:

. Chrysotile

. . Amphibole group (includes amosite, crocidolite,
anthophyllite, tremolite and actinolite)

. Ambiguous (incomplete spot patterns)

. Non-asbestos (minerals other than the six
asbestos minerals)

.  Unknown {no spot pattern)

It should be noted that other particles with fibrous mor-
_phology also give layer patterns; for example, pyroxenes. The
complete quantitative indexing and deriving interplanar d-
spacings from diffractiom patterns is a time consuning and
complex undertaking and is not feasible for routine analysis.

It is not possible to inspect electron diffraction paiterns
for some fibers. There are several reasons for the absence of
a recognizable diffraction pattern. These include contaminarion
of the fiber, interference from nearby particles., too small a
fiber, zoo thick a fiber, and non-suitable orientatioun of the
fiber. Some chrysotile fibers are destrcyed in the electron
beam resulting in patterns that face away within seconds of
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being formed. Some pactterns are very faint and zan be seen
only under the binocular microscope. In general, the shortest
available camera length must be used and the objective lens
current may need to be adjusted to give optimum pattern visi-
bility for correct identification. Use of a 20 em camera

length and a 10X binocular to inspect the SAED pattern on the
tilted screen is recommended.

2.5.2.5. Counting at Low Loading level

When fewer than 50 fibers per grid vpening are encountered,
the preferred counting method is to scan the entire grid opening
and defining the full grid opening as one field. With the
microscope magnification at 20,000X, a series of parallel scans
across the grid squarz are made starting with the top corner of
the square and ending at the bottom [see Figare 2(c)]. (With
the tilting section of the fluorescent screen used as a single
field of view, approximately 300-400 fields will be observed
if the entire grid opening is scanned.) Fibers noted in each
full grid opening (or single field) are classified in accord-
ance‘with the procedure described above.

Additional grid openings are selected, scznned, and
counted until the total number of fibers counted exceeds 100,

or.a minimum of 10 grid openings have been scanned, whichever
occurs first.

2.5.2.6 Counting at Medium Loading Level

When the loading on the filcer is in the range of 50 to
300 fibers per grid opening, counting is done on randomly
selected fields of view. At a nominal magnificaticn of 20,000X,
fields are randomly selected within a grid opening until a
total of 20 fibers have been counted, sized, and classified.
(Generally 20-40 fields of view are observed per grid opening.)
After about 20 fibers have been countaed, another grid opening
is selected and an additional 20 fibers (approx.) are cocunted.
This procedure is repeated for 5 grid openings until a minimum
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of 100 fibers are counted. (When estimating fibers of a par-
ticular type of ashestos, counting is continued until 50-100
fibers of that type are counted.)

2.5.2.7 Counting at High Loading Level

When the fiber loading exceeds 300 fibers per grid
opening, the filter should ideally be rejected in favor of
a filter sample taken for a shorter time period.

If no other filter sample is possible and the number of
fibers above 300 is not too great (up to 400), then a filter
section should be transferred to a 400 mesh grid and the pro-
cedure repeated as for medium filter loading levels. The
400 mesh grid opening is much smaller in area than a 20J mesh

grid opening, and hence can be scanned much faster with less
fatigue for the operator.

When the loading level is so high that fibers touch and
overlap and no other sample is available, than the filter
should be ashed, dispersed, and refiltered to yield a lower

concentration level. Details for this procedure are given
in Section 2.8.

2.6 Recording of Data

It is advantageous to record the TEM data in a systematic
form so that it can be transferred to computer data cards for
statistical analysis.

2.6.1 Recording Format

A suggested data sheet format is shown in Table 2. Tkre
entries at the top describe the sample (identification, the
storage box, and storage location), the sampling parameters
(volume of air sampled, total effective area of the filter),
and the TEM parameters (screen magnification, area of one
field of view-in-cmz, etc.).

Column 1 -- EM grid opening identification number

Column 2 -- Identification number for the field of view
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Coluon 3 -- Fiber sequence number within a given field.

of view
Column 4 -- Cumulative number of fibers counted
Column 5 -- Fiber width in mm
Column 6 -- Fiber length in mm
Column 7 -- Fibers extending beyond the perimeter of

the field, marked with L (limiting case)

Column 8 -- Fiber identification, chrysotile, amphibole,
ambiguous, or no pattern or nom-asbestos

2.6.2 Computer Coding Foris

A Fortran program has been developed (see Appendix C) .to
analyze the data obtained from the electron microscope study.
In order to use this Fortran program, it is recommended that
data from the notes be transferred to IBM computer coding
sheets to facilitate key punching. The coding scheme is given
in Table D-1 and an illustration is presented-in Table D-2 of
Apperndix D. The scheme is sufficiently broad to keep all
relevant inférmation, such as’ sample code number, laboratory
code number, operator code number, TEM grid number, etc.

Ashiﬁg factor refers to the dilution or concentration resulting
from the ashing and reconstitution step. It is defined as the
ratio of the redeposition filter area to the area of the filter
segment ashed. For example, if a segment of 5 cm2 area was
ashed and the ash suspension deposited on 25 mm diameter final
filter (effective area 2 cmz), the ashing factor is 0.4. The
area of the field of view when multiplied by the ashing factor
gives the corrected area of the field.

2.7 EM Data Analysis

2.7.1 Checking Data on Key Punch Cards

Key punch cards are checked by obtaining a printout of all
cards as illustrated in Table D-3 of Appendix D. This printcut
helps in detecting key-punching errors by comparison with the
coding forms.

19



2.7.2 Separating Very Larpe Sized Bundles

At present, separating bundles of fibers from the data is
done by inspection of princtout of the input data. The computer
program can be modified to exclude the very large sized £f£ibers
from the analysis.

2.7.3 Fortran Program for Obtaining
Characterizing Parameters

Each analyzing laboratory can develop its own computer
program to facilitate statistical analysis and co obtain the
necessary characterizing parameters. One Fortran program
called CONLAL was specially developed at IITRI for obtaining .
several important characterizing parameters. The listing for
this program is given in Appendix C. The program gives char-
acterizing parameters for each TEM grid used.

2.7.4 Printout of Results on each TEM Grid

A typical printout of results on each TEM grid (for the
data in Table D-3) is given in Tables D-4 and D-3. The paxa-
meters shown are:

Fiber counts for each category

Fiber concentration per cm? of filtex
Fiber concentration per m3 of air

Mass concentration per cm? of filter
Mass concentration per m3 of air

Length (um) Mean
Std. Deviation

Diameter (um) Mean
Std. Deviation

Volume (um)3 Mean
Std. Deviation

2.7.5 Summary of Resul:s for a Typical Air Sample

Summaries of the results are obtained using relevant
quantities from the printouts in Tables D-4 and D-5. Shown

20
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in.Table D-6 are the characterizing parameters for all fibers .
and for chrysotile fibers.

2.7.6 Precision of TEM Estimates

Wnen more than one TEM grid is used, it is possible to
obtain the mean values and 95% confidence levels on the means.
This is done for each important parameter. The method consists
of obtaining the mean, X, the standard error of the mean, SEm,
and t-value [10] (0.025, n - 1) for n - 1 degrees of freedom,
where n = number of TEM grids examined and hence n replicates

available. The 95% confidence limits are given by < + t + (SEm).

In the illustrative case, Table D-6, the following four
parameters are given:

(1) Fiber number concentration of all fibers, 106/m3 of air
(2} Volume concentration of all fibers, II.O"9 cm3/m3 of air
(3) Fiber number concentration of chrysotile, 106/1313 of air
(4) Mass concentration of chrysotile fibers, ug/m3 of air

The t-valuec decreases sharply with greater replication.
For example, t = 12.7 for n = 2 and decreases to 4.3 forn = 3
and to 2.77 rorn = 5 and so on. The standard error of the mean
also decreases with greater replication. Hence, to increase the
precision of the TEM estimates, 3 or 4 replicates per sample.
should be analyzed.

2.7.7 Analyzing Data on Verv Large Bundles of Fibers

Fiber bundles should be reported separately as the number
concentration of large bundies or fiber aggregates (greater than
1 um3 each) per m3 of air. 1In general, these are few and these
computations can easily be done using a desk calculartor.

No attempt is made to compute either the volume or the
mass of bundles because of the large uncertainty in assigning
dimensions to aggregates.
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2.8 Ashing, Sonification, and Reconstitution

Some air samples (especially samplec collected over several
hours) may contain nigi ievels cf organic contaminant. This
organic mattexr obscures the fibrous particles, and interferes
with the proper counting, sizing, and identification. Such
sampies should be ashed and recounstituted. 1In cases where a
flat, polycarbonate filter canncot be used for initial sample
collection, and a depth filter (cellulose acetate) with high
retention efficiency must be used, the ashing step may be used to
reconstitute the particles on a flat filter for TEM analysis.

The procedure for ashing is as follows:

A section of known area (e.g. L cm x 1 ecm) is cut from the
polycarb.nate or cellulose acetate filter used to collect the air
sample and is placed in & clean glass vial (30 mm diameter x 80
om high). The membrane is positioned such that the particle
collection side (shiny side) faces the glass wail. The vial is
placed in an upright position in a low-temperature asher. Using
manufacturer's instructions, vacuum is obtained and the filter is
ashed at 40 watts power in oxygen plasma. Oxygen is admitted at
2 psi pressure. Though the membrana vanishes in about a half-
hour, the ashing is continued for about' 3-4 hours to ensure
complete ashing. The ashing chamber is allowed to slowly reach
atmospheric pressure. The vial is removed and 10 ml of filtered
distilled water containing 0.1 percent filtered Aerosol OT is
added. The vial is placed in a 100 wl beaker coataining 50 ml of
water, and this beaker is placed in a lov-energy, ultrasonic
bath. Ultrasonic energy is applied for 15 minutes to disperse
all of the ash.

A 25 mm diameter filtering apparatus is assembled with a 25
mm diameter, 0.1 um pore size polycarbonate filter with 5 um pore
size cellulose ester filter backing on the glass frit. Suction
is applied and the filters are recentered if necesasary. The
filter funnel is mounted, the vacuum is turned off and suction is
allowed to cease. Two ml of distilled water is added to the
fuanel followed by the careful zddition of the water containing
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the dispersed ash. Suction is applied to filter the sample.

The vial should be rinsed with 10 ml of 0.l percent Aerossl OT
at least twi.e and the contents carefully transferred to the
fileration funnel before the funnel goes dry. At the end of
filtration, the suction is stopped. The filcer is then dried
in still air and stored in a disposable petri dish. After
drying, the filter is ready for carbon-coating (see Section 2.3)
and transfer of the sample to an EM grid (see Section 2.4).

The effective area of the redispersion filter and the
area of the section cut for ashing from the original membrane
must be taken into account when computing the fiber concentra-
tion, etc., in the TEM data analysis.

2.9 Limits of Detection

The minimum detection limit of the electrom microscope
method for the counting of airborne asbestos fibers is variable
and depends upén the amount of total extraneous particulste
matter in the sample and the contamination level in the
laboratory environment. This limit also depends on the air
sampliﬁg parameters, loading level, and the electron microscope
parameters used.

In this provisional method, 100 fields, each with an area
0.18 x 10°% cm® are scanmed. Assuming that a fiber count
has an accuracy of z 1 fiber, then the detection limit is

1 Area of Filter (cmz)

Detection Limit = [ 7
100 0.18 x 10~ (em®“)

1
Vol. of Air (m3)

In some cases (for very lightly loaded samples) when four.
full grid openings are scanned, each grid opening with an
areas of 0.72 x 1074 cmz, the detection limit is
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. 2
Detection Limit = 1 Area of Filter (cm”)

4 0.72 x 10~% (cm?)

+* l
Vol. of Air (m3)

Table 3 gives an indication of the magnitude of the detection
limiic, calculated for the high-volume sampler method. It is seen
that the minimum detection limit is lower for very cilute samples,
Examining full grid openings leads to a lower value of minimum
detection limit because of the large area scanned, as compared
with the field of view method. With a given sample, the detection
limit can be lowered consideraoly but the experimental effort
required also increases. The guidelines of using 100 fields of
view or four full grid openings represent a judicious compromise,
between a reasonable experimental effort and a fairly low value
of the detection limit, Also, using two or more TEM grids will

reduce the detection limit further and also improve the pracision
of the estimates.

3. PREPARATION OF BLANKS

Even after taking utmost precautions to aveid asbestos
contaminétion, one cannot rule out the possiblity of some con-
tamination. It is a good pract.ice to check contamination periodi-
cally by running blank samples.

A blank sample may Esnsist of a clean filter, subjected to
all the processing conducted with an actual air sample. These
may include ashing, resuspension, redeposition, carbon coating,
transferring to TEM grid, and TEM examination.

When analyses of blank samples show significant background
levels of asbestos, these should be subtracted from the values
obtained for field samples. Also, the minimum detection limit
may be calculated as twice or three times the standard deviation
of the blank or background value.
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Appendix A

INSTRUMENTATION AND SUPPLIES

A. INSTRUMENTATION

1. Tvansmission Electron Microscope

A transmission electron microscopé should be capable of
100 kv of accelerating voltage, 1 nm resolution, and a magni-
fication range of 300 to .00,000X. The instrument should be
capable of selected area electron diffraction analysis on
areas 300 nm diameter. The fluorescent screen should have
either a millimeter scale, concentric circles of 1, 2, 3,
and 4 cm radii, or other devices to estimate the length and

width of fibrous particles. All modern transmission electron
microscopes meet these requirements,

2. Vacuum Evaporation

A vacuum eﬁaporator is required for depositing a layer
of carbon on the polycarbonate filters and for preparing .
carbon-coated EM grids. The evaporator shculd have a turn-
table for rotating the specimen during coating.

3. Low-Temperature Plasma Asher

A low-temperature plasma asher is required when the
quantities of organic matter in the air sample are very high
and interfere with the detection and identification of
asbestos. Oxygen should be used for plasma.ashing. The
sample chamber should be at least 10 cm diameter, so that
glass vials can be positioned ver:icaily (e.g., Plasmod,
Tegal Corporation, Richmond, CA or equivalent).

B. SUPPLIES
1. Jaffe Washer: For dissolving polycarbonate filters.

This item is rot available commercialiy. The assembly is
described in Section 2.4 and illustrated in Figure 1.
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2. Filtering Apparatus: 47 mm filceriny funnel
(e.g., Cat. No. XX1504700, fMillipore Corp. Order Service Dept.,
Bedford, MA 01730). 25 mm filteiinz funnel (Car. No. XX10025G0,
Millipore Corp. Order Service Dept..'Bede:d. My 01030).
These are used to filter dispersed ash samples.

3. Yacuum Pump: A vacuum pump is needed to filter ash
suspensions. It should provide up to 20 in. of marcury. Such

vacuum pumps are availuble from any general laboratory supply
house.

4, EM Grids: Z200-mesh copper or nickel grids with car-
bon substrate are needed. These grids may be purchased from
manufacturers of electron microscopic supplies (e.g., Cat.

No. 1125, E.F. Fullam, Schenectady, NY) or prepared by standard
electron microscopic grid preparation procedures. Finder grids
may be substituted and are useful if the re-examination of a
specific grid opening is desired (e.g., Cac. No. 1458, H-2
London 200 Finder grids, E.F. Fullam, Schenectady, NY or Cat.
No. 17420 200 mesh carbon-coated nickel grids, Ladd Research
Industries, P.0. Box 901, Burlington, VI 05401).

§. ' Membrane Filters: Polycarbonate

-
(a) 47 mm diameter, 0.4 um pore size Nucleporé&
membranes or equivalent.

(b) 37 mm diameter-ﬁ—uclepore(E membranes for use
with the personal dust sznclers,

(¢) 25 mm diameter, 0.4 um pere size Nuclepore(E
membranes or equivalent to filter disparsed
ash suspension.

(d) 20 em x 25 cm, 0.4 um pore size Nucleporc®
membranes or equivalent for collecting air
samples using the high-voluma sampler.

6. Membrane Filters: Cellulose acetate (to be used
as backing filters)

(a) 47 mm diameter, 5.0 um pore size MilliporéE
or egquivalent,
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(b) 37 mm diamecer, 5 um pore size Millipore(E
filters or equivalent for use with personal

dust samplers.

®

(¢) 23 mm diameter, 5 um pore size Millipore
filters or equivalent.
®

(d) 20 em x 25 cm, 5 um pore size Millipore.

filters or equivalent for use with the
high-volume sampler.

7. Air Samplers:

(a) High-volume sampler, see reference 1
(e.%., Sierra Instruments, Model 305,
3756 N. Dunlap St., St. Paul, Mn. 55112 or

equivalent).

(b) Personal dust sampler, see reference 2
(e.g., MSA Gravimetric Dust Sampling Kit,
MSA Co., Pittsburgh, Pa. 15208 or equivalent)}.
8. Glass Vials: 30 mm diameter x 80 mm long; for
holding filter during ashing. 50 ml beakers can bz used

instead of vials.

9. Glass Slides: 5.1 em x 7.5 cm; for support of

filters during carbon evaporation.

10. Scalpels: With disposable blades and scissors.
11. Tweezers: Several pairs for the many handling
operations. o

12. Doublestick Cellophane Tape: To hold filter section

flat on glass slide while carbon coating.

13. Disposable Petri Dishes: 50 mm diameter and 100 mm

diameter for storing membrare filters.

14. Static Eliminator: 500 microcuries PO-210.
(Nuclapore Cat. No. VO90POLOO101) or equivalent. To eliminate

static charges from membrane filcers.

15. Carbon Rods: Spectrochemically pure, 3.0 mm
diameter, 4.6 nm long with 1.0 mm neck. For carbon coating
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(Cat. No. 42350, Ladd Research Industries, P.N. 3cx 901
Burlington. VI 05401 or equivalent).

14, Ultrasconic Bath: (530 warzs, 3% RHod.  For dis-

persing ashed sample and for general cleaninyg.

17. Graduared Cvylinder: 500 ml

18, 10 ul Microsyringe: For adminisrtering drop of

solvent to filiter section during sample preparation.

19. . Carbon Crating Replica: 2160 lines/mmn. For cal-

A bl

ibration of EM magnificacion (e.g., Catc. No. 1002, E.F, Fullanm,
Schenectady, NY or equivalent).

20. Specimen Grid Puncii: For punching 3 mm dianecer
sections from membranes (e.g., Cat. No. 1178, E.F. Fullam,
P.0. Box 444, Schenectady, NY 12301 or Cat. No. 16250, Ladd
Research Industries, P.0. Box 9Cl, Burlington, VI (05401).

21. " Screen Supports: Copper or stainless steel;

6 mm x 6 mm, 60-100 mesh. 7o support specimen grid in Jaffe
washer.

22. Filter Paper: S&S #589 Black Ribbon or equivalent
(5% cm circles). For preparing Jaffe washer.

23. Chloroform: Spectro grade. doubly distilled. For

dissolving polycartonate filters.

24, Acerone: Reagent grade or better. For cleaning
the various tools.

25. Asbestos: Chrysotile (Canadian). crocidolite,

amosite. UICC (Uniun Internarional Contre le Caucer) standards.

PYeference asbestos samples available commercially (e.:.., Duke
Standards Compary, 4535 Sherman Averue. Paie Atto. CL ©4305 or

Particle Information Service, &00 South Springer Road.
Los Altos, CA 94022 or equivalent).

26. Petri Dish: Glass (100 mm Jdiamecter ~ &5 mr hiph).
For modified Jaffe washer.
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27. Cleanser: Alconox, Inc., New York, NY 10003 or .

equivalent. For cleaning glassware. Add 7.5 g Alconox to
a liter of distilled water.

28. Aerosol OT: 0.1% solution (Cat. No. So-4-292,
Fisher Scientific Co., 711 Forbes Ave., Pittsturgh, PA 15219).
Used as a dispersion medium for ashed filters. Prepare a
0.1% solution by diluting 1 ml of the 10% sclution to 100 ml
with distilled water. Filter through 0.1 um pore size poly-
carbonate filter before using. |

29. Parafilm: American Can Company, Neenah, WI Used
as protective covering for clean glasswarc.

30, Pipettes: Disposable, '5 ml and 50 ml.

31. Distilled or Deionized Water: Filter through 0.1 um
pore size polycarbonate filter. Used for making all reagents
and for final rinsing of glassware, and for preparing blanks.

31. Storage Box for TEM Grids: Cat. No. E-0174 Grid
Holders, JEOL U.S.A., Inc., 477 Riverside Avenue, Medford,
Mass. 02155 or equivalent.

33. Squeeze Bottles: For keeping double-filtered dis-
tilled water and 0.1 percent Aerosol OT soluzion.

34, Welders Protective Goggles
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Appendix B
MAGNIFICATION CALIBRATION

(1) Align the eiectron microscope using the instruction

~anual provided by the manufacturer.

(2) Insert mag-calibration grating replica (with 54864
lines per inch, or 2160 lines per mm, e.g., Cat. No. 1002,
E.F. Fullam, Schenectady, NY) in the specimen holder.

"(3) Switch on the beam, obtain the image of the replica

grating at 20,000X magnification (or the magnification at which

the asbestos samples will be analyzed) and focus.

(4) 1If the fluorescent screen has scribed circles of
known diameters, proceed as follows. Using stage control,
align one line tangentially to circumference of one circle.
Count the riumber of lines in a diameter perpendicular to the
lines. In most cases, the other end of the diameter will be
in-between 1'.he.'l\1t:h and N + lth line. You can estimate the
fractional spacing by eye. Alternatively, one can estimate
the separation between lines using the scribed circ%es.

