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August 4, 1978

Office of Toxic Substances (TF-794)
Environmental Protection Agency
401 "M Street, S.W.

Washington, D. C. 20460

ATTENTION: Ms. Joni T. Repasch
Dear Ms. Repasch:

On June 7,. 1978, the EPA published a proposed rule in 43
Federal Register beginning on page 24,802 covering Manufactur-
ing, Processing, Distribution in Commerce, and Use Bans of
Polychlorinated Biphenyls (PCB"s). This letter sets forth
Monsanto Company"s comments on the proposed rule. Please
include these comments, with the attachment, in the official
record of this proceeding.

Our comments are divided into two parts. The first part
provides general comments which focus on the EPA"s proposed
maximum concentration of 50 ppm and the justifiable need for
a heat transfer system use authorization. The second part
sets forth specific language and recommendations related to
these matters, and to certain other matters in specific
sections of the proposed rule.

GENERAL COMMENTS

The proposed immediate, mandatory removal from service of
heat transfer systems containing fluids whose PCB concentra-
tion equals 50 ppm or greater is not justified in view of
the lack of any significant risk to health or the environment.
To require industry iImmediately to remove from service and
drain all these systems or to replace the systems entirely
to meet a 50 ppm concentration level is an arbitrary mandate
and will generate a substantial, immediate risk of Injury
and environmental harm from spillage and result in an abrupt,
massive buildup of PCB contaminated fluid without available
disposal facilities or tij?e to develop orderly plans to



carry out the disposal. Furthermore, the EPA cites no
evidence in the preamble of any environmental or health

hazard to support the proposed reduction in the regulated
concentration of PCB"s in a PCB mixture under Section 761.2(W)
from 500 ppm to 50 ppm, nor does the May, 1978 EPA Support
Document/Draft Voluntary Environmental Impact Statement upon
which the proposed rules are based support this reduction.
Therefore, Monsanto strongly recommends the EPA withdraw

this proposed reduction.

Yet even with the withdrawal of the 50 ppm concentration, it
is imperative that an authorization be granted for continued
use of heat transfer systems containing residual PCB’s. The
evidence conclusively establishes that the heat transfer
system use activity meets the requirements for granting an
authorization to allow continued operation, and Monsanto
requests the EPA to grant such an authorization. On page 42
of the EPA Support Document, the EPA states that before it
grants an authorization for continuation of a non-totally
enclosed use activity the following two requirements must be
met:

(1) the activity authorized must not pose an unreason-
able risk of injury to health or the environment,
and

(@ the ban would cause major and extensive economic
disruptions.

Regarding the first requirement, an analysis of potential

PCB exposure from various sized PCB contaminated heat transfer
systems is illustrative of the insignificant risk of injury

to health or the environment posed by authorizing continued
use of these systems. The highest risk area for leakage Iin
these systems is iIn the pump seals, but inspection maintenance
for pump seals is also emphasized because of user awareness

of this risk. A pump seal failure would be rapidly detected
by inspectors or automatic monitoring devices and® loss of
fluid would be unlikely to exceed from 1% to 5% of the total
fluid volume in the system.

For example, a 500 gallon system containing 1% volume of
PCBs has a total PCB content equal to 60 pounds, and a leak
of 5% of the total fluid (which is unlikely) would release
only 3 pounds of PCB’s. Similarly, a 10,000 gallon system
containing a PCB contamination of 500 ppm has a total PCB
content of 60 pounds, and a leak of 5% of the total fluid
(again unlikely) would release only 3 pounds of PCB’s. A
leakage of 3 pounds of PCB’s is below the EPA’s designated
harmful quantity for PCB spills into navigable waters (10
pounds) under 40 CFR 118.4Vissued pursuant to the Federal
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Water Pollution Control Act and, in Monsanto"s opinion, does
not create a significant risk to health or the environment.
Furthermore, the above examples are worst case situations
because they assume no spill prevention program (for example,
diking) or effluent control program in effect. IT such
programs were in effect it would be highly unlikely for any
amount of PCB"s approaching 3 pounds to escape into the
environment.

The proposed immediate, mandatory removal of these systems
from service also meets the standards for the second require-
ment for an authorization by resulting in substantial,
widespread economic disruption. Since the EPA states in the
preamble and the Support Document that it lacks information
necessary to evaluate the impact of the ban on the heat
transfer system use activity, the following information is
presented which is generally consistent with the specific
information requests in 43 FR 24810 relative to hydraulic
die-casting systems, and which clearly and conclusively
demonstrates this economic iImpact:

1. Number of systems contaminated. It is estimated that
when the sale of PCB heat transfer fluids was discontinued
in 1972 there were 450 heat transfer systems using this
fluid. This estimate is based on (&) the current level
of new systems introduction, (b) the ten year period
(1962-72) during which PCB heat transfer systems were
specified, and®"(c) the total volume of 20 million
pounds of PCBs sold for heat transfer systems from 1962
through 1971 as reported by the 1972 Interdepartmental
Task Force on PCBs COM-72-10419 pages 6 and 7.

2. The average liquid volume of the systems. It is
estimated that about one-half of all PCB contaminated
heat transfer systems have less than a 500 gallon
liquid volume. Systems greater than 500 gallon volumes
are estimated to average about 2,000 gallons.. These
estimates are based upon a review of systems" filled in
1977 and 1978 and upon the average system size of
Monsanto units converted in the 1970-72 period - a
typical cross section of the industry pattern.

3. The range of liquid volume. Heat transfer systems of
greater than 10,000 gallons are unusual. Small experi-
mental pilot plant units may contain 50 gallons.

4. Fluid top-off. Heat transfer fluids are designed to be
thermally stable within the recommended temperature
range of operation and to operate at low pressure.
Accordingly, routine top-off is minimal. Average top-
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off may be higher because of fluid removal from parts
of the system when maintenance is performed on other
components of the system such as pumps, valves and
heaters or iIn the event a system malfunction causes a
thermal degradation of the fluid. Monsanto®s experience
indicates that some systems may require no top-off for
three to five years; other systems may require a top-
off of 50% in one year If major maintenance programs
requiring drainage are undertaken. However, systems

are not routinely drained.

Efforts to reduce PCB contamination. We estimate that
greater than 90% of the plants operating with PCB heat
transfer systems converted to alternative non-PCB

fluids in 1970-72. Some of those converting drained

and refilled the system with non-PCB fluid; some drained,
flushed and refilled; some drained, chemically cleaned
and refilled; and other dismantled and discontinued use
of liquid systems. We estimate that these efforts have
generally resulted in current system PCB levels in the
industry ranging from around 100 ppm to several thousand
ppm. Recovery from heat transfer systems would generally
be expected to be greater than 90%. Note that for the
purposes of these comments the term '‘recovery' is
defined as the percentage of total system fluid volume
extracted from the system by draining.

Servicing fluids to remove PCB*s from systems. Following
is a review and analysis of the potential success of
three methods the EPA has considered for PCB removal:

(@ Drain and refill. 1If small systems (500 gallons
or less) are drained and refilled with a non-PCB
fluid, a 98-99% recovery of dissolved PCB"s can be
expected. This service method will not, however,
remove PCB absorbed by the heat transfer system
walls. In the case of systems larger than 500
gallons a 90-99% recovery can be expected depending
upon the complexity of the piping layout and heat
exchanger design.

(b) Distillation is of questionable efficiency in
separating and removing PCB*"s from heat transfer
fluid due to the similarity in boiling ranges of
PCB"s and non PCB heat transfer fluids. The
boiling ranges for these respective fTluids are as
follows:

PCB Therminol FR 1 617#F - 690#F
Thermi.no! FR 2 644#F - TO7HF
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Non-PCB Therminol 55 635°F - 734°F
Therminol 66 643°F - 668°F

(©) Carbon treatment experiments to remove PCB"s are
currently being conducted to investigate the
carbon treatment removal method, but no data are
presently available.

Present PCB levels in systems - We estimate the range
of PCB concentration levels m heat transfer systems to
be from about 100 ppm to about 30,000 ppm.

Cost of new systems - The cost of a new system could
result in a large dollar expenditure compared to the
much lower cost of replacing fluid. Replacing a heat
transfer system may well mean totally rehabilitating a
plant because these systems are integral parts of the
users® plants, and replacement of heat transfer systems
is impossible without replacement of reactors, coolers
and heat exchangers. Such replacement would usually
require a multimillion dollar expenditure. Further,
the costs of lost production would be extraordinarily
high in terms of lost wages, lost sales and product
shortages which could impact a wide area of other
manufacturing industries using finished products during
the length of time required to replace each system.
Thus the immediate, mandatory removal of these systems
from service would result in substantial, widespread
economic disruption in industries using heat transfer
systems and the products produced from processes using
such systems.

Cost of draining and refilling systems - We estimate

the cost of draining and refilling systems would be

from $10 million to $30 million, depending upon authorized
PCB level, and based upon the model of an average 2,000
gallon system and the estimated 450 systems in the
industry. For example, PCB reduction to a concentration
level of 500 ppm in a 2,000 gallon system, with a
current 1% PCB volume (10,000 ppm) and assuming a 90%
fluid recovery, would result in a marginal removal cost
of approximately $220 per pound. It is estimated that
to reduce from a 500 ppm level to a 50 ppm level would
require a marginal removal cost of about $30,000 per
pound. Starting with a PCB content in the 2,000 gallon
system of 240 pounds, draining the system (90% recovery)
would leave 200 gallons of fluid containing 2 gallons

of PCB"s or 24 pounds. This quantity should, when the
system is refilled with 2,000 gallons of flushing

fluid, result in a PCB concentration of 1500 ppm. A



second draining and refilling with flushing fluid
should initially drop PCB's to 2.4 pounds or 150 ppm,
but this amount would shortly increase as PCB's are
released from the surface walls into the fluid. Once a
proper concentration has been obtained to assure the
concentration remains below S00 ppm, the flushing fluid
would be drained and the system releled with non-PCB
heat transfer fluid.

The direct cost estimates of flushing and draining,
excluding costs associated with lost production and
resulting disruption of supply to consumers, are as

follows:
(a) Flushing fluid - 2x2,000 gallons at $2.00 per :
gallon $8,000

(b} New £ill of non-PCB heat trangfer fluid - 2,000
gallons at $8.00 per gallon $§16,000

(c) Disposal of initial drained fluid and 2 flushing
fluid changes - 6,000 gallons at $2.26 per

gallon $16,000
(d) Labor -and overhead - 4 men 10 to 15 days $12,000
Total ' - $52,000

This estimate assumeés that only two flushings are required
and that draining and flushing proportionately reduces PCB
concentration level without a major breakdown of the system
involving gasket replacement or rewelding which could easily
double or triple costs. Based upon this egtimate, the cost
of removal of 235 pounds would give a marginal removal cost
of 5220 per pound to achieve a residual level below 500 ppm.
To achieve a level of SO0 ppm it is likely that at least two
further drain and flush procedures and chemical cleaning
would be required. At $50,000 per procedure, the final 1.6
pound removal would carry a marginal removal cost of at
least $30,000 per pound.

The above information relative to environmental and health
injury and economic impact is clear evidence which meets the
two requirements necessary to support the grant of a use
authorization for heat transfer systems containing residual
PCB's. Accordingly, Monsanto recommends the proposed rules
be revised to authorize for a period of 5 years the continued
use and servicing of all 500 gallon capacity or less heat
transfer systems used and serviced in a manner other than a
totally enclosed manner to the extent these systems contain
1% or less by volume of PCB'I. provided users attain this 17

\
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PCB volume within one year after the effective date of the
rule. For systems with greater than 500 gallon capacity,
Monsanto recommends the EPA authorize for 5 years continued
use and servicing of these systems.in a manner other than a
totally enclosed manner to the extent they contain -a PCB
concentration of 500 ppm or less, provided users attain this
500 ppm PCB concentration within 2 years after the effective
date ¢of the rule. These transition time periods would
permit an orxderly reduction of PCB levels during which
disposal of fluids by incineration could be planned, thereby
avoiding spillage and buildup of PCB contaminated fluid
inventories awaiting disposal. Please note that proposed
language for this use authorization is set forth as new
Section 761.31(h) on pages 10-l]l of these comments.

Specific Suggested Changes in the Proposed Rules

Sec. 761.2(w) "PCB mixture." 1In addition to the proposed
arbitrary 50 ppm concentration, the definition includes any
material, no matter how dilute in PCB concentration, if the
material is contaminated by a substance containing a PCB
concentration of 50 ppm or greater. For example, if a
gallon of heat exchange fluid containing 500 ppm PCB were
diluted to 1,000 gallons with a non=-PCB flushing fluid
(final ‘concentration 0.5 ppm PCB), the resulting flushing
fluid when drained would still be arbitrarily considered a
Pcadmixture. We recommend the definition be changed to
read:

(w) "PCB Mixture" means any combination of chemical
substances which contains 500 ppm (0.050 percent on a
dry weight basis) or greater of a PCB chemical substance.

This definition includes, but is not limited to, dielectric

fluid and contaminated solvents, oils, waste oils, heat
transfer fluids, other chemicals, rags, soil, paints,
debris, sludge, slurries, dredge spoils, and materials
contaminated as a result of spills. ~

Sec. 761.2(bb) "Manufacture 'for Commercial Purposes.'' We
recommend for clarification the addition of the follewing
subsection to the definition, which is consistent with the
discussion by the EPA set forth in column 1, 43 FR 2480S:

-{3) As the desired product. Inadvertent manufacture
as a by-product in the manufacture of another chemical
is not "manufactured for commercial purposes."

Sec. 76l1.2(cc) '"PCB Sealant, Coating, or Dust Control
Agent." This term is defiqfd based on the state of the

1Y
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analytical art. In complex mixtures such as waste oils,
analysis for PCB is not sensitive because of background
interference. We recommend that a concentration level be

set related to the toxicolagical properties of PCB's and the

demonstrated injury risk associated with human and environ-
mental exposure. Such a concentration would, among other
things, avoid a moving target definition depending upon the
sophistication of the analytical equipment uged.

Sec. 761.2(4d) "Process 'for Commercial Purposes.'! We
recommend the addition of the following subsection to the
definition. This is consistent with the discussion in
column 1, 43 FR 24805 and our proposed modification of
section 761.2(bb).

(3) for means other than PCB removal. Processing
which removes PCEB from the material to be used for
commercial purposes does not constitute "processing for
commercial purposes.”

Sec. 761.2(ff) "significant Exposure." This term is defined
based on the state of the analytical art. Wwe believe that
significant exposure should be, as digscussed above relative

to Section 76l.2{cc), a specific concentration related to

the toxicological properties of PCB's and to injury risk
associated with human or environmental exposure. We recommend,
consistent with the 1977 American Conference of Governmental
and Industrial Eygenists publication of Threshold Limit

Values for Chemical Substances in the Workplace, that this
section be amended to read as follows:

(£f£f) "Significant Human Exposure" meang any exposure
of humans to PCE chemical substances or PCB mixtures in
excess of 0.5 mg/cu. meter TWA for a 40 hour week by an
applicable analytical method.

Sec. 761.1(gg) "Small Quantxt;es for Research and Development."
The definition of this term is unjustified and arbitrary. )

No data are presented in the preamble by the EPA that use in
research has posed any measurable risk of injury to health

or harm to the environment. Monsanto has no evidence of any
adverse effect of PCB's in laboratory use. We suggest as an
alternative replacing section 761.2(£ff) with the following
wording taken in part from the TOSCA Inventory Report;ng
Regqulations, 42 FR 64576, section 710.2(y):

(99) “Small Quantities for Research and Develgpment"
means any quantity of PCB chemical substance or PCB
mixture manufactured or processed only for purposes of
scientific experzmenta;;on or analysis of chemical
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research on, or analysis of, PCB's, including research
or analysis for the development of a product that (1)
are no greater than reasonably necessary for such
purpeses, and (2) are used by; or directly under the
supervision of, a technically qualified individual(s).

It would also seem appropriate to include as new section
761.2(kk) the definition of “"Technically Qualified Individual"”
based upon section 710.2(aa) of the TOSCA Inventory Reporting
Regulations.

Sec. 76l1l.2(hh) "Totally Enclosed Manner." This term is
defined with reference to section 761.2(f£f) and, consistent
with our recommended changes above to that section, we
suggest section 76l1.2(hh) be changed to read:

(hh) "Totally Enclosed Manner" means any manner that
will ensure any exposure of human beings or the environ-
ment to PCB chemical substances will be insignificant.

Sec. 761.2(jj) "Applicable Analytical Method." We propose
the following new definition of this term:

(jj) "Applicable Analytical Method" means a method

(other than the perchlorination procedure) which distin-
guishes PCB Chemical Substance as defined in section 761.2(t)
from all other materials.

The basis for exclusion of the perchlorination procedure is
discussed more fully in the attached letter dated March 15,
1276 from J. Coleman Weber of Monsanto to Dr. 1. E. wallen
of the EPA.

Section 76l(kk) "Technically Qualified Individual." We
proposed a new definition for thig term with the following
wording taken from Section 710.2(aa) of the TOSCA Inventory
Reporting Regulations, 42 FR 64576: .
(aa) "Technically Qualified Individual” means a
person (1) who because of his education, training, or
experience, or a combination of these factors, is
capable of appreciating the health and environmental
risks associated with the chemical substance which is
. used under his supervision, (2) who is responsible for
enforcing appropriated methods of conducting scientific
experimentation, analysis, or chemical research in
order to minimize such risks, and (3) who is responsible
for the safety assessments and clearances related to
the procurement, storage, use, and disposal of the
chemical substance as.may be appropriate or required
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within the scope of conducting the research and develop-
ment activity. The responsibilities in clause (3) of
this paragraph may be delegated to another indiviudal,
or other individuals, as long as each meets the criteria
in clause (1) of this paragraph.

Section 761.31(f) Hydraulic die casting systems-use. The
game considerations that support a use authorization for
hydraulic die casting systems apply to other industrial
hydraulic systems as well. Therefore, we recommend that all
references in this section to the words '"hydraulic die-
casting system" be changed to "industrial hydraulic system."

Section 761.31(h) Heat transfer systems - use. We recohmend
this new use authorization as follows:

(h} BHeat Transfer Sytems - Use. Heat transfer systems
containing PCB mixtures may be used and serviced
in a manner other than a totally enclosed manner
until five years after the effective date of this
rule subject to the following conditions:

(1) One year after the effective date of this
rule no heat transfer systems of 500 gallon
capacity or less may contain fluid whose PCB
mixture volume is greater than 1l%.

(2) Two years after the effective date of this
rule no heat transfer systems of greater than
500 gallon capacity may contain fluid whose
concentration of PCB mixture exceeds 500 ppm.

(3) Ninety days after the effective date of this
rule each person who owns a heat transfer
system containing residual PCB's above the
authorized levels shall report to EPA, and
retain records of, the number of such systems
he owns, the volume capacity of each such
system, and the PCE velume or concentration,
as appropriate, of the fluid contained in
such systems. This report shall be sent to
the Pesticides and Toxic Substances Enforcement
Division (EN=342), Environmental Protection
AGency, 401 M Street S.W., Washington, D. C.
20460. Each person who owns such a system
shall also keep a current record of the dates
of each draining or refilling and the meagured
PCB concentration or volume, as appropriate,
of the fluid in the refilled systems on those
dates for eidch system. If any such system is

ACM CCECT3



(4)

(5)

-1l=-

sold, the transaction and the parties thereto
shall be reported to EPA by the Seller. At
its discretion, EPA may require the submission
of a copy of a.person's current record.

Each report submitted to EPA under pﬁragraph (h)
(3)_of this section shall contain the certifi-
cation found in §761.31(b)(2).-

Each person who owns a heat transfer system
containing residual PCB's above the authorized
levels shall develop and implement a plan for
the control of PCB exposures and contamination
in accoerdance with Annex VII.

Your favorable coensideration of the above comments is
respectfully requested.

Sincerely,

W. R. Corey
Director, TOSCA Administration



Mazca 15, 1376

or. I. =. Wallen

Znvircntencal Prosscticn Agency
Cffice ol oxic Substances
401 4 Stroet S.4.

Wasnlng::n. :C 204¢€0

zear Dr. Wallen:

Monsanto has a.concern over the valifity of the perchicri-
nat;on techanicua used by EP3 ané othaers +o mezsure anéd/or
cecaiirm nolyecnlorinacad bighenyls inm anwvirsnmaazal macerizls.

In our investicaticn of the verchlorinaticn uet“cd we R
founé that such chemicals as biphenyl, alkvlaie< bizheny
and many other substituted biphenyls, intarfsre with tae
perchleorination technique. It also arrpears that various
setzcleun comronents may interfere If these chemicals wers
srasent in envircn=ental mate*ials that ware being tested
for PC3's using the perchlorination method, é:roneously hicgh
PC2 concentrations would Le reported.

A recent article in the Journal of the AGAC (Vel.S8, No.32,
1975) zoints out two other limitations of the Percihlorinazien
procedure: .
1. High and variable reagent klanks, which
cause erroneously high findings.
2. Formation of bromoncnachilorobiphenyl, ‘waieh
causes low recoveries.
\ .
A corv of the article is' attached.
c08CT5
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Oor. 1 Wallen 2 /larch 13 197G

Since these limitations can lead te significant errors

in determining trace levels of PCS "s in environmental
samples, we suggest that IPA carefully review the validity
of the perchlortnaticn technique. results that have been
obtained using this technique may not be valid.

IT any other information is needed, please let us hnev.

Sincerel ™,

J. Coleman Weber
Inniger, Product Acceptait

nah

cc: Dr. A. C. Traxowski
Environrental Protection Agency
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JOTRNAL OF THE A0t (Vol. 35, No. 3, 127

Limitation oun the Use of .-\.ntimony Pentachloride for
Perchlorination of Polychlorinated Biphenyls

WILLIAM J. TROTTER and SUSAN J. V. YOUNG
Division of Chemistry and Physics, Food and Drug ddministration, Washington, DC 25202

Two contaminants sre present in commer-
clally available aniimony pentachloride (Sb(ls)
used to perchiorinate pelrchlorinated biphenyls
(PCBs) 10 decachlorobiphenyl (DCB). DCB is
found in the Sb(Cly perchlorinstion reaction
blank in which no PCBs were sdded. Bromos
acnachlorobiphenyl (BNCB) is found after use
of SbCly 1o perchlorinate PCBs. Levels of DCB
found in the SHCly resction blanks from vari.
ous distributors ranged from 8 10 972 ng DCD/
ml SbCl,. The relationship of the formation of
BNCB 10 amoums of various PCB Aroclors
perchlorinated is examined.

Polychlorinated bipheny] (PCBs) residues are
extracted, cleaned up, and detected by methods
similar to those used for organockiorine pesti-
cides. PCB residues are quantitatively deter-
mined by comparing the gasliquid chromato-
graphic (GLC) response of the multicomponent
residue and commercial PCBs {ArceloeB) or a
mixture ol Aroelors producing a GLC responze
pattern similar to that of the residue (1). This
approach i3 limited because the mul:icomponent
PCB residue may not have the same propor-
tional eomposition as the Aroclor or Arcclors
used a3 the quantitation reference. Residues can
be composed of mixtures of chlorobipheny! eom-
ponents from more than 1 Aroclor. Metabalie
and other environmental iactors complicate the
deseription of the PCB residue composition.

Thers has been considerable work 10 develop
methods to convert the multitomponept PCBe

. to a single derivative on which to bise the resi-

due determination. Procedures have been re-
ported to catalytically dechlorinate PGCBs with
hydrogen over palladium or platinum to. bi-
pheny, evclohexyibenzene, aad Ddiryeiohexy!
(2, 3). A principal disadvantaze with that pro-
eedure is that the hydrocarbou product is
determined with a GLC flame ionization detee-
tor, reeulting in low sensitivity, Attempts have
been made to cowvert PCls to the fully chlor-
inated deeachlorohiphenyl (DCR) (3-3). Ar-
mour (G) reported aptimum eonditions for pere
chlorifating PCBs with antimony pentachloride

(SbCY). The method provides a quaiizativ.
coninnatory procedure far PCB Cetermipaticn
The GLC electron capture detector responss
enhagced becauze total PCBs are maniiested as .
single peak for DCB. In mea:sunng the sinz.
peak for DCB the amalyst ix pot f{aced wi
analyvtical judgments such ag bazeline correcticn
method of integration, or diterimination betwes:
PCBs and non-PCB components. However, 12
pecessary to be aware that the various Arocls:
give rise to different equivalents of DCB i
and that the nonchlorirated biphenyi (alio usz
as a fungicide) is perchlorinated by $bCi
DCB. XNcoetheless,” using the perchlorinac::.
derivatization can reinforce the residue wval:
determined by measuring a muiticomponer
PCB residue.

During attempts to apply the perchiorinatic
derivatization in determining low residue {eve
of PCB and make we of the increazed oleci:
capture responze to DCB, 2 coataminants war
indicated which fed to erratic recoveriez of DCC

Experimental
Reegents and Apparatus

{a) Antimony pentachionde.~Hooker Chemiz:
Niagara Falls, NY' 14302 (received ia glazs ho:-!
with lead-lined cap); Matheson Colexmaa & B-
(MCB). Norwood, OH 45212 (resgeat geac--
B&A (Allied Chemical), Morrstown, NJ 0707
(reagent grade, 997¢); Research Orgagie-Inorgas,
Chemical (ROC-RIC), Belleville, NJ o070
(99°e) ; and J. T. Bakee Chemical, Phillipsbur,
NJ 03885 (Baker Agalyzed Rragent),

(5) Gas cAromalograph ==Seatle-Analytiz (T
Plaiges, IL 60058} Mode! 5360 nirn &' X } mm :
glass column contaiming 1% QV-101 ca S0-i7
mesh Chromosord W (HP). Qperatiag conditiang
columa flow, 60 ml sitrogea/min; coluema, 202°C
detector, 202°C; injector, 225°C: pin<up des:
electron capture dstector’ with iitamium 3 i-.,
detector- valtace (coastant do) adjusted to ean.
one-half full scale recorder dedlection for 0F -
DCB when full scale deflection is I X 10°® amp

(e) Mass epectrometer =Varian MAT 23 R
2, Springhickt, ¥J 07051) CH3-DI mass spectope
eter (M3) eoupled to Varian Acrograph 2010 &

.
P

LAINTIFF'S:;
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TACTTER &4 YOUNG: PERCHLORINATION OF PO

chmodtograph via allglaze system using Watson-
Biemaan 2=tage gsenarator, GLC aperuting condis
tiops: 6" X 4 mm id glazt column containicg 3%
OV.l oo SO=100 reesh Chromctorb W (HP);
columa Zow, 60 m} helum =xi3: colums 240°C,
MS operatiag conditiore: slectran egergy, 70 ov;
emussion curreat, 300 az; muliizlier voltage, 22 kv,

Results and Discunrion

A peak identieal to that of DCB was found
in the reaction blagk for the Armonr perchlor-
ination proceduyre (6) with the deseribed GLC
operating eonditions, The identification of DCB
was corSrmed by GLC-MS of a hexane extraet
of 8 hydrolyzed sample of 3t:Cl, which had not
been subjected 1o 1he percklomnatinn procedure.
Various quantities (02-20 ml) of 3bCl, irom
the 5 commmervial sourcer were eximined to de-
fermige the prezence of DCB. $b(l, aloge was
carried through the perchlarination reaction ()
exeept that no CHCl, was present with $hQl,
in the reiction vessel, DCB wis derermined by
GLLC. Table 1 lims the amounts of DCB found.

After perchlotinating PCBs with $bCl,, a
secondary peak with a GLC retention time rela-
tive to DCB of 1.31 was obierved similar to that
reported by Huckine et of. (7). This later eluting
peak is seen in Fiz. 1, the chromatogram {rom
the 02 m! 3WCl, (Hooker Chemical) perchlor-
inatica of 0.5) pg Aroelor 1221, This peak was
found whea SbC1, (rom eseh supplier was uzed.
The pesk was determined by GLC.MS 1o be dye
% bromononachlorebipkenyl (BNCB). BXCB
was assuzeed to be a competing product with
DCB arising from 1 emall amount of $HC1,Be
in §bCl,, %0 paramerers relating 10 possible
limitations of the perchlorinution procedure were
sudied. Various quantities 10.5-10 ag) of Aro-
elors 1221, 1242, 12534, and 1270 in CHCl, were
perchlorinated. Recoveries of DCB and estimates
of the relative amounts of BNCB farmed are
given in Table 2. Caleulation of the relative

Table 1. DCE (ng/ml) Jormed frem varigus

ameunts of S0CY
$8G3;, mi
Suceller e.2 18 2.0 Av,
Keahar Chemical n 7] Q a3
uce - 15 «Q M 13
[ T ¥Y ] 1042 n m
ROC-RIC 11 13 1 32
4. 1. Baner ] y ? )

——

0 10 ]
Wik

Fi0. le=disctran cagture GLE curve fram e 0.2 mi
ShCly (Meekar Chemical) perchisrinution of 0.50 »g

Arecine 1221: Q.31 ng envivatent Arecler 1221 injected. -

Peak 1 cepresents O.81 ng OCA Pask 2 reprevans
028 ng BNCB.

amounts of BNCB product formaed was based
on comparison of the electron capture GLC peak
height of BNCB nuth that of 3 DCB refersnce.

The amount of DCB determined in the reac.
sion blank was directly proportional to the
amoynt of ShCl, used (Table 1). This icdicates
SbCly was the zource of the DCB and that
contamination from other posrible sources dur-
ing the perchiorination was negligible, The pro-
cedure for perchlorinating PCBs specifier the
use of 02 ml ShCl,, ShCl, producing $=972 ng
SbCl,/ml in the reaction blank would add 0.5-
65 ppb. based on 2 3 g sample.

DCB produced in the reaction blank was as-
sumed to come from PCB contaminaticn of
SbCl,. In an efort to locate the origin of this
contamigation, ShCl, borsle elosures wore investis
gated. GLC analysis of hexane, in which the
plastic caps were scaked for 4 days, did zot
reveal PCBer. Hooker Chemieal, the sole do-

mestie source of $HC1,, supplied SHCT, in glasy

botiles with lead-lined caps. This bulk supplier
of $bCl, indicated that the production of chlo-
rine in carbon ancde half-cells with linzeed oil
or other organic binders forme certain organic
compounds: however, the destructive oxidative
environment in the eleetrolytie cetls would make
the production of PCB unlikely asa reeuit of this
pathway. On the ather hand. antimony metal is
commonly obtaiiied us a metallurgical hy-prod.
uct by carhnn reduction of its oxide: therefore,

S ——
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Tebia 2. DCB and BNCE (rem perchlerination of
warious Araclers with 3.2 mi1 SBCIQ

ocs BNCB' CC3 = BNCB*

Amt, recd, racd, combingd
Arsclor ™ [ 4 % tec, %
1260 10 ) 0 “
1234 10 [} ] [ ]
12 10 ] 4 7
um 1 67 - 18 3
1280 4 n a9 [ 1
1134 4 ®0 -] -]
na 4 b, ] [ ] [}
n 4 n 12 - |
140 0.9 ;) 2 n
1254 0.5 n [ ] "
nua 0.9 ” 1 Q
un 0.3 [ ] 13 ”

* Mooher Chamicat Sy,

? Quantity calculated by comoerison of electron cap.
ture GLC response 1o BNCS vs. respanse to DCB reler-
snce standard,

it is conceivable that PCBs could be associnted
with the antimony metal employved in the SbCl,
procesa. No heat traneier systems coutaining
PCB3 are uszed in either the ehlosine or SHCI,

.production [facilities, and SbCls does not come

into contact with plastics in the manufacturing
operation or io shipping contaiaers (Heoker
Chemical and Plastics Corp, 1974. private com-
tounication).

Two paramsters (various quantizies and vari-
ous Aroclors) were studied in relationship to
the production of BNCB as a competing prod-
uet of DCB during the perchlorinazion of PCBs=.
BXNCB was caiculated by comparizon oi the elec-
tron eapture GLC response to BNCB vi. the
response to DCB. Several iactors are considercd:
(1) In this reaction bromination is kinetically
favored over chlorination, With perchiorination

Sl ol onn,

JOLRNAL OF THE aosc (Vol. 55, No. 3, 157

of lower amounts of PCBs the relative vieig -

inated SbCl,. {2) Bromunation eceurs 1o 2 ia:z
degree for a given quantity of the less ¢ils-

.nated PCBs :zuech as Aroelors 1221 and 2.

rather than for 1254 and 1250. This likelv is .
to a greater number of reactive sites and -
steric hindrance. (3} In the range of PC3;3 na
chlorinated (0.5=10 kg) in the above study, i+
likely that with lower amounts of PC3B: an-.
or less chlorinated Aroclors the deccease in T
recovery is principally due to the iucreaze
BNCB formed.

One of the major advantages of perchior:=
tion in determining minute quasntities of PC.
is the inherent increase in eSective GLC de->
tor response. Contaminated 3bCl,, as descri-
here, would preciude its use in many of i
cases.
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Analytical Chemistr
- T ° Method 73-5

Job No. 1048006

DETERMINATION OF POLYCHLORINATED BIPHENYLS -
IN THERMINOL 66 BY ELECTRON CAPTURE GAS CHROMATOGRAPHY

SCOPE

This procedure is intended for the determination of polychlorinated
biphenyls (PCBs) in Therminol 66.

PRINCIPLE

The procedure is based on the fact that PCBs give a characteristic
fingerprint chromatogram when analyzed by EC/GC. The Therminol 6§,
per se, does not interfere with the measurement but may contain some
impurities with electron capture activity. This procedure measures
electron capture impurities eluting at the same retention time as
PCBs. If absolute confirmation is desired, GC/Mass Spectrometry
techniques must be used.

REAGENTS AND EQUIPMENT

1. Hexane - Fisher - "Nanograde®, Cat. No. H-300.

2. Usual laboratory glassware.

3. Hewlett-Packard 5750 Research Chromatograph equipped with a 63Ni
electron capture detector (pulse - 50 u sec.). :

GAS CHROMATOGRAPHIC CONDITIONS
Column: 2m X 1/4" 4% XB-60 on 80/100 Chromosorb W, H.P.

Temperatures: Flow Rates:
Injection Port -~ 190°C Purge - 10% Argon/Methane
Column - 170°C 120 ml/min.
Detector - 300°C Carrier - Helium ~ 60 ml/min.
PROCEDURE

l. Prepare a calibration curve by 1nj¢ction 2, 4, 6 and 8 ul of a
PCB {Aroclor 1242) solution in hexane containing about 0.5 ng/ul.
Plot Ng of standard vs the arsa of the PCB peaks on linear graph

paper. .

2. Weigh 0.2g9 of sample to the nearest milligram into a 2§ ml volu-
metric flask, dissolve ane dilute to volums with nanograde hexane.

3. 1Inject a suitable size aliquot of this solution into the chromato-
graph (5 ul). -To insure accurate data, the sample chromatogram
must fall within the range of the calidbration standards. Measure
the area of the PCB peaks and read the nanograms from the
calibration curve. : :

ACM GCBCEL
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Method 73-9
Page No. 2

CALCULATIONS
?g? iggglo: w J[Nanograms from Curve) (Volume of soi'n. in ml)
1242) (Injection Volume, in ul) (Sample wt., in gm)
' - (Nanograms) (25) ’
ZIniection Volume) (0.2)

RECOVERY EXPERIMENTS

A typical lot of Therminocl 66 was analyzed by the above procedure and
a chromatogram which was not typical of PCBs was cobtained, Measure-
- ment of the area where PCBs would elute gave a value of 17.1 ppm.

This sample was spiked with 25, 50 and 75 ppm PCBs (A:oclor 1242) and
the following data obtained.

Therminol 66 + 25 ppm A:oclor 1242 35 = 17* = 18
Duplicate . 43 - 17 = 2§ .
‘ !
Therminol 66 + 50 ppm Aroclor 1242 59 = 14 = 45
Duplicate . 64 - 14 = 50
Therminel €66 + 75 ppm Arccler 1242 78 = 7 =171

*Background from PCB free Therminol 66

In practice, there will be no way to correct the hackground inter-
ference from the impurities in the Therminol 66 and so numbers below
50 ppm will probably be biased on the high side.

Samples which give chromatograms not typical of PCBs should be
reported as none detacted, less than the calculated value.

db ]
Monsante . Industrial Chemicals Co. '

Applied ‘Sciences
St. Louis, Mo.

10/73 - 0. Hicks, E. S. Tucker

\
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Analytical Chemistry
Method 73-8
- - . . .Job No. 1048006

DETERMINATION OF POLYCHLORINATED BIPHENYLS IN
THERMINOL 55 BY ELECTRON CAPTURE GAS CHROMATOGRAPHY

SCOPE

This procedure is intended for the determination of polychlorinated
biphenyls (PCBs) in Therminol 5S.

. PRINCIPLE

The procedure is based on the fact that PCBg give a characteristic
fingerprint chromatogram when analyzed by EC/GC. The Therminel 55
does not interfere with the measurement. This method measures
electron capture active materials eluting at the same retention time
as PCBs. 1If absolute confirmation is desired, GC/Mass Spectrometry
techniques must be used.

REAGENTS AND EQUIPMENT

1. BHexane - Fisher - "Nanogradae®, Cat. No. H300.

2. Usual laboratory glasswaré.

63

3. Hewlett Packard 5750 Ressarch Chromatograph egquipped with a Ni

~ electron capturae detector (pulse - 50 u sec.).
GAS CHROMATOGRAPHIC CONDITIONS
Column: 2M X 1/4" 48 XE-60 on 80/100 Chromosorb W, H.P.

Temperatures: Injection Port - 190° Flow Rates:

Column - 170°
- Purge 108 Argon/Methane -
Detector .300‘ ‘ 120 ml/min.

Carrier - Helium - 60 ml/min.

u

PROCEDURE

1. Prepare a calibration curve by injecting 2, 4, 6, and 8 ui of
a PCB (Aroclor 1242) solution in hexane containing about 1 ng/uf.
Plot ng of standard vs the area of the PCB peaks on linear graph
paper. .

2. ﬂoiéh 0.2g9 of sample to the nearest milligram into a 10 ml
volumetric flask, dissolve and dilute to volume with nanograde
hexane. ) .

3. Inject a suitable size aliquot of this solution into the chromato-
graph (vSut). To insure Agccurate data, the sample chromatogram
must fall within the range of the calibration standards. Measure
the area of the PCB peaks and read the nanograms from the
calibration curvas.

ADM ©008GCE3
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‘ ‘ o Page No. 2
i
CALCULATIONS
| _ ,
?E? §§§210r - J[Nanograms from curve) (Volume of sol'n, in ml)
1242) Injection volume, in ul) (Sample weight, in gm)
! (Nanograms) (10) '
TInjection velume) (C.2)
RECOVERY!

0.2g Samples of Therminol 55 were spiked in duplicate with 25, SO
and 75 ppm of Aroclor 1242 and 93.4 + 5.3% recovery was obtained.

db

Monsanto Industrial Chemicals Co.
Applied Sciences )

St. Louis, Mo,
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ANALYTICAL TEST METHODS

Nothin contained herein is to be construed as a recommendation
to use any product in confllct with any patent. MONSANTO MAXKZ=3
NO WARRANTIES AS TO THE MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE OF ANY PRODUCTS REFERRED TO, no guarantee of
satisfactory results from reliance upon information or recommend-
ations contained herein and disclaims all liability for any
resulting loss or damage, whether a claim 1s based 1In contract,
negligence, strict liability or otherwise. ’
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ABSTRACT

/

An experimental program was carried out in 1975/76 at the St.
Lawrence Cement Co., Mississauga, Ontario In which waste chlorinated hydro-
carbons, containing up to about 46 weight percent chlorine, were burned
in a rotary cement kiln. The chlorinated hydrocarbons were burned in three
distinct phases of Increasing difficulty of combustion. Materials burned
.lncluded mixtures of ethylene dichloride, chlorotoluene and up to approxima-
tely 50 percent polychlorinated biphenyls (PC8).

These materials were destroyed in the cement kiln with at least
99.98 percent efficiency in all cases. Emissions of high molecular weight
chlorinated hydrocarbons were not detected. Three light chlorinated hydro-
carbons, dichloromethane, chloroform and carbon tetrachloride, were found
in the emissions in the part per billion or lower range. The quaﬁ:lty of
precipitator dust requiring disposal, as we!ll as emissions of parficulate
matter, Increased during the test. -

The chlorine input from the chlorinated hydrocarbon waste was up
to about 0.8 weight percent relative to clinker and this effectively reduced
the alkali concentration of the clinker in direct stoichiometric proportion.
A reduction in fossil fuels used while burning chlorinated hydrocarbons was

noted.

ACM  CCBCSC
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RESUME

. V4
Au cours d'une sérle d'expiriences réalisées en.1975-1976 3 la

St. Lawrence Cement Co., & Mississauga (Ontario), on a br0l&, dans un
four rotatif 3 ciment, des hydrocarbures contenant au poids jusqu'd 46 p.
100 de chlore 1ié. La combustion s'est faite en trois phases de difficulté
croissante. Les substances consumées comprenaient des mélanges de
dichlorure d'éthyldne et de chlorotoludne ainsi que d'autres atteignant
prés de 50 p. 100 de biphényles polychlorés (BPC).
Dans tous les cas, la combustion s eu un rendement d'au moins
99,98 p. 100. On n'a déceié aucune émission d'hydrocarbures chlorés
ad poids moléculaire &levé. Par contre, on a identifié trois hydrocarbures
chlorés l&gers, soit le dichlorométhane, le chloroforme et le tétrachlorure .
de carbone, en concentrations iInférieures & une partie ﬁar milliard. La
quantité de poussidres accumulées dans les précipitateurs et qu'il fallait
éliminer, alnsl que les émissions de particules, ont augmenté au cours
des expériences. )
La portion de chlore provenant des déchets d*hydrocarbures chlorés
3 atteint environ 0,8 p. 100 du polds des clinkers, ce qui a réduit, en
raison stoechiométriquemént directe, la teneur en alcali de ces derniers.
On a également remarqué une consommation réduite de fuels fossiles

pendant la combustion des hydrocarbures chlorés.
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EXECUTIVE OUTLINE'®

-

~ Experiments using chiOr;natéa hydrocarbon wastes In the manu-
facture of Eement appear to have transformed a difficult.uaste disposal
problem Into a solution which is not only economically and environmentally
satisfactory, but has a beneficial effect on the quality of the cement.
Safe disposal of the large volumes of the chlorinated hydrocarbon
wastes which are generated in Canada each year is a difficult environmental
problem. It is estimated conservatively that Canada generates some 25-30

‘million pounds annually of these highly toxic and persistent wastes. This

figure does not include many toxic compounds such as insecticides and
polychlorinated biphenyls (PCB's).

Environmentally safe disposal Is difficult and expensive. Disposal
on land, or underground, requires speclial and expensive precautions to
prevent leaching into waterways. The favoured method of disposal, incl-
neration with recovery of hydrogen chloride, can be very costly. Without
recovery, scrubbing equipment is required to remove hydrﬁgen chloride from |
the products of combustion to control its emlssion. This, in turn, usually
necesslitates a satisfactory disposal method for the scrubber liquid. Va-
luable fuel must be burned to maintain combustion while incinerating
chlorinated hydrocarbon wastes, as extremely high temperatures with long
residence times.are required for their thermal destruction.

A long high-temperature flame is required in a cement kiln to
achieve the desired pfﬁduct quality. During norma) wperations, the thermal
condntlons that are necessary effectlvely consume the toxic materials. The
kiln also contains a considerable quantity of lime and thus has an intensive
‘'scrubbing' action.

Recovery and re-use of hydrocarbon wastes is not always felt to
bc-cconomic. The.recycling of solvents is practiced when it is ecoqomically
and technically feasible. However, this entails the control of segregation,
storage, collection and ultimate treatment of the various hydrocarbon streams.

The report strongly urges that combustible }iquld wastes, many of
uh1ch are persistant environmental contaminants, be combined by means of a
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wastes as supplementary fuel for cement manufacture.
— The experiments descrised ln/this report were monitored by B
the Departmeﬁ: of Fisheries and Env}ronment. the Ontario Ministry of Ehg
Environment, the United States Environmental Protection Agency, and :Le
Ontario Research Foundation. !
"7 77 For these experiments, industrial chlorinated hydrocarbon wastes
including polychlorinated biphenyls (PCB's) were burned during the |
commercial manufacture of cement. . !
This not only utilized the thermal value of the wastes, wiéh a
reduction in oil consumption, but the results showed that almost all}thc
toxic wastes were completely destroyed in the kiln. Emissions of to£ic
materials into the atmosphere were negligible. |
Calcium chloride is often used in cement manufacture to reduce
the alkali content of the product. The only apparent effects that the
experimental burn had on the quality of the cement were the beneficiﬁl

effects due to the incidental addition of chloride lon. '
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SUMMARY

Chlorinazed hydrocarbon wagtes were burned in @ carefully con-
-rolled experimental trial as a partial fuel at the St. Lawrence Cement
Co., Mississauga, Ontario. The experiment was conducted to determine
“hether chlorinated hydrocarbon wastes could be burned in a cement kiin
ai:houi adverse effects on air pollution levels.

' The wastes used Included a variety of chlorinated hydrocarbons
in the series of program phases designed to progress from easily combusted
chlorinated hydrocarbons to those which are combusted only with difficulty.
The last phase consisted mainly of polychlorinated biphenyl wastes. These
=aterials were processed and formulated from chemical wastes as required
for the different phases and supplied by Chemtrol Pollution Services Inc.

Atmospheric emission measurements were made before, during and _
after the burning of each biend of chlorinated waste. Two methods of emis-
sions sampling were used during each phase, the method normally used for
measuring emissions of particulate matter, and 2 sampling trafn designed
specially for determining emissions of organic material. All samples
from both systems were analyzed for unburned chlorinated hydrocarbons.

It was concluded that the combustion efficiency was at least 99.986
percent for the chlorinated hydrocarbons. Approximately 50 ppbd of

volatile low molecular weight compounds were found in the emission samples.
There were no detectable quantities of high molecular weight :chlorinated

compounds in the stack gases. -

A mass balance was carried out on chlorine and potassium. This
showed that the chlorine input as chlorinated hydrocarbon was completely
reacted with the process solids.

The atkali content of the clinker showed a reduction which
corresponded exactly with the quantity of chlerine input to the system.
This agreement further confirms the data frnm.emjsslon testing and the mass

NIATVI e TR WD 07 A P, v 00 4 W W T Pt s @ A0 O 34 8 IV
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balance. ) _
. while burning chlorinated hydrocarbons with approximately ho
= percent chlorine, n_decreaﬁi in of] consumption equivalent to 65 percent
of the 8tu content of the chlorinated hydrocarbons was obtained. »
The only differences in the quality of clinker produced while

burning chlorinated hydrocarbons were the beneficial effects which were

. expected through the reduction in alkali content.
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it was ;onciuéed that chlorinated 6ydrocarbon wastes may be
used in cement kilns. replacing other forms of chlorine used for
reduction of alkall content, _A-sﬁa!l’ﬁroportlon of fossil fuel required
for cem;nt manufacture |s conserved through use of these materials.
Burning chlorinated hydrocarbon wastes |s considered a valuable means of
destroying persistent and toxic forms of pollutants while recovering useful

~
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RECOMMENDAT 1 ONS

The experiments have shown ;hat there is virtually no adverse
effect on air pollution levels by burning chlorinated hydrocarbon wastes
in a cement kiln. These wastes Include polychlorinated biphenyls and other
materlals which are difficult to destroy. When other methods, such as
incineration, are used hydrogen chloride and chiorine may be emitted and,
if the incinerator operation Is poorly controlled, uncombusted material
may be released into the environment.

The following recommendations are the outcome of the present

report:

(1) Burning chlorinated hydrocarbon wastes in a cement kiln is considered
a valuable means of destruction of persistent and toxic materials which
are members of this family of compounds. Since flame temperatures and
retention fimes are similar for all cement plants regardless of type
of kiln-or fuel used, chiorinated hydrocarbons should be destroyed
in any cement kiln, The feasibility of doing so Tn-a particular kiln
installation can be determined by a technical and economic review. _

(2) Due to lack of familiarity with organic chemicals, it is considered
essential that instructions on safe handling procedures be given to

cement industry personnel.(

(3) Since problems such es precipitation, solidification, heat or gas release
can arise through mixing incompatible waste materials in storage tank,
it is considered advisable to obtain such materials from one reliable

source of supply at any given time.
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1 INTRODUCTION

.in Canada each year an estimated 25-30 million pounds of chlori-
nated hydrocarbon wastes require disposal or destruction, 17-20 million
pounds being generated In Ontario fl]. These figures are-based on 5-6%
of annusl production and may be conservative. Experience in Europe
indicates that 10%-of production is a more reliable estimate of waste
material.

There are waste streams from plants manufacturing, processing,
or using chlorinated hydrocarbons which must be disposed of, the method
of disposal frequently being lncinerstion. Chlorinated wastes other than
those directly from chemical plants also present a serious disposal problem.
Among these latter chemicals are polychlorinated biphenyls (PCB's) and
insecticides which may require disposal.

Many of these wastes are toxic and persistent, and all pose a
serious disposal problem, Among the methods presently used are
incineration and land disposal. Incineration with recovery of hydrogen
chloride can be costly. Without recovery, combustion gases must be scrubbed,
thereby generating a liquid waste requiring disposal. Both incineration me-
thods require additional fuel. Deep welling and other simllar methods of
disposal are environmentally unsound because of the risk of water contamina~
tion.

In cement menufacture, the kiln operates at highef temperatures
and for longer reasidence times than those used in lnclneratérs for des-’
truction of these waste materials. it Is also commonh practice in the
cement industry to add chlorides to the kiln to reduce the alkall concen-
tration of the final product. Use of chiorinated hydrocarbon wastes in

- a cement kiln would provide useful recovery of chlorine and energy and,
.at the same time, solve a serious disposal problem. —

The present research program was carried cut to determine
whether waste chlorinated hydrocarbons can be burned in a rotary cement
kiln without causing adverse air pollution. The appfoach taken was to
analyse stack emissfons for uncombusted chlorinated hydrocarbon. A mate-
rial balance on chlorine was undertaken to confirm the amission findings.
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2 .~ CEMENT MANUFACTURE

A | ' General'Princlple; . s

“While a variety of raw materials may be used in cement manuface-
ture, materials containing calcium, silicon, aluminum and iron without

an excess of certain other elements are required. These materials are

"groand-to 8 fine pouaer called raw meal, the chemical composition of which

is carefully controlled by proper blending of the various materials. Nor-
mally, blending is achieved by grinding all the raw materials together
{intergrinding). Raw meals required for wet and dry processes are similar
except that the raw meal for the wet process is in the form of a slurry
containing approximately 35% water, while raw meal for the dry process
contains less than 0.5% water.

The raw meal is fed into the kiln (see Figures 1 and 2) and is
burned in the kiln to produce an intermediate product called clinker.

The kiln slopes towards the burning zone and rotates slowly,
causing the raw material to gradually move into the burning zone. Reactions
which occur during gradual heating in the kiln are: evappration of free
water, evolution of combined water, evolution of carbon dioxide from
carbonates, and combination of lime with silica, alumina and iron to form
the desired compounds in the clinker.. These reactions require a final
material temperature of 1450°C (2650°F). Four main compounds are present
in Portland cement clinker: '

Compon Abbreviations

) Used In The
Name 0f Compound Chemical Formula Cement Industry
*rlcn‘cium Silicate 3 ClO'Sloz 035
Dicalcium Silicate 2 C00°Sioz. CZS
Tricalcium Aluminate . 3 ca0-Al,0, ¢
Tetracalcium Aluminoferrite &4 taO-A1203-Fe203 . : CAF

Minor compounds are giso formed in clinker, commonly magnesia
(Mg0), potassium sulfate (xzso,‘) and sodium sulfate (nazso,i).

Traces of other eloments present in either the raw materials or
fuel sre also found in clinker. Upon leaving the kiln, the clinker is
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rapldly Eoolgd to .avoid undesirable crystal forms of the above comAOunds.‘
After cooling, the clinker Is ground and blended, normally by intergrinding,
with gypsum to a fine powder. The final product, called Portland cement, is

the basic ingredient of concrete.

In the burning process.]conslderable €0, is driven from the raw

|
‘meal. Any elements not driven off are Increased in the clinker in propor-

tion to the quantity of coz evolv%d. Throughout most of this repert, the
analyses have been reported on a natural basis, l.e. reported results are
actual concentrations present in samples as recelved. In some cases,
results have been reported on an ignited basis, l.e. on coz free basis,
and have been indicated as such in the report.

2.2 Effect of Alkelles

In cement manufacture, reference to alkalies implies potassium
and sodium oxide (Kzo and Na,0). Both alkalies are frequently combined and
reported as equivalent ano for purposes of specification. The raw materials
at St. Lawrence Cement are such that Na,0 is low and practically constant
(see Table A.10). For this reason, only potassium oxide (xzo) is consf-
dered In detail in this report, !

The effect of alkalies on cement quality has been well documented
{2, 3, 4]. While some alkall may be desirable for early strength deve lop-
ment [3], an excess can be probiematic. The most extensively reported of
these problems is the alkali~aggregate reaction [5, 6]. Certain glassy
silicates and some dolomites react slowly with alkalies and cause expansion
snd disruption of concrete. It has been found by experience that cement
containing less than 0.60% total alkalies reported as Nazo performs satis-
factorily with such aggregates. This specification s Imposed with suffi-
cient frequency in the United States that it is found as an optional spe-

- ‘elfication under ASTM C-150 [7]1. Strength attained and setting characte-

ristics are also related to the alkali concentration of the cement [3, B].

it is cnﬁnnn prnciice in the cement Industry to add chlorides
such as calcium chloridéior waste hydrochloric acid to the raw meal to
reduce alkalles [9, 10]. \llkallos ars normally present es sulphates which
at kiln operating teoperatures are not readlly volatillized, but are retained
in the clinksr. Alkall chlorides are volatlle at normal kiln operating
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temperatures. These are evolved frqm the material in the kiln and carrie&
in the gas stream to the precipitator, 'The high alkali dust from the pre-

cipitator can then be discarded. ,

2.3 The St. Lawrence Cement Co.

The St. Lawrence Cement Lo., Mississauga Plant, has 3 nominal
prodgétion capacity of 1,750,000 short tons per year. The company operates
two wet processes and one dry process suspension preheater kiln. General
information on the company and the plant has been published in two articles
[, 12].

N l

2.3.1 Relevant unit processes - wet process kiln

Each of the two wet process kilns are dumbell-shaped Allis

Chalmers kilns 402' long with a diameter of 11'6', having nominal capacity! -

of 1050 short tons per day (see Figure ). The chain system in the drying
zone has 57 tons of loose hung carbon steel chains with a radiation curtain

at the front (flame end) of stainless steel chains. The chain system extends

through B?' of kiln length. The slurry feed system is a bucket wheel con-
veyor with a variable speed drive taking slurry from a constant level box.
Gases from each kiln (maximum capacity 150,000 CFM at 450°F) pass through
a six-section electrostatic precipitator. Gases from the precipitators .
are exhausted via a common stack 554' in height with 13' exit inside dia-
meter. No. 6 fuel ol is burned in a single burner at the centre of the
burner pipe. For the test, chlorinated hydrocarbons were fed just above
and to one side of centre using different size nozzles for proper atomi-
zation at different flow rates. A detalled description of the chlorinated

hydrocafbon system {s given In Appendix E.

- 2.3.2 Relevant unit processes - suspension preheater kiln

The kiln (Figure 2) is a 17' x 276' Traylor unit normally fired
through three nozzles with No. 6 fuel oil. For the test, chlorinated

hydrocarbons were Injected via a nozzle at the centre of the triangle i‘
|
I

formed by the three oil nozzles.
" The suspension preheater {Figure 3) consists of a syqtem of

cyclones through which hot exit gases from the kiln are drawn by a fan.
The raw msa) passes through the system in counterflow to the gas. Kiln

feed Is Introduced Into the duct between the first and second stage cyciones.

it is swept with the hot exhaust gases into the uppermost (Stage 1} cyclones

6Cul ),
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-the kiln. The average retention time of the system Is approximately

i
|

where gas and material are separatgd. The raw feed from the cyclone drobs

into the_duct between the secon&fand}tﬁlrd stage cyclones and is again
suspended and separated. This procedure, being swept up with hot gases
and then being dropped irto the stream entering the next lowest stage,

Is repeated in Stages |1l and IV before the partially calcined feed enters

30 seconds. A detailed description of the Humboldt preheater has been
given by G.A. Schroth [13] from which article these notes have been pre-?
pared. The raw material entering Stage | is preheated to approximately
300°¢ (600°F). while the gas temperature drops from 530°¢C (990°F) to 340

(650°F). At each stage, corresponding heat exhanges occur such that the

=]

material enters the rotary kiln at approximately 800% (1475°F) having
been partially decarbonated. The gas temperature at the point of exit
from the kiln into the preheater is 1040°C (1900°F) to 1090°c (2000°F).
The St. Lawrence bement Co. preheater is a dual Fuller-Humboldt unit
with four stages in each. '

The alkali bypass system {Figure 4) is an important unit
in relation to this study. In common with other plants using suspension

¢

preheater systems, special measures have to be taken to reduce the buildup ,

of chlorides and alkalies in the system. At the St. Lawrence Cement Co.
plant, a system Is In use where a fraction of the kiln exhaust gases is
removed from the pr;hea:er and passed through a conditioning tower. In
the conditioning tower, water Is sprayed Intu the gas stream to lower the
temperature and condition the gases for precipitation. Concurrently, the
gas velocity s reduced, since the cross section of the tower is greater t

that of the bypass duct. The net effect of éooliqg and velocity reduction

is to.divide the particulate matter carried in the gas stream into two

than

fractions. One fractjon, of lower alkall content, is separated in a condi-

b
tioning tower and returned to the raw maa) silos. The other fraction, of
higher alkali content, Is collected In an electrostatic precipitator, pel-

letized and discarded. \

A
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3 CONSIDERATIONS AT THE PROGRAM PLANNING STAGE

The history of suspension p;gheater kilns in the United Statesi
indicates & trend to this system [14]. Thirteen preheatér kilns were :
installed in the years 1953-1955. Because of inadequate knowledge about

~ the basic process and effects of raw materials on this system, numerous

operating difficulties were encountered. These difficulties, possibly

“combined with emphasis on alkali reduction, caused the shut down of six of

these units. From 1956 to 1969, only two suspénsion preheater kilns

were installed, one of which has since been shut down. Howevér. with
increasing fuel costs and emphasis on energy conservation, 22 suspension
preheater kilns have been commissioned since 1970. Another indication !
of this trend is that five of the eleven new kiins installed in

1975 were preheater-rotary kilns [15]. in addition, three existing |
rotary kilns were converted to suspension preheater units. All five I
kilns planned for completion in 1976 will be preheater kilns. While the !

"situation In Canada Is simllar, there are fewer plants and such trends

are difficult to follow.

Any study céncerned with future use of the technology developed .
must take Into consideration the suspension preheater kiln.. Flame |
characteristics are identical in all cement kiln systems, hence,
demonstration that destruction of chlorinated hydrocarbons occurs in
one cement kiln implies destruction in all cement kilns. Reduction of

r

alkalies in a straight rotary kiln system by addition of chlorides |
(calcium chioride and hydrochloric acid) has been extensively demnns:rateqé

It was declded to conduct the experiment In the'suspens(on }
preheater kiln desplte knéwledQe that the prehaater Is prone to pluggirg %
problems at high alkall chloride levels.

The primary purpose of the study was to determine whether ;
chiorinated hydrocarbons were destroyed in 8 cement kiln. It was
considered desirable to conduct the experiment in stages with materials -

of Increasing difficulty of destruction. After each stage. normal

" oparation was resumed, thus giwing time to analyze samples In order to

determine that no waste chlorinated hydrocarﬁons were emlitted. For
this study, it was agreed to use four different formulations of Industrial
chlorinated wastes: )

ACM cCcc8l1ls
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molecules such as polychlorinated biphyenyls (PCB's).
Generally these are filtered, processed and blended to obtain

specific formulations for control of energy value, chlorine content and

viscosity.
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§ TRIAL ON THE SUSPENSION PREEATER KiLN

The first phaﬁe of the trial/ues done in the suspension preheater
kiln to determine whether alklIiArgduction could be accomplished on
thls unit by burning of chlorinated hyd}ocarbons. Reduction of alkalies
by addition of chloride is achieved by increasing the amount of alkali

__volatilization. Alkali carbonates and chlorides are almost entirely

volatilized at the normal operating temperature of the kiln. Alkali
sulphates and alkalies which are complexed in the calcium silicate and
aluninate structures are preferentially retained in the clinker.

