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1. INTRODUCTION, SCOPE, AND IMPACT ANALYSIS

1.1. Introduction

)

The air quality program of the Minnesota Environmental Quality Board (MEQB)
Regional Copper-Nickel Study is determining air quality in a region in
northeastern Minnesota. The region includes areas where copper-nickel
mining and smelting operations may be located. Possible smelter locations
are largely speculative at this time, but probably lie in the area between
the mining region (near the Duluth Gabbro Contact) and the Lake Superior

coast. Duluth also has been suggested as a likely area.

The main air pollutants expected from mining operations in th%s area are
particulates emitted from blasting and crushing operations, tailing ponds,
and ore transfer facilities. Based on the ore's mineralogy, the particu-
lates may contain metal sulfides, f]uofide, and asbestiform minerals as
possible harmful constituents. A pyrometallurgical smelter would release
additional particulates along with sulfur and nitrogen oxides. Hydropro-
cessing of the ore, another option, requires fine crushing, and might

result in greater particulate emissions.

Maximum ambient levels of particulates, sulfur dioxide, and nitrogen dioxide
have been determined by the United States Environmental Protectiqn Agency
(USEPA) and appear in 40 CFR 410, April 1971. These standards are based
upon research as reported in the Air Quality Criteria documents published

in the USEPA (AP-49, AP-50, AP-84). Primary standards are designed to

.
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protect health; secondary standards are designed to protect property and
plant 1life. The ambient air standards have been challenged several times
since 1971, resulting in modifications. A summary of current USEPA and

Minnesota air standards is given in Table A-1. '

More recently, the consensus of scientists has been that composition and
size of air particulates, rather than gross weight measurement, determine
toxicity. However, no standards based on particle size or composition have

yet been recommended.

Both gaseous and particulate fluorides may be emitted from mining and
smelting operations. Fiuoride accumulates in plant tissue and therefore
may be transported up the food chain. Fluoride can cause osteoporosis in

mammals and direct damage in the form of marginal necrosis in plantlife.

1.2. Scope of Study

Regional baseline data was obtained for sulfur dioxide, nitrogen dioxide,
total suspended particulates, suspended metals, particulate sulfate, fibers,
and gaseous and particulate fluorides. Rainfall and bulk deposition samples
were collected for metal and sulfate analysis. Cascade impactor samples of
éir particulates were collected and analyzed by the University of Minnesota
(U of M) environmental engineering program for trace metals and sulfate.

A study conducted by the Mechanical Engineering Department at the U of M
utilized a mobile van equipped with a variety of analyzers to determine the
transport and chemical characteristics of local sources of emissions. The
results of the U of M studies are contained in separate reports. The

guideline in locating samplers was primarily to devise an area-representative
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network, and secondarily to get some idea of the present degradation of

the air caused by existing sources. An outline of the time schedule chart

for program development is given in Table A-2.

High-volume filters are retained after weighing for possible future use.
Portions of plastic membrane filters remaining after metals and sulfate
analyses are retained in plastic petri dishes for possible future analyses.

Approximately 30 filters have been analyzed for asbestiform fibers.

1.3. Impact Analysis

Projected regional levels of atmospheric particulates and SO, are estimated
by combining the measured existing concentrations of these pollutants with
proposed increments which are obtained by dispersion mode1ing’of mine and
smelter emissions. Data gathered in the vicinity of existing source also can
be used to calibrate or validate dispersion models. Other impact assessments
were performed to estimate long distance transport and possible changes in
dry deposition and precipitation chemistry resulting from copper-nickel
mining and smelting. Data gathered from the metecorological program was an

integral part of the impact analyses procedure.

The air quality program provideé necessary input into the water quality,
aquatic biology, terrestrial ecology, and leaching programs. Correlations
studied between atmospheric pollutant levels and rain, soil, and plant
tissue levels in sulfur and metallic elements are made. Ambientvair
concentrations of sulfur dioxide affect the acidity of rainfall, which may
in turn affect the rate of leaching of metals and metal sulfides by rain,

and the pH balance of lakes and streams.
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2. SAMP' TG STATIONS

Maps showing air quality station locations are given in Figure A-1 and
Figure A-2. Site inventory forms are given in Appendix A-1. These forms
are standard SARPAD forms and include latitude and 16ngitude, UTM coor-
dinates, address, and written description. A tabulation of site numbers
is given in Tables A-3, and Table A-4 gives a listing of equipment at each
station. Photographs and slides of the stations are on file at the

Regional Copper-Nickel Study offices.

3. METHODOLOGY

3.1. Techniques

3.1.1. Total Suspended Particulates (High-Volume Method)

Total suspended particulates (TSP) are measured by the method given in

40 CFR 50, Appendix B with two exceptions. A brushless motor is used in
place of the AC-DC motor at the locations which are indicated in Table A-4.
Brushless motors are used to avoid contamination (e.g. copper from the
brushes) of the membrane samples. Because of differences in the air flow
system; a Magnehelic pressure gauge and orifice are used to measure flow

in place of the "Visifloat" or transducer.

The sampler employs a high speed, lTow torque motor to draw a large volume
of air, approximately 1.4 cubic meters per minute (50 cubic feet per
minute), thrﬁugh a preweighed, 8 inch by 10 inch glass fiber filter. The
filter is then reweighed, and the weight gain divided by the air volume

sampled, giving the weight of suspended particulates. in micrograms per
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cubic meter of air. This Federal Register reference technique is used
nationwide and should provide data that are comparable to Tocations in thé
state and countryL Detailed operation, calibration, laboratory, and

data analysis procedures are given in Appendix A-2 (avai]ab]é from the
Minnesota Po]]ﬁtion Control Agency (MPCA) and Regional Copper-Nickel Study

offices).

3.1.2. Suspended Particulates (Membrane Sampler)

The membrane sampler uses a carbon vane pump to draw approximately 0.1
cubic meters per minute of air through a 102mm Millipore HA 0;45 um mean
pore size filter. The sampler collects a particulate sample on a synthetic
plastic filter. Use of this filter facilitates the analysis of the parti-
culate for sulfate, metallic ions, and asbestiform minerals which otherwise
would be difficult or impossible to analyze if glass fiber filters were
used. This type of sampler is in wide use, including its use by the USEPA

and its national air sampling network stations.

Because of face ve}o;ity and air temperature differences, particulate mass
measurements made with this sampler are not directly comparable with those
made with the high-volume sampler. However, an attempt will be made to
formuiate a correlation factor on conincident samples taken at the five

sites where both membrane and high-volume samplers are located.

In the beginning of the program, membrane filter samples were preweighed
by the U of M plant pathology department. Now they are preweighed by the
Minnesota Department of Health (MDH). After exposure, filters are returned

to the MDH lab for final weighing and analysis of the following parameters:



Air Quality, Page 6

aluminum (A1), cadmium (Cd), copper (Cu), iron (Fe), magnesium (Mg),
nickel (Ni), zinc (Zn), and sulfates. Subsequently, arrangements were made
through the mechanical engineering department, U of M, to have most of the

filters analyzed by the USEPA, Research Triangle Park, using X-ray

fluorescent. See Appendix A-3 for information about which filters were

analyzed by the USEPA. In addition, analyses for fibers are performed six
times per year for samples from five sites. Detailed operation, calibration,
and data handling procedures are given in Appendix A-3 (available from MPCA
or Regional Copper-Nickel Study offices). Laboratory procedures are given

in a separate manual.

3.1.3. Sulfur Dioxide (24-Hour Bubbler)

Sulfur dioxide was measured at 11 locations using the USEPA Federal Register
reference technique documented in 40 CFR 50, Appendik A. Beginning with
August 1, 1977, all but four sites were discontinued because measured
concentrations were nearly always zero. See Appendix A-4 for which sites
were discontinued. This method involves drawing 200 ml/min of air through

a 50 ml solution of potassium tetrachloromercurate. A relatively stable
complex is formed, which is returned to the laboratory and reacted with
para}bsaniline‘and forma]dehyde‘forming a colored complex. The absorbance\
of this complex is then measured spectrophotometrically. The method's

detection limit is in the 10-25 ug/m3 (5-10 ppb) range.

Thermal degradation of the exposed solution has been suggested recently
(e.g. Bruckman, 1975). To minimize this effect, the bubbler cases are

sheltered from direct sunlight. (They are also heated when internal
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tempera._.. . falls below 49 C.) Bubbler solutions are picked up within four
working days after exposure and thereafter continuously refrigerated until‘
returned to the MDH laboratory (maximum four weeks). Maximum-minimum
thermometers were placed in some bubbler caseé during July and August to

check on temperatures that sometimes could lead to sample degradation.

This method is in use nationwide for measurement of ambient air and
represents a compromise between cost of continuous measurement and the need
for monitoring at many locations. Detailed operation, maintenance, cali-
bration, and laboratory procedures are given in Appendix A-4 (available

from MPCA or Regional Copper-Nickel Study offices).

3.1.4. Nitrogen Dioxide (24-Hour Bubbler)

Nitrogen dioxide is monitored at the same sites as sulfur dioxide and using
the USEPA Federal Register technique given in 40 CFR 50, Appendix F

(revised June 8, 1973). As with sulfur dioxide, this method has a detection
1imit of approximately 6 ug/m3 (3 ppb). Nitrogen dioxide is collected by
bubbling air through a sodium hydroxide-sodium arsenite solution to form a
stable solution of sodium nitrite. The nitrite ion produced during sampling
is reacted with phosphric acid, sulfanilamide, and N-1-napthyl-ethylenediamine
dihydroch]oride to form an azo dye and then determined colorimetrically.

This technique uses the same physical equipment as the sulfur dioxide

bubbler technique.

As with other federal reference techniques, the widespread use and general

acceptance of this technique justifies its use. Operation, maintenance,
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and calibration techniques are the same as for the sulfur dioxide bubblers
and are given in Appendix A-4. Laboratory procedures are also given in

Appendix A-4.

3.1.5. Sulfur Dioxide (Continuous Measurement)

Continuous measurement of sulfur dioxide was performed at two sites; later
one site was discontinued because the loaned instrument was returned (see
Table A-4). Enhanced detection 1limit, freedom from interferences, and the
time resolution obtained are advantages of this method. The continuous
monitors are Philips Model 9700. See the product information sheet
(Appendix A-5, available from MPCA or Regional Copper-Nickel Study offices)
for a diagram of the analyzer and a description of the measurement
technique. The Model 9700 has been approved by the USEPA for use as an
equivalent method for sulfur dioxide analysis (40 CFR 53, February 18, 1976).
Use of this analyzer eliminates the need for compressed gas cylinders which
are necessary with other analyzers, making it preferable for remoie
operation. This instrument also automatically zeroes and spans, and keeps
records in the form of strip charts. Calibration is performed with a liquid
sulfur dioxide permeation source similar to that specified in 40 CFR 50,
Appendix A. Detailed operation; calibration, and maintenance procedures

are given in Appendix A-6 (available from the MPCA or Regional Copper-

Nickel Study offices).

3.1.6. Fluoride (Tape Sampler)

Gaseous and particulate fluoride sampling was done at two locations, both

near existing industrial operations (see Table A-4). An RAC Model D1-2T
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sampler is used to collect the samples “This sampler uses two rolls of
specially treated\fi]ter paper through which air is drawn simultaneously.
One paper collects particulate fluorides and the other paper collects

gaseous fluorides. Sampling is conducted at approx1mate1y 0.02 m3/min

++(0.5 ft3/min) for four houvs. through:each spot on the tape. Six four-hour

spots form a composite 24-hour sample. Samples are returned monthly to
the MDH laboratory for analysis. The paper tape sampler is the only
alternative to complex, expensive, and continuous analysis. Sensitivity
is better than 2 ug/m3. Detailed operation, maintenance, and calibration
procedures are given in Appendix A-7 (available from MPCA or Regional
Copper-Nickel Study offices). Laboratory procedures are outlined in a

separate manual.

3.1.7. Rainfall (Event Preéipifétién Sampler)

Event rainfall samples were collected at two sites during the 1977 warm
season. The samplers open at the onset of rainfall and close after a

16 ounce (473 ml) linear polyethylene sample bottle has filled (which
corresponds to .11 inches of rainfall) or when the precipitation terminates.
Field measuremente of. nH are made for samples that fill at least one- th1rd
of the bottle. The sauple;na?n then acidified and shipped to MDH where
they are analyzed for the following parameters (listed in order of priority):
sulfate, Cu, Ni, Fe, Pb, Al, Mn, Mg, Ca, P, Na, total organic carbon,
chloride, Zn, and K. The analyses are conducted in order 1isted.until

@il ﬁﬁﬁl§i e dpmey Mewed o A0, 9 sampSe emount has been exhausted.
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3.1.8. ...afall (Bulk Precipitation Sampler)

Combined wet and dry deposition samples are collected by four stovepipe-
type bulk deposition samplers. Samples are collected monthly and sent to
MDH. for the following analyses (listed in order of p;iority): Cu, Ni, Cd,
Zn, Pb, A1, Fe, pH, Ca, Mg, Na, K, As, chloride, sulfate, alkalinity,
fluoride, total organic carbon, conductivity, suspended residue, filterable

residue, P, N, and Si. The analyses are conducted in order listed until

all analyses are completed or until the amount of sample has been exhausted.

3.1.9. Size-Differentiated Air Particulates

Size-differentiated air particulate samples are collected twice per month,
September 1 to November Zd, 1976, and April 5 to June 30, 1977; and once

per month December 1, 1976, to April 5, 1977. Air particulates are
collected with three Delron Cascade Impactors (Model DC1-6) which have a
calibrated air flow of approximately 12.5 liters per minute. Air particulates
are differentiated in jet stage cutoffs of approximately 16, 8, 4, 2, 1,

and 0.5 ym diameter particles. A backup filter collects all particles less
than 0.50 ym. The impaction surface at each of the six stages is a
Nucleopore 0.4 um membrane filter or Whatman 41 filter coated with Apiezon L
set on a glass é]ide. The backup filter is a Nucleopore membrane filter
with pore size of 0.6 or 0.4 um. Twelve-hour to 24-hour sampling periods
are required to obtain sufficient sample for analysis of sulfate and

selected trace metals (tentatively selected are Cu, Ni, Fe, Al, and Zn).

Impactors collect samples at rotating sites. One cascade impactor collects

aftr particulates for selected trace metal analysis, the other for sulfate
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analysis. The rotating site cascade impactors are operated and manned
by U of M environmental engineering personnel. Consult the operations
manual submitted by this group for laboratory procedures.

\

3.2. Sampling Frequency

Sulfur dioxide and nitrogen dioxide bubblers, membrane, and high-volume
samplers are operated for 24-hour periods (midnight through midnight)

once every six days, yielding a randomized temporal sample. Sixty samples
per year are obtained from each site for each parameter. The sampling
days coincide with the MPCA statewide schedule, and thus allow data
comparison. A detailed sampling schedule is given in Appendix A-8

(attached).

Implications of sampling frequency and precision for air quality measurements

have been considered by William Hunt, 1970. Precision of a method in
arriving at an expected true geometric mean for other than continuous
sampling is dependent on sampling frequency and the magnitude of the
geometric mean. For background sampling, rather uniform measurements and
a low geometric mean can be expected. For example, the 1975 MPCA Duluth
Airport site's high-volume TSP data gave a geometric mean of 18.5 ng/m3

and standard deviation of 1.7 ug/m3.

At the 95 percent confidence level, one-in-six-day sampling yields a
precision of about plus or minus 10 percent for the annual geometric mean
and plus or minus 25 percent for the quarterly geometric mean. It can be
expected that particulate data from the copper-nickel sites will yield

roughly this degree of precision. It is also-expected that bubbler data
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will fall within these ranges as a small geometric standard deviation is

expected. A1l of the preceding assumes a log normal distribution, common

for air data. Projections of yearly maximum or near-maximum 24-hour

averages for periodic sampling can be made (Larson,.1971).

Continuous fluoride determinations are run at two locations and provide
time resolution of up to four hours. Sulfur dioxide is sampler contin-

uously at two locations, and data are reduced to one-hour averages.

3.3. Equipment Used

Copies of product information brochures and instrument manuals are included
in Appendix A-5. A Tisting of instruments and their serial numbers appears

in Table A-5.

3.4: Quality Control Provisions

For a discussion of general quality control problems and those problems
peculiar to sulfur dioxide and particu]étes analyses, please refer to the
following: 1)AUSEPA Quality Control Provisions in Processing Air Pollution
Samples, APTD-1132, March, 1973; 2) USEPA Guideline for Development of a
Quality Assurance Program--Reference Method for the Determination of
Suspended Particulates in the Atmosphere (High-Volume Method), USEPA-R4-
028b, June, 1973; 3) USEPA Guideline for Development of a Quality Assurance
Program--Reference Method for the Determination of Sulfur Dioxide, USEPA-R4-
73-028d; and 4) USEPA Quality Assurance Handbook for Air Pollution

Measurement Systems, Volumes 1 and 2.
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Detai]eu vperation, maintenance, and calibration procedures are given in
appendices, which are available from MPCA or Regional Copper-Nickel Study )
offices (bulk pfohibits including them with main text). Audit procedures
have been devised by the MPCA for the bubb]er;‘continuous sulfur dioxide,
and high-volume sampler procedures. These are given in Appendix A-11
(available from MPCA and Regional Copper-Nickel Study offices). The Copper-
Nickel Study monitoring network complies with the state monitoring network
quality assurance (QA) procedures. The appendices comprise the major
components of the QA program. Rejection limits have been set for the high-
volume and bubbler samplers and are in development for continuous sulfur
dioxide and MDH laboratory procedures. Rejection limits will be set for
fluoride and membrane sampler parameters after more data is obtained.
Quality assurance in the field has been the responsibility of the field
operator. Additional quality assurance checks are performed routinely by

MDH and MPCA as part of their normal operation. A detailed calibration and

audit schedule is given in Appendix A-8.

A11 procedures are accurate to an expected value of at least plus or minus
20 percent. A dynamic true value will be derived for each procedure as
quality control data become available. The state QA program has been in
the development process since September, 1975. However, sufficient data

for accuracy determinations of all parameters have not been compiled.

Federal Register 40 CFR 50 states that in the high-volume method, the
relative standard deviation (coefficient of variation) for single analyst
variation (repeatability) is 3.0 percent and the value for multilaboratory

variation (reproducibility) is 8.7 percent. For the sulfur dioxide bubbler
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technique, the Register states that the relative standard deviation at the
95 percent confidence level is 4.6 percent for the analytical procedure ‘
using standard saﬁp]es. Relative standard deviations of five and six
percent can be expected for nitrogen dioxidé concentrations of 40 ng/m3

and 60 ug/m3, respectively, based on automated analysis of samples collected

from a standard test atmosphere. As mentioned before, these accuracy

statements are not necessarily valid for the Copper-Nickel Study case.

4. RECORD KEEPING AND DATA TRANSMISSION

A1l field data are kept in a loose-leaf notebook by the Copper-Nickel Study
field person. However, the Fernberg Road continuous sulfur dioxide monitor
is kept in a climate controlled shelter, and, therefore, one notebook is
maintained with this monitor at all times. The MINNAMAX sulfur dioxide
monitor was located in the MINNAMAX office building, and comments were made

directly on the strip charts.
Information maintained in the field notebook is as follows:

Sulfur dioxide (continuous):

Date Flow information
Operator Daily zero and span
Dates of calibration Maintenance information
Calibration data General comments

High-Volume (Figure A-3):

Date of sample Current calibration curve
~ Filter # Analyses data
~ Initial weight Site # and location
Initial flow Motor #
Final flow Operator
Elapsed time General comments
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Membrane samplers (Figure A-4):

Date of run Elapsed time x
Filter # Analyses data
Initial weight Site # and location
Initial flow (H 0), cfm Motor #
Final flow (H 0), cfm Current calibration curve
Operator General comments
Sulfur dioxide and nitrogen dioxide bubblers (Figure A-5):
Site # and location Elapsed time
Motor # * Pump pressure
Date of run Operator
Analyses data "General comments
Flow
Fluoride samplers:
Date Current calibration sheet
Operator ' Site # and location
Tape changes Instrument #
Flow information Analyses data

Other (for selected sites):

Temperature Time
Minimum temperature ' Snow depth
Maximum temperature General comments

The Virginia, Hibbing, Mountain Iron, Scanlon, and Duluth sites are operated
by St. Louis County Health Department (SLCHD). SLCHD performs their own
analyses for high-volume samplers and bubblers. Record keeping is also done
by SLCHD with the exception of membrane samplers which Copper-Nickel personnel
maintain on the same basis as other Copper-Nickel sites. Membrane filters
are picked up monthly by Copper-Nickel personnel and are hand-carried to the
MDH lab for analysis. In addition to the two Copper-Nickel Duluth sites

(West End and Airport), information was obtained for other air quality sites
located in Duluth. This information will come from the MPCA data bank, and

is considered by the Copper-Nickel staff only as additional information for

the regional characterization.
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5. RES™ ™S, ANALYSES, AND REPORTS

5.1. Numerical Analyses Performed on Raw Data

- 5.1.1. High-Volume Sampler Data

\

High-volume sampler beginning and ending flow, exposure time of sample, and
filter clean and loaded weights are recorded as raw data items. From the
initial and final flows, an average flow Q is determined using the follow-

ing formula:

. Qi +Qf
Q=T

where Qi is the initial flow and Qf is the final flow, both in ft3/min.
From this average flow, the calibration flow Q' is determined by reading
the motor indicator calibration curve. From Q', the true volume of air

passing through the filter is determined using the formula:
V=0"xTx 0.0283 m3/ft3

where T is the time in minutes. The final mass concentration in ng/m3 is

determined using the formula:

Tsp = (Mf - Wi) x 108 ug/g
V

where Wf is the loaded weight and Wi is the clean weight, both in grams.

Quality assurance checks performed on data before calculations are made

are as follows:

&,

1320 minutes < T < 1560 minutes

32 ft3/min < Q' < 72 ft3/min
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3.0 gm< ' < 4.5 gm
Wi < Wf < 5.5 gm

If raw data fall outside these ranges or a problem with a sample is indi-
cated (e.g., equipment failure), the sample is assigned an error code
(-1 through -8) appropriate for the problem noted. Error codes and their

messages are given in Table A-6.

5.1.2. Bubbler Analyses

Raw data obtained for bubbler analyses are air flow, time of exposure, and
absorbing solution concentration of the desired ion in ug/50 ml of sample.

Ambient concentrations are determined from these data via the formula:

Ca = Mv X (Cs/50) x v

CSF XMW X CETQxTx 10°3 1/cm3
where:
Ca = ambient concentration, ppm
‘Mv = molar volume = 24.5 ul/mole
SF = stoichiometric factor of the method
CE = collection efficiency of the method

v = volume of absorbing solution = 50 ml

Cs = solution concentration, ug/50 ml sample
Q = flow rate, cm3/min

T = time of exposure, minutes

MW = molecular weight, ug/mole
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For sulfur dioxide bubbler method, SF = 1, CE = 1, yielding:

24.5 ul/mole (Cs/50) x 50 m}

Ca = {564 ng/mole x 0.85 * T x T x 10°F 1/cm’®
_ Cs '

To convert ppm to pg/m3, multiply Ca by 1881 for nitrogen dioxide and by
2620 for sulfur dioxide.

As with the high-volure sampler data, quality assurance checks are performed
on the raw data. Checks for both sulfur dioxide and nitrogen dioxide are

as follows:

0.5 nug/50 ml < Cs < 100 pg/50 ml
180 cm3/min < Q < 220 cm3/min

1320 min < T < 1560 min

Error codes for bubbler data are the same as for high-volume data and are

given in Table A-6.

5.1.3. Continuous Sulfur Dioxide Data Analysis

Continuous sulfur dioxide data are read as hourly averages from strip charts
in accordance with Data Analysis Procedure #4 (Appendix A-6) and reported

on data sheets.

5.1.4. Flucride Data Analysis

Fluoride data analysis is performed by the MPCA data analysis group and
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the results entered into the computer. Ambient concentrations are arrived

ES

at using the formula:

_ Ct x 103
Ca = QxT

where:

Ca = concentration of F (particulate or gas) ip air, ug/m3
Ct = amount of F in tape segment analyzed, ug
Q = flow, 1/min
T = time represented by tape segment, ﬁinutes
. | +lf
Quality assurance checks for this method are undetermined at this time. ffi;Afiﬁz

5.1.5. Membrane Sampler Analysis

act @.f.n»-vv' = rE °r
By 5 (2o H-,,.[C ”“N
Results of weighings and metal analyses are returne& to they MPEA. Computa-

tion of particulates and meta]s concentration in air are performed as

follows.

For particulates the formula is:

(WF - Wi) x 103

Ca = —

QxT
where:
Ca = concentration in air, ug/m3
Wf = loaded weight of filter, mg
Wi = clean weight of filter, mg

S,



Air Quality, Page 20

Q = avere~~ flow (from calibration curve), m3/min

T = time of sample, min ‘ - N

For metals the formula is:

-~ Wm x Af
Ca As x Q x T
. where:
Wm = weight of metal in sample, ng
As = area of sample, cm?
Af = exposed area of filter = 67 cm?

A pe  been Wg}fmﬁ
Again, no quality assurance data checks for this method aré established.

~

5.2. Reports

gl
: A
Quarterly data summaries are forwarded to the Minneapolis and E]y& !3QVWQA1@5L fo

ined wen, data ?9g?éf”aw
Regiona] Copper-Nickel Study offices from the MPCA. Eﬁ=&éé%$&%%, short €w?ip(€‘“‘
. periodicatly, ) i '
- n%wﬁ#dgaprogress reports on program status are centpfrom the( ly field .;afﬂ””

A//;rm(uu»,‘e'y o N fpor
Ao th

person to the Minneapolis office and to the MPCA.

6. STUDY STAFF AND ASSOCIATED PERSONNEL

“ng esumes for the MPCA Dlv151on of Air Quality staff involved with the

/ﬁégéf\ Copper-Nickel Study appear in Appendix A-9 (ava1]ab1e from MPCA and
6M? U Regional Copper-Nickel Study offices). Others associated with the air
Qagg \

N

quality program include Dr.—SagarKrupas Dr. Steven Eisenreich, Mr. Bruce
\.- Watson, and Mr. Gary Mag11 Dr—fkrupa—s—a—professorImthe—Plant—Path-

O *‘
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ology-Departmeniat-the University—of-Minnesotay—St—Paul He—served—as—
a consultant.to-the-study and plant ‘pathology program director: Drr Krupa—

s, EOSETES S i i

recommended$tation parameters and locations which wouTd coordinate-well
with_the_plant. pathology program..-,Dr. Eisenreich is a professor in the

environmental engineering program, Civil and Mineral Engineering Department

. of the University of Minnesota, Minneapolis. Dr. Eisenreich is responsible

an
for t&ékgascade impactor sample collection and analysis /A He also serves

as a consultant to the Copper-Nickel Study. Dr. Eisenreich recommended

station locations. Mr. Watson and Mr. Magil are directors of the meteor-

ology program. They gave advice on station locations which would provide
the best input into area-wide concentration mapping and diffusion model

calibration.
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Figure A-3.
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Figure A-4.
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Figure A-5.
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Table A-1, UNITED STATES ENVIRONMENTAL PROTECTION AGENCY AND MINNESOTA STATE AIR QUALITY STANDARDS.

Pollutant Level Wording USEPA Minnesota -
Sulfur primary annual arithmetic mean 80 ug/m3 60, ug/m3
dioxide primary second highest 24-hour average 355 pg/m3 260 ng/m3
secondary. second highest 3-hour average 1300 pg/m3 655 ng/m3
Particulate primary annual geometric mean 75 ug/mf 75 ng/m3
secondary annual geometric mean 60 ug/m? 60 ug/m3
primary second highest 24-hour average 260 pg/m3 260 ng/m3
secondary second highest Z24-hour average 150 ng/m3 150 ng/m3
Nitrogen primary annual arithmegyﬁc mean 100 ng/m3 100 pg/m3

dioxide



Table A-2. TIME SCHEDULE FOR AIR QUALITY PROGRAM.

Date Ttem

January 1 - September 30, 1976 site selection, equipment
procurement%and installation

of equipmen

. October 1 - October 31, 1976 limited operational shakedown
period >
Manch, 3], a  and date swatye
November 1, 1976 - Julz—F, 1978 regional monitoring,period
“January 1, 1977 - July 1, 1978 'impacf analysis--modeling for

d chnrreterryation ree
devel opMeNT

July 1, 1978 and after s%fﬁ/;gggﬁfﬁ moni Pdyd nd y .
: : : gt io
4 j pac ysi1s N ‘Cpfhuup.c

- M@ P9~ <
e

regional study @&~

revis oS

Frant ~xp g
O‘(' rah-"’—s



Table A-3. TABULATION OF SITE NUMBERS.
: Romsr 'ﬁwﬁ;
WPCA Site  SARAD Site ST

Site Na. . Number Number )

Fernberg Road 7001\/ 241840005

Ely High School 7002 241100002

Kawishiwi Lab -7003‘/ 241840002

Environmental Learning Center 7004 7 241840003

Bear Head State Park 7005 © 243260005

Erie Dunka Road 7006 241560002

Toimi Koski Home | 7007 / 241840004

Erie Mining Office Building 7008”/ 241560003

Hoyt Lakes--Police Station 7009 - 241560004

Hoyt Lakes--Golf Course 7010 f} 241560005

Whiteface Reservoir 7011 243260006

Mountain Iron 7514 243260001

Virginia 1300 243860001

Hibbing ) 7516 241500001

Duluth--West End 7527/ 241040019

Duluth--Airport 7506 243260003

Scanlon . 7412‘/ 240760011

Babbitt 7013

MINNAMAX Office Building 7012 243260007
*Duluth--107th Avenue West 7501 241040002
*Duluth--South 88th Avenue West 7502 241040003 .
OG0t Avenue W-and Grand_Lvendd 7503 —24T020004— LA
*Duluth--1628 West Superior Street 7504 241040005
*Duluth--Regent Street 7505 241040006
*Duluth--West First Street 7512 241040013
*Duluth--314 West Superior Street 7522 241040016
*Duluth--KDAL 7523 241040017
*Duluth--314 West Superior Street 7526 241040018
*Duluth--Del Zotto Mfg 7552 241040020
*Duluth--Morgan Park High School 7553 241040021

*These sites are not part of the Regional Copper-Nickel Study network;

however, available information will be obtained from the Minnesota

Po]lutlon Control Agency.

00 it T30 Yo uluh Wit



" Table A-4. AIR QUALITY SITES AND PARAMExERS i @@)ﬂ
© §, \9
e 4}

MPCA ) Beg1n;?;§W End1ng‘%N\
Site Operation Operation? Land Power'
# Site Name Parameters ate Ownership | Supplier | Comments
7061 Fernberg S0, /1777 USFS Northern | Installation delayed due to

Road BHV 2/6/77 Electric | electric company service

M 2/6/77 Co-op delay and shelter type and
ER— SALFT Virginia | access uncertainty.
BR 3/

7002 | Ely High B 2/6/717 Ely Ely

School HV 11/2/76
7003 | Kawishiwi B /e[| 1osRtT6 USFS USFS

Lab BHV 10/9/76
7004 | Environmental| B 3/™/17| 1g/21476— ELC ELC

Learning M 10/9/76

Center
7005 | Bear Head B /~| apr21/75 State State

State Park- M 10/9/76 DNR DNR -
KEY: BHV = brushless high-volume sampler HV = existing St. Louis County high-volume sampler .

S0, = continuous SO, analyzer M = 102-mm membrane sampler
C = cascade impactor ER = event rain sampler
F = fluoride sampler 8D .BR = bulk ean sampler
- B = bubbler, SO, and NO, sampler (wetl/ory preespis ”’7//""")

;’é?ﬂwfwn




Table A-4. AIR QUALITY SITES AND PARAMETERS (contd.). Page 2 of 4
\)/ k\;”

MPCA Beginning| Ending .

Site |- Operation| Operation| Land Power A

# Site Name Parameters| Date . Date Ownership| Supplier | Comments

7006 | Erie Mining B 2/6/77 Erie Erie
Company BHV 11/8/76
Milepost 9 Mo 11/8/76
Dunka Road 8P| BR a/k/27| 244477

7007 | Toimi Koski B 2/6/77 Edward Two Operation delayed due to
Home BHY . 12/14/76 Koski Harbors power company service

M 12/14/76 Co-op | delay.

7008 | Erie Mining BHY - 10/9/76 “ Erie Erie Fluoride sampier shipment
Office M 10/9/76 delayed at manufacturer.
Building Foooy/6[n ST TT

7009 | Hoyt Lakes B 2/6/77 Hoyt Hoyt
Police Station| HV 1/hf-| /257477 Lakes Lakes

7010 | Hoyt Lakes B 3f6/n7| o156 Hoyt Hoyt
Golf Course BHY 10/9/75 Lakes Lakes

: M 10/9/76 -
ER s/nf1n | 10/3/76
‘’P ps/rr| BT
7011 Nhitéface B 2/6/77 MP&L Northern | Operation delayed due to
' Reservoir M > 1/ Electric | power company service
Co-op delay.
Virginia




Table A-4. AIR QUALITY SITES AND PARAMETERS (contd.). Page 3 of 4 -
MPCA Beginning | Ending
Site Operation | Operation| Land Power
# Site Name Parameters | Date Date Ownership| Supplier { Comments
7012 | MINNAMAX S0, 12/15/76 3/10/77 AMAX AMAX Special site, not considered
Office : part of regular air quality
. network.
7013 | Babbitt Town M 2/18/an o R B Babbitt Babbitt Delay due to unavailability
Hall of extra membrane sampler.
7514 | Mountain Iron | HY . existing Post Post Fluoride sampler shipment
Post Office F 0/“/7’ ' Office Office delayed at manufacturer.
1300 | Virginia HV - existing - City City
Hall Hall
7516 | Hibbing HV existing - Hibbing Hibbing
7506 | Duluth B 10/3/76 Duluth Duluth Memb%ane—sample#—éavedsan;%‘
Airport HV existing because—ef~poawer—problemss
- T0RF 2SI T )
7527 | Duluth B et Duluth Duluth | Delay due to inability
West End HV .10/27/76 of St. Louis County in
M 10/27/76 Tocating site.
wncg;fé%
7412 | Scanlon M 2/18/77 Membrane sampler ebiained
) HV existing from Duluth Airport site.
B existing




Table A-4. AIR QUALITY SITES AND PARAMETERS (contd.). ' ' Page 4 of 4
MPCA Beginning | Ending '
Site Operation | Operation | Land Power
# . Site Name Parameters | Date Date Ownership | Supplier | Comments
D
;C‘ Spruce Road sé%? /147 ,Ti\\\ , USFS o€
///x;? . ER £‘ﬁg}7;\> ~

4 Chidn) P T S any pouersed

3 MPCA Site Numbers 7501, 7502, 7303, 7504, 7505,&7512 7522, 7523, 7526, 7552, and 7553 are existing sites.

g Information from these sites will be obua1ned from the Minnesota Po]Tut1on Contro1 Agenqy,~m¥#@y&u&gM@&CaVﬁ@ %%€r€40gﬁn
0- should not be considered part of the Regional Copper-Nickel Study network.
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Table A-ff. LISTING OF INSTRUMENTS AND SERIAL NUMBERS.

Instrument Type

Brushless high-volume

)
0
u
W

Membrane sampler

u
1]
"
[ 1]
L1}
"
"
1]
"

Bubblers

- Sulfur dioxide
Continuous Analyzer

Fluoride Tape

Manufacturer

General Motors
. 1]

Philips

RAC

Model #
5000
"

PW9700

D1-2T

Serial #\

79284
79287
79288
79295
79298
79302

1246

1247
1248
1249
1250
1251
1252
1253 '
1254
1255
1256

4219
4220
4221
4222
4223
4224
4225
4226
4227
4228
4229



.

Table A-6. ERROR CODES AND MEANINGS.

Error Code

Significance

no analysis

MPCA personnel
laboratory error
equipment operator error
vandalism o
natural error

equipmeﬁt fai]ﬁre

other, computef and QA rejection
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APPENDIX A-1

DETAILED SITE DESCRIPTION FORMS
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APPENDIX A-2

- HIGH-VOLUME SAMPLER OPERATIONAL

AND CALIBRATION PROCEDURES

Operation Procedure

Maintainance Procedure .
Laboratory Calibration Procedure
Field Calibration Procedure
High-Volume Flow Table

Data Analysis

Laboratory Procedure

Brushless High—yolume Operation
Brushless High-Volume Calibration
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OPEFRATION PROCEDURE 4

Ei-Volume Sampler Overation Procedure

; , ' (Pressure Transducer Svstem)

"A. General

Hi-volume samplers are operated once per six days from mid-
night to midnicht. Units operating with pressure transducers
(Dickson) may be equipped with Intermatic or Paragqn timers which
measure time tc + 15 minutes; Gelman Type AE are used for regular
sampling; Gelman spectrograde or other filters may be used for
special sampling. Dickson transducers should be equipped with
éhart paper as indicated by the chart # on the transducer; time
from the chart may be estimated to the nearest 5 minuces.

B.  Equipment »
' Calibrated Hi-volume sampler equipped with matched pressure
~ transducer and chart paper. — '

Filter andyor filter cartridge.

Filter envelope. )

Mailing envelope (outstate operator).

Timer ' |

Ink
C. Procedure = Removal of exposed filter.

1. Ogggfvo the flow chart of the prescsure transducer to

s

verify that the sampler has run and that the chart has recorded

the flow. If the pen did not ink or if the chart is not
readable? ‘
a) Open bottom housing door and turn on the motor using
the on-off switch located either to the left of the timer
face (Paragon) or below the timer face (Intermatic).
b) Allow the mo*or “o run at least 5 minutes before
reading the flow
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c)' Gently tap the recorder case and read the pen position; - C:
record the flow (to + 0.5 cfm) in the "end flow" blank on
the proper filter envelope. _ ' "
d) Estimate from the chart the time the sampler ran to thé
nearest 5 minutes and record in the "end time" blank. This
should be 1440 minutes (24 hours). '

e) Turn off motor.

Remove exposed filter. : ca

a) Loosen the four wing nuts holding the hold down frame
in place. ‘ '
b) Remove the hold down freme.

c) Carefully remove the exposed filter. Observe the
"white band" around the perimeter of the upper surface of

the filter., If the border is not distinct, the hold down

frame is not tight enough which means the incoming air is

leaking through the gasket. . : -
d) Peold the filter in half (acrcss the long side) and Vs
AN

~place it in proper envelope. The nurber on the filter and

~ on the envelope must match.

"e) If the hi-vol is equipped with a filter cartridge, re-

place the cartridge cover and loosen the wing nuts holding
the cartridge in place. ‘Take the cartridge to a sheltered
Jocation before performing b, c, and d. -

f) Remnove the'chart from the flow recorder and insert in
the envelope with the printed side facing away from the
filter.

g) Contact the MPCA office (612-296-7278) if any
operaticnal difficulties occur; also, note these under
“comments" on the filter folder. Record any sigﬁificant
meteorological information. Return the exposed filters
promptly to the MPCA office either in person or in the self-

addressed, stamped envelope provided.

: .
. : .
= ) (:
' -
. .
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Procedure: Placement of Clean Filter.

If a f£ilter cartridge is not used proceed as follows
a) Loasen the four wing nuts holding the filter hold
down frame‘in place. Remove the hold down frame. Check
the gasket; if worn, return to the léboratory for re-

placement.

'b) Remove clean filter from its envelope and place

squarelv on the screen of the holder assembly with the
rough side of the filter facing up and the smoother side
down. Do not tear or puncture the clean filter! .
c) Replace'hold down frame taking care not to move the
filter out of alignment. Tighten the wing nuts enough
to achieve a tight seal to prevent air leaks.

If a £ilter cartridge is used, the cartridge is fitted

with the filter at a sheltered location. The cartridge allows

easy installment and removal under adverse conditions. The

cartridge unit has three parts: 1) screen plate and gasket

2)

hold dcwn plate and 3) cartridge cover.

a) Remove the filter from its envelope and place it
squarely on the screen plate (the gasket is on the underside
of the plate and will be placed on the hi-vol). The

rough side of the filter should be face up.

b) Plazcze the hold down plate on top of the filter and.
tighten the two screws located at the sides of the plate.

Tighten enough to achieve a tight seal.

c) Finally, place the cartridge cover over the assembly

" to prot=ct the filter. The unit is now ready to be placed

on the hi-vol.

d) Place the assembled cartridge on the hi-vol unit. It
fits directly over the screen attached to the hi-vol

funnel. |

e) Tichten the wing nuts enough to insure a leak proof seal.
f) Since the cartridge asgssembly has two gaskets, there

are two chances for leaks. Be sure the seals are tight and

the gaskete are in good shape. If there is any doubt
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clock face back 24 hours. For example, if the sample was set
to run from midnight Wednesday to midnight Thursday and you
arrive at 10 A.M. Friday to changé the sample, advance the '
timer to 10 A.M. Friday. This.setting means that the timex
will activate on the sixth day as required by the sampling
schedule. If the new filter is not replaced until the day
before the run, the long afrow of the timer'would be set to
say 10 A.M., of the day before the run or at whatever time
the operator is at the site. ' '
6. -Dickson Recorder.
a) To fill the "V" pen point.
i.  1ift the pen using pen lifter.
ii. place scrap of paper under pen point.
Hiii. gently squeeze a drop of ink into the top of the
A "V¥ point with the applicator bottle.
iv. move the paper against the pen point to sta;t'theb
o flow of ink. ‘
i b)‘ To clean the "V" pen point.
g i. 1ift the pen arm using the pen llfter.
- ii. remove the pen point by slipping it downward,
off the tab on the end of the pen arm. .
jii. work the dried ink out of the point with the
corner of a Stlff piece of paper. |
iv. if the poeint is excessively caked with dried ink,
‘ it should be soaked in alcohol or hot water.
. Ve dry the point completely before reusing it
"¢) To install a chart.
' i. lift pen using pen llfter.
ii., slip chart under raised pen arm and 1ocate chart
hole over ‘hub (remove threaded knob if applicable).
iii. slip edge of chart under the chart guides and time
index clip.-
iv. push chart flat against dial plate.
‘ v.v with coin or screw driver, rotate chart hub until“
. midnight of the time scale line on the chart

coincides with the index c¢lip; on instruments with
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threaded hub, fétaﬁé the chart, not the hub, to
the correct position and then tighted the knod
securly.

