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. INTRODUCTION B
\ Certain reacti;e elements and some of their compounds and asbestos
are found to cause pronounced deleterious effects on human health. Fur-
thermore, some evidence indicates that exposure to even low concentrations
of toxic substances such as asbestos, beryllium, lead, cadmium, selenium,
and mercury can result in their being assimilated into vital organs, caus-
ing subsequent malfunction, irreparable injury, or death, Thus, these

toxic substances must be measured and controlled in man's environment,

The purpose of this study is to evaluate existing manual methods for
analyzing asbeséos, beryllium, lead, cadmium, selenium, and mercury and
from this evaluation to provide the best and most practical set of ana—f
lytical methods for measuring emissions of these element% from sfayionary

sources,

The work performed in this study was divided into two phases,
Phase I was limited to surveying sources of information and summarizing
the findings in terms of existing methods; totally new methods were not .
developed. However, in the case of asbestos amd mercﬁry it was necessary
to modify ekisting methods significantly, and some laboratory and field

testing was performed during Phase I to develop these two methods.

Phase II was concerned with the testing, evaluation, and modification

of tﬁé methods of analysis developed during Phase I. Both laboratory and

field tests were conducted during this.phase of the work,

ERIC :
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SUMMARY OF WORK ACCOMPLISHED

During Phase I of this study sources of information were searched
for methods of analysis for asbestos, beryllium, lead, cadmium,
selenium, and mercury that would be suitable for analyzing stationary
source‘emissions. The primary so@?ces of information were the technical

, H

literature, telephone énd direct interviews with staff members of
companies that are probable stationary sources of emissions of the
pollutants, and contact with the Project Officer assigned by the
Eﬁvironmental Protection Agency (EPA). During the literature search we =

obtained additional background information on the toxicity of the

pollutants in this study. This information is presented in Appendix 1.

Methods of analysis were then chosen on the basis of a survey of
current knowledge on methodology, easevof using the procedure, availability
of the equipment needed to péf&orm‘the tests, sensivitity based upon
proposed EPA standards of emission and threshold limit values (TLV)
adopted by the American Conference of Governmental Industrial H?gienists
(ACGIH), and specificity requirements. One method was chosen for each
poilutanf. A detailed discussion of how the methods of analysis were
selected is presented in Section II1I, These methods of analysis ére

presented in Appendix 2,

Some laboratory and field testing was performed during Phase I fér
methods of analysis that required modification of‘existing @ethods.
Much of the methodology for asbestos was newly formulated and laboratory
tested, It was also necessary to develop a SO, scrubber for use in the
mercury method becaﬁse S0, interferes with the collection of mercury,
This scrubber Q;s first tested in the laboratory and then field

tested at a zinc refinery,
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During Phase II the methods of analysis selected in Phase I were
tested, evaluated, and then modified if necessary. All methods were
initially tested in the laboratory. The asbestos method was tested
on samples colleéted at an asbestos mill, Field sampling was conducted
for beryllium at a beryllium machining facility, but only small amounts of
berylliym wvere collected. The methods for lead and cadmium were fested

successfully on samples collected at a municipal incinerator in Dade

Counyy, Florida. No field tests were conducted for selenium because work had

been:.stopped on this pollutant before field testing began, Field
testing was performed on mercury in the development of the method of
analysis in Phase I. Further development of the methods of analysis
for asbestos and mercury probably should be made before they are ready

for routine use in measuring source emissions,
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III SELECTION OF METHODS OF ANALYSIS

Sources of information were surveyed to find the best aﬁd mcst
practical ekisfing manual methods for measuring emissions of the pollutants -
included in this study from stationary sources, The requirements of
major f&portance in the seléction of methods of analysis, along with
their definitions and reason of importance, are listed in Table 1.
Considering these criteria and the emission standards proposed or
established by the EPA, we chose the following methods of analysis, A
method using electron microscopy was chosen for analyzing asbesgos.
Atomic gsgorption spectroscopy methods were chosen for beryllium, lead,
and cédmium. A spectrophotometric method was chosen for selenium, and
flameless atomic absorption spectroscopy was chosen for mercury., The
reasons for choosing these methods and the other methods investigated

are described in this section.

A, Asbestos

The current knowledge of the health risks of asbestos in gas streams

was studied in an effort to determine which characteristics of asbestos

‘ .

should be measured. There seem to be several different opinions on
the nature of toxic fibers, Some workers feel that the fibers must

be at least 5 y long to be pathogenic,!'? Others feel that smaller

particles also represent a serious health risk, According_to Schepers,3

The asbestos within the lung which matter, consists of
those fibrils which invade the alveolar walls, tho;e
which reach the perivascular lymphatics and vachla}
adventitia, and those which deposit below and within
the pleura. These are generally extremely delicate
fibrils, less than 0,2 g in caliber, and difficult

to detect through conventional microscopy.

Suzuki and Churz? feél that submicroscopic fibers (fibers less than 1 7}
| 4




Table 1

CRITERIA FOR SELECTIO§ OF ANALYTICAL METHODS

Definition

Requirement Importance
: )

Sensitivity Amount ¢f material that To establish a level of sensitivity

gives a specified response, of amounts of material collected for
e e e e i nalysts oo

Specificity Ability to measure ornly the Interfering substances can cause
substance of interest by false interpretation of data,
eliminating interferences,

Precision Error of the method (often Lack of precision in a method can
expressed as the coeffici- make it essentially useless,
ent of variation) estab-
lished by the analysis of
many samples containing
equivalent amounts of the
species of interest,

Accuracy Ability to determine the Most analyses are performed to de-
true value, termine actual amounts of specific

’ substances in specific samples,

Range of Concentration range in Analyses can yield false results if

analysis which reliable results can concentrations are too high or too
be obtained, low,

Stability Ability of the materials to Analytical use of decomposed materi-
remain intact over a period als results in false data, '
of time,

- Ease of Skills required to prepare Methods requiring advanced skills
handling the sample and execute the reduce precision and must be car- '
analytical methods, ried out by highly trained per-
sonnel, ’

Time of Time required to analyze Examination of numerous samples

analysis one sample completely, necessitates a reduced analysis

time for completion of each sample,

Cost Actual monetary expenditure Examination of numerous samples
for materials, equipment, neécessitates low cost per sample,
and personnel needed.,

Availability Ability to purchase the re- Widespread testing requires easily

- ERIC
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of equipment

quired equipment and mate-
rials needed for an anal-
ysis,

obtainable supplies,
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long) are responsible for most of the biologic effects of asbestos,
Therefore, we concluded that it would probably be necessary to determine
particle counts and particle size distribution to get meaningful results

that could be related to the effects on human health,

Schepers also believesithat chrysotile fibers may be more damaging
than crocidolite or amosite because the diameter of chrysotile fibers
is smaller than that of other asbestos pres. We decided to concentrate:
primarily on the measurement of chrysotile fibers‘on thé bagis that

approximately 95% of the asbestos produced is chryéotile.

N In studies using chrysotile particles from a dust generator on guinea
pigs énd rats, Holt et al,?® expregsed the opinion that particles of

ul tramicroscopic dimensions are at least as lethal as long fibers.

Ayer and Lynch® reported that asbestos factory dust contains a
significant portion of motes and that this portion of the respirable
dust decreases in the later operations of asbestos production, They
state that

Fibrous chrysotile asbestos is perhaps of the same:
order of toxicity as quartz, while the accompanying
nonfibrous serpentine and nonasbestos minerals (with
notable exceptions, such as quartz) may be counsidered
"inert" dust... since fibers cause asbestosis, a count

of fibers from an air sample provides a reasonably
direct index of. the asbestosis hazard.  The British

asbestos industry utilizes an informal limit of 4 fibers
longer than 5 y per cc. Until it has bgen definitely
determined which size fibers cause lung disease, it
would seem preferable to use an index whith included
as much of the respirable size spectrum as feasible
rather than counting only a particular size fraction,
Because of the small diameters of the asbestos fibers,
the count obtained will be dependent- upon the resolu-
tion of'the microscopic system employed as well as
efficiency of the collecting system, Counts by the

4 mm objective and phase contrast illumination which
we use, for example, give approximately one-quarter

-
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the number of fibers longer than 3 " and one-twelfth
the number of total fibers as revealed by electron
microscopy of the same sample, Using a 2 mm objec-
tive we see a larger number of fibers and with a 16 mm

objective we see fewer,

The EPA has not set allowable emission standards for asbestos be-
cause toxic levels are difficult to delineate and because sampling and
analytical éechniques for source emissions are 1aéking for this substance.
Standards promulgated by the EPA are designed to limit emissions into the
atmosphere’? and are expressed inwtérms of required control equipment.

In discusding the respirable fraction of dusts based on general

considerations, Ayer and Lynch suggested that

The most applicable for asbestos sampling appear -
to be those suggested to the Office of Health and

Safety of the U.S. Atomic Energy Commission by a

groub of consultants on January 18-19, 1961, and

adopted in AEC regulations, They are:

Percent’ Particle Diameter, 7
Respirable - (unidensity sphere) A
100% <2
75 : 2.5
50 3.5
25 S
0 10

Although not originally proposed for nonradioactive
material, these criteria have been used for asbestos
by others,

On the basis of the preceding discussion and a considerable volume
of literature, we concluded that the results of analytical methods for
asbestos in gas streams should possess the following characteristics if a

fair measure of the risks to man is to be represented:

° The results should differentiate between asbestos and non-

fibrous materials of the same chemical composition,

i Q . 7
- ERIC 14
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\
L] The method should. be sensxtive to individual asbestos

particles of all sizes in the respirable fraction, which
includes all asbestos particles smaller than 5 g in their
longest dimensions as well as some longer fibers that are

respirable,

L If a mass sensitive method not sensitive to individual
particles is used, the results must give a good correla-

tion with particle counts and particle size distribution,

To meet these requirements we need a method of sampling that would
collect or in some way observe essentially ali the asbéstos particles 
shorter than 5 lf as well as longer fibers. Since we were interested
only in fibers and not motes, the method of detection and measurement

had to be selective.

Most of the good work in the literature on analysis for asbestos
in gas streams entails the use of optical microscopy or electron micro-
scopy. However, before choosing either method for the present study, we

looked at the alternatives as well,

Atomic absorption could be used to measure the magnesium content
of an aggregate sample, but it would not give any information concern-
ing the number and size of the chrysotile fibers,® This method should

not be used except when other magnesium-containing dust particles,

such as serpentine, are known to be absent. Thus, the outlook for
the use of atomic absorption analysis in monitoring was not encouraging.
Neutron activation analysis yields results similar to those of atomic

absorption,?

Gadsden et al,? described infrared measurements of asbestos col-

lected from air samples based on the sharp absorption band at 2.72 .

El{lC : 16
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These measurements could bé used if a correlation between the intensity
of this absorption and the health hazard could be established for certain
types of ;amples. However, it seemed unlikely that such a correlation
could be established except for the monitoring of certain processes in

asbestos manufacturing operations in which interfering materials are
. \
known to be insignificaﬁt. The method requires a sample centaining at #

least 20 yg of ashbestos,

X-ray diffraction has been used by Goodhead and Martindale?!®?® to
identify and measure large samples of asbestos fibers, Their method
fequires a sample in the milligram range and again, as with infrared
measurements, gives a measure of the amount of asbestos rather than
the number of parficleé. Thus, it seemed unlikely that this method

would be very useful in health risk measurement,

Addingley!?! described the use of a Royco particlevqounter fbr meas=~
uring air in asbestos manufacturing factories, The Royco instrument *-
gives satisfactory counts for particles over 1 M4 in diameter (eqpivalent
diameter), Addingley, however, indicéted that all particles of asbestos
or nonasbestos are counted by this instrument and that normal pollution
of the atmosphere may contribute significant errors in the‘particlg\
size range from 0.3 to 1 i equivalent diameter. In spite of these
drawbacks, Addingley concluded that at the time of this evaluation the
Royco particle counter was the best method for testing dpst in asbestos
factories, The lack of specificity of the method and the presence of -
cohsiderable amounts of submicron particles in normal gas streams combine
to limit the use of the; Royco particle counter to the spécial cases in
which littlé interf;;;%éé is observed. The Royco instrument may be very
useful in determining the sampling times required for more quantitative
microscopic and electron. microscopic examinations, Thus, it could be

N

used to good advantage in making decisions on gas flow rates and sampling

.‘_)‘
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times with Nuclepor€@ or Milliporé® filters. Before the Royco
instrument can be evaluated as a health hazard monitor, more research
should be done on its use for airborne asbestos particle monitoring in

asbestos factories,

Considering the current knowledée of methods for monitoring airborne
asbestos and the lack of definitive information on health hazards, we
concluded that the method for obtaining useful data on the measurement of
asbestos sources must include both identification and size distribution
as well as particle counts. Thus we chose electron microscopy as the

most promising method,
N

The technical literature discriptions of the method of preparing
samples for examination with an electron microscope were found to be brief

and inadequate. After several telephone conversations with people active

~in the field, we were able to get satisféctory results in the laboratory,

The procedure given in Appendix 2 for mounting a sample on an electron
microscope grid is based on the work of Frank et al,2 with modifications
suggested by Murchio, !3

B;_”HBeryliium

. a
'8

Several methods have been develobed for the microquantitative
analysis of beryllium, All methods except colorimetry employ essentially
the same gas sampling techniques, i.e., a technique that uses a Mi\lliporeC
or cellulose paper filter to catch the beryllium contaminant.* The filter
is‘then processed by wet or dry oxidation, and the residue is treated as

necessary for the quantitative determination used, i.e., colorimetry, gas

chromatography, atomic absorption, fluorometry, emission spectrometry, or

#*
Recent studies by EPA personnel have demonstrated that beryllium
particles penetrate filters under certain conditions. Therefore,

collection efficiency of filters is uncertain,

10
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detection by nuclear radiation., The processing of the filter can become
lengthy if many other metals interfere with the identification and mea-

surement of'beryllium.

Colorimetry must take into consideration metal contaminants that
interfere with the determination of beryllium, To reduce interference

from other metals, McClosky'? developed a method using aluminon

McClosky's method improved the detectability from-2.5 ug'to 0.3 y.

Althovgh this method is useful, it is lengthy.and requires quantitative‘

precipitation, filtering and washing, redissolving, and finally a 60- .
minute color development period before measurements are taken,
Krivoruchko!® presents another colorimetric method that is equally as

complex, but ultimately sensitive and useful.

Gas chromatography is a useful method in ‘that the sample needed for
sensitive detection need be only one-third the size of that needed for
colorimetry; '€ however, a relatively lengthy preparation is required to

+ .
remove interfering ions (Fe 3 and Al +

3
) from gas chromatography samples,
Quantitative extractions are used that can pe, at best, a source of error.

Wolf et al.!? have done some preliminary work on beryllium in ambient air.

With the advent of the nitrous oxide-acetylene flame in atomic ab-

sorption, Bokowski!® has used this tool for the microquantitative analysis

of beryllium, This method has a sensitivity of 0.03 ug/ml/%—absorption

and is not affected by 1nterferiﬁg ions as they are easily quenched

with 8-hydroxyquinoline. Many metals enhance the absorption, thereby causing

‘positive errors, as is shown in the paper by Fleet et al,'® In amounts up

4000 UE/ml this enhancement can be masked by making the solutions 10,000
pg/ml in potassium. ’

18
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Fluorome try has also served as a useful tool in the determination .
of beryllium;‘however, it requires several quantitative treatments before
the final measurement is actually made because, like colorimetry, it also

suffers the problems of interfering ions, Buffers, diethylenetfiamine-

pentacetic acid, and other chelating substanégs-are used to remove these

ions. Initially, when fluorometry was used,,some anomalousS results would -
océur. Sill et al,?? identified the cause as the absdrption of

beryllium on the walls of giass cdhtainers by anion exchange’éenters. -
They corrected the problem by storing all glass containers in 2 M hydro-

chloric acid, This procedure cleaned the anion exchange centers from the

walls of the glass containers, Although sensitivity was enhanced by the

use of various filters, some difficulty with interfering ions was still

experienced,

Emission spectrometry is one of the most sensitive and useful methods
found in the literature for the analysis of beryllium. In this method,

as in all the methods mentioned, the sample is collected on a cellulose

filter paper. The sample is then either wet digested and the solution

containing the beryllium is reduced to‘l ml or less and placed in an ab-
sorbing carbon electrode for spark emission, or it is dry ashed and

the residue is placed in a carbon electrode, Fitzgerald?! merely

rolted the filter paper containing the sample and placed it ip the arc to
be oxidized while being analyzed. The emission spectrometric method of
analysis is sensitive (0,001 ug),22 quick (1 sample per minute), and gen-
erally requires less handling or treatment of the sample than colorimetry,

gas chromatography, and fluorometry,

Churchill and Gillieson, ?® Webb et al,,?? and Rozsa et al, 2% have
developed direct reading spectrographic systems in which the gas sample
is drawn into a spark chamber or intermittent arc and the beryllium .

determination is made by comparison with the backgrdund. By careful

12 .
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limit not to exceed amounts that result in an outplant concentration of

- Sample volume must be at least 75 cubic feet, and sampling time must be

[

adjustment in focusing on the Be 3130,416 X line, interference from other
elgments is avoided. The main difficulty is sensitivity, since in this
system material cannot be accumulated as it can in filter paper collecting,
In reference to the direct spectrographic monitor developed by Churchill
and--Gillieson, Darwin and Buddery26 commented thét the prototépe machine

was an excellent tool when in working order but the amount of highly- skilled

maintenance it required made it impractical for pilot plant use.

1
R RRE

Brauman?7? at thewhockét Propulsion Laboratory at Edwards AFB

developed a remarkable beryllium-in-air monitor based on the reaction
Be® + @ = N + 4 + C'?, The instrument is costly and,for extreme sensi-
tivity the time for analysis is Significant (2 gg requires 60 minutes)., Al-

though this monitor is interesting and useful, it is impractical for general use,

The EPA has established an emission limit of 10 g per 24-hour day as
‘ . . 8
the emission standard for certain beryllium-emitting stationary sources, 2

As an option, the affected sources may elect to comply with an emission

0.01 ug of beryllium per cubic meter of air averaged over a 30-day period.

at least two hours, Sampling procedure adjustments appropriate
to the emission capacity of the source will be necessary for- analysis

of a number of sources with a"wide range of emission capabilities,

In considering all the methods mentioned above in conjunction
with ease of handling, sensitivity, time required to obtain results, and
cost of ﬁethod and required equipment, it appears that atomic absorption
is the method of choice in analyzing beryllium samgles, A detailed method
of analysis bésed on the use of atomic absorption spectrophotometry was

prepared and is presented in Appendix 2,

-

oD

()

13

. | ,




C. Lead

Numerous descriptions of the method for particulate lead.deter-
minations in gas streams have been found in technical literature, All
methods use a membrane or glass fiber filter as the trapping medidm for
sample collection, The lead sample is generally removed from the filter
by acid washes or is ashed to remove organic matter and then treated with
acid. 1In X-ray fluorescence spectroscopy, 2”31 however, the analysis is
g?rformed directly on the membrane or glass filter, Impurities‘in the
filter do interfere and the limit of detection is only 1 gg. Also,
equipment used is specialized and requires that the data be obtained

and interpreted by an experienced technician,

Spectrophotometric determinations of lead using the dithizone32~38%

.'and hydroxyquinone?©

complexing agents are very precise and are carried

out on the acid washes obtained from membrane or glass fiber filters. Since
some other inorganic metal compounds interfere with the méthod, chemical
separation is required before final Spectrophotometric analysis, The

procedure must be performed by an experienced chemist and is lengthy and

tedious,

The ring-oven technique37 of lead analysis uses the precipitation
of lead molybdate on filter paper and depends on visual and colorimetric
concentration determinations; Constant reference standards are imprac-

tical because the samples and standards are light sensitive. The method

"has a detection range of 0.05 to 2 ug Pb.

.Emission spectrographic analysis3®#’3% has a sensitivity of better

than one part per 20 million for lead analysis in a continuous gas

monitoring system. It is applicable to a wide range of other metals.
However, the equipment used is specialized, and a high degree of analyt-

ical skill is required to perform a guantitative analysis.