The addition of chloride lon causes formation of the easily
volatilized alkeli chloride. Intimate mixing of hot kiln gases and
countercurrent cooler raw meat cau;es slkali chlorides to condense on
the raw meal thereby being returned to the kiln. Alkall chlorides are
trapped between the burning zone of the kiln (volatilization) and the
bottom stage of the preheater (condensation), causing Increasing concentra-

- tions In the gas stream. At high concentratlions of alkall chlorides,

sufficient quantities condense in Stages 111 and IV of the preheater to
cause plugging of this system. To alleviate this situation, the bypass
is used to withdraw a fraction of the gases leaving the rotary kiln

and with these gases a fraction of the alkali chlorides. As greater
quantities of alkali chloride are volatilized in the_ki!n. high with-
drawa) rates through the bypass are required. | )

Samples of the raw meal entering the kiln from the preheater
can be taken to monitor the alkali chloride concentrat}on. Prior to
the burn, 1t was estimated that equilibrium alkali chloride concentration
at this point would be reached In approximately two hours.

Gases axhausted via the bypass have a temperature of approx-
imately 1000°¢ (l830°F). To cool these gases, they are mixed initlally
with ambient air, timn passed through a conditioning tower in which water
spray is used for further cooling and condltlonlng‘of the gases.

1n the conditioning towsr, the coarser fraction of the dust, which has the

lower alkali concentration, satties to the bottom of the conditioning
tower and is returned to the process. The flner fraction, which has the
higher alkali concentration, s carried with the gas stream to the bypass’
precipitator. Dust collected from this precipitator is discarded.

ACM CCbB117
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lnltialli. attempts to operate the bypass at the level required
to compensate :for addition of chlorides, resulted in high emission rates of
particulate matter, Weighings of materials showed that 50<60 tons per
day of dust wére collected in the precipitator {normally 6-10 tons per
day), while 4 tons per day settied in the conditioning tower (normally
20 tons per day). The reversal of solids fraction removed in the two
units and the larger amount of material carried forward to the electrostatic
preclpitator was attributed to the incressed quantitf of ambient air used
for cooling the bypass stream. This increased gas flow gave higher .
velocities in the conditioning tower, lowered its settling efficiency
and resulted in particulate entrainment in the gas stream.

‘ The burning of chlorinated aliphatic material was begun on
June 3, 1975 with a mixture having & specific gravity of approximately
1.2 and a chlorine content of about 55% w/w.

On June 5, the bypass duct between the kiln and the cﬁpditioning

tower was plugged. The trial was suspended while the duct was cleaned.

A second attempt was begun on June 10 using the same parameters used in

the June 3 trial. On June 13, similar buildup agaln caused the bypass

to fail, 1t was apparent that the addition of chlorides to the susﬁénsion
preheater kiln could not be done without major portions of the bypass system
being rebullt. . .

Due to high particulate emissions, plugging of the bypass
system and the cost of the aquipment changes envisaged to alleviate the
short comings, it was decided to continue the trial In one of the two
existing wet kilns.

The trial on the dry process kiln did show, however, that
chlorinated hydrocarbons were destroyed in this kiln. Chlorinated
hydrocarbons used are volatile at temperatures found in Stage 1V (980°C).
and could not have ‘condensed upon the material. The expected increase in
chlorine concentration of Stage IV dusts was confirmed by analyses
(Table 8.4). Equilibrium concentrations of chloride at Stage IV were
obtained in approximately four hours (Appendix B). Some slight alkali
reduction was apparent. Dufiug the five days on which ;hlorlnated.
hydrocarbons were burned, the raw mea! feed K,0 on ignited basls averaged
1.47%, while the average clinker xzo was 1.27%. VWith thg same qugntitv

ACM CCELLS
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a‘i . of gases bejng removed by the bypass, but without addition of any chiorina
material, the raw meal feed contained on average Y. 442 K20 and the

clinkef contained on average 1.29% Kzof While the difference is slight,
the duration of the experiment was short.

ted

Complete details and analytical results from the experiment
on the suspension preheater kiln are given in Appendix B.
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5 * TRIAL ON.THE WET PROCESS KILN

5.1 . Discussion L
. * , .

The ‘test program for this section of the study was designed to’
determine If kiln emissions containad any chlorlnlted organic compounds
uhen chlorinated organic wastes were burned as supplemental fuel to reduce
the alkall content of the clinker. ,

From a knowledge of kiin 2one temperatures and gaseous product

. retention times in the kiln, it was anticlipated that combustion of the

waste chioride fuel would produce predominantly COZ. Hzo. HC1 (hydrechloric
acid), €1~ (chloride ion) and a negligible smount of free Clz (chlorine

gas).
HO + €1, 3 2HCI + 40,
o .
Cye)? )
e -
H,0’ - clz

» 15 at 1000°¢ (1832°F)
= 68 at 1500°¢c (2732°F)
=150 at 1500°¢c (3452°F) [28).

This shows that amount of free chlorine gas decreases with:

~

a) increase in temperature;
b) increase in water vapor content;
¢) decrease in oxygen content; and,
d) decrease or removal of hydrochloric acid.

The hydrochloric acid will react and the chlorine will be
retained as alkall chlorides in the process solids. From a
knowledge of orthodox incineration systems, the combustion conditions
in a cement kiln were expected to provide a very favou}gblg means for
the destruction of waste chl&rlnnto& hydrocarbons. In order to determine
the effoct, if any, of burning waste chiorinated organic material on
air quality, emissions from the kiln were monitored before, during and
after three separate periods of burning the supplemental waste fuels.
Prior to each sarpling period, emissions were checked for the presence of

ACM CCrliéc



"\\j\

16

HCl and C1, with-detector tubes at sensitivity limits of 2 ppm and 0.5
pom, respectively, 2/

- A .mass balance for chlorine was carried out by analyzing all
feed and précess samples collected during each waste burn for this
element, to confirm the emission data. ‘ '

Prior to-the trial on the wet process kiin, light oil was pué
into-the chlorinated feed system for the purpose of calibrating and
testing the proportioning and metering devices. Some light oil remained
in the system when chlorinated aliphatic material was received, causing
the chloride content to Increase as the test progressed. While emissions
were tested, chlorinated aliphatic material was burned at different
rates while attempting to compensate for the changing chloride content,.
the rates being equivalent to: |

October 28, 1975, 0.31% chlorine relative to clinker;
October 29, 1975, 0.32% chlorine relative to clinker; and
October 30, 1975, 0.63% chlorine relative to ¢)inker.

Due to excessive quantities of chiorine input, a ring was
formed, which required a kiln shutdown for Ilts removal. A ring is
caused by the buildup of material on the inside of the kiln to such
an extent that It restricts the flow of process materials.

Due to production scheduling, the delay caused by the shutdown
made it necessary Eb drop the burning of aromatics alone and immediately
progress to the mixture of sromatic and complex molecules. The conduc-
tivity of this latter material was too low (0.3 x It)-6 mhos) for the
magnetic flow meter to function properly.

control of flow rates was therefore schieved by measuring the
depth of liquid In the tank. While accurate over a long period of time,
short term control wag difficult because one inch of liquid in the tank
is 196 imperial gallons. Variable flow rates were éncauntered during

emission testing, the quantity added sach day being:

December 10, 1975, 0.45 to 0.71X chlorine relative to cllinker;
Decenber'll. 1975, 0.31 to 0.51% chiorine.relative to clinker; and,
December 12, 1975, 0.79% chiorine relative to clinker.

pcM  ccBvlel
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A-ring also formed during this burn but broke away after the
sampling sequence had béen completed, thus avoiding another kiln shut-
down. The presence of this ring restricted the burning of the residual
quantity of this material (aromatic plus complexes) to intermittent burns.

Due to the above mentioned upset and reﬁuirements of the
production schedufé. It became necessary to add 13,000 gallons of the
polychlorinated biphenyl biend to the 12,000 gallons of material remaining
in the tank. The resulting mixture contained a significant quantity of
solids and also had very low conductivity, thus requiring tank measure-
ments as the method used for flow control.

The problem with solids separation and settling became more
severe as the test progressed. This caused burner nozzle restrictions
and pluggages which, in turn, caused interruptions and Irregularities in
waste liquid flows.

For the last day of emission testing, the nozzle was removed
completely to permit uninterrupted flow rates of polychlorinated b:phenyls
Quantities added during emission tests were:

January 7, 1976, 0.06 to 0.14% chlorine relative to clinker;
January 8, 1976, 0.13 to 0.33% chlorine relative to clinker; and,
January' 9, 1976, 0.612 chlorine relative to clinker.

5.2 Organic Chloride Waste Burned ,

The chemical composttions of the three waste materials burned,
the labelling used to identify each burn and the time periods during
which they were fed to the kiln are given below:

Chlorinated aliphatics WBA October 23 - November L/75
WBA plus chlorinated
arcmatics.and alicyclics WBB December 5 - December 15/75

WaB plus poly- .
chlorinated biphenyls o
(rcB's) WBC January 3 - January 9/76

it was anticipated, that complete combustion of these materials
would occur in the kiln. Ho#iver. a knowledge of the major constituents
of each of the fuels uas'necessary in order to determine which trace
components miﬁht be detected in the sampled emissions should incomplete
combustion occur. Previous studies on the incineration of waste
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chlorinated hydrocirbons {16] had shown that trace quantities of low
molecular welght compounds such as carboh tetrachioride {(CCl,), chloroform
(CHCI ), dichlorcmethane (CH2C12) were detected in the combustion product
glses it was decided, therefore, to analyze collected emission samples
for the presence of the major components of each comboslte waste fraction,
and for the low mleéuhr weight orgenochlorides referred to above.
T Samples of the chiorinated wastes were taken from the line
between the tank and the kiln. Typical component analyses of the three
composite wastes burned during the program are recorded In Tables |, 2
and 3, .

The quantitative values given in the tables are based upon an
assumed equal response of all the components to a flame lonization
detector (FID). While this assumption is not very accurate, it was
considered sufficlent to provide the needed compositional data. Ildenti-
fication of components .at concentrations greater than one parcent was
achieved by use of gas chromatography-mass spectrometry (GC-THS).- ldenti-
fication of components at concentrations less than one percent was not
routinely performed. Analyses of samples collected on different days during
8 burn showed some variation In the concentration of individua! components.
However, the overall chemical composition of the feeds remained the same.

Two of the waste burn sample feeds (WBB and WBC) were also
analyzed by the Onterio Ministry of the Environment (MOE), and ‘the TRW
Systems Group. The results obtained by these.agencies are raported In
detall in Appendicos F and G, respectively. The TRW Systems Group analyzed
composite samples of the daily feeds for both waste burns by GC-MS. The
MOE group analysed indlvidual dally samples for both waste burns using
GC-F1D operating conditions. The chromatographic parameters used by
the MOE group to analyse for aromatic and PCB components precluded the

" Identiflcation of aliphatic organochlorine compounds such as CHCl, and

ccl,. _
,~ Soms variation in the percent composition of the waste burn
samples.was apparant beatween ﬂ:’o TRV and ORF rasults, ospoch'lly with
respect to the amounts of aliphatic organochiorine compounds present

In waste burn 3 (WBB). The discrepancies observed are due to the fact
that TRW recelved a composite s.amle of all dally feeds for each of the

coedé’
al®
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TABLE 1. COMPOSITION OF ALIPHATICS (WBA)

’ -

- sample Feed - October 28, 1975

——

Approximate
Peak # in GC Profile Loncentration
{cf Figure A.6) 2 Identification
| 17.4 Chloropropane § propene
2 1.4 ethylchloride,
dichloromethane
3 0.8
i 1.5 Chlorobutane 5 butene
5 3.2 | .
3 16.5 1, 2, Dichloroethane
g 6.6 Carbon tetrachloride
1.0
9 10.5 1, 1, 2-Trichloroethane
10 0.7
11 0.3
12 1.9
13 1.4 Dichloropropanes
L4 1.4
15 2.4 Tetrachloroethylens
16 7.3 Tetrachloroethane
17 15.6 Chlorobenzene
18 2.4
19 0.2 .
21 0.3 multichlorinated
22 1.1 butanes, butenes
23 0.6 hexanes, hexenes
24 0.5
25 1.6
26 0.6
27 0.7

Note: No ldontiflcailpn of compounds at concentrations of 13 or less was
asttempted.
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TABLE 2. COMPOSITION OF AROMATICS PLUS COMPLEX (WBB)

Sample Feed - Decembep 12, 1975

' Approximate
Peak f In GC Profile Concentration

(cf Figure A.7) 4 ldentification .

T - 2.0 Chioropropane:
2 0.1 -
3 0.1 -
A 1.4 Chloroform
5 1.5 1, 2-Dichloroethsne
6 3.5 Carbon tetrachloride
7 0.4 -
8 1.1 -
9 1.9 i, 1, 2-Trichloroethane
10 ' 0.2 | -
no 0.2 -
12- - 0.4 -
13 0.6 ' -
14 . 0.5 Chlorobenzene
15 0.5 -
16 : . 52.2 Chlorotoluene
17 0.2 : -
18 - 0.1 - .
19 0.! - .
20 6.3 Hexachlorocyclopentadiene
2 2.7 Heptachlorocyclopentene
22 0.1 -

T 23 1.0 Pentachlorobenzene

25 ' 8.5 Octachlorocyclopentene
25 b '
26 G.Q. . Complex associated with
i7 . 13} : Hexachiorocyclopentadiene

loie: No-ldentificatIOn of compounds at concentrations of 13 or less was

attempted.
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TABLE 3. COMPOSITION OF AROMATICS PLUS PCB's (WBC)

_ Sample Feed - January B, 1976

Approximate
Peak f In GC Proflle Concentration
(cf Figure A.8) .. . : 4 identification
1 3.4 " Chloropropane
2 0.3 -
3 1.4 1, 1,-Dichloroethane
4 1.3 Carbon tetrachloride
5 0.5 -
6 0.3 -
7 1.9 1, 1, 2=Trichlorpoethane
8 0.1 -
9 1.9 -
10 0.5 -
N 28.5 Chlorotoluene
12 < 0.1 - )
13 < 0,1 ) -
14 1.8 :
15 0.9 Hexachlorocyclopentadiene
16 - 2.8 + complex
17 0.9 |
18 2.2
19 0.3 | Dichlorobiphenyl
20 R
22 ’ 6.7 :
23 . 3.4 Trichlorobipheny}
2" 5.9 i -
25 1.6
26 12.1 Tetrachlorobiphenyl
27 5.6
28 4,0 |
29 5.4
30 2.1 Pentachlorobiphenyl
3' - I.6

Note: No ldentification of compounds at concentrations of 13 or less was

attemptad. \
' \
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¢
waste burns, and different chromatographic columns and a different detector
system were hied by the two laboratories.
~ Since the study was to evaluate the burning of waste chlorinated
mate}lals of varisble composition, minor differences between the
laboratories' results do not affect the conclusions of the study.

- - The agreement among all groups was good with respect to the
ldentlflcltlon of components ‘present in the two waste fuels. The presence
of chlorinated aliphatics was observed in both waste fuels. WBB samples
were found to consist primarily of chlorinated aromatic compounds, In
particdlar o-chlorotoluene. WBC samples were found to consist of ‘approx-
imately 50% polychlorinated biphenyls (Aroctor 1242) plus the chlorinated
aromatics and alicyclles found in WBB samples.

5.3 Emisslons

Samples of the kiln emissions before (BLA), during (WBA, WBB, WBC),
and after (BLB) the burning of waste organic chlorides were taken, using
the equipment and methods described in Appendix A. The analytical
techniques used to determine if any organic chloride compounds were
present in the emissions samples are discussed with respect to both gaseous
and particulate emissions.

5.3.1 Free chlorine and hydrogen chioride

Prior to sach sampling period, analyses were made for. the presence
of free chlorine (C! ) and hydrogen chloride (HC1) in the kiln emissions.
An MSA gas sampler and MSA detector tubes were used to determine the
concentrations of these pollutents. In no Instance, eithér during baseline
or waste burn sampling periods, were Clz or HC! detected. The sensitivity
limits using this analytical procedure are 0.5 pom for Cl2 and 2.0 ppm for
HCI.

5.3.2 Gaseous organic compounds

Emission samples were collected ysing two sampllng trains. The
first, a gaseous sampling train (Appendix H), was designed to collect any
volatile low molecular welght organic chlorides, e.g. CC!.. CHCIs, CH Cl
by adsorptlon on an lnert adsorbent. in this study Chromosorb 102 was
used. The second, a particulate sampling train (EPA Joy F5), was expected
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to collect higher molecular weight compounds, including any noncombusted
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starting materials in the impingers. . ,
- * /
Components sdsorbed on the sorbent were removed by thermal

desorption prior to analysls.
trains, were extracted with organic solvents prior to analysis.

Al)l other collected fractions, from both .
These

included probe rinse water solubles and insolubles, fijters and impinger

solutions.
In

important to

8.3.2.1
chlorides

considering the results obtained in this study it is
keep in mind the following:
The collection efficiency of Chromosorb 102 sorbent for low

molecular weight chlorinated hydrocarbons was determined to

be better than 90%. The collection efficiencies of filters

and ice-water in the impingers of a Joy train for organo-
chloride companents was not determined.

The methods of coliection, followed by thermal desorption or

solvent extraction, were designed to concentraﬁe any organic

compounds-uhich may have been present. Such techniques allow

detection and ldentification of compounds at much lower levels

than would otherwise be possible. Concentration factors for

each type of sample have been calculated for each phase of the

burn .and are given in Table 4. For the desorbed gas samples,

organic compounds from several cubic feet of kiln emission
gases were collected on Chromosorb 102 angd then desorbed into
The concentration factors are the ratios

500 millllitres.
In the case of the solvent extracted

of these two volumes.
samples, molecular weights enter the calculation in the conver-

sion of volume to weight. A complete discussion of these

calculations is gliven In Section A.6.4.

Desorbed samples.

The concentrations of volatile organic
calculated for the kiln emissions from gas chromatography -

electron capture (GC-EC) are‘recorded in Teble 5.

The results reported were averaged for each test series.

Dichloromethane (DCM) was tentatively identified as the major component
of these desorbed gas samples. Others tentatively identified were CHCI3
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TABLE 4. GAS ;AHPLE_VOLUHES_AND SAMPLE CONCENTRATION FACTORS

(Gaseous Sampling Train)
' /

Sayple Concentration

Factors
Test Volumet

Duration Sampled Desorbed Solvent**
Test-#- Date . {mins) scf Gas Extracted
) BLA  Oct. 20 (1975) 317 2.80 159 |
2 BLA  Oct. 21 281 1.86 151} 510
3 BLA  Oct. 22 320 2.83 160 |
| WBA  Oct. 28 362 3.22 181
2 WBA  Oct. 29 286 2.53 143 500-1100
3 WBA  Oct. 30 285 2.53 143
1 WBB  Dec. 10 260 2.30 130 7
2WB8  Dec. Il 317 2.80 159 | 600-2000
3WBE  .Dec. 12 250 2.21 125 |
| WBC  Jan. 7 (1976) 268 2.37 134 |
2WBC  Jan. 8 237 2.09 119 520-1500
3WBC  Jan. 9 228 2.02 ng |
1BLB  Jan. 19 170 1.50 85
2BB Jan. 20 - 247 2.18 124 ¢ 380
38LB  Jan. 21 © 240 2.12 120 )

*Volume sampled per adsorbent tubae.

*%These values are based on the lowest and highest molecular welghts of
compounds found in the waste feeds. Figures given for both baseline
serias sre based upon the molecular weight of dichloromethane (ocM).
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TABLE 5. ESTIMATED KILN EMISSION CONCENTRATIONS (GC-EC)
FOR SPECIFIC VOLATILE ORGANOCHLORINE COMPOUNDS

I'e

Emission Concentrations

TestiSerles. Dichloraméthlne Chloroform . Tets:::?:ride
ppb “ug/m3 ppb ug/m3 ppb ug/m3
BLA 4.1 14.5 0.004 0.020 0.0004 0.0026
WBA 5.4 27.3 0.015 0.080 0.0020 0.0128
wEB 18.0 19.1 0.038 0.130 0.0020  ©0.0128
WBC 7-7 102.7 0.069 0.345 0.0060 0.0385
BLB 29.0 63.7 0.018 0.030 -0.0004 0.0160

and CClh. It was found that GC-EC profiles of blank determinations
obteined with unused conditlioned Chromosorb 102 were variable, and

the peaks that were present in the profiles possessed similar retention
time; to the compounds of interest. Therefore, reported results are

higher than actual conce&tratlons in the emission gases. The differing
concentrations for DCM quoted In Table 5, especially with respect to BLB
versus BLA, WBA or WEB, are probably a result of this background contamina-~
tion rather than real differences. It was stil] noted, however, that

the maximum concentration calculated as OCM in the kiln emissions was

no greater than 30 ppb even with this positive bias from backgrdund

-

contamination,
The MOE results confirm the ORF findings with respect to the

detection of low molacular weight chlorinated organics in the desorbed
gas samples. TRW did not find any trace of these volatile chlorinated
organics in their desorbed gas samples. However, TRW did not routinely
p.rfhné}sp-clflc analyses for compounds present at concentrations below
0.1 mg/a’. - '

5.3.2.2 Organic solvent extracted samples. Due to the much higher

gas flow rate through the portl}platc sampling train to maintaln an

isokinstic sampling rats, the concantration factors for solvent extracted
samples for this train were greater than those collected with the gaseous
train. Calculated average concentration factors for sach test series are

ACM ccsliac




given bslow:

i B.a - 7 7,000 '
WBA 6,000 - 13,000
" ‘wBB 7,000 - 23,000
. W 7,000 - 20,000
e - , BLB 6,000

For the waste burns, the two values given represent the highest
and lowest molecular weight species presen.t in the waste chlorinated hydro-
carbons. Calculations for the baselines are based on the molecular
waight of dichloromethane. Subtraction of background interference based
on control blanks (Appendix A.6.3) was performed 6n solvent extracted
samples. Comparison was then made with the appropriate waste feed sample
chromatograms. It was concluded that no uncombusted waste fuel components .
were present in any of the organic solvent extract samples at the '
detection 1imits of the analytical procedure used. Representative
chromatograms together with discussion are presented In Appendix A.6.5.

TRW performe;:l analyses on portions of all the organic solvent
extracts obtained from BLA, WBB, WBC and BLB emission samples. The
samples were specifically searched for chlorinated compounds. Also,
the Chemistry Division, Alr Poliution Control Directorate (APCD),
Department of the Environment, Ottawa, Canada carried out analyses
on portions of the solvent extracts of WBC amission samples to search
for high molecular weight chlorinated hydrocarbons. De&talled reports of
the work undertaken by these groups are bresented In Appendices G and |,
rupectlirely.

The noteworthy result with respect to both reports was that in
nons. of the samples analyzed by either group were any chlorinated organic
compounds dstected. :Their results thus confirm the ORF conclusion that no
chIorl!:.ted organic residuss were detsctable in any of the organic solvent
extracts of the emission samples collected during the various waste
chlorinated hydrocarbon burns.\|

5.3.2.3 Results obtalned by the participating laboratories. in gas

chromatographic analyses, program panuicrs define ths condltions used.
The cholice of detector and column makes thes analysis spec!flc_ to certain

ACM Ocel2l
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groups of compounds. Four laboratories snalyzed the emissions samples )
taken during this stuﬁy.

’ One of the laboratories, APCD, was requested to search for
high moleéul;r welght chlorinated hydrocarbons. The TRW group were not
requested to ldentify low molecular weight chlorinated compounds present
at less than 0.1 mg/m’_ln the stack gases. TRW dld,'h&uever. search for
PCB's using techniques designed to detect small quantities of these
compounds. ORF and MOE were assigned the task of detecting and identify-
ing all possible chlorinated organic species. Analytical design, and
hence resuits, reflect differences in the analyses regquested of the
different laboratories.

Both ORF and MOE found low molecular weight hydrocarbons,
such as dichloromethane, to be present at microgram per cubic meter
(ug/m3) levels in the emissions. That TRW detected no such compounds
is not contradictory. The levels in the emission gases were less than
their required detection limits. Similarly, It was not within the terms
of reference for the AfCD work to-deterﬁlne these compounds.

Results of the four laboratories can be conv&niently sunmarized.
While burning chlorinated hydrocarbons, low molecular uélght chlorinated
compounds were emitted at levels of a few ug/ms.(Table 5). None of the
participating laboratories detected any high molecular weight chlorinated
hydrocarbons from eigher alr sampling train. At detection limits of
3 ug/m3 in the stack gases, polychlorinated biphenyls were not found.

5.3.2.4 Estimated minimum combustion efficiencies. The*maximum value
for total chlorinated hydrocarbon content in the kiln emissions was
obtained in test 2 of the WBC series. Ignoring background subtraction
for the baseline samples and the Interferences from control blanks a
maximum value of K0 ppb was determined. If & collection efficiency of
803 is assumed, a maximum level of 50 ppb in the kiln emissions is
obtained. Because of the high and uncertain background levels, the
estimate is higher than actual levels in the emission gases. ;

. An average molecular uqight for each of the thres composite
feeds can be obtained from a knowledge of the composition of the feed.
Using this information, together with the average fuel feed rates to
the kiin and averaga gas voluﬁe flow rates in the duct, the maximum

: ADK  Cceg3;
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chlorimteq _hydr_ocarbon tontent can be determined. These values are )
presented {n Table 6. Minimum combustipn efficiencies were then caleculated
using rthg estimated maximum vald'e of 56 ppb derived above. These figures
In Table 6 are considered very conservative estimates because of the
method used to calculate them. ‘ '
T TABLE 6. ESTIMATED MINIMUM COMBUSTION EFFICIEﬁCIES
FOR EACH WASTE BURN

Maximum Estimated Organic ’ )

Content in Kiln Emissions Minimum
Waste Assuming no From Sample Combustion
Composite (:cm'tmstion3 Chrmtogram; Efficiency %
ppm g/m ppb ug/m % v/v
WBA 850 2.h40 50 177.1 99.930
wBB 470 3.37 g0 177.1 99.989 .
wBC 350 3.02 - 50 177.1 99,586 )

*Based on the molecular weight of dichloromethane. . - -

5.3.3 Particulate emissions

Summary data for the particulate tests made during each test
period are provided in Table 7. For each series of tests, the particulate
loadings and emission rates are quite consistent except for the third
test in the WBA series. The very high loading obtained probably resulted
from some temporary malfunction of the precipitator. It Is noticeable
that, when the chlorids wastes were burned in the kiln, tt;e particulate
emission rate increased. For the WBA series, the emission rates were
about four times the rates obtained during the baseline tests and for
the WBB and WOC serles the rates were twice those obtained during the
basaline tests. ’ X

increased amission rates were not unexpected since combustion
of the chloride wasteas produces\llf.'l and ctz. which react with the alkali

Lot NS
components in the raw feed to form volatile alkali chiorides. At the =
precipitator the particulate loading Is, therefore, Increased and, since § 3
the condensed alkali chlorides are very fine and have & different N
resistivity, the amount of material passing through the collector 2

Increases. Another factor Influencing emissions of particulate matter

[ ]
| % Inl'ﬂhfh Loape Py e




F__ N

I
-re Y Rgle g o TV Ce AN TV 1IN TS NTIRPPY VI —a.

i

SUMMARY OF PARTICULATE TEST DATA
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TABLE 7:
Probe
Rinse Filter Total g of Volume Emisslon
' Galn Galn Galn Yotal Galn Sampleg Flow rate Concentratlon Rate
Test . Date- (mg) (mg) (mg) on Fllter (sed ft3) ACFM (gralns/ft?) {1b/hr)
1 BLA  Oct. 20/75  57.6 285.7 343.3 83 141.04 157,000 0.0376 20.8
2 BLA Oct. 21/75. 58.8 366.0 424.8 86 135.86 155,000 0.0483 zs.@
3 BLA  Oct. 22/75  35.8 291.8 327.6 89 "132.83 153,000 0.0367 9.6
. Average " 0.0409 21.9
I WBA  Oct. 28/75 99.0  1242.6  1341.6 93 142. 8) 157,000 0. 1458 83.9
2wWBA  Oct. 29/75 94.8 1261.7 1356.5 93 137.34 153,000 0.1524 B4.6
3 WBA  Oct. 30/75 237.5 . 2193.8 2431.3 90 109.88 165,000 0.315 200.0
: " Average 0.2132 122.8
| WBB  Dec. 10/75 143.0 b2k, | 567. ) 75 106. 64 148, 000 0.0821 40.3
2ubd  Dec. 11775  06.1 468. 4 554.5 84 117.06 162,000 0.0731 0.5
3 Wb Dec. 12775 145.6 621.6 767.2 81 116.24 161,000 0.1019 55.0
Average 0.0857 45.3
1| WBC  Jon. 7/76 "62.2 . 546.3 608.5 90 119.62 172,000 0.078s 45.3
2 wBC Jon. 8776 liJ.l_ h36_.5 ¢ 479.6 9_l 113.52 160,000 0.0652 34,8
3WEC  Jen, 9776  87.8 600.0  687.0 87 118.99 167,000 0.0892 52.2
- T " Average 0.0776 h4,0
1 BLB Jan. 19/76 65.2 . 251.7 316.9 79 126.83 183,000 0.0385 23.9
2 BLB  Jan. 20/76  51.4 240. | 291.5 82 116. 60 163,000 0.0386 21.0
3 BLB Jan. 21/76 11.9 - 183.5 '195.4 94 116.45 168,000 0.0259 14.6
Average 0.0343 19.8
00“‘3“
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were the kiln-rings formed while burning chlorinated hydrocarbons.

- Klin rings, by their effect on gas velocities through the kiln,

increase the amount of particu!ite material carried to the:precipitator.
Extensive ring formation was noted during test WBA. The average
emission rate for WBA was about 3 Ib/ton of clinker produced, compared to

- the. Canadian Federal Government objective of 0.9 1b/ton. The average

value for the other phases of the test was about 1.1 1b of particulate
emitted/ton of clinker produced and that of the baselines was 0.5. This
apparent increase in the particulate emissions while burning chlorinated
bydrocarbons is bellieved to be partially caused by the change in resis-
tivity of the dust entering the precipitator due to its increased ;
alkali content. A modification in the design of the precipitator could
compensate for this change. '

The higher emission rates did not significantly add to the
suspended particulate in the amblent alr In the vicinity of the plant.
Computed maximum ground level c;ncenfratlons using standard dispersion - ;

equations were less than 2 ug/m° for the baseline emission rates and,

during the burning of waste chlorides, did not axceed 10 ug/m3. The E
current Ontario standard is 100 ug/m’. G
5.4 Mass Balance on Wet Kiln :

For the wet process kiln, the input streams are slurry feed, No.
6 fuel oi] and, when burned, the waste chlorinated hydrocarbons. Clinker
(the product) and a portion of the precipitator dust farm the output
streams. The major portion of the precipitator dust Js !mmediately .
returned to the process. This stream, though not required for the mass :
balance, was monitored for information on kiln operation while burning
chlorinated hydrocarbons. Balances of chlorine and potassium were
calcﬁlatod for both baselin§ periods and for éach type of chlorinated
wasts burnad. Hethod; of sampling and quantifying material streams are
detailed In Appendix A. Details of analytical results, calculations dnd
tables of daily mass balances qre given in Appendix C.

5.4.1 Significance of the mass balance
In common with other material balance experiments on large

scale production systems, the material accounting in this experiment §howed
apparent losses and gains when the data were expressed In percent retention.

LA Tl )
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These should not be regarded as rea) system losses or gains. There are’
random and systematic errors In weighing aAnd quantifying very large
quantities of materials and in analytical results. In the case of

alkall chlorides, a cycle is developed within the kiin whereby alkali
chlorides volatilize in the hotter section of the kiln and condense in

the cooler section. Should a kiln upset occur, the cycle may be broken

by alkali chloride being retained In the clinker. Such an occurence may

be of sufficiently short duration that clinker samples taken may not be
indicative. This effect is evident from the data of October 11-14, 1975.

A power failure on the eleventh caused a three hour kiln shutdown. The
indicated very low retention of_both chlorine and potassium occurred
presumably while the cycle was being re-established. Since the equilibrium
changes when burning of chlorinated materials begins or ends, this feature
can also be seen with each phase of chlorinated waste burning. At the
start of any chlorinated burn, the mass balance for chlorine Indicates

very low retention while the cycle is established. At the end of the
chlorinated burn, a gain is indicated as chlorine is retained iﬁ process
solids while the new equilibrium is established. Formation of kiln rings
also caused an apparent loss of alkall chloride since a considerable quantity

was contained within the ring.

5.4.2 Chlofine and potassium retained

The cumulaklvo percentage of chlorine retained (Table B) was low
in all cases throughout the study, ranging from 50.7 pergent for the
chlorinated aliphatic burn to 92.2 percent for the final bpsaline. Kzo
(Table 9) closely followed the pattern of chlorine retention, although
at & different retention levef, with 83.5 percent the lowest value found
during the chlorinated aliphatic burn and 97.8 percent the highest value
found'durlng the flnol_basellne. The reason is clearly that potassium

. chloride was being lost In ring formation and kiln cycle equilibrium

fluctuations.

The éumulativa percentage qu ratained was less affected than
that of chlorine by such losses because the quantity of uzo was from 3 to
20 times greater than the quantity of chlorine. Random and systematic
errors could also be expected to play a greater role in the chlorine
balance for the same reason. '

' ' ) ACM CCéliec
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TABLE 8. ACCUMULATED MASS BALANCE FOR CHLORINE i
Chlorinated Accumulated .3 of T '

.o Hydrocarbon input (1b) From Chlorinated Accumulated ' :
Accumulated Perlod Burned (Ty) Hydrocarbon Retentlion {Ib) % Retentlon
7/10/75-22/10/75 --- 28,249 20,768 73.5
23/10/75- 81775 Aliphatic - 134,379 83.2 68,0088 50.7 -
2/12/775-14712/75 Aromatic + 135,705 85.0 112,640 83.0

Complex
3/ 1/76- 9/ 1/76 PCB 58,590 82.4 41,704 C71.2
10/ 1/76-217 1/76 - 18,351 16,927 92.2
TABLE 9. ACCUMULATED MASS BALANCE FOR KZO N
Chlorinated
Hydrocarbon Accumulated Accumulated
Accumutation Perlod Burned tnput (tons) Retention (tons) % Retentlon
7/10/75-22/10/75 --- 240.99 229.37 95.2
23/10/75- ﬁl[ll75 Allphatld 199.67 166,72 83.5
2/12/75-~18712/75 Aromatic + Complex 194.59 186.68 95.9
3/ /76~ 97 /716 PCB 103.25 92.88 90.0
107 1/76-217 1/76 -—- 280.40 274.36 97.8
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While the chlorine balance does show discrepancies, in all cases
while burning chlorinated hydrocqrbpns mope chlorine was retained In process
solids than the quantity Input with materials other than these wastes.

A major portion of the chlorine from the chlorinated hydro-

carbon materials is thus accounted for. Considering the uncertainties
involved with ring formation and kiln upsets; the mass balance for
chtorine confirms the finding of the emission measurements that all
chlorinated hydrocarbons are destroyed in the cement kiln.

- e -
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rf' 5 CONSIDERATICHS ON BURNING CHLORINATED HYDROCARBON WASTES .IN A'
o7 : ‘ CEMENT KILN
1 - ’
6.1 _Effect on Productién ‘

Kila ring formation normally decreases kiln production, apart
from any loss of production caused by downtime. - However, the kiln rings
formed during this study were attributed to poor control of feed rates

.=-- Bf the chlorina:éd waste. Ring formation through chlorine addition rates
higher than desirable were previously encountered at St. Lawrence Cement
while adding waste hydrochloric acid. Adequate control would certainly
eliminate this problem and, since this is a fairly simple proposition,
kitn ring formatlon should not be considered a deterrent to-use of this
waste In the kiln.

During the study, average production rates (Table 10) were
1038 tons per day while not burning chlarinated hydfocarbons and 1025 toés
per day while burning these materials.

‘Thera'was also an iIncrease of approximately 20 tons per day In
the quantity of dust discarded (Table I1) while burning chlorinated

‘ ™ materials. -

! While these values may be partly due to ring formation, it is

probable that dust generated would increase due to Increased volatilization

of alkati chloride, and that this would have a corresponding effect on
clinker production. Thus, If another form of chloride were being used for
alkall reduction: it is unlikely that any change would be detected by use

of chlorinated hydrocarbon wastes. e

6.2 Alkall Reduction While Burning Chlorinated Hydrocarbon Wastes

As indlicated ogrl!er in this report, Nazo is not considered in
this study because it is Tow and practically constant in the St. Lawrence
Cement Co. raw materials and products.

Yo determine the efficlency of alkali reduction, the following
points r.qulre-conslderltlon. The percent xzo reﬁortcd in the slurry
fesd Is on the natural or 'as received' basis. To determine the quantity
which would be present |f nofe were volatilized in the burning process,
the r;sults must be calculated on the "ignited basis', that is, recalculated

for the coz evolved from the rew materials in the burning process. The

ACM (CCSE139
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TABLE 10. AVERAGE REDUCTION IN K,0 CONTENT OF CLINKER

—y

Cl Input With

Clinker : Hydrocarbon Slurry Ks0 (2) Ka0 Ko0 talculateds
Prod. Chlorinated 2 Relatlve to Natural Ignited Clinker Reduction K,0
" Accumulation Perlod (t/day)  Hydrocarbon Clinker Prod. Basls Basls (%) (2) Reduction (%)
1/10/75-22/10/75 1056 - : 0 . 0.92 1.42 1.2 0.2) o '
23/10775- MV/75 1050 Allphatic 0.4 . 0.92 1.42 0.87 0.55 0.58 !
2/12/15-14/12/75 1020 Aromatic + 0.44 0.90 1.42 0.74 0.68 0.58
) Complex
3/ 1776~ 9/ V776 _- 1006 (o] 0.34 0.9} 1.5 0.87 0.54 0.45 ,

10/ 1776-21/7 1776 . 1020 - : 0 0.91 1.40 1.25 0.15 -0

14

#Based on chlorine: Input.

Wiy
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TABLE T1. AVERAGE DUST DISCARDED

4

Average Dust

) Chlorinated _ Discarded
Period Hydrocarbon ~ (Tons Per Day)
7/10/75-22/10/75 - .2
23/10/75- 4/11 /75 Al iphatic 42.7
2/12/75-14712/75 Aromatic + 74.0
Comp lex
3/ V/76- 9/ 1/76 PcB 62.5

10/ 1/76-217 /76 .oe 45.1

percent xzo in sturry feed on the ignited basis minus the percent K20<in
the clinker yields the reduction through volatilization In the kiln.
Since the xzo reducgion is achieved by formation of potassium chloridg
(KC1), the reduction expected while burning chlorinated hydrocarbons, .

. based on the assumption that all chlorine 1s bound into potassium chloride,

can be readily calculated. Comparison of actual and calculated values
(Table 10) are excellent. I(f chlorine is added to reduce alkalies, the
reduction is stoichiometric. However, the total reduction is relative to
alkali levels in the slurry and not to the baseline content in the clinker.’
This result was confirmed both by this ktudy and by previous experience
using hydrochoric acid as the source of.chlorlne. This may be due to
formation of potassium chloride from volatile compounds sych as

potassium carbonate. On average, without chloride addition, 2 reduction

of 0.18 percent Kzo is apparent. While burning chlorlnate& hydrocarbons,
the average reduction Is that calculated on the basis of potassium chioride

" formation plus 0.05 percent. .

The extremely good correlation between quantity of chlorine
1nput by burning of chlorinated hydrocarbons and alkall reduction In the

clinker gives better proof than the mass balance that chlorinated
" hydrocarbons are destroyed in a cement kiln. Otherwise, alkali chloride

. -\
could not be formed, and volatiilzation to the extent noted could not

"occur. The high degree of correlation indicates that all of the chlorinated

hydrocarbon was destroyed.

ACM CGbl4l
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6.3 Heat Recovery From Chliorinated Hydrocarbon Wastes
Calculation of heat recovery from these materials, normally

by the flow control problems encountered. During the aromatic plus
complex chlorinated hydrocarbon burn, the oil meter did not function
properly and assessment of heat recovery was made only over the first
two days of burning. As near as can be established, approximately 65%
of the heat of the chlorinated hydrocarbon was recovered (Tabte 12).
This can be expected since volatilization of potassium chloride
required energy. While the energy is recovered upon condensation, this
occurs too far along the kiln to be completely recuperated. Weber [18]
states ‘volatilization of alkalies consumes high grade heat in the
sintering zone and calcining zone above a material temperature of 890°c
and this heat is subsequently released only at lower temperatuyres. Thus,
degradation of high-grade heat takes place''. ’

When it Is coqsidered that potassium chloride forms a cycle
within the kiln and may be volatilized several times before escaping to
the precipitator, the heat consumed by this process becomes considerable.

in the suspension preheater kiln, an indication of the number
of cycles of volatilization of alkali chlorides is given by the relation-
ship between the Stage 1V chloride level and quantity of chloride input.
Since In this study, the xzo at Stage IV was a factor of ten greater than

the xzo lnput. it follows that ten cycles of volatilizatlon occur on average
The situation in the wat process kiln,

in the suspenslon preheater kiln.
however, is dissimilar. There is no convenient method for determining

the number of alkall cycles involved. That there will not be as many

A i e i . e o . ..
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cycles as in the suspension preheater kiln is certain when consideration

is glvcn to the differences in the two processes.
it is assumed, for purpose of illustrntnon. that a chlorinated

.hydrocarbon with 9300 Btu/lb and 42% chlorine is being burned with an
For each pound of chlorinated materiat,

T = e e et s S
LEI] g —{ - =TT

alkali cycle of three times.
there are 0.42 pounds of chlorine which will produce 0.88 pounds of
The heat of vaporization of potassium chloride is
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potassium chloride.
38,840 cal/mol [19) or 938.6 Btu/lb. The 0.88 pounds of potassium
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TABLE 12, RECOVERY OF Btu FROM CHLORINATED HYDROCARBONS

rd
Z

" Average . Average
Reduction input With
Input With Chlorinated - 3 Useful
6 0il Hydrocarbon Heat From
: (10° x Btu/ton (106 x Btu/ton Chlorinated
. Material Clinker) Clinker) Hydrocarbon
Aliphatic 0.125 0.205 61
Aromatic + 0.128 0.217 59
Complex
PCB 0.157 0.228 69

chloride would require 2478 Btu for three cycles. On this basis we
might expect to recover:

2292§§5%ﬁ121 x 100% = 733 of the heat content of the chlorinated

hydrocarbon. .

While the abd;e is only an approximation and ignores concurrent
heat exchange processes, it indicates that the heat recovery of about
652 obtained in the present study is reasonable.

It should be emphasized that the addition of calcium chlioride
would require a similar quantity of heat to volatilize alkalies. In the
case of calcium chloride, an increase In fuel quantity would be required.

~

6.4 Cemant Quallty
While the literature available [2, 3, 10] Indicates that alkali
reduction {s beneficlal with regard to cement quality, the bbssibility

of unburned organic material being retained In the cement and having
a deleterious effect was considered. Cements were ground in the laboratory
with clinkers produced'while burning only No. 6 fuel oil as well as

. clinkers produced during the aromatic plus complex and PCB burns.

Detailed results are given in Appendix D. The results obtained indicated
. \ oo
the only effects to be those due‘to alkall reduction.

6.5 . Extrapolation to Other Kiln Types

Since all cement kilns have In common the requirement that
uniformly high temperatures be maintained, the authors believe that

agk  CCBL43
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chlorinated hydrocarbon§ will be destroyed in all types of cement kilns
regardless of fuel ysed. The only qualnfucatuon to this statement is
that the wastes must be injected Into the burning 2one. While it is
sdvisable to atomize the chlorinated waste, there appeared to be no

difference during the PCB burn with or without a nozzle for atomization.
For fuel economy, cement kilns are operated at low excess oxygen.l

This, combined with the high temperatures and hydrogen from the fuel,
will In all cases ensure that hydrogen chloride (HC1) is preferen:iall§
formed rather than free chlorine. In all cement kilns, the lime will
readily react with the hydrogen chloride. Based upon results of the
present study, no detectable quantities of either compound are expected
to be emitted from any type of cement kiln.

Since alkali chioride is volatilized and condensed in the gas
stream as extremely -fine particles, it would be expected that emission
of particulate matter would increase by an amount depending on the
efflciency of the preclipitator. This would apply to any method of
chloride addition. To overcome the plugging problem caused by condensation
of these salts in suspension preheaters, design modifications to these

units need to be installed and demonstrated.

6.6 Comparison of Cement Kiln Burning with Other Uses and Disposal
Methods fpr Waste Chlorinated Hydrocarbons
Information on disposal methods used and actual quantities of
chlorinated hydrocarbons requiring disposal is not readjly available in
Canada. While a conservative estimate of 25-30 million pounds of
chlorinated hydrocarbon wastes was obtained, it seems lik&ly that this
quantity represents only wastes from plants manufacturing chlorinated
hydrocarbon products. The magnitude of the problem of disposa) of these
wastes In North America can be inferred by some of the methods used.
One method makes use of ships designed for burning of these wastes at
sea, this method being described in studies monitored by the United States
Environmental Protectlon Agency [20, 21]. Such a method of disposal
Is cxpenslve, requires constant monutorlng of temperatures wlithin the
furnace, uses additional fuel for combustlion and emits hydrogen chloride

(HC1) which is dissolved In the ocean.
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"Another method of disposal in North America is incineration
with production of hydrechloric acid [;2].
- One report from Europe [23} Indicates that methods of disposal

Aare: .

1) illegal dumping of small quantities in barrels or other

containers on uncontrolled refuse dumps;
T 2) deposition of larger gquantities Iin barrels on refuse dumps |

which are supposedly sanctioned for this purpose;

3) combustion in simple facilities without hydrogen chloride
scrubbing;

4) combustion of piles of barrels on remote beaches with an
offshore wind;

5) dumping barrels on the open sea;

6) dumping liquids into the sea from moving vessels;

7) separation of waste materials and recovery of useful i
components ; ‘
8) combustian with recovery of hydrochloric acid; and,
9) combustion on the open sea at temperatures guaranteeing
almost complete pyrolysis. '

The same report states: ‘'Only the last three procedures can
be considered to be not harmful for the environment. But procedures 7)
and 8) are possibly'very expensive and In special cases unsustainable for ‘
the producer". Also from the same report, it Is pointed out that combustion .
at se» requirgs extensive observation of a variety of safety procedures.

A study from France [24] indicates that a variety of legal and
i1legal means are used to dispose of chlorinated hydrocarbon wastes.
Of illegal mesans: ‘'the discharge of what in general are insignificant
quantlfl-s is disposed of in drums, or by tankers, Into waterways, former
quarries now used for ;ther purposes, or discharged with unsupervised

wastes that reason suggests should bs retained",
in comparing combustion in a3 cement kiln, with other methods

of disposal which are considered not harmful to the environment, the

el

following points bscome apparent:

- Incineration of these wastes Is normally done at a.fllme

.l‘lhll‘&"..‘i'."‘-;du:.l'.-n AT



3

e

{

)

mmmmawf COPURISHS T b

-
3oy

- l"’.. 'mnm, SN L m-;mWim

)
A

41

temperature of 1200°¢ to 1560°¢C [25] while cement kiln
flame temperatures arg_2100°;,[18] or higher.

The retention time in a cement kiln flame envelépe is consider-

ably longer than the 0.] seconds normally found in an
incinerator.

For the production of cement clinker, the temperatures cited
are necessary [26], thus removing the necessity for constant

monitoring of temperatures as required when burning in an
incinerator.

To prevent operating difficulties; such as kiln rings, in 2
cement kiln, the amount of chlorine Is restricted to
approximately 0.4 percent relative to clinker. Besides
maintaining constant temperature, this requirement ensures
that sufficient hydrogen is available to form hydrogen
chloride which Is readily absorbed by lime.

There is always a high quantity of lime in the cement kiin
to react with hydrogen chloride and thus prevent emission
of this compound to the atmosphere.

Burniﬁg of these wastes in a cement kiln saves fossil fuels,
as opposed to the necessity of using fossil fuels to
ensure combustion of these wastes In an Incinerator.

Benefic}al use Is obtained in a cement kiln ;f persistent
and toxic waste materials which normally require disposal.
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7 CONCLUS IONS .
//

The concept of using chlbrinated hydrocarbon wastes in
cement proceséing derives from knowledge of kiln operating temperatures
and resideqce times In comparison with incinerators capable of destroying
these compounds. The action of cement kilns as 'dry-lime scrubbers' in
relation to halogens In the kiln gases was already known.

In ali cases, in the present study, analyses of kiln emissions
indicated the efficiency of combustion of chlorinated hydrocarbon wastes
to have exceeded 99.98 percent. Traces of volatile Tow molecular weight
chlorinated hydrocarbons were found to be present st a maximum emission
concentration of 50 ppb above baseline. All other starting materials,
including |polychlorinated biphenyls, were completely destroyed.' There
were no detectable emissions of hydrogen chloride, free chliorine or

-high molecular weight chlorinated hydrocarbons. RS

An increase in total particulate emissions was observed while
burning chlorinated hydrocarbon wastes. This Is apparently related to
an increase in dust loading to the precipitator as indicated by the
necessity of discarding more dust while burning chlorinated hydrocarbons.

Combustion in incineratars designed for destructlon of chlorinatad
hydrocarbon wastes caused the emission of most of the hydrogen chloride
except for those installations using expensive hydrocﬁloric acid recovery
or scrubbing systems. These incinerators require continous mohitoring
of temperature profiles and use fossil fuels to initiate or maintain
combustion. .
The present study indicates that useful recovery of about 65
percent of the heat value and approximately 100 percent of the chlorine
is attained by tﬁc burning of these wastes in a cement kiln. -

A mass balance on chlorine and the effective alkali reduction
derived from the chlorine contained in the chlorinated hydrocarbon

s

wastes confirms the air emissions data.

_ Consideration of the data from this study and examination of
the general lliterature on cement manufacturing has led the authors to
conclude that all chlorinated hydrocarbon wastes may be used in cement
kilns without advarse effect on air pollution levels.
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APPENDIX A

QUANTIFYING, SAMPLING §HD.AﬂALYS1S OF PROCESS MATERIALS

While analytical procedures used are identical for both wet
and dry process kilns, only the wet process kiln materlal streams are
considered in this A;pendix. The dry process suspension preheater
kiln system 1s detailed in Appendix B.

The material flow through the wet kiln production system

lts 11lustrated in Figure A.1. To obtain the material balance, six
materials were quantified, sampled and analyzed. A seventh material,
precipitator return dust, was monitored to obtain any additional operating
data this stream might yield. Table A.1 lists the materials examined
with ppproximate relative quantities under norma!l productionAcondiiions.

TABLE A.1. PROCESS MATERIALS STUDIED AND APPROXIMATE NORMAL PRODUCTION

QUANTITIES

Material Approximate Quantity
Sturry Feed - 1540 dry tons/day
Clinker 1000 tons/day
Precipitator Discard Dust 0 - 140 tons/day
Precipitator Return Dust 350 tons/day
No. 6 Fuel 0i1 : 20 gal/min «~
Chlorinated Hydrocarbons 1 - 2 gal/min -
Kiln Exhaust Gases |60.006 ACFM '

A.l gggg;iffing and Sampling Slurry Feed and Clinker

There are four slurry basins, each of 6000 ton capacity,
including slurry uati;. The product from the slurry grinding mills is
pumped into these basins. The basins are supplied with air agitators
for the purpose of blending thglslurry_and maintaining a uniform.suspension
of solids in liquid. Slurry ls\pumped from one basin at's time to the
constant level box of the slurry feed system. The materlal which over-
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flows from the constant level box is returned.to the slurry basins.
Slurry feed for the kiln is taken from the constant level box by an
Allis Chalmers 'Ferris Wheel' bucket wheel feeder with variable speed
drive. From the bucket wheel feeder, the slurry flows into a small
basin with an outlet at the bottom from which the siurry goes directly
into the kiln, -

The slurry feed sanples were taken every two hours from the
overflow of the constant level box, and blended into a daily composite.

A portion of the daily composite then was dried at 120°C for analysis.

Slurry feed quantities were obtained by multiplying the total
number of revolutions of the ""Ferris Wheel" per day by a factor. Measure-
ment -of the slurry basin levels while feeding the kiin but not allowing
slurry to be fed into the basin gives an accurate quantity of slurry
fed to the kiln. A second method, performed every two hours, is to
close a valve at the outlet to the kiln of the small basin fed by the
Ferris Wheel. By determining the time to fill this basin, the quantity °
fed to the kiln Is known.

The clinker is fed to a bucket elevator by gravity through a
chute from the cooler. Clinker samples are taken from this chute at
intervals of two hours to form a 24-hour composite. The clinker composite
sample is mixed, reduced by ''cone and quartering' and a portion ground
for analysis. ’ _

{n common with general prai:tice in the industry, there is no
provision in the plant for continuous weighing of clinker. The water
content of the slurry feed is determined thrice daily, from which the

following calculation Is made:

100 - Hzo
SFD = SF \—Joo —

where SFD = quantity of slurry feed on a dry basis
SF = gquantity of.s!urry feed including water

Hzo = % water in the slurry feed.

To obtaln the quantity of clinker produced, the coz which is
lost in the burning process (determined by loss on ignition of the dry
slurry feed) is deducted and a further correction is made for the quantity
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of ddst diicurdéd from the system. A total material balance may then

4

be written as follows: - /

- 100 - LDISFD - 100 - LOIDD
100 | 100 )

Clinker =
- -where SFD ~ = quantity of slurry feed on dry basis
LOISFD = % loss on ignition on slurry feed on dry basis
DD = quantity of dust discarded
LOIDD = % loss on ignition on dust discarded.
. A2 Weighing and Sampling Pkecipitator Dust

Dust from the precipitator is separated into two portions by a
system of screw conveyers under the precipitator. The major portion
is returned via a conveyor belt into a small holding silo from which the
dust is returned Into the burning zone of the kiln (return dust). Samples
of the dust are taken at two-hour intervals from the conveyor belt to
form a 24-hour composite. The composite is blended and a portion taken

for analysis. A minor portion of the dust (discard dust) is fed into a a”

second holding silo from which trucks are loaded directly. A sample

of this dust Is taken from each truck load, and all samples for each day
are blended into 2 24-hour composite. Each load of dust is weighed on
the truck weigh.scales before being disposed of.

A.3 Measurement and Sampling No. 6 Fual 0il
While It was considered unlikely that No. 6 fuel used in the

plant wéuld contribute @ substantial quantity of chlorine, samples of
oll were taken dally. Fuel quantities are continuously monitored and
recorded in the production data but are not given ir this report.
Chlorine content of the oil was determined, and the contribution to the
chlorine mass balance due to oil was included.

AL Measurement and Sampling Waste Chlorinated gxdrocarbons

Sampling of chlo(lnated hydrocarbons was carried out by w:thdrau:ns-

material from the feed system twl:e daily and blending by vigorous mixing.
Samples were split into equal portions qfter biending.

M
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lnatnally, It was tntended to meter chlorinated hydrocarbon

flow continuously. For this purpose. a magnetic flow meter was installed

in the line to monitor quantities of these materials. For this type of

meter to function properly, It Is required that the conductivity of the

-6

material be greater than 2 x 10 =~ mhos. While this was the case for the

chlorinated aliphatic wastes, the conductivities of the other materials

were less than 0.3 x 10-6 mhos., As a result, chlorinated waste material

quantities were determined by taking measurements of the volume of
material in the storage tank. Tables A.2 through A.4 give detailed
information on calculated chlorinated waste material quantities.

A.5 Emission Sampling

Separate sampling trains were used to collesct representative
samples of kiln emissions for analysis to determine the emission rates
of particulate material and to determine If organic chloride compounds
were present in the gas stream passing to the stack.” Particulate and
gaseous samples were c¢o)lected from a duct downstream of the precipita-
tor controlling dust emissions from kiln #1. The location is described
below, followed by descriptions of sampling equipment and methodology.

A.5.1 Sampling location

Emissions from both #] and #2 wet process kilns pass through
electrostatic precipitators (pr Manufacturing Co.) and then through
sections of rectangular breeching before mixing in a common section of
duct entering the stack. The stack, which is of height Ssk.o feet and
has an exit diameter of 13.0 feet, vents the exhaust gases to the
atmosphers at a temperature of about hoo°r and a velocity of almost

&0 feet per second.

The roctangular breechnng from the precipitator makes & 90°
bend and then angles at about 30% upwards from the horizontal for a
distance of approximately 45 feet to the common header which leads into

the stack. This 45 foot sectign of duct was considered the most suitable

for Installation of sampling ports at a location which would meet both
Federal and Provincial source testing codes. It was subsequently
decided, therefore, to install five &' diameter ports in the vertical
side of the duct at a position 12 feet upstream of the bend into the
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TABLE A.2. QUANTITIES OF ALIPHATIC MIXTURE BURNED BAILY
", Z

Time
Date From To Hinutes Igpm Gallons Gallons/Day
23/10/75  09:00 12:00 180 0.5 90 1170
12:00 06:00 1080 1 1080
24/10/75 - 06:00 06:00 1440 1 1440 1440
25/10/75  06:00 06:00 1440 1 - 1aho 1440
26/10/75  06:00 06:00 1440 | 1440 1440
27/10/75  06:00 06:00 1440 1 1440 1440
28/10/75  06:00 06:00 1440 1 1440 1440
29/10/75  06:00 - 06:00 1440 1 1440 1440
30/10/75  06:00 09:30 210 1 210 2670
09:30  06:00 1230 2 2460
31/10/75  06:00 06:00 1440 2 2880 2880
1711775  06:00  06:00 1440 2 2880 2880
2/11/75  06:00 06:00 1440 2 2880 2880
3/11/75  06:00 -06:00 1440 2 2880 2880
4/11/75  06:00 10:00 240 2 480 930
10:00 17:30 450 ] 450
OFF at 17:30
\
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TABLE A.3. QUANTITIES OF AROHATiC PLUS COMPLEX MIXTURE BURNED DAILY

/’
'

Tank

Date Time Diffarence Gal/min
Measurement gallons minutes
Dec. 6 15:00 - 12' O"
loads in 60930 )b + %0630 1b @ 1.299 SG = 7823 gal
Dec. 7  12:15 14 g (7823-5886 = 1937 gal)
1937 1275 1.519
Dec. 8 15:00 14 o 1177 1605 0.733
Dec. 9  15:30 13* 6" 177 1470 0.801
Dec. 10  12:00 12' 6" 2354 1230 1.914
Dec. 11 15:00 1 e 1962 1620 1.21
Dec. 12 09:00 t1r 4 785 lo8o 0.727
Dec. 12  15:30 1 o 785 390 2.013
Dec. 13 13:30 10' 3" 1373 1320 1.040
Dec. 14  13:20 9' 6" 1766 1430 1.235
Dec. 15  14:00 8 g 1862 1480 1.326
Gallons per Day
Date *From To Minutes fgpm Gallons Total Gallons
Dec. 2 06:00 13:10 k30 (1) 430 430
Dec. 5 10:00 12:00 120 1.519 182 1640
14:00 06:00 960  1.519 1458
Dec. 6 06:00 06:00 1440  1.519 2187 2187
Dec. 7 06:00 12:15 375 1.519 570 1351
12:15  06:00 1065  0.733 781
Osc. 8 06:00 15:00 540  0.733 396 myz
15:00 06:00 900  0.801 - 721
Dec. 9. 06:00 15:30 's70  0.801 456 2121
15:30  06:00 B70  1.914 1665
Dec. 10 06:00 12:00 360 1.914 689 1997
12:00 06:00 1080 t.211 1308 e
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TABLE A.3. {(Cont'd)
Date From T9 Minutes - igpm Gallons Tota! Gallons
" Dec. 11 06:00 15:00 540 1.211 654 1308

15:00 06:00 900 D0.727 654

Dec. 12 05:00 09:00 180 0.727 131 1821
09:00 15:30 390 2.013 785
15:30 06:00 870 1.040 505

Dec. 13 06:00 13:30 450 1.040 468 1691
13:30 06:00 990 1.235 1223

Dec. 14 06:00 13:20 ho  1.235 543 1869
13:20 06:00 1000 }.326 1326 )

Dec. 15 06:00 06:00 1440 1.326 1909 1509
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TABLE A.4. QUANTITIES OF PCB MIXTURE BURNED DAILY

’

- Tank .~ Difference

- ) 3, W) oy

Date Time Measurement gallons minutes Ga)/min
3/1/76 14:30 14 .
/1776  j2:00 - 12' €" 1962 1290 1.521
5/1/76 09:15 ‘9" g 1962 1275 1.539
5/1/76 14:30 9' 6" 392 315 1.244
6/1/76 09:10° g 1766 1120 1.577
7/1/76 09:06 7' 1962 1436 1.366
771776 16: 00 7'10" 196 54 0.473
8/1/76 08:45 7' 9" 196 1003 0.195
871776 15: 45 7t 8 196 h20 0.467
9/1/76 08:45 72 n 1020 1.154

9/1/76 05:45 - 6' 8 177 540 2.180

Gallons per Day

Date From To Minutes igpm Gallons Total Gallons

371776 07:45 14:30 405 1.521 616 2030
14:30 06:00 430 1.521 1414

/1776 06:00 12:00 360 1.521 548 2210
12:00 06:00 1080 1.539 1662

5/1/76 . 06:00 09:15 195 1.539 300 2159

09:15  14:30 315 ). 244 392 -

6/1/76  06:00 09:10 190 1.577 300 2008
. 09:10 06:00 1250 1.366 1708

7/1/776  06:00 09:06 186 1.366 254 614
09:06 16:00 44 0.473 196
16:00 06:00 840 0.195 164

8/1/76 -06:00 08:45 165 0.195 32 - 1218
08:45 15:45 A20 0.467 196
" 15:45 06:00 855 1.154 987

9/1/76:  ©6:00 0B:45 165  1.154 190 1433
08:45 18:15 570 2.180 1243
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header, and positioned on @ line perpendicular to the gas flow. The
port locations are shown schematically’in Figure A.2.

