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CHAPTER 1

INTRODUCTION

The U.S. Environmental Protection Agency may propose new source per-
formance standards for the secondary aluminum industry. Compliance with
appropriate emission limiting standards can only be evaluated using refer-
ence air sampling techniques. In association with Contract 68-02-2815,
Work Assignments 44 and 46 directed Engineering-Science (ES) to develop
reliable stack sampling trains necessary to collect accurate samples from
certain secondary aluminum process operations.

EPA work assignment requesters identified chlorine compounds and con-
densable hydrocarbons ag the contaminants of particular interest needing
investigation. ES and one of its related companies, Harmon Engineering
and Testing, reviewed established sample collection and analytical techni-
ques for these contaminants. Specific sample trains and methods of analysis
were selected for field evaluation.

During the period December 15 to December 19, ES secured stack emission
samples from processes at North American Smelting Company in Wilmington,
Delaware. The reverberatory furnace chlorination scrubber was sampled for
total particulates, particulate chloridesg, chlorine gas, and gas phase
hydrochlorie acid, with all samples collected at the scrubber outlet. The
outlet of the lime coated baghouse controlling emissions from the furnace
scrap charging wells was sampled for particulates and condensable and non-
condensable hydrocarbons. Some of the sample analyses were completed in
the field, whereas the remainder were completed in the McLean and Arcadia

laboratories.

This report includes a summary of the collected data and an evaluation
of the two sample trains. Operating problems with the sample trains and
the associated analytical technigques are discussed. Final recommendations
for train assembly and sample analysis are provided.
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CHAPTER 2

DESCRIPTION OF TEST LOCATIONS

The methods development test program was centered around operation
of the reverberatory furnaces. A hydreocarbons train collected samples
from the outlet of equipment used to abate particulates and hydrocarbons
in off gases from the furnace charging wells. Particulate and gaseous
chlorine compounds contained in furnace chlorination effluent gases were
characterized by collecting samples at the outlet of the process scrubber.
Each site is discussed in more detail in the remainder of this chapter.

CHLORINE SCRUBBER

At the end of each batch aluminum alloy formilation, excess magnesium
is removed by sparging chlorine gas through the melt. The effluent gas
proceeds to emissions control equipment for abatement of aluminum chloride
particulates, its partial hydrolysis product, hydrochloric acid, and unre-
acted chlorine.

North American Smelting Company (NASCO) operates a two-stage scrubber
for control of atmospheric emissions from chlorine lancing. A high pressure
drop venturi scrubber (35" w.c.) collects some particulates and gaseous
compounds;—and-the second stage packed bed scrubber removes more of the
elatively difficait to absorb chlorine gas. A baffle_type mist eliminator
<:;s*iocated—at*the’top of the packed bed. g§§1hm hydroxide scrubbing liquor —

is used on a once-through basis for each stage. A schiematic of the scruBSIHE_
operation is provided in Figqure 2-1.

Test ports located between the scrubber and the fan were used to collect
all samples. This location was characterized by a high negative static pres-
sure and a very high loading of scrubbing liquor droplets which penetrated
the mist eliminator. In fact, the droplet concentration was so high that
sample train cyclones were used to prevent blinding the filter. The high
negative pressure required turning the sample pump on prior to insertion of
the probe in the stack to prevent pulling the sample filter from its holder.

Similtaneous collection of two samples was accomplished by placing a
sample train in each of the two ports. The nozzles were located as close
together as possible at the approximate center of the stack.
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Chlorination periods varied, depending upon furnace size and magnesium
concentration. Emissions tended to increase towards the end of chlorination,
and where possible, stack gas samples were collected during the expected
maximum emission period.

CHARGING WELL COATED BAGHOUSE

Various types of aluminum alloy scrap, pure alloy components such as
gsilicon, and flux compounds are fed to an open well at one end of each
reverberatory furnace. The exact mixture charged for each furnace run
depends upon the specific desired alloy formilation and characteristics
of available scrap. Exhaust hoods capture volatilized organics and acid
compounds, and the resulting mixture of contaminants and room air pro-
ceeds to a pre-coat type fabric filter collector.

While operating, the baghouse is not cleaned by reqular mechanical
shaking or air pulsations. Ingstead, the bags are initially coated with
lime, and when the pressure drop reaches a pre-determined set point value,
the bags are cleaned and re-coated. Thusg, although charging is essentially
continuous from early Monday morning through Friday morning, the bags may
be cleaned and re-coated a maximum of twice and possibly not at all during
this time gpan.

A schematic of the baghouse is shown in Figure 2-2. Exhaust gas is
split by the two fans and discharged through two separate stacks. All
samples were collected from the north stack for the first phase test pro-

gram.

Pressure drop across the baghouse was approximately 10" w.c. during
the sample cnllection period. This was somewhat above the desired set
point and indicated "dirty"” bags. WNASCO was willing to permit sample
collection in this operating mode whereas ordinarily the bags would have
been cleaned and re-coated. A sample of the lime recovered after bag
cleaning confirmed that the lime collects organic material, as it was
colored black and had a definite "oily" odor.
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CHAPTER 3

DESCRIPTION OF SAMPLE COLLECTION

AND ANALYSIS PROCEDURES
in Hor s

The specific air contaminants of interest{for the secondary alumin‘;:>
/industryﬂﬁre gaseous and particulate chlorine compounds and condefnisable
hydrocarbons. After a review of expected source emission characteristics
and the available characterization methods, specific sample trains, and
analytical methods were selected. Details for each of the twe types of
sample trains are discussed separately below. Copies of all reference
procedures are c¢ontained in the appendices.

CHLORINE COMPOUNDS

Sample Collection

Exhaust gases from the chlorine lancing operation were expected to con-
tain particulte chlorides, chlorine gas, and possibly gas phase hydrochloric
acid. Separate characterization for each type of compound was desired.

A standard Method 5 sample train was assembled for this purpose, the
only modification involving use of 0.1 normal sodium hydroxide solution in-
stead of water in the impinger. Because of the uncertain absorption and re-
action characteristics of low concentration of chlorine gas, three impingers
in series were charged with the caustic solution. Tissue guartz filters were
used because of their superior chemical compatibility with acidic gases as
compared to standard glass fiber media. A schematic of the assembled train
is shown in Figure 3-1l.

During each chlorination period, simultaneous single point isckinetic
samples were collected. Sample train operation, including filter tempera=-
ture control, was identical to that specified in EPA Method .5, __ Inclusion___.
of cyclones_upstream.of the filters was necessary to remove)entralned scrub-

e — 4—'-‘-—.__’__ .

mr———

D

-bing liquid droplets. o
<l 7 R

Normal sample train operation according to EPA Method 5 results in a
sample collection rate of approximately 0.75 cfm, meter conditions. The
effluent particles from the chlorine scrubber were present at a moderate
grain loading, but because of their apparent very fine size, the collected
filter cake rapidly produced a high pressure drop. Smaller sample nozzles
were used to effect a lower sample collection rate to solve this problem.
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At the conclusion of each test run, the following separate train fractions
were recovered: probe wash, filter, cyclone, first impinger, second impinger,
and third impinger. Chlorine analyses were performed immediately after sample
collection, whereas the other components were characterized after samples were
returned to the laboratory.

Analytical Methods

Specifie characterization methods for particulates and gaseous compounds
are discussed in separate sections in the remainder of this section. With
respect to chlorine compounds, free chlorine was determined first, followed
by analysis of total chlorides.

Particulate Chlorides

A standard gravimetric analysis was completed for all filters. After
recording the final filter weight, particulte chlorides were determined by
extraction of the filter catch with distilled water followed by the mer-
curic titration procedure. (This procedure is discussed in detail in the
subsection for chlorides.)

Additional characterization for aluminum chloride particulate was con-
sidered appropriate. It sublimes completely at 29.92" Hg at 352°F, and was,
therefore, expected to have a substantial vapor pressure at the Method 5
filtration temperature of 250°F.

In the specific case of NASCO, extracting particulates from a stack
environment of approximately 70°F and 27.4" Hg absoclute pressure and heat-~
ing then to 250°F and reducing the absolute pressgsure even further was ex-
pected to result in a phase change of a portion of the aluminum chloride.
Thus, each impinger was analyzed for the pressure of aluminum.

Chlorine Gas

In sodium hydroxide solution, chlorine gas reacts as follows:
ifrane—
Cl; {(gas) == Cl, (aqueous)
Cl; (aqueocus) + Ho0 === HCl + HOC1
e ————
HCl ———a-Ht + C17
HOCl ——=H* + OCl~

Thus, analysis of the caustic impinger catch for chlorine actually amounts
to analysis for hypochlorous acid or hypochlorite ion, depending upon
actual solution pH.

A colorimetric procedure was selected for analysis of free available
chlorine, defined as the sum of aqueous chlorine, hypochlorous acid, and
hypochlorite ion. The actual method used was 409-D, stabilized neutral
orthotolidene, as described in "Standard Methods for Examination of Water and
Wastewater." The chlorine-induced color {turquoise) was gquantified with a
Bausch and Lomb Spectronic 20 single beam gpectrophotometer at 625 nanometers.
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Prior to field data collection, several preliminary laboratory pro-
cedures were necessary. Chlorine demand-free water was prepared for use in
all dilutions. Sodium thiosulfate reagent was standardized after the
recommended two-week waiting period.

Fundamental to this procedure is the standardization of the stock so-
dium thiosulfate reagent for its subsequent use in preparing a stock solu-
tion of free available chlorine. Standard Methods, Section 409-A describes
the titration employed to determine the above mentioned normality. The al-
ternative Dichromate method was used over the primary Biniodate method be-
cause of the stability of the stock potassium dichromate reagent used in the
former. A sharp, clear end point was reached with diluted sodium thiosulfate
( 0.025N). A diluted commercial solution of sodium hypochlorite was used to
prepare the stock chlorine solution (approximately 50 mg/l). Sodium thio-
sulfate was then used to determine the true chlorine concentration of this
stock solution. A range of concentrations was then made per appropriate
dilutions.

The various dilutions, prepared asynchronously, provided the means to
develop a standard curve. Each dilution was treated and colorimetrically
analyzed as described in the SNORT method. The method regquires dilutions
to be in the range of 0.01 mg/l and 6.0 mg/l chlorine as defined by detect-
ability and orthotolidine availability, respectively. The game limit applies
to sample analysis.

Upon the addition of the orthotolidine and the buffer stabilizer, the di-
luted standard samples developed a turgquoise color and were read on the spec-
trophotometer at 625 nm. Optical densities (as absorbance or transmittance)
were recorded and plotted on a graph. The graph described a line where an in-~
crease in concentration results in an increased absorbance. Standard curves
were prepared daily in concurrence with sample collection (or audit sample
evaluation}. Linear regression was used to calculate concentration as a
function of absorbance.

Impinger samples were analyzed with the SNORT method immediately follow-
ing their collection in the field. Dilutions were made to a concentration
that indicated 20 to 80% of scale on the spectrophotometer. Where this was
not achieved, the extension of the standard curve was necessary to locate
the corresponding concentration point. As recommended, the photometer was
read within 2 minutes of reagent and sample mixing because of rapid chlorine
degradation to chloride. Interferences were compensated for by making a blank
with sodium arsenite (reduces available chlorine) and using it as a zero ab~
sorbance reference. Due to some obsgerved cloudiness, it was evident that this
was necessary. Generally, two dilution aliguots from each sample were analyzed
and the average absorbance was used to identify the chlorine concentration.

Total Chlorides

Two titration procedures were selected for analysis of total chloride ion.
One method followed the EPA procedure for analysis of hydrochloric acid emig-
sions (mercuric nitrate titration) and the other one was selected from "Stan-
dard Methods," Method 408, argentometric analysis (silver nitrate titration).
Both methods were evaluated because of reported difficulties with pH control for
the mercury titration and with end point detection for the silver titration.

3-4
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As discussed in the reference mercury titration procedure, some sam-—
ple aliquots were passed through a cation exchanger to investigate the
presence of metal ion interferences.

Total chlorides analysis included contribution by chlorine gas, hydro-
chloric acid, and particulate chlorides. Chlorine poses a problem for chlo-
ride analysis because upon initial absorption it forms an equi-molar mixture
of chloride and hypochlorite ions. Hypochlorite gradually decomposes to
chloride, so in order to eliminate questions concerning the percentage con-
vergion, all field samples were treated to convert hypochlorite to chloride.
This was accomplished through the use of a 3% hydrogen solution added in ex-
cess of the molar concentration required to destroy the chlorine, as measured
shortly after sample collection and recovery.

The hydrogen peroxide reacts with hypochlorite in a basic solution ac-
cording to the equation: '

OH™
ocCcl + H202 —- 02 +Cl + H20

The use of excess hydrogen peroxide has the added advantage of destroy-
ing any reducing ions which may be present in the sample and which interfere
in the mercuric nitrate titration procedure.

Thus, the total chloride concentration represents the following frac-
tions:

C1™ total = HCl + 2 012 + 3 Al C13, expressed as mass equivalents

HYDROCARBON COMPQUNDS

Sample Collection

Secondary aluminum smelting operations involve recycling of numerous
types of aluminum scrap. Any cutting or lubricating oils, plastic ceoatings,
or plastic components are evolved from furnace charging wells, chip dryers,
and sweat furnaces. BAs a first cut type of analysis, separation of these
hydrocarbons into particulate {(at 250°F) and condensable (liquid phase be-
tween 250°F and 70¢F) fractions are desired. Condensable hydrocarbons are
of interest because of their formation_of droplets.when-stack-gas-cools_while
mixing with ambien§53££;,ﬁThe“noncondepsable sample train fraction is unim-

EPrtant in this case.
M

A standard Method 5 sample train was selected for hydrocarbons char-
acterization. - B3 indicated in Figure 3-2, a portion of the gas stream was
removed from the U tube connecting the empty third impinger and the silica
gel impinger, and it was pumped to a flame ilonization detector (FID) based
total hydrocarbon analyzer (THCA). This fraction of hydrocarbons, defined
as "noncondensable," includes any water insoluble organics with a vapor pres-
sure greater than a few ppm by volume at the actual impinger temperature.

The lime ¢oated baghouse at NASCO which abates furnace charging well
emissions was selected as the source for evaluation of the hydrocarbons
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train. At least one and sometimes two furnaces were being charged during
sample collection periods.

Removal of the slipsgtream to the FID caused a difference between gas
volume entering the sample nozzle and volume registered by the dry gas meter,
so a correction factor to the desired metering system orifice pressure drop
was regquired to maintain isokinetic sampling at the nozzle. The particular
hydrocarbon analyzer used had an internal pump which removed approximately
6 scfh from the Method 5 gas sample. The AH correction factor was estimated
by noting the actual meter box AH when the sampling rate was approximately
0.75 cfm and when it was approximatley 0.65 cfm. The difference was 0.5"
w.C., such that nomograph values were decreased by this amount when setting
individual traverse point sampling rates.

The magnitude of the AH correction factor was high enough for some sam-
ple points that it represented 1/2 of the desired AH. For example, a certain
sample point velocity head was such that the orifice pressure drip was 1"
WeCe, Or 0.5"™ wosc. with the correction factor deducted. A sample nozzle
larger than normal was used to lower the % deduction due to the FID slip-
gtream.

Prior to charging the train, all glassware was cleaned with chromic acid
solution, as specified in Method 5A. Sample train operation for sample col-
lection was identical to that described in the reference procedure.

At the conclusion of each run, the following separate fractions were
recovered: probe wash, filter, back half rinse including filter holder,
and combined impingers. The probe wash and initial back half rinse were
completed with acetone, and a second back half rinse was performed with
trichloroethylene. U tube connections were wiped with trichlorocethylene
prior to back half recovery to control collection of silicone grease.

Analytical Methods

Total Particulates

A standard gravimetric analysis was completed for the sample train
quartz filters and acetone probe wash.

Condensable Qrganics

Dual back half rinses were performed because of the unknown recovery
characteristics of acetone. A standard gravimetric analysis was completed
for the acetone and 1,1,1 trichloroethane back half rinses.

The chloroform-ether extraction procedure described in Method 5A was
followed for the combined impinger catch. For each run, the initial solu-
tion pH was approximately 2, such that neutralization with caustic was
necessary prior to the initial extraction. Because some organics are more
completely extracted at low pH that at neutral pH, a second stage extrac-
tion was completed after readjusting to a pH of 1 with hydrochloric acid.
A standard gravimetric analysis was completed for all chloroform/ether ex-
tracts.
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Noncondensable Qrganics

Hydrocarbong that were not successfully collected in the impinger train
were determined by diverting part of the "back half" Method 5 gas stream to
a flame ionization detector (FID) in a total hydrocarbon analyzer (THCA}.

A Scott Mcdel 215 THCA was utilized in the field. It was located and
operated on the ground beneath the sampling ports. Data were recorded on a
Linear Model 555 flat bed recorder.

The THCA was zerced with zero air (THC <0.1 ppm) and calibrated with
methane span gases. Span gas calibrations should be made in a concentra-
tion range that will approximate test emissions. Therefore, methane span
gases of 31.6 ppm and 81.7 ppm were used in this test anticipating low
hydrocarbon loadings.

Unfortunately, span gas calibration gases, even at full range adjust-
ments, failed to respond to their true value. Methane span gases of 31.6
ppm and 81.7 ppm corresponded to 27.1 and 70.3% chart responses on a 0=100
range. The most probable cause of this anomaly was operating below the re=-
commended ambient temperature limit of the instrument. Scott THCA Model
215 operating manual specifications indicate an operation range between
32°F and 130%F. Field test conditions remained around 25°F. Later, at the
ES MclLean office, under room conditions, THCA span gas calibrations yielded
accurate linear responses.

The low span gas values in the field did not discount THC concentration
responses, however, even though the actual concentration was not indicated,
the span gases retained linearity. Thus, a simple correction was made for
true hydrocarbon emissions by multiplying cobserved responses by the ratio
of the true span value and the observed span response (e.g., 31.6 ppm CHs -
1.17). 27.1 ppm CHy

Prior to sample collection, a leak check was conducted through the tef-
lon line and analyzer by capping off the sample inlet adjacent to the U-tube
assembly. With the pump on, the bypass flow meter dropped down to zero, in-
dicating a leak tight sample line and instrument.

To insure simultaneous sampling with the Method 5 run, it was necessary
to turn off the pump while connecting the sample line to the U-tube assembly.
Consequently, earlier leak test procedures excluded the sample line/U-tube
assembly connection. Problems with simultanecus leak checks (i.e. meter box
pump override of the THCA pump) justified this particular procedure.

The THCA and Method 5 train started sampling simzltaneously. The flow
rate of the gas stream diverted to the THCA was controlled by an internal
sample pressure regulator (i.e. only accessible by removing the top panel)
and monitored by a bypass flow meter. The bypass flow typically registered
5 to 7 scth, rotameter scale. From this gas stream, approximately 6 ml/min
was directed to the FID.

Sample pressures of 1.0 psi and bypass flow rates of 6 scfh approximated

starting conditions. However, particulate loading on the filter in the Method
5 sample box produced a proportional vacuum. Hence, without a compensating
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adjustment to the THCA sample pressure, the actual sample diversion slowly
dropped to about 4 scfh by the termination of the tests.

At the conclusion of each test run, the piece of unheated teflon con-
necting the THCA to the Method 5 sample box was purged with ambient air to
insure constant background sampling conditions.




