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SUMMARY

Sampling and analysis were undertaken to characterize and
quantify particulate, organic and inorganic chemical emissions in
effluents from a totally sealed metallurgical furnace at a ferro-
alloy production facility. Effluents were sampled downstream of
a Venturi scrubber during silicomanganese production (Test I) and
upstream of the scrubber during ferromanganese production (Test 1I).
Sampling and analysis methodology used was essentially that of EPA's
Level 1 Environmental Assessment procedure, supplemented by a spe-
cific analysis of polynuclear aromatic hydrocarbons.

Measurements made in Test II indicated a particulate loading
of 68,000 mg/m3, equivalent to 17 Kg/M#-hr. Very high levels of
organics, including high molecular weight aromatic hydrocarbons,
were found. Compound categories found include some polynuclear
aromatic species recognized as carcinogens. High levels of arsenic
were also measured in Test TI. Measurement of gaseous effluent from
the Venturi scrubber in Test I indicated much lower levels of all
species of concern. Particulate loading was estimated to be 64 mg/m3
equivalent to 0.016 Kg/Mw~-hr. The major organic compound categories
were simple aromatic hydrocarbons and low molecular weight poly-
cyclics. The arsenic level was estimated to be less than 0.5 mg/m3.

In these tests, good agreement was observed between the results
of Level 1 organic analysis and the specific analysis of polynuclear
aromatic hydrocarbons. Good agreement was also found between the
atomic absorption and spark source mass spectroscopic analyses of
arsenic and antimony.

Because the two tests corresponded to different ferroalloy pro-
duction processes, the results cannot provide a quantitative measure
of the Venturi scrubber efficiency. However, the data imply good
particulate removal efficiency. The Venturi scrubber also appears
to be effective for removal of polynuclear aromatics, especially
species in the higher molecular weight range that includes the recog-
nized carcinogenic POM.

ix



I, Introduction

Ferroalloy plants are of interest to the Environmental Protection
Agency (EPA) because of their high emissions of particulates. Pre-
liminary data from a plant in Norway showed that the closed type of
metallurgical furnaces seemed to be efficient in lowering the
quantities of particulate emissions. However, it was also found
that these emissions contain a high percentage of polycyclic aro-
matic hydrocarbon materials. Further information is needed to
determine the accuracy and applicability of these early findings.
To supply this data, Monsanto Research Corporation was assigned by
EPA to sample the emissions from the Union Carbide Ferroalloy Plant
at Beauharnois, Quebec, Canada. Emissions from both the silico-
manganese process and the ferromanganese process carried out in
this plant were sampled. Arthur D. Little, Inc., was responsible

for the analysis of these samples.

This report, which was prepared by Arthur D. Little, Inc., integrates

the following information:

e sampling and on-site gas analysis data provided in rough

draft form by Monsanto Research Corporation.

e Process operation data provided by Union Carbide Canada

Limited.

o results of comprehensive chemical analyses by Arthur D.

Little, Inc.

Chapter II presents a description of the test, including the facility,
process and sampling and analysis plan. Chapter III presents the test
results. Conclusions are presented in Chapter IV. Details of the

analytical results are presented in the Appendices.



IT1. Test Description

A. Description of Facility and Sampling Sites

The Union Carbide Canada Limited plant in Beauharnois, Quebec, is a
modern (1974) integrated ferroalloy production facility incorpora-

ting a totally sealed electric furnace. In addition to the furnace,

the plant includes facilities for: raw material preparation and

storage; sintering of coke and ore fimes; mix batching and delivery;
and air and water pollution abatement., The closed metallurgical
furnace and the associated air pollution control equipment were the

focus of the tests described in this report.

The 72,000 KVA totally sealed furnace is contained in a 15 m diameter
by 8.8 m deep shell, which has an air-cooled flat bottom. The inner
hearth diameter is 12.1 m, and the crucible depth is 6.3 m. Three
self-baking electrodes, 1.9 m diameter, are triangularly arranged

at 4.75 m center-to-center distances. Additional details of furnace

design are provided in Reference 1.

The air pollution abatement equipment for the closed furnace is shown
schematically in Figure 1. The system includes two parallel quen-
chers, a coarse dust separator, a Venturi scrubber, a mist elimi-
nator, and two fans in series. The sampling locations were upstream
and downstream of the Venturi scrubber. Figure 1 also shows the by-

pass stacks through which furnace off-gases can be vented and then
flared.

Sampling upstream of the Venturi scrubber utilized an existing 10 cm
(4 in) diameter port in the 1.03 m (40.5 in) diameter bypass stack,
before the flare. At this location, on the sixth floor of the furnace
building, the stack temperature is normally in the range of 480 to

870°C (900 to 1600°F). The stack is under slight negative pressure

at this point. The bypass stack gas typically contains about 41% carbon

monoxide, 8% hydrogen, 1% oxygen and 50% carbon dioxide (dry basis), and
has a moisture content of about 2%.
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FIGURE 1 GAS CLEANING SYSTEM

Source: Reference 1, Reproduced with permission of R. G. Ratzlaff




Sempling downstream of the Venturl scrubber was done at a point 6.1 T
(20 ft) from the exit of the scrubber, using an existing port in the
0.76 m (29 in) pipe. This port is located approximately 3 m (10 £t)
above the floor in a room on the third story of the furnace building.

The temperature of the gas stream at this point is normally between

32 and 49°C (90 and 120°F). The stream is saturated with water and

is under a positive pressure of approximately 51 cm (20 inches) of
water. The major chemical components of the gas are the same a8 in
the bypass stack:

41% carbon monoxide, 8% hydrogen, 1% oxygen and
50% carbon dioxide.

B. Description of Process

Table 1 presents the process information provided to Arthur D. Little,
Inc., by Union Carbide Canada Limited, for the silicomanganese pro-
duction run on August 11, 1977, and the ferromanganese production rub
on August 27, 1977, which were the two runs sampled.

C. Sampling Procedures

The sampling plan for these tests was prepared by Monsanto Research
Corporation (MRC). A team from MRC under the direction of Mr.

Darrell L. Herris performed all the sample collection and on-site
gas analysis work. The methodology used was essentially that of

FEPA's Level 1 Environmental Assessment procedures (2), except as
noted.

1. Sampling for Comprehensive Analysis

The objectives of this test program include quantitative estimation

of total particulate emissions and comprehensive characterization of
organic and inorganic materials emitted.

To accomplish this, samples
were collected using the EPA Source Assessment Sampling System

(SASS) (2), shown schematically in Figure

2'
traln incorporates

This sampling
and a filter to provide

fractionation of particulates, a solid
gorbent module containing XAD-2 resin for collection of organic

three cyclones

collection and size



Table 1

Description of Process

Aug. 11/77

MIX ORDER (1b) SiMn
Std. FeMn Slag 3000
Dried Manganese Ore (3% H30) 3000
Sinter -

Dried Coke (4% H20) 1000
Limestone -

Steel Scrap 125
Quartz 1000
Coal 250

OPERATING RESULTS

Average Load (while operating)(Kw) 22500

Operating Time (%) 98
KWH/1b. of Alloy 1.75
Production per Day (NT) 150
Electrode Consumption 60

(1bs. /N.T. Alloy)

SLAG COMPOSITION (%)

MnO 12,1
Si02 32.4
Al703 27.0
Ca0 15.9

ALLOY COMPOSITION (%)

Mn 67.0

Si 16.0
Venturi Scrubber Water Flow Rate 90 gpm
Venturi Scrubber Pressure Drop 90" water

Aug. 27/77*

Std. FeMn

5000
1000

900
500

200

17300
98.5
1.0
205
30

41.3
21,1
15.6
13.4

80
1.0

90 gpm
90" water

*
Furnace in final stages of transition to Std. FeMn from SiMn.
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vapors, and oxidizing impingers for collection of volatile inorganics.
Several modifications to the standard SASS train were made to accom—
modate the special requirements of this sampling situation, especilally
the risk of a possible hydrogen explosion in the event of leaks from
the train or the stack being sampled. Possible electrical ignition

sources in the SASS train were eliminated as follows:

e The probe and oven were modified so that they could be

heated by steam, rather than electricity.

e The oven and sorbent module were modified so that a
nitroben blanket could surround all spark sources on

these two components.

@ The console and pumps from the SASS train were located
outside of the explosion hazard area, 15-25 m (50-75 ft)

away.

e A 15 m (45 ft), 2.5 em (1 in) 0.D., Tygon tubing line
attached to the outlet of the SASS dry test meter, to

vent the gases away from the console and operators during

runs.

An additional SASS train modification was to extend the Teflon-lined
stainless steel braided line connecting the oven to the sorbent
module, so that the probe and oven were the only train components
placed on the scaffolding platforms. The sorbent module and impingers

were placed on the floor below the sampling port.

The interface between the probe and the stack was accomplished by
adding a packing gland to the existing port and gate valve. The
probe was inserted into the packing gland which was purged with
nitrogen before the gate valve was opened. During sampling, the
probe nozzle was positioned in the stack at a fixed point of average
velocity, determined by a preliminary traverse with a Pitot tube
according to EPA Method 2. (3) The sampling system was operated as
close to isokinetic conditions as was possible within the constraints

of available nozzle sizes and operating parameters. The sampling



plan called for collection of 30 m3 (1060 ft3, standard) of stack gas
at a rate of 1.4 to 2.4 x 1073 m3/s (3 to 5 ft3/min.)

At the completion of each sampling run the train was disassembled and

samples recovered according to the EPA Level 1 procedures (2).

2, Sampling for On-Site Gas Analysis

a. Carbon Monoxide, Carbon Dioxide, Oxygen and Water

It was planned to collect integrated gas samples in Tedlar
bags for Orsat analysis of carbon monoxide, carbon dioxide
and oxygen according to EPA Method 3 (4). It was later
agreed that the readouts from the plant's instrumental
analyzers, located within a few feet of the sampling port
at the scrubbers outlet, could replace the Orsat analysis

for that stack.

Moisture determinations in both stacks were done according

to EPA Method 4 (5).
b. Organic Gases

Organic species in the =160 to +90°C boiling point range
were sampled and analyzed at the plant site. Stack gases
were collected in Tedlar bags. Analyses were performed
using an AID portable gas chromatograph with a flame ioni-
zation detector. A 1.8 m by 6.4 mm (6' x 1/4") stainless
steel Porapak Q@ column was operated isothermally at 50°C.
The procedure was calibrated using standard gas mixtures

taken to the field laboratory.

The GC system simply separates and analyzes mixtures of
materials with a given boiling point range (and polarity

in some cases) rather than individual pure compounds.

Since the chromatogram peaks represent mixtures of materials

present in a certain boiling range rather than pure,



individual compounds, the chromatographic data were reported
as follows:

Corresponding

Degignation B.P. Range Hydrocarbon
GCI -160 to =100 Methane, Cl
GC2 =100 to =50 Ethane, C2
GC3 ~50 to 0 Propane, C3
GC4 0 to 30 Butane, C4
GC5 30 to 60 Pentane, C5
GC6 60 to 90 Hexane, C6

c. Sulfur Gases
Samples were collected in gas sampling bags and the concen-
trations of hydrogen sulfide, carbon oxysulfide, carbon
disulfide and sulfer dioxide were determined in the field.
An AID Model 511 gas chromatograph with a flame photometric
detector (393 mm filter) was used for the analyses. An
8mby 3 mm (8 by 1/8') Teflon column packed with 15% UCON
50 HB 280X on 40/60 Chromosorb T was operated isothermally
at 134°C. The procedure was calibrated using an AID Model
320A permeation tube system.

3. Monitoring of Carbon Monoxide Exposure

Several precautions were taken to minimize potential toxicity hazards
to the sampling crew due to the high levels of carbon monoxide in the
seppled streams. The plant safety procedures were explained in a
lecture by Union Carbide Canada Limited personnel. The plant was
equipped with continuous carbon monoxide monitors set to sound an
audible alarm at the 100 ppm level. Also, plant personnel took
DrHger tube readings of carbon monoxide levels in the working area
every 15 minutes and cleared the area if concentrations over 100 ppm
were measured. Further indication of possible carbon monoxide

hazard was provided by a Monsanto Research Corporation--designed

continuous monitor, set to give visible and audible alarms at the



50 ppm level. The sampling crew cleared the area when this alarm

was triggered.

When sampling equipment was being inserted or removed from the

stacks, sampling crew members wore trailing air masks. It was at

these times that the probability of exposure to hazardous levels
of carbon monoxide was greatest.

D. Analysis Procedures

The SASS train samples collected by Monsanto Research Corporation

were sent to Arthur D. Little, Inc., for analysis. The samples
received for analysis included eighteen components from the two

SASS trains used for the two processes, two feed samples (coal and
coke), and two solvent blanks corresponding to the solvents used

for extraction of the sorbent condensate and for probe and cyclone
rinses. For simplification, each sample has been assigned a code

which is used throughout this report. Tables 2-4 identify the
The analytical plan was prepared by
Arthur D. Little, Inc., in consultation with the EPA project officer.

samples and list their codes.

Each sample was subjected to the Level 1 analytical program, including

microscopy, inorganic and organic analysis. Figures 3-5 show the
actual step-by-step analysis scheme used for each sample. All samples
were carried through the entire level 1 program except in those cases

where the sample size was below that required for further analysis.

The samples were also analyzed for polycyclic aromatic hydrocarbons
and other key related species (POM) using a GC/MS procedure.

1. Level 1 Organic Analysis

Level 1 organic analysis procedures as described in the EPA procedures
manuals (2, 6) were followed.

A brief summary of the various steps is
given below:

10



Table 2

Sample Series I

Series 1
Process Silicomanganese
Sampling Point Outlet gf Venturi Scrubber
Volume of Gas Sampled 32.12 m
SASS Components Codes
cyclone catch >10u Ic10 1C310
cyclone catch >3y 1c3 )} after combining
cyclone catch >1y IC1 | 1CLF
filter catch IF } after combining
probe and cyclone rinses IPW
¥AD-2 resin IX
sorbent module condensate ISC

organic extract

Impinger soln #1 I imp, 1
(including condensate
from sorbent module)

Tmpinger soln #2 and #3 I imp. 23

11



Table 3

Sample Series II

Series II

Process Ferromanganese

Sampling Point Bypass3

Volume of Gas Sampled l.36 m

SASS Components Codes

cyclone catch >10y I1C10 } 1IC310

cyclone catch >3p IIC3 after combining
cyclone catch >1p TIC1l } I1IC1F

filter catch I1IF after combining
probe and cyclone rinses IIPW

XAD-2 resin IIX

sorbent module condensate IISC

organic extract

Impinger soln #1 IT imp. 1
(including ocondensate
from sorbent module

Impinger soln #2 and #3 II imp. 23

12



Table 4

Other Samples

Coal CL
Coke CK
Blank (methylene chloride) BM
Blank

(methylene chloride/methanol) BHM
Solvent blank B

(ADL methylene chloride)

13
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a.

Particulate Weights

The weights of the particulate samples (cyclone catches and
probe and cyclone rinses) were obtained by drying the samples
to constant welght in tared evaporating dishes at 50°C and

cooling to room temperature in a desiccator.
Soxhlet Extractions

All extractions were carried out for a 24-hour period using high
purity methylene chloride (Burdick and Jackson, distilled-in-

glass). The following procedures were used:

i. XAD-2 Resins ~ extracted with about 2500 mL of methylene
chloride.

ii. 10y and 3u cyclone catches - weighed individually and
then combined. Portions of the combined particulates
were removed for microscopy and inorganic analysis and
the remainder extracted with 200-400 ml. of methylene
chloride.

iii. 1y cyclone catch and filter samples - same procedure

as above.
Total Chromatographable Organics Analysis (TCO)

The quantity of the total organic material with boiling points
in the range of 100-300°C was determined by gas chromatography,
using a flame ionization detector. The concentration of each
sample was calculated from the ratio of the peak areas of the
sample to that of the known standards. The following instrument

conditions were used:

Column: 10% OV-101 on 100/120 mesh Supelcoport
Injector temperature: 270°
Detector temperature: 305°C
Temperature Program: Room temperature for 5 minutes, then
programmed at 20°C/min up to 250°C
Gas flow rates: He at 30 mL/min
H, at 30 mL/min
Air at 300 mL/min

17
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2.

Gravimetric Analysis (Grav)

The amounts of organic material with boiling points higher than
300°C were determined by the gravimetric analysis method (Grav);
one or five mL samples were pipetted into precleaned, dried,

and weighed aluminum dishes, and were dried at room temperature

in a desiccator to constant weight.

Infrared (IR)
The IR spectra of all samples as potassium bromide micro pellets
were obtained on a Perkin-Elmer 521 grating spectrometer.

Spectra were interpreted with the aid of references 7-10.

Liquid Chromatographic (LC) Separation

Samples for liquid chromatography were initially concentrated

to 10 mL using Kuderna Danish apparatus followed by céhcentration
to 1 mL under a nitrogen stream and then subjected to three con-
secutive solvent exchanges with cyclopentane. The resultant cyclo-
pentane solutions were chromatographed on a silica gel column,
collecting seven fractions by elution with solvent mixtures of

increasing polarity.

Low Resolution Mass Spectroscopy (LRMS)

LRMS analysis was carried out on a Dupont 21-110B spectrometer.
Both batch inlet and direct insertion probe techniques were

used depending on the TCO content of the samples. Sample sizes
varied from 20 pL to 50 uL. Typically, a sample was run at 15 ev
and 70 ev ionization potentials over a temperature range of
70-350°C. Interpretation of the mass spectra was based on

references 11-14.

Polycyclic Organic Matter (POM)

The polycyclic organic matter (POM) of each extract was analyzed by

gas chromatography/mass spectrometry (GC/MS). A Finnigan Model 400

GC/MS with data system was used. The microprocessor controlled GC

18



(3% Dexsil 400 on 100/120 Supelcoport) was programmed from 170°C to
300°C after 1 minute of isothermal operation at 110°C and then held
isothermally at 300°C for 30 minutes. Quantitation was based upon
the selected ion chromatograms for each of the POM molecular

ions. Calibration was done using a reference mixture containing

selected POM compounds for specific molecular weight regions. (15-19)

3. Level 1 Inorganic Analysis

Elemental analysis was done on each sample after the appropriate
sample preparation (described below) using an MS-7 Spark Source Mass
Spectrometer and photographic detection system. Experiments were

conducted by Commercial Testing and Engineering Co.

Particulates: Refluxed with concentrated HNO3 and
concentrated HCl mixture for six hours.

XAD-2 resin, coal,
coke: Parr Bomb combustion over HNOj

Impinger solutions: Acidified with HC1

Arsenic, mercury and antimony were determined by atomic absorption

spectroscopy. A Perkin-Elmer 503 Spectrophotometer was used.

4. Microscopic Analysis

The particulates from the two SASS trains were examined under a Zeiss
standard polarizing microscope. Photomicrographs were made on Ekta-
chrome High Speed film, with samples immersed in a medium of 1.44

index to provide good contrast.

E. Problems Encountered

Despite extensive pre-test planning and preparation, several diffi-
culties were encountered during these field tests. These are dis-

cussed briefly below.
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1. Process

A problem that had a significant impact on the test program was that
a major process change, from silicomanganese production to ferro-
manganese production, occurred between the two Monsanto Research
Corporation sampling runs. This situation resulted from a combina-
tion of some plant scrubber system down time during the first
Monsanto Research Corporation sampling trip, and limitations imposed
on the two subsequent sampling trips by the time, schedule, and

budget constraints of the Monsanto Research Corporation program.