- As agreed upon by the Ontafio Ministry of Envirénment and
Environment Canada, sampling was carried out at eight points on each
of the five duct traverses for a minimum of five minutes per point. The

-sampling points were located at the centres of equat rectangular areas
in the duct as shown in Figure A.3. The numbers given in each rectangle -

are typical gas velocities measured during the study and indicate the
distribution of gas flow at that location.

A.5.2 Sampling equipment
Prior to setting up equipment for particulate and gaseous

sampling, grab samples of the kiln emissions were taken using the
equipment depicted in Figure A.L. A gas sample was pulled through an
in-stack 47 mm glass fibre filter in a stainless steel holder to
remove particulate material and then through a heated teflon line into
a Tedlar bag. For each bag sampie a clean bag was placed in the lung

and the 1id tightened to effect an air-tight seal. Valves A and C were

closed and B opened so that, with the pump on, the sampling line was
purged. Valve B was then closed and valve C opened to evacuate the
sampling lung, making sure that the vacuum did not exceed 5" Hg. At a
vacuum of 4" Hg, vglve A was opened and the sample bag filled with
emissions from the duct. Valve A was then closed and valve B opened.
The pump was shut off and the line to the pump disconndcted. Valve C
was opened to bring the lung to atmospheric pressure and the bag was

remved from the drum ana quickly capped. Each bag sample was tranéported

to the laboratory at ORF for analysis on the same day that the sample was
collectad.

!
A.5.2.1 Particulate train. Samples of particulate emissions were

collected using a Joy Manufacturing Company EPA (Hbdel Cu-2) train,
.shown schematically in Figure A.5. This equipment conforms to that

recommended by both the Ontario Source Testing Code [A.i] end the
Environment Canada Code [A.2]. Prior to sach test a veloclity traverse
wes conducted across the duct through sach part to determine an average

' gas véloclty. Gas temperatures were also recorded at each‘gample point.

ach CCBLE2
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FIGURE A.3. GAS FLOW DISTRIBUTION AT SAMPLING POINTS
An Orsat analysis was made to find the concentrations of CO, co;. !J2 and
llz in the gas straam and a gas ooisture determination s carried out
using an established procedure [A.1]).
" the Isokinetic sampling rate was calculated using known standard
equations [A.1].
Ffor each particulate test, sampling was made for five minutes
at uch of the sight points across the duct through the five ports.
" Speclified data [A.1} were recorded svery 2.5 minutes on a test data
.shest. The high flow ratss encountered at the far wall of the duct
and across the top of the duet necessitated use of probe nozzlas of

- - diamster less than 0.25 Inchu. Mozzles of diameter 0. 2!9 inches and

0,188 inches were used during certaln tests.
At the cﬂm:luslon of a test the glass fibre flilter was
removed from its holder and placed in a labelled petrl dish. The

wolun of uater in the impingers was measured and the contents transferred
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to polyethylene bottles, which were then labelled. The probe and

nozzle were rinsed with distilled.water as the inside of the probe was
carefully brushed. The rlnsfngé uere'collected in a poly@thylene bottle.
The glassware between the end of the probe and top of the filter holder
was washed with distilled water and these washings added to the probe
rinse. The bottom.of the filter holder and glassware between filter

and impingers was also washed and the contents added to the impinger
catch.

After filtering the probe rinse, drying and weighing the
insoluble particulate material, weighing the reconditioned filter, and
determining the soluble portion of particulates in the probe rinse by
aliquot evaporationr, the total weight of collected particulate material
was obtained. The moisture removed from the sampled gas was found by .
adding the gain in weight of the silica gel to the volume of additional
water collected in the impingers. The volume of gas sampled was corrected
to standard conditions and the particulate ioading and emission rate
calculated by use of appropriate equations [A.1].

A.5.2.2 Gaseous traln. It was originally Intended to sample for
gaseous organic chloride compounds using the EPA-type particulafe train,
with specific absorbents replacing water in the impingers. Due to the
high flow rates (0.5 - 1.0 ¢fm) required for isokinetic sampling, however,
it was considered that the collection efficiency of any absorbent for
volatile organic compounds would be very low. An experimental program
was, therefore, devised and carried out at ORF to evaluate collection
methods and develop a suitable sampling train for gaseous organic chlorides.
Details of this study, performed under contract to the Ontario Ministry
of the Environment, are given in Appendix H. Data obtained which are
relavant to this section are described below.

A particulate train was set up in the laboratory and heated
sir was pulled through the complete system at a flow rate of 0.5 cfm.
Water was placed in the first {mpanger and solvents such as xylene,
toluene. and decane, containing a few ppm of CHCI3. CHZCI2 or CHCI CH CI.
were placed In the second Impinger. The third impinger was left empty
and the fourth contained silica gel. After a perlo& of three to four
hours, the time anticipated for a particulate test, the impingers were
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. examined with respect to solvent volume and organic chloride conzentra-

tion. 1In 21) cases, It was found that the loss of chloride compounds
was considerable. For the polar solvents, such as toluene or xylene,
the chloride concentration was retained but the total loss of solvent

- plus chlorides uas_jn the range of 50%-70%. For the non-polar soivents,
.such _as decane, the volume loss of solvent was negliglble but the chloride

foss was in the range of 60%-90%. Even if efficient collection of
trace organic chlorides from the gas stream by specific solvep:s were
possible, these compounds would not be retained In solution at gas
flow rates of 0.5 cfm or higher.

Recent studies have shown that collection and retention of
trace organic compounds is possible using specific adsorbent materials
[A.3]. Inert materials, such as the Chromosorbs, are considered to
have certain advantages over activated carbons in that water vapour
present In the éas does not hinder organic compound adsorption, and
adsorbed compounds are readily removed by thermal desorption. Experi-
ments using the p&rticulate train with Chromosorb 102 or activated
carbon in the third impinger were carried out, passing heated air
coﬁtalnlng a3 few ppm of CHCI3 through the system at a flow rate of 0.5
cfm. Neither adsorbent removed more than 70% of the CHCI3 initially
and, after about thirty minutes, almost all of the CHCI3 was passing
through the system. |t was concluded, therefore, that efficient _
collection and retention of volatile organic compounds was not possible
with gas flow rates of 0.5 cfm or higher and the paf}iculate train could
not be used for this purpose. )

After further studies in the laboratory with both Chromosorb
102 and activated carbon, the sampling train for gaseous organic compounds
depicted in Figure A.6 was constructed. Tests made with an air stream
contalning 15 ppm'bf CHCI3 showed that slther adsorbent would remove
better than 95% of the CHCI3 over a sampling period of four hours.
Chromosorb 102 was selected on the basis of the advantages previously

mentioned.
A &7 mn fibreglass filter was placed directly behind the probe

nozzle to remove particulate material at the duct gas temperature. The
sample gas was passed through midget impingers contalning water and
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caustic soda (53 solution), respectively, to remove any HC! and ci,
present in the kiln emissions. After the impinger, the gas was filtered
through four .Chromosorb adsorbent traps placed in parallel-at a flow rate
controlled by rotameters., A flow rate of 250 ml per minute was selected
for elch trap, glvang a tota! flow of one litre per minute through the

tratn- The total flou over each test period was alsc monitored by a

wet test meter placed after the pump. Impinger solutions and adsorbent
traps were maintained at lce temperature to effect a better collection
of chloride compounds.

After each test the in-stack filter and impinger solutions were
stored in labelled containers. The adsorbent traps were removed, capped
and labelled. The probe was rinsed and the rinsings placed in a

polyethylene bottle. All samples were then transferred directly to the
ORF jJaboratory for analysis. The gaseous sampling train was operated

simultaneously with the particulate sampling train for each test.

A.6 Organic Chloride Analyses

The methodology used to collect kiln emission samples, in
baseline or waste burn test periods, provided four distinct types of
samples for analysis of chlorinated organic compounds. These sample

types and the analyses required were: |

= chiorinated waste feeds for compositional analysis;
- grab bag samples for any chlorinated organic species;
«~ . Chromosorb adsorbent samples for volatiTe low molecular

uelght organic compounds; and,
- solvent extracts of filters and solutions for noncombusted

waste components.

A.6.1 Sample preparation
) Vaste feed. Samples of the prospective WBA feed material were
supplied in advance of the test burn for analyses. When the test period

arrived however, lnsuffucnqpt quantities of some compon.nts were available

to ulke up the specific blend of waste feed. The cnmposltlon of material

actually delivered to SLC was, thercfore. different from the sample
supplied to ORF in advance. In order to obtain a true cémposltiynal

analysis of the material being supplied to the kiln, and to determine

ACM CCBLlTC
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feed :onsistency..aliquots of the waste feed were collected on specific

sampling days during the burn,

Grab bag. Emission samples collected in Tedlar bags were
analyzed directly for giseous chlorinated hydrocarbdns by injecting
syringe samples taken from the bag Into a gas chromatograph. After direct
analysis, the contents of each bag were drawn through a glass tube
containing Chromosorb 102 adsorbent by means of a small pum. Any trapped
organic compounds were then thermally desorbed from the adsorbent tube
into an evacuated gas jar. The gas jar contents were then subjected to

GC snalysis,

Adsorbent tubes. Chromosorb 102, being readily available in

amounts required for this study, was selected as a suitable adsorbent

for low molecular welght organohalides. Experiments were performed in

the laboratory to confirm the suitability and efficiency of this adsorbent
for the collection of volatile organohalides from an air stream. Thermal
desorption of adsorbéd-components into an evacuated gas jar was selected
as a method for preparing samples for GC analysis. Initial tubes were
prepared with fresh Chromosorb 102 from the bottle without conditioning.
It was determined after the first baseline test period that conditioning
of the adsorbent would be necessary to reduce the amount of bleed

produced on heating which tended to produce excessive background noise -

_during GC analysis. ~

Adsorbent tubes were made up by packing Chromogorb 102 in glass
containers 11.5 ¢m in length and 11.0 mm inside diameter, using silanized
glass wool plugs at either end for supﬁort. Tubes for the WBA and W8B
burns ware praconditioned by heating to 200°¢ and passing 8 stream of
nltrégln at 40 ml/min through them for four hours. Chromosorb 102 used
fn tubes for the WBC and BLB tests was extracted with acetone in 2
Soxhlet for 18 hours and then treated at 240°C with hitrogen for 12

hours prior to use. \ )
\ .
Adsorbed components on the Chromosorb 102 after sach test were

"removed by thermal desorption into an evacusted gas Jar of 500 ml

capacity. The adsorbent tube and gss Jar were connected by Teflon
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tubing and the tube heated to a fixed temperature of 170% using a

" heating tape contyolled.by 8 varfabfe_tf&nsformer. When the flxed

temperature was reached the stopcock of the §as jar between the jar

. and the tube was opened, and heating of the tube continued for a furtﬁer
.15 minutes. The stopcock was then closed, the jar.removed from the

connecting tubing and taken outside the laboratory to fill up with clean
air. ‘Previous studies of thermal desorption using this removal
technique in the laboratory have shown that recoveries in excess of 90%
may be expected for adsorbents with adsorbed organohalides,

Solution and filter extracts. Pentane or hexane was used as an

extractant for organic compounds from all filters and probe rinse
insoluble fractions, using a Soxhlet apparatus. The same solvents were
used to extract probe rinse solutions, and aqueous sodium hydroxide

and impinger solutions, using a liquid/liquid partitioning procedure.
The extracts were then dried over anhydrous lesoh.'filtered. and
concentrated by evapotatton using a combination of rotary and Kontes
tube heaters. The concentrate was made up to a known small volume with _
solvent for GC analysis. '

Pentane was used as extractant for BLA, WBA and WBB test
samples, since its high volatility would minimize samp]e loss of low
moiecular weight compounds during evaporation. Hexane was used as
extractant for WBC and BLB test samples.

A.6.2 Ssmple analysis

All samples were analyzed by gas chromatography with flame
ionization (FI) or electron capture {EC) detectors. Gas chromatography -
mass spectrometric (GC-MS) snalysis was performad on waste feed samples
to confirm the ldentity of major components. The various conditions
and columns used are summarized In Tables A.5 to A.7. The mass
spectrometer used was an AE{ MS-30 Iinstrument equipped with an electron
bambardment lon source. Detwaen the GC and the MS the Interface is
of all glass design with a silicone molecular membrane. GC columns similar
to those describad In Tables A.5 to A.7 were used at approximately the

-

sama Instrument conditions.

ACHM CCELTC

Aol



TABLE A.5.

Column

Colimn Temperature
Injector Temperature
Oetector Temperature
Oetector

Flow Rates

Range and Attenuation
Chart Speed

TABLE A.6.

Co lum

Column Temperature

Injector Temperature
Detector Temperature
Detector

Flow Rates

»

Range and Attenuation

Chart Speed \

69

CC ANALYSIS - SYSTEM A

Chromosorb 102 (80/100 mesh)
6" x 1/8" SS
180°C
215°C
215°C
FID and EC
at 60 ml/rain
Air and H2 adjusted for meximum
sensitivity
As required
As required

GC ANALYSIS - SYSTEM B

15t SE 30 on Chromosorb W (AW; HDMS;
60/80 mesh) 12* x 1/6" SS

60°C isothermal for 20 minutes then
progranvned at 10°C/min to meximum
temperature *

190°C

230°C

FID

N2 at 60 ml/min

Air and Hj adjusted for nmeximum
sensitivity

As required

As required

¢(CM CCO173



TABLE A,7. GC-ANALYSIS - SYSTEM C
. : « ®

Column . © "= 4% SE 30/6% QF 1 on Chromosorb W (4P,
_ 60/80 mesh)- ' x 1/B" s

Column Temperature - 200%¢ '
. injector Tempqratﬁ}e - 250%

Detector Temperature - 230°C

Detector = Llinearized EC

Flow Rates - "2 st 25 ml/min

Range and Attenuation - As required )
Chart speed . -~ As required -

These conditions are used for routine PLB analyses. The same parameters ~
werg used for WBB waste feed except that an isothermal temperature of
155°C was maintained. ’ ~

A.6.3 Blanks and standards

£ For trace analytical studies it {s necessary to avold
S contamination of samples at all stages of sample collection and
preparation. Though extreme care was taken during the study it was )
not possible to pre-extract all hardware and chemical reagents used.
Due to the high sensitivity of the EC detector to many compoynds, some
of the blank extracts, therefore, gave complex GC-EC profiles, which had -
to be subtracted as background from the sample chromatograms. The
following blanks were obtained and anslyzed for this purpose.
i) Particulate train: (a) Particulate filter + probe rinse
filter + Soxhiet thimble. .
(b) WVater : :
11) Gaseous train: (a) tn-stack fliter + probe rinse §
filter + Soxhlet thimble : :
(b) Water ; ‘ E
_ R {c) Aqueous NaOH _i
1il) Solvents: (a) Pentane (100 m] concentrated to :
: 1 ml) 4
?’QX . o {b)} Hexane (100 m! concentrated to -
- . 1 m)
i : : A aph  CCBLTA
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iv) Polyethylere containers: " (a) Solvent extracts (100 m! concentra-
< ted to t ml)

.Standard gas samples of various components of lnteresf. such as
CCIA, CHC13 CHZCI2 and 1,2-dichloroethane, were made by injecting 50
¥l aliquots of these compounds into an evacuated 500 m) gas jar through
& silicone septun. Clesn air was then allowed to enter the jar to
attain atmospheric pressure. The sealed gas jar, therefore, represented
nominally a 100 ppm standard. Gas standards of lower concentration were
made by dilution of the 100 ppm standard using a similar procedure.
These standards were used immediately after preparation and were not
retained for use on the following day.

Solution standards were made by weighing accurately known
amounts of the components of Interest and dissolving them in a known

volume of pentane.

A.6.4 Concentration factors

Desorbed qpmpounds from the adsorbent tubes were concentrated
into a 500 ml gas jar. For each particular test, therefore, the concentra-
tion factor would be the volume of emission passed through the tube
divided by 500 ml. The volumes sampled for each tube varied from 1.5
cubic feet to 3.22 cubic feet duriﬁg the complete-test program giving
a. range of concentration factors from 85 to 181. Thus, a concentration
for a particular component of | ppm in the gas jar sample would mean 2
concentration of about 10 ppb in the kiln emission, #ssuming a 100
percent collection efficiency, and subsequent desorption of the adsorbent.

Most of the extracted samples were concentrated into a 2 ml
volume of solvent. The following example illustrates how the concentration
factors were determined for various components detected. Assume that
CH2CIz was detected at a concentration of 1 ppm in the solvent extract. \
This corresponds aspproximately to » weight of 2 ug of the compound in
2 ml of solvent. The molocular welght of CH.CI, is 85. Therefore, 2 ug
of CH Cl, at 70 C, the tempcrature at which the emission sauolo was

272
measured, occupies a volume of:

24

2
x 2h litres, or x cubic feet.
x io‘ 85 x 10°  28.3

AOM 008175
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For test WBA 1, for example, a volume of 142.8] scf was sampled. Thus,
the concentration of CH2C12 in the,giln emission is: ' o

6

2 24 10
x

z * ppm or 0.14 ppb,
86 x 100 "28.3 142.8)

fhe concentration factor is therefore |03 = 7140.
0.1k

Factors were calculated for feed compounds of lowest and
highest molecular weight.

A.6.5 Sample chromatograms

Analysis for low molecular weight organohalides and noncombusted
chlorinated organic compounds present in any collected samples was made
using GC technigques only, by selecting appropriate GC parameters and
using retention time data. No specific cleanup or separation procedures
were performed in order to segrepate components of Intereét from possible
interfering compounds_becluse, although GC profiles obtained were quite
complex, very low concentrations of organic compounds were evident from.
the peak heights obtained for the attenuations used. Estimates of specific
compound concentrations in waste burn samples were made by subtracting
blank and baseline levels and comparing with a standard for that compound.

Waste feeds. GC-FID profiles for the three waste feed materials
burned in this study are given in Figures A.7 to A.9. “ldentlfication
of the main components in the respective waste feeds are presented in
Tables 1, 2 and 3 In Section 5 of the report.

it was onticipnted that the levels, if any, of uncombusted
coéponcnts in the stack emissions would be very low. Therefore GC-EC
analysis was used to-evaluate the organic solvent extracts of the
various impinger samples from the sampling trains for the presence of
any uncombusted components. Figures A.10 and A.11 repriscnt GC-EC profiles
for diluted waste feed material for WB8 and WBC, respectively. W88
also couiained approxlmaielv 503 o-chlorotoluene which has a weak
response to the EC detector. Therefore, in this Instance the solvent
extracts were also analyzed by GC-FID in order to determine whether any

uncombusted o-chlorotoluene was present.
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Standards. Figure A.12 shows the GC-EC profiie for the Ic;
molecullf weight chlorinated hyérogarbens. e.g. CHZC'Z' CHClB. cc'h and
1,2-dichlorethene. Figure A.13 shows the GC-FID profile for the same
compounds to indicate the greater éensitivity of the EC defector.

A GC-EC profile for 5 ng of standard Aroclor 1242 injected

into the column (s shown In Figure A.1}.

o

Waste Burn Samples. Figure A.12 shows GC~EC profiles for
desorbed gas samplies for BLB and WBC test samples. The main difference
between the samples is In the intensity of the peaks of Interest.

The GC-EC profiles for all the solvent extract samples showed
the presence of small peaks. Uhen the profiles were compared to those
obtained from the BLA samples and the various control blanks {(cf. Section
A.6.3), no peaks peculiar to the waste burn samples were detected.
8LB samples became contaminated with WL feed materiaf and were discarded..

In most instances, the EPA impinger exfracts showed the largest
response to the EC detector. Figures A.14 and A.15 show GC-EC profiles
for the organic solvent extracts of the EPA Impinger samples obtained
for BLA-T3 and WBC-T3, respectively. Profiles obtained for the two
samples are guite similar. There is a large EC response occurring as an
unresolved peak in the early portion of the chromatographic profile.

This limited the sample size that could be used for injection, and
restricted the usé of high sensitivity settings on the gas chromatograph.
it is normal practice when analysing for PCB's to perform

cleanup and separation procedures in order to segrega;e the PCB's from
interfering components and thus facilitate their analysis. Such a

cleanup and scparation pfocedure was performed on WBC-T3 using Florisil
adsorbent (27) in order to determine whether the early unresolved peak
(Figure A.15) could be removed. After cleanup, it was possible to use

e ‘larger aliquot fot injection and higher sensitiyity settings on the
chromatograph. The GC-EC profile of the cleaned up WBL~T3 sample is shpwn
In Figure A.16. . '

The GC-EC profile shown In Figure A.16 was obtained on an
oréanic solvent extract of a sample that should contain PCB's if any were
present in the kiln emissions. The profile shows the presence of a few
small peaks. When compared with the Standard Aroclor profile (Figure A.11),
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“factor, if any of the peaks in Figure A;JG represent PCB components the

. 84
and taking into acecount that the extract represents a >7000 concentra{ion

levels must be extremely low.

A.7 Analysis of Process Solids
For the purpose of obtaining a mass balance during the
experimental chlorinated hydrocarbon burn, it was required to carry ocut .

chemical analyses of clinker, slurry feed and discard dust for chlorine

and potassium. Sulphur was determined on process solids and the return
dust samples were analyzed for changes which may have affected kiln
operation. ' .
X-ray fluorescence (XRF) analysis has been extensively used
for determination of sulphur, potassium and chlorine in cement, cement
raw materials sand related materials, and was selected for use In this

study.

A.7.1 ‘Analytical procedures

Samples were prepared by grinding 10 grams of sample for'so
seconds in a SPEX Shaiterbox with tungsten carbide containers and pucks.
From this material a 1.25 inch diameter pellet at 8 tons pressure was
made in SPEX aluminum sample caps. ‘

for the X-ray fluorescence method to be applied, there must
be a linear relationship between elemental concentration (over the full
range of concentration required) and the measured fluorescence intensity.
The slope of the line representing this relationship then can be used
directly as a calibration constant, usua!ly in the form of the ratio, counts
per second:percent elament. When a calibration line t§ generated by
known additions of the test element to a moterial being analyzed ("spiking'),
the line Intercept gives the percent of the element present in the
original sample p?ipr to any additions,

in addition to linearity, repraducibility of the calibration
constant is & prerequisite If it Is to be applied across a range of
materials having some degretlof matrix variability. Both conditions
were examined prior to the finol development of the analytical procedure.

The callbration curves for chlorine content of clinker and
raw meal-slurry feed were prepared by addition of standard lithium

AOM (CCElee
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chloride in alcohol solution to samples of these materials. ODust samples
were analyzed by the standard Volhard method for calibration of.the
chiorine“curve and the standard gravimetric method of precipitation with
barium for calibration of the sulphur curve (Table A.8). For calibration
of curves for sulphur in clinker and raw meél/slurry feed, determinations
were made on a Leco Induction Furnace Model 523CS with Leco Automatic
Titrator Model 517 (Table A.9). For calibration of the potassium curve,
all botassium results, as well as those for sodium, were cbtained from
analyses on a Perkin-Elmer Mode)l 46Q Atomic Absorption Spectrophotometer
in the flame emission mode (Table A.10).

Examination of these samples yielided linear calibration
relationships between X-ray fluorescence count rates and percent element.
The least squares computations for each set of data gave the slopes,

intercepts and regression (correlation) coefficients llsted in Table A.11.

TABLE A.8. . GRAVIMETRIC DUST ANALYSES

Dust Type Date 3 Cl 3 503
Ofscard 19/10/75 . 2.00 -

" unyyEo 2.08 3.17

" _ 31/11/75 5.97 2.36

" 412775 2.89 - : 6.53

" 5/12/75 7.1 12.12

" 6/12/75 h.69 7.27

" 7/12/75 6.18 ’ 6.90

" 5/ 1/76 4N 5.08

" 6/ 1776 3.72 4.23

"o 9/ 1/76 4. k3 418

" T 1776 0.46 4.65

" 16/ 1776 0.90 4.32

Return §712/75 _ 2.1 ) 7.35

13/12/75 434 4.22

" 1/ 1776 ' 2.10 4.99

" 18/ 1776 1.00 5.66

ACMd CCE1ES
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TABLE A.9. RESULTS FROM LECO iNDUCTION FURNACE AMALYSES

Materisl .. Date X SO3 (Total S as)

Ciinker 19/10/75 0.93
L 21/10/75 1.34
o 23/10/75 0.75
" 31/10/75 0.30

" /11775 0.16

" 5/11/75 0.66

" 8/12/75 0.93

" 31/12/75 1.39

" 1/ /76 1.43

" 1/ 1776 1.04

L _ 20/ 1/76 1.42
Slurry Feed . 13/10/75 0.45
" ' 20/10/75 0.42

L 27/10/75 0.4

" 9/11/75 0.45

" 6/12/75 0.52

" 9/12/75 0.48

" 13/12/75 0.60

L 14712775 0.55

" 31/12/75 0.43

" 3/ 1776 0.47

" 8/ 1/76 0.46

" 21/ 1776 0.47

aCr CC8LSG

LN

N ‘a:-lhﬂii&‘l I

shaidae . . ..



.- B 7

TABLE A.70. RESULTS FROM ATOMIC ABSORPTION ANALYSES

Materidl pate - % Kp0 | 3 Nay0

TP P G IE PP AN AN A TR ARIE R SFRITm o g - o R

Discard Dust 111775 6.36 - 0.32
u 31/11/75 10.30 0.39
.on < WN2/75 7.1 0.36
" 6/12/75 8.23 0. 44
" 7/12/75 9.96 0.45
- 5/ /76 8.12 0.43
" 6/ 1776 6.43 0.34
" 9/ 1/76 7.94 0.39
" 4/ 1/76 4,84 0.35
" 16/ 1/76 4.18 0.34
Return Dust 5/12/75 7.79 0.42
" 13/12/75 5.54 0.41
" 17 1/76 6.02 0.41
Clinker 19/10/75 1.32 0.23
" ; 21/10/75 1.61 0.25
" ) 23/10/75 1.00 - 0.20
" 31/10/75 0.54 0.2i
" : 1/11/7% 0.40 0.21
" 5/11/75 1.01 0.2}
u . 812775 0.64 0.20
" 31/12/75 1.18 0.21
" 1/ 1/76 1.31 0.2k .

" 11/ 1776 1.10 0.22 %

" 20/ 1/76 1.45 0.26 '

Slurry Feed 13/10/75 0.93 0.19 E

" 20/10/75 -0.93 0.22 3

" - 27/10/75 0.89 0.18 i

“ 9/11/75 0.88 0.20 E

" 6/12/75 0.91 - 0.19 4

" 9/12/75 0.90 0.22 E

" 31/12/75 0.90 0.18 o

" 3/ 1776 0.91 0.22 o

" 8/ 1/76 . 0.93 0.19 i

" 21/ 1/76 0.94 0.22 5
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TABLE A.11. LEASY SQUARES DATA FOR CALIBRATION LINES

. -Correlltion

Material . Element " Coefficient Siope intercept
Raw Meal +
Slurry Feed  Potessium (as ‘20) 0.9172° 2728 -=0.01
R Chlorine 0.9995 5260 0.060
Sulphur (as 503) 0.9913 739 0.27
Clinker Potassium (as xzo) 0.9829 24980 -0.01
Chlorine 0.9999 4781 0.011
Sulphur (as 503) 0.9917 400 -0.23
Dust Potassium (as ﬁO) 3166 =-0.12
Chlorine 0.9893 1927 -0.14
Sulphur (as 50,) 0.9548 278 -0.10
A.8 Determination of Heat Value, Chlorine Content and Sulphur

Content in No. 6 Fuel

The heat value was determined using standard methods on a Parr
Calorimeter Model 1241 equipped with Parr oxygen bomb Model 1108. Sulphhr
was determined using the standard barium precipitation method on the
washings from-the bomb. Where chliorine content was required, the
washings were analyzed for chlorine by the standard Volhard method.

A.9 Determination of Heat Value and Chlorine Content in Chlorinated

Hydrocarbons

The heat value was determined on a Parr calorimeter model 1241
equipped with Parr oxygen bomb model 1108 following standard operating
procedures for detarmining heat value of oll. Due to the corrosive nature
of the eanbu'stlon prl;ducts. it is recommended that the chlorinated
materials be diluted with standard oll. It has been found that, while
corrosion of the interior of the bomb s extenslve, burning these materials
without dilutlion gives slullaf ‘results. .Time betwsen weighinjg and
igniting is extremely lmportant due to the volatile nature of some of

these compounds.
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N | After igniting and determining the heat value of the chlorinated
material, the Interior of the bomb is ;hﬁroughly washed with distilled
water into & volumetric flask. Aliqdots of the proper size for the
chlorine content expected were taken. Nitric acid is added to allow a
wore distinct end point, and the chlorine is determined by the standard
Volhard titration.
REFERENCES
A.) Ontario Ministry of the Environment, Source Testing Code.
January, 1973.
A.2 Standard Reference Methods for Source Testing: Measurement of
Emissions of Particulates from Stationary Sources. Environmental
Protection Service Report EPS 1-AP-74=-1, Air Pollution Control
: Directorate, Environment Canada, February, 1974.
A.3 Pellizan, E.D., J.E. Bunch, and B.H. Carpenter. Env. Sci.
e Technology 9 (6), 552-560 (1975).
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APPENDIX B

S : ANALYTICAL DATA, CALCULATION AND DETAILS OF
EXPERIMENT ON THE SUSPENSION PREHEATER KILN
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ANALYTICAL DATA, CALCULATION AND DETAILS OF
EXPERIMENT ON THE SUSPENSION PREHEATER KILN

8.1 Theoretical -
"7 7 The excellent article by Weber cited in the body of the report
describes in detail the problem of alkali reduction in a suspension
preheater kiln, and was used in preparing the following notes.

At material temperatures above_BOOoc in the rotary kiln,
alkalies (Kzo and Nazo) are volatilized from the material being burned
and are carried along with the exit gases to the kiln inlet. These
condense at gas temperatures below 900°c. in part, they are recapturéd

by the material, particularly in the preheater, and are thus carried

back to tha sintering zone, so that an internal alkali cycle is established.

The alkalies are in part also precipitated at the transition from the
preheater to the kiln, )

Coatings thus formed interfere with material and gas flows
and, in the most severe cases, completely plug the system,

in preheater kilns, the raw meal Is heated in the finely divided .

condition In the'gas stream and these particles act as condensation nuclei
for the alkalies. Between 8] and 97% of the K,0 volatilized in the kiln
is trapped in the preheater. '

- The greater the atkall cycle, and therefore the toncentration
of alkali in the gas, the more alkali will condense on the bottom
ducts and cyclone stages. If the alkall is very volatile, accretions

are likely to occur in the preheater. However, the alkali cycle can be

reduced. by the provision of a bypass, that 1s by drawing off a portion
of the gas at the bottom,of the preheater. (See Figure 3, Section 2 of
the report.) '

Of alkali which enters the kiln system with the raw meal, a
proportion (:l) will be volatilizad and the remaining (1- :‘) will be
discharged with the clinker. |f the proportion of gas withdrawn through
the bypass Is V, therm of the volatilized alkalies, the proportion c‘-v
will be removed by the bypsss. The remaining portion ¢, (1-V) will return
with the feed, thereby giving rise to the internal-cycle in the kila.

a
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The alkali in the internal cycle has a different volatility than

alkali from the raw meal which has not yet been volatilized. By defining
total alkali including raw meal alkali into the kiln by K, then the quantity
of alkali from the cycle alone is K-lI. Of this quantity, (K-1)ec”™vV is
removed by the bypass.

Equilibrium is attained when the total quantity of alkali input
with raw meal and fuel is equal to the quantity output by the bypass and
retained with the clinker. This is most easily determined by considering
only alkall in the cycle. Entering the cycle is the volatile raw meal
alkali menN leaving the cycle are a proportion in the clinker m (K-1)e(I-c™)
and a proportion through the bypass = [c]j & (K-1)

By setting the quantities input and output from the cycle as
equal, the equation nmay be solved to determine the amount of gas the
bypass must remove to keep the alkali cycle from becoming excessive.

B. 2 Experience at St.~ Lawrence Cemrent

At St. Lawrence Cement, samples are taken of the material
between the Stage IV cyclone and the kiln inlet (see Figure 3). this
material being called, not quite appropriately, "Stage IV dust”. From
experience at St. Lawrence Cement, it was known that a chloride content
of 2.51 chlorine in this material (natural basis) is excessive. The
quantity of gas required to be withdrawn by the bypass to maintain lower
chloride levels was calculated on the assumption that the chloride
volatilities were m 0.99 and m 1.0 (completely volatile). These
quantities are given in Table 8.1.

While the bypass was designed to remove the quantities of
gas required for the program, attempts to reach this level resulted
In excessive emissions of particulate matter from the bypass precipitator.
These were attributed to excessive gas flows. To alleviate this problem,
measures to increase cooling water and decrease the quantity of ambient

air were undertaken, with limited success.
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TABLE B.1. réﬁCENT BYPASS GAS REQUIRED TO MAINTAIN CHLORIDE LEVELS
. | o L
) Bypass percent required fo mdintain
Chloride Stage IV Cl at:
addition . $ K0 ~
relative in 1.56% or 2.0% 2.0% or 2.56% 2.5% or 3.2%
_to clinker clinker nat. ign. nat. ign. nat. ign.
0 .31 2.1 1.6 1.3
0.05 1.24 4.6 3.6 2.9
0.10 1.18 7.1 5.5 4.4
0.15 1.1 9.6 7.5 6.0
0.20 1.04 12.1 9.4 7.0
0.30 0.81 - 17.1 11.7 10.6
0.40 0.77 22.2 17.2 13.8
5.3 Equation of Approximated Time for Equilibrium

It was essential to the success of the program to detérmine
the time required to attain the equitibrium state.

To obtain an approxi-

mation of the time required, and realizing that it is only an approxima-

tion since retention time in kiln and absorption phenomena influence

this time, the following approach was taken:

N$

~

dt - CIRH - t:lu:llnlnmr - c‘bypass
where:
%% = change in quantity with time (pounds/minute)
CI." - cglqrine/time ln-uith raw meal (pounds/minute)
el yinker ™ chlorinc/itma out with clinker {pounds/minute)
t'bypnss chlorine/time out through bypass (pQUnds/hinute)
CIR" and c‘clinker are approximately constant, hence they can be
combined as:
a1 " Clam " Yletinker
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and clw”ss vQ (t) R

uhere:-
Q(t) = quantity fn transition chamber at time (t} in pounds
v =" bypass valve praportion. '

Then:
9 « 1 -V (e)

Solving for time gives:

In ['cl - vQ ()] Q

t - minutes.
v %

Since In 0 » =, QF must be taken as a very small distance from

the true equilibrium.
The sampling sequence at Stage IV was planned from this model.

B.4 Sampling and Analytical Methods
Analytical methods were those described in Appendix A. Samples

of clinker, raw meal feed, bypass precipitator dust and conditioning
tower dust were taken at two hour intervals. These were then blended
into 24~hour comiposite samples. On the basis of the calculation in
Section B.3, samples were taken from Stage IV at 3 to 10 minute .
intervals when attempting to start the chlorinated burn. These latter

samples were analyzed individually.

B.5 Discussion

In both cases described, the bypass was operated to withdraw
9 percent of the gases from the preheater tower. This was the maximum
attainablie due to the emission rate of particulate matter. On the first
attempt to burn chlorinated hydrocarbons, the gquantity to yield 0.24
percent chlorine relative to clinker was fed starting at 09:38, June 3,
1975. Plugging of the duct between the kiln and the conditioning tower
caused a3 bypass shutdown on June 5, 1975. It was not possible to
maintain feed of chlorinated material to the kiln unless the bypass was
functioning. On June 10, 1975 a second and similar attempt was started
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at 11:20. The bfpass again failed due to accretion on the duct on
June 13, 1975. On the second attempt, sampling of Stage IV material
was continued for a longer perlod on the basis of the first set of
results. . '
It was realized with the failure that major revisions to the
_Pypass system would -be required to continue this experiment on the

suspension prehsater kiln.

B.6 Analytical Results
Analytical results are given in Tables B.2 through B8.4. The

raw mea)l feeds showed a gradual increase in both the content of chlorine
and xzo. The results from the clinker analysis (Table B.3) showed that
the burning of chlorinated hydrocarbons resulted in a reduction in the
K20 content (June 3-5, 1975 and June 10-12, 1975).

The results of the analyses from Stage IV dusts (Table B.4)
show that the chlorinated hydrocarbons were destroyed in the burning
process. Chloride content of these samples Increased while burning
chlorinated wastes. - This finding could not have resulted without
breakdown of the hydrocarbons since the raw material is at too high
temperature at this position in the preheater for the chlorinated
hydrocarbons to condense upon it. By the methods described in Section
8.3, the approximate time to equilibrium was calculated to be about

90 minutes. It was also expected that an additional time of approximately

20 minutes would be required to travel through the kiln. The actual
curve 1s less steep and equillbrium Is reached in about four hours.

For the June 3, 1975 burn, the curve was extrapolated to the calcylated
equilibrium (Figure B.1). On June 10, 1975 samples were taken for a
ionger period. Although there are points above the calculated curve
(Figure B.2), the data from June 1), 1975 show that eguilibrium was
reached; the higher values found indicate random sampling or

analytical errors.
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TABLE B.2.. RESULTS FROM ANALYSES OF DRY PROCESS KILN RAW FEEDS

,

- : % S0
Date t 34! (Total S3as) 2 X0
30/5/75 0.067 0.60 0.92
31/5/75 ©.069 0.60 0.95
1/6/75 0.073 0.60 0.93
2/6/15 0.071 0.60 0.93
3/6/75 0.074 0.60 0.93
4/6/75 0.082 0.60 0.95
5/6/75 0.079 0.60 0.96
6/6/75 0.094 0.62 0.98
7/6/75 0.087 0.60 0.97
8/6/75 0.093 0.60 0.97
9/6/75 0.088 0.58 0.97
10/6/75 0.084 0.60 0.95
11/6/75 0.092 0.60 0.98
12/6/75 - NO SAMPLE -
13/6/75 0.084 0.60 0.96
1476775 0.104 0.60 1.00
15/6/75 0.102 0.62 1.00
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TABLE B.3. RESULTS FROM ANALYSES Ot,DRY PROCESS KILN CLINKER

Date Time i % 50, 2 K,0
30/5/75 Average 0.03 1.05 1.27
31/8/75 "o 0.03 1.15 1.29
. 176475 .. " 0.03 1.15 1.31
278775 " 0.21 1.16 1.30
3/6/75 " 0.03 1.10 .24
L76/75 " 0.05 1.19 1.30
- §/6/75 " 0.04 1.23 1.33
6/6/75 " 0.04 1.34 1.44
7767715 " 0.07 1.33 1.48
8/6/75 " 0.05 1.31 1.43
9/6/75 " 0.06 1.50 1.63
10/6/75 " 0.0k 1.22 1.29
10/6/75 12:00 0.06 1.38 1.25
1076775 14:00 0.04 1.00 0.97
10/6/75 ° 16:00 0.04 1.07 0.87
. 10/6/75 18:00 0.05 1.30 1.10
10/6/75 20: 00 0.05 1.03 - 0.96
10/6/75 22:00 0.05 1.11 1.05
11/6/75 . Average . 0.06 1.29 1.24
1176/75 00:00 0.04 ~1.18 1.27
1176775 02:00 0.06 1.36 1.25
11/6/75 04:00 0.07 0.98 .00
11/6/75 06:00 0.06 0.96 0.99
11/6/75 08:00 0.06 1.10 1.10
11/6/75 10:00 0.05 1.08 1.08
11/6/75 14:00 0.05 1.18 :1.15
11/76/75 16:00 0.05 1.08 1.13
11/76/75 18:00 0.06 1.12 1.14
1176775 20: 00 0.05 1.23 1.21
11/6/7% 22:00 0.05 1.00 1.06
12/76/75 " Average 0.07 1.28 1.29
1276/75 00:00 0.07 1.07 1.15
12/6/75 02:00 0.05 1.12 1.16
-12/6/75 0k:00 0.05 1.1 1.15
12/6/75 06:00 0.05 1.10 1.16
12/6/75 08:00 0.05 1.1 1.18
12/6/75 10:00 0.10 1.25 1.36
12/76/75 12:00 0.05 1.11 1.15
1276775 14:00 0.06 1.23 1.28
12/6/75 16:00 0.05 1.1 1.17
12/6/75 18:00 .05 1.14 1.18
13/6/75 Average 0.05 1.29 1.40
1476/75 " 0.05 1.40 1.52
1876/75 " 0.04 1.35 1.4)
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TABLE B.4. RESULTS FROM

100

/

ANALYSES OF STAGE 1V DUSTS

% s03

Date Time b P | (Total S"as) 2 K0

30/ 5/76 .- 0.67 1. 14 1.77
2/ 6/75 - 0.82 1.30 2.26
3/ 6/75 09:00 0.86 - - 1.23 . 2.1
3/ 6/75 09:06 0.84 1.25 2.03
3/ 6/75 09:12 0.8 1.19 2.03
3/ 6775 09:18 0.85 1.22 2.14
3/ 6/75 09:24 0.82 1.18 2.06
3/ 6/75 09:30 0.86 , 1.30 2.17
3/ 6/75 09:38 0.90 1.34 2.15
3/ 6/75 09:44 0.97 1.32 2.21
3/ 6/75 09:47 0.96 1.35 2.38
3/ 6/75 09: 50 1.02 1.38 - 2.39
3/ 6/75 09:53 1.20 1.29 2.37
3/ 6/75 - 09:56 1.21 1.31 ‘2.42
3/ 6/75 1 09:59 1.21 1.34 2.51
3/ 6/75 10:02 1.22 1.30 2.55
3/ 6775 10:05 1.34% 1.46 2.68
3/ 6/75 16:08 1.44 1.38 2.66
3/ 6/15 10:11 1.51 1.52 2.95
3/ 6/75 10: 14 ). b4 1.29 2.9}
3/ 6775 10:23 1.56 -1.41 2.94
3/ 6/75 10:32 1.79 1.37 3.38
3/ 6/75 10: 41 1.83 1.34 3.43
3/ 6/75 10: 54 1.85 1.32 3.35
3/ 6/75 10:59 1.95 1.46 3.74
3/ 6/75 11:04 2.08 1.59 3.85
3/ 6/75 11:09 2.03 1.35 . 3.72
3/ 6/715 M1k 2.00 1.39 3.66
3/ /715 11:19 2.03 1.41 3.70
3/ &J715 1:24 2.30 1.47 4,15
3/ 6/75 11:29 2.17 1.36 3.93
3/ 6/75 Vi34 2.21 1.37 4.04

3/ 6/75 11:39 2.22 ).43 4.00
3/ 6/75 144 2.29 . 1.8] 4.18
3/ 8775 A1:49 2.29 1.57 4.1
3/ 6/75 11:84 . 2.32 1.66 4.24
3/ 6/75 11:59 2.38 1.47 4.36
3/ 6/75 12:04 2.h9 1.51 .- 445
3/ 6/75 12:09 ,  2.28 1.46 412
37 6/715 12: 14 ' 2.34 1. &4 4,21
3/ 6/75 14:00 2.47 1.45 4 Ly
3/ 6/75 15:30 2.84 1.58 5.07
&/ 6775 09:00 1.92 1.42 4,17
&/ 6/75 14:00 t.59 1.28 3.48
S/ 6/75 - 0.97 .44 2.54
6/ 6/75 - 1. 14 1.17 2.7
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TABLE B.4. (Cont'd)
- . \ 4 503
Date " Time g cl (Total 5 as) 3 K0
9/ 6/75 - 1.66 1.20 3.79
10/ 6/75 - 09:00 1.09 1.18 2.64
. 10/-8/75 09: 10 1.17 1.22 2.93
16/ 6775 09:20 1.19 1.36 3.07
10/ 6/75 08:30 1.15 1.39 2.92
10/ 6/75 09: 40 1.16 1.29 3.01
10/ 6/75 09:50 1.16 1.27 2.99
10/ 6/75 10:00 1.14 1.29 2.95
107 6/75 11:15 1,11 1.29 2.9)
10/ 6/75 11:25 1.20 1.34 3.04
10/ 6/75 11:38 1.46 1.41 3.22
10/ 6/75 12:05 1.91 1.49 4.02
10/ 6/75 12:25 1.99 1.46 4.07
10/ 6/75 12:35 2.15 1.64 4.50
10/ 6/75 12:45 2.25 1.59 4.54
10/ 6/75 . 12:55 2.3] 1.66 .65
10/ 6/75 13:05 . 2.k5 1.79 .98
10/ 6/75 13:15 2.37 1.71 4.75
10/ 6/75 13:25 . 2.32 V.47 4.48
10/ 6/75 13:35 2.62 1.67 5.10
10/ 6/75 13:45 2.5 1.54 4.83
10/ 6/75 13:55 2.63 1.69 5.12
10/ 6/75 14:15 2.57 1.69 5.02
10/ 6/75 14:25 2.87 .81 5.53
10/ 6/75 14:35 2.74 1.67 5.18
10/ 6/75 Y 2.85 170 . 5.35
10/ 6/75 14:55 2.77 1.77 5.23
10/ 6/75 15:05 2.79 -1.52 - 5.23
10/ 6/75 15:25 3.02 2.5 5.66
10/ 6/75 15:35 3.28 1.59 6.07
10/ 6/75 15:45 3.09 1.62 5.78
11/ 6/75 : - 2.58 1.51 5.23
12/ 6/75 - 2.42 1.49 5.13
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RESULTS Aﬂb CALCULATIONS FOR WET PROCESS SYSTEM

I W= L ASTE RN

T TET ST



- 107

APPENDIX ¢
*. /
- RESULTS AND CALCULATIONS FOR WET PROCESS SYSTEF

c.} Mass Balance Experimentation

£.1.} Results of analyses of process materials

Analyses of process materials for the mass balance were
carried out at the St. Lawrence Cement Co. plant. Analytical results
ere given in Tables C.1 to C.6.

£.1.2 Calculation of material balances

A daily record of production and material c0nsumpfion Is given
in Table C.7 for the period October 7, 1975 to January 21, 1976. Produc-
tion was disrupted during this period by a kiln shutdown for the removal
of a kiln ring.

The program was further disrupted by formation of a ring,
not requiring kiln shutdown, but time to reduce the quantity of aromatic
plus complex chiorinated hydrocarbon in the tank and difficulty in
scheduling deliveries. From the daily composite analysis of each moter!af
for each element, and the total daily quantity of each material), daily
elemental quantities (as pounds or tons per 25 hour period) were determin-
ed by the relationihip: )

c
Al
Xi; " My *700 ~

where
xij = total dally weight of element x In material i on day ]
C'J = concentration of element x in the composite sample material
I on day J.

These data were then used to form the separate individual
slamental balance accounts given in Tables C.8 and C.9. "Due to process
fluctuations and the very low goncentrations in the case of chlorine,
little significance should be sttached to individual daily balance results,
except #3 they Indicate the responsivenes§ of the system to msjor changes
in lnput of chlorinated hydrocarbons. Significant assessment of the
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balance is available by considering prolonged periods of plant ope}ation.
Summary balances for this purpose are given in the body of this resport
(see Section 5.4, Tables B and 9).

B Materials entering the mass balance calculations (see Figure 1,
Section 2) were slurry feed, No. 6 fuel oil and chlorinated hydrocarbon
materials as input streams with clinker and discard dust forming the

- - ~output streams. The recurn dust is returned almost immediately to the

system and does not form a part of the mass balance.
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TABLE C.1. RESULTS FROM ANALYSES OF CLINKER SAMPLES

103

Date g Cl § 503 2 K0
7/10/75 0.033 0.88 1.13
8/10/75 0.032 0.79 1.12
9/10/75 0.034 0.86 .14
10/10/75 0.042 0.62 0.88

11/10/75 0.032 0.93 }.27
12/10/75 0.02% 0.80 1.08

13/10/75 0.030 0.80 1.09
14/10/75 0.031 0.86 1.15

15/10/75 0.031 1.27 1.47

16710775 0.03! 0.90 1.16

17/10/75 0.035 1.1 1.31

18/10/75 0.029 0.99 1.24

19/10/75 0.032 0.97 1.2]

20/10/75 0.042 1.03 1.28

21/10/75 0.030 1.32 1.5)

22/10/75 0.029 0.99 1.28

23/10/75 0.030 0.77 1.06

24/10/75 0.030 0.92 1.20

25/10/75 0.029 0.59 0.83

26/10/75 0.03!} 1.06 1.24

27/10/75 0.031 0.82 1.00

28/10/75 0.034 1.16 1.31

29/10/75 0.032 1.27 1.37

30/10/75 0.039 0.88 0.96

31/10/75 0.034 0.34 0.43
1/11/75 0.039 0.18 0.36
2/11/75 - NO SAMPLE -
/N/75 0.032 0.26 0.48
4/11/75 0.028 0.30 0.56
5/11/175 0.031 0.64 1.00
6/11/75 0.031 0.70 1.18
7711775 0.037 0.7 1.20
8/11/75 0.029 0.68 1.18
8/11/75 0.035 0.72 1.19
2/12/75 0.031 1.13 0.94
3/12/75 .0.029 1.39 1.28
k12775 0.034 1.02 1.00
5/12/75 0.033 1.23 1.16
6/12/75 0.029 1.18 0.90
/12775 0.028 1.18 0.84
8/12/75 0.038 0.91 0.74
9/12/75 0.040 0.71 0.56
10/12/75 0.034 0.47 0.36
11/12/75 0.035 0.70 0.48
12/12/75 0.032 0.92 - 0.54
13/12/75 0.032 0.75 0.39

0.031 0.73 0.48

14/12/75
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TABLE C.1 (CONT'D)
Cate g Cl < 503 3 K0
31212775 0.029 1.40 1.20
17 /76 0.029 1.48 1.34
2/ 1776 0.029 1.49 1.37
3/ 1776 0.033 1.12 0.77
47 1778 0.030 1.68 1.42
57 4/76 0.035 .14 0.78
6/ 1/76 0.031 0.70 0.58
27 1/76 0.029 1.4 1.26
87 1776 0.030 0.88 0.83
9/ 1776 0.028 0.46 0.46
10/ 1/76 0.028 0.91 1.05
Y1/ 1776 0.030 0.92 1.12
127 1776 0.030 0.94 1.15
13/ 1/76 0.025 1.13 1.35
147 1/76 0.030 1.4 1.28
16/ 1776 0.029 1.12 1.22
16/ 1/76 - 0.030 1.38 1.48
177 1776 0.037 1.36 1.42
187 1/76 0.028 1.20 1.27
19/ 1/76 0.028 1.06 1.15
20/ 1776 0.029 1.42 1.46
217 /76 0.029 0.94 1.12
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TABLE C.2 RESULTS FROM ANALYSES OF SLURRY FEED SAMPLES

g so

L4

x
~n

o

Date g Cl (Total g as)
7/10/75 0.080 0.48
8/10/75 0.056 0.48
8/10/75 0.052 0.45
186/10/75 0.058 0.46
1/0/75 0.060 0.46
12/10/75 0.068 0.45
13/10/75 0.050 0.50
14/10/75 0.044 0.44

15/10/75 0.046 0.4
16/10/75 0.043 0.43
17/10/75 0.051 0.43
18/10/75 0.055 0.43
19/10/75 - 0.046 0.44

20/10/75 0.043 0.42

21/10/7S 0.038 0.41

22/10/75 0.040 0.40

23/10/75 0.040 0.40

28710/75 0.050 0.40

25/10/75 0.043 0.4

26/10/75 0.055 0.42

27/10/75 0.042 0.43

28/10/75 0.047 0.41

29/10/75 - 0.055 0.43

30/10/75 - . ND SAMPLE

31/10/75 0.050 . 0.42 .
1/11/75 0.047 o.bh2
2/11/7175 0.043 0.42
371775 0.043 0.43
4/11/75 0.044 0.44

- 8N1/75 0.042 0.41
6/11/75 0.042 0.43
7781775 0.044 0.41
8ni/7s 0.042 0.40
9/11/75 0.050 0.43
212775 0.046 0.48
3712775 . 0.042 S 0.48
4/v2/75 0.0k1 0.47
8/12/75 0.040 ’ 0.52
6/12/75 0.040 0.51
712/75 0.052 0.53
8712775 0.041 0.51

S$/12/75 0.040 0.51
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TABLE C.2 (CONT'D)

112

2 S0

Date g C! (Total a.as) 2 K30
.. =10/12/75 0.041 0.54 0.91
11/12/775 0.039 "0.52 0.91
12732775 0.050 0.55 0.91]
13/12/75 0.042 0.58 0.50
14712775 0.048 0.54 0.91]
31/12/75 0.059 D.48 0.90
1/ 1776 0.042 0.46 0.91
2/ /76 0.045 .46 0.92
3/ 1776 0.043 0.46 0.91

47 1776 0.046 0.46 0.92 -
5/ 1/76 0.038 0.46 0.91
6/ 1776 0.038 0.46 0.91
7/ 1776 0.048 0.47 0.91
8/ 1726 0.039 0.46 0.89
9/ 1/76 0.048 0.45 0.92
10/ 1/76 0.048 0.46 0.91
117 1/76 0.048 0.4k 0.91
127 1776 0.040 0.k4 0.9
13/ 17786 0.041 0.4k 0.92
47 1776 0.044 0.46 0.9!
15/ 1/76 0.042 0.47 0.91
16/ 1776 0.048 0.50 0.91
17/ 1776 0.04) 0.47 0.90
18/ 1776 0.054 0.46 0.91
19/ 1/76 0.039 0.44 0.91
20/ 1/76 0.040 0.43 b 0.91
217 1/76 0.04) 0.43 0.92
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TABLE C.3. RESULTS FROM ANALYSES OF DISCARD DUST

e so3
Date 1 (Total S as) t K20
7/10/75 0.93 7.08 7.37
8/10/75 1.0 7.22 7.45
9/10/75 0.89 7.28 . 7.34
10/10/75 0.96 7.48 7.66
11/10/75 0.96 7.39 7.48
12/10/75 1.35 7.59 8.26
13/10/75 2.51 10.3%4 11.27
14/10/75 1.64 6.65 7.65
15/10/75 - NO DUST D1SCARDED -
16/10/75 2.40 7.35 9.16
17/10/75 1.88 6.00 7.32
18/10/75 1.86 6.02 7.22
19/10/75 1.77 6.12 3
20/10/75 - NO SAMPLE. -
21/10/75 - NO DUST DISCARDED -
22/10/75 2.08 6.23 7.83
23/10/75 i.4) 5.65 6.70
24/10/75 3.08 6.05 8.60
25/10/75 5.11 5.56 10.07
26/10/75 4,28 5.49 9.28
27/10/75 4.01 5.22 8.63
28/10/75 4.39 5.15 8.87
29/10/75 3.89 b .84 8.21
30/10/75 - NO SAMPLE -
31/10/75 - NO SAMPLE ' -
1211/75 6.79 3.62 9.62
2/11/75 6.62 3.27 9.38
3/11/75 5.85 3.10 8.57"
4711775 5.82 2.81 8.34
§/11/75 3.09 4.08 7.46
6711775 1.35 4,12 5.83
7/11/75 1.07 4.1 5.47
8/11/75 ,0.75 3.76 4.67
9/11/7% D0.83 k.13 5.42
2/12/75 © 5.33 5.84 9.36
3/12/75 &.14 \ - 6.37 8.78
4/12/75 2.64 6.51 7.81
5/12/75 7.14 . 12.66 16.28
- R 6/12/75 .76 6.28 9.10
}‘\ 7/12/75 - 5.75 6.41 9.88
e : 8/12/75 6.24 6.97 10.70
T 8/12/75 4,26 5.41 8.24
f.
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TABLE C.3 (CONT'D)’

2 so

Date . t A (Total g ss) % K0
10/12/75 5.35 5.51 8.27
11/12/75 5.52 .90 8.20
12712775 5.53 5.62 8.46
13/12/75 - NO SAMPLE -
15712775 5.68 5.54 8.65
31/12/75 - NO SAMPLE -
17 1776 1.98 6.19 6.88
2/ 1776 - NO SAMPLE -

3/ 1/76 - NO SAMPLE -

47 1/76 4.55 .62 7.37
5/.1/76 4.58 4.62 7.38
6/ 1/76 : 4.03 L.70 6.89
7/ 1776 - NO SAMPLE -

B/ 1/76 3.06 5.3 7.2§
9/ 1776 4.50 k.51 7.60
10/ 1776 1.20 5.43 6.07
117 1776 1.11 5.27 5.79
12/ 1776 1.00 5.16 5.5k - 7
13/ 1776 1.20 5.37 6.10
147 1776 0.76 L.9% 5.16
15/ 1/76 0.92 4.89 5.15
16/ 1776 : 0.80 4. .41 4.62 .
17/ 1/76 - 0.78 4.50 L.68
18/ 1/76 0.69 4.28 4.h9 }
19/ 1/76 0.72 5.01 5.32
20/ 1/76 0.76 4.81 N 5.19
21/ 1776 0.86 5.28 4,84
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TABLE C.4. RESULTS FRdH ANALYSES OF RETURN DUST

115

2 503.