(5) If X line spacings span Y mm on the fluorescent
screen using chis grating replica, 'Ethe true magnification is’
given by
Y x 2169

X

M =

The readings should be repeated at different locations of the
replica and the average of about 6 readings should be taken
as the representative or true magnification for that setting

of che electron microscope.

Preceding page blank
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Line Spacings mm on Screen Magnificacion
X

Y by
9.5 83 18371
9.3 80 18580
7.0 60 18514
8.8 80 19636
9.0 30 19200
9.0 80 19200

Average 19000

On most electron microscopes with large (18 c¢m dia.)
fluorescent screens, the magnification is substantially con-
stant only within the central 8-10 cm diameter region. Hence,
calibration measurements should be made within this small
region and not over the entire 13 cm diameter,
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Appendix €
LISTING FOR THE FORTRAI PROGRAM CONLAB FOR
DBTALUING CHARACTERIZING PARAMETENS

PPAGRAM COUNLAB
ANALYZE FIRER AND HALS CONCENTRATIONS

[ Ny Ny

RCAL SUMXCTo8) o SUMXI{T oo e ZONETYCA) o CONMAS(LIoVOLETLH) 1 VOLMASCR)
REAL FIBCTZa)rQTY({TIoDENC2Y«SCEVET e e SLDLY{T716)GMN{T 8]
ANAL CVARCTeb) o MEAN(T 0o MEANZ(T o b))

OATA I41CT+PI/10U3,14159/

OATA DEMN/2,603,0/

ATYt1) = LENGTH

QTY(2} = D;ANM

a1Y(y) #4338 OR vOL

0TY(4R) LOG LENGTH

0TY(5) LOG DIAM

eTYLL) LOG MASS

noaaonoaan

READ LENSTW DIAMsCOMPUTE QTHER DATALe STORE
QUAD(Se110+END2190) IGRIDNIFLOWIFSECHICEEQsDTIAMoALER IQUT,y
PINFIAPILAByIFIL s JPUNoXMAGeAREL+ XASH XYOL e TAREAVICASE
9s0 TOTAR®NQ
TOTCTRO
LCTaed
LCASE=ICASE
LLABEILAY
LFILSIFIL
LPUNSIPUN
N0 080 latled
FI1agT{1)=0,0
YOLET(I)=0,0
YOLMAS {1}x0,0
CONCT(1)=0,0
CONMAS(1)=20,8
DO 080 J=t.7
oY (Jelday,0
sLoCYiJelixc, 0 -—
GHNES,1)=0,0¢
CYAR(Je1)3¢,0
ATy(J)aQ, 0
AN S 1)30,0
MEANZ2LJe1) 29,0
susx(Jeldae,0
suMx2fJSst)au,0
vso COMTINUE
GOTO 1401
1v0 READCR el 104ENDRLG0) IGRIDTE! " [t olL e JCSEUeDIAMVALFRPIOUT
PINFIRGILAB S IFIL Y IPUN e AR AR %S85 XYNL s TAREA [LASE .
t10 PORMAT (1222130 ldoRFb el Xet e eyt Xodl oY e2F7,103F5. 8520120
If (CICASCANCLLEASEY ,OR, (1L -, NFLLLAK) .
* IORI(IF:Llnﬁ.LFILjicaﬂ(IpuhlnElLsu"’)
$ GOTO0 200
1101 avoL=xXvOL
FILAQITAREA
JLAUEILAB
JPUNSTPUN
JEILEIFIL

IF ((IGRID,EQ,LGRIC) (AND,(IFLD,EG,LFLD)) GOTO 1119
TOTAR=TOTAR: AREAPXASHS Y| ,0F~b
WRITE (bello2)
1102 roorAT(132Y)
LETaLCY+2
LFLD=TFLD H76
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PN YL

110
1l

1112

1120
1113

112

115
117

2u5

Appendix C (continued)

LGRIN=IGRIN
IFC(LCT.LE,S50) GOTO 1112
WRITE (belf1l) ILABSIFILeIPUNCLCASE
FORMAT(I11,AUXs IFTBER AND MASS COMCENTRATIONI1SXyILAB lvllf
*1 SAWP 1eI1s) GRID 141290 CASE 1,12/
YSOXe'DATA LIATH//
F1x+IFIReSEQ FIELD 7FLD-SEQ DIAN! &)X
FILENGTM  QUT=CO0  FlR=COD  FLD=MAG '
BIFLDnAREA ASHieMig VoL FILT=AREAS/)
LCT30Q )
IF CINFIRL,EG,.D) GOTO 1420
JFIBaINF I8
IFCLINFIB,GE.2) o AND,CINFIB,LELS)) IFIBMINFIGe]
IF{INFIB EN,S) 1F1R=2
IF(INFIB,GE.6) 1F1B=S
WRITELS+1113) TCSCOeTFLOIFSEQeDIAMALENIIOUToINFIB) XHAGY
FARLASXASH e XYOLeFILAR
FORMAT LAY oI M 03X e L 8eSX o T3 e2SXeFb,2) 2307 Xe810
FILSXsPT3)e3(0XIFS, 1)) -
1LCTaLCTey
IF(IFSEQEN, U} GATD o0 ;
1F ¢10UT,ER,2) GOTO 1S )
FIBCT(IFIBIZFIBCT(IFIN)«1,40!]
GoT0 §17 i
FIRCYLIFIB)SFIRCTLIFIBY®O0,5
ALUNEALENS2 0§
ALUNSALEN/XMAG
DIAPEDIAM/IMAG
OTY(1)=ALEN
ATY{2)=20TAH
ATY{I)=PIFALENSDIARIDI AN ,cF=12/4,0
IF(IFIALGT,2) RUTL 192
ATY(T)=CTYLII*DENC(IFIRY
FInD LOG OF £ACH UTYy SUM QTY AND LO3
NQ 149 I=1,3
IF (OTY(TY) f40sian, g%

ATYLI+3)29

ROTO {u9 ’
ATYC1+3)=aL0OG(RTY(I))
CONTINUE

N0 159 J3l.7 -—
SUMT(T+IFIR)I=SUNI(TSIFT=Y+01Y(T)
SUMX2LT TR IS SSUMX (T JFTIHY « {TY (23] (ATY{T)
CONTINUE : )
0T0 1vo
tEND=1
DO 2¢5 IFIas{:5
TOTCT=TOTCT+FINCT(IFLBY
NC 2US Ial.7
SUPX (T eOISSUMX T ol +S5unX{Ts+IFIR)
SUPXO(T96)sSUPX2CTrOl+SUMX2{ 10 1FTIRY
CONTINUE
FiRCTIL)=TOTCY
po 599 lFIR=1:1b
IF (FIACT{IFIR).EQ,0,0) GOTO 599
CONCTCIFIRYSFIACT(IFINY/TOTAR
VOLCT(IFIBI=CONCT(IFIBYSFILAR/AYOL
IF (3FIB=2) 22Ur2204d00 .
CONMAS(IFIB)SFIBCTC(IFIN)I®160.0/T0DTCT
¢0T0 23¢ .
CDNHAS(IF!a}tSUHXfT-TFIB!ITOTAP
VOLMAS(IFIBR)I=COMM S(IFTIRYSFILAR/AVOL
B2 250 1317
MEANCISTFIm)=SUMX (L7 ER)/FTBCTCIFYRY
MEPAND(I 1 IFIBYIZSUMR2( ! IFTI8) /FLIRCTLIFIB)
CANTINUG
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31
599

05

07

4l0

6is

620

625

30

9999

Appendix C (continued)

nO 270 fat,3

SOEY{IsIFIRYISORT (ABS(HEANZ(SIIFIR)n
. (MCARZT«IFIBY)#(~FAN(I/41F1B}))Y

SLDEVCI IFIB)ZSQAT(ARS(MEAMZUI+341FI0)w

(MEANCT@ 32 IFIB)IS(MEANLLS3IFIA)YYY

cVAHtI-IFIGJSLxP(SLDEvtI IFIB))m}
GHNLI+TRIBYIZEXPL{MEANCIHI+]IF 1))

EONTINUE

CONTINUC

WRITEC(Le60S) JLABIJFIL o JPUMILCASE s TOTARFILARPTOTETHAVOL
FPORMATCI114AUXIFIRED AND PSS CONCENTRATION!

PUSXe) LAB 14Y3a0  SA™PLE ial1g) GRID Vrl2p1 CASE 14127
Y0X, I SUHHARYL//

$IXoITOTAL AREA SCTAMLCD ® 1.£12,H4¢1 8$Q CMI/

$1Xs ITOTAL REA FILTED = FeF7.19BXe 150 CHYY/

PIX ITOTAL FIRER COUNT = LeF7,1¢8X e FIBERSI/

S1X,ITOTAL VOLUME AJR = teFT,008Xy!1CUBIC METERSV//Y/

¥I0XICHRYSNTILE Anpr]EPLE AMYIGUOUS NO PATTERNI

't NON=ASUESTOS ALL FIBERSt))
WRITE(Oe507) (FIBCTCITTIB)TFIB=11b)
FORMAT(1X ¢ 'FIGER COUNTY

FIXe V(FIBERS) 1o l1Xr0(Fa,107Y)/)

WRITE(b9b10) (CUNCTCIFTSY 17 1B821e0) o (VOLCTCIFIB)eiFIDu]y6)

FORMAT(IX» IFIGFR COP O uIR TIONT/
F{Xy'(FIRERS PER SO €™ rk pILTER) Ve4(E12,8¢3X)/
P1Xe I (FIBERS PER CUR PLTER OF ATR)Ven(ET2,4e3X)7)

WRTITE{DLy 619} (cournartfia)-'Flﬁ=lrS)r(V°LHAS(IFIH)-:FIB=tu?)
FORMATC(1Y o IMASS COMYI L IRETIVNILS3Xs IPESCENT TOTAL #IBERSH/

PIX  V(GRAMY PER $Q i 7 FIITFRY Iy
PRXe2CEL12MNe3X) e M (FL VTP raTX)y
FIX I (GRAMS PFK CU3 o 'rR 5 ALG) "y1Xe2(E12,H03X)/)

WRITELbe62V) (“‘lhfl-.FlaJuifIBalab)u
PUSOCVCI o IFIBY 2 TEm1Yy
FOACANCUIFIBINIFIE = L}y
FIGMNC1IFIB)s1FIR=],4),
SLCYARL12IFIBY e IFIR=1 M)

FORMAT(LX 9 ILENGTH MEANLS S TXon(F12,803%)/
BIXo P (MICRONS) STD DLv ,8%.0(F12,4¢3X)/
FUIX W IMEAN LOGT o7 ed (%52 ,d08v)/ i
SLIXIGFOM MN W TXent" 12,8,%1) 7
FLIXWICNEF VARV aTXon(m52,3¢70)7)Y

WRITE{L629) (MEALL2SIFIN . IFIR2Y4b)y

F(SDEV(29IFIB)2IFIBRL 04y
F(MCANCS o TFIB) e [FIB=1vbY
EICMNI21IFIR)+IFIBELotYy
FICYAR(2sIFIL)ITFIBEY 2 b)Y

FORMAT(!Xe IDTAMETER FEANIIiXob(Fi2,.8:3X)/
PIXsL(HICRONS) STD DEVI OXeb(F12,403X)/
$LLIXGIMEAN LOGY  TXB(Fi2.493X)/
CYIXSIGEON MN 1y TX96(F12.803XY7
P Xy ICOEF VAD! o TXv6{F12,843%X)/)

WRTTE{He630) (MEANCIIFIB)¢IFiBai b
FUILEVIIvIFIBY e [FI9=114Yy
FCHMEANCOeIFIBYI v IR IBEL 1Yy
TOGHNC(S+IFINY v IFIn2L08),
PICVAR(IIFIB) e [FIBTL 14}

FORMAT 1y ) YOLUME MEANI 2 {SXo0LEL2,8+3X) /7
TIXeI{CUB CHM} STD DEVI.12XebCE12,8¢3%)4
BLIXIMELN LG o TXs6(F12,893X)/
FLIX)IGEGOM WN 1ellXeb(EL2,493X)7
$LIXWICOCF YANI eIt Xet(EL2,0,3X)7)

IF (ICMDL,ER.1) LOTO 999%

GO0T0 090

110p

ENOD
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Appendix D
ILLUSTRATIVE TABLES
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CLECTRON HMICROSCOPE

Table D-1

METHOD3 FOR ASZESTOS DATA ENTRY

FORIAT, PER FIBER

Cols.

Description of Coding-Sheet Field

Permissible Values™

1-2
3-5
6-8
9-12
13-18
19-24
26

28

30
32-36

37-43
44-50
51-55
56-60

61-65

71-72

EM grid opening ID

EM field ID

Sequence no. of fiber within field
Cumulative sequence no. within sample®*
Diameter in mm (de code decimal point)
Length in mm {(d5 code decimal point)

2 if fiber extends beyond perimeter

1 if a fiber bundle

Fiber type

Case identification:

Col. 32 - lab

33 - filter - sample

34 - punch - grid

35 - instrument tvpe

36 - operatovr within lab

Hagnlflcatlon in mulciples of X = 10Q0
(do code decimal point)

Area of EM field idencified in cols. 3-3,

in 107 -6 cm
Ashing facter

(do code decimal peint)

Volume of air sampled in mJ

Effective area of the original membrane
in cm2

Dara set code

01 cto 99

001l to 999

0 to 999

0 to 9999

0.0 or ereuter
0.0 or ureater
0.
0.

&

lw — lw

C
o

*r

e 1o 1o o

¢
1,
l,
1
1
1.0 to 99,6

0.001 to 999,99
to 10

to 100.0

to 999.9Y

— = O
DO

I to 49

v 1f no fibers are observed in a field.

(1)

(2)
(3)

A blank is equivalent te a zero.

) enterud for sequence no. of Jiber

sequence no.

diameter and lenyth fields and also colunns 20, -».
case 1D, magnification, and area,

grid cpening ID, field ID.
entered 4as usual.

H80
Hl1

write a one-1line

in field

Right-justify numbers in all fields unless a decimal point ix
entered.

vecord with:
ad fer omularive

-

4ad 30 blank
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Y T S T 5 2 31181 17, 102 1,0 0,2 ulde,S 3
1 90 1 Qe 25 by e sti1L 1T, L1802 1.0 0,2 wib,S 3
1 % 2 2% 1. W, 2 13y J1EP Y, 0,2 <3h,0 5
PR L S T H 2 o5t LT, J182 1.6 *,2 ulh,s 3
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Table D-13 {vontinuved)

A e - 3 h I 11 12 ] R
219 1 Se 5 175, 131111 17, 182 1,49 a,? 43,8
a2 1¢ 2 K7 129 by 31111 17, 182 1,0 9,2 uls,*
2 1% 5 %3 «25 12, § 311117, +182 1.0 9,2 uls,8
2 20 1 %9 ol By 2 3111y 17, 182 1,0 9,2 uls,9S
2 20 2 Kl §,5 25, 1 31111 17, 82 1,0 9,2 ulh,y
220 T &l % 27, 2 4 31111 17, 3182 1,0 9,2 uls,%
2 20 4 62 «2%5 0. ¢ 31111 17, 182 §,0 9,2 uls,.%
121 1 &3 «79 15, t 3521t 17, 382 1,0 9,2 uds,S
321 2 ba 25 b, < ¥12i1 17, 182 1.0 9,2 s08,8
I 21 % bS o5 15, 2 31211 17, 182 t,0 9,2 ulh,S
321 u & 25 3, 3 51211 17, o182 §40 Ge2 40BN, S
322 1 A7 % LI d 1 31211 17, 182 1,9 0,2 ulb,S
3 22 2 e +5 10, b st1211 t7, 182 1,0 9.2 ulds,%
322 3 b9 25 5, 3 31211 17, 182 1,0 @,2 4db,5
323 4 70 5 T 1t 31211 17, o182 1,9 9,2 46,9
323 2 0N 029 12,4 e 51211 17, +182 {,0 G2 ulo,9
323 3 712 2 3 3 31211 17, 182 1,0 2,2 408,95
3 as 1 13 i, ah, 1 31211 17, 182 1,0 0,2 ude,S
a1 2 T4 g, 170 1 31211 17, 1182 1,0 2 40s,%
2% 107 1.5 LT 1 33211 17, 182 1,40 9,2 us,%
325 2 7o 25 A, 3 31211 17, 1182 1,0 9,2 408,95
I ae 117 75 13, I 3121t 17, 182 1,0 9,2 08,9
326 2 A 5 1N, 2 31211 17, 182 1,08 9,2 4lb,5
320 3 T% «25 % 3 1121y 37, +182 1,0 ®,2 ule,S
327 1 My 5 28, 1 31211 17, 382 1,38 9,2 40b,%
328 1 M 5 19, 2 31251 17, oibe 1,0 9,2 uls,5
329 1 82 a2, 17, 1 31211 17, 182 1,0 9,2 i, 5
J2e 2 & -2 T 3 31211 17, 182 1,0 9,2 «08,9
Ty o1 A, T 2 i 31211 17, 182 1,0 9,2 ulb.S
I'3c 2 RS +5 4. e 312ll 17, A2 1,0 9,2 k.S
3 30 3 Ap +29 iy 3 M2l 117, sled 1,39 2,2 4Cw N
& 31 1 AT %, 12, 131211 17, 182 1,0 9,2 ule,"
¢ 31 .2 Ae = 7. 4 51211 17, o182 1,0 9,2 ul0,8
< 11 3 A9 5 15, ¢ 81211 17, 182 1.2 9,2 udn,%
e e 1 % 1.5 25, 1 5121 17, 122 1,0 9,2 wls,5%
w32 2 91 1, 15, 2 1 3211 17, 182 1.C 9,2 ude, 8
w 32 31 ¢ 1, 10. ¢ 31211 17, 182 1,0 0,2 ul4h,8
4 33 1 93 le 15, 2 1 31211 17, sid2 1,0 e,2 alse,d
@« 33 ¢ " «25 S 3 321l 17. 182 1,0 9,2 uld,9
4 Su 1 9% 2, 10, 2 1 31211 17, 102 1,7 @,2 406,%
g 3o 2 6 I, 15 2 1 31211 7, 182 1.3 e,2 494,9
¢« 34y e7 gy, 12, “ Je2ly 17, 182 149 8,2 Wdn,H
<« 35 1 W 2, a2k, 2 1 31211 17, 182 1,0 9,2 J0b,9
& 35 2 99 2, 12, 1 3t21y 17, 182 1,0 9,2 40,9
- !5 3 1vy 1, 144 L] 3!21! 17' 1182 t.C 0.2 ﬂo‘.s
4 35 & 10t 1 by 4 31211 17, 1102 1,0 °02 404,58
4 3% 5§ 1n2 P T L J 3211 17, 1182 1.0 0,7 wilbn,.9
4 X6 1 tul 5 13, é 1 31211 17, 102 1,0 @,2 ule,.5
« 36 2 t0a »8 d, 4 31e1y 17, 182 1,0 9,2 4Ch,S
4 %6 3 1ed «S ID, 3 3211 17, 182 L0 6,2 adn,S
« 37 { are +S %, ! 31281 17, 182 1,0 9,2 04,5
4 37 e vy 'S S, v 5121) 17, ele2 1,6 9,2 uds,s
4 87T % 1u8 225 B 3 31211 17, 1d2 1,0 e, uCh.Y
« ¥4 119 1, 45, - 1 3121 17, 182 1,0 9,2 uwb,S
«~ 33 1 i'e 1, 29, 1 312l 17, 182 1.0 4, 438,5
4 1 2 1 2% 9. 3 Slell 17, 182 1,0 2,2 udm,S
4 ot 1 t1e S 17, 1 31211 17, »182 1,0 9,2 4Um,8
4 w0 2 113 2, 12, 1 3121} 17, 182 1,0 “,2 uln,S
e our 3 11 7% &, 20 L 3121 1.2 9,2 ubs,*

17, v182
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EXPLANATION OF THE COLUMNS Il TABLE D-3

EM grid opening identification uumber
Identification number Znr the field of view

Sequence number of a fiber within a given field
of view

Cumulative number of fibers counted
Fiber width in mm
Fiber length in mm

A '2' indicates the fiber crossing the perimeter
and, hence, one that is counted as a half-fiber

A 'l' indicates a bundle
Fiber type identification code
1 + chrysotile :
2 + ambiguous
3 + no SAED pattern, etc.

Case identification. Laboratory code, sample
code, TEM grid index, type of TEM instrument
code, the operator code, etc.

Magnification at the TEM fluorescent screen in-
mulctiples of 1000

Area of one field of view in multiples of 10-6'cm2

Ashing factor, to account for the dilution_or con-
centration resulting in the ashing step. Ip the
procedure without the ashing step. the ashing
factor is taken as 1.0,

VYolume of air sampled in m3

. . . - . 2
Effective area of the original air filcer in cm

-- Index for the data set
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Appendix |

Methods of Sectioning and Digestion of TSP Filters
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|

1. Principle of the Method

v

1.1 Trace ¢lements in environmental
samples, including collected particulate
matter, sludge and soils, are solubilized by
ultrasonication in a heated nitric/
hydrachloric acid matrix, The resulting ma-
terial is centrifuged, decanted and analyzed
by the method of choice (1).

.| 2. Range, Senslitvlty, and
' Detection Limit

2.1 The range, sensitivity, and detection
limits are characteristic of the ¢lement
sought and the analytical method used,

3. Interterences

3.1 ‘Analytical interferences are those of
the analytical method used, .