2. Sampling System

a. Steam heating system

The steam heating system designed to control the probe and
oven temperature, was found to heat the oven to about 80°C,
rather than the specified 200°C. It was decided to use the
electrical oven heater with a nitrogen blanket. Steam heat
was used for the probe until the steam generator failed
part way through the first run. It was decided that probe
heating was not essential, since only about one linear foot

of the probe was exposed to the ambient air.

b., Sampling for on-site analysis
Monsanto Research Corporation field crew members were unable
to acquire grab gas samples for analysis of carbon monoxide,
oxygen and carbon dioxide or nitrogen oxides. During one
attempt to acquire a sample for nitrogen oxides analysis
a sampling crew member was injured and required first aid.
The plant control room data were used to estimate the con-
centrations of carbon monoxide, oxygen and carbon dioxide

for Run 1: the same values were used for Run 2 calculations.

Samples for analysis of sulfur gases and organic gases

were taken as planned.
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Sampling at the bypass stack

The port on the bypass stack had to be bored out before the
probe could be inserted. During a velocity traverse on this
stack, the stack was "on fire" for a time and the probe and
pitot were damaged. An electrical overload, causing impinger
backup, occurred when two electrical outlets were misidentified
as being on independent circuits. Finally, during the sampling
run the filter was found to clog in 15 minutes or less. Sample
collection was stopped after the third filter had plugged; the
total volume of gas sampled was 1.36 m? instead of the intended
30 md.
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III. Test Results

A. On-Site Analyses

Data described in this section were acquired by Monsanto Research Cor-

poration personnel.

Table 5 summarizes the sampling data acquired during the two runs
with the SASS train. Sampling rates exceeded isokinetic flow by 1977%
in run 1 and 278% in run II, because stack gas flow rates were lower

than had been expected.

Table 6 summarizes the results of the on-site analyses of stack gases.
As noted in Section II.E, problems were encountered in acquiring some
of the intended grab samples. There are several interesting features

of the data that were acquired.

The concentrations of the major gaseous species, determined at the
scrubber outlet, were somewhat different than had been expected. The
abundance of the reduced species, hydrogen and carbon monoxide, was
about 85% higher than anticipated, while oxygen and carbon dioxide
levels were correspondingly lower. This may be due in part to prefer-

ential absorption of the oxidized components in the scrubber water.

The levels of gaseous organic species in the -160° to -50°C boiling
point range (GCl plus GC2) were three times higher downstream of the
scrubber during silicomanganese production than they were upstream of
the scrubber during ferromanganese production. This observation shows
that the process change between runs I and II resulted in a significant
change in the emissions from the facility. For this reason, the data
acquired in these tests cannot be used to quantify the performance of

the Venturi Scrubber.

Concentrations of sulfur gases were low and approximately the same in

the two sampling runs.
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Table 5

Summary of Sampling Data

Sample Series I IT

Process Silicomanganese Ferromanganese

Sampling Point Outlet of Venturi Bypass
Scrubber

Volume of Gas sampled,*

m? 32.1 1.36
(SCF) (1130) ' (48.0)
Test period, minutes 273 20
Stack temperature,
°C 47 388
(°F) (117) (730)
Stack gas velocity
m/sec 0.0715 0.0852
(ft/min) (14.D (16.8)
Stack gas volumetric®
flow rate:
m3/sec 1.51 1.20
(SCF/min) (3200) (2550)

*
Gas volumes are corrected to standard conditions of 101 KPa
(29.9" Hg) and 21.1°C (70°F).
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Table 6

Results of On-Site Analyses

Sample Series I IT
Process Silicomanganese Ferromanganese
Sampling Point Outlet of Venturi Bypass
Scrubber

Species Concentration (v/v)
Carbon Dioxide 9.02* not analyzed
Carbon Monoxide 76.0%* not analyzed
Oxygen 0.2%* not analyzed
Hydrogen 14.8%* not analyzed
Water 12.5% 35. 6%**

Organic Gases:
GC1 Range+ 3000 ppm 1000 ppm
GC2 Range+ 90 ppm 30 ppm

Sulfur Gases:

Hydrogen Sulfide 1.5 ppm 0.95 ppm
Carbon Oxysulfide 2.47 ppm 2.11 ppm
Sulfur Dioxide 0.20 ppm <0.05 ppm

*
From readouts of plant on-line instrumentation.

*k
Monsanto Research Corporation believes this wvalue to be in error;

the expected value was 4-5%
TOrganic gases boiling in the range of -50° to +90°C (GC3 to GC6)

were not found. Those species would have had very long retention
times under the GC conditions used (50°C Isothermal, Porapak Q).
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During the sampling of the source, the opacity was never observed to
be less than 100%. There was a heavier smoke during ferromanganese
production than during silicomanganese production according to the

Monsanto Research Corporation job log.

B. Results of Comprehensive Analysis

Data presented in this section are the results of analyses performed

at Arthur D. Little, Inc.

1. Total Particulate Loading

The total mass of emitted particulates as well as the concentration
data for the particulates in the source for both the silicomanganese
and the ferromanganese processes are given in Table 7. In the effluent
gas from the silicomanganese process, 88% of the particulate matter
is in 3-10u size range. The total particulate loading in this series
was found to be 64 mg/m3. Extremely high quantities of particulate
matter was collected at the bypass from the ferromanganese process.

A concentration of 68,000 mg/m3, relatively uniform distribution over

all size ranges, was found for this stream.

Unfortunately, due to the different processes in the two series, these
upstream and downstream data dannot be directly compared to reveal the
efficiency of the Venturi Scrubber gas cleaning system. It is inter—
esting to note the relatively small proportion of mass emissions in
the large (10p) and small (filter) size ranges from the silico-

manganese sample after the Venturi Scrubber.
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Table 7

Total Mass of Emitted Particulates

Series No. I IT

Process Silicomanganese Ferromanganese

Sampling point Outlet of Venturi Bypass Stack
Scrubber

Volume of gas sampled 32.12 m3 1.36 m3

Total particulates

10u cyclone 0.0111 g 38.4706 ¢
3u cyclone 1.8218 12.6509
1y cyclone 0.0684 10.1065
filter 0.0319 19,3515
probe and cyclone rinses 0.1411 11,9077
Total 2.0743 92.4872

Total concentration

10p cyclone 0. 34 mg/m3 28,000 mg/m3
3y cyclone 56. 9, 300
1y cyclone 2.13 7,400
filter 0.99 14,000
probe and cyclone rinses 4.4 8,800
Total 64, mg/m3 68,000 mg/m3
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2. Level 1 Organic Analysis

1. SASS Samples

Data on the total extractable organic material for the various SASS
train components from both processes are summarized in Table 8. Very
little organic matter was extracted from the particulates collected
from the silicomanganese process. About 947 of the total organics
was found in the XAD-2 extract, 96% of which falls into the TCO

range (boiling point between 100 and 300°C). Although the concentra-
tion of organics in the sorbent condensate extract was not high, it is
interesting to note that more high boiling material is present in this

component,

Much larger amounts of organic matter were found in the extracts of
all SASS train components, except the sorbent condensate extract, from
the ferromanganese process. About 92% of the material is found in

the XAD-2 extract in this case, of which about 827% was found to be
high-boiling (b.p. >300°C) material.

The five extracts containing more than 0.5 mg/m3 of total organic were
taken through LC separations, and the seven LC fractions collected
from each extract were analyzed for TCO and Grav as well as by IR and
LRMS. The LC, IR, and LRMS data are given in the Appendices. From
these data, the organic species in each extract were classified into
compound categories based on the results of the Level 1 analysis and
the concentration of each category was estimated using the method pro-

posed by Arthur D. little, Inc. (205 Tables 9 to 13 show these results.
Some interesting aspects of these data are pointed out below:
i. Table 9 shows that aromatic hydrocarbons and fused aromatics

having MW <216 are the major species in sample IX. Since the TCO

values are much greater than the Grav values for all LC fractioms,
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Process

Particulates extract
10 + 3u
1 + filter

probe and cyclone
rinse extract

XAD-2 extract

Sorbent condensate
extract

Table 8

Total Extractable Organics, mg/m3

I

Silicomanganese

TCO  GRAV  TOTAL
- 0,03 ~0,03
-— nv0,03  ~0.03
— 0-47 0. 47
45 2,18 47
0.57 2,02 2.59
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Ferromanganese
TCO GRAV  TOTAL
- 6.6 6.6
-— 48. 48.
- 37. 37-
205 910 1110
0.41 ~0O.1 0.41



these specles are relatively volatile materials and do not repre-

sent the major known carcinogenic POM.

ii. The major category of compounds found in the sorbent condensate
extract (ISC) 1s non-volatile fused aromatics having Mw <216, col-
lected mainly in LC3.

iii. Extremely high quantities of fused aromatiecs over all molecular
weight ranges were found in II X, especially non-volatile species.
Also present in this sample were: heterocyclic nitrogen and sulfur
compounds, polycyclic aromatic ketones, and a trace amount of esters.

The LC separations between aromatic and polar species were very
good. (Table 11)

iv, Tables 12 and 13 show that the most abundant organic species present
in the particulate extracts (II CIF and IIPW) were similar to those
found in the XAD-2 extract (II X), i.e., fused aromatics in LC 3 and

heterocyclic nitrogen compounds and ketones in LC 6.

The five extracts that had insufficient organic material for LC separa-
tions and subsequent analysis were examined by infrared only. By com-
bining the IR data with the TCO and Grav results, the organic materials
in each extract were very roughly categorized and approximate concentra-
tions estimated. The data from this process, along with the data in
Tables 9-13, were integrated to construct summary tables describing

the concentration distribution of compound categories from each SASS
train. (Tables 14 and 15)

b. Coal and Coke

Coal and coke were also extracted and analyzed. The organic species
found in these samples were categorized and summarized in Tables

16 and 17. The most abundant species in coal extract were found to
be elemental sulfur, aliphatic hydrocarbons, ketones, heterocyclic
nitrogen compounds and fused aromatics with "low" molecular weights.

Relatively small amounts of the high molecular weight fused aro-

matics were detected.
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Table 9
ORGANIC EXTRACT SUMMARY TABLE

Sample IX, XAD-2 Extract, Silicomanganese

Lc Lc2 LC3 LC4 LCS LC6 LCc? z
Total Organics, mg/m3 2.32 15. 19. 0.03 0.17 2.93 0.74 41.
TCO, mg 74. 480, 62{. 1.1 5.6 44. 23. 1260
GRAV, mg <0.1 0 5.0 <0.1 <0.1 50 <0.1 65
Category Int/mg/m3
Aliphatic Hydrocarbons 100/2.3 2.3
Aromatic Hydrocarbons 100/14 |100/9.4 [10/<<0,14 23.
Fused Aromatics <216 10/1.4 | 100/9.4 {10/<<0.1% 11,
Heterocyclic S Compounds 1/0.1 | 10/0.9 10/0.7 1.7
Ketones 10/0.01% 10/0.7 1/0.1 0.8
Esters 10/0.01l 10/0.7 1/0.1 0.8
Carboxylic Acids 10/0.7 0.7
Alcohols 1/0.1 0.1
Heterocyclic N Compounds 1/0.1 0.1
Ethers ' 1/0.1 0.1

|

*Concentration estimated from LC,IR data, with reference to LRMS data of LC3 and LC6
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Table 10

ORGANIC EXTRACT SUMMARY TABLE

ISC., Sorbent Condensate, Silicomanganese

Sample
LC1 LC2 LC3 LC4 LCS LC6 LC7 z

Total Organics, mg/m3 0.26 0.05 2.70 | 0.002 | 0.008 | 0.c08 | 0.008 3.0
TCO, mg 0.03 0.01 18. 0.06  |<0.1 <0.1 0.02 18.
GRAV, mg 8.4 1.5 68 <0.1 0.25 2.75 0.25 81,
Category lnt/mg/m3

Sul fur (Se*f) 100/0.2 0.2
Aliphatic Hydrocarbons 1/0.002 |100/0.05% 0.05
Fused Aromatics <216 100/2.7 2.7
Fused Aromatics >216 1/0.02 0.02
Nitrites 100/0.004  0.004
Ketones ___100/0.007}100/0.084 _ 0.01_
Esters 00/c.084|100/0.c01 100/0.884 0.01
Ethers 100/0.001 |100/0.504 . 0.005
Sulfides 100/0.001 |10070.504 0.005
Amides 100/0,¢84  0.00
Alcohols 100/0.004  0.004
Amines 100/0.C04  0.004

*Concentration estimated

*#%Concentration Estimated from LC,IR data only

from LC,IR data with reference to LRMS data of LC1
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Table 11

ORGANIC EXTRACT SUMMARY TABLE
Sample IIX, XAD-2 Extract, Ferromanganege

Lc1 LCc2 LC3 Lca LCS LCé LCc? z
Total Organics, mg/m3 3.9 7.0 780 36. 6.7. 88 17 940
TCO, mg 2.25 9.4 195 1,2] 6.2 30 11 255
GRAV, mg 3.0 <0.1 870 48, 3.0 90 12 940
Category Int/mglm3
Aliphatic Hydrocarbons 100/3.9 3.9
Aromatic Hydrocarbons 10/3.5 3.5
Fused Aromatics <216 10/3.5 |100/372 | 10/1.7 380
Fused Aromatics >216 100/372 | 100/17 390
Heterocyclic S compounds 10/ 37 37
Heterocyclic N compounds 100/17 1100/3.3 1100/42 10/8.1 0
| _Retones (polycyclic arcmatic) 100/3.3 |100/42 | 10/8.1 | 53
Carboxylic acids 10/4.2 4.2
Esters 1/0.8 0.8
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Table 12
ORGANIC EXTRACT SUMMARY TABLE

1ICTF, Particulates <1y, Ferromanganese

Sample
LCc1 LC2 LC3 Lca LCS LC6 LC7 z
Total Organics, mg/m> <C.1 <0.1 23 10 <0.1 13 1.5 48
TCO, mg - - - - - _ - -
GRAV, mg <0.1 <0.1 32 14 <0.1 18 2.0 66
Category Int/mg/m3
Aliphatic Hydrocarbons <<0,2 <<0.2
Aromatic Hydrocarbons <<0.2 <<0.2
Fused Aromatics <216 1/0.2 0.2
Fused Aromatics >21€ 100/23 10/10 |<<0.2 33
Ketones (polycyclic aromatic) <<0.2 10G/6.4 6.4
Heterocyclic N compounds 100/6.4 1/1.5 7.9
Esters 1/C.G6 0.06
1/0.06 0.06

Carboxylic Acids




Table 13

ORGANIC EXTRACT SUMMARY TABLE
Sample I1 PU, Probe Wash, Ferromanganese

Vi3

LC1 LC2 LC3 LCA LCS LCé6 LC? z
Total Organics, mg/m3 1.95 <0.1 28 7.8 0.54 7.2 1.44 47
TCO, mg - - - - - - - -
GRAV, mg 2.65 <0.1 39 11 0.73 9.8 1.96 65
Category |nt/mg/m3
Aliphatic Hydrocarbons 1/1.9 1.9
Aromatic Hvdrocarbons <<0.2 <<0.2
Fused Aromatics <216 100/14 1/0.07 14,
Fused Aromatics >216 100/14 100/7.7 {100/0.2% 22
Heterocyclic N compounds 1/0.07 10/0.6 1/0.1 0.8
Ketones (polycyclic aromatic) 10Q/0.2* 100/6.5 | 10/1.3 7.8
Esters 10/0.02*%11/0.06 0.08
Alcohols 10/0.02% 0.02

*
Boncentration estimated from LC,IR data with reference to LRMS data of LC4 and LC6




Table 14

Total Organics (mg/m3) for SASS Train Samples (I)

Outlet of Scrubber, Silicomanganese Process

Compound Categories

Aliphatic Hydrocarbons
Aromatic Hydrocarbons
Fused Aromatics <216
Fused Aromatics >216
Ether

Ketone

Alcohol

Ester

Amine

Heterocyclic N
Heterocyclic S
Carboxylic Acid
Sulfides

Amide

Sulfur

Nitrite

Silicone Compounds

Particulates

>3y*  >3p* Rinses Resin Condens.

0,01 0,01

~v0.01 ~0.01

0.2
0.2

0.2
0.2

0.2

Sorbent Module

2.3
23
11

0.1
0.8
0.1
0.8

0.1
1.7
0.7

0.05

2,
0.
0.
01
.004
.01
. 004

o O o O

o O O O

7
02
005

.005
.004

.004

Total

2.5
23
14
0.02
0.1
0.8
~0.3
1.8
0.1
0.1
1.7
0.7
~v0.1
0.1
0.2
An0.1
0.004

*Concentrations estimated from IR and total TCO and Grav data only.

35



Table 15

Total Organics (mg/m3) for SASS Train Samples IT

Bypass, Ferromanganese Process

Compound Categories Particulates Sorbent Module Total

>3u* <3y Rinses Resin Condens.*

Aliphatic Hydrocarbons ", 1 1.9 3.9 6.9
Aromatic Hydrocarbons 0.1 "0.1 3.5 3.7
Fused Aromatics <216 0.2 14 370 380
Fused Aromatics >216 4.5 33 22 390 0.3 450
Heterocyclic § 37 37
Heterocyclic N 1.1 7.9 0.8 70 0.07 80
Ketones 0.8 6.4 7.8 53 0.05 67
Alcohols 0.02 “0,1
Esters 0.06 (.08 0.8 0.9
Carboxylic Acids 0.06 4.2 4.3

*Concentrations estimated from IR and total TCO and Grav data only.
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Table 16

ORGANIC EXTRACT SUMMARY TABLE

Sample Coal (CL)
LC1 Lc2 Lc3 Lca LCS LC6 Lc7 z

Total Organics, mgk g 286 24, 101 35. 13. 62. 10. 530
TCO, mg 0.36 <0,01 0.80 0.014 <0.01 0.29 <0.01 1.2
GRAV, mg 24 2.0 7.7 2.9 1.1 4,9 0.86 43,
Category Int/mg/Kg

Sul fur 100/143 |100/12%* 10/7.8 1/0.17 1/0.06% 160

Aliphatic Hydrocarbons 100/143 | 100/12%* 160

Fused Aromatics <216 _10/7.8 | 1/0.17 | 1/0.06* 8.0 |

Fused Aromatics >216 100/78 100/17 | 100/6.41 100

Heterocyclic Sul fur 10/7.8 7.8

Heterocyclic Nitrogen 100/17 100/6.4* | 10/5.6 | 10/0.90% 30

Esters 1/0.17 {1/0.06*% | 1/0.56 | 1/0.09% 0.88

Ketones 100/56 100/9.0% 65

~

*Estimated from LC and IR data, with LRMS data of adjacent LC fractions.
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Table 17

ORGANIC EXTRACT SUMMARY TABLE

Sample Coke (CK)
LC1 LC2 LC3 LC4 LC5 LC6 LC7 =
Total Organics, mgkg 158 <1.5 16 14 22 10 10 230
TCO, mg 0. 36 <0.01 0.14 <0.01 <0.01 <0.01 <0.01 0.50
GRAV, mg 10. <0.01 0.86 0.86 1.4 0.6 0.6 14.3
Category int/mg/kg
Sulfur 100/156 160
Aliphatics 1/2.0 100/13** 15
Halogenated Aromatics 10/1.3%" 10/1.47% 2.7
*%
Aromatic Hydrocarbons 10/1.3%% | 10/1.4 2.7
Heterocyclic N, 0, S ' 10/1.4** 10/2.2** 3.6
RK
Sulfides, Disulfides 10/1.4 110/2.2" 3.6
*E PT3
Nitriles 10/1.4 10/2.2 3.6
% *%
Ethers 100/7.0 10/2.2 9.2
% % xE %
Alcohols 100/7.0 10/2.2 100/5.0 {100/5.0 19
- *% X% %%
Aldehydes, Ketones 10/2.2 100/5.0 10/1.0 8.2
% % %%
Nitroaromatics 10/2.2 10/1.0 | 10/1.0 4,2
*% % %
Amines 10/2.2 10/1.0 |100/5.0 8.2
*% *%
Phenols 10/1.0 | 10/1.0 2.0
E% %
Esters, Amides 10/1.0 | 10/1.0 2.0
%
Carboxylic Acids 100/5.0.| 10/1.0 6.0
nX x%x
Sul foxides 10/1.0 10/1.0 2.0

**Estimated from LC and IR data, no LRMS data available.
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The total amount of organics extracted from coke is low. The major
portion of this seems to be elemental sulfur. The IR data indicated
that aliphatic hydrocarbons, alcohols, and amines could be present

as minor species.