Date I (Total”s as) -
7/10/75 0.80 6.25 6.22
8/10/75 0.73 6.28 6.25
9/10/75 0.54 5.36 5.15
10/16/75 0.73 7.26 7.54

11/10/75 1.5% 7.05 8.20

12/10/75 1.36 7.79 8.90

13/10/75 1.29 6.21 7.02
14710775 2.46 8.16 9.83
15/10/75 2.29 6.91 8.54

16/10/75 2.15 6.80 8.32

17/10/75 2.33 7.20 8.73

18/10/75 1.81 5.61 6.71

19/10/75 1.86 6.51 7.73

20/10/75 1.76 5.86 7.08

21/10/75 2.56 6.54 8.44

22/10/75 1.53 6.00 6.92

23/10/75 1.52 5.37 6.60

24/10/75 3.82 5.36 8.63

25/10/75 3.4 4.87 7.75

26/10/75 3.87 4.84 8.21

27/10/75 3.48 L.48 7.47

28/10/75 3.02 4.75 6.91

29/10/75 3.51 L.24 7.23

30/10/75 - NO SAMPLE -

31/10/75 4,22 2.58 6.49
1/11/75 4,66 2.84% 7.07
2/11/75 6.37 3.22 9.05
3/11/775 3.96 2.47 6.28
4/11/75 4.00 2.70 6.69
5/11/75 1.27 3.60 5.20
6/11/75 1.00 3.67 4.9l

S IN1s 0.79 3.77 k.92
8/11/75 0.54 3.54 4.50
9/11/75 0. 44 3.30 3.83

10/11/75 - NO SAMPLE -
2/12775 4.00 5.65 10.70
3/12/75 2.52 5.97 9.63
412775 2.49 6.5) 8.58
§/12/7% 2.58 - 6.96 8.33
6/12/75 1.00 3.69 §.94
7/12/75 0.79 3.8 4.93
8/12/75 0.58 3.57 L.61
9/12/75 3.68 4. 68 6.59
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TABLE C.4 (CONT'D)
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TABLE C.5. Btu AND CHLORINE CONTENT OF CHLORINATED HYDROCARBONS (SAMPLES
FROM LIME TO KILN) _

-

Viscosity
. (Centipoise Specific
Material - Date - Btu/1b ¥ Chlorine 4 239¢C) Gravity

Aliphatic 24/10/75 13400 21.52
. 27/10/75 11350 32.76
28/10/75 10750 39.40
3/11/75 8900 42.23
4711775 8530 43.52
13/11/75 8340 42.38
18/11/75 8410 43.38

Average 9370 37.88 - 1.13
Aromatic + 10/12/75 9530 4o.56
Complex 11712775 9500 45.91
12/12/75 8820 b4.16
13/13/75 9320 . 41.80
15712775 9310 40.48

Average 9300 42.58 40.8 1.27
Polychlorinated 3/ 1/76 . 11380 36.16
Biphenyl 4/ /76 11590 37.75
5/ 1/76 11880 34.90
6/ 1776 12170 33.90
7/ 1776 12070 33.19
8/ 1/76 12050 34.93
9/ V1£76 12000 33.90

Average 11880 34.97 17.0 1.18
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TABLE C.6.

18

Btu, S AND Cl" ANALYSES FROM NO. 6 FUEL OIL

Date Btu/lb & 3 . ¥ €1
7/10/75 17809 2.40
8/10/75 17222 2.42
8710/75 17978 2.34
10/10/75 17942 2.26 Average
W/10/75 18106 2.26 7/10/75 ~ 22/10/75
15/10/75 18008 2.28 % Chlorine = 0.028%
16/10/75 17920 2.3]
17710775 17988 2.30
20/10/75 17924 2.24
21/10/75 17877 2.24
22/10/75 17984 2.09
23/10/75 18189 2.23
24710775 17701 2.22
27710775 17901 2.24
28/10/75 - 17862 2.22
29/10/75 17970 1.95
30/10/75 17917 2.29
31/10/75 17889 1.77
3/11/75 18135 1.62
4711775 18077 .1.57
5/11/75 18047 1.55
6/11/75 18079 1.51 Average
/11778 18036 1.56 23/10/75-12/11/75
10/11/75 17979 1.26 % Chlorine = 0.064
11/14/75 17782 1.89
12/11/75 7718 2.06
2/12/75 17700 2.54
3/12/75 17676 2.28 -
412775 17714 2.56
5712775 17648 2.58 .
8712775 17679 2.55 Average
9/12/75 17732 2.52 2/12/75-18/12/75
10/12/75 17695 2.58 % Chlorine = 0.04k7
11712775 17596 2.50
12712775 17655 2.56
15712/75 17504 2.64
30/12/75 17678 2.59
2/ /76 17565 2.4
8/ /76 17498 1.61 Avora e
6/ 1/76 17433 2.07 30/12/75-9/!/76
1/ 1/76 17630 2.28 L Chlorine = 0,030
B8/ 1/76 17900 2.47
9/ 1/76 17719 2.52
12/ 1/76 17990 1.96
137 1776 - 17896 1.95
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_ TABLE C.6 (CONT'D)

Date Btu/lb TS T Cl.

147 1776 7935 1.54

15/ 1/76 17952 2.00

16/ 1/76 18025 1.98 Average

19/ 1/76 17762 1.92 12/1/76-22/1776
20/ 1776 17846 1.89 % Chlorine = 0.038
217 1776 18005 1.584

22/ 1/76 18160 1.42

ACM CCBZ1¢
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TABLE C.7. DAILY RECORD OF PRODUCTION AND MATERIALS CONSUNPTION

SLURRY FEED

CHLORIN. HC

CLINKER

DISCARD DUST

Date {tons/24 hr) (gal/24 hr) {tons/24 hr) (tons/24 hr)
7/10/75 1653 0 1043 Lo.44
B/10/75 1676 0 1041 63. 44
9/10/75 1681 0 1073 24.84
10/10/75 1658 0 1027 65.66
t1/10/75 1585 0 1029 0
12710775 1325 0 845 18.94
13/10/75 1632 0 1036 6.96
14/10/75 1604 0 1047 23.00
15/10/75 1639 0 1064 0
16/10/75 1646 0. 1058 12.90
17/10/75 1661 0 1065 17.86
18/10/75 . 1682 ] 1081 15.32
19/10/75 1669 0 1079 4.93

20/10/75 1669 0 1071 15.97

21/10/75 1661 0 1078 0

22/10/75 1664 0 1046 45.36

23/10/75 1681 1170 1082 11.86

24710775 1686 1440 1078 19.72

25/10/75 1669 1440 1067 20.96

26/10/75 1732 1440 112 16.42

27/10/75 1656 1440 1061 18.32

28/10/75 i652 1440 1040 42.58

29/10/75 .1621 1440 102} 41.36

30/10/75 1633 2670 1032 37.17

31/10/75 . 1647 2880 1027 56.52
1/11/75 1658 2880 1029 63.32
2/11775 1673 2880 1057 38.92
3/11/75 1679 2880 1030 80.66
4711775 1679 930 1010 107.72
5/11/75 1692 0 1044 72.82
6/11/775 1693 0 1054 60.46
/11775 1698 0 1058 59.90
8711775 1670 0 1030 73.50
9/11/75 1701 0 1056 64.26
2/12/75 1622 430 1038 20.58
3/12/75 1627 0 1042 18.30
k/12/775 1644 0 1039 37.72
5712775 1653 1640 1028 61.40
6/12/75 1670 2187 1056 38.26
7/12/775 1655 1351 1074 0
8712775 1666 17 1043 51.36
9/12/7% 1664 2121 984 123.78

ACM (CCtecC -
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TABLE C.7. (CONT'D)

HC

SLURRY FEED CHLORIN. CLINKER DISCARD DUST

Date (tons/24 hr) (gal/24 br) (tons/2% hr)  (tons/24 hr)
10/12/75 1676 1997 994 127.66
11/12/75 1669 1308 99s 113.76
12/12/75 1669 1821 - 1024 79.12
13712775 1661 1691 985 125.96
14/12/75 1653 1869 956 157.68
15/12/75 1658 1909 980 130.30
31/12/75 1606 0 1024 24.72
W/ 1/76 1595 0 1035 0
2/ 1776 1608 0 1039 6.11
3/ 1/76 1630 2029 1017 55.43
47 1776 1629 2210 1005 70.90
5/ 1/76 1627 2168 970 116.98
6/ 1776 1616 1985 1034 19.86
7/ /76 1612 604 g4l 137.39
8/ 1776 1615 1230 1045 4.54
9/ 1776 1619 ’ 1367 1027 32.10
10/ 1776 1621 0 1020 43.92
11/ 1776 1627 0 1011 61.20
12/ 1776 1636 0 1032 40.52
13/ 1/76 1639 0 1040 32.36
147 1776 1618 0 1028 42.80
15/ 1/76 1633 0 1046 19.10
16/ 1776 1596. 0 1026 - 13.38
17/ 1776 _ 1606 0 979 85.76
18/ 1776 1635 0 1026 - 47.62
19/ 1/76 1608 0 1020 32.22
20/ 1/76 1602 0 991 66.56
217 1/76 1629 0 1016 55.75
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TABLE C.8.

MATERIAL BAL

CHLORINE INPUT (1b/24 hr)

SLURRY 6 CHLORINATED

DATE FEED oI HYDROCARBON TOTAL
7/10/75 2,645 81 0. 2,726
8tro0/7s 1,877 81 0 1,958
9/10/75 1,748 82 )] 1,830
10/10/75 1,923 81 ] 2,004
11/10/75 1,902 78 o 1,980
12710/75 1,801 67 0 1,868
13710/75 1,632 1] 0 1,713
14/10/75 1,42 8o ] 1,492
15/10/75 1,508 8t 0 1,589
16/10/75 1,416 81 0 1,497
12210/75 1,694 8) 0 1,775
18/10/75 1,850 . 81 0 1,93t
19/10/75 1,535 81 ] 1,616
20/10/75 1,435 81 0 1,516
21710775 1,262 80 0 1,342
22/10/75 1,331 81 0 . 1,012
23/10/75 1,345 185 2,845 4,375
24/10/7% 1,686 183 3,502 5,3
25/10/75 1,435 183 3,959 5,577
26/10/75 1,905 190 4,516 6,511
27/10/75 1,39 182 4,873 6,446
28/10/75 1,553 182 6,411 8,146
29/10/75 1,763 183 6,642 8,608
30/10/75 1,502% 181 12,316 13,999
31/10/75 1,647 186 13,284 15,117
R VALVS 1,558 179 13,284 15,021
210778 Y,439 179 13,284 14,902
3/11/75 1,444 178 13,284 14,906
/11775 1,478 179 13,743 15,400
5/41/775 1,421 184 4,574 6,179
6/11775 . 1,422 182 0 1,604

* Calculated from average data,



ANCE FOR CHLORINE

R

- | TOTAL %
CHLORINE RETAINED (1b/24 hr) { RETAINED
DISCARD ]
CLINKER DUST TOTAL
688 8ol 1,489 54.6
666 1,28) 1,947 99.4
730 L2 1,172 64.0
836 1,261 2,097 104.6
658 0 658 33.2
. 490 511 1,001 53.6
622 349 971 56.7
649 754 1,403 94.0
660 0 660 4.5
656 619 1,275 85.2
746 672 1,418 79.9
627 570 1,197 62.0
690 174 864 53.5
900 575 1,475 97.3
647 o 647 48.2
607 1,887 2,494 176.6
649 337 986 22.5
647 1,215 1,862 34.7
619 2,142 2,761 - 49.5
689 1,406 2,095 32.2
658 1,469 2,127 33.0
707 3,738 4,445 54.6
653 3,218 3,871 45.0
698 6,036x 6,734 h4.5
803 8,599 9,402 62.6
676 5.153 5,829 39.1
659 . 9,437 10,096 67.7
566 12,539 13,106 8s5.1
647 4,500 5,147 83.3
653 1,632 2,288 142.4

(44 0%



TABLE C.8 (CONT'D)

TOTAL t
CHLORINE INPUT (1b/2* hr) CHLORINE RETAINED (1b/2* hr) RETAINED
SLURRY #6 CHLORINATED DISCARD

DATE . FEEO OIL HYDROCARBON TOTAL CLINKER DUST TOTAL
7/H/75 1.696 183 0 1.677 783 1,282 2,065 123.1
8/11/75 1.603 181 0 1.586 597 1,102 1.699 »07.3
9/11/75 1.701 * 182 0 1.883 739 1.067 1,806 95.9
2/12/75 1.692 12* 2,325 e 3.961 6** 2.196 2,838 . 72.0
3/12/75 1.367 . »33 0 1.500 60* [.5»5 2.119 1*1.3
VvV 12/75 1.3*8 »33 0 1,*8l 708 1,992 2,700 182.3
5/12/75 1.322 »32 8,868 10,322 678 8,768 9,**6 91.5
6/12/75 1.336 »3» 11,626 13.293 612 3.662 6,256 32.0
7/12/75 1,721 13» 7.306 9.158 601 0 601 6.6
8/12/75 r.366 1*2 6,0%0 7,568 793 6,*10 7,203 95.6
9/12/75 1.331 132 11.670 12.933 787 12,355 13,162 101.6
10/12/75 1.376 »30 10,287 11.791 676 13,660 16,336 121.6
11/12/75 1.302 »3* 7.626 9.062 699 12,559 13.258 1%6.3
12/12/75 1.669 13* 10.213 12,016 655 8,751 9.606 78.3
13/12/75 1.395 133 8.977 10,505 630 1*,208 I*,838 1%1.2
li*/12/75 1.587 13» 10,107 11.825 593 17,906 18.699 156.*
31/12/75 1.895 85 0 1.980 596 979 1.573 79.6
1/ 1/76 1.360 87 0 1.627 600 0 600 *2.0
2/ 1/76 1.667 87 0 1.536 603 2%2 8+*5 55.1
3/ 1/76 1,*02 83 8.657 10,1*2 67» 6.636 5.105 50.3
V-1/76 1,699 82 9. 8** 11,625 603 6.652 7.055 61.8
5/ 1/76 1.236 83 8,928 10,2*7 679 10,715 11,396 111.2
6/ 1/76 1,228 83 7.950 9.261 6*1 1.601 2,2%2 2%.2
7/ 1/76 1.568 85 2.366 3.999 5*8 10,991 11.539 288.5
8/ 1/76 1,260 83 5,070 6,613 627 278 905 1*. 1
9/ 1/76 1.556 81 5.668 7.103 575 2,889 3. %6* *8.8
10/ 1/76 1.556 109 0 1.665 571 1.056 1.625 976
11/ 1/76 1.562 109 0 1.671 607 1,359 1,966 117-6
12/ 1/76 1.309 109 0 I,*18 619 818 1.637 101.3
13/ 1/76 1,366 108 0 1.652 603 777 1.380 95.0

ALh



TABLE C.8  (CONT'D)

) | TOTAL ¢
CHLORINE ' INPUT (1b/24 hr) CHLORINE RETAINED (1b/24 hr): RETAINED
SLURRY #6 CHLORINATED DISCARD )
DATE FEED oiL HYDROCARBON TOTAL CLINKER pUST TOTAL
147 V/76 1,424 108 0 1,532 617 650 1,267 82.7
15/ 1776 1,372 108 0 1,480 607 351 958 64.7
167 1776 1,532 107 0 1,639 616 21h 830 50.6 -
127 1/76 1,317 108 0 1,425 724 1,338 2,062 144.7 -
187 1776 1,726 - 108 0 1,874 575 657 1,232 65.7
19/ 1776 1,254 107 0 1,361 571 L6l 1,035 76.0
20/ 1776 1,282 107 0 1,389 575 1,012 1,587 14,2
21/ 1776 1,336 109 0 1,445 589 959 1,548 107.1
/
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TABLE C.9. MATERIAL BALANCE FOR K,0 -
TOTAL &
20 INPUT (tons/24 hr) K20 RETA!NED (tons/24 hr) RETAINED
DATE SLURRY FEED CLINKER DUST.  TOTAL
2/10/75 15.21 11.78 2.98  14.76 97.0
8/10/75 15.25 11.66 4.73  16.39 107.5
9/10/75 15.30 12.23 1.82 14.05 91.8
10/10/75 15.09 9.0k 5.03  14.07 93.2
11/10/75 14,58 13.07 0 "13.07 89.6
12/10/75 12.18 9.13 1.86 0.69 87.8
13/10/75 15.18 _ 11.29 0.78 2.07 79.5
14/10/75 14.76 12.04 1.76  13.80 93.5
15/10/75 15.24 15.64 0 15.64 102.6
16/10/75 15.31 12.27 1.18 13.45 87.8
17/10/75 15,45 13.95 1.31 15.26 98.8
18/10/75 15.64 13.40 1.1 14.51 92.8
19/10/75 15.52 13.06 0.35 13.41 86.4
20/10/75 15.52 13.71 1.27¢ 14,98 96.5
21/10/75 15.28 16.28 0 16.28 106.5
22/10/75 15.48 13.39 3.55 16.94 109.4 -
23/10/75 "~ 15.63 11.47 0.80 12.27 78.5
24710775 15.68 12.95 1.70 14.65 93.4
s 25/10/75 '15.35 : 8.86 2.1t 10.97 7.5
R 26/10/75 16.11 3.79 1.52 15.31 95.0
' 27/10/75 15.07 10.61 1.58 12.19 80.9
28/10/75 15.20 < 13.62 3.78 17.40 114.5
29/10/75 15.08 13.99 3.40 © 17.39 115.3
30/10/75 15.02% 9.91 2.91%  12.82 85.4
31/10/75 14.99 5.03 L 42 9.45 63.0
/11775 15:09 3.70 6.09 - 9.79 64.9
2/11/75 15.39 i, Yl 3.65 8.09 §2.6
3/11/75 15.61 4,94 6.91 17.85 75.9
L/11775 15.45 5.66 8.88 14.54 94§
. 5/11/75 15.74 10.44 5.43  15.87 100.8
; 6/11/75 15.58 - 12.54 3.52 15.96 102.4
1 7/31775 15.62 12.70 3.28 15.98 102.3
f 8/11/75 15.20 11.84 3.43 15.27 100.5
: 9/11/75 15.99 12.57 3.48 16.05 100.4
! .
2/12/75 14.60 . 9.76 1.93 . 11.69  80.]
3 3/12/75 15.64 13.34 1.61 14,95 102.1
, 412775 14.63 A 10.49 2.94 13.43° . . 91.8
5/12/75 15.04 11.92 10.00  21.%2 145.7
6/12/75 15.03 \ 9.50 3.48 12.98 86.4
7712775 . 15.06 9.02 0 9.02 59.9
8/12775 15.16 7.72 - 5.50 3.22 87.2
9/12/75 14.8) 5.51 0.69 16.20 109.4
10/12/75 15.25 3.58 10.56 1414 92.7
11712775 15.19 4.80 9.33 1413 93.0

* Calculated from average data.

=
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TABLE C.9 (CONT'D)}

TOTAL 2
K20 INPUT (tons/2k hr) K50 RETAINED (tons/24 hr) RETAINED

DATE SLURRY FEED CLINKER DUST TOTAL
12/12/75 15.19 5.53 6.69 12.22 80.4
13/12/75 14.95 3.94 10.712 14,55 97.3
14/12/75 15,04 4.59 13.64 18.23 127.2
31712775 14.45 12.29 1.70¢ 13,99 96.8
1/ 1776 14.51 13.87 0 13.87 95.6
2/ 1/76 14.7¢ 14,23 0.42% 14,65 99.0
3/ 1/76 14.83 7.83 4.00 11.84 79.8
k7 1/76 14,99 14.27 £.22 19.49 130.0
85/ 1776 1%.80 7.57 8.63 16.20 109.4
6/ 1/76 14.70 6.00 1.37 7.37 50.1
7/ 1/76 14.67 11.89 0.93+ 21.82 148.7
8/ 1776 14.37 8.67 0.33 9.00 . 62.6
9/ 1/76 14.89 4.72 2. 44 7.16 48.1
107 1/76 14.75 10.71 2.66 13.37 90.6
11/ 1/76 14.80 11.32 3.54 14.87 100.4
12/ /76 . 14,89 11,87 2.24 14.11 94.8
13/°1776 15.08 14.04 1.97 16.01 106.2
147 1/76 14.72 13.16 2.21 15.37 104.4
18/ 1/78 14.86 12.76 0.98 13.74 92.5
16/ 1/76 14.52 14.88 0.62 15.50 106.7
17/ 1/76 14,45 13.90 4.00 17.91 123.9
18/ 1/76 14.88 13.03 2.14 15.17 101.9
19/ 1776 14.63 11.73 1.71 13.44 91.9
20/ 1776 14.58 14.47 3.45  12.92 122.9
217 1/76 14.99 11,38 2.70 14.08 93.9

* Calculated from average data.
ACM  CCB82ée
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APPENDIX D
"QUALITY OF CEMENT PRODUCED
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APPENDIX D

- QUALITY OF CEMENT PRODUCED

While remote, the possibility of non=volatile chlorinated
hydrocarbons not being destroyed and remaining with the elinker was
considered. It is common knowledge that excessive quantities of organic
materials can detrimentally affect setting, air entraining and compressive
strength characteristics of cement.

After preparing the daily composite clinker sample for analysis,
the quantity of sampie which had not undergone size reduction was
retained. These were combined into a composite of several days, three
such composites being prepared for each of the aromatic plus complex
chlorinated hydrocarbon burn, the PCB burn and the final baseline burn.

- Each composite, after being crushed to approximately one-half Inch, was

btended with the correct amount of the normal production gypsum used at
$t. Lawrence Cement. The clinker-gypsum blends were ground in a laboratory
ball mill. The grinding was timed and samples were taken at suitable
intervals during grinding to determine surface area.

The cements were produced to confqrm to the requirements of
Symbol 10 cement a> designated in the Canadian Standards Association
(CSA) Standard AS ‘Portland Cements'', and Type | cement as defined in-
the American Society for Testing and Materials (ASTM) designation c1so,
"'Standard Specification for Portland Cement''.

Each cement was tested .In conformance to the following ASTM
methods :

C185, Test for Air Content of Hydraulic Cement Mortar;

cios. Test for Compressive Strength of Hydraulic Cement Mortars
(using 2-in. ‘cube specimens); '

€359, Test for False Set of Portland Cement (Hortar Method);

€204, Test for Fineness of ﬁgrtland Cement by Air Perngabtlltf

- Apparatus; ) .

C151, Test for Autoclave Expansion of Portland Cement;

C191, Test for Time of Setting of Hydraullic Cement by Vicat
Needle.
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To ensyre that differences in &uality were not due to unexpected
differences in cement compasition, a chemical analysis was performed on
each cement tested. Procedures followed were those normally used for
control purposes at St. Lawrence Cement.

The technique used for determination.of the concentration of
each oxide was fuslon with lithium tetraborate followed by x-ray fluorescence
anatysis. This method is commonly used for cement analyses. With the
exception of lower xzo content in the cements from clinkers produced while
burning chiorinated hydrocarbons, there were no significant differences
In their chemical compositions (Tables D.1, D.2 and D.3).

Differences in physical characteristics found by testing these
cements were:

Setting Time - The water required to obtain normal consistency -
was greater and setting time shorter for baseline clinker cements,
Shorter time of set and higher water requirement were attributed
to the higher alkali content of the baseline clinker.

False Set - False set was severe on the cements from clinker
produced during baseline burning. There was no indication of
false set in cements from clinker produced while burning chlorinated
hydrocarbons. The improvement was due to lower alkali content of
the cement. In this regard, the determination of false seat by
ASTM Method C4St, 'Test for False Set of Portland Cement
(Paste Method)'' 'would not have shown as dramatic an improvement.
. This latter test takes inte account the water requirement of
cements, and therefore compensates for the greater quantity of
water required by the higher alkali cements.

Compressive Strenqth - Higher initial and lower ultimate

strengths are characteristics of higher alkalil content cements.
The only apparent differences in cement; from clinkers produced
with and without burning of chlorinated hydrocarbons were those
expected because of the differences in alkali content.

ACM CCE22S .
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TABLE D,). (CEMENTS FROM CLINKER PRODUCED DURING BASELINE BURN

Sample Number 7 8 . 9 Aver.
Chemical Tests
Loss on Ignition (%) 1.52 1.51 1.43 1.49
Si0y (%) , .20.69 20.59 20.53 20.60
- -1A1}03 " . 5.93 5.90 6.00 5.94
Fe203 " 2.20 2.22 2.24 2,22
Ca0 " 63.452 63.39 63.35 63.39
Mgd " 2.52 2.52 2.52 2.52
so3 2.74 2.79 2.89 2.81
K0 1.15 1.23 1.22 1.20
Free Ca0 (%) 0.44 0.52 0.54 0.50
€38 (2) 50.1 50.8 50.0 50.3
€35 21.6 20.8 21.2 2i.2
C3A n 12.0 11.9 12.1 12.0
CLAF " 6.7 6.7 6.8 6.7
Physical Tests
Fineness 2
Blaine (em“/g) 3406 13579 3607 - 3530
Passing 200 mesh (%) 96.4 97.6 98.8 97.6
Setting Time
N.C. Penetration {mm) 10.0 9.5 9.0 9.5
N.C. Water (%) 22.5 23. 23.0 22.8
Initial (minutes) 115 106 10 109 .
Final (minutes)™ 225 216 22) 221
False Set ;
Temperature 70 73 73 72
Penetration (mm) .
3 minutes 50 37 34 Lo
5 minutes 50 7 B 22
8 minutes 2 4 4 10
11 minutes 16 & 3 8
Remix S0 50 S0 50
" Compressive Strength :
1 day (psi) 2050 2010 1910 1990
3 day (psi) 2910 2990 3210 3040
7 day (psi) 3480 3610 3880 3660
28 day (psi) 4130 4470 4830 4380
Alr Content
Water (%) 73.0 73.0 73.0 73.0
Flow (%) 80.6 B6.8 86.0 B4.5
Air (3) 7.2 7.6 8.3 7.7
Autoclave Expansion (%) 0.07 0.09 0.05 0.07

cLg23c
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TABLE D.2. - CEMENTS FROM CLINKER PRODUCED DURING AROMATIC PLUS

COMPLEX CHLORINATED HYOROCARBON BURN

Sample Number 4 5 6 Aver,
Chemical Tests .
Loss on Ignition (%) 1.63 1.86 1.63 1.71
Si02 (%) 20.37 20.51 20.83 20.57
A1203 (3) 5.85 5.79 5.89 5.84
Fezo (%) 2.26 2.23 2.22 2.24
ca0 13) 63.19 62.99 63.56 63.25
Mg0 (3) 2,51 2.49 2.52 2.5]
03 (%) 2.81 2.69 2.89 2.80 -
3 (2) 0.66 0.53 0.69 0.63
Free Ca0 (%) 0.50 0.59 0.48 0.52
€35 (%) 51.8 50.8 9.4 50.7
€25 {2) 19.4 20.6 22.5 20.8
C3A (%) n.7 11.6 1.9 n.7
CLAF (%) 6.9 6.8 6.7 6.8
Physical Tests
Fineness 2
Blaine (cm“/g) 3626 3562 3561 3583
Passing 200 mesh (2) 98.0 97.4 97.2 97.5
Setting Time ‘
N.C. Penetration (mm) 10.0 10.0 - 9.5 9.8
N.C. Water (%) . 22.0 22.0 22.0 22.0
Initial {minutes)- 118 135 135 129
Final (minutes) 238 250 250 246
False Set
Temperature °F 70 72 73 72
Penetration {mm)
3 minutes 50 50 50 50
5 minutes 50 50 S0 50
8 minutes 50 50 50 50
11 minutes 50 50 50 50
Remix 50 50 50 50
Compressive Strength
! day (pst) 1500 1640 1890 1810
3 day {psi) 3520 3200 3180 3300
7 day (psi) 45390 4360 heéo 4370
28 day {psi) \ 5900 6050 5460 5800
Air Content
wWater (3) 7.0 72.0 72.0 71.6
Flow (%) 80.0 90.5 81.3 83.9
Air (2) 9.2 9.0 6.7 8.3
Autoclave Expansion (%) 0.03 0.0k 0.02 0.03
ACM | CCBZ3}
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TABLE D.3. CEMENTS FROM CLINKER PRODUCED DURING POLYCHLORINATED ‘

B1PHENYL BURN,

Sample Number

) 2 3 Aver,

Chemical Tests
Loss on Ignition (%) 1.46 .58 1.48 1.5)
T7si0, (2) 20.51 20.72 20.87 20.70

Alg0 (3) 5.91 5.86 5.89 5.89

Fez03 (%) 2.16 2.18 2.16 2.17

tad iz) 63.24 63.27 63.65 63.39

Hgt (%) 2.53 2.56 2.58 2.56

803 (3) 2.94 2.64 2.61 2.73

K20 (%) 1.01 0.74 0.96 0.90

Free Ca0 (%) 0.53 0.57 0.69 0.60

€35 (3) 50.4 50.0 50.3 50.2

€25 (2) 20.9 21.8 22.0 21.6

C3A (%) 12.0 11.9 12.0 12.0-

CLAF (%) 6.6 6.6 " 6.6 6.6

Physical Tests -

Fineness 2 ! .
Blaine (em“/g) 3388 3579 3593 3520
Passing 200 mesh (%) 96.0 97.0 96.8 96.6

Setting Time
N.C. Penetration (mm) 10.0 11.0 9.0 10.0
N.C. Water (%) 22.0 22.0 22.0 22.0
Initial (minutes) 153 125 112 130
Final (minutes) 273 250 235 253

False Set 5 . )
Temperature F . 70 7 r 71
Penetration (mm)

3 minutes 50 50 50 ‘50
5 minutes 50 50 50 50
8 minutes 50 50 50 50
1] minutes 50 50 50 50
Remix 50 50 50 so
Compressive Strength
© 1 day {psi) 1980 1800 1990 1920
3 day (psi) - " 3080 3000 3260 3110
7 day (psi) 3770 4000 4030 3950
28 day (psi) 4620 5110 5080 Lok
Air Conte?t e 7.0 7 B 7.0
Water (%) \ . . o .
Flow (%) L gs.0 84.5 82.2 B4.9
Air (3) 7-7 7.9 9.2 8.3
Autoclave Expansion (%) 0.05 0.06 D.PB 0.06
|
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APPENDIX E

EQUIPMENT DESCRIPTION ﬁND AsgbClATED ECONOMICS

In order to burn waste chlorinated hydrocarbons in a cement kiln:
they must be blended to be compatible with the handiing and storage system
and to achieve uniform feed to the kiln. A storage tank and feed system
with associated contrpl devices must be installed at the kiln site.

fFor the progrém to be economically viabie, the price structyre
must be favourable to the originator of the wastes and to the cement
producer. The waste disposal company must be able to generate sufficient
revenue to cover shipping, handling, blending, disposal of non=fuel
fractions and receive some profit. The economics from the point of view

of the cement producer are discussed in Section E.2.

E.} Equipment Description

The system installed at the cement plant can vary. A simple
dnflexible installation with manual controls and a used rail car foé
storage would cost approximately $25,000. At the other extreme, & |
sophisticated system with large storage capacity, corresion resistant
construction, well instrumented could cost $200,000.

Althoug: there are general similarities between cement kiins,
the flow rate of waste chlorinated hydrocarbon depends on the peqceﬁtage
of chlorine in the waste, the decrease desi-ed in the potassium and '
sodium levels of the finished product and the production capacity of
the kiin. Thus, for the optimum system, the design, engineering, '
installation and operation must be compatible with these parameters%

Two systems are described herein; one is the sctual system
installed at the St. Lawrence Cement Co. kiln and the other has been
somewhat arbitrarily selected as a basic system. This basic systemt
assumes that a quality controlled blend of chemical wastes will be used.
The fuel product would be a low viscosity, single-phase liquid, non<
corrosive or mildly corrosive to tarbon steel, not highly volltile.!
having an approxi}nte composition of: 60,000 Btu/gallon, &0% CI,
and specific gravity of 1.2. Fuels with higher or lower Btu and |
chlorine can be prepared for those applications where other composiéions

are optimum,

ACJ ccazds
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At these compositional values, a feed rate of | Igpm into a
1000 ton per day Kkiln would provide an alkali reduction of 0.ksSX as K20.
The Btu-'s provided would be a small percentage of the total heat requirement
of the kiln. With waste streams with a lower chlorine level, larger volumes
can be used to make up a greater fraction of the heat requirements, in
practice up to 10-151 of total Btu Input.

Other than capacity and the provision that the kiln be rotary,
It makes little difference what the primary fuel or fuels are. Wet or
dry fuels can burn waste chlorinated hydrocarbons, with consideration given
to the increase in dust loading to the dust handling equipment.

E.11 Cost of basic system
The basic system with minimum component cost estimates would

entail:

Equipment Cost:

Tank, 10,000 gal carbon steel $ 6,000
Feed Pump, Centrifugal, 7.5 hp 1,200
Flame Arrestor 100
Vent Scrubber, Activated Carbon 1,000
Tank Level Indicator 2,500
Grounding ~00
Tank Berming 1»000
Unloading Piping 500"
Piping, Tank to Kiln, 100 1,000
Electrical-Combination Starter 1,500
Concrete Pad, Site Preparation 2,500
Miscellaneous, Hardware
~Painting and NFPA Code Marking 2,500
Instrumentation 70
Nozzle Assembly 200
. $22,800
Installation: ~»000
Total System Cost, Installed $26,800

ALh CC6235
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.A schematic representation of the system is shown in Figure E.1.
Operating Cost:
.Maintenance, 4% of investment/year $1,080

‘Operating Labour, Based on 330 days/year
Operating 24 hr/day

1 hr per shift @ $8.00 8,000
Electricity, 7.5 hp, 8000 hr
@ 3¢/kwh ' 1,800 .

Startup of the system should be achieved with mlnhmum effore
once the system is installed and tested for leaks. Allowance of $1,500
for initial Startup should be adequate. Safety equipment for personnel
protection and a fire exinguisher at the unloading/pumping station can
be provided for about $250. )

£.2.2 §j§tem at the St. Lawrence Cement Co. plant

The actual system used for the test (Figure E.z).ums designed
to contain corrosive materials as well as those with low fﬂash points.
Sophisticated equipment is used to control the feed to the kiln and
the system includes traps to avoid vapours being emitted to the atmosphere.
The storage tank received two liners of 'Furoglass' membraqe and one
liner of 24" acid proof brick.

Trcks were unloaded via a centrifugal pump through filters
into a 55,000 gal storage tank. Fumes exhausted from the storage tank
while unicading trucks were returned to the truc; by a retyrn vent line.
Fumes emanating from the tanks by normal vapour diffusion or expansion
due to temperature were removed by sodium hydroxide and charcoal filters.

Either of two centrifugal pumps was used to feed the kiins at
a‘pressure of approximately 120 psi, the pressure maintained by returning
an smount of material through a suitable orifice to the storage tanﬁ.

.Each kiln was controlled separately using an electro-pneumatic control

valve, magnetic flow meter and transmitter.

. The tubing inserted inside the plpe sleeve located on top of
the burners was made from tantalum. The tubing was threaded so that a
titanium nozzle, of correct size to atomize the quantity of liquid input
to the kiln, up to & maximum capacity of & gallons per minute, could be
attached. i
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The total installed cost of this system was over $200,000,
comprising the following items:

"Equipment and Installation:

Tank $25,000
Acid Brick Tank -Lining 35,000
Teflont Lined Pumps and Filters 12,000
Teflon® Lined Piping 45,000 |
Odour Contro! Equipment 5,000
Foundations ‘ 10,000
Dike 1,000 .
Pump House 10,000 '
Site Clearing and Leveling 3,000
Instrumentation : 20,000 :
Painting. T 5,000 ]
Sales Tax RS 5,000 |
Engineering | 18,000
Consultant 8,000
Travel Expense 10,000
TOTAL §212,000 -

Operating Cost:
Maintenance and Operating Labour

(cost per year) $25, 450
Electricity {23¢/hour for 8,000

hours) _l_,_ﬁ_fﬂ

TOTAL $27,290

Due to the potentially dangerous nature of these fuels, both
with regard to personne! safety and environmental considerations, an

extensive training and Instruction program was carried out. :

E.2 Economics of Burnthgﬁyas:e Chlorinated Hydrocarbons
It is not possible to'give a definite statement on the ecoromics
«f burning chlorinated wastes for all circunstances. Some cement plants
1

“Trademark, E,!. du Pont de HNemours.
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require a reduction in the alkali oxide (K 0 + Na 0) content of the

finished product. In this case, chlorlne must be added to the process
materials, and is available from dnfferent sources in different geographical
areas. Haste—hydrochloric acid from the steel industry may be used where
available; in other areas cement plants purchase calcium chloride., If
reduction of alkali is not required, then addition of chloride would

cause the generation of greater quantities of dust, thereby increasing

dust disposal costs. )

Another factor making economic comparisons difficult is the
different waste streams available. |n some cases, the chlorinated waste
streams may be suitable for purifying and further use. Other waste
streams, such as PCB's and insecticides banned for environmental reasons,

present a serious disposal problem., Obviously, these different mater{éls

would not all cost the same for use in a cement kiln. However, to present

some models, the price structure used by Chemtrol Pollution Services, idc.

described;above has been adopted. At present, Chemtrol plans to charge
80 percent of the fuel value and, where applicable, 30 percent of
the chlorine value for these blended '"fuels''. In the examples, the

following assumptions have been made: The kiln is a wet process type -

producing 1,000 tun- per day with a fuel requirement equivalent to

5,159,000 8tu per tcn of production. ;
!

E.2.1 Process requiring addition of chlorine i
Assume in this case that the fuel cost is $1 per million Btu'and

that it is necessary to reduce the K20 content of the ¢linker by 0.45 percent,

This would require approximately 6,800 pounds of chlorine per day. A 32
percent solution of calcium chloride weighing 13 pounds and costing SOllh
per Imperial gallon {50.053 per pound of chlorine) is used. In this case,
2,565 gallons would be required at a total cost of $359.
This could be replaced by 'Trol Fuel#" contalning a nomnnal 70
percent chlorine and 65,000 Brtu per Imperial gallon., At a waight of 13
pounds per gallon, 750 gallons wou!d\be required each day. Using the

s#Trademark, Chemtrol Pollution Services Inc.
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above mentioned price structure, the cost per gallon would be: |

$0.053 30 ' :
-9.] 1b Clz T Clz X 100 = $0.145
$1.00 80 .
65,000 Bty x —5e-n50 Bta X T00 - §0.052
TOTAL $0.20 ‘

Thus, the 750 gallons would cost $150 and would supply h8 8
million Btu.

The total daily tangible savings then become: l

Cost of Calcium Chloride $359 ; ‘

Cost of Normal Fuel Replaced $ 49 | J

Less Cost of 'Trol Fuel'! $150 { !

Net Savings Per Day $258 i :

E.2.2 Process not requiring addition‘éf chlorine :

The 1,000 ton per kiln and a specific heat consumption of
€,150,000 Btu per ton of clinker produced and a fuel cost equivalent
to $1.00 per million Btu is again taken as the model. In this case,
hawever, no chlorine is required and the waste stream contains lﬁss than
5 parcent chlcrine. This material is available at $0.80 per million Btu
and is used at a replacement rate of 10 percent of the Btu requirement
or 515,000 Btu per ton of cllnker. )
The fuel normally used on the kiln but replaced by this waste
stream would cost $0.515 per ton of clinker or $515 per day. The daily
cavings can be calculated as: '

Cost of Normal Fuel Replaced $515
Cost of 'Trol Fuel" 412 T
Net Daily Savings $103 ‘

This saving can be negated by the cost of discarding the
additional dust collected in the precipitators {See Sectlon 6. I). a factor .
which will vary with each ceméht plant.

»
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£.2.3 Total economic considerations CCe24)

The above models are not intended to be all inclusive.| Due
to the many variables involved, each possible application must be assessed

based upon economic factors existing in the locale. At the time|the system
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was installed at the St. Lawrence Cement Co., It was necessary to use
chlorine In two wet kilns each having a capacity of 1,000 tons per year.
For the period January through September 1976, maintenance on the system
amounted to §18,760. Thus, the figure of $27,290 for yearly operating
and maintenance cost is considered accurate. Under these circumstances,
the economic picture over the periecd of & year becomes:

Total Savings Using ‘Trol Fuel’
(600 kiln operating days &

$258 per day) $154,800
Maintenance and Operating Cost 27,290
interest on $212,000 @ 11%/year 23,320

Net $104,190

This estimated saving, which would have glvenioxcellent payback
on the system, has not beer, realized. Low ‘Ikali requirements have been
falling into disfavour because such requlrements are not compatiblo with
the goal of energy conservation. With the requirement for chlorine
addition, savings must be based only on fuel costs which, if all factors

are favourable, would tota! for the two kilins:

Tota! Savings Using "Trol Fuel" ' -
(600 kil operating days @
$103/day) o $61,800 |
Maintenance anq Operating Costs 27,290 i
Interest on $212,000 @ 113%/yr 23,320 !

Net $11,190 !

Even this modest sum has not been reallzed, for two reaions:
the cost of discarding additional dust, and the unsteady supply of these
vastes.

It is obvious from this discussion that plants requiring the
addition of chlarine are in a better posltlon to make burnlng of
chlorinated wastes attractive than those plants not rcqulrlng chlorlne.
Also, a less sophisticated systﬁm than that Installed at 3t. Lawrence
Cement Co. is necessary {f the only consideration is the fual val%. of
these wastes. '
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APPENDIX F

ONTARIO MINISTRY OF .THE ENVIRONMENT EMISSION
- GUIDELINES AND ANALYTICAL SUPPORT

F.1 Emission Guidelines

All industriatl sources of potentially signlflcant emissions to
the atmosphere in Ontario come under the jurisdiction of the Province's
Environmental Protection Act. The Act requires such sources to operate
under a Certificate of Approval which specifies the acceptable operating
conditions and emission rates for potential air contaminants. The
Ministry of the Environment required that the experimental waste chlorinated
hydrocarbon burn at St. Lawrence Cement Co., Mississauga meet certain
conditions specified in a Certificate of Approval. Conditional approval
was granted for each of the three stages of the waste burn (A, 8, C) under
the terms of the tentative guidelines for the allowable emission rates
of orgdanic chloride. -

Pasquill-Gifford dispersion calculations based on the guideline
emission rates from the wet kiln were used to predict the worst-case ground
level concentration of residual organic chloride (i~hour average).

Table 7.! shows the spacifications which were applied to each *
stage of the waste burn, along with the measured emission rates.

The less stringent guideline for the first two waste burns was
met easily. Because of the large pefcentage of highly persistent poly-
chlorinated biphenyls anticipated in the fuel for the th1rd waste burn,

a much more stringent guideline was given.

In the most critical case, the third burn, the calculated
approximate flue gas concentration of residual chloride, 50 ug/rn3 (as
ct), bl!.ﬂ on the stated guideline, corresponds te roughly 5 ppb (v/v)
of Arotior 1242 or 17 gpb (v/v) of dichloromethane (at amblent temperature},
the predominant individually identifled component of the_fluc gas.

Thase values compare with the detection limit for PCB's of 3 ug/m3 or 0.3
ppb in the flue gas (ambient t;hperature).

Since no PCB was found in the flue gas samples and the methy-
lene chloride concentration only slightly exceeded the very stringsnt
guideline for organic chloride in this stage, the guldeline should be
considered to have been met without question.

»
-
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TABLE E.]. MOE SPECIFICATIONS APPLIED TO WASTE BURNS

Waste

Burn | 2 3 b S# 6 7
A 0.5 99.5% 95.990 5000 23-150 - 0.2 0.001-0.006
B 0.5 99.5 99,989 5000 16-150 - 0.2 0.00:-0.006
C 0.005 99.995 99.986 50 88-150 0.002 0.004-0.006

Column Identification:

i

2.

3.

Guideline emission rate for residual organic chloride (g C1/sec).
Estimated required percent destruction or retention of chlorinated fuel.

Estimated minimum percent combustion of chliorinated fuel from test data
(Table 6, Section 5.3).

Approximate ca%culatedAflu; gas residual chloride concentration based
on guideline emission rate (ug CI/m3Yﬁ

Approximate measured flue gas organic chloride concentration based on
dichloromethane and-data from Table 5, Section 5.3 (ug Cllms). The

upper limit of the range corresponds to 50 ppb organic Cl as Cﬂzclz.._

Calculated point of impingement i-qOur average chloride concentration
based on guideline emission rate (ug CI/m3).

Approximate calculated point of impingement §-hour average chloride
concentration based on dichloromethane and data froh Tables 5 and 6,
Section 5.3 (ug Cllms).

\

*Since no PCB's were detected In the flue gas samples, none of the

res

idua) organic chloride values in column 5 should be attributed to

PCB's in any of these stages.

ACM cGg2ac
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If the concentration of residual organic echloride in the
flue gas (column 7, fab\e F. 1) were taken to represent PCB's In a 'worst
case" (recall that no PCB's were detected), the calculated point of
impingement-concentra:ion by the Pasquill-Gifford method is approximately
equal to typical measured ambieﬁt air concentrations of PCB's in urban
areas. There would appear to be little cause for concern when the
emission guidelines are met in this process configuration.

The above discussion ralates only to the wet-kiln tests at
St. Lawrence (Cement. If the same guidelines were applied to another kiln,
for example the lower-level, multi-stack dry kiln at St. Lawrence Cement,
the same emission rate as measured in the wet kiln tests would lead to a
significant ground level concentration. For example, even if the
stringent guideline for PCB emissions were met in this hypothetical case,
the maximum ground level concentration is calculated by virtual source
methods (applied to the dry kiln stack configuration) to be 0.07 ug/m3
(as Aroclor 1242) which is 7 to 70 times thg typical measured ambient
air concentration of 0.00! to 0.01 ug/ma. The point is that some caution
should be exercised in applying the results of these tests to another
stack configuration.

in the case of the third waste burn, it was estimated that the
total organic vapour concentration in the flue gas during the tests was
about 50 ppb, of which about 30 ppb was fsund to be dichloromethape.
Since none of the components of the original fuel mixture were detected,
however, the maximum residual concentration of Aroclor 1242, for example,
could be only about | ppb or less (noting the approximate detection limit
of 0.3 ppb). For speculation purposes only, in this worst case, 1 ppb
Aroclor 1242 in the flue gas (at ambient temperature) would correspond
3 as ¢chloride) and about 0.1 kg
of Aroclor 1242 emitted per day (24 hours of continuous operation). In
reality, this quantity i; an overestimate of the total émissigns and is
probably not significant. .

F.2 Gas Chromatographic Analxsis of Process and Emission Test Samgles

F.2.1 Chromosorb 102 adsorption tube analysls
Duplicate Chromosorb adsorption tubes for each of the waste

burns viere analyzed by the Air Quality Laboratory, laboratory Services

ACM cC24°
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Branch, ontario Ministry of the Environment for support and cross-chgckc
Qf analytical results obtained by the Ontario Research Foundation. Each-
édsorption_jube sample represented 60 litres of emission gas. Analysis
was done after desorption at 120°C into an evacuated glass vessel by
injecting 3 1 ml gas sample into a gas chromatograph. This Instrument
was equipped with a 9 foot x 1/8 inch Chromesord 102 column held at a
temperature of 180°C, and a Sc3H electron capture detector.

The results from these analyses are summarized in Tables F.2
to F.4. All Chromosorb tube samples, including those from '"Baseline B",
were found to contain small but measurable amounts of six or seven compounds
and traces of a further six to eight compounds. These 'measurable'
compounds were almost certainly chlorinated, low-molecular weight
compounds which, in the tables, have been designated 'major' and 'minor',
according to the size of their gas-chromatographic peaks. Of these

compounds, only chloroferm had been tentatively identifled and quant}tatively"

determined. All other compounds separated«from each sample were estimated
together by relating the sum of the gas chromatographic peak areas with
those obtained from a chloroform standard. Their concentrations are
listed under 'Other Compounds''.

The results shown in Tables F.2 to F.4 indicate that the total «
of all chlorinated compounds in the Chromosorb adsorption tube samples
correspands to concentrations only in the low parts per billion range
in the stack emission gases.

The agreement between these results and those of the Ontario
Research Foundation and TRW is only qualitative. The generally small
amounts (ppb range) of organic chloride vapours found by ORF are
confirmed but trends from stage to stage are not reproduced. Such
disagreement is merely indicative that the limits of sensitivity of
the combined sampling and analytical methods are being approached.

F.2.2 Fuel feedstock analysls

Samples of the waste chlorinated hydrocarbon fuels used in
waste burns B and C were analyzea{in the laboratory of Professor F.W.
Karasek, Department of Chemistry, University of Waterloo uﬁder 3
research grant from the Air Resources Branch, Ontario Ministry of the

Environment.

ACM GCB82417
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TABLE F.2. ST. LAWRENCE CEMENT WASTE BURN EXPERIMENTS - TEST 1
CHROMOSORB ADSORPTION TUBE ANALYSIS

Waste Burn ""Major' 'Minor'! Other Total
Experiment Compounds Compounds Chloroform Compounds Compounds
peb ppPb ppb
A 3 4 1.192 7.121 8.313
8 1 5 0.058 0.646 0.704
C 2 4 0.329 2.909 3.238
Baseline B 2 5 0.055 2.487 2.542
Blank :
(Chromoserb) 0 0 - - -
TABLE F.3. ST. LAWRENCE CEMENT WASTE BURN EXPERIMENTS - TEST 2
CHROMOSORB ADSORPTION TUBE ANALYSIS
Waste Burn "Major' "Minor' Other Total
Experiment Compounds Compounds Chioroform - Compounds Compounds
: ‘ PPL ppb ppb
A 4 3 1.462 8.827 10.289
] 4 1 1.464 5.270 6.734
c 3 4 0.924 12.089 13.013
Baseline B 0 7 0.022 0.443 0,465
Blank
(Chromeasorb) 0 0 - - -
TABLE F.4. ST. LAWRENCE CEMENT WASTE BURN EXPERIMENTS ~ TEST 3
CHROMOSORB ADSORPTION TUBE ANALYSIS
Waste Burn- 'Major! "'Minor" Other Total
Experiment Compounds Compounds Chloroform Compounds Compounds
. ppb ppb ppb
A ) 0 2.356 18.773 18.129
B 3 3 0.481 1.916 2.397
¢ 3 \, 8 0.560 . 2.089 2.649
Baseline B 3 b 0.030 5.077 5.107
Blank
(Chromosorb) 0 0 - - -
AUM  CCti46
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F.2.2.1 Preparation of fuel samples. All samples were diluted ten

times with Burdick and Jackson "Distilled in Glass" methylene chloride.
A 0.1 m! aliquot of the fuel was made. up to 1.0 ml with the methylene
chloride. .

Methylene chloride was chosen for the solvent based on previous

fuel samples analyzed in this laboratory.

F.2.2.2 Analysis of fuel samples. All samples were surveyed by gas

chromatography using 8 10" x 2 mm i.d. glass column with a specially
prepared, high resolution column packing, referred to as Ap-20M. A
similarly prepared solution of Aroclor 1242 was also chromatographed for
comparison,

The GC conditions used are shown in Table F.6 and were closely
monitored by the use of a HP 5830 A Digital Gas Chromatograph using a
flame ionization detector. The area of the solvent peak was rejected
to facilitate comparison of GC data. -

Mass spectral data were obtained using @ Perkin~Elmer 900 GC
interfaced to a HITACHI.RHU-é magnetic mass spectrometer via a 8iemann -

Watson effusion separator. The spectra were initiated and counted manually.

Al1 spectra were obtained with 70 eV ionizing voltage at 250°C. -

Samples | and 9 were analyzed using GC/MS techniques as above.

F.2.3 Results and Discussion

Samples 8 to 10,. the aromatic chlorinated fuels, displayed only
seven compounds with individual integrated area percent;ges greater than
1% anc oniy nine with simllar area percentages greater than 0.53. There
appear to be only three major components: one with ca. 73% area, one
with ca. 4.5%, and one with ca. 6.8%. This appeared to be the case for
all the aromatic fuels. A representative bar chromatogram is shown in
Figure F.1. The peak.at four minutes in the aromatic fuel was ca. 73%.

Samples | to 7, the PCB fuels, displayed several peaks in
addition to those of the aromatic fuels, samples 8 to 12. Comparison of
the additional peaks with a cﬁkomatogram of Aroc!or 1242 Indicates that
thuse peaks are due almost entlirely to PCB compounds (see Figure F.1).

To illustrate this observation, the GC data from the aromatic
fuel was added to the GC data from Aroclor 1242 and the computer program

= ACM  (CGCb24S
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TABLE F.5- FUEL SAMVPLE IDENTIFICATION

Comments
Chemtrol Line Sample (PCS's), Jan. 3/76, 10:00 AM
n 4 I I Jan. A/76, 12:00
e o I I Jan. 5/76
n u I I Jan. 6/76
n u I I Jan. 7/76, 9:00 AV
n “ -1 I Jan. 8/76, 8A5
n a I I Jan. 9/76*
Chemtrol Line Sample (Aromatics), Dec. 10/75**
n e n 1 , Dec. 11/75**
n n 1 n , Dec. 12/75%
1 1 1 1 * | Dec. 13/75**
1 it n 5y | Dec. 15/75*
in it.
liner of sample vial cap.
TABLE F.6. GAS CHROMATOGRAPH CONDITIONS
HP 5830-A GC
TEMP 1 50°
TIME k min
RATE A°/min
TEMP 2 27\0°
TIMVE ‘2 50 min
INJ TEMP 48"
\
FID TEMP 300°
FLOW RATE 28 m/m
CARRIER GAS HELIUM
ATTENUATION 28 256

«
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treated the aata as though it originated from a single sample. This
computer-produced bar'chromatogram. titled ""AROM + CLOR'", was then plotted
in comparison with the bar chromatogram of the PCB fuel sample as shown

in Figure F.2. The data were not subjected to any manipulation other than
straight combinatfon of the data. Inspection of the two plots shows such

a close correspondence of GC peaks between the computer reconstructed
mixture and the actual PCB fuel mixture that there is a reasonable assurance
they are the same, .

A GC/MS analysis was conducted on sample 1, one of the PCB
fuels. A representative gas chroma:ograh with numerically identified
peaks is shown in Figure F.3. Mass spectra were obtained for these
numerically identified peaks. The probabie identity, molecular weight
and/or degree of chlorination is shown in Table F.7.

Since-all of the peaks are found in the PCB fuel and only some
of the peaks are found in the aromatic‘fuel. an estimate of the dilution
or mixing of these compounds can be derived. During the gas chromatograph
analysis, all variab]es Qere held constant; thus, absolute integrated
area counts are indicative of changes in relative concentrations. These
results are shown in Table F.8. The units are area counts and the valyes
shown are I/th of output values.

Peak #3 is absent in the aromatic fuel and in Aroclor 1242 but
present in the PCB fuel. The mass spectrum of peak #3 suggests
trichlorobenzene. N

Peak #19 is present in small amounts in the chlorinated
aromatic fuels, absent in Aroclor 1242 but present in increased concen-
trations in the PCB fuels. A definitive mass spectrum of this peak was
nat obtained but was suggestive of lack of halogenation and is most
I{kely an unsaturated hydrocarbon of high molecular weight.

F.2.4 fonclusions

The aromatic fuel is primarily o-chlorotoluene and the .PCB fuel
is a mixture of Aroclor 1242 and the aromatic fuel. Area data for peak
#1 indicated an initial dilution of approximately one-third (by comparison
of area counts for aromatic fuels to area counts for sample 1) which

increased to approximately four-fifths by the end of sampling data.

. C ACP Clri5¢
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The results of the University of Waterloo group with respect
to identification of components of the waste burn B and waste burn €

fuels are in agreement with those of ORF and TRW.

TABLE F.7. MS DATA FROM GC ANALYSIS OF SAMPLE PCB FUEL

(Reference to Figure F.3.)

L I RT RS

~ dleas .

P P A Ve Mhag. ¢ e eed 513 - . g

4

PPCNFHIN bl . HTE

Peak No. Comments
1 MW 126, I-chlorine - spectra suggest o-chlorbtolﬁene
2 MW 160, 2 chlorines - spectra suggest aromatic compound -
dichlorotoluene
3 MW 180, 3 chlorines ~ spectra suggest trichlorobenzene
4 MW appears to be 216 witht chlorines = possible identity
CeHACL,. ‘
5 MW appears to be 216 with 4 chlorines - spectra very
similar to peak #4
6-8 MW 222 2 chlorines - spectra suggest dichlorobiphenyls =
. PC8's
9-12 MW 256 3 chlorines - PCB's
13-16 MW 290 4 chlorines - P(C8's
17 ¢ 18 Mé-324 5 chlorines - PCB's ~
19 MW uncertain - no suggestion of halogenation
\
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TABLE F.8. AREA COUNTS (x 10K)

8 9 10 1 12 | 2 3 4 5 6 7
Peak No. 10712775  W212/75 12712715  13/12/75 15/12/715 . 3/1/76 b/1/76 5/1/76 6/1/76 17/1/76 8/1/76 9/1/76
! 3860 3976 3769 3994 3842 1200 H42  913.4 770.6 766.5 753.0 702.4
2 80.5 82.5 78.8 82.5 80.4 24.9 23.1 19.0 16.1 16.1 15.7 14.6
3 - - - - - 20.4 23.8 38.0 48.2  50.9 49.7 '57.8
4 243.9 247.6 240.6 251.4 245.1 74.2 72.3  64.5 60.6 61.7 58.3  60.4
5 363. 1 362.1 360.5 373.3 363.4 1s4.)  148.1 155.0 150.2 153.8 152.0 157.6
6 - - - - - 158.2 154.8 160.6 156.5 160.2 161.1 167.8
7 - . - - - - 76.9 75.7 77.0 B6.5 88.6 89.4  95.1
8 - - - - - 340.4 333.7 348.4  328.8 335.2 336.7 35I.3
9 - - - - - 465.6 454.8 451.2 431.3  439.3 .L40.6 457.2
10 - - - - - 82.7 80.6 84.9 84.3 ~85.6 85.2 89.1
1 - - - - - 217.7 211.8  212.4 203.3 207.9 208.9 217.1
12 - - - - - 543.5 518.0 503.6  u81.8 483.1 491.2 507.6
13 - - - - - "265.0 271.3 275.5 258.3 265.9 26B.6 202.1
14 - - - - - 197.0 183.8 179.7 177.0 178.6 178.3 186.7
15 - - - - - 287.0 292.4 302.5 284.3 292.8 294.5 309.8
16 - - - - - 191.3  191.1 186.8 180.2 178.6 188.4 190.5
17 - - - - - 102.0 107.5 134.8 143.2  149.1  151.4  167.5
18 - - - - - 52,1 51.5 54.9 50.1 51.3 49.5  50.2
19 7.8 8.6 8.4 8.2 8.6 177.5 168.9 143.8 120.5 120.5 120.9 115.9

191
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APPENDIX G

LABORATORY ANALYS1S RESULTS FROM. THE ST. LAWRENCE CEMENT FACILITY TEST

G.! Sﬁhmarz
Analysis of the flue gas samples for organic composition gave
the following results:

- Hydrocarbons were not detected In the samples of flue gas with

detection limits ranging from 0.6 mg/m3 to 0.009 mg/m’.

= Low molecular weight chlorinated organic compounds such as
methylene chloride, chlioroform, and carbon. tetrachloride were
specifically searched for by gas chromatography with electron
capture detection (ECD) and were generally not detected in most
of the samples. Four samples indicated the possible presence ~
of some of these compounds, but all at levels of less than

3

© 0.1 mg/m” of flue gas. ~

= Polychlorinated biphenyls were searched for by GC/ECD and GC/MS
* and were not found in any samples at the GC/MS detection limit
of 3 ug/m3 of flue gas.

Trace metal concentrations in the flue gases, as determined in _
the samples taken with tha EPA sampling train, were all less than 10 ug/m3.
with the exception of lead In the WBC tests. The emission of lead during
the WBC tests averaged 0.12 mg/ma. .

Analysis of the clinker product and discard dust samples for
organic composition gave the following results: '

- Hydrocarbons were not detected in solvent extracts of any of
the clinker product or discard dust samples. The level of
detection by GC/ECD was 5 ug/g of sample or lower.

- Polychlorinated biphenyis were not detected in any of the
clinker or dust samples by GC/ECD. Detection limits for PCB's
\
in the samples were typically 0.04 ug/g or better.

Y

The inorganic character of the clinker products and electrostatic
precipitator discard dusts was changed very little If at all by the addition

ALM CCEZ2SE
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of the chlorinated wastes to the SLC wet kiln process. Trace metal
levels in the WBB and WBC test -samples did not differ significantly
from the“baseline samples.

Analytical techniques se!ec:e& for analysis of flue gas
constituents which include vapours, condensables and particulate matter
were gravimetric, IR, LRMS, GC, GC/MS, SSMS, 1CPOES, and AAS. These
wera selected on the basis of sensitivit; and selectivity criteria to
enable identification of species in the flue gas at concentrations on

the order of 0.1 mg/rn3

, representing the threshold level of the most

toxic species as defined by 0SHA and other occupational health and

safety organizations. Detection limits for many of the techniques

extend to ug/m3 levels. However, specific analyses to ldentify compounds
below the level of interest, 0.1 mg/ms. were not routinely performed.