14
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The polarographic method®?»?6, 40743 of lead analysis is useful in

. the range of 0 to 15 ug/m3 (dissolved in 30 ml of solution or O to 0.5

ug/ml/ms) in a gas stream and requires a square wave®!»4? polarograph
to obtain good responses, Organic impurities and the presence of nitrate
ions interfere with the analysis, Although the method does have the ad-

vantage of multimetal analysis, the complexity of the technique and the

unavailability of poiarography in many laboratories make the method

a pdor choice for lead analysis.

Atomic absorption spectrometry44~5€ is very adaptable to lead anal-
ysis, After collection and aqueous extraction of the lead sample, atomic

absorption requires only dilution of the sample before analysis can pro-

ceed. Organic material must be removed if it is present. Although
interferences do exist, most of them can be eliminated during sample
preparation or in the measurement step. The method can detect amounts of

lead from sources as low as 0.03 ug/m®,

The EPA has not yet proposed emission standards for stationary

sources of lead., The TLV given by ACGIH is 200 ug/m3.57’5§ In the

5

absenéenpf other standards, the method selected should have the capa-

bility for analyzing this concentration of lead.

Considering the availability, ease of operation, documentation in
‘the literature, and sensitivity, we chose the atomic absorption method of
analysis for particulate lead determinations in source emissions

(see Appendix 2),

D. Cadmium

The numerous methods available for analysis of cadmium source
emissions include atomic absorption, atomic fluorescence, ultraviolet

and visible spectroscopy, polarography, and titrimetric analyses,

15
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Atomic absorption methods,®%)»56)%9-63 ;4ing an air;acetylene flame
and a cadmium hollow cathode lamp at 2288 K, can achieve a sensitivity
of 0.25 ug/ml/% absorption. In fact, the sensitivity for cadmium can
be increased to ng/ml by -using dithizone as a chelating agent according
to the method of Sachdev and West,®® Other available modifications to
the atomic absorption spectrophotometer, such as a heated graphite at-

omizer, Wwill increase the cadmium detection limits to several nanograms

per liter using only 20 41 samples,

In the analysis of cadmium by atomic absorption, Ramakrishna

. . 2=
et al.®! reported interferences caused by anions, such as B,0,°",

10,7, CO,”, HCO,”, and HAs0,?~, These interferences are effectively
oversome by acidification of the samples or by the addition of disodium
(ethylenedinitro) tetraacetate., Pulido et al,®% found that phosphate in
concentrations above 0,1 M could decrease the absorption and that sodium
chloride in concentrations above 0,01 M could increase the absorption;
however, concentrations this high are not likely to be encountered, If
necessary, the phosphate and NaCl intérferences can alsé be removed by A
extraction of cadmium with dithizone in a soluﬁion having an acidity of

pH 5 to 9. This treatment results in a higher cadmium concentration and

eliminates interfering salts,

Me thods of atomic fluorescence spectroscopy®®~7€¢ are similar to
atomic absorption spectroscopy. Atomic fluorescence spectroscopy has a
cadmium sensitivity of 0.5 ng/ml.v Currently, atomic fluorescence methods
utilize modified atomic absorption instruments or instrumentation com-

pletely fabricated in the laboratory, 'since commercial atomic fluorescence

s

ie6
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instruments are nonexistent, " varian Techtron provides an adapter for
atomic absorption instruments, but it has not yet provéd to be highly
satisfactory. Studies of 41 cations and 18 anions conducted by Cresser

and West®® and by Dagnall et al,®°"7° showed cadmium interferences to be

minimal. Bratzel et al,®> ¢6 showed that sulfate and phosphate tend to

enhance the atomic fluorescence signal, whereas aluminum decreases the
signal, As reportei by Hobbs et al,,?! organies (which often present

problems in atomic absorption) do not interfere with cadmium measurements.

The methcd of atomic fluorescence spectroscopy may be more sensitive than
absorption when refined, especially when modifications in the burner head
and flame are incorporated, The usefulness of these modifications
has been illustrated by Winefordner and coworkers, 77,78 They used a
total-consumption aspirator-burner and cdmpared three flame compositions
for the analysis of wvarious metals including cadmium. They reported a
cadmium deteétion limit of 0.2 ug/ml in aqueous solutions when they used

an éfgon/hydrogen/entraihed air flame, -

Polarography 412 42,79783 ha5 heen used successfully for trace metal
analysis of solutions containing several eleménts including cadmium.
Mann®? claims a practical cadﬁium sensitivity of 1 yg/ml in a sodium per-
chloraté solution using a discontinuous voltage sweep for voltametrié
determinations. Films of surface active compounds can interfere, but
this interference is minimized by the addition of chloride ion to the
solution, The rapid rate of reduction for cadmium further reduces the
- effects of pétentially interfering substances. Dubois and Monkmann41

reported ''good" sensitivity for polarographic analyses of cadmium; how-

ever, no values were given,

Differential polarography®® is a technique in which the current
flowing in ome polafographic cell is subtracted from that flowing in \

another. Qne cell contains an accurately known solution of cadmium and

El{lC 172 ,
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the other the unknown cadﬁium solution; the small current difference can
-be amplifiéd and precisely measured. This technique is reported to im-
prove the precision of polarography considerably, Practical difficulties
in the method include exclusion of a£mosphefic oxygen, Other chemical
1ntérferences were not reported. Minimum solution concentrations that

can be detected with the method atre about 10 ug/ml.

Titrimetric analyses®7%° for traces of cadmium have been reported -
using varied titrants and end point-detection methods. Monk and Steed?®®
reported cadmium analysis in the range of 2.9 to 39.2 Ug using a mercury-

i calomel electrode system with an EDTA titrant. The percentage of error

‘ with this method ranged from 0.3 to 1.7%. At a pH of 10.5, cadmium con-
centrations of 3.5 and 21.3 yg were analyzed with errors of 0.3 and 0.1%,
respectively, . The method is most applicable to 10-20 ug quantities of
cadmium with a coefficient of variation 6f a single determination between
0.5 and 1.0%. Other methods®4s 89 discuss vériations of the EDTA. titrant
method. These methods can be used to analyze for cadmium over a range of
4 to 20 Mg with a standard deviation of 0.14 ug. The method of Schone-
baum®® may be suitable for determining metals in organometallic

materials if rigid controls are maintained to obtain good accuracy, How-

ever, more studies are needed, and no specific comments are made regarding

cadmium compounds,

Speétrophotometric analysis of cadmium has been reported by Sdltz-

man,®! Boltz and Havlena,®? and others. Saltzman uses dithizone as the

cadmium complexing agent with the addition «f cyanide as a suppressant
for interfering metals. The colorimetric measurements were made on a
Beckman Model DU spectrophotometer in the visible range. Although nu- .

merous reagents are used in thgvanalysis, the system as described permits

a cadmium sensitivity of 0.05 pg/mi. Anion interference was not - -

ihvestig;ted.
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Boltz and Havlena®Z? describe an ultraviolet spectroscopic method in
which diethyldithiocarbamate is used as a chelating agent and ‘the com-
plexed cadmium ion is extracted from aqueous Solut{ons with chloroform,

The optimum concentration range of the method is 0,5 to 3 ug/ml of cadmium

v + 34 3+ 24 2+ 3+ 2+
in chloroform, Metal ions such as Ag , Au T, Bi , Cu , Co , Cr , Fe ,

3 24 2 2 24 24 24 44 3+ 2.4 . .
Fe +, HgoT, Mn +, Mg +, Ni ,Pb , Sn , Sn , Sb , and Zn . -cause inter-

ferences, however, and must be removed if accurate results are to be

achieved,

The EPA has not established guidelines for statiénary source emis-
sion standards on.cadmium, The TLV given by ACGIH is 83 ug/m3 for cadmium
in particulates and 166 ug/m3 for cadmium in dust.®?® 1In the absence of
other guidelines, the method of analysis selected should be'Capable of

this concentration of cadmium,

Considering these methods for cadmium analysis, the requirements

set forth in Table 1, the availability of equipment, and emission levels,
we selected atomic absorption spectroscopy as the most proficient and
use ful method, although in actuality, atomic fluorescenqe spectroscopy
has the greatest sensitivity and shows the least effecf from interfering

materials., However, the latter method must be held in reserve until the equip-

ment for atomic fluorescence spectroscopy is more readily available,

The titrimetric methods all have the disadvantage of a loss of sensi-

tivity and accuracy in the presence of other metallic ions. The separations

required before the measurementhcég be taken cause loss of time because
of increased handling, increased cost because of increased time, and loss
of precision and accuracy because each stepﬂhas a degree of error associ-
ated With it. Polarographic and ultraviolet spectroscopy lack the sensi-
tivity needed fo£ the trace analyses required in a stationary source

analysis, They also require the removal of inierfering ione before the

~i.al measurement is made.
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Thus, until the equipment for atomic fluorescence spectroscopy develops
into a routinely useful analytical tool, we recommend the use of atomic
absorption spectroscopy for the analysis of cadmium (see Appendix 2).

This technique meets the requirements of sensitivity, accuracy and
precision, ease of handling, and availability of equipment without

requiring extensive time or cost,

E. Selenium

According to Stahl®? selenium emissions occur in the refining
pf{various ores, includigg copper and lead, and in processes for ref;ning
sulfur residues., Various manufacturing operations may also result in
emissions of selenium related to its use in products such as rectifiers,
photoelectric cells, pigments, and others, Several methods of analysis

for measuring these emissions of selenium were considered,

A

Tabor et al.®% selected é'spectrophotometric and fluorometric pro-
cedure for analysis for selenium content of atmospheric particuléte matter,
Their method is the basié for the method chosen for selenium and described

in Appendix 2. In this spectrophotometric method, Se(IV) reacts with

2,3-diaminonaphthalene (DAN) in acid solution to give the red-colored

4,5-benzopiazselenol, which is measured at 390 nm. It was found
experimentally that maximum absorption came at 380 nm, The method

described in Appendix .2 for selenium has been appropriately altered,

Other techniques considered were based on polarography,®€ flame

emissions spectrometry,®7 neutron activation,®® atomic absorption spec-

-101 1 95,103-105

troscopy, 29 isotope dilution,!°2 fluorometry, catalytic

106,107

reduction, and a variety of optical spectrophotometric

methods,®5,1087111
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Standards for stationary source emissions of selenium have not been "
established by the EPA. The TLV established by the ACGIH is 200 ug/m3_112
In the absence of other guidelines, the method of analysis of
selected should have the capability of measuring concentrations of

selenium at this level,

Of the potential methods described in the literature we chose
the method of Tabor et al,?% because it seemed most nearly to meet the
present need, It has good sensitivity and selectivity, The basis for

@

the method has been well tested, and standéfd‘laboratory equiﬁﬁént can

- be used, which is not true of the atomic absorption, catalytic redhction,

or flame eﬁissidn spectrometry method.

F, Mercury .

Information on mercury analysis from various sources was evalu-

ated, and a method using flameless atomic absorption spectroscopy was

selected, The basic method for mercury, which was described by Hatch and
Ott,113 entails converting the mercury to the elemental state and passing
-the vapor through a quartz abébfﬁtion éell of an atomié absorption spectro-
photometer where the mercury vapor concentration is measured., The method
has adequate sensitivity for most purposes. The major problems with meth-
ods of this type are caused by interferences in the sﬁmpling procedure,
losses and contamination during sample workup, and interference in the
measurement step by other materials that absorb at the 2537 X resonance

line of mercury.

The EPA has established an’emission standard for stationary emission
sources of mercury of 2300 g (5 pounds) per 24-hour period.?'?* The sensi- ' |
tivity of the method.of a%glysis will depend on the ¢oncentration of
mercury in the source emission. Slight modifications may be required,

depending on the ehission,level‘of the source,

Q 21
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The determination of mercury in stack gases from nonferrous smelters
represents the most difficult circumstance enceountered in source measure-
ment, The high.level of S0, in these gases causes serious interference
in saﬁpling procedures, Iodine monochloride (ICl) in Greenburg-Smith
impingers has been used to collect the mercury from the gas stream ip
the existing EPA methods of analysis, and this method of collection is -
specifieé in the EPA standards, Unfortunately, ICl also reacts
with SO, with the result that excessive amounts of S0, destroy all the .
.iC1, and the mercury vapor is not collected quantitatively. Thus, it was
necessary to modify the approach to the sampling and analysis for mercury
in gasesvgoptginingAhighﬂigvels of 80,, if such a‘method werqntd haygv

general applicability to scurce measurement,

In the,devéiopment of a method of analysis for mercury in high SO,
stack gases, simplicity in sampling and measurement are important, We
therefore considered the possibility of solid, one-stage scrubbers for
the selective and quantitative collection of mercury. ‘Ideally, this solid
scrubber should be sufficiently selective in the collection of mercury
that it‘qould also be used as the iﬂpuf to a mercury vépor analyzer., For
this purpose it is desirable to have a collection medium that ‘can also
release mercury vapor rapidly and quantitatively when subjected to é

_suitable treatment in the mercury measuring apparatus, With theée con~

siderations in mind, we evaluated thermodynamic data for a number of pos~

sible reactions of mefcury,SJz, CO, and CO, with possible solid scrubber
subsfrates. Some of these re?ctions and»their free encrgy values (AFO 298)
are given in Table 2, No scrubber sub;trates were found that quantitatively
collected mercury, and rapidly and quantitatively releasea.it upon appropriate
treatment without interference from S0,. Other solid scrubber substrates

should also be examined,
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Table 2

FREE ENERGY VALUES FOR VARIOUS REACTIONS

AY

Reaction

AF©

Hg (g) + 30, (g)
HgO (s) + SO0, (g)

HgO (s) + CO (g)

'-Agéo (s%”+ﬁﬁgw<g,wws

Ag,0 (s) + SO, (g)
Ag,U (S) + CO (g)
2Ag,0 (s) + SO, (g)

Ag,0 (s) + co, (g)

HgO (s)
Hg (g) + S0, (g)

Hg (g) + Co, (g)

- HgO-(s) # 2ag (s)
- 50, (g) + 2Ag (s)

cc, (g) + 2Ag (s)

Ag,S0, (s) + 2Ag (s)

Ag,CO, (s)

Co,0, (s)
Co,0, (s)
Co,0, (s)
Co,0, (s)

Co,0, (s)

+ He (g)
+ 80, (g)
+ 80, (g)
+ CO {g)-

+ CO (g)

3Co0 (s) + HgO (s)

S0, (g) + 3Co0 (s)

_CoS0, (s) 2Co0 (s)

3Co0 (s) + Co, (g)

CoCO, (g) + 3Co0 (s)

CoO0 (s) + co, (g)

Ba0O, (s) + Hg (g)

BaO, (s) + SO, (g)
BaO (s) + SO, (g)
BaO, (s) + CO (g)

BaO (s) + CO, (g)

CoCO, (s)

BaO (s) + HgO (s)
BasSo, (s)
BasSO, (s)
BaCO, (s)

BaCO, (s

-103.6

W

-19.3
-14.1
-58.9
=70,2.

- 7.6

+10.4
+15.,3"
-28.7

-29.,5

-12.1
115.8

-64,3

-51.6




On the basis of the data summarized in Table 2, it should be possible
to remove S0, from a gas stream and to dllow Hg to pass through a column
of Co,0, at a temperature of approximately 100 to 200°C, With a packiﬁg
of Ag,0, however, both Hg and SO2 would be collected in the Ag20 packing;
The great stabilities of BaSO, and BaSO,; would also make it appear feasi-
ble to remove sulfur compounds from a gas stream with a BaO, solid scrub- -

ber without remocving any of the Hg at temperatures of 400-500°(C.

Before attempting to devise a method of analysis for mercury in

stationary sources, we carried out a limited amount of experimental

laboratory work to develcp a method of dealing with mercury in emigssions
k2

containing high levels of S0,.

Materials tested for use in the scrubber were powdered PbO,, BéOz, and
Ag,0. Co,0, was not tested. The other materials were tested at various
temperatures to determine their efficiency as SO, trapping agents by introduc-
ing vapors“fhrough a septum into a N, flow stream (1 liter/min) that passed
through 5 cm of packing in a glass tube (16 mm o.d.). The gases from the
packing were directed into a detectionlCell on an atomic'absorption spec—
trometer, The 2830 R line ffom a Pb hollow cathode tube was used to de-

tect SO, gas passing through the system, since S0, absorbs strongly at

this wavelength and the Pb hollow cathode tube was a convenient source,

The transmitted S0, was evidenced by a sharp peak on a strip recorder.

The peak heights were used as a measure of the quantity of gas coming

through the trap, with the value obtained from the gas coming through

24




»
an unpacked tube representing 100%, The results of these tests are given
in Table 3,

Table 3
SO, REMOVAL AT VARIOUS TEMPERATURES
(Peak Heights - mm)

Pbo,  BaO,  Ag,0

No packing, 25°C 97 73 96
Packing, 25°p . 61 51 27
Pécking;“ioooc 58 46 0
Packing, 200°C 38 34 0
Packing, 400°C 0 0 -

Table 4 presents the results from a similar test on packing materials,
using mercury vapor instead of SO, gas, In this test a mercury vapor dis-
charge‘iaﬁp was used to detect the mercury coming through the trap. The

-difficulty in maintaining a standard quantity of mercury in the vapor over

liquid mercury, even with agitation, is indicated by the variation found

witeD no packiﬁg was used, The average of the threc Llanks was 137 mm,

Table 4

Hg REMOVAL AT VARIOUS TEMPERATURES
(Peak Heights - mm)

Pbo, Ba0; Ag,0
No_packing; 25°C 157 127 148 i
Packing, 25°C a8 124 0
Packing, 100°C 5 121 0
Packing, 200°C 47 143 0
Packing, 300°C 68 - Hg comes off slowly
at > 230°C

Packing, 400°C 140 -
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Both sets of results show that Ag,O readily absorbs S0, and mercury;
The release of the méfcury from the packing at 230°C indicates that this
ageni could be used in.mercury vapor detection. Since BaO2 absorbs SO,
but not mercury, BaO, could be used in a solid scrubber to remove 80,
without absorbing any of the mercury vapor. The m;rcury vapor could then
be collected in ICl solution. Laboratory tests were then carrie& out
using a Staksamplr C) to draw laboratory air spiked with mercury through
a BaO, solid scrubber for S0, and into ICl solutions in the impingers.
The BaO, was supported on granular aluminum silicate that was synthesized
in our laboratory. It was found that SO, was Quantitativeiy removed and

mercury was quantitatively passed by the scrubber,

The column packing'was prepared by mixing 100 grams of BaO, with 70 g’
of aluminum silicate (40;60 mesh) and heating the mixture for 1 hour at
420°C, - The hot mixture was sieved through a 25-mesh sieve. Then an addi-
tional 100 g of BaO, was mixed with the sieved product, The resulting
mixture was heated 1 hour at 420°C, broken up, and hot sieved. The 25- to

65 -mesh fraction was used to pack the SO2 scrubber,

Approximately 170 g of the resulting BaQ, aluminum silicate was
packed into a 3.17 cm o.d. x 30,5 cm Pyrex tube equipped on each énd
with fittings suitable for connecting it to the StaksamperD located .
Just in front of the impingers, The BaO, tube was held at 420°C 4in a
3.50 cm i.d. tube furnace., The horizontal mounting of the tube fur-
nace resulted in some channeling along thentop of the packing and a
considerable loss in efficiency for removing SO, from the gas stream,
Consequently, SO, broke through 1oﬁg before the total capacity of the

scrubber was used up, This problem could probably be avoided by

mounting the scrubber vertically. \

]




In laboratory tests with an air stream containing approximately 5%
SO it was demonstrated that SO, could be reduced to such a low level
.thai mercury vapor sampling could be done satisfactorily by the Igl me th-
od. It was demonstrated that mercury vapor passed through the BaO, scrub-

ber, This scrubber was tested in one series of field tests,

The field tests were carried out in conjunction with EPA personnel
at a zinc smelter on May 23 and 24, 1972, The purpose of these
tests wésvté deter&iné‘ﬁﬁéfher ﬁse‘of ﬂxle‘BaO2 éc}ubber cdncepf
in the manual ICl method is, under field conditions, practical for analyz-
ing mercury emissions in stack gases, In this case the S0, concentration
was appro%imately 7%. A variety of conditions were used in the sampling
train because this was a methods research task and it was not intended
to be used to establish firm data for mercury levels, Our main objective
was to establish a basis for using a solid scrubber to remove SO, from a

stack gas sample before the sample passed through the ICl scrubbers, This

objective was realized, Additionally, ‘we were able to obtain some data

on mercury levels, The results of these tests are summarized in Table 5.