Blanks

Solvent Blank (ADL Methylene Chloride): very clean, negligible

amount of organic material was detected.

Methylene chloride blank (from the field); mostly aliphatic

hydrocarbons, trace of silicone grease was also detected.

Blank methylene chloride/methanol: wvery little organic material,

the non-volatile species present seem to be inorganic.

The LC data of the three blanks are given in the Appendices.
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3. Polycyclic Organic Matter (POM) Analysis

The resulis of GC/MS POM analysis of the ferroalloy samples, expressed
in terms of their concentration at the sample source, are summarized in

Tables 18 and 19. The Reconstructed Gas Chromatograms are attached in

Appendix A.

For the samples after the air-cleaning system (venturi scrubber) from a
silicomanganese process (Series I), a total of 4.2 mg/m3 of POM was
found, 51% of which was anthracene/phenanthrene. Less than 1 mg/m3 of
fluoranthene, pyrene, chrysene and their derivatives were detected.
Most of these species were found in the XAD~2 sorbent module and the
sorbent condensate extracts. Even at the high sensitivity of the GC/MS

method used, no POM with molecular weight over 228 was detected.

Very high concentrations of POM were found for the Series II samples
which were collected at the bypass to the air-cleaning system during a
ferromanganese process. A total of 633 mg/m3 of POM was found in these
samples, 70% of which was anthracene/phenanthrene and fluoranthene, 16%
of which was chrysene/benzoanthracene, benzofluoranthene, and benzo-

pyrene.

Other species such as carbazole, dibenzocarbazone, perylene, indeno
(1,2,3-cd) pyrene, and coronene were also found in these samples. It
is interesting to note that most of the POM was in the sorbent module
and very little of it was in the sorbent condensate, and also that most
of the high molecular weight species were found in the particulate

extracts, especially in the probe and cyclone rinses.

The substantial differences between the POM concentrations for the two
series of samples shown here could be considered as an indication that
the air-cleaning system used is highly effective in removing POM from
effluent gases. Unfortunately, these data cannot be used as firm evi-

dence for this, due to the different processes in the two series.
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GC/MS Polycyclic Organic Matter (POM) Analysis
Sample Series: I, Silicomanganese, after scrubber

TABLE 18

. Concentration: mg/m3
Species . Sample m/e | I €310 I CIF I W IX I SC Total
Floorene 165+6| * 0.00012 0.86 0.62 1.5
Anthracene/Phenanthrene 178 | 0.00016 | 0.00039 | 0.00064 0.83 1.30 2.1
Carbazole 167
Methyl—-Anthracenes o192 0.42 0.028 0.070
Isomers 192 0.018 0.018
Fluoranthene 202 0.000058} 0.00019 0.00049 0.044 0.20 0.24
Pyrene 202 | 0.000042{0.00015 |0.00017 0.046 0.17 0.22
Methyl Pyrene /Methyl Fluoranthene 216 ) 0.005 0.005
Chrysene/Benzo(a)anthracene/etc. 228 0.016 0.016
Methyl Chrysenes 242
7,12-Dimethyl Benz(a)anthracene 256
Benzofluoranthene, Benzo(e)pyrene 252
Benzo(a) pyrene 252
Perylene 252
Methyl Benzopyrenes 266
3-Methylcholanthene 268
{Indeno (1,2,3-cd) Pyrene 276
Benzo(ghi)Perylene 276
Dibenzo(a,h)anthracene 278
Dibenzo(c,g) carbazole 267
Dibenzo(ai & ah)pyrenes 302
Coronene 300
[ TOTAL 0.00026 | 0.00073 0.0014 1.82 2.40 4.2

%A11 blanks are items not detected, detection limit 0.0l ug/m?
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TABLE 19

GC/MS Polycyclic Organic Matter (POM) Analysis

Sample Series:

1T, Ferromanganese, bypass

Concentration: mg/m3

Species . Sample m/e |II €310 | .II CIF II PW II X I1°SC Total
Fluorene 165+6| 0.0014 16.3 | 0.0077 | 1.
Anthracene/Phenanthrene 178 0.054 0.014 0.62 222, 0.081 220.
Carbazole 167 * 9.6 0.014 9.6
Methyl—-Anthracenes 192 0.0018 0.18 24, 0.0044 24,
Tsomers 192 0.0034 0.0034
Fluoranthene 202 0.034 0.0055 2.46 220. 0.039 220.
Pyrene 202 0.019 0.0057 2.28 0.031 2.3
Methyl Pyrene/ Methyl Fluoranthene 216 0.54 14,' 14,
Chrysene/Benzo(a)anthracene/etc. 228 0.048 0.026 3.40 46. 0.0063 49,
Methyl Chrysenes 242 0.00065 5.24 5.2
7,12-Dimethyl Benz(a)anthracene 256 0.58 0.58
Benzofluoranthene, Benzo(e)pyrene 252 0.031 0.26 3.13 47. 0.0041 51.
Benzo(a)pyrene 252
Perylene 252 | 0.036 0.29 2.82 0.0041 3.1
Methyl Benzopyrenes 266 0.026 0.50 0.67 1.20
3-Methylcholanthene 268 0.053 0.34 0. 39
Indeno (1,2,3-cd; Pyrene 276 0.029 0.26 0.47 5,28 6.0
Benzo(ghi)Perylene 276 0.099 0.55 0.71 1.4
Dibenzo(a,h)anthracene 278 0.0041 0.12 0.78 0.90
Dibenzo(c,g) carbazole 267 0.079 0.079
Dibenzo(ai & ah)pyrenes 302 0.15 0.23 0.16 0.54
Coronene 300 | 0.10 0.29 0.12 0.51

TOTAL 0. 68 2.1 17. 612. 0.19 660.

%411 blanks are items not detected, detection limit 0.3 ng/m3




A comparison of the data on POM concentrations obtained from Level 1
analysis and GC/MS analysis is given in Table 20. 1In general, the two
sets of data agree with each other within an order of magnitude. 1In the
cases of samples ISC (Serles I, sorbent condensate) and IIX (Series II,

sorbent module), the data are in excellent agreement with each other.

Comparison of the Level 1 and GC/MS analysis data for heterocyclic
nitrogen compounds (Table 20) shows that considerably higher levels are
found by the Level 1 procedure. This is an indication that the two
specific compounds determined in the GC/MS analysis (carbazole and diben-~
zocarbazole) may constitute only a small fraction of the total hetero-
cyclic nitrogen material. This is confirmed by the Level 1 LRMS data
(e.g., Appendix A, pages A23 to A26), which show that acridines and
quinolines are the most abundant heterocyclic nitrogen compounds in the
ferroalloy effluent samples. The Level 1 and GC/MS results, therefore,
are in satisfactory agreement for these species as well as for the

polynuclear aromatic hydrocarbons.
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Table 20

Total Polycyclic Organic Matter Data Comparison

Series I II
Process Silicomanganese Ferromanganese
Sampling Location After Scrubber Bypass
————————————————— Total POM-——m———————mm e —mo e
mg/m3 mg/m3
Polynuclear Aromatics
Level 1 - GC/MS Level 1 GC/MS
SASS Sample
C310 ~0.01 0.00026 4.5 0.¢0
C1F n0.01 0.00073 33 2.1
PW ~0.01 0.0014 36 17
XAD-2 11 1.8 760 602
SC 2.7 2.4 0.3 0.2
Total 14 4.2 840 650
Heterocyclic N Compounds®
SASS Sample
C310 1.1 0.8
ClF 7.9
PW 0.8
XAD-2 0.1 70. 9.6
SC 0.07 .01
Total 0.1 - 80 9.7

* Carbazole and Dibenzocarbazole were the only two heterocyclic N species
determined in GC/MS analysis.
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4. Inorganic Analysis

The results of Arsenic, Mercury, and Antimony determinations for both
series of samples, as well as coal and coke, are summarized in Table 21.
IC1F and IPW were not analyzed for As/Hg/Sb due to insufficient samples
received. The Arsenic content of each sample was found to be much higher
than the Mercury and Antimony contents. The high amounts of Arsenic
present in the ferromanganese samples, coal and coke should also be

noted.

The total inorganics detected by spark source mass spectrometry are sum-
marized for each series in Tables 22 and 23. The individual SSMS data
of each SASS sample converted into ug/m3 for series I and mg/m3 for
series II are also given in Tables 24-33. The results of elemental
analysis in coal and coke are shown in Tables 34 and 35. The original

SSMS data for each sample are attached in Appendix B.
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Table 21

Arsenic, Mercury, and Antimony Determinations

46

mg/m3
Sample Code As He Sb
Silicomanganese Series
I C310 0.018 0.000060 0.000016
IX 0.098 0.00050 0.001
I imp 1 0.0062 0.00018 0.000025
I imp 23 0.13 0.016 0.00020
Total 0.25 0.017 0.00012
- Ferromanganese Series
I1 C310 24, 0.045 0.15
IT C1F 15. 0.025 0.088
IT PW 7.7 0.052 0.038
IT X 1.03 0.014 0.019
II imp 1 0.15 0.11 0.0013
IT imp 23 0.08 0.26 0.00087
Total 48, 0.51 0.30
mg/Kg
Sample As Hg Sb
Coal 20. 0.15 0.30
Coke 20. 0.24 0.58



Table 22
Tutal Inorganics, Silicomanganese Series
Spark Source Mass Spectrometry Data

Sample No: Series I

Concentration in wg/m3

Element Conc., Element Conc. Element Conc,
Aluminum MC Holmium 0.21 Rhodium

Antimony 0.54 Hydrogen NR Rubidium 17.
Arsenic MC I'mdium STD Ruthenium 0.2
Barium MC Jodine 0.04 Samarium 1.1
Beryllium 0.07 Iridium Scandium 0.15
Bismuth 0.20 Iron MC Selenium 0.82
Boron 1.4 Lanthanum 3.2 - Silicon MC
Bromine 2.4 Lead 11. Silver 0.57
Cadmium MC Lithium 17 Sodium MC
Calcium MC Lutetium 0.03 Strontium MC
Carbon NR Magnesium MC Sulfur MC
Cerium 4.0 Manganese MC Tantalum 0.04
Cesium 1.5 Mercury NR Tellurium 0.03
Chlorine MC Molybdenum 5.5 Terbium 0.072
Chromium MC Neodymium 2.7 Thallium 1.2
Cobalt 1.2 Nickel MC Thorium 2.0
Copper MC Niobium 2.6 Thulium 0.032
Dysposium 0.34 Nitrogen NR Tin 0.94
Erbium 0.20 Osmium Titanium MC
Europium 0.13 Oxygen NR Tungsten 0.19
Fluorine MC Palladium Uranium 2.5
Gadolinium 0.27 Phosphorus MC Vanadium 20.
Gallium 7.2 Platinum Ytterbium 0.14
Germanium 1.2 Potassium MC Yttrium 6.8
Gold 0.001 Praseodymium 2.1 Zinc MC
Hafnium 0.32 Rheniunm 0.03 Zirconium 21.

NR - Not quantified

All blanks are elements not detected, detection lim!t 0.1 ppm
MC - Major component >64 ug/m3
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Table 23

Total Inorganics, Ferromanganese Series

Spark Source Mass Spectrometry Data

Sample No: Series II

Concentration in mg/m3
Element Conc. Element Conc., Element Conc.
Aluminum Holmium 0.03 Rhodium
Antimony 1.9 Hydrogen NR Rubid{ium MC
Arsenic MC Indium STD Ruthenium 0
Barium MC Iodine 6.0 Samarium 0.14
Beryllium 0.01 Iridium Scandium 0.05
Bismuth 0.56 Iron MC Selenium 1.5
Boron 0.87 Lanthanum 0.4 Silicon
Bromine 19 Lead MC Silver 1
Cadmium 6.7 Lithium 1.3 Sodium
Calcium MC Lutetium 0.005 Strontium 12
Carbon NR Magnesium Sulfur 0.7
Cerium 0.61 Manganese MC Tantalum
Cesium 1.3 Mercury NR Tellurium 0.28
Chlorine MC Molybdenum 3.0 Terbium 0.02
Chromium 5.2 Neodymium 0.18 Thallium 3.0
Cobalt 10 Nickel 4 Thorium 0.1
Copper 34 Niobium 0.08 Thulium 0.006
Dysposium 0.05 Nitrogen NR Tin 0.3
Erbium 0.02 Osmium Titanium 7.7
Europium 0.03 Oxygen NR Tungsten 1,2
Fluorine MC Palladium Uranium 0.19
Gadolinium 0.05 Phosphorus Vanadium 0.8
Gallium 3.6 Platinum Ytterbium 0.03
Germanium 0.28 Potassium MC Yttrium 0.14
Gold Praseodymium 0.07 Zinc MC
Hafnium 0.002 Rhenium Zirconium 0.56

NR - Not quantified

All blanks are elements not detected, detection limit 0.1 ppm
> 68 mg/m3

MC - Major component ,
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Table 24

Spark Source Mass Spectrometry Data

Sample No: IC310

Concentration in ug/m>
Element Conc. Element Conc. Element Conc.
Aluminum MC Holmium 0.17 Rhodium
Antimony 0.40 Hydrogen NR Rubidium 16.
Arsenic 22. Indium STD Ruthenium
Barium MC Iodine 0.023 Samarium 1.03
Beryllium 0.051 Iridium Scandium 0.057
Bismuth 0.17 Iron MC . Selenium 0.45
Boron 1.0 Lanthanum 2.3 Silicon MC
Bromine 0.11 Lead 8.6 Silver 0.057
Cadmium 8.0 Lithium 14 Sodium MC
Calcium MC Lutetium 0.023 Strontium MC
Carbon NR Magnesium MC Sulfur MC
Cerium 2.8 Manganese MC Tantalum 0.04
Cesium 1.4 Mercury NR Tellurium 0.034
Chlorine MC Molybdenum 2.4 Terbium 0.057
Chromium 29, Neodymium 2.4 Thallium 1.1
Cobalt 0.74 Nickel 2.8 Thorium 1.6
Copper 16 Niobium 2.4 Thulium 0.028
Dysposium 0.28 Nitrogen NR Tin 0.85
Erbium 0.17 Osmium Titanium MC
Europium 0.11 Oxygen NR Tungsten 0.11
Fluorine MC Palladium Uranium 2.2
Gadolinium 0.23 Phosphorus MC Vanadium 18.
Gallium 6.3 Platinum Ytterbium 0.11
Germanium 1.1 Potassium MC Yttrium 6.3
Gold Praseodymium 2.0 Zinc 12
Hafnium 0.28 Rhenium 0.029 Zirconium 20.



Table 25

Spark Source Mass Spectrometry Data

Sample No: ICIF

Concentration in ug/m3
Element Conc. Element Conc. Element Conc.
Aluminum MC Holmium 0.019 Rhodium
Antimony 0.034 Hydrogen NR Rubidium 1.1
Arsenic 2.7 Indium STD Ruthenium 0.16
Barium MC Iodine 0.002 Samarium 0.066
Beryllium 0.012 Iridium Scandium 0.05
Bismuth 0.012 Iron MC Selenium 0.009
Boron 0.30 Lanthanum 0.34 Silicon MC
Bromine 0.006 Lead 0.78 Silver 0.009
Cadmium MC Lithium 0.91 Sodium MC
Calcium MC Lutetium 0.003 Strontium 2.1
Carbon NR Magnesium MC Sulfur MC
Cerium 0.75 Manganese MC Tantalum <0.002
Cesium 0.05 Mercury NR Tellurium <0.001
Chlorine 0.44 Molybdenum 0.16 Terbium 0.006
Chromium 2.4 Neodymium 0.14 Thallium 0.069
Cobalt 0.16 Nickel 0.001 Thorium 0.18
Copper 0.56 Niobium 0.075 Thulium 0.002
Dysposium 0.028 Nitrogen NR Tin 0.028
Erbium 0.012 Osmium Titanium MC
Europium 0.009 Oxygen NR Tungsten 0.016
Fluorine MC Palladium Uranium 0.15
Gadolinium 0.016 Phosphorus MC Vanadium 1.0
Gallium 0.72 Platinum Ytterbium 0.016
Germanium 0.031 Potassium MC Yttrium 0.26
Gold Praseodymium 0.066 Zinc MC
Hafnium 0.019 Rhenium <0.0006 Zirconium 0.84



Table 26

Spark Source Mass Spectrometry Data

Sample No:

Concentration in yg/m3
Element Conc. Element Conc., Element Conce.
Aluminum MC Holmium 0.022 Rhodium
Antimony 0.11 Hydrogen NR Rubidium 0.39
Arsenic MC Indium STD Ruthenium
Barium MC Iodine 0.013 Samarium 0.061
Beryllium 0.009 Iridium Scandium 0.04
Bismuth 0.022 1Iron MC Selenium 0.36
Boron 0.14 Lanthanum 0.57 Silicon MC
Bromine 2.3 Lead 1.2 Silver 0.61
Cadmium MC Lithium 1.9 Sodium MC
Calcium MC Lutetium 0.0035 Strontium 2.7
Carbon NR Magnesium MC Sul fur MC
Cerium 0.39 Manganese MC Tantalum
Cesium 0.04 Mercury NR Tellurium 0.003
Chlorine MC Molybdenum 3.0 Terbium 0.009
Chromium MC Neodymium 0.184 Thallium 0.70
Cobalt 0.34 Nickel MC Thorium 0.23
Copper MC Niobium 0.14 Thulium 0.0022
Dysposium 0.031 Nitrogen NR Tin 0.061
Erbium 0.018 Osmium Titanium MC
Europium 0.017 Oxygen NR Tungsten 0.066
Fluorine MC Palladium Uranium 0.19
Gadolinium 0.026 Phosphorus MC Vanadium 1.1
Gallium 0.22 Platinum Ytterbium 0.018
Germanium 0.061 Potassium MC Yttrium 0.22
Gold 0.001 Praseodymium 0.08 Zinc MC
Hafnium 0.018 Rhenium <0.002 Zirconium 0.57
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Table 27

Spark Source Mass Spectrometry Data

Sample No: Ix

Concentration in pug/m3
Element Conc. Element Conc. Element Conc.
Aluminum Holmium Rhodium
Antimony Hydrogen Rubidium
Arsenic Indium STD Ruthenium
Barium Iodine Samarium
Beryllium Iridium Scandium
Bismuth Iron Selenium
Boron Lanthanum Silicon
Bromine Lead Silver
Cadmium Lithium Sodium MC
Calcium Lutetium Strontium
Carbon NR Magnesium Sulfur
Cerium Manganese Tantalum
Cesium Mercury NR Tellurium
Chlorine Molybdenum Terbium
Chromium Neodymium Thallium
Cobalt Nickel Thorium
Copper Niobium Thulium
Dyspogium Nitrogen NR Tin
Erbium Osmium Titanium
Europium Oxygen NR Tungsten
Fluorine Palladium Uranium
Gadolinium Phosphorus Vanadium
Gallium Platinum Ytterbium
Germanium Potassium Yttrium
Gold Praseodymium Zinc MC
Hafnium Rhenium Zirconium
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Table