The techniques used were both qualitative and quantitative in nature, with

an intended accuracy range of plus or minus a factor of two to three.
-

G.2 Introduction

In cooperation with Environment Canada and the Ministry of
Environment of Ontar(o, the United States Environmental Protection Agency
supplemented the Canadian studies through participation in analyses of .;
samples acquired from various streams during test burns of chlorinated
hydrocarbons in the St. Lawrence CemenE Co. wet process kiln. These
analyses were performed by TRW Defense and Space Systems Groué, Redondo
Beach, California, under contract to the U.S. EPA. Samples were provided
to TRW through tﬁe courtesy of the Ontario Research Foundation and
St. Lawrence Cement Co., of Ontaric, Canada.

Emphasis in the EPA sponsored work was directed toward analyzing
for input waste residual compounds and by-products in the ciinker (product),
dust from the electrostatic precipitators, and the }arious component
samplas from the EPA hlthod S and ORF sorbent trap trains., These analyses
ware limited to the two test burns performed using-chlorlnated aromatic
and polychlorinated biphenyl waste blends. [In addition, background aral-
ytical work was abcompllshedipn samples acquired during the two baseline
tests in which the kiln was fired using only residual oil as a fuel.
Analyses Qere also performed on the two waste blends. This work was done
to supplement the Canadian laboratory results as well as to acguire

- T " Loy ACM CCB25S
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o additional evaluation data in accordance with U.S. EPA protocol used
for ongoing chemical waste incineration test programs In the United States.
A brief economic analysis was made by St. Lawrence Cement Co.
using dats from both their own operations and from Chemtrol Pollution

Services Inc. (Appendix E).

G.3 Analysis Techniques

The purpose of the analyses performed on the samples from SLC
was to identify and quantify:

- known hazardous species present from the waste as determined
by pretest analysis of a sample of the waste material,

- secondary decomposition products (e.g., Incomplete combustion
products which are predictable), and

- other species found to be present but which are not predicted

or otherwise expected.

A completé list of the samples regeived by TRW for analysis is
given in Table G.1. This table shows what portion of the total sample-
collected by the trains was sent to TRW as well as the respective burns
and test numbers for the received samples. The coding system used to
uniquely identify ecth samplé is shown in Figure G.!, These codes are -
used in subsequent tabulations of data aqd results.

The first step in the analytical approach Involved varlous
extraction and preparation procedures to separate the organic and Inorganic
constituents and/or to concentrate the samples In a suitable form for
analysis. The extracts and concentrates were then analyzed by the
techniques to be described in this section.

G.3.1 Extractions and sample preparation

G.3.)1.] Solvent extracts received from ORF. With a few exceptions, solvent

extractions for organic species were performed by ORF using pentane or
hexane. Subsequently, i aliquots were received by TRW and combined
according to the plan shown in Figure G.2., These combinations were

performed because: \
1} the ¢ aliquots represent relatively small gas sample
volumes, thus making constituent concentrations very low

and difficult to measure, and

- ACk CCEctl
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TABLE G.1. SUMMARY OF SAMPLES RLCEIVED FROM EACH WASTE BURN

Burn and Test No. of Samples Oriyin

Portion Received e mwl 1 ]
sut of lotal
Sample Bescription Saapla ) ] 2 ] 2 1 2
[PA Train
o Preba rinte
Filtered inaivblias An L Rl Il
Sotvent axtract e - x 1 [ § [ | z ] H
Aquasys selution after flltration and entraction am [}
o Filter '
Selveat antract 4 | [ § 1 [ | [ | | § R
- Filtor uith particulate All | [ ] | ) § 1
o lmpingers
Selvent eatract e ]  §  § | | | §
Aquosws salution after entraction AN
O Trajn .
8 ln-stack filter W’
Solvent entrack 1  § | § [ | 1 1 1
Filtar with particulata [1]] k] 12 ] x | 3
o Prebe riste
Filtored tmalibles (11} | 3 I | 1] 2 | 3 I |
Selvent sntract e 1|l r]x Al 11
Aquesus salutfon aftar filtraties sad aatraction m 1 -
o il wpiager ’
Selvest satract e s] 2| K| s £y 1
“w ., Aguates salutien after estractiss an [ )
o Mutilled mtar fapinger
Salvent gutract VL ] ]z 11
Aquesus wlution after axiractisn AN [
® Chwemstorh 102 sarbant tubes e | § [ § 1l R H
. .

g9t
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SAMPLL COIRS CONGLST O 3-% SELTIONS
Rus n Complemy Fran Irawe Coaponent Extracted Any ‘pecial Preparalion Test Mo,
. v e .. - .- . e— D . .
Lirst flaseline no Standard IPA tilter/insulubles - } [alracts of Acidified T, 12, or 13 if
Primary Fuel - BLA Method S Train - LPA Solutionys - Al sample is yrom
Probe Rinse - PR only one test
Caustic Impinger -  RAON
Waste Burn on Waler Impinger - "0 ' .
Chlorinated Canbined lepingers - 1 ) '
Aromatics - WHB ) Btank if sample ’
.is a conbination
Maste Burn on of all three
PCB Blend - Wet - ORF Designed tests
“Sorbent”™ Train - ORF
Second Baseline on ’
Primary Fuel - BLB /

-

-

FOR EXAMPLE, ALL OF THE EXTRACTED SAMPLES FROM OHE WASTE BURN WOULD BE CODED AS FOLLOWS:

691

WBB-0RF -FE = Maste Burn 8, ORF Train, Combined Filter Extracts from
all three tests

WBB-ORF-PRE & NAOHE

Waste Burn 8, ORF Trafin, Combined Probe Rinse and Caustic
Impinger Extracts fromgall three tests

[

WBE-0RF -NAOH-AE-T3 Maste Burn B, ORF Train, Extract of the acidified caustic

impinger solution from Test 3

m-mr-uzot » Waste Burn B, ORF Train, Combined Mater Impinger Extracts
) from al) three tests

WOB-EPA-FE & PRE

Waste Burn B, EPA Train, Combined Filter and Probe Rinse
? Extracts from all three tests

WBB-EPA-IL

Waste Burn B, £PA Train, Combined lapinger Extracts from
all three tests

Wav

L
FIGURE G.1. TRW SAMPLE CODING SYSTEM -

4
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2) all three tests of each waste were performed at one

- nominal operating condition.

In gereral, following this plan, the organic concentrate obtained for
each extracted sample type (e.g., filters, impingers, solids, etc.) from
each of the two saﬁplingﬂtrains were the combination of all three tests
of each waste. Exceptions to this plan were the BLA and aqueous samples
for which only one of the three test samples were received (see Table G.1).
At no time were EPA train samples combined with ORF traln samples.

Small aliquots (2-5 ml) were first taken of the ''as received"
extracts and set aside for analysis of volatile compounds that would
be lost in the next step which was to concentrate the remaining solvent
sample using Kuderna-Danish evaporators and a steam bath.

The solvent extracts of the probe rinses, iﬁ addition to being
combined as in the plan shown in Figure G.2, were also combined with the
sample (EPA train-filter, ORF train=firs® impinger) whose juxtaposition
in the sampling train and similar physical characteristics permit the
combination. The rinses of the EPA train were made of the glass probe
liner in front of the filter. However, with the ORF train which only
has a short nozzle in front of the in-stack filter, rinses were made of *
the 14 feet of prche and tubing between the filter and the first liquid
impinger. The resulting solutions were filtered through standard filter
paper and then extracted by ORF.

L]

G.3.1.2 Solids, agueous sofutions, and filters. The solid samples .
were prepared for organic analyses by extraction in a Soxhlet apparatus

for 24 hours with distilled~in-glass grade pentane. These extracts were
concentrated with Kuderna-Danish evaporators to a 10 ml volume. Prepara-
tion of the solid samples for inorganic analyses consisted of a low-
temparature plasma aéhing to remove possible organic interferences.

Other samples for inorganic analysis also required some degree
of preparation. Aliquots of the aqueous impinger and probe rinse samples
were taken and acidified with nitric acid to stabilize any metals present.
Each of the inscluble residues obtained by filtering the probe rinses was
combined by ORF with its matching particulate filter for treatment as one

sample. These insolubles/filter samples were plasma ashed and then

ACM GCB2¢&3
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SOLVENT SOLVENT SOLVENT
EXTRACT 7, EXTRACT T, EXTRACT T,
- 1
¢ il
TAKE AND
COMBINE
ALIQUOTS FQR S
ANALYSIS OF
VOLATILES
GC
GC/MS
p| COMBINE, CONCENTRATE, Lo ‘

AND DILUTE TC 10 m!

i

TC ANALYSIS OF
CRGANIC CONCENTRATES

-

FIGURE G.2. PLAN FOR THE COMBINATION OF ORF SOLVENT EXTRACTS

VACUUM GAUGE .
[ 7 .
' \\ I'
SORBENT TUBE = N
-, )

”
Zr \N ~

v v R -
-— h F \=®:=.=é=ﬂu~‘

FURNACE DEWAR \

FLASK
FOR LNz ADM

CCeigy

FIGURE G.3, DESORPTION SYSTEM FOR CHROMOSORB 102 TUBES
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extracted by refluxing constant béiling aqua regia over the each sample
for two hours. The resulting aclid digests were made to 50 ml for

LX)

analysis.-

$.3.1.3 Sorbent tubes. The Chromosorb 102 sorbent tubes from the

ORF sampling train were prepared for analysis by a quantitative desorption
technique. The appa;aius used for the desorption 1s shown schematically
in Figure G.3. The sorbent tube is attached with a minimum length cf
Tygon tubing to a 20 ml glass sample bulb and is then heated in a small
furnace to 185° $10°%. .

With valve A closed and valves B and C open, the sample bulb
was evacuated and immersed in liquid nitrogen. Valve A was then opened
for 30 minutes to allow the contents of the sorbent tube to transfer to
the sample bulb. Valves A and C were then ctésed. the L'N2 flask removed,
the sample bulb allowed to equilibrate to room temperature, and the
pressure recorded. ’ ) _

The‘volume of the entire manifo?h system, Including each sample
buib, was carefully calibrated and on the average was 68.8 cc. With this
information and the recorded pressure (assuming the temperature to be
constant), the volume of the material desorbed was calculated according -

to the ideal gas law:

P T Py
whera: P, = the pressure measured, in mn Hg . .
V, = the volume of the sample bulb and manifold, ~68.8 cc
Py = 760 mm Hg
Vz » the calculated volume of desorbed material at 1 atm.

The desorbed material was recovered from the manifold by
reinmérsing the sample bulb in LN,. Valve B was then closed and the
sample bulb removed from the desorption system for analysis while sti))

at negative pressure, . !

G.3.2 Analytical methods \
The extracted and prepared samples were asnalyzed by various

methods. The specific analyses selected depended to some extent on the
samples' forms, which were:
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For lnorganics

- Solids
~ Aqueous and acid solutions

for Organics

- Aliquots of the neat solvent extracts
- ‘Concentrates of the solvent extracts

- Dasorbed materials from the sorbent tubes

6.3.2.1 Analyses for inorganics. The inorganic composition of the solid

samples was determined by spark scurce mass spectrophotography (SSMS) o
with electronic detection, which will detect elements present down to ' f
a concentration of | ppm. This SSMS technique has an accuracy from 100-5003

enc will survey the sample for all the elements except gases (i.e.,

H, N, 0, He, Ne, Ar, Kr, Xe, and Rn) and Hg because of its high volatility.

Other elements with appreciable volatilities,. such as Be and Se, have far

-reduced accuracies in this analysis.

The aqueous and acid solutions w:}e first surveyed for metals by

inductively coupled argan plasma optlical emission spectroscopy (ICPOES).

The ICPOES anaiysis determines 32 elements, including most of the toxic N .
eiements of interest in the program, down to ppb levels, with an accuracy
of 100-200%. The purpose of this survey was primarily to check that the < !
metals in the test samples were present In approximately the same amounts

relative to each other as they were in the waste material. Those elements

which, from the results either of the ICPOES survey or oﬁ the anatysis of !
the waste material, seemed to be present at potentlally toxic levels, were
determined quantitatively by atomic absorption spectrometr9 (AAS). The

sensitivity of this method varies from apbroximately 1.0-0.001 ppm for

the elements which were determined, with an accuracy between 10-50%.

6.3.2.2 Analyses for organics. Organic constituents of the test sampies

were determined by a combination of the following techniques:

- infrared spectrometry (IR);

- gas chromatography tqc) with elther an electron capture (EC)
or flame ionization detector (FID);

low resolution mass spectromatry (LRMS);

- combined gas chromatography/mass spectrometry {(GC/MS).

ACM  CCrzee
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The Sliduots of the neat solvent extracts were analyzed only
For volatile organochlorine compounds. EC/GC was used for this analysis

LRLY ST ST b bs &2

and the samples were compared to standards of CHZCIZ, CHCIB. and CClk as
well as the original waste material. The column was 183 en x 0.635 em o.d.,
glass, 1.5%3 OV 17 and 1.953 QF-1 on Chromosorb WHP.

The concentrates of the saolvent extracts were analyzed to identify

RN TR L

the less volatile compounds that would not be lost by evaporation of the
extract. An aliquot of each sample was first taken and evaporated in a
clean, 7 ml weighing bottle at ambient conditions to remove the solvent.
The residue was then weighed on a micro balance'to 0.001 mg and scanned

S peaocdm 1,

by IR as an evaporated thin film. The sample was returned to the weighing
bot:tle and stored for use in the LRMS analysis. To obtain an LRMS spectra,
the sample was rinsed into the glass vessel for the solids probe Injet system
and the solvent evaporated again at ambient conditions. The IR and LRMS
analyses yield qualitative information {bout the classes or types of
compounds (e.g., hydrocarbons, phenols, POM's, etc.) present as well as

an idea of the complexity and toxic nature of the concentrated sample.

The sensitivity of the LRMS solids probe technique for specific
compounds in an organic matrix can be estimated even though the mass
spectrometer i; not strictly considered 3 quantitative instrument. At
typical mass spectrometer operating p;essures of 10-6 torr, the relative
volatilicty of organfc materials at normal solids probe temperatures
(109-250°¢) is not an important factor. That is, tha.volatlilities of
materials of interest are sufficientiy high for adequate detection.

The solids probe of the mass spectrometer is in such close proximity to

the ionizer that sample diffusion does not significantly reduce sensitivity.
Previous experience and contacts with other laboratories using similar
equipment indicate that if 10 micrograms of an organlic compound is

present in a solids.probe along with other material, it will be detected

to the extent that the ten or more strongest fragment peiks will be ‘
recorded. Since the typical weight of sample placed in the solids probe

is.l milligram, the required‘weight percentage of a given organic compound
to be detected in an organic matrix is approximately one percent. Therefore,
any compounds not detected by LRMS were assumed to be present at less than

one percent levels.
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. : i

The organic compounds in the extract concentrates were separated ';

and quantified by GC using both flame ionization and electronfcapture ﬁ
cetection. Columns and GC conditions are given below: ; u
Flame ionization detection ‘ E ?

£

- varian 1860, dual differential FID , 8

- Columns: dual, 183 cm x 2 mm i.d., stainless s;e?\. 3.5% %

0V-17 on 100/120 mesh Chromosorb WHP 5?

- Temperatures: column, ambient for 5 minutes, then ambient ?i

to 275°C ac 10°C/min; detector, 275°C; injector, 250°C. 9;

- Flow rate: helium carrier at 30 ml/min; hydrogen at ﬁ]

30 mi/min.; air, 300 mi/min. ﬁJ

- Attenvation: 1 x 10719 a/mv i

e

- Tracor MT-150, 63Ni single ECD =

- Cotumn: 183 em x 0.4 cm i.d., glass, 1.5% OV-17 and 1.95%
QF-1 on 80/100 mesh Chromosorb WHP
- Temperatures: column, 200°C; detector, 225°C; injector 225°C.

¢
1
Electron capture detection ' ‘
|

WP TRyt

= Flow rates: pre-purified N, carrier through column at 60 mi/min. ¥

2
detectc s purge at 40 ml/min.

S UTEE = e e —— e vamee— cmia o

- Polarizing voltage: 14V; bucking range -2 x IO-%; iaput
|

attenuation, loz; output attenuation, X2 to xéh.f

i

G.4 Analytical Data

i
Data obtained from the various analyses performed will be

presented in this section in the following order:

Chlorinated Hydrocarbon Wastes Tested

= Chlorinated Aromatics i .
- Polychlorinated Biphenyls (PCBs) . ﬁ:
o

Samples Obtained from the EPA and ORF Sampling T?lﬂns
\

\

- Organic Constituents
- Inorganic Characterization

r ik WY

Solid Residues and Effluents from the SLC Kiln Process
l;

- Clinker Products

- Electrostatic Precipitator Discard Dusts

}
f
r - .
! ACM CCtcct s
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G.4.1 Chiorjnated hydrocarbon wastes tasted

Sampies of the chlorinated wastes burned at St. Lawrence Cement
were taken by ORF from the liquid waste feed tank on each day of testing.
Composites of these were sent to TRW. The analyses used to characterize
the wastes and determine the expected compounds of interest in the test

burn samples were:

- thermal content - gross heat of combustion;

- viscosity;

- specific gravity;

- loss on ignition (LOI1);

- C, H, N, S, and halogens;

- infrared spectroscopy {(IR);

~ gas chromatography/mass spectroscopy (GC/MS); and,
- spark source mass spectroscopy (SSMS).

G.4.1.1 Primary fuel. |In addizion to the two wastes, a sample of the

primary fuel, bunker 'C'" oil, was also received. 0f the analyses listed

above only the gross'elémental determination (C, H, N, S, and halogens)

and a trace metal scan by X-ray fluorescence (XRF) were performed on the
oil. Physical properties were not determined since they are fairly standard,
and accurate compound identification was not necessary since the background
of compounds contributed by burning the bunker ‘C' oil as fue! can best be
determined by analysis of phe pombustlon test samples from the baseline -

-y

burn. ) ) '
The elemental determination on the oil gave the following )
results:
- 86.87% ¢
- 9.89%3 H
- 0.36%3 N
- 2.62% S

0.05%2 C1 {total halogens as chlorine).

\
\

ACH CCE2€S
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The XRF scan detected six elements at the levels listed below:

Element o - Approximate Concentration (ppm)
S; : . >500
P ' 50-500
Ni : 5-50
v 5-50
Ca ; . <25
Ti <5

G.4.1.2 Chlorinated aromatics. The aromatic waste was a dark brown,

low viscosity liquid that was visually free of sediment. The measured

physical characteristics were:

- thermal content - 5170 kcal/kg (9310 Btu/1b);
- viscosity = 1.09 centistokes at 38°C (lOOoF);
- specific gravity - 1.281 at 16% (60°F);
LOI - 99.98%.

I

Elemental analyses performed showsd the following composition:

L4.00% C

3.4BZ H

0.028% N

0.019% S -
49.10% €1 (total halogens as chlorine).

Analytica) techniques used to determine the organic composition’
included IR and GC/MS.

“ IR
The IR spectrum indicated the waste to be composed primarily of
aromatic hydrocarbons as well as aliphatic alkanes and alkenes uith a strong
response in the 600-800 crn'l region which can correspond to C~C! bonding.
No indication of any other functional groups such as phenols, ethers, or
amines was found. Comp;rison of the waste spectrum with spectra from
the Sadtler indices for the compounds found by GC/MS, showed the principle

\
[

“Element is potentially toxic - OSHA TLV of <«I mg/m3 for an elght-hour
exposure.
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constituent to be o-chlorotoluene, the

is a strong, sharp peak at 750 cmtl.

GL/MS

most characteristic peak of which

Chromatographic separation was carried out on @ Finnigan GC/MS
system using two columns. One was Chromosorb Ibl, temperature programmed
from 30° - 220°C at 10°¢/min, and the other was 0V-17 temperature programmed
from 30° - 275°C at IOOC/mIn. The compounds shown in Table G.2 were
identified and their concentrations calculated based on relative peak

areas found from both columns and assuming equal response to the total

ion monitor of the Finnigan instrument,

These results reflect the fact

that, in the course of performing the tests at SLC, the waste feed tank

was not emptied between wastes, Thus,

the material for the "aromatic’

burns contains 332 chlorinated aliphatics carried over from the previous

burn (as a cost savings to the program,

‘TRH did not plan to analyze

samples from the chlorinated aliphatics“hurn). The primary constituent

of the aromatic waste is chlorotoluene
of three other chlorinated aromatics:

and octachloronaphthalene.

(52.5%) with the remainder made up
dichlorotoluene, octachlorocyclopentene,

TABLE G.2. ORGANIC COMPOSITION OF AROMATIC WASTE BY GC/MS

. Compound

Estimated Concentration
(% wdw)

ACetone

Methylacetate

Dichloromethane

Chloroform

Carbon Tetrachloride
Dichlorosthane
Trichloroethane
Tetrachloroethane
Trichloroethylene

Toluene

Chlorotoluene

Dichlorotoluene N
Dimethy! Benzene (Xylene)
Octachlorocyclopentene

C]0C18 (0ctachloronaphthalene)

L] - L ] . -
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Trace metals in the chloriqgted aromatic waste were determined ﬁ
by spark source mass spectroscopy {SSMS). The waste was first ashed by %'
a sulphated dry method. A very small amount of ash, 0.014%, was obtained i
of whicn the major elements were Ba, Fe, Na, P, S, Si, and Ti (the g!
seliphur most likely represents the contribution from the stok added during -gi
ashing). Other elements detected by SSMS down to | ppb are shown in 'ii
Table G.3. This analysis was performed to determine what potentially toxic 1
elements might have been present in the waste at high enough concentrations é
to warrant quantitative examination of the flue gas test samples. Given '5
the semi-quantitative nature of the data, the SSMS results should not be ;
construed as a quantitative characterization of the waste material. é
i

TABLE G.3.  TRACE METALS IN THE CHLORINATED AROMATIC WASTE BY SSMS . ;|

: Approximatea -’ Approxlmatea
Concentration Concentration

Eiement (ppm) . Element {ppm)

Al 0.7-1.5 $n 0.008 .

Ca 0.7-1.5 Zr 0.008 .
Cu 0.7-1.5 vb 0.007 - Ny
Ma 0.7-1.5 Asd 0.006 =
Zn 0.7-1.5 Ag 0.003 ;
K 0.6 cad 0.002 .

crb 0.4 Ce 0.002

Pbb 0.3 La . 0.002

Ay 0.07 spd 0.002

Mg~ 0.07 Beb 0.00)

Sr 0.06 Bi 0.001

Pt 0.05 Ge 0.001

B 0.05 Li 0.001

CobP 0.05 ' Rb 0.00!

Ni . 0.03 Seb 0.001

W 0.0! sm 0.001

Mo 0.008 Yb ) 0.001

*The accuracy of this technique ranges from 100 to 500 percent.
bPotent?ally toxic metals = OSHA JLV of <I mg/m3 for an eight-hour
exposure. '

CHg was determined by a highly quantitative atomic fluorescence

technigue.

. , ADM CCEZT4Z
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G.4.1.3 Polychlorinated biphenyls (PCB's). The PCB waste was a medium

brown, low viscesity liquid with fine suspended particulate that tended
to float to the top and cake out on the sides of the container. The

measured tharacteristics were:

" = thermat content - 6,710 kcal/kg (12,083 8tu/ib);
- viscosity - 5.87 centistokes at 38°C (100°F);
- specific gravity - 1.196 at 16%¢ (60°F);
- L0l - 99.90% '

Elementa! analyses performed showed the following composition:

- §7.94% ¢

5.232 H

0.018% N

0.12% S
33.60% C1 (tota! halogens as~chlorine).

The analytical techniques used to determine the organic composi-
tion of the waste were IR and GC/MS.

IR -

The IR s=an showed strong peaks at 1100 em | and 1450 - 1480 cm™ !

which are characteristic of biphenyls,‘and a peak at 750 ::m-I indicative
of remaining o-chiorotoluene in the waste. Other small peaks 'in the
spectrum matched those in the aromatic waste IR scan which substantiates
the GC/M5 results discussed below.

se/us
Analysis of the PCB waste was performed by the same GC/MS

methods and conditions as for the azromatic waste, and the compounds that

were identified are shown In Table G.4. The PCB waste composition showed

the effect of previod; waste material left in the feed tank. |t was composed

of 12% chlorinated aliphatics, 33% chlorinated aromatics, and 45% PCBs.

There were 22 separate PCB :oqpounds identified including several isomers

of each of the multiple chloriﬁated biphenyls.

SSMS
Trace metals in the PCB waste were determined by SSMS. The waste
was first ashed by a sulphated dry method. A small amount of ash, 0.15%,

‘ -
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TABLE G.4, ORGANIC COMPOSITION OF PCB WASTE BY GC/MS

Compound

Estimated Concentration

(% w/w)

Water

Acetone
Methylacetate
Methanol

Chioroform

Carbon Tetrachloride
Ethanol
Dichloroethane
Trichloroethane
Hexachloroathane
Trichloroethylene
Tatrachloroethylene
Xylenes

Toluene
Chlorotoluene
Dichlorotoluenes
‘Trichlorotoluenes
Octachlorocyciopentene
thlorobipheny!
Dichiorobiphenyls.

-—
UIUI(DO#WN\I-N.O-OOOWG\—-OO—'O

WMEVIOWENOWNONYOTNOE WS

Trichlorobiphenyls 15,

Tetrachlorobiphenyls H=1

Pentachlorobiphenyls 2-6

Hexachlorobipheryl~ -2 v

Heptachlorobiphanylis . 0
Octachlorobiphenyls ) 0.
Di-n-octyl! or Di-ethyl Hexyl Phthalate )
C]OCIB - Octachloronaphthalene ) 2

was obtained of which the major eiements were Fe, Na, P, Pt; and SI.
Other elements detected by SSMS down to | ppb are shown In Table G.5.
This analysis was performed to determine what potentially toxic elements
might "have been present in the waste at high enough concentrations to
warrent quantitative exdmination of the flue gas test.samples. Given the
semi-quantitative nature of the data, the SSMS results should not be
construed as a quantitative chiracterization of the waste materlal.

\
G.%.2 Samples obtained from the EPA and ORF sampling trains
Samples obtained by the two trains from the WBB, WBC, and BLB

tests were received for analysis. A list of the samples derived by ORF

. ACF CCEcT4
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TABLE G.5. TRACE METALS IN THE PCB WASTE BY SSMS :

- R a . a
Approximate Approximate
Concentration : Concentration
Element (ppm) Element . (ppm)
K 7-15 seb 0.1
Zn 7-15 Srb c 0.07
Cu 7 Hgb’ 0.06
S 5 Cd 0.05
Mg 5 Th 0.02 -
Al 4 La 0.01 .
Ni 4 Nb 0.01 b
Hob 3 Bi 0.009 ?
Ba 2 Li 0.009 :
Ti 2 Rb 0.006
B 1 Ta 0.004
Ca 1 Au . 0.003
W b 1 Nd 0.003
Cry 0.8 Hf 0.002 :
Pb 0.8 -.Smb 0.002
- yb 0.7 Be 0. 001
Ag 0.6 Dy 0.001
Hnb 0.5 Ga 0.001
Sb 0.5 Ge 0.001
Snb 0.5 Pr 0.001
As 0.2 Sc 0.001 -
Zrb 6.2 u 0.001
Co 0.1. '

*The accuracy of this technique ranges from 100 to SO0 percent.
bPo:en:ia!ly toxic metals = OSHA TLV of <!} rr.g/m3 for an eight-hour exposure.
cHg was de:crmined‘by a highly quantitative atomic fluorescence

technigue.

from each train was presented in Table G.!. All of these samples were
scheduled to be analyzed until, in early April, ORF's review of their
analytical data brought them to conclude that the solvent extracts of the
BLB samples had been contaminated with PCB waste maferia] {G.1] which was
confirmed by the analyses at TRW. The contamination appsared to havef
occurred before the split of the samples Into ¢ aliquots. In view of
this development, analysis of the BLB solvent extract samples was
discontinued and extracts from a BLA test were sent as replacements.
However, there was no evidence of a contamination problem with

the remaining BLB samples. Thus, the filters, probe rinse insolubles,

oy
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aquesus solutions, and Chromosorb 102  sorbent tubes from the BLB s
tests were analyzed for a background reference to the corresponding -
WBB and WBC samples. ' S

All of the test samples were coded for ease of reference.

The coding used was presented in Figure G.1, which also showed the
combination of the probe-rinse samples with other appropriate samples.
The reasons and methods for combining the probe rinses with either the
€ilter (for the EPA train) or impinger (for the ORF train) samples,

as well as the preparation and analytical techniques for all the samples
were described in Section G.3.

Where constituents found in the test samples are reported as
concantrations in the effluent gas, the sample gas volunes needed for the
calculations were taken from Section 5.3 of the report. Volumes for the
ORF train were taken from Table 4, and volumes for the EPA traln from
Table 7.

G.b.2.1 Organic constituents. Samples forthe analysis of organic

composition were in the: form of:

- aliquots of the neat solvent extracts;

- concantrates of the solvent extracts;

- residues from the evaporation of the extract concentrates; and
- desorbed materials from the sorbent tubes. '

These samples were first surveyed for their qualitative nature by §ravi-
metric, infrared spectrometry (IR), and low resolution mass spectrometry
{LRMS) techniques. Quantitative determinations and analysis for specific
compounds, such as chlorinated hydrocarbons and PCB's, ware then performed
by gas chromatography (GC) and combined gas chromntography/mnis spectrometry
(GC/MS). The results obtained from all of these analyses are presentad

in the following paragraghs. The methods themselves are described in

Section G.3.

Qualitative data. The purpose of the qualitative or survey analysis

. was to identify any material in the samples which were not present

in the original waste, and therefore were not expected. In addition,
this survey analysis searched for secondary or incomplete combustion
products which would result from the waste being converted to compounds
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other than COZ. Hzo, and HC1, The qualitative data will be described

in two groups: 1) Extract concentrate residues, and 2) material desorbed
from the sorbent tubes. o . )

1) Extract concentrate residues - The results of these qualitative

analyses 6n the residues, obtained by evaporating alliquots of the solvent '
extract concentrates, are summarized and presented In Table G.6. This
table includes: '

- The identification of the extract samples according to the

coding shown in Figure G.1. This coding shows how certain
related samples have been combined.

- The Sample/Aliquot Ratic shows the total volume of extract
prepared by ORF in the numerator and the volume received by TRW

in the denominator. One-fourth of each extract was sent to
TRW.

- The amount of residue found iR TRW's portion of the total

extract is expressed as milligrams (mg). Values have been
corrected for appropriate blanks.

- The Total Residue is that amount (in mg) of residue found in »
TRW's po-tion, multiplied by the Sample/Aliquot Ratio. This
value is indicative of what may be found in the total extract
if analyzed by the same procedures.

inspection of the IR and LRMS data revealed that the only
materials detected in the evaporated residues of the variqus extracts
(except for the contaminated BLB samples) were silicones, hydrocarbon
oils, fatty acids or fatty acid esters, and phthalic acid esters.

These same materials were also present in the blank and control
samples; their concentrations vary from sample to sample as estimated by
LRMS. These materials, as classes of compounds, are not toxic and would
not be considered an emissions hazard even if they were present in much
higher concentrations. These materials are not belleved to have come from
the combustion gas. Samples frah the EPA train did not show Increased
levels of these materials consistent with more than ten-fold sample volumes.

in the analysis of trace organics, it becomes very difficult to
completely avoid these ubiquitous oils, plasticisers, lubricants, antioxidants,

_ACM cos217 -
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TABLE G.6, SUMMARY OF ORGANIC QUALITATIVE SURVEY ANALYSES

OF SAMPLE EXTRACTS

Total Extract

Total Rasidue

{m1) Survey Residue (mg, corrected
Found in TRW for Aliquot
Sampole [dentification RW Aliquot (m1) Aliquot (mg) Factor)
B4seline Burn A
BLA-QRF -FE=T2 200/50 abp 12.92
BLA-ORF-PRE *NAQHE-T3 200/50 N/ N/D <|.03
au\-onr-nioe-n 100/25 n/o0P N0 (<2.6
BLA-EPA-PRE+FE-T] 300475 0.12 0.48
BLA-EPA-1£-T3 ) 100/25 2.09 8.3
Baseline Burn B . - ’
BLB-ORF-FE 600/150 0634 1.36
BLB-ORF~-PRE+NAOHE . 600/150 N/ N/D (<1.00)
8L5-0RF-H20E 300/75 0.50 2.00
BLB-EPA-PRE+FE 900/225 0.48 1.92
BLB-EPA-IE 300775 0.04 0.16
Waste Burn B
WRB-ORF-FE 600/150 0.07 0.28
#88-0RF -PRE+NADHE 400/100 N/DD N/D { <1.00
W88 -02F -H20E 200/50 N/D® N/D {<2.68
WBB-ORF-NAOH-AE-T3 N/AC 0.28 1.12
WEB-EPA-PRESFE 900/ 225 1.50 6.00
4BB-EPA-1E 300/75 11.18 an.7
Waste Burm C =
WBC-ORF-FE 600/150 0.58 2.3
WBC -ORF ~PRESNAQHE 600/ 150 N/DR N/D (<1.00)
WBC-ORF -H20E 300/75 14.83 £9.32
WBC -ORF-NADH-AE-TL - N/A 0.23 0.92
WBC -EPA-PRE+FE 900/225 1.12 4.48
WBC-EPA-LE 100/7% 6.25 25.00

There 13 no significant difference in the results between test runs. The matarials in the

residues are not be)ieved to have come from the combustion gas,

Ba/D « Mot detected at levels higher than the blank.

CM7A » Not applicable; the total caustic ispinger contents from one tast were usad.

\
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etc., that can enter the test macrix in very small amounts despite . ,
the most careful and extensive preparation of equipment and selection
of reagents. One cannot be sure whether the source of these materials
is the hardware, the reagents, the samples themselves, or & combination
of these. A large number of blank and control samples might have
distinguished the source, but due to the noncritical nature of the materials,
such an examination was clearly not warranted.

tr was pointed out that the survey analysis of the BLB samples
known to contain PCB's |G.1] did, In fact, reveal their presence. Evidence
of PCB,s was clearly shown in the LRMS data for the following BLB

samples:

ORF train, combined probe rinse extracts and caustic
impinger extracts;

ORF train, water impinger extracts;

EPA train, combined probe rinse extract and filter extract.

Since these PCB's were found only as esf¥mated minor constituents in samples
whouse total weights were less than one milligram, the ability of the mass
spectrometer to detect‘these small quantities was clearly established. The
LRMS procedures can usually detect 10 micrograms, or about one percent of

a typical ) milligram sample. The presence of a specific compound in ad
organic matrix is not normally detected by IR with adequate certainty

unless preseﬁt at 10 percent or higher. The sensitivity and detection
limits of these techniques were discussed in Section G.3.2.

it is stressed that chlorinated species were specifically

searched for in all of these residue samples and none were found except

for in the contaminated BLB samples described above.

2) Materials desorbed from the sorbent tubes - The Chromosorb 102 sorbent

tubes from the ORF sampling train were thermélly desorbed to recover the
collected sample according to the procedure described in Section G.3.1.

The desorbed gases were then analyzed qualitatively by LRMS using a gas !
inlet system. The conclusions drawn from reduction and Interpretation ‘
of the LRMS data were that al}\of the sorbent tubes contained essentially '
the same types of materials; however, the relative amounts of these

constituents did appear to vary from sample to sample.

ACM GCB21S
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Although the LRMS is a gualitative technique, estimates can

2 made through inépec:ion of the data.to provide an indication as to

~hether a species is present as a tréce, mihor. moderate, or major component.

ach & summary for the six selected sample sorbent traps that were analyzed

(¥4

«5 presented in Table 5.7. An unused sorbent trap was also analyzed by the
same procedure to estimate background contributions by the Chromosorb 102.
!nfortunateiy a leak in the system resulted in the loss of sample and,
~herefore, usable data. Only carbon dioxide was seen in the mass spec
cata at greater than trace levels,

The volatile compounds removed from the sorbent traps and
collected in the gas sample bulbs were largely the oxyéen. nitrogen,

zarpon dioxide, and water that are the usua! species found in combustion

" zases. The remaincer of the compounds detected were those that could

indicate incomplete combustion, or possibly the formation of other
compounds. The levels at which these remaining compounds could be
oresent were estimated on the basis of LRMSuinstrument response for key
peaks attributed to these trace residual organics. These estimates
indicated that the Cl to C5 hydrocarbons present as a major component
of t.ese trace residual organics could be present In the sampled
combustion gas?s in the | to |0 ppm range. The minor or trace components
of these trace organics were believed to Qe present at very much lower
levels.

A summary of the LRMS peak patterns observed in the spectra
of the desorbed gases and the compounds assigned to these patterns is
gi.2n in Table G.8.

Qus-titative data. Quantitation of the compounds detected and ldentified
i~ the test samples was performed by GC and GC/MS techniques.

1, Extract concentrates = The chromatography with flame ionizatlon
_detaction was performed thiefly to analyze organic specles. It should
e noted that the FID is quite sensitive to chlorinated hydrocarbons
as long as chlorination is not complete. At the electrometer settings
used, the sensitivity, or the minimum detectable quantity, was 0.002

~g/.1 as banzene, naphthalene, or Aroclor 1232.
The chief result of the analyses using the FID was that none

nf the concentrated samples showed peaks other than those found in the
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TABLE G.7. APPROXIMATE CONSTITUEHT LEVELS OF TRACE VAPOURS
DESORBED FROM SORBENT TUBE SAMPLES B8Y LRMS
|
a
Constituent Level
d NO, NOZ.
Sorbent C and
Tube 1-5 Possibly Methyl Substituted Methyl
Sample Hydrocarbons Nitromethane Ethanol Benzene Chloride Benzene Siloxane
WBB-T1 Minor Trace Trace Trace I’ll)lJ ND Major
WBB-T2 Major Minor Major Moderate Moderate Trace Minor é
WBC-T1 Major Minor Major Minor . ND Trace Minor
WBC-T2 Major Minor Major Moderate ND Trace Trace
BLB-T1 Major Moderate Moderate Major ND Trace Trace
BLB-T2 Major Minor Moderate Moderate ND Trace Trace
4

. 122099

The range of trace to major levels represents 0.1-10 ppm concentratlions In the flue gas.

bND ~ Not Detected. : 1
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TABLE G.8. SUMMARY OF THE INTERPRETATION OF LRMS SPECTRA FOR
TRACE VAPOURS DESORBED FROM SORBENT TUBE SAMPLES

Peak Pattern
(Peaks at Atomic

Mass Units

(AaMu)) . Assignment
s . Methyl group, CH3
16 Méthane, CHh
17, 18 Water
27, 29, &1, 43, C.-C. hydrocarbons
55, 57 z°5
14, 16, 28, 32 Nitrogen/oxygen
44 coz
3¢, Le, 61 Possibly nitromethane CH3N02*
in, 46 . NG, NOZ* and/or ethanol
78, 50, 51, 52 . Benzene L.
50, 52, 1§ ‘ Methyl chloride CHBCI
91 Substituted benzene ring (e.g., toluene)
147, 207, 281 Methy! siloxane

“The 30 AMU peak ..as very large and it is believed that nitric oxide,

>

nitrogen dioxide, ethanol and nitrometHane may have all contributed to it.

solvent controls. Consequently, a ''less than' value was assigned In

terms of benzene for the analysis of hydrocarbons, or Aroclor 1232

for

the analysis of chlorinated organics. The results are given in Table G.9.
The values presented in Table G.9 were derived in the following

manner. The sample labeled WBB-EPA-FE+PRE, for example, totaled 225 m!

as received. A 213 ml portion of this sample was concentrated to 10 mt

in a Kuderna-Danish evaporator. The chromatogram of the concentrated

sample showed no peaks other than solvent. Since the aromatic waste
contained considerable chlorinated hydrocarbons, quantitation as Aroclbr

1232 was considered'appropriatéu

Thus, WBB-EPA-FE+PRE contained <0.002 ug/ul of specles as Aroclor

1232. The amount of material in the entire received sample volume of 225

m] was determined. This value was muitiplied by four,'slnce only one-quarter

ACM CCB26Z '
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TABLE G.9. RESULTS AND DETECTION LIMITS FROM GC/FID ANALYSIS OF THE COMCEMTRATED EXTRACTS
\ ' Concentratign
ng/ul as Yolume of Altquot | Fraction of | YO, Ume Of SS%TE | “in Flue Gas
Sample 1D Halocarbon Sample (m1)* Factord Sample® %, 4. = (na/nd)
SLA-EPA-FE*PRE-T) 0.052 15 61/20 174 3.76 0.001
. -1E-13 0.26 25 21710 174 3.76 0.00)
~ORF-FE-T) 0.26 50 46/10 1/4 0.32 0.04
-H20€-T3 0.061 25 21710 174 0.32 - 0.09
-PRE+RAQHE-T) 0.2} 50 42/20 174 0.32 0.06
WBB-EPA-FE+PRE ko{<0.0033)® 225 213710 174 9.62 NO( <0.00002)
-IE 0.89 75 63/10 14 9.62 0.004
-ORF-FE 0.12 150 138/10 1/4 0.8 0.006
~Hz0¢ 0.26 50 42/10 174 0.83 0.02
-7 ~PREMRADHE 0.05) 100 2710 174 0.8 0.003
WOC-EPA-FE+PRE 0.019 225 213/10 174 9.97 0.00008
g (lost) 15 63/10 1/4 9.97 (Vost)
-ORF-FE uni«o.oom 150 138/10 /4 ¢.n wsto.ooooz
-H wo{ <0.0018) 75 63/10 174 0.2 ND( <0. 00002
~PRE+RAGHE 0.26 150 138/10 T 0.73 0.015

. Yvolume of sample recaived by TRM. .
.Al tquot Factor: for exasple 67 ml of the 75 m) BLA-EPA-Fe+PRE sample received was concentrated to 20 mi

SFraction of Semple: All samples received by VAW were 258 of the tota) saple.

Yine fastrument was calibrated with Arpclor 1232,
was not feund 1n any sample chromatogrem,

WBC-ORF-H20E,

However, the Araclor pellz pattern

High sensitivity GC/NS (Jug/md of flue
gas) did not detect sny chlorlnnted species in samples WBC-ORF-FE snd

' not detected, Values in parentheses Indicate the detectfon limits,

for analysis.

\J‘/, -,
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of the whole sample was divided by the volume, in m3

3

, of gas sampled,
A concentration value of <0.009 mg/m
for the sample WBB-EPA-FE+PRE.

Stnce the minimum detectable quantity is constant and since both’

in the flue gas was thus derived

the volume of gas sampled and the volume of extract vary, this method of
calculation gives different va\ue§ of mg/m’. It must Be stressed that
these analyses showed 56 species other than solvent.

Since the ECD is much more sensitive to polychlorinated species
than the FID, the analyses using electron capture detection were perforﬁed,
to determine polychlorinated compounds below the level that could be ‘
detected by the FID analyses. At the electrometer setting used on the
electron capture detector, the minimum detectable quantities for typical

species of interest were:

- Aroclor 1232: 0.0038 ng/ul
= Haphthalene: 0.066 ug/ul
= Benzene: 0.1} pg/ul. -

The most noteworthy result of the GC analyses using the ECD
was that none of the conc&ntrated extracts showed peak patterns corresponding
to those given by Aroclor 1232 (the PCB mixture most similar to that '
burned in waste burn C) or Aroclor 1242. The quantified ECD results are v
given in Table 6.10. o

Some of the concentrated sample extracts, e.g., WBB-EPA-FE+PRE,
shcwed no peaks other than splvent. Most of the extracts showed several
very small peaks. After quantitation, all but one of the.kamples were

3

below the level of interest, 0.1 mg/m”, and no further effort was expended.
One sample, WBC-ORF-FE, showed a number of peaks, some of which were large.
Another sample, HBC-ORF-HzoE, showed a large number of small peaks. Both
of these samples were analyzed by GC/MS. The GC/MS analyses of the filter
extract indicated one vanishing small hydrocarbon peak, a small phthalate
ester peak, and 10 peaks which were various trimethylsilyl compounds

(TMS). The GC/MS analyses of the water extract showed extremely small
hydrocarbon peaks and 16 peaks that were trimethylsilyl compounds.

Because these TMS compounds were most likely the result of “some contamina-

tion, the peaks appearing in the chromatograms were con;idered Spurious.
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TABLE G.10. RESULIS AND DETECTION LIMITS FROM GC/ECD ANALSIS OF THF CONCENTRATED EXTRACTS

D!ttttlblc.
timits of
Volume of Concentration ,
. Ju? as ug/ul as Volume of Aviquog | Fraction of Sample Ggs, in Flue_Gas,
Seaple 1D ;:nune‘ Halocarbond | Sample, m1d Factor&‘ Sample€ sStd. o) ng/w} - '
' BLA-EPA-FE+PRE-TY .| MD({<0.002)" - 15 67/20 1”1 3.76 ND( <0.05)
: -1£-13 ND{ <D.002 - 2% 21710 /4 376 ND({<0.03)
-ORF-FE-T12 NO{ <0.002 - 50 46/10 /4 0.32 ND[<0.3
-H20£-13 ND{ <0.002 - 25 21110 174 0.32 no{<0.3
-PRE+NAOHE-T) | wD{<0.002 - 50 42/20 1] 0.32 no(<0.6
DI-EPA-FAPII - NO{ <0.002 225 213/10 /4 $.62 ND( <0.009)
-1t - N0{ <0.002 75 63/10 /4 9.62 ND{<0.01)
~ORF-FE - ND(| <0.002 150 138/10 1/4 - 0.83 ND{<«D.1}
-H20E - ND{<0.002 50 2/10 t/4 0.8) Ho{<0.1 -
~PRENINE - n0(<0.002) 100 92/%0 174 0.93 no{«0.1) v
WRC-EPA-FE+PRE - ND( <0.002 225 21 VA .97 ND(<0.009)
-1 - wo{ «0.002 75 63/ 1”4 9.97 AD(<0.01)
~ORF-FE - no{ «0.002 150 138/10 178 0.73 ND{<0.1
~H20E - ND{ <0.002 15 63/10 174 0.73 ND[<0.}
‘ ~PRE NADHE - ND{ <0.002 150 138710 /4 0.723 HD{<G.0

Syslume of ssmple received by TRM.
bll fquot Factor: for exemple 67 ml of the 75 ml) BLA-EPA-FetPRE semple recelved was concentrated to 20 ml for malysis,
Craction of sesple. All sasples received by TRV were 253 of the total sasple.

‘tho Instnment was catibrated with benzene or Aroclor 1232, However, the Aroclor peak psttern was not found in eny semple
chrometogras, MNigh seasitivity 6C/NS {3ug/m3 of flue gas) did not detect sny chlorinated specias in samples #BC-ORF-FE

' st and WOC-ORF-H20E .
K4
*Np = wot detected, values in parentheses indicate the detection limtts,
(o]
O
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These GC/MS analyses did not detect any chlorinated species in

either sample (typical sensitivity of 3 ug/m3 of the flue gas).

2) Aliquots of neat extracts - There was concern that the process of

concentrating the sample extracts, as received in pentane and/or hexane,
might cause the loss of relatively low boiling halocarbons such as
chloroform which might be expected in the samples. Therefore, the retained
portions of the'as-received extract samples were chromatographed on the
Tracor instrument. The column was operated isothermally at 70°C to increase
resolution of low boiling compounds. The results are given in Table G.il.
Most of the samples showed no peaks other than solvent. O0Of those
samples showing peaks other than solvent, all quantified below the level
of interest (0.) mg/ms),vand no compound identification by GC/MS was

performed.

3) Materials desorbed from sorbent tubes - The sorbent traps were desorbed

as discussed in Section G.3.1. Portions of,thg desorbed vapours contained
in the sample Bulbs were chromatographed isothermally at 70°c with electron
capture detection. The samples were qualitatively similar to the sorbent
trap blank (unused chromosorb 102) and the baseline B (fue) oil burn)
samples. The waste burn B samples each contained a peak which might be -
CH Cl: WBB Test 1, 0.0001 mg/m>; and WBB Test 2, 0.0002 mg/m>. The '

waste burn C samples were essentialiy the same, qualitatively and

quantitatively as the blank and baseline B samples.

G.4.2.2 Inorganic characterization. Inorganic elementat concentratlions

in the flue gas were determined by 2nalysis of the particulate filters

and the aqueous probe rinse and impinger samples. The filters {including

the filtered probe rinse insolubles) were all acid digested. Out of these

20 digests (18 test samples and two blanks), three samples were prepared

for a trace element sur!éy analysis by combining equal aliquots from each

of the three tests of WBB, WBC and BLB using the filter samples from only

the EPA sampling train. The EPA train samples were selected on the basis

of 1) representing larger sample gas volumes, and 2) having been taken by

2 method specific for accurate an& representative particulate sampling.

The results of the survey analysis are shown in Table G.12. The blank .

ACM CC8286 !
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TABLE G.I1, RESULTS AND DETECTION LIMITS FROM GC/ECD ANALYSIS OF THE UNCONCENTRATED EXTRACTS

Volume Concentration
ng/ul as Volume of Fraction, of of Sample3 in Flue3Gas,
Halocarbon® Sample® Sample Gas, Std. m mg/m’
BLA-EPA-FE+PRE-T3 ND(<0.0038)9 75 L 3.76 ND{<0.0003)
-1E-T3 . ND(<0.0038) 25 i 3.76 ND(<0.0001) |
-ORF-FE-T3 ND (<0.0038) 50 l 0.32 ND(<0.002)
-Hz0E-T3 0.0051 25 L 0.32 0.0016
-PRE-NAOHE-T3 ND(<0.0038) . 50 3 0.32 ND(<0.0024)
WBB-EPA-FE+PRE ND{<0.0038) 225 L 9.62 ND(<0.0004)
-IE 0.40 75 & 9.62 0.012 .
-0ORF-FE ND(<0.0038) 150 ¢ 0.83 ND(<0.003)
-H20E ND{<0.0038) 50 ¢ 0.83 ND(<0.0009)
-PRE+NAOHE ND(<0.0038) .100 3 0.83 ND(<0.0018)
WBC-EPA-FE+PRE ND(<0.0038) 225 '& 9.97 ND(<0.0003)
-1E 0.10 75 4 9.97 0.0030
-ORF-FE ND(<0.0038) 150 ) 0.73 ND(<0.0031)
~H90E 0.15 75 d 0.73 0.061
~PRE+NAOHE ND(<0.0038) 150 i 0.73 ND(<0.0031)

h6 |

olume of sample recelved by TRW. ¢
bFractlon of sample. All samples received by TRW were 25%-of the total sample.

“The instrument was calibrated with Aroclor 1232. However, the Aroclor peak pattern was not found
in any sample chromatogram. High sensitivity GC/MS (3 pg/m3 of flue gas) did not detect any chlorinated
species In samples WBC-ORF-FE and WBC-ORF-H20E.

dND = Not detected. Values In parentheses Indica;e detectlion limits.
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TABLE G. 12. TRACE METAL SEMI-QUANT ITAT IVE*3 SURVEY OF FILTER DIGESTS BY

Element

Al
Ba
B
Ca
Cd
Cr
Co
Cu
Fe
Pb
Mg
Mn
Ni
P
K
Si
Ag
Na
Sr
Ti
\
Zn

WBB

0.078
0.011
0.018
2.2
0.0006
0.003
NDC
0.003
0.18
0.047
0.076
0.003

0.003
0.014

14.
0.082
0.0003
1.8
0.004
0.002
0.0006
0.014

Average Concentration*3 (mg/n)
WBC

0.51
0.014
0.084
11
0.002
0.006
0.001
0.007
11

0. 12
0.38
0.018
0.006
0.055
32.
0.051
0.003
5-5
0.013
0.008
0.002
0.042

aAccuracy estimated to be a factor of *2 or better.

Calculated based on average sample gas volumes of:

WBB - 3.2 m|
WBC - 3-3 m
BLB - 3-4 nr

Not corrected for

filter

CNot detected (<0.0003 ppm)

contribution

BLB

0.26
0.012
0.038
6.5
0.001
0.004
NDC
0.003
0.73
0.044
0.21
0.013
0.002
0.044
6.7
0.093
0.0004
2.4
0.0008
0.004
0.001
0.027

ICPOES

(an acid digest of unused filters) sample was not surveyed, so the values

reported in this table are uncorrected for the filter
Of the 32 elements that can be determined by the

ten were not detected

with their lower detection

a calculation of the average detectable

in the flue gas.

in the filtef digest samples.

ADM

background.
ICPOES analysis,
These ten elements
limits are listed in Table G.13» along with

limit for each of these elements

CCtccc
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TABLE G.13. LIMITS OF DETECTION FOR UNDETECTED‘ELEHEHTS BY ICPOES

Average Detectable?

- ICPOES Detection Limic in Flue Gas
Element Limit (ppb) (mg/m3)
Au . 5 0.00008
As L0 0.0006
Be ] 0.,00002
Eu 15 ' 0.0002
Mo 11 0.0002
Se 60 0.0009
Te 65 0.0010
Sn 50 0.0008
W . 90 0.0014
J 80 0.0012

3Based on an average sample gas volume of 3.3 cubic meters.

-

The results of this survey indicated only one element, lead, was
present at potentially toxic levels in the stack. While not a problem

with tne stack configuration in the present study, the concentration and

the effect of thermal dispersion should be considered when extrapolatini’
these results to other kilns. To be sure of an accurate measurement of
the levels of lead and certain other toxic metals which the waste analysis
indicated might be present at levels of Interest, a quaniitative determina-
tion by AAS was performe& on five elements. The results from this analysis
are presented in Table G.14.
The AAS results were corrected for background levels as determined
by analysis of the filter blank sample. It should be noted that back-
ground contributions were not only from trace contaminants in the filter
macerials but also in some cases from matrix effects in the mixed acid
solutions. '

[}

AAS was also used to analyze for selected elements in the

aquecus probe rinse and impinggr samples. Table G.15 lists the results:’
from these analyses and shows that, in general, nothing significant wast
found. No background or blank solutions were available so the BLB results
should be used to correct for background effects. The results for these
agueous samples were left in ppm because the total sample volumes were

unknown .
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TABLE G.14. CONCENTRATION OF TRACE METALS IN EFFLUENT GAS
PARTICULATE MATTER BY AAS

a Concentration of Element (mg/m3)

Waste -

Burn Train Test Ba Cd Co Cr Pb
wBB EPA I <0.008% <0.001  <0.002 <0.003  0.028
2  <0.008  <0.001  <0.001  <0.002 0.012
3 <0.008 0.001 <0.002 <0.004 0.079
WBC EPA i 0.013 0.001  <0.002  <0.008 ,0.096
2 <0.008 0.002  <0.002 <0.008  0.103
3 0.027 0.003 ' <0.002 0.003  0.153
BLB EPA 1 <0.007 0.001  <0.002 0.001  0.040
2 <0.008 0.002  <0.003  <0.007  0.062
‘ <0.008 0.001  <0.002  <0.002  0.015

detected but not significantly above background levels.

a'gfh a less than or equal to sign, indicates those elements which were

TABLE G.15. CONCENTRATION OF TRACE METALS IN AQUEOUS SAMPLES BY AAS

Waste
Burn’
vs,, Concentration of Element (ppm)
Train/Component Baseline Pb Cr Cd Co
EPA-Probe Rinse wBe ND 1.9 ND t0.2
WBC ND 0.03 0.01 ND
BLB ND ND NO ND
Impingers wBB ND ND ND 0.05
wBC . ND 0.02 ND ND
BLB " ND ND ND ND

LT T TR
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Analysis of the fiiter acid digest, probe rinse, and impinger
samples from the ORF train by AAS confirmed the presence of those elements
found in the EPA train samples. However, since the ORF train was not
opcrated ~ith the intent of collecting an accurate particulate sample
(i.e.. isokinetic, traverses, etc.) the AAS results for this train were

not calculated out to concentrations in the flue gas.

G.<.3 Solid residues and effluents from the SLC kiln process

0f the four types of solid samples collected during the test

program:

- clinker product;
- clinker fines;
- electrostatic precipitator discard dust; and

- cement mixes,

analyses were performed only on the clipker product and discard dusts for
the following reasons. The clinker fines were recovered from air blown
tnrough the clinker product and were then returned to the clinker storage.
The cemant mixes were simply clinker product with gypsum added. Thus,
neither of these materials represented unique samples. The following -;
paragraphs describe the results of analyses performed on the clinker
products {CP) and discard dust (DD) sbmples. If significant amounts of
toxic materials were found in the analyzed samples.'further tests on the
remaining samples would have been conducted. However, this did not prove

to be necessary.

G.4.3.1. Organic constituents. Portions of the clinker product and

discard dust samples were extracted with pentane using a Soxhlet extractor
and preextracted paper thimbles. A blank sample was prepared by running

a ‘pentane extraction on an empty, precleaned thimble. In addition, a doped
control sample cons?sting of ~30 grams of clinker, to which 0.9 mg

of a known PCB mixture had been added, was also extracted for analysis.

This doped sample represented a PCB concentration ~30 ppm In the clinker
product. These samples were ‘all analyzed both qualltatlvely and quantita-
tively by the same techniques described in Section G.4.2.1.

Qualitative data. Aliquots of the pentane extracts were evaporated and

the residue was weighed and scanned by both IR and LRMS. These resuits

ACM CC8Z%91
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TABLE G.16. RESULTS OF ORGANIC SURVEY ANALYS!S ON CLINKER PRODUCT AND
DISPOSABLE DUST SAMPLES

PUR NPV P

- Weight of Weight of
Sample Extracted Residue in
ldentification Sample (q) Extract (mg) Qualitative Nature of Residue

- m——

gLe-cp . 30.270 <I.l6* . Hydrocarbon oils, phthalate
BLB-QD 24.185 1.31 esters, traces of fatty acids
and silicones*
WBB-CP 29. 445 1.30
wWBB-DD 18.948 1.16
WBC-CP 21.816 °  <1.16"
WBC-DD 33.112 <116 :
PCB Doped " All of the above compounds '
Control 29.998 <1.16 plus polychlorinated biphenyis

*The residue obtained from the blank thimble‘hnq pentane sample was 1.16
mg. Sample values varied with some being less than 1.16 mg due to the
variability of the background. Over this range, the differences in
residue weights are not significant, .

are summarized in Table G.16. In most cases, the amount of weighable residue

found in the extracts did not exceed that found in the blank. The

materials identified by IR and LRMS are indicative of the low level
contamination by greases, cils, soaps, etc., that often accompanies

trace organic analysis. Hydrocarbon oils, phthalate esters, fatty acids,

and silicone compounds were found in all the extract resid;;s including

the blank. No-indication of the chlorinated species was found in any

of the test samples.

Polychlorinated biphenyls were clearly detected in the PCB

doped control sample. The LRMS spectrum contained peaks at 220, 222,

290, 292, and 294 AMU. The PCB's present at 30 ppm In the doped clinker

were easily found and it is certain that much lower levels could have

been detected. It is estimated that the mass spectrometer can detect
the strongest peaks from a speciflcally searched for compound when
present at the 10 ng level in a | milligram organic residue from the

clinker. This results in a lower limit of detection by this qualitative

' ' : ~ .. . : ADM CCE2SE

M

[ [




200

survey technique of about | ppb-in the clinker or dust. The IR survey
data was not usefuyl in detecting PCB's at this level.

Quantitative data. The clinker and dust extracts were analyzed by GC with

both FID and ECD detection. ThHe results are given in Tables G.17 and G.18,
respectively. Using the FID, no peaks other than solvent were found, and
the results are exﬁ}essed as minimum detectable quantities. Three of the
samples showed ro peaks other than solvent when analyzed with the ECD.

The three samples which had peaks other than solvent using the ECD were
gqusntitated at well below the level of interest.