To remove a chart.

i. 1ift pen using pen 1lift.

\}

ii. slip edge of chart out from under the chart clips.’

iii. remove threaded knob (if applicable) and lift
chart off hub. o ' '

-~
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—

High-Volume Maintenance Procedure M-3 *

(motor, filter, holder, timer)

Ll ’ \
'

A. General

.The high-volume samplers are maintained on a regular schedule;
the maintenance interval is 5 months. At this time the motor, filter
holders, transducers and visifloats are brought in from the field
for maintenance. Timers are replaced when they malfunction. )
Maintenance for thebhigh—volume motor consists primarily of replacing

the brushes; if the armature is excessively worn the motor is

feplaced,
B. Eguigment
Tools .

-

White glue (for gaskelt replacement)
hi-vol motor )
brushes | S .
condensor - e
timers _ :
C. Procedure (refer to Figures 1 ahd 2 for parts)
l. Unscrew the 4 retaing screws from the mounting plate.
2. Remove the mounting plate; check the gasket of the plate
and replace as needad.
" a) To replace gasket; scrape off old gasket
b) File surface lightly
c) Apply white glue to gasket and cover plate
d) Position gasket on plate and allow to set
3; Slip motor out of housing, pulling power cord into housing
to give enough clearance to work on the motor. A
4. Examine armature. If the armature is badly scored the
entire motor should be replaced. Obtain a new motor; check
the motor for damage. If the bottom of the casing is bent,
'replacc the bottom casing. Make cure the motor is turning

freely and proceed o Step 6.
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L : ~\ ' : : )
5. if thi2 armature is not scored, unscrew the furl nuts and
separate kthe power cord wires from the motor wires. At tgis
point repXace the brushes. )

.a) To do this simply loosen the clamps holding the brushes
in place. '
b) Kamove the brushes and replace with new ones.
c) SInce different suppliers of brushes are used, carefully
- . : checlk the alignment of brush and armature. The brush should
h be flush with the armature with noioverhanging edges.
@) Vvhen the brushes are properly aligned, tighten the
- clamp:ss to hold the brushes in place.
- 6. Removz the motcr cushion and motor mounting ring. Check

the cushion for wear and replace as necessary. Replace both

h cushion amd ring before connecting motor to power cord. The
\ cushion ressts directly on the motor and the ring fits on top of
C. the cushica. ) .
’(\ 7. Some Eotors have brackets for co“dcnuo; ; if thce motcr has C
a bracket, replace the 0ld condensor with a new cne. .
: o 8. Before wiring +*Re motor to the power cord, check the power
cpfd wirirsy. Replace worn power cords as necessary.
9. To rewire units without .a condensor:
a) Connect the green grcund wire of the power cord to the
ground wire of the motoxr. Be sure to add a ground wire to
the motor if it does not have one. DO NOT send ungroundsd
units to the field!
* b) &Ttach the brush wires to the power cord wires. Color
codirmg is not important at this point.
c) Use furl nuts to connect the wiring and be sure the
. connections are tight.
d) <T=pe wiring together as necessary to prevent danger
of entanglement in the armature. .
10. Repl=ce motor into housing; pull power cord assembly out of
Q &'  the housi:ng makinc sure it is taut and does not slip back into
S the housizny. = ) (

11l. Repl=ce the mounting plate and tighten thc retaining

sCrews.
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J2. Timers. Replace timers that do not work properly.
13. Funnels, hold down plates, and cartridges. Check gaskets,
franies, and studs for signs of wear. Replace these as needed.

.14. Check all wiring and repair as needed.

]
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Hi-vol Hotor and Filter Holder Parts

———n

MODEL FH-2100 FILTER HOLDER

Part No. Description N
1}" F.H.2100  Filter Holder Complete
F.H. 2017  Aluminum Holdown Frarmne
C"’m F.H.2018  Rubber Gasket 8" x 10"
F.H. 2019 ,
frzo  FH, 2020} Holder Assembly

F.H. 2021 Wing Nut and Bolt with Rivet

FH 2018 FH. 2021
F.H 2017

MODEL GMWL-2000H AIR SAMPLER REPLACEMENT PARTS

Part No. : PDescription : "~ . PartNo. ' Description

GMWL-2C00H Sampler Linit less filter holder 2003-H  1/16" Gasket Neoprene
3MW-803 Calibraticr Slack Tutce ' 116250 0.6 H.P. Motor with special
- Manometr (Ra2nge 0-87) ' - U-clips .
~oMW-105 Pressure T ransducer wit> 50 33252 Motor Brushes Two Per Set
. Charts and Ink . . 215276 Armature with bearings .
GMW-106 Charts fos -Pressure ~ 2005-H  Motor Cushion
Transduc=r {106 C.F.M.) - 2003-H4  Motor Mounting Ring
Per 100 " 2007-H  Motor Housing
GMW-107 Recorder #nk . 2011-H Power Cord Assembly
2001-H 1/8°° Gasi.2t Neoprene - 2013-H - Bolt and Nut

2002-H Mountirrg Plate Motor Cover 2016-H  Tubing and Pressure Tap

200H

‘ l TidER
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Figure 2. Hi-Vol Motor and Filter Cartridge Parts

G.M.W. 3000 Filter

Paper Cartridge

o

L

3006
S -

3001

3002
3003
3004

Aluminum Cover
2Aluminum Frame
Rubber Gasket
Aluminum Frame and

Stainless Steel Screen

3
0

3005 Rubber Gasket
3006 Thumb Nuts
MODEL GMWL-2C00 AIR SAMPLER REPLACEMENT PARTS
Part No. Description Part No. Description
GMWL2000 Sampler Unit Less Filter Holder 2007 Motor Housing
2001 1/8" Neoprere Gasket 2008 Orifice Plate
2002 Mounting P!are and Motor Cover 2009 Flowmeter No. 440
2003 1/16” Neozrene Gasket. 2008-A Flowmeter Mounting Plate
2005 Motor Cushion 2010 Grommet
115250 0.6 H.P. Mcror with special " 2011 Power Cord Assembly
U<lip connzctors 2012 Assembly Bolts and Nuts
33252 Motor Brusghes 2013 Bolt and Nut
- 215276 Armature Viizh Bearings 2015 Pressure Tap Assembly
2006 Motor Mounting Ring 2016 Tubing .
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CALIZPATION PROCZDURE 2

Hi-Voluz2 Samoler Calibration Procedure

A. General

The air flow indicater
voluiie sampler svstem, mus
cing a known flcw -= a czl
By measuring actual flow with a water mancm
orifice and simultznecusiv cbserving the i
cator, a curve for a given motor and indicator can ke derived by

plotting actual flcw vs indicated flow.

B. Ecuioment )
ZCHiTrent
" Calibration orifice with adaptor pnlate and five resicstzncs

o . - - .
plates. This system shculd have been

+

(]
o
]
|—l.
U
B4
Y
(a3
16}
[e 7
O
o]
V]
u
o}
o
t
w
£l
{\
{0
(W)
H

{Calibraticn Procedurza 1i).
- Sampler housing ox stand

Calibratiocn curve foxr the orifice (Form GC-1)

Hi-Vol motor, funnel, and flow indicator (transducer or
" visifloat) , B
Variable transiormer (Variac) o ‘: . .
Thermnonmetexr (°C) ' ‘
Water manoneter (mmHca)
Hi-Vol Sampler Calibration Data Sheet, Form C-2
Hi-Vol Sampler ir Flow Calibration Curve,.Graph CG-2
RIC card | ’ C
'Soap,Brush L
C..Procedure

d. Set up eguipment. Place repaired hi-vol motor irn cali-

.bration stand or housing so that it is in an upright pcsiticn.

Clean dust frcm h2zd plate of motor hcusing, with soepy water and
a brush. Avoid getting watzr in the motor. Wipe with a dawp rag;
then a dry one. Attach funnel cheped filter heolder. to the motos
with a gasket between motor and holder. Secure'tightly with ovar-
sized wrench. Attach orifice adaptér plate to the funnel,

tightening the wing nuts securely. Attach the orifice conicter
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to the adeptor plate, inserting resistance plate #13 betwzon tha
canister and adapter plate. A gasket should be in contact <rith
each sicdz of the rssistance plate. Secure tightly. Turn on varizc,
first setting i1t at 30V. Allow motor to run for 30 minutes to sat I
brushes. (See FPicur=2 1. Appratus for seating Motox Brushcs);
2. Clean flcw.measuring device while brushes are zeating.
a. If the measuring devica is a visifloat, disa ‘
it care= 1ly belng carefuvl not to lose the x=24 £1
the bore. ¥lze parts clean.with a damp cloth and run =
. dry pipe clsaner through ihe bore. Reassembia the visi-
float and ck=z2ck to see if the float mcves freely in tha
. bore by hclcéing the vis
" end alternatzly. If the float Fanga up at any coint,
re-examine tha bore. Thes visifloat should be discarded
if it dees mot move freely in the bora, |
b,. If a transéu o

sé
sed, it shkheunld

¢

i

ba wiped with =z damp cloth and checksd Zox

:damtgc. Thz pernhelder should not be moveable in and out

of the housing and shculd resist much latesral movement

(less than 1 inch) if the hex nuts inside the case are

tight. '

¢. Examnine the hoses leading Ircm the indicatoxr to the

motor. Thess should not be badly checked from exposura

or have tezrs in them. Lcok for cobstructions in the hose
he)

that might interfere with air flow to the indicator.

7

place hoses as necsssary.
3. Reset the voltage on the variac to 105V (field operating
voltaﬂe) and run cont iradusly for 5-10 minutes so the mote
up. - ' | .

4. Zero the water manometer by sliding the manometer uvp or
down; the water level changes as this is done and both sides of the
ranometer should read zero. After the manometer has been zerced,
attach the water mancmater to the corifice pert and the flow indi-
cator to the motor exhaust port. The motor should remain on
during this procedure. (sece Figqure 2 and Figure 3) The hi-vol
motor/transducer units have exhaust ports on the side of the motor

'h 1 : K s s .
while the hi-vol motors/visifloat units have exhuast ports located

R T I A S R T 2L L T R LA I T L T e LR T T S

C)
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on the bottom of the motor.

5. ~r-merve and record ambient barometric pressure and
temperature. ' ' .

6. PRead inches of water to the nzarest 0.05 inches on each
side of the manometer (read the bottom of the meniscus) and z2dd
these valuass. PResistance platz #l13 is in position and the volizge
is 105 volts. Record tnis number in the manometer reading column
in the Hi-Vol Calikraticn Data Sheet, Férm C-2.

7. Refer to the arpropriate orifice caiibraticn curve to
detexrmine actuzal flow for the inches of water measured in steo
%6 and set the transducer or visifloat to match this actual flow
to the nearest 0.5 CFM.

adjust screws on the lower right corner of the Zxcnt panel.
‘Before reading a transducer always give it a slighit tap o
corpensate for any drag on pen cauced by paper Iric
é’, THIS IS THE ONLY EFOINT TO 3E PRE-SET. Receord i
and indicated flcw under the air flowrate and vicifloat cr
transducer reading coluxns respectively on data shezat.

8. Turn off power and pcsition resistance plate 37 at the

-

bottcm of the canister, with gaskets on either side, securinc

4

tightly. Turn on power with wvoltage still at 105V, Resad th
mancreter, adding measured inches c¢f water from beth zolumns. Racoxd
this value next to plate #7 undsr Mancmeter Reaaing cn tha C

tion Data éheet.. Observe £low rate on visifloat cr transducer.
Read to nearest 0.5 CFM. =Record on data sheet under visifle
transducer reading. Repeat this procedure for plates #18, 5, and
10 in that order. u

-

’ 9. Remove orifice and adapteor plate, unplug mctor.

©10. Attach RIC card %o metor housing, recoréing motor nuxker

on all three sections. Record date on "C" portion of card. Remrove

“"C*" portion and turn in to data enalysis section later with date
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sheet. 2Also attach sticker label to
vvhich indicates date of calibrati
the motor label record transduce

record the notor number. A label doe

the visifloat due to lack of space; h
number is reccrded cn th- notocr stick
11.

obtained from ap

Complete cata

’(J

the voltage during calikration,
indicator number; and the orifice I.D
12,

actual flow

Develop a calibration curve

against the
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14, Upon return oi
curve will be placed in numsricalil ord
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and technician's

r NUumcer.

sheet byv record
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motor housing and transducer

initials. On
On the transducer lztel
s not need to ke attached to

cwever be sure that visiflcat
er label. |
ing actuval flow values

ancé piate;
notor % nurber;

for the motor by plotting the

flow on tha Hi-Vol Calibration
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| 10/28/7
Minnesota Pollution Control Agency - : Page 9 _f 10 °.
Data sheet, visifloat or transducer hi-vol calibration
- Orifice # : Technician
Motor number (housing - " Date
Visifloat or ‘ , 4, , Room temp.
transducer numbex¥* ' :
Calibrating voltage Room bar press .
Resistance Manonmeter Visifloat or . Air Flowrate
Plates Reading Transducer 2
. No. Inches of Reading Cri
: : Water Py :
S
E 34 . —
{(intcrmediate)
7 . }
i
10
13
18 ‘.. - . A . A -‘?

* Circle appropriate device
- Co TR T P
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CALTBRATION PROCEDURE 9.

Hi-Volume Field Sampler Calibration Procedure

A, General ,
The air flow indicator (Lransducer or visifleat) of the
hi-volume sampler system must be calibrated against a system
producing a known flow -- a calibrated orifice and water manometer,
By measuring actual flow with.a water manometer and calibrated orifice
and simultaneéuély'observing the value on the flow indicator, a curve
for a given motor and indicator can be derived by plotting actual
flow vs indicated flow. The field sampler calibration procedure
differs slightly from Calibration Procedure 2 which is performed
in the laboratory. Refer to Calibration Procedure 2 for equipment
setup, data sheets and graphs.~ ' -
B. Egulpment S . }
' Hi-Vol unit IR T R . )
Field calibration 35&: o g )

- calibration orifice

-

adaptor plate )
. resistance plates I e
- field manometer - R o
thermometer
. barometer
Calibration Procedure 2
‘Calibration curve for the orifice, Form GC-1
Hi-Vol sampler calibration data sheet, Form C-2
Hi-Vol sampler air flow calibration curve, graph CG -2
RIC card -
C. Procedure .
1. Attach orifice adaptor plate to the funnel of the hi-vol,
tightening the wing nuts securely and attach the orifice canister to
the adaptor plate,'inserting resistance plate #13 between the
canister and adeptor plate. A gasket should be in contact with each
side of the resistance plate. Secure tightly. Allow motor to run
for 30 minutes to set brushes. If the brushes have been sct in the
laboratory this step may be omitted. T
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2. Clean flow measuring device while brushes are seating.
a. If the measuring device 1g a visifloat, disassemble
it carefully being careful not to lose the red float in
the bore. Wipe parts clean with a damp cloth and run a :
dry pipe cleaner through the bore. Reassemble the visi-
float and check to see if the float moves freely in the
bore by holding the visifloat horizontally and lifting each
end alternately. If the float hangs up at any point,
" re-—examine the bore. The visifloat should be‘discarded
if it does not move freely in the bore.
b. If a transducer continuous recording indicator is®
used, it should be wiped with a damp cloth and checked for
damage., The penholder should ncot be moveable in and out
of the housing and should resist much lateral movément
(less than 1 inch) if the hex nuts inside the case are
tight. . ) )
c. Examine the hoses leading from the indicator to the
~ motor. These should not be badly chécked from exposure
or have tears in them., Look for obstructions in the hose
that might interfere with air flow to the indicator. Re-
place hoses as necessary.‘

3. Z%ero the water manometer .by sliding the manometer up or
ddwn; the water level changes as this is done and both sides of the
manometer should read zero. After' the manometer has been zeroed,
attach the water manometer to the orifice port and the flow indi-

cator to the motor exhaust port. The mdtor should remailn on

during this procedure. The hi-vol motor/transducer units have exhuast

ports on the side of the motor while the hi-vol motor/visifloat
units have exhuast ports located on the bottom of the motor.

4. Observe and record ambient barometric pressure and
teﬁperature. T '

5. Read inches of water to the nearest 0.05 inches on each
side of the manometer (read the bottom of the meniscus) and add
these values. Resistance plate #13 is in position and the wvoltage
is 105 volts or field voltage. Record this number in the manometer

reading colunmn in the Hi-Vol Calibration Data Shcet, Form C-2.
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* 6. Refer to the appropriate orifice calibration curve to
determiné actual flow for the inches of water measured in step
#6 and set the transducer or v131float to match this actual flow
to the nearest 0.5 CFM. _ .
a. To adjust the visifloat, loosen lock nut at top of :
visifloat with small adjustable wrench. Then set flow with
adjustment nut. Tighten lock nut tight enough to secure but
‘not so tight as to distort plastic and threads. . | '
b. The transducer is adjusted by simply turning the zero
adjust screws on the lower right corner of the front panel.
Before reading a transducer always give it a slight tap to
compensate for any drag on pen.cauéed by ?aper friction.
c. THIS IS THE ONLY POINT TO BE PRE-SET. Record the actual
and indicated flow under the air flowrate and visifloat or
transducer réading columns respectively on data sheet.
7. Turn off power and position resistance plate #7 at the
bottom of the canister, with gaskets on either side, securing
tightly. Turn on power with voltage still at 105V. bRead the

manometer, adding measured inches of water from both columns.

‘Record this value next to plate #7 under Manometer Raadlng on the

Calibration Data Sheet. Observe flow rate on v151float or transducer.
Read to nearest 0.5 CFM. Record on data sheet under visifloat or
transducer reading. Repeat this procedure for plates #18, 5, and

10 in that order. ‘ ' ‘ ‘

8. Remove orifice and adaptor plate, unplug motor.

9. Attach RIC card to motor housing, recording motor nunber
on all three sections. Record date on "C" portion of card. Remove
"C" portion and turn in to data analysis section later with data
sheet. Also attach sticker label to motor housing and transducer
which indicates date of calibration and technician's initials. On
the motor label record transducer number. On the transducer label
record the motor number. A label does not need to be attached to
the visifloat due to lack of space; however be sure that visifloat

number is recorded on the motor sticker label.

I1. 9
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10, Complete data shecet by recording actual flow values

"obtained from appropriate orifice curve for each rc51stancc plate;

the voltage during calibration, the date; motor # number;
indicator number; and the orifice I.D. C . !
11. Develop a calibration curve for the motor by plotting the
actual flow against the indicated flow on the Hi-Vol Calibration
Graph CG-2. Complefe other blank items on the graph. '
12. Submit graph, data sheet, and "C" portion of RIC card to
Data Analysis. For procedures on RIC cards see General Procedure T4
of the Quality Assurance manual. ' A '
13. Local agencies should retain the motor curve -for future

reference; one copy should be submitted to the Calibration

laboratory at MPCA.
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DATA ANALYSIS PROCEDURE T ‘ : .
Hi-Vol Flow Table (DA-36) Procedure Lﬁ

- .- ) ' . s
s ‘

A. General o : o ' -
When the air flow indicator for a hi-vol sampler is calibrated
against a source of known flow, a curve showing actual flow versus
indicated flow is obtained. It is.necessary‘to adjust any subsequent
measurements taken with the flow indicator using-the curve obtained

via calibration of the indicator. In order to facilitate adjusting

indicated flow readings to actual flow units, a table giving
© indicated flow ( in 1/2 cfm intervals) versus cdrresponding actual

flow .for the fiow indicator motor pair is made.

B: Equipment, »
© PDP 8-E computer

Teletype

Line Printer _ . X

Hi-vol sampler Caiibration_sheet, Form C-2 (Calibration Procedure

Form DA-6 o o

Form DA-8

- "RIC Card
C. Procedure ) o
1. cOmpletea Hi-~vol Sampler Calibration Sheet (Form C-2) is

submitted to Data Analysis personnel‘by calibration personnel.

2. Hi-vol flow curve program is executed on the PDP 8-E. Data

'fxom Form C-2 are entered into the computer via the teletype. Data

include: a) date of calibration, b) motor I.D. number,  c) calibra-
tion temperature and pressure, d)indicated flow, actual flow of +the
calibration points. After all calibration points have been entered

a —9999 is entered to end data input.' The computer fits line

segnents between calibration points, extending the segments at both
ends, and prints on the line printer a table of indicated flows
(€£rom 0.5 cfm to 100 cfm by .5 cfm) and, their corresponding actual
flows by interpolating the appropriate line segment. Flow tables

are designated by Form DAf6 and an example is shown. Form DA336 listn,

. . . ¥
temperature and pressure of calibration site number, motoxr I.D.3#,
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calibration points and provides space for date installed, removed
and calibrated. The date installed, removed and calibrated is
obtained from the RIC card (Figure 2) as each portion of the card
is given to Data Analysis. The "C" portion of the RIC card is.

. given to Data Analysis aléng with the Form C-2 and this is the

calibration date entered.

3. Flow tables are removed from the computer and filed. If the
notor indicator pair is not currently in use, the flow table is
filed by motor I.D.# in the "future" hi-vol calibration books. When
the motor indicator pair is installed in the field the operator
will give Data Analysis the "I" portion of the RIC card. At this
time the site where the motor is installed and the date installed
.are recorded on DA-6. Next, the motor‘I.D.#, Indicator I.D.%,
and date installed are recorded on Form DA-8 which is the Site Hi-Vol
History. Then Form DA-6 is filed in the "current"™ hi-vol calibration
book by site. As a hi-vol motor is removed from the field, the "R"
portion of the RIC card is given to Data Analysis by the operator.
The date removed is recorded on Forms DA-6 and DA-8 for the

appropriate motor number. When DA-6 is completed with dates

calibrated, installed and removed the form is filed in the "historic".

hi-vol calibration book by motor number.

4., VWhen a filter is received from a site, the average of the
recorded starting and ending flow is used as the indicated flow. .
The flow table for the motor indicator pair at the site for the
period which includes the sample run date is found either in the
current or in the historic hi-vol calibration book. 'On this table
opposite the indicated flow, the actual flow is read and recorded.

5. Temperature pressure'corrections are not incorporated into

the calculations in the flow table but they are recorded.
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LT YEMP, 1 el PLAOVED P ‘ SRYCR ID HeY SAng
) CALIBRATED ¢ 1/23/7¢ :
27 7a,8 = «5,3 1 25,5 = 23,3 1 52,5 = 53,6 ) 75.5 .= 92,3 |
(0 a,e = eu,7 1 20,2 = 23,9 1 51,2 = 54,3 1 76,0 & 93,1 |
{ 1,5 = =i,4 1 26,5 = pu,u | 51,8 = 55,1 1 76,5 = 93,2 |
b T o2.@ 3«36 1 27,0 = 25,0 1 52,3 = 55,9 1 77,2 5 34,6 |
[ 2.5 = «3,6 § 27.5 = 25,6 1 52,5 = 56,7 1 77.5 = 95,4 |
I 3,0 = 2,4 1 28,8 = 26,1 | 53,805 S7,4 | 78,2 = 96,2 .1
177 3,5 1,9 1} 28,5 = 2647 ! 53,5 = 58,2 } 78,5 = 97,4 |
! 4,0= «1,3 | 29,0 = 27,3 | 54,0 = 89,0 | 79,0 = 97,7 |
{ 4,5 = 0,7 1 29,5= 27,9 1 54,5 = S0,8 | 79,5 = 98,5
! 5,72 = «0,1 | 30,8 = 28,4 ! 55,2 = 66,5 | 82,8 = 99,3 |
! s5,5= 9,4 L} 32,5= 29,2 | 55,5 = 61,3 | 88,8 = (78,1 |
1l 6,83 1,8 1 31,2 = 29,6 | 56,% = 62,1 1 81,0 = 13,8 |
17 6,5 = 16 1 31,5 = 30,1 | 55,5 =_ 62,9 | 81,5 = [?1,6 |
! 7.0 5 2,1 ! 32,8 = 32,7 1 57,2 = 63,6 | 82,8 = (22,4 !
I 7.5= 2,7 | 32,5 = 31,3 | 57,5 = 64,4 1 82,5 = {03,2 | _
1 8@ = 3,300 33,8 = 31,9 | 58,0 = 65,2 | 83,0 = 183.9 |
! B,5= 3,9 | 33,5 = 32,4 | 58,5= 66,0 } 83,5 124,77 |
I 9@« 4,80 ] 34,0 = 33,2 ) 59,2 = 66,7 | 842 = 105,585
! 9,5= 5.2 1 34,5= 33,6 |} 59,5= 67,5 1 84,5 = 16,3 I
S b fe,e.s’ 5,6 1 3[5,8= 34,2 | 68,2 = 68,3 | 85,4 = {37,959 |
1 1e,5 3 6,1 !} 35,5 = 3IU4,B | 6¢,5 = 69,1 1 85,5 = 127,8 |
b o1,e s 6,7 1 3Z6,8 = 35,4 | 61,2 = 69,8 | B6.2 = 138,6 |
b 11,8 2 7,3 01 36,5 = 36,8 | 61,5z 73,6 1| 86,5 = 129,.4 |
112,06 =2 7,9 | 37,8 =5 36,6 | 62,8 = 71,4 1 87,2 = 112,14 |
1 12,5 = 8,8 I 37,5 = 37,1 | 62,5 = T2,2 | E7.,5 =2 {i¢.9 |
SV 13.e = 9.2 1 38,2 = 37,7 1 63,05 72,9 ) 88,2 = 111,7 |
CU 33,557 °6 1 38,5 = 38,3 1 635 73,7 1 85,5 = 112,5 1
v f4,e = fp,t 1 39,8 = 38,9 | 64,0 = 74,5 | 89,6 = 113,2 |
-} tu,S = 18,7 ! 39,5 = 9,5 |} 64,5 = 75,3 | 89,5 = (14,0 |
I 15,2 = §1,3 | 40,3 = 4d,1 | 65,2 = 76,0 } 92,2 = {14,868 -
1 15,5 = 11,9 1 ag,5 = 49,7 | 65,5 = 76,8 ! 93,5 = 115,6 |
(>l 16,335 12,4 | 83,8 = U1,3 | 66,0 = 77,6 L 91,8 3 116,3 |
ol 16,8 = 13,0 1 B3, = 41,8 | &6,5 = Ta,4 ' 91,5 = 117,1. 1
I 7.8 = 13,6 1 82,2 = 62,6 | 67,2 = 79,1 | 92.8 = {17.9 |
G 1 17,5 = 14,1 1 82,5 = 4#42,9 ) 67.5 = 79,9 1 92,5 = 118,7 |
) 18,6 = 14,7 1 43,9 = 43,4 | 68,0 = 84,7 !} 93,8 119,04 !
. b 8,5 = (5,3 |} &3,S = 43,9 | 68,5= 81,5 ! 93%.5 = 122,2 !
&1 t9,p = 159 1 so,p = 44,5 1| 69,0 = 82,2 | 94,2 = 121,4 |
1.19,5 = 16,0 1 a4,5= 45,8 | 69,5 = 83,6 | 90,5 c 121,58 |
4t 26,0 = (7,8 1 85,2 = 45,% | 79,9 s B3I, B8 | 65,0 = (22,5 |
(L 1 22,5 = 17,6 ! &¢3,5.= u6,1- | 78,5 = B&4,6 } 95,5 = {23,3 |
1 21,6 = 18,1 | 86,2 = 66,6 } 71,2 = B5,3 ! 96,3 = 12d,1 |
, b oe15 = 18,7 1 ge,S = 47,4 1 71,5 = 86,1 ] 96,5 = (20,9 |
ol 22,0 = 19,3 I a7,z = 48,1 | 72,3 = 86,9 | 97,2 = 12%5.5 !
I 22,5 = (9,0 | 47,5 = ¢8,9 } 72,5 = 87,7 § 97,5 = {126,4 |}
b 237 = 20,4 0}y e3,0 = 49,7 } T3} = B8R U | 68,0 z 127,22 |
l 23,5= 21,4 ! 8,5 = 52,5 | 73,5 = 89,2 ) 93,5 = {28, |
20,0 5 21,6 ) 49,2 = sS§1,2 } 74,2 = 99,2 } 99,2 = 125,7 !
oobo2as = 22,1 1 e9,5 = s2,6 1 74,5 = 94,8 | 99,5 = [29.5 |
} 25,0 = 22,7 | Sw,e = 52,6 | 75,8 = 91,5 |} 188,2 = §38,3 |
‘(ZW CALIRRATINON POINTS Y ‘ .
Lo (RT7.P0,25,30) (34.002,33,002) (u1,2¢2,681,32) (U6, 03, Ub,63)

N (5¢,00,52,80) (
| DA b s R1/16776
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DATA ANALYSIS PROCEDURE 2

High Volume Data Analysis Procedure

General

The high volume data analysis procedure details the steps

L&

0

involved in datz handling from ordering the filters to final editing

of data. -
B. AEguiEment

O

C.

"Clean filters . R
.Laboratory Data Sheet for clean, weighed filters

Stamped envelope

Form DA#5, Filter Distribution Log

- Form DA#l, Hi-Vol Filter Log Sheet

Form DA{6, High Volume Motor Calibration Curve
Form DA#7, High Volume Sample Coding Cheet
Form DAf#3, Coding Log Sheet '

Form DA#4, Laboratory Sample and Accounting Record

Procedure

1. Filters are ordered by Air Monitoring Unit.
2, Clean, boxed filters are taken to the lab by Data Analysis

Unit (usually semi-annually).

. 3. Each month, the lab processes clean filters required for

the next month's operation as follows:
a) YThe clean filters arce removed from the box and the
identifying number, which is stamped on both sides of the
filter, is typed using a telciype into the computer.
b) The filter is weighed on the electronic balance to get

the tare weight.

c) The filter number and the corresponding tare weight along

wilh temperature ond relative humidity are stored by the
computer. Standard veights are used o check the balance
before weighing and 10% of the filters are reweighed for
~quality control. . '

d) When the entire box of filters has been,weighed, all
filters and two cepics of tlic daca shieel conlaining eulh

filter's idcntifying numbex, tare, weight and the lab
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humidity, temperature and quality control data are placed
in the box. The laboratory also rctains a copy of the filter
" . 2 weight data. ’ '

4. The Data Analysis Unit retrieves the clean, weighed fllterg

from the laboratory and provides the Quallty Assurance Unit w1th

“one copy of the data sheet.

5. Data Analysis prepares &= n@le envelopes (without clasps)

by stamplng a 9" x 12" manilz =zzyelope with a rubber stamp.
The stamp has spaces for recording'tare weight, loaded weight,
filter ﬁumber, date and site of run, start and end time of
run and start and end flow. (Figure 1).
6. Data Analysis removes each individual filter from the box,
packages it in a sample envelope, and records the filter number’
and tare weight in the spaces provided on the sample envelope.
7. Clean filters are provided to the operators as follows:
a) Metropolitan sampling - site operators secure filters from
Data Analysis Section as they are needed. ' '
b) Outstate saﬁpling»- enough clean filters to sustain the
‘_nexﬁ month's sampling are mailed or dispatched with MPCA air
| monitoring personnel monthly. ‘ .
c¢) Local agencies -~ currently purchase and use their own
filters. . o o ‘
-d) Form DA#5 is completed'as the filters are dispatched.
" As the log sheet is completed it is sequentially assigned a
page number in the upper right corner and the sheet is filed
in the log book. Form DA#5 identifies where the filters are
dispatched. _ ' '
8. High volume sample is run, starting and ending flow,
sampling site and date, and starting and ending time are recorded
on the sample envelope; the folded filter and transducer chart
if used are placed in the sémple envelope.
9. Samples are returned to the MPCA as follows: .
a) Outstate monitors - samples are mailed back to the Data
Analysis Unit on a sample-by-sample basis.
b) Metropolitan area samples are recturned to the Data

Analysis Unit as they arce run.
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10. As sanmples are returned from the filecld, date of run, site
of run, and filter numbcr are recorded on the Hi-Vol Filter Log
Sheet (Form DA#1l, 1- 1J ~76). Sample expos sure time (minutes) is
calculated from the starting and ending times on the samplé

!
envelope. Filters are visually inspected for holes, flows out

of range or other conditions which invalidate the sample. Filters

are also checked to be sure that the ID number of the filter

matches that recorded on the sample envelope. Form DA#1 is

reviewed to be sure that a sample from the site and date has

not previously been received. Inconsistencies from these
checks are recorded on Form DA#l; 1-15-76. If the filter
validity is questioned and if the filter is not invalidated for

physical reasons an attempt is made to correct data believed to

be in er¥or (e.g., to determine on what date a filter actudlly

ran in the case of a duplicate site and date).

If the filter was physically damaged an error code is"
assigned to the sample and recorded on the loa aheet (Form DAﬁlv
J-15~76). If phy51cal damage appears to be cons1stent from a
partlcular site, the site and nature of the problen are reported
to the Air Monitoring Unit.

The error codes include:

= 1 -- no analysis

=~ 2 -- PCA

= 3 -- laboratory

- 4 --'operator

-~ 5 -- vandalism

- 6 —- natural (rain, wind)
- 7 == equipment failure °

- 8 -- generated by computer, quality assurance
The laboratory may assign-codes.—2 or -3; operators may assign
any code except -3 or -8; -8 is a quélity assurance code and can
only be assigned by the computer. _
1f the sample appears to be valid but is éxcessively loaded,

the Enginecring and Enforcement Scctions are notified.

o,

e

Y W W y M —
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Along with logging in the filters, site number, date of run,
tare weight and calculated exposure time in minutes are recorded
on lI-VOL DATA ¥orm DA#7; 3-16.76. Truve flow ratc is detexrmined
by averaging the starting flow and ending flow logged on the L
sample envelope. This average number is then located on the
appropfiate high volume motor calibration curve (DA#6; 1-16-76)
shown in Figufe 2. ’ ‘ S

Each page of data form DA#7 is sequentially assigned a

‘sheet number (starting value is taken from the last coding

sheet log form DA#3; 1-15-76. This sheet number is also logged
on the high volume filter log sheet (DA#1l; 1-15-76).

11. On Tuesday and Friday mornings—all data sheets (DA Form#7;
3-16-76) which are ready to be sent to the laboratory are

" logged (by date) on the coding sheet log (DA#3; 1-15-76). The

sheet number of each coding sheet used and the date the coding
sheets and corresponding filters will be taken to the laboratory
are logged in the appropriate columns of the coding sheet log

and a description of "high volume samples" is entered in the

‘description column.

Data sheet. page numbers and total number of filters are
logged on a laboratory sign-in sheet (DA#4; 1-15-76). This
form is filléd out in duplicate and the labofatory must sign
for the samples; the laboratory keeps one copy and the other is
returned to MPCA. .

12. On Tuesday and Friday afternoons all coding sheets iogged4

to the laboratory along with corresponding filters are taken to

-the laboratory.

13. The laboratory acknowledges the receipt of the filters and
coding. forms by signing the laboratory sign-~in sheet: (DA#4;
1-15-75). » . '

14. The laboratory weighs the loaded filters on the electronic
balance; standard weights and 10% audit samples are also
weighed. The laboratory provides two computer printouts of the
results. . ' )

15. Data Analysis retreives all data sheets completed by the .
laboratory and logs the data returned in the "Date From Lab"

column of the coding sheet log (DA#3) for that coding shect
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page number. onc of the two copics is sent to Quality
Assurance. In addition all data sheets which have becen in the
lab ~~»e than 3 weeks are reported to Quality Assurance.

16. YLocal agencies send MPCA completed coding sheets. >
17. Data sheets are manually cditted to remove irregularities
in coding and reporting of data. 1Invalidated data points are
checked'and assigned an appropriate errox code.

18. All coding sheets which have been complected and edited
are logged out to keypunch in the "DATE TO" column of the

‘coding sheet log for that coding sheet page number (DA#3) and

are taken to keypunch on Tuesday and Friday afternoons.

19. All data sheets (DA#7) are keypunched on given stripped
cards. ', _ C

20. All keypunched cards and‘the corresponding data sheets
(DA$7) are retreived from keypunch, returned to the MPCA, and
the date returned is logged on the keypunch "DATE FROM" column
for that coding sheet page number on the coding sheet log

(DA#3; 1-15-76). - N |

21. Form DA%l is checked to indicated that the filter has been
returned to MPCA and Form DA$l is then filed by site and date.
22. FKeypunched cards aré editted via the PDP8/E computer. Edit
checks are made for illegal characters on the card, date within.
specificed range,.number of parameters must be equal 7, time
between 1320 and 1560 minutes (22 and 26 hours), flow between

32 and 72 cfm, tare weight between 3 and 5 grams, total weight
between the tare weight and 5 grams, and calculated high volume
results between 5 and 300 ug/m3. The card and calculated
results are printed out.on the line printer, errors are flagged
with the word "check." Calculated results in excess of 150
ug/m3 are single starred, and those in excess of 260 ug/m3 are
doubled starred. A detailed list of all cards in erxyor and
appropriate error messagcs are printed out on the consoléd
teletype. |

23. Keypunch crrors are corrected as found. Coding of values
in error is verified, and if possible, corrcctéd; A listing of
results for cach local agency is dispatched to that agency fox

error chechking and result verification. An attempt is made to
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correct every error, if possible, or if not possible to assign

an appropriate error code.

VIii. 2
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Figuré 1. Hi-vol data stamped on 9" x 12" envelope without clasps.

Section VII, 2
Revision No, O

3/24,/16
Page 7 of 13

.

VII,2




Yorm DAS
2/25/16

OBeelidon VIIL2
Roevision No, O
3/20/16

Page g of 13

PILTER DISTRIBUTION LOG
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Figure 2. High Volume Motor Calibravien Curve (Flow Tuble).

CPRESSURE 1 73254 - - - — - TNSTALLED 3 e SITE 83 L
TEMP. 1 20,0 REMOVED T MOTOR ID #3H 7779
FALYRRATED ¢ 3/29/76 BN
I B.5 = e, 1 1 ?5,5 = 22,6 1 54,5 = 49,3 | 75,5 = 78,1 |
b 3.0 = w3 6 L 96,0 3.4 1 81,4 ® 40,9 | 76,0 = T8.7 |
1.8 2. =3,0 1. 26,5 5 23,6 1 51,5 = 53,5 1 76,5 5 79,2 |
I 2.4 = =2,5 -1 7.0 8 pd.2 1 S2.7% = 510 1 77,0 8 79.8 |
! 2.5 7 «2,8 1 27,5 = 24,7 1 52,52 S5f.6 1 77,5 = R0
bo-3,0 = «f,0. 128,86 = 25,2 1-653,2¢= 52,2 | 78,0 =. 81,0 1.
| 3,5= =~0,9 | 2B,5= 25,86 1 3.5 = 52.8 1 78,55 Bi,5 |
I a,0 = 8,4 | 29,8 = P63 1 50,4 = . 53,4 | 79,45 B2.1 |
fl,5 5 7,2 1---P9,5 5 P68 —1 54,5 = 5%.9 .1..79,5 . B2,7 |
1 S.p = 6,7 1 30,0 = 27,4 1 55,85 54,5 | AQ,@ s 83,3 |
! 5,6 1,2 | %®,5= 27,9 1 55,5= 554 | R3,5 = 83,8 |
1 6.2 = 1,81 1,6 = 28,4 1 S6.%2 = 55,7 | . 81,8 = 84,4 I
bbb oz 2,3 1 TS 20,4 1 B6,5 = 5602 1 ALY = 85,3 |
. 7.8 2.5 | 32,86 = 29,5 1 S57.0= 56,8 | 82,6 BS.6 !
7,82 3,0 1.272,5. 2 36,8 1 57,5 = 57,4 1. B2,5 =.-86.1 I
I &,e® 3,9 L 33,6 = 0,6 1 59,0 = 55,0 1 R3.Q = R6,T7 !
' A5 = 4,4 ) 33.5= 1.4 | G&,5 =. 58,5 | RI.5 = 87,3 I
@, Bm 5.6 ] 34,0 2 31,6 1. 59.6 % 50,1 | 84,8 3 B7.9 . 1
! 9,5= - 5,% } 3e,5= 32,2 | 59.5= 59,7 | 84,5 =z BR,4
bo1e.p e 5,8 1 15,0 2 32,7 1 62,6 s 60,3 | 85,8 = 89,9 |
Lode.5 R k61 %5,5 % 33,2 ) 47,5 = 68,F ) 85,5 = B9.6 |
Potg.0 s T8 ) 6.0 0= 3.8 1 61,7 ® 61,0 | 86,0 = 9G.2 |
Y11, 2 .6 1 36,5 ® 34,3 f  61.5 = 62,9 1 B6.5 = 99,7 |
L §2,% = _B,2 17,8 5_%4,8 -1 62,0 3 62,6 1. 87,3 =. 91,3 !
12,5 s 8,7 L 37,5 = 5.4 | 62,585 63,4 | A7.S5 = 91,9 |
' o§r.2 & 9,2 | 38,0 = 35,9 | 63,3 % 63,7 | RS, 3 92.5 |
= l N | = | =~ |
- | - i - i |
} | ' - t
= = . | -
‘ ' : 1 -~ i
- = ! = i = ; N (
: GoGox 16,7 1 45,7 = 0I5 1 JA,% % J1.R | uys,p 5 14w ]
Poem.SE 37,2 L 5.5 = duin 4 70,5 = 73,3 RS IR
R B 1 S R T A A S T N - B A VP
L.o21.S = 4A,3 | 66,5 = 45,1 | (.5 = 73.5 1 6.5 = jga.2 |
bo2>imz qm.8 1 u7,0 = 056 1 72.% 8 74.4 1 974 & 1728 |
P22.8 = 49,6 | 07,5 = 6.1 L 12,5 = TU0L6 L. 67.% 5 1734
| 21,0 = N e / . 9 5 3.
€2 19,9 1 we,8 = 6.6 1 73,0 = 75,2 | 9g,4 5 {Cu.0 )
boew.s = 20,4 | @RS = 7.2 | 73.5 = 75.8 | 06.5 = 104.5 1
bo26.0 & 29,0 |.69,8 5.87,7 | 74,8 76,0 | 0gia z 3850 |
bo2us e 21,5 1 w95 = dblz 1765 s 7610 | 905 ¢ 145.7 |
25.% = 22,8 1 SW.8 = #E.& | 5.6 1 77,5 | 19%%.8 = 146.3 |
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laboratory has been uncder 50% for

Particulate Natter Page 1 of 1
{ rocedure:
("YA\A/' T
L TARE WEIGHT \
1. Dctermine the tare weights of the clean, numbered 8" x 10" glass fibver |
{ilters. This is to be done only after the relative humidity in the

at least 24 hours.

e

O

£, GROSS VZIGHT
1. Allow a desication period of 24 hours during which the R.H. is below 507
sfter the exposed filters are brought into the lab before final weighing.
2. Inspect filters for holes, missing pieces of filter, loading extending
beyond margins and over the filter edge, and recorcd as an invallid sample
any filter with one or more of the above defects.
3.. Weigh to the nearest .1 mg and record.
’9} Quality Control
{ N
s ,
\&» PRECISICN: : . 3
a) At least 10” of each box of 100 clean numbered tare weighted filters
are indepencently reweigied.
b) - At least S% of each batch of filters which are weighed for total weight
are independently reweighed.