3.2. This method is not applicable to

mineral samples or other non-tissue sam-
ples in which the 1arget elements are incor-
porated in a silicaceous matrix unless the
dried samples are reduced mechanically 10
600 mesh prior to ultrasonication/
_extraction,
" 3.3 Scrupulous auention to housckeep-
ing is a must, Glassware must be segregated
for use with blanks, Jow level samples and
spiked samples.

4, Precision and Accuracy -

4.1 The precision and accuracy are o be
found in the procedurcs describing an in-
strumental approach or in the procedure
for the clement of interest.

11

303A.

General Method for the Preparation of Non-Tissue
Envir_onmental Samples for Trace Metal Analysis

e SehenT oL
Lo BHeA s Gh'mmg

§. Apparatus

5.1 Sampling equipment, The sam-
ples are assumed to be obtained by stan-
dard or special techniques appropriate to
the medium sampled,

5,2 Analysis. The equipment neces-
sary is listed under the individual analytical
procedures.

5.3 Preparative.

5.3.1 Equipment.
¢. Centrifuge (IEC Model K or
equivalent), equipped with [2-place rotor
and 30.2 X 100 mm shields.
b, Desiccator for cooling oven-
dried chemicals. '
¢. Gravity convection 1ype oven

~ for drying glassware and chemicals,

4. Ulirasonic bath (Blackstone
Ultrasonics, Inc. Model HT 11.2 with -
Model SU-8W/pe Controller or cquiva-
lent): cleaning power of at least 450 W gnd’
an operating lemperature of 100°C are
NECEsSSRTY.

' e. Balance accurate 10 0.1 mg or
Jess. "

¢, Template to zid in sectioning
glass fiber filters, See figures 303A:] and
303A:2.

g. Pizza cutter, thin wheel, thick-
ness less than 1 mm. _

h. Rack, wire (Fisher 14-793-1,
or equivalent), or polypropylens {Fisher 14
8090 ot equivalent) for holding centrifuge
tubes during ultrasonication,

£.3.2 Labware. .

a. Centrifuge tubes. 50-mL lin-
ear polypropylen¢ tubes with polypropyl-.
cne screw tops. (Nalgene 3119-0050 or
equivalent),

b. Bottles, linear polyethylene or

polypropylene with leakproof caps.
c. Pipettes (Class A borosilicate

glass).
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d. Cleaning. Wash ull labware
with (or ultrasonicate for 30 min) in labera-
tory detergent, rinse, soak for 2 minimum
of 4 h in 20 percent HNO;, rinse 3 times
with distilled-deionized water, and dry in a
. dust-[ree manner.

an alternate procedure after checking rc-\ I
producibility of sectioning. )
I3 Filters other than glass-fiber

may be used (providing they contain no in- [
terferences and afford quantitative cap-
ture of the desired e¢lement). Using histori-

cal data for the locale, season and [

. conditions (or estimating from historieal

6. Reagents

6.1 ANALYSIS,

6.1.1 Warer—all references to water
are to ASTM Reagent walter, Type 11.

6.1.2 Concentrated (12.3M) hydro-
chloric acid -~ ACS Reagent grade.

6.1.3 Concentrated (16.0M) nitric
acid, redistilled specurographic grade for
preparing samples, _

6.1.4 Concentrated (15.0M) niwic
acid, ACS Reagent grade, for the 20%
Jabware cleanser only. The ACS Reagent
grade nitric acid has metallic contaminants
at too high a level for environmeatal
analyses. . ‘

6.1.5 Extracting acid (1.03M HNO,
and 2.23M HCI is prepared with a 1000
mL volumetric flask with 500 mL of water
to which 64.6 mL of concentrated distilled
nitric acid (6.1.3) and 182 mL of concen-
trated HC! (6.1.2) are added. Shake well,
¢00l to room temperature and dilute to vol-
ume with water, Coution: Acid fumes are
toxic. Prepare in 2 well-ventilated hood.

.. 6.1.6 Filter blanks, For batches of fil-
ters over SO0, randomly select 25-30 filters

data for the site) take & large enough sec-
tion 10 afford enough of the element(s)
sought to give an estimated instrumental
reading 3 times the standurd deviation of
the background. Polymetic filtars may be
sectioned readily using a scalpel and paper
backing. The section should be weighed i
with uniform particulate matter distribu- i
tion assumed.
7.2.3 Sludge samples are prepared by
drying prior 10 reweighing (to establish los
on drying) and analysis. :
7.2.4 Soil and mineralogical samples
containing material in 2 non-silicaceous
matrix arc dried, weighed, and prepared as ?f}fl
described. Materials with a silicaccous ma- |
trix require reduction o =600 mesh size
prior to processing. : i

7.3 EXTRACTION, 398 3&3&.

g

7.3.1 For glass fiber filters, accordion: - {
fold or tightly rolt the filter strip and place l
on its ¢dge in a 50-mL polypropylene cen- -
wifuge tube, using vinyl gloves or plastic
forceps. Sections of other filters should be J
similarly rolled or folded 1o fit into the ccn;/ g
uifuge tubes, i

per batch, For smaller batches, use a lesser
number but not less than 3%, Section each
filter to obtain the same fraction obtained
~ from a sample composed of a single strip.

7. Procedure.

7.1 SAMPLING. Airborne particulate
matter collection and storage is described in
Method 501.

" 7.1.2  Other types of samples are
placed in non-linear polyethylene screw cap
vials or jars and stored under refrigeration
until they are analyzed.

7.2 SAMPLE PREPARATION,

7.2.1 Hi-vol samples. Cut 2 2 X 20
cm or 2.5 % 20 cm suip of the exposed
filter using a template and a pizza cutler &3
shown in Figures 303A:1 and 303A.:2 or use
12

7.3.2 For other samples, introduce 2 1
weighed quantity (1.0 g or enough material
to yield a sample containing 2 sufficient 1
quantity of the materiai sought). "

7.3.3 Pipette 12.0 mL of the cxtrac-\ i
tion acid (6.1.5), which should completely |
cover the sample, into the centrifuge tube. J
Cap the tube foosely (finger tight) with the |°
polypropylene screw top. Caution: Centri-
fuge tubes must be loosely capped to pre- J
vent elevated pressures during ultrasonica- | !
tion at elevated temperatures, They will not
withstand repeated cycling 1o clevated |
pICSSUICS. i

7.3.4 Label the centrifuge tube, place
in a sample rack, and place upright in the
preheated (100*C) ultrasonic water bath {in ‘
fume hood) so that the water level is slightly
above the acid level in the ceatrifuge tubes
but well below the centrifuge tube caps.
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Figure 303A:1—~Template for reproducible uélioniqg of 20 x 25 cm [fllters,

P

. This will prevent contamination of the sam- | [inal extract is now in 0.31M HNO; + 0.67 '
. ples during ultrasonication. Ultrasonicate iic’l—-’—"‘_"'——
the sample at 100°C for 50 min at a poweT| .

seuting = 450 walts, .
~rxv 7,35 . Remove the centrifuge tube 8. Analysis.
" from the ultrasonic bath and allow to cool.
77236 Uneap the eentrifuge tubeinthe
. fume hood and add 28.0 mL of water with
" pipetics or the automatic dispensing pi-

5.1 Proceed with the analysis of the
sample by the appropriate method.

peite. Recap the tube tightly, shake well, -
and centrifuge for 20 min at 2500 RPM. g. Calibration. \‘b W '
71.3.7 Decant the extract into a clean W

polyethylene storage bottle bearing the 9.1 See the appropriate method chosen
sample 1.D. Be careful not to disturt any in 8.1. Obtain the concentration in terms of
solids in Lthe bottom of the tube. Cap the | micrograms of element sought per milliliter

bottle tightly and store until analysis. The | of final solution.
. 13
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10. Calculation

10.] CONCENTRATION OfF CHOSEN
ELEMENTS. :
10.1.1 .Air Samples.

_C . xVa-Fy-
= - 5

where C = concentration of element E in
the air sample, pg/m’,

E = ¢lement determined. ’
concentration of E in-solution,
Fg/m}-- }
fraction of sample per section/
portion, ‘

V = volume of air sampled, 2t STP
" or otherwise as required, m’.
F, = mean concemtration of E in
blank filter section,. figure
from 6.1.6, pg/fliter,

C

O
n

o
0

10.2.2 Soil and sludge samples I@
C. x40

C = VI

7
/’,/
\ /’/“
i /, " lon SLIT
L1 1 9mm{3/4%)

. Figure 303A:2—Template closed for sectioning,

where C =
the sample, ug/g or ppm.
m = mass of sample taken, in

grams, _
10.2.3 Calculate the mean, Fy. the
values for C and the relative standard devi-
ation. If the value of F is high enough to
result in a significant error in C, the filter
bateh should be rejecied (for F, = 10%

C). Below lower limit of detection (3 o re<”

sponse above background) & correction is
not warranted.

11. Quality Control

11.1 For particulate matter samples,
¢controls of knowns {filter strips spiked with
salts of E approximating /s, '/2, 5/ and
100% of thc maximum expecied value,
blanks, und spiked sample replicates)
should be used us every n'* sample. (For
robust quality control, 20% of the samples
should be q.¢, samples; usually 5-10% is

concentration of element E in .

|
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RGANIC SUBSTANCES

822.

General Atomic Absorption Procedure for Trace
Metals in Airborne Material Collected on Filters

1. Principle of Method

1.1 ‘This procedure describes a general
method for the collection, dissolution and
determination of trace metals in industrial
and ambient airborne material, The sam-
ples are collected on filters and treated with
nitric acid to oxidize the organic marrix and
to dissolve the metals present in the sample.
The analysis is subsequently made by flame
atomic absorption spectrophotomerry
(AAS). :

1.2 Samples and standards are aspirated
into the appropriate AAS flame, A hollow

cathode lamp for the metal being measured

provides a source of characreristic radiation
energy for that particulas metal. The ab-
sorption of this characteristic energy by the
atoms of interest in the flame is related to
the concentration of the metal in the aspi-
- rated sample, The flames and operating
conditions for each element are listed in Ta-
bie 822:1.° o ,

1.3 This method can also be applied to
non-flame electrothermal atomization
atomic absorption spectrophotometry
(ETA). ETA can be extremely valuable for
measuring low solution concentration lev-
¢ls, in the range of 0.001 to 0.5 pg/mL if
matnx interferences and high blank levels
are pot a problem. To overcome these
problems, several different strategies have
been developed by the various instrument
manufacturers. Detailed discussion of these
strategies is beyond the scope of this
method.

2. Range and Sensitlvity

2.1 The sensitivity, detection limit and
oprimum working range for each metal are
given in Table 822:11, The sensitivity is de-
fined as that concentration of a given ele-
ment which will absorb 1% of the incident

radiation (0.0044 absorbance units) when
aspirated into the flame. The detection
limjt is defined as that concentration of a
given element which produces a signal
equivalent 1o three times the standard devi-
ation of the blank signal (Note: The blank
signal is defined as that signal that resules
from all added reagenis and 2 clean filter
which has been ashed exactly as the sam-
ples.) The working range for an analvtical
precision better than 3% is generally de-

‘'fined as those sample concenrrations that

will absorb 10% 10 70% of the incident ra-
diation (0.05 t0 0.52 absorbance units), The
values for the sensitivity and detection lim-
its are instrument-dependent and may vary
from instrument to instrument. Higher
blank levels and, hence, worsened sensitivi-
tes may be found for other filter matrices.

"The values in Table 822:11 should be taken

only as 2 guide.

3. interferances

3.1 In atomic absorption spectropho-
tometry the occwrrence of interferences is
less common than in many other analytical
determination methods. Interferences can
occur, however, and when encountered are
corrected for as indicated in the following
sections. The known interferences and cor-
rection methods for each metal are indi-
cated in Table 822:1. The methods of stan-
dard additions and background moanitoring
and correction (1-4) are used to identify the
presence of an interference problem. Inso-
far as possible the matrix of the samples
and standards are matched to minimize the
possible interference problems,

3.1.1 Background or non-specific ab-

I5s0rption can be caused by particles pro-

duced in the fNarne that can scatter the inci-
dent radiation, causing an apparent

-
-
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Tuble 822:1 Fiame aod Operutiog Conditlon for Mctals

Analytical
Element Type of Flame Wavelength Interferencest Remedyt Refércnees
nm
Ag Air-C,H, (oxidizing) 328.1  10,°,W0.%, MO : (5)
Al* N20-C,H, (reducing) 309.3  lonization, SO,%, V 150 @)
Ba N1O-C,H, (reducing) 553.6 lonization, large conc. of Cz §, ¥ (L, ¥
Be*® N;O-C.H; (reducing) 234.9 Al, Si, Mn : (1)
Bi Air-C,H, (oxidizing) 221.1 None known :
Ca Air-C;H, (reducing) 422,7  lonization & chemical § {1, 4)
N,;0-C,5H,
Cd Air-C,H, (oxidizing) 228.8 None known
Co* Air-C,H, (oxidizing) 240.7  None known
Cr* +  Alr-C,H, (oxidizing) 3571.9 Fe, Ni 1 )
Cu Air-C;H, (oxidizing) 324.8 None¢ known )
Fe Air-C,H, (oxidizing) 248.1 High Ni cone., Si M (1,
In Air-C;H; (oxidizing) 303.9 Al Mg, Cu, Za, H PO t 10)
K Alr-CyH, (oxidizing) 766.5 lonization § (1, 9
Li Air-C,H, (oxidizing) 670.8 fonization § (10)
Mg Air-CyH, (oxidiring) 2852 logization & chemical §, (1, 4
N.O-C,H, (oxidizing)
Mn Air-CaH; (oxidizing) 279.5 Nong known
Na Ait-C.H, (oxidizing) $89.6  lonization RS (1,
Ni’ Air-C.H, (oxidizing) 232.0  Nons known .
Pb Air-C,H, (oxidizing) 217.0 Ca, high cone. 30(1 e ¥))
283.3
Rb Air-C,H; (oxidizing) 780.0  lonization § 1, 3)
St Air-C,H, (reducing) = 460.7  lonization & chemical § ** {1, 8)
N;0-C;H; (reducing) ’ .
Tl Air-C.H, toxidizing) 276.8 Nene known
A N,O-C.H, (reducing) 3184  None kpown in N;0-C,H,
: flame
Zs Air-C.H, {oxidizing) 213.9  Noat Known

*Some compounds of thess elements will not be dissolved by the precedure described here. When
determining these elements one should verify that the types of compounds suspected in the sample will

| . dissolve using this pracedure, (See Section 3.2}

;. tHigh concenirations of Si in the sample can cause an interfereace for many of the clemeats in this
table and may cause aspiratioa problerns, No matter what clements are being measured, if large
amounts of sifica are extracted from the samples, the samples should be allowed to stand for several
hours and centrifuged or filtered to remove the siliea, )
tSampies are periodically ansiyzed by the method of additions to check for chemical interferences.
If interferences are encountered, determinations must be tnade by the standard additions method o¢,
if the interferent is identified, it may be added to the standards.
lonization interferences are controlled by bringing all solutions to 1000 ppm Cs (samples and

standards).

««1000 ppm solution of La ss a releasing agent i3 added to all samples and standazds.

#1n the presence of very targe Ca concentrations
Ca(OH), may be observed, This interfereace may be

analyzing for Ba. .

absorption signal. Light scatiering prob-
lems may be encountered when solutions of
high salt content are being analyzed. Light
scatiering problems are most severe when
measurements are made at the lower wave-
lengths (i.¢., below sbout 250 nm). Back-
ground absorption may also occur as the
result of the formation of various molecu-

(greater than 0.} %) 2 molecular absorption from

overeome by using backgroiind correction when

lar species that can absorb light. The back-
ground absorption can be accounted for by
the use of background correction tech-
niques (1).

3.1.2 Spectral interferences are those
interferences that occur as the result of an
atom different from that being measured
abso;tging a pordon of the incident radia-




Tuble 822:11 Sensitivity Detection Limit, und Optimum Workiaog Range of Metals

Sensi- Minimum?
livity® Range Detection Limits* TLV
Element  x&/mL ug/ml ug/mLl  ug/m) ug/mi
Ag 0.04 0.5-5.0 .003 0.1 10 (metal and soluble compounds)
Al . 0.40 $-50 04 2 1,000 (metal and oxides)
Ba 0.20 1-10 01 0.4 $00 (soluble compounds)
Be ' 0.01 4.1-1.0 002 0.08 2
Bi 0.20 1-10 .07 3 10,000 (as bismuth teliuride)
Ca 0.02 0.1-1.0 ° .002 0.03 2,000 (Ca0)
Cd 0.01 0.1-1.0  .002 0.03 $0 (metal dust & soluble salts)
‘Co 0.96 0.5-5.0  .005 .0.3 50 (metal fume and dust) -
Cr 0.05 0.5-5.0 .003 0.2 $0 (water soluble Cr (V1) compounds)
Cu 0.03 0.5-5.0  .004 0.1 200 (fume)
1,000 (dusts and mists) ‘
Fe 0.03 0.5-5.0 .003 6.2 10,000 {iron oxide fume, as iron oxide)
1,000 (soluble compounds)
K 0.02 0.1~-1.0 003 0.1 2,000 (as potassium hydroxide)
Li 0.02 0.1=1.0 002 0.08 24 (as lithium hydride)
Mg 0,004 05,50 0002 0.01 10,000 (as magnesium oxide fume)
Mn 0.026 0.5-5.0 .003 0.1 5,000 (metal and compounds)
Na 0,003 05-,08  .0002 0.01 2,000 (as sodium hydroxide)
Ni 0.05 0.5-5.0 ° .007 0.3 100 (soluble compounds)
Pb 0.10 1-10 .01 0.8 159 (inorgani¢ compounds,
fumes & dusts)
Rb 0.02 0.5~5.0 .003 0.1 NL§
St 0.06 0.5-8.0 .00 0.2 NL§ :
T 0.23 5=50 .03 0.8 100 (soluble compounds)
Y 0.96 10-100 0.5 4 50 (V404 dust and fume)
-Zn 0.007 0.1-1.0 002 0.08 1,000 (ZnCls fume)

$£,000 (ZoO fume)

*Sensiiivity and solution detection limits are taken from Referénee 10, The atmospheric concentsa-

Hons were caleulated gssuming a colieczion volume of .24 ra® (2 L/min for 2 h) and an -analyte
volume of 10 mL for the entire sample, (NOTE! These delection limits sepresent the ultimate values
since the blanks resulting from the rexgents and the filiey material have not been taken into account.}

1Threshold limit values of alrborne contaminants and physical agents with iniended changes
adopted by ACGIH for 1987-1988. All values listed are expressed as clemental ¢ancenilalions excepd

as noted,

§NL signifies No Limit exprassed for this element or its compoﬁnds. _

tion. Such interferences are extremely rare
in atomic absorption. In some cases multi-
element hollow cathode lamps may cause a
¢pectral interference by having clasely adja-
cent radiation lines from two different ¢ele-
ments. 1o such instances multi<iement hol-
low cathode lamps should not be used,

3.1.3 lonization imterferences can o¢-
aur when easily ionized atoms are being
measured. The degree to which such atoms
“are ionized is dependent upon the atomic
concentration and presence of other easily
iopized atoms in the-sample. lonizudon in-
Lerterences can be controlled by the addi-
tion to the -sample of a high concentration
of another easily ionized element that will

17

buffer the clectron concentration in the
flame, o . .

3.1.4 Chemical interferences occur in
atomic absorption spectrophotomsetry.
when species present in the sample cause
variations in the degree 1@ which atoms are
formed in the flame. Such intecferences
may be corrected for by controlling the
sample matrix or by using the method of
standard additions (2). )

3.1.5 Physical interferences may
résult if the physicul propenies of the sam-
ples vary significantly. Changes In viscosity
and surface tension can affect the sample
aspirution rate and thus causc erronecus
results. Sample dilution and/or the method
of standard additions =re used to correct

—en ‘e

-
r




such interferences. High concentrauons of
Si in the sample ¢an csusz an inlerference
for many of the clements and may cause
aspiration problems. No matier what ¢le-
ments ate being measured, if large amounts
of Si are extracted from the samples, the

samples should be allowed to stand for sev-

eral hours and centrifuged or Diltered to re.
move the Si.

3.2 This procedure describes a general-
ized method for sample preparation which
is applicable to the majority of samples of
interest. There are, however, some rela.
tively rare chemical forms of a few of the
eiements listed in Table 822:1 that will not
be dissolved by this procedure, If such
chemical forms are suspected, results ob-
tained using this procedure should be com-
pared with those obtained using an appro-
priately altered dissolution procedure.
Alternadvaly, the resulis may be compared
with values obtained utilizing a non-
destructive technique that does not require
sample dissolution (e.g., X-ray fluores-
cence, activation analysis). '

4, Pracision and Accuracy

4.1 The relative standard deviation of
the analytical measurement s approxi-
mately 3% when measurements are made in
the ranges listed in Table 822:11. The over-

all relative standard deviation will be some-

what larger thao this value due to errors
associated with the sample collection and
prepararion steps.

4.2 No daia are presently available on
the accuracy of this method for actual air
samples,

5. Advantages and Disadvantages
of the Method :

" 8.1 The sensitivity is adequate for all

metals in air samples but only for certain

- metals in biological matrices. The sensitive

ity of this direct aspiration method is not
- adequate for Be, Cd, Ca, Cr, Mn, Mo, Ni,
. and Sn in biological samples,
* 8.2 A disaaventage of the method is
that ut least | 1o 2 mL of solution is neces-
sary for each meral determination. For
small samples, the necessary diluuon would
_decrease sensitivity.