Table 5

MERCURY CONTENT OF SMELTER FLUE GAS

Stack
Test Volume of  Temperature Mercury Content (pug/m®)
. No, Date Gas (m%) (°F) Gaseous Particulate  Total
I 5/23/72 0,084 455 23.3 10.2 33.6
II 5/23/72 ‘0,135 455 15,5 17.3 32.8
III 5/24/72 0.104 500 - 15.9 43.8 59,6
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In Table 5 the particulate mercury levels are based on the mercury content .

e

of the ICl1 washings of the probe;'filter, and cyclone} The gaseous mer;

cury levels are based on the amount collected in the ICl1l solutions in the im-
pingers, The fact that stack temperature was slightly higher than Bao,
scrubber temperature did not cfeate a prehlem because the mercury vapor

concentrations were well below saturation so that condensation did .

not occur as the gas cooled before entering the scrubber,

Although BaO, decomposes in hot.water it is expected tﬁat not
enough water vapor will be present to cause & problem at'thevtempefatures C e
used, The softening of BaO2 at approximately 450°C did nét adversely
affect the scrubber, except for shrinkage of the packing and resultant
channeling., Temperatures of at least 400°C are needed for guantitative
removal of SO,. The softening of BaO2 does in fact seem to facilitate

the removal of 502.

Test II-proved to be the most satfsfactory of the three tests, Tests
I and III were interrupted several fimes for adjustments. Although the ~
successful use of Ba0, as a solid scrubber for eliminating the SO, iﬁter—
ference in collecting mercury vapor in flue gases was demonstrated, fur;

ther development is needed on several aspects of the system used in these

tests, The experimental setup was crude and will require :considerable

improvement before the method can be used routinely in field sampling for

% »

mercury vapor. The BaO, scrubber heated up considerably during the field \

tests, and it will be necessary to design the apparatué so that this exo-

thermic reaction does not result in malfunction of the scrubber before -

BaQ, can be used successfully to remove S0, from the gas stream in mer-

cury vapor sampling.
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A BaO, scrubber is included in the procedure selected for mercury
analysis (see Appendix 2). We have also included a pyrolysis tube and
omitted the filter from the method so that particulate mercury is converted

to vapor and total mercury is measured as mercury vapor.
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RESULTS OF LABORATORY AND FIELD TESTING

During Phase II of this study, laboratory and field tests were performed
on the methods of analysis selected in Phase I, Testing in the case of
asbestos and mercury is incomplete, and further development of these methods

may be needed before they are ready for use in measuring source emissions,

A, Asbestos . /
!
Laboratory tests were conducted during Phase I.on the method of pre-

. ) e e l

paring samples for the electron m1croscope The ex1sting me thods /
for preparlng samples were 1nadequate and needed further developmer |

before they could be 1ncorporated,1nto a method’ of analysis for aéﬁes—'
tos. After several telephqne conversations with people active in

this field, we were able to get satisfactory results ;n the 1ab/ka-
tory. The procedure that was finally developed and that is pﬁjgented

in Appendix 2 is based on the work of Frank et al 12 with mquflcatlons

suggested by Murchio,? ’ A ’

Field samples were collected at an asbestos mill. Samples were
taken at two locations at the mill,  Five samples were taken at the
exhaust of a bag house, shown in Figure 1, and one sample was taken of

the ambient air about 1.5 meters above the ground between two buildings.

The first two samples were taken to get an idea of what the loading
would be fof various sample sizes, It was then determineq that samples
of 0.01, 0.1, and 1.0 ft® (0.28, 2,8 and 28 liters) should be taken to
get the desired asbestos loading. These three samples were taken using a

®

1-inch (2.54—9@) Nuclepore~filter and a probe equipped with a 0.25-inch’ » -
(O.63~cm) i.d. nozzle. The samples were all taken from the point indicated

in Figure 1)

One sample was taken of 1,2 ft® (34 liters) of the ambient air about 1.5
meters above ground level. It was collected on a l-inch (2.54-cm) NucleporeQD
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filter in a holder with a 1-inch (2.54~cm) opening.

Figure 2 is a photomicrograph of a typical grid opening for the 0,1-

ft® (2.8-liter) sample taken from the bag house exhaust and correspbnds to grid
opening number 2 in Table 6, The fine structure in the background of the

=
photomicrograph is caused by filter fragments. One of the difficulties

with this method is the incompleteness of the dissolution of the filter,
An independent method of sample collection and processing gave evidence

that many of the smaller particleés were lost.

Counts were made of the fibrous asbestos particles in Figure 2
and in other grid openings from the bag house exhaust and ambient air
samples, The results are listed in Table 6, The number of asbestos
particles per electron microscopic field ere determined for these
two samples from the dat{ in Table 6, The bag house exhaust sample
contained approximately 7 asbestos particles per field (average 47
particles/grid opening, 7 fields/grid opening). The ambient air
sample contained approximételyxlz asbestos particles per fieid (85
particles/grid opening). " It was determined from these data and from
electronmicrographs of the saébles that 5 to 50 pafticles per field
in all size categories would be a reasonable éﬁqﬁnt of asbestos to collect,

. -

The total number of asbestos particles to be collected on a filter

with a 20lmm effective diameter was calculated to be in the range of "
630,000 to 6,300,000 (field ~ 50 4 on a side)., The range of the

method of anaiysis for asbestos in Appendix 2 is based on this numbef'

of particles per éample. The conéentrationsof‘the sources were also

calculated, The concentrations in the bag house exhaust sample and

ambient air samples were 9 million and 1 million fibers per cubic foot

(3.2 x 105 and 3.5 x 10 fibers per liter), respectively, This represents

b N

_all particle size categories,

O
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Table "6

COUNTS OF ASBESTOS PARTICLES IN
SAMPLES COLLECTED AT ASBESTOS MILL

‘ Ambient
Bag House Exhaust Air
-Particle Size Grid 1 Grid 2 Grid 3 Grid 4 Grid 5 Grid 1
> 10 4 long
Aspect ratio >3 8 4 10 6 8 9 —
Aspect ratio <3 11 17 17 11 11 31 -
..
5-10 4 long
Aspect ratio >3 7 6 4 6 5 12
Aspect ratio <3 S5 6 10 10 11 - 15
2-5 U long .
Aspect ratio >3 4 5 5 = 4 5 12
Aspect ratio <3 6 9 5 5 6 7
0.5-2 4 1long
Aspect ratio >3 0 0 0 0 0 0
Aspect ratio <3 _ 1 0 1 1 6 1

The electron microscopic method of analysis for asbestos has a
major advantage over optical methods cﬁrrently being used in thaf it is
possible to positively identify fibrous asbestos material by direct
observation with the electron microscope., The fibrous tubes of
chrysotile asbestos can be clecarly seen, For absolute identification
electec diffraction should be used for each particle, With the optical
method, however, the fibrous tubes are not discernible and aspect
ratios must be used to determine whether a particle is fibrous. If an‘
obsérved particle has an aspect ratio greater than 3 (length/width) it
is considered asbestos. It can be seen in Table 6 that about half of ~
the asbestos particles counted have aspect ratios less than 3, , These
asbestos particles with aspect ratios less than 3 are bundles of . . -

asbestos fibers as can be seen in Figure 2, Thus, the optical method

of analysis of asbestos should give low results,

P 34
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A For standardization of the method, samples should be taken of an
atmosphery or a gas stream of known concentration, and then the amcunt
of asbestos collected and the volume of the sample taken checked
against the known source concentration, In some cases nonisokinetic
samples must be taken (such as from ore piles, tailings, dumps, and
roads), and the accuracy of this method of éampling asbestos should

be tested along with isokinetic sampling methods.

Sampling probes should présent the filter directly to the source,
avoiding nozzles that present an asbestos retention problem, If
the diameter of the nozzle is smaller than the area of the filter, it may

cause an uneven distribution of asbestos because of expansion just before

the filter,

B. Beryllium

Laboratory tests were conducted on the method of analysis selected

=

for beryllium, The method was tested in the 0-5 and 0-0.5 e Be/ml ranges
using standard and spiked samples, A standard consists of an aliquot of a

solution of known beryllium concentratien. A spiked sample consists
of a filter and impinger acid solutions to which an aliquot of a solution
of known beryllium concentration has been added. The results are shown

in Table 7.

Y

A standard curve was drawn and sample concentrations were determined.
We then éalculated the average relative deviation of these sample
concentrations (determined from the standard curve) from the true value.
This is defined as the accuracy of the analytical method. For the 0.5-5 uUg
Be/ml range,  the accuracy Wés + 6%. Below 0.5 Ug Be/ml, the Accuracy was
+ 20%. The 0.5-5 Ug Be/ml range corresponds to a source contaiping
0.03-0,30 pg/ft* (1-10 yg/m®) for a sample of 100 ft? (3 m®). The average
relatiyé deviation from the mean was calculated using the same values
obtained from the standard curve. - This is defined as$ the precision of
the analytical method. The precision of 0.5-5 ug Be/ml ranée was «+ 4%;

.

below 0.5 Ug Be/ml, it Was + 11%. -
42
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Table 7

Concentration Atomic Absorption Reading
(ug Be/ml) Standard Sample (Spiked) .
0,05 0,036 0,033
0.033 i
0.10 0,054 0.025
0,043
0.20 0,092 0,087
0.077 . |
0.50 0.260 0.218 | | i
0.219 0.211
0.169
0,227

Absorbance (Optical Density)

Standard Sample (Spiked)

0.5 0.050 0,051
* 0.058 0.054
0.043

10.047 .
1,0 0.099 0.094
0.097

2.0 ‘ 0.195 0.188 '

5.0 0.453 0.458

36
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+
The method of masking interferants with K was tested, A soclution with

2+ ) + '
5.0 g Be” /ml and 10,000 yg K /ml was prepared,

. .. ' 2+ 2+ 4+
Another solution was prepared containing 4,000 pg/ml each of Pb , Cd , Se ,

and Hg2+ as interferants, plus 10,000 Ug K+/m1 and 5,0 Ug Be2+/m1. These
cations were all added as sulfate, chloride, or nitrate, “salts, except for

Be2+, which was prepared from a commercial standard, of unknown anien content,
During the attempt to measure the beryllium concentration on the atomic absorp-
tion spectrophotometer, the aspirator clogged and no reliable readings were
obtained, Precipitates were noted in bo;h solutions, The precipitate in the K+
and Be2+ solution was probably KC10,, caused by not co;pletely evapecrat-

ing to dryness the HC10, and H,80, that were added to oxidize Be, 1In

the other solution, the precipitate was either KClO4 or PbSOQ'or a com=
bination of the two. This phase of the beryllium method éhould he

retested,

Field sampling for beryllium was conducted at a beryllium machining
facility. One sample was taken from each of two locations atop the
roof of the building containing a beryllium machine shop. Sampling data

and calculations are presented in Section F of this repdrt.

The first sample was' taken froam a stack that exhatsts inte
the atmosphere, The stack and the system it is part of is shown in
Figure 3, This stack meets the EPA criteria for a suitable site, 115
The stack was traversed along one diameter only, since the diameter at
90° would have created a problem of{;upporting the impingér box and

probe, Two traversing points were used,

A hexane trap in an acetone/dry ice bath was used in place of the
silica gel trap described in the SRI Method of Analysis #Z‘in Appendix
2. There has been some e?idence of the existence of volatile beryllium
compounds, and this trap was used to verify that all the beryllium was

caught in the filter and impingers, 1€
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Since little beryllium was found in the first sampling location, another
location was tried that was expected to have more beryllium., This second

sampling site is shown in Figure 4,

The second.sample (Be #2) was collected with the conventional
sampling train described in SRI Method of Analysis #2. The hexane
impinger was not used because of ice clogging problems experienced
with it in Be #1, No traversing of the duct was performed.because the
positive préssure in the duct would have presented a health hazard to the

personnel moving the probe, The nozzle was placed in the center of the

RENN

duct., The sampling port could not be easily placed at a point that
would meet the EPA criteria of sample port location,!® so the location

in Figure 4 was chosen,

The amounts of Be collected at both locations were less than 1 yg,

as shown in Table 8.

Table 8

MEASUREMENTS OF BERYLLIUM FIELD SAMPLES

Total Be Sampling
Sample Collected (ug) Time (hr)
Be #1 0.18 3
b (minus hexane)
impinger
Be #1 0 3
(hexane impinger)
Be #2 0.22 4

[P

O
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The concentration of the solutions prepared from the samples taken

(Qb.OZ “g/ml for both nonhexane samples) were below the lowest standard

40
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(0.05 ug/ml)., However, this concentration of Be is measurable since
it is an order of magnitude above the detection limit of the atomic

absorbtion spectrophotometer (0:002 pg/ml) .

Although no beryllium was detected in the hexane impinger of Be #1,

this does not conclusively demonstrate the efficiency of the filter and acid

-~ impingers because the levels of beryllium were so low. No attempt was

made to évaluate the efficieney of individual parts of the sampling

train because of the small amounts of beryllium collected.

More detailed data on the two samples described above, along with the
A ‘
calculations used to arrive at the figures presented, can be found in

Section IV F,

cC. Lead and Cadmium

Since these two pollutants were field tested at the same site they

will be discussed together, following the laboratory test results,

During laboratory tests on lead it was found that the absorbgncesﬂ"

of the standards (an aliquot of known beryllium concentration) and the
spiked samples (a filter, acid impinger solutions, and a known amount of
beryllium) had different slopes when plotted on a graph. The data

obtained‘is presented in the following tabulation,

Concentration Absorbance
~ (4g Pb/ml Standards Samples (Spiked)
1 0.005 -
5 0.027 -
6 - '@W0.0377
10 0.058 - .
20 - 0,093
30 0,174 -
50 0.284 0.190 |
41
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The slope of the standards curve is calculated to be 0,0057 optical density
units/ug Pb/ml., The data for the spiked samples yields a slope of 0,0038
optical density units/ug Pb/ml. The EPA project officer suggested that these

differences between standards and spiked filter samples might be caused by

matrix effects resulting from different nitric acid concentrations,

A second test of this method was conducted. 1In this test, standards
and spiked filter samples were prepared using the same procedure for both
so that they contained the same concentration of nitric acid, The results

of that test are shown below,

Concentration Absorbance
(ug Pb/ml) Standards  Samples (Spiked)
5 0,033 0.030
10 0,065 -
15 0,097 0.095
20 0.125 -

The data from these standards and spiked samples correlate well. The analytical-
method was appropriately changed so that standards and samples are pre-

pared in a similar manner, "

The opportunity to use the lead analytical method for the analysis
of several urban air samples arose during this reporting period., Al-
though this method was not specifically designed for this type of sample,.
the project team felt that it could be successfully applied, The Atmos-
pheric Sciences Laboratory at SRI provided the samples and funds for this

analysis, “

The samples were collected on glass fiber filters similar to those
used to collect particulate in most of the methods in this project, The
filters were analyzed by means of the analytical method developed for
lead, except that no impinger solutions were used. The filters were low-
?emperature ashed and thén extracted with dilute nitric acidl The éktract
was concentrated, diluted to the mark in a 10-ml volumetric flask,

and then analyzed,
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Both normal and scale expanded atomic absorption measurements were
used to analyze the samples. The data obtained are presented in Table 9,
[
The correlation between the amount of particulate on the five filters

with the heaviest particulate accumulation and the amount of lead detected

was noted,

In the analytical method for cadmium it was noted that the concen-
trations of the standards were low by a factor of ten., Appropriate

changes were made in the procedure to correct the concentrations,

The volume of solution into which the sample is taken for, analysis
by atomic absorption spectroscopy was increased from 5 ml to 10 ml

so that more than one analysis could be made of the sample, if necessary.

After these changes were made, the analytical method was laboratory

tested, The results are presented below,

Concentration Absorbance
(ug cd/ml) - Standard  Sample (Spiked)
0.5 " 0.044 0.046
1.0 0.083 - 0,083
1.5 0.116 -
2.0 0.152 0.150

The field tests for lead and cadmium were conducted at a municipal

[~' - - L

incinerator in Dade County, Florida. The sampling location, as shown in
Figure 5, was near the exit of the stack used to emit combustion products
to the atmosphere.

Four samples were taken: two 2-hour samples and two 4-hour samples,.

Only half the diameter was traversed since only a 1.5;$e§ér.probg was
available, Six traverse points wére located on a diamefer. The ports
facing south and east were sampled during Pb—gd #1, During the

rest of the sampling (Pb-Cd #é-4)yonly the south port was sampled.
Access was limited to other ports because another sampling team was on

the stack. Sampling data and calculations are presented in Section F of

this report. ' .

8350
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Table 9 3

LABORATORY MEASUREMENTS OF LEAD SAMPLES

Percent Concentration Weight of
Absorption  Absorbance  (ug Pb/ml) of g Pb in  Particulate
Sample . (x 5) (0.p.) 1/2 filter =  Whole on Filter
in 10 ml Filter¥ (ug)

Water blank 0.000

1,0 yg Pb/ml standard 0.056

. 2.5 g Pb/ml standard 0,132

5.0 g Pb/ml standard 0.268

1A 0.031 ,

1B 0.012 0.58 10.6 1198

2B 0.061 0.22 | 4.4 1463

1D 0.152 1.14 ‘ 22.8 1500

2C 0.253 2,83 56.6 3973

2D 0.049 4.71 94,2 4068

2E 0.030 0.91 18.2 886

2F (blank filter) '0.009 0.56 11.2 413
Water blank 0,002 s

5.0 (g Pb/ml standard 0.024
10.0 yg Pb/ml standard 0.046

15.0 pg Pb/ml standard . 0.067
20.0 ug Pb/ml standard ® 0,090 7.3 146 5599

2A 0.034 9.1 182 8041

1C 0.042

- ©
\
Qo ¥0Obtained by multiplying previous column by 20,
FRIC
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The sampling train was divided into four components: (1) the probe
and cyclone; (2) the filter; (3) the first impinger; and (4) the second
and third impingers. Each component was analyzed for both lead and cadmium.

The results of these analyses are‘prééented in Table 10,

Table 10

MEASUREMENTS OF LEAD AND CADMIUM FIELD SAMPLES

Sampling Train Component

Probe and 1st Impinger 2nd & 3rd
Sample Cyclone (ug) Filter (ug)* . (ug) Impingers (ug)
Pb #1 2145 1709 51 0
Pb #2 1525 2629 o 1 o 2
Pb #3 1405 3499 : 37 - ' 6
Pb #4 2545 1419 | 5 7
cd #1 59 59 . 9 0
Cd #2 52 59 0 0
cd #3 90 137 1 "1
cd #4 90 120 0 ' 0

In all cases, except for in Cd #1, 99% or more of the lead or cadmium
collected was found in the probe, cyclone, and filter. ,Thié indicates that
vthe lead and cadmium wefe.in a particulafe:form and that hé significant
volatile lead or cadmium compounds were presént; If one were certain
that the lead or cadmium in a source of interest is in particulate\sﬂmm
form, this analytical method could be used wi{hout the acid impingers,

No correlations can bé made betweeﬁ the amounfs of lead-and cadmium found

in the four samples, since the conditions under which the incineration

took place may have changed from sample to sample and the amount of lead and

\
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cadmium in the garbage may also have varied. -

Some contribution to the amounts of lead and cadmium found may have come
from the refractory material on {he inside wall of fhe stécﬁ.” A portion
of this material was analyzed and was found to contaiﬁ about 3 ug Pb/mg
of refractory material and 0.1 Ug Cd/mg of refractory.material, This lead
and cé@mium may be from the refractory itself, or it may be due to contami-

nation,

The methods of analysis for lead and cadmium seem to have worked
well, and more than enough lead and cadmium were collected from this
particular source to be analyzed, The solutions made up from the

material collected in the probe and cyclone and that collected on’the

‘filter had to be diluted tenfold for analysis, The accuracy and

precision of the analytical method for 1eadJin the 5-20 pg/ml-range were
calculated to be'iB% and +2%, respectively, and below 5§ pg/ml,,ié% and *3%,
respectively, The 5-20 g Pb/ml range corresponds to 0\6-2 pg/ft3 (20—70
pg/m®) for a 100 £t* (3 m®) sample. The accuracy and precision of the
analytical method for cadmium are iB% and iS%, respectively, for the 0.5

to 2,0 ug/ml range and +4% and +3%, respectively, for concentrations below

S,

0.5 ug/ml., Not enough data were collectcd to detétminé the accuracy or

.Precision of the total method including sampling, The 0,5 to 2 pg/ml range

" corresponds to a 100 ft3 (3 m®) sample taken from an emission source containing

0.05 to 0.2 yg/ft® (2 to 7 ug/m®).
\

D, . Selenium

Several problems were encountered in laboratory tests of the selenium
analytical method. It was found that the wavelength at which the absorb-
ance of 4,5-benzopiazselenol (the reaction product of 2,3-diaminonaphtha-
lene and Se (IV)) is to be measured was reported incorrecfly in the
literature at 390 nm. The absorbance maximum was experimentally found to be

at 380 nm, This can be seen in Table 11,

i




Table 11

ABSORBANCE SPECTRUM OF A SOLUTION.OF
4,5-BENZOPIAZSELENOL IN TOLUENE%

Wavelength Optical
gnmg Density
370 0.65
375 0.57
380 1.10
385 G.51
390 . 0,12

395 0.04

An interference filter was used to check the accuracy of the spectro-
photometer, A filter with a maximum transmission at 381.4 nm gave a

maximum transmission at 382.,2 nm on the spectrophotometer,

Measurements of standard and spiked filter samples were made

at 380 nm and are presented in Table 12,

Table 12

|
LABORATORY MEASUREMENTS OF SELENIUM

Concentration Absorbances
(g Se/50 ml toluene) Standard Sample

10 0.15 -

20 - - 0.19 -
50 0.29 - ,

100 0.4¢ 0.64 *
150 0.83 0.91

200 - 1.10 -
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The accuracy and precision calculated for the analytical method alone. are
+14% and 9%, respectively, for 20-200 yg Se/50 ml toluene. The 20-200 ug
Se/ml toluene range corresponds to sampling 100 £t? (3 m®) of an

emission source with a concentration in its stack gases of 0,2-2 ug/ft3

(7-70 ug/m®) .