ACCURACY:

Veights which have been calibrated with Class S weights are used to check
andé adjust the balance prior to and after each batch weighing.

In addition, a polonl"ﬂ source 1is used to retard the effects of static
charge on the filters. ‘

VIi.1
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SAMPLE HANDLING PRCCEDURE

The following prgcedure is followed for air quality samples by

the Laboratory staff, ’ .

s - -

% .

1) Upon receipt of samples (gas and particulate), the accompany-
ing data shecets are given a laboratory control number, dated,

and entered into the Receiving Desk Log Book.
. g

2) The gas samples, if not immediately analyzed, are placed
into the Receiving Desk storage cooler which is maintained

- - at hoo Fo - . . s

%) TFilters are analyzed after the required dessicaticn period

has elapsed. They are boxed and returned each week.

L) Upon completion of all analyseé recuested on each data sheet,
the sheets are forwarded to the office staff for tallying

and duplication.

5) Data sheet originals are placed in the approvriate box for

pickup by PCA personnel.

*6) TFilters will be placed in the same appropriate box to be

.‘l' picked up with the data sheet originals.

AV A S ]
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OPERATION PROCZDURE 9

Brushless Hi-Volume Sampler Operation Procedure

(Magnehelic Systeém)

A. General ‘ . o

Brushless Hi—VolumeAsamplefs are operated once per six days frco-
midnight to midnight. Units operatihg with magnehelic gages are
equipped with Intermatic timers which measure time to + 15 min-
utes; Gelman Type AE filters are generally used for regular samp-
ling; other filters may be used for special sampling. Brushless

‘Hi-vols are equipped with elapsed timers for measuring actual

running time.

~B. Equipnment

Calibrated Brushless Hi-volume sampler‘equipped with mag-
nehelic gage and elapsed timer.

Filter and/or filter cartridge.

Filter envelope. |

Mailing envelope (if used).

Timer (mounted on Hi-Vol).

Magnehelic gage

Magnehelic operation bulletin ,

Elapsed timer (mounted on top of Hi-Vol).

C. Procedure: Removal of exposed filter.

1. Verify magnehelic calibration versus a water manometer
before each days use. Zero with set screw. If upscale reading
does not match refer to magnehelic operation bulletin.

2. Observe the elapsed timer reading to verify that the
Hi~Vol has run the necessary 24 hours (1440 min).

a. Open the bottom housing door and turn on the motor
using the on/off switch located below the timer face.

b. Hemove the port cap and attach the magnehelic hose
to the port located by the filter screen and record the
reading on the filter envelope in the "final flow" heading.
Replace the port cap. )

¢. Record the elapsed timer reading on the filter en-

velope in the "ending.time" heading.
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d. Turn off the motor,
3. - lemove exposed filter.

a. Loosen the four wing nuts holding the hold dowr frame
in place. - ’

b. Remove the hold down frame making sure the filter
does not stick to the frame. | S

c. Carefully remove the exposed filter. Observe the
"white band" around the perimeter of the upper surface of

"the filter. If the border is not distinct, the hold down

frame is not tight enough which means the incoming air is
leaking through the gasket. ‘

d. Fold the filter in half (to form a small rectangle)
and place it in the proper envelope. The number on the
filter and on the envelope must match.

e. If the -hi-vol is eguipped with a filter cartridge, -
replace the cartridge cover and loosen the wing nuts hold-
ing the cartridge in place. Take the cartridge to a

sheltered location before performing b, ¢, and d.

f. Record operational difficulties or meteorological’
conditions under "comments" on the filter envelope. feturn
the exposed filters promptly to the MPCA office either in
person or in the self-addressed, stamped envelope provided.

Procedure: Placement of clean filter,
1. 1If a filter cartridge is not used proceed as followus.

a. Loosen the four wing nuts holding the filter hold
down frame in place. Remove the hold down frame. Check
the gasket; if worn, replace it.

b. Remove clean filter from its envelope and place
squarely on the screen of the holder assembly with the rough
side of the filter facing up and the smoother side down.

Do not tear or puncture the clean filter.
" ¢. Rerlace hold down frame taking care not to move the

filter out of alignment. Tighten the wing nuts enouzh to

achicve a tight seal to'prevent air leaks,
2. If a filter cartridge is used, the cartridge is“fitted -

Iv 9
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with the filter at a sheltered location. The cartridge
allows easy installment and removal under adverse conditions.
The cartridge unit has three parts: 1. screen plate and’
gasket, 2. hold down plate and 3. cartridge cover.

a. Remove the filter from its envelore and place it
squarély on the screen plate (the gasket is on the under-
side of the plate and will be placed on the hi-vol). The
rough side of the filter should be face ug.

b. Place the hold down plate on top of the filter and
tighten enough‘to achieve a tight seal.

c. Finally, place the cartridge cover over the assemtly
to protect the filter. The unit is now ready to be placed
on the hi-vol. - ‘

d. Place the assembled cartridge on the hi-vol unit.

It fits directly over the screen attached to the hi-vol funnel

e. Tighten the wing nuts enough to insure a leak proof

f. Since the cartridge assembly has two gaskets, there
are two chances for leaks. Be sure the seals are tight

and the gaskets are in good shape., If there is any doubt,
replace with another cartridge.

g. Remove the cartridge cover from the assembly. After
the filter has been properly placed, ready the system for
the next run.

3. Turn on the motor and allow a few minutes warm up be-
fore readinz the flow off the mapgnehelic gage. The wing

nuts and cartridge retaining nuts should be rechecked at

this point. |

a. +ecord site number, location and date filter will
run on the filter envelope. Record the start time in the
"start time" block (obtained from the elapsed timer).

. b. Hecord the magnehelic reading on the filter envelope
under "initial flow." |
4, Set the clock so the sampler will turn on at midnight cf

Iv 9
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the day indicated on the sampling schedule. Samples should
1un exactly 24 hours. Once‘setv the timers actuate then-
selves, The timed indicators should be separated by on
hours; they should be set from midnight to midnight. Since
the timer is set up for a seven day period and sampling is
once every six days, it doesn't matter on which day of the
week the indicators are set. .The indicators are pre-set and
should not require further setting. The clock face turns
clockwise in the direction of the "turn" arrows. The long
arrow marked "do not turn" or "time" remains stationary and
should not bemoved. To set the timers after the 24 hour .
sampling period has been completed simply turn the clock face
back 24 hours. For example, if the sample was set to run
from midnight Wednesday to midnight Thursday and you arrive
at 10 a.m. Friday to change the sample, advance the timer
to 10 a.m. Friday. This setting means that the timer will
activate on the sixth day as regquired by the sampling
schedule. If the new filter is not replaced until the day
before the run, the long arrow of the timer would be set to
say 10 a.m., of the day before the run or at whatever time
the operator is at the site. '

IV 9
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CALIBRATION PROCEDURE 11

Brushless Hi-Volume Samnler Calibration Procedure N

A. General ’

The air flow indicator (magnehelic gage) of the brushless
hi-volume sampler system, must be calibrated against a systenm
producing a known flow -- a calibrated orifice and water or oil
manometer. By measuring actual flow with a manoneter and cali-
brated orifice and simultaneously observing the value on the
flow indicator, a curve for a given motor and magnehelic gage can

‘be derived by plotting actual flow vs indicated flow. Brushless

hi-vols,; because of their weight and inability to remove the
motor from the housing, are calibrated in the field.

B. Equipment

Field calibration kit, including adaptor plate, orifice,
manometer and five resistance plates. This system shoull have
been calibrated on a Roots meter (Calibration Procedure 1).

- Bruskless hi-vol ‘ | | ‘

Calibration curve for the orifice (Form CG-1)

Magnehelic gage

Magnehelic operation bulletin

Meter for monitoring line voltage

Thermometer '

Barometric pressure indicator - if availablé

Hi-vol sampler calibration data sheet, Form C-11

Hi-vol sampler air flow calibration curve, Graph CG-11

RIC card (see fig. 4)

C. Procedure

1. Attach orifice adaptor plate to.the funnel of the hi-
vdl, tightening the wing nuts securely and attach the orifice
canister to the adaptor plate, inserting resistance plate #18
between the canister and the adaptor plate. Secure ti:htly.
Allow motor to warm up for a few minutes. As there are no brushes

to set, a few minutes should be suflicient.

11, 11
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2. Before using magnechelic, Vverify calibration versus a
water manometer. If zero requires adjustment, use front meter
set screw. If upscale readihgs are inaccurate, refer to the
magnehelic operations bulletin. Attach the magnehelic gage hoge
to the port on top of the hi-vol being careful that the gage is
kept level. , . .

%. Zero the manometszr by sliding the scale up or down;

v

the water level changes as this is done and both sides of the
manometer should read zero. after the manometer has been zeroed,
attach the manometer to the orifice port. The motor should re-
main on during this procedure. (see fig. 3)

4., Observe and record ambient barometric pressure temp—
erature and line voltage on form C-11.

5. Read inches of water to the nearest 0.05 inches on each
side of the manometer (read the bottom of the meniscus) and add
these values. Record this number in the "manometer reading"
column on the hi-vol Calibration Data Sheet, form C-11.

6. Being careful that the magnehelic gage is level record

1

the value in the "magnehelic reading"” column on form C-11.

7. DRefer to the appropriate orifice calibration curve to
determine actual flow (CFM) for the inches of water measured in
step #6. Read inches of water yielding CFI. '

8. Turn off power and position resistance plate #13 at the

bottom of the canister, with gaskets on either side, securing

- tightly. Turn on power and read the manometer, adding measured.

inches of water from toth columns. Record this value next to
plate #13% under "manometer reading" on the Calibration Data
Sheet. Record on data sheet under "magnehelic reading" the mag-
nehelic reading.. Repeat this ﬁrocedure for plates #10, #7, #5.
Plate #5 may not have sufficient vacuum to read from'the orifice
curve therefore it may be eliminated.

9. Renove the orlflce and adaptor plate,.unplug nmotor.

10. Attach RIC card (see fig. 4) to the motor housing,
recording motor number on all three sections. ‘Record date on
"C" portion of card. Remove "C" portion and turn in to data = -
analysis section later with the data shecet (refer to Sec. 1.4

IT. 11
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for procedures on RIC cards). Aiso attach a sticker label to the

- hi-vol with date of calibratiorn and technician's initials.-

11. Complete data sheet by recording actual flow values

obtained from appropriate orifice curve for each resistance

plate; the line voltage during calibration; the date; motor
nunber; magnehelic number; and the orifice I.D.. .
12. VYevelop a calibration curve for the motor by plotting
the actual flow (readings from the orifice curve) against the
indicated flow (magnehelic gage readings) on the hi-vol Calibratic
Graph CG-11. Comrlete other blank items on tke graph.
‘ 15. Submit graph, data sheet, and "C" portion of RIC
card to data processing personnel. They will store data taken
from the data sheet and keep the "C" portion of the RIC card.
14, Curves and data should be kept on file by motor number
by the operator.
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FIGURE %: Brushless Hi-Vol Magnechelic Unit
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Data Sheet, Brushless Hi-Vol Calibration
Orifice # Technician
Motor # : - Date
Magnehelic A - Temp
Calibration Voltage , _ . Bar Press
Plate No. Manometer Reading |Magnehelic Reading CFM (orifice calcve)
18
13
10 ‘ -
7
5
Form C-11

7/14/76
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APPENDIX A-3

RAC MEMBRANE SAMPLER OPERATIONAL
AND CALIBRATION PROCEDURES

Operation Procedure
Calibration Procedure
Sample Transfer ——— f?7[f5(3(fkj
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OPERATION PROCEDURE 10

Operation of the Mcmbrane Sampler

A. General: : : .
The Membrane Sampler is used for taking high volume
samples of suspended particulate matter. The unit consists
of a carbon vane punp, a filter cartfidge, a bonnet, and
attached magnehelic gauge. The membrane sampler is housed
in a weather-proof container. ' |
B. Equipment:
Teflon Tweezers
Spare Filter Cartridge (if available)
. Spare Filter Container ' .
Clean Filter
Tool Xit
C. Procedure:
1. Turn on the motor by using the on-off switch iocated‘
on the timer. Allow the motor to run at least 5 minutes
before reading the flow.
2. Zero magnehelic by depressing the zero button. (If the
magnéhelic does not read zero, adjust the set screw located
on the bottom of the face. If a reading of zero is still not
obtained, the magnehelic should be removed and checked out
in the 1lab.) . '
3. Depress the test button,. this will give you the
indicated flow, the actual flow is read off the Calibraéion
Curve. This procedure is done at least twice to insure
proper readings. Record this information on the proper
form. (Stickers to be placed on the filter container)
4, Detach entire filter holder and stem and proceed to
a sheltered area to change the filter. '
5. Remove the bonnet. A
6. Caréfully loosen the retaining nuts.
7. Carefully remove the metal retaining ring being care-
ful the filter does not stick to it. (If filter does stick,

carcfully remove with teflon tweezers..
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8. Obscrve the location of the thick teflon gasket
normally found located on the. top of the filter. If
it is stuck to the filter remove with teflon tweezers.
9. Remove filter with teflon tweezers being extremely

careful not to damage the filter in any way.

.NOTE: Lower thin teflon gasket may stick - if so remove.

10, Place exposed filter in appropriate container and £fill

out information on the container labels.

PROCEDURE: Placement of a clean filter.

1. Place the thin teflon lower gasket in place - checking
to make sure filter holder is free of debris.

2. Using teflon tweezers remove a clean filter from box
and place it on the filter hoider.' . '

NOTE: Be sure blue filter backing is not attached to
filter. ) , _

3. Place upper thicker teflon gaskét followed by metal
retaining ring; tighten the retaining nuts as evenly-as

possible.

"NOTE: Do not over-tighten; finger tight is sufficient.

4. Before replacing bonnet, set the filter holder in

place assuring a proper seal at the base; with the motor
on, check the filter for cracks. Replace filter if
damaged.

5. Replace bonnet on cartridge.

6. Take initial flow, and record on label.

7. If membrane sampler coincides. with the hi-vol, check the

timer setting to assure proper running day.
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CALIBRATION PROCEDURE 12 | .

Membrane Sampler Calibration Procedure

IS

A. General
The membrane sampler flow is measured by the pressure drop that
"occurs across an orifice. Pressure drop is read from a Magnehelic
gauge. The individual samplers are calibrated using a calibrated
hot wire mass flowmeter. The hot wire mass flowmeter has the
advantage of automatic compensation for pressure and temperature,
making it suitable for field use.
B. Equipment
Membrane Sampler
Thegmal qﬁemometer and throttle valve assembly
 Digital voltmeter
AC source
Membrane sampler calibration data sheet, Form CG-12
Rootsmeter (optional)
C. Procedure; )
1. 8Set up equipment in configuration shown in Figure 1. Remove
nembrane sampler head. Insert anemometer - throttle wvalve -
assembly into tygon connector above critical orifice. Connect
'digital voltmeter to "+ =" terminals on electronics box of the
flowmeter. Plug both anemometer and voltmeter into a 115 VAC
source.
2. Turn on sampler and voltmeter. Allow sampler to run 10
minutes to reach operating temperature.
3. Read Magnehelic gauge as follows: First, press "zero" button,
then adjust zero with adjusting screw on front of gauge while
holding "zero" button in. Next, read upscale valve by pressing
and holding "span" button. NOTE: =zero meter before reading each
upscale valve.
4. Adjust throttle valve so that that Magnehelic gauge reads
approximately 20 in/Hzo. Note D.C. voltage reading on voltmeter.

When voltage stabalizes record gauge and voltmeter readings.

"o,
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5. Repeat step 4 setting the gauge to readings of approximately
15 and 10 in/H0. Record voltmeter and Magnehelic readings.

6. Obtain true flow readings (CFM) by referring to anemometer
calibration curve stappled to inside of anemometer cbver. ’ .
7. Draw sampler calibration curve by plotting true flow valueé
and Magnehelic readings on graph on data sheet. Use best fit
straight line to describe plotted points.' All future flow
readings are obtained by reference to this line. Fill out
iemaining blanks on data sheet. NOTE: keep copy of curve in
station logbook or at station; return one copy to central office.
8. Rootsmeter Calibration. To calibrate sampler or anemometer
with Rootsmeter, follow hook-up diagram in Figure 1, use .
Magnehelic settings of 20, 15, 13, 10 and 8 in/H,0. Time the
passage of a volume of air (20 cubic feet for 20, 15 and 13Ain/H20,
10 cubic feet for 10 and 8 in/H,0) with a stop watch. Record
all data on data sheet, calculate True CFM by dividing volume

of air by elapsed time (min), and plot data on graph.
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APPENDIX A-4

- NO, AND S0, 24-HOUR BUBBLER
OPERATIONAL AND CALIBRATION PROCEDURES

S0, and NO, Bubbier Operation
»%80, and NO, Maintainancs

Critical Orifice Calibrator

NOg “Laboratory Proceciic

S0, Laboratory Procedure

Data Analysis Procedure
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OPERATION PROCEDURE 1 ‘ .

Operation of the Bubbler (RAC and MISCO) Units

A. General

The bubbler units are operated once per six days. Units
operated directly by MNPCA or local agency rersonnel are prepared
for field operation cne day before the sampling period or on the
same day. Outstate volunteer operators are provided bubbler tubes

with absorbing soluticn.and calibrated orifices by MRCA perscnnel.

U RAC or. MTSCO BubllerrUnits with .cotor=ocoded tuobes

N - Dasgilied water

50m1 volumetric pipette

Calibrated critical orifices

Bubbler data card 2628 '

Absorbing solutions (502 -= Potascium Tet&achloramércurate
(TCM); NO, == Sodiuwn Hydroxide-Sodiun Arsenite)

2
- Pomp and timer. {(usually

Y
LV H

Rubber bands, paper envelopes

C. Prevaration for field cveration

1. Rinse polypropylene absorbing tubes with distilled water

2. Rinse pipette with distilled water .

3. Pipette 50ml of absorbing solution into the color-coded
tubes (SO,-red, NO,-blue)

4. Calibrate critical orifices on the callbrated flcwmeter
in the 1lab (refe¥ to Calibration Procedure 3, Section II. 3).

The orifices must be between:190+210 cc/min. 'DISCARD any that

fall outside this.range.  Label orifices with flcw. Orifices ana
bubbler tubes are ready for fieid usc. ) .

5. Prepare bubbler tubes and critical orifices for volunteer
operators and local agencies in sufficient quantity as outlined

above. Be sure to include enough data cards ({628), See Figure 1.

Y 1
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(. + D. Field Craoratiocn

<

I. “Kemove bubbler unii from case.  Check to see if strip
heater is working. |

2. Observe timer and note start and finish time on data !
card, along with location, date and pollutant. (Bubblers run
from midnight to midnight, a 24 hour period).

3. Turn.pump on. Observe bubbler unit for bukbling sclution. Tuxr:

W3

punp off. If bubbling is absent, note-an data card and determine cauvse.

4. Remove the erxpcesed tubes from the rack and replace with
unexposed tubas (match color-ccded tubes).
5. Remove critical orifices and replace with new orifices

% f£hatvwere calibrated in the lab. The old orifices will be returned

Mgorthe Ylaby and will be re-calibraffer so identify them with site
iahe e and parameter fenvelopes work.well ’ |
6. Turn pump on. If solution is bubbling, turn pump off.
If selution is not bubbkling, check all connections +o assure leak/
procf svstem. Continue trouble shcoting until system is bubbling.
&, 7. Replace bubbler unit in case.
8. Set timer to operate orn the next specified sampling date
D Bi-Vol Operaticn Proced, . °
9. Be sure probe inlet is clean and free irom snow and-ice.
10. Attach the data card to the bubbler tube with rubber band
or tape. | " |
1l. Return exposed solution tubes to laboratoryv or home base.
Pour exposed solutions into glass tubes and mark the glass tubes
with site number and date. Also, color code the tubes for the
appropriate solution (SOZ—red, Noz-blue)f .
: 12, Recalibrate the critical orifices and record the flow
rate on the data card. It is assumed that this»flow is the same as
the initial flow. .o e '
13. Complete the data ¢ard.and add any comments about weather,
problems with the sampling period and so forth. Initial the card.
14. Place exposed tubes in the refrigerator as soon as possible.
15. Samples should be exposed to a minimum of 1igh£ during and"
after each run.

PanaN

Auenally six deys from the previocus run date). To set timer: refer.
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D)

16. Agency personncel should subnit data card #628 to the

~data analyasis o

17. Outstate operators should place exposed tubes and data

cards in the refrigerator until MPCA personnel pick up the tubes.

Tv. 1



B

g

ES

Data- Card

Fiqure L.

-

fOCATION

DATE

POLLUTANT

SEMTWDTTS O FIMISH
START
" TOTAL

COMMENTS

628

section Lv., |

S Revisicn Mo, O

Li/12/75

- Page 4 of 4



.
)

§
R 4

DOUCU LN L s d e A
Raevision Mte. 0

A ¢

RO

¢

Vog= L of ©

SATNTENANCE  PROCIDURT ] ' .

S UBub Y #eMBAC arnd MISCO Units) ‘Maintonance Procodure

Lat B A

A. General
: The total bubbler maintenance procedure should be performed on
a quarterly basis. ‘Changing of filters or glass fiber plugs may be
required et shorter intervals.
B, Eguizment
RAC or MISCO 3ukbler Units
Membrane filters and backings
" Calibrated critical orifices
T hGlass weol .ar feam plugs
*Rubber. septums

" Spare tygon, gilassrand £lemible teflon tubing

- Vacuum pump
C. Procedurc
1. Record dates., omegratcr, site number, bubbig serial auroo.
on Form M-1. / . ‘
2. Remove bubbler unit from case. Remove rubbver band (if
- present) that hLolds absofber turnes in rack. Remove any hezat shrink
tape from Tiltex assemblies‘and bubbler tubss. =
3. Clean glass manifold and tubing as follows:

‘a) Disconnect rubber septum and trap bubbler tube assembly

{0
w

D
e

from critical orifices (sze Figure 1l for parts), remowe th
critical orifices {(needles) and cseptums. .Disctrd septums.
Also remcve anj needles and caps thet are agiggng as plugs

for unused.assmmblyﬁswécega * |
b) If rieedles arz bent, discard them. 'If not, at the end of
the bubbler maintenance check flcow of needles using a cali-

calibrated flowmeter. Refer to Calibration Procedure 3.
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If the flow is in the range'l90;210 ce/min, the necadles may
be r ~-ed; otherwise, they are discarded.

c) Detach flexible teflon tubing from glass manifold., .
Remove anv rubber septums acting as plugs from the glass v
manifold. MNext, remcve glass manifold from the housinglby
removing retaining clamps and screws at elther end of thne
glass manifold. The glass manifold will slip out of pooltion
and is then ready for washinc along with rubber septums that |
were acting as plugs.

d) The collection bubbler tube assemnbly may be dismantled as
follows. Remove tygon tubing and flexible teflon tubing

. from the 2-port polypropvlene cap. Also, disconnect the glass
-buktling tuke f£rcm the 2-peort czp. The flexible taflon
tubing, 2~pbrt’cap, glass bubbling tube and COljp*Oy]lé

[y

bubbler tube zare now ready for washing.

e) Detach the remaining sec¢tion of tvgon tubing frcm the

”2—9 rt cap on the frap buobler tube., This tubing is now

rea”' 'for washing. |

'f) Detach the 2-port cap from the trap bubbler tuke. Remove
the glass wool ox foam plug and discard. Detach the polvPro—
'pylene tube from the cap and ﬂash both:the pol ypropylﬁnc tube
and bubbler tu

g) Detach the elbow glass tube and straight c¢lass tuvbe from
the filter assembly and 2-port cap along with sections of tygson
tubing. Wash 2-port cap and tubing. ' ,
h) Separate the filter assembly and discard filter and backing;
‘Wash assembly. .

i) All items should be washed in hot soaéy water, thoroughly
rinsed first with tap water and then with distilled water.
Rinse 3 times with distilled water and allow all parts to Zry
before reassembly.

3) Check Form M-l "clean manifold, clean tubing.,”

4. Reassemble bubbler. The procedure is the reverse of the
steps outlined above. Tubes are‘color—codcd; red tuzes are for SO
and blue tubes are for NO, . -

a) Trap bubbler assembly and filter assembly. Place a new

2

filter and backirg in the filter assembly.

.
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5. Clean case by wiping with danp sponge. Dry. Check Form M-1

Section 1IT.1
CReviaion o, O
106/1/715

Page 3 of 6

Backiné should be placed next to the outlet and filter ne:xt
to the inlet. Check Form M~-1 uvnder "change filter "
b) Reasscmble the elbow glass tube above the filter >
assembly and the straight glass tube below, using the
appropriate tygon tuting. Plug the top end of the eibow tuke
with a rubber septum. ' -
c) Place cne end oif tne stralght glass tablrg (with tygon
tubing ) into the top -of the 2—ﬂo*t cap. Replace a section
of tygon tubing (about 6 inches) on the remeining port of £hs
cap. Replace the straight polvpropylens *ube into ths
bottom of the 2-port czp opposite the 6 lnch length of tygen
tubing.
d) 1Insert a fresh glaés wcol or foam plug into the polypre-
3

1
pylene bukblar tube. Insert the zssembled 2-port cap into

the bubbler tube.

[
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e) The ascsembled trap b
in the carrier rzck acros
Replace calibrated cri
faps. Plug unuszd taps wi

f) Absorber Assemcly. Attach the remaining . end of the 6 inch
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cap. Attach one end of thd flexi
remaining port. Replace
port beneath the flexible teflon tubing. Replace the 2-port
cap over the absorber tu '

2, . ' AN ’ .

ol
g) 1Insert bubbler absorber tube in the carrier rack o

J

P(v’

th O
u
(BT

o+

(0

O
the glass inlet manifold and at

flexible teflon tuke to the inlet tap of the glass inls
manifold. Replace rukber band to hold tubes in place.

h) Plug unused taps of the glass inlet manifold with rubber

Septums. '
i) Carefully insert calibrated critical orifices into the ~

rubber septums.

"clean housing.
6. System Checks. These checks should be performed before the
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unit is sent to the field. . .
Temperature: Plug case containing heating pad into out-

a)

let. Insert thermometer into the case but not on top of pad

'
H

and allow 10-15 minutes for reaching temperature. The

MISCO and RAC units are equiped with pads preset to 90°F.

Observe and record the temperature on Form M-1l.. If the

temperature in the case falls below 80°F, replace the pad.

b)

Flow:

solution.
the exhaust manifold of the bubbler assembly to a vaccumn

Fill bubbler tubes with 50 ml of water or absorbing

Make sure all connections have been made. Connect

pump and observe the flow. If the solution in the bubbler

‘tubes

is bubbling, the system is assumed to be functioning.

If the éolution is not bubbling or bubbling slowly, the

system has a leak. Heat shrink tare may be reguired around

the filter zassemblies or the absorber tube/cavp joints.

Re-check 211 ccnnections. Units shcould not be sent to the

field until they have demonstrated flow.

"

.
L

N
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Bubbler Maintenan -' Form

for RAC and MISCO units
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Manifold
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Housing
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Tubing

Change
filter
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" CALIBRATICN PROCEDURE 3

LS

Critical Orifice Calibration Procecdure

A. General -
Critical orifices for bubbler units are calibrated by
Al

a.calibrated rotometer

e

measuring flow through the orifics

(flowmeter). Critical crifices are calikrated bezfcre each
sampling pericd. / A
B. Eouivment . ,
Calibrated rotcmeter (flowmetei), tygon tubing
Rotometer calibration curve '
' Vacuumn pump; tygon tubing with adaptor
Rubber septum - ¢
Tygon tubing
Glass tubing
Agency data sheet, bubbler identification card (2628)

C. Procedure

l. Assemble the apparatus as shovn in Figure 1. Attach the

»
T

. critical orifice to the tygon tubing coming from the pump (an
r

F=

adaptor is required) and carefully insert the needle cf the

orifice into the septum.

-

2, Turn pump on.
3. Observe the indicated flow on the calibrated flcwmeter.

£

This air flcw is converted to actual air flow using the flcw-

. » My
neter calibration curve.

0

4, Make sure the flowmeter I.D. number on the curve matches

cal

cr
pae

the flowmeter used. Locate the indicated flow on the ver
~axis of the graph; follow this number horizontally until it
intersects the drawn curve. At this point drop a perpen-
dicular line to the horizontal axis. The point of inter-
section on the horizontal scale is the actual air flow rate

(cc/min) .

210 cc/min.
6. Record actual flow rates for each orifice on the apcropri-

ate form or card if the orifices are being sent to the fiecld.

¥

5. Discard needles not falling into the flow range 190 cc/min -
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NITROGEN DIOXIDE

METHOD

Arsenace, 2h-~hour Sampling ﬁeference Method. N
PRINCIPLE - ’ T ) )
Nitrogen dioxide is collected by bubbling air through a sodium hydroxide-
sodium arsenite éolution to form a stable soluti;n of sodium nitrite; The
nitrife ion p;oduced during sampling is~reﬁcted with4phosphoric acid, .
sulfanilamide, and N—l~naphthyleth&lenediamine dihydrochloride to form an
azo dye and then determined colorimetrically. The analysis range is

0.02 to 2.0 ng NOz/mg. The addition of hydrogen pe;oxidé before analysis
eliminates the sulfur dioxide interf“erenc‘/e. of azo dye f:ormation.‘_
PROCEDURE

l.

Add 0.5 ml H

*

Replace any water lost by evaporation during sampling by adding distilled

water to bring the volume to 50 ml.

"P;pet 5 0 ml of sample into reaction tube.

202, 5.0 ml sulfanilamide, and 0.7 ml NEDA solution to each
sample and nmix.

Prepare a blank in the same meanner with 5.0 ml ebsorbing reagent.
Prepare standards using 5.0 ml of absorblng reagent spiked wlth

50, 100, 150, etc. pl of the 50.0 ul/ml standard.

After a 10 minute color-development interval, measure the abéorbance

at 540 nm on the spectrophotometer.

Calculate the pg N02/50 ml from the standard curve.

Dilute, with absorbing sélution, samples having en absorbance greater

than 2 pg/ml (100 ug/50 ml).

“Plot the accuracy and precicion data.
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IV. REAGENTS g

1. Absorbing Reagent: Dissolve 4.0 g NaOH in about 700 ml distilled

I

we T, ;dd 1 g NaAsO, and dilute'up to 1 liter.

2. Hydrogen Peroxide: Dilute 0.2 ml of 30% Hy0p to 250 ml distilled
wvater. Reffigerate, stablé for one month.

3. Sulfanilamide: Dissolve 20 g iﬁ T00 ml distilled water. Add 50 ml
conc. Phoéphoric acid, dilute to 1 liter. Stable for 1 month at
oo F. | | .

k. NEDA Solution: Dissolve O.SAg NEDA in 500 ml distilled water. Stable
for one month if refrigerated and protected from light.

5. Standard Nitrite Solution: (1000 pg/ml) Dissolve 1.546k. ¢ ﬁaNo2 in
distilled water, dilute to 1 liter.

6. Working étandards: 25, 50, 75, 100)ug/501ml are prepared for the

(j - caiibration‘cufve.‘ o

V. CALCULATIONS

Read the blank corrected absorbances and determine the concentration in

pmg/50 ml NO2 from the standard curve,

VI. INSTRUMENTS
Spectrophotometer, Beckman ACTA IV.

Settings: Wavelength - 540 nm

Absorbance = 0. - 1.0

S1it Width = 1.0 to 1.5

i}

Mode = DB Servo

VII. }FETHOD SOURCE

Federal Register, Volume 38, Number 110, Fridasy, June 8, 1973.

(;‘ Pages 15174-15177. .

[¢]
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SULFUR DIOXIDE

I. Principle - Reference Method

II. Procedure

Sulfur dioxide will be absorbed when a measured air sample
is bubbled through a solution of sodium or potassium tetra-
chlorémercurate. The formation of a dichlorosul?itomercurate
cpmplex resits oxidation by air, thcrébx allowing de}aj time
for sample tran;poftation to the laborato;y for analysis.

The colorimetfic enalysis is facilitiated_b& the formation

of a highly colored pararosaniline methyl sulfonic acid upon the
. )

"addition of a bleached pararosaniline dye. The sulfonic acid

. complex behaves as a pH indicator. The presence of the sulfohic

acid complex is then measured by a spectrophotometer.

..
-

— R

,-.;5. .g;, . *. . .- e . - P -

1) Bring samples up to volume with TCH absorbing solution.

O

2) Transfer 4 ml of samples (4 ml of TCH for blanks and standards)

{0 reaction tubes.

3)" Prepare standards and spiked samples by adding sulfite standard

using Eppendorf pipet (50, 100 ml). ©-

'B) Add b ml 0.6% sulfamic acid -- wait 1O minutes

5) Add .8 ml 0.2% Formaldehyde solution. . o
6) Add 2.0 ml Pararosaniline dye.
?) Add 2.8 ml distilled weter snd mix. ,

8) After 20 minutes and before 60 minutes, determine absorbances

. on a Spectrophotoncter.

&,
.

VIi.4

o
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1) Absorbing Reagent (0.04 M TCH)

”ﬂfli volume of 1 liter.

. Section VI.A4
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SULFUR DIOXIDE  (Continued),

XIX  Reagents

0' .r
Dissolve 10.86 g mercuric chloride, 0.066 g EDTA
. | '

end 6.0 g potassium chloride in water and bring up to
N , &a o

Sulfamic Acid (0.6%)

- Dissolve 0.6 g sulfamic-acid in 100 ml distilled

=

. water. Prepare fresh for each batch analysis.

Formaldehvde (0.2%)

Dilute 0.5 sl of 36-38% formaldehyde solution up to

100 ml with distilled water..?PTeparé fresh for each batch
) ' S . .

", analysis. . ' 'f4~ A i

Pararosaniline Working Dye

‘To a 500 ml volumetric flask, add L0,0 ml of stqck
pararosaniline solution and SO ml of 3 M phosphoric acid.
Mix. Dilute to volume with dis%illed water. The méxiumum
‘;bsorﬂance rust be at 540 nm in a .1 M sodium acetate-acetic
neid buffer. - R

Sulfite Standard = . .

Prepare the stock sodium sulfite (NApSO3) solution and

ptandardization as per Federel Register, Vol. 36, No. 8L,

" Friday, April 70, 1971 (6.2.8).

P

VI.4
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SULFUR DIOXIDE *(continued)

°

Calculations “ ' L.

re

.Prepare a standard curve using the standards analyzed with
the sample set. The slope must be in the rangé of 0.0%0 & 0.002

absorbance units/ug SO2. o R ’ ' -

C

"L ﬁebort results in S02/50 ml. .

Instruments |,

L. Spectrophotometer, Beckman ACTA MIV ‘ : ' . ;

-, SETTINGS: Vavelength = 548 nm. o . SR

w7 T i+ Absorbance = 0. - 1.0

T. .-+ . Slit width = 1.0 to 1.5

'L . .. " Mode = DB SIRVO o S e

R
:
.
.
’-
e v X .
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i
.
.
:
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* Lae
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DATA ANALYSIS PROCEDURE 2
Bubbler (§92 and §92)~Procedure

b

A, General

The bubbler data analysis procedure details the steps involved’
in bubbler data handling from dispensing samples to final editing of
the data. . \ '

B, Equipment 4
| Color coded bubbler tubes and solution

Data log card #628 4
Form DA #9, Bubbler Analysis Coding Sheet

Form DA #3, Coding Sheet Log : -
Form DA #2, Bubbler Log Sheet
Form DA #4, Laboratory Sample and Accounting Record
C. Procedure
1. Bubbler solutions are obtained each month frém the MDH
laboratory in color coded tubes (red tubes - SOZ; blge.tubes -
NOZ) containing 50 ml of the approPriate:absorbing reagent.
- Tubes are storea in a cupboard in the MPCA laboratory.
2. Color coded bubbler tubes are dispensed from MPCA to the
local agencies as needed; a month's supply of tubes is delivered
to outstate volunteers while iocal agencies pick up their
tubes each month. Metro personnel deliver tubes to the‘site
a$ scheduled (1 time per 6 days).
3. a) Bubbler tubes and calibréted oritical orifices are
dispatched'to the monitoring site} thé screw on cap is removed
and the color coded tube is inserted‘into the proper sampling
trxain position; the critical orifice is instdlled. The

bubbler is ready for sampling on the once per 6 day schedule.

RY W T o ]
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b. The bubbler tube which has run for the 24 hour

sampling period is removed as soon as possible éfter the run

and capped. Light exposure shéuld be minimized. ;
¢c. Sampling site number, operator initials and date of run

are recorded on both the data log qara #628 and the bubbler
tube. Pollutant flow and time of exposu;e are recorded on

the data log card as well as any'domments about the sample

(e.g., equipment failure, forzen samples, etc.) Critical

orifice is calibrated after each run; start and finish flow

are averaged for final flow,‘ ’

4. The data log card is attached to the tube and the sample

is returned to MPCA under refrigeration as follows:

1) Metro personnel - deliver directly'to MPCA afterxr each
sample run. — |
, "2) Local agencies - store bubblers in refrigerator no
. longer than 30 days before returning to MPCA.
3) Volunteers - Store bubblers in refrigerator no longer
than 30 days before MPCA personnel picks up bubblers for
return to MPCA.

5. At MPCA samples are immediately placed in the calibration

room refrigerator; data log cards (#628) are returned to the

Data Analysis Section.

6. a) At MPCA, site number, date of run, time of exposure and.
flow are copied frq@uzggddata log card (#628),Vto Form DA #9,
Bubbler Analysis Coding Sheet.

b) At local agencies the items.listed'in,G.a) are copied

onto Form DA #9 which is submitted to MPCA along with the

bubblers at the end of each month.
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7. If the data log card has hoted any problems encounted
during the course of the samplihg run an error code may be
assigned as follows: o N
-2 MPCA personnel
~3 laboratory
-4 equipment/operator error
-5 vandalism |
-6 natural (rain, wind)
-7 equipment failure
-8 generated by computer, quality éssurance
The labératory may assign codes -2 or =3; operatoré may assign
and code except ~3 or -8; :8 is a quélit} assurance code and |
can only be assigned by the computer.
8. Data cards are filed for future reference.
9;.‘Each‘page of the Bubbler Analysis Coding Sheef, Form DA #9
is assigned a sequential sheet number (the starting value‘is
taken from the last coding sheet log,‘Form DA #3). The sheet
number is then copied to the Bubbler Log Sheet, DA #2 for the
appropriate éite‘along with sampling date, time and flows for

2
about the sample.

S0, and N02 samples, error codes,'and any additional comments
10. On Tuesday and Friday mornings all data sheets (DA'#Q)
which are ready to be sent with the bubbler samples to the
laboratory are logged on the coding sheet log (DA #3). Sheet
number are date samples will be taken to thé_laboratory are
entered in the coding sheet log with the déscription

"bubbler samples."

Data sheet numbers and total number of samples are logged



.((

Reviéionv&é: 0
9/1/76
Page 4 of 10
on the Laboratory Sample and Accounting Record,; Form DA {4
is completed in duplicate.
11l. On Tuesday and Friday afternoons.all coding sheets logged
to the laboratory and their corresponding samples are taken to'
the laboratory. The laboratory verifies the Laboratory Sample

\

and Accounting Record, signs both copies, retains one and

_the other to the MPCA.

12. The laboratory analyzes the bubblers and records so,, and NO2
concentration in ug/50 ml on Form DA #9.

13. All Form DA #9 sheets completed by the laboratory are
returned Eo the MPCA and logged on the coding sheetAlog

(DA #3) in the "Date from Lab" column.for that coding sheet
number. DA #9 data sheets are manually editted to remove

irregulatities in coding and reporting of data. Invalidated

data points are assigned an appropriate error code enumerated -

in Step #7.

14, All completed, DA #9 editted coding sheets are logged out
in the "date to keypunch" column for that coding sheet number.
All sheets are taken to keypunch on Tuesday and Friday after-
noons. |
lS.lBubbler samples are kéypunched §n brown stripped cards.
16. All completed cards and DA #9 coding sheets are retiieved
from keypunch, returned to the MPCA and logged in under the
"date from keypunch" column for the coding sheet number on the

coding sheet by (DA #3). Form DA #9'is filed by month and

location.

VIiIi. 3
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17. Keypunéhed cards are editted via the PDP 8/FE computer.
Edit ~hecks are made for illegal characters .on the card, date
within specified range, number of data items on the card -+
either 6 or 7, time between 1320 and 1560 minutes, and flow
between 180 and 220 cc/min. Calculated values for 50, and NO

]

are computed and printed out with the card. Cards with edit

_errors are flagged with the word check next to the results.

A_detailed list of all caxds in error and appropriate error
description is printed on the line printer.

18. Keypunch errors are corrected as found. Coding of values
in error is verified and if possible corrected. A listing

of results for each local agency is dispatched to that

agency for error checking and result verification.