£.3 To a great extent, thase difficuities’

caa be overcome using non-flame ETA
methods, Adcquate sensitivity for all of the
above samples can be obtained and typical
analyses require from 15 gL to 75 kL per
clement. (Assuming 3 atomizations per
analysis; 5 uL to 25 gL per atomization.)

5.4 Disadvantages 10 ETA includc the
relatively high cost of instrumentation, reli-
ance on sophisticated background correc-
tion schemes, sand decreased atomization-
to-atomization precision, unless an
automaled sample injector is used (at addi-
tional cost),

6. Apparatus

6.1 SAMPLING EQUIPMENT.

6.1.1 Membrane filters with 2 pore
size of 0.8 um appropriately sized fer the
sampling holder are satisfactory for air
sampling, Quartz and glass fiber filters,
fluorocarbon filters 2nd cellulose filters
can also be used. The selection will depend
on the specific application.

6.1.2 Sampling pump must be of suf-
ficient capacity to maintain a face velocity
of 7 em/s (5). A personal sampling pump
must be calibrated with a representative
filter unit in the. line.

6.1.3 Flow measurement device such -

as a calibrated rotamcter is required to
monitor, or a critical flow orifice is used 1o
controf ‘the sampling rate.

§.1.4 Typical personal sampling con-
figurations might include a two-piece open-

‘face cassette holder or a filter holder pre-

ceded by an impaction or cycione stage to
sample size-segregated aerosols. Other de-
vices such as mulii-stage cascade impactors
may bc used, and arca samples may be
taken with devices ranging in dimension
from 47 mm dizmeter to 20 X 25 cm rec-
wangular high volume units. Air volumes
sampled might range from 2 few hundred
cubic centimeters to thousands of cubic me-
ters (over 7 orders of magnitude).

.6.2 OLASSWARE, BOROSILICATE. Before
use all glassware must be cleaned in 1:1 di-
luted nitric gcid- end rinsed several times
with distilled warer,

6.2.1 125-mL Phillips or Griffin
beakers with warch glass covers,
6.2.2 15-mL graduated centnifuge
tubcs,
18
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3 |10-mL volumetric flasks.
.4 100-mL volumetric flasks.
5 1-L volumertric fiasks.

6 125.mL polyethylene bortles.

6.2.7 Additional auxiliary glassware
such as pipettes and different size volumet-
ric glassware will be required depending on
the elements being determined and dilu-
tions required to have sample concentra-
tions above the detection limit and in the
linear response range (i.e., see Table
£22:11), All pipettes and volumetri¢ flasks
required in this procedure should be cali-
brated class A volumetric glassware,

6.3 EQUIPMENT.

6.3.1 Atomic adsorption spectropho-
tometer, with burner heads for air-acetylene
«nd nitrous oxide-acerylene flames,

6.3.2 Hollow cathode lamps for €ach
metal, and a continuum {amp.

6.3.3 Horplate, suitable for operation
at 140°C and 250°C.

6.3.4 Two-stage regulators, for air,
acetylene and nirrous oxide.

6.3.5 Heating tape and rheostat, for
nitrous oxide regulator (second regulator
stage may need to -be heated to approxi-
mately 60°C to prevent freeze-up).

6.4 SUPPLIES. :

6.4.1 Acetylene gas (cylinder). A
grade specified by the manufacturer of the
instrument, (Replace cylinder when pres-
sure decreases below 100 psi or 700 kPa.)

6.4.2 Nitrous oxide gas {¢ylinder).

_ 6.43  Air supply, with 2 minimum
pressure of 40 psi (275 pKa), filtered to-re-
move oil and water.

7. Reagents
1.1 PURITY. ACS reagent grade chemi-

cals or equivalent shall be used in all tests.

References to water shall be undersiood to
mean ASTM reagont water Type I, Care in
selection of reagents and in following the
listed precautions is essential if low blank
values are to be obtained.
7.2 CoNe NITRIC ACID (68 to 71%). Re-
distilled, sp.gr. {.42
2.3 STANDARD STOCK SOLUTIONS (1000
ug/mL) for each metal in Table 822:1,
Commercially prepared or prepared from
the following: .
1.3.1 Siiver nitrate (AgNO,).
1.3.2 Aluminum wire.
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7.3.3 Burium chlorice (BaCly -
2H,0).*

1.3.4 Beryllium metal.

1.3.8 Busrnuth metal.

1.3.6 Calctum carbongte (CaCOL). "

73.7 Cudmium meal.

"1.3.8 Cobalt meral.

1.3.9 Copper metal.

73.10 Poiassium chromate
(K,CrC,).

7.3.11 Iron wire.

1.3.12 Indium metal.

7.3.13 Potassium chloride (KCl}. *

1.3.14 Lithium carbonate (Li,CO;).®

7.3.15 Magnesium ribbon.

7.3.16 Manganese meial,

7.3.17 Sodium chloride (NaCl). *

73.18 Nickel meral.

1.3.19 Lead nirrate (POINOy o).~

1.3.20 Rubidium chloride (R6CH.*

13.21 Sirontium nitrate [Se(NOJ.*

1.3.22 Thellium nitrare (TINO Y.

7.3.23 Vanadium meral,

7.3.24 Zinc metal,

7.4 LANTHANUM NITRATE [LA(NO,); *
6H,0). '

7.5 CEsiuM NITRATE (CSNO;) .

8. Procedtre

. 8.1 CLEANING OF EQUIPMENT. .
8.1.1 Before initial use, glassware is
cleaned with a saturared solution of sodium
dichromate in coacentrated sulfuric adid
(Note: Do not usc for chromium analysis)
and then rinsed thoroughly with warm tap
water, conc nitrie -acid, tap water and re-
agent water, in that order, and then dried.
 8.1.2 Al glassware jssoakedina mild
detergent solution immaediately after use to
remove any residual grease or chemicals.
8.2 COLLECTION AND SHIPPING OF SAM-
PLES. . ‘
3$.2.1 Ambient aumospheric particu-
late matter and indusurial dusts and fumes
are sampled with cellulose &ster membrane
filters of 0.8 um average pore size (Milli-
pore Type AA or equivalent). The pump
used with any membrane filter must be suf-
ficient to maintain a face velocity of at least
7 em/s throughout the sampling period.

*These salts must be stored in a desiccater 1o
avoid pick-up of waler from ih¢ AUMOSPhLre.




Sample flow rate is mon:tored with 2 caii.
brated rotameter (5) or the equivalent. The
flow rate, ambient temperaiure and baro-
metric prassure are recorded at the begin-
ning and the end of the sample collection
peried.

3.2.2 For pcrsonal sampling, 37-mm
diam filters in holders (Millipore Filter
Type AA or equivalent) are used. The per-
sonal sampler pumps for this application
are operated at 1,5 L/min. {n general, a 2-h
sample at 1,5 L/min will provide enough
sample to deteet the elements sought ar ai¢
concanlrations of 0.2 x TLV.

8.2.3 After sample collection is com-
plete the exposed filter surface should be
covered with a ¢lean filter, Losses of sample
duc to overioading of the filter must be
avoided,

8.3 SHIEMENT OF SAMPLES,

8.3.1 Filter samples (with clean fiiter .

covers) should be sealed in individual plas-
tic filter holders for storage and shipment,

8.4 PREPARATION OF SAMPLES, Most
workplace or environmental ar samples
collected 6n membrane filters or cellulose.
based filters can be prepared by the total
dissolution method described in sections
8.4.1 through 8.4.3. Filters of quartz or
glass fiber or fluorocarbon-based media are
treated via the extraction method which be-

gins at Section 8.4.4,

"~ 8.4.1 Samples suitable for total disso-

. ludon inecluding the clean filter covers and
. . blanks- (minimum of ! filter and c¢over

blank for every 10 filter samples) are trans-

- ferred 10 ¢lean 125.mL Phillips or Criffin

beakers and sufficient ¢oncentraied HNO,
is added 10 cover the sample, Each beaker is
covered with a watch glass and heated on 2
hot plate (140°C) in & fume hood unul the
sample dissolves and a slightly yellow solu-
ton is produced. Approximately 30 min of
heating will be sufficient for most air sam-
ples, Howewver, subsequent additions of
HNO; may be needed to completely ash
and destroy high concentrations of organi¢
material, and under these conditions longer
ashing tirmnes will be needed. Once the ash-
ing i» complete as [ndicated by a clear solu-
tioen in the beaker, the watch glass is re-
moved; und the samples sre allowcd o
evaporate 1o near dryness.

8.4.2 PBlace the sample bcaker on &
hot plate controlled at 250°C for several

minutes. 1 evidence of charsing is ob-
served, remove from hot piate, ¢ool and
repeat the procedure in 8.4,1. If the residue
in the beaker is a Lght whitish material the
beaker is cooled and | mL of HNO, and 2
to 3 mL of distilled H,O are added. The
beaker is replaced on the hot plate and
swirled occasionally until the residue is dis-
solved (as indicated by a light c¢lear solu-
tion}, The beaker is then removed and the
solution is quantitatively transferred with
distilled water 10 & J0-mL volumetric flask.
If any elements are being determined that
require the ionization buffer, 0.2 mL of 50
mg/mL Cs (9.1.2) is added to the volumets
ric flask (see Table 822:, footnote §). [f
any elements requiring the releasing agent
are being determined, 0.2 mL of 50 mg/mL
La (9.1.1) is added to each volumetric flask
(see Table 822.1, footnote **). The samples
are then diluted 1o volume with water,
8.4.3 The 10 mL solution may be ana-
lyzed directly for any element of very low
concentration in the sample. Aliquots of

this solution may then be diluted to an ap--

propriate volume for the other elements of
interest presemt at high concentrations
(Note: Approximately 2 mL of solution are
required for each element being analyzed.)
The dilution factor will depend upon the
concentration of ¢lements in the sample
and the number of elements being deter-
mined by this procedure.

-8.4.4 Samples on non-ashable filter
media (¢.g., glass or quartz fiber, or fluoro-
carbon filters), including blanks and appro-
priate quality assurance samples, are placed
into clean, 128 mL Phillips or Griffin beak-
ers, Samples should lie face-up on the bot-
tom of the beaker; they may be cut if neces-
sary. Add 15 mL of hot (85°C), mixed acid
extractant (65 mL HNO,; and 182 m HCI
diluted to | L with water and ¢over the
beakers with parafilm, Agitate the samples
in a heated (85°C) ultrasonic bath ar 100 W
power for 60 min. Remove the beakers
from the bath and allow them to cool to
100m temperature,

8.4.5 Assemble the vacuum filtration
unit (Figure 822:1) with « 25 mm glass filter
and prerinse the apparatus with 10 mL of
clean, hot mixed acid extractant, carefully
rinsing the walls of the funnel, and discard
the filtrate, Place 3 clean 25-mL volumetric
fiask in the bell jar and cxpress the sample
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through the filter wsing vacuum, reraining
the insoluble: sampling medium in the
beaker, Rinse the beaker and insoluble ma-

terials 3 times with 3 mL portions of water

and express the rinse liquid through the
filter, Use a clean glass stirring rod to agi-
tate the insoluble material, to ensure ¢com-
plete recovery of trapped liquid. If any of
the metzls being detected require the use of
ionic buffer (sce Table 822:1), add 0.5 mL
of 50 mg/mL Cs (9.1.2) to the volumetric
flask. If releasing agent is required add 0.5
mL of 50 mg/mL La (9.1.1). Dilute to vol-
ume with water and proceed with analysis
in Section 8.5, Note: Samples small enough
1o be adequately treated in 25 mL beakers
can be extracted with 3 mL of het exiract-
ant, washed with 1.5 mL portions and col-
lected in 10 mL volumetric flusks. Reduce
additions of releasing agent and ionizarion
buffer 10 0.2 mL.

8.5 ANALYSIS,

8.5.1 Sect the instrumen! operating
conditions as recommended by the manu-
facturer, The insirument should be set at
the radiation intensity maxmum for the
wavelengih listed in Table 822:1 {or the ¢le-
ment being determined.

8.5.2 Stendard solutions should
match the sample mairix as closely as possi-
ble and should be run in duplicate, Work. -
ing standard ‘solutions, prepared fresh
daily, are aspirated into the flame and the
absorbance recorded. Prepare a calibration
graph as described in Section 9.2.3 (Note:
Al combustion products from the AA
flame must be removed by direct exhaus-
tion through use of & good separate flame
ventilation system.)

8.5.3 Aspirate the appropriately di-
luted samples directly into the instrument
and record the sbsorbance for comparison
with standards. Should the absorbance be
above the calibration range, dilute an ap-
propriate zliquot 1o 10 mL. Aspirate water
between samples, A’ mid-range standard
must be aspirated with sufficienr frequency
(i.¢., once every 10 samples) to assure the
accuracy of the sample determinations. To
the extent possible, all determinations are
to be based on replicate analysis, -

9. Calibration and Standards

9.1 IONIZATION AND CHEMICAL [NTER-
FERENCE SUPPRESSANTS.

© 9.1.1 Lanthanum solution (50 mg/
_mlL). Dissolve 156,32 g of lanthanum ni-
trate [La(NO,)y 61—120] in 2% (v/v)HNOQ;.
Dilute 1o volume in 2 I-L volumetric flask
with 2% (v/v)HNO,. When stored in a
polyethelene bottle this solution is stable
for at lcast one year.

9.1.2 Cesium solution (50 mg/mlLl),
Dissolve 73.40 g of cesium nitrate (CsNO,)
in distilled water. Dilute to volume in a I-L
volumerric flask with distilled water. When
stored in a polyethylene bottle this solution
is stable for at [east onc year. .

9.2 STANDARD METAL SOLUTIONS,

2.2.1 Standard stock solutions. All
standard stock solutions are made to a con-
centration of 1.0 mg of metal per mL. Ex-
cept as noted these siandard stock solutions
are stable for at least one year when stored
in polyethylene bottles.
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a. Master silver siandard. Dissolve
1.574 g silver nitrate (AZNO;) in 100 mL
distilled water. Dilute to volume in a I-L
volumetrce flask with 2% (v/v) HNQ,, The
silver nitrate solution will decompose in
light and must be stored in aa amber bottie
gway {rom direct light. New master stiver
standards should be prepared every
few months.

b, Master aluminum standard, Dissolve
1,000 g of Al wire in 2 minimum volume of
1:1 HCL Dilute to volume in a 1.L [lask
with 10% v/v HNO;.

¢, Master barium standard. Dissolve
1.779 g of barium chloride (BaCl, « 2H;0)
in water. Dilute to volume in a 1-L volumet-
ric flask with distilled water.

d. Master beryllium standard, Dissolve
1,000 g of Be metal in @ minimum volume
of 1:1 HCIL. Dilute to volume in a 1-L flask
with 2% (v/v) HNO,.

&. . Master bismuth standard, Dissolve
1.000 g of bismuth metal in 2 minimum
volume of 6 N HNO,. Dilute to volume in &
1-L volumetric flask with 2% (v/v) HNO,.

. Master calcium standatd. To 2.498 g
of primary standard caicium carbonate
(CaCO;) add 30 mL of deionized water.
Add dropwise a minimum volume of HCI
(approximately 10 ml) to dissolve the
CaCO,. Dilute to volume in g 1-L volumet-
ge flask with distilied water.

g. Master cadmium standard. Dissolve

- 1.000 g of cadmium metal in 2 minimum

volume of § N HC). Dilute to volumein a 1-

. L volumetric flask with 2% (v/v} HNO,.

k. . Master cobalt standard., Dissolve
1.000 g of Co metal in a2 minimum volume
of 1:1 HCL Dilute to volume in & 1-L flask
with 2% (v/v) HNO,. -

I. Master copper standard. Dissolve
1.000 g of copper metal in 2 minimum vol-
ume of 6 N HNO,. Ditute to volume in a 1-
L volumetric flask with 2% (v/v) HNO,.

J. Master chromium siandard. Dissolve
3.735 g of potassium ¢hromate (X,CrOy in

" distilied water. Dilute to volume in & I-L

flesk with distilled water,
k. Master iron standard. Dissolve 1.000

'g of iron wire in 50 mL of 6 N HNO,.

Dilute to volume in a I-L volumetric flask
with distilled water, .

1. Master indium standard. Dissolve
1.000 g of indium metal ina minimum vols
ume of 6 N HC!. Addidon of a few drops

of HNO, and mild heating will aic in dis-
solving the rmezal, Dilute to volume in a [-L
volumetric flask with 10%e (v/v) HNO,.
m. Master potassium standard, Dissolve
1.907 g of potassium chloride (KCl) in dis-
tilled water. Dilute to volume in a 1-L volu-
metrie flask with distilled water. '

n. Master lithium standard. Dissolve

5.324 g of Li,CO, in a minimum volume of
6 N HCl: Dilute to volume in & 1-L volu-
metric flask with distilled water, '

0. Master magnesium standard. Dis-
solve 1.000 g of magnesium ribbon in 2
minimum volume of § N HCL Dilute to
volume in a 1-L volumetric flask with 2%
(v/v) HNO,.

Master munganese standard, Dis-
solve 1,000 g of mangancse metal in 2 mini-
mum volume of 6 N HNO;. Dilute to vol-
ume in a 1.L volumetric flask with 2%
{v/v) HNG,.

q. Master sodium standard. Dissolve
2.542 g of sodium chloride (NaCl) in dis-
tilled water. Dilute to volume in & I-L volu-
metric flask with distilled water.

r.  Master nickel standard, Dissolve
1,000 g of nickel metal in 2 minimum vol-
ume of 6 N HNO,. Dilute to volume in 2 1-
L volumetric flask with 2% (v/v) HNO,.

s. Master lead standard. Dissolve 1,598
g of lead nitrate [Pb(NOy),) in 2% (v/¥)
HNO,. Dilute to volume in a I-L volumet-
fe flask with 2% (v/v) HNO;.

t. Master rubidium standard. Dissolve

1.415 g of rubidium chloride (RbCl) in dis- °

tilled water. Dilute to volume in a 1-L volu-
metric flask with distilled water.

n. Master strontium standard. Dissolve
2,415 g of stronlium nitrate [Sr(NOy), in
distilled water. Dilute to volume in 2 1-L
volumetric flask with distilled water.

v. Master thallium standard. Dissolve -

1.303 g of thallium nitrate (TINO,) in 10%
(v/v) HNO,. Dilute to volum¢'in 2 1-L vol-
umetrie flask with 10% HNO,.

w. Master vanadium standard: Dissolve
1.000 g of vanadium metal in minimum vol-
ume of 6 N HNO,. Dilute to volume in a 1-
L volumetric Mask with 10% (v/v) HNO,.

x. Master zne standard, Dissolve 1.000
g of zinc metal in 2 minimum volumeof 6 N
HNO,. Dilute to volume in a 1-L volumet.
ric Aask with 2% (v/v) HNO;.
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9.2.2 Dilute stzndars. Diluted stan-
dard mixiures of the elemenrs isted in 9.3,
Are prepared according to the directions in
the following sections a (0 ¢, The mixad
dilute standsards are Preparcd such thar the
accuracy of the working standare prepara-
tion (section 9.2.3) is maximized. Only
those elemen:s being determined in the
samples need to be prepared as dilute and
working stundards,

8. Mixed ealeium, cadmium, potassium,
lithium, magnesium, sodium and 2in¢ stan-
dard (0.010 mg/mL for each metal). Pipet
10 mL of the master Stendards for caleium,
cadmium, potassium, lithium, magnesium,
sodium, and zinc into a [-L flask, add 100
mL of cone HNO,, and dilue to voltume
with distilled warer, Prepare fresh monthly.

b.  Mixed barium, bismuth, cobalt,
chromium, copper, iron, manganese,
nickel, lead, rubidium and strontivm stan-
dard (0.100 mg/mL for cach metal). Pipet
10 mL of the master standards for barium,
bismuth, cobalt, chromjum, copper, iron,
Mmanganese, nicke!, lead, rubidium and
stronmtium into a 100-mlL volumetric flask,
add |0 mL of cone HNO, and dilute 10
volume with distiiled water. Prepare fresh
monthly (Note: Due 1o volume consider-
ations, if more than 8 elements are to be
prepared one mugt prepare 2 dilute
standards.)

¢. Dilute silver standard (1.100 mg of
silver per mL), Pipet 10 mL of the masier
silver standard and 10 mL cone HNQO, into
&2 100-mL volumetric Rask, and dilute 10
volume with distilled water, Store in an am.
ber bottle away from direct light, Prepare
fresh weekly, .
'9.2.3 Working standards,

% Mixed working standards, Working
standards are prepared by pipetting appro-
priate amounts of the dilute standards from
9.2.2.2, 9.2.2.6 and the master standards

o AL In TH g Pipet I mL of the

- dilute standard from section 9.2.2.2a and |

L mL from the dilute standard from 9.2.2.b

into a 100-mL volumetric flask. Pipet into
this same volumetric flask, I mL from each
of the master standards for Al, in, Tl and
Y. Add 2 mL of 50 mg/mL Cs solution, 2
mL of 50 mg/mL La solution and 10 mL of
HNO;, to the volumetric flask and dilute 1o

volumz with dvillea waier.® This solutien
containg the followins metaly ar the indi-
cated concantrations: Ca, Cd, K, Li, Mg,
Na and Zn—0.} ppm; Rb, Ba, Bi, Co, Cr,
Cu, Fe, Mn, Ni, Pb, & 71— 1.0 ppm; Al,
In, T}, and vV~ 10.0 pem. (Note: dilute znd
working standards need 1o be prepared only
for the clements being determined in the
sample. If Cr and K are being determined in
the sample, Separate  working solurjons
must be prepared since the chromium stan-
dard contains k. Using the above deseriped
preparation procedures 2 standard conraig.
ing 1.0 ppm Cr will aiso coatain 1.5 ppm
K). This proceduyre is repeated using 2, 3, 4,
and S mL of the s&me standard metal soly-
tions indicated above, These standards
must be prepared fresh daily.

b, Working sifver standard, Pipet 1 mL
of the dilute silyer standard (from section
9.2.2.¢) into a 100-mL volumeiric flask and
dilute 1o volume with distilled water, This
solution conrains |.9 Ppm silver ion, Re-
peat this procedure using 2, 3, 4, and $ mL
of the dilute silver standard, The working
silver standards must be prepared fresh
daily.