CHAPTER 4

TABULAR SUMMARY OF RESULTS

During the period of December 15 through December 19, a total of six
chlorine compound and two hydrocarbon compound samples were collected using
minor modifications of the EPA Method 5 manual stack sampling train. The
two complete hydrocarbon samples were supplemented with a brief experiment
involving impinger collection efficiency. Results of all field samples are
summarized in tabular form in this chapter.

On December 16, EPA representatives delivered quality assurance samples
for chlorine and chlorides. 1Initial chlorine analyses were completed on
site, and chloride samples were titrated at a later date. Results of these
analyses are also included in this chapter.

Separate tables are presented where possible, but because of the relation-
ship between chlorine and chloride analyses, some combined tables are noted.

CHLORINE AND CHLORIDES (SCRUBBER TESTS)

Results for EPA audit samples are listed in Tables 4-1 and 4-2. The
EPA reference values for chlorine are not included pending re-analysig of
gsome of the samples.

For the total of six chlorine compound runs, three repetitions each
with the two simultaneously operating trains, overall results are pro-
vided in Table 4-3. This table includes total filter weight and extract-
able chlorides from the filter as well as separate chlorine and chloride
analysegs for the probe wash, cyclone, and first, second, and third im-
pingers. A comparison of impinger catches only is provided in Table 4-4.

Evaluations of individual impinger chlorine collection efficiency
and of particulate vs. gaseous chloride fractionation are provided in
Tables 4-5 and 4-6.

Calculated values for particulate and gaseous loadings in terms of
concentration and mass emission rate are contained in Table 4-7. Values
for hydrochloric acid emissions were not calculated because of uncertainty
in the analysis for aluminum in the impinger c¢atch, as discussed more com-
pletely in Chapter 5. ’
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TABLE 4-1
AUDIT SAMPLE CHLORINE CONCENTRATIONS (mg/l)

Date Analyzed Total*

Sample # 12/16 12/18 12/19 1/7 1/9 c1-
2256 98.5 - 136.8 124.6 - 617
2285 88.4 - - 116.7 127.0 -
3071 188,.2 - 287.2 224 .4 - 824
3087 170.4 - - 263.8 218.4 --
4050 - 292.6 - 366.5 292.1 -

® Determined by mercury titration procedure.

For chlorine samples

only, chloride concentration should be exactly twice the chlorine
concentration.
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TABLE 4-4

TABULAR SUMMARY OF CHLORINE AND CHLORIDE ANALYSES
IMPINGER TOTALS ONLY

Total Total

Test Milligrams Milligrams

Run Chlorine Chloride
2A 314.7 361.5
2B 491.2 573.8
3a 23.0 53.4
3B 15.5 31.7
437 105.4 244.9
4B 108.2 224.7

Note: Chlorine reported in atomic form, equivalent
weight 35.45.




TABLE 4-5

STAGED COLLECTICN EFFICIENCY OF IMPINGERS

Total % Collected of Total

Chlorine First Second Third
Run (mg) Impinger Impinger Impinger
2a 314.7 84.8 14.3 0.9
2B 491.2 62.2 34.6 3.2
3Aa 23.0 92.6 7.4 0
3B 15.5 94.2 ] 5.8 0
4a 105.4 94,7 5.3 0
4B 108.2 93.5 6.5 0
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TABLE 4-6

CHLORIDE TRAIN FRACTIONS AS % OF TOTAL

Total % Contribution
Chloride First Second Third

Run (mg) Filter Impinger Impinger Impinger
2A 423.5 14.6 73.7 1.1 0.6

2B 589.6 2.7 75.6 20.3 1.4

3a 64.9 17.7 70.6 6.2 5.5

3B 42.9 26,1 69.5 3.5 0.9

4A 294.5 16 .8 79.8 3.2 0.2

4B 280.5 19.9 77.1 2.8 0.2
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TABLE 4-7

CHLORINE COMPOUND EMISSION DATA

Chlorine
Total Particulates Chloride Particulates Gas
Emission Grain Emission Grain Emission
Run Rate Loading Rate Loading Rate Conc.
Number (1b/hr) (gr/dscf) {1b/hr) {gr/dscf) {1b/hr) (ppm)
2a 18.0 0.238 2.4 0.031 12.1 247
2B 7.3 0.097 0.6 0.008 18.7 383
3A 8.6 0.103 0.6 0.007 1.2 22
3B 7.7 0.092 0.5 0.006 0.7 14
4A 27.4 0.315 2.6 0.030 5.7 101
4B 25.6 0.305 2.9 0.034 5.6 103
4-8
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HYDROCARBONS AND PARTICULATES (BAGHOUSE TESTS)

Back half extraction and rinse data are summarized in Table 4-8.
gample filter weight gains were less than 0.1 milligram and are not re-
ported. Acetone probe rinse catches for the two runs were 3.7 and 22.6
milligrams, respectively.

Hydrocarbon analyzer data indicated widely wvarying concentrations.
Typically, there was a certain background concentration, and spikes above
ground were observed soon after a batch of scrap was charged. A portion
of a strip chart containing one peak is reproduced as-Figure 4-1.

Strip chart data reduction was based on a manual calculation of ten-
minute averages. Overall test period concentrations were then calculated
from the ten-minute averages. Results of these calculations are provided
in Tables 4~% and 4~10. In order to compare average concentrations to cal-
culated versus actual observed values, some typical concentration ranges
and peak values are listed in Table 4-11. Copies of the strip charts are
provided in the appendices.

Completion of the two normal test runs confirmed that some hydro-
carbons were not collected by the impingers. A brief experiment was de-
vised to evaluate impinger collection efficiency at this relatively low

hydrocarbon concentration. The results are provided in Table 4~12 and
Figqure 4-2,

Calculated results for the front half and back half emissions are
listed in Table 4-13.




TABLE 4-8

CONDENSABLE ORGANICS BACK HALF DATA
(ALL WEIGHTS IN MILLIGRAMS)

) Run 1 Run 2
Acetone Rinse 14.3 7.3
Trichlorcethylene Rinse 4.3 10 .4
Neutral Extraction 2.7 -
Acid Extraction == 1.1
TOTAL 21.3 18.8
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TABLE 4-9°

BAGHOUSE TOTAL HYDROCARBON EMISSIONS SUMMARY:

CORRECTED OVERALL AND PERIODIC AVERAGES
OF TEST 1 THCA DATA

Test #1 (12/17/80)

Period Average
{Test Minutes) (ppm)
Port A 0-10 41.6
10-20 19,9
20-30 13.5
30=39 22.8
Overall Port A 0-39 24.5
Port B 0-10 33.3
10-20 16.5
20-30 1.7
30-35 12.3
Overall Port B 0=-35 16.7
Overall Test Average 0-74 22.0
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TABLE 4-10

BAGHOUSE TOTAL HYDROCARBON EMISSIONS SUMMARY:
CORRECTED OVERALL AND PERIODIC AVERAGES

FOR TEST 2 THCA DATA

Test #2
Period Average
{Test Minutes) (ppm)
"Port B 0-12 84.9
12-22 127.0
22-32 106.9
32-36 69.2
Overall Port B 0-36 101.0
Port A 0-10 49.5
10-20 57.2
20-30 72.5
30~36 46.5
Port A Average 0-36 57.5
Overall Test Average 0=72 79.2
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TABLE 4-~11

TOTAL HYDROCARBON CONCENTRATION RANGES
AND PEAKS FOR FIELD TESTS ON 12/17/80

Range Peaks
Time Run Port (ppm) {ppm}
1005 1 A 11.2 to >104.4* 31.2, 47.7, >104.4*
1100 1 B 0.2 to  52.9 52.8, 46.0, 15.3
1501 2 B 66.2 to 157.3 >104.4*%, 82.0, 129.5
1613 2 A 5.8 to 103.0 99.6, 73.8, 75.6,

81.5, 147.0

®* Peak went off scale, 104.4 represents the minimum corrected concentra-
tion.
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TABLE 4-12 |

HYDROCARBON PENETRATION THROUGHE IMPINGERS

Range Average
Time Moded (ppm)® {ppm)
1047 B 12.8 to 16.2 15.1
1050 I 19.2 to 20.2 19.9
1053 B 31.0 to 57.2 52.5
1056 I 14.P to 27.4 23.4
1059 B . 14.5 to 23.6 20.1
1102 I 14.5 to 24.1 18.4
1105 B 12.3 to 13.6 12.7
11408 I 10.9 to 16.8 13.3

4 B denotes bypass of impingers or stack gas concentration
whereas I denotes hydrocarbon concentration after sample
was pulled through two impingers.

b potal hydrocarbon concentration as methane.

Overall average concentration with impingers:
Overall average concentration without impingers:
25%

Impinger collection efficiency:

4-14
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TABLE 4-13

HYDROCARBON COMPOUND EMISSION DATA

Front Half

Emission Rate
{1b/hr)

Front Half
Loading
{gr/dscf}

Back Half
Emission Rate
(1b/hr)

Back Half
Loading
{gr/dscft)

Run Number 1 Run Number 2
0.06 0.54
;a\\«“
0.0006 0.005
0.35 0.45

0.003 0.004

L
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FIGURE 4.2

Impinger Collection Efficiency Experiment
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CHAPTER 5

.CRITICAL DISCUSSICN OF EXPERIMENTAL RESULTS

Some problems were experienced with both sample collaction and anal-
ytical procedures used for the Wilmington tests. There is every indication,
however, that conventional stack sampling trains and routine laboratory pro-
cedures can be used for satisfactory characterization of chlorine and hydro-
carbon compound emissions. Prior to recommending the final procedures, preo-
blems with the developmental procedures are discussed using NASCO test data.

ANALYSIS OF FREE CHLORINE

As indicated in Table 4-1, repeated analyses for the same gquality assur-
ance samples contained an unacceptable degree of imprecision. Also, some of
the individual impinger analyses reported in Table 4-2 do not indicate the
minimum expected chloride to chlorine ratio of 2:1. Specific reasons for the
analytical errors are currently unknown.

The fact that chlorine analyses by 409-D relies on the intermediate spec-
trophotometer calibration curve places crucial importance on that curve. As
shown in Figure 5-1 and Table 5-1, the calibration curve was not constant from
day to day. It is true that some inherent scatter is present for all chlorine
analyses (published results by American Public Health Association attribute a
relative accuracy of 12.8% and relative standard deviation of 34.7% for results
of 15 different laboratory analyses for 0.8 mg/l1 Cl, by 409-D), but a standard,
repeatable calibration curve as developed by the same individual is essential.
Our observed scatter in the calibration curve no doubt was responsible for the
largest portion of the differences in the three reported concentrations for
each audit sample.

Substantial dilution of commercial sodium hypochlorite solution was re-
quired to produce a low enough concentration for calibration curve develop-
ment, and usually, dilutions of 20:1 to 1000:1 were necessary fo sample ad-
justment. EBErrors introduced during dilution, including use of dirty glass-
ware, may well have contributed to variations in the analyses. Chlorine de-
mand free water, prepared as directed in 409-D, was used for all dilutions.

The instability of the turquoise color also introduces variations due to
individual field technician analysis. A slight difference in analysis speed
could introduce significant error considering the deterioration of chlorine.

The standardizations and standard curve preparation require a signi-

ficant allotment of time. The deterioration of chlorine in the standard

5~1




FIGURE 5.1
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REGRESSION CONSTANTS FOR CHLORINE CALIBRATION CURVES

TABLE 5~1

Number of

Points on 1 1 2
Date Line a1 ) r2
12/12 5 2.379 0.0160 0.999
12/16 5 2.098 0.0154 0.999
12/18 4 2.667 0.0988 0.996
12/19 3 2.8483 0.0447 1.000
1/7 5 2.625 0.?11 0.999
1/9 4 2.467 -0.003 0.996

These are constants for the linear correlation.

C=ao+a1A

C = chlorine concentration, mg per liter, expressed as Cl

A absorbance {optical density) of sample as determined by
spectrophotometer

r2 is the coefficient of determination.




dilutiong requires that new dilutions be prepared either during or between
sample runs rather than relying on the original. Also, as mentioned earljer,
dilutions have to be made and analyzed one at a time and, therefore, delegate
the method to a tedious slow pace. Overall, the time requirement of this
method seems to limit its field application.

Initially, it was supposed that variations in spectrophotometer opera-
tions caused at least some of the analytical problems. Subsequently, daily
checks with stock cobalt chloride solutions indicated steady instrument
operation. :

DISCUSSION OF RELATIONSHIP BETWEEN CHLORINE AND CHLORIDE

Inspection of results in Table 4-2 from the standpoint of chlorine vs.
chloride indicates some expected trends and some unexpected. Based on our
accurate, precise analysis of EPA gquality assurance samples for chlorides,
a relatively high degree of confidence is placed on the chloride numbers.
The expected minimum ratio Cl-:Cl2 of 2:1 was observed only for the first
impingers of Runs 3A, 3B, 4A, and 4B, and for the second impinger of Run
3A. Discrepancies are attributed to errors in the chlorine analysis.

Operating problems were experienced during Runs 2 and 3. During Run 2,
at a normal sampling flow rate, a high pressure drop across the filter caused
the screen type filter supports to detach from the filter holder, permitting
some particulate to proceed directly to the impingers. The post-test leak
check for Run 3B was very poor. These problems would certainly negate use
of the samples for compliance purposes, but A vs. B results should compare
better for Runs 2 and 3. (Particulates, both total and chloride fractions,
compared very well for 3A and 3B in spite of the leak, but the gaseous com—
ponents do not compare.) Only for Test Runs 4A and 4B were both particulate
and gaseous results comparable.

Probe wash and cyclone fractions were not included in the reported
results because they represented mainly entrained scrubbing liquid drop-
lets. The high ratio of Cl-:Clz for the cyclone fraction could possibly
be due to thermal decomposition of hypochlorite ion in the cyclone flask
contained in the heated front half compartment.

Although problems were apparent with the chlorine analyses, a definite
statement can be made concerning the number of impingers, based on results
contained in Table 4-5. If a nozzle gize is selected to sample at about
0.75 cfm, three impingers must be charged with absorbing solution. If the
next smaller standard nozzle gize is used, two impingers will suffice. The
latter case would, of course, extend the sampling period required to collect
a minimum gas volume, so for routine sampling three impingers should be used.
Each impinger should be analyzed separately to prevent excessive dilution of
the first impinger, which should always capture at least 60% of the total
chlorine.
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CHLORIDE TITRATIONS

Both the mercuric nitrate and silver nitrate titration procedures were
evaluated. These procedures were initially investigaged by ES using EPA
audit samples (Table 4-2). The mercuric nitrate procedure was consist=-
ently more accurate, but no problems were experienced with either method.
The mercury method was used for analysis of all field samples.

As a general rule, no difficulty was experienced in use of the mercuric
nitrate titration procedure. Concerns were expressed in the Work Plan re-
grading the final pH of the sample prior to titration. Several samples were
checked for pH prior to analysis using narrow range pH paper, and all were
found to fall within the required range. Sample pH adjustments were accom-
plished as described in the method.

Several sample aliqguots were passed through an ion exchange column of
Rexyn 101H as a check for metal ion interference. For the specific case of
secondary aluminum reverberatory furnace exhaust gas sampling, the use of
this ion exchange column was not required, since passage of a sample appeared
to have no effect on the results. '

Note that the criterion for establishing the presence of metal ion inter-
ference, as explained in the modified method presented in the appendix, was to
pass a sample aliguot through the ion exchange column, and compare the titra-
tion results with an untreated sample's results., If these results differ by
more than 1%, the sample is said to contain interferring ions. This is too
stringent a criterion, gince it is difficult to obtain that degree of re-
producibility with a standard sodium chloride solution. Perhaps a more real-
igtic value for titration differences would be 33. Differences of this magni-
tude would definitely indicate possible interferences and not just variations
inherent to the analytical procedure.

In summary, both the silver and mercury titration procedures produced
accurate analyses. The silver procedure was actually less complicated be-
cause it involved fewer steps, but the mercury method was more accurate.
It should be noted, however, that the end point for the Ag WO; titration
was not difficult to detect, contrary to comments received by ES regarding
this procedure.

PARTICULATE CHLORIDES

The most surprising result of the scrubber sample filter analyses was
that chlorine, reported as chloride, contributed only about 15-20% of the
total filter weight. Aluminum chloride must have been the predominant parti-
culate compound (one method for production of aluminum chloride for use as a
catalyst is similar to that by which it ig formed during demagging), but it
has a chloride weight fraction of 80% in anhydrous form. Handbook data in-
dicates Al Cly to be very soluble in water, however, the filter extractions
produced a colloidal material that required filtering prior to titration. It
is unknown whether this contributed to the low chloride fraction.

The collected particles were white and appeared to have a very fine size.
Some alloy compound chlorides like copper and manganese are non-volatile at




the temperature of molten aluminum {greater than about 1,220°F). Only zin¢ and
silicon chlorides among common alloy constituents are volatile under these
conditions, and they should be present in far lower concentrations than alumi-
num chlorides. All of these metal chlorides are white solids. At thig time,
it is impossible to state the exact chemical composition of the particulate
effluent. The only firm characterization is that approximately 15 to 20% are
water soluble chlorides.

Chlorine compound impinger catches were analyzed for the presence of
aluminum because of the anticipated decomposition of Al Cli. Atomic ab-
sorption was the selected analytical technigques for undiluted aligquot
samples from each impinger. Aluminum has a relatively high concentration
threshold for AA analysis, and our results were typically very close to our
detectability limit of 15 milligrams per liter. Qualitatively, it can be
stated that aluminum was present in at least some of the iﬁpingers for all
test runs. Quantitatively, it can only be stated that as much as a few
milligrams were present in some of the impingers.

Some of the impingers appeared slightly cloudy immediately after sample
collection, but many later developed a definite white precipitate. This was
probably due to initial formation of aluminate ion in the caustic solution
followed by gradual conversion to insoluble aluminum hydroxide. Certainly
these precipitates contributed to the low aluminum concentration in solution.

Aliquots of the filter extract were alse analyzed by AA. Again, the
results were inconclusive. The highest reported value was only about 6%
of the total filter weight.

Although the impinger catch aluminum analyses were semi-quantitative,
they did confirm the presence of aluminum. The quartz filters used (Pall
Corporation Type QAST) met the Method 5 filtration efficiency specification,
and it would not have been possible for any particle size to penetrate the
filter in milligram quantities during the course of a typical sample run.
The aluminum must have reached the impingers in vapor form, meaning that
partial decomposition of collected material occurred on the heated filter.

Operation of the sample train filter at the standard Method 5 temperature
of about 250°F thus biases the reported mass loading towards lower values.
Careful temperature control high enough only to prevent water condensation
should be used for more accurate particulate matter characterization.

HYDROCARBCONS TRAIN FRONT HALF

Quartz filters for the two baghouse runs had a negative weight
change. No doubt this was due to the poor mechanical properties of
the selected media. The filters were very difficult to handle at the
end of a test, and some pieces were separated from the main filters.
They had developed an electrostatic charge, and some small pieces were
impossible to recover.

There was no apparent particle lcading on the filters. During the
course of both sample runs, the baghouse stacks were optically clear, so
it is speculated that the filter loading would have been very low in any
case.

5-6




Substantial acetone probe wash weights were recorded for the two
complete test runs. The particulate matter appeared to have included
relatively large lime dust particles which must have seeped thru the
bags. Some oily material was also present.