VTT. 3
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BUBBLER ANALYSIS CODING SHEET -
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FORM
CODE

DATE
MO

DA

TIME
(MIN)

fLOW
(cc/m)

s02
{ug/50ml)

NO»2
{pe/50ml)

385

385

385

385

385

385

385

385

385

385

385

385

385
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APPENDIX A-5

i

INSTRUMENT MANUALS AND PRODUCT INFORMATION

Because of its size, the Philips Model 9700 instrument
manual is not included here. Please ask for this

* manual separately or see a PhiTips salesperson to see
‘how you may obtain a copy. Copies are available for

inspection at the Minnesota Pollution Control Agency
or the Ely office of the Regional Copper-Nickel Stgdy.
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for air pollution monitori

S0, Monitor
PW 9700

~

ng

Air pollution is one of the biggest problems
facing industrial countries in the coming de-
cade. It can be cured. But before it can be
cured economically it must be traced ac-
curately. ,

The Philips monitor PW 9700 does just that.
S0, is universally acknowledged to be the
best tracer for general air pollution. This is
because it is usually present in the fumes of
combustible materials such as oil and coal.
Moreover it is offensive to the human nose
and readily forms corrosive sulphuric acid.
Therefore Philips have concentrated on the
accurate and economic detection and mea-
surement of S50j. The resultant monitor

PW 9700 is easy to install and to service and
provides remotely controlled, unattended
operation for 3-month periods. It can be used
in simple, single. monitor installations or in
complex, multiple detector systems. And in
this latter area Philips have the hardware,
software and experience to provide complete
air pollution monitoring and control systems.
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3 months automatic, unattended
operation

Remotely controlled calibration
using built-in SO, source

Highly selective

Scientifically designed air
intake

Suitable interface for telemetry

data transmission

Multiple installations easily
incorporated into data handling
systems

Easy to install - easy to service

T T
&3 .

b’r

o,
Dl
DL

) D D

AR
.

I g

T

T

.}




Fig. 1. Tho PW 9/00 i3 arrangod In two
modulos, electronles on tho lolt und chemlstry
on tho right.

Automatic operation

The PW 9700 has been designed to give
trouble-free, automatic operation for 3-month
periods. Calibration and zero checks must
therefore be made automatic, and this con-
dition is met by a remote controlled three-way
valve. (Manual operation inside the monitor
is also possible). )
With the valve switched to the “'zero check”
position the air from the intake flows through
an activated charcoal filter (see Fig. 2) to
remove the SO, and then passes to a mea-
ving cell free of SO;. The resultant signal
.m the generator electrodes then repre-
sents the zero level.
With the valve switched to the "calibration”
position the air passes through the same
charcoal filter, then through an internal SO,
source (see Fig. 3) and then to the mea-
suring cell. This internal SO, source delivers
a constant flow per unit of time and the resul-
tant electrical signal will thus provide a cali-
bration level. )
With the valve in the normal "measurement”
position the active coal filter is bypassed and
the air only passes through the series filter.
In this other filter the air comes in contact
with a heated silver wire which eliminates any
hydrogen sulfide, ozone and Cl; that would
otherwise interfere with the SO, reading.

How it works
The purpgse of the monitor is to convert the
local SO, air concentration into an electrical
signal. This can then be read In situ or trans-
mitted to a central point for reading, analysis,
storing, etc.
The first requirement is to purify the air from
dust, ozone, hydrogen sulfide and other inter-
fering substances. These filters have been
described earlier. The purified air Is then
ssed al a rate of about 150 mi/min to an
aqueous solution of KBr, Br, and H;S0y.
With the aid of two electrodes In this solution
the concentration of free bromine I8 convert-

»wm;duha;,y. S NP
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Sulfur diaside analyras
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Fig. 2. Schematic of the monitoring system.
Note the arrangement of programmed switch-
ing for calibration and zero point check in
order to allow for unattended operation.

ed into a redox potential which is compared
with a known voltage. The difference between
both voltages Is converted by electronic
means into an electrical current through two
other electrodes (the generator electrodes).
This current converts bromide ions into free
bromine.

This system keeps the concentration of free
bromine constant, because when the concen-
tration comes below a certain level new bro-
mine Is generated. The current needed for
this reaction is directly proportional to the
quantity of used bromine, while the con-
sumption of the bromine depends on the
quantity of SO, which is led through the cell
and reacts with bromine. The above-mention-
ed current through the generator electrodes
defines the output signal which Is directly
proportional to the quantity of SOj. The air-
stream Is kept constant with the aid of a cri-
tical orifice, and & vacuum pump.

mé

Fig. 3. Close up of "chemistry’ module shows

measuring cell on the right, SO, internal

source on the left.

Maintenance of water level

The level of the electrolyte could sink to an
inadmissible level because of water evapo-
ration from the measuring cell. Whenever the
level of the liquid in the cell goes below a
certain limit, a cooling device, located just
above the cell, I5 activated, cooling the air
and causing the water vapour to condense
and drip back into the cell.

Separate air intake

As can be seen in Fig. 4 the air intake is ge-
parate to the actual monitor. it can be fitted
to the top of,a streetlamp if this is more
convenlent.

The intake Is provided with a glass fibre filter
to remove dust and heated to avoid SO, ab-
sorbtion. On the outside, a steel gauze cover
prevents the Intake of large dust particles and
insects.
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. TECHNICAL SPECIFICATIONS

Design

The chemical part is contained in a portable
glass-fibre-enforced polyester box. This box
stands on the ground or is hung on a wall.
In this “chemical” box the highest electric
potential is less than 36 volts, for safety
reasons.

The electronics, pump and telemetering sys-
tem are built in a similar box. The two boxes

are interconnected by means of water-tight -

tubes and jacks. The dust filter and the suc-
tion lead form a separate flexible unit which
can be connected easily to the measuring
instrument.

Measuring range
0-3 mg/m? (1.15 ppm). Other ranges between
0-1 and 0-10 mg/m? can easily be realised.

Output signal (before telemetry)
0-20 mA, into a resistance of 0-300 ohm.

Response time

Approx. 11, minutes (63%, of final value).
Approx. 3 minutes (95% of final value). It is
possible to change the time constant to larger
values.

Accuracy (overall, absolute)

Better than 15% of the measuring signal, or
better than 0.01 ppm (25 pg/m? for a SO2
concentration smaller than 0.07 ppm (200
png/m®) SO: (provided that a calibration cycle
is performed once a day). This accuracy de-
pends to a large extent on the accuracy of
the wet chemical calibration of the SO:
source (West & Gaeke Method).

feproducibility
Better than 29, of the measuring signal.

Detection limit
Smaller than 10 ptg/m® SOs (4 ppb).

o ne
I
==
,.....['{”"“ e N

100
14

246
261

) FIQ. 4. The PW 9700 lends itself to installation

in typical roadside housings for unoblrusive
operation.

Size of zero-current
Same as a measuring signal in the order of
1001,gSOa2/m3.

Drift of the zero signal
Smaller than 25 pg/m? a day, not cumulative.

Influence of 10%, mains variation
Negligible. '

Climatological influence

The zero-current variation per 10°C is smaller
than a measuring signal corresponding to
25 pg/m® SO: (between 0 and +35° C.).

5

Ry To, o S
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Selectivity
This is defined by S = interference sensi-
tivity =
s?gnal 0.5 ppm X % 100%
signal 0.5 ppm SOz

i
X . S
NOa < 5%
Os < 1%
H:S — - < 1%
Methyl mercaptans > 100% +
Ethene < 2%,
Cla < 2%,
NO « < 1%
Aldehydes < 1Y%
Benzene, chloroform < 1%
CSa < 19,

+ The large mercaptan interferences glve no
practical problem because of the extreme low
average concentrations in the alr,

7

Calibration and zero point check
Periodically the zero-current can be remotely
checked. Air, free from SOa, passes througn
the measuring cell for a period of time. Cali-
bration can then be performed with the aid
of an SO: source. This source delivers an
exactly known amount of SOz which is added
to the clean air. .

The amount of SOz coming from the source
does not decrease more than 5% over 3
months.

An example: :

15 min. zero current check, 15 min. calibra-
tion, 1214, hour measuring. This cycle can be
performed remotely controlled or by hand.

Weigﬁt
Complete 65kg..

Power supply

110, 125, 145, 220, 235 or 250 (= 10%) V.
. 47-63 Hz, 125-150 VA, -

Mazinteriance
3 months of continuous operation without the

. need for service and/or maintenance.

ORDERING INFORMATION

A complete SOz monitor can be ordered
under type number PW 9700/00. It consists cf

1 chemical unit PW 9710/00
1 electrical unit PW 9720/00
1 sampling unit with approx.

5 metres of teflon tubing PW 9730/00
1 bottle with 800 cm?

electrolyte PW 9711/00
1 SO2 calibration source PW 9740/00"

—,

box with 100 glass fibre

filtars 4022 198 03590

1 service documentation
connection cables, tubing
and other accessories.

® For low measuring ranges PW 9740/10
For high measuring ranges PW 9740/20
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REQUIREMENTS
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2?33 6.4 32 332 e 0.013 118"
2232 6.4 32 | 3.2 178 0.02 e
2233 6.6 34 | 3.2 1/4" a.68 /4"
MODEI;. 29912234 2234 8.6 58 | 3.2 | vz 0.188 1z
1) Flaw body construct;gq of 300 Series stainless staol, ' Olmensions in Inches
2} Finish: F)ow tube is sand blasted and materhousmg I3 vinyl clad.
\
- GROUP 2220
MODELS
2231 thru 2234

. ' MODEL 2233 SHOWN

FAST RESPONSE
QUARTZ HOT FILM SENSOR

TRANSIENT FLOW AND
LOW FLOW APPLICATIONS

GENERAL DESCRIPTION

Models in this group utilize TSI proven hot film
nsors as the thermal element. These yield faster
ponse than -metal sheathed elements; however,.

- they are not as rugged. Therefore, it is recommended

that the flow stream be filtered to remove particulate
matter. The small element size allows manufacture
in sizes for extremnely low flows.

SPECIFICATIONS:

input voltage: 11.2 to 15V DC or TSI 1605 Power Pack or
Type 62, 64, 67, 70 conditioners.

Input currest: 250 ma max.
Qutput voitegs: 0.3 to 2.5V (approxsmalel

For linear voltage or current output, sea smnal condi-
tioners Models 62, 64, 67 & 70.

Output impedance: 100 ohm

Accuracy: +2% reading 40.05% F.S. ® 5
Repeatability: +0.1% of reading +0.01% F.S.

Rangesbility: 100:1

Response time: 5 ms

Fluid Tempsrature Ranga: 0-200°F {-18 to 100°C)
Environmental Temperature Range: 0-130°F (-18 10 50°C)

Flow Media: Air and most other gases {5m filtration recom-
mended)

Standard Calibration Range: Each meter is supplied with
calibration of 15 points over the full scale range. Calibra-
tion pressure is 1 atmosphere (15 psia) and 21°C
{70°F).

Temperature Compensation Ranga: 32°-150°F (QSSoC)
Other ranges on request,

Pressurs Compensation Range:
phers)

ndard Equipment: Each unit is supplied with calibration
data, lb (ool powef/oulpul cable and instruction manual,

-

1543 psia (0.&1.2 atmos-

™ Flow Connochons Standard units in the Group 2230 sre

supplied with compression typa connections.

® See eccuracy discussion

APPLICATIONS

Gas fiow metering in semi-conducior manufacture.
Gas flow meter calibration stands

®
]
® Air gauging of carburetor jets and venturis
& -Leakage flow measurement

e

Transient flow research

Prezsure Pressure
Flow Rangs (1) fating (2) Drop {3}
tAods! SCFM SCCM {Atmosmpheres) | {inch H20)
223t {0.00015-0.015 5-500 70 10
2232 | 0.0003-0.03 10—-1000 70 10
2233 0.003-0.3 1C0- 10,600 70 10
2234 0.03-3.0 1,000-100,000 70 2

(1) Range at one atmosphere and 0°C. See chart for smng at
othear pressures,

(2) Maximum safe working pressure at room temperatyrs.

{3) For sir a2 ona etmosphere and full scale flow.
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SERIES 2000 FLOWMETERS MAY BE USED ALONE
PROVIDING A NON-LINEAR OUTPUT

FOR A LINEAR OUTPUT, SELECT ONE OF
FOUR CONVENIENT SIGHNAL CONDITIONERS TO
ACCOMPAMNY YOUR SERIES 2000 METER

ALSO AVAILABLE

NON-LINLAR QUITPULS
Any Senes 2000 Flow Meter oy
operated in the non-linear mode witl.
edditional circustry,
It is only necessary {0 supplhy
powar {11,2—-15V DC), The i x
pedanca, high level POM outpu &y
conveniently monitored on a digita.
snalog panel meter or chaml recon

LINEAR OUTPUTS

Connect your Series 2000 Flow M
to one of these 4 signal conditioners
direct reading and linear anzlog eie:
cal aoutputs,

These conditioners also supply pows
the transducer. Rear barrier strip
minals make hool-up easy. .

Czble length betweesn meater .and co-
tioner 8 not critical. Up to 5C0
without modification,
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MODEL 1610

AN INSERTION PROBE

GENERAL DESCRIPTION

iModzl 1610 immersion probes utilize the same sensor and control circuit design as
group 2010. When placed into a large duct or pipe, these probes provide an electrical
signal proportional to the density-velocity (DV) product at the probe tip. Therefore,

by traverse, a calibration curve relating pipe mass flow (total SQJ:M) versus output .

voltage can b@ established.

SPECIFICATIONS

Electricsl: Sams a3 Group 2010 . Czble: 15 standard

Renga: Standard rangs 0200 fUssc Environnsental Conditions:
Calibration: Each probe supplied with air . Sensor Section: Temperature 20°C 10100°C

calibration of 0—-200 ft/sec @ 1 atmos-
phase. Othser ranges on request.,
Dimensions: Diarneter: 0.25"
Length: Model 1610-4 is for 4”
Modal 1610-12 is for 12"

Pressure 0.1 1o 500 psia
Electronics Section: 0—-70°C

5
5, -
| ] TYPICAL CALIDRATIOR »
|| HODEL 207 FLOWLETER AND | 4
|| WODEL 62 SIGHAL CONDITIONER |
1. sToA. AR ;
TEWPERATURE Ramer 32°—200°F d
1 pxeasung masss. 20210 praa A t
[
Ty
@, 7
5 Z T
2 L :
- :
2 I
£2
3 £
# LINEAR
QUTPUT ~
| RN
/ + 4 l{
s !
4 R
4 I
o SN RS
Q 100
FLOW {SCFM)

SPECIFICATIONS COMMON YO &t
LINEAR COMDITIONERS PICTUR

Powear Input: 110/230 VAC,
0.5 ampere

Output: linear & non-linear

Ranga: 05V DC

fmpadance: 50 ohm

Connections: Barrier strip type — =

. terminals

Linsarity: £1% reading $+0.05% FS

Resporss: Same as Series 2000 |
Meater,

Controlzs: Zero and Span linternal)

Tempeorature Stability: 30.025%/°C

Temporature Ranga: 0 10 120°F (&
62: -20 to 120°F)

Each linear conditioner is fa. 7

justed for a particular Mode! 2000 1
ducer.




MODEL 84

POWER SUPPLIES APPLICATIONS aop- T]]IWTTTI - "’T’T'T“T“’I”T‘" — TYUICAL
in the nonlincor mode you may A typical nondinoar output volt- - NON "UN[/A’W% i JI(JE‘ J‘ NON-LINEAR
supply your own power to the s colibration is pictured 1o the UTPUT LT | ‘ ]
teonwiucer, The transducer  fo- righi, 5 0 :,UMP_,,? Pl
‘\Uif‘m‘i‘ﬁ DC voltage of 11.2 - 15V Applications includa: oMt . -

iput. Power requirament B wotts ) ) ] 7 -t da . L
eximum, 1. Flow situations where calibra- 5 Fi- -4 - —t- 414
or L tion curve look up is {easible L ST o ol I e e S o
- et for the operator, . 10 T {IIC AL CALTHITATION
ISIRODEL 1605 POWER ! . 5 - #10ULL 20T FLOWERETER | ]
SUPPLY 2. Control applications whers ong = - wton AR -
o - = poim is desired 0 ho 3 :/ T ]reweenanat panat 827 ~200°F :
b\““' o §10° VAC maimtzined. 05 T frerssurt asnor 201 10 psa b
&72;?}35}4 ] input l-ia‘wjy 3. Computer acquisition where -1 B =1 .
S {5 connections the computer can convert this ]
S el A :“" f:é””, e voltage to flow values,
CL e ar and signal,
K a%‘ 00 50 100 ! 200
o FLGH (3CFRa)
¢#Aodel 1606 for 230VAC, \
DESCRIPTION SPECIFICATIONS
LA A VN o N .
Jl&\“‘“M"‘* ‘ 3 4 3 i 2 Farter: 37 mirrored
IR W kodel 64 provides a visual analog

ouiput with two swcales. Switch
chooses 10% or 100% full scale
renges, Rugged aluminum cabinet
iz suitable for bench operation in
taboratory or factory.

Ranges: Switch sslectable, 10 & 100% FS
Trenzducor Inpaust/Power: Rear barvier strip
Cutputs: Rear 0-5V linear, 50 chim impedancs
Housing: Extruded Aluminum black anodized
Waight: 6.5 pounds

Size: 8.5"w x 3.5"h x 117d

DESCRIPTION SPECIFICATIONS |, [
B tSodel 67 provides a direct read- Water: 3% digit readdut T
@' Analeg output voliage for record- Rsn;gai:wD;g:cé}er;aing on digital meter in flow units for
g ing is provided. Package is suit- . transducer & A . =
{ zbie for lsboratory or factory Treseducst Ingut/Povser: Rear barrier strip
w bench operation and csn be rack Outgesrtst Rear 0-5V linsar, 50 ohm impadance
= mounied. Howing: Extrudad aluminum black anodized
Weight: 6.5 pounds
B Siza: 85w x 3.5"h x 11°d ST
‘QES’CR!P?!ON " SPECIFICATIONS

kSodel 62 festures a3 rugged in-
dustriai  enclosure  housing the

Transducsar !nput/?ox;@r: Rear barrier strip
Qutpus: 05V linear over flow range (consult factory for cur-

e
ot

N

signal connections are on industrial
vated year Darrier stnp,

£ : P TUUE S
g_g 53 g?:fréz]aug% (g*ﬁﬁw:‘?‘; ﬁdzg rent and iive zero options)
b j {55 remote readout zpplications. Hm;»:ian: V.inyl ‘tlzla{j welded steel gasketed enclosure. Mounting
i s Standard output is analog voltage ugs for instaliatian as shown. ;
0 % b {0-5V). Opiions commensurate Servica connections: Via industrial compression fittings to sc-
Q § 3 with indussrial requirements a- cept # 12 Neoprene transducer cable, power cable and
= 1 ,_g .. vailable including 1-58V, 420 mil- signal output cable,
L oy pronees liamperes and 10-50 milliamperes, Waight: 11.2 pounds
BT Size: 8.5"w x 11.5"h x 4.4"d
DESCRIPTION SPECIFICATIONS '
Piodel 70/71 — Them models RMatar: Model 70 - nona
provide multi channel finearizing Model 71 - meter similar to Model 67 above
- capability for the 2000 SeriesFlow #later saloction switch: Model 70 - nona
;: BhAeters, Model 70 has no readout — Model 71 - 12 position
—~— - —" '“*‘,“‘“;&‘5‘:{;‘»»;5 - - el 71 has digital readout and Transducar | . N P :
g W‘.“’ff‘f’f v : chareee! selector Switch, One chasers ransdu . v Sr\rlput/’i’ower‘. ﬂcar barrier strip — Screw terminais
3 i K Kotds up to 12 linearizing circuits ijtpu?s. - ) rgar barrier strip .
- e ;ﬁﬁ § via convenient stides betund front Linasrizer ciscuit boards: sfide in circuit board behind front
-~ Bl i 3 panel. All translucer power and panel - up 10 12 possible,

Input Powsr: 110/230 VAC, 400 watts with 12 flow meters
V¥iuighi: 16.5 Pounds '

Size: 17.7"w x 5.25"h x 13.5"d o

Options: High/tow limit allowancs, totalizer and current output
boards available - consult factory.

Hardware available for standard 19" instrument rack
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| ::;,"::;’:%1‘,;,(;“ r i " vjm\ vy et - 67 6.2 05 092 0049
! P! l G4 | 66 | 075 034 0.043
' - s oo w012 | w2 110 | es |10 050 | 0049
“ newes oon [ g l:—_.Di_‘,’_l:’T = | 2014 {02 | 652 | 72|16 0.75 0065
g S : | 20%5 | 124 | 55 | 75| 20 1.0 0.065
s » e JLEN 2016 | 17.2 | 80 | B2 | 30 15 ] 0065
R T T T ama | 227 {v0s | a0 | 40 20 0.065
,qu_[}_ti_L 20112012, . MODEL 20132012 2010 | 33 15,3 1105 1 6.0 3.2 0.065
'_ﬂfl_qw_bgq construction of 300 Series stainless stoel. ’__ﬁ:'i” ':iz_'f*fo‘u 17‘_'2 b i .06

'2) Finish: Pessivated. . . Al Direansions in mchvs:z,

1

L 1 | , : - -GROUP 2010

o U};g MODELS
FLow=—) L

LI : 2011 thru 2019
[SENSOR DETAIL

LOW RESPONSE
METAL CLAD SENSOR

INDUSTRIAL AND GENERAL
’ :  MODEL 2016 SHOWN GASEOUS FLOW MEASUREMENT

GENE&’@AL DESCRIPTION : RPPLICATIONS

These models feature a2 drawn tubular.nickel sheath
over the sensing eiement. This consiruction has the
appearance and durability of a hypodermic necdiel

& Engine inlet air flow test stands
@ C;J"él‘irng‘ai—r fiow

All units of this series are easily disassembled for © Compressor monitoring
@
G

routine sensor cleaning. Flow tubes are stainless steel. . .
_ : Flow meter calibration stands

SPECIFICATIONS: '

1nput voltzge: 11.2 10 15V DC or TS! 1605 Power Peck or
Type 62, €4, 67, 70 cenditioned.

Cutput current: 250 ma max. .
Cutput veltegs: 0.3 to 2.5V DC {epprox) _

For linear voltege or current output, sea signsl condi-
tioners Modals 62, 64, §7 & 70.

OQutput impedance: 100 ohm -
Accuracy: 2% reading 10.05% FS *® ' Premura  |Auxilisry | Presure

Carburetor testing

o ] Fiow Rzngs (1) Rating (2) | Pressure | Drop (4)
Repeatability: 10.1% of resding £0.01% F.S. Bodal| - SCFGI SLPeA [ Atmomhsre) | Taps {3) |Inch Hz0
Rangeebility: 100:1 2011 |0.02-2.0 | 0.6-60 100 No 2
Rezponsa Time: 100 ms °° 2012 [-0.05-5.0 | 1.5—150 100 No 2
Fluid Temperature Ranga: 0-200°F (-18 1o 100°C) 2013 | 0.1-10 | 3.0-300 50 No 2
Ervironmental Tempersture Rangs: 0-130°F (-18 to 50°C) 2014 | 02-20 | 6.0-600 50 No 2
Flow Media: Air and most other gases. 2015 | 0.5-50 115.0-1500 50 No 2
Standard Calibration Rangs: Each meter is supplied with 2016 | 1.0-100 90— 300 20 ?/es 2

calibration of 15 points over the full scale range. 2017 | 20-200 | €0-60600 20 Yes 2
CaLibration pressure is 1 atmosphers (15 psia) and 2018 | 5.0-500 |150-15,000 5 Yes 2
21°C (70°F). 2018 | 10.0— 1000 | 300-30,000 [3 Yes 2

Yemperature Compensation Rapgs: 32°-150°F (0-65°C)

Other rangas on request. {1} Range at one simosphera and 0°C. See chart for sizing at .

Pms;hum )Compﬂmaﬁnn Ranga: 20410 psis (0.5-2 Atnos- - ather pressures.
ere : .
Swndard Equipment: Esch unit is supplied with calibration {2} Maximim safe working pressure at room tempaerature. Typs
data, 15 foot power/output cable and instruction manusl, of fitting connsction will often govern.
Flow Connections: Standard units in the Group 2010 are {3) Female 1/8” NPT taps positioned upstream and at throst
supplied with plain wbe connections. Optional fittings . B
include compression pipa threed and flange. Consult (4} For it at ono atmosphore snd full scale flow.
orice list. : '
*  Sea sccurecy discussion, ) .

°® A & ms response Lims model is also sveilable. Specify
model 22__. All dimensions similar 10 20___units, Group
2210 units are alumina coated hot-tilms snd sre more
“;ogile than Group 2010 Meters.
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CAUTION: NEVER LUBRICATE THIS DRY “OIL-LESS” AIR PUMP. This carbon vanes and grease packed motor bearings
require no oil.

CONSTRUCTION: The outer end plate, body, rotor and mounting bracket are all cast iron. Consequently any moisture that’
accumulates in the pump will tend to corrode the interior when pump stands jdle. The vanes are made of hard carbon and are
precision ground. They should last 5,000 to 10,000 hours dvpendmv upon the degree of vacuumn or pressure at which the
pump is run. A
STARTING: If the motor fails to start or humns, pull the plug and check the current rating shown on the motor nameplate.
Examine the plug and switch also. Some motors (upon specification) are equipped with overloads that turn the current off
automatically when the motor heats up due to mechanical or electrical overload. If the pump is extremely cold, bring to
room temperature before starting. If anything appears to be wrong with the motor return the entire assembly.

VANE REPLACEMENT: The four vanes can be replaced simply by removing the end plate and exchanging new. for worn or
broken vanes. Use compressed air to clean out the pump chamber especially if the vane has broken. Do this pnor to inserting
new vanes.

Sometimes when a vane breaks, a piece will edge between the top of the rotor and the body, opening the top clearance. The
top clearance should be .002”. This can be checked with a feeler gauge. The rotor should be turned while checking clearance:
so that all points on the circumference of the rotor will clear. To reduce the top clearance to .002" tap “LIGHTLY” on the
top of the body with a miniature hammer.

DO NOT at any time remove the rotor. DO NOT loosen the bolts on either the body or mounting bracket as this will destroy
the preset clearance between the rotor and these parts.

CLEANING: If the pump is permitted to run with a dirty filter or no filter at all, excessive dirt, foreign particles, moisture,
and possibly even oil (from vapors in surrounding air) .could accumulate in the chamber. Any of these could cause the vanes
to act “‘sluggish™ or even break. FLUSHING the pump should take care of these situations, but if not, remove the end plate
for further examination. .

FLUSHING is accomplished by removing the filter assemblies and adding several teaspoons full of *solvent at the intake
while the pump is running. Repeat the FLUSHING procedure again and after all the solvent has passed thru the pump replace
the filters. FLUSH the pump several times a year.

To ciean the filter and mufiler felts, brush off excess dirt, lint, etc. Wash ins cleaning solvent and dry before again installing,

*Recommended solvents are “Loctite Safety Solvent, Inhibisol Safety Solvent, Dow Chemical Chlorothane or cquivalent’
solvents. DO NOT USE KEROSENE. :

Authorized service facilities are located at:

Brenner-Ficdler and Associates Gast Manufacturing Corporation Gast Munufacturing Corporation
16210 Gundry Avenue $15 Washington Avenue 2300 #-139
;Paramount, CA 90723 Carlstadt, NJ 07072 Benton Harbor, M1 49022
"213/636-32006 201/933-8484 616/926-6171

DANGER: To avoid explosive hazard, DO NOT pump combustible liquids or vapors with these units,



- SERVICE KITS

IF YOU ARE UNABLE TO RETURN YOUR GAST UNIT TO AN AUTHORIZED SERVICE tENTER, YOU MAY WANT

TO KEEP ONE OR TWO SERVICE KITS ON HAND. THESE SERVICE KITS CONTAIN ALL PARTS WHICH SEGULD
BE REPLACED WHEN SERVICING YOUR GAST UNIT, SUCH AS VANES, FILTERS AND GASKETS. .

Use K223 SERVICE KIT for both the 0822 & 1022 oil-less units.
e Indicates parts included in SLRVICE KIT.

VACUUM PUMP

1| BODY ABY78 1 1
1| BODY ABB27 , 1 ]
o2 | VANE ABYY2E 4 B N A S R S
3| SHROUD AB981 1 1 1 1
" 4| ENDPLATE TABogy | ATV ALy I R
5| INTAKE FILTER ASSEMBLY AB599 1 S
6| covER T U aAvsosal T vy /T
e7 | COVER GASKET AAADS 1 1
B B TR T Y N .V ¥<o - S A I A R R T
9| INSTRUCTION LABEL AB678 1 S
10| TFILTERING ELEMENT | AC433 | T |TTTTTTITTTL T o
10| FILTER ASSEMBLY AC432 1 _ ]
11| COUPLING I ek I: T N A R B Tt T R
11| COUPLING _ AC391 1 -1
121 stup . T T T ac3ee T T T T T T T T T
13| CARTRIDGE AC303 1 1 1 1
14| ENDCAP T T AC394 I T T I R
15| EXHAUST MUFFLER ABBO9E 1 1
16| COVER & ELBOW ASSEMBLY AV 806 ST IR R R T
17| MUFFLER ELEMENT ACA34 1 1
18| PLATE-MUFFLER T acaos | T T S R R - o

«««««
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INTRODZCZTION

The High Volume Air Sampler is the recommended instrument for sarnpling large volumes of air for the collec-
tion of suspended particulate matter. The physical design of the sampler is based on aerodynamic principles
which result in the collection of particles of 100 microns (Stokes Eguivalent Diameter) and less. The Sampler
consists of a blower/motor unit and a supporting screen for the filter shead of the blower/motor unit.

During the sampling operation, the sampler is supported in a proicctive shelter so that the 8" » 10" surface
of the filter is in a horizontal position. In ils basic configuration (Model GMWL. 2000} a flow meter is
connecled to a pressure tap at the exhaust end of the motor, The sampler may be modified (Model GMWL
2000 H) to incorporate a continuous flow device for recording the air flow over the entire sampling

period. ‘

It is the intent of this manual to instruct the user in the operating technigues of these two models. For

information on air sampling principles, procedures and requirements, contact the local E.P.A. office serving
your area.

Various applications for this equipment include:

@ Ambient air monitoring to determine suspended particulate levels relative 1o air qualily standards.

€ Impact of a specific source on ambient levels of suspended particulates by incorporating a “‘wind-
direction-activation” modification which permits the sampler to operate only when conditions are
such that a source-receptor relationship exists.

© Monitoring of enclosed environments for relatively high fevels of particulate matter, particufarly
toxic materials. A

© Monitoring of emissions from large diameter vents where physical conditions preclude the use of
conventional stack-testing equipment.



UNPACKING PROC E URE

GMWL-2000 AND GMWL-2000-H

A,
B.

Place box in upright position. (Note Arrows)

Carefuily open the top flaps of the carton to expose the
top of the sampler and shelter,

Remove the front support piece and the two corner
pieces.

With the aid of another person, carefully lift sampler and
shelter together up and out of carton.

Remove the shelter lid in the bottom of the carton.

Cut away the cross brace from the top of the {ilter holder.

Disconnect the power cord of the sampler motor/blower
unit from the transformer {GMWL-2000-H only).

Lift the filter holder and motor/blower unit straight up
and out through the opening in the sampler support pan.

Lift the sampler support pan out of the shelter to expose

the cardboard motor shipping support and remove.

Replace sampler support pan and filter holder with
motor/blower unit.

Refer to ‘‘Shelter Assembly’ instructions for lid and
catch placement.



SHELTER ASSEMBLY R .

AFTER REMOVAL FROM THE SHIPPING CARTON ASSEMBLE SHELTER AS FOLLOWS:

A. Locate the package that contains the front
and rear catches. This bag also contains the
rear lid hasp and an aluminum strip for
securing the lid in an open or closed position.

B. Secure the front catch, {See Figure A), 10
the shelter using the two flat head screws
and nuts. NOTE! Mount

S
Assembled inside lid with
C.  Secure the rear catch, {See Figure A), to the .
T ———

Position slotted end
shelter using one truss head screw and nut. \ — angled up.
—— Assembled

Position

Rear Lid Hasp

D. Secure the rear lid !\asp, {See Figure A), to
the lid using two truss head screws and nuts.

E. (NOTE: These three catches may need ad- ’ J o :
’ 3/16" Mounting /m

justment after the shelter lid is installed.)
Hole .| for padiocking

F.  Attach the lid to the shelter by placing the
hinge bolt plates on the “inside” of the
shelter top and tighten nuts.

G. Adjust the front and rear catches to be sure - SIDE
that the lid slot lowers over the front catch ’
when closing the lid. The slot at the rear of FRONT
the lid should align with the rear caich when
the lid is open.

BACK

o ’__ 1511 .

H. The lid can now be secured in an open or
closed position with the aluminum strip or
a padlock.

FIGURE A

SAMPLER LOCATION

_The sampler should not be placed more than 50 feet above ground level nor in a location adjacent to higher
structures. Strong wind eddies induced by movement around such structures rnay result in recirculation of
previously sampled air. Public buildings such as schools, fire stations and libraries are favorable sampler sites
because of their security and accessibility.
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MOweil. GMWIL-2000

HIGH VOLUME AIR SANMPLING 5YSTEM

MODEL GMWL-2000 AIR SAMPLER
This basic unit is widely used by government and
industlry to collect and accurately measure airborne
particuiate matter by monitoring large volumes of
air. Utilizing paper media, the Model GMWL-2000
traps parlicles as small as .01 micron in size.

Designed and built for continuous, 24-hour a day
sampling, the heavy duty turbine type blower with
high-speed motor is contained in a rugged but light-
weight plastic housing. Four bolis, easily accessible,
permit motor removal {or periodic brush replace-
ment. Special U-clip conneciors f{acilitate brush
changing and prevent damage to the iniernal leads.

The air flow rate is measured by a variable orifice
meter which must be calibrated periodically to main-
tain on-site accuracy.

A precision bored flow meter, Model GMW 2009-2,
may be substituted optionally. Encapsulated in dur-
able acrylic, the deluxe flow meter is designed io
withstand extended field service.

MODEL FH-2100 FILTER HOLDER
Designed to accommodate 8" x 10" {ilter paper, the
Model FH-2100 Filler Holder is made of Type 304
stainless steel for maximum strength and durability,
lts heavy duly seamless construction is leakproof
and conical in shape for maximum support. Fur-
nished complete with support screen and neopreng
gasket for positive seal, the Model FH-2100 Filter
Holder also accommodates the Model GMW-3000
Filter Paper Cartridge without modification. The filter
holder attaches to the sampler with a threaded ring
and gasket for easy assembly.

MODEL GMW-2500 ALUMINUM SHELTER.

Heavily reinforced, the shelter is constructed of
.080" aluminum anodized for outdoor service. The
gable roof and large door are equipped with heavy
duty aluminum hinges affording complete access to
the components housed within. A horizontal baffle
prevenls sampler exhaust dust and aluminum hasps
facilitate locking the gable roof in either the open or
closed position,

Motor Hp— 0.6

Speed — 18,250 R.P.M.
Amperage — 6.25

Watlage -— 745

Max. Flow Rate -— 60 C.F.M.
Min, Flow Rate — 20 C.F.M.

Power Source — 115V, 1 phase, 60 Hertz (other electrical
characteristics avaitable on request)

Net Weight — 53 Ibs,

Shipping Weight — 60 Ibs,

Complies with Federal Registor Vol. 36, No. 84 datoed
April 30, 1971 ’
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SAMPLER CALIBRATION GMWL - 2000 |
EQUIPPED WITH FLOW METER

The high volume air sampler may be calibrated by means of a standard positive disp!a‘cement rotary type meter.
Aithough this is an accurate calibration method, it requires considerable time.

A much simpler procedure utilizes a calibrating orifice assembly and water manometer. (Model GMW - 25) The
orifice and manometer unit are factory calibrated against the positive displacement meter and a calibration curve is
drawn from the air-flow versus static pressure data.

The GMW - 25 Calibration Orifice is used for calibration of the high volume air sampler and the procedure is as
follows: "

A.

K.

Remove the motor/blower filter holder assembly from the shelter by lifting it up and out through the
rectangular hole in the support pan.

Remove the filter holder from the motor/blower unit.

NOTE: Use of the Calibration Adapter Plate GMW - 35 allows the operator to attach the calibration
orifice to the motor/blower unit without removing the filter holder and motor/blower unit

from the shelter.

Replace the filter holder with the orifice calibrator using the Number 18 Resistance Plate, supplied with the
orifice calibrator, to approximate the resistance of a clean filter (GMW-810).

Connect the flow meter to the pressure tap at the exhaust end of the motor/blower unit using the supplied
length of tubing. (Tubing is connected to bottom of flow meter).

Connect a water manometer to the pressure tap of the calibration orifice.
Plug sampler into 110V. 60 Hz. source and let it stabilize for approximately 5 minutes.

Read the manometer pressure in inches of water and convert to actual flow rate using the curve supplied with
calibration orifice,

Set the flow meter to the actual flow rate (widest part of the float} by adjusting the brass hexagon nut on
top of the flow meter. Once adjusted, tighten the lock nut and seal to prevent the setting from changing.

Use the remaining resistance plates (using the one with the next fewer number of holes first), until the actual
flow rates and the flow meter relationship have been established.

Using the readings established with the above procedure, plot a curve which represents the actual flow rate
versus the flow meter readings.

This new calibration curve is used as a direct reference to obtain the actual flow rate,

The sampler flow meter should be calibrated at least every six months and after every motor and brush change to
maintain air volume accuracy.
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SAMPLER OPERATION GMWL - 2000 B

1.

10.

11.

12.

13.

14.

15.

]
H

Place sampler and filter holder in the servicing position by raising both the sampler motor/blower unit and
filter holder up until the filter holder is above the top leve!l of the shelter. Then rotate the unit one-quarter
turn so that the filter holder hangs in the rectangular hole in the sampler support pan.

A
Remove faceplate by loosening the four wing nuts allowing the swing bolts to swing down out of the way,

Carefully center a new filter, rougher side up, on the supporting screen, Properly align the filter on the
screen so that when the faceplate is in position the gasket will form an airtight seal on the outer edges of

the filter.

Secure the filter with the faceplate and four brass swing bolts with sufficient pressure to avoid air leakage
at the edges.

Rotate and lower the filter holder and blower/motor assembly to its normal operating position.
¥

Wipe any dirt accumulation from around the filter holder with a clean cloth.

Close lid carefully and secure catch with aluminum strip or padlock.

Plug motor/blower unit into a 110V., 60Hz. source and allow sampler to warm up for 5 minutes.

Connect the flow meter calibrated with the sampler to the brass pressure tap at the bottom of the motor/blower

unit.

Hold flow meter at eye level in a vertical position and read the widest part of the float,

Flow measurements are taken at the beginning and end of the sampling period. Disconnect flow meter during
sampling period to prevent excessive clogging. -

After sampling period, disconnect motor/blower unit from the power source.
Place the sampler in the servicing position and remove the faceplate to expose the filter.

Carefully remove the exposed filter from the supporting screen by holding it gently at the ends (not at the
corners). Fold the filter lengthwise so that sample touches sample

If GMW - 70 Timer is being used on Model GMWL - 2000, refer to timer instructions on page 14 under

. Mode! 2000 H operation step 11.

CLEANING FLOW METER — MODEL GMW - 2009

A.

B.

- Rernove the screw at the bottom of the flow meter and carefully let the float slide from the flow meter tube.

*

Clean out the flow meter tube using a pipe cleaner wet with carbon tetrachloride, gasoline, etc. Do not
use acetone or alcohol. The float may be cleaned by wiping with a cloth or cleaning tissue moistened
with water. @

Do not change orifice adjustment at the top of the flow meter.

Check for particles being lodged in the orifice of the flow meter prior to each flow meter reading.



e

BLOWER/MOTOR REPLACEMENT PARTS p
GMWL-2000 o ,

st

Part No. Description ’ Part Mo, Description
2000 Blower/Motor Assembly Complete 2008 Oritice Plate
less filter holder 2009 Flowmeter No. 440 Graduated 10 to
2001 Neoprene Gasket 70 Cubic Feet per Minute
2002 Mounting Plate Motor Cover 2009-M - Flowmeter Graduated 0.0 10
2003 Neoprene Gasket ’ 2.0 Cubic Mcters per Minute
2005 Motor Cushion 2002-A  Flowmeler Mounting Plate
115250 0.6 H.P. Motor with special U-clip 2008-2  Precision Bored Flowmeter
connectlors 2010 CGrommet
215276  Armalure with Bearings 2011 Power Cord Assembly
2006 Motor Mounting Ring 2012 Assembly Bolts and Nuts
B-3 - Motor Brushes Fer Set of Two 2015 Pressure Tap Assembly
2007 Motor Housing 2016 Tubing

2006

MODEL FH-2100 FILTER HOLDER

Part No. Description

F.H.2100 Filter Holder Complete
F.H.2017 Ajluminum Hold Down Frame
F.H.2018 Rubber Gasket 8""x10"
F.H.2021 WingNut & Bolt with Rivet

~Jy
FHzog Fu2021

FH 207
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MODEL GMWL-20C0 §
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HIGH VOLUME AIR SAMPLING SYSTEM

Designed for continuous operation in an all weather
environment, the Model GMWI_-2000 H is a complcte
moniforing station for the collection of suspended
particulate matter with precise measurement capa-
bility. All instruments and components are mounted
within the anodized aluminum shelter for protection.
The hinged roof facilitates filler media exchange.

The Mode! GMWL-2000 H is complete with high vol-
ume sampler, seamless stainless steel filter holder,
pressure transducer recorder, 50 charts, ink and 80-
volt protective transformer all housed in the alumi-
num shelter ready o operale. A seven day regular
timer Model GMW-70 is included as standard equip-
ment. The timer/programmer Model GMW-800 is
optional.

‘‘‘‘‘ ST e T ""‘"‘?’
yoouis
=d .

The sampler is a heavy duly turbine type blower
with high speed motor arranged with a fixed orifice
on the discharge end. Although factory calibrated
against a water manometer, recalibration is sug-
gested {0 suit baromelric conditions at the site. Air
tlow is accurately measured by the pressure trans-
ducer which provides a permanent record of every
sample.