- No f{éid sampling of the method of analysis for selenium waes conducted
because of a change in the scope of work, which no longer required field

testing for selenium,

E. Mercury

Much of the method of analysis for mercury in Appendix 2 was newly
formulated during this study. The laboratory and field tésting was
performed in Phase I in support of this Hevelopment. It was therefore

discussed earlier in Section III F of this report.’

The collection system, including the BaO, scrubber, has been
proved in use for small samples., Development of a BaO2 scrubber that will
handle larger samples containing S, is needed. Also, testing of the

collection system with the pyrolysis tube is needed.

The analytical method was tested successfully and has an -accuracy
of £3% where the total amount of collected mercury is in the range of
45-665 ng. This accuracy is based on the analysis of Hg standards,

Insufficient daEa were collected to establish the precision., .Analytical

method or the accuracy and precision of the total method including sampling.

-

. F. - Data and Calculations for Lead, Cadmium, and Beryllium Field Saniples

The sampling data obtained for lead, cadmium, and beryllium are given
in Table 13. This is followed by an explanation of the isokinetic sampling
calculations used to derive these data andAthe definitions of the terams

used in the calculations.,
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Table 13

LEAD, CADMIUM, AND BERYLLIUM SAMPLING DATA

..Pb-Cd No., 1 Pb-Cd No, 2 Pb-Cd No, 3 Pb-~Cd No, 4 Be No, 1 Be No, 2
6/11/73 6/12/73 6/13/73 6/14/73 9/19/73 9/21/73
AH 0.95 1.11 0.99 1,00 3.6 2.6
Tu OF 86.6 00,4 93.8 ’ 102 105 110
.
Tm °R 546,86 550, 4 553.8 562 565 570
Pb 30.00 30,05 30.26 30,28 30.05 30.20',
vin. 64.252 66.397 - 130,22 132,977 179, 643 208,982
Vin 62,562 64,334 126,24 127,209 70,96 197,28
std . .
vw . 231.7 . 253,2 396.8 ' 474,5 25 49,6
ngas 10,983 12.002 18,808 22,491 1,185 2,35
%M 14,93 d 15.722 12,967 15.024 0.69 51,18
Md ’ 0,851 0,843 0,870 0,850 0.99 0.99 '
% co, 7 3 3 ‘ 3 3 0 o -
%0, a7 17 17 17 20 20 . ;
% co 0 0 0 0 o 0 ’
VWd 29,16 29.16. 29.16 . 29,16 28.8 28.8 . ’
MW 27.50 27,41 27,71 27,48 2.7 28, 7%
- Ts °R 860 860 860 860 542 545
Cp - 0.85 0.85. 0.85 0.85 0.85 0.85
Ps 30.n0 30,05 30.26 30,28 30.08 30.70
\£ 2675 3041 2836 2941 3025 2545
oy AN
Qs 99744 112, 460 109,007 . 110,502 3147 3733 .
*Y 189,607 215,520 201,016 208,429 3233 * 3779 gt
Tt 120 120 | 240 240 180 240
Dn 0.25 0.25 0.25 0.25 '0.25 0.25
¢ 3 S 108.4 98.8 100.0 99.4 94.4 95.6 N
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ISOKINETIC SAMPLING CALCULATIONS

1. Volume of dry gas sampled at standard conditions, DSCF

P
. 17.7xV_ (P + m
v n (Pp 0l
m = 13.6
std
(Tm + 460)

2. Volume of water vapor at standard conditions, SCF

v ‘ :
w = 0,0474 x V - ..
gas w

3. Percent moisture in stack gas

100 x V
w
%M = gas
\) + Vv
w

~ m
std gas

4, Mole fraction of dry gas

M = 100 - % M
d 10 -2 4

100

5. Molecular weight of dry stack gas

r
MW, = (%C0, x I%%) + (%0, x I%%) + lf%CO + 9N,) x I%%]

6. Molecular weight of wet stack gas

. ) 7. Stack gas velocity at stack conditions, fpm

- MW =MW, x M 4+ 18 (1 - M)
d d ' d .
|

1/2 .
V =5128.8 x C x ' .
s p —VZP x (T .+ 400) P x MW
. S S

- S




10.

Stack gas volumetric flow rate at standard conditions, DSCFM

0,123 x V xA xM xP
s S d s

9= (T + 400)
S

Stack gas volumetric flow rate at stack conditions, ACFM

0.05645 x @ (T + 480)
S S

Q = “
a P x M
S d

rPercent isokinetic

1032 x (T + 460) xV
s m

% I- std
"V XT_xP xM_x (D)%
s t S d n

oY




Symbol

L-

fn’:lm

in

s
3 3

out
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DEFINITION OF TERMS

Unit

ih, H,0
in, H,0
op

op

number of
sets of data

OF‘

OR ’
in, Hg
cu ft

cu ft

ml

ft3

%

dimensionless

“Q

dimensionless

dimensionless
op

in, H,0
dimensionless
in, Hg

ft/min

Description

Orifice meter differential pressure
Average orifice meter differential
Temperature, gas meter, inlet

Temperature, gas meter, outlet

Average gas meter temp., (°F)
Average gas meter temp,, "R’

Barometric pressure, absolute
Volume gas sampled at the meter

Volume gas sampled, STP

Volume of water collected, total

Volume of water converted to gas at STP

% moisture by'volume stack gas

Mole fraction, dry gas

% CO, stack gas, dry basis, by volume
% 0, stack gas, dry basis, by volume

%‘CO + % N, gas, dry basis, by volume
% (o]0) gas, dry pasis, by volume
Molecular weight, dry stack gas .

Molecular weight, actual stack gas

Stack temperature

Pitot ‘tube differential pressure
Pitot tube coefficient

Stack pressufe, absoluteA

Stack gas velocity




Symbol

From

inches
oF

oF

oc

£t3

£t/min

DEFINITION OF TERMS

Unit Description
in,? Area of stack at sampling point
OR Average stack temperature, °R
ft3/min Stack gas flow rate, STPD, DSCFM )
ft?/min Stack gas tlow rate, stack cond, o
minutes ~Time of test
" -inches Diameter of probe tip
% % Isokinetic
o CONVERSION TABLE
To Operation
millimeters , 25.4 (inches)
oc 5/9 (°F - 32)
°R . °F + 460
°K °C + 273
liters ) 28.3 (f£t3)

cm/ssc ' 0.508 (ft/min)
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Appendix 1

BACKGROUND INFORMATION

'Entroduction

" Although the objective of Phase I of the study was to evaluate and
select methods of analysis for the polluntants under.copsiderafion, infor-
mation on the toxic effects of these pollutants was also gathered. This
material was not gireétly used in the selection of methods of analysis,

but is presented here as general background information,

Asbestos

Since the background information concerning the toxic effects of
asbestos was necessarily used in the explanation of selecting a method,

it will not be repeated here, Refer to Section ITIA of this report,

" Beryllium -

+

Accprding to Wh;te_and Burke,! beryllium compounds have relativgly
recently.beéome known as hazardous industrial materials and are now con-
sidered to be among the most hazardous and toxic of the nonradioactive
substances being used ih'indusfry fodéy. Before 1943 the diseases caused
by these compounds were attributed to some other‘agent, usually fluorides,
Althoughlsvérwhelming evidence for the toxicity of beryllium compounds
was accumulated, the toxicologists were reluctant to accept it because
they found the data confusing, In 1948 the U,S, Atomic Energy Commission

ﬁngllium Advisory Board finally took measures to reduce atmospheric




contamination by fecommending the following standards as safe exposure

over an. 8-hour day,

e The concentration should not exceed 25 ug/m3 for any period,

levels
° The in-plant atmosphere should not exceed 2 yg/m3 averaged
regardless of iength of duration,
™ The atmosphere 'in the area surrounding the plant should not
exceed 0,01 y/m®,
This action caused many industrial plants to build in the necessary
safety equipment, while others such as the fluorescent lamp industry

diécontinued the use of beryllium compounds by general agreement,

Although beryllium is not dangerous in a solid form, it is danger-
ous in the form of finely divided particles, i,e,, as a powder, vapor,
or solution, Thus machining transforms a harmless bar of metal into a
toxic material.‘ Beryllium compounds that are appr?ciably soluble, such
as beryllium nitrate, sulfate, fluoride, bromide, and chloride, are par-
ticularly active, The temperature at which the beryllium compound is
calcined is closely related to the toxic effect. Oxides produced at
high temperatures have a larger crys}allite size, lower specific sur- . . e e

face, and lower toxicity than oxides produced..at low temperatures,?
Thus the effects of beryllium poisoning are related to both the chemical

nature and the physical characteristics of the beryllium compound,

The extraordinary toxicity of beryllium is illustrated by the occur-
rence of berylliosis among residents in the vicinity of plants in which
beryllium is processed., In one area, 16 cases, including 5 fatalities,
occurred within three-fourths of a mile of a plant producing beryllium
from the ore,® An analysis of the atmosphere in this area showed concen- g
trations of beryllium to be less than 1 yg/m®; concentrations in 30 other

areas (900 samples) were fecund to be 0,0001 to 0,0003 peg/m®, It is to be

noted that although lead, arsenic, and mercury pollution have a large
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capacity for causing disease or death among workers, no cases of com-

munity poisuning are known.

More complete discussions of the toxic effects of beryllium are

provided by White and Burke!~® and Gafafer,!

Lead

o

Most kqéwledge of lead inhalation toxicity comes from industrial ex-
perience where the atmospheric TLV for exposed workers recommended by the
American Conference of Government Industrial Hygienists is 200 pg/m3,%:®
This value is .more than 100 times the éverage ambient concentration in
the Uni ted Stateé. Inorganic lead at the highest airborne concentrations

has not been reported as a cause of acute lead reactions, Nevertheless,

, the effects of lead on man in the region of concentrations less than the

TLV value have been investigated by Tepper and Pfitzer at the Kettering
AY .
Laboratory.” Their preliminary studies show no effects at or below a

level of 10 yg/m® of lead in air.

Aftér reviewing the material covered in the Air Quality Monographs?®
and elsewhere, the American Industrial Hygiene Association in 1969 rec-
ommended an ambient air quality value for lead of 10 yg/m3 average over
a period of 30 days. This value is only a recommendation, since the

effects of lead at lower concentrations are not fully understood,

The toxicity of lead has been reviewed thoroughly by Haley.® The
reader is referred to this publication for more information on this

subject,

Cadmium

Cadmium i's econsidered to be a toxic material,” There is somé evi-
dence, inconclusive however, that cadmium in concentrations found in the

atmosphere is related to cardiovascular disease and cancer,!? -
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The use of cadmium materials has increased steadily since 1900, It
\is now being used extensively in some 35 industries, including those mak-
ing solders, batteries, alloys, glass, paints, pigments, ceramics, dental
amalgams, electric instruments, and vapor lamps. These uses are in addi-

tion to the 1arge use of the material for electroplating, textile printing,

welding, and zine refining,

Cadmium pollution occurs in the air, which then pollutes the water
and soil., Plants grown in areas in which the amounts of cadmium have

been increased in the atmosphere contain greater quantities of cadmium

than plants grown outside polluted areas,?!?

Respiration of cadmium in the air and ingestion of foodstuffs con-
taining cadmium are the’ primary ways humans obiain this material;
Athanassiadis'® has discussed the toxicological effects of cadmium and I

should be referred to for more detail on this subject.

Selenium

Stahl in his review on selenium?!?3 reported very little information
on human health risks, It is clear, however, that selenium is a hazard-

ous material and that human exposure must be kept to a minimum. Stahl

O
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stated that less than one month of exposure to 800 pg/m3 of hydrogen

selenide has been known \to cause Symptoms of poisoning. The American

"Conference of Governmental Industrial Hygienists (ACGIH) set the TLV

for occupatlonal exposure during 40-hour weeks with 8-hour days at 200 ug/m
for all selenium compounds except selenium hexafluoride, which was set

at 400 ug/m

Mercury

A great deal has been written about the chronic and acute tox101ty

of mercury and its compovnds Much of thls work was summarléed by Stahl. 15

-

.
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The ACGIH'® has adopted the TLV of 100 gg/m® of mercury vapor and in

compounds of mercury for an 8-hour work day, There is considerable

tevideqce that this TLV of 100 ug/ms.may be too high, and it probably

should be lowered to 50 ug/m® for an 8-hour day.'® A TLV of 10 ug/m

for.a 24-hour day has been suggested, A TLV of 100 ug/m3 seems

unrealistically high since air &t 75°F saturated with mercury vapor

would contain only 18 ug/m3 according to Stahl,

Sumﬁary of Health Risks

A summary of the health risks entailed in exposure to asbestos
and the metals included in this study is given below, These results
used in determining the sensitivities needed in the analytical proce

selected for these materials,

Level Considered Safe

Pollutant for Human Exposure®

Asbestos (1967) TLV - 5 x 10° particles/ft® (1.8 x 10°
Lead (1967) TLV - 200 pg/m®

Cadmium (1971) TLV - 83 ug/m® for particulates ’

166 ug/m® for dust

Selenium (1967) TLV - 200 pug/m® )
Mercury (1967) TLV - 100 pg/m®
%

Recommended TLV, American Conference of Govern-
mental Industrial Hygienists- (1959, 1967, 1971).

organic

3

were

dures

particles’/
m3)
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Appendix 2

MANUAL METHODS FOR MEASURING ASBESTOS, BERYLLIUM, LEAD, .
CADMIUM, SELENIUM, AND MERCURY IN SAMPLES COLLECTED
FROM STATIONARY SOURCE EMISSIONS

Introduction

- A

The methods selected for analysis of asbestos, beryllium, lead,

cadmium, selenium, and mercury present in the gas streams. of stationary
sources are presented in detail in this appendix, These methods were
laboratory and field tested, except for selenium, which was tested

y o

only in the laboratory.

These methods are intenéed to be used for the analysis of sampies
collected from gas streams in stationary sources, Because of ;he wide
variation in conditions that may be encountered in the field, detailed
sampling procedures  are not given, It is left to the user of these me th-
ods to suppiy‘an appropriate sample. In general, except for asbestos,
the sa@e.sampling apparatus may be useq for sample ;ollection; The
actual sampling trafn must be adapted to the conditions encountered

at oach site. and. for. the salutions.tequirved in. the impingers, Some de-

tails relating to sampling are provided along with each procedure for

analysis,

\
The basic sampling device is an EPA-recommended apparatus consisting

of a probe, filter, impingers, meter bok, and vacuum pump. The system

is described in EPA publication APTD 0581 and is shown in Figure 2-1,
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FIGURE 2-1 SAMPLING TRAIN

Definitions
.Range

The range of the method of analysis is the concentrations of the
maferial of interest in a specified.volume of emissions from the souréé -
that~will~result in a sample that falls within the. operational limits
of the method of analysis if a specified volume of emissioné is taken,
For example, the rgngé of selenium is 0.02-2 pug/ft® (0,.7-70 ug?m3) for
a 100 £t (3 m®) sample. If a 100 £t® (3 m®) sample is taken in this
concentration range, . the poncenfration of the solution prepared using

this method of analysis will fall int> the range of 2-200 ug Se/50 ml

toluene, which is the range that this method of énalysis is capable

e B . P P Lo

A . - e e .

of analyzing.
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Sensitivity Co S

Ihe sensitivity of the atomic absorption methods is the concentra-
tion of the source emissions that will result in 1% absorption when put
into solution and analyzed, and is based in turn on the sensitivity of
the atomic absorption instrument. The sensitivity of the selenium method
is the sﬁallest concentration of selenium in the source emission that can
be deteéted‘when dissolved and analyzed with a signal twice that of the
background noise of the colorimeter, nIn the asbestos method the sensi-
tivity is the smallest concentration of the asbestos fibers in the source
emission that can be detected when collected and prepared for counting by

electron microscopy.
_Accuracy

The accuracy of the method is the degree to which the actual concen-

tration in the collected sample can be determined., It is stated in terms

of percentage of the actual concentration and is based on laboratory

analysis of standards and not on source samples.

Precision .

The orecision of the method is a measure of the reproducibility of
the analytical portion of method. It is stated in terms of -the average
percentage variation among the observed values.

Units

The units used throughout the procedures were made as uniform as
possible, All concentrations in the gas phase aie expressed in terms of
cubic feet, with approximate equivalent values in cubic meters given in
pafentheses. These valﬁes_have'been rounded for convenience; 35,3 cubic

feet equal 1 cubic meter, Concentrations of materials in solutions are

generally given in micrograms per milliliter,




SRI Methods of Analysis

Asbestos Source EmissionvMeasurements SRI MA #1

ELECTRON MICROSCOPIC METHOD FCR MEASURING ASBESTOS

IN STATIONARY SOURCE EMISSIONS

1. Principles and Applicability”

1.1 .Principleé
Asbestos fibers emitted.from stationary sources are
collected on a Nuclepordg’ filter, The collected material is then
transferred to an electron microscope érid. Electron miCrographsAare
prepared, and fhe asbestos fibers are identified, sized, and counted by

visual observation,

1,2 Applicability

This method is useful for measuring asbestos emitted from
stationary sources in which at leas. 10% of the collected material is
'gﬁfféafiie“aébéskas,‘.Sincé éhé”ﬁethéd‘redu&fééyjﬁdgmeﬁt‘in identif&ihé:v
asbestos fibefs, amphibole type asbestos may be difficult to distinguish
from glass or other types of fibers. The method is useful for asbestos
particles varying'from 0,01 to 5 microns in diameter and 0.1 to 10 mi-

crons in length,
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2. Range and Sensitivity ; -
2.1 Range
This method is useful for the determination of asbestos
particles éollected on Nuclepore filters in the concentration range
of 6300 to 6,300,000 fibers per cubic foot (2.2 x 10° to 2.2 x 108
fibers per cubic meter »r 200,000 fo 2,000,000 fibers per square centi-

meter of filter) using 1 to 100 f£t3 (0.03 to 3 m3) samples.

2.2 Sensitivity
The method is designed to detect 6300 ashestos particles per
iv cubic foot (2.2 x 10%° fibers per cubic méter) of gas stream sampled

when taking a 100 £t® (3 m®) samplec.