2.2.4 The standard solutons are aspi-

rated into the flame and the absorbance re.

corded, If he instrument used displays
ransmittance, these valyes must be con-
verted 16 absorbance, A calivration curve is
prepared by plouing absorbance versus

‘metal concentration., The best fit curve (¢cal-

culated by linegr leas: Squares regression
analysis) is fitted 1o the data points. This
lin¢ or the equation descriding the Jine js
used to obtain the meral concentration in
the samples being analyzed. .
9.2.5 To easure that the preparation
i$ being properl y followed, clean membrane
filters arc spiked with known amounts of
the ¢lements oeing determined by adding
appropriate amounts of the previously de-
scribed standards and carried through the
entire procedure. The amount of metal is

—_—

*The proceduze as desoribent has been desiyned
10 match the nitnie zeid concentration of samples
and suandards (i.c., (0% vy ENQO,). If the sam-
ple solution frem section 8.4.3 5 (o be dilujed

prior 10 analysis the amount o ucid «dded 10 the -

standards must be redyuced by an amoun: equa!
to the Qmple dilution ficior.
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TRACE METALS IN AIRBORNE MATERIALS 617

determined and the pereeat recovery calcu-
lated. These tests will provide recovery and
precision data for the procedure as it is ¢ar-
ried out in the laboratory for the soluble
compounds of the ¢lements being
daetermined.

9.2.6 Analysis by the method of stan-

dard additions. In order to check for inter~

ferences, samples are initially and periodi-
czally analyzed by the method of standard
addlitions and the résults compared to those
obtained by the conventional analyiical de-
termination. For this method the sample is
divided into three 2-ml aliquots, To one of
the aliquots an amount of metal approxis

mately equal to that in the sample is added. -

To another aliquot twice this amount of
-metal is added. (Note: Additions should be
made by micropipetting techniques such
that the added volume does not exceed 1%
of the original aliquot volume—i.e., 10 ul
and 20xL additions 10 2 2-mL aliquot,) The
" solutions are then analyzed and the absord-
ance readings (ordinate) are plotted against
metal added ‘to the original sample (ab-
scissa). The line obtained from such a plot
is extrapolated 1o 0 absorbance and the in-
tercept on the concentration axis is 1aken as
the amount of meral in the original sample
. {2). I the result of this determination does
: ~ not agree to within 209% of the valuas ob-
. tained with the procedure deseribed in see-
tion 9.2.4, an interference is indicated and
standard addition techaiques shouid be uti-
lized for sample analysis.

9.3 BLaNK. Blank filters must be carried
through the entire procedure each time
samples are analyzed,

10. Calculations

10.1 The uncorrected air volume sam-
" pled by the filter is calculated by averaging
the beginning and ending sample fNow

7. rates, converting (o cubic meters and multi-

© plying by the sample collection time,
= FB - FE
2 x 100
where V = uncorrected sample volume
(rn?)
Fg = sample flow rate at beginning
of sample collection (L/min)

»
m
n

ple colection (L/min)

sample Now rate at end of sam- I

t = sample collection time (min-
utes) ‘

10,2 Ifrequired, the volume is correcied
to 25°C and 101.3 kPa by using the
formuia :

_ (299 @) (V)
@~ 1013) ()

where V., = corrected sample volume

(m”)

average barometric pressure

during sample collection

period (kPa)

averuge temperature during

the sample collection period

(X)

(Note: K 2 °C + 273)

V = uncorrected volume calcu-
lated from 10.! (m¥.

]

=]
n

168.3  After any necessary correction for
the blank has been made, metal concentra-

- tions are caleulated by multiplying the xg of

metal per mL in the sample aliquot by the
aliquot volume and dividing by the fraction
which the aliquot represents of the total
sample and the volume of air ¢ollected by
the filcer, .

CxV¥Y)-8
Vere X F

where C = concentration (Mg metal/mL)
in the aliquot

pg meral/md =

V = volume of aliquot (mL)
B = total pug of metal in the blank
F = fraction of total sample in the

aliquot used for measurement
(dimensionless)

Veor = corrected volume of air sample
and calculated from 10.2.

10.4 Untreated filter samplc.;: may be
stored indefinitely.
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1 Introduction

A monitoring and quality assurance plan has been developed for the Flambeau Mining
Company (Flambeau) project for the construction and operation phasc in response to NR
132.06(3)(d), NR 182.08(2)(¢)8, and NR 182.09(2)(a)7, and the project’s long-term care and
maintenance phase in response to NR 132,08, NR 182.09, NR 182.16, and NR 182.19 as
written in April, 1991 and revised in August 1991. That document will be referred to as the
August 1991 Quality Assurance/Quality Control (QA/QC) document.

Operation phase monitoring includes a program to monitor asbestiform fibers for the period
May through September for the first three years or throughout the operating life of the mine,
if found necessary. Pursuant to the approved Mining Permit, Part 4, Condition 8, this |
addendum to the Mining Permit Quality Assurance/Quality Control Document, which
addresses the asbestiform monitoring program, is submitted to the Wisconsin Department of
Natura} Resource (WDNR). The QA/QC documents are required to be submitted to
WDNR at least 90 days prior to implementation of this element of the monitoring plan.
Contained herciﬁ are methodologies for asbestiform fiber sample coliection and analyses and
descriptions of sampling equipment. The sampling schedule, locations, and equipment
calibration and preventative maintenance procedures are also presented. QA/QC procedures
for other monitoring requirements are described in the April and August QA/QC 1991
documents.

This addendum to the QA/QC plan is structured to meet the intent of the Department’s

requirement for QA/QC documents and the USEPA’s guidelines and specifications for

preparing QA/QC project plans.

[32-24191F6.51/ASQAQCPL.REP Fath & Van Dyke * 1
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2 Organization and Responsibility
2.1 Field Operations

Asbestiform sample collection activities will be performed by personnel from
Foth & Van Dyke and from Flambcau. Additional descriptions of the organization and
responsibilities for ficld operations can be found in Section 4.0 of the August 1991 QA/QC

document.
2.2 Laboratory Operations

Laboratory analytical activities were also described in the QA/QC document as revised in
August 1991, Asbestiform anaiysis will be performed by Wisconsin Occupational Health Lab
(WOHL). This lab is a WDNR-certified laboratory. A copy of their quality assurance plan
is included in Appendix A.

[32-24191F6.51/ASQAQCPL.REP Folh & Van Dyke * 2
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3 Quality Assurance Targets for Precision, Accuracy, and Method Detection
Limits

The purpose of quality assurance objectives is to define the precision and accuracy targets as
well as the method detection limits which will be used for both laboratory and field

measurement data.

All measurements must be made such that results are representative of the media and
conditions being measured. Data quality objectives for accuracy and precision for each
measurement parameter will be based on the measurement system employed and the
requirements of this plan. Quality assurance objectives for laboratory data are found in
Table 3-1.

[32-24]91F6.51/ASQAQCPL.REP Foth & Van Dyke = 3
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4 Sampling Procedures
4.1 Sampling Locations and Schedule

Asbestiform samples will be collected at three of the sites where total suspended particulate
(TSP) samples will also be collected. These are the northeast, northwest and southeast sites
as shown on Figure 4-1. Site selections for TSP monitoring were based on USEPA siting
criteria as described in the Ambient Monitoring Guidelines for Prevention of Significant
Deterioration, EPA 450/4-87-007.

Samples will be collected one day a month during the period May through September for a
total of five sample sets of two per site per year. One sample will be coordinated with a
blasting day at the mine or during another significant material handling procedure. This
monitoring will be conducted only once if no asbestiform fibers are detected. The remaining
samples will be collected according to the commonly employed national ambient air sampling

schedule.

Each monitoring event will be conducted over an eight-hour duration coincident with the
normal daily operating schedule of the mine. Two samples will be collected at each site, onc
at a low flow rate and the other at a high flow rate. Two flow rates will be used in order to
prevent voiding a sampling cvent due to overloaded or underloaded samples.

Monitoring shall begin when the mining phase begins and shall be repeated annually. If
monitoring during the first three years of active mining does not detect asbestiform fibers
from the mining operations, monitoring will be discontinued per Part 4, Condition 5 of the

Mining Permit.
4.2 Sampling Equipment

In the sampling process, air is drawn through a filter at a known rate by a flow-controlled

pump. The sampling components are described below.

[32-24)91F6.51/ASQAQCPL.REP Folh & Van Dyke * 5
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4.2.1 Filter Media and Cassettes

Commercially available filters comprised of the filter media and cassettes will be used for
sample collection. The cassette shall be loaded with a 25 mm diameter mixed cellulose ester
(MCE) filter of pore size 0.8 um. The filter shall be backed with a 5.0 mm pore size MCE
filter followed by a cellulose support pad. The support pad is provided so that distortion of
the filter caused by differential pressure across it does not occur during sampling. The
cassettes shall be purchased with the required filters in position. The cassettes will be sealed

by the manufacturer to prevent air leakage.

The movement of air through the filter may cause a significant buildup of static charge on
the cassettes. The static charge, in turn, is likely to affect the distribution of fibers on the
filter and may cause fibers to collect on the cassette walls rather than on the filter. To guard
against static buildup, a metal cowl or electrically conductive cassette shall be used in

conjunction with the sampling train.
4.2.2 Sampling Pump

The sampling pump shall be capable of achieving flow rates of 2-12 liters per minute (Ipm)
and of pumping over an eight hour duration. A typical pump and sampling train is shown in
Figure 4-2. Flexible tubing shall be used to connect the filter cassette to the sampling pump.
The sampling pump shall provide a non-fluctuating air-flow through the filter, and shall
maintain the initial flow rate to within +10% throughout the sampling period. A critical
orifice will be used to meet this requirement. Because slight changes in size and shape of the
orifice (due to wear or accumulation of particles) will change the orifice characteristics,

orifices shall be inspected during each sampling event.
4.23 Rotameter

A high quality rotameter with arbitrary unit graduations shall be used to monitor the sampie
flow rate through the sampling apparatus. The flow measuring device shall be inserted

downstream of the filter and the pump assembly. The rotameter shall be accurate to +5%

[32-24191F6.51/ASQAQCPL.REP T12 Foth & Van Dyke * 7
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of the expected sampling flow rate. The rotameter shall be calibrated before and after each
sampling cvent against a National Bureau of Standards (INBS) traccable primary flow

standard with an accuracy of +1%.

4.3 Sampling Procedures

4.3.1 Air Volume

The sampling rate and the period of sampling shall be selected to yield as high a sampled
volume as possible. Two samples will be collected over an eight hour period; one at 3-4 Ipm
and the other at 6-8 Ipm in order to collect an optimum volume of air per unit area of filter.
This will minimize the potential that filters will have to be rejected for analysis due to

overloading or underloading.
4.3.2 Sampling Operation

Air samples shall be collected using the cassettes described in Section 4.2.1. Each cassette

assembly will be visually checked for leaks both before and after each sampling event.

Sampling shall be conducted with the cassette open-face. During sampling, the filter cassette
shall be supported on a stand so that it is isolated from the vibrations of the pump. The
cassette shall be held facing vertically downward at a height of approximately 2.1 meters
above ground level and connected to the pump with a flexible tube. It may be sufficient to
collect samples with a standard cassette configuration. If conditions dictate the need for

additional protection, however, an extension cowl may be affixed to the front of the cassette.

The sampling pumps will be calibrated with a loaded cassette in line. A rotameter, which has
been calibrated against a primary standard, will be inserted downstream of the filter and the
pump assembly. Once the sampling equipment is in place, as shown in Figure 4-2, and has
been calibrated, the sampling site location, start time, filter number, pump number and other
pertinent information will be recorded. The pump will be started and the flow rate recorded.
Flow will be verified after 15-30 minutes of sampling. The critical orifice should maintain the

set flow rate. The rate will be verified at least every two hours. If at any time the

(32-24191F6.51/ASQAQCPL.REP Foth & Van Dyke *
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measurement indicates that the flow rate has decreased by more than 30%, the sampling-will
be terminated, The mean value of these flow rate measurements will be used to calculate the

total air volume sampled.

At the end of each sampling event, the final flow rate and the stop time will be recorded. A
cap will be placed over the open end of the cassette, and the cassette will be packed in a
clean plastic bag for return to the laboratory. Field blank filters will also be included in the
shipment to the laboratory, as described in Section 7.1.2, and will be processed through the

remaining analytical procedures along with the samples.

[32-24]91F6.51/ASQAQCPL.REP Foth & Van Dyke * 10
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5 Sample Custody
5.1 Sample Transport and Chain-of-Custody Procedures

After collecting each sample, precaution must be taken to ensure its integrity and prevent
contamination until it is analyzed. The plastic top cover and small end caps will be replaced
on the monitor immediately after sampling. Collected samples will be shipped in a rigid
container with sufficient packing material to prevent damage. Each step in the transfer of
the samples from the field to the laboratory will be recorded on a Chain of Custody form.
Each time the custody of the samples is relinquished to another individual (or to the
laboratory), the date, time, and items transferred are noted on the form. Upon receipt of
samples in the laboratory, the Chain of Custody Record will be checked and signed. A copy
of the form will be retained by the laboratory and the remaining copy returned to the
sampling team. Detailed Chain of Custody procedures can be found in Section 7.0 of the
August 1991 QA/QC document. An example of the Chain of Custody Record is shown as
Figure 5-1. '

5.2 Laboratory Arrangements

Foth & Van Dyke or Flambeau will send all samples for asbestiform analysis to the

Wisconsin Occupational Health Lab.,

Procedures for the receipt and logging of samples by the laboratory are addressed in the lab’s

quality assurance plan found in Appendix A.
5.3 Sample Disposal

These procedures are found in Sections 7.3 of the August 1991 QA/QC document.

[32-24191F6.51/ASQAQCPL.REP Foth & Van Dyke + 11
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5.4 Documentation

Asbestiform sampling activitics will be documented by keeping a written record of sampling
activities and implementing the Chain of Custody procedures described above. This will
provide for the integrity of data by tracking and documenting samples from the time they are

collected by the sampling team through receipt at the laboratory.
54.1 Sample Numbering System

A sample numbering system wiil be used to identify each sample. This numbering system will
provide a tracking procedure to allow retrieval of information about a particular sample and
assure that each sample is uniquely numbered. The numbers will identify the project and the
site at which the sample was collected using the site LD. number used for TSP samples. Site
No. 0003 will be used for the southeast site, No. 0004 for the northeast site, and No. 0005 for
the northwest site. For example, FA-0003-001 will be used for asbestos sample number one

at the southeast site.
542 Sample Collection Data

Sample collection data will be collected and documented in the field notebook for each

sample acquired. The following data will be recorded:

» Sample identification numbers, and time/date of collection, location (site I.D. number},
and description.

« Calibrations performed in the field.

- Statements pertaining to any problems encountered.

» Weather and site conditions.

« Individuals collecting the samples and field supervisor’s signature.
5.43 Sample Labelling

Sample labels must contain sufficient information to uniquely identify the sample in the

absence of other documentation. This will include at a minimum:

[32-24191F6.51/ASQAQCPL.REP Foth & Van Dyke « 13
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» Project number
» Unique sample number
« Sample location
+ Sampling date and time

« Individual collecting the sample

[32-24191F6.51/ASQAQCPL.REP
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6 Analytical Procedure

The MCE filters will first be analyzed by phase contrast microscopy (PCM) in order to screen
out samples with small amounts of asbestiform fiber on them. Samples will be analyzed for
fibers which have parallel sides with aspect ratios which are greater than 3:1. Laboratory

results will be reported as:

» Total number of fibers - length, width and aspect ratio.
« Fiber density on the filter (fibers/mm?).

» Concentration of asbestos fibers per milliliter of air sampled.

Transmission electron microscopy (TEM) will be used to analyze filters with a concentration
of greater than or equal to 0.01 fibers per cubic centimeter (f/cc) as analyzed by PCM. This
analysis will be performed because PCM does not differentiate between asbestos and other
fibers. When the concentration of all filters is l;ss than 0.01 ffcc, only the filter from the

downwind site with the highest fiber concentration will be analyzed by TEM.

A concentration of 0.01 f/cc was selected as the level at which TEM will be performed
because it is the limit for reliable quantification by PCM. It was also selected because this is
the level at which asbestos removal contractors are commonly released following an
abatement action as specified by the Quality Assurance Division of the USEPA.

The PCM analytical method will be based on NIOSH Method 7400. A copy of this method
is presented in Appendix B. The equipment used, and the sample preparation, calibration,
quality control and measurement procedures and calculations are described within the

method.

The TEM method will be based on NIOSH method 7402. A copy of this method is
presented in Appendix C.

[32-24]91F6.5 T/ASQAQCPL.REP J20 Foth & Van Dyke ¢+ 15
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7 Calibration Procedures and Frequency

Standardized calibration of the equipment used is necessary to obtain valid data. Monitoring

equipment will be calibrated prior to and after each use.

7.1 Field Instruments

The sampling pumps will be calibrated with a loaded cassette in line. A rotameter will be
inserted downstream of the filter and the pump assembly. The rotameter shall be accurate to
+5% of the expected sampling flow rate. The rotameter shall be calibrated before and after
each sampling event against a NBS traceable primary flow standard with an accuracy of
+10%. If the calibrations do not agree, the samples will be discarded and resampling shall
be conducted.

7.2 Laboratory Instruments

Calibration procedures for the Walton-Beckett graticule and the microscope are described in
Appendices A and B. See pages A-13, number B-4 for WOHL's procedures and 7400-4,
number 11 for the NIOSH procedure.

[32-24191F6.51/ASQAQCPL.REP J21 Foth & Van Dyke * 16
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8 Quality Control Checks

8.1 Field QC Checks
8.1.1 Internal Quality Control Checks

Prior to actual sampling on site, all of the applicable sampling equipment will be thoroughly
checked to ensure that the components are clean and operable. In addition, the cassette
assembly and sampling train should be checked for leaks before use. A flow measuring
device, such as a rotameter, will be inserted downstream of the filter and the pump assembly.
The flow measuring device shall be accurate to £5% of the expected sampling flow rate. All
flow measurement equipment shall be calibrated against a NBS traceable primary flow

standard with an accuracy of +1%.
8.1.2 Field Blanks

To ensure that contamination by extraneous asbestos structures during specimen preparation
is insignificant compared with the results reported on samples, it is essential that a
continuous program of blank measurements be established. The number of field blanks
incorporated into the program will be at least 10% of the total number of samples collected.
All of these field blanks will be analyzed. The caps from the field blank cassettes will be
removed and then the caps and cassettes will be stored in a clean area (bag or box) during

each sampling event. The caps on the blank cassettes will be replaced when the sampling

event is completed.

8.2 Laboratory QC Checks

8.2.1 Training

Everyone involved with measuring airborne asbestos (field technicians, microscopists, cte.)

will be properly trained in applicable procedures. Only trained analytical laboratories will be

[32-24191F6.51/ASQAQCPL.REP J22 Foth & Van Dyke * 17
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hired. It is currently planned to use WOHL which participates in NIOSH’s Proficiency
Analytical Testing Program. WOHL will provide information on:

The laboratory’s quality control program;
The lowest fiber counts in ficc that are routinely reported;

The thinnest fibers that are routinely detected.

The Wisconsin Occupational Health Laboratory’s training procedures are described in

Appendix A, page A-16.
8.2.2 Laboratory Blanks

Blank filters shail be analyzed to determine the mean background asbestos structure count
for the analytical procedure. Before air samples are collected, a minimum of two unused
MCE filters from each lot of 100 filters shall be sectioned and analyzed by PCM to
determine the mean background asbestos structure concentration. If the mcan concentration
for all types of asbestos structures, expressed as the concentration per unit area of the sample
collection filter, is found to be more than five fibers per 100 fields, the reasons for the high
blank values will be determined and the situation corrected before scheduled air samples are

collected.

Laboratory blanks shall be collected intermittently at all critical phases of the laboratory
program. The mean of the field blank counts and laboratory blank counts will be calculated

and these values will be subtracted from each sample count before reporting the results.
8.2.3 Analytical Checks

Since there is a subjective component in the structure counting procedure, it is necessary that
recounts of some specimens be made by different microscopists in order to minimize the
subjective effects. Such recounts provide a means of maintaining comparability between
counts made by different microscopists. Variability between microscopists will be
characterized. These quality assurance measurements will be made for a minimum of

approximately 10% of all scheduled analyses. Upon completion of the recounts, the results

[32-24191F6.51/ASQAQCPL.REF J23 Foth & Van Dyke * 13
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are compared and the formula given on page A-18 is used to determinc if a pair of counts

should be rejected. If a pair of counts arc rejected, then the rest of the filters in the

submitted set are recounted.