28

Spark Source Mass Spectrometry Data

Sample No: 1 ipp 1

Concentration in pug/m3
Element Conc. Element Conc., Element Conc,
Aluminum Holmium Rhodium
Antimony Hydrogen Rubidium
Arsenic 6 Indium STD Ruthenium
Barium 200 Iodine 2 Samarium
Beryllium Iridium Scandium
Bismuth Iron 100 Selenium 10
Boron Lanthanum Silicon
Bromine Lead Silver
Cadmium 2 Lithium Sodium
Calcium Lutetium Strontium
Carbon NR Magnesium Sulfur 500
Cerium Manganese 20 Tantalum
Cesium Mercury NR Tellurium
Chlorine Molybdenum 100 Terbium
Chromium 70 Neodymium Thallium
Cobalt 3 Nickel Thorium
Copper Niobium 0.4 Thulium
Dysposium Nitrogen NR Tin 1
Erbium Osmium Titanium 20
Europium Oxygen NR Tungsten
Fluorine Palladium Uranium
Gadolinium Phosphorus Vanadium
Gallium Platinum Ytterbium
Germanium Potassium Yttrium
Gold Praseodymium Zinc
Hafnium Rhenium Zirconium
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Table 29

Spark Source Mass Spectrometry Data

Sample No: 1II C 310

Concentration in ug/m3
Element Conc. Element Conc. Element Conc.
Aluminum Holmium 0.019 Rhodium
Antimony 0.67 Hydrogen NR Rubidium MC
Arsenic MC Indium STD Ruthenium
Barium MC Iodine 2.0 Samarium 0.075
Beryllium 0.0037 Iridium Scandium 0.026
Bismuth 0.30 Iron MC - Selenium 0.53
Boron 0.37 Lanthanum 0.19 Silicon
Bromine 11. Lead 140. Silver 0.34
Cadmium 2.8 Lithium 1.1 Sodium
Calcium MC Lutetium 0.0038 Strontium 4.1
Carbon NR Magnesium Sulfur MC
Cerium 0.30 Manganese MC Tantalum
Cesium 0.64 Mercury NR Tellurium 0.15
Chlorine MC Molybdenum 1.0 Terbium 0.0075
Chromium 4.9 Neodymium 0.11 Thallium 2.1
Cobalt 7.5 Nickel 3.2 Thorium 0.075
Copper 17. Niobium 0.037 Thulium 0.0037
Dysposium 0.030 Nitrogen NR Tin 0.19
Erbium 0.015 Osmium Titanium 4.9
Europium 0.011 Oxygen NR Tungsten 0.56
Fluorine MC Palladium Uranium 0.075
Gadolinium 0.022 Phosphorus Vanadium 0.60
Gallium 1.6 Platinum Ytterbium 0.019
Germanium 0.19 Potassium MC Yttrium 0.075
Gold Praseodymium 0.037 Zinc MC
Hafnium Rhenium Zirconium 0.30



Table 30

Spark Source Mass Spectrometry Data

Sample No: II C1F
Concentration in mg/m3

Element Conc. Element Conc. Element Conc.
Aluminum Holmium 0.0087 Rhodium
Antimony 0.87 Hydrogen NR Rubidium 9.7
Arsenic MC Indium STD Ruthenium
Barium MC Todine 3.5 Samarium 0.043
Beryllium 0.0043 Iridium Scandium 0.022
Bismuth 0.11 Iron MC Selenium 0.35
Boron 0.41 Lanthanum 0.11 Silicon
Bromine 6.5 Lead 20. Silver 0.15
Cadmium 2.8 Lithium 0.065 Sodium
Calcium MC Lutetium <0.002 Strontium 7.1
Carbdﬁ NR Magnesium Sulfur
Cerium 0.17 Manganese MC Tantalum
Cesium 0.54 Mercury NR Tellurium 0.086
Chlorine Molybdenum 1.3 Terbium 0.011
Chromium 0.13 Neodymium 0.043 Thallium 0.26
Cobalt 1.7 Nickel 0.065 Thorium
Copper 10. Niobium 0.0065 Thulium <0.002
Dysposium 0.021 Nitrogen NR Tin 0.086
Erbium 0.0065 Osmium Titanium 2.8
Europium 0.015 Oxygen NR Tungsten 0.50
Fluorine MC Palladium Uranium 0.043
Gadolinium 0.022 Phosphorus Vanadium 0.17
Gallium 1,5 Platinum Ytterbium 0.0065
Germanium 0.043 Potassium MC Yttrium 0.043
Gold Praseodymium 0.022 2Zinc MC
Hafnium Rhenium Zirconium 0.15
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Table 31

Spark Source Mass Spectrometry Data

Sample No: II pw

Concentration in mg/m3
Element Conc., Element Conc. Element Conc.
Aluminum Holmium 0.0026 Rhodium
Antimony 0.41 Hydrogen NR Rubidium 5.2
Arsenic MC Tndium STD Ruthenium
Barium MC Todine 0.44 Samarium 0.026
Beryllium 0.0008 Iridium Scandium 0.0026
Bismuth 0.15 Iron MC Selenium 0.23
Boron 0.087 Lanthanum 0.096 Silicon
Bromine 2.0 Lead MC Silver 0.096
Cadmium 1.1 Lithium 0.22 Sodium
Calcium MC Lutetium <0.0008 Strontium 0.53
Carbon NR Magnesium Sulfur
Cerium 0.14 Manganese MC Tantalum
Cesium 0.14 Mercury NR Tellurium 0.044
Chlorine Molybdenum 0.59 Terbium 0.0017
Chromium 0.17 Neodymium 0.026 Thallium 0.57
Cobalt 0.70 Nickel 0.44 Thorium 0.017
Copper 7.1 Niobium 0.0018 Thulium <0.0008
Dysposium 0.0044 Nitrogen NR Tin 0.017
Erbium 0.0026 Osmium Titanium 0.070
Europium 0.0053 Oxygen NR Tungsten 0.13
Fluorine 5.5 Palladium Uranium 0.070
Gadolinium 0.0053 Phosphorus Vanadium 0.070
Gallium 0.53 Platinum Ytterbium 0.0026
Germanium 0.053 Potassium MC Yttrium 0.017
Gold Praseodymium 0.0088 Zinc MC
Hafnium 0.0017 Rhenium Zirconium 0.11
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Table 32

Spark Source Mass Spectrometry Data

Sample No: II x

Concentration in mg/m3
Element Conce. Element Conc. Element Conc.
Aluminum Holmium Rhodium
Antimony Hydrogen NR Rubidium
Arsenic Indium STD Ruthenium
Barium Iodine Samarium
Beryllium Iridium Scandium
Bismuth Iron Selenium
Boron Lanthanum Silicon
Bromine Lead Silver
Cadmium Lithium Sodium MC
Calcium Lutetium Strontium
Carbon NR Magnesium Sulfur
Cerium Manganese Tantalum
Cesium Mercury NR Tellurium
Chlorine Molybdenum Terbium
Chromium Neodymium Thallium
Cobalt Nickel Thorium
Copper Niobium Thulium
Dysposium Nitrogen NR Tin
Erbium Osmium Titanium
Europium Oxygen NR Tungsten
Fluorine Palladium Uranium
Gadolinium Phosphorus Vanadium
Gallium Platinum Ytterbium
Germanium Potassium Yttrium
CGold Praseodymium Zinc
Hafnium Rhenium Zirconium
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Table 33

Spark Source Mass Spectrometry Data

Sample No: II imp 1
Concentration in mg/m3
Element Conc. Element Conc. Element Conc,
Aluminum Holmium Rhodium
Antimony Hydrogen NR Rubidium
Arsenic 1 Indium STD Ruthenium
Barium Iodine Samarium
Beryllium Iridium Scandium
Bismuth Iron Selenium 0.4
Boron Lanthanum Silicon
Bromine Lead Silver 0.4
Cadmium Lithium Sodium
Calcium Lutetium Strontium
Carbon NR Magnesium Sulfur 0.7
Cerium Manganese 0.7 Tantalum
Cesium Mercury NR Tellurium
Chlorine Molybdenum Terbium
Chromium Neodymium Thallium
Cobalt Nickel 0.5 Thorium
Copper Niobium 0.04 Thulium
Dysposium Nitrogen NR Tin
Erbium Osmium Titanium
Europium Oxygen NR Tungsten
Fluorine MC Palladium Uranium
Gadolinium Phosphorus Vanadium
Gallium 0.05 Platinum Yeterbium
Germanium Potassium MC Yttrium
Gold Praseodymium Zinc
Hafnium Rhenium Zirconium
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Table 34

Spark Source Mass Spectrometry Data

Sample No: coal

Concentration in mg/Kg
Element Conc. Element Conc, Element Conc.
Aluminum >110 Holmium Rhodium
Antimony 0.9 Hydrogen NR Rubidium 1
Arsenic 11 Indium STD Ruthenium
Barium 810 Iodine 0.2 Samarium 0.8
Beryllium 0.1 Iridium Scandium
Bismuth 220. Iron MU Selenium 3
Boron Lanthanum 5 Silicon 39
Bromine 2 Lead 9. Silver 1
Cadmium 2 Lithium 40 Sodium MC
Calcium 860 Lutetium Strontium 37
Carbon NR Magnesium 350 Sulfur MC
Cerium 7. Manganese MC Tantalum
Cesium 0.1 Mercury NR Tellurium
Chlorine Molybdenum 6 Terbium 0.1
Chromium 26 Neodymium . Thallium
Cobalt 2 Nickel 12 Thorium <1
Copper 12 Niobium 1 Thulium
Dysposium Nitrogen NR Tin 3
Erbium Osmium Titanium 300
Europium 0.2 Oxygen NR Tungsten
Fluorine Palladium Uranium <0.8
Gadolinium 0.3 Phosphorus 780 Vanadium 9
Gallium 2 Platinum 120. Ytterbium
Germanium <2. Potassium MC Yttrium 4
Gold Praseodymium 1 Zinc 33
Hafnium Rhenium Zirconium 74.

NR - Not quantified

All blanks are elements not detected,

MC - Major component, >1 g
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Table 35

Spark Source Mass Spectrometry Data

Sample No: coke

Concentration in mg/Kg
Element Conc, Element Conc. Element Conc.
Aluminum MC Holmium Rhodium
Antimony 1 Hydrogen NR Rubidium 14
Arsenic 14 Indium STD Ruthenium
Barium 240 Iodine 0.3 Samarium
Beryllium 0.5 Iridium Scandium
Bismuth 3 Iron MC Selenium
Boron Lanthanum 14 Silicon MC
Bromine 6 Lead 7 Silver 3
Cadmium 3 Lithium 46 Sodium MC
Calcium MC Lutetium Strontium 110
Carbon NR Magnesium MC Sulfur MC
Cerium 10 Manganese 560 Tantalum
Cesium 1 Mercury NR Tellurium <0.8
Chlorine Molybdenum 12 Terbium 0.1
Chromium 38 Neodymium 4 Thallium
Cobalt 10 Nickel 17 Thorium 3
Copper 30 Niobium 7 Thulium
Dysposium Nitrogen NR Tin 5
Erbium Osmium Titanium MC
Europium 0.3 Oxygen NR Tungsten
Fluorine Palladium Uranium 4
Gadolinium 0.5 Phosphorus 710 Vanadium 41
Gallium Platinum 0.8 Ytterbium
Germanium 2 Potassium MC Yttrium 5
Gold Praseodymium 2 Zinc 110
Hafnium Rhenium Zirconium 210

NR - Not quantified

All blanks are elements not detected, detection limit 0.1 pPpPm

MC — Major component, >l g



5. Microscopic Analysis

The photomicrographs of IC310 and ICl1F were made at 1/10 second and
those of IIC310 and IIC1lF were made at 1/5 second.

The observations on the four particulate samples examined are as

follows:

IC310 - Consisting mainly of isotropic spheres ranging in sizes from
3 to 10 uym, with a few larger, up to 30 um. While predominan-
tly colorless, the spheres did include some that were opaque,
red, green, and yellow. A few non-spherical birefringent
particles were also present. All particles had refractive

indices greater than 1,515,

IC1F - Appearing to be identical to IC310, except that the spheres

were less agglomerated,

1IC310 - Containing mostly opaque particles mostly less than 1 um
diameter, but some up to 6 um in diameter. The larger particles
might have been agglomerates of smaller particles. A few
birefringent needle like particles were also seen. The re-

fractive indices were greater than 1.515.

IIC1F - Appearing to be the same as IIC310 except very few particles
larger than 1 um,
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IV. Conclusions

These tests at a closed metallurgical furnace ferroalloy production
facility were directed towards determination of emissions of particu-

late and polycyclic organic material.

The particulate emission data acquired during these tests are pre-
sented in Table 36. An appropriate reference point for evaluating
the particulate loading in the effluent is provided by the new source
performance standards for ferroalloy production facilities. These
specify that emissions of particulate matter from a control device
shall not exceed 0.23 kg/mw-hr while standard ferromanganese or
silicomanganese 1s being produced, and that opacity shall not exceed
15% (21). Observations made by the sampling team indicate that
opacity exceeded the U.S. new source performance standard. The
measured loadings of 17 kg/mw—hr upstream of the scrubber during
ferromanganese production indicate that an efficient particulate
control device (>98.6% removal) 1s required in order to meet the
standard, Measurements made downstream of the Venturi scrubber
during silicomanganese production show a particulate loading of 0.016
kg/mw-hr. This is well within the new source performance standards.
Because of the process change, these data cannot be used to obtain a
quantitative estimate of scrubber efficiency for particulate control.
At least part of the observed thousand-fold difference in particulate
loading between the two tests may be due to the process change.
However, it is also quite probable that the Venturi scrubber did
have sufficient capacity to control the ferromanganese production
particulate emissions at or below the 0.23 kg/mw-hr performance

standard at the scrubber exit.

The results of the organic analysis are summarized in Table 37, which

lists all categories of compounds found to be present at concentrations
of 0.5 mg/m3 or higher. Extremely high quantities of organic materials
were found in the ferromanganese effluent gas at the bypass to the gas

cleaning system, upstream of the Venturi scrubber. Fused aromatic
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Summary

Table 36

of Particulate Fmission Data

Sampling Site

Process

Effluent Flow Rate

m3/sec
m3/hr

Particulated Concentration

mg/m3

Particulate Emissions
kg/hr

Average Furnace Power
MW (megawatt)

Particulate Fmissions

kg/MW-hr

Upstream of
Venturi

Ferromanganese

1.20
4300

68000

290

17.3

17

63

Downstream
of Venturi

Silicomanganese

1.51
5400

64

0.35

22.5

0.N16



Table 37

Summary of Organic Analysis Results:

Major Components

Process

Sampling Site

Compound Categories

Aliphatic Hydrocarbons
Aromatic Hydrocarbons
Fused Aromatics < 216 MW
Fused Aromatics > 216 MW
Heterocyclic N
Heterocyclic §

Ketones

Esters

Carboxylic Acids

Organic Gases
(6C1 & GC2)

*

Concentration, mg/m3 *

Ferromanganese

Upstream of
Venturi

3.7
380
450

80
37
67

0.9

4.3

1,030ppm

Silicomanganese

Downstream of
Venturi

2.5

23

14
0.02
0.1
1.7
0.8
1.8
0.7

3,090ppm

Gas volumes are corrected to standard conditions of 101 KPa
(29.9" Hg) 2nd 21.1°C (70°F).
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hydrocarbons having a wide range of molecular welights were identified.
The presence of fused aromatics of molecular weight greater than 216
at 450 mg/m3 is of particular concern, since this compound category
includes some polycyclic aromatic hydrocarbons recognized as
carcinogens. Moderate amounts of heterocyclic nitrogen and sulfur
compounds as well as polycyclic aromatic ketones were also found in
these samples. The concentration of carcinogenic material could be

very high in this unscrubbed gas stream.

On the other hand, the major organic compound categories found in

the silicomanganese effluent gas after it had passed through a

Venturi Scrubber were simple aromatic hydrocarbons and "low" molecular
weight fused aromatics, both in the TCO range. The concentration of

carcinogenic species appears to be low.

It is significant to note that the Level 2 GC/MS analysis gave results
that were in very good agreement with the qualitative and quantitative

data generated in the Level 1 organic analysis. (See Tables 18-20).

Because of the different processes sampled, one cannot use these data
to quantify the effectiveness of the gas cleaning system for removal
of potentially harmful organic species from the effluent. However,
examination of the process data allows some inferences to be drawn.
The major sources of polycyclic organic material in the ferroalloy
process effluents are the self baking carbon electrodes and the coal
and coke added to the feed. Table 38 summarizes process data which
show that these two potential sources of polycyclic organic material
were of comparable magnitude in the two tests. It is reasonable to
hypothesize, therefore, that comparable quantities and types of POM
compounds were produced in the two ferroalloy processes. The emissions
data, also summarized in Table 38, show that total organics collected
by the SASS train and aromatic hydrocarbon levels are lower by more

than an order of magnitude for the samples collected downstream of the
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scrubber. Furthermore, the emissions of high molecular weight POM
are lower by more than four orders of magnitude for samples collected
at the Venturil exit. These reductions in POM emissions are almost
certainly too large to be accounted for by the process change alone.
The Venturl scrubber appears to be effective for POM removal and
especially efficient for species in the molecular weight range
(MW»216) that includes the recognized carcinogenic POM This is
consistent with the fact that the higher molecular weight POM have
lower volatility, are more condensable, and are probably gerubbed
from the quenched gas stream as particulate material (condensed,

or adsorbed on solid particuate).

The on-gsite gas analysis data indicated that emissions of gaseous
hydrocarbons (GC1 and GC2, b.p. < 50°C) were higher in the silico-
manganese test than In the ferromanganese test, by a factor of
three. Levels of these gaseous species would of course be essen-
tially unaffected by the wet scrubber. It could be possible that
these results indicate a significant shift in the chemical com-
position of the organic emissions, with the silicomanganese process
yielding a much higher gas-to-POM ratio than the ferromanganese

process. This seems unlikely in view of the general similarity of

the two ferroalloy process chemistries. The most plausible conclusion

from these results is that total organic emissions (gases plus SASS)
may have been somewhat higher in the silicomanganese test than in the

ferromanganese, and that the scrubber was even more effective for POM

removal than the data in Table 38 imply.

Inorganic chemical emissions from ferroallovy plants were not the
major focus of these tests. However, two features of the inorganic
analysis data are worthy of comment. First it should be noted that,
while trace metal levels in the effluent from the Venturi scrubber
during silicomanganese production were low (generally <<1 mg/m3),

the estimated arsenic emission level is 250 ug/m3 (Table 21).
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romparison of this estimate with the EPA Multimedia Environmental

Goals - Minimum Acute Toxicity Effluent (MEG-MATE) criterion of 2 ng/m3
for arsenic and its compound. (22), suggests that more extensive,

Level 2 analyses of arsenic in ferroalloy plant emissions may be

warranted.