Four bolts, easily accessible, permit motor removal
for periodic brush replacement. Special U-clip con-
nectors facilitate brush changing and prevent dam-
age to the-internal leads. The 90-volt transformer
reduces the operating voltage to approximately
triple normal brush and motor life. .
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Specifications:
Motor HP — 0.6 /\ { ) “93 10”
Speed — 13,500 R.P.M. . S S \ viTTIE
Amperage — 4.9 [ B A AN
Wattage — 440 - 171771 iJ‘._‘J
Max. Flow Rate — 52 C.F.M. BRI R 1 42" 70
Min. Flow Rate — 20 C.F.M. . —-’é——-i-_,f : FILTER MEDIA
Power Source — 115 V, 1 phase, 60 Herlz (other electrical ’ | v~
characferistics available on request) i ,
Net Weight — 68 |bs. . 3
Shipping Weight — 75 Ibs. [ t. 8
Complies with Federal Register Vol. 38, No. 84 daled y . -

April 30, 1971
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SAMPLER CALIBRATION GMWL - 2000 - H
EQUIPPED WITH PRESSURE RECORDER

The high volume air sampler may be calibrated by means of a standard positive displacement rotary type meter.
Although this is an accurate calibration rnethod, it requires considerable time, \

A much simpler procedure utilizes a calibrating orifice assembly and water manometer. (Model GMW - 25)
The orifice and manometer unit are factory calibrated against the positive displacement meter and a calibration
curve is drawn from the air-flow versus static pressure data. '

The GMW - 25 Calibration Orifice is used for calibration of the high volume air sampler and the procedure is
as follows:

T. Remove the motor/blower filter holder assembly from the shelter by lifting it up and out through the
rectangular hole in the support pan.

v

2. Remove the filter holder from the motor/blower unit and replace it with the Orifice Calibrator (GMW - 25)
using the Number 18 Resistance Plate supplied with the orifice calibrator 10 approximate the resistance of a
clean filter (GMW - 810).

Note: Use of Calibration Adapter Plate GMW-35 allows the operator to attach the Calibration Orifice to the
motor/blower unit without the removal of the filter holder and motor/blower unit from the shelter.

3. Connect the pressure recorder to the pressure tap on the side of motor/blower unit.
4. Connect the water manometer to the pressure tap of the calibration orifice.
5. Install a clean Recorder Chart (# 106) and prepare pressure recorder as follows:

A.  Remove pressure recorder from door of shelter and remove the back plate exposing the electric chart
drive motor and bellows assembly.

B. Rotate zero adjustment screw from the front side counter-clockwise 1o the extreme position,

. €. At the top of the bellows assembly is a slotted arm extending to the left of the pen arm shaft. This
slotted arm has a slotted screw.

D. Loosen the slotted screw and move it and the vertical arm (which is directly attached to the bellows)
toward the pen arm shaft to its farthest position and tighten screw. .

6. Connect sampler directly to a 120V source by-passing the transformer if it is normally used. Let the
sampler run for a few minutes.

7. Read the differential pressure as indicated by the manometer and record it on your data sheet. Convert
the inches of water reading to CFM using the calibration curve supplied with the calibration orifice.

i1
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8. While holding the pressure recorder in a near vertical position, adjust the span of the recorder so that the
recorder pen is indicating the correct flow rate from calibration curve,

The suggested method for adjusting the span is as follows: T

A.  Hold the slotted arm firmly with one hand while gently deflecting the pen arm to the correct flow
rate with the other hand. Be careful not to bend pen arm. Holding the pen arm toward the top,
near the pen arrm shaft, will prevent bending.

'B.  Release pressure 1o the recorder (turn off sampler.j >
C.  Check zero and reset using the zero adjustment screw on the front of the recorder case.
. Reapply pressm;e and check recorder deflection for proper flow reading.
E. Repeat steps A - B - C until no span or zero adjustments are required. Record the recorder chart
deflection on your datia sheet.
9. Change the resistance plate in the calibration orifice to the one with the next fewer number of holes (# 13).
(’t ; 10. Tuin sampler on and convert‘the differential pressure indicated by the manometer to the corrected flow Q
rate. i

11. Record the manometer pressure in inches of water, the actual flow rate from the calibration curve, and
the recorder deflection on your data sheet.

Repeat steps 8, 10 and 11 for the remaining resistance plates.

Using the readings established with the above procedures, plot a calibration curve representing the actual
flow rate versus the recorder deflection..

This new calibration curve is used as a direct reference to obtain the actual flow rate.

<y



SAMPLER OFERATION GMWL

Place sampler and filter holder in the servicing position by raising both the sampler motor/blower unit and
filter holder up until the filier holder is above the top leve! of the shelter. Then rotate the unit one-quarter

turn so that the filter holder hangs in the rectangular hole in the sampler support pan.
' A

Remove faceplate by loosening the four wing nuts allowing the swing bolts to swing down out of the way.
Carefully center a new filter, rougher side up, on the supporting screen. Properly align the filter on the
screen so that when the faceplate is in position the gasket will form an airtight seal on the outer edges of

the filter.

Secure the filter with the faceplate and four brass swing bolis with sufficient pressure to avoid air leakage
at the edges.

Rotate and lower the filter holder and blower/mower assembly to its normal operating position.
Wipe any dirt accumulati.on from around the filier holder with a clean cloth.

Close lid carefuily and secure with the aluminurm strip or padlock.

Plug all cords into their appropriate receptacles as follows:

A.  Motor/blower unit male to transformer female.

B.  Transformer male 1o timer female (left female cord set).

C. Recorder transducer male to duplex receptacle beside timer.

D.  Regular Timer GMW-70 male to 110V, 60Hz. source {if timer is being used.)

1f the GMW-800 Tirner/Programmer is used, then modify procedure as follows:

.A.  Motor/blower unit male to transformer female.

B.  Transformer male to timer/programmer female {ieft hand cord set.)
C.  Recorder transducer male to timer/programmer female {right hand cord set.)
D.  Timer/Programmer male to 110V. 60Hz. sourca,

.

Connect rubber tubing between the orifice on the sampler and the connector on the bottom of the recorder
transducer. Be careful not to pinch tubing wher closing shelier door.

a9
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10.  Prepare Recorder Transducer as follows:
. . (Y .
A. Ciean any excess ink and moisture on the inside of recorder by wiping with a clean cloth,
B.  Depress pen arm lifter to raise pen point and carefully insert a fresh chart in the recorder.

C.  Carefully align the center tab of ihe chartto the drive hub of the recorder and press gently with thumb
to lower chart center onto hub, Make sure chart is placed under the chart guide clip and the time index
clip so it will rotate freely without binding.

D.  With the pen arm lifter depressed, fill pen point reservoir with the ink provided. Place ink bottle nipple
squarely againsi pen point reservoir and squeeze gently. Release pen arm Iifter and let the pen point
fall to the fresh chart. Move the pen arm laterally a few times to make.sure the pen point will mk
during the sampling period.

E. Check to see that the pen point rests on zero {i.e. the smallest diameter circle on the chart.) If it does
not, tap the recorder case lightly to make certain the pen arm is free. Adjust to zero with the zero
adjustment screw if necessary.
F.  When recalibration becomes necessary, refer to “‘Recorder Calibration’” on pages 11 and 12. 3
11. Pyrepare the GMW - 70 Timer as follows:
A.  Toset the “on” time, assemble a knurled screw to the “on’ side of a tripper and place tripper firmly
against dial edge with “on’ marking visible. Set or slide tripper point at the Day-Of-Week and Time-

O{ -Day when the “on'' aperation is desired. Tighten knurled screw firmly by hand. (Do not use pliers)

B. Tosct the "off” time, assemble a knurled screw to the "off” side of a tripper and place tripper to the
Day-Of-Week, Time-Of-Day when the “'of{"” operation is desired.

C. To set clock dial to the actual time, turn dial “counter-clockwise’ and align the exact Day-of-Week
and Time-Of-Day (AM or PV} on dial to the time pointer.

D. To operate switch manually, press down the lever on the “right” of the name plate to turn circuit "on".
Press down the lever on the “left” of the narme plate to turn circuit “off"’.

E.  Note:  Minimum “on” time is one hour, Minimum "“off” time is two hours. There must be at least
6 hours between any two “off" trippers. ’

12 Mahually trip timer switch on to determine if sampler is operating properly and the recorder is inking
correcily.

13.  When it has been determined the unit is operazing properly, turn unit off, reset timer, close timer door, close
- recorder door, and close shelter door bemg careful not to pinch the recorder tubing.

id, | At the end of the sampling period place the sampler motor/blower filter holder assembly in {he service position.

ih.  Remove the face plate to expose the filter. Carefully remove the exposed filter from the supporting screen
by holding it gently at the ends (not at the corners), Fold the filter lengthwise so that sample touches sample.

.
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BLOWER/MOTOR REPLACEMENT PARTS
GMWI-2000 H '
F;arl Ho. Description
2000H  Blower/Motor Assembly Complete !
less filter holder
GMW-808 Calibration Slack Tube Manometer
(Range 8''-0-8"') -
2001-H Neoprene Gasket
2002-H  Mounting Plate Motor Cover
2003-H Neoprene Gasket
115250 0.6 H.P. Motor with special
U-clip connectors
B-3 Motor Brushes — Two Per Set )
215276  Armature with bearings TRANSDUCER [

2005-H  Motor Cushion

2006-H  Motor Mounting Ring
2007-H  Motor Housing

2010-H Cord Retainer

2011-H  Power Cord Assembly
2016-H  Tubing and Pressure Tap

RECORDER REPLACEMENT PARTS

Part No. Desciiption

CMW-105 Complete recorder unit with
fifty charts and ink
GMW-106 Charts for Recorder (CFM)
GMW-107 Recorder ink
GMW-108 Recorder Chart Motor
{115V., 60Hz., 1Ph)
GMVW-110 ""V"* Pen Point
GMVV-111 Hasp Assembly
GMW-113 Door Gasket
GMVI-115 Hose Fitting
GMW-120 Pen Arm
GMW-122 Fountain Pen Point
GMW-123 Back Gasket
GMYI-124 Pen Arm Lifter
GMW-125 Power Cord
q ¢



/

i
.

-b,
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. Remove all packing materials from inside the

. Prepare the manometer as follows:

Y
I/

£,

GNiw - 25 CALIBRATION KIT :

After removal of the all aluminum carrying case
from the shipping carton, open the lid by pressing
the button on the handle and lifting gently.

carrying case.

A. Unroll the manometer and secure it to the square
metal pads one each on the lid and case.

B. Add the % oz. bottle of fluorescein green con-
centrate to one quart of distilled water.

C. Remove one tubing adaptor and hex plug
assembly from the manometer and fil! to mid
point level. Shake gently to remove air bubbles
and slide scale so zero is in line with the menis-
cus of the two columns. {For readings in inches
of mercury, fill manometer with 9 ozs. of
mercury)

D. Replace tubing adaptor and hex plug assembly. ' 26" <
Both tubing adaptor and hex plug assemblies {

. must be screwed only half way in when taking
pressure readings. To stow away, both tubing
adaptors and hex plug assemblies must be screwed
all the way in to prevent fluid loss,

E. To read the manometer when a pressure vacuum
or differential pressure is imposed, add the num-
ber of inches one column travels up to the amount the other column travels down. Should one column
travel further than the other, due 10 minor variations in tube i, D. or pressure imposed the accuracy of the
reading thus obtained is not impaired. :

. Connect one end of the length of tubing provided to one leg of the manometer and the other to the pressure

tap on the orifice calibrator.
Select one of the five resistance plates and place it inside the threaded ring of the calibration orifice.
The calibration orifice can now be secured to the motor/blower unit to be calibrated.

For calibration procedures refer to ““Unit Calibration” for models GMWL-2000 and GMWL-2000-H.
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AVERAGE CALIBRATION CURVE FOR CMWw CALIBRATION ORIFICE
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MOTOR BRUSH REPLACEMENT

’ ]

MODEL GMWL-2000

. 1.

Remove Orifice Plate (part # 2008) from sampler by removing four 6-32 bolts and nuts. Slide power
cord through the rubber grommet to gain access to brushes,

Remove the brush holder clamp and release the expended brush,

Release the special U-Clip connector from the brass sleeve of the expended brush and mount it on
a new brush.

Place the new brush in the motor casting so as 1o register on the boss of the casting. (Refer to
Figures 1 & 2 for your particular style moior)

Replace brush holder clamp on the brush and secure to motor with the screws.
Use the procedure as defined above for the other brush.

The model B3 (formerly # 33252) motor brush set is designed for brush replacement in either style
motor supplied with GMW - Hi- Vol Samplers.

MODEL GMWL.-2000-H

1.

> @

[

Remove the mounting plate -motor cover {part # 2002-H) by removing the four hex-head bolts. This
will expose the motor. ’

Release the power cord by turning the cap of the power cord connector {part #2010-H) counter-

" clockwise.

Carefully let the motor slide from the housing exposing brushes.
Refer to steps 2 to 6 of the "GMWL -2000 Brush Replacement’’ section:

Assemble motor after brush replacement by placing the housing over and down on the motor, being
careful not to pinch any motor wires beneath the motor Mounting Ring (part #2006- H).

Replace the mounting plate motor cover.

Gently pull the power cord back out of sampler housing and secure it with the connector cap.

Fig. 1

a3
v



MOTOR BRUSH SEATING PROCEDURE
The brushes should be changed before the brush shunt touches the commutator,

On reassembly and handling, the lead wires must be kept away from rotating parts and motor frame.

: A
To achieve best performance, the new brushes should be seated on the commutator before full voltage
is applied.

After brush change apply approximately 50% voltage for thirty minutes to accomplish this seating.
The motor will return to full performance after thirty to forty-five minutes running at full voltage.

{ Caution ) — Direct application of full voltage after changing brush will cause arcing, commutator pitting,
and reduce overall life. '

Use of the Model GMW - 900 Voltage Variator provides the reduced voltage needed for brush seating.

If reduced voltage is unavailable, connect two motors of similar rating in series for thirty minuties to accomplish
the brush seating.

19
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REWIRING OF TIMER GMW - 70 k

The GMW-70 7 Day Skip Tirner is factory wired with one output to operate a Hi-Vol and a second output to
operate a second Hi-Vol or gas bubbler on aliernate days.

If it is desirable to operate both Hi-Vol and gas bubbler the same day, ihe tjmer must be rewired as follows:
A.  Open timer and remove paper insulator.

B. Locate the jumper wire that is connecied to terminal B ¢n the botiom set of terminals. Disconnect this
jumper wire from terminal ’5" and reconnect it to terminal "2 on the bottom set of terminals.

C.  This will enable both female cords to be hot at the same time. Contact rating is 40 amps per pole.

D. Replace paper insulator after all connections are tight.

A

GMW - 70 TIMER

HERTE B

FACTORY WIRING SCHEMATIC

CLOCK
MOTOR

Y

— s o ——— ——— — — o— i o — an— ————_-———-——-——-————!

VAR .
™ pom
INPUT SAMPLER
120v. 60Hz. PN OUTPUT
- 10— [ O S
b e oo e e e e i o e e o] e e o
e AUMILIARY ALTERNATE SAMPLER ,}A\
OUTPUT  OUTPUT )
| | [
Y Y
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UNIT OF CRATION GMW - 3000
The GMW - 3000 FILTER PAPER CARTRIDGE protects the sample while in transit to and from the lab.
In the fab the filter paper cartridge is prepargd as follows:
A.  Release the snap cover by apblying pressure with both thumbs to the long side‘of the filter paper cartridge.
B.  Remove the 4two thumb nuts to release the hold down frame.
C.  Center a clean filter, rough side up, on the supﬁorting screen,
. Replace the hold down frame and secure it with the thumb nuts.
{NOTE: Itis not necessary to over tighten the thumb nuts because the swing bolts and wing nuts of the
filter holder will sufficiently create a good seal.)
E.  Replace the snap cover while making sure that it is centered properly.
F.  Theloaded filter paper cartridge is now ready for transport to the sampling site where it can be placed 01;1

the filter holder. Remove the snap cover and retain for replacement upon completion of the sampling
period.

Ty,
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3005

G.M.W. 3000 Filter Paper Cartridge Complete
3001 Aluminum Cover

3002 Aluminum Frame

3003 Rubber Gasket

3004 Aluminum Frame and Stainless Steel Screen
3005 Rubber Gasket

3006 Thumb Nuts (2 required per set)

21
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OPERATING

The model GMW-800 timer/programmer provides three distinct programming modes, 24 hour, episode and sixth

day sampling. For all modes the real time clocks “A&B" are set to the actual time of day.
\

The ON and OFF tabs of clock A’ are set at midnight. The function of clock A’ is to sequentially advance
the indicator light every 24 hrs. Thus while passing threugh three switch positions or days with only the second
day switch in the up position will give a 24 hour sampling period.

NOTE: The ON and OFF tabs of clock A" are secured together under the clock face and must be moved to-
gether, The OFF 1ab of clock A" must never be permitted to swing around in front of the ON tab.
This will result in a burn out of the stepping mechanism coil.

The ON and OFF tabs of clock *“B” are needed only while in the episode sampling made. The function of clock
“B" is to act as a series switch to the cutput according to the setiing of the ON and OFF tahs on the face of
clock "B”.

NOTE: By placing the toggle switch between clocks “A' and “B”, in the right hand position, allows the series
switch of clock “B’” into the circuit. :

Both clocks rotate together clockwise with the up position of the power switch,

The indicator lights are wired in paralle! and indicate the day or position of the stepping mechanism. As a result

it is possible for more than one indicator light to light up when the timer output is activated. To reset the indicator

light all seven day switches must be in the down position. it
o
<

This timer is arranged with three cord sets extending down from the bottom of the timer. The male cord set is
plugged into the source voltage (120 V, 60 Hz). The left hand female cord set is the tirned output. The right
hand female cord set is an auxiliary output which is not timed.

24 HOUR SAMPLING :
With all seven day switches and the 6TH DAY SAMPLE switch in the DOWN position, reset the indicator ligh
to the present day by sequentially pressing the DAY RESET switch. The toggle switch between clocks A" and
"B’ is set in the left hand position. The desired sampling day switches are placed in the UPWARD position. The
sampling period is from midnight to midnight.

EPISODE SAMPLING '

With all seven day switches and the 6TH DAY SAMPLE switch in the DOWN position, reset the indicator light
to the present day by sequentially pressing the DAY RESET switch. The toggle switch between clocks A’ and
“B" is set in the right hand position. The desired sampling day switches are placed in the UPWARD position,
The ON and OFF tabs on clock “B*’ can then be set for any sampling period within 24 hours.

SIXTH DAY SAMPLING
NOTE: When in the sixth day sampling mode disregard day of the week nomenclature. The days of the week
should be regarded as positions and not Monday, Tuesday, etc.

With all seven day switches in the DOWN position, reset the indicator light to the fifth from the left position
{Thursday) by sequentially pressing the DAY RESET switch. Place the 6TH DAY SAMPLE switch and the sixth
from the left day switch (Friday) in the UP position. Set the toggle switch between clocks “A" and “B” to the
left hand position. The sampling period is from midnight to midnight the following day or position and every
six days thereafter,

-

oy
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RESEARCH APPLIANCE COMPANY
Route 8

Gibsonia, PA 15044
Phone: (412) 443-5935

OPERATING TNSTRUCTIONS
for

5§ - Gas Collecting Samplef
Catalog Noe. 2333-A



RESEARCH APPLIANCE COMPANY
Route 8
Glbsonia, PA 15044

wnstructlons: ‘5 - Gas Collecting Sampler  Calis Noe. 2333-4

1o Prelimir-r TInspection: Upon unpacking, please inspect all parts for

damage in shilpment. If damage has occurred, pleasc notlfy carrier!
immediately. Save all packing material for thelr Inspection.

2¢ Factory Guarantee: You are protected by a one year factory guarantee

against defective material or workmanshilp, subject to inspgcﬁion and
replacement’F.O.Ba factory. If the unit appears defective, whether
new or old, it should be returned to the factory for inspection. Thig
is less expensive than unauthorized fileld repairs, which may vosrd the
guérantee or render minor parts féplacement impossible due to damage
to major parts.

3o A General Explanation of the Unit: The baslc sampling unit consists

of a bubbler, which 1s connected through a crltical or limiting orifice
to a pump. A filter connected between the bubbler aﬁd orifice réduces
pluggihg of the orifice by entfained absorbing reagent. Use-of mani—
folds permits connection of five seampling units in parallel and simui—
taneous sampling for as many as five different gases.

Ambient air enters through a pol?prcpylene funnel connected to a
polybropyleﬁe probe. This funnel prevents precipitation from being
'drawn through the probe iﬁto the sampler. Particulate matter is removec
'by a membrane filter before‘the air enters the glass inlet manifold.
This inlet filter must be changed every three months or sooner .if
the unif is placed in an area of high particulate polliution. The glass
manifold divides the air stream into five parallel branches, each lead-
ing to a collecting unit consisting of a polypropylene cantrifuge‘tube

fitted with a two-hole cap.



2
A section of glass tubing,constricted at one end to a dlanmcter

of 14 + 2 mls (0.35 + 0,05 mw) or a fritted ﬁubbler is held in one )
of the holes of the two hole cap and dispcrses the alr through the
absorbing reaéent in the ceollecting unit. After the alr is bubbied,
fhrough the absorbing reagent, 1t is exhausted through a section of .
vinyl ﬁubing connected to the second hole of the cap. The air then
passes through another plastlic tube Ffilled with a demister and a sec-
ond membrane,filter;'which removes any entrainment. The purpose of
this dual trap is to prevent plugging of the iimiting orifice used
to control flow and from contaminating the vacuum pum. This membrane
filter must be changed every six ﬁonthsﬂ

| A hypodermic needle inserted through a serum stopper attached to
the down-stream side of the second filter serves as a limiting orifice.
This needle fits onto an adaptor attached to a brass manifold. The
portion of the sampling system between and including the two manifolds
is housed within the box, |

The air sample contacts the plastic funnel,; polypropylene probé,

membrane pﬁefilter, glass manifold and connecting tu%ing,vpolypropylene

butt-connectors. Teflon and polypropylene ere generally regarded as

_suitable for use in probes for a wide variety of pollutants; however,

pollutant contact with Tygon and rubber is sometimes undesirable and
18 held to a minimum. The membranc prefilters were adopted with some
reservations because the filter itself, or particulate matter that
collects thereon, may affect gaséous poliutants passing through the
inlet system. These prefilters are replaced periodically to minimize

such effects.

Unpacking: Remove the gas bubbler rack from its cabinet. A two-

foolt length of polypropylenc tubing is wrapped around the top



portion of this rack. If your 5-Gas Sampler 1is suppliled in an all-
weather shelter, release the qulck disconnect located in the tubing
connecting the pump to the metal manifold before taoking the rack
out of the shelter. Note'that for shipment certain parts of the'’
sampling train are left unéssembledg Please find the following parts
between the bubbler tubes. The simplest wgy ﬁo remove these parts:
is to unhook the elastic retainer from iﬂ front of the first bubbler
and move the bubbler up out of the waye.
1. Two feet of rubber tubing; not supplied with units
in all-weather shelters. |
2. Pblyprépylene funnel.,
3. Package of five closures.
4., Plastic bag containing:
A. Inlet filter assembly
B. X" polypropylene sleeve
C. 2% polypropylene sleeve
D. Package of five orifice needles
E. Fritted bubbler tube

5. Setting Up: There are three different configurations used as an

inlet probe, any one of which may be used; they are as follows.

l. Remove the vinyl sleeve on the inlet side of the
inlet filter assembly and connect the outlet side
of the filter to the glass manifold on the rack by
.means of the vinyl sleeve on this end. Make sure
connection is butt to butt. Assemble probe by
placing the funnel outlet into one end c¢f the two-
foot piice of polypropylene tubing and'plaeing the

other end over the inlet of‘the filter.
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2, To assemble the inlet without the polypropylene E

]

tublng, connect the inlet [ilter as above; however,

leave the vinyl sleeve on the inlet to the filters. -
!
Use this sleeve to connect the funnel to the filters. o

]

Make sure all coﬁnections are butt to bubt.

3¢ If you desire, the inlet filter may be eliminasted
by using the twcéinch pliece of polypropylena tubing,
mentioned previously,.as a sleeve to connect the
funnel to the glass manifold.
Note: The I.D. of polypropylene tubing is by natﬁre
out of round; therefore, some enlargement nay be
necessary to use this sleeve in the manner indicated.

The orifice needles may now be inserted inte the red rubber
serum stopper through the circle indicated on the facebof the
stopper and the plastic end placed on the bibe on the metal mani- -
fold. Make sure this last connection is tight. The flow rate
through the matched orifices is-indicatadhmn the sheet accompanying

the orifices. Flow may range from 175 to 200 nl/min. for any given

set., Orifices should be cleaned and recalibrated often in order to

insure correct flow. (Orifice Calibration Unit avallable from

Research Appliance Co. Cat., #2346,)

5~Gas Sampler with External Pump: The {wo-foot piece of black

“the sampler will draw air through the bubbler tubes at the rate

rubber‘tubinq mentioned previously is connected between the metal
manifold and the pump. Exit from the bubbler rack is through the

opening indicated on the cabinct. When the pump is plugged in,

" indicated on the orifice calibration sheet. When the power cord

supplied with the unit is plugged into the recessed male receptical
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on the bubbler rack cabinet and an external outlet, the heaters

in the cabinet will be activoted. The temperature in the cabilnet
‘stabil wear 907 39wl the heaters are used

should stabillze near 90°F (+37) when the heaters a sede .

5--Gasg Sampler in the All-VWeather Sheiter: This unit is supplied

. with the pump enclosed in a shelter. Without the timer option the

purap and heater are connected as in section éboveg With either
24 hour or 7 day skip timers included, the pump and heater are
plugged into female recepticals eminating from the timer box
located on the cabinet lid. The timer then is plugged into an

outlet and the timer set for desired operation. See included

.sheets for instructions explaining timer operation.

~Some Additional Notes: A fritted bubbler tube has been supplied

with the sampler. This tube is substituted for the constricted
bubbler tube in any of the bubblers when it is desired to sample
for NO2n This 1s done by removing the constricted tube and re-
placing it with the fritted tube using the %" polypropylene sleeve
to make the connection. A method for determining.the exact frit"

pore size is inciuded with the sampling procedures for NO29 Pore’

size is nominally 70 microns.

.Note: The I.D. of polypropylene tubing is by nature out of round;

therefcre, some enlergement may be necessary to use this sleeve in
the manner indicated.
The five closures supplied are leakproof and are normally used
when transporting the sampling reagents to and from the lab.
Procedures are included for sampling and analysis of some of

the more common pollutants.
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SWITCH RAT.nu: 20 AMPS; % HP; 125 VOLTS A.C.

o it 58 Ty
AL e NGe LU0

24-HOUR TIMER
PROGRAM TIME SWITCH

Single pole, double throw or
Single pole, single throw

CLOCK MOTOR RATING: 125 VOLTS; 60 CYCLES ;

Ze

3.

HOW TO SET TIME SWITCH
Pull tripper out, away from dial, to turn Load Circuit #2 ON
for 15 minutes. Push tripper in when no switching is desgired.
(Trippers are usually at "IN" position.) Pull out two adjacent
trippers for continuous 30 minute ON periocd. 3 for 45, etc,

To set time, turn dial in clockwise direction only until actual

time of day is opposite time arrow on insulator.

To turn normally open circuit ON permanéntly (thus skipping all
closed circuit OFF operations until reset), push manual lever
up. For automatic operation push manual lever down.

To remove mechanism, depress spring grasp, dial and pull outward.

To replace mechanism, slide bottom end of plate between lower
pairs of projecting ears inside case. Push mechanism into place.

IMPORTANT !

*Supply circuit voltage and cycles must correspond to ratings
shown above, :

*Turn dial clockwise direction only to avoid stripping gears.

TR



MODEL NO. 7008-0 INSTALLATION AND OPERATING INSTRUCTIONS C~19£6
Reve D

WIRING INSTRUCTIONS Wire in pccordsnce wiih suggested wirlng in the Bul-

- Terln,

. TO SET TRIPPERS Place A (Boight) iT;pnerJ &i time 1 and 3 load clrcults
should close (2 and & load cirecuits open). Place B (Dark) trippevs at
time 2 ar’ * load clivcults should elose (I and 3 load clrcults openjo
Extra trippers and bridges wmay be found in envelope. Trippers must be
tight sgalost diel viw. Tighten fxi“pbt serews with fingers only.

TO SET TIME CGrasp dial aud rotate CLOCKWISE ONLY until correct dasy and
1 - tine of day appesr &t time pointer.

B HOT TURHR TIME POINTER )

TO REMOVE HOVEMERT FPROM CASE Remove terminal insulstor and depress
spring locking tab at top of case. OGrasp dial and Lift outward and
upward.

TO REPLACE MOVEMENT Slide terminal beoard into the grooves provided.
Press at top of plate ond movement will snap iu,.

THIS W IHE SWITCH CONTROLS
Load 1 Load 2
Load 3 Load &

T TR : 22
CONTACT SHOWN WITH HAND TRIP LEVER IN
OFF POSITION

, ]
¢ @1 g
Ea(j s (o E
E an f ;? 3B i
s n
|20 ¢ oY o ||
| e i
R BTN ) LOED 3
LIRE 1 o LINE 3 g, 120V, =60CT

! B

LOAD 2 ersesmoned LOAD &

LINE 2 ﬁﬁk ' LIRE &4 ?

MﬁﬁlHUM LOAD RATING
Pay Pole

40 Ampe o k20 - 277 Volt AC
1 H.P, (1 Pole Oaly) 120 or 208-240 Volt AC
690 V. A, Pllot Duty g 120 = 277 Volt AC
; Timing Hotoxr 120V.-00 CY.
- : : HADE IN THE U.S.A. by:

Parvopon Electyic Company, Ince
L600 12th St, Two Rivera, Wisconsin 54211
Subsidiary of AMF Incorporated
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RESEARCH APPLTANCE COMPANY , . {‘,

Route 8, Gibsonia, CPA 15044
Phone: (412) 443-5935

METHOD JFOR THE DETERMINATION OF SULFUR DIOXIDE
IN THE ATMOSPHERE (PARAROSANILINE METHOD), E.P.A. PROCEDURE

Te

PRINCIPLE AND APPLICABILITY . ‘ \

A. Sulfur dioxide is absorbed from air in a solution of potassium
tetrachloromercurate (TCM). A dichlorosulfitomercurate complex,
which resists oxidation by the oxygen in the air, is formed. 1, 2
Once formed, this complex is stable to strong oxidants (e.g. ozone,
oxides of nitrogen). The complex is reacted with the pararosaniliire
and formaldehyde to form intensely colored pararosaniline methyl
sulfonic ac%d3. The absorbance of the solutiod is measgred spec-—

trophotometricallye

B. The method is applicable to the measurement of sulfur dioxide

in embient air using sampling periods up to 24 hours.

RANCGE AND SENSITIVITY
o]
A. Concentrations of sulfur dioxide in the range of 25 to 1048 ug/m”

(0.01 to 0.40 ppm) can be measured under the:conditions'givén‘ One

cen extrapolate to concentrations below 25 }Jg/m3 by sampling larger
volumes of airy, but only if the absorption. efficiency of the particuler
system is first determined. Higher concentrations can be analyzed

by using smaller gas samples, a larger collection volume, or a

suitable aliquot of the collected sample. Beer's law is followed

. through the working range from 0.03 to 1.0 absorbance units (0.8 tc

27 pg of sulfite ion in 25 ml final solution computed as 502).

B. The lower limit of detection of sulfur dioxide in 10 ml TCM ic

0.75 ng (based on twice the standard deviation) representing a

W,

concentration of 25 ,ug/m3 SO, (0.01 ppm) in an air sample of 30 liters.

2
INTERFERENCES

As The effects of the principal known interferences have been
minimized or eliminated. Interferences by oxides of nitrogen arec
eliminatcd by sulfamic acid,4’ > ozone by time- delay, 6 and hcavy
rietals by EDTA (cthylencdiaminetetraacetic acid, disodium salt) gnd @

phosphoric acid 45 60 At least 60 ung Fe (III), 10 ug Mn (II), and

10 ng Cr (IXI) in 10 ml absorbing rcagent can be tolerated in the
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FIGURE 2

Rli-Weather Shelter Model in operating configura-
fion, with top open to show installation of optional
7-day timer; air inlet tube (see Fig 1) connects

to manifold through slot.
(( At finish. Sampling train compartment

is insulated and equipped with thermo-
slat-controlled heater. Pump compart-
ment has ventilating louvers to dissi-
pate heat, and is separated from the
sampling compartment by a partition
to minimize overheating or evaporation
of absorbing solutions in bubblers.

_ Shelter's sturdy angle-iron legs —

. which can be attached ilush with the
cabinet for carrying/transporting—are
securely mounted in both extended and
retracted positions by steel bolts in
predrilled holes. (See Fig 2 & 3)

Two optional timer mechanisms can
be installed in the all-weather shelter
model. The 24-hour timer (shown in
Fig 3) has permanently attached trip-
pers that provide up to 86 on-off cycles,
in 15-min increments, over a 24-hr pe-
riod. The alternate 7-day skip-timer
mechanism (see Fig 2) permits settings
one week in advance, and has 14 trip-
pers that will provide minimum sam-
pling cycles of 3 hours and a maximum
cycle of 7 days. Both timers are at-
tached to shelter’s hinged top and po-
sitioned in the pump compartment.

l-weather sheiter model of the RAC
_ aas Collecting Sampler weighs 58
Ibs complete, without a timer installed
(24-hr timer weighs 3 Ibs; 7-day timer,
6 1bs). With the legs raised for carry-
ing/transporting, this mode! measures
17%2"W x 16"H x 13%“D. Height is
29" with legs extended.

1\g a weather- and corrosion-resis-

e operalion

Vacuum pump draws amblent alr in
through Inlel funnel and tube. (Fuinct
Is Installed Inverted to prevent precipi-
tation from entering sampling train)
Parliculate matter entrained in the air
sample Is trapped in a membranc-type
filter before air enters the inlet mani-
fold. Air stream then is divided into
five equal parts by inlet manitold and
directed through parallel branches into
the bubblers, Each 100 ml bubbler has
a 2-hole cap with a standard glass bub-
bler tube, either constricted or frilted,
on the inlet port. The air to be sampled
passes through these tubes into 50 ml
quantities of reagent {absorbing solu-
tion) contained in each bubbler,

e
A

[y
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FIGURE 3
Shelter Model in carrying configuration; top raised
to show optional Z4-hr timer inslallation (air inlet
tube not shown).

After bubbling through the reagent,

the air exhausts through a length of
vinyl tubing connected to outlet port

in the 2-hole cap. Each air stream then

nasses through another polypropylene
bubbler containing a demistor and a
second membrane filter. (This dual-

trap arrangement protects the critical/

limiting orifices from moisture or other
entrainments, and helps to maintain
continuous full-flow operation for opti-
mum sampling efficiency.) The five

sampled, scrubbed air streams then are
collected by the exhaust manifold and
discharged through the pump.

After a sampling cycle is completed,
the sampling train assembly is removed
from the carrying case (or shelter). The
bubblers in which gas samples have
been absorbed by reasgents are dis-
connected, and the 2-hole caps are
replaced with the threaded, solid, leak-
tight closures. Bubblers then are taken
to a laboratory for an analysis of con-
tents according to appropriale proce-
dures. (NOTE: Sampling/analyzing
procedures for some pollutant gases
are included in the operaling instruc-
tions furnished with RAC 5-Gas Col-
lecting Samplers.)

[

&

specilications

Vocuum Puing
176 hp, 1.8 cim lieo flow, 29" Hg vac,
continuous duly, ovorioad protoction
Clectrioal :
195 v, 60 Hz, 0.4 amp
Dimensions
STANDARD MODEL:
12"W x 1235 "H x 7% "D
SHELTER MODEL:
17 Ve "Wx 28" x13% "D w/legs extended
(16"H w/legs raised)
VAGUUM PUMP:
119 "L x 5% "W x 8%2"H 1
Weighls
STANDARD MODEL:
15% lbs (without pump)
SHELTER MODEL:
\ 58 Ibs including pump (w/o timer installed)

1

24-HOUR TIMER: 3 Ibs
7-DAY TIMER: 6 Ibs
VACUUM PUMP: 18 Ibs

ordering information

Both the standard and all-weather shelter
models of the RAC 5-Gas Collecting Sam-
pler are furnished complete and ready-to-
use. The standard model, including the
vacuum pump and power cord, is the basic
system. It contains all the components
listed in the Design section of this bulletin.
The all-weather shelter assembly and the
two alternate timer mechanisms are avail-
able on an optional basis.

Specify all units, including optional ar-
rangements, by full name and catalog num-
ber. Unit prices and the catalog numbers of"
the individual system components are fur-
nished on separate sheets,

RAC 5-Gas Collecting Sampler, Standard

Model, Complete CAT, 32333-A
Inchides heated steel carrying case, com-
plete sampling train, vacuum pump, 3-
wire power cord, all necessary tubing &
connections, pack of orifices (5), pack of
filters & back-up discs (5 ea).

RAC 5-Gas Collecting Sampler, All-Weather

Sheller Model, Cormplete ...CAT. =2333-S
Substitutes a 2-compartment, louvered,
weather-resislant steel shelter for carry-
ing case; includes same train, pump &
components as Standard Model.

RAC 5-Gas Collecting Sampler, All-Weather

Shelter Model with 24-Hour Timer,

Complete ............... CAT. #2333-24
Same components as reqular all-weatner
model with addition of a timer that pro-
vides up to 96 on-off operations, in 15-
min increments, within 24-hr cycle,

RAC 5-Gas Collecting Sampler, All-Weather

Sheller Model with 7-Day Skip Timer,

Cemplete CAT., £2333-7
Only dilference is optional 14-trip timer
that provides min. sampling cycles of 3
hrs, max cycle of 7 days; permits setting
7 days in advance.

other sampling equipment
Research Agpliance Company manufac-
fuers and supplies a wide variety of preci-
sion instruments and systems designed for
sampling / monitoring  environmental air,
waler, and sound pollution, Write for details
on other RAC sampling equipment.

gty ;ﬁ&s%
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FIGURE 1

Standard Kfodel, RAC 5-Gas Collecting Sampler (system's
3-wire power cord & 5 solid bubbler caps are not illustrated).

£
o

feliable Accurate Control

pact, portable bubbler
system collects up to five-
different pollutant gases

from aznbieni air in one
sampling cycle

e features

ePerformance & reliability proved
by years of use by goverrimental
agencies & industry

eMeets EPA specs for sampling SO,
& NO, in ambient air

eBoth standard & all-weather modeis
are lightweight, fully portable

e All-weather unit availabie with 24-hr or
7-day timer mechanisms (optional)

sIntegral limiting orifices give 200 mi/min

flow rale (approx) to bubblers
e All orifices protected by iniine

filters & demistors to prevent

clogging & flow reduction
ePolypropylene bubblers have threaded

interchangeable caps {2-hole unit

for sampling, solid unit for carrying)
eSampler cabinets equipped with

thermostatically-controtied heater

eBubblers & closures supplied in 5 colors;

demistors-traps in natural plastic

e application

The RAC 5-Gas Collecting Sampler is
a wet-chemical system that will sample
ambient air for any pollutant gas for
which there is a suitable chemical re-
agent (absorbing solution). 1t tests for
sulfur dioxide (SQ,), nitrogen dioxide
(NO,), hydrogen sulfide (H,S), ammo-
nia (NH,), aliphatic aldehydes (CHO),
and other gases reactive to specific
chemical solutions. This versatile in-
strument can be used to accurately
sample either a single gas or up to five
different gases simultaneously. Simpli-
fied design, ease of assembly, and mod-
ular components permit easy changes
n sampling train configuration to meet
variable sampling requirements.

The concept for this multi-gas sys-
tem was evolved by NAPCA, the pred-
ecessor 1o the Environmental Protec-
tion Agency (EPA), and the original
design has been continually improved

by RAC over a period of years. This
system is being used for area suiveil-
lance by numerous state, county, and
municipal governments as well as fed-
eral government stalions involved in
the Community Air Monitoring Program
{CAMP) and the Community Health Air
Monitoring Program (CHAMP). 1t also
is used in many industries for plant
perimeter surveys and interior air qual-
ity monitoring or evaluatlion. In fact,
the RAC 5-gas instrument is one of the
rmost widely used systems for sampling
gaseous pollutants in ambient air.

o (Iesign

RAC's 5-gas sampling system is sup-
plied in standard and all-weather shel-
ter models that are furnished complete
and ready-to-operate.

The standard mode! can be used to

. sample either indoor or outdoor air.

When used for outdoor sampling, the
funnel-equipped inlet tube is passed
through any convenient opening or
connected {o an air inlet .duct. This
model’s sampling case and vacuum
pump should be shielded from inclem-
ent weather al all times.

The all-weather shelter model is de-
signed primarily for outdoor applica-
tions. It is fabricated from heavy-gauge
sieel, has a heavy-duly baked enamel
finish, and is suitable for use under all
climalic conditions.

Standard Model--consists Qf an in-
sulated steel carrying case with an in-
tegral healing element; a preassem-
bled, removable, complcle sampling
train; an exierna! Y% hp vacuum pump;
and a 3-wire power cord. (Sce.Fig 1)

The RAC sampling train assembly in-
cludes a polypropylene inlet tube with
a detachable funnel, a membrane-type
inlet filter for particulates, a 5-branch
glass inlet manifold, & polypropylene

100 m! bubblers with interchangeable
threaded closures (2 hole & solid caps),
5 constricted glass bubbler tubes, 1
fritted glass bubbler tube, & polypro-
pylene demistor-entrainment traps, 5
limiting/critical orifices, and a 5-branch
nickel-plated exhaust manifold. All
componenis between and including the
two manifolds are preassembled and
can be removed as a subassembly for
filling, cleaning, or change in samplin~
train configuration.

The flow-regulating critical orifices
can be cither the stainless sleel needie
type or sections of precision-bore glass
tubing encased in vinyl. Both types
provide a 200 ml/min flow rate (approx)
to all bubblers, are easily cleaned in
small RAC ultrasonic baths.

The sampling cabinet’'s thermostat-
controlled heating element maintains
a uniform internal temperature of 90°F
(*£3°) {o assure continuous sampling/
operatling efficiency.

Threaded closures for the polypro-
pylene bubblers are a 2-hole inlet &

 outlel design that is used during sam-

pling operations, and a solid leak-tight
cap used to transport bubblers filled
with reagents, both before and after
sampling cycles.