In addition, WOHL participates in two round robin programs; the first with the Salt Lake
OSHA Lab and the NIOSH Lab and the second with seven other private laboratories listed

in Appendix A.
8.24 Quality Control Check Samples

A rather comprehensive intra-laboratory program is being utilized at WOHL. For each study
undertaken, a request for QC control samples is initiated. The samples are prepared and

assigned and entered into the computer. Two QC samples plus a blank are prepared for

each set of samples.

Wisconsin Occupational Health Laboratory’s quality assurance procedures can be found in

Appendix A starting on page A-17.

Additional routine procedures to assess precision and accuracy can be found in section 11 of

the revised QA/QC document dated August 1991.

—l=—
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9 Miscellaneous Items

Preventative maintenance, data reduction, validation and reporting procedures, required
corrective actions, a description of performance and system audits, and maintenance of
quality assurance records are described in Sections 10, 12, 13, 14, and 15 of the August 1991
QA/QC document. Additional preventative measures can be found in Appendices B & C, in

the NIOSH methods.
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Quality Assurance Manual

J26



WISCONSIN OCCUPATIONAL HEALTH LABORATORY

ASBESTOS FIBER COUNTING

QUALITY ASSURANCE MANUAL

January 1989
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PROCEDURE FOR REVIEWING AND MAKING CHANGES
IN THIS MANUAL :

This manual shall be submitted on an annual basis to the
appropriate supervisor, Lab Director and Section Chief for review.
Tn addition, any changes that are made in this manual must also be
made in the supervisor’s, Lab Director’s and Section Chief’s copies
and must be signed by both the supervisor and Lab Director.

No pages may be added or deleted from this manual without
making the same changes in all the other copies. Again, signatures
of the supervisor and Lab Director are required.

SUPERVISOiy DATE IAB DIRECTOR DATE SECTION CHIEF DATE
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PART 1V
SECTION E
QUALITY ASSURANCE

All analysts must adhere to a written quality assurance program.
Attach a copy of the written quality assurance manual used for asbestos fiber counting. The following

items must be addressed:

How is internal quality contral established (i.e., repetitive counts on the same filter, blank counts,
blind repeats, control charts, etc.)?

in which interlaboratory quality controi programs have you actively pursued participation?

Who has overall responsibility for quality assurance and what criteria are used for measuring
acceptable performance?

Attach examples of COMPLETED report sheets, work sheets and log-in documentation. In addition, attach
examples of control charts, tables or other written documentation of routine proficiency review.

With which laborataories do you participate in interlaboratory round-robin fiber counting programs and
with what frequency? .

1. See Round Robin Participants Sheet

9 These Round Rcbins are perfomred biannually

(Optional) Would you be willing to include other participants? Y

Group is too large



QUALITY CONTROL PERSCNNEL

QC Officer - Derek Popp
Responsible for overall quality assurance
of airborne asbestos analysis.

Asbestos Section Supervisor - Steve Sirebel

Responsible for day to day running of
Asbestos Section and its quality control

program.

A-5



10.

Mr. Tom Stavros

Wausau Insurance Company
2000 West Wood Drive
Wausau, WI 54401

Mr. Robert Voborsky

Northland Environmental Services,
15 Park Ridge Drive

Stevens Point, WI 54481

Ms. Sandy Von Holdt
Sentry Parker Services
1800 North Point Drive
Stevens Point, WI 54481

Dr. Hector MacDonald
MacDonald Research Group, Inc
1441 North Mayfair Rd
Milwaukee, WI 53226

Mr. Robert Weisberg
Analytical Testing Services
25 Thurber Blvd

Smithfield, RI 02917

Mr. Phillip A. Peterson
Fibertec, Inc.

700 Abbott Road

East Lansing, MI 48823

Mr. Keith Trombley

Sierra Technical Service, Inc.
Suite A

237 Dino Drive

Ann Arbor, MI 48103

Daniel C Walker Jr.

Mechanical Insulation Systems Inc.
304 S. Niagra Street

Saganaw, MI 48602

Ms. Carol Gannon.

CG Technologies

535 Science Drive Suite B
Madison, WI 53711

Mr. Doug Dube

Wisconsin Occupational Health Lab
979 Jonathon Drive

Madison, WI 53713

A-6
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Analyst’/s Name

PART IV
SECTION A
ANALYSTS

Trainin

Formal Program
(for example, NIOSH 582)

Dick Kittel

NIOSH 582 March 1991

Steve Strebel

John Knight

Cheri Johnson

Derek Popp

NIOSH 582 December 1589

In-House
YES NO

X

X

X

X

X

A-8
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PART IV
SECTION B
EQUIPMENT

Complete the following table to describe microscope(s) used by the laboratory:

Waltan-Becket!
** Magmification ** Filter Graticule
Manutacturer Model Ser. No. Eyepiece Objective Type Yes No
ZEISS 4752136 lox Model Ph2 N X

464042-9903 Plan 40
464042-9902 #4464146

Zeiss © 473011-9901
467065-9914  lox Model Ph2

464042-9903 Plan 40
46 4042-9902 #460711-9902 Green X

Describe any additional instruments or equipment that enhance the laboratory’s ability to count asbestos fiber:

Quick Fix, Counters
AO Micrameter slide for calibration of reticule
Phase Contrast Test Slide

» Optametric Slide for Calibration

Porton Reticule

JEOL 1200 EX Scanning Transmission Electron Microscope



SECTIONC
PROCEDURES

Provide copies of all procedures used by the laboratory for fiber counting.

See attached procedures titled "Airborne Asbestos Fiber Counting,"
7400 Method & P&CAM 239 Method

PART IV
SECTIOND
TRAINING

Provide a copy of any in-house training program(s) or a description sufficient to determine the scope of
training and the number of hours required for completion.

See attached page titled "Training for Phase Contrast Microscope Fiber Counting.”

—



Wisconsin Occupational Health Lab

Receiving and Logging Procedures
for
Air Asbestos Samples

Samples are received in office.

The following sample rejection criteria is followed:

A.
B.
C.
D.

Bulk samples included with air samples.
Filters notruniquely identified.
Tampering with cassettes is evident.

A filter is rejected if cassette is open or top plug
is missing.

Samples are given sequentizl lab numbers. A sticker with this
lab number is placed on the filters, and a copy of the
corresponding number is placed on the paperwork.

Samples are brought into the asbestos section and logged into
section for double check of field and lab numbers.

Sample paperwork is logged into Labs LIMS system.

Computer generated worksheets and original paperwork brought
to asbestos section.

iTa



AIRBORNE ASBESTOS FIBER COUNTING

A. Filter Preparation (mixed cellulose ester filters)

1.

Quick Fix Method (preferred)

a.

b.

c.

a.

Clean slides, plug in unit and wait until

red light comes on.

Using scalpel, cut wedge from filter and
position.

Place slide on stage and position wedge under
nozzle at bottom of unit.

Draw approximately 0.2 ml of acetone into
syringe or pipette. Inject acetone into
fitting at top of unit. The acetone should
be injected very slowly to avoid blowing
fibers off the filter.

Wait 5-8 seconds and withdraw slide. Filter
is now "fixed."

Mark slide on bottom to show outline of wedge.
Apply just enough triacetin (about one small
drop) to cover filter wedge to insure a
minimum of flowing over the edge when cover
slip is applied.

Apply cover slip within 30 seconds of
application of triacetin.

Filter should clear immediately. If not, wait
10 minutes or until filter completely clears.

Dimethyl phthalate-diethyl oxalate procedure

(alternate)

a. Clean slide.

b. Place drop of mounting media on slide and
spread to wedge piece.

c. Using scalpel, cut about 1 cm X 2 cm wedge
shaped piece.

d. With forceps, place wedge (dust side up) on
mounting media.

e. Place a clean cover slip (#1) over filter
wedge, being careful to avoid air bubbles.
Take felt tipped pen and outline filter on
bottom of slide.

f. Filter should clear in 15 to 30 minutes.

g. Filters should be counted as soon as

possible but may be counted up to 48 hours
after mounting. Beyond this time, crystals
start to form making counting difficult.

#d?
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B.

Microscope Preparation

l.

Should include

a. Binocular head.

b. 10x Huygenian or wide field eyepieces.

d. Walton-Beckett Graticule.

e. Mechanical stage.

f. Phase contrast condenser with numerical
aperture (N.A.) equal or greater than the
N.A. of the objective.

g. 40x phase contrast achromatic objective
(N.A.) 0.65 - 0.75).

h. Phase~ring centering telescope.

i. Green filter.

3. Stage micrometer with 0.0l mm subdivisions.

Daily check phase ring alignment.

Adjust microscope to manufacturer’s

recommendations daily. . .

a. Light source must be in focus and centered
on the condenser iris or annular diaphragm.

b. Particulate matter to be examined must be
in focus.

c. The illuminator field iris must be in focus,
centered on the sample and only opened to the
point where the field of view is illuminated.

d. Phase rings must be concentric.

Calibrating Walton-Beckett reticle.

a. Using the micrometer slide measure the
diameter of the reticle circle in mm.

b. Calculate the area of the circular field
using the formula:

AREA - diameter 2
2

Counting fibers

1.

Place slide on mechanical stage and pOSlt’On
under objective.

count fibers using counting rules A.

Count only fibers 5 microns or greater.

Count only fibers with a length to width ratio

of 3:1 or greater

Bundles of fibers are counted as one fiber unless
both ends of the fiber are clearly resolved.

When a mass of material covers more than 25% of
the field of view, reject the field and select
another. Do not include in number of fields
counted.
Count as many fields as necessary to get 100
fibers but count at least 20 fields even if you
have more than 100 fibers. Stop at 100 fields
even with no fibers.

Count fibers that cross out of the count area on
the top half of the counting field with both

ends visible, and reject fibers crossing the half
or more than one boundry.

A3




D. Calculations

(AFC- - AFCh) Filter area
MFA x V X 1000

F/cc

Where:
AFCg = Average Fiber Count of sample
AFCp = Average Fiber Count of blank
Filter area = sampling area of fllter
(for 37mm filter 855mm2)

MFA = Mlcroscope field area in mm
V = Air volume in L
E. References

NIOSH 7400
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Time Weighted Average for Airborne Asbestos

Since exposure may vary because of many factors, a
total exposure weighted by time and level of exposure is
frequently requested. The "Time Weighted Average" (TWA)
is the method used to determine the exposure which best
reflects the time and concentration interaction.

The calculation for obtaining TWA is as follows

when two or more filters have been used:

TWA = C1T1 + C5To ... + Cnrn
(T, + T3 ... Tp)

where C1 = F/ml of filter 1
Ty = Time filter 1 was exposed in minutes
Cs; = F/ml of filter 2
T, = Time filter 2 was exposed in minutes
Cphp = F/ml of last filter in series
Tnh = Time last filter in series was exposed

in minutes

w1



TRAINING FOR PHASE CONTRAST MICROSCOPE FIBER COUNTING

The following listed items shall be included in training .
any individual who will report phase contrast fiber
counts.

1.

This individual will be required to read the NIOSH
method 7400 and be familiar with the techniques
involved.

The individual will be familiarized with a micro-
scope, including cleaning, alignment, Kohler
illumination, checking phase ring and how to correct
any of these that are not at the expected condition.

This training shall consist of at least 40 hours,

of which at least 8 hours are spent with an ex-
perienced fiber counter in drawing out fibers in the
field, so that the individual can recognize and find
all fibers that should be counted.

At least 32 hours of samples should be counted by the
new counter and an experienced counter and the re-
sults should be compared.

At least 10 QC samples should be counted for pro-
ficiency and the results should be within the ex-
pected limits prior teo the analyst being allowed to
count on his own.

Two QC samples should be run with each batch of
samples counted and the individual shall pass these
gquality control samples prior to any results being
reported by this analyst.

The analyst must run each round of NIOSH PATS and
pass each round successfully or go back through
comparison counting with a proficient experienced
counter.

This training program shall be reviewed annually by the
Program Director in order to see that analysts are
proficient and that this provides adequate training for
the individuals involved. :
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QUALITY ASSURANCE

Quality Assurance is designed to provide, within
known error levels, all results reported from this
laboratory. It is our objective that the levels of
precision and accuracy should be the best possible with
the given equipment, manpower, and Time constraints.

To accomplish this cbjective, the program consists
of testing both inter and intra-laboratory unknowns,
thorough record Keeping, routine checking and calibration

of equ%pment, a complete up-to-date procedure manual, and
routing evaluation of results.

This laboratory has participated in the PAT program
since round seven. The asbestos section has consistently
had satisfactory ratings for the asbestos counting. Each
person trained for doing fiber counting is reguired to
count the samples provided and to give the supervisor a
copy of his results. These are then compared to the
results returned by the program provider.

The second inter-laboratory progran is a round
robin program between the salt Lake OSHA Lab, the NIOSH
Lab, and the Wisconsin Occupational Health Lab. Again,
all personnel who are qualified to count, must count the
slides provided. The results are forwarded to the Salt

Iake OSHA Lab, which scores the results and sends a COpY
to each lab for posting.

A third program in which the Wisconsin Occupational
Health Lab (WOHL) participates and (and acts as
coordinator) involves seven other private or commercial
laboratories. Each lab, in rotation, provides a set of
slides which is forwarded from lab to lab. The results
are sent to the W.O.H.L. where the scoring is done and
results sent to the participating labs.

A rather comprehensive intra-laboratory program is
being utilized. For each study received, a request for QC
control samples is initiated. The samples are prepared
and assigned and entered into the computer. 1In general,

two QC or two QC plus a blank are prepared for each set of
samples.

Details on sample preparation are shown in the QC
procedure manual. Each set of controls or controls and
blank are prepared so the type of matrix and constituents
match the unknown samples. As & rule, this follows
whether the samples are run-of-the-mill or non-routine.

Each day randomly selected slides are chosen by the
supervisor and re-marked. The re-marked slides are then
given to an analyst for recounting. At least 10% of all
slides are recounted.

A-17
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Upon completion of recounts, the results are
compared and the following formula is used to determine if
a pair of counts should be rejected: :

F2 - F1 > 2.77 (F) (CVF)

where:
F1 = lower airborne fiber concentration
F2 = higher airborne fiber concentration
F = average of the two fiber concentration
CVp = CV for the average fiber concentration

If a pair of counts are rejected by this ¢riterion
then recount the rest of the filters in the submitted set.
Apply the test and reject any other pairs failing the
test. Rejection shall include a memo the the industrial
hygienist or client that the sample failed a statistical
test for homogeneity and the true air concentration may be
significantly different than the reported value.

Each analyst will count a minimum of 2 coefficient
of variation samples daily. These samples will be taken
from our CV pool of samples. All results will be entered
into the computer to provide updated CV values for various
loadings.

After the computer has been fed data regarding the
identification number, matrix or method of collection,
units to be measured, identification code for the
constituent, and the actual value of the constituent, the
samples are given to the analyst.

Upon completion of the analysis, the chemist logs
into the computer and gives his initials, date, and values
as prompted. Various messages way be returned if errors
are detected or sample results are unacceptable. An
acceptable set of values generates a request for the next
set of numbers. This acceptable report must be attached
to the values to be reported out as evidence of a
satisfactory run. Values will be not be reported out
unless a satisfactory hard copy is printed out by the
computer. If unsatisfactory results are obtained, the
samples must be re-run. The computer will not accept more
than two tries. Should the second set also be out of the
acceptable range, the analyst must contact the supervisor
or QC person.

The present ranges for acceptability are based upcn
criteria derived from the X-R charts (as discussed in the
HSMHA-NIOSH Industrial Hygiene Service Laboratory Quality
Control Manual, Technical Report ne. 78) and based upon
accumulated data from this laboratory’s past assays.
Three areas of competency are recognized - an inner
central area where samples are considered accurate, a
cecond or warning area in which the values may be of an
undesirable accuracy although still not out of contral,

A-18
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and a third area considered out of control. The computer
will flag an "unacceptable" if one or both controls are
outside the outer limits and it will flag an unacceptable
if both controls are in the warning area. Consultation

with the QC person or supervisor is necessary to determine
the real reason for the flag.

Maintenance records are kept within each section
and room. It remains the responsibility of the operator
and his supervisor to see that these are kept up. These
records make provisions for both routine (daily, weekly,
etc.) and non-routine or "as needed" items. Most major
equipment is on service contract with routine maintenance
kept up by the laboratory staff. The records are
scrutinized by the QC person on an unannounced basis.

Each section maintains its own procedure manual.
This is inspected by a supervisor or the director on a
regular basis. All changes of or modificaticns to
established procedures must be approved by the Director or

Supervisor. New procedures likewise must be approved by
him before insertion.

The procedure manual is readily available to the
analyst at the work bench and he is expected to follow it.

A-19
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ATRBORNE ADBDESTOS FTRER COUNTTNG

This laboratory is equipped to do fioer oounts using,
ciLbher T & C sy or ThoO, Beth Porton and Wil honeBoeket craticalen

are aviilable for use and the nnalysts can count uzing A or b counting

rules. Unless specifically directed otherwise, the TH00 method with

the Wilton-Beckett pgraticule will be used with counting rufus A aw of

July 1987.

fhe (LO0 method simplifies filter preparation by collupuing the
filtur using wccetone vapor, L Lo 2 drops of triacctin is placed on
Lhe 1 HLaery and Ghe FilLer arcie i covered wibth uoplons cover alip.

It o permnnent mount in desired, the edpes can be seuled willh o

lacquer or nail polish.
The P & CAM 239 and Th0OO methods are included iu this procedure

manuil and cirry the complete methodology and irstruction:,

A-20
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APPENDIX

Mounting Fluid for Asbestos Counting

1 volume dimethyl phthalate
1 volume diethyl oxalate

Mix in beaker and stir. A magnetic stirrer is preferred. One at a

time)add 0.05g of filter material per milliliter of solution until
proper viscosity is reached. This will generally require a minimum
of 18-19 filters per 20 ml solution., If properly refrigerated in

a covered bottle, this material will have a long useful shelf life.

A-21
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FORMULA: various : FIBERS
METHOD: 7400

M.W.: various ISSUED: 2/15/84
REVISION #3: 5/15/89
0SHA: 0.2 asbestos fiber (25 pm long)}/cc; ' PROPERTIES: solid,
1 asbestos fiber/cc/30 minute excursion {1] fibrous

MSHA: 2 asbestos fibers (>5 um long}/cc (2]
NIQSH: carcinogen: control to lowest level possible [3]1; 3 glass fibers (10 pm x <3.5 um)/cc [4)]
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other asbestos, fibers/cc [5]

SYNONYMS: actinolite {CAS #13768-00-8] or ferroactinolite: cummingtonite—-grunerite (amosite}
[CAS #12172-73-5): anthophyllite [CAS #17068-78-9]; chrysotile [CAS #12001-29-5] or serpentine;
crocidolite [CAS #12001-28-4] or riebeckite; tremolite [CAS #14567-73-8); amphibole asbestos;
fibrous glass.

SAMPL ING HEASUREMENT
SAMPLER: FILTER 'TECHNIQUE: LIGHT MICROSCOPY, PHASE CONTRAST
(0.45- to 1.2-um cellulose ester !
membrane, 25-mm diameter; conductive !ANALYTE: fibers {manual count)
cowl on cassette} !

ISAMPLE PREPARATION: acetone/triacetin "hot

FLOW RATE*: 0.5 to 16 L/min ! block" method {6}
]
VOL-MIN®: 400 L @ 0.1 fiber/cc ICOUNTING RULES: Described in previous version
=MAX™: (step 4, sampling} ! of this method as A rules [1,7]

*Adjust to give 100 to 1300 fibers/mm? !
IEQUIPMENT ;1. Positive phase-contrast microscope

SHIPMENT: routine {(pack to reduce shock) ! 2. Walton-Beckett graticule
' (100-pum field of view} Type G-22
SAMPLE STABILITY: stable ! 3. phase-shift test slide (HSE/NPL)
1
FIELD BLANKS: 10% of samples 'CALIBRATION: HSE/NPL test slide
: !
ACCURACY IRANGE: 100 to 1300 fibers/mm2 filter area
]
RANGE STUDIED: 80 to 100 fibers counted tESTIMATED LOD: 7 fibers/mm? filter area
- — !
BIAS: see EVALUATION OF METHOD {PRECISION: 0.10 to 0.12 [7]; see EVALUATION OF
! METHOD

OVERALL PRECISION (s,.): 0.115 to 0.13 [7] !

[}
APPLICABILITY: The quantitative working range is 0.04 to 0.5 fiber/cc for a 1000-L air sampie.
The LOD depends on sample volume and quantity of interfering dust, and is <0.01 fiber/cc for
atmospheres free of interferences. The method gives an index of airborne fibers. It is
primarily used for estimating asbestos concentrations, though PCM does not differentiate
between asbestos and other fibers. Use this method in conjuction with electron microscopy
{e.g., Method 7402) for assistance in identification of fibers. Fiber <ca. 0.25 um diameter
will not be detected by this method [8]. This method may be used for other materials such as
fibrous glass by using alternate counting rules {see Appendix C).

INTERFERENCES: Any other airborne fiber may interfere since 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 Timit.

OTHER METHODS: This method introduces changes for improved sensitivity and reproducibility.
It replaces PaCAM 239 [7,9] and NIOSH Method 7400, Revision #2 (dated 8/15/87).
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FIBERS

METHOD: 7400

REAGENTS:
1. Acetone.™
2. Triacetin {(glycerol

triacetate),reagent grade.

*See SPECIAL PRECAUTIONS.

EQUIPMENT:
1.