’ To ascertain the recovery of PCB's from the clinker and dust
samples, a 30 gram sample of clinker was doped with 0.9 mg of Aroclor

1232, extracted and concentrated in the same fashion as the clinker and dust
samples. The ECT chromatogram of this artificial sample matched the pattern
of a neat sample of Aroclor 1232, and the recovery of PCB's from the doped
sample was calculated as 25%. This recqyery factor has been applied to

the. clinker and dust samples in Tables G.17 and 6.18. (The recovery

factor is the reason why the values for the samples in Table G.17 exceed
several ppm. |f the minimum detectable quantity using the FID is 0.002
ug/ul, then after applying the recovery factor, the concentration in tha-
sample cannot exceed O.QPB ug/ul. Fon a 10 ml extract vo]ume and a 30 g
clinker sample, the composition is thus <2.7 ug/g.)

G.4.3.2 {norganic characterization. The CP and DD samples were also

examined for trace metal! content by spark source mass spectrometry (SSMS).
The major constituents of both types of material were determined to be
aluminum, calcium, iron, magnesium, sodium, sulphur, and silicon. Other
trace inorganic elements which were detected down to a | ppm concentration
ar2 listed in Table G.19. It should be remembered that SSMS data are
semi~quantitative. The values reported should be considered as being
accurate within Soot.of the true value.

The trace metal character of the clinkers and dusts did not
change significantly from one\waste burn to the other. The relatively
low feed rate of the wastes, compared to that of the precursor material
" and the primary fuel, appeared to make any contribution of trace metals
from the wastes negligible.
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TABLE G.17. RESULTS AND DETECTION. LIMITS FROM GC/FID ANALYSIS

ug/ul as Volume of ug/g of
Sampla 1D Halocarbon © Sample (m!) . Sample Material
BLB-CP  ND{<0.:002)° io : ND(<3.0)
W83-CP ND(<0.002) 10 ND(<3.3)
ABC-CP ND(<0.002) 10 ND(<4.5)
8L8-0D ND(<0.002) 10 ND(<3.9)
WEB-DD ND(<0.002) 10 ND(<5.1)
WBC-DD ND(<0.002) 10 ND{<2.9)

3The instrument was calibrated with Aroclor 1232. However, the Aroclor
peak pattern was not found in any sample chromatogram. . -

bND = Not detected. - Values in parentheses indicate detection limits.

LY

TABLE G.18. RESULTS AND DETECTION LIMITS FROM GC/ECD ANALYSIS

ng/ul as, Volume of ug/g of -

Sample ID Halocarbon Sample (m}) Sample Material
BLE-CP 0.053 i0 , 0.02°

WBa-CP 0.1 10 0.04°

WBC-CP Nn(e.o.ooh)b 10 ~ND(<0.002)

BLB-DD ND (<0.004) 10 ND{<0.002)

WBB-0D ND{<0.00k4) 10 ND(<0.002)

WSC-DD 0.060 10 0.02°

CP+PCB 22.4 10 7.5

3The instrument was calibrated with Aroclor 1232, However, the Aroclor
peak pattern was not found in any sample chromatogram.

?ND = Not detected. Values in p%rentheses indicate detection limits.

“to chlorinated species were detected in the qualitative survey of these
samples by LRMS,
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TABLE G.19, SELECTED TRACE METALS IN SLC CLINKER PRODUCT
AND DI SCARD DUST SAMPLES BY S$SMS
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Concentration (ppm)®

wBa’ WBC BLB

Element cP 0D ce DD cp DD
As <1.5 3 <1.5 3 <2.9 1
B 30 30 30 10 30 30
Ba 70, 70 300 100 70 30
Be ND ND 1 ND 7 ND
Ce 10 30 70 30 10 10
Co ND ND ND 3 1 ND
cr 7 10 30 10 30 10
Cu 1 10 3 7 7 3
Cs ND 10 ND 30 ND 10
Dy | ND 3 1 ! ND
Ga ! 1 30 L ] 3 10
Ge ND ND ND ND 1 3
La 7 7 30 10 10 7
Li ND 1000 30 100 100 100
Mn 100 100 300 300 300 100
Mo 1 1 1 1 3 1
Nb 3 3 7 3 3 3.
Nd 10 10 10 10 10 7
Ni 7 3 7 7 10 3
Pb ND 70 3 100 ND 30
Pr 3 3 10 3 3 1
Rb 7 100 10 300 10 70
S¢ ND 1 ND ND 7 3
Se ND 10 ND 3 = R
Sm ND ND 1 ] 1 ND
Sr 700 300 700 700 700 100
Th ! 7 7 7 3 1
Ti 700 700 700 J00 700 700
u ND 1 3 3 \ ND
N 30 30 30 30 70 30
Y 3 3 7 10 ‘3 3
Zn 30 ' 30 70 100 30 30
Zr 30 30 100 70 70 10

355MS data generally ranges %lthln 500% accuracy.

PND - Not Detected (<! ppm).

ALK (C(CB8Z2S5

N ey e A tadlab e

LA X ] Y R PR

-

[EORPR 7 S

. '_l‘u“l'lf; o

‘ehpd ’

[P AR

T bt

lw'-‘.':'-‘-" ' B



203

REFERENCES

G.1 Communication, Gordon Thomas, Ontario Research Foundation to
Arnold Grant, TRW Systems, 7-April, 1976

- - ——————



APPENDIX H

DEVELOPMENT, CONSTRUCTION AND EVALUATION oF A J
COLLECTION SYSTEM FOR LOW MOLECULAR
WEIGHT HALOCARBONS

-
by

F.J. Hopton and G.H. Thomas ' |
Ontario Research Foundation
Mississauga, Ontario

ALF CCeiS1

. ._—M



.g“\ organic compounds.

207

(r\\ . APPENDIX M

DEVELOPMENT, CONSTRUCTION AND EVALUATION OF A COLLECTION SYSTEM
FOR LOW MOLECULAR WEIGHT HALOCARBONS

H.1 Surmary
Numerous experiments have been performed to determine the

-effectiveness of absorbents and adsorbents to remove and retain low
molecular weight halocarbons from a flowing gas stream. Initial studies
using a particulate sampling train, requiring 3 high gas flow rate of at

. least 0.5 cfm, indicated that neither absorbents nor adsorbents would
efficiently collect compounds such as chlioroform (CHCI3) present in the
gss stream at low concentrations of a few parts per billion. An inert {
adsorbent, e.g. Chromosorb 102, was found, however, to efficiently remove
and retain cuc13 at much lower gas flow rates of 0.2 - 1.0 litres/minute.

A collection system for low molecular weight halocarbons was constructed
and evaluated at low flow rates overosampLjng periods of up to four hours
duration. Results obtained from several tests Indicated that the system
had a collection efficiency of better than 30% over the longest time
period. Desorption of adsorbed halocarbons was readily achieved by therma]

treatment of the aJsorbent.
[ 4

M.2 Introduction ,

Late in 1975, an experimental program to burn waste chlorinated
organic compounds in a rotary cement kiln was carried out at the St.
Lawrence Cement Company (SLC) plant In Mississauga, Ontwrio. The program,
sponsored by Environment Canada, was designed to obtain information on

- the use of waste chlorinated hydrocarbons as a supp lemental
fuel to the kiln;
-~ the reduction of alkali concentration of the clinker by the
'chlorine ‘contalned in the waste materials added; and,
- the effect of emissions from the kiln on air quality.

In order to collect the required informatlon, process and emission samples
were collected during periods when different composite wastes were burned
in the kiln. The emission samples were analyzed for trace chlorinated

S
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During preliminary discussions between members of the Ontario
Ministry of the Environment (MOE), the Ontario Research Foundation (ORF)
and SLC prior to initiating the étuay. some concern was expressed about
the sanpl?ng methodology for trace chlorinated organic compounds. Since
a major program requirement was to obtain the particulate emission rate
during each burr, dtxwas hoped that the EPA Method 5 sampling train, used
(&6} colleét particulate material, could also be used for the collection
of chlorinated organic compounds. However, It was not known whether
absorbents or adsorbents were more efficient for collection of the organic
compounds, or whether either collection medium would be efficient at the
high gas flow rates required for particulate sampling.

MOE, therefore, requested that ORF compiete a laboratory
investigation to evaluate suggested procedures, and to develop an optimum
method for the sampling and collection of trace chlorinated organic
compounds which might be present in the kiln emissions. This report
describes the test'program carried out imethe laboratory and presents the

‘data obtained using specific chlorinated.combounds as repreientative

poallutarts.

H.2 Background Information

Previous studies involving the incineration of chlorinated
organic compounds [H.1) have indicated that, if complete combustion to
COZ. Hzo and Clz or Htl is not realized, then trace amounts of .volatile
compounds such as CCI“, CHCI3 and CHZCI2 may be present in the combustion
gases. (Though it was unlikely that any HC] or Cl2 proauced would pass
through a cement kiln without reacting to form alkall chlorides, it was
necessary to consider these gases as possible pollutants for analysls
also.)

The EPA Method § train for particulate sampling Is also used to N
colléct orgaric compounds in the Impingers by condensation and scrubbing.
The efficiency of collection for a particular substance is dependent on
nas flow rate and volatility of the organic compound. For compounds more
olatile than water, the colieation efflciency is probably close to zero.
To coilect these volatile compodnds, speclfic organic solvents have been
used in the impingers, replacing the water normally present. There is,

however, little data available on the collection efficiencies obtained.

- . : - . - ACM CCBZSS



In recent years, organic compounds in the ambient air have been
collected using inert adsorbents [H.2]. These materials have tended to
replace activated carbon for most applications since they are unaffected
by water vapour, and recovery of adsorbed species is considered, in
general, to be easier and more efficient. Recovery of adsorbed species
may be accomplished either by thermal desorption or solvent extraction
An application of this technique has been to collect polycyclic organic
compounds from conbustion effluents [H.3]e

Bearing in mind that, in the study to be carried out at SLC
only trace amounts of more volatile organic compounds were expected to be
in the kiln emissions, it was decided to evaluate both adsorbents and
adsorbents in an EPA Method 5 sampling train for collection, retention
and subsequent recovery of compounds such as CHCI® and CHACI~.,  If a
collection method proved to be effective for capture of these compounds,
then it would almost certainly be effective for the collection of higher
molecular weight species, such as those chlorinated compounds present in

the waste feed material.

H.A Test Methodology

The normal gas flow rate through a particulate sampling train
to maintain isokinetic sampling for most sources is 0.5 to 1.0 cfm. A
flow rate of 0.5 to 0.7 cfm was, therefore, chosen for initial experiments
using the EPA Method 5 train, which was Illustrated in schematic form as

Figire A.5 in Appendix A.
H.A.l Retention and collection studies

H.A.1.1 Absorbents. Initially, tests were conducted to find a suitable
high boiling solvent for use in an impinger system, in order to trap low
molecular weight organochlorine compounds, e.g. CHCI®, CCI~, DCE and TCE.

The following solvents were tested for their suitability as an

impinger solution for use in an EPA stack sampling train:

- reagent grade toluene;
- reagent grade xylene; and,

- reagent grade decan”.

All solvents were redistilled prior to use in order to remove

or limit to usable levels interfering peaks in the GC-EC chromatographic
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profiles which.tended to cbscure measurement of the components of
interest. ) '
- Tests were made to see<if trace quantities of volatlle

chlorinated compounds could be retained in a solvent such as toluene
with a high gas flow rate passing through the train for a period of fouf
hours, a time anticipated for tests at SLC. A sampling train was,
therefore, assembled in the laboratory with probe and oven temperature
set above 250°F to warm incoming gas.

Toluene (100 ml) containing known amounts of 1,2-dichloroethane
(eEpC) and 1,1,2-trichloroethane {TCE) (main constituents of the first
waste feed in the waste chloride study at SLC) was placed in impinger A
(see Figure A.5). 100 ml of pure toluene was placed in impinger B,
impinger C was empty and impinger D contained silica gel. Air was
pulled through the sampling train after cecoling the impingers to ice-
water temperature, at a flow rate of 0.5 ¢fm. After running for four
hours, the contents of each impinger were noted and analyses made for
EDC and TCE. At specific times during each test, the parameters normally
recorded during a sourﬁe sampling test, such as impinger inlet and outlet
temperatures and orifice Ap, were recorded. At the conclusion of each
test, the total volume of gas sampléd was determined.

This type of experiment was repeated, with 100 ml of water in
impinger A, 100 ml of toluene containing EDC and TCE in impinger B,
impinger C empty and impinger D containing silica gel. Both experiments
were then repeated using xylene and decane as absorbents. Additional
experiments were made using decane with khown quantities:-of CClh. CHClj
and CHCI2 in the standard impinger solution.

H.4.1.2 Adsorbents. Though a large number of adsorbents are capable of
adsorbing a wide variety of organic compounds, Chromosorb 102 was used for
the tests described Below because it was readily available, and could be
purchased without delay from various companies supplying chromatographic
materials.

in order to determihe fairly rapidly if Chromosorb 102 would
adso-b volatile chlorinated compounds, the following experiment was
performed. 100 ml of decane containing known quantities of CClh. CHCI3
and TCE was placed in impinger B of the sampling train, and 25 gm of

aCr LCB3CL
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Chromosorb 102 in impinger 0. impinger A contained 200 m! of distilled
water and impfnge( C was empty. Room air at 0,5 cfm was then pulled
through the system for one hour and at intervals of 10 minutes the decane
solutior was analyzed for chlorinat;d orgaﬁic concentration. After one
hour the Chromosarb was removed from the impingar, placed in a septum
sealed conta'ner and heated to 100°C. Head-space samples were then
analyzed for the respective chlorinated organic compounds. All three
halocarbons present in the spike had been retained by the resin.

Following this experiment, a8 series of tests were carried out
using the ORF test duct system, depicted in Figure H.1. This system
allows dust or gaseous pollutants to be added at a controlled rate into
an air stream flowing through a one-foot diameter duct at flow rates
of 500 to 252C cfm. Sampling ports are located at ideal and non-ideal
positions in the system, to allow sampling of the air stream with an
EPA type sampling train or other collection equipment. A low flow of air
was 3llowed to bubble through CHCI3 in a mtfget impinger and bleed into
the main air flow in the duct. By varying the carrier flow through the
CHCI3, concentrations of.IO to 140 ppdb of CHCI3 were obtained. In the duct
air stream. These concentrations were datermined both from weight loss
of CHCI3 with time and direct analysis of the air flowing in the duct. .
Tests were made with Chromesorb in impingers C and D but considerable
carry over of the adsorbent occurred at flow rates of 0.5 - 0.7 cfm. This
was minimized in further tests by placing a fine mesh screen on top of the
Chromosorb layer in the impinger. At a CH013 concentration of 13 ppb,
breakthrough of this pollutant with 25 gm of Chromosorb in the third
impinger occurred within 30 minutes.

It was recognised that high volume flow rates through the
adsorbent caused not only contaminant problems with the material In the
sampling train but saturated the bed fairly rapidly. This latter occurrence
was proved by repeating the experiment with the Chromosorb packed tightly
in a collector. A final series of tests were, therefore, completed,
evaluating both Chromosord and activated carbon in tube collectors at
much lower air flow rates of l-z‘litres/minu:e. The CHCI3 concentration
in the air stream was analyzed before and after the collector at selected
time intervals over a period of four hours. For both adsorbents collection

of CHCI3 was more than 90% efficient for the duration of each test. Since
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desorption of adsorbed_species from Chromosorb was readily accomplished
tnarmally and sincé, unlike activated carbon, the adsorption characteris-
tizs of Chromosorb are unaffected by'mo}sture in the gas stream, Chromosorp
132 was selected as a suitable adsorbent for the S5LC waste chloride program,

H.5 Collection System Evaluation )

This section outlines the experimental protocol undertaken to
varify tka performance of Chromosorb 102 as a collection media for the
.37centration and analysis (by adsorption/desorption) of low molecular

«w2ight chlorinated hydrocarbons from an air stream under conditions
relevant to field sampling. The concentration and analysis procedure is
25sentially an extension of the method used to concentrate organochalogen
zompounds present in potable water [H.4].

Acsorptive capacity values were determined. Adsorptive capacity
is defined as the amount of solute vapour retained by a given weight of
sarbent. In this study only low levels of chlorinated hydrocarbons
{1 - 10 pzb) were examined since anticipated levels of organohalides in
the sampling streams were expected to be low (l.é. ng/m3).

The sampling cgrtridges consisted of glass tubes (11 mm 1.d. x
various lengths) containing vérious depths of sorbent bed supported

by plugs of siianized glass wool. The tubes were conditioned by heating

to 200°¢C and passing a stream of Nz through them (40 m1/min) for four
hours.

Known concentrations of air-solute vapour mixtures were prepared,
Tnz solutes examined were CRCI3. CCI“ and dichloroethane.(DCE); The

solutes were examined both individually and as mixtures. fhe air-solute

vapour mixtures were prepared as follows.
Microlitre quantities of organic compounds were injected Into

gas jars of known volume. The gas Jar was heated to ~ SOOC and, after

cooling, aliquots were. removed and added to Tedlar bags. The bags

initia'ly were evacuated and then half filled with alr, at which stage

the aliquot from the gas jar was injected Into the bag. The bag was

finally filled to the desired capacity (6, 20 and 40 litres).
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A schematic diagram-of the component parts of the test
assembly is shown below.

. TEDLAR

BAG ﬂ Gas Jar ﬁ_

[~ <=]

-

The various parts of the assembly were connected to each other
by means of Teflon tuBing. Differing air-solute mixture concentrations of
CHC13 were used to determine the adsorptive capacity of the Chromosorb ;.
192. The CHCI3 concentrations used were 5 ppb and 10 ppb. A flow rate
of 250 mi/min was maintained throughout the run. For these conditions
the collection efficiency of Chromosorb 102 for CHCI3 was 100 percent.
At various time intervals the pump was stopped and the gas Jar disconnected.
Aliguots (1 ml) were removed from the gas jar and anaf}zed for CHCI3 by
gas chromatography (GC). The first detection of CHCI3 in the gas jer
was taken as the stage in the test for the determination of breakthrough
volume, i.e. the volume of air necessary to purge the adsorbed vapour
through the cartridge.

4 From the breakthrough volume of the air-solute mixture of known

concentration and the weight of sorbent in the cartridge it was possible
to calculate the adsorptive capacity of Chromosorb 102 for CHC13 under the
given experimental conditionsa '

From the data determined with respect to the adsorp;lve capacity
of Chromosorb 102 for CHCI3
period at a flow rate of 250 ml/min would be reguired in the field tests,

and the knowledge that a four hour sampling
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5 sainpling cartridges of the following dimensions were constructed: 11 mm
t.d. x 11.5 cm long containing 6 g of Chromosorb 102. These cartridges

were used to determine desorption efficiengy data.

quantity CHCY, from Chromosorb 102

. . - 3
Oesarption efficiency CHC!, concentration Volume of air
in gir sampled samp ied

Thé same test assembly as described previously was used to collect
CHCI3 on the cartridge. The adsorbed CHCI3 was thermaliy desorbed into
an evacuated gas jar. The adsorbent tube and the gas jar were connected by
Teflon tubing. The tube was heated to a fixed temperature by wrapping
with heating tape controlled by a variable transformer (170°C). After
reaching maximum temperature, the stopcock of the gas jar between the jar
and the tube was openéd. Heating of the sample tube was continued for a
further 15 minutes, after which time the stopcock of the gas Jar was
closed, the gas jar remoyed from the sample tube, taken outside the
laboratory and allowed to fill up with the cleamest possible alr. The
contents of the gas jar were then subjected to GC analysis. Aliqubts
(1 ml) were removed from the ‘gas jar using an air-tight syringe and

injected into a gas chromatograph.

Gas chrowatography was conducted on a Varian 1200 series -
chromatograph equipped with an elactron capture detector. The GC
parameﬁgrs used are shown below.

Column - 2mx 2 mm S5 containing Chromosorb

102 (80/100 mesh) ~

Column temperature - 180%

fnjector temperature - 215%

Detector temperature - 215°C

Detector - EC

Flow rate . - N2 ~ 31 ml/min

Range and attenuation - as required

Chart speed - as required

\ .
The concentration of solutes present in the gas jars following
desorption was determined by measuring peak areas of the vapours and

comparing them with those of prepared standards. The initial concentration

\ ' ACM CCB3C6
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in the Tedlar bag'was known, and, from the volume of air drawn through
the cartridge, the actual concentration contacting the cartridge was
calculated. The desorptioﬁ'efficiency was then calcuiated.

H.§ Results and Discussion

Experiments using toluene and xylene ‘as absorbents sﬂowed that a
considerable loss of both solvent and chlorinated organic compounds occurred
after a four hour test. The solvent was found in all impingers following
the one in which the standard solution was placed. Estimated solvent
losses were 40-60%. Losses of CCIA, CHCI2 and TCE ranged from 50 to 90%2.
With decane as the adsorbent, the solvent loss was less than 103.

However, the loss of chlorinated compounds was 60 to 100%. Due to time
restraints and the obvious problem of solvent or pollutant loss at the
high gas flow rate, this method of collection using absorbents was rejec;ed.

As discussed in Section H.4.1.2, retention of volatiie halocarbons
by the adsorbent at high gas volume flow rates was poor and the break-
through rapid. The resuits for the collection system finally selected
(Section H.5) are summarized below. '

Adsorptive Capacity

[ 4
Component ul/q (sorbent)
I
CHCT, ‘ 0
Desorption ;Fficienqy
Tedlar bag concentration Desorption_ﬁfficiency
of CHC13 Z
1.25 ppb 90
96
104
5.0 ppb 92
N 110
10.0 ppbd 94
102

(The higher concentration samﬁies required a second thermal desorption
in order to remove all the solute from the sorbent. However, the first

desorption was always better than 75%.)
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Two additional experiments were performed. They were:

a) An air-sdlute mixture of CQIh.and.DCE (5.00 ppb level;
Lo L Tedlar bag) was run through the system using a back-up
gas jar in order to test whether these solutes were retained
by the Chromosorb 102. Regular checks of the gas Jar using
GC to analyze for the presence of CClb and/or DCE failed to
show any trace. Thermal desorption of the tube followed by

GC analysis gave good recoveries for CCI“ and DCE (>90%).

b) An air-solute mixturé of CHC13. CCIk and DCE (2.5 ppb level;
40 ¢ Tedlar bag) was prepared. This mixture was drawn
through the test system which contained two additional traps
prior to the Chromosorb 102 cartridge. One trap contained
water {50 ml) and the other 5% NaOH solution (80 ml). These
traps were included in the ORF train in order to remove
residual Clz‘and/or HCl. Thermal dcsdrption of the tube
contents gave good recoveries of the solutes (>90%).

H.7 Conclusions

The laboratory study undertaken showed that low molecular weight
halocarbons cannot be efficiently coilected by absorbents or adsorbents
from a gas stream at high flow rates (v 0.5 ¢fm).

Tnere are numerous literature references to the technique for
¢collecting trace quantities of component vapours by drawing air through.
cartridges containing sorbent media such as polymer beads, activeted carbons
or stationary liquid phases chemical!ly bonded to solid supports {H.5].

This report has demonstrated such a procedure for the collection
2f low molecular weight chlorinated hydrocarbons on Chromosorb 102. It
has been shown to give quantitative collection together with quantitative
recovery of the trapped species using a thermal desorption technique.

The sampling tube teéhnique appears to give better results for
sampling traces of low molecular weight organochlorine pollutants In alr

than impinger methods.

\
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APPENDIX |

GC/MS/COMPUTER DETERMINATION OF CHLORINATED HYDROCARBONS AND PCB's

In february 1970, 30 extracted samples were received from
Dr. G. Thomas of the Ontario Research Foundation. These samplis were
taken from the burning of chlorinated hydrocarbon wastes in a cement kiln.
Requests were made to determine the nature and quantity of any heavy
chlorinated Hydrocarbons. in particular PCB's, present in the samples.
Experimants were completed and the procedures are briefly

‘described as follows:

Material: All apparatus and reagents used in the experiment were examined

by gas chromatograph-flame jonization detector (GC-FID) analysis of a pure
hexane extract to ensure freedom from organochlorine residue contamination.
The chlorinated isomers (PCB's) and Aroclor mixtures were obtained from
Analabs, North Haven, Conn., U.S.A.

GC-FID: A Perkin-Eimer 990 mode) GC-FID with a datasystem PGP-1 was used.
The procedures for standard calibrations were given in a previous paper

(to be published as a chapter in the book "Advances In Dynamic Mass -
Spectrometry' 1976). Chromatograph operating parameters were as follows:

Column 12* x 1/8" 0.D. stainless steel
Column packing . 6% Apiezon L on chromosorb W 80/100 mesh
Column temperature initial 100°C programmed at 4°C/min.
to final temp. 200°C and hold
injection temperature 250°£
Manifold temperature 250°C
Carrier gas Helium 40 ml/min.

GC/MS/Computer: A Finnigan 1015 D GC/HS system was used with a data system
6000 series. Its performance has been studied and documented In the same
paper as mentioned above. It also includes standard PCB mass spectra and
computed reconstructed Aroclor chromatograms. The instrumental data

are as follows:
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" Finnigan 10150 GC-MS Instrumental Data
- A

lnstrumentaI‘Data GLC _ .
Coltumn 12' x £" all glass ‘
6% Apiezon L 80/100
mesh chromosord W -

Column paciing

Column temperature ZZSOC
Injection temperature 250°C
helium 40 ml/min.

5 to 7 microlitres per injection

Carrier gas
Sample size

Instrumental Data Ms

~Filament current
Electron energy
Operating pressure

M0 mlicroamperes
70 or 20 eV
6.68 x 10.3 Hlm?

(5 x 1076 torr)
Scanning speed b seconds
Standard deviation of

spectra maximum 570

After the quadruple MS operating paramaters u.r; adjusted the
sample was injected into the GC. The lon abundance chromatogram of the
GC effluent was acquired by scanning the mass range (40 to 400). The
dialogue required for mass spectrometer control, data acquisition and
obtaining the plot are given by software programs. At the end of the
GC run the computer plots a reconstructed gas chromatogram (ion abundance
chromatogram) of total lon amplitude versus the spoctrﬁm number.
identification of these chromatographic peaks can be accomplished by
plotting the mass spectrum of a gpecified peak or by a )imited mass
plot chromatogram which is obtain;d under computer control by searching
through the collected spectra and ident]fying spectra containing ions

with a specific m/e valus.
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Result and Discussion

(Al chrematograms and computer reconstructed chromatograms are
kept on file at the Air Pollution Technology Centre, Department of the
Environment, Ottawa, Canada.)

Computer reconstructed gas chromatograms of Aroclor 1242, 1254,
and 1260 were made. By focusing on specific mass/charge ratio (m/e)
peaks such aé 290 (te:ri;chloro biphenyls), 324 (penta-chloro) or 358
{hexa-chloro), an ion current plot for a particular PCB lsomer versus
the Aroclor spectrum is obtained.

Gas chromatograms on Perkin Elmsr 990 GC were done for some
blank solutions and concentrated samples (all samples ware concentrated
from about 25 ml to 1 ml). No chlorinated hydrocarbons nor PCB's were

e oeaem xS e RTINS TA R )

found in the samples. 1f they aEe present the concentrations are below
the sensitivity limit of GC=-FID of 1 ng or less. '

Mass spectra for the GC peaks of spectrum numbers 365 and 487
from the reconstructed chromatogram plot ofifample (WBC-T3, EPA train, z
impingar) reveals that only hydrocarbons are present in the sample. No
evidence for chlorinated compounds was found. A limit mass searching
technique has failed to give any indication of the presence of PCB's.
Tha computer library search of standard Aroclors did not match those
obtained from the sample.

1t was concluded, therefore, that there were no heavy chlérlngted
hydrocarbons or PCB's in the samples. If they were present the wplghté were

less than 1 ng.
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March 15, 1976

pbr. I. K. Wallen

Environmantal Protection Agency
Office of Toxic Substances

401 M Street 8.W.

Washington, DC 20460

Dear Dr. Wallen:

Monsanto has a concsrn over the wvalidity of the perchlori-
nation technique used by EPA and others to msasurs anéd/or
confirm polychlorinated biphenyls in environmsntal saterials.

In our investigation of the perchlorination method, we have
found that such chemicals as biphenyl, alkylated biphenyl,
and many other substituted biphenyls, interfers with the
perchlorination technique. It also appears that various
petroleum components may interfere. 1If these chemicals were
present in envircnmental materials that wers being testad
for PCB's using the perchlorination mathod, errcnecusly high
PCB coacentrations would be reported. .

A zecent article in the Journal of the AQAC (Vel.S58, ¥o.3,
1975) points out two other limitations of the perchlorination
procedure:

1. Bigh and variable reagent blanka, which
cause erronecusly high findings.

2. Pormation of bromononachlorobiphanyl, which
causes low rscoveriss.

A ocopy of the article £i\lttachod.




Dr. I. B. Wallen -2- March 15, 1976

. /
Sinca these limitations can lead to significant errors
in deternining trace levels of PCB's in environmental
samples, we suggest that EPA carefully review the walidity
of the perchlorination technigque. Results that have been
obtained using this technique may not be valid.

If any other information is needed, please let us know.

Sincerely,

J. Coleman Weber
Manager, Product Acceptability

oah

ce: Dr. A. C. Trakowskl
Environmental Protection Agency

bee: W, C., Hammann - T3A
R. E. Keller - T1B
J. P, Mieure - T ey
D. Wood - B2SC
K. W. Easley - Washington 1920
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&M§ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

% WASHIN.GTON: D.C. 20480

,

o

OFFICE OF WATER AND
- HAZARDOUS MATERLIALS

December 1, 1975

Mr. W.B. Papageorge

Manager, Product Acceptability
Specialty & Process Chemicals -
Monsanto Industrial Chemicals Co.

800 N. Lindbergh Boulevard

St. Louis, Missouri 63166

Dear Mr. Papageorge:

Pursuant to your request attached is a copy of the paper
"Environmental Levels of PCB's." Also attached, is a contractor's
report describing PCB levels in goil samples taken from the area
sutrounding your facility in St. Louis,

If I can be of any further help, please contact me on

202-755-6956. .

Sincerely yours,
/ ) '
fJ)Jh\ﬁﬁhi- c),JZ( C:-.Ab
Vincent J. DeCarlo, Chief
Monitoring & Information Systems Branch
Office of Toxic Substances (WH-557)

\_\ ) -
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‘Program. (
.maintained by the United States Seological Survey and

DIVIRONMENTAL LEVELS OF PCB's

Doris J. Ruopp
Vigcent J. DeCarle
B.S. Environoental Proccction Agency
- - Mashiogson, L.C. 20460

ABSTRACT

$ince the 1966 {scovery  in Svadan that
chlorinsted biphenyls were widely dispersad 4n the
suvironsent theitr envirosm=ental levels have been:
the subjeet ‘gl many studies with the results

indicating that PCB's can have adverss ecological and.

toxieologicol cffects. Howcver, & well  planoed
sational anproach to enwvironaenial saipling bas
aot beon attezpted thus hindeving oaking a nacional
assessuent of che FCB prodica. This poper revicus
the levels that are currencly baing found im the
szvironnant.

INTROCUCTION

Since the 19€6 discovery in  Swaden  that
chloricvated biphenyls were widcly dispersed 4in the
environzent, their levcls havc becen the subjeet of
many studies both abroad and in the Unfced Statea.
Ixtensive laboratory and envircomental avasurements
{ndiczte that PC3's can hove adverss ecolopical and
toxicological cffects, srs  vaty resistant  to
environmental degradation cnd sre being disclarged by
many differcnt sources.

This papar will focus on the current TICB data
bsea 4in sn cfforc to avsass Chs PCD levcls in the
environment on a national basis. )

RVIRONMENTAL TCH SOUSCES

Before tlie PCD data Lase is examined, {t would
be of interest ¢to revice how thoese chemicals get imto
the envirorzent. The =ajor sources “contributing to
the environmenzal levels of PCR's are industrial
effluents, manulacturing prozesses, consuver cnd
dinduserial wvasie . materials, sewage treatment
facilicice and acciderntsl spills. Lacking extensive
air and soil data from these sources, available water
datn arc shoun in Tablec 1. 1he 5 major FCB spilis in
1973=75 all 4nvolved transformers, In 4 of thoge
incidents, tlic PCB's wvere spilled on nmoil while in the
f1fth the trancforier was dropped on a pier and the
contents  wvore spilled into the vater, In the latter
incident, 283 gallona were sspilled and 4t was
estinated that oaly 70-90 gallens ware recovered.
In all cnses the material that could be  rTecovered
vas drurzed up and entombed at a cost approaching
$2.3 million.

REVIEY OF TT'F TCD DATA BASE

‘ To assass thc acope and extent of PCB's ¢n
the environoant, 611 national surveys and national
data bascs maintained by the U.S, Environmenctal
Protcction Ageney - (EPA) wero exsmined, including
STORET, the natiomal water quality storage and
tetricval system, the National Soila Monitoring Progran
for Postictde Residues and the iluman Mowmitering
In addition, data [rom spocial datd bases

the eopan  literature wvere sise exanincd aleng
with avatlable wunpublished cteports, Usinp these
daca, WADS vere couscructed showinp  the

concentrations of PCB's 4a utban soils end the

squatic anvironment.
.

Tha data frea the emational aurvey; show  that
a grist deal of effore has becn expended ard continues
to be expend:=d but that the data ars very lizited.
On,examination, all States are believed to shew some
Jevel of PCB, contamination. In Table 2 S:zates
vhich had significant levels (n at lecost ore
redius are listed with their reported TCR levels for
surface &nd ground wvater, bottom sedimeniz and fish.
In Table 3, a nunber of localized etudies are 1isced
elong'with the reportaed environmencal data. In all
these studics ~“the sost extensive measurcomanss have
boen 4n fisgh. : '

TABLE 1
BNVIRONMENTAL SOUKCES OF PCB's )
EFFLUENT WATER Cou- N
SOURCE CENTRATIONS (pri)
PAPLR MILLS ,
Wiscougin 0.1 - 18.5
WASTE PAPER HJELS
Wisconain 18.5
INDUSTRIAL EFFLULCKTS = )
Californta’ 0. - 7"
Wisconsin? .04 = 0.25 _
ohto” - . 0o - 17
‘Michigan . .1 = 7000
MUNICIPAL WASTE WATER TEEATMENT
PLANTS 3 _ .
Michipzn 1 X 0.5
Visconsin .05 - 17.0
ohto? 2 10 - 17
California 0.16 - 76
CAPACITOR AND TRANSFORMER
FACILITIES
Nev York 5 2800
Massachuzetes 42.5
PCD MANUFACTURING FQCILITY
East St. louis . N )
SPILLS Variable

1. Kleinert, S. J., Environmcntal Stacus of
PCR in Wisconsin, iay 8, 1975, Wisceoasin
Department of Natoral Rescurces.

2, PCB's and the Eavirounmencal, Report of the
Interdepartucntal Tagsk Force on PCB's, |
Hacional Techniecal Informacion Service, 1972,

3. Siatement of Concerns of the Lake llichigan
Toxic Subastances Comxzittue Related to Poly-
chlorinared Nighanyls, June 1975. Prepared by
Karl F. Breacr, USETA, Chicage, Ill.

4, Unpublished Data = Royal J. Nadecau and Robert
P. Davis, Investipation of Pelychlorinuted
¥phcuyls {n cthe ludson River, ludso.n Falls=
Fe. Fdward Arca, Auguat 1974,

5. Ficld Sampling and Analysis of Toxic Tellutanrs
Iuterim Repore, Battelle, Pacific Nortlhwest
Laboratories, August 19724.
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WATER

Oa tha basis of the asti{onal aquatic
environsastal data  collected in  1971-1972 and in
1974, o continuing widcspread aceuzulation of PCE's (n
water, sediment and fish appeara to be occurring.
Eovevar, oo trend analysis 43 possible vith the
svailable weasuvecents, For. example, wvheole wvater
seasurssents have becn taken threughout most. of the
country but those atates reporting non
readings are fow in relation to the nuzber of states
shoving, rerc concantrations, This is dua Loth to the
lov solubilicy of #¢3'S and to the wusual analytical

procedure that limjts degectability te the 0.1 ppb
level. More mearin;ful water concentrations were
obtafned _dn the Lake Ontariel acd Orange County,

California‘ studies vhere concentraticiis 1n water at

thea ppc  (ng/l) level wvere peasured. At thesc
levcls, changes 4in FCB conceutrations could ba
found wich distance and tice and  could ba

related to other neasurable paraceters such ss FCB
concentrations 1in sedicent, £lora and {suna.

SEDTHENTS

it 1is
chotn
states

Since PCB's are relatively insoludble,
8ot surprising that bottom dapesits have
significant concentrarions. Although 30
collected gamples in tha 1974 study, 15 had lese chan
4 stations reporting and shoucd z=ero readings. Of
the remoining 15, with at  least 4 reperting
stations, 13 chowed detectable concerntrations.
Since the 13 etates invelved vere not necessarily the
same in both gtudies, only & very Ddroad comparison
nay be made, i.e., five states had lower
concentrations, four states were higher and four did

not sample again.” We may cenclude, then, that in
these geates with apy =enfforing cffert in the 1774
study, PCii's are preseut in botten deposits ond che

levels ate not any lowver than in the 1971-72 siuvdy.
Considering the parsisternce of PCR's, a significant

proportion of cthe natien's waters are now affccted
and vill continue to le.
SOTLS

The HNazional $Soils Monitoring Program 13 a

studying only 5 wurban arcas
ICB's vere datected in three of

. snall sarpling ef{fort
each year. Howvever,

the five cities sazpled iu each of the yaars for
vhich data are available, 1971-73. 0Of the 22
positive readings 17 of cthem were below 1 ppmr. Of

the cities sampled in 1973, Piccoficld, Maws., wvas of
particirlar intcrest because it has a3 large tranaformer
and condenser plant using lerge quantities of - PCB's.

Six diffcrent sacpling sites within ona mile of
tha plant show no dctectadble PCH residues. In
econtrast, the soil sucrounding snother facility in

1llinois using. PCD'y in the manufacture of investment
casting vaxes was recencly measured for PCL  content.
Sarplea taken {n an ‘avea one-qurncar wile radius
around the plant ranged £a value from 0.77-5.2 ppm.
The PCMs ddentificd vere mixtures of Arocloer 1260 and
. dacnchlorcbiphenyl. levels up to 1.8 ppa Aroclor
1260 were found at 1-1/4 wiles from the plant.

Ssuples vere collected from this faecility as | part
of a study being conducted f{or the Of{ice of §bx1c
Bubstanccs at sites . suspccted to  have PCB

eoncentrations. Other sites sampled in, March of 1975

wvers 1in the viciniwwy of an investment casting
tompony in Michigan and the TPCB wanufacturer (n
1llinois. Surface soil samples wore collected at

- aach site up to a distancs of approximately onc wile
frem the plant boundary, at 1/4 mile intervals in all
rd

zero |

2

directions. PCA's wers detected 1a. aetila ac both

sampling locacions. Concentrationg ranged from
the detectton lisit of 0.001 ppm to over 20 ‘ppm.
Tue di{stributian of all PCR's analyzed appears hipher
near the plant site and generally decreases -+ich
distance from the site,4

Details of the saspling
sites and the concentration levels messured arc shown
da Figure 1.

. TABLE 2 N
SELECTED STATE DATA OGN ENVIRONMENTAL LEVELS OF
PCB's
. Surface and
Groun Bottem Fish3
Stata Water Sedizent ppo
yg/1 vg/kg
AL . 1.53-5.48
AR 20-2,400 1.69-3.68
CA 0.1 '20-190
o 0.3
cr 0.1-0.2 s-350° 2.16-5.34
FL 0.1-2.1 5-3,200 0.10~-1.25
CQ 10-1,300 0.52~1.18
IL . 1,21-11.3
A~ _ - . - 0.35=1.41 -
D 0.1 . 10-1,200 0.56-1.31
MA 0.2
ML 4.00-11.7
oy 0.1-0.) 0.44-1.09
us . 50-170
NB 0.47-4.58
1) 0.1 3-800° 0.10-4.00
NY 0.1-4.0 3-13,0002 2.68-9.50
OH 1.73-8.07
OR 1=5-140 0.71-3.62
A 0.2 6=7002 1.964-2.48
PR 0.1 [
5C Jo-200 0.10-7.13
™ 0.1-3.0 7.9-290 0.16- .22
uT - ' 0.15-2.14
VA 0.1 5-80
w . . 10 0.31_1.20
wI 1.24=14.8

1. All data in this column taken {rom Hans J.

) Crunp-Wiesner, Herman K. Felrzz and Harvin L.
Yates, A Study of the Distribution of Poly-
chlorinated Biphienyls in cthe Aquatic Environ-
went, Jour. Rescarch U.S. Geol. Sutvey 1,
60) (1972, unless etherwise noced.

2, USCS Scdiment dara, 1974,

3. All data in this column-taken from Croswell

tlenderson, Anthony lnglis and Wendell L. Johnson,
Organochlorine Insccticide Residues in -Fish
Fall 1969 Nacfonul Pomticide Monitoring Program,
Pesticide Monitoring Journal 3, 1(1971}.

. v
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TABLE )
SELECTEID PCD STUDILS

. : rish
LAKE - - {ppo)
Lake Ontariols 2 0.14 - 9.17
Lake Erieds & 0.2 ~- 7.8
Lake Superiors . 0.3 ~ S5.6°
Lake Huronb © 0,16 ~ 11.0
Lake Michiganbs § 6.1 =~ 165.3
Cayugs Lakel0 W - 9.7
Lake St. Clagrlb_ tr -~ 38
] RIVZRS
Iova :
Mississippl Riverll 0.9 ~ 5.5
Tazes
Srazos Riverl?
Utah -~
Creen Riverl?
New York
Budsonl3 ? - 350
Michigan '
Saginav RiverS .14 6.9 =~ 165.3
Kalacazoo River? « <0.01 - 164.56
Portage Creek’
Wisconsin
Milvaulee
MARIRE CEVIROINERT
Atlantic Oceane’s 0.038 « 0.190
Bay of Fundyl? 0.07 - 1.5
Gulf of Mexico/Carib~-
bean Sca 0.032 = 0.059
Southern Californiad? 0.06 - 6.6

Vater Sediment

P Cog/kn) Plln:ton
0.035 - 0.097 u‘ﬂ-“'n"zas © G -1
. 372 - 63
0.1 -0.2 .
0.1 -0,
0.1
1.0 - 2800 6.6 = 6,700,000
0.1 -0.21
0.1 - 0.45 100 - 560
0.1 = 0.48 10 - 475,400
02 - 2.17

0.0099 - 0.0036

0.157 - 1.085

0,0015 - 0.019 ' i N

1.

3.

4.

.- 5.

7.

10.
11.

12

Clarence L. Kaile, Gil=an Veith, G. Frad Lee and
Willian C. Poyle, Chlorinated Hydrocarbons in
the Lake Ontzario Ecorxystem, EPA=660/3-75-002,
June 1975, U.S. E.P.A., Cotvallis, Orenom,

Klaus L. Knfser, Mirex, An Unrecopnired Concami=
pant of Fishas from Lake Outsrio. Seicnee 18,
323 (1974).

Richard L. Carr, Charles C. Finster1uld|r and
Michacl J. Schibi, Pesticides Monitoring Jour=

~ nal 6:23 (1572).

John R. M. Xelso and Richarg Frank, Organochlorine
Residuca, Mercury, Cepper and Cadrium fn Yellow
Perch, White Bgss and Srmallmouth Bass, Long
Point Bay, Lake Erie, Trauns. Amer. Fish. Sec.,
103:577 (1974). \

Unpublizhed data. .Cilman D, Veith and G. E. Glass,
PCB's and DDT in Figh from Western Lake Superior,
U.S. E.P.A., Duluth, HMinnasota.

Unpublishcd Data - John L. llcsse, Burcau of Water
Management, Michigan Departeent of Katural Re-
sources, June 1973,

Unpublished data - State of lMichigan Water Re-
sources Cozmissien, Pelychlorinated Liplenyl Spyr-
vey of the Kalamazoo River and Portage Creek in
the Vicirity of the City of Kalamazoo, 1972.

Gilman D. Veith and Fred G, lLee, Chlorohiphenyls
in the Milvaukee River, \!ater Research, 1971.

Unpublished dacas = Schacht 197%, EPA 600/3-74-002.

Carl A. Bache, James W, Serum, Willizm D. Youngs
and Donald J. Litk, Polychlorfhated Biphenyl .,
Reaiducs: Ae:u:ulatio1 in Cayuga Lake Trout
with Age, Science 177:1191 {1972).

Lauren C. Johnaon .and Robert L. Horris, Chlorin-
atad Insecticide, Regidues in the Eggs of Some
Freshuater Fish, Bulletin of Euvironmental Con~
tamination and Toxicology 11:303 (1974).

Jasn.A. Schulze, Douplas B. Manigeld and Frnelln
L. Andrevs, Pesticides in Belected Weezem
Streams 1968-1971, lasticidus Monitoring Jour-
aal 7:273 (197)).

i3.

14,
15.
16.
17.

18

19.

20.

21.

22.

Unpublished data = Royal J. Nadeau and Rodert P.
Davie, Investigation of Polychlorinated Bi-
phenyla in the Hudson River (Hudsom Talls - Fr.
Edward Area, August 1974,

Unpublished dars = John L. Hesse, Monitoring for
Polychlorinated EBiphenyls in the Aquatic Eavi-
ronment, May 1973.

Unpublished data - Michigan Water Resources Con-
nission, Fvaluation of cha Aquacic Envirenzent,
of the Kalamazoo River Watershed, May 197:.

Michigan Departacnc of Apriculture, Durcau of
Consumar Preteccion, 1573 Greac Lakes Environ-
mantal Contaminants Scudy.

T. F. 3idlemen and €. E. Qlnoy, Chlorinated Hyrdo-
carbons in the Sargasso Sea Atzosphere and Sur-
face Yatcr, Science 163:516, 1973,

Ceorge R. llarvey, Helen P. liklas, Vaughan T. Bowen
snd Willizm G, Stefnhaver, Ohservations on the
Distridbution of Chlorinaced Hydrogardens in
Atlantic Occan OPganises, Journal of Marine Re-

,search 32:103 (1973).

V. 21tko, O. Hitzinger and P.M.K. Chod, Contarin~
ation of the Bay of Fundy - Gulf of MMaina Arca
with T'olychlorinated Riphicnyls, Polychlorinated
Toerphenyls, Chlorinacted Ditenzodioxins anc Di-
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Figure 1
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PCB measurcoents In afr  along  with  the

relsced coanapore studies are practicsally
nonexistant. Harvey and Steinhauer”? have reported
levals ranging from 3.9 --5.3 ng/md. Atr

measurenents by Bidleman and Olnay for Rhode Island
tanged from 2,1-9.4 ng/m) ard from 0.21 =~ 0.65 ng/wd
at  Jermuda. Sgow meclt water data froo Wisconsin
vanged fronm zexo to” 0.24 ppb. The  suggestion hds
been made that atmospheric fallout may be the acst
significant source of PCJ diccharge to the waters of
ths state of %isconsin.

FISH .

Fish have becn studicd on a nacionwide bagia by
the Department of the Interior since 1667. In the
1969 study, PCO levels were identified i1in  fish
from 235 gtatcs.® Data from che nationwide eampling
programs, 1970=1973, are currently being prepared
but vere not available for this repore.
Conscguently, nationwide fish data are not
avail)able ony wmore currencly than 1969, with the
exception of the isclated studies listed in Table 3.
The 1969 national study showed ICB levels gensarally
within the T0A 3 ppr puldelire. In the Creat Lakes
arsa, PCB levels in figh from Lake Michigan wvere so
high, 7.6-10.9 ppm, that FDA selzed shipments of coho
salson in May 1975.°

Although tranzport mechanisms arse  not well
known and would vary through diffcrent ecosystems,
it is interesting to consiuer the Lake Ontario
Ecoaysien Study sursarized iw Table 4. Froc this scudy
on estirate of biomagnification 48 possible giving
& esediment to fish ratiec of 1:120. The FPA guideline
of 5 pra in cthe edlble portion of fish
correspends  to a sediment concentration of 41 ppb -
& figure excecded 4in all 13 staces reperting through
USGS in 1974,

HUMANS

With PCH's as widespread acrocs  various wmedia
as they arc, it iz expected that levels would be
identified in humans as well. | The lluran Monitoring
Propram, in 1972, found that 3035 out of 4102 samplces
from 31 Staten shoved levels ranging from less than 1
PP to more than 3 ppm. In 1973, 964 out of 1277
sanples from 23 States again aliowed levels In the same

Tange. Ia boch years approxiracely 752 of the
sdiposc tissue analyzod containad sooe
polychlorinuted Uiphanyla. Unfortunatcly we do not

knowv age, occupation or resfdentinl hiscevics of the
cases involved so it is difficul: to trace the levclas
back to Lhe potontial sources. .

COXCLUS INYS
Mlthough there are wmany natfonal asnd  etats
groupa eollocting savironnental 73 data,
limitacions {n tlic current data base prevent one frem
making a uniform national gesessment o {7 ]
envivonmenta) levels. It appcats that [ & wvell
.planned national approach - tq sampling were

attempred, the data base could bo improved im a very
shorz period of time,

LY

7.

TABLE 4
LAXE ONTARIO ECOSYSTEML

FISH, ug/g
Alevife A4 - 4,36
Sacit 1.40 = 3.49
Vs Slimy Sculpin 1.58 = 9.17
WATER, ng/l 38 -9
STDIMENT, nglg T4 - 268
« WET PLANRTON, ugl/g 3.4 -11.8

1. Hafle, C. L., Veith, G. D., Lee, C. F.,
Boyle, W. C., Chlorinated Hydrocarbons ia
;g; Lake Ontario Ecosystem (IFYGL) June,

5.
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Data from Vic?nity of Monsanto Co., Sauget, IL.

Aroclors have been produced by Monsanto Co. at the Sauget, I1linois

;ite since prior to 1957. PCB mixtures ranging from 16 percent chlorine
to 68 percent chlorine have been produced over the years. Production of
the higher percent chlorine mixtures has been voluntarily reduced since
1970 and lower substituted isomers have been introduced. Po1&ch1orinated
terphenyls and chlorinated benzenes h;ve a1§o been produced at this -
facility. It is reported (Papageorée, 1975) that terphenyl production

was suspended in 1971.

A typical chromatogram of a soil sample taken in the vicinity of the
Monsan?o facility is shown in Figure 8 along with the chromatog;éé of
several other PCBs run under the same instrument conditions. ‘This .
particular soil sample cohtains 11 ppm Arocior 1242, 9:3 ppm Aroclor 1260
and 1.0 ppm decachlqrobipheny1. Lighter ch]ori;ated Aroclor mixtureé

are likely present as well. The instrument cond{tions employed, however,
do not give adequate separation of these mixtures to permit accurate
quantificatioq. The presence of decachlorobiphenyl at the concentrations
observed is interesting. Decachlorobiphenyl has been reported as a compo-
Aent of only one Araclor mixture, Aroclor 1268 (Hutzingér. Safe and Zitko,

1974). HWhether it may\be a component of any of the terphenyl mixtures or

biphenyl/terphenyl mixtures or a by-product is not known.
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Figure 8. Typical chromatograms of standard Aroclors, decachlorobiphenyl and a soil
sample taken in the vicinity of Monsanto Co., Sauget, J1linois.
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The;measuned soil concentration of'Aroclqr_1242. Aroclor 1260 and deca-

chlorobiphenyl in the vicinity of the Monsanto facility are depicted

. in Figures 9; 10 and 11, respectively. Figure 12 shows the long-term

s

Hlverage_wind direction in tﬁe area. The distribution of all PCBs

analyzed appears to be higher near the plant site and generally decreasing
with distance from the site. FurthermPre, there is evidence that generally
higher conéentratiﬁns are present in the soils located to the southeast.
This corresponds to the predominant wind direction and may suggest an

airborne transport of the PCBs from the facility.

One 15 ¢m deep core sample wés taken 1/2 mile southwest of the Monsanto
site. Analysis of the bottom 11 cm of this soil yielded PCB concentrations

basically equivalent to the top 4 cm.

A 24-hour composite sampIe_from the influent and the effluent of the
Sauget village séwage treatment plant taken beginning 0800 on February 17,
1975, was provideﬁ by plant personnel. The Monsanto Co. jointly qwﬁs this *
facility. Analysis of these samples wére as follows: t

. Aroc]or_1242 Aroclor 1260 DeqachIo;obiphenyl,
influent 6.8 ug/1 3.7 wg/t <0.01 w9/

effluent 4.5 uyg/l 4.7 wg/l i <0.01 ug/1

The treatment plant effects a reduction of 34 percent Aroclor 1242 and

46 percent Aroclor 1260. No decachlorobiphenyl was detected.
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‘) : Figure 9. Concentration of Aroclor 1242 in soil as a function of distance
) from Monsanto Mfg. Co. Concentrations are expressed in ppm.

. ACM CCE3ce




. -1 mf,

Figure 10. Concentration of Aroclor 1260 in soil as a function of distance
-from Monsanto Mfg. Co. Concentrations are expressed in ppm.
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Figure 11. Concentration of decachlorobiphenyl in soil as a function of
distance from Monsanto Mfg. Co. Concentrations are expressed
in ppm. - :
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Figure 12, Ten Year Averaged Wind Rose for St. Louis, Missouri,
°t January through March, 1951-1960. 3

 .Scale: 1 e 5% Calm Winds = 2.0%
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Pebruary 18, 1976

Mr. John P. Lehman, Directoer
Hazardous Waste Management Divisiocn
U.8. Environmental Protection Agency
Washington, D.C. 20450

Dear Mr. Lehman:

Enclosed are our comments and suggestions to your draft "Recom-
mended Procedurse for Disposal of PCE Containing Wastes",

We have made several changes on pages 1, 2, 5, 7 and have added

. Appendix B - Disposal Services and ohanged your Appendix B to €

with a minor eorrectlon.
I would lppreciate receiving a copy of your revised guidelines.

If we can be of any help, please let me know, Ny phone number
18 (314) 694-2027,

Also enclosed for your information is a Nonsanto summary on PCBs.
Sincerely,

J. Coleman Weber
Manager, Product Acceptablility

cs

¢ K. W, Easley

. PLAINTIEF'S | -
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Recormanded Procedurss for the Dispeosal of PCB3-Containir~

s

. Wastes (Industrial Facilities)

On Dac¢ember 22, 1975, the Administrator of the Environmental
Protection Agency announced an action plan of regulatory and
administrative actions to help ensure that:-polychlorinatsd
biphenyls currently in service do not enter the envirarmant,

One portion of that program includes investigation and
recommendation of appropriate disposal procedures for 1nduétr1al
users of this family of chemicals, The Agency is also evaluating
the consumer waste disposal problem and may issue further

guldance on that subject at a later time.

General Background

Polychlorinated biphenyls (PCBs) are chlorinated aromatic

organric compcounds which glve rise to concern because of thelr
toxlcity coupled with their pervasiveness and persistence in

the environment and their tendency to accumulate in food chains.
It 1s this bioaccﬁmulative characteristic which manifests itselfl
by possible adverse effects bn animals, 1nc1ud{pg man, that
causes the presént and continuinz concern over the dispositicp

of PCBs to the environment. PCBs have been used both in "closed”
systems, or sealed as dielectric flulds in transformers and
capacitors, and in "open" applications, where.the PCBs are used

in and consumed with the product.

Uses of PCBs in "open" applications included impregnation of
\
cotton and asbestos for braided insulation of electrical wirinz;

a plasticizer in wire and catle coatings; in plasticizers of
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vinyl chloride pelymer films; in hi;h-pfessure hydraulic

fluids; specialized lubricants and gasket sealers; heat trar-

Vaiie i =

fer Qgents; and machine tool cutting oils, FPormer open agpl!
cations_also include: formulation into some epoxy paints;

protective ccatinzs for wood, metal, and concrete; adhesivas;
and 1in carbonless reproducing raper. Today PCBs are surpli

- A

by Monsanto only to the electrical power distribution industr—

f

where they are marketed as dielectric fluids in "closed” ox

L

sealed systems such as transformers and capacitors.

The sole producer of PCBs 1n the United States 1s the Mcnsanto
Company, under the trade name of Aroclor. PC2s have also been -
marketed and used by manufacturers in their products under
various trade names, Appendix A provides a listing of the
trade narmes used by domestic and foreign rmanufacturers, Cuma-
lative sales in the U.S. since the introduction of PCBs are
estimated to be 1.5 billion pourds. In 1970 Monsanto volun-
tarlily restricted sales only to the electrical power distritu-
tion industry where they are marketed as dielectric fluids in

-~

"slosed" or sealed systems such as transformers and capacitors.
As a resdlt, current production 1s down more than 50% from

the peak years before 1970, but still amounts to apout 20 ril-
1ion pounds per year, Monsanto has introduced Aroclor 1015
which 1s reported’to have lower toxicity and higher biodezra-

dation rates. Most capacitors

\
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(using PCBs) procduced in the past two years use Aroclor 1015,

Almogt éil of the PCBs ever produced still present a
sefious threat to the environment because of their toxicity,
bioacecumulative characteristic in the food chain and slow
degradation. An estimated 750 million pounds of PC3s
produced are still in use; 300 million pounds are estimﬁted
to be present in landfills, It is estimated that less than
half the PCBs ever produced have entered the environment: of
this amount, only about 10% (50 million pounds) are estimatad -
to have degraded or been incinerated. The recommendaticns of
this document are directed only at the PCBs'presently in service
(or which will enter service as a resu;t of future production).
Purnosé | |

Pursuant ﬁo.Sect“on 204 (b) (1) of the Solid ﬁaste Disposal
Act, as amended, the Administrator may issue advisory
guidance and recom:endations related to the disposal
of waste materials. These recommended procedurgs do not have
standard-setting or regulatory status, but.represent the
bést information available on preferable disposal options
for PCB-contaminated waste materials. 1In addition, the
Agency plans to conduct studies to determine other options
fbr treatment apnd disposal of PCB-containing wastes (including
incineration of capacitors containing PCB liquids) during
calendar 1976. The Agency is alsoc aware that the American
National Stamhdards Institute is in the process of revising its

guideline for disposal of askarels containing PCBs

. ACM CCuvl223
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(ANSI C107,1-1974). As significant new information beccmes

ava{lable from these and other sources, this Federal Register

issuance will be revised.

The purpose of this issuance is to pfovide guidance
for the disposai of PCB-containing wastes. This guidance
is addressed primarily to industrial users of PCBs,
particularly those manufacturing and/or using capaéitors and
transformers containing PCBs, althbugh the recommended
procedures are appropriate to all PCB-containing wastes.

Technical Background

Polychlorinated biphenyls are a class of synthetic
compounds which have no known counterpart in the natural
environment. PCBs are manufactured by the chlorination
of biphenyl with anhydrous chlorine using iron £ilings or
ferric chloride as a catalyst. The three most important
- physical properties of PCBs are low vapor pressures, low
water solﬁbility, and higﬁ dielectric constants. They
are miscible with most organic solvents. Tﬁ; chemical
properties that make PCBs desirable industrial materials
are their excellent thermal stability, their stfong
resistance to both acidic and basic hyérolysis, and their |
general inertness. They are guite resistant to oxidatien.

In the process of replacing hydrogen atoms with chlorine

atoms, a large number of substitution combinations arise.
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Thecrevizally, ther2 are 210 possible cﬁlorinated tighernyi
compounds but only sbout 160 are likely to occur in copmaraiz:
products., In commercial pre;ération, PC3 compounds contain
from EQ_tb £8 percent chlorine; the typlcal product 1is a mix-
ture of g2varal ccrrnounds,

Monsanto, tﬁé sole U.S. groducer of PCBs,'has adzgpsed 2
four-digit desigraticn for its Aroclors; the last two dig'-=s
represent the approxirate chlorine content by percentage
welght, The first two diglts 1indicate the type of material:
biphenyl, triphenyl, or mixture of the two. The higher
chlorinated bighenyls are non-flammable and have extremely
low volatilities., Unfortunately, somé of the characteristics
(stability, non-degradability) which make PCBs so valuable
in industrial applipations also make them highly pérsistent
in the environment.