A2.1
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CNSCN

- 3. Interferences

3.1 Inorgahiic Fibers

"

oo Inorganic fibers with dimensions similar to those of asbestos
fibers are potential interfering materials. These include glass, ceramic,
metal, and man-made:. fibers., Chrysotile fibers can be distinguished

] .

from these interfering materials by careful observation of their morphology.

3.2 Organic Fibers

Organic fibers, such as wood, wool, cotton, and synthetics,
may cause some confusion in the interpretation of photographs. These
fibers could be eliminated, if present in sufficient numbers‘to cause a
seviov: interference, by low temperature oxidation of the Nuclepore® fil-
ter, followed by collection of the noncombustibles on a’ second Nuclepore®

filter from a water suspension.

3.3 Nonfibrous Matter

o . Nonfibrous matter, if present in excess of 90% of the col-

lected material, may make accurate chrysotile fiber counting impossible.

e
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4, Accuracy, Precision, and Stability

4.1 Accuracy - =

The accuracy of the method is dependent on the subjective
evaluation ol the‘person who does the particle counting.‘ The counting
error [or an cxperienced particle counter should. be < %+ 10%. The major

errors in the method are related to particle counting.

4,2 Precision
A precision of iS% of the particles counted should be easily

'obtained.

4.3 Stability
None of the steps of the procedure is subject to great vari-

-

ations becausc of instability.
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5., Apparatus
5,1 Sampling

Any apparatus having a suitable holder.for a membrane filter ~
and a pump regulated to draw the gas through the filter at the prescribed
rat?’may be used, A sampling rate of approximately 0,1 to 0.5 fts/min‘
(0.003 to 0.015 m®/min) is suitable for a dust concentration of 6300
to 6,300,000 fibe?é/ft3 (2.2 x 10% to 2.2 x 108 fibers/m®) with a
25-mm-diameter filter, assuming a 20-mm-diameter exposed area.
Nucleopord filters, Designation Number 80 CRP 025 00 (0.8 u), or

equivalent, may be used.

5.2 Sample Treatment

5.2.1 For samples free of interfering matter, a punch, such
as a cork borer that will cleanly cut a 3-mm—~diameter circle fme a mem-
brane filter, may be used to prepare a portion of the collected material
fpr electron microscopy. A means for transferring the collected material
to an electron microscope grid is also required. The apparatus shown in
Figure 4 of a paper by Frank et al.! is suitable for this purpose. It

consists of a flat container, such as a petri dish, containing a thin

layer of solvent and a wick for transmitting the solvent to the sample.

5.2.2 Yor samples contaminated with organic matter,” the
apparatus under 5.2.1 is required, as well as an apparatus for low tem-
perature combustion of the organic matter without changing the morphology

of the asbestos particles.

5.3 Analysis

An electron microscope capable of giving gocd resolution at

1000X on a 2 in. X 2 in. (5 cm x 5 cm)'ﬂégative is required. An additional

O
E l(j magnification in preparing a photographic print is necessary.
. |
P coc I . fg()
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6. Reagents and Supplies

6.1

6.4

Reagents for Sampling

None,

Reagents for Sample Preparation

Chloroform (Mallinckrodt Analyzed Reagent),
Chromium chips (99.9% pure, Ernest F, Fullam, Inc.).
Silicon monoxide (Ernest F, Fullam, Inc,).

~

Reagents for Electron Microscopy

None,

Supplies
Photographic negatives and printing paper.

Nucleboréifilters, Designation Number 80 CRP 025 00,

Standards

Standard reference samples of asbestos from the International

Union Against Cancer (UICC),

8o
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7. Procedures ; B
7.1 Sampling
The gas stream being sampled is drawn through a Nucleopore®
- filter (0.8 ) at a sﬁitable rate for the desired period of time.,
Appropriate sampliﬁg times are given below for various asbestos concen- -

trations in the gas stream in stationary sources:

Asbestos Concentration Sampling Time Sampling Rate.
(10,000 fibers/ft3) * (min) (£t3/min) ¥
0.63-6,3 200 0.5
6.3-63 20 0.5
63-630 10 0.1

*m3 = 35,3 £t?
The sampling times for a given site must be based on expefieﬁce or at
least an;éducated guess about the expeéted fiber concentration, These
sampling times were chosen to give ideal fiber densities on the eiectron
micrograpﬁs at 1000X magnification., Thes: micrographs, Wﬁich are 2 in, X
2 in. (5 em x 5 cm), are then photographically enlarged to give pictures

that are 2000X,

7.2 Sample Preparation

Silicon monoxide is evaporatéd at a 90- degree angle on top
of the asbestos particles in the Nuclepor®filter as described by Frank
et al,' to a thickness of approximately 1000 X. To apply the silicon
monbxide, a tungsten basket containing approximately 15 mg of silicon
monoxide is placed 10 cm above the filter, and the current through if
.is maintained at 10 amperes for 45 secqnds and at 15 to 18 ampéres for ap-
proximately 90 seconds., The resulting silicon monoxide film should be
deep yellow, Following deposition of the silicon monoxide, a-very light
film of chromiqm,is deposited on top of it from an angle of.iS degrees,
The purpose of the chromium layer is mainly for additional strength. The

Q resulting shadows give a third dimension in the electron micrographs,
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Several 3-mm circles are cut from the filter with a punch,
The Nuclepore”filter is then.dissol?ed with chloroform by the method of
Frank et al.,, as modified by Murchio.? 1In this method a block of poly-
urethane foam 5—$m thick and 10-mm square is placed in a petfi dish,
Chloroform is poured info the petri dish to a 1evei just below the top
of the polyurethane block, .A ZOO;mesh electrolytic copper on nickel
grid is placed on the polyurethane, the sample is carefully placed on
the grid with the sample side down, and the cover is placed on the petri
dish. After approximately one hour, the grid is carefully moved to a
new location on the polyufethane.\ Complete dic¢solution of the NucleporéQ
filter may require as long as four_hours. Even then, a slight residue ;,

may remain,

\ |
| A - |
. . ‘
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7.3 Elcctron Microscopy

Micrographs of 25 to 50 typical fields are taken on 2 in, X
2 in. (5 cm x 5 cm) negatives at 1000X magnification, Positive prints
gf approximately 4 in, X 4 in, (10 cm x 10 cm) are made from the

" ‘ﬁééﬁtives, giving a total magnification of 2000X,

- - 7.4¢mfﬁg§géﬁé Identification, Counting, and Sizing

A trained observér can recognize electron photomicrographs
ol cﬁrysotile asbestos fibers from their morphology.3 Asbestos fibers
are counted in five categories according fo length: > 10y, 5 to 10y,
2 to 5y, 0.5 to 2y, and < 0.5y, This count is performed for a minimum
of 25 fields. For good statistics at least 100 particles in a given

size category should be counted.

A7.3
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8. Standards and Calibration

8.1 Standards

Standard reference samples of asbestos are available from

" the International Union Against Cancer (UICC),%*

8.2 Calibration
Electron phdétomicrographs of standard reference samples of
asbesfos of the type to be monitored should be used for comparison in
interpreting photomicrographs of unknown samples. The determination of
particle length can be calculated from electron microscope settings,
photographic printiﬁg magnification, and observed }engths of fibers in

the photographic prints, 2
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9, Calculations

9.1 Particle Counting

The number of particles, n , in each size category for the
b4
total number of fields counted is recorded, The filter area, a, repre-
sented by the total number of fields counted is recorded. The particle

density on the filter is given by hn /a for each particle size category..
X

9.2 Particle Concentration

The asbestos fiber concentration in gas streams in stationary

sources, C, is expressed in-particles per cubic meter, It is given by
N n /a)A
. (n, /)
B \4

wnere nx/a is the particle density on the filter, A is the total exposed

area of the filter, and V is the volumé of gas (cubic meters) sampled.. .

St Ao TR TYRGS S

l 91
EMC A9,1 .

Aruitoxt provided by Eic: N




SRI MA #1

10. Relerences

1.

E. R. Frank, K. R. Spurny, D. C. Sheesley, and J. P. Lodge,
Jr., Microscopie 9, 735 (1970).

Private communication: J. Murchio, University of California
at Berkeley.

P. Gross, R. T, deTreville, and Mn, N, Haller, Arch. Environ,
Health, 20, 571 (1970).

V. Timbrell, J, C, Gilson, and I. Webster, Int, J, Cancer, 3,
406 (1968).




O

ERIC

Aruitoxt provided by Eic:

SRI Method of Analysis

Beryllium Source Emission Measurements SRI MA #2

ATOMIC ABSORPTION METHOD FOR
MEASURING BERYLLIUM STATIONARY SOURCE EMISSIONS

1. Principles and Applicability

1.1 Principles
Beryllium emissions ‘From stationary sources contaihing
particulates, dust, fumes, and volatile iﬁorganic beryllium compounds are
collected through a probeAOnto a membrane filter and in liquid filled
impingers. Beryllium deposits in the probe, on the filter, and in the

impingers arb combined and meaéured by atomic absorption spectrophotometry,

1.2 Applicability

This method is useful for measuring beryllium emissions from
stationary sources such as machine shops. It is applicable to beryllium

concentrations of approximately 0,003 to 0.30 pg/ft® (0.1 to 10 pg/m?). Ce

< The upper‘limit of this method can be extended either by taking smaller

samples or by diluting the sample taken. However, the total sample volume

should not be less than 75 f£t3 (2.3 m®).

@
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2. Range and Sensitivity

SRI MA #2 ‘
2.1 Range ’ - .
|
The range of this method as described herein is 0.003 to 0.30
wgBe/ft? (0.1 to 10 ug/m®) for a 100 £t3 (3 m®) sample of air. Higher con- —}
cenlrations can be measured il a smaller air sample is taken or if the

solution is diluted before the AA spectrophotometry measurement is madé}

Lower concentrations can be measured at reduced accuracy.,
2,2 Scnsitivity
The sensitivity of the total method including sampling is
dependent on Lhe sample size. The size of the sample to be taken at a

particular source cannot be predicted without detailed knowledge of the

source and should be determined at the time of sample collection. The

sensitivity ol the-method is 0.003 ug Be/ft® (0.1 pg/m3) based on the
collection of a 100 ft® (3 m®) sample and concentration of the beryllium
in the total sample into a 10-ml final volume of solution to be analyzed

by A\ spectrophotometry., This sensitivity represents 0.03 ugBe/ml/l%

absdfption for beryllium in the solution analyzed by AA spectrophotometry!,
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3; Interférences

3.1 Other Elements

Elements that can cause negative interference with the analy-

ses of Be by AA using a nitrous oxide-acetylene flame are aluminum and
silicon in quantities greater than 100 pg/ml.g This interference can -
be eliminated by“fhe'addition of 8-hydrd§§;qaiholine reagen£ in the case
of aluminum., Since the major Soﬁrce off%efyllium is the miheral beryl,
3Be0.A1,0,.68i0,, it is important that this reagent be made a part of the

K
standard method of analysis.?2 LA

Other metallic ions can enhance the Be signal, but these gen-
erally must be available in quantities greater than 1000 pg/ml, and in
most cases 4000 to 10,000 pg/ml. These interferences- can be masked

+
by K .3

3.2 Radioactive Materials

Be is used in nuclear reactions.?

When sampling these sources,
radioactive mate;ial must be efficiently removed before the AA anaiysis

of Be is done, These materials do not interfere with the absorption, but .
they do contaminate the instrument and its environment, creating a

hazardous situation for the analystQ They can be removed by an

. s
acetylacetone extraction,
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4, Accuracy, Precision, and Stability

4.1 Accuracy

The accuracy of the analytical method after sample colleétion -
is +6% in the concentration range of 0,03 to 0:3 ug/ft®. This analyfical
method will detect concentrations of beryllium below 0,03 pyg/ft®, but .
with a decreased accuracy of t20%, These accuracies are based on a
“de—ftér(3;m3) sémplé.” The accufécy of tﬁe tofal methoaAinclﬁding

sampling was not determined- owing to insufficient sampling data.
1,2 Precision

The precision of the analytical method is #4% of the
- Concentration of beryllium found in the sample for the 0.03 to 0.3 yg/ftd
range. The precision for samples containing beryllium below 0.03 ug/ft3
is 111", .The values are based on a 100-ft> (3-m3X sample, Insufficient
sampling data were collecfed,to determine the precision of the total

me thod-.

1,3 Stability
Instability of the sample because of hydrolysis is not a -

problem at any stage of the analysis if care is taken that the pH of

the beryllium solutions is 1 or less,

B4.,1
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5, Apparatus

5.1 . Sampling
Any:sampling apparatus may be used that has a suitable probe,
: holder for a membrane filter, impingers, and a metering system regulated
to draw the gas sample through the collection train at a prescribed f[low
rate (see Section 7.1)., The sampling train used by EPA and described in
APTD~0581 may be used for this_analysis. This piece of equipmgnt can be
ﬁurchased from Research Appliance Company, Route 8 and Craigheaa Road,

Allison Park, Pennsylvania 15101. An equivalént sampling train may also

be used,
5.1.1 Probe
Probe length will depend on the configuration of the
source. Typical probes are 1, 1.5, and 3 meters long. The 3-meter

probes are casily broken and should be used only when necessary, Suitable
probes are made of stainless steel and contain a Pyrex glass liner. Glass
lincd probes should be used whenever Bossible for sampling metals. Such
érobes can be purchased from Research Appliance Company, Route 8 and
Craighead Road, Allison Park, Pennsylvania 15101, Any equivalent probe

~will also be suitable, ) . -

5.1.2 Filter
Millipore Type AA filters are used in this procedure,
To ensure that there is no intcrference with the measurement of beryllium
on the -AA spectrometer, blanks should be run on filters from the same

batch,

B5.1 -
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£.1,3 Collection Train

The collection train described in APTD-0581, or any

equivalent train, may be used, A suitable colle~tion train, Model 2343

Staksmplr, is available [rom Research Appliance Company.

5.2 Sample Treatment

Extractions and sample dilution should be carried out in

Pyrex glassware,
5.3 Analysis

5.,3.1 Atomic Absorption Instrument

Either a single or a double beam atomic absorption
spectlrophotometer may be used, provided the instrument has a relative

detection limit of 0,002 pg/ml as defined by Slavin,®

5.3.2 Lamp
A hollow cathode beryllium lamp (Perkin-Elmer No, 303-
6013 or any comparable 1amp) capable of producing a constant intensity

0
spectral line at 2348 A may be used,

5.3.3 Burner Head -

A nitrous oxide burner head is required for

beryllium analysis,

5.3.4 Nebulizer
It is recommended that a c?rrosion resistant adjust-
able nebulizcr (Perkin-Elmer No, 303—0404) be used since the sample solu-

tions have a high acid concentration,

5.3.5 Recorder (optional)

A multirange rezcorder equipped with an automatic
null recorder readout accessory is preferrcd for these analyses,

9o
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6. Reagents and Supplies

6.1 Reagents for Sampling

8N Nitric acid (reagent grade, ACS).

6.2 Reagents for Sample Preparation

Sulfuric acid (reagent grade, ACS).

Hydrochloric acid (reagent grade, ACS).

60-629 perchloric acid (reagent grade, ACS) .

Nifric acid (reagent grade, ACS).

8-Hydroxyquinoline (reagent}grade, ACS).

Potaésium nitrate (reagent grade, ACS).

Alconox detergent,

All soiutions should be made from distilled deionized or
double distilled water.

6.3 Reagents for AA Analysis

Acetylene (Welding grade).
Nitrous oxide, 98% minimum purity.
! Air (bottled, if an air compressor is not used with the AA

unit) .

6.4 Supplies
Millipore Type AA Filters or equivalent. Whatman 41 Filter
to be placed against the back side of the membrane filtér as a guard
against breaking the membrane filter,
6.5 .Standards
High purity beryllium metal or BeSC,.4H,0. (New Brunswick

- ' Laboratories, New York; U.S. Atomic Energy :Commission analyzed sampleé).
. ,;!zyu}é 2 i

2
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7. Procedure

7.1 Sawmpling

Beryllium source emissions are drawn through a probe, a

filter (millipore membrane filter Tync AA backed by a Whatman 41 filter),
a series of four impingers (the first two contain 100 ml of 8 N nitric
acid, the third is dry, and the fourth contains silica gel), an acid trap
containing 100g of 4-8 mesh soda lime, a metering system, and a pump.,
Sampling should be done isokinetically, A total sample volume of
approximately 100 ft® (~ 3 m®) should be taken. For example, a sampling

time of two hours at a flow rate of ~ 0.8 cfm may be used.

7.2 Glassware Preparation

All glassware should be rinsed and soaked for at least two
hours with Alconox detergent immediately after being used because
beryllium will ﬁbsorb on the walls in time and contaminate later runs.
Glassware should be rinsed with hot water and soaked in 8 N HNO, for at
least two hours to ensure that it is ffée of beryllium, Before use the
’glassware should: be rinsed with tdp water and finally with distiiled

water,

7.3 8-Hydroxyquinoline Preparation

Dissolve 100 g of 8-hydroxyduinoline in approximately 150 ml
of 6 N HC1l and then dilute the solution to 500 ml with water to get a

20% w/v solution,

7.4 Sample Preparation

Wash the material that has collected in the sampling probe
into a G00O-ml beaker with as little concentrated nitric acid as possible,
i
Rinse the probe with distiiled water and add this solution to the beaker. -
Place the two filters and any loose particulate matter in the beaker and
|

begin evaporating the solution on a hotplate with an asbestos mat. As

B7.1




the evaporation procecds, add.a portion of the impinger solutions, éhd
continue these additions until the solution is evaporated to dryness,

Cooi the residue and ﬁdd’35 ml concentrated nitric acid. Heat on a hot—
plate until light brown fumes are cvident to destroy any organic matter,
Cool and add 5 ml concentrated sulfuric acid and 5 ml concentrated
perchloric acid to the. beaker, agaiﬁ place the beaker on the hotplate

and very cautiously evaporate the solution to dryness, This entire sample
preparation procedure should be performéd in a perchloric acid hood

. using required safety measures, Dissolve the residue in a minimum of 25%
(by volume) hydrochloric acid and filter it through a glass fiber filter,
Reduce the volume of the filtrate to 3 ml and transfer it to a 10-ml
volumetric flask, Wash the beaker twice with 2 ml of H,0 and add the
washings o the flask., Add 1 ml of the 8-hydroxyquino%ine solution (or
equivalent for volumes greater than 10 ml), dilute the solution to the
mark, and ﬁix thoroughly. If other metallic ions are present in quantities
that would interfere with thé beryllium analysis and that can be masked

by K+, the solution shogignbe made 10,000 ug/ml in Kt by adding KNO,.

‘(If the concentration of this solution is greater than 5.0 us Be/ml,
dilute as necessary with 1 N HCl to adjust the concentration to that of

the standards,)

7.5 ‘Standards Preparation

7.5.1 Stock Solution I

A solution containing 1000 pgBe/ml is prepared by
dissolving 1 g of high purity beryllium metal (New Brunswick Laboratories,

New Yoxk; U.S. Atomic Encrgy Commission analyzed samples) in 83 ml of

- hydrochloric acid and diluting to 1000 ml. Commercially available (e.g.,
Ventron Corporation) standard stock solutions for AA that have a

concentration of 1000 pg/ml can be used,

B7.2
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7.5.2 Stock Solution II

Prepare this solution immediately before use.
Dilute 10-ml- of stock solution 1" to 1000 ml with 1 N HC1l. This solution

contains 10 LgBe/ml,

7.6 AA Unit Preparation

- Allow the unit to warm up for a minimum of 30 minutes with
the beryllium cathode tube in place, Check to be sure that the nitrous
oxide-acetylene burner head is installed and ignite the flamé according

to the proper procedure for the use of nitrous oxide (use air-acetylene

with a’verf fuel-rich yellow flame and then switch from air to nitrous

oxide, Optimize the unit with a standard solution of 2,0 pg/ml.

7.7 Standards and Filter Check Procedure ‘

Pipette 0.0, 0.5, 1.0, 2.0, and 5.0 ml of stock solution II
into 50-ml beakeré. -Add 2.0-ml aliquotg of stock solution II to
be;kers that contain filters of‘the type used in air sampling devices,
At least 5 out of every 100 filt?rs should be checked. Treat all the
samples as directed‘in 7.4 above., For samples whose concentrations
'are below 0.5 pre/mlyscale expansion can bé Qsed. ’Staﬁdards should

be made at 0.05, 0,10, 0.20 and 0.50 ngBe/ml. Measure the absorbance

of the standards by atomic absorption.