10.
1.

12.

13.
14.
15.
16.

Sampier: field monitor, 25-mm, three-piece cassette with ca.

50-mm electrically-conductive extension cowl and cellulose

estar filter, 0.45~ to 1.2-pm pore size, and backup pad.

NOTE 1: Analyze representative filters for fiber background
before use, Discard the filter lot if mean is 25
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. Ground the cowl when possible
during sampling [10]. .

NOTE 3: Use 0.8-jm pore size filters for personal sampling.
The 0.45-um filters are recommended for sampiing
when performing TEM analysis on the same samples.
However, their higher pressure drop precludes their
use with personal sampling pumps.

Sampling pump, 0.5 to 16 L/min (see step 4 for flow rate),

with flexible connecting tubing.

. Microscope, positive phase {dark} contrast, with green or

blue filter, adjustable field iris, 8 to 10X eye-piece, and
40 to 45X phase objective (total magnificatien ca. 400X);
numerical aperture = 0.65 to 0.75,

. Slides, glass, frosted-end, pre-cleaned, 25- x 75-mnm.
. Cover slips, 22- x 22-mm, No. 1=1/2, unless otherwise

specified by -microscope manufacturer,
Lacquer or nail polish.
Knife, #10 surgical steel, curved blade.

. Tweezers. .-

Heated aluminum block for clearing filters on glass slides

(see ref. [6] for specifications or see manufacturer's

instructions for equivalent devices).

Micropipets, S-pL and 100- to 500-uL.

Graticule, Walton-Beckett type, 100-um diameter circular

field (area = 0.00785 mm2) at specimen plane (Type

G-22). Available from PTR Optics Ltd., 145 Newton Stireet,

Waltham, MA 02154 (phone {617) 891-6000] and McCrone

Accessories and Components, 850 Pasquinelli Drive, Westmont,

IL 60559 [phone (312) 887-7100].

NOTE: The graticule is custom-made for each microscope.
{See Appendix A for the custom-ordering procedure).

HSE/NPL phase contrast test slide, Mark II. Available from

PTR Qptics Ltd. (address above).

Telescope, ocular phase-ring centering.

Stage micrometer (0.01-mm divisions).

Wire, multi-stranded, 22-gauge.

Tape, shrink- or adhesive-.

SPECIAL PRECAUTIONS: Acetone is extremely flammable. Take precautions not to ignite it.
Heating of acetone in volumes greater than ) mL must be done in a ventilated laboratory fume
hood using a flameless, spark-free heat source.

5/15/89
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HETHOD: 7400 : FIBERS

SAMPLING:

i.
2.

Calibrate each personal sampling pump with a representative sampler in line.

For personal sampling, fasten sampler to the worker's lapel near the worker's mouth.
Remove top cover from cowl extension (“open—face") and orient face down. Wrap joint
between cowl and monitor body with tape to help hold the cassette together, keep the joint
free of dust, and provide a marking surface to identify the cassette.

NOTE: If possible, ground the cassette to remove any surface charge, using a wire held in

3.

contact (e.g., with a hose clamp) with the conductive cowl and an earth ground such as
a cold-water pipe.
Submit at least two field blanks {(or 10% of the total samples, whichever is greater) for
each set of samples. Handle field blanks in the same fashion as other sampiers. Open
field blank cassettes at the same time as other cassettes just prior to sampling. Store
top covers and cassettes in a clean area with the top covers from the sampling cassettes
during the sampling period.

. Sample at 0.5 L/min or greater {11]. 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¢10% to
5¢105 fibers per 25-mm filter with effective collection area A.= 385 rm?) for
optimum accuracy. These variables are related to the action level {one-half the current
standard), L (fibers/cc), of the fibrous aerosol being sampied by:
t = .__.A_CL, min.
QeLeip3

NOTE 1: The purpose of adjusting sampiing times is to obtain optimum fiber loading on the
filter. A sampiing rate of ! to 4 L/min for B hrs is apprepriate in atmospheres
containing ca. 0.1 fiber/cc in the absense 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 sampie volumes (3000 to 10000 L) to achieve quantifiable loadings.
Take care, however, not tc overload the fiiter with background dust. If 2 50% of
the filter surface is covered with particies, the filter may be too overlocaded to
count and will bias the measured fiber concentration.

NOTE 2: QSHA regulations specify a maximum sampling rate of 2.5 L/min [1].

NGTE 3: OSHA regulations specify a minimum sampling volume of 48 L for an excursion
measurement [1].

. At the end of sampling, replace top cover and end plugs.

Ship samples with conductive cowl attached in a rigid container with packing material to

prevent 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:

NOTE 1: The object is to produce samples with a smooth (non-grainy} background in a medium
with refractive index of ¢1.46. This method collapses the filter for easier
focusing and produces relatively permanent maunts which are useful for gquality
control and interlaboratory comparison. The aluminum "hot block" or similar flash
vaporization technigues may be used outside the laboratory [6]. Other mounting
techniques meeting the above criteria may also be used (e.g., the laboratory fume
hood procedure for generating acetone vapor as described in Method 7400 - revision
of 5/15/85, or the non-permanent field mounting technique used in P&CAM 239
[3,7,9,12]1). A videotape of the mounting procedure is available from the NIOSH
Publication Office [13].

5/15/89 7400-3 NIOSH Manual of Analytical Methods
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EIBERS : METHOD: 7400

NOTE 2: Excessive water in the acetone may slow the clearing of the filters, causing"
material to bs washed off the surface of the filter. Alse, filters that have been
exposed to high humidities prior to clearing may have a grainy background.

7. Ensure that the glass slides and cover slips are free of dust and fibers.
8. Adjust the rheostat to heat the "hot block" to ca. 70 °C (61.

NOTE: If the "hot block" is not used in a fume hood, it must rest on a ceramic plate and

be isolated from any surface susceptible to heat damage.
9, Mount a wedge cut from the sample filter an a clean glass slide.

a. Cut wedges of ca. 25% of the filter area with a curved-blade knife using a rocking

motion to prevent tearing. Place wedge, dust side up, on slide.

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

b. Insert slide with wedge into the receiving slot at the base of "hot block".

Immediately place tip of a micropipet containing ca. 250 ML 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 pipet firmly in

place. After waiting 3 to S sec for the filter to clear, remove pipet and slide from

their ports,

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, frequent use of this device in an unventilated space
may produce explosive acetone vapaor concentrations.

¢. Using the 5~-MuL micropipet, immediately place 3.0 to 3.5 pl 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.

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 siip, fiber migration may occur.

d. Glue the edges of the cover slip to the slide using lacquer or nail polish (V4]

Counting may proceed immediately after clearing and mounting are compieted.

NOTE: If clearing is slow, warm the slide on a hotplate (surface temperature 50 °C) for
up to 15 min to hasten clearing. Heat carefuily to prevent gas bubble formation.

CALIBRATION AND QUALITY COMTROL:

10. Microscope adjustments. Follow the manufacturer's jnstructions. At least once daily use
the telescope ocular (or Bertrand lens, for some microscopes) supplied by the manufacturer
to ensure that the phase rings {annular diaphragm and phase-shifting elements} are
concentric. With each microscope, keep a logbook in which to record the dates of
calibrations and major servicings.

a. Each time a sample is examined, do the following:

(1) Adjust the light source for even iilumination across the field of view at the
condensar iris. Use Kohier illumination, if available. With some microscopes, the
i1lumination may have to be set up with bright field optics rather than phase
contrast aptics.

(2) Focus on the particulate material to be examined.

(3) Make sure that the field iris is in focus, centered on the sample, and open only
enough to fully iTluminate the field of view.

b. Check the phase-shift detection limit of the microscope periodically for each
analyst/microscope combination:

(1) Center the HSE/NPL phase-contrast test slide under the phase objective.

(2) 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 the microscope optics
must compietely resoive the grooved lines in block 3 although they may appear
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible

5/15/89 7400-4 NIOSH Manual of Analytical Methods
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METHOD: 7400 FIBERS

when centered in the graticule area. Blocks 4 aor 5 must be at least partially
visible but may vary slightly in visibility between microscopes. A microscope
which fails to meet these requirements has resolution either too low or too
high for fiber counting.
(3) If image quality deteriorates, clean the microscope optics. If the problem
persists, consult the microscope manufacturer.

11, Document the laboratory's precision for each counter for replicate fiber counts.

a. Maintain as part of the laboratory quality assurance program a set of reference slides
to be used on a daily basis [15). These slides should consist of filter preparations
including a range of loadings and background dust levels from a variety of sources
including both field and PAT samples. The Quality Assurance Officer should maintain
custody of the reference slides and shouid supply each counter with a minimum of one
reference slide per workday. Change the Tabels on the reference slides periodically so
that the counter does not become familiar with the samples,

b. From blind repeat counts on reference slides, estimate the laboratory intra- and
intercounter s. (step 21). Obtain separate values of relative standard deviation 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, >50 to 100 fibers in 100
graticule fields, and 100 fibers in less than 100 graticule fields. Maintain control
charts for each of these data files.

NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor
precision [16]

12. Prepare and count field blanks along with the field samples. Report counts on each field biank.
NOTE 1: The identity of blank filters should be unknown to the counter until all counts

have been completed.

NOTE 2: If a field biank yieids greater than 7 fibers per 100 graticule fields, report
possible contamination of the samples.

13. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled by
2 person other than the counter). Use the following test to determine whether a pair of
counts by the same counter on the same filter shouid be rejected because of possible
bias: Discard the sample if the absolute value of the difference between the square roots
of the two counts (in fiber/mm?) exceeds 2.8 (X) Sy, where X = the average of the
square roots of the two fiber counts (in fiber/mm2) and s, = one~half the
intracounter relative standard deviation for the appropriate count range (in fibers)
determined from step 11. for more complete discussions see reference [15],

NOTE t: Since fiber counting is the measurement of randomly placed fibers which may be
described by a Poisson distribution, a square root transformation of the fiber
count data will result in approximately normally distributed data [15].

NOTE 2: If a pair of counts is rejected by this test, recount the remaining sampies 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.

14. The analyst is a critical part of this analytical procedure. Care must be taken to
provide a non-stressful and comfortable environment for fiber counting. An ergonomically
designed chair should be used, with the microscope eyepiece situated at a comfortable
height for viewing. External lighting should be set at a level similar to the
illumination level in the microscope to reduce eye fatigue. 1In addition, counters should
take 10 to 20 minute breaks from the microscope every one or two hours to limit fatigue
[17]. During these breaks, both eye and upper back/neck exercises shouid be performed to
relieve strain.

15. A1l laboratories engaged in asbestos counting should participate in a proficiency testing
program such as the AIHA-NIOSH Proficiency Analytical Testing (PAT} Program or the AIHA
Asbestos Analyst Registry and routinely exchange field samples with other laboratories to
compare performance of counters.

NOTE: QSHA requires that each analyst performing this method take the NIOSH direct training

course #582 or equivalent [1]. Instructors of equivalent courses should have attended
the NIQSH #582 course at NIOSH within three years of presenting an equivalent course.

5/15/8%9 7400-5 53 NIQSH Manual of Analytical Methods
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EIBERS METHOQ: 7400
MEASUREMENT:
16. Center the slide on the stage of the calibrated microscope under the objective iens. Focus

17.

i8.

19.

the microscope on the plane of the filter.

Adjust the microscope (Step 10).

NOTE: Calibration with the HSE/NPL test slide determines the minimum detectable fiber
diameter (ca. 0.25 pm} (8].

Counting

rules: (same as PRCAM 239 rules [3,7,91; see APPENDIX B).

a. Count only fibers longer than 5 pm. Measure length of curved fibers aleng the
curve.
b. Count only fibers with a length~to-width ratio equal to or greater than 3:i.

c. For
(M
{2}

(3
(4}

fibers which cross the boundary of the graticule field:

Count any fiber longer than 5 pm which lies antirely within the graticule area.
Count as 1/2 fiber any fiber with only one end lying within the graticule area,
provided that the fiber meets the criteria of rules a and b above.

Do not count any fiber which crosses the graticule boundary more than once.
Reject and do not count all other fibers.

d. Count bundles of fibers as one fiber unless individual fibers can be identified by
observing both ends of a fiber,

e. Count enough graticule fields to yield 100 fibers, Count a minimum of 20 fields.
Stop at 100 graticule fields regardless of count.

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 by looking away from the eyepiece briefly while

advancing the mechanical stage. Ensure that, as a minimum, each analysis covers one

radial
covers

line from the filter center to the outer edge of the filter. When an agglomerate
ca. 1/6 or more of the graticule field, reject the graticule field and select

another. Do not report rejected graticule fields jn the total number counted.

NOTE 1:

NOTE 2:

NOTE 3:

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 smail-diameter fibers will be very faint but are an important
cantribution to the total count. A minimum counting time of 15 seconds per field
is appropriate for accurate counting.

This method does not allow for differentiation of fibers based on morphology.
Although some experienced counters are capable of selectively counting only fibers
which appear to be asbestiform, there is presently no accepted method for ensuring
uniformity of judgment between laboratories. It is, therefore, incumbent upon all .
laboratories using this method to report total fiber counts. If serious
contamination from non-asbestos fibers occurs in sampies, other techniques such as
transmission electron microscopy must be used to identify the asbestos fiber
fraction present in the sample {see NIOSH Method 7402). In some cases (i.e., for
fibers with diameters >1 um), polarized light microscopy techniques may be used

to identify and eliminate interfering non-crystalline fibers [18].

Under certain conditions, electrostatic charge may affect the sampling of fibers.
These electrostatic effects are most likely to occur when the relative humidity is
Yow (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 [10].

CALCULATIONS AND REPORTING OF RESULTS:

20. Calculate and report fiber density on the fiiter, E (fibers/mm2), by dividing the
average fiber count per graticule field, F/ng, minus the mean field blank count per
graticule field, B/ny, by the graticule field area, Ag {(3pprox. 0.00785 mm2}:
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HETHOD: 7400 : FIBERS

NOTE: Fiber counts above 1300 fibers/mm2 and fiber counts from samples with >50% of
filter area covered with particulate should be reported as “uncountable" or
“probably biased."

21. Calculate and repart the concentration, C (fibers/cc), of fibers in the air volume sampled,
¥ (L), using the effective collection area of the filter, A, (approx. 385 mm? for a
25-mm filter):

C = (E)(Ag)
ve1p?

NOTE: Periodically check and adjust the value of A., if necessary.

22. Report intralaboratory and interlaboratory relative standard deviations (Step 11) with
each set of results.

NOTE: Precision depends on the total number of fibers counted [7,19]. Relative standard
deviation is documented in references [7,18,19,20] 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 1imits for fiber counts greater than 20 (Fig. 1).

EVALUATION OF METHOD:
A. This method is a revision of P&CAM 239 [3,7,91. A summary of the revisions is as follows:
1. Sampling:
The change from a 37-mm to a 25-mm filter improves sensitivity for similar air
volumes. The change in flow rates allows for 2-m3 full-shift samples to be taken,
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 [11].
2. Sample Preparation Technique:
The ac:tone vapor-triécetin preparation technique is a faster, more permanent mounting
technique than the dimethyl phthalate/diethyl oxatate method of P&CAM 239 {6,8,3]. 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 [21,22,23].

.—- b. The HSE/NPL test slide standardizes microscope optics for sensitivity to fiber
diameter [8,21].

c. Because of past inaccuracies associated with low fiber counts, the minimum
recommended loading has been increased to 100 fibers/mm2 filter area (80 fibers
total count). Lower levels generally result in an overestimate of the fiber count
when compared to results in the recommended analytical range {25]. The recommended
loadings should yield intracounter s, in the range of 0.10 to 0.17 [7,24,26].

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

S5p
Intrataboratory Interlaboratory Qverall
AIA {(NIOSH Rules)® 0.12 to 0.40 0.27 to 0.85 0.46

*Under AIA rules, only fibers having a diameter less than 3 pm are counted and
fibers attached to particles larger than 3 pm are not counted. NIOSH Rules
are otherwise similar to the AIA rules.
J55
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A NIOSH study was conducted using field samples of asbestos [241. This study indicated
intralabgratery s, in the range 0.17 to 0.25 and an interlaboratory s, of 0.45. This
agrees well with other recent studies [16,19,21].

At this time, there is no independent means for assessing the overall accuracy of this methed.
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 should nat be taken to indicated that Tightly loaded
samples are as accurate as properly Joaded ones).

Theoretically, the process of counting randomly-distributed (Poisson)} fibers on a filter
surface will give an s, that depends on the number, N, of fibers counted:

Sy = 1/(Ny1/2 {nm

Thus s, is 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual s, found in a
number of studies is greater than these theoretical numbers £16,19,20,21].

An additional component of variability comes primarily from subjective interiaboratory
differences. In a study of ten counters in a continuing sample exchange program, Ogden [18]
found this subjective component of intralaboratory s, to be approximately 0.2 and estimated
the overall s, by the term:

(N + (0.2 » N)2)1/2

m (2}

Ogden found that the 90% confidence interval of the individual intralaboratory counts in
relation to the means were +2 s, and - 1.5 5. In this program, one sampie out of ten was
a quality control sample. For 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
alco found that the variability had both a constant component and one that depended on the
fiber count [21]. These results gave a subjective interlaboratory component of s. {on the ‘
same basis as Ogden's) for field samples of ca. 0.45. A similar value was obtained for 12
Yaboratories analyzing a set of 24 field samples [24}. This value falls slightly abave the

range of s, (0.25 to 0.42 for 1984-85) found for BD reference labaratories in the NIOSH |
Proficiency Analytical Testing (PAT) program for laboratory-generated samples [(20]. ,

A number of factors influence s, for a given laboratory, such as that laboratery's actual

counting performance and the type of samples being analyzed. In the absence of other

information, such as from an interiaboratory quality assurance program using field samples,

the value for the subjective component of variability is estimated as 0.45. It is hoped that
1aboratories will carry out the recommended interlabaratory gquality assurance programs to :
improve their performance and thus reduce the s.. i

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 interval on the mean
count from a single sample fiber count {Figure 1). These curves assume similar shapes of the
count distribution for interlaboratory and intralaboratory results [19].
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For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean inter-
Jaboratory count will fall within the range of 227% above and 52% below that value 90% of the
time. We can apply these percentages directly to the air concentrations as well. If, for
instance, this sample (24 fibers counted) represented a 506-L volume, then the measured
concentration is 0.02 fibers/mL {assuming 100 fields counted, 25-mm filter, 0.00785 mm2

field counting 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/mL. These Timits should
be reported in any comparison of results between laboratories.

Note that the s. 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 s, is smaller, then it is more correct to use that smaller s..

However, the estimated s. of 0.45 is to be used in the absence of such information. Note

also that it has been found that s. can be higher for certain types of samples, such as
asbestos cement [16].

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/mL standard using a single sample on which 100 fibers have been counted, then Figure
| indicates that the 0.5 fiber/mL standard must be 213% higher than the measured air
concentration. This indicates that if one measures a fiber concentration of 0.16 fiber/mlL
{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/mL; i.e.,
0.16 + 2.13 x 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.

90% CONFIDENCE INTERVAL ON MEAN COUNT

500 ¢ (SUBJECTIVE COMPONENT (0.45) +
POISSON COMPONENT)
400 -
o=
=35
W o
EO L e R seesessases 95% PROBABLITY MEAN COUNT ™
<3 IS BELOW THIS LEVEL
Q.
gg D00 Froorrermrrretertaaaarannaaaasaaaranransanaanan rementeesevannsanan A
EE /)]
[1V]
8 8 100 $crsecsnsnciadnnnanns chanuasansan resstnAr AL AR LhLaestunrnana casnssrasan P
W Z
.
0 T T T T ] 3 T T ] 1
0 10 20 30 40 50 80 70 80 S0 100
100 Leeee ceeeeeeseeeereasannns ceeveesaeees 35% PROBABLITY MEAN COUNT
IS ABOVE THIS LEVEL

NUMBER OF FIBERS COUNTED IN A SINGLE SAMPLE

Figure 1. Inter-laboratory Precision of Fiber Counts
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The curves in Figure | are defined by the following equations

o 2 x+2.25 ¢ /(2.25 « 2 x)2 - 4 {1 - 2.25 s?) x® (3}
U =
2 (1 -2.25s2)
2x+d-V(d4+202 =41 =052 x? {4}
LCL =
2 (1 -4sd)

where s, = subjective inter-laboratory relative standard deviation, which is close to

the total inter-laboratory s, when approximately 100 fibers are counted.
x = total fibers counted on sample
LCL = Tower 95% confidence limit
UCL = upper 95% confidence Timit.

Note that the range between these two limits represents 90% of the total range,
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APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRATICULE

Before ordering the Walton-Beckett graticule, the following calibration must be done to obtain
a counting area (D} 100 um in diameter at the image plane. The diameter, d. (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 interpupillary distance and, if applicable, reset the binocular head
adjustment so that the magnification remains constant.

3. Install the 40 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, L, (um), using the stage
micrometer.

6. Remove the graticule from the microscope and measure its actual grid length, L, {mm).
This can best be accomplished by using a stage fitted with verniers.

7. Calculate the circle diameter, d. (mm), for the Walton-Beckett graticule:

Example: If L, = 112 um, L, = 4.5 mm and D = 100 pm, then d. = 4.02 mm,

5/15/89 7400-113 NIQSH Manual of Analytical Methods
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8. Zheck the field diameter, D lacceptab’s range 100 pm = 2 Hm) with a stage micrometer

Jpon receipt of the gratycule from the manufacturer.

range 0.00754 to 0.008t7 mm?).