The chemical stabllity, low volatility, high dilelectric
constant, and compatiblility with other chlorinated hydrocartons
have resulted in many and varied industrial applications for
the PCBs, The solubllity of PCBs in nonpolar solvents ex-
plains why they are réadily absorbed into fatty tissue and
into the liver. Thelr resistance to oxidation or other tyres
of chemical degradation explains thelir persistence and
acéumulation in animal tissue. The latter ef'fect 1s enhanced
both by their insolutility in water and solubility in orgaric
solvents. Thelr chemical inertness and resistahce_to '

metabolism accoynt for their low acute toxicity. But as they
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slowly build up in a living system, -their concentration ampreachct
toxicity levels, at which point chronic effects make themselves

‘evident.

The low solubility of PC2s in water probably liziss
the-rate at wﬁich they are dispersed by water systems, but
does not seem to limit their range of dispersion. BPCas
diécharged into a river or lake will accumulate in the sedimant
in relatively high concentration. Plants and animals can
concentrate PCBs above their level in water alone; Shrimp and
oysters exposed to 10 ppb of Arocleor 1254 have been known to
bicaccumulate f£rem 130- t0.:3300- fold:

PCBs are not intended to get into the environment, but
they do because ;heir unique chemical prcgerties prevent then
from being destroyed by usual waste disposal methods. Thus,
they inadvertently escape and become widely dispersed.
Environmental transport models for PCBs have not been developed.
Conclusions regarding their behavior, particularly their
distribution and transport in the environm;nt, are based | .
}argelf upon the results of DDT research. Recent data indicates
that aerial transport.is the most efficient route, although
dumping and river runoff will contribute more effectively ta
local contamination.

Disposition of PCBs

The persistence of PCBs necessitates extremely careful

attention to final disposition of PCBs and PCB-contaminated
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materials., Initial attention within the manufacturing cor

PCB-user facility should be given to reducing the use of pCE:,
Manufacturers or users may elther use substitute (less contari-
nating) materials or more efficient metheds which produce 1=::
waste, However, no matter how many substitutes are devalorad
and no matter how efficlent the operation may become, Lhera

may still remain some applicaticns for which PCRs are the cura

rent optirum materlal and there still will be waste materials,

Spills, damaged goods, and housekeeping materials will reguire

disposal, Recommended opticns for the disposal of PCB-contain-

ing wastes (in priority order) are: =

+ Reclamation or recycling

« Incineration

- Controlled land dispsszl
Recycling - Reclamation or recycling of PCBs 1s usually feas-
ible only with relatively uncontaminated liquids. Monsan:co
maintains a .toll-free telephone number (800/325-3850) feor the

public for advice on scrap PCBs. If ligquids cannot be reused,

these liquidsneeds to bé’disposed of by hizh temperature incin-

eration, Several incineration services are avallable such as
Rollins Environmental Services, Inc., Chem~-Trol Pcllution
Services, etc. Addresses are given in Appendix B. Monsarto
also has a2 high temperature incinperator. A technical descric-
tion of the Monsanto incinerator 1s provided in Appendix C,
Recycling of transforqers is accomplished by GCeneral
Electric Co. and several 1ﬁdependent companies, The tank and

inside copper of the transformer 1s reclaimed; the PC3 lliguldc,

-’ ACV
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if they can’t be rdused, can be drained and incinerated at -

facilities such as General Electric's Pittsfield, Massachusets

——— et ey e — - —— . ——

'fi is quite possible to leach out the PCBs from soligd
wastes with a suitable solvent, e.g., acetone, and then diszcse
of thé decontahinated waste. The solution containing PC2s zav
be separated by distillation into PCB, which may be reclainmad,
and the seolvent which may be used again. This techaique
(of leaching and reclamatiqn) is especially useful after
accidental spills of liquid PCBs. The spills should be ahsor:ked
on dry éand, ash, saydust, or commercial absorbents and then

processed as above.

Incineraticn - Present knowledge indicates that the proger

incineratica of waste PC3s must involve a suitable balance
among temperature in the incinerator, dwell time in the fiXing
chamber, plus oxygen availability. Also, a suitable scrubber
must be provided on the exhaust stack to remove the
hydrochloric acid mist that is formed. )

Preferred requirements are: (i) 2-sec;;d dwell time‘at
1100°C(2000°F) ‘and .3% excess oxygen in the stack; or (2) 1 1/2
second dwell time at lSOOfC(Z?OO‘F) énd 2% excess oxygen in

the stack gas.* These alternates are recormended. Open

hearth incinerators are not considered suitable; the relatively

* These values are frém ANSI C107.1-1974. Guidelines for
Handllng and D:spcsal at Capacitor and T*anshor:ner-crac° Askarels

Containing Polychlorinated Biphenyls, American National Standac2
Institute.
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low opérating'temperatdre of this equipment would only
volatilize_the’PCB and pollute the atmosphere.

The abov; recommendations are suitable for liquids.
Incineration sf solid wastes containiﬁé PCBs has not been
demonstrated. However, such destruction does appear feasihle.
For example, a rotary kiln furnace, with an afterburner and
scrubbing system could probably safely-incinerate solid wastes
containing PCBs. Likewise, other smaller, high temperature
incinerators with sufficient resi&ence times may be satisfactory.

Land Disposal - Wastes containing PCBs should not be disposed

of with other mixed wastes in a sanitary landfill.
Characteristics of transport of PCB; through the soil are

not definitively established. The interaction with other
decomposing wastes is not well understood. The ubigquity and
persistence of Pcﬁs indicate that their disposal should be
carefully controlled until additional data are devéloped.

While these data are being gathered, PCBs (when disposed to

the land) should only be placed in a secure chemical waste
landfill. 1In general terms, a chemical was®e landfill provides
complete.long-term protection for the gquality of surface and
subsurface waters from hazardous waste deposited therein, ané
against hazards to public health and the environment. Such
sites shoulé be located or engineered to avoid direct hydraulic
continuity with sﬁrfacg and subsurface waters.’ Generated
leachates should be contained, and subsuxface flow into the

disposal area“eliminated. Monitoring wells should be
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establisbed and a sampling and analysis program conducted.
Additional characteristics of a chemical waste landfill are

'described in EPA publication, Landfill Disvosal of Hazardous

Wastes: A Review of Literature and Xnown Avoroaches (EPA/530/

SW-165)**. Encapsulation of wastes in cement prior to burial
in a sénitary landfill has been used for small quantities of
solids or sludges contaminated with PCBs. Only those specific -
sites whicﬁ have been state-approéed for PCB‘wastes should

be used. The EPA publication, Hazardous Waste Management

Facilities, (EPA/530/SW-146) provides some information to
potential disposers; this data when used in consultation with
State solid waste management officials can assist in planning

a disposal action.

+

*+ Documents referenced here may be obtained from Solid Waste
|8 . .
Information, U.S. Environmental Protection Agency, Cincinnati,

Ohioc 45268
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L Appendix a

Listing of Names Used for PCBs by Manufacturers

Name

Aroclor
Asbestol
Askarel
Chlorextol
Diaclor
Dykanol
Elemex
Hyvol
Inerteen
No=Flamol
Pyronol
Saf-T=-Kuhl

Clophen
Fenclor
Kennechlor
Phenoclor

- PK

Pyrolene
Santotherm

* generic name used for insulating liquids in capacitors and

Manufacturer

Monsanto
American Corporation
*

Allis Chalmers
Sangame Electric
Cornell Dubilier
MeGraw Edison
Aerovox

Westinghduse Electric
Wagner Electric
General-Electric
Kuhlman Electric

Bayer (Germany)
Caffaro (Haly)
Kenneclor (Japan)
Prodelic (France)
Caffaro (Italy)
Preodelec (France)

Mitsubishi (Japan)

-y

transfomers; may contain PCBs.,
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Appendix R

Disposal Serices

In addition to the supervised dry landfll sites that
may be used for the dispesul of askarelconiaining seeap,
the followinz additional kiowa fuciiuses and services
have been established, and athers may be avatlable.*

Chem-Trol Pollution Services, Inc
P.O. Box 200

1550 Balmer Road

Model City, N.Y. 14107

Phone: 716 754.8231

This organization has facilities and services capable
of handling:

(1) Liquids. Askarels alore or mixed with solvents
or oils. Disposal by hizh-tamzarature incineration.

(2) Solids (sofiware). Askarel-ssziked comzounds,
rags cartons, absorb:ing earths, et¢. Disposal by incinera-
tion -or scientific landful.

(3) Solids (hardware). Capacitors, transformer tanks,
cores, askarel-soaked metals. Disposal by scienufic lznd-
fill. Has solvent extraction capability.

Monsanto Company

800 North Lindbergh Boulevard
St. Louis, Mo 63166~
Phone: 314 694.3352

This organization has facilities and services capable
of handling askarel liquids alone or mixed with other
oils or solvents by high-temperature incineration.
Liquid is pumped through a gun with atomizing steam

into.incinerator. Temperatures are mawmntained at 2000°F-

2500°F with auxiliary natural gas. Exit gases are
quenched to 180°F by contact with wates. Gas is then
passed through a high-energy ventun scrubber for re-
moval of paruculates. Before exhausting 1o air (110°F),

\

*The listing piven herein 1 represzntative of some of the wourees
that provide this service, and 15 Rot presumed to be complete.
Any other orginzations that wish to be listed should notufy the
Standards Institute 0 that they may de included wn the next
adition of tius szandard.

tagand Lo L ot

Calase

gases are passed through a packed columin scrubher 19
remove HCL.

Nuclear Enginesning Company
Eastern Division

P.O. Box 146

Morehead, Ky 40351

Phone: 606 784.661 |

Nucleag Engineering Company
Disposal Division

Sheffield, 1. 61361

Phone: 815 454.2624

This organization provides containerization, trans-
portation. and dizpacal seevices of Al igwids and s~0:3s

and scientlic landfiil area. Licensed by Atsmis Enccoy
Commussion for radioacuive waste disposal. The orzau-
zation also has two West Coast locations, 1n the states
of Californta and Washington.

Rollins Envitonmental Services, Inc
P.O. Box 2349

Wilmington, Del 19899

Phone: 302 658-8451.

This organization has facdities and services capable
of handling:

(1) Liquids. Askarel alone or mixed with solvents
or oils, Disposal is by high-temperature incineranon.

(2) Solids (software). Askarel-soaked compounds,
rags, carions, absorbing earths, etc. Disposal 15 ov iniia-
eration at combustion temperatutes up to 2300°F. Ia-
cineration gases are scrubbed, and entrained soiids are
removed before exhausung to air.

Rollins Environmental Services mantains disposal
facilities 1n the following areas:

Philadelphia/Camden:
Rollins Environmental Services, Inc
Route 322
Logan Townstup
Bridgeport, N.J. Q8014

19
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APULNINX

Baton Rouge: - .
Rolhins Eawirunmental Scrwlces, [
Scenic Highway & West Chilbtham Lane
Scotlandvdle _ +
East Baton Rouge Parish, La 70807

tHouston:
Rolling Environnieatal Services, Inc
Tidal Road & thighwgy 134
Deer Park, Tex 77536
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- Appendix ¥
‘Description of Monsanto Incineration Facility

_i . . -..-.Sauget, Illinois . . . .
Background

The Krummrich Plant is one of Monsanto's larzs
chemical manufacturing plants. The product lins
includes sulfuric acid, benzene, chlorine,
polychlorinated biphenyls, several rubber compounds,
and various chemical interﬁediates. The plant is
located immediately south of East St. Louis, Ill._
near the Mississippi River. Since June 1971, Monmsanto
has operated a liguid injection incinerator to dispose
of in~house ligquid wastes and contaminated PCBs from

customers.

Waste Characteristics

The large majority of the wastes burned are'PC3
derivatives. The sources of these wastes are process
still bottoms s=Ated-betches, and contaminated
transformer oils. The heating value of the materials
ig about 9000 BTU/lb. Other in-house ﬁigh BTU liguid
wastes are also incinerated. Phosphorous compounds
cannot be burned due to the formation of particulates
(P2°5) which foul the injection system. The systen

is not equipped to handle suspended solids. Four

\

\
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Alr Pollution Control

-fumes exit the oxidizer and enter a water
quench column. The main purpose of the quench is to

reduce the temperature of the hot fumes. Particulates'

‘are removed next in a high energy'venturi. Finally,

the emissions are cleaned in a packed bed (polypropvlene
packing) at the base of the stack. The 40 £t. stack
is equipped with a demister.‘ Scrubber liquors are

drained to the sewer without treatment.

ACr  CCBI45
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iw § UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
""uw\“ WASHINGTON D.C. 20460

October 22, 1975

Mr. D. B. Hosmer

Utilities and Environmental Protection Director
Monsanto Industrial Chemicals Co.

800 N. Lindbergh Boulevard

St.' Louis, Missouri 63166

Dear Mr. Hosmer:

Y —a

It is a great pleasure for me to invite you to attend the "Nationa
Conference on Polychlorinated Biphenyls” sponsored by the Environmental
Protection Agency in cooperation with the U. S. Department of Agricul-
ture, the Council on Environmental Quality, U. S. Department of Health,
" Education and Welfare, and the U. S. Department of the Interior. Your

. i\\ attendance and participation will help ensure that the conferees
\[,. benefit from tpe presence of recognized authorities in this field.

\if Please reserve the dates of{ November 19-21, 1P75 for this meeting
;7 to be held at The Pick-Congress : linois. Enclosed”
for your convenience is a hotel reservation card I would suggest

that you make reservations as soon as possible.

The program will last for three days. The objectives of the con-
ference are to: .

.. bring together the latest data and best available expertise
to help clarify the problems associated with the manufacture, use and
disposal of PCBs.

... help asséss the effectiveness of steps taken to reduce the
problems associated with PCBs.

... provide a platform for interested parties to present previous)y
neglected data concerning PCBS.

oo ; ... help clarify the feasibility and complications of steps to
L : reduce the problems associated with PCBs.

\
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The Administrative Coordinator for the conference is Mr. Franklin
A. Ayer, Research Triangle Institute, Post Office Box 12194, Research
Triangle Park, North Carolina 27709; telephone (919) 549-8311, ex-
tension 640 or 632. You are encouraged to write or telephone him if
you have questions concerning this meeting.

In addition to the enclosed hotel reservation card, you will find
a conference registration card which you should fill out and return to
Mr. Ayer as soon as possible.

[ am looking forward to a stimulating conference and hope that
you will be able to attend.

Sincerely,

-

" General Chairm

”

Enclosures: Hotel ResEFVEtion Card
Conferéence Registration Card

bmi

ALM CCe34S I



PRELIMINARY AGENDA.
NATIONAL CONFERENCE ON POLYCHLORINATED BIPHENYLS
PCBs in the Eanvironment - 1975
The Pick-Congress
Chicago, Illinois
. p

. November 19«21, 1975

Sponsorad by
The Environmental Protection Agency in cooperation with the Depart-
ment of Agriculture, Council on Environmental Quality, Department of
Health, Education and Welfare, and the Department of the Interior.

Program - Outline - General Chairman - John L. Buckley, Ph.D.
Environmental Protection Agency

Wednesday, November 19, 1975

10:00 KEYNOTE ADDRESS - Honorable Russell E. Train, Administrator, United States
Eovironmental Protection Agency

11:00 HEALTH EFFECTS AND HUMAN EXPOSURE - David P. Rall, M.D., Ph.D.,
Director, National Inatitute of Environmental
Health Sciences and Chairman, Department of Health,
Education and Welfare Committee to Coordinate Toxicology
What exposures to PCBs have vhat effects on man? Review

of toxicological, clinicel and epidemiological data
obtained since 1972,

12:00 Lunch ;
1:00-3:00 HEALTR EFFECTS AND HUMAN EXPOSURE (CONTINUED)

3:30-5:30 USES, SOURCES, AND IDENTIFICATION - Dsvid Garrett, P.E., Chief, Special
] Projects Branch, Office of Toxic Substances, Environmental
Protection Ageacy
What are PCBs used for now, how much is used, where do
they come from, hov do they reach the environment?
Review of present manufacture, import, use, distribution
and disposal, and review of chemical analytical procedures.

Thursday, November 20, 1975

8:30-12:00 ENVIRONMENTAL FATE AND OCCURRENCE - Ian C. T. Nisbet, Ph.D., Research
Massachusetts Audubon Society,
How auch occurs where, how does it move in the environ-
ment, and vhat happens to it? Report on current levels
in various parts of the environment -- water, soil, air,
fish, wvildlife, human foods and man. Review what is
koown of transformations and degradation - mechanisms
and rates, To the extent possible, synthesize in
mass-balance terms, with particular attention to ex-
posure routes and levels for man and other living
organisma.

—— ACM CL835C.




12:00~2:00

2:00-3330

§:00-5:30

5:30
7:00-9:00

8:30-10:15

LUNCHEON -_Speaker:(To Be Announced)

ECOLOGICAL EFFECTS AND EXPOSURES - Donald I, Mount, Ph.D., Director,

National Water Quality Laboratory, Environmental
Protection Agency

What is happening.in freshwater, marine, estumarine and
terrestrial environments because of PCBs? Review of
laboratory and field studies completed since 1972.

ECONOMICS AND SUBSTITUTES - Warren Muir, Ph,D., Council of Environmental

Kol

Dinner
GENERAL SESSION =

Quality

What are PCBs used for now, what subatitutes are availlable,
and what are the economic, health and environmental
aspects of proposed substitutesa?

Christcpher M. Timm, Director, Surveillance and

Anglysis Division, Region V, Environmental Protection
Agency

Brief statements by interested groups, or individuals
expressing opinions on the PCB situation, and elaboration
of discussion points curtailed by lack of time during
seasions. '

Statements from the floor from persons registering re-
quests prior to the opening of the General Seasion.

Friday, November 21, 1973

APPROACHES TO CONTROL (Chairman to be Announced)

What can be done to reduce amounts of PCBs reaching the
environment and to limit human exposure?

Panel discussion by Federal and State Agency spokesmen,
and representatives of industry.

10:30-11:45 SUMMARY SESSION - Richard Carpenter, Executive Secretary, Commission on

Natural Rescurces, National Academy of Sciences.

Concise summaries of the information presented and
significant points raised during discussions.

11:45-12:30 CONFERENCE HIGHLIGHTS - Johm L. Buckley, Ph.D.

Integration and oynthesis of the most significant
£indings and recommendations that emerged during the
couference. Richard Carpenter.

CONCLUDING REMARKS - Conference Chairman
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Qctober 7, 1971

-~

dr. Ronald G. Wekb

Fesearch Chemist

Environmental Protection Agency
Southeast tlater Laboratory
Athens, Georgia 30601

Dear Dr. Webb:

Thank you for sending me the chromatograms and isomer samples
in which I expressed an interest.

Upon my arrival in St. Louis, I found that the Unilever article
which we discussed had been puklished (J. Chromatography, 60,
15-32, 1971). For this reason, I did not send you a copy of
the unedited preprint.

I have, however, enclosed a copy of Dr. Berg's paper which
discusses his novel approach te PCB quantitation., We currently
do not employ Dr. Berg's procedure in our laboratories, but
plan to evaluate the use of the perchlorination technigue for
guantitation.

I enjoyed listening to your presentation on the "Identities of
PCB Isomers" and being able to meet and talk with you after-
wards,

Sincerely,

>E. S. Tucker
Research Group Leader
Analytical Chemistry Group

db

pERSL R, E. Keller

W. B. Papageorge

AOM CCE352
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ENVIRONMENTAL PROTECTION AGENCY 3

SOUTHEAST WATER LABORATORY ' E’ .
Athens, Georgia 30601

v }

September” 28, 1971

Dr. E. Scott Tucker
Monsanto Company

1700 South Second St.

St. Louis, Missouri 63177

Dear Dr. Tucker:

As I promised you at the PCB Analysis Meeting in
Washington, September 17, I am sending under separate
cover samples of 2,5,2',5'-tetrachlorcobiphenyl and
2,4,5,2',5"'-tetrachlorobiphenyl. I am also including
some electron capture gas chromatograms of the compounds.

You mentioned that you have a preprint of Telling,
Sissons, and Welti's paper on identification of PCB
isomers by MS and NMR. I wouwld like to have a copy of
that paper.

Sincerely,

? '\\{‘\\ ) \ ‘\\\

N

“ :-:' . et

Ronald ‘G. Webb
Research Chenist

—————y

diary """‘."
“
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§ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY )
I;é" ) WASHINGTON, D.C. 20460

Qctober 12. 1978

OFFICE OF ENFORCEMENT

Mr. W. B. Papageorge”
Monsanto Company

800 North Lindbergh Blwd.
St. Louig, MO 63166

Dear Mr. Papageorge:

This office is in the process of developing & disposal comntrol
program for Polychlorinated Biphenyls (PCBs). It would be very
helpful to our effort if we were gble to discuss past uses of PCBs,
and the nature of the former PCB~using community with members of
your organizaticm. _ i

Our priacipal concern is to identify feasible cormercial routes
for the dispositicn of PCBs that are available to persons who are
disinclined to pay the coast of proper storage and disposal, Your
knowledge and experience would be halpful im this analysis.

)

If you, or other persons in the Monsanto organization could
provide some tims to discuss PCBs with my staff, I would be grate-
ful. My ataff can travel to St. Louis or elsewhere at your con-
venience.

Thank you for your consideration of this request. I look forward
to heariog from you.

Sincerely,

N

William A. Wallace, Head
Toxics Strategy Unit




fonsanto

MONSANTO INDUSTRIAL CHEMICALS CO.
800 N, Lindbergh Boulevard

S1. Lowis. Missoun 63168
Phone: {314) 694-1000

© - ' " November 22, 1976

Dr. Jerry M. Johnson

Acting Chief, Criteria Documentation, Section 1
NIOSH, DCDSD, CDB, RM 142

4676 Columbia Parkway

Cincinnati, Chio 45226

Dear .Dr. Johnson:
Attached are answers to the questions on the draft
criteria document concerning occupational exposure
to polychlorln?ted biphenyls.
We hope our comments are helpful and appreciate the
opportunity to participate in the preparation of a
responsible criteria document.

Sincerely,

LAS2

W. B. Papageorge

Mgr., Product Acceptability

WBP/ken

attachment
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POLYCHLORINATED' BIPHENYL EXTERNAL REVIEW QUESTIONS

The document inadeguately documents industrial exposure related
effects of PCB. It also inadequately defines clinical tests which
could be used to monitor for potential adverse effects of PCB
exposure among the industrial populatlon. The document dwells at
great length upon the effects observed in a population of Japanese
citizens who were accidentally exposed to an acute dose ©f PCB in

a cooking '0il. No relation is established between this accidental
acute oral exposure to a relatively high concentration of PCB and
industrial type exposures. No relationship is established deZining
relative body burdens resulting from acute oral exposure versus

other routes of exposure, dermal absorption and respiratory, that

are more likely to occur in an industrial environment. Another study
given seemingly unwarranted consideration, involved an unpublished
report of an epidemiological study conducted among a group of research
workers with some unknown previous exposure to PCB. No sound basis
has been established to support the contention that PCBs are human
carcinogens. It is suggested that efforts be extended to accurately
assess the clinical health of U.S5. workers exposed to PCB.

In studies with rodents and subhuman primates the most sensitive
target organ was usually found to be the liver. In these studies

the dietary level which did not produce an effect on the liver was
between 1 and 10 ppm. Based upon these studies the most probable
toxic effect of excessive PCB exposure would be chronic hepatic injury

From the manner in"which the document is put together it is impossible
to tell if the recommended standard is based upon a logical scientific
extrapolation of the information cited. Specifically, no attempt is
made to relate the body burdens which would result from an industrial
inhalation or dermal exposure to those obtained from animal experi-
mentation or the usual data following oral admznlstratlon.

Chapter V consists of a series of data relatzng the toxic effects
observed after many different types or routes of exposure. It then
states that on the basis of all this data the environmental limit
should be 0.05 mg/M3 of PCBs in air. There is no logical support

for the stated limit as based on the industrial usage this document

is intended to relate. There has been no evidence shown to indicate
that, as inferredon lines 4071-4072, "teratogenicity, fetotoxicity arn<
carcinogenicity has occurred to man and to laboratory animals when
they have been subjected to air-borne PCB levels below the current
standard of 1.0 mg/M3 (42% chlorine).

To be supportable a standard must be based on the application of a
safety factor to experimental animal data and/or upon the utilization
of prev;ous work history exposure concentration and clinical worker
monltorxng data. Which of these was used in establzshlng this standar™
is not clear. Specifically, the limit of 0.05 mg/M3 has not been
supported by any data relating industrial worker exposure to clinical
effects. In fact, the arrival of 0.05 mg/M3 as a "safe" level has

not been explained at all. b

The document on line 3929 states that the current PCB standard is
based on an 8-hour dermal exposure. This is not entirely correct.

ACr CCE35e
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The current standard -does include a "skin notation" which refers .to
the potential contribution to the overall exposure by cutaneous. route
or particularly by direct skin contact. An environmental limit for
air-borne material cannot totally prevent direct skin contact with
material and the resulting dermal exposure. This.concern has been
aptly addressed by the ACGIH .TLV .committee on line 3925 by their
reference to the fact that "the clurrent standard may not guarantee
protection against dermal effects. The recommended environmental
limit cannot guarantee such also Since workers can still put
unprotected hands in the material if they wish.

Inadequate information exists to properly evaluate the need for and
type of protection for the pregnant worker,

Until better scientific evidence is brought forth supporting a
necessary change in the current OSHA standard on PCBs, no justificatic
exists for modifying the existing environment limit.

We recommend that the current users of PCBs, capacitor and transforme:
manufacturers, be consulted regarding feasibility of compliance.

To exclude biological monitoring in a standard for a material known
to accumulate in fatty tissues would not appear advisable.

. Biologic testing is an acceptable monitoring device if it is shown

that a reasonable correlation exists between body burden, detrimental
health effects, and degrez 0f worker exposure. Biological monitoring
may well give an indication of dermal exposure and degree of skin

absorption that might not be evident through the use of air monitoring

We assume that if the composition of PCBs is unknown, the sample chror
togram does not match the chromatogram of any commercial PCB standard
mixture. In this case, measurement by electron capture gas chroma-
tography is inadequate for two reasons. First, interferences may be
present which may account for the differences in the chromatograms.
Secondly, as pointed out in Table I of the draft, electron capture
detector response varies by orders of magnitude for different PCB
isomers. Hence, the analyst would not know what response factor to
apply, even using the weight factor technique of Webb & McCall (see
attached comments for line 5354).

Therefore, when the PCB composition is unknown, a more specific and
accurate technigue must be used. We recommend using GC/MS in the
selected ion monitoring mode as the detector device. The parent ion
and a characteristic fragment ion are monitored for each PCB homolog.
This technique is much less subject to interferences and is more
accurate because MS response factors are nearly constant. GC/MS
detection can be used with samples collected on Florisil if sensitivit
is adeguate. If sensitivity is inadequate, samples should be collecte
on a porous polymer sorbent such as Tenax GC, . Collected components
are then thermally desorbed. dlrectly into the GC/MS for analysis.

In those cases where the sample chromatogram matches a standard PCB
chromatogram, the sampling procedure is adequate. However, as
mentioned in 7., we recommend sampling with Tenax GC as a more general
method. Collected components can be thermally or solvent desorbed
£rom Tenax GC. For further details, see pp 147-160 of the transcript
of the Second NIOSH Solid Sorbents Roundtable in December, 1973.

ACM CCE3ST



12.

13.

No, several deficiencies should be corrected. See attached comments
relative to lines 5252, 5253, 5258, 5273, 5291, 5292, 5303, 5310, and
5320 of the draft. ’

'We recommend collection on Tenax.GC adsorbent, thermal desorption and‘
measurement by GC/MS. See 7., §., and attached notes.

See attached comments, especzally the notes relevant to lines 5354,
5381, 5396, 5410, 5460, 5533, and 5590 of the draft..

Annual comprehensive medical examinations are considered appropriate.

The medical requirements listed in the document under Section 2 are
patterned after the criteria document on Tetrachloroethylene. It
would seem that the medical tests for PCB exposured workers could

be more specific for that particular material. Pulmanary function
tests should be included as a check on capability of wearing respir-
atory protective devices.

Contrary to lines 202-203, medical surveillance should be made
available to all workers occupatlonally "exposured" to PCBs who
contact the material and yet not be "exposed" on the basis of the
NIOSH definition given on lines 176-177.

There is no persuasive evidence supporting the “cancer suspect

agent" labelling all PCBs, therefore such labelling is inappropriate.
Warning signs should be posted in those areas in which workers are
exposed above some specified limit or where potential skin contact

is possible. To be functional a warning sign must inform the

reader of specific effects of a material. PCBs have relatively

mild irritant properties and has not been associated with acutely
toxic effects. However, tissue accumulation and target organ

effects may occur following prolonged exposures above the established
permissible limits. A meaningful sign would warn of potential

tissue PCB accumulation and indicate avoidance of skin and eye
contact. .

Considering that the concentration limits as listed in Table I-1
represent the protection factors as shown below, the limits are
considered to be appropriate and consistent with the respirator
decision logic used in the Standards Completion Project.

Along with the protection factor limits are listed various additionazl
respirator types which should provide adegquate protection when used
in areas of respective air contaminant concentrations.

Concentrations of Respirator Type
Polychlorinated Biphenyls (Modifications to Table)
0.5 mg/M3 or Less (10x) 3. Chemical cartridge resplrator

with replaceable cartridges
approved for organic vapors
and mists and half-mask
facepiece.

4. Gas mask, chin-stvle or front
or back mounted organic vapor
and mist cannister.

ACM CCE3SE



T

15.

16.

17.
18.

19.

4.

Concentrations of‘Poly- Respirator Type (Modifications

chlorinated Biphenyls cont'df to Table) cont'd.
2.5 mg/M3 or Less (50x) 3. A gas mask with a full facepie

and front or back mounted vapc
T cannister with high efficiency
. filter.

5.0 mg/M3 or Less (100x) (No modification) '
Greater than 5.0 mg/M3 (100x) (No modification)

Line 292: Detectable level is mentioned. Since the detectable limit
of PCBs has not been addressed, this level is meaningless.
I+t would make more sense to reduce air-borne concentrations
of PCBs to below the (TWA) environmental llmlt or
permissible exposure limit.

Lines 379 through 382 should be deleted since it seems unnecessary to

have escape type devices available in all areas of "potential"
exposure where the exposures might be brief at low or moderate levels.
Escape type devices are generally made available in defined high risk
areas containing potentially hazardous operations involving extremely
toxic substances. The document does not provide data which supports
PCBs as being considered extremely toxic.

Earlier comments addressed the modifications in Table I-1 on
respirator types vs. concentration limits.

Line 405: Do hazards imply only health related hazards or env;ronment
hazards also?

In general, Section 5 provides adequate avenues for communlcatlng

work hazards to workers.

The work practices and control procedures are consldered adequate
for the protection of workers.

The recommended record retention period appears to be appropriate.

Additional research is needed in the following areas:

a. Comparative data on the PCB body burden resulting £rom oral,
dermal and inhalation exposures.

b. Comparative metabolism studies of an homologous series in humans,
non-human primates and rodents. These studies should include
both a characterization of the metabolites formed and kinetic
studies to determine the rates of mobilization and excretion.

¢. Clinical evaluation including liver function tests on industrial
populations with previously documented PFCB exposure.

d. Epidemiological studies on major populations of PCB-exposed worker
Attached is a report compiled by Monsanto and distributed in Noverber,
1975 to representatives of concerned governmental agencies, (NIOSH,

OSHA, EPA, FDA, NCI, NIH) relating to histopathological evaluation
of livers from rats treated with PCBs.
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COMMENTS ON SAMPLING AND ANALYTICAL METHODS

Minor comments are on the original NIOSH draft.

General comments: In using trade naﬁés, the document should be consistent, Any

. shorthand such as dropping registration notation should be
documented at the eariiest opportunity and then a standard
format adopted thereafter e.g. Aroclor R

- Florisil R

Environmental Sampling and Analytical Methods

3714

3724
-3726

3737

3738

3752

3801
-3803

3809
-3810

- 3824

....evaluated under laboratory conditions using aerosol generation tech-

niques. Field studies were also performed in a PCB environment containing

aeroso!l and vapor components.

The statement as it stands leaves open the question of aerosol or vapor

studies. The document should be completed by inclusion of this informa-
tion in a manner similar to the above amended statement, and expressing

the true nature of the exercise. Both aerosol and vapor concentrations

must be included.

Eariier in the text, 2 solvents are mentioned along with the use of
singie and multipie impingers.

Which solvent was used should be clarified (toluene or ethylene glycol)
and the number of impingers. .

The conclusions reached imply a study using an aerosol of PCBs or an
equilibrated vapor environment. Is this true?

to use when personal sampling for PCBs.

This circumvents other techniques such as area monitoring for calculating
effective exposures.

NIOSH has not tested all available solid sorbents (e.g. porous polymers).
Hence, this line should be reworded to reflect only those methods tested.

Electron capture gas chromatography is the most widely used method, but
not necessarily the "preferred" method. For example, the wide variance
in response factors referred to in Table I is a distinct disadvantage.

In this day, it is not possible to eliminate a method based on the lack
or expense of a computer. In many small companies, the‘OSHA_rqu1rements
will rapidly force the purchase of such a unit for many applications.

One might prefer NBS as a repository for "standard" samples.

Perchlorination should definitely not be used to quantitate P@Bs. He
have confirmed that not only biphenyl, but also substituted b1phepy1s.
cause large positive errors. At least one of the replacement fluids
for PCBs in capacitors is a substituted biphenyl (Chemical and Engineerina

" News, p. 25, Nov. 15, 1975). Hence this interference is alrgady present

in the manufacturing facility and precludes use of perchlorination. See
attached copy of letter from J. Coleman Weber to Dr. I. E. Wallen.

CCE36C
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3834 See comments on alternate standardization procedure, line 5354.

-3835
3843 ~ See above comments on perchlorination.
-3845 e v
APPENDIX I
5248 Samples collected must be representative of the gersonaI exposure of
individual workers.
5252 Recards should include: Pump model & Serial no.
-5253 Sampling Tube type and no.
i.e. sampling equipment details
5258 Calibration data should also be recorded.
-5260
5266 The aim of sampling is to permit determination of the personal
-5268 exposure level primarily. This leads to a decision on compliance/

non-compliance situations. It cannot lead to the "lowest feasible
level" without other maaor input beyond the scope of sampling and analysis.

5273 A1rf10w thrOJgh the pump shall be controllable within 25% of the desired
rate during the entire sample period.

5291 A more frequent ﬁéquirement for pump calibration is required. At least
monthly and preferably in the method for a daily setup catibration.

5292 Spot-checked is an open statement and means nothing.

-5293 For digitail readout pumps specify parity check between expected stroke

count versus actual.

For pump with rotameters specify before and after readings. We would
prefer a calibration after flow stabilization and again before pump is
turned off, for each sample.

5303 The sorbent tube should not be vertical.
Pointing down - loses glass wool and Florisil
Pointing up - dust from overhead, hard hat, etc. enters.
Suggest a close to horizontal Iocation, attached to the coltar of the

worker.

5304 Air being sampled should pass directly into the open inlet of the sorbent tube
This precludes filters.

5308 The recommended sample voIgme for this method is 50 liters (U.S. spelling)

5310 The sorbent tubes should be labelled. At this point it should reiterate
checking l1abel and I.D. Number.

5320 A bulk air sample is of no value unless the restraints required to obtain

a good and recoverable sample are fully documented.

ACF CCE3el
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’Throughout Appendix 11 nomenclature for PCB and PCBs is confused. 1In

general, PCBs should be used as a noun describing a PCB mixture, while
PCB is an adjective.

This reads more smoothly if written, "This would correspond to a detection
limit of 40 ng q: 5 m! of desorbent"”.
i , .

This alternate standardization procedure is of highly questionable utility.
As pointed out in.line 5358, it has not been evaluated in NIOSH laboratories.
As correctly stated in the draft, the reason an alternate procedure is
needed are two-fold. First, most of the GC peaks in a chromatogram of

a PCB product contain more than one component. Secondly, electron capture
detector response differs significantly for different PCB isomers (See

Table I of the draft). These two factors indicate that the absolute

quantity of PCB represented by a given peak containing unresolved

components varies depending on the relative amounts of the components.

The relative composition of a given peak can vary for the Yollowing reasons:

1. PCBs with a given degree of chlorination (i.e. 42%) from different
manufacturers contain different isomer ratios.

2. Component ratios vary for products with different degrees of
chlorination. For example, from Table XII - 6, the ratio of
dichloro- to trichlorobiphenyls for the peak with RRT 28 in
Aroclor 1221, is 85:15. From Table XII - B, the same peak in
Aroclor 1242 has a ratio of 25:75. Similarly, for peak RRT 70
in Arocler 1242 and 1254, the tetrachloro-to pentachlorobiphenyl
ratios are 90:10 and 25:75.

3. Vapor pressure differences alter the composition of vaporized
PCBs relative to the Tiquid. (See attached figure showing
chromatograms of liquid and vapors from Aroclor 1016).

4. Interfering components may be present which distort the sample
chromatogram. This is likely to be a major problem in capacitor
and transformer manufacturing facilities because several of the
PC8 replacement products (i.e. phthalate esters and chlorobutyl-
diphenyl ether) have similar GC retention times to PCBs and
give an electron capture response.

The weight factor technique of Webb and McCall does not
adequately account for these difficulties.

For those situations where the sample chromatogram closely matches
the chromatogram of a reference PCB mixture, the Standard
Analysis described in 5554 ff should be followed. However, if the
chromatograms do not match, we believe thé only satisfactory
analytical method which will yield accurate results is gas

. chromatography/mass spectrometry (GC/MS) using selected ion
monitoring (SIM). The detection 1imit of this technique for
Aroclor 1016 is about one nanogram of PCB injected into the
instrument. Considering the environmental 1imit of 0.05 mg/m
recommended in this document, it might be possible to reach this
lower detection limit for the total procedure by sampling as
outlined in the draft, evaporating the hexane desorbent and analyzing

the concentrate by GC/MS.

ACF CCE3eZ



-4-

Alternatively, thermal desorption from a suitable solid sorbent -
directly into the GC/MS can be used., This well documented
technique analyses the entire collected sample at once, rather
than only an aliquot at a time. Response factors vary only
slightly for different PCB isomers and most interferences are

eliminated. . s

5381 The buTk sample must not be shipped in the same container as the sample
tubes.

5396 The volume of air sampled can be measured to within at least i5%.
Delete next sentence.

5410 Delete 100% and conclude sentence with ".... recovered Qith a relative
standard deviation of 4.4% for 27 spiked samples". Delete next
sentence.

\
5460 Type of electron capture detector is not important.
5515 rinsing with pesticide grade acetone and hexane should follow the

water rinses.

5533 Argon/methane is also a suitable GC carrier gas. The flow rate for
either carrier gas should be only about 30 ml/min for a 2 mm id column.

5590 Actual retention times should be used in calculations if available.
If not available, then the measurements described here can be used.

6118 The vapor pressures in Table XIII - 5 appear to be too high. What
is the source of these data, and has their accuracy been verified?

ACE  CGCE3¢3



March 15, 1976

br. I. L. Wallen
Lavironmental Protecticn Agency .
£fice of Toxic Sulstances :
401 ! Strcet S.W. .
vashington, BC 20460

Deaz Dr. Wallen:

Monsanto has a concern over the validity of the percihlori-
nation technique used by I'PA and others to measurc and/or
confirm polycnlorinated biphenyls in environmental materials.

In our investigation of the perchlorination method, we have
found that such chemicals as biphenyl, alkylatec biphenyl,
and many other substituted biphenyls, interfere with the
perchlorination technigues. It also appcars that various
petroleum components may interfere. If these chemicals were
present in environmental materials that vere being tested
for PCB's using the verchlorination method, erroneously high
PCL concentrations would Le reported.

A rocent article in the Journal of thie AOAC (Vol.58, No.3,
1975) points out two other limitations of the perchlorination
procecure:

1. Nigh and variable reagent blanks, which
causc erroncously high findings.

. Formation of bromononachlorobiphenyl, which
causes low rccoveries.

\
A copy of the article is attached.

ADr. CCE2€E4



br. I. E. . Walien ) -2- liarch 15, 197¢

Since thesue linitations can lézd to significant errors

in deteridndng trace levels of PCU's in environwental
aamples, we suggest that IPA carefully review the validity
of tha perchlorination technique. Fesults that have been
obtaineu using this technique may not Le valid.

If any other information 1s needed, plcase let us know.

Sincerely,

J. Coleman Weber
Manager, I'roduct Acceptability

rah ‘

ce: ©pr. A. C. Trakowski
Avizonmental Protecticn Aqency

bec: W. C. Hammann - T3A e
R. E. Keller - T1D e
J. P.'Micure - TZP‘é?
D. Wood - B25C
K. W. Easley - Washington 1920
R. G. Kaley =~ TZF

ACM CCE2eS
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Mr. Thomas Kopp
Environmental Protection Agency
Office of Toxic Substances

401 M Street, S.W.

Washington, D.C.

Dear Mr.

Ropp:

# i get MBLT A%

‘Monsanto %4

SPECALTY CHEMICALS DIVISiON

MONSANTO INOUSTRIAL CHEMICALS CO. *
800 N. Lindberph Boulevarg

St. Louis. Mr2aoun: 63188

Phone: (314) 894-1000

December 6, 1976

20460

Enclosed are the first'thru third quarter production
and sales figures for Monsanto's Aroclor products which
you regquested.

mg
Enclosure
bce: K.
C.
-‘ R.

D.

W. Easley
Paton
A. Stohr®
Wood

# ynit of Monaanto Company

Sincerely,

7 //;éék

J. Coleman Weber
Manager
Product Acceptability

ACM ©COB3e1




US PRODUCTION

§ALESl
DOMESTIC -
EXPORT
TOTAL

Id

DOMESTIC SALES BY

PCB _GRADE

Aroclor 1221
Aroclor 1242
Aroclor 1254
Aroclor 1016
Total

way

33539

MONSANTO INDUSTRIAL CHEMICALS COMPANY \
PCB MANUFACTURE AND SALES
(THOUSANDS OF POUNDS)

1Q . 20 YTD 3Q YTD 40 ' _YTD
10645 « 6261 16906 5691 22597 '

6955 5991 12946 5202 18148
1383 960 2343 1062 3405
8338 6951 15289 6264 21553

4 15 19 - 19

1376 732 2108 862 2970

476 396 B72 377 1249
5099 4848 9 3963 13910
6955 5991 2946 5202 18148
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§ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY__\__/'
£ : WASHINGTON. D.C. 20460

00T 171975

_ ' . OFFICE OF ENFORCEMENT

Monsanto Industrial Chemicals Company
800 N. Lindbergh Boulevard
St. Louis, Missouri 63166 0ct 22‘,:,5

Gentlemen:

Recent governmental sampling data indicate the presence of
Polychlorinated Biphenyls (PCBs) and comparable chemical substances
in the air, in water bodies, and in fish in several areas of the
country. In order to determine the nature and exteant of the possible
adverse effects resulting from the presence of PCB couwpounds in the
environment, the Environmental Protection Agency (EPA), in cooperation
with other federal and State agencies, is attempting to determine the
sources and amounts of PCBs entering the environment. It is importan:
that this effort be carried cut without delay.

It 1s our understanding that your company handles PCB compounds
or mixtures or comparable chemical substances in its operations. I
am therefore requesting, pursuant to the authority provided by
Section 308 of the Federal Water Pollution Control Act, as amended,
33 U.5.C. 1318, and Section 114 of the Clean Air Act, a&s amended,
42 U.5.C, 1857c-9, that your company furnish EPA with information
pertaining to your use and handling of PCBEs and comparable chemical
substances. In addition to & general description, which should include
information &s to sources, quantities, uses, and ultimate disposition,
you should respond in detail to the encleosed questions. If any question
is not applicable to your company or operations, please so indicate by
responding "not applicable."

The information requested herein must be provided notwithstanding
its possible characterization as confidential information or trade
secrets. Should you so request, however, any information (other than
effluent or emission data) which the Administrator of this Agency
determines to constitute methods or processes entitled to protection
as trade secrets will be maintained as confidential, pursuant to
procedures specified in 40 CFR Part 2.

CCe3ces



Within 14 days of receipt of this latter, your company nust

provide all information concerning your current status and activities
and covering the twelve month period immediately preceding receipt of

this letter.

Within 30 days faqllowing receipt of this letter, your company ‘
must provide a1;>informa:ion for all of the prior years indicated.

The information required herein should be ge:
the address_ indicaced d below, If you have any quesc ons you may

nt directl

.~I,~.._-1

ca1l the ‘person ‘ffidicated below or Mr. Blake A. Biles of our office

e w202} .755-5731,

-

We appreciate yuur prompt cooperation in this matter.

Enclosure

Regional Contact: .. -

Mr. Earl J. Stepueusbh
Director, Enforcement Division
Environmental Protection Agency
1735 Baltimore

Kansae City, Missouri 64108
Telephone: (816} 374-2576

Sincer yYpurs,

Stéfley W//Legro

for Enforcement

ACHM
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POLYCHLORINATED BIPHENYL (PCB)‘COHPOUNDS OR_MIXTURES

s
7/

Within 14 days of receipt of ‘this letter, your company must
provide all information concerning your current status and activities
and covering the twelve month period immediately preceding receipt of
this letter, .

' K

Within 30 days following receipt of this letter, your company
must provide all information for all of the prior years indicated.

MIXTURE" INCLUDES ALL CHEMICAL SUBSTANCES KNOWN OR BELIEVED BY
YOU TO BE PCB COMPOUNDS OR MIXTURES OR OF A SIMILAR CHEMICAL
NATURE, IRRESPECTIVE OF TRADE NAME, AND SPECIFICALLY INCLLTING

CHLORINATED TERPHENYIS.

l, For each PCB compound or mixture produred or igporsed by your
company, for each company facility, during each year of 1971,
1972, 1973 4. _and the first two gquarters of 1975:

FOR PURPOSES OF THIS LETTER, THE PHRASE “"PCB COMPOUND OR Q;&b‘eyl

a. The total amount of each PCB compound or mixture produced
or imported. ' . v

b. The name end address of each of your company's facilities
which handle PCB compounds or mixtures. (including production Sﬂ“&’k*“u:
facilities and wholesale and retail outlets), and the )
amount of each PCB compound or mixture distributed through Lot
‘each facility.

¢. The name and addrese of each customer of each PCB compound
or mixture, the amount of each PCB compound or mixture Cbﬁ:,?ib
. obtained by each customer frowm each facility, and each S~

custoner's delivery point(s) for the receipt of each PCB
compound or mixture. '

2. For each PCB compound or mixture incorporated by your company
into its products, for each company facility, during each
year of 1971, 1972, 1973, 1974, and the first two quarters-
of 1975: .

a. A description of each product.

b. For each préduct the total amount incorporated of each
PCB compound or mixture.

app  CC83T1
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2.

3.

(continued)

’
e

¢. For each product the name and address of each source from
which your company obtained each PCB compound or mixture,
and the amount of each PCB compound or mixture obtained from
each source,
-~
d. The name and address of cach of your company's facilities
which handle such products (including production facilities
and vholesale and retail outlets), and the amount of each
product distributed through each facility,

e. The name and address of each customer of each product, and |
the amount of each product obtained by each customer from
each faecility., For consumer products list only the total
production of each product at each facility and the total
pumber of customers. Do not provide the name and address
of each customer of consumer products.

For each PCB compound or mixture used by your company in its

. operations other than for incorporation into its products, for

each company facility, during each year of 1971, 1972, 1973,
1974, and the first two quarters of 1975:

(TR

p'.

&, A description of each use. 0
\

. 0*,/”
b. For each use the total amount of each PCB compound or mixture. “

¢. For each use the name and address of each mource from which
your company obtained each PCB compound or mixture, and the
amount of each PCB compound or mixture obtained from each
source.

For each PCB compound or mixture reclaimed by your company,

for each company facility, during each year of 1971, 1972, 1973,
1974, and the first two quarters of 1975:

a. A description of each method of reclamation.

b. For each tethod of reclamation, the total amount of
eaach PCB compound or mixture reclaimed.:

c. The total amount of ecach PCB compound or mixture reclaimed.

\'.

AChM CCE2TZ
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d.

3

The name and address of each source from which your

company obtained PCB compounds or mixtures, and the

amount of each PCB compound or mixture obtained from
each source. d

For each method of reclamation, the location of every
reclamation site, the name and address of each party
irvolved in the reclamation of each PCB compound or
mixture, and the amount of each PCB compound .or
mixture reclaimed by each party.

For each PCB compound or mixture disposed of by your company
(with or without the involvement ©f other parties), for each
company facility, during each year of 1971, 1972, 1973, 1974,

and the first two quarters of 1975: ' ' WS
a. A description of each method of disposal. ' Meicdf '
b. For each method of disposal the total amount of each PCB ;;
compound or mixture disposed. . ;/
c. The total amount of easch PCB compound or mixture disposéd. \\
. ’ : . \
d. The name and address of each source from which your ,.c’gr
company obtained PCB compounds or mixtures, and the q}fb X
amount of each PCB compound or nix:ure-ob:nined from-
each source.
e, For each wmethod of disposal, the location of every disposal

The composition by chemical name and percent by'&eight of each

pite, the name and address of each party involved in the disposal
of each PCB compound or mixture, and the amount of each PCB . !
compound or mixture disposed of by each party.

PCB compound or mixture Jroduced, imported, sold, reclaimed, used,
and/or disposed of by your company since . Janua;z 1, 1971, 8

The results of any and all sampling and analysis peiformed by
your company, its agents or contractors since January 1, 1971,
concerning the .following:

Concentrations of PCE compounds or mixtures 1n the effluen:
of any discharges by the company (into waters of the United
States or Fublicly Owned Treatment Works) or in the emissions
of the company in:o‘;he air.

. ACM CCB312
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b. The flow and/or composition of any discharges or emissions
by the company (into waters of the United States or Publicly
Owned Treatment Works, or 1nfo the air) wvhich contain PCB
compounds or mixtures.

c. Concentrations of PCE compounds or mixtures in receiving
waters (both upstream and downstream) of any discharges
by the comipany which contain PCB compounds or mixtures and
concentrations of PCB compounds or mixtures in the air in
the area of the company.

The methods by which PCB compounds or mixtures are transported
to, by, and/or from your company, including:

a. A description of each methed of transportation, and
- the form in which PCB compounds or mixtures are trans-
ported by each method, Where different methods of trans-
portation are used at different facilities specify which
transportation method is used at each facility.

b. The names and addresses of all known transportors of PCB |l
compounds or mixtures.

All occasions (including spills) of which you are aware on which
PCB compounds or mixtures have or may have been introduced into

. the environment. In particular, describe such occasions insofar

as they involved PCB compounds or mixtures in their liquid state, -
as incorporated into closed systems, or as incorporated into
open systems., For each occasion, indicate name and address of
party involved; dates, time, and location of the discharge or
spill; and the amcunts involved,

A description of any advarse health or environmental effects
vhich you know or believe to have resulted from the introduction
of PCB compounds or mixtures into the environment. Indicate

any specific occasions including dates, times, locations, amounts,
and parties involved for which such effects are known.

Any and all other information which you possess concerning:
a. The production, importation, reclamation, use, distributiocnm,

and disposal of FCB compounds or mixtures.
\ .

\
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b. The discharge of PCB compounds or nixtures into the
enviromment. - /

In addition to the above, EPA would appreciate receiving any other
information which you possess concerning the distribution and discharge
of PCB compounds or:mixtures by sources other than your company,
including your company's customers and sources.

ACM (CCB8375



2 August 1975

Mr. 3%tanley ¥W. Legro
Asgistant Administrator
for Enforcement
Environmental Protection Agency
Room 1111 - West Tower
EG-329
4th and M Streets, N.V.
Washington, D, C., 20460

- Dear Mr, Legro:

In accordance with your request of yesterday and in the national
interest, I violate our and industry's usual practice by handine
you herewith a copy of Yonsanto's present customer list with
respect to 1%s sale of PCBs.

As I indicated in our two telephone conversations, Monsanto, about*
three years ago, voluntarily ecut dack its produection of PCRs and
terninated its sales of such products to ell except those whe

1) eould matisfy us that they are using PCBs in closead systems

and 2) either exeouted indemnification agres=ents in favor of
Monsanto or obtained 1iability insurance satisfactory to Morsanto.
The last page of the list, which sets forth four company names,
has to do with those customers whose insurance has expired and,
therefore, are not now adble to buy PCls from Monsanto, but who
presunably will de able to satiafy Monsanto's insurance require-
aents and resume purchases scmetime in the future.

Because we do not bdelieve it appropriate 20 reveal details con-
cerning ocustoaers of products which we make and sell, we are
particularly senaitive to the transmission of this customer 1ist.
e, therefore, request that it be handled with care and not used
with the medis or in any other fashion that might {dentify it with
Nonsanto or cause the compney any typs of enbarrassaent.

§1ncer¢1y.

Fdwin J. Putzell, Jr.

ALM CCE2Te
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bece: H, S. Bergen - B2SL
- _ . . »€. P. Cunningham - 22s» .
: W. B. Pavageorge < 32t

March 3, 1972

Mr. Paal DeFaleo, Jr.

Regional Administrator

U.5. Environmental Protection Agency
Region IX

100 California Street

San Prancisco, Califczmia 94111

Dear Nr. DePFalco:s

I have been asked to respond to your letter addressed ' |
to Ne. B. J. Bock, asking for certain informatiom '
regarding sales of polychlorinated diphenyls by

Nonsanto and Central Solvents and Chemicals in the

Los Angeles County area. I know that you have dis-

cussed this Dy telsphone with Rr. W, B. Papageorge and

I have reviewed the situation with hia,

It has alwvays been Nensanto's policy mot to diwulge
the names of ocur customers for the products we make,
nor the quantities of prodiucts these customers
purchase. We consider this to de proprietary informa-
tion and therefore hold it confidential. Consequently
we do not feel free to comply with your request for
data on custamer naxes and quantities purchased.

. On the otheyr hand, last Eovewber we did release to

governmental agencies, including the EPA, Monsanto's
total producticn and sales figures om PCB's for the
years 1960 through 1921. These statistics have beem
released pudblicly and earlier this year we discussed
them in detail with members of the scientifis '

ace  €C8377
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Mr. Paul DeFalco, Jr.

March 3, 1972

Page 2 .

comiunity and with renresentatives of the Washington
multi-agency PCB task force of which EPA is a member.

Por your ready reference I am enclosing & copy of this
quomatim./

We certainly share your concern and desire to control
the Aischarge of PCB's into the envirocnment. It is
because o0f this concern that we {mplemented a program
of self=impcsed curtailment of sales of these products
so that now we are only offering continuing sumplies
for closed system dislectric applications where the
potential danger of envircnmental contamination is
carefully controlled.

Furthermore, as another stev in safequarding the
environment we have informed all customers of PCB
naterials of the potential dangers should these
materials escape and have strongly urged them to take
every precaution to prevent losses through spills,
usage, leakage; disposal, vascrization or otherwise.

I regret we cannot comply with your request for custamr

infcrmation but if we can Le of asaistance to you in
other ways we vill be glad to visit you or your
designees to discuss the PCB situaticn further.

Sincerely,

¥. R. Corey, Director
Functional Procuct Grouns

/3t
Enclosure

ce: Mr. Charles H. Scomer/Monsantc

\
\
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NE‘NS | Monsanto

FOR RELEASE . MONSANTO INDUSTRIAL CHEMICALS COMPANY
IMMEDIATELY 1971

- T E . v ] JOhn
PUBLIC RELATICNS 252437z~
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800 N. Lingbergn Scu evars
St. Louis. Missoyr: 63356

(314) 694-2891
(314) 567-3628 (Homs)

MONSANTO RELEASES PC3

PRODUCTION FIGURES TO

DEPARTMENT OF COMMERCE
WASHINGTON, D.C., Nov. 30 =-- Monsanto Company announced

today it has released figures to the United States Department

.0f Commerce showing the company's U.S. production and sales of

polychlorinated biﬁhepyl (PCB) from 1960 thrﬁugh estimated 1971.
| Closed-systém electrical uses ranged from 11,000 tons

per year to 20,000 tons per year during the period.

The report also shows Monsanto voluntarily reduced
its nonelectrical sales of PCB from the high of 16,000 tons in
1970 to 4,400 tons in 1971, Substantial further ‘reduction will
be accompliéhed in 1972, the company said.

C. P. Cunningham, managing director of Monsante
Industrial Chemicals.Co., an operating unit of Monsanto, said,
""As part of our control program, the data were originally preparec
for the Federal PCB Joint Tgsk Force and other concerned scientis:s
for use on a confidential basis so scientists can properly evalua::z

the figures and relate them as to impact on the envirorment."

-
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-=2 MONSANTO: RELEASES PCB PRODUCTION FIGURES xxx environcenc. '

- Monsaﬂto has now'éhqseé.:o release the figures publicly
"because scientists have continued to express a need for the
data to make a proper estimate of how much PCB might be in the
environment. We also believe the figures will inform the putlic
about Monsanto's positive actions to limit the sale of PCB o
confined applications," the company executive said. : -

"Now that the figures are public informatiom,”
Cunningham added, "we are confident both the scientific

community and the public press will interpret the data properly.

These are production and sales figures only. It should be

clearly understood that all this material is not in the

.environment,

"For example,” Cunningham said, "over 60 per cent
of all sales in the past 12 years have been for closed-system
electrical uses. It would be a completely false and
irresponéible conclusion to say all PCB produced is in the .
environment. Much of the material is still contained in sealed
electrical equipment where it acts as a firé-resistant safety
fluid, protecting human lives and property from the danger of

fire and explosion."”

" -more-
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--3 MONSANTO: RELEASES PCB PRODUCTION FIGURES xxx explosion.”

- Cunningham conclﬁdeq; ﬁﬂonsanto continues its prograxm
to control the uses and prevent the release of PCB into the
environment, ‘To~-date, we have cut off all sales to paints,
plasticizers, sealants, adhesives and all other open-system
uses. We are recgiving used PCB from customers for regeneration
or safe disposal. And we are engaged in an all-out research
effort to develop less persistent forms of PCB or suitable
products which retain the fire safety features of PCB, We call

on other producers, worldwide, to join in this effort.”

=-000=-

NOIE TO EDITORS: PCB production and sales figures attached.
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PRODUCTION AND SALES
POLYCHLORINATED BIPHENYLS (PCB)
- MONSANTO INDUSTRIAL. CHEMICALS COMPANY
(SHQRT TONS)

U.s. U.S.

YEAR PRODUCTION DOMESTIC SALES ' EXPORT SALES

Electrical* All¥*: 4ll Uses

Insulating Other

Liquids Uses

Uses

1971 (Est) 20236 14417 4401 4938
1970 42527 20268 16263 6826
1969 38194 18564 15034 ' 5312
1968 L 41627 20568 11990 5616
1967 . 37655 20387 10846 4062
1966 32925 18897 10642 3426
1965 30240 16203 9695 2117
1964 25417 13769 8666 2048
1963 22367 11448 7618 1824
1962 ' 20986 11683 7339 1809
1961 20333 11108 7661 2076

1960 . 20786 12444 5163 1827

* Clogsed Systems = Transforpers and Capacitors

** Including Heat-transfer Systems, Hydraulics/Lubricants, Plasticizers .
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1957
U.S .PRODUCTION (1)
DOMESTIC SALES (LBS.) 32299
U.S. EXPORT SALES (2)
DOMESTIC SALES BY CATEGORY
Heat Transfer -
Hydrag%jcs/Lubricanta 1612
Misc. Industrial 704
Trans former 12955
Capacitor 17028

Plasticizer Applications (1)
Petroleum Additives -

DOMESTIC SALES BY PCB GRADE

Aroclor 1221 . 23
Aroclor 1232 . 196
Aroclor 1242 . 18222 -
_Aroclor 1248 1779
Aroclor 1254 4461
Aroclor 1260 7587
Aroclor 1262 31

Aroclor 1268 -
Aroclor 1016 -

PCB MANUFACTURE AND SALES
MONSANTO INDUSTRIAL CHEMICALS COMPANY

1957 Thru 1964

(Thousands of Pounds)

1958

(1)
26061
(2)

1549
755
5719
14099
3939

16
113
10444
2559
6691
5982
184
72

1959

(1)
31310

(2)

2685

1569

5984

16499
4573

254
240

13598

3384
6754
6619
359
102

103
155
18196
2827
6088
7330
326
189

94
241
19827
4023
6294
6540
361
158

1962 1963
38353 44734
38043 38132

(2) 3647

157 582

3915 3945

1681 1528

7984 7290
15382 15606 -

8924 9181

140 361
224 13
20654 18510

3463 5013

6325 5911

659 7626

432 414

210 284

1964

50833
44869
4096

929
4374
1692

7997

19540

" 10337

596
13
23571
5238

6280

8535
446
190

(1) Production figures and Plasticizer Applications figures unavailable during year indicated.