7.8 AA Analysis of Samples

Determine the beryllium content of the samples (7.4) by AA

spectrophotometry against standards set forth in 7.7.
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8. Standards and Calibrations

- 8.1 Standard;
Use either pure beryllium metal; analytical grade BeSO,.4H,0,
¢ or a commercially prepared standard as the standard reference material,
U.S. Atomic Energy Commission analyzed samples can be obtained from New
Brunswick Laborafories, New York.

8.2, Calibrations

Prepare a calibration curve for beryllium by plotting the

concentration of the standards against their absorbance,

[ERJ!: ' BS.1
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9, Calculations

Using the calibration curve (see 8.2), determine the micrograms of*
Be per milliliter of solution (7.4). Calculate the concentration of Be
in the source using the Iollowing formula:

d
ug Be/m> = C XV x F
m3#

where B

C = cochptration of Be pg/m! from curve

V = original volume into which the entire sample is dissolved
_ for analysis

F = dilution factor = diluted volume/original volume (use

only if the solution was diluted)

m* = total -volume of gas sample in cubic meters,

At sample temperature and pressure with appropriate corrections for

humidity if a dry basis is desired,
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ATOMIC ABSORPTION METHOD FOR MEASURING LEAD
IN STATIONARY SOURCE EMISSIONS

1, Principles and Applicability

1.1 Principles
Lead emissions from stationary sources containiﬁg particulate
matter, dust, fumes, and volatile lead compounds are collected through a

probe onto a glass fiber filter and in impingers using a metering system

‘capable of controlling and determining flow.rates, The filter samples

1
are ashed below 100°C to remove organic matter, The combined extracted

filter sample and impinger solutions are analyzed by atomic absorption
spectroscopy.

1.2 Applicability

This method is useful for,&onitoring gas streams in stationary
soﬁrces, which contaip lead concentrétions in the ranges of 0.06 to
2‘:ug/ft3 (Zrto 70 ug/m®). The upper limit of this method can be extended
by diluting the sample taken or taking a smaller sample. The method
is applicable for particulates, dust, fumes, and volatile lead compounds,

however, the successful collection of organo lead compounds is not

yet certain undér these conditions,
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2.1 Range
The range of the method is 0,06 to 2 pg Pb/ft® (2 to 7 pg/m*)
for a 100 £t3 (3 m®) sample, Higher conCentrations can be determined 1f
the sample is diluted before it is measured by AA spectroscopy, if a
smaller sample is taken, or if a less intense Pb-line is used. |
|

2.2 Sensitivity

The sensitivity ol the total method, including sampling, is
dependent on the sample size. The size of the sample to be taken at a
particular source cannot be predicted without detailed knowledge of the

source and should be determined at the time of sample collection,

'The sensitivity of the method is 0.06 pg/ft® (2 pg Ro/m®) based on the

collection of a 100 ft® (3 m®) sample and cbncentration of the lead in
the total sample into a 10-ml f{inal volume of solution to be analyzed
by AA spectrometry. This sensitivity represents 0.5 ué/ml/l% absorption

for lead in the solution analyzed by AA spectroscopy as described herein,?
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3. Interferences

vSource emissions\will vary according to source, size, and type of
control equipment at each geographical location, resulting in samples
of unique and complex compositions, These complex samples may contain
interfering materials (such as, pof' and cog'), which can either suppress
or enhance the atomic absorption results, Burnham et al,? used a series
standard addition technique to overcome this effect on airborne.particulate
s%pples collected from ambient air, Although organic matter can inter-

]

fere with Pb analysis,” it can be removed by low temperature activated

oxygen ashing.
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4, Accuracy, Precision, and Stability

4,1 Accuracy
The accuracy of the analyticél method after sample collection
is +3% in the concentration range of 0.6 to 2 ug/ft3 (20 to 70 ug/hs).
Below 0.6 pg/ft® (20 yg/m®), accuracy is + 4%. Insufficient data were
collected to establish the accuracy of the total method including

sampling.

4.2 Precision
The precisibn of the analytical method is + 2% of the concen-
tration of lead in the 0.6 to 2 ug/ft® (20 to 70 pg/m®) range and + 3%
below 0.6 pyg/ft® (20 yg/m®). Insufficient data were collected to

establish the precision of the total method including sampling.

4,3 Stability
Adsorption can occur on the sides of the container in 19ad
solutions of low concentration (1 pg/ml), The presence of 0,1 molar
HNO, in the lead solution will eliminate the adsorption problem. None
of the other steps of the procedure are subject to variations because

of instability.

(@]
'
-




ERIC

Aruitoxt provided by Eic:

SRI -MA #3

5. Apparatus ) . i;"'w
5.1 Sampling
Any sampling apparatus may be usqd that has a suitable probe,
a holder for a glass fiber filter, impingers, and a metering
system regulated to draw the gés sample through the collection train at
a prescribed flow rate (see Section 7.1). The sampling train dsed by
EPA and described in AP&D-OSSI may be used for this analysis, This
piece of eq;ipment can be purchased from Research Appliénce Company,
Route 8 and Craighead Road, Allison Park, Pennsylvania 15101. An
equivalent sampling train may alsb%ﬁe used,
5,1,1 Probe

Probe length will depmend on the configuration of the

source. Typical probes are 1, 1.5 and 3 meters long. The 2-meter probes
; :

are easily broken and should be used only when necessary, Suitable

probes are made of stainless steel and contain a Pyrex glass liner.

" Glass lined probes should be used whenever possible for sampling metals.

Glass lined probes can bevpurchased from Research Appliance -Company,
Route 8 and Craighead Road, Allison Park, Pennsylvania 15101, Any
equivalent probe will also be suitable, ‘

5,1.2 Filter

A filter made of glass fibers should be used; i.e.,

a filter such as the Gelman Type A, which is compatible with nitric acid

extractions.
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5.1.3 Collection Train

The collection train described in APTD-0581, or any
equivalent train, may be used, A suitable collection train, Model 2343

Staksamplr, is available from Research Appliance Company,

5.2 Sample Treatment

A low tempgrature, activated oxygen,-dry asher (Tracerlab
Model LTA-600L) is needed to decompose organic matter in the sample,
It should be capable of sustaining temperatures of 75°C.

Extractions and sample dilution should be carried out in Pyrex
glassware, Polyethylene may be used for breakers and flasks; however,
only Pyrex glassware is recbmmended for volumetric équipment.

5.3 Analysis

5.3.1 Atomic Absorption Instrument

Either a single or a double beam atomic abhsorption

spectrophotometer may be used, provided the ;nétrument has a relative

detection limit of 0,01 ug/ml as defined by Slavin,®
5.3.2 Lamp

A hollow cathode lamp Perkin-Elmer No, 303-
6039 or Varian Techtron No, 56-100029-00, or any comparable lamp) capable

of producing a constant intensity spectral line at 2833 R may be used,.

5.3.3. Burner Head
A Boling three-slot burner (Perkin-Elmer No, 303-0401)

' usiné an air-acetylene fuel system is required for lead analysis, °

C5.2
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'5,3.4 Nebulizer

It is recommended that a corrosion resistant adjust-

able nebulizer (Perkin-Elmer No, 303-0404) be used since the sample

. solutions have a high acid concentration, .

5.3.5 Recorder (Optional)

A multirange recorder equipped with an automatic

null recorder readout accessory is preferred for these analyses,
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6. Reagents and Supplies

6.1 Reagents for Sampling

Nitric acid (reagent grade, ACS), .

‘6.2 Reagents for Sample Preparation d

Oxygen (industrial grade)

Acetone (reagent grade, ACS) *
Nirtic acid (reagen:“érade, ACS)

Distilled H,O.

6.3 Reagents for Atomic Absorption Spectroscopy

Air (bottled, if an air compressor is not used with the AA unit)
Acet}lene (Weldiﬁg grade) .

6.4 Supplies
Gelman Type A glass fiber filter

6.5 Standards '

Lead nitrate [Pb(NO;),] 99.8+% purity,
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7. Procedure
7.1 Sampling
Lead source emissions are drawn through a probe, a filter
(gelman Type A or Millipore membrane filter Type AAY, A series of four
impingers (the first two impingers contain 100 ml of 8 N nitric acid,
the third is dry, and the fourth contains silica gel), an acid trap

containing 100 g of 4-8 mesh soda lime, a metering system, and a pump.

Sampling should be done isokinetically, A total sample volume of

approximately 100 ft3 ( ~ 2 m®) should be taken, For example, a sampling

time of two hours at a Tlow rate of ~ 0,8 cfm may be used.

7.2 Lead Check on Filters

A glass fiber filter is used in the sampler since it is very
compatible with nitric acid extractions, However, since it is possible
that lead impurities may be bresent in éhe filter material, glass fiber
filters from the same lot as the one used for sample collection must bé
analyzed for lead. Five out of every hundred filters should be checked

according to the procedures given in 7.3,

7.3 Sample Preparation

Molecular fragments from organic compounds in the flame

atomizer tend to interfere with lead analyses.4

Organic matter present
in the sample"may'be removed by low temperature ashing techniques using
activated oxygen (formed by passing oxygen through a high-frequency
elcctromagnetic field) impinged upon the sample, which results in slow

burning at temperatures of 70 to 80°C. Care should be used if volatile

organolead molecules are present,
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The lead is exfracted from the probe by washing with a
minimal amount (not to exceed 100 mls of the 8 N nitric acid. The
filter is added to the probe wash. The washings and filter are added
to the impinger solutions. Aftgrrall particulate hés dissolved (heat
and soak for 2 hours if necessary) the solution is fil tered using a
medium porosity filter suitable for use with nitric acid such as a
glass fiber filter. The filtered solution 1is then evaporated in a hood
to 1.0 ml and firally diluted to an exaét volume of 10.0 ml with

distilled deionized water. (For smaller total lead content these

volumes can be reduced.) A single AA reading is made to determine if
the lead concentration is within the required range of the standards
(see Section 7.4). The concentration is adjusted as necessary by

diluting or concentrating the sample.

7.4 Standards Preparation

Commercially available (e.g., ‘Ventron Corporaticn) standard
stock solutions for AA that have a concentration of 1000 pjg/ml can be
used. To make an equivalent solution, place 1,60 g of lead nitrate
(99.8% pure) in a 1000 ml volumetric flask. Add about 900 ml deionized
distilled water and 6 ml of concentrated nitric acid to dissolve the

solid, dilute to the mark, and mix thoroughly.
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A more dilute standard (50 pg/ml) is made from the stock

_solution by diluting a 5-ml aliquot to 100 ml wiih O.1N HNO,4. From this

solution 1, 2, 3, and 4 ml aliquots are taken and placed in 50 ml beakers,

¥ ¥

To each beaker add 5 ml of 8 N HNO;. This will cancel matrix effects
that might arise between the samples and the standards becausé of dif-
ferences in acid concentrations. The procedure in 7.3 is then followed,
A reagent blank should also be run,

For samples whose concentrations are belqw 5 U8 Pb/ml, a
scale expansion can be used. Standards should be made at 1.0, 2,0, 3.0

and 5.0 g Pb/ml.

7.5 Atomic Absorption Spectroscopy

Standard operating procedurés as supplied by the manufacturer
are used for the atomic absorption spectrophotometer. These instructioﬁé
describe the technique of turning on the unit, inserting the hollow cath-
ode tube, and igniting the flamé. The Qnit should be allowed to warm up
and stabilize for 15 to 30 minutes before the flame is igniied and mea-
surements are begun. The absorbances Qf the prepared solutions are deter-
mined using the 2833-& lead absorption line by aspirating these solutions
one at a time into the flame and taking a reading from the recording
device 30 to 60 seconds after the aspiration has begun. This allows
the recorder enough time to reach a stable reading. Allow water to
aspirate through the flame between samples, \

A calibration curve is prepared by plotting thé absorbance of
the standards (ordinate) as a function of the concentration (abscissa)
in pg/ml. The calibration curve should be linesr over the concentration
range used in the analysis. The calibration curve may be used for a
direct concentration determination of the unknown sample,.

If there is evidence of matrix effects in the type of sample .

being analyzed, it may be necessary to use a method of additions.?:?
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8. ©Standards and Calibration

8.1 Standards »
Lead nitrate (99.8% pure).
8.2 Calibration - .
The calibration curve for lead should be obtained from O to |
20 pg/ml by plotting the absorbahce for the standafd working solutions ‘ .
(ordinate) against the concentrations (abscissa) in pg/ml. This range
- may be expandéd, but it is preferable to keep the concentration of the

unknown sample within the optimum rather than to extend the range,
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9, Calculations

The concentration of Pb in the gas stream is given by the following

equation:

d
CXVX F -
3 - — L
pg Po/m® = 3% ‘
m .

where
C = concentration of Pb in ug/ml from the AA calibration curve

V = original volume into which entire sample is dissolved for
analysis. !

F = dilution factor = diluted vol/original vol
(used only if the solution was diluted)

m® =rtotal volume of gas stream sampled in cubic meters,.

'* . PR
At sample temperature and pressure with appropriate corrections for
humidity if dry basis is desired.
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"

" ATOMIC ABSURPTION METHOD FOR MEASURING CADMIUM
IN STATIONARY SOURCE EMISSIONS

1, Principles and Applicability

1.1 Principles
Stationary sou¥ce emissiohs containing cadmium dust, par-
ticulates, fumes, and volatile cadmium compounds are collected by
using a vacudm sampling system containing a probe, impingers, and a
filter. The collected material is dissolved in an acid and filtered,
Thé cadmium concentration is measured on an atomic absorption spectrometer
using an air-acetylene flame and a cadmium hollow cathode tube.

1.2 Applicability

This method can be used to monitor stationary sourcc gas streams
in which cadmium exists as particulate matter, mists, or fumes, in
concentrations in the range of 0.025 to 0.2 pg/ft® (0.8 to 7 ug/m®).

The upper limit of this method can be extended by diluting the sample

taken or by taking a smaller sample,.
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2. Range and Sensitivity

2.1 Range
The range of the method is 0.025 to 0.2 ug/ft® (0.8 to
7 ug Cd/m?®) for a 100 ft® (3 m®) sample, Higher concentrations can be
determined if the sample is diluted before it is measured by AA

spectroscopy or if a smaller sample is taken.

2.2 Sensitivity

| The sensitivity of the total method including sampling is
dependent on the sample size, The size of the sample to be taken at a
particular source caﬁnot be predicted without detéiled knowledge of the
source and should be determined at the time of sample collection, The
sensitivity of the method is 0,025 pg Cd/ft® (0.8 pg Cd/m®) based on the
collection of a 100 ft? (3 m?) sample and concentration of the cadmium
in the total sample into a 10-ml final volume of‘solution to be
analyzed by AA spectroscopy. The sensitivity represents 0,25 pg/ml/1%
absorption for cadmium in the solution analyzed by AA spectroscopy as

described herein,?! -
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.3, Interferences

Unique and complex conditions exist at each stationary source or
type of source, making chemical interferences in any given sample
difficult to predict, However, on the basis of laboratory conditions,

Ramakrishna et al,? found that 8403-, Siog-, COS-, HCO;, and HAsO, tend

to interfere in the AA analysis for cadmium. These interferences are
effectively oﬁercome by acidification of the sample or by adding ethyl-
enediaminetetraacidic acid (EDTA) to the solutions., Pulido et al,® found
that phosphate in concentrations above 0.1 M could decreasé the AA response
and that sodium chloride in concentrations above 0.01 M could increase

the response, It is not anticipated that stationary source emissions of
cadmium will contain large amounts of NaCl or phosphates., The method

of Lehnert et al.? can be used to extract the cd?t from a pH 3 solution
(adjusted if necessary) using a chelating agent-such as ammoniumpyrrolidine

dithiocarbamate (APDC) in methylisobutylketone (MIBK).
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4, Accuracy, Precision, and Stability

4,1 Accuracy
The accuracy of the analytical method after sample collection
based on a 100 ft® (3 m®) sample is +3% in the concentration range of 0,05
to 0.2 ug/ft® (2 to 7 yg/m®), providing the sampling device nas been . *
calibrated and the AA spectrometer is operating at optimum sensitivity.
Below 0.05 yg/ft® (2 ug/m®), the accuracy is *4%., Insufficient data were

gathered to determine the accuracy of the total method including sampling,

4,2 Precision N
el - S

The precision for the analytical method for determining

\ cadmium in stationary source gas streams is + 3% with concentrations of

were gathered to determine the precision of the total method including

sampling.

4,3 Stability
Instability of the sample is not a problem at any stage

cadmium of 0.025 to 0.2 yg/ft® (0.8 to 7 ,;gCd/m3®), Insufficient data
of the analysis.ﬁ
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5., Apparatus
5,;_FSampling
%@ms | Any sampling apparLLus may be used that has a suitable: probe,
a holder for a glass fiber or membrane filter, impingers, and a metering
system regulated té draw the gas sample through the collection train at
a préscribed flow rate (see Section 7.1). The sampling train used by
EPA and descriped in APTD-0581 may be used for this analysis. Tpis”piece
of equipment can be purchased from Research Appliance Company, Route 8
and Craighead Road, Allison Park, Pennsylvania 15101, Any equivalent

sampling train may also be used,

5.1.1 Probe

Probe length will depend on the configuration of the
source, Typical probes are 1, 1.5 and 3 meters long. The 3-meter probes
are easfly broken and should be uwed only when necessary, Suitable probes
are made of stainless steel with a Pyrex glass liner and can be purchased
froh‘Research Appliance Company, Route 8 and Craighead Road, Allison Park,
Pennsylvania 15101, Any equivalent probe will also be suitable,

5.1.2 Filter

The filter should be made of glass fibers; e.g.,

a Gelman Type A filter, which is compatible with nitric acid extractions,
It is possible that cadmium impurfties may be present in some glass filters

\
(see Section 7.2), It may be necessary to .leach the filters with acid,

thoroughly rinse them with distilled water, and dry them before they can

be used in the sampling device,.
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5.1.3 Collection Train -

The collection train described in APTD-0581 or any
equivalent train may be used, A suitable collection train, model 2343
Staksamplr, is available from Research Appliance Company.

5.2 Sample Treatment

Extractions and dilutions of the samples are carried out in
Pyrex or borosilicate glassware. (Although polyefhylene beakers can be
used, only glassware is reccmmended for the volumetric equipmentu)
T 5.3 ﬁinalyéis

5.3.1 Atomic Absorption Spectrometer

Either a single or double beam atomic absorption
spectrometer may be used., Instrument selection should be limited to
reliable manufacturers with instrumente operable at a minimum cadmnium
sensitivity of 0.005 pg/ml.>

5.3.2 Lamp

A cadmium hollow cathode lamp (Perkin-Elmer No,
303-6016, Varian Techtron No. 56-100CG8-00; or any comparable lamp)
operating at 2288 X is required for the procedure, '

5.3.3 Burner Head

A Boling three-slot burner (Perkin-Elmer No. 303-0401

for use with an air-acetylene flame is required,
5.3.4 Recorder (Optional)

A multirange recorder equipped with an auiomatic null

recorder readout accessory is preferred for these analyseé because it

increases ease of analyses and may reduce errors because drifts in the

AA signals are easily detected with a continuous record.
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8 Reagents and Supplies

T

6.1 Reagents for Sampling

Nitric acid (reagent grade, ACS).

6.2 Reagents for Sample Preparation

v

Oxygen (industrial grade)
Nitric acid (reagent grade, ACS)
Acetone (reagent grade, ACS).

6.3 Reagents for Atcomic Absorption Spectroscopy

Air (bottled, if an air compressor is not used with the
AA unit.
Acetylene (welding grade)
6.4 Supplies
Gelman Type A pglass fiber filter
6.5 Standards'
Cadmium metal 99.99+% purity or

Ventron (Alfa Products) cadmium AA standard. -
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7. Procedures

7.1 Sampling
A vacuum system is used to draw samples through a probe, a

filter, and a series of impingers (the first two contain 100 ml of & N

nitric acid, the third is dry, and the fourth contains silica gel). .