The 100 ml bubblers and their clo-
sures are supplied in five colors: red.
yellow, blue, green, and orange; one
set in each color. Demistors-traps are
furnished only in natural plastics.

The standard model measures 12"W
x 12% " "H x 7% "D and weights 15% lbs.
The vacuum pump provides 1.8 cfm
free flow and 29” Hg vacuum. It
T19"L x 5% "W x 8V "H, weighs 18 Ib.,
opcrales on 115 v, 60 Hz, 3.4 amp.

Ail-Weather Sheller Model—has ali
the above sampling train components
and the same vacuum pump installed
in a 2-compartment steel shelter fea-

B
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Designed for continuous operation in an all weather
environment, the Model GMWL-2000 H is a complete
monitoring station for the collection of suspended
particulale matter with precise measurement capa-
bility. All inslruments and components are mounied
within the aluminum shelter for complete protection.
The hinged roof facilitates filter media exchange.

The Model GMWL-2000 H is complete with high vol-
ume sampler, seamless stainless sieel filter holder,
pressure transducer recorder, 50 charts, ink and 90-
volt protective transformer all housed in the alumi-
num sheller ready 1o operale. A seven day regular
timer Model GMW-70 is included as standard equip-
ment. The timer/programmer Model GMW-80 is
optional.

The sampler is a heavy duty turbine type blower
with high speed motor arranged with a fixed orifice
on the discharge end. Although faclory calibrated
against a water manometer, recalibration is sug-
gested to suit barometric conditions at the site. Air
flow is accurateiy measured by the pressure trans-
ducer which provides a permanent record of every
sample: .

Four bolls, easily accessible, permit motor removal
for periodic brush replacemen!, Special U-clip con-
neclors facilitale brush changing and prevent dam-
age to the internal leads. The 90-volt transformer
reduces the operating voltage to approximately
triple normal brush and motor life,

e ?“""f’f"”?‘?'@fﬁ‘l‘\

» 3
i e e Y
s i arn /4?“ i 3‘ "\ \a / . R a
3 I 3;?;‘; ‘-k; ; [\ ,g\
) e "
"':’3 o % 8 3 f To Ww,wwf\«a
.m),mérf m‘y‘% e o N—— e e

s 4.:\«.!4 \

{

e e A ot B 2t i s Ea i Finod L

3
#

B
i

Specifications:

Motor HP — 0.6
Speed — 13,500 R.P.M.
Amperage — 4.9

Wattage — 440

Max. Flow Rate — 52 C.F.M.

Min. Flow Rate — 20 C.F.M, )

Power Source — 115 V, 1 phase, 60 Hertz (other electrical
characteristics available on request)

Net Weight — 53 Ibs.

Shipping Weight — 65 lbs.

Meelts all Federal performance and dimensional
specifications including Federal Register Vol. 36,

No. 84 dated April 30, 1971
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Now for the first time, hich volume particle sizing
can be performed in indusirizl hygiene applications
with this special head, High flow rate (20 CFM) re-
duces sampling time. Tedious microscopic count-
ing and sizing are eliminated. Respirable and non-
respirable iractions of particviaies can be quickly
and easily separated.

The head is designed and built to meet E.P.A, speci-
ficalions for ambient air sampling. I gives sizing
data in five micro ranges: 0.0 (o 1.1; 1.7 to 2.0; 2.0 lo
3.3; 33 to 7; 7 and above. According 1o E.P.A, tests,
the Model GMW-65-000 Particlz Sizing Head is com-
patible for use with all GMYW Hi-Vol air samplers
and aluminum shelters without modifications.

The Model GMW-6500 Alurninum Shelier is espe-

cially recommended for use with the head because
of its design characigristice. The entire unit can be
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Specifications:

Anderson 2000 tnc. (Head Only)

Maintained flow rate — 20 C.F.M,

Approximale Diameter — 127

Overall height, including handle - 5" (approximately)
Net weight — 19 lbs.

Shipping weight — 23 1bs.
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removed through the large door In the front of the °

shelter.

The air flow of the sampler when equipped with the
particle sizing head must be maintained at 20 CFM.
A variable voltage transformer Model GMW-625 is,
therefore, required to reduce the operating voltage
to approximately 50 volts.

Standard Equipment includes interface adapter to
{it existing 8” x 10" filter holders, 5 jet piates, 5
gaskets, special washer, speedball handle, water
manomeler and %" rubber {ubing.

Optional Equipment: Complete Collection Kit No.
GMW-660 includes: 50 sets (200 sheets) of perforated
glass fiber (non-hygroscopic) Type A collection
discs and 100 glass fiber backup filters.

Model GMW-625 Variable Voltage Transformer for
air tlow regulation.
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The ultimate in air sampling performance and unit
reliability is guaranteed in the Model GMWR-5000.
Desighed and deveioped to provide extended life
and maintenance free operation, this brushless high
volume air sampler has operated for over three years
under actual field conditions without malfunction.

The Model GMWR-5000 is a complete monitoring
station, providing 24-hour a day sampling of airborne
particutate matter. It includes the Brushless High
Volume Air Sampler, and FH-2100 Filter Holder
housed in a Model-5500 Aluminum Shelter. A fused
digital counter to indicate elapsed unit running time
is included as slandard equipment.

The brushless sampler is mounted in an aluminum

housing which is integral with the upper support
plate. The filter holder attaches to the sampler with
a threaded ring and gasket. This entire sub-assembly
may be removed from the sheller at the top through
the hinged shelter roof. The air flow rate is measured
by a variable orilice meter which must be calibrated
periodically to maintain on-site accuracy.

The Brushless High Volume Air Sampler is also avail-

+ abie as a conversion kit o replace existing GMWL-

2000 units. The kit consists of the brushless sampler
mounted in the aluminum housing with integral upper
supporl plate. The conversion kit will fit existing
Model GMW-5500 shelters by simple exchange of the
present upper support plate with the kit assembly,

.
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Specifications:
Motor HP — 0.8 .
Speed — 3300 R.P.M, -

Max. Flow Rate — 45 C.F.M.
Min. Flow Rate — 20 C.F.M.

Power Source — 115 V, 1 phase, 60 Hertz (other
electrical characleristics available on request)

Net Weight — 75 Ibs,

Shipping Weight — 87 Ibs. .

Conversion Kit Shipping Weight — 57 Ibs.

Mcetls all Federal performance and dimensional
specilications including Federal Register Vol, 36,
No. 84 dated April 30, 1971
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“The Coiton Dust Sampler is designed to entrap in
the filier all fine dust except cotton lint. The sample
thus approximates a respiratory criteiia which in-
cludes fracheal deposition.

The principle of operation is the production of a slow
lamina up-flow of air that equals the falling speced
of some size particle at the upper end of the respira-
tory range. Particles wilh greater falling speed, such
as cotton lint fibers, will notl be carried to the filler
at the ouilet and hence not sampled.

OPERATION

in operation, the unit is hung vertically or otherwise

;

Specificalions:

Motor HP —— 0.1

Speed — 3450 R.P.M.

Max. Flow Rate - 1.5 C.F.M.

Actual Flow Rate —- 7.4 L.P.M, with orifice

Power Source — 115 V, 1 phase, 60 Hertz (othor electrical
characteristics available on request)

Net Weight — 20 Ibs,

Shipping Weight — 22 lbs.

Mects all Federal performance and dimenslonal
specifications. .

binrea mn Saudd

suspended with the motor on top and the inlet on
the botlom at approximately breathing level. On and
off times are recorded and the concentration cal-

culated thus: \

Concentration-—«mg/mﬁz(Fma‘ Wt.—Tare Wt.) x 1000
. ~Time in minutes x 7.4
MAINTENANCE

The motor requires no lubrication. After every run,
lint should be blown out of the motor and elutriator.
Clean the relief valve screen and adjust the relief
valve to hold vacuum between 15" and 18" Hg. Check
calibration of the critical orifice and vacuum gauge
periodically or if malfunction is suspected.

.
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tion and simulaneous collection of
particuilate and gaseous fluoride con-

centrations, using two specially

treated filter tapes. The samples per-
mit accurate determination of changes
in fluoride concentration, and the
direction and rate of change.

operation

Two different types of specially-
treated filter paper tape are fed
simultaneously through the sampl-
ing nozzle. The oil-less vacuum pump
draws the sample air through both
tapes. The upper tape (#2356-52)
collects particulate fluoride, and the
lower tape (#2356-4) collects gase-
ous fluoride in the sample. Samples
are evaluated analytically, giving
3 Witative results. Contamination
. .apes in the unit (by ambient
fluoride) is effectively prevented by
filtering the vacuum pump's exhaust
air and using this fluoride-free air
to pressurize the front compartment.

10 min. to 3% hr cycles, in 10-min.
increments (also available: 14, 1, 2,

and 4 hr cycle timer)
Pump

1.1 cfm @ 0” Hg, continuous, rotary,

carbon vane, oil-less

Flow Meter .
0.1 - 1.0 cfm, push to test
Size

2034"W x 2334"H x 127D
Case

Steel, 18 gauge, baked enamel finish

Cover
Aluminum & clear acrylic plastic
Weight :
45 Ibs

o ordering information

Specify: Fiuoride Sampler (Dual Tape
Type) Catalog No. 2356, and vollage
desired. Treated Tapes for Fluoride
Particulate (100 f{ecet) Catalog No.
2356-52. Treated Tapes for Fluoride
Gas (100 feet) Catalog No. 2356-4.

Reliable Aceurale Contiol
E .
; dual filter tape system
provides simultaneous
automatic sampling
of particulate and
gaseous fluorides in
¢\ ambient air
e application e specifications features
This rugged self-contained precision Power e Direct in top sampling . . . mini-
sampler provides, with automatic 110 v, 60 Hz; 220 v, 50 Hz mizes loss due to impingement
sequential sampling, long term opera-  Timer e Range & Sensitivity: For HF, 2 tc

75ug/m3 from 10 to 180 min-
utes. For F particulate concen-
trations up to 57ug/m3 have
bzen tested. Particle size was
1.2 microns.

e Fach tape has individual motor
drive and indexing contro:
switch

e 600 samples pertaperoll (approx.)

e New positive design timer . . . nc
accumulated time error

e Timer and nozzle are modular

e Unit operates unattended for long
intervals :

-« Qil-less continuous duty vacuum

pump

e Push-to-test flow meter permits
quick monitoring and/or adjust-
ment of flow rates

e Unit designed for either cabinet
or 18-inch rack mounting

5. ,mm‘;&‘k.z.x‘%:;a~
Printed in U.S.A, /7%




Beliabite Aecurate Control

_ PESIGNED FOR AR POLLUTION ANALY
NEW EASLE AND ACCURACY IN ANALYTICAL WEIGHINGS

Mo beam-arresiment required

All weighing controls on lower console for convenient
operation

\
Large weighing chamber for 8 x 10" filter sheets
Special easel support for 8” x'm“‘ filter

Easy access to pan by either right or left handed per-
son (dual doors)

Removable weighing pan allcws easy use of other
commodity holders (permits increasing tare capacity)

Substitution weighing principle

Removable top cover gives access to entire weighing
rmechanism

Analytical Balance gives friction-free performance because fulcrum is com-
posed of iorsion bands instead of knife edges or friction pivots., No movement
of parts over one ancther and dusi or foreign material cannot affect results.
Gives digital presentation of weight for better readabilily, accuracy, and
reproducibility. No optical systern, micrometer, or vernier are used. Torsion’
balances retain initial high sensitivity and balance for twenly years or more.

Capacity—160 g.

Precision (Standard Deviation)—= 0.03 mg.

Readability—0.05 mg.

Built-in Set of Weights
(Class S or better)—0-159.9 g.

Taring System
Continuous tare—0-8 g.

Replacement of stainless steel pan with
aluminum pan—=20 g. approx.

Removal of aluminum pan—20 g. approx.

SPECIFICATIONS

Weighing System—Torsion (no knife edge construction)

Substitution
Single Pan

Damping—Silicone fluid

Built-in Set of Weights—Stainless steel non-magnetic

Pan-—Special easel for supporting large filter she
and matched standard pan and bow assembly fo

regular analytical use
~ Pan Bow Height-—714"

Weighing Chamber Base Dimensions—1214" wide x 6"

deep @ Height—3834"”

Balance Housing——Metal; mounting plate of weighin;

system aluminum alloy casting

Total tare without use of internal weights—48 g,
approx.

Tare using internal weight set—159.9 g.
Total tare available-—207.9 g.

ORDERING INFOIMATION - o

Overall Dimensions—12314" % 1715” x 20” High
Net Weight 42 Ibs. @ Shipping Weight 50 Ibs.

Power Supply—110-120V A.C., 60 cycle (220 VA.C. ¢
special order) .
f’».g

Please specify Torbal EA-1-AP Analytical Balance Catalog No. 2336

RESEARCH APPLIANCE CO., Gibsonia, Pa., U.S.A. 15044 (412) 443-5935



Reliable Reenrate Control
TOTAL PARTICULAYE
FALRPADREANE SARPLER

THIS SAMPLER IS IDEAL FOR TAKING HIGH VOLUME SAMPLES OF SUSPENDED PARTICULATE MATTER. THE
USE OF MEMBRANE FILTER MEDIA MAKES THIS UNIT IDEAL FOR ANALYSIS REQUIRING MEASUREMENT OF
RADIOACTIVITY, FOR MICROSCOPIC ANALYSIS, FOR ANALYSIS OF TRACE MINERALS AND ALLOWS REMOVAL OF
SAMPLE FROM MEDIA WITHOUT CONTAMINATION BY FILTER MEDIUM ITSELF. IDEAL FOR SAMPLING FOR SiL-
1CA, AU«ALIES CATIONS ANIONS AND MHALS WHICH MAY NOT BE EASILY MEASURED WHEN USING PAPER
(}f GLASS FILTER MEDIA.

\

T R L S R T T e T

FEATURES

"o. WEATHERPROOF e DURABLE-18 GA STEEL PRIM-
ED AND 2 COATS BAKED ENAMEL e WELL VEN-
TILATED e RAIN PROCF CAP PROTECTS FILTER
@ STAINLESS STEEL ORIFICE e MAGNAHELIC AP
CGAUGE ACROSS ORIFICE FOR FLOW DETERMINA-
TION e PUSH TO TEST VALVES FOR CHECKING AP
e LEGS FIT ON ENDS AND FILTER HEAD FITS IN-
SIDE FOR COMPACT SHIPPING e QUIET e CALI-
BRATED CURVE SUPPLIED.

SPECIFICATIONS
CARBON VANE PUMP Oil-less—14 HP 115/230V—
60 Cycle—-7.8 Amp. @ 115V—3.9 Amp. @ 230V
7.2 CFM free flow 5.5 CFM through 3.0 Micron
Membrane.
MAGNAHELIC GAUGE—0-40 inches of water
» Operates between 22 and 29 inches H,O when
e 3.0 Micron Filter Membrane is used.
- PUSH TO TEST VALVES—Used to read AP on gauge
] and to zero gauge when unit is operating.
S 9 {t. 2 wire and ground power cord
et FILTER HEAD-—Anodized aluminum—4” dia. media,
354" dia. effective area—Stainless Steel support
screen—Teflon and ‘0" ring gaskets—" 0" ring
fit rain cap (anodized aluminum)
Weight—81 Ibs. Size—Packed 16146” x 121%"
x 1534”
Size—Set-up 16157 x 1214,”
Ready to Operate x 38"

R P PO LY ST SRRty SIPUCRE Y
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SET-UP AND OPERATION

Remove legs from side of cabinet and place on lower part of cabinet as pictured, open cover take out filter head
and cap, remove plastic pipe cap from end of orifice, place power cord out through slot, close lid, push filter head
pipe through grommet in lid and into sleeve at end of orifice, carefully place weighed filter membrane onto filter
supporl screen, place teflon gasket on top, place frame over studs and tighten thumb nuts evenly and snug by
hand—Do Not Use Pliers—Place rain cap down tight on shoulder, plug in cord, push ‘‘test’”’ button, read gauge—
Push *zero" butlon and your operating.

i w—m;@ww wmw‘:ﬂ?"""m'f—rlﬂjs
- &m RGPS 05 £-5p ERSATE RN

WHEN ORDERING SPECIFY

TOTAL PARTICULATE MEMBRANE SAMPLER Cat.
No. 2349 115/230 Voit 60 Cycle (50 cycle also

available)
3 MICRON 47 DIA. MEMBRANE FILTERS l
Box of 100 Cat. No. WS-100 )
{( TTONAL :
. mer—7 day skip—30 min. increments Cat. No. &
2338.T T

Glass fiber and cellulous paper filters also available. Top View—Open

RESEARCH APPLIANCE CO., Gibsonia, Pa., U.S.A. 15044 (412) 443-5935
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Reliable Accurate Control

UNIVERSAL SAMPLER

MODELS 510G8-A,8,C&D ’M'

The Universal Sampler is ideal for continuous sampl-
ing where accurate measurements of time, volume
and vacuum are essential. The high capacity 4 CFM
Free Flow Carbon Vane Pump permits the use of up
to 4” dia. filter holders, Greenburg-Smith Impingers or
Gas Collecting Bubbler Trains. Flow is controlled by
use of built-in Limiting Orifices.

TN RO

T
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Available in four models with Vacuum Gauge and
Time Totalizer, Vacuum Gauge and Program Timer,
Vacuum Recorder and Time Totalizer or Vacuum Re-
corder and Program Timer.

TR

S

e 115 Volt, 60 Cycle e Net Weight 59 Lbs.

e Carbon Vane Qiless Vacuum Pump e 13157 x 121" x 211"

o 14 H.P. Motor e Weather Resistant Baked Enamel Steel Case—
o 6Amps : Louvered

e 9ft. 3-Conductor Grounded Detachable Line Cord | e Carrying Handles

o On-off Switch—fuse e Key Locked to prevent tampering

i 1/,
o Flow Rates, 1,2, 5, 14, 28 & 50 LPM with limiting ¢ ©708ram Timer ¥ to 24 Hours .
Orifices supplied e Vacuum Recorder—24 Hour Circular Chart

e Dry Gas Meter accurate to 1 /1000 cu. ft. e Control Panels interchangeable
e Quick Disconnect for attaching Sampling Sensors e Easy access to Pump Head for service
OPERATION

Place desired Critical Orifice for Flow Control in the line, attach Sampling System to quick disconnect,
set Program Timer (if used) take reading on Gas Meter and then turn switch on.

ORDERING INFORMATION. Specify Universal Sampler:

With Vacuum Gauge and Time Totalizer...............cco.cviiieiin Model 51068-A, Catalog Number 2344-A
With Vacuum Gauge and Program Timer ... ......occ i Model 51068-B, Catalog Number 2344-B
With Vacuum Recorder and Time Totalizer ... ....................... ......Model 51068-C, Catalog Number 2344-C
With Vacuum Recorder and Program Timer . .. .. . Model 51068-D, Catalog Number 2344-D
Vacuum Gaupe and Time Totalizer Control Panel Only -~ . ... ... — Catalog Number 44-A
Vacuum Gauge and Program Timer Control Panel Only ..., TR RTRRRR Catalog Number 44-B

Vacuum Recorder and Time Totalizer Control Panel Only

............................ ...Catalog Number 44-C
Vacuum Recorder and Program Timer Control Panel Only

............................... Catalog Number 44-D

RESEARCH APPLIANCE CQ., Gibsonia, Pa., U.S.A. 15044 (412) 443-5935



T PRS0

FIGURE 1§

Standard Hode!, RAC 5-Gas Collecting Sampler (system's
3-wire power cord & 5 solid bubbler caps are not iustrated),

Reliable Accurate Contral
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compact, portable bubbler
system collects up to five
aiiferent pollutant gases
from ambient air in one
sampling cycle

e features

ePerformance & reliability proved
by years of use by governmental
agencies & indusiry

eMeets EPA specs for sampling SO,
& NO, in ambient air

eBoth standard & all-weather models
are lightweight, fully portable

e All-weather unit available with 24-hr or

7-day timer mechanisms (optional)

( tegral limiting orifices give 200 ml/min

.ow rate (approx) to bubblers
e All orifices protected by inline
filters & demistors to prevent

clogging & flow reduction

ePolypropylene bubblers have threaded

interchangeable caps (2-hole unit

for sampling, solid unit for carrying)
oSampler cabinets equipped with

thermostatically-controlled heater

eBubblers & closures supplied in 5 colors;

demistors-traps in natural plastic

e application

The RAC 5-Gas Collecting Sampler is
a wet-chemical system that will sample
ambient air for any pollutant gas for
which there is a suijtable chemical re-
agent (absorbing solution). It tests for
sulfur dioxide (S0Q,), nitrogen dioxide
(NO,), hydrogen sulfide (H,S), ammo-
nia (NH,), aliphatic aldehydes (CHO),
and other gases reactive to specific
chemical solutions. This versatile in-
strument can be used to accurately
sample either a single gas or up o five
different gases simultaneously. Simpli-
fied design, ease of assembly, and mod-
ular components permit easy changes
in sampling train configuration to meet
ible sampling requirements.

“The concept for this muilti-gas sys-
tem was cvolved by NAPCA, the pred-
ecessor to the Environmental Protec-
tion Agency (EPA), and the original

design has been continually improved

by RAC over a period of years. This
system is being used for area surveil-
lance by numerous stale, county, and
municipal governments as well as fed-
eral govarpment stations involved in
the Community Air Monitoring Program
(CAMP) and the Community Health Air
Monitoring Program (CHANMP). It also
is used in many industries for plant
periimeter surveys and interior air qual-
ity monitoring or evaluation. In fact,
the RAC 5-gas instrument is one of the
most widely used systems for sampling
gaseous pollutants in ambient alir.

s design

RAC's 5-gas sampling system is sup-
plied in standard and all-weather shel-
ter models that are furnished complete
and ready-to-operate.
The standard model can be used to
_ sample eilher indoor or ouldoor air.
When used for outdoor sampling, the
funnel-equipped infet tube is passed
through any convenient opening or
connected to an air inlet duct. This
model's sampling case and vacuum
pump should be shielded from inclem-
ent weather at all times.

The all-weather shelter model is de-
signed primarily for outdoor applica-
tions. it is fabricated from heavy-gauge
steel, has a heavy-duty baked enamel
finish, and is suitable for use under all
climatic conditions.

Standard Modcl—consists of an in-
sulated sieel carrying case with an in-
tegral healing element; a preassem-
bled, removable, complele sampling
train; an exiernal % hp vacuum pump;
and a 3-wire power cord. (Sce Fig 1)

The RAC sampling tiain assembly in-
cludes a polypropylene inlet fube with
a detachable funncl, a membranc-lype
inlet fitter for particulates, a S-branch
glass inlet manifold, & polypropylenc

.

100 m! bubblers with interchangeabis
threaded closures (2 hole & solid cars),
5 constricled glass bubbler tubes,
frilted glass bubbler tube, 5 polypre-
pylene demistor-entrainment traps, =
limiting/critical orifices, and a 5-branch
nickel-plated exhaust manifold. Al
components between and including inz
two ranifolds are preassembied anc
can be removed as 2 subassemly for
filling, cleaning, or change in sampling
train configuration.

The flow-regulating critical orifices
can be either the stainless steel nesdie
type or sections of precision-bore glass
iubing encased in vinyl. Bolh typss
provide a 200 ml/min flow rate (2oorox
to all bubblers, are easily cleaned i
small RAC ultrasonic baths.

The sampling cabinet's thermostai-
controlled healing element maintamr:
a unilorm internal temperature of 90°F
(£3°) 10 assure continuous sampling:
operating efficiency.

Threaded closures {or the polypro-
pylene bubblers are a 2-hole inlet &
outlet design that is used during sam
pling operations, and a solid leax-ligh
cap used to transport bubblers filles
with reagenis, both before and aticr
sampling cycles.

The 100 mi bubblers and their clc-
sures are supplied in five colors: rec,
yellow, blue, green, and orange:; on:
set in each color. Demistors-traps are
furnished only in natural plastics.

The standard model measures 127\
3 12%7H x 7% "D and weights 153« lus
The vacuum pump provides 1.8 cim
free flow and 29” Hg vacuum. it
11% "L x D% "W x 8Va"H, we.ghs 15 {5
operates on 115 v, 60 Hz, 3.4 amp.

All-Weather Sheller Model—has al
the above sampling train componen
and the same vacuum pump instaib
in a 2-compartment steel shelter fea



FIGURE 2

Al-Weather Shelter Model in operating configura-
tion, with top open to show installation of optional
7-day timer; air inlet tube (see Fig 1) connects
to manifold through siot,

turing a weather- and corrosion-resis-
tant finish. Sampling train compartment
{s insulated and equipped with thermo-
stat-controlled heater. Pump compart-
ment has ventilating louvers to. dissi-
pate heat, and is separated from the
sampling compartment by a partition
to minimize overheating or evaporation
of absorbing solutions in bubblers.

Shelter’s sturdy angle-iron legs —
‘which can be aitached flush with the
cabinet for carrying/transporting—are
securely mounted in both extended and
retracted positions by steel bolts in
- predrilled holes. (See Fig 2 & 3)

Two optional timer mechanisms can
be installed in the all-weather shelter
model. The 24-hour timer (shown in
Fig 3) has permanently attached trip-
pers that provide up to 96 on-off cycles,
in 15-min increments, over a 24-hr pe-
riod. The alternate 7-day skip-timer
mechanism (see Fig 2) permits seltings
one week in advance, and has 14 trip-
pers that will provide minimum sam-
pling cycles of 3 hours and a maximum
cycle of 7 days. Both timers are at-
tached to shelter's hinged top and po-
sitioned in the pump compartment.

All-weather shelter model of the RAC
§-Gas Collecling Sampler weighs 58
Ibs complele, without a timer installed
(24-hr timer weighs 3 lbs: 7-day timer,
6 Ibs). With the legs raised for carry-
ing/transporting, this model measures
17V2"W x 16"H x 13%"D. Height is
29”7 with legs extended.

e operation

Vacuum pump draws ambient alr In
through inlet funnel and tube. (Funnel
Is Installed inverted to prevent precipi-
talion from enlering. sampling train.)
Particulate matier entrained in the air
sample is trapped in a membrane-type
filter before air enters the inlet mani-
fold. Air stream then is divided into
five equal parts by inlet manifold and
directed through parallel branches into
the bubblers. Each 100 m! bubbler has
a 2-hole cap with a standard glass bub-
bler tube, either constricted or fritted,
on the inlet port. The air to be sampled
passes through these tubes into 50 ml
quantities of reagent (absorbing solu-
tion) contained in each bubbler.

AT

e

FIGURE 3
Shelter Model in carrying configuration; lop raised
to show optional 24-hr timer installation (air inlet
tube not shawn).

After bubbling through the reagent,
the air exhausts through a length of
vinyl tubing connected to outlet port
in the 2-hole cap. Each air stream then
passes through another polypropylene
bubbler containing a demistor and a
second membrane filter. (This dual-
trap arrangement protects the critical/
limiting orifices from moisture or other
entrainments, and helps to maintain
continuous full-flow operation for opti-
mum sampling efficiency.) The five
sampled, scrubbed air streams then are
collecled by the exhaust manifold and
discharged through the pump.

Alter a sampling cycle is completed,
the sampling train assembly is removed
from the carrying case (or shelter). The
bubblers in which gas samples have
been absorbed by reagents are dis-
connected, and the 2-hole caps are
replaced with the threaded, solid, leak-
tight closures. Bubblers then are taken
to a taboratory for an analysis of con-
tents according to appropriate proce-
dures. (NOTE: Sampling/analyzing
procedures for some pollutant gases
are included in the operating instruc-
tions furnished with RAC 5-Gas Col-
lecting Samplers.)

e snecifications

Vacuum Pump

1/6 hp, 1.8 ctin free flow, 29" Hg vac,

conlinuous duly, ovarload protection

Elecirical

115 v, 60 Mz, 3.4 amp

Dimpnsions

STANDARD MODEL:

L 12"Wx 12358 "H 1 7%

SHELTER MODEL:
17V, "Wx29"Hx 13V "D w/legs extended

(16"H w/legs raised)
VACUUM PUMP:

119 "L x 5% "W x 8% "H ,
Weighia :
STANDARD MODEL.:

15%% Ibs (without pump)

SHELTER MODEL:
58 Ibs including pump (w/o timer installed)

—
=

"0

b

24-HOUR TIMER: 3 lbs -
7-DAY TIMER: 6 lbs
VACUUM PUMP: 18 lhs

N gt I o M
eordering information

Both the standard and all-weather shelter |
models of the RAC 5-Gas Collecling Saim-
pler are furnished complele and ready-io-
use., The standard model, including the
vacuum pump and power cord, is the basic
system. It contains all the componenis
listed, in the Design section of this bulletin.
The all-weather shelter assembly and the
iwo alternate timer mechanisms are avaii-
able on an optiona! basis.

Specify all units, including optional ar-
rangements, by full name and catalog num-
ber. Unit prices and the catalog numbers of
the Individual system components are fur-
nished on separate sheets.

%

RAC B-Gas Collecling Sampler, Stans

Model, Complete CAT, #23.
Includes heated steel carrying case, com-
piete sampling train, vacuum pump, 3-
wire power cord, all necessary tubing &
connections, pack of orifices (5), pack of
filters & back-up discs (5 ea),

RAC 5-Gas Collecting Sampler, All-Weaiher

Shelier Model, Complete .. . CAT, 72333-3
Substitutes a 2-compartment, louvered,
weather-resistant steel shelter for carry-
ing case; includes same train, pump &
componerts as Standard Model.

RACU 5-Gas Collecting Sampler, All-Weather

Sheiter Model with 24-Hour Timer,

Complete CAT., #2333-24
Same components as regular all-weather
model with addition of a timer that pro-
vides up to 96 on-off operations, in 15-
min increments, within 24-hr cycle,

RAC 5-Gas Collecling Sampler, All-Weather

Shelter Model with 7-Day Skip Timer,

Complete CAT. #2333-7
Only difference is optional 14-trip timer
that provides min. sampling cycles of 3
hrs, max cycle of 7 days; permits setting
7 ddys in advance.

| . .
other sampling equipment
Research Appliance Company manufac-
luers and supplies a wide variety of preo.
sion instrumenis and systemns designed for
sampling / monitoring  environmental  air,
waler, and sound pollution, Write for detaits
on other RAC sampling equipment.
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APPENDIX A-G
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PHILIPS MODEL 970 _
\TION PROCEDURES

CPERATIONAL AND CALIBRA

Tl

Operation Procedure
Calibration Procedure
Maintainarce Procedure

Strip Chart Reading Procedure
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OPTRATION  PROCEDURE 57

Philips 9700 50, BAnalyzer Operation Procedure

A. General
The Philips 9700 S0,

A\l
attention; the analyzer is equipped with internal zero and span

Analyzer requires little day to day

modes that are automatically operated. Any problems that cannot
be handled “on-site” should be reported to the Air Monitoring Unit

Leader.
B. Equipment
Philips SO, Monitor PW9700 Manual (2nd ed., Dec. 1972)

2
recordex ink, papexr

roll pack tool kit
C. Procedure
1. Disconnect umit from Data Acquisition system if instrument
is on telemetry ard 5otify Data Analysis Section of time.
2. Record zero value during last 24 hr. period from the chart.
3. Record span value during last 24 hr. period from the chart.
4. Record span pot setting {(location on back of recorder).
5. To obtain corr=ct ppm value of recorder trace:
a) Determine zzro base line using past two zero-span
cycles in % of scalé (p) .
b) Determine difference {in % of scale) between last
zero and last span (B). ’
c) Look up prpm equivalent of span from last calibration (C).
d) Determine hourly percent of scale readings (D).
6. Record referezce voltage setting. Should be 760 - if it
is not then reset and notify the Air Monitoring Unit Leadex.
7. Observe recorder trace for signs of atypical operation such
as excess noise, negative spiking, baseline drift.
8. Remove cover from chemical unit and observe cell for proper
electrolyte level and bubbling in fnner cell.
9. Reconnect Datz Acgquisition system and notify Data Analysis
Section if applicable; alse report daily information to the

data section.

T
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Be sure sample inlet is sccurely attached to analyzcr.

10.
11. Record the following information in the log bool:
a) date, time, site -
b) last zero, last span
¢} reference voltage
d) span pot setting \
e) operations performed (change filter, chart paper etc.)

£} abnormalities observed
Ne) witeg) corrective actions needed (e.g.[ recorder noise greater

than 2%)

h) operator initials
12. Record the following information on the chart:

a) date,ttime, site o | v

b) any operations that disturb normal chart tracing
13. Check the following for the recorder:

a) paper supply

b) ink supply

__’c) telemetry if applicable

14. As charts are used they should be stored after they have
been read.
15. Refer to the instrument manaul for assistance in trcuble

shooting and notify the Air Monitoring Section (612) 286--7282.
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CALIBRATION PROCEDURE 6

Philips 9700 SO, Calibration Procedure

A. General

The calibration procedure is to be usged with the Monitor
Labs (ML) permeation device., The ML usually has a range of 200 ppb,
higher ranges may be available. The ML should be left running
at least overnight in order for it to come to the proper operating
temperature. e ) -
B. Equipment

ML and manual with calibration information included

Teflon tube to connect ML to monitor

Calibration Data Sheet, Form C-4 and 50, Calibration Curve,

2
R CG-3 (see Calibration Procedure 4 for Graph CG-3)

Tools
Voltmeter
Flowneter
C. Procedure v
1. Be sure the ML has been running overnight and that the
Philips has been running 4-8 hours. After arriving at the site
plug in ML and wait at least 1/2 hour for it to warm up. If you
traveled further than the Metro area more time will be needed.
a) The amber light on the ML should light up immediately
upon plugging it in. If it does not, there may be
insufficient line voltage at the site.
b) The ML is at its operating temperature when the amber
light starts to pﬁlsateq However, if the pulse rate is
very fast then operating temperature has not yet been
reached. '
2. Before starting the multipoint calibration measure the flow
‘before the measuring cell. To do this separvate the air tube
between the selectivity filter and the cell inlet and insert
flowmeter. With analyzer in measure mode, "M" in window, record
flow. This is the sample flow. If the flow differs by more
than + 15 ml/min from stated flow on instrument a leak should
be suspected. Trace leak (refer to Maintenance Procedure 4)

before proceding.
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3. Observe the electrolyte level and indicate "OK, high or
low" on the Calibration Data Sheet. . Observe the noise band on
the chart and indicate "¢ of scale® on the data sheet. Record
analyzer I.D. number, location end calibration device model
and I.D. number. Record this on IForm C-4,

4. Zero the analyzer by detaching the cable to the automatic

timer and pressing the red button on Lhe chemical unit until
"Z¥ appears in the window. Allow 15 minutes to stabilize.

“5%°"If a change in span mdnge or zero offset is desired, use

pot on rear of recorder to change span and zero control inside
recorder to change zero cffset. If a correct offset (5%)
cannot be obtained with this pot, the reference voltage control
on the electrical unit can be used. Turn the control only one
position in either direcihion =- wait 15-30 minutes for base-
line to restabilize before additional adjustments are made.
6. Multi-point = Calibration. Once the ML has reached proper
temperature, connect the teilon tube of the calibrator to the
inlét of the chemical unit. Be sure you have the system hooked
ﬁp so you are operating with the 50, section of the ML and the
system is leak free.
7. At this point, using a woltmeter, check the signal from
instrument and recorder fcr.agre&ment; Attach the leads
from the voltmeter to the =zpropriate plugs on the monitor
and zero at 5% of scale. &Adjust as necessary.
8. Set the flowmeter on the ML to read the desired ppb
output by using the calibration curve in the manual. Be sure
the curves in the manual xave been corrected for temperature
and pressure before using %*hem.
a) A good starting point would be around 50 ppb (look up
appropriate pph on the ML curve for flowmeter setting).

"

b} Be sure the instrument is on “"sample." Observe the
recoxder for correct response which will vary depending
on the operational scale of the instrument. Example

50 ppb on the 0-500 scale would be 50/500 or 10% plus a
5% zero offset for a total recorder reading of 15% of
scale, or 15mv if the voltmeter is hooked up.

c) Allow to cquilibrate until you sce a steady trace
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on tke recorder. If the trace ig not at the theorctical
% of mcale adjust the pot on the rear of the recorder
until wyou get the proper fesponsa, Record the responses
on thwe Calibration Data Sheet, in the Log Book and omh
the wecordexr strip chart.

d}) At least 5 points should be run covering the full
range of the ML. If excessive time is required for

each point to equilibrate then one may suspect that the

S monitoy reguires service. (The response should be stable

within about 15 minutes.)
8. Aftexr F£ive points have been run to ensure good instrument
function, draw a “field copy" of the instrument calibration
curve ang leave it at the site. Data should be recorded‘both
on the recorder strip chart and the instrument log book.
A sticker should be placed on the monitor with the date of
calibraticn, name of person performing the calibration and
the value ©f the flow, The calibration data sheet and
anothex copy of the calibration curve should be brought back
'to.the labh for storage,
9. After calibration is completed, zero the monitozr.
10, Internal Span. Span the unit using the intexrnal source
by pressing red button until "C" appears in window. Allow
span to stabilize (15-30 minutes).
31. Check permeation rate of source.
a) Determine ppm output of internal source using the
slope of the curve from analyzer just calibrated with the
external source. |

PPM

T of scaie ) X recorder deflectiocn

(% of sca

802 ppm = slope of curve (

Record this wvalue on Form C-4. }
b) RBack calculate permeation rate of source using air

flow measured in Step 2.
80, permeation rate (ug/min) = Flo§8éT§/m1n) X ppm

22, Compare this rate to the permecation rate given on the
source.

13. After calibration is complete zero the monitor.
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Before leaving the site make the f{ollowing spot check

1]

[} i

a) Monitor is on "on" and "measurc.
b) Intake prohe has been veplaced and free from
obstruction.

¢) Auvtomatic timer is attached to nonitor.

d) Copy cf the calibration curve'is left with the

y

r
Y

S

monitor and entries have been made in the log book and

the appropriate stickers have been left,
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PHLLIPS §§2 CALIBRATION DATA  SHEET

Analyzer YI.D. Number:

Location:

I1f the analyzer received a quarterly maintenance in the last 48 hrs.,

does the zero drift appear noxmal? ves . 15
Noise band: ¢ of scale

. Sample Flow: s LR e _ g
Electrolyte level: ______©K ‘_“_“mﬁIGH ___Low

Calibration device {(medel and I.D. number):

Input | Theoretical Actual Flow adj.
Cal pts. Flcw | ppb % scale % scale (if necessary)
1 ()
2
3
1
4 1
5
6
7
SN 1
Internal source span: - % of scale
.. ppm
Permeation rate calc. from external source(A): ug/min
Permeation rate listed on internal source (B): ug /min
Difference = 272 X 100%: , 3
4%

Yorm C--4
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MATNTENANCE  PROCEDURE 4

Philips 9700 S0, - H,5 Maintenance Procedure

2 2

A. General

The Philips 9700 analyzer is a coulometric device to continuously
measure 802 or HZS in ambient air. The anaiyzer, when connected to
a recorder will have a full scale range adjustable to a maximum of

1.1 ppm. The analyzer is normally operated with a range of .5 or lppa

- full scale. Maintenance procedures are performed on a quarterly and

yearly basis. If quarterly and annual maintenance occur together,
perform the yearly maintenance first.

External calibfation of the SO, units is performed using a

2
portable calibrator. H,S units must be brought to the laboratory for

a wet chemical calibration,

"B, ggpigmegg

Beckman SO, service kit ' R
Philips Service kit
. selective scrubber replacement
charcoal recharge
package of glass fiber filters (e
lubricating oil ’
vacuum gauge
ground glass fitting grease, Apiazon
bubbler oil
replacement capillaries
fuses, connectors, sleeves, O-rings
extender (feedback) board
plug in electrical cable
Electrolyte and waste jar . . -
Calibrated rotameter (to measure = 300ml/min)
Digital voltmeter ST
Distilled water
Kimwipes
Monitor Labs calibrator with calibratién curve, teflon tubing
Philips 9700 manual (2nd edition, Decc. 1972)
Philips 9700 Maintenance Form M-3
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. 502

802 Calibration Data Shect, Form C-3 (sece Calibration Procedure 2)

>

Calibration Curve Graph, CG-3 (sce Calibration Proccdure 2)

Oscilloscope (annual only)
C. Procedure - Annual (refer to Figures 1 and 2) Complete Form M-3

1. Remove blue vacuum tube and measure pump vacuuwu, it should
be at least 400 mmHg (7psi). '

- 2. Check whether or not pump runs smoothly. Check for
excessive free-play in bearlngs,

aBEE L X SO RS WSS

3. Check whether or not splndle of stirrer motor fits correctly.

b

4. Replace capillaries if not changed within one year.
5. Replace charcoal in the zerxo scrubber.
6. Refer to the attached procedure and check operation of
amplifiérs (Print 3 and 4) . '
- NOTE: This adjustment may affect calibration.

D. Procedure - Quartexly

The following steps should be done with the analyzer off.
‘ff» Consult the manual for location of parts. Check procccdures on
| Form M-3.
" 1. a) If unit is equipped with silver gauge,selectivity filter,
remove connecting fittings and examine filter, if black stain -
is over 1/2 of the way cown the filter, replace filter and renew .
old filter according to manual directions.

b) If unit is egquipped with a chemical selectivity filter,
remove connecting fittings and replace filter. Discard old
filter.

2. Remove electrical connecting plugs on Peltier cooling fan.
Loosen mounting screws. Lubricate bearings of fan. Check
bearings for excessive free-play. Replace fan. ,
3. Remove cover of source carrier (box at bottom center of
chemical unit). Remove filter cover by removing three outer
screws. Remove old filter and mount new filter. Mount cover
making certain of good connection between filtex cover and
capillary. '

(’ g 4. Replace measuring ce{l electrolyte (Refer to manual
Figure 32, 33 and 34. Caution: electrolyte is corrosive ~ do
not spill.) Do not touch inner parts of cell with fingers

hvoid contamination.
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a) Disconncct lower plugs from terminal strip on outside
of cell. .

b} Loosen quick fit couplings where air inlet and outlet
attach to cell. ’
¢} Loosen hold down rubber rings on sides of cell.

d} Renove cell and container, putting front of cell up so
rear alilr fitting will clear connector.

e) Disconnect plugs from uppef side of terminal strips.