CONDENSABLE HYDROCARBONS +

When inspecting the back half data listed in Table 4-8, it is noted
that the glassware rinses produced a higher mass loading than the impinger
extractions. This was probably due to the fact that the condensed organics
were very insoluble in water and preferentially adhered to the glass walls.
Collection of silicone grease is a possibility, but all connecting joints
were wiped off with trichlorocethylene prior to back half recovery.

It is not surprising that TCE recovery was more complete than acetone.
A chlorinated hydrocarbon would be expected to have a higher solubility for
many hydrocarbons than would the relatively polar acetone. Of course, the
chlorinated hydrocarbons have undesirable properties, and probably should
not be recommended for routine field use. Use of acetone only will cause
incomplete recovery of some hydrocarbons.

With respect to the extraction procedure, firm conclusions are difficult
because there was only a very small mass locading to work with. It does seem
that both neutral and acid extractions are necessary. This comment is speci-
fic to the NASCO charging well hydrocarbons, the exact composition of which
are unknown, and other hydrocarbon'classifications could well respond differ-
ently.

NONCONDENSABLE HYDROCARBONS

When interpeting THCA data, it 'is important to remember that the FID
reports responses equivalent to methane. Thus, 10 ppm of n-octane would
have a response roughly eguivalent to 80 ppm methane. The following dis-
cussion containg references to concentrations greater than 100 ppm, but with-
out knowing exact chemical composition and individual response factors, the
true hydrocarbon concentration cannot be determined.

.During test runs, insignificant zero and span gas drifts occurred from
post-test checks. Concentration values were corrected for a temperature re-
lated reduction in instrument response, as discussed in the previous chapter.
Ambient background concentrations ranged from 2.3 to 5.5 ppm, and were typi-
cally low compared to the FID results.

The second run maintained a running higher concentration level through-
out the duration of the test. NASCO had indicated that their "dirtiest" scrap
was processed during that general period of time.

As indicated in Chapter 4, there were periods during both test runs where
the FID peaks were greater than 100 ppm. Owverall, both tests indicated an aver-
age hydrocarbon concentration less than 100 ppm. Whether or not this is signi-
ficant depends on the source classification and the levels of interest. These
low concentrations are irrelevant in terms of formation of detached particulate
matter plumes.
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A brief experiment was completed using a modified impinger and a regu-
lar Greenburg-Smith impinger. Absorption and condensation conditions were
much better than during a regular Method 5 run because of the lower sample
flow rate { 0.1 cfm using the internal THCA pump only). Even so, the im-
pinger collection efficiency was only about 25%. Ordinarily, though, these
concentrations would not be of interest.

It was discovered later that the impinger water from the method 5A samples
had experienced a reduction of their pH's to 2. Therefore, the acidity may
have retarded the ability of the water to remove condensable hydrocarbons. 1In
light of this, representative collection of condensable hydrocarbons may be
more successfully retained by a caustic or strong buffer solution.

The mass of noncondensable hydrocarbons as methane was highest for Run 2,
and was approximately 130 milligrams. This was much higher than the conden-
sable hydrocarbons weight of about 20 milligrams. Strict comparison of the
two mass fractions is impossible because of the unknown composition of the
hydrocarbons.




CHAPTER 6

RECOMMENDATICONS FOR EVALUATION PROCEDURES

Qur experience to date with chlorine and hydrocarbon compound evaluation
techniques does not yet provide a firm data base for potential reference pro-
cedures. Analysis of the NASCO test data does, in fact, answer some important
questions concerning sample train configuration and collected sample analy-~
tical procedures; however, some aspects must be viewed as developmental. The
particular area of concern at this point is the analysis of chlorine. A re-
commendation for future studies for this analysis and all others of interest
for the secondary aluminum industry are discussed in this chapter.

CHLORINE COMPOUNDS - SAMPLE COLLECTICHN

Complete recovery of chlorine concentrations as low as approximately 20
ppm can be achieved by using three impingers in series charged with 100 ml
of 0.1N sodium hydroxide solution. At relatively low sample flow rates, all
chlorine is recovered by the first two impingers. A third impinger in series
provides a safety factor when low flow rate sampling (0.3 cfm) is impractical.
Although hydrochloric acid was not absolutely identified at NASCO, complete re-
covery with two impingers should be expected, regardless of flow rate up to
about 1 cfm.

Particulate chlorides are retained on the sample filter only as long
as high temperature does not cause sublimation or decomposition. The
standard Method 5 temperature of 250°F is too high for accurate character-
ization of aluminum chloride. Based upon a preliminary pre-test stack
temperature measurement, the sample filter should be heated only about 20°F
above gtack temperature. This should be high enough to prevent both moisture
condensation and significant sample deterioration.

Quartz filters have superior chemical propertiés, but their mechanical
properties leave much to be desired. Standard Reeve~Angel glass fiber filters
should be used for all future samples.

Anticipating some ingtances of low gaseous chlorine compounds at the
scrubber outlet, glass frit filter supports should not be used. Use of
stainless steel screen filter supports is recommended.

The recommended sample train is diagrammed in Figure 6-1. Operation
is identical to EPA Method 5, except that filter temperature control is
based on actual stack temperature instead of the conventional value of
250°F.
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CHLORINE COMPOUND ANALYSES

Chlorine Method 409-D, and all other methods designed for evaluation of
potable or wastewater, should be rejected for stack sampling application be-
cause they were designed for very low chlorine concentration and are time
consuming. Extensive dilution is normally regquired to lower impinger sample
concentration to the range of 1 mg/l. Much higher dilutions would be neces-
sary for samples collected at control device inlets. Errors are possible in
dilution, and once the chlorine concentration has been reduced, sample sta-
bility is a problem. A more rugged technique suitable for routine field use
is desired.

The alkaline arsenite procedure {included in the appendices) was ini-
tially considered and rejected as being too insensitive. This technique can
be used for simultaneous evaluation of chlorine, hydrochloric acid, and parti-
culate chlorides. The reported lower limit for application was 10 ppm by
volume of Cly or HCl, which is equivalent toc a chlorine or chloride concen-
tration of about 40 mg/l.

Briefly, the arsenite technique is used to convert chlorine to chloride.
Chlorine gas is abgorbed in the impinger solution of sodium hydroxide and
sodium arsenite and is immediately reduced. A back titration of spent ab-
sorbing solution determines the amount of arsenic consumed which indicates
how much chlorine reacted. The difference in total chlorides (titrated using
the mercury procedure) from the amount attributable to chlorine conversion
provides the analysis for hydrochloric acid or other chloride compounds. Only
titration procedures are required, and sample dilution is unnecessary. In
fact, the technigques should be more accurate at higher concentrations.

One method of extending the useful lower range of the arsenite procedure
below 40 mg/l is to use lower normality titrating solutions. This and other
improvements will be considered prior to the next field test program.

Analysis of chlorine samples should be completed in the field within two
hours after sample collection. Samples should be kept on ice until analysis.
Impingers should be recovered and analyzed separately, as mixing the contents
would result in dilution of the first impinger catch.

Based upon the NASCO samples, the predominant gaseous chlorine compound
is molecular chlorine and not hydrogen chloride.

TOTAL CHLORIDES IN SOLUTION

The mercuric nitrate titration procedure is recommended. Our experi-
ence confirmed it to have been reliable and accurate. Narrow range pH
paper is a satisfactory indicator for the pH dependent titration end point

detection.

Sample aliquot volumes should be selected so as to result in a min-
imum titration volume on the order of one milliliter.

Accurate determination of total chlorides is dependent upon conversion
of chlorine in hypochlorous form to chloride ion. A direct, simple approach

6-3




is to add a stoichiometric excess of hydrogen peroxide. Solution pH must be
at a pH greatr than 7. After the chlorine concentrations have been deter-
mined, the amount of peroxide necessary for a 10 to 20% excess may be cal-
culated.

Chlorination Scrubber Effluent Particulates

A certain percentage of the filter catch is water soluble chlecrides, but
the largest portion is not. Both total filter weight and chloride fraction
should be reported.

HYDROCARBON COMPOUNDS - SAMPLE COLLECTION

The recommended layout for the hydrocarbons sample train is pictured
in Figure 6-2. Operation is identical to the standard Method 5 train.

Similar to the scrubber train, Reeve-Angel filters should be used.
Quartz filters would be suitable if only particulate chloride analysis
instead of total weight were desired.

Impingers should be charged with 0.1N potassium or sodium hydroxide
ingtead of distilled water. Some organics are more soluble at high pH, and
use of a caustic impinger solution would promote sample recovery and would
prevent a large portion of organics adhering to the impinger walls. Use of
a caustic solution would also help prevent formation of an acidic medium
due to absorption of acid gaseg and would, therefore, again regult in more
complete recovery.

Use of a hydrocarbon analyzer should not be necessary. The amount of
material recoverable by physical condensation is proportional to the differ-
ence in hydrocarbon compound partial pressure at about 250°F and about 70°F.
If the material does not condense out at the impinger temperature, it may
cause some type of hydrocarbon emission problem, but it should not result in
formation of a particulate matter plume at the stack exit.

CLEAN UP AND RECOVERY OF BACK HALF HYDROCARBONS

Use of all conventional hydrocarbon solvents in the field involves
potential exposure to hazardous conditions. Rinsing the probe and impinger
glassware in a laboratory hood would be much safer, but would be totally
impractical. Thus, desirable solvents such as chloroform (or any of the
chlorinated or fluorinated hydrocarbons), ethyl ether, and benzene are
eliminated from consideration. Presently, acetone seems to be an accept-
able compromise. Some organics adhering to the probe liner or other glass
surfaces will not be completely recovered by acetone, but acetone is cur-~
rently believed to have fewer hazardous properties than other suitable sol-
vents.

Some hydrocarbon compounds are not completely recoverable from a neutral
solution. Impinger contents should be acidified to a pH less than 2 with
hydrochloric acid prior to extraction. The necessity of using an acid extrac-
tion vs. a neutral extraction could be determined on a case~by-case basis for
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dach source/control equipment classification, but it is more straightforward
to rely upon the acid extraction for general application. Impinger contents
should be acidified to a pH less than 2 with hydrochloric acid prior to ex-
traction.




APPENDIX A
CHLORINE PROCEDURES
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409 CHLORINE (RESIDUAL)

The chlorination of warter supplies
and polluted waters serves primarily to
destray or deactivate disease-producing
microorganisms. A secondary benefit is
the overall improvement in water qual-
ity resulting from the reaction of chlo-
rine with ammonia. iron, manganese,
sulfide, and some organic substances.

Chlorination may produce adverse ef-
fecs by intensifving the taste and odor
characteristics of phenols and other or-
ganic compounds present in a water
supply. Combined chiorine formed on
chlorination of ammonia- or amine-
bearing waters affects some forms of
aquatic life adversely. To promote the
primary purpose of chlorinacion and to
minimize any adverse effects, it is essen-
tdal thar proper testing procedures be
used with a fore-knowledge of the limi-
tations of the analytical determination.

Chlorine applied to water in its ele-
meneal or hypochlorite form initially
undergoes hydrolysis to form free.avail-
able chlorine consisting of aqueous mo-
lecular chlorine. hypochlorous acid. and

hypechlorite ion. The relative propor-
tion of these free chlorine forms is pH-
dependent, and at the pH of most wa-
ters the hypochlorous acid and hy-
pochlorite ion will predominate.

Free chlorine reacts readily with am-
monia and certain nitrogenous com-
pounds to form combined available
chlorine. With ammonia, chlorine re-
acs to form the chloramines: mono-
chloramine, dichtoramine, and nitrogen
trichloride. The presence and concentra-
tions of these combined forms depend on
many condirtions, chiefly pH, remper-
ature, and the inital chlorine-to-nitro-
gen ratio. Both free and combined chlo-
rine may be present simultancously.

Combined chlorine tn water supplies
may be formed in the treatment of raw
waters containing ammonia, by the ad-
dition of ammonium saits in pre-chlori-
naton, or by producing a combined
chlorine residual in the distribution sys-
tem. Chlorinated wastewater effluents,
as well as certain chlorinated industrial
efluents. normallv contain_only com-
bined chiorine forms. Historically, the
principal analytical problem has been to
disonguish between free and combined
forms.

In two separate but related swudies,
designated Study No. 1 and 2, respec-
uvely, samples were prepared and dis-
tributed ro participating laboratories for
the purpose of cvaluating the residual
chlorine ethods.

In Study No. I, three solid synthetic
unknowns were prepared: One pow-
dered unknown was compounded of
70% calcium hypochiorite® and NaCl
filler to yield a free available chlorine
concentraton of 8300 ug/l upon dis-
solution in chlorine-demand-free dis-
tlled water; the second was com-
pounded of 70% calcium hypochlorite®
and NaCl filler to yicld a total available
chiorine concentration of 640 ug/I
upon dissolution and mixing with an
aqueous ammonium buffer solution in
chlorine-demand-free distilled water;
and the third was prepared from Hala-
zone,T p-(N.N-dichlorosulfamyl) ben-
zoi¢ acid, to yield a toral available chio-
rine concentration of 1,830 ug/| upon
dissolution in chlorine-demand-free dis-
tilled water. The results obtained by the
participating laboratories are summa-
rized in Tabie 409:1.
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In Study Ne. 2. each participatng
laboratory.received four sealed glass am-
poules of concentrated solution (three
hypochlorite solutions of different con-
centrations and one ammonium chloride
borare buffer solution) which, when
diluted according to instructions, pro-

‘vided two samples conzaining free chio-

rine and one containing combined chlo-
rine. Sample No. | contained 440 ug/|
free chlorine. a concentration likely
to be encountered in analysis of treated
potable water. Sample No. 2 contained
980 ug/l [ree chlorine, the maximum
concentration likelv to be encountered in
analysis of tweated potable water.
Sample No. 3 contained only combined
chiorine at a concentration of 660 ug/1
to simuiate an insufficiendy chlorinared
water having no free chlorine residual.
To faaiitace staustical compuratons, a
value of 5O ug/! free chlorine was se-
lected as the “true™ value rather than
the theoretucal 0.0 ug/l. In Study No.
2, the data were treated statistically ac-
cording to a total error term defined as

Toal error = 100
. Absolute value of mean error +2 (Sed. Dev.)

X
True value

The results obrained by the participating
laboratories are summarized in. Tables
409:11 through 1V In the last column of
these tables all data on Sample No. |
are omirted because of sample instabil-
ity. and therefore the results cn be used
only for comparative purposes and not
as a measure of the overall precision or
accuracy. Free chlorine dam also were
omitted in Column 3 because the stared
free chlorine content is an artfact and
actually was zero. -

- Because of poor accuracy and pre-

“asion and a high overall (average) toeal

error in comparison with other available
methods, the orthotolidine procedures
that have been so widely used have been
deleted as standard methods. The
methyl orange technic also has been de-
leted because of the poor precision (lack

® Olia Matheson Chemcai Corp., HTH (granu-

lar).

T Abborz Laboratones.

of reproducibility) inherent in a bleach-
ing technic in which operator skill and
environmental factors such as temper-
ature are critical.

The results presented in Tables 409:1
through [V are valuable oniy for com-
parison of the methods tested. Many fac-
tors. such as analvrical skill. recogmition
of known interferences, and inherent
limitations, determine the reliability of
any given method.

Some oxidizing agents, including free
halogens other than chlorine, will ap-
pear quantitatively as free chlorine: this
is also true of chlorine dioxide. Some ni-
rogen wichloride may be measured as
free chlorine. The actions of interfering
substances should be familiar to the ana-
lyst because they affect a parucular
method.
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Taare 409:1. Precision anp Accumacy Data ron Resiouar Curorine MeTraos inv Stuoy No. |

Residual Chlorine
_ Concentration
Method Relative
Standard Relative
Free Toral Numberof | Deviation Error
/il ug/l Laborarories % %
Tizimerric (iodine) 840 32 270 236
: 640 30 32.4 18.f
1.330 32 2346 16.7
Amperometric §00 23 42.3 25.0
640 24 ‘24.8 8.5
1.830 24 12.% 8.8
Orthocolidine 800 1y 64.6 42,5
&40 17 37.3 20.2
1,830 18 3.9 41.4
Orthotolidine-arsenite 800 20 2.4 42.3
6540 21 3.0 14.2
1.830 23 5.0 498
Suabilized neutrai 800 15 4.7 r2.8
orthotolidine 840 16 8.0 2.0
1,830 17 26.1 12.3
Ferrous DPD 800 19 319.8 19.8
640 19 19.2 8.1
1.830 19 2.4 4.3
DPD Colorimetric 930 26 20.7 15.6
660 25 276 15.6
Lavco cryseal violer 800 17 5.7 7.1
640 7 4.4 0.9
1.830 .18 32.4 18.6
Methyi orange 800 26 43.0 22,0
640 6 30.1 is.2
1.830 26 9.9 7.2
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Tasea 409:[1. Susmany or Overare Accuracy in Stupv No. 2 (Averace Mean Ezron v Ma/L)

Sampie 1 Sample 2 Sample 3
Omirring all
Over- Darta on
Mtthl‘:id ail | Sample ! and
Aver- Freeon
Free | Towal | Free | Toml | Free | Toml | age Sample 3- .
M:thyl orange =0.219 {-0.171|-0.043 {-0.006 [ -0.006 |+0.029] 0.079 0.026
Leuco cryseal violer -0.250 |-0.2091-0.085 |-0.070| -0.050|-0.007 | 0.112 0.054
SNORT -0.241 |-0.198(-0.113 {-0.107]|-0.043{~0.032 0.12} 0.084
DPD-titrimerric -0.259 (-0.198-0.192|-0.059(~0.038(|-0.031 | 0.130 0.094
DPD-colorimetric -0.263 [-0.213{-0.153 [-0.097|-0.014]4+0.103] 0.140 0.117
Amperometric -0.241 1-0.189{-0.230(-0.119{-0.012}-0.108] 0.150 0.152
OTA ~0.282 {-0.253]|-0.198 |-0.102{+0.11#-0.092] 0.174 0.130
Tase409:111. Summary or Overaus, Precision s Stupy No. 2
' (AvamacE Stanpanp Dxviation in Mc/L)
Sample | Sample 2 Sample 3
Omitting alt
thod Over- Daa on
M all | Sampie | and
. Aver- Freeon
Free | Towi | Free | Towal | Free | Toml | 2ge Sample }
1 p
violet 0.085 | 0.0f5 | 0.042 | 0.0tS5 | 0.000 | 0.089 | 0.048 0.049
SNORT 0.093 1 0.09210.120| 0.142 0.0(_)4 0.110] 0.094 0.124
Amperometric 0.106 { 0072 | 0.206} 0.137 | 0.0401 0.17Y | 0.122 Q.171
DPD-colonmerric 0.102 | 0.100 | 0.17% | 0.152 | 0.057 | 0.210 | 0.132 0.177
DPD-dmrimetric 0.110 | 0.103 ]| 0.298{ 0.205 | 0.019| 0.121 | 0.143 0.208
Mﬂhyi orange 0.143 | 0.162 [ 0.315]| 0.301 | 0.055| 0.143 { 0.187 0.253
OTA 00% | 0098 0.335 0.325| 0.195] 0.218 | 0.210 3.293

Tasug 409:1V. Summary or Overact (Aveaace) Totar Earon v STuoy No. 2

Sample | Sampie 2 Sample 3
. Omirting all
Method Over- Daez on
all | Sample | and
: Aver- Frecon
Free | Torl | Free | Tol | Free | Toml| age Sample 3
Leuco crystal '
violet 95.31| 72.59117.24 | 10.20 | 100.00{ 28.00| 53.90 18.52
SNORT 97.04| 8700|3595 | 39.97{ 112.40| 38.15] $8.42 js.02
DPD-derimerric 108.86| 91.77| 80.51 [ 47.89 | |53.40( 41.33 | 87.29 56.64
Amperomerric [02.95| 7563|6546 | 40.14 | 182.30| 68.21| 89.20 57.94
DPD-colorimetric  1106.18] 94.00| 50.57 | 40.83 | 256.40| 79.33 | 104.55 56.90
Methyl orange T14.86({112.59| 68.83 | 62.12 | 23200( 47.75 | 106.36 59.56
oTA 104.95 | 101.90| 88.57 | 76.81 {1007.80 | 79.93| 243.33 8L.77
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1. Selection of Method

a. Nutural and treated waters: The
iodometric methods (A and B) are suit-
able for measuring chlornine concentra-
tions greater than | mg/l. but are not
accurate at lower concentrations or in
the presence of interferences.