Second, it is interesting to compare the results of the atomic
absorption spectroscopic (AAS) and spark source mass spectro-
gcopic (SSMS) analyses for the two elements that were determined
by both techniques. Table 39 presents the results of the arsenic
and antimony determinations for a number of the SASS train sample
components. (Samples for which the SSMS result was "major
component" are generally omitted from the table). The agreement
between the AAS and SSMS data for arsenic is surprisingly good.

In fact, the agreement is generally much better than could be
expected, considering that individual SSMS determinations are
uncertain within a factor of two or three. The agreement between
AAS and SSMS for antimony is not quite so good. Note, however,
that the antimony concentrations are low about 103 times lower
than arsenic levels. The two sets of antimony data do agree,
within a factor of ten, for the two samples corresponding to concen-
trations of about 100 ug/m3. Since the MATE value for antimony is
500 ug/m3 (22), these results suggest that SSMS analysis may be as
adequate for both antimony and arsenic, as it is for analysis of

other trace inorganics at Level 1.
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Table 38

Summary of Process and Effluent Parameters

Sampling Site

Process
Flectrode Consumption

1b/day*

1b/m3 of stack gas **

Coal/coke content of
Feed, %*

Emissions, mg/m3
Total Organics (SASS train)
Total Aromatics

Aromatics of MW> 216

Volatile Organics (GC1l & GC2)

Upstream of
Venturi

Ferromanganese
6,150
0.059

14.5

1,200
830

450
1,030

* Calculated from data in Table 1
** Calculated from data in Tables 1 and 6

68

Downstream
of Venturi

Silicomanganese

9,000

0.069

14.9

50

26

0.02

3,000



Table 39

Comparison of AAS and SSMA Data for

Arsenic and Antimony in Selected Samples

Arsenic
mg/m3
Sample AAS

Particulates

I C 310 0.018

11 ¢ 310 24
11 C I¥ 25

Impingers

I Imp I 0.0062
I1 Tmp I : D.15

Solids Parr Bombed for SSMS

Ix 0.098
T x 1.03
Coal 20 mg/kg
Coke 20 mg/kg

Major Component
*k

SSMS

0.022

*
MC (>27)
MC* (>21)

0.0068
0.15

%%
n.d.

*k
n.d.
11 mg/kg

14 mg/kg

Antimony
2
ug/m°

0.02
150
88

n.025
1.3

19,
0.3 mg/kg
0.6 mg/kg

Not detectable, or < 0.1 ppm weight in sample analyzed.
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SSMS

0.39
660
840

%k
n.d.

Kk
n.d.

%k
n.d.

*k
n.d.
0.9 mg/kg

1 mg/kg
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NESCINLY (i re < My Clo
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l2pb S SwUT‘.tL __efhea
1o b U S 3 uq;“yu.
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SAMPLE: rsc- &, Le € | S evint fend Vb ¢ kb
) N ' At )

Frequency Intensity ‘ i
oy Assignment Comments |
ool 57'«)7'-11/%%# x £ band s
v
1R REPORT

sampLe:_TS¢-4b _ Leg  sovbent (end . Ypudur) sewbbe

Cd

Frequency Intensity - Assignment Comments
(em™)

Hgoo-3l00 m éeH n _wH brea o\
2)le0 3000 W (U ongmetic n. olepinie
S pve- 2300 S . all A-"LH‘L* |
| 1720 S ¢eo gsten , frotome.
3pov-2L00 w ¢Hd. __acid baed

|1qe0° S (=0 ocid

20, t£30 S Kedvrnt . awmecly

1280, 120 S Mm“ﬁ'g_ asten

gre -ftoo w ovnnetre oy foed  dwtien
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SAMPLE:  =Tc¢ - 7 Lc.? sorb. cmd Vendur, cervbbhen
Frequency Intensity Assignment Comments
(em™)
2 300 - 36¢0 s oH n WNH
3ove- 5900 S e o.l.'f_lu,r.'c,
30bo w CH_ _acevatiC
(220, ,7¢° S Czo 2st e aoid. KesrmR.
(670, 14306 < ovm'de Ketena |
L8O , et Ntrites
1§40, 1300 S Oiteamine. A0y
1400 - 2L S ZJiming Aumarores pealks
{{ 0 - |oee S Aevhol . "
v -Jo0 A arematic.  suhot .
IR REPORT
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Frequency Intensity Assignment Comments
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LC REPORT

SAMPLE: Ix, XHhP-2 ertrutk Fevo mom ”mme_w_
TCO GRAV Total Concentration®
mg mg mg mg/M3
Total Sample 1 27? /g.BD 1 &0 11/ ©
Taken for LC? ! 8. A 72¢,2 92,8 .
Recovered3 (7.0 68, 2 L. 2
— Tc0? GRAV4 Total? Concentration®
Fraction mg mg mg mg/M3
K 2.25 3.0 $. 28 .86
[ 2 9, ¢< N % ¢S 4.95 1
3 19¢. 67 (ob2a, 28 1
4 Y @2 4«9 34
5 6.8 3.0 9.1& 6,23
B 29.7 Qo _ |20, £8,
7 L. [ R, 23 { 7.

« NHWN -

. Quantity in entire sample, determined before LC
. Portion of whole sample used for LC, actual mg
. Quantity recovered from LC column, actual mg
Total mg computed back to total sample

. Total mg divided by total volume

NoT Patiutnbla
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SAMPLE:_ fLx =1 _ ,  XAP-2 gudrek |

Major Categories

Fene W

Intensity Category

MW Range

200 -¢fo

L 00 /H:Mf‘r__ H}MW

Sub-Categories, Specific Compounds

Intensity Category

m/e

Composition ]

Other

Azo



LRMS REPORT

SAMPLE: IO X -2 | XAD-2 oxtact Feviec marfarba o .
T }

/

Major Categories

e

Intensity Category MW Range
; A‘Kn/l\:(kd au/n o?,cfi(_s A _arvmatico 200- 380
-’LQ———*—FM“‘A A.uma.,f( - <2/ é 20 2.
I
{
Sub-Categories, Specific Compounds
Intensity Category m/e Compasition
V) | one >
L ; f Z enl. 2-0 C, oA 0
e———-
———
|
p—— i
i
Other

Aal



LRMS REPORT

SAMPLE: l[x-'g ., ¥XhaP-2 axteat WMMW&_

Major Categories

Intensity Category MW Range

;LE_L_‘_P.M_.A:WI'M <2l [£2-340

__jeo | puacd Arrwadice > 21l 2(6-357

ya; MMTA_L_S_L&F_J& (£

Sub-Categories, Specific Compounds

Intensity Category m/e Composition
X4 MA{M (28 CopeHio
V2 o D» réws /P{M"me 202 GCeMe
XY ar . | =228 Cep #ia
/D0 by AL ‘DM?ZM.& 2| Crp Hia
Lo Amm (£2 Ceatl
[0 Fluo revaa. 166 Cia Hio
(o m,mL Atz nophthalowa (b8 |  CisHya
(O D, u,n:_d“l\, DM 7<% Caa?p S

1o mMRan.Q*A_a_a_MJ_ (92 C,eta
(o B:aquz(u‘._um.u 214 Ciz Wiz

(o B&\mn_p_bi*_‘b\& 2/ &8 CirHig

(O pAH __al m/e 230 >3 02

| @AH ot e [9p -3 &0




LRMS REPORT

sampLe:_ TLx-¢ XAO-2 extract Feve mf%
Major Categories
Intensity Category MW Range
Vr Y. HKMOM/:Q /) M/Lo (67-247 |
[0 © J:u&L-d A’LM{ >2/6 228 - 30 2
(Lo MLALM&L <200 (28~ 2O
—_
Sub-Categories, Specific Compounds
[ Intensity Category m/e Composition
VA X (’Mbag—olé_. /67 Crs ”4 I\)
[0 wula =2/7 C,é}lu/\/
ya. X Bm_knonrﬂmtua 25 2 Cao iz
yA/) A-wf'krau/\.k /OW\A’A/M (281 Ciu M, o
_,__LL__m.Li%LMmLL 12l G Han)
(0 “‘\L Corboro e A€ Cag-H,3 a)
(o Dv: rﬂm.g_ 202  (geHMin
Y- Muw%mm Chansens| 224 CipH.a
I m.efh e ? 23 | Coq Myl
(0 | Dibemnrocarbdazoe e 267 Coe HAan)
| Jo Ben 226 Caze M
(0 | yaothol eholanm threva P6§ Cat Hige
v, .d
_____J_Q___'llu_bb_h_ub-.l'_?&m 302 Caz M,y
Other
:10 ‘VA_!" ot "% ia) , el 2¢3 24l 22 3&4 3>
| ot ot " 200 4o sVea goo

A33
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sampLe:_ L x - & XWo-2 exira L

Feate mw}{wﬂ\
Major Categories
intensity Category MW Range
100 | Heteno copdic Al compda [62-2£3
(20 MA& 230-2F%0
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
/00 Corbazo e 167 C/:/H?/\j
[ o0 B&gzgguglem.m.&, ___13_2_@4_&;.9_&_
x- NM_AAL.a_Liz.e?M;O( (1 £35 P PR
(o methwl cpabazol2— /&1 Ga H“/\/
Lo w Ling HJJIADL«J,}_/\/ 203 CeHg
Va/, Benzo Md 217 Cit HN
[0 & rvint 227  CiaHa S
) & A,mér n/ 243 Ci4 H., W)

Lo @1MWM 2P0 G H2 0

Other

(o phH ot Tk 264

n Mprgromedic AN e 129-379
! o%-&. conpda e 1 £0- 380

A>¢
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sampLE:__TL X— ( xko-2 eatrad ~ Fl o marfangar
/
Major Categories
Intensity Category MW Range
/00 HMMaWLc_ Al_cvmsola /129-303
(00O Ketrba (Po-30 &
(L0 [Mbbyldll G A—Q'JLO 122
J
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
.Y Auvidine (29! CiaHg n
(oo Fluoremone 120 iz Hpo
{00 4‘/Wu0( /-MMDM(_ n/ >03 C:cﬁqn/
[0 0 " o Cad < N H&O
100 ﬁn%ragulnoh ne. 224 Cia Hu Y
20 ,Qmm_ﬁpm.g_ 230 Cug Hie O
/2 R.ew w:'L-ﬁA»c). A [2Z (2 He Oa.
(0 peth dine 193 Ceuw My )
LO m etH- nene. (A4 CawHin O
L0 Qi nQ_ Aont 207 Cier iz I\)
10 A—wr‘lrwm. nan-L. 208 Ciu Heg Oa
LO Benzo c.lévba,loI@ al]) Cop Hit N
(D mMA;ﬁ_ M/LMMnD‘mL 243 C;&H:s'\J
| Fap) & rvind /\) 2£L C/q He /\/
I 0 b V\qug /\) 305
e Diben: act dl'ﬂ—L 7’7? Co, M ’\/
Other
B AN m
) PAY 2L 26f >80 304
. PAH__ar e 24t-380

A 2S



LRMS REPORT

sampLe:_ _Jx — ;) . XAD-2- Extnct ',F@l/lb manfardal
Major Categories
Intensity Category MW Range
[ O Heteroenmdic. A/ Cﬁmpaﬁo [2]-303
[0 /rkﬂ_n&: 230 ~280
/ Estond /136
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
1O Aonrd no (79 C.aHg rJ
g0 Y v f\) 203 | Cir &’9 n/
Lo | torbonole 217 PTE=MN,
L /Jn.—H\AAZaAA nchne. 229 L Huno)
(O Bﬂwnmm e X% Cin Hi0 O
{0 Sl HeTpno uplhic A |23 c.g;—/.,,\/
(O é 0 ' (7 /\/ )—7? Lz Hia nN
) . btvro fAuoren ona. 20|  Cai Hao
{ Qu\.nolsm& l’vq' Cr’,)P/j)/\J
{ Afknk ﬁw no /t'w (W31 CooMan = CnHap/
[ , roata 136 (g HeO,
4 N#\%,Q pcdine 193] Cruttun)
Other
[ PAH_ ot "% 200 -329
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sampLe:_ L -/ Lel xAP extracl alld a
'EﬂMo o
F ! i
c(e:'::r;cy ntensity Assignment Comments
2pge 2§00 S CH, g ¢,:',£.4,£4'¢
2500~ (3L m LH Y.
—
-
-
{R REPORT
SAMPLE.__JL x -2 L ¢2 XPOo exvact FLrro momtimbie.
7
' ¢
Frequency Intensity Assignment Comments
(em™)
Se0C-2f P 3 CH, alighatic.
| sgor - 130 ™M Ly w
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SAMPLE:_ Ty -3 i Led

Xbo oxbact ;Fm;m%

Frequency Intensity Assignment Comments ]
(em™)
leo-3pc0 S CH QLM:Q_._IL%&”;‘-»
1600 - sp¢o m, W nemerens Hmer bands . envma?ic
4_@0-—?&6 S5 Le ] ) manﬁ‘Zl‘Q~
Ings Lrakd Yinds
¢ ‘

IR REPORT
SAMPLE:__ I X &4 ¢4 Xy extracl = Fe v m&g?LMK
Frequency Intensity , Assignment Comments
{em™)
200 S AU i oM
leo -3c00 w cCH . afma!/’c.‘.‘
/c{-", < 12N m oA emat, LJ'.NS
1330 (4) ™ C-N -
1240 v aromedic.  H apdkind
Lee, 240 S asoemedi e Subal ¢
230 v‘,[h‘ﬂ{x L '\// <

X e esv Awe

vdgw +:‘r[" ¢ ation ’.f

Cardarole.
P4
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SAMPLE: @x/ S T LeS, Xxap exteat . EWPMMWM‘Q—'
Jd
Frequency Intensity Assignment Comments
{em™)
Yoo w MH @ oM
3080 w (H ., garmalic
2320 M) C E N M‘c =0
(‘700 W €=z o
thoo, yute . Shoety bomds . pomad'c ainy
257, 20° m avomafie  subel v
IR REPORT

SAMPLE: Z’ y-é, e & XAD lﬁ*ra.f—f . Eét""’maa‘_/.ﬁm\ﬁé:«

¢

Frequency Intensity Assignment Comments
(em™)
3600 -3 (o~ w OH A ~vH
3 [o0 -3 pPO Y, cu., arometie~  obopinic.,
2000 —2fc0 w H , A_L'._‘aj._&f«'c...
| 11teo S tzo
_L‘_'!" w C= ¢
Lhee, (v w otometdi e ring
ARl L w armmedie Yiny Sﬁ&pﬁm&_—
Lo W aromeatie.  cGhect
4 $o 930 S enometic,  sul.al .
—
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IR REPORT

SAMPLE: ﬂx- . L xA Ao - Q.
/ 7
Frequency Intensity Assignment Comments
{em™)
\a¥u $‘~,h'~1\'¢&w‘f 7 R 5Md$
a4
IR REPORT
SAMPLE:
Frequency intensity Assignment Comments
(em™)
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LC REPORT

SAMPLE: JIC";F- ) M-.Mai&s < U ) Fen "

TCO GRAV Total Concentration®
my mg mg mg/Mm3
Total Sample! - é c . é_é.y_ «8,.8
Taken for LC2 _ | 3.4 13 2 '
Recovered3 - /13, 2 / 3:' a2
Fraction Tcot GRAV4 Total* Concentration®
mg mg mg mg/M3
1 - o D ~O
2 et N D AN D N D
3 - 32 2a 23
4 = (& LY Jx -]
Z = P N D vl
— L8 1 8 L3
7 = 2.0 2.0 1 49
. Quantity in entire sample, determined before LC ’
. Portion of whole sample used for LC, actual mg

1
2
3. Quantity recovered from LC column, actual mg
4. Total mg computed back to total sample

5. Total mg divided by total volume

6

Net Petec dablq

A3l



LRMS REPORT

sampLE:_Monsanke Ferro A\\m} —E— -Q1r-1
Major Categories
Intensity Category MW Range
:L \-\e\-evou:)g\(c SQ\Q‘.\' CQMQO\M&L \? Y

Sub-Categories, Specific Compounds

Intensity Category m/e Composition

i 'b\\oe—nzo\‘\\{ogke,m Kl CaWe S

Other

A3



LRMS REPORT

N-CIF - ¢

SAMPLE: _ Monsanio Ferve Aoy
A)

Major Categories

Intensity Category MW Range
1 \\e&g\-oe&:{u\lr Sl Ca \’*vgcu&s \ 8 Y
1 Beamamc \-\uéxroco.r\oons {1R0
Sub-Categories, Specific Compounds
[ Intensity Category m/e Composition
Y FB\\oe,wxo\'\m'e?\«e.n& \QY Cia¥eS

Other

oo

benienes  below wmle 280

A>3




LRMS REPORT

SAMPLE:_ _ Moncanto Fexro Ao w T -C1IF-3
J
Major Categories
Intensity Category MW Range
{00 Fuseﬂ m\w».h/nm\k.»sh. \Au‘“&fo\ar\oov\s > PRI
i Fused alternata [now.-g\ernatn, \m.\\’&vomc-\om L2l |
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
{00 %thz?%runLS Le.)tc . 1S C—._o Wi
\00 '“‘\\OQ.V\\('_\\V“Q&&M e Xe 13 Cii Wi
\OO -Dl\e.h} Qq\*\f\rgm 7—?? C‘L‘L qu
\ O N.%?? ‘\)Q“‘Q\:{MQS eXe. 160 Cay Wiy
\0 Ne’\‘k?}- dibventanidheacana 291 Can Wiy
{o FB\\OM?.QLS:-LV\Q e¥c 20 Caq Wy
\ BenaanNaracane  ekc. 128 Cie Wi |
P-__L.Mwmv\ COCANE aql C \q “\H
N ?\t}mlc\m&e&g 201 C-\b\‘\\o
L QJ\*\\*QU-\;L/ prenardireny \}@ Cw Hio
1 (B \ghu\%'& l Rum.g‘v«\\e.v\g IsY Q.\’I. Wo
Other
_l__gx'ﬁﬁ o.\\uvda.\ nonn\kxnitn, \\\\:'k\'ou;v\oov\s 301 { mie é ‘-{ Sl

A3Y



LRMS REPORT

SAMPLE: Mow %(xv\'\o Fecro {\\\ou\ _‘_I. “Q'!_F - L‘
B
Major Categories
Intensity Category MW Range
10 Fused oMerndn /non-s\ovnta  hudrocorvons P31
J
Sub-Categories, Specific Compounds
[ Intensity Category m/e Composition
10 'b'\\oena?ugev\t 302 C-u.‘ A o
\o b
10 Fb\\t.h?_d«gsq_,% o Cia Wia
\0 Dihen 2 arVracang 432 | Caa Ry
\O %ehlw A5 Crio Wie
\ Benz axdMvacene > < 113 Ciq Hia
Other
l "?6\\‘:‘(‘ l‘%&_\‘\gs \‘O ALAY l (A q 30

A>xS
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sampLe: Monsante Fevro A\\mj 1 -CIF-§
Major Categories
Intensity Category MW Range
10 Fused  aller nata /non-alkencte \\L\Q&TOQGY\OQ'\E > Al
A0 Ke tones ‘ 304
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
{0 D henipyrena 302 c Y \'\\ﬁ\
\o b-cwa QO ( Kedwmpo ) 304
\O 316
| O P-V\’i.c%v«.s;eme.,u\-; 13 | CaaMin
\ “‘\Oev\lo.v&\\mwstl c 1R Can \'\“i
\ 113
Other

h3é




LRMS REPORT

SAMPLE: MOnsQn\-o Fecro A\ T -Car-(
J
Major Categories
f' Intensity Category MW Range
A00O Kaetones o - 200 - 300+
ADO \'\Q-\"e—\'outc\{a | i'\'vo%e,\\. Congaunds 100~ Jp0+
1 Estars 1
A Covr \bop.e,\\'c Adds 1l
Sub-Categories, Specific Compounds
rilntensitv Category m/e Composition
100 L 10
(-]} b-ving N 2013
jco b vive O (Mobrmeo > 304
io ’D\\EV\\Q&‘_"MV\Q%Q}*C 1794 C'I.\ Hia N
Y- F \werenone. 130 Q\’s\}\g()
10 P henanthri done 195 | CwHa NO
0 M&“\?} ?\r\tv\ O.n'\'\“'(AQV\Q_ 1049 Q\q \-\\Q NO
1o ‘ 2k
—'_ {0 'Qe-nio\(_r\'&ine_ N P«V\*\(&%uino\me,d‘c 129 CviHu N
A0 130
____\0 5‘fi~t_- [ (HQML?.O(:LA)) 33 C\Q\-\HN
10 S -t "‘Sc;o ( km ) 134 C\‘\\'\\co
10 Yo
%_,_.19 “33
A Benreic Pul 1 CiheCa
1 rb\e.:\'\mé j}\\%\&c&n— vl Ca \‘\\HOQ'
| 1 103 Q\g \'\q N
B i oY Cis RO
Other
E ?0\“},0‘39“;.: w i 300 ¢ wmle & so0

A37




LRMS REPORT

T -c1r-3

saMPLE:. M onsanks  Fecco (\\\out\

Major Categories

Intensity Category MW Range
1 \-\C¥CVoc.u:\,c,\(c. N\\-roa\\.w Co MM’ 13- 303
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
Other
: 2 Cemfe & 20
A Azo Corngan D w1 = mie «- 3

A28




IR REPORT

SAMPLE: ]IC,l’f'I o Pmﬁwﬁgﬁs < 1Al 7’3&&)11&‘_2({3@&’-

Frequency Intensity . Assignment
e Comments
Bob0 -~ 2000 w CH, AZJ;A@}:'C..‘--»-w
{R REPORT
sampLe:_IC CUF - 2, 4@&@&__7;&&&%
Frequency intensity - Assignment Comments
{em™)

Yo Q.':MQTLMM IR absnpiion,

A3q



IR REPORT

sampLe: TL C,if--} .