- £f) Loosen guick fit nuts and remove electrodes carefully.

e e e e

Rinse electrodes with distilled water. Do not contaminate
electrodes.

g) Loosen hold down springs on inner vessel. Remove inner
cell by drawing upward and twisting. Caution: Allow inner
vessel to drain before removing from cell. '
h) Empty inner and outer vessel. Check whether iﬁner

nozzel is clear. If nozzel is plugged, air flow will be

* lowered or stopped.

1) Rinse inner vessel inside and out with distilled water:

Do not rinse greased ground glass fitting. Rinse outer cell.
Drain all water from cell. . - -
j) Pour entire bottle of PW9711l measuring solution into

outer cell. ’

k) Fit inner cell into outer cell with twisting motion to
seat ground glass fitting. If additional grease is needed

on fitting use only small amount Apiazon grease. Attach

hold cdown springs. '

1) Fit electrodes into cell carefully. Do not overtighten

fittings.

‘m) Reconnect electrical leads from electrodes to upper

side of terminal strips (refer to Figure 34).

n) Carefully fit assembled cell into chassis. Attach

rubber hold down rings. Connect air fitting guick connec¢ts.
Do not overtighten. The tension and exact positioning of thesc
fittings is critical. If even sljghL{y ovér oxr under
tightened, air leaks will result. It may be necessary to

measure the flow through the cell while tightening the fittings



@

oection L,
Rowvinion Mo,
12/21/75

Page 4 of 9

to assure correct tensiom {(refer to step 10).

0} Re-conncct lower plugs. The color of upper wire connecting

to lower wire should be identical. -
p}  Electrolyte level should be at blue line on outer vesseél.

a) NReplacement of vacuum pump diaphragm. Disconnect air

[83]
o

tubes from inlet and outlet of vacuum pump located in
electronics unit. Remove diaphragm cover. Loosen scfew
attaching diaphragm to position and remove diaphragm.
Replace diaphiagm and reassemble. ‘ '
) Loosen screws on plate clamping inlet and outlet
fittings to cover. Remove clamping plate and remove inlet
and outlet fittings. Outlet diaphragm is now visible and
can be removed with tweezers. Remove gauze in inlet pipe
and replace inlet diaphragm. Assemble in reverse order.
6. Replaée particulate fiiter in heated sampling head.
7. Check o©il in backflow comirol bubbler. Level should
reach to blue line. '
8. The following steps should be performed with the analyzer
ON.

9. Block air inle% temporarily

at outsicde of case, bubbling
should occur in oil tube, if no bubbling occurs there is an airx
leak. Determine loccation of Isak and remedy.
10. Separate air tubs between selectivity filter and cell inlet

and insert folowmeter. Floumeter outlet should be connected to

¢
0

cell iniet and flowmeter iniet should be connected to selectivity

filter. With analyzer on measure; record flow, this is the
sample flow. The fiow éhould be approximately 150 ml/min, if
flow is different from this walue a leak is suspected
downstream, likely at the guick fit fitting directly below the
Peltier cooler element. ~Another likely source of reduced flow
is a blocked sample capillary. If blockage is suspected,
replace sample capillary located in source carrier housing,
11L. If sample flow is OK mezsure total inlet flow by removing

teflon sample inlet and attzching flowmeter. Record flow. Total

- f£low should bo approximately 300 ml/min. If much lower than

300 ml/min a blocked purge capillary is suspected. Replace
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purge capillary and rcmeasure.flow. Note: Purge and
sample capillaries are physically indentical.
12. Perform electronics check by plugging serviece cable "into

terminals oxr front panel of electronics unit, Measure

voltages with voltmeter and xecord on maintenance checksheet.

Note: Heatexr voltages will vary over‘indicated range, depecending
on exterior temperature and length of time unit has been
operating.
13. Run analyzexr after electrolyte replacement for 4-8
hours to stabalize output. )
14. Perform a multipoint calibration for SO, using the
portable ¥, calibrator (Calibration Procedure 5). The wet
chemical method is used to calibrate units measuring H,S.
a) First zero analyzer by detaching cable to automatic
timer and pressing red button on chemical unit until
nge apwmezrs in window. 2llow trace to stabilize.
T h) Comnmact calinrator to chemical unit air inlet, refer
to Calibration Procedure 5 and perform a multipoint cali-
bration with the analyzey in the measure mode, "M" in |
window. '
c) If it is desired to change span range oxr zero offset,
‘use pct on rear of recorder to change span and zero control
inside rascorder to change zero offset. If a correct
offset cannot be obtained with this pot, the reference
voltage control on the electyrical unit can be used. Turn
the control onlwy one pesition in eilther direction, wait
15-30 minutes for baseline to restabilize before
additional adjustments are made. ‘
15. Aftexr the multipoint calibration has been pexrformed and
Forms C—4, CG-3 completed, span the unit using the internal
source by pressing the red button until "C" appcars in window.
Allow span to stabilize (15-30 minutes). '
16. Check permeaticn rate of internal source.
a) DPetermine pgm output of internal source using slope of

the curve f{rom analyzer Jjust calibrated with extecrnal source.

npmn

T noaTo!) X recorder deflection (o

SOpppm = slope of curve (g
5C,
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Recors?® this value on Form C-4 and M-3

b} Back-calculate permcation rate of source using air

flow przasured in Step 10.

802 p2rmeation rate = FlowBéglgmln)x ppm

Record on Forms C-4, M~3. . |

H,S permeation rate may be calculated by: .

BE.S permeation rate (ug/min) = Elgﬂ74%llﬁig)x ppm‘

c) Compare this rate to rate given on source. Also

conpare with perm, rates determined previously. If rate has

dropped significantly ( = 10%) the source should be replaced.

JIf rate has dropped significantly it is also imperative to
informx the Agency taking data so that corrections may be
applied. - '
17. Reconnect all fittings and place analyzer “on-~line."

Récord maintenance procedures and findings on form M-4 and in
1cg book. ,Récord pertinent information on chart recorder
paper. Complete Calibration Forms C-4, CG-~3; leave one copy of
€G-3 witfzn the analyzer. Return all forms to the laboratory.
18. Report any problems or abnormalities to the Air Monitoring

Unit Leader (612) 296-7282.

L
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pu— . et 8 s e o P

Annual
1. Check vacuum punp: _ psi oxr - mmig.
2. Check stirrer motor.
3. Check amplifier operation,
4, Replace charcoal in zero scrubber.
5. Replace capillaires. ‘
Quarterly -
' 1. Replace filter in heated sampling head.
2. Replace aerosol filter protecting flow regulating capillary.
3. Replace chemical selective scrubber or examine silver gauge
selective scxubber and replace if necessary.
4. Check lubricate peltier cooling fan.
5. Replace measuring liguid.
6. Replace diaphragm and valves in vacuum pump.
4 7. Check cil line in suction tube. '
{“ 8. ‘Measure and fécsrd filow through samnle capiliary,
~ : ce/min,
9. Measure and record flow through purge capillary,
cc/min. | '
_____)0. Check s0, (H,S} source output and calibrate unit at four
upscale points. Internal Source = ppm.
11, Perform electronics check and record values in chart below.
Corrected Measured
. Voltage Voltage
terminal 1 +30V
2 <16V
3 (Peltier) off 6.6V On 3.2V
4 (supply Peltier)
. off 0.0V On 2.3V
5 502 source heatef 0-30V
6 Beasuring ccll heater| 0-30V
7 Output Amp I ) O«iSV
; 8 12V Supply : 12V
L;' . 9 Recorder Output 0-100mv

Form M-3
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Figure 2. ADJUSTMENT OF PW 9720 AMPLIFIERS

1. Remove Iower interconnecting cable between - s
PW 9710 & 9720. \ . q
— T
2. PCB #3 ‘ Gf
a) Ground connector pin #22 ‘V)qzw}‘$wvug'63/ |
b) Scop= between Pin A & ground 'Jwﬁ,:JJL;HM
c) Adjusmt Cq to give min M signal T ot
(abomat 0.3V peak - peak.). ' - I
d) If recorder is connected (9) Time qu;/: e
to M¥1 reading should IMS/Div i
be abwuzc 10MV
e) Signzl =t Pin A should stayv
smal? if ground connection is
‘remownd from pin 22. Phasing
may b= incorrect if it doesn't.
3. PCB 4 _
a) Short ponnector pins 6 and 22 to each other
b) Conmect meter (0-15V DC) to MPL (7) ;

c¢) Scom» kztween Pin A and ground N
|

. . . St
d) AdjmstiCy for minimum signal uﬂv
Trizm £o give 0.5V on MP1 (7) RO

NOTE: Scope ssignal should not appreciably change
as Cy is wvaried such that MPl (7) varies
betwes=n 0.5 - 15V

Both amplifiamzs are now correctly balanced. ~,_ LWswﬂuﬁ i%hvﬁﬂqﬂ' )

Reconnect lowsr ‘cable wzv W l& }i "
"""‘:'fi>-' 0—“—”’:’*"“ ’
ot

ol Lalane o

Time bats /C‘,u:/ux.‘
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DATA ANLTYSIS. PROCEDURE

Strip Chart Reeding Procedure

Do General

1
‘

The following procedure for reading strip charts is a gereral

procedure and may vary depending on the type of recorder in use and

\

adaptetions such as signal averagers.
B. Equipment

Pen or pencil

Straight Idge

Strip charts

Data coding form
C. Procedure

To determine the hourly average concentration from a stiip

chart record, the following procedures are used:

1. Obtain the strip chart record for the sampling period in

-

question. The rccord must have adjusted span (if epplicakl
and zero traces at the beginning of the sa npling period and
funadJMSLCd span and zero traces at the end of the sazwling

pexiod.

e

2.7 Fill in the identification data called for on the coding

sheet being ucsed.
3. Using a straight edge, draw a straight line from the

adjusted zero at the start of the sampling period to the

unadijusted zero at the end of the sampling period a%s”illustratecd

in Figure 1. This line represents the zero baseline to ba

used for the sampling pericd.

I=h

4., Coding forms in use should be completed only with the

zero adjustcd concentration, which is determined as follows:

fin

al

a) Read the zerxo baseline in percent of chart at the mié-

point of each hour dintexrval and record the value on the

chart.

]

b) Dectermine the hourly averages by using a trang

object, such as 2 piecce of clzarxr plastic with a straignt
cdoe. A clear plastic ruler vwith a single line deocwn the

length of the ruler works best. Place the straight cdge

parallel to the horizontal chart division lincs.

.
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Prr the interval of interest between two vertical hour
lines, adjust the straight edge between the lowest amd‘
highest points of the trace in that interval, keeping the
straight edge parallel to the chart division lines, until
the total area above the straight edge bounded by the trace
and the hour lines is estimated to eéual the total areca
below straight edge bounded by the trace and hour lines.
See Figure 1 for an illustrated example.

Repeat the above procedure for all the hour intervals
needed and which have not been marked invalid. Record all

values on the chart.

_c) Subtract the zero baseline value from the reading

value. »
d) Convert percentage chart values to concentration in ppm
using a calibration conversion table developed from the

calibration curve. Record the ppmn values on the coding

" form.

o

o g
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APPENDIX A-7

- FLUORIDE TAPE SAMPLER OPERATIONAL

AND CALIBRATION PROCEDURES

i

Operation Procedure Fzz
Catibration Procedure

/" W’\l\53$g’}ﬁ
Maintainance Procedure __:3

Data Transfer Procedure

)
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APPENDIX A-9
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RES UMY

Mary Beth West : ‘ . .
4110 Xentucky Avenue HNorth -
Crystal, Minnesota 55427

612-537-7547

EDUCATION

Sept. 1972~ Hennepin Technical Center
Nov. 1974 - Eden Prairie, Minnesota
Pollution Control

Sept. 1971~ Neil Armstrong Sr. High
~ June 1872 Plymouth, Minnesota

.EXPERILNCE

Jan. 1976- : ~ Regional Copper~Nickel Ztudv
Present

Py

Minnesota Pollution Control
Agency in conjunction with

the Minnesota ILnvironmental
Quality Council . St. Paul,

Minnesota

Primary responsibilities in-
volved formulation and design

of the air monitoring progran

for the Copper-Nickel study area.
Secondary resvonsibilities in-
cluded the selection of the
monitoring sites and procurement of
of monitoring equipment.

As field representative of the
program , further responsikilities
included the coordination of this
program with the meteorlozy and
the plant pathology studies and
the writing of the air monitoring
portion of the Field Operations
Manual.

May 1975~ Tecnnical 501v1cc5 Section

Jan. 1976 Plqulon of TAir Quality

iinncsota Pollution Control
Agency, Roseville, Minncsota
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RESUME

Mary 'Beth Wést
4110 Kentucky Avenue North
Crystal, Minnesota 55427

EXPERIENCE = cont.

May 1975~ *
Jan. 1976

Sept. 1974-
May 1975

July 1974-
Sept. 1974

RETLRENCES

Personal

Page 2

\

Primary responsibilities in-

- volved setting up and maintain-

ing high volume samplers, gas
collecting samplers and tape
spot analyzers throughout the
City of St. Paul. Special
studies included the summer
Ozone Project and the highway
Department Carbon Monoxide
Project, C

Data Analysis Section
Division of Air Quality

Minnesota Pollution Control
Agency, Roseville, Minncsota

Calculate and publish the daily

"Minnesota Air Quality Index.

Administer the out-state hi-vol
filters distribution and collection.

Noise Section
Division of Alr Quality

Minnesota Pollution Control-
Agency, Roseville, Minnesota

Primary responsibilities
included conducting noise
surveys and investigating
complaints. Setting up the
cross reference between the
filing and metropolitan map.

Provided upon request
Born: . Minncapolis, MN 10/21/54

Height: 5'9" Weight: 130
Marital Status: Single



RIS UME

ottt

JOHN S. SELTZ

2067 Goodrich Ave,
St. Paul, MN F©5105

WORK EXPERIENCE

+1967-1971 City of Minneapolis Air Pollution Control

Part time conducting air monitoring swrveys, answering public complaints,
and compiling emission inventory of sources. '
1971~1973 Minnesota Pollution Control Agency

Conducting air monitoring operations including equipment deployment,
maintenance, calibration, and laboratory operations.

1973-Present  Minnesota Pollution Control Zgency
Supervise air monitoring unit.

Oversee -operations and deployment of state network,

EDUCATION

B.S. University of Minnesota IT (Chemistry)

~One year Dental School, University of Minnesota i

' M.S. University of Minnesota School of Public Health (Environmental
Health)--expected Fall '76.

PROFESSIONAL AFFILIATIONS

Midwest Chapter Air Pollution Control Association.

_ PUBLICATIONS

"Planning Control Strategies to Reduce Carbon Monoxide Concentration—
Minnesota's Experience", Ingrid Ritchie and John Seltz. Presented at

the Third Joint Conference on Sensing Environmental Pollutants, Las Vegas,
Nevada, Sept., 1975,

INVOLVEMENT

Primary senior staff contact for air monitoring study. Responsible for
design of study and deployment and operation of network.



GARY 5.

‘ . ; )
, NI ANAD R
. ... Resumm

i i

ECKHARDT

5028 West 70th Street

Edina,

Chief,

Minnesota 55435

EYXPERIENCE ¢

Technical Services : .

Minnesota Pollution Control Agency, Alr Quality Division, 1973 to
present. Respcnsible for all State armbient air monitoring, quality
control, and data acquisition and analysis of all ambient alr data.
Responsible for acquiring air quality data in oxder to deterxmine aix
guality standards cowxpliance, to determine the existence of air
episodes, to provide information for planning and administrative
functions, to determine leng term pollutent concentration trends,
and to detect the presence of newly defined air contaminents.

Unit Leadexr, Airxr Monitoring

Senior

{enber

"#innesota Pollution Contrel hAgency, Air Quality Division, Technical

Services Section, 1971 to 1973, Responsible for all air monitoring
activities throughout the State. Responsible for prccuring siting,
maintaining and calibrating, instrumentztion used to monitor criteria
pollutants (SOZ, NO,, HC, CO,045 and TSF).

Member Technical Staff

"Control Data Corporation, Edina Space and Defense Systems and Research

Division, 1968 to 1971. Redesigned analog circuitry for detection of
weak signals in presence of neise, Very hich input inpedance charge to
voltage ccnverters were Gesicrned as well es speciel active filters,
Evaluate photodetectors for use in stammappers. FPhotodetecters
uvtilized were photomultipliers, channel multipliers, solid state
detectors and inage converters.

Logic design of special peripheral equipments associated with the
Autcmated Proper Motion Machine (scanning .microdensitometer) built for
KASA and the University of Minnesota to study proper wetions of stars,
Design included modification of standard type synchronizer incorporating
PTL integrated circuits. A special digital algorithm to modify data
was designed utilizing ¥SI circuitry.

Technical Staff

Control Data Corporation, Fesearch Division, 1966 to 1968. Designed
Star Data Formatter for interface with NASA.ground support equipment
vhich received data from the attitude sensor aboard the ATS~C satellite,
Pesponsible for systems electronics design of the electro-optical sensor
for the ATS satellite experiment.

Cixcuit and packaging design for the Star Occultation Photometer which
was flown on Gemini 7 and 10 missions,



Checkout and Installation of Polaris MK 84 fire control system.
Inltial checkout of analog and digital equipments within the
Dlgital Geoballistic computer system.

~

Technical Writerxr

Control Data Corporation, 1961. Technical writing and sahematlc
layouts for Polaris flxc control system,

EDUCATION:

A.D. in Journalism, Scottsbluff College (Nebraska Western), 1956.
B.8., and M.S. in Electrical Engineering, Urniversity of Nebraska,
1961 to 1962 respectively. Contrel Data internal courses including
digital communications, digitfal conputer applications, and CLC3600
hardware course,

PROFESSIONAL ORGANIZATION MEMBERSHIP:

Upper Midwest Ailr Pollution Control Asscciation

PAPERS PUBLISHEED:

YA Survey of Microwave Stripline Directional Couplers"
“An Operational Urban- Air-Monitoring Data Acquisition System:
Experience and Applicaticns®

COPPER-NICKEL INVOLVEMENT

Executive Director of Air Program



VITAL STATISTICS:

\

EDUCATION:

EMPLOYMENT:

MILITARY:

ACTIVITIES:

RIGUNME Ot David 4. helso

Born on Moy 17, 1946, in New York, New York. Lived
in Duluth, MN, from 1947 to 1975, Heipght: 5' 4"
weight: 1555 single and residing at 2201 Albert in
Rosgeville, MN.

Attended the University of Minnesota, Duluth, from
1966-1969 and 1973 to 1974 receiving a BS degree in,
Earth Science and teaching credentials for *econdary
Education. Attended IPA course #43%5 (atmospheric

‘sampling).

July 1975 to present: Imployed by the Invironmental
Protection Agency as a TFederal Assignee with the
Minnesota Pollution Control Agency in the Division of
Air Quality. Duties are concentrated in the (uality
Assurance program for the “echnical Services Section.

January 1975 to June 1975: Employed by the Duluth
Board of Education as a Special Education Coordinator
where I was resvonsible for coordinating students
working in the community and their classrooms at the
vqrious schools. :

March 1974 to January 1975: Student at UMD and
working part time for the Department of Geology as
a geologic technician where 1 prepared rock samples
as thin sections for microscopic use.

October 1973 to March 1974: Enployed by a California

firm and stationed in the Antarctic where responsibilities
included being a shift leader for a labor crew and

a technician in the geology laboratory.

December 1971 to October 197%: Student at UMD and
working part time for the Department of Geology in
the soils laboratory as a soils technician.

February 1969 to December 1971: Military

September 1966 to February 1969: Student at UMD
Enlisted in the Army on february 19, 1969 and was
released from active duty with an honorable discharge
on Vecember 17, 1971. I attended Artillary Ballistic
Meteorological School but was later assigned as a
personnel specialist in California.

Past Board member for the UMD alumni hssociation, amz2teur
photographer, singer and outdoor enthusiast.

My involvement with the copper nickel project will
begin full time this Spt. wheh I will take over as the
operator of the Air Luality Network.



APPENDIX A-10

FEDERAL REFERENCE METHODS FOR SUSPENDED PARTICULATES,
SULFUR DIOXIDE, AND NITROGEN DIOXIDE



NITROGEN DIOX
24-HR. BURBBLET

FIDETRAL RIGISTVER,

] CanpinATE ANETHOY FOR THI
PEivEMINATION OF NITROGEN DiIcxI1ot
1RO2E ATMOSPHERE (24-10UR  SaM-
YLING METHOD)

STATIVE

1, Principle and applicabiliiv—1.1 Nit
trozen dioxide is coilccled by bubbling
afr throush o sodium hydroxide-sodiniug
avsenite polution to form a stable solu-
tiony of sodiwm nitrites Thae nitrite jon
procduced duving samipling is reacted with
phosphoric zeid, awdianiiumde, and iv-1-
naphithyicthyienediomine  dihyvdrochlo-
ride to forin an azo dre and then deier-
incd colorimcxruul\

1.2 The method is poplicable to col-
lection of 24-heur samples in the field
and subsequent onalysis in the labora-
fory. :

2. Ranrge and scensitivity.—2.1
ranoce of the analysis is 0.02 to 2 u
ml (Beers law
anged,
are needed., With 50 ml absorbing reagent

The
is obeyed through this

\
yedt ey e FILIER =3[ -
il : g - e
ﬁ,viﬂ ’ peene <
[
o
1
it :
My . - .
g:\) .
£
i a
: |
Wy -
[’;f:') -
we // . .
Pwyee ."
FicurEe F).—Sampling train, c
5.1.1 Absorber. Polynronylene tubes 5.1.3 TFlow control device. Calibrated
164 by 22 mm, cquipped with polypro- 27-gauge hypodermic  neodle, three-

pyicne two-port closures. Cualibrate the
absorber tuoe by adamr exactiy 50 1al
of distilicd water to tise Lo, then scrive
a maryx at the top of the lionid level.
Rubber stoppers cau<e hich and varying
blanl values and shanld nolt be uveed,
The gas dispersion tube--a plass tuce
with Lhc Lubbler end Grawn ovt to 0.6+
0.2 m ‘x L, cnd appr nately 182 mm
lona——is o, Yhe drperion tube rhieuld
be positintied so as Lo wllcw a cloaranee
of 6 mim {rom the Lottom nr the aboorber.

5.1.2  DProbe, Totlen, nolyprepylene, or
glass tube with a polypiepyiene or mines
funne) at the cod.

YChrstie, A AL Lidvaey, 1L G, osnd Bade
fores, D, W. F., Anplyat, 05, 639 (1370),

vol. 38, HO,

Above 2.0 g INO./ml diutions,

VIO—-1FIDAY, JURE 6,

. | 3 W}
aud o snmpling rate of 260 em’™/mitn for
24 hours, the rance of the acthod is 3
L0 00 pir/mt (0003 to 0. wnn nitroegen
dioxide.

2.2 A concentration of O(H v7 NO. /7

T mlowin pioduce an absorbonce of 0.02

with § o cella,

3. Inleriercences——3.1  The interfer-
ence of suliur dioxtde with the 2zo dye
formmntion in the colorneitic dcternmui-
nation s eliminated by conyeruing it to
sullate jons \\uh hiydrozen peroxide be-
for analy.is.

3.2 A siigit poci‘hc 1IN0 interference
has been oobserved at NO:2 loveis above
100 pg/m* when the WO to WO:mcte ratio
is 3:1 or greator. Studics have shown

that WO can increase the ivO: rc&p&.lxe
by 3 1o 15 percent at high IO ana NO»
levels)?

accuracy, and <t¢~bilitu——
vion of 5§
expected
ons of 49
Y, bassd

I

4, Precicion,
4.1 Rclalive standard devin
percent and 6 percent can be
at nitregen dioxide concentratic
po/m’ and U po/m’, respoctival
on an automated analysis of eama»les col-
lected from & rstandord test atmepshers,
Precision would probably be diferent
when the analysis  is | pecrformed
manually.

4.3 (Colecicd samples are

4.3 Collected samples are
at least 6 weeks.

5. Apparatus.—=&.1
ure FI.

statle .for
staolc ior

Sampling. See fig-

|
: R .
)vﬂur/\

cizhths of an inzir lonz to maintain a
fiow of anproximately 200 cmsrmin, The
needle should be proticted bty a2 mmem-
brane filier placed betwoen the fiass weo.
t:ap and ‘hie rnecdle. Change ihe filter
after collacting 10 samples,

5.1.4  Alr pump. Carpable of mnintaii-
ine a pressure differential of ot lenat

0.0 atm across the How contrel device,
5.1.5 Calibradien cquicnent, Flow-
meter foir measuring artiows up to ap-

YJocols, M. DL oand 1Mo :‘1..c ser, 3., “Cso-
tinunus Sampling and franvero-detorint-
nation of Nitrocen Dl(-:(:dc iIr Alr,” Awnl,
Chem, 20, 426 (1058),

sUnpubltsuca resutts, Environmengal Ive-
tection Apeacy, I varch iriangle Yagin, N.C.

1973



.
2

..ml so

In1iG

proximately 275 em®/raln within o2 per-
cent, stopwateh, and preclsfon wetb test
meter (1 Heev/vevolutiony, :

5.2 Analysis,

5.2.1  Volumetrle finsks, 50, 100, 200,
250, 500, 1,000 111,

5.2.2  Graduated exlinacr. 1,000 md,

6,23 Pipets, 1,2.5,10, 15 ml volumct-
rie: 2m), pradac oo 1710 ml atervals.

5.2.4 Tcst tube,

5.2.5 Spectrophotomeler of colorime-
ter. Capanle of measuring absorbance at
540 nra. Bundwidth is not critical.

' 6. Reagenls—6.1 Samplin-g,

G6.1.1  Ahzorbing reasent. Dissolve 4.0
¢ sodivtm hydroxide (ACS reanent graded
in distilied water, add 1 g of scifum ar-
senite (ACS reazent ude) and diute

*{o 1,000 ml with distilled water.

6.2 Analysis,

6.2.1 Sulfanilamide. Discolve 20 g
sulfanilamide in 700 ml distilled water.
Add, with mixing, 59 md concentrated
phosphoric acid (85 pereent ACS reatent
prade) and ditute to 1,020 ml, This sclu-
{ion I3 stable for a monih if relrizerated.

6.2.2 IWNEDA csolution. Dissolve 0.5 g
N-1-naphthviethyiencdiamine dihedro-
chloride (NEDAY i 500 ml of cistilicd
water. This solution is stable {or o month
if refrizerated and protected Irom iimhi,

6.2.3 Hydreren peroxide. Dilule 0.2
milof 30 percont hydrosery peroxide {0 250
ml with distiiled water. This soiution niay
be uscd for a month if protecied from
light.

6.2.4 Standard nitrite selution. Dis-
solve sufiicient desiceated sodium nitrite
{(NalNQ,, assay of 87 pereont or grealer)
and dilute with distilled water to 1.060
thab a soluiicn con'aining 1,000 e

RNO:/m) is obhtained. The amounl of
NallO. {o use is calcwiated as follows:
| 62220500

K ) A
" G=Amount of NaXNo. g.
1.500=GCGravimetric fastsr in convert-
ing NO:into NaNO..
A=Assay, pereent.

4. Procedure~T.1 Sampling, Assem-
ble the sampling apparatus as shown in
firure F1. Add cxactly 55 ml of abzorbing
reagend to the caiibvated absorcer. Dise
coniteet funnel, inscrt calibrated fiow-
meler, and meacure flow beiore sampling
denoted as ¥y in 9.1.1. I{ flowr rote tefore
samnling is lezz than 05 percent of necdle
calibhration, chicek the svstem lor lenks
and chonge the fillers if necessary. ite-
move {i cter and replace Tunncl.
Sample for 24 hours from midnight to
midnizht if poscible and meostre flow at
end of zampling period denoted as F..

7.2 Analysis, Replace any waler lost
by evaroration during sampling by add-
Ing distilad water until level reaches
calibration nark. Pipet 10 ml of the col-
Yeclion swunuie into a test tude. Add 4.0
.ml byurepen veronide sclution, 10.0 ml
sulfunilamide soluticn, ond 1.4 ml NEDA
solutiun with thorouth mixing after the
additicn of ¢cach reiweent, Prepure o blank
inthe same manner with 10l ahsorbing
reazent, Afler o !C-mmmnte calor-dovel-

pment anterval, mceasure the absorb-
&ice al 540 mm acuinst the blank. Read
#8 NO./ml from stendard curve (5§ 8.2),

e
Vv

PROVOSED BULES

Samples withoan abrorbanee geeater than
that obtained with the 2.0 ;o ml 2iand-
ard should bo diuied with the abhearbine

veacent until the abyorbonen of the same -

ple s within thie range of the calibration
curve,

g. Culibralion
Sampling.

§.1.1 Cahbration of flawmeoelier. With
o web tost meter and o stopvateh, deter-
mine the rates of aleflow " en’/min)
through the niowmeler ¢t several ball
positions. Plot ball positions versus fow
rates.

8.1.2 Calibration of hvpodermic
needle. Connect the calibrated Sovineier,
the necdle to be cabbrated, and the
source of vacuum in such o way that the
direction of airflow thrrouzh the needle is
the same as in the snpling wrain (fig, 1),
Read the position of the hall and deler-
mine flow rate in cm?/pun {romn Lhe ealf-
bration chave prepaved in &.1.1. Reject all
need.es 1oL having flow rates belween 150
and 210 cmy®, mrin befove soompling.

8.2 Cal.hravion curve. Dilute 5.0 ml of
the 1,000 ¢x XNO./m! soiution to 200 ml
with abscrbing reagent. This rolution
contains 23 NO:/ml, Pin2t 1, 2, 5, and

5ml of (b .5 g WO./n solution into
50-, -50-, 10J-, and 250-r volumetric
flasks and dilale to the morvk with ab-
sorbing rensent. The solulions contain
0.50, 1.00, 1.25, and 1.50 rg NO./nl, re-
spectively. Run siandards as instructed
in 7.2, Plot absorbance versus go KO/l
When sanples are obizined with lower
levels prepave additional siaudard in the
ranTe of 0.01 to 0.5 xg NO./n] and run
as indicated above,

8.3 _ Fhaicizocies, whe-overall average
efcicey of e method is 35 pareent over

“the range 0f 5010700 pa/1a] HO: concen~
tration.
g Culcvlation—9.3 Sampling.
9.1.1 Calculate volinne of air sampled.

and ¢ficicncics.—=8.1

sz‘—i—'f—’x TX10-8

¥ = Volume of ¢ir snmnpled, m.
F,= Mcasured flow rale before sampling,
cm?®/rain,
F,=3easured flow raie after sampling,
cm’,/min,
T==Time of sampling, min,
10~ = Convers:on of ¢in® 1o m?
9.2 Calculate the concentration of nitro-
gen dioxide as ;8 NO,/m4
(g NC./m1) X350

VX085

pg NO/md=

};

3
50=Volume of abrorting reapent used in -

samping, ml,
V=Volumne of air sampicd, mb
0.85 = Collection eliclcncy,
9.2.1 If desired, concentration  of
nitrogen dloxide may be c:\lvula‘.cg as

p/m NO-., Joox
e
pl== (ug NOud) X 5323101
W,

fr 7" )
v\ | ,. LY LS
Snlia g
is . / .

f

FLOZEAL RLGISTLE, VOL, 38, NO. MO RIDAY, dUHE §, V973
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SULFUR DIOXIDE
24~-HR. BUBBLER

and

FEDERAL LAWS

2. Range and Sensit{vify, 2.1 Concentrp-
tions of suifur dloxtrde tn the ranpre of 25 to
1,050 0/ m 2 (0,01 to 0 10 popom ) can be mens-
urced wnder the conditlons gtven, Ore can
measure concentrations betow 25 ,r./m? by
sumpling larper volumes of nir, but only if
the nbsorption etictency of the particulnr sys-
temy is first determined, Hhher concenttra-
tlons can be pnalyaed hy uzing simadler gng
gamples, o larger collectlon volume, or o suit-
able slicuot of the collected sample. Beer's
Law Is followed throurh the working range
from 0.03 to 1.0 ahsorbance untts (0.8 to 27
45 of sultite jon In 25 ml. final rolution come-
puted rs 50.).

22 ‘The lower limit of detection of sutfur

ioxtde tn 10 ml. TCM Is 0.75 ;1. (based on

|
SUSPENDED PARTICULATES

HIGH~-VOLUME METHOD

APPENDIY A —RrrFeERENCE MIETIHOD FOR THE
© DLIrR2mNaTION o SuLvur DIORIDE IN THE
ATMOSPUERE (PARAROSANILINE METHOD)

1. Principle and Applicahility. 1.1 Sulfur
dloxide 15 absorbed from alr tn o solution of
potassium  tetrichloromercurate (TCN), A
dichlorosulfitoracrcurate compler, wnich re-
slsls exidation by the oxyeen i the alr, !5
formed (£, 2). Once formed, this complex 15
ttablie to strony oxidants {c.v, urone, oxides
of nitrogen). ‘'he complex 1s reacied with

vorantlire and formaldehyde to form in-

) Is colered pararosantline methyl cule

Sde nely (3), The ab.orbance of the colu-
Hon s raczlured rpecirophiotemctrieatly,

1.2 The methed 5 appiteable to the meas-
urarent of :ulfur uatde tn ~molent sir
VNG samplingg pertods up to 24 houra,

twice the standard deviation) represcuting a
concentration of 25 x./m oSGy (0.01 p.p.m.)
in an oir saraple of 30 liters,

3. Interferences, 3.4 The cffects of the
principal known Interferences have been
minim'zed or eltminated., Interferences by
oxldes of nitrogeil ore eliminated by sullamic
acid (4, 5), ozone by time-delay (6), and
heavy metals by EDTA  (cthylenedinmine-
tetroacetle acid, disodium salt) and pnos-
phoric acid (4, 6.). At least 60 pg. Ta (1L},
10 pg. Mu(ID), and 10 pg. Cr{llIj in 19 Inl,
absorbing renzent can be tolerated “in the
procedure. No slgnificant intariercnce was
found with 10 ug. CU (II) and 22 oz, V(V).

4. Precision, Accuracy, and Statility. 4.1
Relative standard deviation at the 35 percent
confidence level i3 4.6 percent for the ana-
lytical procedure using standard samples. (§)

4.2  After sample collectlon thie solutions
ere relatively stable, At 22° C. lozs2s of sulfur
diozlde vccur at the rate of 1 perzent per
day. Vhen saroples are stored et 5° C. for
20 days, no detectabie loss2s of sulfur diox-
id2 occur. The precence of LDTA entiances
the stablilty of SO. i1 sclution, and the rote
of decay is tndependent of the concentration

. of 80 (7)

5. Apparatus.

5.1 Sampling.

5.1.1 Absorber. Absorbers normally used
in air pollution-sampling are accepiadle fox
concentratlons above 25 sg./m. (0.01 p.p.m.),
An all-glass mildgers imupingar, as shown in
Figure Al, Is recommended for 30-minute and
1-hour samples.

Yor 24-hour sampling, assemble an ab-
sorber from the following parts:

Polypropylene Z-port tute closures, speclal

anufacture (available froin Bol-Art Prod-
ucts, Pequannock, N.J.). .

Glass impingers, 6 mam. tubing, 8 inches
tong, one end drawn to =mall diameter such
that No. 79 jewelers will pazs through, bhud
No. 18 fjewelers wil not. (Other end fire
polished.) i Co

Polypropytene tubes, 164 by 32 mm. Nal-
gene or equrl).,

512 Pionp. Capable of malntaining an
alr pressure difTarentinl greater than 0.7 at-
mosphere at the desired flow rate,

5.1.3 Jdir Flowineler or Critical Orifice,
A calibrated rotamictar or critical orifice ca-
pable of measuring alr flow within +2 por-
cent. 1'or 30-nunute sunpling, a 22-gauvo
hynoderinle needie 1 oirch lons may b2 used
os o critical orffice to cive a flow of about §
Uter minute, I'or 1-bour sampling, a 23-
gouze hypodennie necale five-eiphihs of an
inein long may be used as a critleal orifice to
give 8 dow of abhout 8.5 Nles/munute. For
24 anur sanpling, o 2{-gaure hynedurmic
nesdle threc-eignths of 1 fnch lewr? may ba
used to give a tlow of whout €08 hiter/minate,
U.¢ a membrane flilter o protect the needlo
(Figure Ala),

6.9 Analysis,

5.2 Sprefrophotomeier,  Hultable  for
measuremont of aboorbance ot 540 nim, with
Al ctective speetral band width of lesy than
15 min, Reagent blank problems moay occur
with  spectrophotometers  having  greotles

spectral hand widih, The wavelenpgth enlf-
bration of the tnstrument should be verlted,
Lf transmlittance 13 mensured, thls can be
converted Lo absorbanca: b

he=logy, (1/T)
6. Rcagents.

6.1 Sampling. :

8.1.1 Distilied water, Must be free from
oxidants.

G6.1.2 Absorbing Reagent [0.01 A Fotag-

sium, Tetrachloromercurate (TCM) ], Dlssolve
10.86 g. mercuric chlortde, 0.008 g. ‘LDTA
(thytenediaminetletraacetic ecid, disgdoum
salty, and 6.0 g. potaszium chiorlde In water
and bring to wark {n & 1,000-ml. volumetrle
flask., (Caution: highly polconous, If spliled
on suin, flush off with water lowmedliately).
The oll of this reagent should be approxi-
mateiy 4.0, but it has been shown that there
is no appreciable diiference in collectlon
ctliclency over the range of pll 5 to pH 3.(7)
The ahsorbing reagent is normully stable for
8§ months. I{f a preclpitate forms, discard tho
reagent.

5.2 Analysis.

6.2.1 Sulfamic Acid (0.6 percent), Dise
solve 0.6 g. sullamic pcid in 100 ml. distitled
water. Prepare {resh daily.

6.2.0 TFormaldchyde (0.2 perceni). Dllute
§ ml, formaldehyde solutton (39-38 pereent)

to 1,000 wd. with dlstilled water., Prepare
dally.
8.2.3 Stock Indine Solution (0.1 N). Place

12.7 g. fodine In a 230-ml beaker; add 40 g,
putassium icdlde and 25 ral, water. Shir untul
all {s dissolved, then diiute to 1,020 mi. wilth
distilled watar.,

€24 lodin¥® Solutlon {0.0f N)., Prepars
approximately 0.01 N 1cdins sohution by dle
luting 00 ml. of steck solution to &CO0 ml,
with distilled water,

6.2.5 Sterch Indicater Solution. Tritureto
04 ¢, soluble starch and 0.£02 ¢, raercurle
toclide (pressrvative) with a Htule water, end
add the pasce slowly to 2U0 mil. bolllng watar,
Continue boliling until the oiluticn iy ciear;
cool, and {ransfer to a glass-stosnored bottla,

526 Slock Sodinm Thiozultele Solution
(0.1 N).Prepaze a stock salution by disiolving
25 ¢. sodiura thlosulinte (Na £ .Oa2::0) in
1,0C0 mul. freshiy bolled, eoalad, distlied water
and cad 0.1 g. sodium carbonate to the antu-

Ctlonu Ajlow the solution to stand 1 day befors

standardizingy, To staudardize,

tecnrately
welgh, to the nearest 0.1 mz., 1.5 g primary
standard potassium todate drivd at 180° C,
and dilute to volume In a 500-ml voiurnetric
finck. To a 5C0-wal. {ocdine flas’k, plpet €0 ml,
of loditle zolution, Add 2 g, potatiium iodide
and ivnl. of 1 ¥ hydrechloric netd, Stopper
tle finsi, After 6 minutes, titrate sith stock
thlosulfate solution to n pale yollow. Add 5
nii, srarch indlentor zolutlion nnd continuo
the titcation untll the blue coler disappecars,

Calculnto  tho normality of tho stock
solution: .
W
=% 2.00
)3
H=Normallty of steck thlosulfate solue
tlon.

M =Voltune of thicsulfate required, mi,
W =Welght of potassium lodatle, grans,

10V (conveiston cf g. L myx) ¥ 0.1 (frection fedate used)

2.0
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g2 Sodiwm Thiosulfate Titranf (0.0 N},
Dilute 100 Ml of the stock thiorulinte rolt=
tton 1o 1,000 wl. with freshly bolled distilled
water.

Hormallty = Normality of stock solullon
20,1040,

898 Standardi wlfite  Soluiion for
Preparation’of Working Sulfle-TCM Solu-
fion. Dissohve 0.3 g sodium metabisulite
{(Ha 8.0 or 0.49 . sodlum sullite (Na 50,)
1. 500 mi. of recently bolled, cooled, divttiled
water. (Sulfite rolution Is unsiavle; 1t s
¢herefore himportant to use water of tha h'vrti-
est purity to mintiaize this Iinstabllity.) This
golution contatns the cquivelent of J2J to 509
pg/ml. of SO, The actual concentration of
the solullon is determined by adding excess
sodine eud bLack-titrating  witin  standard
sodium thiosulizte solution. Lo baci-titrate,
pipcl 50 mi. of the 0.01 N todine Into cach of
two 500-ml fodine flasks (A and ). To flask
4 (blank) odd 25 b distilicd water, and to
finsk B (srample) pipet 25 il suiiite solution,
Stopper 1he fiasks and allow to react for 5
minutes. Prepare the working sulfite-TCM
Solution (6.2.9) ot the semime wune jodine
golution is adced o the fiasks, By means of
e buret containinz standardired 0.01 N thio~
gulfate, titrate cach fizsk ta turn to a pale
yellow. Then edd 5 ml sterch soluiion and
coniinue the titration until the blue color
disappecars,

62.0 Working Sulfite-TC) Solufion. Pipet
sccurately 2 ml. of the standard sclution Into
2 100 ml volumetric flask end bring to mark
with 0.0t M TCIL Calculate the concentro-
{lon ©f zulfur dioxice in the working solu-

tlon:
ap 50/l =

(A — B) (XW) (32,000}

= 25x0.02
a5

A=Volume thicsulfate for bispk, mlL
B =Volume thiosuifete for somple, mb
H=Normalitv of thiosulfuts titrant.

82,000 =2AlUllicquivalent wt. of S0:, 2.