The amperometric tiration method
(C) is a standard of comparison for the
determination of free or combined chlo-
rine. It is affected little by common oxi-
dizing agents, temperature variations,
turbidity, and color. The method is not
as simple as the colorimetric methods
and requires greater operator skill to ob-
tain the best refiability.

The ferrous DPD method (E} pro-

- vides a titrimetric procedure for deter-

mining free available chlorine dnd for
estimating free and combined chlorine
fractions present together.

The stabilized neutral orthotolidine
(SNORT) and the DPD colorimertric
methods (Methods D and F, respec-
tively) are applicable to the determina-
tion of free availabie chiorine. Proce-
dures are given for estimating the
combined fractions. increasing concen-
trations of monochloramine are likely to
produce an increased interference with
the free chlorine determinadon. In addi-

tion, the SNORT and DPD methods

are subject to interference by oxidized

forms of manganese.

The leuco aystal violer (LCV)
method (G) makes possible the determi-
nadon of free available chiorine, tocal
chlorine, and combined chlorine by
difference: The LCV method exhibits a
relatively minimal interference as mono-
chloramine concentrations are increased
tn the determination of free available
chlorine: however, nitrite and mono-
chloramine in combination, as well as
oxidized forms of manganese. will pro-
duce interference in determining free
available chlortine.

The amperometric. LCV, DPD. and
SNORT methods are unaffected by
dichloramine concencrations in  the
range of 0 to 9 mg/l (as Clz) in the de-
termination of free chlorine. Nitrogen
trichloride, if present, reacts partially as
free available chiorine in the ampero-
metric. DPD. and SNORT methods.
Nitrogen trichioride dues not interfere
with the LCV procedure for free chlo-
rine.

The free available chlorine test, syr-
ingaldazine (Method H. Tentative)
was developed as a procedure spe-
cific for free availabic chlorine. [t is
.unaffected by significant concentrarions
of monochloramine, dichloramine, ni-
trate, nitrite, and oxidized forms of
manganese.

Sample color and rurbidity may in-
terfere in ail colorimerric procedures un-
less they are compensated for.

Organic contaminants may produce a
false free chlorine reading in most color-
imetric-methods (see 15 below).

b. Poltuted waters: The determina-
tion of residual chlorine in samples con-
taining organic martrer presents special
problems. Because of the presence of or-
ganmic compounds, particularly organic
nitrogen, the residual chlorine exists in a
combined state. A considerable residual
.may exist in this form, bur at the same
time there may be appreciable unsatis-
fied chlorine demand. The addition of
the reagents in the determination may
change these refationships so that resid-
uai chiorine is lost during the analysis.
In wastewater, the differentiation be-
tween free available chlorine and com-

" bined available chlorine is not ordinarily

made because wastewater chlorination is
seldom carried far enough o produce
free available chlorine.
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The determination of residuai chlo-
rine in industrial wastes is similar to that
in sewage when the waste congains or-
ganic marter, but may be similar to the
determination in water when the waste
is low in organic marter.

Although the methods given below
are useful for the determination of resid-
ual chlorine in wastewaters and treated
etfuents, selection in accordance with
the composition of the sample being
tested is necessary. Some industrial
wastes, or mixtures of wastes with do-
Mestic wastewater, may require special
precautions and modifications to obwin
satisfactory results.

Free chlorine in a wastewater can be
determined by any of the methods
presented in Sections 409 A through
409 H. provided that known interfering
substances are absent or compensated
for. The amperomerric method (C) is
the method of choice because it is not
subject to interference from color, tur-
bidicy. iron, manganese, or nitrite nicro-
gen. The DPD and SNORT methods
are subject to interference from high
concentrations of monochloramine un-
less these are compensated for by addi-
tion of arsenite immediately after re-
agent addition. The LCV method (G) is
significantly less affected by high mono-
chloramine concentrations and an arse-
nite addicion will produce 2 mimimum
incerference. The presence of oxidized
forms of manganese will interfere in
most colonmetric procedures and, in ad-
ditton, the combination of mono-
chloramine and nitrite will seriously in-
terfere with the LCV procedure.

The tentative syringaldazine merhod
(H) is unaffected by concentrations of
monochloramine, dichloramine, mitrice,
nicrogen, tron, manganese, and other in-

» terfering compounds normailly found in

" domestic wastewarers.

For total available chlorine in sam-
ples containing significant amounts of
organic matter. the iodometric back u-
tration method (B) should be used to
prevent contact between the full concen-
tration of liberated iodine and the
sample. Either the amperomerric or the
starch-iodide end point may be used. In
the absence of the interference. the two
modifications give concordant results.
The amperometric end point is inher-
enty more accurate and s free of inter-
ference from color and wrbidity, which
can cause difficulty with the starch-io-
dide end point. On the other hand, cer-
tain metals and complex anions in some
industrial wastes interfere in the am-
perometric ttration and indicaze the use
of another method for such wastewaters.
Silver in the form of soluble silver cy-
anide complex, in concentrations as low
as 1.0 mg/l silver, poisons the ceil at pH
4.0 bur not at 7.0. The silver ion, in the
absence of the cyanide complex, gives
extensive response in the current at pH
4.0 and graduaily poisons the cell az ail
pH levels. Cuprous copper in the sol-
uble copper cyanide ion, in concentra-
tions as low as § mg/l copper or less.
poisons the cell at pH 4.0 and 7.0. Al-
though manganese, iron, and nitrite
may interfere with this method, the in-
terference is minimized by buffering to
pH 4.0 before addition of KI. An un-
usually high content of organic marer
may cause some uncertainty in the end
point. Whenever manganese, iron, and
nirites are definitely absent, this uncer-
wrinty can be reduced and precision im-
proved by buffering below pH 4.0—
even as low as pH 3.0.

Regardless of the method of endpoint

.detection, either phenylarsine oxide or
‘thiosulfate may be used as the standard

reducing reagent. The former 15 mure
stable and is preferred.

The SNORT colorimetric. DPD ti-
mimetric and colorimetrie, and the LCV
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methods (D, E. F. and G, respectively)
are applicable to the determination of
towal available chlorine in poiluted wa-
ters. In additen. both DPD procedures
and the amperometric titration and
SNORT methods allow for the estima-
tion of the monochloramine and di-
chloramine fractions. Since these meth-
ods depend on the stoichtomerric
production of iodine, polluted waters
containing iodine-reducing substances
may not be analyzed accurately by these
methods.

In all of the colorimetric procedures,
compensare for color and turbidity by
use of color and wrbidity **blanks" in vi-
sual or spectrophotometric determina-
tions.

2. Sampling and Storage

Chlorine in aqueous solution is not
stable, and the chlorine content of sam-
ples or solutions. particularly weak solu-
tions. will decrcase rapidly. Exposure to
sunlight or other strong light or agtra-
tion will accelerate the reduction of chio-
rine. Therefore. start chlorine determi-
natons immediately after sampling,
avoiding excessive light and agitation.
Do not store samples to be analyzed for
chlorine.

409 D. Stabilized Neutral Orthotolidine (SNORT)

1. Generai Discussion

a. Pringple: Orthotolidine is quite
stable in the reduced form when stored
in brown bottles in the presence of hy-
drochloric acid. However, the subility
of oxidized orthotolidine decreases as the
pH increases. For this reason, ortho-
tolidine usuaily has been used ara pH of
1.3 or less. As the pH increases. the rate
of reaction of orthotolidine with com-
bined chlorine. iron. and nitrite becomes

Method

slower and their interference essenualily
diszppears at pH 7. Anionic surface-ac-
tive agents stabilize the color developed
by free chlorine and orthotolidine at pH
7.0. “Aerosol OT.,"™ sodium dif2-
ethyl-hexyl) sulfosuccinate, is the best
stabilizing reagent. The optimum con-
centration of stabilizer is 40 mg for each
100 ml of sample plus reagents.

* A mademark of che American Cvanamid Co.
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The rato by weight of orthotolidine
dihydrochloride to chiorine must be at
least 8 to 1. With the concentraton of
orthotolidine recommended in the pro-
cedure, the chlorine concentradon must
not exceed 6 mg/1.

The pH of the final solutdon must be
between 6.5 and 7.5 to minimize low-
pH interference and high-pH fading. If
the pH of the sample is less than § or
greater than 9, and the alkalinity is
greater than {50 or the acidity greacer
than 200 mg/l, check the final pH of
the solution. If the alkalinity is high and
the final pH does not lie within the
range of 6.5 w0 7.5, adjust the sample
pH to this range before analysis.

To insure correct color development,
minimum interference, a pH of 6.5 to
7.5, and a rado of orthotolidine to free
chlorine of at least 8 to 1, the sample
must be added o the reagents.

The reaction tme and temperature
are much less important in chis method
than in other colorimetric methods for
chlorine determination. Nevertheless,
for extremely large combined chlorine to
free chlorine ratios, high temperature
and long waidng times are undesirable.
At 35 Ca l-mg/! monochloramine solu-
tion produces a false free chlorine resid-
ual of 0.01 mg/l per min. At high tem-
perature and for long waiting times,
color fading may become important. es-
peaally at levels below 0.1 mg/1 of free
chlorine. A 1-mg/I solution of free chlo-
rine fades ac the rate of 0.005 mg/! per
min at 35 C.

lodide can be added in ncutral solu-
tion to measure monochloramine and in
acidic solution to measure dichloramine.
The reaction of iodide and chloramine
yields a concentradon of iedine equiva-
lent to the chloramine. In the color-

-

imetric  procedure, orthotolidine s
present with the chloramine when io-
dide is added and the iodine produced by
the chioramine is immediately reduced
back to iodide and acts as a caralyst in
generating an amount of biue ortho-
tolidine equivalent to the original
chloramine present. Because of this cat-
alytic effect, lesser amounts of iodide are
required than in amperometric titra-
tion; this improves the separation of the
monochloramine and  dichloramine
fractons. .-

b. Interference: When orthotolidine
or any other chromogenic reagent is
used to measure residual chlorine,
strong oxidizing agents of any kind in-
terfere. Such interferences include bro-
mine, chlorine dioxide, iodine, man-
ganic compounds, and ozone. However,
the reduced forms of these compounds—
bromide, chloride, iodide, manganous
ion, and oxygen—do not interfere. Re-
ducing agents such as ferrous com-
pounds, hydrogen sulfide, and oxidiz-
able organic matter do not interfere in
the analytical method but may interfere
in mainaining chlorine residuals by re-
ducing the chlorine residual by reaction
with the chlorine to produce chloride
ion, that is, acting simply as chlorine de-
mand.

Turbidity and color also interfere un-
less the background turbidity or color is
compensated for by using a blank. Con-
centrations of 55 mg/l iron, 92 mg/l
niwrite, and 6,000 mg/1 chioride do not
interfere. The interference of combined
chiorine is insignificant in the determi-
naton of free chlorine except (as noted
before) at high temperature and long
waiting dmes. Manganic compounds
‘produce up to stoichiometric inter-
ference but can be-compensated for by
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u§ing a blank. In the presence of more

than 10 pg/l manganic manganese, a

blank is prepared by adding § ml so-
dium arsenite to 3 100-mi sample. This
sample is added to the reagents. as
usual, and this blank is used as a refer-
ence in measuring the free chiorine
present, either by zeroing the photome-
ter with this blank or by using the blank
as a reference when making color com-
parison.

If nitrogen wichloride is present. half
reacts as free available chlorine but the
remainder does not interfere in the
monochloramine and  dichloramine
measurements. Many different organic
chloramines are possible. The extent to
which these organic chloramines inter-
fere in the monochloramine or dichlora-
mine steps depends on the narure of the
organic compound; they may appear in
either or both fractions.

¢. Minimum detectable comcentra-
don: Approximately 10 ug/l free chio-
rine.

2. Apparatus

Colorimerric equipment: One of the
following is required:

a. Filter pbotometer, providing a
light path of | cm or longer for S1 mg/
| free chlorine residual. or a light path
from 1 to 10 mm for free chlorine resid-
ual >1.5; also equipped with a red filter
having maximum transmission in the
range of 600 to 650 nm.

b. Spectropbotometer, for use at 625
nm, providing a light path noted in the
paragraph above.

3. Reagents

a. Chlorine-demand-free distilled wa-
ter: Add sufficiene chiorine to distiled

water to destroy the ammonia and m-
trite. The amount of chlorine required
will be about 10 tmes the amount of
ammonia nitrogen present; produce an
initial. residual of more than 1.0 mg/1
free chlorine. Let the chlorinated dis-
tilled water stand overnight or longer:
then expose to direct suniight unal all
residual chlorine is discharged.

b. Neutral ortbotolidine reagent: Add
5 ml conc HCl to 100 m} chiorine-de-
mand-free distilled water. Add 10 ml of
this acid solution, 20 mg mercuric chlo-
ride, HgClz, 30 mg disodium ethyl-
enediamine tetraacetate dihydrare, also
called (ethylenedinitrilo)-tetraaceric acid
sodium salt, and 1.5 g orthotolidine
dihydrochloride to chlorine-demand-
free distilled water and dilute o 1 |
Store in a brown botte or in the dark at
room temperatwre. Protect ar all times
from direct sunlight. Use no longer than
6 months. Avoid contact with rubber.
Do not let the temperature fall below 0
C because the resuiting crystallization of
orthotolidine can lead to defident sub-

uent color development.

CauTion: Handle this chemical with
extreme care. Never use a mouth pipet
for dispensing this reagent, but rely on
an automatic dropping or safety pipet to
measure the necessary volumes. Avoid
inbalation or exposure to the skin.

¢. Buffer-stabilizer reagent: Dissolve
344 g dipotassiun hydrogen phos-
phate. K:HPOs, 12.6 g potassium di-
hydrogen phosphate, KH:PO., and 8.0
g “Aecrosol OT,"” 100% solid di(2-ethyl-
hexytsulfosuccinate, in a solution of 500
ml chlorine-demand-free water and 200
ml diethylene glycol monoburyl ether.
Dilute to 1 | with chlorine-demand-free
water. -

d. Potassium iodide solution: Dissolve
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_in the photometer tube or a 250-ml

beaker on a magnetic strrer. Mix the
reagent slightly and add the sample 1o
the reagents with gentle stirring. Meas-
ure the percent ransmittance and con-
vert to absorbance at 625 nm. The
value obrained (A) from che calibration
curve represents the free chlorine resid-
ual. To minimize possibie interference
from high concentrations of combined
chlorine and high-temperature fading,
complete mixing of the sample with the
reagents and reading on the photometer
within approximately 2 min.

¢. Monocbloramine: Return any por-
tton used for measuring free chlorine in
%44 to the sample. Add, with strring,
0.5 ml KI solution to each 100-ml
sample, or a similar rado for ocher
sample volumes. Again measure the
ransmittance of the residual free chlo-
rine plus the monochloramine and ob-
tin the value (B) from the alibration
curve.

d. Dicbloramine: Return any portion
used for measuring the monochloramine
in §4¢ to the sample. Add, with stirring,
1 ml H:SO. solution to each 100-mi
sample, or a similar ratio for other
sample volumes. After 30 sec for color
development add | ml sodium carbo-
nate solution slowly with stirring or un-
ul a pure blue solution returns. Measure
the transmictance of the total residuai
chlorine—free chlorine, monochlora-
mine. and dichloramine—and obrain
the value (C) from the calibration curve
with a slight dilution correction.

e. Compensation for interferences:
Compensate for the presence of natural
color or rurbidity as well as manganic
compounds by adding 5 ml arsenite to
100 ml sample. Add this blank sample
to che reagenes as above. Use the color of

ry

0.4+ g KI in chlorine-demand-free dis-
tilled warer and dilute to 100 mi. Store
in a brown glass-stoppered bortle, pretf-
erably in a refrigerator. Discard when a
yellow color develops.

e. Sulfuric add solution: Cautiously

.add 4 ml conc H:S01 w chlorine-de-

mand-free distilled water and dilute to
100 ml.

[ Sodium carbonate solution: Dis-
solve § ¢ Na2COs in chlorine-demand-
free disulled water and dilute to 100 mi.

g Sodium arsenite solution: Dissolve
5.0 g NaAsO: in distilled water and di-
lute to 1 1. (Cavmion: Toxic—take care
to avoid ingestion.)

4, Procedure

a. Calibration of pbotometer: Con-
struct a calibration curve by making di-
lutions of standardized hypochlorite so-
lution prepared as directed under
Chlorine Demand, Section 410A.3a.
Take special precautions when diluting
to low concentratons because of possible
consumption of small amounts of chlo-
rine by trace impurities. Use chlorine-
demand-free water in making the dilu-
tdons. Expose all glassware to be used in
the dilutions to water containing at least
10 mg/! of chlorine and leave it in con-
tact for a few hours. Rinse with chlo-
rine-demand-free water. Devefop and
measure the colors as described below
for the sample.

b. Color developmemt of free chio-
rine: Use 0.5 ml neutral orthotolidine
and 0.5 ml stabilizer-buffer reagent
with 10-ml samples; 5§ ml neutral or-
thotolidine and § ml swbilizer-buffer
reagent with 100 m!: and the same ratio
for other volumes. Place the neutrai or-
thotolidine and stabilizer-buffer mixwure




the blank o set 100% transmirtance or
zero absorbance on the photometer.
Measure all samples in refation to this
blank. Read from the calibracon curve
the concentrations of chiorine present in
the sample.

5. Caiculation

mg/] free residual chiorine
=A, including ¥ crichlaramine if peesemt

mg/| monochloramine =8-A,asmg/1Cl
mg/1 dichloramine =103 C-8,asmg/1Cl
mg/1 toaal chlorine 21.03 C.asmg/1 Cl

6. Precision and Accuracy

See Tables 409: [ through 1V pre-
ceding and the general introduction to
Section +09.
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409 A. lodometric Method |

1. General Discussion

- a. Principle: Chlorine will liberate
free iodine from potassium iodide solu-
tions at pH 8 or less. The liberated io0-
dine is ritrated with a standard sol ton
of sodium thiosulfate, with starch as the
indicator. The reaction is preferably car-
ried out at pH 3 10 4.

b. Interference: Although the neutral
utration minimizes the interfering effect
of ferric, manganic, and nitrite ions, the
acid drration 1s preferred; it is most ac-
curate for determination of toral avail-
able residual chlorine. Use acenc acid for
the acid titration; use sulfuric acid only
when interfering substances are absent;
never use bydrochloric acd.

¢. Mimtmum detectable concentra-
tion: The minimum detectable concen-
tration approximates 40 ug/l Cl if
0.0t N soedium thiosulfate is used with a
500-ml sample.