Waduas<lk

»

'Fm.mﬁf&kw ~

Frequency Intensity Assignment Comments
{em™)
2lov-3000 W CH,_ paomatc.
| 2000 -2f60 ™, M, al;’;ﬁa,f':'c_d
£20, 230 fes w Aroematic  Suled .
7_('0 %) I Y
IR REPORT

sampPLe: Tl ¢ (F - & gmﬂmfnzh Yy ﬁzm‘!maﬂﬁg!
{ T

Frequency Intensity Assignment Comments
(em™)
= loo -3 000 lA) (¥, agugwede e
3000 —2 fv0 w LH ., al: Flug;'g,
(ko 132C Ly eH L2
pre, 420 - aromatic suhot
7 &

Aqo
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SAMPLE: JIL.I,F—'.;# /DM'.LWJAX&S < /AL, Tr&m@_m_m?;@w..
v [

Frequency Intensity Assignment Comments -\
{em™)
Bfon-3lo0 ) OH, st ,  breadl
/o0 .- 2000 ) L4, mﬂ:t
2000 ~ 2000 ™ (o, al:ghg,'(l.i
o0 A (=0 'l}edzmz_._mé
1beo [ bro LA O do _Uotmg
tboo 7.9) MMMML_N'%
_._z.s:g,_uz@ A thld._,_a.l.ta_bze .
. 148}
{ 030
9L0 S darmetic. swla t
JR REPORT

SAMPLE: _JLL_L}_’L_#AJ'_&L!JQ Ll fm&%&ﬂ&{_&

Frequency Intensity Assignment Comments
{em™)

;éog - 2400 vy, OH, o . broad

Zlee-3000 m (H. arowmatic.

| 2000 ~2£00 5 tH, ol {

1740 110 S czo . peten. Lot |
losdtm , imida.

E;’Jéﬁ”. 5 fatode, gnide . paeiding,

(630 4bio. tho® hibrale . cnrmalic suhaf =€

| (230,070 S 2sten.

.—Lﬁo‘ {300 S aAming

(120 _(p20 A oleo kﬂ%@ .

pzo v A tmomatic. Sulbal.

Ay



IR REPORT

SAMPLE:_EC'lIP —J ) M[Wl‘/@a < [, M%m“w

Frequency Intensity ' Assignment Comments j
{em™)

"o *\}MZT/-(M - R g.&sgffm;

IR REPORT
SAMPLE:

Frequency Intensity ' Assignmaent Comments
{em™)

A



LC REPORT

SAMPLE: :LT—PV\/ 4 Probe wash ) TFerromanm 9§ anas 2
TCO GRAV Total Concentration®
mg mg mg mg/M3
FTrotal Sample; - el .S'/ 3 7
Taken for ;C -— 2 i 2<
Recovered -— 32 3a
r—iFraction TCO4 GRAV4 Total4 Com:entration5
mg mg mg mg/M3
! = 3;& 2 é: I q.f
2 - ap ND olp
| 3 - 29, 39. >8.
| 4 e 11, L 2 e
5 —_ .23 2.23 0,5 %
6 - 9.8! 9.81 221
7 - 1. 96 1.96 Ly

SO R WN =

. Quantity in entire sample, determined before LC
. Portion of whole sample used for LC, actual mg
. Quantity recovered from LC column, actual mg
. Total mg computed back to total sample

. Total mg divided by total volume

NoT Datectabla |

Au3




LRMS REPORT

sampLe:_ MonsanXo

Fe—‘rvo Q\\o oy
3

N Pw-4

Major Categories

Intensity Category MW Range
{.L A\\'Q\r\&r\u 100 =450

Sub-Categories, Specific Compounds

Intensity Category m/e Composition
.
Other

: ¢ < e
A al\i r‘a\/\a\ﬂcs w ¥ ¢ m/e 495

Aruy




LAMS REPORT

SAMPLE: MQV'\SO\V\'\D ‘:Q A‘ -
cro \\o N T -Pw- oL
Major Categories
[ Intensity Category MW Range
10 A eomaXic H\:’&vomrbgm 1S
Sub-Categories, Specific Compounds
rilntensity Category ; m/e Composition
L__f
——
Other
{0 heniewne Su.\c';\'\\*hk!» o i _oNiphadic cMaca oD N o ¢y
meviu:\u‘ wiM  mle= s ( Q\%“-Lg N Q\X

K¢l




LRMS REPORT

sAMPLE:_ Moncanto Fexvo A\\%

T -PW-73

Major Categories

Intensity Category MW Range
100 Fused Allernita, [Von-allernita, Wy Browarsons <\
100 Fused Alberndta|Mon-alierndta  Hofrocacson R A7
Sub-Categories, Specific Compounds
Intensity Category mle Composition
plele) Purene [ Fluscanthene 207 Ci Mo
ABG %:\'\bo_ﬂ\‘\\vuzﬂg e, (23 C\Q Wi
A00 'Bcv\w%nv\ es edc 15 CroWin
\o ArPcaceng L’Phemxn"“l\ru\c 139 Cw Wio
io DVeniflusrene  oXc 1ib C\iWn
10 ' Ug Cvr Ny
10 Mdf\r\%& “Denzovtrcacene 4 Ca M
10 Dibenz Srusene 176 CaaHia
A0 ")l\oenzm%:ww. ¥ Cia Vg
10 D venigurene 301 Cay Hiy
10 31b
Other
N ‘?o\.,t‘c__gsqﬁu wi'\'\s 320 { me ¢ 450

Awb




LRMS REPORT

U -Pw- 4

saMPLE:._ Mansante  Fecro /\\\o\.:‘

Major Categories

Intensity Category MW Range
0o Fu.se& a\rernata [non-g\ ey nata \r\%&roggr‘%v\f 2246
A Fused _aldernata / non-a\kecnata \msé»ro&r\wnr <26
i He—\‘e"o‘ﬁdic N\ko«:‘gh. Cormpounds \3
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
100 Q\wu&;u\e l 'Be“;&@aw XX C\Q Wi
S Ye)) (B%&g- 152 Crio\
A0 D '\\mnic\“\:)ge.v\e_ 236 Cri WM
10 Vivenz endarossng 23 Car Wy
10 Videms Qurens, 30 Cavw Wiy
] i0 33406
| A %e"\},ﬁmﬁ&b\_&_ a2\3 Cro Wy N
| i a4 Ciafw
- agy
S Purene [ Fluorarthene 202 | CiWio
i 316
L_—_,__'
—
Other
z A 'po\\gm:rcl\‘c_s Yelow 200
4 yolueuclicg 390 ¢ mle ¢ HLO
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T -PwW-(

SAMPLE: Monsan o Fecro f\\\ou:)

Major Categories

intensity Category MW Range
100 Keto ne$ 300+
10 Helera Q\;}b\\‘b N \HQ%&!\_M 100 - 300*
1 Es-‘n-vs
Sub-Categories, Specific Compounds
Intensity Category mle Composition T
100 Penzanrone elc. 230| C3neO
lo PSS
10 100
(e} o
10 ks Cigs AN
10 243
{o a4y
10 gf\«;s- O 2s3 Q\‘\ \"\u“\
10 S TinR (@) l%&%} 154 Cia RO
10 158
Ao Dikenzogeidine, Xe, - 2719 | CuVMa N
io ' 2%0
\0 301
{0 - cira N 303
| 1o b- e O Kma_é_fMﬂln[A 304
L A Flugeenone _9'\‘c. . I g0 Cyg N O
Other
A \ {cS w309 ¢ mle €400

2774



LRMS REPORT

saMPLE.__Monsanks  Terre A\\o% T -Pw -3

Major Categories

e

Intensity Category MW Range
10 Ketones : o 200 - 300t
A “e.\-evoc.t:‘o_\\'c. N\‘\‘Yogeh Co N\?Qb&[ 133 - 300t

o

L

Sub-Categories, Specific Compounds

e

Intensity Category m/e Composition
- 10 ‘Be.myc\*\wov\g\c\g. 130 C\‘a \-\\oo
i Nevidine 139 Ciag Mo N
1 203 | CisWaN
1 wYy |-
4 219 | {3\
1 153 Ca Wy N
A1 asy
| ﬁ 93% Qu“\%N
4 %0
4 G- *ing N 303
1 304
Other
:1 go\%cc.sc\icr Ly to mle 250

A 49




{R REPORT

SAMPLE:JPw -/. Lei, 'P/oéa, Wash i} FLKVO MVM&‘

Frequency Intensity , Assignment Comments
(em™)
2000 >%00 S LH., &';TDAAJ',C
1 &ov - |3ve S CH, 1
IR REPORT

SAMPLE: JL'PW . lrz . Probe Wﬁa:{]\ . R'“"”’"’"UM"‘-"QM
v {

Frequency Intensity Assignment Comments
(em™)

2000 - 2000 w CH &LLFLAJ.'«__

A so



IR REPORT

sAMPLE=_LQW ‘3, Le3 Probe &uL.__‘Egma_ij&s.

Frequency Intensity Assignment Comments
(em™)
2/p0-3000 S CH . Owomadtic clepginie
’ T
1930 W ez =l pllene
20ve - 2800 W A ' de
Jboo -yp00 m Numers it Sharp bonds
| Soe o1 ometic.. ring
900~ ?Qb S ol ‘}:;leg bémd 'g . _Aremaf /L
Subeatr tuTior fugd rino{r,d
r———
iR REPORT

SAMPLBMMW

Frequency intensity Assignment Comments
fem™)

2¢po. 32¢c0 IA) MH ’ﬁ

A)1p0 ~3000 mw CH Gr{m»f-’a. _ olg_fﬁ'n;g,_

2,000 > §vD W H, oaliphadic

| beo m Cze . atwmaflc . rtindg

JE® - fpov m-_w hu—tif_&_bmd_x__mgw&‘f/ﬁé, i
C,]oo - e S o efic Ceds s hntivn U

Asl



IR REPORT

sampLE:_1] QW & tc¢c& Qggbe Wash ?&m;nﬁm

Frequency Intensity Assignment Comments ]
{em™)
I¢ve-3 200 m oM . A M
3400 - 30ce 1 M g_,,mﬁr__’_a_hf‘_}, e
2000 = 2000 S Cet_odighatic.
2210 w cen nitrile
1730 m Czo asten
{Jve S =0 ké’ s M'.d . mkég,v_naf(
.7 cuelie i ide
1bgo LV e d
Lboc, £8P — Avematic. . sudnlipfion. .
Leer, 3o Aming s :
£20 43¢0 m Aiteo aarwmatic
| [280, 1120 w A fma//'c,. 28tg
20, 200, S o gmetic <uliatittien..
IR REPORT
SAMPLE: JIP wW-4, 1¢ ¢, !)raA& weyh Fermom mz}wn (73
Frequency Intensity Assignment Comments
(em™)
3 &ow - 330° (Y oH . nIH
| 3100 -3000 m Lo, oiyowmatic t’/@lj rnic.
200V - 2000 S tH. all Pd"“‘i e
720 3 C=o 2sten
[ ob S (2. avid. Keton
[ééa ¢é}o > Lo, do . ygi#c[:ﬁg .
[£80, 1300 S N-nD, witramine
| 1290 1130 S pavmetic gsten
12%0 j240 ' exten
[V, tobe Aliohh
—2&0 S omatic Sibtdibntim , C-¢l

M &2



iR REPORT

SAMPLE: EBW;; pzehg wash

Fevw G&F&&a&“
¢

Frequency Intensity Assignment Comments
{em™) _
33p0-3pv S OH n. NH brea .
Flov-3 000 ", by_r_m‘z/a’L
Spoo~29c0 AV\ LH, Al.'rnl\q."’:g_
300> yce W OH. acid hroaok
{30 S Con  osten  Letune.
[é;z;z tbwo 1b S 1#g A tr.te
_-%" viteats
130 S osten ghﬁ#gh o/ %ﬁé[g .
C‘T.’ e-cR . SI-CM3
194o , Loow m olio Aol
o o S aermatic sulal. oF . o 3y (=L |
{R REPORT
SAMPLE:
Frequency Intensity Assignment Comments
(em™)

As3



IR REPORT

sampLe:__ L €310 | ¢me. o rbvel? yﬂwft'w,lafg >3/4+_g¢'&o_n_\
Frequency Intensity Assignment Comments
(em™)
3400 -3 (po m OoH n ~H
2030 w CH, aammalic. o1 plepnlc
| 3000 -2 f00 . ey al.’}@/\.a/f/g
L4 o wn c=0 eston.
L b L6 ) amide La cdam
1 S0 s oleo hof , avaudic p=n
=20
1D &0 s Alohel | Sulfox da 420,.
s1-0 - Al F’\A#‘.c _ V0 -G
(Lo L o€V S Kx

A Sy

OesSe__



IR REPORT

samPLE: L C(F, padicelalin €148, (ome. afract S.'//oomawém.

Frequency Intensity ‘ Assignment Comments
(cm™)
3-600-2 /00 W oH o _a¥
| 3000 - 2800 m CH . allphatic
o0 -0 s pog” . Sil-p-S), si-v-AMkyR te_

tuﬂaa_sdmﬁ_md_uma( >

Ac&S



IR REPORT

SAMPLE: L @ ) ]

punc. tatract . /Droé.e wash _ Silieo Man sanase

_
Frequency Intensity Assignment Comments
{em™)
2po0-3(00 | 9m oH a- r/H
2600 - 2400 w OH . _acidic_
2| 00-30060 W CH AAM%//C’ . 0/2/1/)1&-
20002800 S eH, Al.fﬂuuﬁ’c.
1780 1) lactons, Cospimate
Heo, 1170 W Lo g male.
(130 S octen betra _umide _ Lacfam
| Jago, 1230 5 o4teas
j170, 1130
[Roo S pzo. pen - <ulfito s.,«!,foh‘.c Aol
- anud 7
[0]0. rofD ~ 'O - e
(02 v = MC/A,.,.&A&:LJ}“;JL poy”
° S At d s.uugvtm !
&80 S C=( aﬂma/ﬁc, Swlad i futron

As6



{R REPORT

sample_ L X  rome. exbrmet , XbD-2 _ Slico maanU&

Frequency Intensity Assignment Comments
(em™)

2 [ob ~20600 s cH azbnr@ﬁ's-_,_a&]zﬂjc_*_

2000 ~ 2800 w CH. aL}/wJ/C

|90 - fboo w humelyrous M_&bwv,pf«'m <
estens  jetwuas  gods, ko
O _JVeAtVNE S

/boe ~ £ro m numerzve  Shasp heak s

dammoedic Hc . '
| 200,230 S Aremetic. sulocd bt iome

ALY



IR REPORT

sampLe TS C . cone. extrak  Solbant (omdenSafe . S lC omam W‘d&

Frequency Intensity Assignment Comments

(em™)

2 /(v0 -3000 S CH, promedic . Olefinie
2000 - 2060 yia® cH. ol ﬂM/L—
2000 - 400 n/ Numerms a.za/ea cz0, c-n)
. ot/{,\m

1bov — (o000 S.m Numes s QAm,zfp boand.<

Oavmatic  Ubratliorn—s
(oo =200 S Numbroie  Shaas bondo
c ’ .

os 4 ve

bt hnsere phowopnthrens

id@nﬁf;:j;' m 567

AS8




{R REPORT

SAMPLE:_JT .30 _ tone eafrael  padicndots, >34 ) M§M

Frequency Intensity ' Assignment Comments
{cm™)
3lpo-3(00 W OH. o nH
2[ov-3p00 S CH adic ‘nic
200 — 2000 S CH, ol; ’ thom pnom. )
o S Ald, K etforee
Ib“’,{énu S Kedreo  con)
Iﬁot"‘ﬁoo wA NWYNEA e bam o
dov—700 S me
7
|
r;:ﬁ&_sf.km‘lﬁm_zm s Hhat 9 I tatept
| e acladlivel L phati




IR REPORT

SAMPLE:JI.C,{,; ,_tome . extract | pﬂdﬂw AL W
Frequency Intensity Assignment Comments
{cm™)
Bboo-2gvo | () oH__acidlc _ n wH
3/oe-3000 S L., arvmedic o O&fnl
2 006 - J P60 m CH ol c ' M‘u&)
(7200 144 o d, pelmeg
| 4be, 1hee m Hetrdo , C-A/
[go0~ Qoo ) Numganin b da
/41)0 - Je0 S aa (e _tnto

A bo



IR REPORT

smnE:_LLguL,MMW

F l » ’ .
r::::n)cy ntensity Assignment Comments
3460 -3/00 w/ OH A~pH
21o0 ~3 000 S M. saimalic. o ni
(3 ! G
o - s
000 2800 S eH alipha $ic
(38 1200 haa Kpt’mu__l__m_tw
| Jbho. [boo S e treo c—n
Lgco S vl . ppadao .
[ Yoo ~ [ 20V 3 E-ﬂt&ui—i—zﬁl/\/‘
Gov- 700 S Orpmeodic. #infl o

MM_MLHLL_&AZ_Q__LZ CLE

A6



IR REPORT

SAMPLE:_ T X . Smce. @xtract | xhp-2 Emm?gm
Frequency Intensity Assignment Comments
{em™)
3¢ro w n/H
2100-3000 S CH. aawmed c
| 3000 - 2800 n e ol L <
(LR w fztimea
eo - 900 m ., nwimia e  Shap boando
Qo0 - 200 S