25=Volumec slandard sullite solution,

[ ml.

+0.02=Dllutlon factor
fi"hig solutlon is sisble for 50 days 1f kept ab
6 C. (refrigerator). If not kept at 5°. C.,
prepare dally,

6.2.10 Purified Pprarosaniline Stock Solu-
tion (0.2 percent nominal),

6.2.10.1 Dye Specifications. The peraro-
ganlllne dye must meet the feilowing per-
forminnce tpecifications: (1) the dye must
have o wavelengilt of maximum absorbance
el 540 nrm. when assaved in a bulered golu-
tion of 0.1 M sodinm rncetnte-peetic ncld: (2)
the nbLzorbance of the reagent Llani, which s
temperaturc-sensitive (0.015 absorhance
unit/*C), should not exceed 0.17C eb:orbance
unit at 22° C. vith 2 l-cm. optical path
lengtlh, when the biank §s prepered eccord-
fng to the prescribed ocnajyvilcal procedure
&nd to the spociiled concenirat:on of the dye;
(3) the callbration curve (Sccilwoa 8.2.1)
should have a slope of 0.630+0.C32 ablorb-
ance units/. 3. SO, at this path lensth when
the dyo Is pure mnd the sulfite solullon i
properly standardized.

6.2.102 [I'reparction of Stock Solution, A
gpecially purlificd (90-100 percent pure) £o-
lution of pararesantline, which rcct3 tho
sbove gpecifications, s commnrercialiy avail-
&ble in the required 020 percent coticens-
trotion (Harleco®). Abnwernatively, the dve
may be purlfied, 8 stock solutlon prepared
and then mssayed nccording to the procee
dure of Scaringelly, ¢t al, (¥)

82.11 Pararocamiline Kcagent. To n 250«
inl, volumetric finsk, add 20 nl. stock pure
srosanltine solution. Add an edditional 9.3
ml, stock solution for ench percent the stock

G e

o fartmen-Leddon, €0th and Woodland
Avonuo, Philodelphia, PA 19143,

asaavd below 100 pereent, Then add 25 ml,
a M pheorphorle actd and dilute to volinme
withe altstilledd woter, ‘this reagent 1s stable
for @t frast 9 moulhs,

7. Froccdure. L .

7.3 Sumpling. Proccdures nre descrlbed
for short-term (30 minutes aud 1 hour) nud
for tenr-torm (21 hours) sampling, One can
sclect diflerent cambinations of sanpling
rate and t!me to meet rpeclal needs, Samnle
volurmes should be ndjiusted, 50 that Hnearjty
fs rariulatned between absorbance and con-
coentration over the dynninle range.

7.3.1 J0-Ainule and I-Hour Samplings.
Inzers a mideet tmplmer Into the sampling
systern, Figure Al Add 10 ml, TCM solutllon
to the pmpincer. Collect swmple ot 1 Htbr/
minuze for 30 mi!nutes, or at 0.5 Hier/minuto
for 1 hour, using cither o rotamceter, 83
show:n in Filoure Al, or a critical orifice, s
shown in Figure Ala, to control flow, Shicld
the absorblng reazent frowm direct sunlivht
cduring ard alier sampling by covering the
Impinger with aluminum foll, to prevent
detertoration, Dotermidne the volume of alr
sampled by mulliplving toe flow rate by the
time i minutes and reeord the stmos-
pherle pressure and temoperature. Remove
and stopper the impdincer, If the sample
must e stored for miorve than s dav before
ennlysis, keep 1L at §° C. fn a refrigerator
{(sec 42).

7132 2J-Hour Sampling. Place B0 1nl.
TCM solution fn & larce cbsorber and col-
lect the sample ot €2 llter/minute for 24
heours from midnicht to midnight. hake sure
no enirainment ol soluticn resuits with the
Implnger, During collection and storage pro-
tect from direct sunlizhi, Determine the
total alr volume by multiplving the pir flow
rate by the time i minulces. The cacrection
of 24-hour measurements for temperature
and pressure §s cxtremely difiicult and 1s not
ordinnrily done. lowever, (e accuracy of
the mecsurement «iil be fmnroved if mean-
ingful corrections can be epplicd. Tf storage
Is necessary, tefrigerate at 5* C, (see 4.2).

T2 Analysis, .

7.2.1 Samplc Prcparation, After collection,
i n precinltate is cbzarved in the sample,
removwe 1t by centrifugation.

7.211 30-Minute aend I1.-1lour Samples,
Trensfcr the samnle quantitatively to o 23-
ml. volumetric finsk: use about & mi. distilicgd
water for rinsing, Delav analvses for 20 niin-
utes Lo ellow ANy czone to deconmipose,

7212 24-Housr Sample. Dilule the entitre
sample o H0 ml. with adbcorbing solutilon,
Piper 5§ ml. of the stmple into & 25-ml.
volumetric £ask for chemicnl analyses, Dring
velume 1w 10 ml. with eabsorbing reagent.,
Delny anslyres for 20 minutes to allow any
ozope 10 decompose. )

2.2 Determinetion, For each set of de-
terminations prepare a reagent blank by add-
ing 10 ml. unexposed TC: I solution to a 25%
ml voluiaetirie findk, Prepare a control solu«
tlon by addingy 2 1l of vorking sulfite-1CM
solution and B ml. TCLI solution to a 25-nu.
volurmetrle fask, To ench flask containing ci-
ther cample, coutrol solution, or reavent
blank, =£dd 1 il 0.6 percent sullamie
ccid and nilew to react 10 minutes to de-
stroy the mtrite from oxides of niuroven,

Accuratlely pipet in 2 il 02 percent
Jormuaidohydo coluticn, then 6 ml, par-
ecro—antline  solution. Start a  Iaboratory

timer that has been set for 30 minutes, Bring
all fiasis to velunie with freahly bholied and
cooled distitled water and ix thorourhly,
After 30 minutes and before 60 minutes, ac-
termine the sbsnitances of the cumnle (de-
note ns A), reazent blank (denote a3 Ae) nnd
the conirod solution ot SV ni w ey l-cm,
cpticat path length colly. Ule distlled water,
no% the reanent blank, wv the reference,
(Hore.!'Ths i fnportant beaane of the color
sencitivity of the reapent blang Lo temperas
turo changay which can be fnduced In the

cell compartinent of poapectrophotometsr )y
Do not rllow the colored rolution fo nta
fn the abeorbance colis, boeciune o Ll ol ¢ -
miay be depesited. Clean colls with plec),
after use, 16 the temperature of the deterig -
nations does not <itler by mare than 2* (3,
from the calibration temperatura (0.2), thg
reagent Blank should be within 0.03 ahasry,.
sren andt of the y-Intercept of the co'thro.
ton curve (6.2). M the rearent hlaak ditfers
by more Lhan 0.03 nbsorbance unlL from that
found ln the calibration curve, prepuro oo new
curve,

7.23 Absorhance Range, Tf the absorbance
of the sample sotution ranges between 1.0
and 2.0, the sample can be diluted 111 veigy
a poriion of the reagent blank ond read
vAthin a Lew minutes, Solutions with hizher
shsorbance can be diluted up to sixfold withy
the rearent blank In order to obiain enscale
readlings within 10 percent of thie true ab-
sorvance value,

“8. Calibration and E ficicncies.

8.1 Flowmeters and Hypodermic Necdle,
Calibrate fowmeters  and hypcdermle nce-
dle (8) wouinst o calibrated wet test neter,

8.2 Calibration Curves,

£8.2.3 Procedure with Sulfite Solution. Ac-
curately pipet praduzted. smounis of the
working sultite-T'CLI sohntion (5.2.8) (suen
25 0, 0.5, 1, 2, 3, and 4 ml.) into o ceries o?
25.-ml, voluinetric flasks. Add suflicient 1C21
solution to coch flask to bring the volume to
epprozimately 10 ml Then add the roanaining
rergents as described In 7.2.2. Tor maxina
precision use a constant-temperature ath.
The temperature of calibration 1nust be
maintained vathin +1° €, aud In the rance
of 20° to 30° C. The temperature of calibra-
fon and the teinperature of analvels inuss
within 2 degrees. Plot the absorbance asalns:
the total concentration in wg. SO: for i1he
correzponding seivtion. The total ,y. SO. In
soiunion equads vhe concentration ol ine
standard (Secticn 6.2.8) in rg. SO./ml timos
the mil, suifite solutioen added (g SOz
ad/ml, SO:Xml, ndded). A Litear relation-
ship shiculd be oStiained, and tae y-luterceps
should be within 0.03 ahksorbance un:t ¢f (hie
zero standard absorbance, For maxirmum prz
ciston determine the line of lLest fit s
regression anclyeis by the method of icsst
squares. Determiine the siope of the ne of
best fit, calculate s reciprocel and deacte
9 Be. Bs 1o the calibretion foctor. (Sce Sece
tlon 6.2.10.1 for cpecifications on Lhe siop? of
the calibration cwrve). This calibratiog fuc-
tor ean be used for caleulating resuits pro-
vided there are mno rodiczl chanzes 1
temperature or pil, Al lerct one control
cample coatainirg a known concentraticn ¢f
S0: for each sertes of delermineticns, ls
recommended to Insure the rellabllity of this
factor,

8.2.2 Procedure with S0Os; Permcction
Tubes.
8.22.1 Gencral Consideretions. Atincs-

pheres contatning accurately known amounts
¢! sulfur dloxide et levels of Interest can te
prepared using permeatfon tubes, In the
systems for pereraling these suncipheres,
tre permention tuhe emits SO. ¢as adl ©
known, low, constant rate, provided the tem-
perature of the tube 1s held constant (2 0.1°
C.) and provided the tulie has Leen accu-
rately caltbrated 2t the temperatiire of use.
Tue SO, gas permeauny {rom the tube 13
carried by a low flow of Inert pas to o mix-
ing.chamber where $t s accurately dinted
with S0 -free alr to thie level of Loterest sad
the saraple taken. These svitemi sre shown
sehemnatteally tn Flevre, A2 and A2 and L e
Leen desertbed In detatl by O'flcee 2:0d
Oruman (9), Scarinpecelly, Frev, nnd Dattrnun
(10), und Scanngelit, O'FHeefle, Rolenber.e,
and Bell {(11),

8232 Preparation of Standard Afmoss
phercs, Permeatinn tubes muay be prepared

Copy;ig,tt € 1971 by The Burcou of Hationol Allarrs, Inc. ) 7
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ong for permeation tube calibration,
with o certified promention vate are
e from the Hatlonal Bureau of Stand-
gube permeslion rutes from 0.2 to 0.4
nute tnert gas flows of ahout 50 ml./
o and ditution olr flow rates from 1.1
1ters/minutes convenlently give stand-
srnobpheres containing desired levels
(25 Lo 390 pr./mY 0.01 to 0.15 p.p.m.
The concentratlon of SO, in pny stand-
tmosphere can be calculated as follows:
’ PX103
cn

_ TRER,

L concentration of S0, xg./m2 at ref-

erence conditions,

L Tube permeation rate, pg./minute.

L Flow rate of dilution atr, liter/minute
at reference conditions,

Flow rate of Inert gas, Uter/minute at
yeference conditions.

b3 Sampling and Preparation of Cali-

» Curve. Prepare s series (usually six)

hndard atmospheres containing  SO0s

frora 25 to 330 xg. SO,/mA. Sample cach

phece uslng simiinr apparatus and tak-

- gnctly the seme olr voiume es will be

in etmospheric sumpling. Determine
bances a3 directed in 7.2, Plot the con-
L tion of SO, In ug./1n? (x-axis) agalust
values (y-axis), draw the straight line
be fit and determine the slope, Alter-
1y, regression analysls by the method
£ squares miay be used to ealculate the
Colculinte the reciprocal of the:slop
knolc ns By. :
Sampling Eficicney. Collection c0i-
> 135 above 03 percent; efliclency may
if, bowever, &t concentrations below 25
e (12,13)
Pelculations.
Concersion of Volumng, Converl the
he of atr samplcd to the voluine at rel-
b condlilons of 257 €. and 760 mm. Iig.
24-hour samples, this may not be
ble.) ! .
. r 298
Va=VX—X

760 14273
l-Volume of alr at 25¢ C. and 750 mm.
Hg, lters. .
- Volume of alr sampled, Hters,
- Barometric pressure, mm, Hg.,
= Temperature of elr sample, *C.
Suljur Diozide Concentration,
L When sulfite solutlons are used to
rc callbration curves, ccmpute the con-
htion of sulfur dloxlde {n the sample:

(A—A.) (10%) (Bs)
XD

r. 50/ mI3=

Ve

k- Sample absorhance,

FReagent blank sbzorbance.

b= Conversion of liters to cuble meters.

="The cample corrected to 25° C. and

760 mun. Hg, lters.

=Caltbration {actor,

unit,

= slintlon factor.

#wr 30-minute and 1-hour samples,
=1,

¥'¢ 24-hour samples, D= 10.

pg./absorbance

# Vhen SO, gas standard atmospheres
f5ed Lo prepare calllration curves, come
fihe ulfur dioxide In the samnple by the
g formula;

B0, pe./m.?= (A~ As) XBg
. FSample absorbance,
# Keagent blank absorbance,
F-{See 0.2.2 3),
Couicrsion of pg./m.l to p.p.m.=TL
4, the concentration of sulfur dloxide

cehosed, Ceartnpellt, O'Keefle, Rosen- snny Be canleulated ng ppan, LSO,
and Bell (11) plve detnlled, expliclt condittons as folluws:

al reference

Ppan. 8O s 50,/mI 3821008
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APPENDIX B-—REFENENCE METHOD FOR THE
DLTERMINATION OF SUSTENDED PARTICULATES
IN 3z ArTvosrurne (Hicx  VoLuwie
2risop)

1. Principle and Applicability.

1.1 Alr is drawn into a covered housing
and through a fiter by ricans of a hiph-tlow-
yato blower at & tlow rate (1.13 to 1.70 m.Y/
nin.; 40 o €O (tA/min.) that allows sus=
peuded particles having diameters of leoa
than 109 xm. (Stokes equivalent dizimeter)
1o pass to the filter surface, (1) Partcles
within the stee rafive of 100 to 0.1pm. di-nice
ter are ordinartly collected on glass diber til-
ters, U'ne 1eass concentratlon of supended
parliculates In the smblent alr (p2./1.2) 13
comprted by miecourtnge the innss of coilected

‘parucumm shd the volunie of alr sainpled,

Copy

1.2 Thls incthod ts applizable Lo measure-
ment of tire mowy concentreiion of suspended
purticulates in sinblent elr. The sbie of Lho
sample collected {3 ususily cdequato for
other annlysea -

2. Range and Scns{ivity,

2.1 When the ramnler 13 opcerated at an
averane flow rate of 1.70 mdb i, (00 10/
min,) for 2% hours, an pdegunic sanple vl
Lo ohtalned even In an siinosphere havieg
concentratlons of giapended parccuiates s
low as 1 po/mt I particainte tevels mro
unusuaily hieh, agnticfactary raonple may bo
obtatred In 6 0 U novrs or lese For deter=
mination of avera~o cuncentraliors of s«
pended parteoiates b aublent aly, & stands

'8 poe

Tneasures  the

g% Welphis are detonuined te the ne
cot mitpran, alyfow rmtee nre determing .
tho nearcud 003 mA/mtne (1.0 L5190y,
tines  sro  delarmidoed o the neowrest 2
solnntes, and mnand concentrallong are ge-
ported o the nearcst iCicgaun per cuble
meter.

o, Intesjcranecs. 5

3. rarticulato matter ihet 1s olly, ruch
83 ﬂ‘mtm,hcymuu oy or wood emake, rmey
h‘ock the Liier and caust a mpld dron 1,\
sirflow ot o nonuntdorm i, Detee fox or
Rieh bumldliy ean cavise tha flier (o beconte
t00 wot ond ecverely reduce the sirilow
through tho Hitcr,

g.% Olace-Nber Qe ora comporatively
fuseneilive to changea In solatlve hanoly,
pul eollected particuinizi can bg hygio-
ecople, (2}

4, Yrecision, Accuracy, end Siatilii.

4.1 Based upon colinharniive tating, tho
yelaties slandard devintion {eooileiout of
varlation) for elngle onalvsh varlavion
pestebllty of e rmoibed) Js 3.0 p"\*'m,
e eorresponding value for jonulidissornory
variatlon (reproduciolilty of (oo method) o
cent, (3)

4.2 Tho pocuney Wi which i
truo n\ﬁ'a"w
depencde upon i
yate throuah the tern
aitectad by the conce
of the dust in the o
condltiong the eror i (o2 150
850 concentration m.y Yo o
pareent of 1he trae oy
pﬂnuhx" on the o

(ro-

cones ]1“"!:“’”1 of Gust
24-hour saunnling perice
&, Apnoratus,
8.1 Semwling.
.53 Sempler, The fzmnley eonslelsn
thees wnils: (1) the fereniatg a
{3} tba Lo adopler pool:
molor undt, H ure m
view of {ucus por
gther, rod novy thny
sayapler musb Le capabic of patiiaT envir
smentizd elr thoounl & €085
portion of o clein 23.83
10-4x.) plazs-Sbor G0
1.%50 m.bnadn, (60 T/
o capoble of contlmuon
nour poriods swith l;xput
from 130 to 120 volis 3
ing current and !I‘.’u.s'. nese 1111:c’.~t~:e
ground, Tho housing ifor (ho £i907 A
mey Lo Of £ny convenient CORTIVCIOL £
long ex the wtlt rezanivs eirmirht ond leniie
frc“ ﬁ,o lis 01 the :,..;.}Z“(.‘t outor enal e
vl

g

10 permnt M’,h D cmf'l) ‘buw or ? S0
ransformer beiween Lhc eampler 6nd pc'.%‘c
outlet,

6.1.2 Sampler Shelter. ¥t
ihat the rampler be properly
sulinble snelter, Thz o cheiter §s eu
extremes of tomperature, hunlded
iypoe of v pollutanis, Por v
iho matertals of the sheller vatl be €0
carcfully. Properly patnted cxiterier plyyw
c¢r hcavy pauge aluminum serve weill
eambler miit be mounted vertizuily in
shelter =0 that the gless-Ohey Diter i po
el with the ground, Jhe ‘)’*(‘ltfl’ faust Lz
providaod with norcot so that the titer {5 pro-
ieeted from prectpitation and (,.,,J'L. e
jnternal rrrancement and cornficuration of
asultable shielter with e oeahle ronf wrechiomn
in Mure B2 7Ihe clearance nren bely zen the

is fmocortant
Insiclled i 3
Llzcted 1

Poae
v

G

(
—

[PRER)

maln heustng gnd the 100l st ftg clneint
potnt ehould be LANS+1U3L ¢mn® (70 47
). The maln houstny ehionid Le rectantu-

iar, with dhnenstons of aboug
(11 by Hing,

6.1.3  Rotemeter, Linvked I prbitracs
uniiy, frequently 0 to 79, and capalite o7

20 by 6 any

Lrd  sunplicg period  of 2t houm I3 peing calfhinted, Olaer deviecs of ot Joact
reeominended, comparnble nccuruey may be uzed,
tight © 1971 by The Burcou of Nationol Affoies, fne, ' 0



(5) Dote, &0, and Tabsr, il G, "Analytlond

Aspecta of the U of ‘Glasa-Fiber Fil-

{ovs for the Totlecilon and Analysts of

Atmorpheric Parlicalate Matter™, Am,

Fud, Hyg, Assoc. g 2, 181-150 (130),
Anaryes

b oooornalive Equipment,

A modification of the hioh-volume sampler
fneorporating & methed for vecording the
gctunl nlrftow over (he entivre sampling pe-
flod has bren desciibod, and ls acceptable
for measuring the cobcentration of sus-
pended particulates (Heonderson,Jo S, Elghth
Conference on hicthods in Alr Pollution and
indusirinl Hyglene Studdes, 1967, Oakland,
Celll.), This modificatlon conststs of an X+
houst orifice  meter  ossoanbiy  connected
through o transducer {0 # system for coo-
tluuously recording alrflow ob a clreular
chort, ‘The volume of alr sampled ls cals
gulpted by the following equaetion;

V=QXT.

Q==Avernpe sompling rate, mS/min,
F=Sampling tme, minutes,

The overage sampling rate, @, Is determined
from the recorder chintt by estimation if the
flow rate does not vary miore thion 0.11 m3/
min, (4 ft.2/min)) during the tarmapling pe-
rlod. If the fiow rate does vary umiore than
0.11 m? (4 ft3/miin) durtng the sampling
yerlod, read the flow rate from the chart
8t 2-hour Infervals end take the average.
B. Pressurc and Temmpceroture Corrections.

FILTER
POSITICN

e BRUSH
ADAPTER ‘g g -
BUHTING 10TON L | . 13
FLATE  GASKEY e

CAIKET
CoMnENSER
AN GLIP

Envitonment Reporter

If the pressare or 'lomprrz\tnro during
high-volume sampler calthration iy substana
tinlly ditierent from the pressure or femperos-
ture durtne ortfice enitbration, a correction
of the flove rate, Q, may he requtred. 1L tho
pressurcs differ by no more than 15 percent
aud the tempoeratures differ by ho more than
100 percent (°C), the error In tho un-
corrected flow rate will be no more than 15
percent. 1 ncecessary, obtain the corrccted
Now rate ns directed below. This correctlon
applies oniy to orifice meters having 8 cone
stant ortlice cocflicient, The coetilcient for
the calibrating orifice described In 5.1.4 hns
been shown experimentally to bo constang
over the normal operating ranpe of the high-
volume smnpler (0.6 to 2.2 m.ymin; 20 to 78
ft.3/min.), Calculate corrected flow rate:

T:Pjn
a=af 55 ]
Q:=Corrccicd flow rate, m.3/min,
Q,=Flow rate during high-volume sampler
. calihration (Scetien 8.1.2), m.3/min.
Ty=Absolute temperature during oriflce
: unit callbration (Section 8.1.1), ‘K
or ‘1.

P,=Barowctric pressure during orifice unit
c¢atibration '(Scctlon 8.1.1), mum. g,

T:==Abhsolute temperature during hlghe
volume sampler calibration (Section
8.1.2), ‘K or "R.

P;=Barometric pressure during high-vol-
ume sampler callbration (Sectlon
8.1.2), mm. Hg.

]
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.84 Olfice Calbrafion Unit. Consbuting
of a mctal tube 76 emy (3 hity 1D and 1569
em. (G5 1) long with o statie nresswre tap
.1 . (2N from o ene ond, see bigure
132, Vhe tabe end neatest the dressure tap 18
flanped o about 108 cmy, (1 in) 00 with
a male thread of thie same size ns the inlet
end of the hiph-voitume s sampler, A siaple
mnetal plate 9.2 oo ¢y dnly i daneuetel and
0.24 cn. (G i) thick wath a ceniral ovihce
2.9 cnu {11 In) In dumicier 13 held in dlace
at the afr inlet end with & female threaaed
rinp. 2he other end of the tube is fanied to
nhotd & lovse female threaded coupling, which
gerews onto the inlet of the sampier, An 18-
hole metal piate, anwntesral pari of the unit,
s positioned between the ¢riies and sampier
{0 simuliale the reswstance of o clean §iass-
fiver fller. An orifice calibrauon umt s
sghown in Ticure 23,

5.1.5 Digcrential Menomncter, Capable of
measwring 0 at least 40 om. (16 ) of
water.

5.1.6, Positive Displzcement Meter, Cali-
prated in cubic mclers or cubic icet, to be
uscd 55 & priminry siandard.,

5.1.7 EBaromcter, Cuapable of menasuring ate
mospheric pressure (o thie nearest nmunl.

5.2 Analysis.

52.1 Filter

Conditioning Environment.

.Palance room or desiceator mainiaiued at

15° 10 35°C. and less than 20 percent relative
humldity,

5.2.2 . Analytical Balance. ¥Fouipped with
a weiphing chamber designed 1o landle un-
folded 20.3 by 25.4 cm. (8- by 10-in.) Alters
pand having o sensitiviiy of 0.1 ma.

623 Light Source. Frequently a table of
the type uwwd to viea X-ray illns.

§.24 Numbering Deviee. Capabie of print-
fng identification nuinbers on the fiters.

6. Rcagents.

6.1 Filter Aledia. Glass-fiber filters having
& collection eliciency of at lenst 99 percent
for particles of 03 «m. diamceser, as measured
by the DOP test. are swiabie for the guuntis=
gative measuremens of concenirat.ions ol sus-
pended particulates, (5) aithoush souie other
maddium, such as paper, n.aT be coesnrable for
some analyses. If a mors detailed analys!s is
contemplated, eare mnust be exercised 1o use
filters thut contnin low background concen-
¢rations of tne poilutant being investigated,
Careful quality control is required o deter=
mine backaround values of these pollutants,

9. Procedure.

7.1 Sampling.

%.1.1 Filter Prcparction. Expose cach filler

4o the light source and inspect for pinhoses,

particles, or other imperfect:ons, Fiiters with
visible imperfections should not be us2d, A
emall brush is useful for removing parucies,
Equilibrate the iiliers in the Hiter conditione«
ing envirorunent for 24 lours, Weith the
filters Lo the nearest mililzram; record tare
welght and fGilter tdentificarion number. Do
not bend or fold the filter belore coilecuon
of the sample.

7.1.2 Sample Collection. Open the shelter,
loosen the wing nuts, and remove the face-
plate from thie itirer holder, Itiotall 4 D=
bered, preweighad. pizss-nber tilter in posi-
tion (rough suds um, replace the fucepinte
without disturbing tite Llter, and {sien
tecurely. Undertiehten:ing wnll aliow arr leaks
age, overtighicing =il aanene the sponse-
rubber faceplate puanet, A very heht applicae
tion of talcu:m -‘oﬁdvr may be usxd on the
gponpe-rudbber facopiate a..e0 1O prevent
the Alter from stwcxzine., Duntg anciament
weather the sarinler mav be removed to o
protected arca for filier cl:an e, Cilose the
Yool of Lthe sheiter, run the sanepler tor abuat
S minutes, connest the rotameter to the
nipple on the bHack of tle campler, snd read
the rotamecter bl woith rotaeiceer i g vorts
cal positiun. JLtimncie 1 tie nearest whooe
nwnber, I thic budl 19 fuctuatae rop.diy,
tp the rotanicter and stoatly sttwighten it

Copyughl

until the bhall chved o constant readine, Dise
connest the totameier from the wipple! fee
cord the mmtid rovameter reading and the
starting time aoed date o e dilrer foider.
(The rotameter should never be connected
fo the tampler except whcit the flow 15 being
measured.) Samble for 2% hours Jron mwd-
night to madn:eho and teree o finad rotameter
reading, Record the Oinal rotameter reading
and ending thme and date on (e Rter galdnr,
Bemove the faceplate as de.cnbed above and
catetully remove the fiiter {rom the hoider,
touching only tne outer edies, Yoid the Liter
lengthwise so that only suriaces with cal=
Iected particuiates are an contact, anid pluce
in a mamla relder, Record on the jolder the
filter number, location, ind any other Jactars,
such as melcorolerical condniians or ranng
of nearby buildings, that niight afect the
results. If the <)mp'c 1s defective, voud 1L at
this time, In ordar to oo, a valtd sampie,
the hivh-volume saapler must he operated
with the sanie rotaiaeter and tubing that
were used durine 11s cahibration,

7.2 Analpsis. Equilibrate the exposed fil-
ters for 24 hours in the Llter conditioming
environment, then reweigh., After thyey are
weighed, the filters may be saved for devailed
chemical analys:s,

7.3 Maintenunce.

.31 Samipler Slotor., Replace brushes
before thecy nre worn to the point where
motor damace can cecur,

7.3.2 Faccpiaie Geshel, Reploce when th
margins of sammples are no lonzer sharp, The
gasket mayv be scaled Lo the faceplate with
rubber cement or doubdle-sided adhesive tape,

7.3.3 Rotawmcter. Clean s required, using
alconol.

8. Calibretfion.

8.1 Purpose. Since ohly & small portion
of the total alr sampled passes through the
rotammetler duning messureient, the rotams-
eter must ke ¢ rated amadnist actunl dir-
flow with the cr. ice calibratien ume, Before
the oriiice calibration unit can be used te
calibrate the rotamneier, ihe orifice caiihrae
tion unit iteell must be calubrated againse
the positive displacement pronary stasdard,

8.1.1 Or:ifce Ccliorciion Unit, Attach the
orilice calinration unit to the intake end
of the positive displacement pnimary stands
ard and attach o hirh-volume motor blower
unit to thc exhausi end of the primary
standard, Connect one ¢nd of a dilicrenuat
manometer 1o the ditferentinl pressure wp
of the crifice calibraticn unit and leave the
other end open to e at:aoipliere, Operate
the highi-volume moter Liower wnit so Llnc
A series of dulerent, bul constant, airdows
(usuzily six) cre obtained for dednize vinso
periods, Record the readinz on the dulerens
tinl manomcier av each airtlow. I'he diierent
constant airiiows are od3taned by placing e
scries of I»raedpiates, oce at a wiise, between
the cab.Lraticn uniy and e primary stand-
ard. Placing the crificz bejore the inles res
duces the pressure at the et of the primary
standard bhelow  aunaspheric:  iloretore, &
correction must be mzae tor the increase in
volunie caured by this deerensed iniet pres-
sure. Attach one end of a second diferentat
Manameter Lo an inlet pressure waAp of the
pranary standard and jcave the oilier open
to the atmnsplhiere. Dunine cach of the cotie
stant airlicw mcecasuremcernts made nhove,
measure the true inlev prewsure of tho
primary standard with this cecond didetens
tal matomeier, MelLure aUNQLPICric prese
sure and tanperature, Correct tne measurad
QU VOILNIC 1O Srue air voliuse A daredted in
2,10, then obyinm true arlinw raze, Q, at
directed i 9 1.3, Piot the diticrential manuome-
cter rendings o the ontice urit versus Q.

812 Iy Volivne Smnpler, Asiembie A
aigh- wolunie sMBpler vith W cGeanl Giter n
prace and gun fer 3 Jeast 3 ominutes Attach
a rerunerer, read e Lall acpust s thal the
bl reads 65, and peal the adjictang meche

1971 Ly Tha Burcou of Hotionol Affairs, lnc, [N

ridnin £ that 18 cannot bHe chanaat can
SHUL Ol esior, Temove the 00 er, and atta -
the onhice ralihrnliion unt an s plade, (-,.,:
erate the hgh-veluine sanler ab a seses, |, 7
dliterene, bt constani. abrihon g (usaally oy
Record the yreading of the diflerensiad oy, .
nometer cu the otifice calithrauion wt, o 4
record the readingt; of the roinimeler ar #y-n
flow, Measwe atmospneric pr ciRre aad e
perature, Convert the deferendial manoae:
reacdhimy toomCroun,, @, then plot m A e
reading veraus Q.

8.1.3  Corrcetwon for Diderences tn Pressyre
or Temperatine: See Addendum By,

Q, Calvutetions,

9.1 Culibration of Ovijice.

Q9.0 Zrue Air Volume, Calculate the o ;
volume mecasured by the postiive displa,e
ment privary standard,

(Pa—Pn)

8 S

(V)
Pa

="True air voluwme at atmoespheric
sure, m.*
P. = Darcuetvic pressure, mm., He!
Fa=Pressure drop at milet of primar—s
standard, mam. Hz
Ve =Volume measured r); primasy stand.
ard, m?

Pres-

'9.1.% Conuversion Faclors, :
Inches 1. »25.4 =, g,

Inches waler X 73.4% X lC~«:,!nchc'3 .
Cubic feet air X 0.025 = cublec meters arr,
9.1.3  True Airfiow Kate.

Ve
Qe
T

Q=Tlow rate, m.y/min,

T="Time of fow, i,

a2  Samiple Vohime.

8.2.1 Volwme Conversion, Convers the -
tial and final rotorneier readtnys 0ot
afrflow rate, @, uslng calibration curve of
e.1.2. .
0.2.2 Celculate volume of air sampled

Q.Q¢
V=———XT
2

V=Alr volume sempled, m3
Q. =Toit:al alrttow rate, ms/ming
Qr=Finol airflow rase, nLi/nun.
ST = Sampling tinme, ein.

9.3 Calculate snass colcentration
pended perticulales

(We—V/1) X107

v

§.P.=Mass concentration of susprndsd
particulnies, poom?
Wi=TIniual weirhs ot ilier, m
We=Final welghtof fitter, g.
V= Alr volume sampicd, v
103 = Conversion of g. 0 28..
10, References,
(1) Robson, C. D., and Fosier, X.
. “Evaluation of Airr Particulale £

=
4

of rui-

S.P.=

pling  Fquipment’”, Am, Jind.
. Assoe. . 24, 404 (1062).

(2) Tlerney, O. ., and Conner, V. .
“Hygroscopic Lilects on Weirhe !"~~ r-
minations of l“ruv:u.m", Coneciia
Glass-Fiber  Filwers™, Am, Ind, #H.o
Assoc. J, 28, 213 1957y,

{3) Unpublished ¢ uta baned on a erliall .

tive test anvoiving 17 prarudi.

conduciod unuer Shie doresonn o

Meothids Stundardisaton Sorv.evy S o

tlat of the Batmna Ser Podvnan U

wrol Aduninistration, Ociober, 1e7)

(1) Horrpon, WoORL, Noder, JooS.
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Figure B3, Orifice calibralion unit.
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APPENDIX A-11

AUDIT PROCEDURES TO BE PERFORMED BY
QUALITY ASSURANCE UNIT OF
MINNESOTA POLLUTION CONTROL AGENCY, AIR QUALITY DIVISION

Philips SO, Audit Procedure
Bubbler Audit Procedure
High-Volume Procedure
Membrane Procedure

Cascade Impactor Procedure
Fluoride Procedure
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AUDIT  PROCEDURE 1

Philips 50, Audit Bocedure

A. General

PR

The audit procedure is designed as a spot check on the

T Gperatidn, maintenance and calibration of the monitors.” Strip

charts are audited by randomly selecting six days of charts, reading
them and comparing them to reported data.
B. Equipment o
a) Calibration device and appropriate curve (usually ML
calibrator) |
b) Checklists
1. Previous service and calibration checklist
2. Audit checklist (Audit Forms A~1, A~2, A~3)
c)f,Tools (including a volt meter)
C.- Prbcedugg |
a) At scheduled éite complete Audit Forms A=-1l, A~-2 and A-3

b) Return ccompleted forms to the Supervisor



RUCEIAN 8 Andit_Form  YEH O NO CommENTs
SN
A Ouvrn \.01. :
1. Hes the operator recorded the daily zero readings in ,
the log book and on the strip chart? :
2. Did the operator date and initial daily functions
{(z2ro adjustment, H20 level)? .
3. Has the flow value been recorded in the log bonk?
4. Is the general appearance of the monitor acceptable?
5. Has the operator verbally called in daily infor-
. maticn to the data section?
B. Calibreation:
1. Is there a calibration curve located at the site
and within the gquarterly limit?
2. Hav2 log entries been made documenting the
. calibration? -
3. Are appropriate stickers (dated, initialed) on the
nonitor?
4. Using a calibration device, check at least three
roints. Were the values in reasonable agreement(+5%)
) with the calibration curve?
5. Have previous calibration data compared to audit date
Deen recorded on Form A-37
C, Maintenance: ’
i. Have entries for the lact maintenance been recorded
in the log book?
2. Is there a stickexr (dated and initialed) on the
mocnitor?
3. 3y cocnmparing the maintenance checklist with the
monitor, is there reasonable agreement?
4. Has the maintenance been perfoxrmed within the T
cguarterlv/vearly time limit?
D. puditor:
1. Has the guditor recorded entries in the log book
documenting the auditc?
2. Have the strip chaerts for six days been read and
recorded on the strio chart form?
3. Has the calibration data comp&x ad te the awdit datsa
Sl %j l:: (:: ‘F“ Egiz (’; Ei:‘(i‘ve’-fd ’%"'mé,‘%&‘fg"g 0 }{ ? 2B AN e s BTSN S 2 E ) i R AT S ST ST R T L BT T T I B TR om ™S 200 S T TR A e s P A
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. CALIBRATION CURVE READINGS

AUDIT RECORDINGS

Difference
PPM - % "o" C PPM % "on Ay Apom-Conm oo
Point input Scale corrected | PPM { Point | input | Scale | corrected |PPM, (Rpom) o vYE
L 1
{
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By
:
: Date:
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AUDIT PROCEDURE 7

RAC and MISCO Bubblexr gudiﬁrygocgdure

e b

" A. General . : -

. SN
The audit proceduxre is designed as a spot check on the-

~operation, maintenance and calibration of the monitor. The audit

should be performed with the operator as he prepares for a

- sampling period.

B. Equipment
a) Calibrated flowmeter and curve ;
b) Data Card #628 (completed prior to audit)
¢) Audit Form A-4, A-5 _ ' 3
d) Bubbler Maintenance Form M-1
C. Procedure ' .
a) TFor each scheduled site complete Audit Forms A-4, A-5

b) Return the audit forms to the Supervisor

0
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sng and  3CO Bubbler Audit Form . T ) 1171 .
. . S ey
YES NO COMMENTS Page - of 3
rF.ﬁx. Operator:
i, Prior to the audit. Randomly choosze 4
sampling days at the site from the prévieus
or existing gquarter and examine the data
cards for these days. Has the operator re-
corded location, date, pollutant, time flow
and operator initials on data card #6287
2. Has the operator maintained the sampling
schedule? {(Schedule may be obtained from
Data Analysis Section) )
3. During the audit. Does the operator employ -
proper laboratory techniques in pipetting
sclutions and calibrating critical crifices?
4, Does the operator follow proper opexaticn !
procedures as outlined in Operation Procedure
1?7 Is light exposure of samples kept toc a min.?
5. Are the samples refrigerated immediately afterxr
the sampling period (within 24 hrs.)}?
B, Calibration:
1. With a calibrated flowmeter calibrate the
critical corifices immediately after the _
operator; is there reasonable agreement (£5)7?
2. Has the calibration data been recorded on the
back of this form?
C. Maintenance:
1. Has the bubbler from the site received a -
complete maintenance as scheduled once perx
cuarter? (See Bubbler Maintenance Form M-1}.
2. Is the Bubbler Maintenance Feorm M-1 completa?
3. Are the filters on the field unit reasonably
clean? '
D. Auditor:
1. Have the audit forms A-4, A-5 been completed?
) ' Bys -
Date:

Site and Operator:
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Audit — Critical Orifice Cd]ledLlGn Comparison

G

Operator Auditor $ Difference
Readings Readings A= 100
Orifice ce/min  (0) - T eo/min (A) B
1
2
3
4 .
COMMENTS ¢
ey
)
Site and Operator By:s oot
Date:

Form A-5
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AUDIT  PROCEDURE 3

Hi-Vol Audit Procodure »

A. General

The audit procedure is designced as a spot check on the
operation, maintenance and calibration of the monitor. The audit
is an independ=nt check and should be performed with the operator.

The checks made include Tlow-xrate, calibration and timews:»
B. Equipment
a) field calibration kit, orifice calibration curve
b) thermometer
c) Audit Formg A-6, A-7
d) hi-vol calibration curve for motor bheing audited
e) voli meter ' '
C. Procedures '
a) At scheaduled site complete Audit Forms A-6, A-7.
b) Returm completed forms to the Supervisor,

i
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YES NO COMMENTS
A. Orerator:
1. Prior to the field audit. Randomly chose 10 sampling
cays from the previous or existing guarter and examine
the data from ‘these days. Has the operator recorded
the vertinent information on the filter envelopes?
2. Has the operator maintairned the sampling schedule?
2. Have the times and flows been within the criteriav?
(22-26 hrs,, 232-72 cfm)?
<. Complete Form A-7 with the information reguestad.
5. Field flow rate check. Allow the cperator to
service the sampler and measure the final flow rate and
the initial flow rate. Make an independent check of
each within 15 minutes after the operator and recoxd
ne flows on Form A-7. Has the cperator employed
crocer technigue in reading flows? '
¢. Doces the operator perform filter installment and
removal using accentable technigue znd care?
7. Does the operator allow the motor to warm-up
fore reazding flows? '
&, IF ihe sampling s U from Part A, Foym A« was
c¥f, cheoeok the opsrator's tile setting. Ig the
crerator setting the time properly?
b after the operator has
v v, perform & one point
c thhe $#18 hole platc. Othéx
. L A lower than 5o cim?
z line wvoltage check.
C. Maintenance:
L. Prior to audit. Was the last scheduled
maintenence verformed to within + 1 week?
©. Inspect wiring, tubing, gaskets, etc., do they
acoeary in good shape? ‘
3
D. Auditor: V
L. Eas the auditor completed forms A-6 and A=7?
. For— A=-6

12 /75
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1i-Vol Audit nhata

>

1. FPrior to field audit.

Scheduled Actual Flow Time Date filtex Comments
Sampling Sampling 32-72c¢fm 22-26hrs. analyzed "
Day Day '

2

$otal davs off sawpling schedule:
Total days flow out of range:
Fotal days time out of range:
Prate filter analyzed - date filter ran - 1l:

2, TField Flow Check

auditor (Aa) Operator (0) A-0 A -0
. . ———x100

cc/min ce/min v A
Anitial
final :
iZnitial
Final

¥,

Form a-97
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. HiVol Field Calibration Check

Site & Operator: ) Sample Nos

Orifice No: ' Indicator No:
{rotometer.transducer)

Temp., (°C):

>

Bar press (mmHg): By: ' ,
' Date:
7 - A
Manometer{ Actual Flow JCorrected | % diff. % diff.
Plate] reading | flow rotometer{rate flow rate r- - -
) , ‘ x 0r=0a 100 | 22792 1.0
No. of H,0 rate (Qa)| reading (or) () Qa Oa
)
Calculate corrected flow rate: .
3. . .
2
!
0 = Or e
ThyPo
) 3 .
0 = corrected flow rate, m /min.
QOr= uncorrected flow rate read from the orifice unit
- calibration curve for a given pressure in inches of wats:

Ty= Absolute temp when orifice was calibrated °K.
+Py= Barometric pressure when orifice unit was calibrated, =—=x

T,= Absolute temperature while calibrating the sampler, °K.
P,= Barometric pressure while calibrating the sampler. mmHg.

Form A-7
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