The impingers should be followed by an acid trap containing 100 g
of 4-8 mesh soda lime., Sampling should be done isokinetically, A

total sample volume of 100 ft® (~ 3 m®) should be taken. For example o
- g T ’q%ﬂ

. el

a sampiing time of two hours at a flow rate of 0.8 cfm may be used,

7.2 Cadmium Check on Filters

A glass fiber f%lter is used in the sampler since it is very

compatible with nitric acid extractions, Howevef, since it %éﬁgossible
N

that cadmium impurities mey be present in the filter materialiwé
fiber filters from every lot of 100 used for sample collection should be
analyzed for cadmium,

Each filter is extracted with two 8 N nitric acid Washes
of sufficient volume to cover them. Each filter is washed with two 10-ml
portiuns of distilled water. All washes are combined in a beaker, fil-
tered, and evaporaféd on a hot plate nearly to dryness (approximately 1 m1).
The remaining solution is then quantitatively transferred to a 10-ml
volumetric flask and diluted to the mark. The solution is analyzed for X

cadmium on the AA spectrometer. A blank should be run, If the cadmium

background is found to be greater than 0.25 p per filter, a preliminary
leaching step must be used to eliminate it, The filters are leached

with 8 N HNO,, washed with distilled water, dried and repackaged,

D7.1
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7.3 Sampling Preparation
The cadmidm—containing materials collected in the probe and
on the glass filter are dissolved with a minimal amount (not to exceed
100 ml) of 8 N nitric acid. The solution can be poured repeatedly
through the probe and then used to leach the filter, This soluiiun
is added to those from the impingers, and the combined soiutions plus

the filter are allowed to stand until the combined particulates have dis-

‘solved (heat if necessary) or for a maximum of two hours, Heat may be applied

if necegéary. ~This treatment should dissolve'qll cadmium compounds., Tpe
resulting solution is filtered through a medium porosity filter éuit;ble for
use with nitric acid, such as a glass fiber filter., The volume is reduced by
iieating in a hood or using vacuum bumping tq a volume of approximately 1 ml,
The filtrate is then dﬁantffatively transferred to a 10-&1 volumetric flask and
diluted to the mark with distilled water; for greater sensitivity, samples

may be diluted to smaller volumes, An initial absorption reading of the

>

solution is taken on the AA spgctrophotometer and the concentration is
adjusted if necessary by diluting an éliquot until the absorption reading on
the AA spectrophotometer falls within those readings obtained from the
standards, A blank should be run with each set of samples,

7.4 Standards Preparation

One gram of accurately weighed, high purity cadmium metal is
dissolved in 100 ml of 1 N HNO,. This solution ié diluted to 1000 ml
with distilled Qater to obtain a 10007¢g/m1 stock solution, Commercial
AA standards at this concentration are available and can be used.

From tﬁe above solution another stock solution is prepared
by taking a 10—m1valiquot ;nd diiutﬁpg it to 100 ml to obtain a 100—pg/m1
solution, A working stock solution ‘s prepared by diluting a 5-ml aliquot
to 100 ml to obtain a 5.0ﬂLg/ml solution, The working standards are prepared by

adding 0, 1, 2, 3, and 4 ml aliquots of the working stock solution to
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\ 50-ml beakers. To this, 5 ml of 8 N HNO, is added. The solution is
filtered and the volume is feduced by heating to 1 ml, The resulting
solution is quantitatively transferred to a 10-ml volumetric flask and
diluted to the ,mark with distilled water.,

7.5 Atomic Absorption Spectrometry

Standard operating procedures as supplied by the manufacturer
are used for the atomic absorption spectrometer, The unit should be
allowed to warm up and stabilize for *15 toc 30 minutes before the flame
iérignited and meégﬁfehents are begun, The ébsorption of the prepared
solutions is determined using the 2288 X cadmium absorption line by

aspirating_ these solutions one at a time into the flame and taking a

reading from the rcecording device 30 to 60 seconds after the aspiration

|
\
\
has begun (this allows the recorder enough time to reach a stable
reading), Distilled water is allowed to aspirate through the flame
between samples.

A calibration curve is prepared by plotting the absorbances
of the standards {(crdinate) as a function of the concentration (abscissa)

in ug/ml. The calibration curve should be linear over the concentration

range used: in the analysis. The calibration curve may be used for a

D7.3
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i 8, Standards and Calibration

8,1 Standards

Pure cadmiJm metal,
8.2 Calibration
. The calibration curve for cadmium should be obtained for
solutions containing 0.5 to 2 ug/ml. This range may be expanded; how-
eVer, it is preferable to dilute or concentrate the samples to keep
them within the optimum range. The calibration curve is obtained by

plotting absorbance (ordinate) as a function of concentration (abscissa)

in pg/ml,

X

D8.1
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9, Calculation
To determine the concentration of Cd in the source sampled,‘use

the formula:

d
: CXVX F
3 Lava r
g Cd/m® = Py
where
C = concentration of Cd in ug/ml from curve

V = original volume into which entire gas sample is dissolved

F = dilution factor = diluted vol/ original vol

(used only if solution was diluted)

m® = total volume of gas stream sample in cubic meters,

*

’

At sample temperature and pressure with abpropriate corrections for
humidity if a dry basis is desired.

D9.1
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Selenium Source Emissions Measurements SRI MA #5

- SPECTROPHOTOMETRIC METHOD FOR
MEASURING SELENIUM IN STATIONARY SOURCE EMISSIONS

1, Principles and Applicability v

1.1 Principles

Selenium emissions from stationary sources containing particu-

lates,; dusts, fumes,<£"d volatile seleris:m compounds .are.collected through - . = B

a probe onto a glass fiber filter and in impingers using a mefering system
capable of'cgntrolling and ‘determining flow rates. The collected materials
are treated with nitric acid and perchloric acid to solubilize the selenium
and to destroy organic matter., The selénium content is determined by
spec;rophotohetry. The basis for this methgd'was deséribed for ambient

air by Tabor et al.! This methpd is based on oxidation of the sample with

nitric and perchloric acids followed by measurement of Se(IV) as the*red

reaction product of Se(IV) and 2,3-diaminonaphthalene (DAN).

ERIC
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1.2 Applicability.

This method is useful for monitoring gas streams in stationary
sources in which the selenium concentrations are in the range of 0,02 to
2 ué/fta (0.7 to 70 wg/m®) The upper limit of the method can be extended
by either diluting the sample taken or by taking a smaller sample.
The method is applicable for particulates, dust, fumes, and volatile
selenium compounds except H,Se, which is no£ trapped in the water impingers,
(Further laboratory work on this method will be necessary to provide a

suitable impinger system for HZSe.)
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2. Range and Sensitivity

-

2.1 Range

The range of the method is 0,02 to 2 pg/ft® (0.7 to 70 pg

Se/m® for a 100 £t (3 m3) sample,

2,2 Sensitivity
The sensitivity of the total method including sampling is
dependent on the sample size, The size of the sample to be taken at

a particular source cannot be predicted without detailed knowledge of

the source and should be determined at the time of sample colliection,

The sensitivity of the method is 0.02 pg/ft® (0.7 pg/m®) based on the
collection of a lOO'ft? (3 m®) sample and concentration of the selenium
in the total sample into a 50-ml final volume of solution to be analyzed
by spectrophotometry as described herein, Greater sensitivity can be
achieved by using a fluorimetric method of measuring the’selenium
content! or by extracting the selenium cbntaining complex into a

smaller volume of toluene in this proceduge.

E2.1
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3. 1Interferences

The primary interference observable at a 2000-fold excess of foreign

ion to selenium is attributable either to substances such as hypochlorite,

which oxidize the reageqﬁ, or to reducing agents such as Sn(II), which
reduce selenium to the elemental state, Ions such as zinc, aluminum, or
sodium can be present at a millionfold excess without causing any
interference. Macro amounts of such ions as A1(III), Zn(II), Cu(II),
Ca(II) 6 Cd(II), Mn(II), Ni(II), Mg(II), Ba(II), and Sr(II) are separated

B f%p@mselenium (iy) by ion exchange (by passing the sample in solution _ . =

through Dowex 50 WX 8 resin). The pfesence of approximately 2500 pg

of tellurium causes little interference in the anafysis of a sample

containing 10 ug of selenium, Such high céncentrations of tellurium are

normally not to be expected., Since nitrite ion interferes, it

is important. in preparing the sample for analysis, to use the

minimum amount of nitric acid in dissolving the sample and to remove the

oxiaes of nitrogen by boiling. Nitrate ion does not appfeciably interfere .

with the method, Nevértheless, since both the sample solution to be

analxged and the standard stock selenium solution are prepared by the

dissolution of the particulates or elemental selenium in nitric acid, it

is important to establish a blank reading by running through the entire

analytical procedure with an unused filter.

E3.1
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4, Accuraéy, Precision, and Stability

4,1 Accuracy

The accuracy. of the analytical method after sample collection
is + 14% in the concentration range of 0.02 to 2 pg/ft? 20,7 to 70 pg/m®)
Since no sampling data were collected, the accuracy of the total method

could not be determined.

4,2 Precision

The precision of the analytical method after sample collection
is + 9. Since no sampling data were collected, the precision of the total

method was not determined,

4,3 Stability

4,3.1 Losses of selenium in samples containing organic
material have been demonstrated to be negligible in the nitric-perchloric -
acid digestion step if care is takep to oxidize the sample slowly,?

4,3.2 Solid, pure DAN is slowly oxidized in air to form a
yellow~brown materialf Although an aqueous solution is more readily
oxidized, it can be stored under refrigeration for three days without
being suficiently altered to affect its use for the intended purpose.
Under the conditons described, no significant difference is perceptible
in the result of an analysis when either commercial or purified reagents
are used,

4.3;3 All work can be performed under normal laboratory
conditions; i,e,, in daylight, without_deaerating solutions or purifying

reagents, .

E4.1
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5., Apparatus
5.1 Sampling
Any sampling apparatus may be used that has a suitable probe,
a holder for a glass fiber or membrane filter, impingers, and a metering
system regulated to draw the gas sample through the collection train at
a prescribed flow rate (seeuSection 7.1), The EPA sampling train des-
cribed inhAPTD-0581 may be used_for this analysis.® Similar equipment
can be pérchased from Résearch Appliance Company, Route 8 and Craighead
Road, Allison Park, Pennsylvania 15101. An equivalént sampling train may
also be used,
5.1.1 Probe

Probe length will depend on the configuration of the
source, Typical probes are 1, 1.5 and 3 meters long. The 3-meter probes
are casily broken and should be used only when necessary, Suitable
probes are made of st%inless steel and'contain a P&rex glass liner, \
Glaés lined probes shouﬁd be used whenever possible, Glass lined probes
can be purchased from Research Appliance Company, Route 8 and Craighead.
Road, Allison Park, Pennsylvania 15101, Any equivalent probe will also
be suitable.

5.1.2 Filter

The filter should be made of glass fibers; e.g., a
Gelman Type A filtef, which is compatible with nitric acid extrgctions.
Selenium impurities may be present in some glass fiiters (see Section 7,2)
and it may be necessary to leach the filters with acid, thoroughly rinse

them with distilled water, and dry them before they can be used in the

sampling device,
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5.1.3 Collection Train

The collection train described in APTD-0581, or any
equivalent train, may be used.® A suitable collection train, Model 2343
Staksamplr, is available from Research Appliance Company.

5.2 Sample Treatment

Ordinary laboratory Pyrex glassware that has been thoroughly
‘¢cleaned should be used for these analyses, Glassware required includes
500-ml and 100-ml beakers, 125-ml separatory funnels fitted with Teflon
stopcocks and stoppers, volumetric flasks, pipets, and a 25-ml buret filled
to the 10-ml1 mark with Dowex 50 WX 8, 50 to 100 mesh resin in the acid form.
Also needed are a pH meter with microelectrodes (glass-calomel), a stirrer,
and a hot plate.

5,3 Spectrophotometry

A Beckman Model DU, Perkin-Elmer Model 202, or Bausch and Lomb
Spectronic 20 Spectrophotometer, with 1l-cm cells may be used, Any equiva-

lent spectrophotometer may be used.

\ E5.2
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E

6. Reagents and Supplies
6.1 Reagénts

6.1.1 &Ali’reagents should be prepared from analytical
grade chemicals low in selenium, using distilled water.

6.1.2 2:§-Diaminonaph§h%%ene (DAN), C, Hg(NH,),, reagent--
dissolve 1.00 g of 2,3-diaminonaphthalen; (Aldrich Chemical Company,
Milwaukee, Wisconsin, or equivalent) in 1 liter of 0.01 N hydrochloric
acid, using a stirrer, Pure DAN is a white crystalline solid., It is
slowly oxidized in air to form a yellow-brown material, Although an
. aqueous solution is more readily oxidized, it can be stored for three

days under refrigeration without being sufficiently altered to affect its
use for the intended purpose.
6.1.3 0,1 M Ethylenediaminetetraacetic acid disodium salt

*

(EDTA) solution--dissolve 33.6 g of the disodium salt of EDTA
in a volume of distilled water and diluée to 1000 ml in a volumetric
flask,
6.1.4 0.1 M Sodium fluoride, NaF, solution;—dissolve 0.42 g
of NaF in avvolume of distilled water and dilute to 100 ml in a volumetric
flask, ‘
6.1.5 0.1 M Sodium oxalate, Na,C,0, solution--dissolve
1.34 g of NayC,0, (Sorenson, Fisher Certified Reagent) in a volume of
distilled water and dilute to 100 ml in a volumetric flask,
6.1.6 Toluene, C;H,CH,--Fisher Certified Reagent or
equivalent, Purified Fisher's toluene may also be used,
6.1.7 .1 N and 0,1 N Sodium hydroxide, NaOH--dissolve 40 g .
of NaOH pellets in a volume of’distilled water and dilute to 1000 ml in a

volumetric flask (1 N NaOH)., Dissolve 4.0 g of NaOH pellets in a volume

of distilled watei;and dilute to 1000 ml in a volumetric flask (0.1 N NaOH) ,

6.1.8 Concentrated nitric acid, HNO,-- Fisher Reagent 69-71%
by weighf, 15,8 N, or equivalent analytical reagent grade.

E6.1
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6.1.9 Sixty percent perchloric acid, HC10,--Fisher Reagent,

60-629 by weight, or equivalent analytical grade.

6.1.10 Dowex 50 WX 8, 50 to 100 mesh ion exchange resin.

6.2 Supplies

Gelman Type A glass fiber filter.
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7. Procedure

7.1 Sampling

Selenium source emissiohs are sampled by drawing a gas sample

thrBugh_a probe, a glass fiber filter (Gelman Type A), a series of four .
impingers (the first two contain distilled water, the third is dry, and
the fourth contains silica gel), and a metering system, Sampling should e
be done isokinetically. A total sample volume of approximately 100 ft3
(3 m®) should be taken; e.g., a samplihg time of two hours at a flow

rate of 0.8 cfm (0.02 m®/min) may be used.

7.2 Selenium Check on Filters

A glass fiber filter is used in the sampler since it is very

compatible with nitric acid extractions, However, since selenium impuri-

" ties possibly may be present in the filter material, several glass fiber

filters from the same lot as the one used for sample collection must be
analyzed for selenium, v

Five filters out of every lot of 100 are used’ for the §elenium
spot-check, The filters used for this check are treated and analyzed by
the procedures given in 7.3 and 7.4, If the selenium background is found
to be greater than 0.7 pg per filter, a preliminary leaching step must
be used to eliminate the excess, The filters are leached with 8 N HNO, ,

washed with distilled“ugfer, dried and repackaged,

7.3 Sample Preparation
| The selenium is extracted from the probe py washing
with a minimal amount (not to exceed 100 ml) of the 8 N nitric acid,
‘This extracted.selenium solution is combined with the impinger solu-
tions., The filter is added and allowed to soak until the particulate is
dissolved, The solution is then filtered. The filtrate is then
evaporated in a hood to approximately 10 ml and 1 ml‘of 60%. perchloric
acid is added caut;ously (a perchloric acid hood and the necessary equipment

to support the glassware should be used), The mixture is allowed to stand
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at room temperature with occasional shaking until the foaming ceases. Heat
from a burner is then applied (with great caution) until the initial rapid
oxidation begins, The heat is removed and the oxidation is allowed to con-
- inue until reaetion has subsided. This treatment destroys any organic matter
present and okidizes any elemental selenium to Se(IV). After dissolution,
careful boiling will remove oxides of nitrogen and some excess nitric acid, The
solution is reduced to a Jbihme of 1 ml; 25 ml of distilled water is»then
added and the solution is then reboiled, Removal of oxides of nitrogen
through boiling is necessary to prevent nitrite ion interference. The
resulting solution can then be analyzed for selenium- by following the

_prescribed procedures given in Section 7.5.

{
/

7.4 Standard Preparatigg i
7.4.1 Standard stock selenium solution (selenious acid,
HZSeOB)--a solution containing 0.50 mg of selenium/ml is prepared by dissolving
50 mg of pure selenium metal (Fisher Ceftified Reagent, specially
pu;;}ied) in a few drops (minimum necessary) of concentrated nitric
acid, boiling gently to expel brown fumes, and making up to 100 ml
with distilled water,
‘ 7.4.2 Standard working selenium solutions--the standard stock

solution, as prepared under 7.4.1, is diluted as necessary for standard

working solution, Dilute 20 ml of stock selenium solution to 100 ml with

distilled water, This solution contains 100 pg Se/ml. Pilute 10 ml of
100‘gg/ml solution to 100 ml with distilled water, This solution contains

10 ug Se/ml.

7.5 Spectrobhotometric Procedure

7.5.1 After appropriate treatment to dissolve the sample,
. the solution is adjusted to pH 2 with 1 N and 0.1 N NaOH and is passed
through a 25-ml buret filled to the 10-ml mark with Dowex 50 WX 8, 50-

to 100-mesh resin in the acid form at a flow rate of 0,5 ml/minute. The

E7.2
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flow rate is controlled by adjusting the stopcock in the buret. The
effluent is collected and any remaining traces of selenium are washed

from the column with 20 ml of distilled water. To this solution is added

5 ml of 0.1 M EDTA, 1 ml of 0.1 M sodium fluoride, and 1 ml of 0.1 M sodium
oxalate; the solution is then readjusted to pH 1,5-2.5 with the 1 and

"0.1 N NaOH, Five ml of 0.1% DAN solution is then added, mixed thoroughly,
and allowed to stand for two hours, '

7.5.2 The solution is transferred to a separatory funnel,
exactly 50 ml of toluene>isvadded, and the piazselenol is extractea by
shaking for 30 seconds, Separate. To remove droplets of water, éhe
toluene layer is filtered into the éuvette through a small filter paper
plug placed in the stem of‘ the separatory funnel.

7.5.3 The absorbance is determined at 380 nm using a
reagent blank. The calibration curves follow Beer's law over the range

0 to 200 g of selenium per 50 ml of.toluene in & 1-cm cell at this

wavelength, i . “
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8. Calibration

8,1 Prepare a set of standard solutions by appropriately diluting
with distilled water, accurately measured volumes of standard stock
selenium solution (section 7.4.1), and standard workiné selenium solutions

(section 7.4.@. Representative concentrations should range from 0;200

ug of selenium for the spectrophotometric procedure. (use the 100 and the
10 ug Se/ml working selenium solutions, section 7.4.2 Include a reagent
blank.
8.2 Follow the procedures outlined under sections 7.3 and 7.5.
8.3 Construct calibration curves by plotting absorbance values
versus ug Se/SO ml in the standard solution. The calibration curves
follow Beer's law over the range 0-200 ug selenium/SO ml of toluene in

a l-cm cell at prescribed wavelength,

e
X
\ =y,
E8.1
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9, Calculations

9.1 Use the calibration curve to determine the concentration of

selenium in the solutions measured by spectrophotometry,

9.2 Concentration of selenium in the sample is

d
CXvVvX
3 x4 T

5 g Se/m® = poR

C = concentration of Se in pg/ml from curve

V = original volume into which entire gas sample was dissolved
d . . . .