Aé2



iR REPORT

SAMPLE:WMMW

Frequency Intensity Assignment Comments

(em™)

3600 -3 o0 m oH . _AH
Rl00-33peo w CH, Mmegf'z'c_
| 3p0s = 24800 S J‘_u_.__a.ﬁ.,aha‘/u

[te m botvnsa

(bbo tboo m Lodimes . o al  Aitriie
I V.4 1) CHy g CH3

[po ~1voo 1a) X, - hosmds
| Go- 700 m onemadic  vando

- J

wm L.s{u OL—‘EM———-

Ah63



LC REPORT

SAMPLE:

coAL. (¢

Sorwn -~

Quantity in entire sample, determined before LC
Portion of whole sample used for LC, actual mg
Quantity recovered from LC column, actual mg
Total mg computed back to total sample

Total mg divided by total volume
NOT DETECTABLE

TCO GRAV Total Concentration®
mg mg mg ma/Kg
Total Sample 1 - .
Taken for LCZ 4 = ;'3 5 ad M
Recovered3 2.8 ‘&5 25
1. O 20 21
Fraction Tco4 GRAV4 Totald Concentration®
mg mg mg mg/kg
; 0.36 24, 24 286
- Ne® 2.0 2.0 24
7 o.90 1.7 8.5 1O}
- 0.014 2.9 2.9 35
= ND le lel 1.3
- 0.29 4.9 5.2 ©2
- 0.86 C.8& W)




LRMS REPORT

caveie Jousr Feees-Auey  Com. (L)

Major Categories
rilntemity Category
/8D SvLre W,vzzrze
| /6D ﬁ/PHﬁﬂc Y DrrseewS R70-4)
/O UN DT HED 165 ’
sﬂ-fategories, Specific Compounds
- Intensity Category m/e Compositi
sition
—
L__f

Other

AGCS




LRMS REPORT

SAMPLE:_M(/WW@ Feres - /%—Ld”/ a)?‘ﬂ_ 2L-3
Major Categories
Intensity Category MW Range
/0D Fosep ﬂumuwe//n/a) AreripTe ne S™alb | 2/6- ySm
/D " “ o v v LAl 179~ 216
{0 Herzpocyc Lic. Soreve  ComPevads [ -23Y
/0 SorFve. 256
Sub-Categories, Specific Compounds
Intensity Categolry m/e Composition
(O | Presee /Prevameale | /T8 | Cuhio
/O METHY L ANTH/PHENANTHEEVE | /92| Cis Hra
/o D1 Benz THo PHEVE 4| C, #S
/2 PY REVE [FLY e/ THENE 202 | G Hoe
/[ Bevzs pLoseeves , Exp. 26 Coqr H,,
(D (Eysede, erc 228 | O M
/9 METHYL CoRySEVE, ETT 2Y2| L Fiy
/O Bew 20 Py rEVES , ETc 252 Cas iy
Other
/00 Bukviprsd PO v OTHEE FUrYCYCLIC SPEC/ES,
e 206 TS > 56>

A6l




LRMS REPORT

sampLE: MONSANTO  TERRD AL oY C»@‘H— CL- '-]
Major Categories
[ Intensity f:ategory ) MW Range
Lklﬁb %ETeaoaVcLJC_ Nrmwau Comeo unds |1~ 323+
100 Fvser AcrernAte, Now Ateenars Hie > Weale |252-~500
) " " . v v LMedle | 17¢ 202
) SuLror 256
| EsTerS —
Sub-Categories, Specific Compounds
B Intensity Category mfe Compositio‘n
1D | CArBAZOLE 67| C, Ho Y
10 ALyl CARBAZDS LES 1-231| Gy, N = Coftg N
/D Benvzo CarsazoL® 217 Cu N
(0 ALyl Benzs CALBAZoLES 231-248G, M = Coy MV
o DiBenze CAKBAZOLE 2¢7 Coo ¥ s N
| /0 ALYL DI BRENZY (AR 6AZOLES 21-323| Cuhs /‘/‘jﬁ'ﬁu
v | CMRysEnE /Bavzomwrusceve e | 228 | CipHo
/0 Bewzod Pyrenes, Ete 252 O Hinn
|| AWTweaceve [Prevmmiee | 7§ | Cug o
/ DI HYDRD ANTHRACEI E [FrigumiTheas | 16D Cry 10
. PYreve [FLiotsuTedE 202 Cre Py
s / SL)LW& ,,?56 S}
) “PrripaTe
Other
JBD DN et Fied POYCHAILS (EXTeNSIE for kysnTind
e \
PeesewT), oree T  THSE  amiye "4 230> > S0p

A67




LRMS REPORT

sampre: [N ON SAMTo @2()"41-1.0"1}' Cone CL-6

Major Categories
Intensity Category MW Range
/0D KEToVES /£0 1o ~350
/0 Hererocyopic  Nimeoser) Cowpriwds (/175 76 223
/0 ESTELS

Sub-Categories, Specific Compounds

Intensity Category m/e Composition
10 T THALA TES — —
/D AcRIDINE /75 CraHa N
/> Fruneewol & 0 | Cutg O
{0 ALKYL FLy orenaES 199-20| GyttpO— C) Hyy O
(O “FPuev. Beazo GUWNE 184 Catpdo
2% KV PeErL Bewzd QUwnEs  1H-am| Gy 0s - Cufuls

Other

10 (etew SPECIB) ONITDENTIFIED PoLYcycLies, mosThy

PLKYLATED. " A0d  To Mk 35p

A 68




IR REPORT
sAaMPLE: Cl~1 | coanl_

Frequency Intensity ‘
em™) Assignment Comments
2000 - 2860 m cH . ol ghad.
2 I —
(Yo (370 W LM . y
(R REPORT
sampLe__ CL-2 (oal
Frequency intensi '
e nsity Assignment Comments
2000 -2400 m M j.L}_FLgl' [
188, e W CH u
—
L —

A &9



IR REPORT

SAMPLE: LL‘3 _ Ceal

Frequency Intensity ‘ Assignment Comments
{em™)
>(00-3000 m CH . ansmatic o/e/j.'ni c
| 2p00 -28%0 S cH. al e
[boo “mnm oromedic.  rin @
(@0 3 o) ghatic ., CHs
13 7 [y 128 1" " m
| 1300, 1340 beoad wWeale band
1249, (0 A0 w
95
£ 70. doo o aremadic  Subet hdivn
v ™ J 1
740
IR REPORT

SAMPLE: (e 4, Coa

Frequency Intensity 4 Assignment Comments

(em™)

3¢S0 " oH_n plH frced
Zlop~3v00 AR L _Anomatic 0/77f1'p/c.
200 ~3800 S ey a.l.'@yf:'c_

[ Joo W wid  hodima. lockam (mide |
lboo' 1 ¢€o 24 arreadic  Alnp
[yoo -(300 N c-n). _amined

/o 20 ) aleghol
oo, ¢b m anrmed ¢ subol | ,o?w’l;ne

A 10




IR REPORT

saMPLE__ CL-C . real
Frequency Intensity Assignment Comments
(em™)
Zboo -3 oo A) OH. NH.  larsa
2p L0 W CH . Grp madi €
z2,pov-2f00 S et all A'L
(bov (oo aal aud ketve . gaematic o
[uto, 1370 jae (M, . CH3 M‘{"‘ .
7 (’D m [y At
IR REPORT
SAMPLE: __ Cl—b . Coal
Frequency Intensity Assignment Comments
{em™)
3boo -2 |00 " OH n. nH breed
2lpo-3000 W (H. eronatic
20p00—- 2500 S CH. aﬂﬂgj;c_
2720 W) oddeh A o
[7e0 S K et nne o d .
L%e W odde k-aA,z..
\bbo. tbtogle S nidrido
Lhbo 240 37% S Alheodo,
(o2© S M_raﬁop\
q fv ™ oo Sulbal (-l

At




IR REPORT

cL-7

SAMPLE: toal
Frequency Intensity Assignment Comments
(em™)
3 oo wm oH , A/H
2000 2400 S Cu. elighatic
e Lam) Gt A
Lk £ Y pide _ nitvale
1 08% 1020 v olepho . -0
) yo w oot c Subial |
IR REPORT
SAMPLE:
Frequency Intensity Assignment Comments
{cm™)

A




LC REPORT

SAMPLE: COKE (C0r)
TCO GRAV Total Concentration®
mg mg mg mg/ Kg
Total Sample1 0.0 ) q. . [ 220
Taken for Lce O. 2_ | | 2. 12
Recovered3 O, 5O 1 L. | 2
Fraction Tco4 GRAV? Total? Concentration®
mg mg mg mg/Kg
1 Q.3 1Q, - 10. 158
2 D D ~p 0
3 0,14 Q.86 LO 1(a
| 4 " 0.80 0.8 14
| 5 r{e | .4 .4 22
6 <O 0.6 0.l 10
7 p o Q. Q.6 1O
1. Quantity in entire sample, determined before LC
2. Portion of whole sample used for LC, actual mg
3. Quantity recovered from LC column, actual mg
4. Total mg computed back to total sample
6. Total mg divided by total volume

b- NOT DETEQTABLE

A3



LRMS REPORT

CK-

SAMPLE:___FERRD - ﬂ’LL._Dl;/

Major Categories

Intensity Category MW Range
) 0D SoL Fue 256
! PLiPHATICS 320-440
Sub-Categories, Specific Compounds
Intensity Category m/e Composition
Other

Aryv




{R REPORT

sampLe:__ COKE Q-
Frequency {ntensity Assignment Comments
{em™)
ZQ‘ZO{Z%Sd m QH%(LH% Qlighatic
14501230 m Q2 OHy oliphatic
{R REPORT
SAMPLE: COKE \Q -2,
Frequency Intensity Assignment Comments
fem™)
2920 2850 m OM> CWHa alizhahc.
450, 270 I Ch, QL ha alighatic

A28




IR REPORT

SAMPLE: CokE LN~
Frequency Intensity Assignment Comments
fem™)
2920 2850 m Cu; Cha Qliphatic
H80, 13 KO ) Cho Cha Qliphakic
IR REPORT
SAMPLE:___ COKE (-4
Frequency Intensity Assignment Comments
(em™)
2920 w Cha, CHo Qliphah¢
1450, 138D w2 Ch, Oba  Qliphatic
HOO 1030 ) Qlookel , ether broad

A b




iR REPORT

SAMPLE:___ (OKE LQO-5
Frequency Intensity Assignment Comments
(cm™)
2420 w CHa Cha Qliphahe
IR REPORT
SAMPLE:_ COKE (QC~-(o
Frequency Intensity Assignment Comments
{ecm™)
SHOO W Ol WH broad
| 2320,28 50 S Qg Otz Qliphatic,
V3OO0 m Qoid ., ketone
{600 ) Ailetone., H=0
186013 (L CaQliz Qliphatic,
1260 VS, Qlid, broad |
YaY/Ye) [0S Qlankovl haad

A1)




IR REPORT

SAMPLE:_ (OK E LC-F
Frequency Intensity Assignment Comments
{em™)
S400 S Out N H (oroad )
A990850 7Y, Oty OHs aliphatre
HSA “ aloohel |
Hoo . alaohol , Coroad )
IR REPORT
SAMPLE:
Frequency Intensity Assignment Comments
(em™)




LC Report

Sample: Solvent Blank, B, (ADL Methylene Chloride, 2500 mL)

TCO, mg GRAV, mg
Taken for LC 0.007 0
Recovered 0.02 2.4
Fraction 1 << 0.01 < 0.1
2 << 0.01 < 0.1
3 0.02 0.6
4 << 0.01 < 0.1
5 << 0,01 < 0.1
6 << 0.01 0.8
7 << 0,01 1.0

A9



LC Report

Sample: Blank, Methylene Chloride (from field, 828 mlL)

TCO, mg GRAV, mg
Taken for LC 0.15 2.1
Recovered 0.14 2.1
Fraction 1 << 0.01 0.5
2 << 0.01 < 0.1
3 0.01 0.4
4 << 0.01 0.6
5 0.02 < 0.1
6 0.01 < 0.1
7 0.1 0.6

A8e



LC Report

Sample: Blank, Methylene Chloride/Methanol (from field, 541 mL)

GRAV, mg

Taken for LC 2.1
Recovered 2.1
Fraction 1 0.25

2 < 0.1

3 < 0.1

4 0.2

5 < 0.1

6 < 0.1

7 1.6

A8l
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COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 60601 - AREA CODE 312 728-8434
Rep‘y to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-9521

To:  Ms. Julie Rudolph .
Arthur D. Little, Inc. ' =
25 Acorn Park Date:
Cambridge, MA 02140

March 9, 1978

Analyst: S. Sweeney
P.O.No. 540530
Sample No.: 1 C10 + 3 IAD No.: 97-A981-110-12

CONCENTRATION IN PPM WEIGHT

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT ___ CONC.
Uranium 39 Terbium 1 Ruthenium Vanadium 320
Thorium 29 Gadolinium 4 Molybdenum 42 Titanium MC
Bismuth 3 Europium 2 Niobium 43 Scandium 1
Lead 150 Samarium 18 Zirconium 360 Calcium MC
Thallium 20 Neodymium 42 Yttrium 110 Potassium MC
Mercury NR Praseodymium 35 Strontium MC Chlorine MC
Gold Cerium 50 Rubidium 290 Sulfur MC
Platinum Lanthanum 40 Bromine 2 Phosphorus MC
Iridium Barium MC Selenium 8 Silicon MC
Osmium Cesium 25 Arsenic 390 Aluminum MC
Rhenium <0.5 Iodine 0.4 Germanium 19 Magnesium MC
Tungsten 2 Tellurium 0.6 Gallium 110 Sodium MC
Tantalum <0.7 Antimony 7 Zinc 220 Fluorine MC
Hafnium 5 Tin 15 Copper 280  Oxygen NR
Lutetium 0.4 Indium STD Nickel 50 Nitrogen NR
Ytterbium 2 Cadmium 140 Cobalt 13°  carbon NR
Thulium 0.5 Silver 1 Iron MC Boron 18
Erbium 3 Palladium Manganese MC Beryllium 0.9
Holmium 3 Rhodium Chromi um 380 Lithjum >240

Dysprosium 5 Hydrogen NR

NR — Not Reported

All elements not reported <0.1 ppm weight Approved: )
MC — Major Component " \ /



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80801 - AREA CODE 312 726-8434

Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278.952)

To: Ms. Julie Rudolph
Arthur D. Little Company o
25 Acorn Park Date
Cambridge, MA 02140

March 9, 1978

Analyst: S, Sweeney

P. O. No.. 540530
Sample No: 1 C 1 + F IAD No.: 97-A981-110-12

CONCENTRATION IN PPM WEIGHT
ELEMENT CONC. _ ELEMENT CONC. ELEMENT CONC. _ ELEMENT CONC.
Uranium 48 Terbium 2 Ruthenium Vanadium 310
Thorium 59 Gadolinium 5 Mo1ybdenum 51 Titanium MC
Bismuth 4 Europium 3 Niobium 24 Scandium 15
Lead 250 Samarium 21 Zirconium 270 calcium MC
Thallium 22 Neodymium 46 Yttrium 85 Potassium MC
Mercury NR Praseodymium 21 Strontium 661  chiorine 140
Gold Cerium 240 Rubidium 360  Sylfur MC
Platinum Lanthanum 110 Bromine 2 Phosphorus MC
Iridium Barium MC Selenium 3 Silicon MC
Osmium Cesium 15 Arsenic 860  Aluminum MC
Rhenium <0.2 Iodine 0.5 Germanium 10 Magnesium MC
Tungsten 5 Tellurium  <0.3 Gallium 230 sodium MC
Tantalum  <0.9 Antimony 11 Zinc MC Fluorine MC
Hafnium 6 Tin 9 Copper 180 oxygen NR
Lutetium 1 Indium STD Nickel 0.3 Nitrogen NR
Ytterbium 5 Cadmium MC Cobalt 52 Carbon NR
Thulium 0.7 Silver 3 Tron MC Boron 97
Erbium 4 Palladium Manganese MC Beryllium 4
Holmium 6 Rhodi um Chromium 780 Lithium >290
Dysprosium 9 Hydrogen NR
NR — Not Reported o <:;//;¢/ﬂ ,/4(‘7
Lt s <o e sawont )/ (Vo o p A

(/ ’



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 60601 - AREA CODE 312 726-8434
Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-9521

To:  Ms. Julie Rudolph A
Arthur D. Little Compan !
25 Acorn Park i Date:  March 9, 1978

Cambridge, MA 02140

Analyst: S. Sweeney
P. O. No.: 540530

Sample No.: 1 PW IAD No.:  97-A981-110-12
CONCENTRATION N PPM WEIGHT

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.  ELEMENT _ CONC.
Uranium 43 Te;bT;m 2 Ruthenium Vanadium 250
Thorium 52 Gadolinium 6 Molybdenum 680 Titanium MC
Bismuth 5 Europium 4 Niobium 31 Scandium 9
Lead 280 Samarium 14 Zirconium 130 Calcium MC
Thallium 16 Neodymium 42 Yttrium 50 Potassium MC
Mercury NR Praseodymium 18 Strontium 610  Chlorine MC
Gold 0.2 Cerium 88 Rubidium 88 Sulfur MC
Platinum Lanthanum 130 Bromine 530 Phosphorus MC
Iridium Barium MC Selenium 83 Silicon MC
Osmium Cesium 9 Arsenic MC Aluminum MC
Rhenium <0.4 Iodine 3 Germanium 14 Magnesium Mc
Tungsten 15 Tellurium 0.7 Gallium 50 Sodium MC
Tantalum Antimony 24 Zinc MC Fluorine MC
Hafnium 4 Tin 14 Copper MC Oxygen NR
Lutetium 0.8 Indium STD Nickel MC Nitrogen NR
Ytterbium 4 Cadmium MC Cobalt 77 Carbon NR
Thulium 0.5 Silver 140 Iron MC Boron 32
Erbium 4 Palladium Manganese MC Beryllium 2
Ho Tmium 5 Rhodi um Chromium MC Lithium 430

Dysprosium 7 Hydrogen NR

NR — Not Reported

ol (S /
All elements not reported <0.2 ppm weight Approved: // ) y o
MC — Major Component 3 3 / | . & t_w

’
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COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80601
INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-9521

Reply to

To:  Ms. Julie Rudolph
Arthur D. Little Company

* AREA CODE 312 726-8434

25 Acorn Park Date: March 9, 1978
Cambridge, MA 02140
Analyst: S, Sweeney
P. O. No.: 540530
sample No.: T XAD Parr Bombed IAD No.:  97-A981-110-12
CONCENTRATION IN PPM WEIGHT

T ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. _ ELEMENT CONC.
Uranium <3 Terbium Ruthenium Vanadium 0.4
Thorium Gadolinium Molybdenum 4 Titanium 59
Bismuth 3 Europium Niobium Scandium <0.4
Lead 3 Samarium Zirconium 82 Calcium 210
Thallium Neodymium Yttrium 3 Potassium 520
Mercury NR Praseodymium Strontium a Chlorine COnT
Gold Cerium 2 Rubidium 0.3 Sulfur 24
Platinum 4 Lanthanum 2 Bromine 4 Phosphorus 29
Iridium Barium 9 Selenium 0.7  Silicon 52
Osmium Cesium Arsenic 8 Aluminum 470
Rhenium Iodine 0.4 Germanium Magnesium 17
Tungsten Tellurium Gallium 0.3  Sodium >970
Tantalum Antimony " Zinc 100 Fluorine CONT
Hafnium Tin 3 Copper 10 Oxygen NR
Lutetium Indium STD Nickel 16 Nitrogen NR
Ytterbium Cadmium 6 Cobalt <0.6  cCarbon NR
Thulium Silver 0.4 Iron 73 Boron CONT
Erbium Palladium Manganese 5 Beryllium
Holmium Rhodium Chromium 4 Lithium
Dysprosium Hydrogen NR

NR — Not Reported
All elements not reported <0 .4ppm weight
CONT-Contamination

MC — Major Component




COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80801
INSTRUMENTAL ANALYSIS DIVISION,

Reply to

To: Ms. Julie Rudolph

Arthur D. Little Inc.