APRFENOIX B: EXAMPLES OF COUNTIHNG RULES

,

Jetermine field area (acceprabple

Figure 2 shows a walton-Beckett graticule as seen through the microscope. The ryles will be
discussed as they apply to the lapeled objects in the figure.

Walton-Beckett Graticule

Figure 2,

5/15/89

Walton-Beckett graticule with fibers.
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FIBER CQUNT
Object Count DISCUSSION

1 1 fiber Optically observable asbestos fibers are actually bundles of fine
fibrils. 1If the fibrils seem to be from the same bundle the
object is counted as a single fiber. MNote, however, that all
objects meeting length and aspect ratio criteria are counted
whether or not they appear to be asbestos.

2 2 fiber 1f fibers meeting the length and aspect ratio criteria (length
; >S pm and length-to-width ratic >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 um), it

is counted as 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 Jong fine fibrils may extend from the body of a fiber,
thase fibrils are considered part of the fiber if they seem to
have originally been part of the bundle.

5 Oo not If the object is ¢5 pm long, it is not counted.
count
6 1 fiber A fiber partially obscured by a particle is counted as one fiber.

1f the fiber ends emanating from a particle do not seem to be
from the same fiber and each end meets the Tength and aspect
ratio criteria, they are counted as separate fibers.

7 1/2 fiber A fiber which crosses into the graticule area one time is
counted as 1/2 fiber.

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

9 Do not Ignore fibers that lie outside the graticule boundary,
count

Appendix €. ALTERNATE COUNTING RULES

Other counting rules may be more appropriate for measurement of specific non-asbestos fiber
types, such as fibrous glass. These include the "B" rules (from NIOSH Method 7400, Revision
#2, dated 8/15/87), the World Health Organization reference method for man-made mineral fiber
[27], and the NIOSH fibrous glass criteria document method {4]. The upper diameter 1imit in
these methods prevents measurements of non-respirable fibers. It is important to note that
the aspect ratio limits included in these methods vary. NIOSH recommends the use of the 3:1
aspect ratio in counting fibers.

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.

5/15/89 7400-13 NIOSH Manual of Analytical Methods
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“g" Counting Rules:

1, Count only ends of fibers. Each fiber must be longer than 5 pm and less than 3 pm
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 b.! and b.2. 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
Tess than 3 um 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 gradicule fields, regardiess of count.

7. Divide total end count by 2 to yield fiber count.

5/15/89 J67400-14 NIOSH Manual of Analytical Methods
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FORMULA: various ASBESTOS FIBERS
METHOD: 7402

M.W,: various 1SSUED: B/15/87
REVISION #1: 5/15/89
OSHA: 0.2 asbestos fiber {5 ym long)/cc PROPERTIES: solid,
} asbestos fiber/cc/30 minute excursion [1] fibrous

MSHA: 2 asbestos fibers (>S5 pm long}/cc (2]
NIOSH: carcinogen; control to lowest level passible [3]
ACGIH: 0.2 crocidolite:; 0.5 amosite; 2 chrysotile and other asbestos, fibers/cc [4]

SYNONYMS: actinolite [CAS #13768-00-8] or ferroactinolite; cummingtonite~grunerite (amosite)}
[CAS #12172-73-5]; anthophyilite [CAS #17068-78-9]; chrysotile [CAS #12001-29-5] or serpentine;
crocidolite [CAS #12001-28-4] or riebeckite; tremolite [CAS #14567-73-81; amphibole asbestos.

SAMPLING MEASUREMENT
SAMPLER: FILTER !TECHNIQUE: MICROSCOPY, TRANSMISSION ELECTRON
{0.45-to 1.2-pm cellulose ester ! (TEM)
membrane, 25-mm diameter; [
conductive cassette) 'ANALYTE: asbestos fibers
1
FLOW RATE=: 0.5 to 16 L/min 1SAMPLE PREPARATION: modified Jaffe wick
1
VOL-MIN=: 400 L @ 0.1 fiber/cc {EQUIPMENT: transmission electron microscope;
=HAX™: (step 4, sampling) ! energy dispersive X-ray system (EDX)
*Adjust for 100 to 1300 fibers/mm? ! analyzer
1
SHIPMENT: routine (pack to reduce shock) !CALIBRATION: qualitative electron diffraction;
! calibration of TEM magnification
SAMPLE STABILITY: stable ! and EDX system
1
FIELD BLANKS: 10% of samples IRANGE: 100, to 1300 fibers/mm2 filter
! area [5]
]
ACCURACY 'ESTIMATED LOD: 1 confirmed asbestos fiber above

RANGE STUDIED: 80 to 100 fibers counted !

95% of expected mean blank value

[1000-L samples) !PRECISION: 0.2B when 65% of fibers are asbestos;
' 0.20 when adjusted fiber count is
BIAS: not determined ! applied to PCM count [6].

OVERALL PRECISION (s.}: EVALUATION QF METHOD !

APPLICABILITY: The quantitative working range is 0.04 to 0.5 fiber/cc for a 1000-L air sample.
The LOD depends on sampie volume and quantity of interfering dust, and is <0.01 fiber/cc for
atmospheres free of interferences. This method is used to determine asbestos fibers in the
optically visible range and is intended to complement the results obtained by phase contrast
microscopy (Method 7400).

INTERFERENCES: Other amphibole particles that have aspect ratios greater than 3:1 and
elemental compositions similar to the asbestos minerals may interfere in the TEM analysis.

Some non-amphibole minerals may give electron diffraction patterns similar to amphiboles. High
concentrations of background dust interfere with fiber identification.

OTHER METHODS: This revises Method 7402 {B8/15/87). This method is designed for use with
Method 7400 {phase contrast microscopy).

Jb4
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REAGENTS:
1. Acetone. See SPECIAL PRECAUTIONS.

EQUIPHENT:

1. Sampler: field monitor, 25-mm, three-piece cassette with ca. 50-mm electrically-conductive
extension cowl, cellulose ester membrane filter, 0.45- to 1.2-Um pore size, and backup pad.
NOTE 1: Analyze representative filters for fiber background before use. Discard the filter

1ot if mean count is »%5 fibers/100 fields. These are defined as laboratory blanks,

NOTE 2: Use an electrically-conductive extension cowl to reduce electrostatic effects on
fiber sampling and during sample shipment. Ground the cowl when possible during
sampling.

NOTE 3: 0.8-um pore size filters are recommended for personal sampling. 0.45-pm filters
are recommended for sampling when performing TEM analysis on the samples because the
particles deposit closer to the filter surface. However, the higher pressure drop
through these filters normally preciude their use with personal sampling pumps.

2. Personal sampling pump, 0.5 to 16 L/min, with flexible connecting tubing.

3. Microscope, transmission electron, operated at ca. 100 kV, with electron diffraction and
energy-dispersive X-ray capabilities, and having a fluorescent screen with inscribed or
overiaid calibrated scale (Step 15}.

NOTE: The scale is most efficient if it consists of a series of lines inscribed on the

screen or partial circles every 2 cm distant from the center.

Diffraction grating replica with known number of lines/mm.

Slides, glass, pre-cleaned, 25- x 75-mm.

Knife, #10 surgical steel, curved-blade.

Tweezers.

. Grids, 200-mesh TEM copper, {(optional: carbon-coated}.

. Petri dishes, 15—mm depth. The top and bottom of the petri dish must fit snugly together.
To assure a tight fit, grind the top and bottom pieces together with an abrasive such as
carborundum to produce a ground-glass contact surface.

10. Foam, clean polyurethane, spongy, 12-mm thick.

11, Filters, Whatman No. 1 qualitative paper or equivalent, or lens paper.

12. Vacuum evaporator.

13. Cork borer, No. S (8-mm).

14. Pen, waterproof, marking.

15. Reinforcement, page, gummed.

16. Asbestos-standard bulk materials for reference; e.g. SRM #1866, available from the National

Institute of Standards and Technology.

17. Carbon rods, sharpened to 1 mm x 8 mm,

18. Microscope, light, phase contrast (PCM)}, with Walton-Beckett graticule (see method 7400}.

19, Grounding wire, 22-gauge, muiti-strand.

20. Tape, shrink- or adhesive-.

W oouwon b

SPECIAL PRECAUTIONS: Acetone is extremely flammable (flash point = 0 °F)., Take precautions not

to ignite it. Heating of acetone must be done in a fume hood using a flameless, spark-free heat
source.

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line [7].

2. For personal sampling, fasten sampler to worker's lapel near worker's mouth, Remove the
top cover from cowl extension ("open-face") and orient sampler face down. Wrap joint
between extender and monitor body with tape to help hold the cassette together and provide
a marking surface to identify the cassette. Where possible, especially at low %RH, attach
sampler to electrical ground to reduce electrostatic effects during sampling.
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3. Submit at least two field blanks {or 10% of the total samples, whichever is greater) for
each set of samples. Remove top covers from the field blank cassettes and store top covers
and cassettes in a clean area (e.g., closed bag or box) during sampling. Replace top
covers whan sampling is completed.

4, Sample at 0.5 to 16 L/min [B]. Adjust sampling rate, Q (L/min), and time, t {min}, to produce
fiber density, E, of 100 to 1300 fibers/mm? [3.85%10% to 5105 fibers per
25-mm filter with effective gollection area (A= 385 m2)] for optimum accuracy. Do not
exceed ca. 0.5 mg total dust loading on the filter, These variables are related to the action
Jevel {one-half the current standard), L (fibers/cc), of the fibrous aerosol being samplied by:

-
t:——‘-A—c—E.m"ln.

QeLe103

NOTE: The purpase of adjusting sampling times is to obtain optimum fiber Toading on the
filter. A sampling rate of 1 to 4 L/min for 8 hrs (700 to 2800 L) is appropriate in
atmospheres containing ca. 0.1 fiber/cc in the absence of significant amounts of
non-asbestos dust. ODusty atmospheres require smaller sample volumes (400 L) to
obtain countable samplies. In such cases take short, consecutive samples and average
the results over the total collection time. For documenting episodic exposures, use
high 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 overioad the filter with background dust [8].

At the end of sampling, replace top cover and small end caps.

6. Ship samples upright with conductive cowl attached in a rigid container with packing

material to prevent jostling or damage.
NOTE: Do not use untreated polystyrene foam in the shipping container because electrostatic
forces may cause fiber loss from sample filter.

w;n
.

SAMPLE PREPARATION:

7. Remove three circular sections from any quadrant of each sample and blank filter using a
cork borer [9]. The use of three grid preparations reduces the effect of lecal variations
in dust deposit on the filter. )

8. Affix the circular filter sections to a clean glass slide with a gummed page
reinforcement. Label the slide with a waterproof marking pen.

NOTE: Up to eight filter sections may be attached to the same slide.

9, Place the slide in a petri dish which contains several paper filters soaked with 2 to 3 mL
acetone. Cover the dish. Wait 2 to 4 min for the sample filter{s) to fuse and clear.
NOTE: The "hot block" clearing technique [10] of Method 7400 or the DMf clearing technique

[11] may be used instead of steps 8 and 9.

10. Transfer the slide to a rotating stage inside the bell jar of a vacuum evaporator.
Evaporate a 1- by 5-mm section of a graphite rod onto the cleared filter{s). Remove the
slide to a clean, dry, covered petri dish {9].

11. Prepare a second petri dish as a Jaffe wick washer with the wicking substrate prepared from
filter or lens paper placed on top of a 12-mm thick disk of clean, spongy polyurethane foam
[12]. Cut a V-notch on the edge of the foam and filter paper. Use the V-notch as a
reservoir for adding solvent.

NOTE: The wicking substrate should be thin enough to fit into the petri dish without
touching the 1id.

12. Place the TEM grids face up on the filter or lens paper. Label the grids by marking with a
pencil on the filter paper or by putting registration marks on the petri dish halves and
marking with a waterproof marker on the dish 1id. In a fume hood, fi1l the dish with
acatone until the wicking substrate is saturated.

NOTE: The level of acetone should be just high enough to saturate the filter paper without
creating puddles.
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13. Remove about a quarter section of the carbon-coated filter from the giass slide using a
surgical knife and tweezers. Carefully place the excised filter, carbon side down, on the
appropriately-labeled grid in the acetone—saturated petri dish. When all filter sections
have been transferred, slowly add more solvent to the wedge-shaped trough to raise the
acetone level as high as possible without disturbing the sample preparations. Cover the
petri dish. Elevate one side of the petri dish by placing 2 slide under it (allowing drops
of condensed acetone to form near the edge rather than in the center where they would drip
onto the grid preparation).

CALIBRATION AND QUALITY CONTROL:
14, Determine the TEM magnification on the fluorescent screen:

a. Define a field of view on the fluorescent screen either by markings or physical
boundaries.

NOTE: The field of view must be measurable or previously inscribed with a scale or
concentric circles (all scales should be metric} [12].

b. Insert a diffraction grating replica into the specimen holder and place into the
microscope. Orient the replica so that the grating lines fall perpendicular to the
scale on the TEM fluorescent screen. Ensure that goniometer stage tilt is Zero.

¢. Adjust microscope magnification to 10,000X. Measure the distance (mm) between the same
relative positions (e.g., between left edges) of two widely-separated lines on the
grating replica. Count the number of spaces between the lines,

NOTE: On most microscopes the magnification is substantially constant only within the
central B- to 10-cm diameter region of the fluorescent screen.

d. Calculate the true magnification (M) on the fluorescent screen:

XeG
=T
where: X = total distance {mm) between the two grating lines;
G = calibration constant of the grating replica {1ines/mm);
Y = number of grating replica spaces counted

e. After calibration, note the apparent sizes of 0.25 and 5.0 um on the fluorescent
screen. (These dimensions are the boundary limits for counting asbestos fibers by phase
contrast microscopy.}

15. Measure 20 grid openings at random on a 200-mesh copper grid by placing a grid on a glass
slide and examining it under the PCM. Use the Walton-Beckett graticule to measure the grid -—
opening dimensions. Calculate an average graticule field dimension from the data and use
this number to calculate the graticule field area for an average grid opening.

NOTE: A grid opening is considered as one graticule field.

16. Obtain reference selected area electron diffraction (SAED) or microdiffraction patterns
from standard asbestos materials prepared for TEM analysis.

NOTE: This is a visual reference technique., Mo quantitative SAED analysis is required
[12]. Microdiffraction may produce clearer patterns on very small fibers or fibers
partially obscured by other material.

a. Set the specimen holder at zero tilt.

b. Center a fiber, focus, and center the smallest field-limiting apertyre on the fiber.
Use a 20-cm camera length and 10X binocular head. Obtain a diffraction pattern.
Photograph each distinctive pattern and keep the photo for comparison to unknowns.
NOTE: Not all fibers will present diffraction patterns. The objective lens current may

need adjustment to give optimum pattern visibility. There are many more
amphiboles which give diffraction patterns similar to the analytes named on
p.7402-1. Some, but not all, of these can be eliminated by chemical separations.
Also, some non-amphiboles (e.g., pyroxenes, some talc fibers) may interfere.
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17. Acquire energy-dispersive X-ray {EDX) spectra on approximately 5 fibers having diameters
between 0.25 and 0.5 um of each asbestos variety obtained from standard reference
materials [12].

NOTE: The sample may require tilting to obtain adequate signal. Use same tilt angle for
all spectra.
a. Prepare TEM grids of all asbestos varieties.
b. Use acquisition times (at least 100 sec) sufficient to show a silicon peak at Teast 75%
of the monitor screen height at a vertical scale of »500 counts per channel.
c. Estimate the elemental peak heights visuvally as follows:
(1} Hormalize a1l peaks to silicon {assigned an arbitrary value of 10).
(2) Visually interpret all other peaks present and assign values relative to the silicon
peak.
(3) Determine an elemental profile for the fiber using the elements Na, Mg, Si, Ca, and
Fe. Example: 0-4-10-3-<1 [12].
NOTE: In fibers other than asbestos, determination of Al, K, Ti, §, P, and F may also be
required for fiber characterization.
(4) Determine a typical range of profiles for each asbestos variety and record the
profiies for comparison to unknowns,

MEASUREMENT:
18. Perform a diffraction pattern inspection on all sample fibers counted under the TEM, using

the procedures given in step 17. Assign the diffraction pattern to cne of the following

structures:

a. chrysotile;

b. amphibole;

c. ambiguous;

d. none.

NOTE: There are some crystalline substances which exhibit diffraction patterns similar to
those of asbestos fibers. Many of these, (brucite, halloysite, etc.) can be
eliminated from consideration by chemistry. There are, however, several minerals
(e.g., pyroxenes, massive amphiboles, and talc fibers) which are chemically similar
to asbestos and can be considered interferences. The presence of these substances
may warrant the use of more powerful diffraction pattern analysis before positive
identification can be made. If interferences are suspected, morphology can play an
important role in making positive identification.

19. Obtain EDX spectra in either the TEM or STEM modes from fibers on field samples using the
procedure of step 18. Using the diffraction pattern and EDX spectrum, classify the fiber:
a. For a chrysotile structure, obtain EDX spectra on the first five fibers and one out of

ten thereafter, Label the range profiles from 0-5-10-0-0 to 0-10-10-0-0 as "chrysotile."”

b. For an amphibole structure, obtain EDX spectra on the first 10 fibers and one out of ten

thereafter. Llabel profiles ca. 0-2-10-0-7 as "possible amosite"; profiles ca.

1-1-10-0-6 as "possible crocidolite"; profiles ca. 0-4-10=-3-<1 as "possible tremolite";

and profiles ca. 0-3-10-0-1 as “possible anthophyliite."

NOTE: The range of profiles for the amphiboles will vary up to =I unit for each of the
elements present according to the relative detector efficiency of the spectrometer.

c. For an ambiguous structure, obtain EDX spectra on all fibers. Label profiles similar to

the chrysotile profile as "possible chrysotile." Label profiles similar to the various
amphiboles as “possible amphiboles.” Label all others as "unknown'" or "non-asbestos."

20. Counting and Sizing:

a. Insert the sample grid into the specimen grid holder and scan the grid at zero tilt at

Tow magnificatioﬁ {ca. 300 to S500X). Ensure that the carben film is intact and unbroken
gver ca. 75% of the grid openings.
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b.

d.

In order to determine how the grids should be sampled, estimate the number of fibers per
grid opening during a low-magnification scan (500 to 1000X). This will allow the
analyst to cover most of the area of the grids during the fiber count and analysis. Use
the following rules when picking grid openings to count [12,13]:

(1} Light loading (<5 fibers per grid opening): count total of 40 grid openings,

(2) Moderate loading (5 to 25 fibers per grid opening): count minimum of 40 grid
openings or 100 fibers.

(3) Heavy loading (»>25 fibers per opening): count a minimum of 100 fibers and at Jeast
6 grid openings.

Note that these grid openings should be selected approximately equally among the three

grid preparations and as randomly as possible from each grid.

Count only grid openings that have the carbon fiim intact. At 500 to 1000X

magnification, begin counting at one end of the grid and systematically traverse the

grid by rows, reversing direction at row ends. Select the number of fields per traverse
based on the loading indicated in the initial scan. Count at least 2 field blanks per
sample set to document possible contamination of the samples. Count fibers using the
following rules:

{1) Count all particles with diameter greater than 0.25 pm that meet the definition of
a fiber (aspect ratio 23:1, longer than 5 pum). Use the guideline of counting all
fibers that would have been counted under phase contrast light microscopy (Method
7400). Use higher magnification (10000X) to determine fiber dimensions and
countability under the acceptance criteria. Analyze a minimum of 10% of the fibers,
and at least 3 ashestos fibers, by EDX and SAED to confirm the presence of
asbestos. Fibers of similar morphology under high magnification can be identified
as asbestos without SAED. Particles which are of questionable merphology should be
analyzed by SAED and EDX to aid in identification.

{2) Count fibers which are partially obscured by the grid as half fibers,

NOTE: If a fiber is partially obscured by the grid bar at the edge of the field of
view, count it as a half fiber only if more than 2.5 pm of fiber is visible.

{3} Size each fiber as it is counted and record the diameter and Jength:

(a) Move the fiber to the center of the screen. 'Read the length of the fiber
directly from the scale on the screen.
NOTE 1: Data can be recorded directly off the screen in mm and later converted
to um by computer. '
NOTE 2: For fibers which extend beyond the field of view, the fiber must be
measured.
(b} When a fiber has been sized, return to the Tower magnification and continue the
traverse of the grid area to the next fiber.

Record the following fiber counts:

(1) fg, fp = number of asbestos fibers in the grid aopenings analyzed on the sample
filter and corresponding field blank, respectively.

(2) Fg, Fp = number of fibers, regardless of indentification, in the grid openings
analyzed on the sample filter and corresponding field blank, respectively.

CALCULATIONS:

Calculate and report the fraction of optically visible asbestos fibers on the filter,

(fg - fp)/(Fg = Fyl. Apply this fraction to fiber counts obtained by PCM on the

same filter or on other filters for which the TEM sample is representative. The final
result is an asbestos fiber count. The type of asbestos present should also be reported.
As an integral part of the report, give the model and manufacturer of the TEM as well as
the model and manufacturer of the EDX system.

21.

22.
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EVALUATION QF METHOD:

The TEM method, using the direct count of asbestos fibers, has been shown to have a precision
of 0.275 (s,) in an evaluation of mixed amosite and wollastonite fibers. The estimate of the
asbestos fraction, however, had a precision of 0,11 (s.). When this fraction was applied to
the PCM count, the averall precision of the combined analysis was 0.20 [6].
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