2. Reagents

a. Acetic aad, conc (glacal).

b. Potassium iodide, KI. crystals.

¢. Standard sodium thiosulfate, 0.1 N:
Dissolve 25 g Na:S:03+5H:0 in 1 ]
freshiy boiled distilled water and stand-
ardize the solution against potassium
biniodate or potassium dichromate after

. at least 2 wk storage. Use boiled distilled

water and add a few milliliters CHCl»
to minimize bacterial decomposidon of
the thiosulfate soluton.

Standardize the 0.1N sodium thiosul-
fate by one of the following procedures:

1) Biniodate method—Dissolve
3.249 g anhydrous potassium biniodare,
KH(103)2, of primary standard qual-

ity,* in distilled water and dilute to
1,000 ml to yield a 0.1000N solution.
Stare in a glass-stoppered bortle.

To 80 ml distiled water, add, with
constant surring, | mi conc H:iS50,,
10.00 ml 0.1000N KH(103): and | g

"KI. Titrate immediately with 0.1N

Na:5:03 titrant until the yeilow color of
the liberated iodine is almost discharged.
Add 1 ml starch indicator solution and
continue titrating until the blue color
disappears.

2) Dichromate method—Dissolve
4.904 g anhydrous potassium dichro-
mate. K:Cr:01, of primary sandard
quality,. in distilled water and dilute to
1.000 ml to yield a 0.1000N solution.
Store in a glass-stoppered bottle.

Proceed as in the biniodate method,
with the following exceptions: Sub-
stirute 10.00 ml 0.1000N K:Cr:0O» for
the KH(103)2 and let the reaction mix-
ture stand 6 min in the dark before u-
wrating with the 0.1V Na3:5:0; utrant.

1
ml N2a25:03 consumed

Normality Na:5:0r =

( d. Standard sodium thiosulfate 8-
trant, 0.01N or 0.025N: Improve the
stability of 0.01N or 0.025N Na:5:0s
by diluting an aged 0.1N solution, made
as directed above, with freshly boiled
disdlled water. Add a few milliliters
CHCl; or 0.4 g sodium borate and 10

" mg mercuric iodide/1 soludon. Fer ac-

curate work, standardize this solution
daily in accordance with the directions
given above, using 0.01N or 0.025N
KH(IO3)12 or KzCr207. To speed up

*G. F. Smith Chemical Company., Columbu,
Ohio, or equivalent.
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operations where many samples must be
ticrated use an automadc buret of a type
in which rubber does not come in con-
tact with the solution. Standard sedium
thiosulfate  dtrants, 0.0100N  and
0.0250N, are equivalent, respectively,
to 354.5 ugand 886.3 ug available CI/
1.00 ml. ]

¢. Starch indicator solution: To § g
starch (potato, arrowroot, or soluble),
add a lictde cold water and grind in a
mortar to a thin paste. Pour into ! [ of
boiling distilled water, stir, and let settle
overnght. Use the clear supernate. Pre-
serve with 1.25 g salicylic acid, 4 g zinc
chloride, or a combination of 4 g sodium
propionate and 2 g sodium azide/l
starch solution. Some commercial starch
substituces are satisfactory.

[ Standard iodine. 0.IN: Refer to
Method C, 13a2).

g Dilute standard iodine, 0.0282N:
Refer to Method C, §3a3).

3. Procedure

a. Volume of sample: Select a sample
volume thar will require no more than
20 ml 0.01N Na:58:0). Thus, for resid-
ual chlorine concentrations of | mg/! or
less, take a 1,000-ml sample: for a chlo-
rine range of 1 0 10 mg/l, a 500-ml
sample; and above 10 mg/l, propor-
donately less sample.

b. Preparation for titration: Place §
ml. acetic acid, or enough to reduce the
pH 0 between 3.0 2nd 4.0, in a flask or
white porcelain casserole. Add about t g
KI estimated on a spacula. Pour in the
sample and mix with a stirring rod. Add
chiorine-demand-free distilled water if a

- larger volume is preferred for titraton.

¢. Titration: Titrate away from direct

: sunlight. Add 0.025N or 0.0IN thiosui-

17

fate from a buret unul the yellow color
of the liberaced iodine is almost dis-
charged. Add | ml starch solution and
terate until the blue color is discharged.

If the drraton s made with 0.025NV
thiosulfate instead of 0.01, then, with 2
1<l sample, 1 drop is equivalenc to about
50 ug/L. It is not possible to discern the
end point with greater accuracy. If. a
500-ml sample is derated, 1 drop will
correspond to about 100 ug/l, which is
within the limit of sensidvity. Hence,
use of 0.025N solution is accepeable.
Many laboratories have this on hand.

d. Blank arraion: Correct the result
of the sample titration by determining
the blank contribured by such reagent
impurides as: (a) the free iodine or io-
date in the potassium iodide that liber-
ates extra iodine; or (b) the traces of re-
ducing agenes that might reduce some of
the iodine liberated.

Take a volume of distilled water cor-
responding to the sample used for titra-
don in s 3a-¢c, add 5 ml aceticacid, 1 g
KI, and 1 ml starch solution. Perform
either Blank Tiaton A or B, which-
ever applies.

1) Blank dtracon A—If a blue color
develops, ttrate with 0.01N or 0.025N
sodium thiosulfate to the disappearance

of the blue and record che result.
.

2) Blank Tiration B-—If no blue
color occurs, dtrace wich 0.0282N io-
dine solution unul 2 blue color appears.
Back-urtrare with 0.01N or 0.025N so-
dium chiosulfate and record the differ-
ence as Titradon B. :

Before calculanng the chlorine, sub-
aact Blank Ticranon A from the sample
trradon; or, if necessary, add the net
equivalent value of Blank Titraton B.
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APPENDIX A. SAMPLING AND ANALYTICAL
| TECHNIQUES

DETERMINATION OF HYDROGEN CHLORIDE AND
CHLORINE IN STACK GAS.

The method discussed herein is used to determine the presence of hydrogen
chloride in the stack gases from hydrochloric acid manufacturing processes.
Samples are collected from the gas stream in either midget impingers or a
grab-sampling bottle containing sodium hydroxide, and hydrogen chioride is
determined by the Volhard titration.? [f chlorine is suspected to be present in
the stack emission, another sample is collected in a similar manner, except that
a known quantity of alkaline arsenite absorbing reagent is substituted for
sodium hydroxide. Chlorine is reduced to chioride by arscnite, and is measured
by titration of the unconsumed arsenite with standard iodine solution. Total
chioride content of the sample is detecrmined by the Volhard titration.
Hydrogen chloride concentration is calculated by subtraction of the chiorine
concentration from total chloride concentration. This method is applicable in
determining hydrogen chloride and chlorine concentrations ranging from 10
ppm to percentage quantities,

Reagents
All chemicals must be ACS analytical reagent-grade.

Water
Deionized or distilled water.

Absorbing Reagents:
1. Sodium hydroxide ( 1 N) — Dissoive 40 g-of sodium hydroxide in water
and dilute to 1 liter. This reagent is used when the stack gas
concentration of hydrogen chioride is suspected to be less than 1,000

ppm.

2 Sodium hydroxide { 25 N) — Dissolve 100 g of sodium hydroxide in
water and dilute to 1 liter. This reagent.is used when the stack gas
concentration of hydrogen chloride is suspected to be greater than 1,000
ppm.

3. Alkaline arsenite (1 N NaOH and 0.1 N NaAsO; } Dissolve 40 g of
NaCH and 6.5 g of sodium arsenite ( NaAsO, ) in water and dilute to |
liter in a volumetric flask. This reagent is used when the stack gas
concentration of hydrogen chivride and Cl, is suspected to be less than
1,000 ppm.

4. Alkaline arsenite (.25 N NaOH and 0.5 N NaAsO, ) Dissolve 100 g of
NaOH and 325 g of NaAsO, in water and dilute to 1 liter in a
volumetric flask. This reagent is used when the stack gas concentration
of hydrogen chloride and Cl, is suspected to be greater than 1,000 ppm.
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Ferric Alum Indicatoe

Dissolve 28.0 g of ferric sammenium suifate FeNHq ( SO4 ), + 12H;0in 70
mi of hot water. Cool, fiiter, add 10 ml of ¢oncentrated nitric acid ( HNO; ),
and dilute to 100 mi in a volumetric {lask.

Nitric' Acid ( 8N )

Prepare NOx-free nitric acid by adding 100 ml of HNO, to 100 mi of water
and boiling in a flask until the solution is coloriess. Store in 3 glass rcagent
bottle.

Nitrobenzene
Reagent grade.

Sodium Chloride (Primary Standards)
1. NaCl (0.1 N) — Dissolve 5.846 g of dried sodium chioride (NaCl) in
water and dilute to | litcr in a volumetric flask. -, :
2. Na(] (0.01 N) - Dissolve 0.5846 g of dried NaCl in water and dilute to
I liter in a volumetric flask, or dilute !00 mi of 0.1 N Na(C] to ! liter.

Ammonium Thiocyanate
1. NH4CNS (0.] N) ~ Dissolve 8 g of NH{CNS in water and dilute to 1
liter in a volumetric flask.
2. NH,CNS (0.01 N) - Dilute 100 ml of 0.1 N NH,CNS to 1 liter in a
volumetric (lask, or dissolve 0.8 g NH,CNS in 1 liter of distilled water.

Silver Nitrate

I. AgNO; (0.1 N) — Dissolve 17.0 g of silver nitrate ( AgNO, ) in water
and dilute to 1 liter in a volumetric flask. Transfer to an amber reagent
bottle, Standardize this solution against 0.1 N NaCl solution, according
to the Volhard titration.®

2 AgNO, (0.01 N) — Dissolve 1.7 g of AgNO, in water and dilute to 1
liter in a volumetric flask. Transfer to an amber reagent bottle.
Standardize this solution against standard 0.01 N NaCl sofution,
according to the Volhard titration.

Starch Solution (Jodine Indicator), 1.0%

Make a thin paste of' 1 g of soluble starch in cold water and pour into 100
ml of boiling water while stirring. Boil for a few minutes. Store in a
glass-stoppered bottle.

Standard lodire Solution ( 0.1 N)

Dissolve 12.69 g of resublimed iodine (I, ) in 25 mi of a solution
containing 15 g of ivdate-free potassium iodine (KI); dilute to 1 liter in a
volumetric flask, Standardize this solution against a standard thjosulfate
solution using starch- as an indicator. This solution should be stored in an
amber reagent bottle and refrigerated when not in use.

Apparatus j
(See Figures A-1 and A-2)
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Sampling Probe

10-mm Pyrex® glass tubing of any convenient length.

Filter

A small f'bcrglnss filter may be fitted to the probe inlet when pamculate

matter is present in Lhe gus stream being sampled.

Heating Tape
Used to heat probe.

Variable Voltage Regulator
Used to regulate probe heating.

Dry Gas Meter
Readable Lo the nearest 0.01 cubic foot.

Vacuum Pump
A diaphragm-type pump rated at 15 liters per minute.

Absorbers

1.

Midget impinger -- An all-glass midget impinger sampling trin capable of
removing hydrogen chloride and chlorine from a gas sample may be used
when sampling stack gas suspected of containing less than 0.1 percent
hydrogen chloride or chlorine.

The sampling train should consist of a probe, four midget unpmgers a
gas drying tube, a vacuum pump, and a flow meter, as flustrated in
Figure A-1.
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Figure A-1. Impinger gas sampling train.

A Pyrex® giass tube serves as the probe, 1t should have a ball joint on the
outiet to which other glasswarc can be easily connccted The probe
should be wrapped with nickel-chromium heating wire, insulated with
glass wool and instailed into a protective 1l-inch-diameter stainless stcel
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tube. During sampling, the heating wire is connccted to a calibrated,
variable transformer to maintain a temperature of up to 250° F on the
probe wall. A heating tape may ziso be used to heat the probe.

Four midget glass impingers are connected in setics to the probe outlet
with glass ball joints. The first three impingers each contain 15 mi of
absorbing rcagent. The fourth impinger is left dry to calch any material
that is carried over {tom the uther impingers. All {our impingers ace
cooled in an iccwater bath,

Cases leaving the impingers are dricd as they pass through a tube of silica
gel They then are pumped to the airtight vacuum pump and gus metcr.
Sampling rates are regulated by using a valve to adjust the flow through
the pump.

2. Grab-sampling bottle An accurately calibrated 2-liter glass b le
cquipped with Teflon® stopcucks (Figure A-2)should be used when
sampling percentage quantities of hydrogen chloride or chlorine,
Absorbing reagent is added to the grab-sample bottle after the sample has
been collected.

2-LITER FLASK

ATTACH 10
PROBE vaCuum

Figure A-2. Grab sample bhottle.

Dispenser (Absorbing Reagent) ,

A 100-milliliter round-bottom flask, modified with a Teflon® stopcock and
bail joint extension (see Figure A-3) is used as a dispenser for absorbing
reagent. It is uscd to add reagent to the grab-sampling bottle after the sample
has been collected.

Analytical Procedure
Coliection of Sampies
1. Midget impinger train: .
Pipet 15 mi of absurbing reagent into cach of the three midget impingers.
Heat probe to prevent moisture condensation, Start pump and sample at
a rate of 1 to 3 liters per minutce for at least 60 minutes.
2. Grab sampling:
Flush probe and draw about 20 liters of gas through the sample boitle.
Pipet 25 ml of absurbing reagent into the dispenser and add tv the
grab-sample bottie following collection of the sample. Shake bottle
thosoughly for about 2 minutes to insure complete absorption.
3. Transicr the contents of the impingers or grab-sumpling bottle to a
sample container, such as a polyethylene bottle, containing deionized or
distilled water.
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Figure A-3. Burette for adding absorbing reagent.

Sample Preparation
Measure the actual volume of the liquid sample or adjust to a known volume
using a graduated cylinder ot volumetric flask, ’

Procedure 4

Analysis of Hydrogen Chloride

Pipet an aliquot of the sample into a 250-ml Erlenmeyer flask. Add 25 ml of
water, 5 ml of nitric acid and swir to mix. Depending oa chloride content, add
Q.] N or 0.01 N silver nitrate from a buret until the silver chioride formed
begins to coagulate, When coagulation occurs, add an additional 5 ml of silver
nitrate. Add 3 ml of nitrobenzene and 2 ml of ferric indicator, then

:back-titrate with 0.1 N or 0.01 N ammonium thiocyanate until the first

appearance of the reddish-brown Fe(CNS)s™* complex. A blark determination
for chloride in the absorbing reagent should be run simultanevusly and
subtracted from the sample results. From the titer of NH{CNS solution, as
determined prcviously by titration against standard AgNO, solution using
ferric alum as an indicator, calculate the net volume of AgNO, required for
precipilation of the chloride.

Calculations

Compute the number of milligrams of hydrogen chloride present in the
sample by the following.cquation:
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C=HC,mg = netml AgNO3; X T X F
T = hydrogen chioride equivalent of standard AgNC3
(T = 3.65 mg HCl/ml for 0.1 N AgNO; )
(T = 0.365 mg HCl/m for 0.01 N AgNO; )

E s sampie volume, ml
aliquot volume, mi

Convert the volume of gas sampled to the volume at standard conditions of
70° F and 29.92 in. Hg.

P 530° R
X X =
2992 (t + 460° R)

V,= V

V = volume of gas sampled, as measured on dry gas meter or equal to
volume of grab sample bottle—liters
P = harometric pressure (in. Hg) or absolute pressure at gas meter
t = uverage temperature of gas sampled, ° R
Determine the concentration of hydrogen chloride in the gas sampie by the
following formula:

ppm HCl =_§%uﬂ
E 1

662 = pl/mg of HCl at 70° F and 29.92 in. Hg
C = concentration of HCl, mg
V, = volume of gas sampled in liters at 70° £ and 29.92in. Hg

Procedure B

Analysis of Hydrogen Chioride in the Presence of Chlorine

Pipet an aliquot of the sample into a 250-mi Erlenmeyer flask and proceed
with the Volhard titration for total chlorides as described under Procedure A,
A blank detcrmination for chjoride in the absorbing reagent (alkalinc-arsenite
rcagent) shouid be run sinultancously and subtracted (rom the sampie resuits.

Pipet another aliquot of the sample into a 250-mi Ertenmeyer flask. Add a
few drops of phenolphthalein indicator, neutralize carefully with concentrated
hydrochloric acid, and cool. Add sufficient solid sodium bicarbonate
{ NaHCO, ) to neutralize any excess hydrochloric acid, then add 2 to 3 g more.
Add 2 ml of starch indicator and titrate with 0.1 N {odinc solution to the biue
endpoint. For the rcagent blank, determine the number of mi of 0.1 N 1,
required to titrate 25 ml of alkaline-arsenite absorbing reagent, as described
above.
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Calculations
Determine the uwmnber of milliiters of 0.1 N I3 required to titrate the citice

sumple by the following formula:

Sample (ml 0.1 NI; ) = (mlof 0.1 N1, foraliquot) X F
_ volume of sample, mi '
volume of aliquot, mi

Cl,,mg = Blank(mi 0.1 NL;) - Sample (ml Q.1 NI;) X 3.546

3.546 = chlorinc equivalent of 0.1 N1,, mg

Convert the volume of gas sampled at standard conditions of 70° F, 29.92
in. Hg, using the formula in Proccdure A. Calculate the concentration of Cl, in

the sample using the following formula:
ppm Cl; by volume = Eﬂv)_@_
s

340 = 1/mg of Cl, at 70° F and 29.92 in. Hg

C = concentration of Cl,, mg
V, = volume of gas sampled at standard conditions, liters

Detcrmine the number of milligrams of hydrogen chloride present in the
sample by subtracting the number of milligrams of chlorine present, as
determined by the jodine titration, from the total number of milligrans of
chloride present as determined by the Volhard titration. Calculate the
concentration of hydrogen chloride in parts per million using the formula in
Procedure A.

Total stack gas volume must also be measured in order to determine the
cmissions on a weight basis. This may be done by mecasuring the gas velocity
with a pitot tube. :

The following cquations are used to determine gas velocity and gas volume:

Vg=172(F) (v AP avg) [\/Ts x B2y 20 ]
P M
S S

Vg = velocity in feet per minute at stack conditions

F = pitot tube—correction factor (0.85 for type S)

Mg = molecular weight of stack gas

Tg = average stack gas temperature *R

Pg = average stack gas pressure, in. Hg .

AP = pitot tube manometer reading, in. water
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The total stack gas volume.is then:
P
Q = (Vg)(A) [—1:5-}(17.4)
S

A = . stack area, sg ft
Qg = gasvolume, ft*/min at 70° F and 29.92 in. Hg

The cmissions on a weight per hour basis may then be detcrmincd by the
following equation:

= - mol wt
W = ppm X 107° X Q; X 60 X 8
w = emissions, 1b/hr
ppm = parts per million by volume of contaminant
Qg = stack gas flow rate, scfm
mol wt = molecular weight of contaminant
l, = 70.92 HCl = 36.46
387 =

volume (ft*) occupied by 1 b mol at 70° F and 29.92 in. Hg

Discussion of Procedure:

The estimated error for the combined sampling and analytical procedure is
£10 percent. The precision of the analytical methods is +2 percent un standard
samples containing NaC] and NaAsO,.