25 Acorn Park

Cambridge, MA 02140

* AREA CODE 312 726-8434

14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-952}

Date: March 9, 1978

Analyst: 5. Sweeney

P. O. No.: 540530
Sample No.: Impinger I IAD No.: 97-A981-110-12
CONCENTRATION IN ng/m]
ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.
Uranium 0.1 Terbium Ruthenium Vanadium 0.005
Thorium Gadolinium Molybdenum 2 Titanium 0.3
Bismuth Europium Niobium 0.004 Scandium <0.991
Lead 0.03 Samarium Zirconium 0.72  Calcium 2
Thallium Neodymium Yttrium Potassium 4
Mercury NR Praseodymium Strontium 0.04  Chlorine 0.4
Gold Cerium Rubidium 0.003 Sulfur 5
Platinum Lanthanum Bromine 0.06 Phosphorus 0.2
Iridium Barium 3 Selenium 0.2 Silicon 1
Osmium Cesium Arsenic 0.07  Aluminum 0.3
Rhenium Iodine 0.02 Germanium Magnesium 0.7
Tungsten Tellurium Gallium Sodium 0.9
Tantalum Antimony Zinc 0.2 Fluorine =0.5
Hafnium Tin 0.0 Copper 0.7 Oxygen NR
Lutetium Indium STD Nickel 2 Nitrogen NR
Ytterbium Cadmium 0.02 Cobalt 0.04  Carbon NR
Thulium Silver 0.006 Iron 2 Boron 0.01
Erbium Palladium Manganese 0.2 Beryllium
Holmium Rhodium Chromium 0.7 Lithium 0.92
Dysprosium Hydrogen NR

NR — Not Reported

All elements not reported <0.003ug/m1

MC — Major Component




COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 60801 - AREA CODE 312 726-8434
Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADQ 80401, PHONE: 303-278-9521

To: Mg, Julie Rudolph |
Arthur D. Little Company
25 Acorn Park Date: March 9, 1978
Cambridge, MA 02140

Analyst: S, Sweeney

P. O. No.: 540530
Sample No.. II C10 + 3 IAD No.:  97-A981-110-12

CONCENTRATION IN PPM WEIGHT

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT ~ CONC
Ug;nium 2 Terbium 0.2 Ruthenium Vanadium 16
Thorium 2 Gadolinium 0.6 Molybdenum 26 Titanium 130
Bismuth 8 Europium 0.3 Niobium 1 Scandium 0.7
Lead 380 Samarium 2 Zirconium 8 Calcium MC
Thallium 55 Neodymium 3 Yttrium -2 Potassium MC
Mercury NR Praseodymium 1 Strontium 110 Chlorine MC
Gold Cerium 8 Rubidium MC Sulfur MC
Platinum Lanthanum 5 Bromine 300 Phosphorus MC
Iridium Barium MC Selenium 14 SiTicon MC
Osmium Cesium 17 Arsenic MC ATuminum MC
Rhenium Iodine 54 Germanium 5 Magnesium MC
Tungsten 15 Tellurium 4 Gallium 43 Sodium MC
Tantalum Antimony 18 Zinc MC Fluorine MC
Hafnium Tin 5 Copper 460 Oxygen NR
Lutetium 0.1 Indium STD Nickel 85 Nitrogen NR
Ytterbium 0.5 Cadmium 75 Cobalt 200 Carbon NR
Thulium 0.1 Silver 9 Iron MC Boron 10
Erbium 0.4 Palladium Manganese MC Beryllium 0.1
Holmium 0.5 Rhodium Chromium 130 Lithium 29
Dysprosium 0.8 Hydrogen NR

NR — Not Reported

Vi
All elements not reported <0.1 ppm weight Approved:
MC — Major Component B8 c // ;7
i




COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80601 - AREA CODE 312 726-8434
Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-952)

To:  Ms. Julie Rudolph i
Arthur D. Little, Incorporated .
25 Acorn Park Date: March 9, 1978
Cambridge, MA 02140

Analyst: S, Sweeney
P. O. No.: 540530

Sample No.: 11 c1 + F IAD No.: 97-A981-110-12
CONCENTRATION IN PPM WEIGHT

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.  ELEMENT

CONC.
Uranium 2 Terbium 0.5 Ruthenium Vanadium 8
Thorium Gadolinium 1 Molybdenum 60 Titanium 130
Bismuth 5 Europium 0.7 Niobium 0.3 Scandium 1
Lead 940 Samarium 2 Zirconium 7 Calcium MC
Thallium 120 Neodymium 2 Yttrium 2 Potassium MC
Mercury NR Praseodymium 1 Strontium 330 Chlorine MC
Gold Cerium 8 Rubidium 450 Sulfur MC
Platinum Lanthanum 5 Bromine 300 Phosphorus MC
Iridium Barium MC Selenium 16 Silicon MC
Osmium Cesium 25 Arsenic MC Aluminum MC
Rhenium Iodine 160 Germanium 2 Magnesium MC
Tungsten 23 Tellurium 4 Gallium 68 Sodium MC
Tantalum Antimony 40 Zinc MC Fluorine MC
Hafnium Tin 4 Copper 460 Oxygen NR
Lutetium <0.1 Indium STD Nickel 3 Nitrogen NR
Ytterbium 0.3 Cadmium 130 Cobalt 80 Carbon NR
Thulium <0.1 Silver 7 Iron MC Boron 19
Erbium 0.3 Palladium Manganese MC Beryllium 0.2
Holmium 0.4 Rhodium Chromium 6 Lithium 30
Dysprosium 1 Hydrogen NR

NR — Not Reported

All elements not reported <0.1 ppm weight Approved: (_
MC — Major Component B 7




COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80801 + AREA CODE 312 726-8434
Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-9521

To:  Ms. Julie Rudolph
Arthur D. Little, Inc. BT S
25 Acorn Park Date: March 9, 1978

Cambridge, MA 02140

Analyst: S, Sweeney
P. O. No.: 540530
Sample No.: [T PW IAD No.:  97-A981-110-12
CONCENTRATION IN PPM WEIGHT

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.  ELEMENT CONC.
Uranium 8 Terbium 0.2 Ruthenium Vanadium 8
Thorium 2 Gadolinium 0.6 Molybdenum 67 Titanium 80
Bismuth 17 Europium 0.6 Niobium 0.9 Scandium 0.3
Lead MC Samarium 3 Zirconium 12 Calcium MC
Thallium 65 Neodymium 3 Yttrium 2 Potassium MC
Mercury NR Praseodymium 1 Strontium 60 Chlorine MC
Gold Cerium 16 Rubidium 590 Sulfur MC
Platinum Lanthanum 11 Bromine 230 Phosphorus MC
Iridium Barium MC Selenium 27 Silicon MC
Osmium Cesium 16 Arsenic MC Aluminum MC
Rhenium Iodine 50 Germanium 6 Magnesium MC
Tungsten 15 Tellurium 5 Gallium 60 Sodium MC
Tantalum Antimony 47 Zinc MC Fluorine =630
Hafnium 0.2 Tin 2 Copper 810 Oxygen NR
Lutetium <0.1 Indium STD Nickel 50 Nitrogen NR
Ytterbium 0.3 Cadmium 130 Cobalt 80 Carbon NR
Thulium <0.1 Silver 11 Iron MC Boron 10
Erbium 0.3 Palladium Manganese MC Beryllium 0.1
Holmium 0.3 Rhodium Chromium 20 Lithium 25
Dysprosium 0.5 Hydrogen NR

MC — Major Component

4
NR — Not Reported (’ ///// //4;§>7
All elements not reported <0.1 ppm weight Approved: V/ . '//_’37 £
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COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80801 + AREA CODE 312 726-8434

Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-9521

IS
4

To: Ms. Julie Rudolph
Arthur D. Little Company

NR — Not Reported

All elements not reported <O0. 2 ppm weight

MC — Major Component

CONT- Contam1nat1on

25 Acorn Park Date: March 9, 1978
Cambridge, MA 02140
Analyst: S, Sweeney
P.O. No: 240530
Sample No.: II XAD Parr Bombed IAD No.: 97-A981-110-12
CONCENTRATION N PPM WEIGHT
T ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. _ ELEMENT CONC.
Uranium 2 Terbium Ruthenium Vanadium 0.3
Thorium Gadolinium Molybdenum 6 Titanium 27
Bismuth 8 Europium Niobium Scandium <0.3
Lead 3 Samarium Zirconium 59 Calcium 260
Thallium Neodymi um Yttrium 0.3 Potassium 140
Mercury NR Praseodymium 0.3 Strontium 5 Chlorine CONT
Gold Cerium 0.9 Rubidium 0.1 sylfur 7
Platinum 1 Lanthanum 1 Bromine 2 Phosphorus 16
Iridium Barium 5 Selenium 1 Silicon 310
Osmium Cesium Arsenic 5 Aluminum 2230
Rhenium Iodine 0.4 Germanium 0.1 Magnesium 26
Tungsten Tellurium Gallium 0.2 sodium He
Tantalum Antimony Zinc 12 Fluorine CONT
Hafnium Tin 0.9 Copper 3 Oxygen NR
Lutetium Indium STD Nickel 13 Nitrogen NR
Ytterbium Cadmium <0.9 Cobalt 0.2 carbon NR
Thulium Silver 0.4 Iron a4 Boron CONT
Erbium Palladium Manganese 5 Beryllium
Holmium Rhodium Chromium 5 Lithium
Dysprosium Hydrogen

4 /4 r{ﬁ/



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 4801 - AREA CODE 312 728-8434

Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-9521

To: Ms. Julie Rudolph
Arthur D. Little Inc.
25 Acorn Park
Cambridge, MA 02140

Date: March 9, 1978

Analyst: S. Sweeney
P. O. No.. 540530

Sample No.: Impinger II IAD No.:97-A881-110-12

CONCENTRATION IN ng/ml

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.  ELEMENT CONC.
Uranium Terbium Ruthenium Vanadium 0.901
Thorium GadoTlinium Molybdenum = Titanium 0.04
Bismuth 0.006  Europium Niobium 0.02  sScandium  <0.072
Lead 0.93 Samarium Zirconium  0.0Z2  cateiym 5
Thallium Neodymium Yttrium Potasusium i
Mercury NR Praseodymium Strontium 0.21  chlorine 0.3
Gold Cerium Rubidium 0.033  sylfur 0.5
Platinum Lanthanum Bromine 0.208  phosphorus 0.1
Iridium Barium 0.%3 Selenium 0.2 Silicon 0.3
Osmium Cesium Arsenic 0.93  Aluminum 0.1
Rhenium Iodine Germanium Magnesium 0.2
Tungsten Tellurium Gallium 0.003  sodium 2
Tantalum Antimony Zinc 0.1 Fluorine =2
Hafnium Tin Copper 0.1 Oxygen NR
Lutetium Indium STD Nickel 0.3 Nitrogen NR
Ytterbium Cadmium Cobalt 0.6 carbon NR
Thulium Silver 0.2 Iron 0.9 Boron 0.092
Erbium Palladium Manganese 0.4 Beryllium

Holmium Rhodium Chromium 1 Lithium 0.1
Dysprosium Hydrogen NR
Al cements nor eported <0.004 ug/ni A
e o0 s ) e




COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80801 + AREA CODE 312 726-8434

Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-9521

To: Ms. Julie Rudolph
A. D. Little, Inc.
25 Acorn Park Date: April 4, 1978
Cambridge, MA 02140

Analyst: g Sweeney

P. O. No.:

Sample No.:  Parr Bombed XAD Resin Blank IAD No:  97-B085-110-01
(Sample was received broken) CONCENTRATION IN PPM WEIGHT

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.  ELEMENT CONC.
Uranium 3 Terbium Ruthenium Vanadium 0.4
Thorium <2 Gadolinium Molybdenum 3 Titanium 13
Bismuth Europium Niobium Scandium <0.1
Lead 90 Samarium Zirconium 72 Calcium 210
Thallium Neodymium Yttrium <0.7 Potassium 170
Mercury NR Praseodymium <0,1 Strontium 5 Chlorine CONT
Gold Cerium 1 Rubidium 0.2 Sulfur 23
Platinum 780 Lanthanum 0.5 Bromine 4 Phosphorus 8
Iridium Barium 79 Selenium <0.7  Silicon 95
Osmium Cesium Arsenic 1 Aluminum >110
Rhenium Iodine Germanium Magnesium 51
Tungsten Tellurium Gallium 0.3  Sodium >280
Tantalum Antimony 0.4 Zinc 7 Fluorine CONT
Hafnium Tin 1 Copper 37 Oxygen NR
Lutetium Indium STD Nickel 10 Nitrogen NR
Ytterbium Cadmium <0.4 Cobalt 0.2 Carbon NR
Thulium Silver 0.5 Iron 180 Boron CONT
Erbjum Palladium Manganese 2 Beryllium

Holmium Rhodium Chromium 25 Lithium 0.6
Dysprosium Hydrogen NR

NR — Not Reported

All elements not reported <0.1 ppm weight

MC — Major Component

CONT-Contamination

A1y

Approved: t\ & ‘X%\b &)



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 80801 - AREA CODE 312 728-8434
Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278.9521

To:  Ms. Julie Rudoliph
A. D. Little, Inc.
20 Acorn Park Date: April 4, 1978
Cambridge, MA 02140

Analyst 5 Sweeney
P. O. No.:
Sample No.:  p1ank Imp. IAD No:  97.8089-110-01
CONCENTRATION IN 1,g/m]
ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.  ELEMENT CONC.
a Uranium 0.09 Terbium Ruthenium Vanadium 0.003
Thorium Gadolinium Molybdenum 0.1 Titanium 0.03
Bismuth Europium Niobium Scandium <0.002
Lead 0.04 Samarium Zirconium 0.004 Calcium 2
Thallium Neodymium Yttrium Potassium 1
Mercury NR Praseodymium Strontium 0.04 Chlorine 0.4
Gold Cerium 0.02 Rubidium <0.002 Sulfur 0.08
Platinum Lanthanum 0.01 Bromine 0.02 Phosphorus 0.09
Iridium Barium 0.03 Selenium <0.004 Silicon 0.9
Osmium Cesium Arsenic ~0.002 Aluminum 0.09
Rhenium Iodine Germanium Magnesium 0.3
Tungsten Tellurium Gallium Sodium >7
Tantalum Antimony Zinc 0.08 Fluorine =0.2
Hafnium Tin Copper 0.04 Oxygen NR
Lutetium Indium STD Nickel 0.01 Nitrogen NR
Ytterbium Cadmium Cobalt <0.002 Carbon NR
Thulium Silver Iron 0.2 Boron 0.05
Erbium Palladium Manganese 0.006 Beryllium
Holmium Rhodium Chromium 0.007 Lithium <0.00?
Dysprosium Hydrogen NR

NR - Not Reported
All elements not reported <0.002 nug/ml Approved: ‘\ L S e o )

MC — Major Component i/)\ .‘.)\



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINO!IS 8080t
INSTRUMENTAL ANALYSIS DIVISION,

Reply to

To: Ms. Julie Rudolph

Arthur D. Little Company

* AREA CODE 312 728-8434
14335 'WEST 44TH AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-278-952)

NR — Not Reported

Al elements not reported <0.1 ppm weight
MC — Major Component CONT-Contamination

25 Acorn Park Date: March 9, 1978
Cambridge, MA 02140
Analyst: S. Sweeney
P. O. No.. 540530
Sample No.: Coal Parr Bomb IAD No.: 97-A981-110-12
CONCENTRATION IN PPM WEIGHT

~ ELEMENT CONC. ELEMENT CONC. ELEMENT ~ CONC.  ELEMENT CONC.

 Uranium <0.8 Terbium 0.1 Ruthenium Vanadium 9
Thorium <1 Gadolinium 0.3 Molybdenum 6 Titanium 300
Bismuth 220 Europium 0.2 Niobium 1 Scandium 1
Lead 9 Samarium 0.8 Zirconium 74 Calcium 860
Thallium Neodymium 1 Yttrium & Potassium MC
Mercury NR Praseodymium 1 Strontium 37 Chlorine CONT
Gold Cerium 7 Rubidium 1 Sulfur MC
Platinum 120 Lanthanum 5 Bromine 2 Phosphorus 780
Iridium Barium 810 Selenium 3 Silicon 39
Osmium Cesium 0.1 Arsenic 11 Aluminum >110
Rhenium Iodine 0.2 Germanium <2 Magnesium 350
Tungsten Tellurium Gallium 2 Sodium MC
Tantalum Antimony 0.9 Zinc 33 Fluorine CONT
Hafnium Tin 3 Copper 12 Oxygen NR
Lutetium Indium STD Nickel 12 Ni trogen NR
Ytterbium Cadmium 2 Cobalt 2 Carbon NR
Thulium Silver 1 Iron MC Boron CONT
Erbium Palladium Manganese MC Beryllium 0.1
Holmium Rhodium Chromium 26 Lithium 40
Dysprosium Hydrogen NR



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 60601
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Reply to

To:

INSTRUMENTAL ANALYSIS DIVISION,

Ms. Julie Rudolph

Arthur D. Little Company

* AREA CODE 312 728-8434

25 Acorn Park Date: March 9, 1978
Cambridge, MA 02140
Analyst:  S. Sweeney
P. O. No.: 540530
Sample No:  Coke Parr Bombed IAD No.:  97-981-110-12
CONCENTRATION IN PPM WEIGHT
ELEMENT CONC. ELEMENT CONC. ELEMENT ~~ CONC.  ELEMENT CONC.
# Awiﬁ;anium 4 Terbium 0.1 Ruthenium Vanadium 41
Thorium 3 Gadolinium 0.5 Mo1ybdenum 12 Titanium MC
Bismuth 3 Europium 0.3 Niobium 7 Scandium 4
Lead 7 Samarium 2 Zirconium 210 Calcium MC
Thallium Neodymium 4 Yttrium 5 Potassium MC
Mercury NR Praseodymium 2 Strontium 110 Chlorine CONT
Gold Cerium 10 Rubidium 14 Sulfur MC
Platinum 0.8 Lanthanum 14 Bromine 6 Phosphorus 710
Iridium Barium 240 Selenium 1 Silicon MC
Osmium Cesium 1 Arsenic 14 Aluminum MC
Rhenium Iodine 0.3 Germanium 2 Magnesium MC
Tungsten Tellurium <0.8 Gallium 5 Sodium MC
Tantalum Antimony 1 Zinc 110 Fluorine CONT
Hafnium Tin 5 Copper 30 Oxygen NR
Lutetium Indium STD Nickel 17 Nitrogen NR
Ytterbium Cadmium 3 Cobalt 10 Carbon NR
Thulium Silver 3 Iron MC Boron CONT
Erbium Palladium Manganese 560  Beryllium 0.5
Holmium Rhodium Chromium 38 Lithium 46
Dysprosium Hydrogen NR

NR — Not Reported

All elements not reported <0.1 ppm weight

- Major Component

CONT-Contamination

/)/?,/'
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Anproved: //7/ //
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