F = dilution factor = diluted volume/origlnal volume

(use only if solution was diluted)
m® = total volume of gas sample in cubic meters.,
X

. 3

.x. N
At sample temperature and pressure with appropriate corrections for

humidity if a dry basis is desired (see Ref, 3),

E9.1
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. Mercury Source Emissions Measurements SRI MA #6

FLAMELESS ATOMIC ABSORPTION METHOD
FOR MEASURING MERCURY IN STATIONARY SOURCE EMISSIONS

1., Principles and Applicability

1.1 Principles
Mercury emissions from stationary sources containing mercury
compounds and elemental mercury are sampled through a probe, followed by
a pyrolysis furnace and a solid scrubber for SO,, and collected in im-
pingers containing ICl solution, The mercury deposited in the probe is
combined with that collected in the impingers and the total mercury con-

‘centration is measured by flameless atomic absorption specfroscopy.1

1.2 Applicability

This method is useful for monitoring stationary sources for
total mercury céntent meésured as elemental mercury, regardless of the
‘chemical form in which the mercury.actually exists in the source. It is
applicable to mercury concentrations of approximately 0,005 to 0.05 ng/ft? .
(0.15 to 1.5 pg/m3). The upper limit of the method can be extended by
either diluting the sample takén or by taking a smaller sample, However,
théwLQmple volume taken should not be less than 50 £t® (1.5 m®). Typical
sourCes for which this method was deSLgned are chloralkall plants and

. ' nonfﬁrrous metal smelters .in which gas streams contain primarily nitrogen

j
and -oxygen,
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2., Range and Sensitivity

2.1 Range
The range of this method as described herein is 0.005 to
0.05 g Hg/ft® (0,15 to 1.5 pg/m®) for a 100 £t (3 m3) sample for samples
containing less than 0.1% 50,. For sources containing high levels of 50,
(~7%) the procedure will sample only approximately 10 ft3 (0.3 m®) before

&

the SO, scruﬁﬁérmbééqhes ineffective and sampling must be discontinued., 1In
this case the range éf‘thé method is 0.05 to 0,5 ug Hg/ft3(1.5 to 15
pg/m®). The range is dependent on the amount of gas sampled, which is in
turn dependent on the SO, present and the capacity of the BaO, scrubber,
2.2 Sensitivity
The sensitivity of the method is 0,005 pg/ft® (0.15 Yg/m?)
based on a 100 ft® (3 m®) sample and a 50 ml aliquot of the 400 ml total
‘ volume of ICl solution used to collect fhe\sample. The size of the sample
to be taken at a particular source caii.ot ggﬂgggglglggmyitnoug detailed

1 krowledge of the source and should be determined at the time of sample

| collecticn,
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3. Interferences

The primary interferences with this method are attributable to mate-
rials that reduce ICl in the liquid scrubbing system, Any reducing agent,
such as SOZ, is é potential interfering material unless it is removed
upstream from the sample collecting impingers, In the present method S0,
is removed by passing the sample through a scrubber packed with a
granular material coated with BaO,, which converts the SO, to a
nonvolatile barium salt, All mercury compounds are converted to elemental
mercury vapor . in a pyrolysis tube (75000) so the mercury can be quantita-
tively collected in the IC1l solution, Some of the particulate mercury may
be deposited in the probe, This material is washed out with IC1 solution,

+2
which converts any mercury to Hg

»

g
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4, Accuracy, Precision, and Stability

Y

4.1 Accuracy

The accuracy of the analytical method after sample collection is
=37 in the range of 0.005 to 0.05 yg/ft* (0,15 to 1.5 ug/m®) for a 100 o .
| £t® (3 w®) sample, Insufficient sampling data were collected to determine

the accuracy of the total method.
1,2 Precision

" The precision of the analytical method after ;ample collection
is estimated to be =37 for a lQO'ft3 (3 m?) sample., The ppépision of the

totial method including sampiing could not be determined owiné to the lack

of sampling data, .

\

. +2
The collected samples containing a concentration of Hg+ on

the order of 1 .g ml should be analyzed within a few hours of sampling,

5

)
\
|
|
|
1,3 Stability

It has been our expericnce that mercury is lost from the sample solutions

.

when they. are allowed to stand more than a few hours after collection,

» L

Fd,1
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5. Apparatus

5,1 Sampling
Any sampling apparqtus may be used that has a suitable probe,
~ impingers, and a metering system regulated té draw the gas s?mple thfough
the collection train at a prescribed flow rate (see Section 7.1),2 guch
- equipment can be purchased from Research Appliahce Company, Route 8 and
Craighead‘Road, Allison ?ark,'Pennsylvania 15101, An equivalent sampling
train may also be used., " In addition to this basic equipment, provision
must be made for a pyrolysis tube‘to decompose mercury compounds and a
solid scrubber to remove sulfur dioxide, A cooling loop should be
provided between the pyrolysis tube and the scrubber, The pyrolysis tuBe
‘and BaO, scrubber are placed between the probe and first impinger, the

pyrolysis tube being first.

5.1.1 Probe
Probe length will depend on the contiguration of tne
soufée. Typical probes grel, 1.5 aﬁd S neters long, T7The 3-meter: probes
are easiiy broK%BJand should be used only when necessary, Suitable probes
are made of stai;less steel and contain a Pyrex glass liner, Glass linéd.
‘probes should be used whenever possible, Glass lined probes can be pur-
chased from Research_ Appliance Company, Route 8 and Craighead Road,

Allison Park, Pennsylvania 15101. Any equivalent probe will also be

suitable,

F5.1
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5,1,2 Filter

The use of the pyrolysis tube to convert all the
mercury‘present in the emission gases collected to a vapor state makes
the ﬁse of a filter unnecessary unless large quantities of particulates
are present, The filter should be made of glass fibers; e.g., a Gel-
man Type A filter, which 1s compatible with acid extractions. It is pos-
sible that mercury impurities may be presént in some glass filters.(see
Section 7.2). It may be necessary to %each the filters with IC1l, thoroughly
rinse them first with 6 N HC1l and then with distilled water, and dry them

before they can be used in the sampling device,

5,1,3 Collection Train

*

The EPA collection train,? or any equivalent
train, may be used, A suitable collection train, Model 2343 Staksamplr,

is available from Research Appliance Company,

5.2 Sample Treatment

Ordinary laboratory Pyrex glassware that has been thoroughly
cleaned may be used for these analyses, The glassware should be rinséd
with 1,1 v/v nitric acid, tap water, 0.1 M ICl, and distilled water, in

that order,

5.3 Spectrophotometry

v .3.1 Atomic Absorption Instrument :

Either a singlé'or a double beam atomic absorption

spectrophotometer may be used, provided the instrument has a relative "

detection limit of 0,5 ug/ml. The AA unit should be fitted with a

glass cell (approximately 1,5 in 2.4. x 7 in,) with quartz glass .
windows,
F5.2
- o
o ll)()
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5.3.2 Lamp

-

R N ———

- A hollow cathode mercufy lamp capable‘®of producing

yo :
a constant intensity spectral line at 2537 A is used. x
. " 5.3.,3 Gas Sampling Bubbler

Tudor Scientific Glass Company Smog Bubbler, Cata-
* logue No, TP-1150, or equivalent.
5.3.4 Recorder

To match output of spectrophotometer,

| . F5.3
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6, Reagenté and Supplies

6.1 Stock Reagents

6.1.1 Potassium iodide--reagent grade (ACS),
o 6.1.2 Distilled water,
6.1.,3 Potassium Iodide!Solution, 25%—-Dissolve”250 g. of
potassium iodide (reagent 6.1.1) in distilled water and dilute to 1l liter,
6.1.4 Hydrochloric.acid——concentrated.
6.1.5 Potassium iodate--reagent grade (ACS),
6.1.6 Iodine monochloride (ICl) 1,0 M--To 889 ml of«25%

potassium iodide solution (reagent 6.1.3), add 889 ml of concentrated

hydrochloric acid, Cool to room témperature, While stirring vigorcusly

.

’

slowly add 150 g of potassium iodate and continue stirring until all free
iodine has dissolved to give a clear orange-red solution, Cool to room
temperature and dilute to 2000 mlnﬁ%ith distiéggp water, The solution
should be kept in amber bottles to prevent degradation.

6.1.7 Sodium hydroxide pellets--reagent grade (ACS).

6.1.8 Nitric acid—-reagentvgrade (ACS) .

6.1.9 Hydroxylamine sulfate--reagent grade (ACS),

6.1,10 Sodium chloride--reagent grade (ACS),

6.1.11 Mercuric chloridc- -reagent grade (ACS).

6.2 Sampling Reagents

6.2.1 Absorbing solution, 0,1 M ICl-- dilute 100 ml of the
1.0 M IC1 stock (reagent 6,1,6) to 1 liter with distilled water,
Tne solut;on should-be kent in glass bottles to prevent degradation. This
reagent should be stabievfor at least twc months® to ensure quality, how-

ever, periodic checks by.thiesulfate titration should be performed,

F6,1
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6.2.2 Wash acid--1:1 v/v nitric acid: water
6.2.3 Distilled, deionized water,
6.2.4 Silica gel--indicating type, 6- to 16-mesh, dried

&

at 350°F for two hours,
o 6.2,5 Filter (optional)--glass fiber, Gelman Type A,
Mine Sufeiy Appliances 1106BH, or equivalent, A filter may be necessary
in cases where the gas stream to be sampled contains large qﬁantities,of
particulate maiter,
6.2,6 BaO, supported on aluminum silicate—-BéOEI(Bakéré

Analyzed Reagent), 100 parts by weight is mixed with 70 parts by weight

of 40~ to 60-mesh aluminum silicate. The mixture is heated at 420°C for

one hour and sieved, while hot, fhroUgh a 25-mesh sieve, One hundred parts

gy weight of additional BaO, is added to the sieved product and it is
mixed again; The resulting mixture is heated for one hour at 420°C,
then broken up'and sieved hot. The fraétion that is 25- to 65-mesh is
used to pack the S0, scrubber,

6.3 Analysis

5.2.1 Sodium hydroxide, 10 N--dissolve 40,0 g ol sodium

ﬁydroxide pellets in distilled water and dilute to 100 ml.

6.2.2 Reducing agent, 129 hydroxylamine sulfate, 12%-
sodium chlg;iae—~to 60 ml of distilled water, add 12‘gVOf hydroxylamine
sulfapé and 12 g of sodium chloride., Dilute to 100 ml, This ﬁuantity
is>9hffi¢ient for 20 analyses and must be prepared daily,

\ 6,3.3 Aeration gas—-zero:grade air,
] 6.3.4 Hydrochloric aciq,:O.B N--dilute 25.5 ml of con-

centrated hydrochloric acid to 1 liter with distilled wétgr. o

i
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7. Procedure

7.1 Sampling

s

Prior 'to assembly, all glassware (probe, impingéfs, and con-
nectors) is cleaned by rinsing with wash acid, tgp water, 0,1 M ICl, tap
water, and finally distilled water, Use 80 ml., of the 0,1 M ICl as a "
blank in the sample analysis., '

Mefcury source emissions are drawn through a probe, a
pyrolysis tﬁbe at 750°C, a BéO2 scrubber at 400 to 420°C, and a series | —
of impingers (the first two contain 150 ml of 0.1 M ICl, the third is
empty; and the fourth contains 200 g of silica gel). The impingers should

be followed by an acid trap, such as a Mine Safety Appliance Air Line
Filter, catalog number 81857 with an acid absorbing cartridge. A total

of 100 ft® (3 m®) of gas from thc source should be sampled; e.g., a
sampling time of two hours at-a flow rate of ~ 0.8 ft3/min (0.02 m3®/min)

may be used, e

7.2 Mercury Check 6n Filters (Only if a Filter is Used)

A glass fiber filter is used in the sampler because it is
very .compatible with acid extractions. However, since mercufy impurities
may.be present in the filter matefial, 5 glass fibef filters from
each lot of 100 must be analyzed for mercury. : '

\ Each filter is extracted with two 0.1 M ICl washes of

sufficient volume to cover them. The solution is thén transferred to a

elean 100 ml analysis tube and.analyzed for mercury according to the
procedure given in 7.5.3 and 7.5.4, If the meyéhry background is found

to bhe greater than'approximately 50 ng per filter, a preliminary

leaching as described in 5.1.2 must be used. ’

F7.1
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7.3 Sample Preparation

All glass storage bottles and the graduated cylinder used in \
samplé preparation must be precleaneg as indicated in Section 7.1, This
operation should be performed in an area free of mercury contamination,
Industrial labotratories and ambient air around mercury-using facilities
are not normally free of mercury contamination. When the sampling train
is moved, care must be exerciséd to prevent breakage and contam}nation.
Disconnect the probe from the impinger train., Place the con-
tents (measured to 1 ml) of the first three impingers into a 500-ml sam-

ple‘bottle. Rinse\the probe and all glassware between it and the pyroly-

.sis tube and the exit end of the SO, scrubber back half of thc third im-

pinger with two 50-ml portions of 0.1 M ICl solution. Add these rinses

to the first sample bottle, For a blank, place 80 ml of the 0.1 M ICi

in a 100 ml sample bottle, If used place the filter and 100 ml of 0,1 M

IC1l in another 100 ml sample bottle, Retain a blank. If an additional

fegt is'desired,ithe glassware can be carefully double rinsed with distilled
water and reassembled. However, if the glassware is to be out of use more
than two days, the initial acid wash procedure‘ﬁugt-be followed.

Rar

7.4 Standard Preparation . -

N
PR

) 7.4,1 Stock solution--add 0.1354 g of mercuric chloride

to 80 ml of 0.3 N hydrochloric acid. After the mercuric‘chloride has
dﬁssolved, adjust the volume to lOOle uéing 0.3 N HC1l, One ml of this
solution is equivalent to 1 mg of free mercury. \
7.4.2 Standard solutions-—prepare calibration solutions
by serially diluting the stock solution (7.4.1) with 0.3 N hydrochloric
acid, Prepare-solutions at concentrations in the linear working range

for the instrument to be used. Solutions of 1 ug/ml, 0.1 ug/ml, and

O.OI;Lg/ml have been found acceptable for most instruments. Store all
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stable for at least two months; however, to ensure quality, periodic
analyses should be run and checked against previous runs,
A 7.9 Analysis
7.5.1 Apparatus preparation--clean all glassware according

to the procedure of Section 7.1. Adjust the instrument setting according
to the instrument manual, using an absorption wévelength of 2537 K.

7.5.2 Analysis preparation--adjust the air deli;ery pres-
sure and the needle valve to obtain a constant air flow of about 1.3 l/min.

The analysis tube should be bypassed except during aeration, Purge the

equipment for two minutes. Prepare a sample of mercury standard solution

(7.4.2) according to Section 7,5.3. Place the analysis tube in the line
and aerate until a maximum peak height is reached on the recorder. Remove
the anﬁlysis tube, flush the lines, and rinse the analysis tube with dis-
tilled water. Repeat with another sample of the same standard solution,

This purge and analysis cycle is to be repeated until peak heights are

reproducible,

\

7,5.3 Sample preparation--just prior‘to analysis, trans-
| fer a sample aliquot of up to 50 ml to the cleanéd 190 ml anélysis tube;
3 Adjust the volume to 50 ml with 0.1 M IC1, it reqdired. Add 5 ml of 10 N
‘ sodium hydroxide, cap tube with a clean glass stopper, and shake vigorously.,
Prdlonged, vigorous shaking at this point is necessary to obtain an accu-
rate analysis. Add 5 ml of the réducing agent (reagent 6.3.2), cap tube

with a clean glass stopper and shake vigorously and immediately place in

v

sample line.

7.5.4 Mercury determination--After the system has been ’ :

|
{ stabilized prepare samples from the sample bottle according to Sec-
} tion 7.5.3. Aerate the sample until a maximum peak height is reached

on the recorder. The mercury content is determined by comparing the

peak heights of the sample to the peak heights of the calibration

»

o - " i oY
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solutions. If collected samples are out of the linear range, the samples
should be diluted., Prepare a blank from the 100-m1 bottle according to

Section 7.5.3 and analyze to determine the reagent blank mercury level,

o

F7.4
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8, Calibration

Prepare a calibration curve over a range of 50 to 500 ng Hg using
the standards in Section 7.4.2, Plot the peak heights versus the
concentrations of mercury in the standard solutions. Standards should
be interspersed with the samplgs since the calibration can change
slightjg'with time, A new calibration curve should be prepared for

each new set of samples run,

F8.1
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7

9., Calculations ;

The concentration of Hg in the gas stream is displayed in the follow-

ing equation:

d
s, CXVX 'F f
pg Hg/m =W .

C = concentration of Hg in pg/ml from AA calibration curve,

V = original volume into which entire gas sample is dissolved,

d ’ :

F = dilution factor = diluted volume/original volume (use only if origi-
nal solution was diluted)

m® = total volume of gas stream sample in cubic meters,

K. ~ . -
At sample temperature and pressure with appropriate corrections for

humidity if a dry basis is desired,

F9.1
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10, References

1, W. R. Hatch and W, L. Ott, "Determination of Sub-Microgram
Quantities of Mercury by Atomic Absorption Spectrophotometry,’
Anal, Chem,, 40:2085-87, 1968,

2. Robert M, Martin, (Construction Details of Isokinetic Source

Sampling Equipment, '"Environmental Protection Agency, APTD-0581,

3, W.slavin, Atomic Absorption Spectroscopy (Inter501ence
Publishers, New York, 1968), p 61,

F10,1

163




TECHNICAL REPORT DATA ]
(Please read Instructions on the reverse before completing)

1. REPORT NO. 2. 3. RECIPIENT'S ACCESSIOMNNO.
PA-650/4-74-015
_TITLE AND SUBTITLE 5. REPORT DATE

uryey of Manual Methods of Measurements of Asbestos, September 1973
eryllium, Lead, Cadmium, Selenium, and Mercury in 6. PERFORMING ORGANIZATION CODE
Stationary Sources Emissions

7. AUTHORIS) B. PERFORMING ORGANIZATION REPORT NO.
p.M. Coulson, D.L.Hayes, M.R. Balazs, and
.P. Dolder i : SRI Project PYU-1374
. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT NO.
Stanford Research Institute 1HA327
Menlo Park, California 94025 11. CONTRACT/GRANT NO.

68-02-0310 .
12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE 6F REPORT AND PERIOD COVERED
nvironmental Protection Agency - Final 6-29-71 - 9-30=73

.SPONSORING AGENCY CODE
National Environmental Research Center b R

uality Assurance & Environmental Monitoring Laboratory
esearch Triangle Park, North Carolina 27711

15. SUPPLEMENTARY NOTES

6. ABSTRACTDuring Phase I of this study sources of information-were searched for methods
bf analysis for asbestos, beryllium, lead, cadmium; selenium, and mercury thai would be
uitable for analyzing stationary scurce emissions. The primary sources of information
ere the technical literature, telephone and direct interviews with staff members of
ompanies that are probable stationary sources of emissions of the pollutants, and con-
act with the Project Officer assigned by EPA. During the literature search additional
ackground information was obtained on the toxicity of the pollutants .in this study.
Methods of analysis were then chosen on the basis of a survey of current knowledge
n methodology, ease of using the procedure, availability of the equipment needed to
erform the tests, sensivitity based upon proposed EPA standards of emission and thres-
old limit values (TLV) adopted by the American Conference of Government Industrial
ygienists (ACGIH), and specificity requirements. One method was chosen for each pol-

utant. A detailed discussion of how the methods of analysis were selected is presenteq.

During Phase II the methods of analeis selected in Phase I were testéd, evaluated

nd then modified if necessary. All methods were initially tested in' the laﬁoratory.
he asbestos method was tested on samples collected at an asbestos mill. Field samplin
as conducted for beryllium at a beryllium machining facility, but only small amcunts o
eryllium were collécted. The methods for lead and cadmium were tested successfully on
amples collected at a municipal incinerator. No field test were conducted for seleni
ecause work had been stopped on this pollutant before field testing began. Field test-
as performed on mercury in the development of the method of analysis in Phase 1. Fur-
her development and/or evaluation of these methods of analysis probably should be made

fore they are ready for roubine use—iR—meaburinggourceemigsions
¥ aad QX
7. ' KEY WORDS AND DOCUMENT ANALYSIS
DESCRIPTORS b.IDENTIFIERS/OPEN ENDED TERMS {C. COSATI Ficld/Group
13 DISTRIBUTION STATEMENT 19. SECURITY CLASS (/his Report) 21. NO. OF PAGES
Unlimited Unclassified 165
20. SECURITY CLASS (This puge] 22. PRICE
Inclagsified

) o
pE 220-1 (9-73) .
- . F10.2 164