The useal volumetric errors are encountered with the Volhard titmtion.
Prematurc endpoints may occur if the NH, CNS is not added by drops near the
cquivalence point and the solution shaken before the next addition.
Nitrobenzene is used to effectively remove AgCl by forming an oily coating on
the precipitate and preventing reaction with the  thiocyanate.'® Bivalent
mercury, which forms a stable complexion with the thiocyanate, and
substances that form insoluble silver salts interfere in the analysis and must be
absent from the sample. Titration should be made at temperatures below
25° C, as is customary in other titrations with thiocyanate.'?

The chief source of crror in the iodine titration of arsenite is the failure to
use sufficient bicarbonate to neutralize all the excess acid. If insufficient
bicarbonate is added, serious errors may be incurred because of a fading
endpoint. A reducing agent such as sulfur dioxide and oxidizing agents such as
iodine, nitrogen dioxide, and ozone interfere with the iodine titration and yield
high results when present in the stack gas sample.

ACID MIST SAMPLING.

. The sampling apparatus is made up of a probe, a cyclone, a filter, four
impingers, a dry gas meter, a vacuum pump, and a flow meter, as shown in
Figure A4.12:13
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JITIRMINATION OF HYSROCHLCRIS ACID ZMISSIONS 7FRCM STATIONARY S .S

1. 2riacinie and Asniicability

- -

.1 Principle. A gas sampia is extraciad Trom the stack and th
r/arccnioric acic contant is measurad using the mercuric nitrate titra-
tion method.

1.2 Appiicadbility. This method is appliicasie Tor the determination
a7 tydrochioric acid emissions Trom stationary sources. The upper 1imit

of the method has not been established though samples containing 4000 parts

par miiiion nydrochloric agid have Deen eTriciently coilectad and determinad
using two midget impingars each containing 15 mitliliters of G.IN sodium
nydrexida.

Possidle interfarences are matal ions (usually Cu, Fe, Ni, Mg, and V)
and the suifite ion. Tnesa tend t0 mask the analysis endpoint. A strong
&c¢id type cationic exchanga resin nas been demcnstrated to remove inter-
Tering metal ions satisfactoriiy. When gas streams containing 502 in excess
o7 300 parts per million are sampled, the 502 can be effectively removed by
treating the sample with 3 percent nydrogen peroxide.:

2. Apparatus

2.1 Sampling. The sampling train is shown in Figure 1 and the compon-
ent parts are discussed below.

2.1.1 Probe. A five-foot, borosiiicate glass or Teflon-lined probe is
usad. The inlet is packed with glass wool to remove particulate matter.

The probe must have a heating system to prevent water condensation while
samp?fng:‘

2.1.2 Midget Impingers. Four midget impingers are connected
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in series with leak-free glass connectors. Silicone grease may be used
to insure a tignt seal.

2.1.3 Giass Woel. Borosilicate or guartz.

2.1.4 'Temperature Gauge. 0Oial thermometer, or equivalent, to
maasura temperature of gas leaving impinger train to within 1°C (29F). .

2.1.5 ODrying Tudbe. Tube packed with 6-to 16-mesh indicating type
silica gel or equivalent to dry the gas sample and to protect the dry
gas metar and pump.

2.1.8 Valve. Needle valve, to regulate sample gas Tlow rate.

2.1.7 Pump. Leak-Tree disphragm pump, or equivalent, to pull gas
through the train. Install a small surge tank batween the pump and the
race meter to eliminate the pulsation effect of the diaphragm pump on
the rotamater.

2.1.8 Rate Meter. Rotameter, or aquivalent, capable of measuring
Tiow rate to within 4 percent of tha selected flow rate of 2 1/min.

2.1.9 Volume Meter. Dry gas meter, sufficiently accurate to.mea-
sure the sample volume to three decimal places in cubic feet, calibratad
at the selected flow rata and conditions actually encountered during
sampling, and equipped with a tamperature gauge (dial thermometer, or
equivalent) capabie of measuring temperature to within 3°C (5.4°F}.
| 2.1.10‘ Barometer. Mercury, aneroid; or other barometer capable
of measuring atmospheric pressure to within 2.5 mm Hg (0.1 in Hg).

.2.1,11 Vacuum Gauge. At Teast 760 mm Hg (30 in. Hg) gauge, to be
usad Tor Teak check of the sampling train.

2.2 Sampla Recovery. The following equipment is needad for sample

racovery.
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2.2.2 Wash Bottia. Poiyathylene or glass.

2.3 Analysis. Veoiumetric glassware shouid be class A only.

2.3.7 <Zrlenmeyer Flask. 123 mi.

2.3.2 Graduated suretta. 25 ml.

2.3.3 Volumetric Pipet. 1 ml.

2.3.4 Volumatric Fiasks. 1CC ami, one for each sample.

2.3.5 Smail Funnel. For transferrfng sampla.

2.3.6 Magnetic Stirrer.

2.3.7 Mag’netié Stirring Bar.

2.3.8 Dropping Pipet or Dropper.

2.3.9 Filter Paper. Wnatman No. 40.
3. Reagants

Unless otherwise indicated, all reagents mu;t conform to the
specifications established by the Committee on Analytical Reagents
of the American Chemical Society. %here such specifications are not
available, use the best available grade.

3.1 Sampling.

3.1.1 Water. Triple deionized, distilied to conform to ASTM
Specification D 1193-74, Type 3. |

3.1.2 Sodium Hydroxide, 0.1 N. Dissolve 4g NaCH in. deionized,
distilled water and dilute to 1 Titer.

3.1.3 Hydrogen Peroxide, 3 Percant. Dilute 30 percent hydro-
gan peroxide 7:5 {V/V) with deiopized, distilled water (15 ml is

needed per sample). Prepare fresh daily.
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.2 Sampia Recovery.
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.2.1 Sodium Hydroxida, C. IN. As in 3.1.2.

.2.2 Sodium Hydroxide, 0.C5 N. Dissolive 2g NaOH in déionize‘,

(93]

distilled watar and dilute to 1 iiter.

3.3 Anaiysis.

3.3.7 Mercuric Nitrate So?uticn,.0.01 N. Dissolve 1.63 g
mercuric nitrate in deionized, distilled water and dilute to 1 liter.
Shake well. Transfer to an amber colored reagent bottle. Standardize
this solution according to the procedure in Section 5.5.

3.3.2 Bromophenol-Diphenylcarbazone Indicator. Dissolve 0.005 g
bromophenol blue and 0.5 g diphenyl carbazone in 75 ml pure
ethanol, then dilute to 100 ml therewith.

3.3.3 0.05 N HNO,. Dilute 1.6 ml concentrated HNO, (69 percent)
to 500 ml with distilled, deionized water.

3.3.4 0.0100 N NaCl Solution. Dissolve 0.584 g NaCl in
deionized, distilled water and dilute to 1 Titar.

3.3.5 Cation Exchange Resin. Rexyn 101 H (Fisher Scienﬁific)T
is one type that has been used successtTully. The resin column is
nreparad as follows:

A small amount of the Tresh resin is pourad into a 250 ml
oeaker containing 100 ml1 distilled water and allowed to soak for
30 minutas. A 25 ml buret is packed at the bottom end with a small
sortion of glass woel to prevent plugging fhe tip with resin par- -
tic};s. Tne buret is then filled approximately half-full with
distilied watar, and tihe wettad resin is poured in until it reaches

the 11 ml graduation mark. Care must be taken to maintain




'
{l
'

1
|

.
]

'

13
d

.

(5}

toe waiar leval at Te2ast one inch acove the resin level at ail timas <o
gravent rasin channeliing. Tne ouret is Tilled to tne O ml graduation mark

with distiilac water, and the stcpeock is opered ta allow the column o drain

¥
[ +]]

until the final water jevel is at the 10 m] graduation mark. This rinsing
pracess is repeated severa: timas and the rinsas discardad. A column blank

is determined by passing a 10 ml atliguot of distiiled water through the column
Toliowed by a 10 m1 rinse. The blank volume is then adjusted to 100 ml with
distilled water and.titrated with standard mercuric nitrate. One drop of

itrant snhould be sufficiant to reach tne endnoint.

«l

4. Procacdure

4.1 Sampling

4.1.1 Preparaticn of Coiiection Train. Measure 15 ml of 0.1 N sodium
hydroxide intc eaca of the first two midget impingers and 15 ml of 3 percent
nydrogen peroxide into the third one. Leave the final impinger dry. Assemble
the train as in Figure 1. Adjust prcbe heater to a temperature sufficient to
prevent watar condensation. Place crusned ice and water around the impingers.

4.1.2 Leak-Check Procedure. A Teak-check prior to the sampling run is
opticnal; however, a leak-check after the sampiing run is mandatory. The
leak check procedure is as follows:

Temporarily attach a suitable {e.qg., 0-4Q cc/min) rotameter to the out-
let of the dry gas meter and place a vacuum gauge at or near the probe inlet.
Plug the_probe inlet, pull a vacuum of at Jeast 250 mm Hg (10-in. Hg), and
nota the' flow rate as indicated by the rotametar. A leakage rate not in

excess of 2 percent of ;he average sampling rate is acceptable.
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Nota: Carefully relaase the probe ialat plug before turning
o077 the pump.

t is suggasted (net mandasory) that the pump de leak-checked
saparataiy, efther prior to or after the sampling run. If done
sricr to the sampiing run. the pump Teax-check shai?.precede the
12ak=-check of the sampiing train dascribed immediataly above; if
done after tha sampiing run, the pump Tleak-check shall follow the
train leak-check. 7o leak-chack the pump, proceed as follows: -
Disconnect the drying tube from the probe-impinger assembly. Place
& vacuum gauge at the iniet to either the drying tube or the pump,
puil a vacuum of 250 mm (10_iq.) Hg, plug or pinch off the outlet
of the Tiow metar and then turn off the pump. The vacuum should
remain stable for at lTeast 30 saconds. |

Qther leak=-check procadures may be used, subject to the

approval of the Administrator, U. S. Environmental Protection Agency.

4.1.3 Sample Collection. Record the initial dry gas meter
reading and barometric pressure. To begin sampling, position the
tip of the probe at the sampling point, connect the probe to the
Lubbler, and start the pump. Adjust the sample flow to a constant
rate of approximately 2.0 1iters/min as indicated by the rotameter.
Maintain this constant rate (+ 10 percent) during: the entire sample
run. ‘Take readings (dry gas meter, temparatures at dry gas metar
ard at impingar outlet and rate meter} at least every 5 minutes.

Add Eare ice during the run to keep the temperature of the gases
laaving the last impinger at 20°C (38°F) or less. At the conciusion

of each run, turn off the pump, remove probe from the stack, and

— e =




racord the firal readings. Jonduct a Taak-chack as in Section 4.1.2.

(This leak-check is mandaiory). If & ieak is found, void the tast run or

use procadures acceptania to the Administrator {0 adjust the sampie volume

.—h

or the leakaga. Orain the ice bath, and purge the ramaining part of the
train oy drawing ciean amoient air thrcugh the systam Tor 15 minutes at
the sampliing rate. |

4.2 Sample Racovery. OUDisconnect the impingars after purging. Dis-
card tha contants of the hydrogsn peroxida SO2 scrubbar impinger. Pour
the contents oV the other impingars containing sodium aydroxide into a
leak-free polyethylene or giass botila Yor shipment. Rinsa the impingefs
and the connectiné tubes with deionized, distiiled water, and add the
washings to the same storage container. The glass wool probe plug is
recovered and piaced in & sacond storage container. The probe is rinse
with 25 ml distillad water intc a sacond storage container. The probe 1is
rinsed 25 ml distilled water into a third storage container and markad
accordingly. Seal, mark the fiuid level, and identify all containers.

4.3 Sample Analysis. Note level of 1iquid in each container, and
confirm whether any sample was 1ost during shipment; note this on analytical
data sheet. I a noticeable amount of leakage has occurred, either void
the sample or use methods, subject to the approval of the Administrator,
to correct the final results.

Using a small funnel, the contents o7 each sample container are
quantitatively transfarred to separate 100 ml volumetric flasks. Tﬁe
probe wash is filtered through Whatman Number 40 paper into a flask. The
probe plug is rinsed three times with water and likewise filfered into

another vlask. Each flask is dilutaed to the mark with deionizad, dis-

tillad water.




An atigquot o one out of every five samslas {s passed through a

£

cationic exchange resin (seepared as in Sectien 3.3.5) and comparad to

that o7 untreated samples o sze i7 intertering metal icns ara present.

(U]

i values diTTer Dy more than 1 percant, an aligqusot of alj samples should
o2 passad througa the resin srior o the analysis. To oxidize any SO2
Jrasent, add and @mix 2 mi 3 percent hydrogen percxida solution per 100 ml
sampla. |

BeTore anaiysis, the pd of the sampie must ba adjiusted to 3.2 - 3.4.
Pour 25 ml1 of the 100 ml sample into a 125 ml Erlenmeyer flask and add 5
drops of bromophenol/diphenyl carbazone while stirring the sample contin-
uously using a magnetic stirring bar. If the sample is initially alkaline,
it will turn blue or red in color after addition of the indicator. In this
case, add 0.1 N nitric acid dropwise until the sample just turns yellow in-
color. Then add an additional 1.0 ml of 0.05 N nitric acid to bring the
pH to 3.2 - 3.4. If the sample is initially acidic, the solutfon will turn
yellow after addition of the indicator. In this case, add 0.1 N sodium
hydroxide dropwise until the sample turns biue in color. Then add 0.05 N
nitric acid dropwise until the sample just turns yellow. Add an additional
1.0 ml of 0.05 N nitric acid to bring the sample to the proper pH of 3.2 -
3.4. After the pH is adjusted, titrate the sample with standard 0.01 N
mercuric nitrate until the first appearanﬁe of a violet'cojor which
persists for several minutes with continuous:stirring. Repeat and.average the
titrﬁiion volumes. Run a blank with each series of samples.

5. CaTibration

5.1 Metering System. Before its initial use and after each field

test series, leak check the metering system as described in Method 6,
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Section 5.1.
5.2 Thermometers. Calibrate against mercury-in-glass thermometer.
5.3 Rotameter. The rotameter need not be calibrated but should be
kept clean according to manufacturer's instructions.
1o0EIE Egaiast aercury baromatar.
5.3 Hercuric Nitrate Solution. Standardize the mercuric nitrate
solution by fitrating against triplicats aliquots of 0.0100 N standard NaCl
solution.

6. faicuiatiens

Carry out calculaticns, rataining at least ane axtra decimal Tigure
seyond that of the acquirad data. Round oFf figuras after the final calcu-
lation., OQOther forms of the equations may be used as long as they give
egquivalent resuits.

6.1 Nomenclatura

cHCl = Concantration o7 hydrogen c¢hloride, dry basis cor-
rected to standard conditions, mg/dsem (1b/dscT).

N = Normality of mercuric nitrate titrant, milliequiva-
lents/ml.

Pbar = Barometric pressura at the exit oritice of the dry
gas meter, mm Hg {in. Hg).

Pory = Standard absolute préssure, 760 mm Hg (29.92 in. Hg).

T . @ Average dry gas metar &bsoiute temperature, °K (°R).

3 Tstd = Standard aosolute tamperature, 293°K (528°R).
Va = Volume oFf sample aliquot titratad, ml.
Vm =2 Ory gas volume as measured by the dry gas metar,

dam (dc¥).




1¢
Vm(std} = Dry gas voiume maasured by tha dry gas matar,
| correctad to standard conditicns, dscm {dseT).

Vsa?n = T0a7 volume of sciuticn in waich tha nydrcchioric
acid sampie is contained, 130 ml.

Vt. = Voluma oF marcuric nitraie titrant usad for the
sampie, ml (average of repiicata titrations).

Vo = Volume of mercuric nitrate titrant usad for the
blank, ml.

Y = Ory gas mater caiicration {factor.

70.90 = gquivaiant weigit of aydrecaleric acid.

8.2 ODry sample gas volume, corracted to standard conditions.

Vm(std) =

v __d)./aa.} -k ¥ m Poar

T std m

Equation &-1

Where:

Ky = 0.3858 °K/mm Hg Tor metric units.

= 17.64 °R/in. Hg For Engiish units.

6.3 Hydrochloric acid concentration.

v
soln

L) a(s5a)

. ‘ gquation &-2

Kz = 70.90 mg/meg. for metric units

= 1.563 x 1074 1b/meg. for Zngiish uniis.
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408 CHLORIDE

Chlaride, in the form of Cl ion, is one
of the major inorganic anions in water
and wastewater. [n potable water, the
salty taste produced by chloride concen-
wations is variable and dependent on the
chemical composition of the water.
Some warers containing 250 mg/1 chlo-
ride may have a detecrable salty taste if
the cation is sodium. On the other hand,
the typical saity taste may be absent in
waters conwmining as much as 1,000
mg/! when the predominant cations are
calciurm and magnesium.

The chloride concentration is higher
in wastewater than in raw water be-
cause sodium chloride is a2 common ar-
ticle of diet and passes unchanged
through the digestive system. Along the
sea coast. chloride may be present in
high concentrations because of leakage
of salt water into the sewerage system. [t

may also be increased by industrial -

processes.

A high chloride content harms metal-
lic pipes and structures, as well as agri-
cultural plants.

Selection of method: Four methods
are presented for the determination of
chlorides. Since the first two are similar
in most respects, selection is largely a
matter 6f preference. The argentomerric
method (A) is suitable for use in rela-
tvely clear waters when 0.15 to 10 mg
Cl are present in the portion of sample
trrated. The mercuric nicrate method
(B) has an easier end point. The po-
tentiometric method (C) is sutaable for
colored or curbid samples in which
color-indicated end points might be dif-
ficult to observe. The potentiometric
method can be used without a pre-
treatment step for samples containing
ferric ions (if not present in an amount
greater than the chloride concentration),
chromic phosphate, and ferrous and
other heavy meral ions. The ferricyanide .
method, given in Part 602, is an auto-
mated modification which, aithough
used routinely by many laboratories. is
listed for the first time as a tentauve
method.




408 A. Argentometric Method

l. 'General Discussion

a. Princple: In a neutral or slightdy
alkaline solution, potassium chromate
can indicare the end point of the silver
nicrate ticration of chloride. Silver chio-
ride is precipitated quanticatively before
red silver chromare is formed.

b. Imterference: Substances in
amounts normally found in potable wa-
ters will not interfere. Bromide, iodide,
and cyanide register as equivalent chlo-
ride concentrations. Suifide, thiosulfate,
and sulfite ions interfere but can be re-
moved by trearment with hydrogen per-
oxide. Qrthophosphate in excess of 25
mg/| interferes by precipitation as silver
phosphate. [ron in excess of 10 mg/l in-
terferes by masking the end point.

2. Reagents

a. Chloride-free water: If necessary,
use redistilled or detonized distiiled wa-
ter.

b. Potasstum chromate mdicator solu-
tion: Dissolve 50 g K:CrO4 in a little
distilled water. Add silver nitrate solu-
tion untl a definite red precipitate is
formed. Let stand 12 hr, filter, and di-
lute to 1 | with distilled water.

c. Standard silver nitrate rrrant,
0.0141N: dissolve 2.395 g AgNO;s in
distilled water and dilute to 1,000 mil.
Standardize against 0.0141N NaCl by
the procedure described in §36 below.
Store in a brown bottle. Standard silver
nitrate solution 0.01+1N=500 »g Cl/
1.00 ml.

d.  Standard sodium  chioride,
0.0141N: Dissolve 824.1 mg NaCl
(dried ac 140 C) in chioride-free water

and dilute 10 1,000 ml; 1.00 mi=J500
ug Cl.

e. Special reagents for removal of in-
terference :

1) Aluminum bydroxide suspension:
Dissolve 125 g aluminum potassium
sulfate or aluminum ammonium suifare,
AIK(SO4)2+12H20 or AINH«(504)2--
12H:0., in 1 | distilled water. Warm to
60C and add 55 ml conc NH.OH
slowly with stirring. Let stand about 1-.
hr, transfer the mixrure to a large bortle,
and wash the precipitate by successive
additions. with chorough mixing and de-
cantations of distilled warer, until free
from chloride. When freshly prepared,
the suspension occupies a volume of
approximately 1 [.

2) Pbenolpbtbalein indicator solu-
tion.

3) Sodium bydroxide, NaOH, IN.

4) Sulfuricacid, H:SQ04, IN.

5) Hydrogen peroxide, H20z, 30%.

3. Procedure

a. Sample preparation: Use a 100-ml
sample or a suitable portion diluted ro
100 ml.

If the sample is highly colored, add 3
ml AKOH)s suspension. mix, ler sertle,
filter, wash, and combine filerate and
washing.

If sulfide, sulfite, or thiosulfate s
present, add | mi H:0: and stir for |
min.

b. Titration: Titrate samples in the
pH range 7 to 10 directly. Adjust sam-
ples not in this range with H:SO4 or
NaOH solution. Add 1.0 mi K:CrO.
indicator solution. Tirrate with standard
silver nitrace titrant to 2 pinkish yeflow




end point. Be consistent in end-point
recognition.

Standardize the silver nitrate titrant
and establish the reagent blank value by
the rration method outlined zhove. A
biank of 0.2 10 0.3 ml is usual for the
method. :

4. Calculation

(A-BYXNX]5.450
mi sample

mg/1Cl =

where A=ml trration for sample, B=
ml dtration for blank, and N=normal-
ity of AgNO:s.

mg/1 NaCl=mg/1 C1X1.65

5. Precision and Accuracy

A synthertic unknown sampie contain-
ing 241 mg/l chioride. 108 mg/l Ca,
82 mg/l Mg, 3.1 mg/l K, 19.9 mg/l
Na, i.1 mg/! nitrace N, 0.25 mg/l mi-
mite N, 259 mg/l sulfate. and 42.5
mg/1 total alkallmtv (contributed by
NaHCO:) in distilled water was ana-
lyzed in 41 laboratories by the argento-
metric method. with a relarive standard
deviation of 4.2% and a relative error of
1.7%.

408 B. Mercuric Nitrate Method*

1. General Discussion

a. Principle: Chloride can be titrated
with mercuric nitrate because of the for-
martion of soluble, slightly dissociated
mercuric chloride. In the pH range 2.3
to 2.8, diphenylcarbazone indicates the
end point of this rcration by formation
of a purple complex with the excess
mercuric ions. The ¢rror in ueration is
abous 1% of the volume of tirrant used
per change of 0.1 pH unit in the pH
range 2.1 to 2.8. Because exact pH ad-
justment is not feasible except by use of a
pH meter, it is felt that keeping within a
range of £0.1 pH unit is sufficient for

* Umited States Patemt No. 2,784,064 has been i
sued to F.E. Clarke, relative to the mercurimerric titra-
thon of chloride. Nothing conained in this mamal is
bemmudagumngmy cight. by implication or
otherwise, for manufacrure. sale, or use in connection

mrhanymed\od.appaﬂnuapﬂ:lmwvendbvpu '

ent, nor as insuring anvone against liability for infringe-
meny of patent. -

most water analyses. Therefore, in this
method. a specific mixture of nitric acid
and diphenyicarbazone is added to0 a
water sample. adjusting the pH of most
potable waters o pH 2.5%0.1. A third
substance in this alcoholic mixture, xy-
lene cyanol FF, is used as a pH indicator
and as a background coloe to facilitate
end-point detection. The introduction of
10 mg sodium bicarbonate to both the
blank and the standard ritraton pro-
vides 2 pH of 2.5£0.1 when 1.0 ml in-
dicator-acidifier reagent [§241) s
added. Increasing the sirength of the -
trant and modifving the indicator mix-
ture enable determination of the higher
chloride concentrations common in
wastewater.

b. Interference: Bromide and iodide
are titrated with mercuric nitrate in the
same manner as chloride. Chromate.
ferric, and sulfite ions interfere when
present in excess of 10 mg/1.-
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2. Reagents

a. Standard sodium chloride 0.0141

N.See Method A, 9§24 above.
b, Niricaad. HNO», 0.1V
¢. Sodium bydroxide, NaOH. 0.1V
d. Reagents for low-chivride ttra-

{ons:

1) Indicator-acidifier reagent: The
nitric acid concentration of this reagent
is an important factor in the success of
the determination and can be varied as
indicated in a} or b) to suir the alkalinity
range of the sample being titrated. Re-
agent a) contains sufficient nitric acid to
neutralize a rotal alkalinity of 150 mg/1
as CaCOs w0 the proper pH in a 100-mi
sample.

a) Dissolve, in the order named. 250
mg s-diphenylcarbazone, 4.0 ml conc
HNOs3, and 30 mg xviene cyanol FF in
100 ml of 95% ethyl alcohai or isopro-
pyl alcohol. Score in a dark bottle in 2
refrigerator. This reagent is not stable
indefinitely. Deterioracion causes a slow
end point and high resuits.

b) Because pH conrrol is crirical in
this method. adjust the pH of highlv ai-
kaline or acid samples to 2.5£0.1 with
0.IN HNO: or NaOH. not with
Na2COs. Use a pH meter with a non-
chloride type of reference electrode for
the pH adjustment. [f only the usual
chloride-type reference electrode s
available for pH adjustment. determine
the amount of acid or alkali required to
achieve a pH of 2.5£0.1 and discard
this sample portion. Trear a sepacate
sample portion with the- determined
amount of acid or alkali and conrinue
the analvsis to its prescribed end. Under
these circumstances. omit the nirric acid
from the indicator reagent to maintain

the proper sample pH. Alternazivelv.
vary the nitric acid concentration of the
indicaror-acidificr reagent o accommo-
dare conditions wherein water samples
of very high or very low alkalinity are
being analvzed

2) Standard mercuric nitrate titrant,
0.014IN: Dissolve 2.3 ¢ Hg(NO3)z or
2.5 g Hg(NO»2#H:O tn 100 ml dis-
tilled water conwining 0.25 ml conc
HNO:. Dilute to just under 1 1. Makea
preliminary standardization by follow-
ing the procedure described in 93a. Use
replicates containing 5.00 ml standard
Na(l solution and 10 mg NaHCO: di-
luted to 100 m] with distilled water. Ad-
just the mercuric nitrate ttrant to ex-
acdy 0.014IN and make a finai
standardization. Store away from the
light in a dark bortle. Standard mercuric
nirate twrant, exactly Q.014iN, is
equivalent to 500 ug C1/1.00 ml.

e. Reagents for_high-chioride sirrg-,

tinms:

1) Mixed indicator reagent: Dissolve
5 g diphenyicarbazone powder and 0.5
g bromphenol blue powder in 750 ml
95% cthyl or isopropyl alcohol and di-
lute to | | with ethyl or isopropyi alco-
hol.

2) Strong swandard mercuric nitraie
trrant, 0.141N: Dissolve 25
Hg(NO1)z+H:O in 900 ml distilled wa-
ter containing 5.0 ml conc HNOs. Di-
lute to just under 1 [, and perform a pre-
liminary standardization by following
the procedure described in §35. Use rep-
licates: containing 25.00 ml standard
Na(l solution and 25 ml distilled water.
Adjust the titrant to 0.141V and make a
final standardizacon. The chloride
equivalence of the ttrant is 5.00 mg/
1.00 mi. -




3. Procedure

a. Titration of low chloride concen-
trauons: Use a 100-mi sampie or
smaller portion so thar the chloride con-
tent is less than 10 mg.

Add 1.0 ml of indicator-acidifier re-
agent to the sample. (The color of the
solution should be green-blue at this
point. A light green indicates a pH of
less than 2.0: a pure blue indicates a pH
of more than 3.8. For most potable wa-
ters, the pH after this addition will be
2.54£0.1. For highly alkaline or acid
warers, adjust pH to about 8 before add-
ing the indicator-acidifier reagent.)

Titrate the weared sample with
0.014IN mercuric nitrate titrant to a
definite purpie end point. The solution
will turn from green-blue to blue a few
drops from the end point.

Determine the blank by titrating 100
ml distlled water conaining {0 mg
NaHCO:.

b. Titration of bigh chloride concen-
trations: Place 50.0 ml sampleina 150-
ml beaker (5.00 ml sampie may be used
when more than § ml dwant are
needed). Add approximatcly 0.5 ml
mixed indicator reagent and mix well.
The color should be purple. Add 0.1N

HNO: dropwise untl the color just
turns yellow. Ticrate with 0.141N mer-
curic nitrate titrant to the first per-
manent dark purple. Titrate a disulled
water blank using the same procedure.

4. Caiculation

(A-8)XNX35.450
mi sample

mg/1Cl =

where A=ml dtration for sample, B=
ml ticradon for blank, and N=normal-
ity of Hg(NO1).

‘mg/l NaCl=mg/] CI1X 1.65

5. Precision and Accuracy

A synthenc unknown samplie conrain-
ing 241 mg/| chloride, 108 mg/! Ca,
82 mg/l Mg, 3.1 mg/1 K, 19.9 mg/I
Na, 1.1 mg/1 nitrate N, 0.25 mg/1 ni-
wite N, 259 mg/| sulfate, and 42.5 mg/
! rowal alkalinity {conmibuted by
NaHCO3) in distiled water was ana-
lyzed in 10 laboratories by the mercuri-
metric method, with a relative standard
deviation of 3.3% and a relative error of
2.9%.




APPENDIX C

METHOD 5A
PARTICULATE AND CONDENSABLE HYDROCARBONS PROCEDURE




METHOD SA. DETERMINATION OF PARTICULATE AND
CONDENSIBLE ORGANIC MATTER FROM STATIONARY SQURCES

1. Applicability and Principle
i.! Applicability. This method applies to the detarmination

of particulate and condensible organic matter within the context of

the following definftion: "Particulate matter" means any finely

divided solid or 1iquid material, other than uncombined water, that
condgnses at or above the filtration temperature, and i1s ccllected by
the front half of the sampling train. "Condensible organic matter” means
any material which remains after extraction, filtration, and ambient
eyaporation of the ether-chloroform extract of the impinger portion

of the train.

1.2 Princtple. Particulate and condensible organic matter is withdrawn
isokinetically from the source. Particulate matter is collected on a
glass fiber filter maintained at temperatures of 120:+ 14°C, or such
other temperature as specified by an applicable subpart of the
standards or by the Administrator for a particular application.

The particulate mass is determined gravimetrically after removal of
uncombined water. Condensed organics are collected in the water-filled
Greenburg-Smith impingers at temperatures less than 20 + 5°C. The
condensed organfcs are analyzed gravimetrically after extraction from

the water by ether and ch1oroform.*'

*"Warnin : Chloroform {s a suspected carcinogen. The vapors of

ethyl ether are an explosion hazard. A7l work should be done under

an explosion -proof hood with the analyst protected from expasure to these
chemicals. Ether should not be retained beyond the container date;
opened containers should not be stored for more than six months.




2. Apparatus
2.1 Sampling Train. Same as Method 5, Section 2.1, except the

Greenburg-Smith system shall be used to determine stack gas moisture
content and condensible organic matter. In addition, before use,
clean the impingers and f{lter assembly with chromic acid cIean1n§
salution followed by cefonized distilled water and

acetone rinses.

2.2 Sample Recovery. Same as Method 5, Section 2.2. In addition,
clean all glassware used to handle the sample with chromic acid cleaning
solution as described in Section 2.1.

2.3 Analysis. Same as Method 5, Section 2.3, with the following
additional items:

2.3.1. Separatory Funnels. Two, 100-ml capacity.

2.3.2" Buchner Funnel. 47-mm diameter.

2.3.3 Erlenmeyer Flask. 500-ml.

3. 'Reagents
. 3.1 Sampling and Sample Recovery. Same as Method 5, Sections

3.1 and 3.2, respectively, with the following additions:

3.1.1 Water., Deionized dist{lled to conform to ASTM specification
D1193-74, Type 3. Analyze blanks prior to field use to eliminate a high

‘blank on test samples.

73.1.2 Chromic Acid Cleaning Solution. Prepare by slowly adding
T 1iter concentratad sulfuric acid, with stirring, to 35 ml saturated

" sodium dichromate solution. HANOLE WITH CAUTION.

3.2 Analysis, Same as Method 5, Section 3.3, except the following

additional reagents are required for the analysis.




3.2.1 Ethyl Ether. Reagent grade, < 0.001 percent residue in
suitable containers to retain low residue blank byt still meet safety
requirements. »

3.2.2 Chloroform. Reagent grade, < 0.007 percent residue, in glass
botties.

3.2.3 Water, Deionized distilled as described in Section 3.1.

3.2.4 Filters. 47-mm dfameter glass fiber filters as described
in Method 5, Section 3.1.1. |

3.2.5 Hydrochloric Acid, Concentrated. HANDLE WITH CAUTION.

3.2.6 Sodium Hydroxide, 10 N. Dissolve 40 g NaOH in deionized
distilled water and dilute to 100 mi. HANDLE WITH CAUTION.

4. Procedure

4,1 Sampling. Same as Method 5, Section 4.1, except use deionized
distilled water in the impingers.

4,2 Sample Recovery. Same as Method 5, Section 4.2, with the
addition of the following: |

4.2.1 Container No. 4 {Impinger MWater). Treat the first three

{mpingers as follows: Leaving each impinger intact to transfer the
1iquid, cap off the inlet, and pour the 1iquid through the outlet into
a graduated cy}inder or directly into a tared sample container. Record
the volume to within + 1.0 ml or determine the Tiquid-weight to within
+0.5g. 3

After transferring the wafer and condensible organic matter to the
sample container, tighten the 1id on the sample container so that water
will not leak out when it is shipped to the laboratory. Mark the
height of the fluid level to determine later whether leakage occurred

during transport. Label the container to clearly identify its contents.




4.2.2. Container No. 5 {Acetone Wash}. After insuring .iat all

Joints of the impinger section glassware are wiped clean of sflicone
grease, rinse the inside surfaces of the first three impingers and the glass
connecting joints with acetone. Rinse all surfaces three times or more

if necessary to remove visible particulate. A Nylon bristle brush may

‘be used to facilitate removal of any adhering material.

After all acetone washings and particulate matter are collected in the
sample contafner, tighten the 11d on the sample container su that aéetone
will not leak ocut when it {s shipped to the laboratory. Mark the height
of the fluid level to determine later whether leakage occurred during
transport. Label container to clearly identify its contents.

4.2,3 Natef Bfénk. Save a portion of the deionized distilled water
used in the impingers. Take 200 ml of this water and place it in a glass
sample container labeled "water blank.®

4.3 Analysis. Same as Method 5, Section 4.3. In addition,
handle Containers No. 4 and 5 as follows (an example data sheet is
shown in Figure 5A-1}: '

4.3.1 Container No. 4. Note level of 1iquid in container and

confirm on analysis sheet whether Teakage cecurred during transport.

Measure the Tiquid in this container either volumetrically to + 1 ml or

‘Srayjmgtr1ca11y to i_O.S g. Adjust the sample to a pH of 7 with hydrochloric

actd or sodium hydroxide using shoft range & to 8 pH paper.  Transfer

the contents to a separatory funnel. ‘Extract the water with three 25-ml

portions of ether, followed by three 25-ml portions of chloroform. (Note:
Due to the flammabi}ity of ether and the health related effects of

~ chlaoroform, the use of these reagents should be cifefui]y supervised.)

Combtine the organic phases in another separatory funnel and back extract




3 ‘?um 2 Date

l Aun Ne. 4 Acstone blank volumse, mi

3 Agaione wash voiume, mi 6 Acatons blank concentration, mg/mg
Acatan’ wash Jlaax, mg § E-C water blank volume, mil

l Water volume in impingers, al

lic'.-.'-c wash blank, mg 11 Filser no.

WEIGHT OF PARTICULATE COLLECTED,

' GONTAINER] e o ™
CNUMBEIL (FINALWEIOHT | TARE WRIGHT | Wi GAIN
. 1 | .
2
TOTAL _
, Less acatona blank
Waight of particulate matter| mp =
WEIGHT OF CONDENSABLE
CONTAINER ORGANIC MATTER COLLECTED, my
NUMBERL  (FINAL WEIGHT® i:{_\“l_lli_’.'WI‘l(:ll'l' WEIGHT QAIN
4 _ g =
5% mp =
TOTAL | . =

Less E-C water blank
Weight of condansablae arganic matter| mg =

+ *Data correctad for ucutone blank

VOLUME OF LIQUID
WATEN GOLLEGTED

iMiNgLn | s ea o,
voLuMmE, WEIGHT,
13118

- ——a q e
FINAL
v INITIAL
LIQUID COLLECTED

TOTAL VOLUME COLLECTED : ]  ml

»

CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING
TOTAL WEIGHT INCIREASL UY DENSITY OF WATEH (Tu/mi).

INCREASE, 4 o yonume WATRR, ol
1 o/

Figure 5A-1. Analytical data.




with 100 m1 of defonized distilled wdter. The aqueous phase is not
retained for analysis. |

Filter the organic phase through a 47-mm glass fiber filter to
remove any particulates entrained in the solvent. Then, evaporate the
filtrate at ambient temperature and pressure until the solvent appears
evaporated. Desiccate the remaining residue for 24 hours, and weigh to a
constant weight. Report the results to the nearest 0.1 mg.

4.3.2 Container No., 5. Note level of tiquid in container and

confirm on analysis sheet whether leakage occurred during transport.
Measure the 1iquid in this container either volumetrically to + 1 ml

or gravimetrically to + 0.5 g. Transfer the contents to a tared 25Q-ml
beaker, and evaporate to dryness at ambient temperature and pressure.
Destccate for 24 hours and weigh to a constant weight. Report the results
to the nearest 0.1 mg. If more than 10 mg of residue is present, dissolve
in 25 m1 of ether followed by 25 ml chloroform. Combine the extracts

and f{lter through a 47-mm glass fiber filter into a tared 250-ml beaker.
Evaporate to dryness at ambient temperature and pressure. Desiccate for
24 hours and weigh to a constant weight. Combine with the weight

obtained for Container No. 4 in Section 4.3.1.

4.3.3 Water-Ether-Chloroform Blank. Transfer 100 m]1 of water taken

in the field as a water blank into a separatory funnel. Extract the water
with three 25-ml portions of ether fo1]9wed by three 25-mi1 portions of

chloroform. Combine the organic extract in a tared container and evaporate

the contents at ambient temperature and pressurs. Desiccate for 24 hours

and weigh to a constant weight. Report the results to the nearest 0.1 mg.




E—

5. Lalibraticn

The calibration procedures are the same as Method 5, Section 5.

6. ‘Calculations

Ail caiculaciaons and nomanciature are the same as in Mathod 5,
Section 6, with the following additions.

6.1 Nomenciature. Add the following:

Ce = Ether~chloroform-water blank residue concentration,
mg/ml. '
My, = Residue mass from acetone rinse of impingers after

ethar-chloroform extraction and evapcration, mg.
m = Residue mass from EC extraction of impinger water

after evaporations, mg.

Mg = Extract residue mass of water blank, mg.

ma = Total amount of condensed organic matter collected, mg.

Vo = Volume of water blank usad in the EC extraction, ml.

wa = Volume of 1iquid collected {n the impingers (see
Figure 5A-1), ml.

W = Total extract residue-mass of water blank, mg.

6.2 Ether-Chloroform-kater Blank Concentration.

me ‘
ce a T . Eq. 5A-1
e .
Uy = Cy V. Eq. 5A-2
mo = mc + mb - we qu 5A-3




- - - - '
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6.5 Total Particulate and Condensed Organic Matter Concentration.
C. = (0.001 g/mg)(mn + mo) / Vm(std] Eq. SA-4

Z.' Bibliography

7.1 Same as Method §, Citations 1 to 9.

7.2 McGaughey, J.F., and D.E. Wagomer. Specfal Analyses of
Samples from Sinter Plants in the Iron and Steel Industry. Research
Triangie Institute. Research Triangle Park, N.C. July 1978.

7.3 Evaluation of Sampling Techniques for Sintering in the
Iron and Steel Industry. A Draft Report by PEDCo Environmental, Inc.,
11499 Chester Road, Cincinnati, Ohio 45246,
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APPENDIX D

CHLORINE TEST FIELD DATA SHEETS
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CHLORINE COMPCUND TESTS
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DATA SHEET

CHLORINE CCOMPOUND TESTS

s __AASCO & fom, 2o
me ___/2//8/80
SAMPLE NUMBER 28 /ru boHles ag IE)

75;"' jv"f‘l" 'U""/Mm.r- 0*1&1-7‘:’&&4- ~ /%L 2ol - 1994 5’4'“"7

'i &%9“'"" «G-r Arsenite uM-K- -Ga»-n. 15'“ I.-Mf«vt?er
A‘ﬁ,‘-h Dilution ol HyOn*
w;.?)‘o . Impinger No. Required Absorbance mg/l Cl, Added
(Ord samp. [ It [SDmd 0.7 (brns) T
I " z o. /m/{&,.ﬂ /.8 (blus)a 2900
. ‘" l ‘e /“5- AA‘)
| g 2 L S
ts 2 t 0. 69 {LL) \
| 3 a/ma/sa,..e ©.049 (bl) .
O\ o /LZ«.-)
I lowe C«-\loln d/mt y 0009
“ /&J,‘_( P02
'- * ml 308 Hy03 requized = (sample volume, ml) (Clz concentration, mg/l) x
0.003
thome csleht condnind ik of Gllee = /48.5md
l ﬂussaq J—o ke, 5¢f”‘“‘<— a-’ISWLc Ua-.Jr. 0y u'c].-..,_ C atele
I CHILORIDE

C1™ mg/1 ECl mg/l C1” mg/l ECY, mg/1
Izpinger No. By HgCl By BgClp By AgCl By AqCl

yw“ T rare.em lo L-rcwn a,L.swLm r’uﬁmﬁ alrop,;uﬂ o«ff?ucz./}




@*{ - - s
¥

DATA SHEET

CHLORINE COMPOUND TESTS
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DATA SHEZET

CHLORINE COMPOUND TESTS
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DATA SHEET

CELORINE COMPOUND TESTS
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CHLORINE COMPOUND TESTS
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(("_ ANALYTICAL DATA
PLANT . N AS (9] CONMMENTS:
l | BATE \L/(igv
sanPunG Location_Chlovide  Secrcuwbber
l ‘ saPLE TYPE __Chlovine _(_ Qmpgugcls ©
RUN NUMBER 2A X
| . © SAMPLE BOX NUMBER : \Qé \\dﬁj
. CLEAN-UP MAN N Q ‘)
FRONT HALF Fi {;K_ Ca kec,q _[f - LABORATORY RESULTS
' S« gor Su c O
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER mg
_ FLASK, FRONT HALF OF FILTER HOLDER _
| l | FLTER NumBER __ 784 CONTAINER i mg
‘¥ | PR \&\\@9  FRONT HALF SUBTOTAL ' .
BACK HALF &
MPINGER CONTENTS AND WATER WASH / CONTAINER ' _ mg
IMPINGERS, CONNECTORS, AND BAC ETHER-CHLOROFORM
HALF OF FILTER HOLDER & EXTRACTION |
ACETONE WASH OF WPINGERS, CONNECTORS, T~ i 4] CONTAINER m
AND BACK HALF OF FILTER HOLDER 1 5
13t TMPINGER ~ (09.7 O BACK HALF SUBTOTAL m
NGeR 55§
2md IMpefR — 5980  5° TOTAL WEIGHT - a

Bed TmaANGER — 61 0.0 T‘iO-\.

§
i
i
|
§ MosTURE:
i
I
1
|

MPINGERS
FINAL VOLUNE o
INITIAL VOLUME mi
NET VOLUME mi

SILICA GEL
e veer 2480 o 2401, c

INITIAL WEIGHT _a_‘-th‘_"f: _&&a..lz —e '
NET WEIGHT 2 2 TOTAL MOISTURE

[ ]
.

EPA (Dur) Z1
412

H




ANALYTICAL DATA

ra__ NASCO COMMENTS:
DATE A LRy
sapLing Locaion __ Chlovide  Scaubber

sapre Tvpe _ Chdorine  ( omaounds

RUN NUMBER Z%
SAMPLE BOX NUWBER '
- CLEAN-UP MAN tzﬂ i ik _Qc«-ﬁ«."‘l
| Gl A ! N S
FRONT HALF 3‘0 e ) Q’9‘) ‘ LLABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER mg
FLASK, FRONT HALF OF FILTER HOLDER
'FILTER NUMBER __ 25T CONTAINER mg
3 ﬁ AT &- (:“JTV' (af f- (W
C«acUQ, '
. FRONT HALF SUBTOTAL mg
BACK HALF Sw! éq )
MPINGER CONTENTS AND WATER WASH OF CONTAINER g
INPINGERS, CONNECTORS, AND/BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER ? & EXTRACTION me
ACETONE WASH OF IMPINGERS, CONNECTORS, '™ CONTAINER me
AND BACK HALF OF FILTER HOLDER
1o TMPINGER. - 599 4 Y BACK KALF SUBTOTAL mg
2nd TMPINGER — 50.5 ST
2l TeinaeR — 597.9 4. TOTAL WEIGHT mg
MOISTURE $1%.5” 5%\0 S'cr 2.7
. " -
MPINGERS .
FINAL VOLUME w5934 o253 5979
INITIAL VOLUME ml :
NET VOLUME i =
SILICA GEL -
FINAL WEIGHT 16l g 4.9 g g
INTIAL WEIGHT 38,8 ¢ 2302 ¢ e ¢
NET WEIGHT ¢ ¢ e TOTAL MOISTURE
EPA (Dun) B1
472
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ANALYTICAL DATA
N
PLANT Asco CONMENTS:
BATE |t (i@
SAMPLING LOCATION ___S SR
SAMPLE TYpE O~
RN NumsER 3 A
SAMPLE BOX NUMBER e
L
CLEAN-UP MAN ]
: Ho\-'\(_eo«S‘Q Cake o~ it
FRONT HALF a\l of  Ee _N°+ recostat LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER g
FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER __ 1 CONTAINER ng
‘i clorl W 5o L
cyyelor ca - FRONT HALF SUBTOTAL ot
' /\“,.S{Q Wl R
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION _mg
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER -
AND BACK HALF OF FILTER HOLDER
BACK HALF SUBTOTAL mg
TOTAL WEIGHT mg
MOISTURE... T |
g6  S8LD
MPINGERS ' ‘} s 1 S5 s s .
FINAL VOLUME o RS, 2. .
INITIAL VOLUME i 52
NET VOLUME o 3
244V Fes & ‘ \
SILICA GEL ) .
FINAL WEIGHT 298¢ T T g
INTIAL WEIGHT 23\.S g L8271 ¢ g
NET WEIGHT g g 2 TOTAL MOISTURE
_EPA (Dun Z1
T




R :
’ L
3

~,-)---g

A

|
|

MOISTURE - -

MPINGERS
FINAL VOLUNE
INITIAL VOLURE

NET YOLUME

Sd
sucage L\

FINAL WEIGHT

ANALYTICAL DATA
PLANT NASC? CONMENTS: | '
DATE (Ligad |
SAMPLING LOGATION _sc [ 3= S'lf““t hed  dewse
> Wk plame =
sapLETYPE 0" b e ,_
RUN NUMBER 36y Coudiy b s et ch
SAMPLE BOX NUMBER '
CLEAN-UP MAN AR~
. : ; cape o
Nohc‘@"s(ae (ﬁl[ﬁb— Nofk’ —ecovireR S o
FRONT HALF all e - LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER mg
FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER = ’I/ CONTAINER e
P Ml e < Lot (_.J'J'\
Al bR - e FRONT HALF SUBTOTAL mg
. b) '
109‘“ “«lv\\"—‘\ *
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION me
_ ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER ng
AND BACK HALF OF FILTER HOLDER
BACK HALF SUBTOTAL mg
TOTAL WEIGHT mg

G;L;;j*;‘ (Qol.s"": AL
s10.( 518 600

INTIAL WEIGHT x8eS g~

NET WEIGHT

EPA (Dun 231
LYy

z TOTAL MOISTURE |




Sl

LABORATORY RESULTS

ANALYTICAL DATA

prant b As (O CONMENTS:
DATE \Z /(| (x0
SAMPLING LOCATION _S b
SAMPLE TYPE Clr
RUN NUMBER A
SAMPLE BOX NUMBER -
CLEAN-UP MAN ALG Jone ki L (:".' L.kr ca ke

' gome  specs of & e No.{' recovde
FRONT HALF '

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER mg
FLASK, FRONT HALF OF FILTER HOLDER
"FLTERNumBeR __ 1| CONTAINER ag
% . 20 oA }\- Myusk | (.
- Wy SO FRONT HALF SUBTOTAL -
S uécb-a
BACK HALF |
IMPINGER CONTENTS AND WATER WASH OF CONTAINER mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
| HALFOF FILTER HOLDER - EXTRACTION mg
ACETONE WASH OF IMPINGERS, CORNECTORS,  CONTAINER ng
AND BACK HALF OF FILTER HOLDER
Wk g BACK HALF SUBTOTAL nt
e el | TOTAL WEIGHT ng
MOISTURE ‘ :
MPINGERS G\S‘f 6% 0 SRS
- FINAL VOLUNE ul 3
INITIAL VOLUME i L L6 S66- \‘I .3— 1%
NET VOLUME
SILICA GEL ‘
FINAL WEIGHT (7 g 7‘%'? ~2 g
mrriaL werieHt a8 g 1385 g
NET WEIGHT ¢ g 2 TOTAL MOISTURE :
EPA (Dun 231
W12




ANALYTICAL DATA
.

pLawT N AsC? COMMENTS:
DATE I A

SAPLING LOCATION ___ 5 Cre5h

sapLE TYPE T 'L

RUN NUMBER Q6

SAMPLE BOX NUNBER

CLEAN-UP MAN ALG Qe nse sacle i~ R Qﬁk@
| Dt pall o Sger  adr
FRONT HALF rClovteo LABORATORY RESULTS

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAINER mg
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER a1 CONTAINER mg

.

N W ~d sk \ . :
cdw. 0.2
STt “a%mom' HALF SUBTOTAL ' -

IMPINGER CONTENTS AND WATER WASH OF CONTAINER (e : o
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER " EXTRACTICN ' m

ACETONE WASH OF IMPINGERS, CONNECTURS, CONTAINER e my
AND BACK HALF OF FILTER HOLDER ) :

WS (i st 3 e 12 BACK HALF SUBTOTAL my

TOTAL WEIGHT m

MOISTURE. : 0.0 6lL.s Lo
IMPINGERS con.S  s%p £69.9

mi
mi
ol

FINAL VOLUNE
INITIAL VOLURE
RET VOLUME

la

&
i
|
i
i
i
]
|
I secur -
i
i
i
i
i
1
3
i

SILICA GEL
FINAL WEIGHT 1426 . Y,

INTIAL WEIGHT 2139 g " Z3S% ¢
NET WEIGHT g g 24

~

" o

TOTAL MOISTURE

EPA (Dun Z1
1




APPENDIX E
CHLORIDES TITRATION LAB SHEETS
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APPENDIX F

HYDROCCARBONS PFPIELD DATA SHEETS
AND STRIP CHARTS
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ANALYTICAL DATA
PLANT___ NJASKO COMMENTS:
nATE____ V&IV/gD
SAMPLING LOCATION ba g
SaMPLE TYPE _ M S (0 g B
RUN NUMBER 2. '
SAMPLE BOX NUMBER
CLEAN-UP MAN ALL-
FRONT HALF LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER g
FLASK, FRONT HALF OF FILTER HOLDER
) lc.o-lﬂ\“
FILTER NUMBER _ ot _ CONTAINER ng
773 ;
G\.\kf &\'@Cuﬁ' '\°
recover dgand — FRONT HALF SUBTOTAL -
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER g
IPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION o
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER m
AND BACK HALF OF FILTER HOLDER »
BACK HALF SUBTOTAL mg
TOTAL WEIGHT m
MOISTURE O o ®
MPINGERS S59.6 g8\ seq.[z .
FINAL VOLUME | sgu.& 4 é
INITIAL VOLUME m 6003 3% T —
NET VOLUME e 1.5 . - S
SILICA GEL
R AL VU 4\g, g
{NTIAL WEIGHT g 2%0 , g 5.3 ;
NETWEIGHT —S=3 _g 1S .49 2 © TOTAL MOISTURE ’
EPA (Du 231 N
Y Su\:‘-"\ 3(( ‘O.q




)

- -
-t

T W%

)-—--—

J

Pt

4

PLANT iVLASCO
DATE \2/1/%°

SAMPLING LOCATION vy‘ﬁ‘“‘“ﬂ
swpLeTYee M= Vil

RUN NUMBER )
SAMPLE BOX NUMBER _
cLeanup man___ AL &

OF ALY
—F

FRONT HALF

FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER __ 7 1 ¢~

ACETONE WASH OF ROZZLE, PROBE, CYCLONE (BYPASY),

Fille: < 4 &+ —

ANALYTICAL DATA

CONMENTS:

LABORATORY RESULTS

CONTAINER

CONTAINER

Cr e (%fij‘ et C(‘Wjaﬂ

e @

mg

s

N o fecoveed «f mucl 4/ FRONT HALF SUBTOTAL g
I Qc.rﬁ.';'l. ~ Gk luo}&gq N
cles? =~ some spal oS
l BACK HALF <\(" = 3* °
- IMPINGER CONTENTS AND WATER WASH OF CONTAINER __mg
l' T MPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER me
I AND BACK HALF OF FILTER HOLDER
BACK HALF SUBTOTAL mg
| TOTAL WEIGHT o
l MOISTURE
MP:;\GLERS - S’TLO Lol 2 5‘0}! % ;{Z.?
Fl VOLUME ) ml s * - s
I' INITIAL VOLUME a 588 S6S. T 500, —_—_—
l NET VOLUWE ol TT- 263 {3 \1, ¢
i AL wEGHT 2389 265.6_, :
‘ INTIAL WEIGHT _2:32.0 ¢ " 2489 ¢ ¢ 42,5 -
I- NETWEIGHT — .5 ¢ Mg 2 TOTAL MOISTURE
EPA (D) 281 \1.¥
| 7 24.7 247
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APPENDIX G

HYDROCARBONS LAB DATA




ENGINEERING~SCIENCE

PLANT/LOCATION

L e s - e ey —— =
, T — P —r———— e ————

DATE

PARTICULATE WEIGHT, FILTZR

Runr No./Filrar Ya.

Filear, Gross Wet., g

Initcial We., =

et We., g
RESIDUE WEIGHT Acetone Back ERalf
Run Ne. Koum }/G £37 Ru»J/C"SS__‘)
Acatone Blank Vol., ml 45,4 45 ./
lAcetone Blank Residue, g [D.80Chk [2.0C00
lAcatone Blank Cone., 2/1 10.0663 | C.c03
Wash Volume, ml 2O D 22/, 0
Grass Residue We., 2 N8 | .09
Blank We., g 0.00/3 |0.001%
MNez Residue We., gz 0.o43 | &.0073

RESIDUE WEIGHT

Acetone Probe Wash

Run Ne. Z:!é_’issb_ Kuad [C =¥
fAcetone Blapk Vol., ml 73/ §5./
lAcstone Blank Residue, g + 000 0.0 6k
Acatone Blank Come., /1 | 0.0063 10.0063
Wash Volume, ml 21ty 1/2.3
iGross Residue We., g C.oz8a | 0. 0297
Blank Wt.. g o.coYs | 0.00717
Net Residues Wt., g 2.c037 1p0.02260

|




el e A X ING-5CT=NCE T~

PLANT/LOCATICN

DATE

PARTICULATE WEIGHET, FILTER

Run No./Filter Na.

ifilter, Gross Wt.,

Intcdal We., o

Net %We., ¢

RESIDUE WEIGHT,

TCE BockHalf

Run No./Beaker No. Pin | Bru3/0 s | 1 |
TLE 3lank Vol., ml 58.6 | sp5 | i I

TCE 3lank Rasidue, 2 ID.0007 o007 | [ f

lree : 3lark Cone., g/1 . a io. i | |

Wasih Volume., =l | g¢.4d o3 | !

Grags Residua Wt., 2 10 . 008y 1o, 812 3 1

Blank wt., g 0. col)_lo.e0lg |

Net Residuc W&.. g 10.004370. 0104 | I i

Extrachms .  Newhel

Run Mo,/ ReaitsrNo. ' Ruwn //q 5Y) Ruw 3/ &y
DH; 0 Klanlk UD(-)N\ 4% b, ./‘-f?;b‘

¥ PH>0 Rlank Rrs.'dw_a,% o.cor¢ o.co0l8
DH3 O Rlonk Ceme. g/k 0.0i2] fq‘cf?;a/
Wesh Volume , ) 185 .0
Gress Resrduz W i o .oo0Y¥9 5.000%
Blank. L,DV',.% 0.0024 o.003Y

- ©. 0027 0.0000

5

. v
R ' R IR O I OCEE S e e e ae S AN BN e B

Nik Res e W
- - % € xtrachon - Aed

Bred Blowh Val, Anl

Zah Mﬁgdﬂf&
Bed Blark ’ReSlu&,cj- 9.000%
Aud Blank Conce. %I.‘l Q.0054
Wesn Neluwe | /] 135
Gress ‘R’SGM Lar, :} 2.0693
Blaa-ib wt, é o.0010
Net ’Ré?:du&. w{'-'} .

Bun J/G 8Y3
14'¢.
9.0008%

o.ccs$

169

0.0022
0.001{

.00l

|
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[

NCINEERING~STCIENCE
PLANT/LOCATICON
DAI;
PARTICTLATE WZIGET, FIIIER
' SCRURBER Bag houwse
Rum No./Filrar Na. 7831 Run 38/Q770} Run 441377 Buni /@772,
Fllzaw, Gross We., z 27.829¢ | 28. 4704 /9 2330642
indtedal We., 2 256364 1 25 30317 , 7393 330769 |
Nez We., 2 2.1332 & 0.5/2 6 —
PARTICULATE WEIGHT, FILTER
LCRUBRE L Braouse
R 2B/2pd a3 8 B[R nd B0 7 Runa/G772]
2ln2002 1 30 ypse | 239370 3..27222 1
=20 2393 5{.2_{%/ 22,3380 ) 2 1
R, 4799 D, 16 2.499 0