(2) uv.s. Export Sales figures unavailable during year 1nd1cated.
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PCB MANUFACTURE AND SALES
MONSANTO INDUSTRIAL CHEMICALS COMPANY
1965 Thru 1971 + 1972 Estimate
(Thousands of Pounds)

1965 1966 1967 1968 1969
U.S .PRODUCTION 60480 65849 75309 82854 76387
DOMESTIC SALES (LBS,) 51796 59078 62466 65116 67194
U.8, EXPORT SALES 4234 6852 8124 11231 10624

DOMESTIC SALES BY CATEGORY ] '

Heat Transfer 1237 1766 2262 2529 3050
HydraQ}ics/Lubricanta 4616 4258 4643 5765 8039
Misc.” Industrial 1841 1779 1426 1283 1079
Transformer 8657 8910 11071 11585 12105
Capacitor 23749 28884 29703 29550 25022
Plasticizer Applications 11696 13481 13361 14404 16460

Petroleum Additives - - - - 1439

DOMESTIC SALES BY PCB GRADE

Aroclor 1221 369 528 442 136 507
Aroclor 1232 7 16 25 90 273
Aroclor 1242 31533 39557 43055 44853 45491
Aroclor 1248 5565 5015 4704 4894 5650
Aroclor 1254 : 7737 7035 6696 68891 9822
Aroclor 1260 5831 5875 6417 5252 4439
Aroclor 1262 558 768 840 720 712

Aroclor 1268 196 284 287 280 300
Aroclor 1016 - - - - -

85054
73061

13651

3958
7403
1627
13828
26708
19537

1476
260
48588
4073
12421
4890
1023
330

E“t L4
1971' 1972

34994 .

34301 ,

© 3060 0
1552 0
1155 | 0

11134 (25000 to 30000
14141 (total dlelectri
3259+ 0

- ~, 0
2215 300
171 300
21981 4000

213 0
4661 6000
1725 600

1 0

- 0

3334 17000



AROCLOR APPLICATIONS

CURRENT USES

Electrical Capacitors: Arocloer 1016*, the major product
used; Aroclor 1221; Aroclor 1234; very limited usage.

Electrical Transformers: Aroclor 1242: Afoclor 1254;
Aroclor 1260.

* Similar to Arocler 1242 with 5 chlorine and
higher iscmers removed.

FORMER USES
Electrical Capacitors: Aroclor' 1242; Aroclor 1254.

Electrical Transformers: Aroclor 1242; Aroclor 1254:
Aroclor 1260. |

Heat Transfer Systems: Aroclor 1242; Aroclor 1248;
Aroclor 1254.

Vacuum Pumps: Aroclor 1248; Aroclor 1254.
Gas Transmissicn.Turbines= Aroclor 1232; Aroclor 1242.

Hydraulic Fluids: Aroclor 1232; Arcclor 1242; Aroclor 1248:
Aroclor 1254: Aroclor 1260,

Plasticizers in Synthetic Resins: Aroclor 1248; Aroclcr 12534;
Aroclor 1260; Aroclor 1262; Aroclor 12€8.

In Adhesives: Aroclor 1221: Aroclor 1232; Arocclor 1242;

Aroclor 1248; Arcclor 1254,

In Surface Coatings: Aroclor 1221; Aroclor 1248:
Aroclor 1254: Aroclor 1260; Aroclor l262. o

\

\
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AROCLOR APPLICATIONS

FORMER USES Continued .. ° .

Plasticizer in Rubbers: Aroclor 1221: Aroeclor 1232;
Aroclor 1242; Aroclor 1248; Aroclor 1254:; Aroclor 1260.

Wax Extenders: Aroclor 1242; Aroclor 1254:; Aroclor 1268.
Dedusting Agents: Aroclor 1254; Aroclor 1260.

Pesticide Extenders: Aroclor 1254.

Lubricants, Cutting Oils: Aroclor 1254,

Carbonless Reproducing Paper: Aroclor 1242.

Inks: Aroclor 1254.



e UMNITED STATES

fl/ ENVIRONMENTAL PROTECTION AGENCY .

: 5 - - . L REGION IX T ﬁ. N

: 4 e 100 CALIFORNIA STREET - . . !
IR B ) SAN FRANCISCO. CALIFORNIA 94111 '
e, ; L . ;

7 Mr. E.J. Bock 2

. President and Chief Executive 0fficer B '
Yionsanto Coorany : ‘ '
. 800 ¥. Lindberg

I
St. Louis, Missouri 63166 . :

b
Dear Mr. Bock: '

Information available to this office indicates that

guan-
- tities of polychlorinated biphenvyls ars being di:c‘af;ei co
: to the Pazilic Cca2an wia the Los Anceles County Sanitazicn '
. District's sewerags svstan. In ordar to take st22s 2 zZring

abcut a reduction in this discharge, it is necessary thas
; the points of entry of this material into the sewerage systsn
. be determined. )

To assist us in making that determination, it is recuested
that you provide us with the following information:

- ol

1. A list of all shicments of czolvehlorinazad
. : . bichenyls by onsants =5 Los Angelss Czouncv

vt p

N California «within thz Dnast eighzasn (13) '

months with the name a2nzZ aiddress o each
addressee as well as the guantity deliversd

-k e

2. A similar listing of all sales of zolvchlcr

~
aa e s e ama

biphemnyls made by the Central Solvents and
Chemicals Comnany, Los nngeles, California.

We would hope to hear frecm you in this regard within the next

b

two weeks. Your cooperation in resgonding to this request
will be appreciated.

Sincersely, :

-y

i é

]
’

e e crmeme=

..
C~
.

£o°

{ro"", "—h' '[.

Paul De Falco, Jr. g
Regional Administrascr '

-3
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Ms. Knye Jacobs

Attommey

United States Environmental
Protection Agency

Region V

230 S. Dearborn Street

Fourteenth Floor

. Chicego, Illinois 60604

Ret: Letter Request for Information, Dale S. Bryson to
John R. Eck, June 6, 1977 -

Dear M8, Jacobs: -

In the above referenced letter the U., S. EPA asked for certain
information concerning operations at Monsanto's William G.
Krurmrich Plant, located at Sauget, Illinois. This letter was
subsequently discussed and clarified during our telephone
conversation June 21, 1977. The information contained herein
18 provided to you in response to said letter and discussion.

Beginning July 1, 1977 for a period of six months we will monitor
the incinerator discharge and the combined discharge, taking

a 24-hour vertically integrated composite sample once a week

at each location.

A sudbgtantial rehadbilitation project is underway concernling the
plant's sewer system. A description of this project 1s as
follows.

The main operation area of the plant occupies an area
of approxinately 100 acrea. All effluent discharges
fron the plant operating departments and facilitlies are
discharged into a complex network of sewer systems.
This gewer gystem drains approximately 140 acres. A
map of the plant premises and sewer system is attached.

ALM CC842T




M« .

Kaye Jacob«

July 1, 1977 - -
Page Two

The plant sewer effluent« are collected Into small
service sewers, transferred to larger laterals, and then
finally"” discharged into three large trunk lines which
are part of the Village of Sauget sewer system. Wastes
from the entire Village of Sauget flow to the Village

of Sauget Treatment Plant, and af".er treatment are dis-
charged to the Mississippi River, Both domestic and
Industrial sewage are handled by this system.

The attached map divides the plant into five main

areas of drainage. Areas 3 and 4 are the main operating
areas of the plant. An examination of the sewer system
indicated that the sewers servicing area 3 were deterio-
rated and in need of replacement or repair. Accordingly
a major project was initiated to perform the necessary
repairs or replacement of this system. No major leaks,
failures or deterioration were discovered in the sewers
servicing areax 1, 2, 4 and 5.

The rehabilitation project replaces tho existing trunk
sewer for section 3 by extending two existing sewers
northward along ‘g™ and "E" streets plus the installation
of a new sewer along 'D" street. The existing usable
«ewer lines will be tied iInto the new system. Sewer
lines being replaced will either be excavated and
removed, or fTilled with grout and abandoned in place.

The old sewers which are being replaced are shown in

light blue on the attached drawing, with the new sewers

shown in red.

New «ewer piping will be one of these three types:

a. Ductile iron soil pipe, schedule 40

b. Reinforced concrete culvert

c. Vitrified clay pipe with a reinforced concrete
encasement. All Joints will be sealed with furan
resin and poured sulfur.

New manhole« will be acid proof brick lined, with an
average box depth of 11 feet below grade.

The project will include installation of approximately

2,473 feet of vitrified clay pipe, sizes 6" diameter
through 36" diameter; 230 feet of ductile iron sewer

ACM  CC673ti



Ms* Kaye Jacobs
July 1, 1977 =*
Page Three

pipe, 4" through 12" diameter; and 600 feet of rein-
forced concrete culvert. Additionally, repairs will
"be made to other existing sewer lines as necessary

:to upgrade the entire system to "like new" condition.

<Nineteen new manholes will be constructed, and several
existing manholes will be repaired. Total cost of
the project is estimated to be $2,450,000. Work
commenced in January, 1977, and is expected to be
completed by December, 1977.

This project does not directly affect the sewer system
servicing the Monsanto PCB production facility, located
In Area 4 on the attached nap. Effluent from this
facility flows south on the map across Area 4, and

then west in a 24" trunk line leaving the plant and
flowing into the Village of Sauget sewer system. As
far as we are aware, these sewers have no major leaks
or failure points and are adequate for present and
future use. The sewers within the PCB manufacturing
area will be disconnected and sealed off as part of the
PCB shutdown program.

The above referenced letter requested information concerning

the total amount of PCBs currently being stored on site, plans
for distribution of any PCBs not distributed by October 31,

1977, and disposition of PCB contaminated equipment. As |1
pointed out to you during our discussion, the EPA Office of
Toxic Substances will be promulgating regulations in the near
future on the handling and disposal of PCBs. We will, of course,
comply with those regulations.

At this time the amount of waste PCB awaiting iIncineration at
the plant varies from around 1,000,000 to 1,500,000 pounds.

It is contained in storage tanks at the incineration location.
The amount of PCB product inventory on hand averages around
1,500,000 pounds. It is contained in storage tanks in the
production department and in tank cars. Some drum iInventory
of product is maintained in protected indoor warehouses. We
plan to incinerate any PCBs which have not been distributed on
sor before October 31, 1977.

As mentioned during our discussion, we plan to deal in an
orderly manner with equipment which has been used in the pro-
duction and handling of PCB. Such equipment which can be
adequately cleaned will be reused internally for industrial
type chemicals. Nonreuaable equipment, including all remaining

ACH CCB 39



Ms. Kaye Jacobs
July 1, 1977
Page Four *

processing equipment and piping, will be drained thoroughly
to remove PCBs. Liquids will be incinerated. All equipment
will be"sealed and buried iIn an approved landfill.

€
After all equipment has been removed, the production site will
b# cleared to approximately one foot below grade level. Sewers
will be disconnected and sealed off. All contaminated rubble
will be removed to an approved landfill for proper disposal.

All washings used iIn the decontamination will be treated to
remove PCB and/or will be incinerated.

In summary, we plan to proceed in an orderly and environmentally
sound manner in closing down our PCB operations. We hope that
the information provided above satisfactorily responds to your
questions. Please direct any further inquiries on this subject
to me at the above address.

Yours very truly,

Phocion S. Park
Environmental Counsel

it

Enclosure

bcc: R. E. Bilger
J. R. Eck
R. W. Flint
R. L. Harness
A. E. Leisy
J. W. Molloy
M. A. Pierle



bcc :
Wr B. PaDage'orge
W. R. Richard

R. H. Munch
0. Wood
H. S. Bergen

May 12. 1975

Dr. Leonard J. Guarrla
USEPA

Waterside Mall, East Tower
401 M Street, S.W.
Washington, D.C. 20460

Dear Dr. Guarrla:

We want to thank you for allowing Mr. Papageorge and | to
present out comments on the March 13 version of the PC3
criteria document for the Toxic Pollutant Effluent Stan-
dards. We enjoyed our discussions with you and Mr. Lewis
and look forward to a continuing exchange of pertinent
Inforraatlon.

On my return to St. Louis | learned that two of our papers

on biodegradation of polychlorinated biphenyls have re-

cently been accepted for publication. For your Information

the titles of these articles and Journals 1n which they

will appear are as follows: .

1. 'Degradation of Polychlorlnated Biphenyls by Micro-
Organisms" by Baxter, et al, Science of the Total

Envlironment.

2. 'Activated Sludge Biodegradation of Polychlorinated
Biphenyls', by Tucker, et al. Bulletin of Envlron-
mental Contamination and Toxlcoloqy, Volume 14,
ITs’ue IT .-----mmmmm--

The first reference 1s the same as the draft we left with
you during our visit. The second 1s a compilation of data
previously supplied to Mr. Lewis describing our semi-
continuous activated sludge studies.

We will continue to keep you Informed of any new developments
from our laboratories regarding the environmental signifi-
cance of PCBs.

Sincere ly yours ,

-Or. James P. Mleure
Research Group Leader

db

PLAINTIFF'S ccgA A
EXHIBIT ACM



bcc M A. Pierle
p. S. Park
A. E. Leisv - 1740
C. F. Buckley - 1740

June 14, 1976

Mr. Blake Biles

Enforcement Division (EN-342)
Environmental Protection Agency
401 M Street, S.W.

Washington, D.C. 20460

Dear Mr. Biles:

This is in response to Mr. Stanley Legro's letter of
May 29, 1976 concerning the E?A inspection report of
our W. G. Krummrich plant.

We have examined the data enclosed with Mr. Legro's
letter and find an error in the calculations used to
determine the air losses from storage tank emissions.
The vapor pressure of Aroclor 1242 is 0.35mm at 100°C,
not 3mm at 100°C as used in the report. This means
that the correct storage tank emissions should be 70.6
Kg/year, not 597.4 Kg/year. These corrections apply
to pages number 509 and 548.

The other information present appears to be correct.

Sincerely,

J. Coleman Weber
Manager
Product Acceptability

cu" 1o ACH ccC626T€
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D C. 20460

29 MY

OFFICE OF ENFORCEMENT

Mr. W. B. Papageorge JUN 4 STE
Manager, Product Acceptability
Process Chemicals Division
Monsanto Industrial Chemical Co.
800 N. Lindbergh Boulevard

St. Louis, Missouri 63166

Dear Mr. Papageorge:

An Environmental Protection Agency (EPA) inspection team
recently visited a facility operated by your company to obtain infor-
mation concerning the handling of PCB materials. The inspection
was conducted under authority of section 308 of the Federal Water
Pollution Control Act (FWPCA). as amended, 33 U.S.C. 1318, and
section 114 of the Clear Air Act, as amended, 42 U.S.C. 185TC-9.
Enclosed is a copy cf the plant visit report prepared by the inspec-
tion team which records its findings with regard to the handling of
PCB materials at your facility.

It is possible that EPA will receive public requests for release
of the information contained in the enclosed report. Such requests
will be handled by EPA in accordance with provisions of the Freedom
of Information Act (FOLA), 5U.S.C. 552, and EPA regulations issued
thereunder, 40 CFR Part 2. EPA is required to make this inspection
report available in response to FOLA requests unless the Administrator
of this Agency determines that the report contains information charac-
terized as confidential commercial information or methods and
processes entitled to protection as trade secrets. Pursuant to the
FWPCA and the Clean Air Act. effluent and emission data may not be
considered confidential information or trade secrets subject to exemp-
tion from mandatory disclosure requirements of the FOLA.

ACF  CCoJfcS
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In order to facilitate the Agency's timely response to any public
inquiries, while giving due consideration to your company's right to
request confidentiality, please provide the following information:

1. Notice of any factual inaccuracies that you find in
the report which you believe should be corrected.
Although the report itself cannot be altered or
modified in responding to FOIA requests, we would
appreciate your comments concerning any facts
which you believe to have been recorded inaccurately.

2. Any information, except effluent and emission
data, contained in the report which you believe
to be commercial confidential information or
trade secrets entitled to exemption from the
mandatory disclosure requirements of the FOIA.

Your comments should be addressed to Mr. Blake Biles,
Enforcement Division (EX-342), Environmental Protection Agency,
401 M Street, S. W., Washington, D. C. 20460, and should reach this
address not later than 14 days after your receipt of this letter. Failure
by your firm to submit within that period of time a written request that
information be characterized as confidential or privileged will be treated
by EPA as a waiver by your company of any claims for confidentiality
regarding information contained in the PCB investigation report.

Thank you for your cooperation in responding to our inquiries
concerning PCBs.

for Enforcement

Enclosures

AC*  CC63SU



SUBJECT:

TO:

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY |

RB Inspect_ion,_ Monsanto Krunnrich Plant, u
Sau:at,“lllinois. date: Mch 9, 1
1

M

Chief, Air Surveillance Branch, Surveillance and Analysis Division

'Karl Brerr.er, Memboer, Lake Michigan Toxic Substances Committee

I A preliminary survey wes nmace of the above installation to identify
and sample point sources of potential R®B emissions to the atmosc/.=*s.
*Thre sampling and analysis were carried out at this source to furris-
information to arrive at a further decision that ey require an incersiv-
testing program to quantify the R®B emissions. The sample analysis
revealed the following:

SAMPLING LOCATION N - SAVALES PCB concentrat::*: -
Steam Ejector - Ground Level, 2 *3A- 275
Site #1 '3B - 339
Steam Ejector - Top Level, 2 3A- NA
Site r2 3B - NA
Calculated Storage Tank Emissions
Virgin Product 597.4 Kglyear
Product Loading and Waste Storage 0.02 Kg/year

Vonsanto has performed a stack test at the Sauget location quantify*
the R®B emissions to the atmosphere. Stack-sampling and other reocrts
describing process and sampling methodology used at this site are attache

* 3A - Right Side of sampling train - 3B - Left Side

CPA fHM 13204 (RH*. 4-72)

AC. CC63S1



SUBJECT:

from:

Tn

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

Emissions of PGB8 from the Incinerator at Monsanto - date: February 11,-I
Sauget, Illinois.

R Edwin Zylstra, Technical Advisor, Special Projects Section

Chief, Air Surveillance Branch

n January 27-28, 1976 sampling wes conducted at the Krunmrich
Plant of Monsanto in Saucet, Illinois to determine emissions to the air.
The samples were taken rear the exits of the steam jet ejectors of the
non-fractionating distillation process. The exits of the fractionating
distillation steam ejector were not sampled because of inaccessibility.
The incinerator used to destroy waste PCB's was not sampled because
Monsanto had tested the stack and the results were made available to us.

'l have reviewed the test procedures and the data from three stac!
tests and | feel that the test results accurately indicate the quantity
of R®B being emitted into the atmosphere from tne incinerator. The ‘=" 3¥#-
procedure for stack testing the incinerator for RB and particulate is
shown in [:/psf'lly A The metred is orl EPA Method z e
half is identical to Method 5 ar.d consists of a sample nozzle, a hss-:'
probe, and a heated glass'fiber filter. The back half is as folic.,s:
First impinger e%ty; 2. Second impinger with 150 ml. of N M-dmet'-.
formamide; 3. ird impinger with 75 ml. K&H solution and 75 ml. N
solution; 4. Fourth impinger with 200 g silica gel. Sampling is

rformed the same as Method 5. To determine the R®B emissions the sa:
Is handled as follow:

T. Probe, nozzle and filter are rinsed with hexane. The rinse is
mixed with any condensate from the first impinger and then analyze
for RB by means of electron capture gas chromotograph.

Z. The NN dimethy formamide in the second impinger is analyzed for
R®B by means of electron capture gas chromotograph.

The table shows the results of stack tests for RXB on the incine”:
performed by Monsanto. Emission ranged from .G00Q to .COC243 Ibs/nr.
Computer printouts of data collected and the results of the last three te:
performed were supplied to ws for evaluation. The calculations vers cni
and no errors werefound. Monsanto*™ and our computer printouts are in

Appendix B

<r
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‘Staci: tests 0n >0:SA0 ren nicikinATOn

The folio-./ing tests were r.ade using a rrot: '-—
Method 5 and both fiov; and concentrations verc cc:

A\N

s~V

* %'

o*’>

PCB conen Flow
. Date in nc/n® n3/n: ihy
& *7[25/73 0.0063 63
1" 8/7/73 0.0167 94 2.37
..8/16/73 «0.0176 106
\V 8/24/73 «0.0165 106 2.31
*:' e 10/2G/73 <0.0077 48 a
V., *11/7/73 . 0.0056 - 58 i
: e 11/20/73 0.0119 63 v/
HA/e 11/28/73 ~0.0013 66 *o;m//
s V8/22/74 *0.0149 71 1./ -
9/12/74 . 0.0289 51 / *5
e 5/23/75 0.0300 44 /.7
i0/:/75 0.0ig2 52 2.
Vv
Ly~
ol
CCtlS 2 .

ALF*



APPENDIX A

MONSANTO PROCEDURE FOR STACK TESTING FOR PC3s
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INCINERATOR STAC;: TES? wvoA «0

SCO”E:  This procedure determines the amount of PCB"s
lates present iIn the incinerator stack gas.

1.

-10.
* .11,
f. 12,

V7.

PARTICULATE

< 1.

* 2.

R.A.C. portable stack gas sampler

a.
b.
C.
d.
e.
T.
g-

sample box

unbilical cord 25 feet (2 each)

enozzles 0 .250 Or 0.375

clamps (10 each.) 23/15 Fisher 5-R007?

z>1 combinecion probe and picos tube js-a
glass connectors (4 eaefd) - _

500 ml Orecnburg-Snlth Impinger §d each)
Fisher Scientific Company, St. Louis, -9
cat, no. 9-257, or ecuivalent. The *tu«
impinger i o modifled Dby repiici®p {j
standard tip with a 1/2 inch 10 gla$3 W
extending to one-half inch from bot 44 o
Impinger flask.

Glass orifice to regulate air flow* thro “r
tube. (2each) Can be made .¥ 6551 whem-

Thermometer 0-220°7?

&

Thermocouple and potentiomete:

Nomograph

Clip board

Air Pump (Dyna pump)

Stopwatch (2 each)

Tape ruler *

3 way plug

Stopcock grease *

50 ft. of 5/8"™ rope

_Adjustable wrenches ( 2 each)

TEST ADD:

Cyclone and Erlcnmcyer flask*

«Clamps 2 each 28/15

ACh CCb3S5
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4.

Glass fTiber filter holder”

Glass fTiber size 7.0 cA (Piehcr cat.
Dry in oven and leave i1n ccciclator.

AC* CCfciSt



a. < Sodium Sulfite, Fisher Scientific Company, St. Lou$
Cat. No. S*r0 in unstar.dardized solution. Weight
dinsulve in v/atcr and make up to 1 Ictcr.

b. N,N-Dinethyl Formamide, Fisher Scientific CO., St. Lou
Missouri, Cat. No. D-119.

c. .Sodium Hydroxide 50£ solution, Fisher Scientific Compa
St. Louis, Missouri, Cat. No. SO-S-25*, 1In unstandardi
solution. Add 52.4 ml to 500 ml distilled water and n

"to a Icter.

d. Hexane; nono“rade (MalUnderodt Chemical Works, St- Lc

Missouri, Cat. No. 4159)
o |

e. Silica Gel Grade 933 Darison Code 933-03-03-226 Lav”sc

Chemical; Baltimore, Maryland, 21203.

| \
e f." Crushed ice.

At~ CCE3S7



SAKPLIT. D ?n0C"'3"jnS:

1. Measure stack diameter and determine minimum number cfF san-.li.-
points needed.

2. Measure stack temperature

; 3 Determine percent moisture. This may be found from previous

- tests.

1 1 *

; * Place sample box on duorail and assemble imoir.gers. Leaving
the first impinger empty. Pill the second impinger with 133
ml of DM? solution. Add 75 ml in NaCK plus 75 ml in ::2213j ir

. the third impinger. The last impinger Will contain 233 ¢
silica gel In a modified impinger. (Weigh silica gel for uati
determinatio.n later). *e; -

? 5. "Place the cyclone and glass fiber filter in the heat chamber

and connect to Impingers. «
£> Connect vacuum line of umbilical cord to inlet of meter box
and outlet of las.t impimger. Plug up the inlet to the filter
holder and pull 15 in. Kg vacuum to check fer leaks. Leakage
rate should not exceed C.C2 C.P.M.
: ... e '7_.mConnect glass probe- to cyclone.
© - .:8. Complete all connections on umbilical cord.

* 19. Purge air through pitot tube using tubing which is attached
to umbilical cord and connect to air pump.

; " j10. Pack ice around impinger and add water.

Make a traverse*of stack on one side to determine velocity ari

1 - ai
1 "stack pressure. Ee -sure you have balanced draft gage before
; you take your readings.
! " 112 Heat probe and chamber i1n box to a temperature of 10° higher
) than the stack temperature.
- - Record temperature at gas meter, (inlet and outlet.)
1
i " U4. Use Nomograph to determine nozzle size and isokinetic sampling
. Tate.
as. Record gas meter readings.

s en"6. As T"soon as heat chamber in sampling box is up to temperature
*t start’your test.

*

/ * % 7
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< SAMPLE TRAIN OPERATION

1. . For each run, record the data required on the example she
shown in Figure 1-2.

2. Determine the time required at each sampling point. A
. minimum time of one hour 1iIs required for this test. oo

3. To begin sampling, position the nozzle at the first trave
point with the tip pointing directly into the gas stream.
Immediately start the pump and adjust the flow to isckine
conditions. Sample for at least 5 minutes at each traver
point; sampling time must be the same for each point.

4. Record temperature at gas meter inlet and outlet, about c
minute before it iIs time to change traverse points.. Also
* be sure to read temperature’™f last impinger.

i
5. Add more ice during test to keep the temperature of gases

leaving the last impinger as low as.possible .and preferat
at 70° F or less. - : .-

6 . Turn off pumps at the conclusion of sample run and reccmd
final reading.

7~ . Remove probe -from stack and disconnect from impingers. T
piobe and impingers and prepare them for lab analysis.

B.. Measure the iIncrease in volume of each impinger plus the
increase in weight of the silica gel to determine percent

St Rinse probe and cyclone with hexane and pass rinsing thro
glass fiber filter. Mix this extract with the water (con
from the first impinger.

Carefully remove the filter pad plus rubber washer and dr
oven then place i1n desicator before weighing for particul

~nr Collect all washings and give to lab for analysis.

Upon receipt of analysis from bb, record results in grar
- * on sheet show/n in Figure 1-1 and complete for computer ru

Lj ISCUSSIOjj n ] ACh CC63SS

~Ehc collection system in this test may also be used to deter*,
other components of the stack gas. The ones of most iInterest
*be HC1l, HOPO4, and CI2. To do this have the lab save all aqu
.layers from washing used i1n preparing the solutions for PIB

eTake the aqueous layer from the first impinger (water cordon;
and run for HLCl and JBPO4 analysis. Analyze the dimethyl ;cr

%nnhcfge second impinger for Cl2 and 1B?0/Z and the Na-S03 w-p
or ;



1 1 ;711" br of eels of data #
\ - " e *

)
2 1 J Zur.bor c™onnonciits to be analyzed

CCc<iC

e
3!—/.iyry TTT f|— m?7|7m~i (H iD Fin tsn i7i7rri7 i m7/ixfyfji-n ~ Birnnn ™ ri i i i i i <
0-12) U,: "(13-20) Time @-1].1P) Stack Sampled
m u n cm 1Zones® 2 J 1jJ in '/ 1"Tm g rrm
(="I5-1j0)Ssaree OpMo. (19-50) (6i1~-56)StackDlair.(67-61)Uar. (62-66)N°zzle (67-72)sisck «liuti
* ImsiVi. fll o o IPloltflL.vINILFFIFIRIE iwbltiul 12010120ttt gl
Process Vite (6-10) Units of production per hpur * o*
= E'TJ/ n7] ROTTIZE ;e M e\Ao\ irMUJIT NIIRNeWANNINN T i b i b e -1 i1
(1-5C) Sampling dene by:
C 111 nvev:\INo loi 1AM k-i BU/ANON I/ -led»lsigisi 1/Kkilrli IvK-I/il/fIS Fromo -
(I-m3) Sampling .Method - Indicate modifications»
Correction Factors
K > 0 \L 5, .0 Decree: CFntlcrade or M
: a3 _ = 1
- I FAhrenheit Q
(51-J00 Orifice (55-58) Pitot (59-60) (AI-AD) i"eter
92s 1s IndVnleFract ons (Tdentifv Comnonrnt 72 If present bv M\V/. and nane or fornila)
7 ilQejiiio] fc-rnybivi foi, i/ivivx\ m efril i i | n n i n.bi | noi-itsi ffi? tvigi i~ n
(1-5) 02 (6-10) Ma (11-15) C02 (@6-20) CO (21-2M1120 (26-30) zZz (31-3*0W1WzZ (35-,3) rare of Z
Moisture determlnat;on by absorptlon on Ascaritc and Wel’\hln’\ Leak test on Snr.pler
Vi3], ] VRO WET TG T vl b FEY )
1], uni ﬂ V] I 11 I
(I—fl)S&mpIcVoI 11)Temp (12-15)Press (16- 23) Tare vit. (2~-31) Cross wt. C(C32-36)Ci- ere..
Analysis for Components
t>a.i_.;1_n1 VL ji2 O H L 1 1 EbW' Uv 'lyr'7T zr i
M- i.i. ! (\¢ O I 0. ,(?S)ul) ;@ s !
1 Vit? » 0 ip . _ 0 « CHL !
M/.Ui A 1ir 71/ = O . lo o#0JIfl.1
I-1DKar.e of Cor.p. « (12-15) (16-25)Tare V (26-35)Cfrone Wt.(c) (36-*17) “How dittrcilned

"V¥. ir\.. flit *m 36,.r” H,w" . e «
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APPENDIX B

: STACK TEST COMPUTER PRINTOUTS
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Migten et [0 INDUSTRIAL CREM]CALS CO.

i

[ PR

S-L"/ s f-f’oLFD-

7 WANRTICH T PLANT
Lo PT 12 1974
IMCTE

quUGET'

"RATGR

IL 62291.°

START TIME 1:00 P™

I0 NG

63 1721 anc

(N

l"’

* SOUNCE OFERATION fJ. U“
S1.7LT1G DONE uY NEIL SULLIVAN ARD ED nauhn\d

Sxvz: J1G METHOD-EPA METHOD %S + DMF AND NA2S03 IMPINGIKS

o

|
ZTEHUINATION UF EhISSION RATE OF

AtPARTICULATE
, BiP.C.H.
C:dpL .
D:H3PO4
:csss WEIGHT RHTE- 772,66 POUNDS PER HOUR
ST HESULT: . T
JACTUAL CFi4 AT /STD CFM DRY ST CFM /
/7 STACK COWDITIONS/ AT 70 DEG.F AND 29.92 IN. HG/
STLCK YOLUVE - 1963.1) 1803 8 _1711.0
TLsST, yrsr.oﬂ G4S comcsmranrtom IN WET & DRY STAC& GAS AT ST CO
" GRAINS T LBS: PER  L3S. PER vcs. p;n PARTS
- PER siLLION 10060 cusic PER
L EDMPONENT CUBIC FT  CUBIC FT. LBS. GAS METER MILLION
LS G-0704 16.11A3 Ce1331 162.04%8 13&.G245 1
X 0.GT746  10.65611 041374 170.7756 142.1915 IN
) I . (..
B= 000900 000013 000000 O-HZRQ 0.0“!?8 Il\;
B: 0.0000 D.0019 0.00G0 0.0304 0.0623 [
s .. L0.0307 443816 . 0.0576  T0.1866  46.4338 IN
: 0.0323 4.6176 0.0595  73.9665  43.9313 IN
: T0.0827 7 11.8131  0.1554 186.2287  46.6235 I
: 00871 ~ 12.4493 0e1604 199.,4194 49,1344 IN
ggES1ON RATE:"""" o T
LBS. FER GRAMS LBS. PER UNIT
" ernPUNENT  HOUR PER SEC. OF PROLUCTLON
4 - 1.0948 0.1379 O.C0l4
a3 0.5002 (T 1)) 0.0002
- C2 0.6742 0.6597 040006
e - 1.2785,' g.1611 C.l017
Y y
- F \
- : . ACM

€CB4C3
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H,6. KRUMMRICH PLANT SAUGET IL 62201, .ID NO. 53 121 &ang
DATE SCPT 12 1974.  START TINZ 1100 PH4 ' -
STACK SAHPjEU- INCINZRATCOR SOURCE O0PERATION NG, =3

0 |
FIELD DATA:

ORIFICE CONSTANT K=5.506 FITGT TUBLE rACTOH FS= 0.83
TEMPS. RECORDEND I FA DEGREES
MZTER CO«RTC|ION FACTOR= 1.02

. GAS ANALYSIS: Z=NOME "7 TMULECULAR WT OF Z2= 6.0 T
MOLECULAR WT. OF STACK GAS = 29.40
DRY MOLECULAR WT. OF GAS = 30402
R - o
.. 02 N2 cO2 €O . H20 Z vOL_ _ Tu Py
{0,106 04302 0,592 0.0  0.051 0.0 40.630 106.2) 29.6% &

.
oy Be e wwms e *r - . e

.. PARTICULATE . _ DETERMINED Ry - _®Y VEIGHT : = _ 0.1%84 GRaxS
P.C.3. DETERMINED BY 'BY WEIGHT, 7T = T 6.0000. GRAMS
-HCL DETERMINED 8Y . BY WEIGHT = 0.08l6 GRANS
H3PO4 DETERMINED RY BY WEIGHT = 0.2790 GiANS

LrAK TEST ON EWUIFMIMT=C,001 CFM AT 15.00 INGHG

 -BAROMETER® 29.64 IN,HG STACK DIAMZ 19,000 "INTT NOZZILE DIAX = 3.3

. — VEL STACK STACK TIME VOLAT CONu MCTER TEMP METER PRZSS FLO

HEAD TEMP PRESS ATEND FmaD  TEMP _ START FlIn  CRL
ZONE HP TS HZO ZUNE Z0HE IN ouT HG G ke
0 6.0 95-{! UeB 000 8935.30 D 90.0 Y0.0 !).Ol Uell Got
l 0.060 9S.40 008 Boo 93"’.71 6‘000 9. 0 Yg.0 .0 0.0 1. l
2 0.00 95.0 0.8 16.0 944.76 64.0 106.0 91.0 0.0 0.0 1,
3 0.095 95,0 Q.8 24.0 Y50.22 65,0 )11.0 92.0 0.0 L.0 ).
4 0.095 95.0 0.8 32.9 955.71 6S¢9 111e0 94.0 G.0 0.2 1.
"B 0.065 95,0  DeB 4CeD 960.50 630 106.0 “95.0 $e0 - 0.0 1.
6 0.080 95.0 0.8 48,0 965.29 6440 1100 98.0 G.0 G 1.5
7 0,090 95,0 0.8 58%.0 970.65 ©5.0 113.0 97.0 6.0  C.9 1.7
"8 04090 95.0 0e8 6240 975.Y3 68.0 114.0 $7.0 0.9 0.0 1.7V
- N’

; . ack  CCrala
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AOHSAMTO INSUSTRIAL CHERICALS CO.

Vebo KRUMMRTICH PLANT  SAUGETIL 62201, I NO. 63 121 AAC

DATE SEPT 17 1974  START TIME 1:00 PM R
STACK SAMPLED= [NCINERATOR SOURCE OPERATION NO. &3y
"CALCULATLON AKD EVALUATION: ° 3

THE ISOKINETIC CORSTANT HE/HP FOR Til$ SQUIRHIRT IS 23,6204 :
THE TAULE BELOW SHUWSFOR EACH ZONEWTHE METER VOL.. AND [ME AVG. #578-
AND PRESS. IN ARSOLUTE UNIIS. FRUM THIS [S CALCULATED TIE SQUIvaLz:nL:

STACK CONDITIONS AMD DIVIDED RY TINE T0 GIVE THE FLOW INM THE WOZiic.

COMPAREIN WITH THZ ISOKIMETIC FLOW RATE CALCULATED FRUM THE STACK ViLC&
PZRCENTAGE DEVIATION IS RECORVED.

SAMPLE/STACK/AVG. PRESS/ &VG. TEMP/SAMPLE VOL./SAMPLE RATE  /2.C.
ZONZ TIMEZ VEL. METER STACK HITER STACK METER STACK ACTUAL ISCaAls LIV

1 B.0 13.8 29.7 29.7 552.0 555.0 4.6 4 & .60 .C.66 ~b,3a
2 8.0 16.0 ;9.8 29-7 556.3 555.0 5.0 S.4 0.63 Qela -g.,04
3 80 174 PYeH 29.7 560.0 555.0 5.5 S.9 073 %0 =8.47
& B.0 17.4 29.8. 29.7 562.0 555.0 5,5 . .S.H . 0,73 _0.A0 ~d.&d
5 Boo ‘4.4 ?.9.7 29.7 56105 ,55500 ‘0.8 501 Goﬁ“ O.6h "3.5$A
6 8.0 169 ?908 29.7 56c.3 555,00 4.8 S.1] [ YA 0.174-13.5“,
7 8.0 16-9 29.3 _29.7 56405 SSS.D . Sl . 5-7 U-?l G.?B -5.810
8 b0 16.9 29.8 29.7 565,3 555.0 5.3 S.6 0e93 D78 19.39
TOoTAL . : -t .
. 6240 16.1 29.8 29.7 S60.5 S55.0 _40.5 43.3 De70 Ue74 =5.72
T AV AV AV AV AV. .1 -1 AV AV AV

"TOTAL SAKPLE VOL. CORRECTED FROM STACK CONDITIONS TO STD cOnBRITIONS=
41,06 CURIC FF. OF WET GAS ’

TOTAL SAMPLE VOL. CORRECTED TO ORY SID CONDITIONS = 3R.94 CUsIC FT.
“
. g
- : \\

ach  0CB4CS
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.' SAMPLING DONE BY NEIL SULLIVAN.AMD ED HEUMANN
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MONSAMNTO INDUSTRIAL CHEMICALS CO.
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W.G. KRUMARICH | PLA?T SAUGET, 1L 62201, 10 NO. &3 131 AAC
DATE OCT 1 1975 | STARYT TIME 1:30 PM .
STACK SAMPLED- "INCIMNERATQR ... .. .. ..SOURCE OPERATION NO. 831

SAHPLING MEFHOD-;PA HETHOU uS « DMF AND NAZSOJ IVPINGERS

O | et S et 2 o o s >

DETERMINATIO% oF EHISSIOH RATE OF
- ASPART1CULATE,

'“tOMpbn NT CUBIC FT CURIC FT  LBS. GAS METER MILLION

——— - —— . - - e e e e - SE—- .- - —-.--————.—-.-—-.—.---.

-~ B:PQCOBC
: : ' C:CL2
_PROCESS UEIGHT RATE- 0. 9 THOUS “D .POUNDS, PER HSUR

TEST RESULT:. | o I
JACTUAL CFM AT /STD CFM . DRY STD CFM 7

.o . /. STACK CONDITIONS/ AT 70 DEG.F AND 29.92 INe. . HG/. . ...__ __ . .
STACK VOLUME . 3749.6 . 3257.1 2353, 4 '

DUST’HISTyOR GAS CONCENTRATION IN WET_& DRY STACK oAS AI_STD CONDIIIOHS

GRAINS  LRS. PER  LBS. PER MGS. PER PARTS
PER CMILLION. __. 10600 __ CUBIC._.._ PER

- — o Vo—- oy w— -

- 0.0725 10.3620 0.1494 165.9835 138,2010 IN wZT GAS
p11004,“;14.3408___“0g1836"_22%.71ﬂ3 ..191.2679 IN DRY_GAS _

— e ——— ——

. B3 © 0.0000 ° 0.0011 - 0.0000 0.0182 0.0018 IN WET GA

B _ 0.0000. .. 0.0016__ 0.0000._..0.0252.._. 0.0024 IN DRY GAS.__
C:. © 040079  1.1335  0.0163  18.1570  6.1749 IN WET GAS
LG 040110

j 1.5687  0.0201 25,1290 .  8.5460 IN DRY GAS
EMISSION RATE: ' ‘ ' '

c—

LBS- PER GRAMS - LAS. PER UNIT
COMPUNENT HOUR PER SEC. OF PRODUCTION .
AL __. 240250 ... 0.2551_.._. .2:2450_______.__ o
c: 0.2215 0.0279 ) 0.245%0

- e, @ comme ¢ s eben, @ey s re wam s L. -

.
— e - - LRSI AT © e Ses = > LT s mam o
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WG, KEUMMRICH PLANT SAUGET, 1L 62201, 10 NO. 63 131 fan =77 o
{3  DaTE OCT 1 1975 START TIME 1:30 PH ot
. STACK SI'AHPLED-. -INCI_HQRAIOR____ . wee-ms . SOURCE 02ERATIZSN 119. 371
O L
T CFIELD DATAR e
@) ORIFICE CONSTANT K=0.506 PITOT TUBE FACTUR FS= 0.83"
.. TEMPS. RECORDED IM FA DEGREES | _ - .
METER CORRECTION FACTOR= 1.02 T
O i : .
T GAS ANALYSIS: Z=MOMNE . __ .____. MOLECULAR WL.OF Z=_
MOLECULAR WT, OF STACK GAS = 26.83 -
© .| DRY MOLECULAR WT. OF GAS = 30.22
'b - . . .\ . . . .
O ‘02 - N2 CO2 CO  H20 Z VoL TW PH &
RO 0.068 0.818 0.114 0.0 . 0.277 0«0 304200 .. 70.89 29.552%%,
1 - * .
@ PARTICULATE DETERMINED BY BY WEIGHT G’C = 0,2002 GR:MS
PeCBe__—_____.  DETERMINED BY .__ BY ¥F-r&%ToN._. =_ .. 0.0000 GIaM5.
§ cz_z . . DETERMINED BY BY TITRATION = 0.0219 GRAMS
> . LEAK TEST OM EQUIPMENT=N-005 CFM AT_ 15.00 IN.HG o
Q " BAROMETER= 29.90 IN.HG3 STACK DIAM= 19.000 IN.: NOZZLE OIAM = 7.37%
.~ P . "
© VEL  STACK STACK TIME VOLAT COMD HMETER TEMP METER F:ES5 7.:
- . HEAD TEMP PRESS ATEND END  TEMP START FIN CEI7
=€) ZONE HP TS  H20 ZONE 20HE IN ouT HG HG  HZD
- ... 0 0 0 149.0 "0-‘0 000 428.50_ D - 64.0,,6400,_ __OoO_V 0.0 C.O
_ 1 0,200 149.0 -0.4 B.0 431.84%4 51.0 68,0 64,0 0.0 0.0 G.3%
g 2 00300 149.0 -004 16-0 435.8‘2 51.0 7‘000 6("00 0-0 0.0 0.:‘5
‘__.3 0.3"0 149-0 "0.4 _2"00_439.97 e 53.0 _”0.0 6500__0.0 0.'3 1.::
—5 U.230 149,0 =0.4 48.0 450.84_54.0 80,0 .66.0 .. 0.0 0.0 0.7~
: 7 0.300 149.0 =0.4 56,0 454,846 56.0 B3.0 68.0 0.0 0.0 C.33
% .B 0,270 149.0 =0.4 64.0 458.70 58.0 82.0 68.0 0.0 0.0 0.37
£ .
€ g . _
lr: s . e e oAy e ot e ¢ e b o ¢ @ rem—we Ssss A e T S e * - - — — '-— - - — -
. g‘:" R p— - vem: smmwl P ] - mems wm- - :-—-- — = - -
e " '
e - i e CACk  CCoell 7T
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W.G. KPUMMRICH PLANT  SAUGETWIL 62201.- ID NO. 63 121 Asc

STACK COMDITIONS aHD DIVIDED BY TIME
..COMPARED_YWITH THE ISOKINETIC FLOW RATE CALCULATED. FROM THE

DATE ocr 1 197 STAIRY .T}HE 1:30 PM >/
. STACK SAMPLED= INCIMCRATOR . ___________ SOURCE O2ERATION £D. . c3
. CALCULATICN AND EVALUATION: : - - 821
. THE ISOKINETIC COMSTANT HO/UP rOR TS EQUIPMENT IS 13, 01‘4 _

THE TAALE BELOW SHOWSsFOR EACH ZOME,THE METER VOL. AWD THE  AVG i

AMD PRESS. IN ARSNLUTE UNITS. FROM THIS 1S CALCULATED TnE Eou: Tr

TD GIVF THF F'nw IJ TH;‘ .J.--..i -

-----

P
STACK PR

JO. DRY STD_ CONDITIONS

_TOTAL_SAMPLE_VOL._ CORRECTED

it |

PERCENTAGE DEVIATIO\I IS RECORDED. e ee
emeee _SAMPLE/STACK/AVG. PRESS/ AVG.. TEMP/SAHPLE vOL. /SA“PLE RATE /Py
F7"ZONE TIME VEL. METER STACK METER STACK METER STACX ACTUAL ISC«I: o=
1 B0 27.6 29.9 29.9 S525.0 609.0 3.3 . 5.5 0.69 1.27-25..
_2...._.8‘0 33.8 ..30.0...29.9 527.5 609.0_ . 4.0.. 6.5 .. 0.81..1.55-‘.?.'
.3 8.0 3640 30.0 29.9 530.8 609.0 4.2 6.7 0.84 1.65-9.
- & 8.0 35.5 30.0 29.9 532.8 609.0 4,1 6.7 0.84 l.63-43,.
(. S... Be0 25.5. 29.9 29.9 531.5 609.0 ..3.2 5.2 0.64 1.17-45,
. 6 8.0 29.6 30.0 2909 531.5 60900 3.6 S-B 0.7? 1036“!7-
; 7 .0 33.8 230.0 29.5 534,3 605.0 4.0 6.5 0.81 1.56-43,
L...8.__.8.,0_32. l_-.30 0 _,29.9 535,3.609,0 _ 3.9 .642. _ 0.7 1l.48-471.
TOTAL - .
64:0 31.7 30.0 29.9 S3l.1 609.0 30.2 49.0 0.77 1l.46-47,:
i T < AV - AV AV AV AV T T } AV AV
TOTAL SA!.P‘ : VOL. CORRECTED FROM STA\.I( CONOITIC 'S TO STD CO‘DxT:.v =
42.59 CUBIC FT.-OF WEY GAS

.30.78 . CUBIZ,:

. R .
- ' N :.;:. ) e - . .
- X = \ )
i N -
i
o . S |
- ! SN T NP v s ———— S
3?7 . A . -
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LATVE (A7 23
STACK L2

SNAPLIMNG
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SAtELT

D TER SN sTl

PROCESS w2
TEST RISLL

<)
L
w
-f
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: L]
7a]
-4
L
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5 MZT

ety Tt

Cx OF

aNET

gy

ST

wiTI0

SAUGETWIL 622nt.

AT B RPN N -t .
iZZjJ ) T1HE 10: 40 A s
s [NCMERA (OR STACK 3

ART 71

Ll)r"L BY P‘EI.L SULLIVAI\ I\‘ 3
HOS-EPH METHKOD 05 & pime

SSION RATE OF

1.00
- I\T

17116 |

WS/ AT

10
10:.30 AM
EQ H

AN l\) l‘\' l’\ 2

AIPLRTICU
- B:P.COB-
C:HCL
v:CLZ

110,

A3 121 anc

TAQULUSANY FOUNDS PER FHIOUR

/STD CFu“l
76 CEG6.F
1669,.0

R G453 CONCINTRATION IN LET & Lty
GHAINS  Lan. FTA LZ5. PER 3
PER MILLIL 1CG0 C
CuUsSICT FT Cu-i1o FT LES. $AS -
000582 I'.‘-P)""E C..‘L;-Z 1:
O.G':.-s‘.':;‘ 7.?‘_‘)-\3 4 G, ‘CJ':Jl 12
Q.30 75 D006 0000

T EMISSIGN RAT

Las.

COMPONENMT
“.
[T
C:
D:

6.0600 |

0.06027
0.0028

0.0021

0.0017

ne37RT

n.3975

0.0022

PER

HOUR
0,7321
0.0002
0.0375
0.0294

0.2970
N.3121

© GRAMS
PER SEC.

0.

0.0000

0u 30

0.0047

0 0037

0.CcG0

0.00&9
N.0050

0.003%
G.003Y

LRS. PER UNIT
OF PRODUCTION
0.7381
0-0002
0.0375
0.02%4

O CE OPERATICO o
SO IMPINGERS
LATE
DRY STO L£r.
minid 2992 In. 13/
1566.5
STACK G3AS AT §7C
cS. PZIE PA
310 P
ETER Il E6ON
9,458 A AT L
S«8533A0  L0%.3470 O

O.ti2a?
6.06270

. ASH
6.3731

4. 7589

4.599]

0.G020 :.

L.0175 %
Lao2l57 I

lealRY It
L7062 L
ACM CGB4cCs

Cy
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HOMSANTO INDUSTRIAL CuEMICALS CO. : L

WeGe KRUAARICIL RLAN SAUGETWIL 6220)1." 10 MO. &3 121 AAC

NLTE MAY 23 1975 TSTART TINL 10830 A .
STACK SAMPLLD= INCINIRATCR. STACK SQURCE QRPTRATISN L.3. &3

FIELD DATA:

NRIFICE COUSTANT K=n.S5ns PITOT TUSE FACTGR FS= 0.83
TEMPS. RECO-DZU It FA DEGREFS '
METER CORRECTION FACTOR= 1.02

GAS ANALYSIS: Z=N0ilE MOLECULAR WT OF Z= 0.0

MOLECULAR WT. GF STACK GAS = 30.00

NRY MGLECULAR WT. OF GAS = - 30.60 — —-— — Cm——

-t 02 N2 cor co H20 - -2 voL T =9
lo.OZd 0.R2% N.14R 0,0 0.048 040 45,837 114,20 23055 —o
PARTICULATE - DETFRHINED AY RY wZ IG=T = Q.10 7  G=avl
f.C.H. DETFEPHINID 57 KY vgIs=T = 0.0°07  S=av:
HCL DETFRMINED BY KY wWElIGH¥ = 0,077 (=a:
cLz2 - DETFRMINED Y- KY vwzZIand = G.04637 C=2-:2
LEAX TIST OM EQUI2M=IT=0,034 CFM AT 15,00 1In.=C
HARUMETEAS 2554 [M,n30  STACK DIaMz 1velnd INJT NO2Z2_Z ol = §.273
VEL STACK STACK TIME VOLAT COND  HMETER TEMP METER PHISS Firi
~ _ HEAD TEMP PRESS ATENU END TcH#P . STAIT il Ur il
7ZONE  HP TS H20 20NE  70NE IN nuT HG ES RE
g 0.0 86,0 0.8 Ne0 G26.60 D d6.0  &a.D 0.0 Ged €.
1 0.0%0 A6.0 0.8 .0 932.60 0.0 105,00 94,0 N.0 .0 122
2 f}un‘)‘) 36.0 0.5 16-0 936.71 0-0 12?_.0 lU‘-'o(-f Ov-_- C.C 2-:_
3 0.060 86,0 0.3 P&a0 944,48 0.0 132.0 1C%.0 C.0 Cel lo==
& 0.0A0 &6.0 0.8 32.0 950.04 0.0 134.0 103.0 N0 Celd le--Z
85 0.750 85.0 0.3 40.0 955.74 0.0 12u.0 110.0D .0 .2 1.¢2°
6 0070 86.0 0.8 4B.0 960.50 Vel 134.0 1120 .0 -C.2 1.7°C
T 0.070 85.0 0.8 S6.0 9A7.85 0.0 134.0 114.0 - 0.0 Go3 1e72
& 0.070 B6.0 0.8 64.0 S72.23 0.0 134.0 118.0 0.0 Call 1a72

ACM CCE41C



HONSANTD INDUSTRIAL CHEMICALS CO.

Ve G ] l("t'”f’-:"iR I CH PLJ\I\'

DATE MAY 23
STACK SArPL
CalLCULATION
THE ISOKINE

AND PRESH.

1975

SAUGET.IL 62201.

START Timg

10:39

ED-  INCTINERATOR STACK
AN EVLi UATION:

TIC CONSTANT WG/WP FoR This EqulpainT 1S
THE TaoLE CZLQAYW SHTUSFOR Ealn ZONETHE RETER VObLe AND Tns

It ASSOLUTE

E VIAFIOM

QAIPL'/HTACK/hVﬂ.

S ZONE TIME  VEL.
....1_.......5.0 - . 15.7--

e 8.0 16.06

3 R.0 13.6

4 8.0 13.6

-9 B0 12.4

6 B.0 1647

7 B0 14.7

& B.0 4.7
TOTAL

T Av

) = = e o

TOTAL SANPLE VOL.

METFR
29.R "
29.8
29.7
79,7
29.7
29.8
29.4

29.8

.29.8

AV

44,83 CUBLIC FT,

TOFAL SAMPLEZ VOL. CnARaCTLD T0 ORY STO CONDIT;OuS

IO InE

1TSS, FiiDu
STACK CUNLLITIGHRS AN DIVTQ“D nY TIME TO GIVE
CO‘-'F’M\FU s IT!" Tf‘r-
PCRCE“T&uL

PRESS/ aAVa.
STACK rZTr
“P%.7 §%3.

?79.7 5hG.
?75.7 575.
29.7 875

9.7 5x3.
9.7 5-1.

P9.7 522.5

?29.7 535,

2%.7 575.

LAV T AV

-
s

0
S
S
.5
¢
G
5
0

5

STACK
S46.0"
546.0
546.0
546,10
£525.0
b445.0
S546.0
$46.0

5‘069 0»'

AV

Al

ID N-‘) .

‘.’
7
63 121 AAC
SOURCE 02araTI0i. No. 2!
24,7938
T OAVG. MTIE

TEMP/SAMRLE
HETFQ STACLL

‘
»
U"
C.’
'
i
ps )
.
p

CGQHE\TED FQOM STACK COMD

-

dii

THE FL
TIC FLOw RATE CALCULAT
1s RECORD:D

FHIS IS CalLCULATFU TeZ Egulrno .,

O 13 TRE LuZdis. T

laesd, LT

gl TROUM THE STACK wo_>.
VO[.-/S PJ‘uTE /-‘.:-
nquAl 13841 T
" 0.B0° 0,72 12.%2
fHel 0.79 C.77 .73
5.9 0,73 0.53 7.
9.6 0.70 C.n2 L. -:
S.B Ce7?2 5437 2=
“.8 GebON CGotam-L.. =
N 7." 0.92 -006-: :;;D-‘.‘
4." 0;55 0-\‘;.-'. —
4:’-‘4-5 v G.?a C-;-ﬂ" :.".:'-
T AV AV AV
O ST0 CUANSITIINS=

0nS T

42.67 CUSIT 77

2. meGmsew mEseasm o wmms — - -

ACM CC6411
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AT UL
STAG  TunT

STALN

quams by

RO IR

FRRY O

EORE [LR Lot

L

N ok BT 1 Bl
DaUTTAY nLeT

ey - Tapmenma
ThETFIVIE s ey -
HigR Y N O R femy, L2, 020

at gl

1.

2.

3.
4'

5.

c.

Asunt nf uaster enlleeze

Yolure of waser vamor coll

DTy 2% mater volu

Hnrn“c::ic “ronsure

Cas nater volume at $T0 (Zr

Percentoge of roistuse in o

Percent composition cf gas
[ Tt W
nNigrorea.

! Caruaa lo:
Carben llonaniie..

Seasn

Perceutac of cicess air @

Doy ralasular weiths el uas
© Ve plzcniaT ueisan 2l a8
Pimmor tudbe coeilic

9.

0.

1l.

Hlurhier afl pizol rubs can
Averase ol stuzTc TooLs o.
Average pas stresn toohevat
Cas strean veleeity (Z:/sec
Picoz tube reoauings:

.96 .95 .

" -

iillilitern) - h3.3"
zLed 5Ty = 2,020

159 *r

v cuniz fesi) » 22,22

as sgroan w S.1m
aefaan:
e Lt

a A=
Lo T

Q_ nee

s
. N

129,252

stTeas {0, -
sircnm (2. 0.7

P

wzlagizy sressuran v i taiotel

uze (*7) = i
)y = 14,1%5

" M) % ) PR

.0

Staek dinensions, cizeular uizsh Jdia~cier {fozz) = 3

Staek arca (zjunra fee:) = 1.0¢

Voluneeric [low at $T7 (cubic Jeez/min) = 7t

Nnznle diaqezer used £ar samaling, (Inehes) = .275

Saxpling tine (minutes) =  £I.79)
*Meinhit of partticulate zazter collecteld (nilli-rz=) » s
Particulate conceatiszing (1L./32F) = ,"0m1naA

Particulate coacengrazinn (,rn.dl:c!) L] s iaiaia} I

Particulate conzznctration eatresinl e 59 % eieses P

Particulate goncantratinn coarreeted o 59 7 exeess v o= Lo
’
Isclinetic rate () = 92,15 .
Ifaas eniasioa raze (th./Re) = ° M .
. : * pace_ Lol [0 1476
' Si=nature /'s/ &ML?,C’.JC‘L"
'" ACM CCEk4alc .
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— - —— . e - '
. 1Y
o U5 "
Al NS LaALCD sl ue . -
STACS LN |

;.‘)".I'.‘C:V TSN

STACE IPZUTINICATION 77 Timevesi=an

BU NG TR PATE O “w A% vasg

2.

G.

7.

Arount of water colincie! (ivliliterg) = 2
Volure of watsr vanor cullusziry (3J0) = 2,117 .
Dry mas neter valume 1t reter eratizisas (oo fcot) = 65.%3

Daroretric srecsure (fashes af narau
Avara~e ovilica rrasseve dotee (inst
Average nmezer teipera:z

Cas merer volume at SIP (dey cu

Poreentase of moistuse in 335 sivoan w 4.1

Percent co=pasitian ol gas giroa=:

{ 03 Re e erennsnses 2.3°7
B3 § .5 - It - PR b RS .

Carben Ui-ulls...
Carbona lanonide..

t

Perecentaze of encess sir s 14,777

oty molecular
‘I:: '101 nhl-l-‘t

Pitot tuba enc
tlunl:er of mizo

Avoraze af 3 Sl
Averare nas e~ Tuve Sy
Gas streas veleozily (¢ /scc) = 15,53°

T'itot tube zrcalings:

N5 .09 5 05 .15 .27 a7

A7
Stael: dirensions, cireular with dia—cier (fcez) = 1.%°
Staci: area {(square Zezt) = 1.95 .
Voluncezie £flowr at 5T7 (ecubic feet/ein) = 1563
llozzle Cianzter uwecd for samrlias (inches) = 375
Sanpling tine (rinutes) = 64,7
Weizit of marziculate matrer collectad (rlllisran) = N3
Pareiculatzs concenzrazion (1L./2CT) = ,A7A4%a]
Paveciculate concentzazion (<9aia/slt) =« ,n™hnL2

\ 1FEDs o

Particuliate coazenirazion carreeted o 57 1 enzens alr (I,
Particulate coneentration covreera! to 57 7 encess alr (nzid'IT)

Isotinetie rate () » 104G, R4 ..
Mage esdnsion rate {1h./hr) = .00

-

' ' pate Fnd 10, /976

e

PRp

. 1'nn:ur0/ Eﬁ:&z[ e

ACM (GCE4l2



L couran

RUt

'3,

"o
5.

.6.

7.

in.

12,
1l.

STAGH ITITICATIN:

.y
‘omRnnrA

"GO Tnclinerater

DAT

Hmin E 07 REY OCat. 1,107%
Amouiat of water eollected {nillilirers) = 20,01
Volune ol vater varor enllceted (ST7) = -.:JOll
D'y a5 reter volwre at neter- ceaditioas (cahiz fcer) = .o
Barouetric pressure (inciies of nercury) = 20,90
Average ovifice pres3urse Jdron (in cho" of vater) = .359 .
Average reter. tenmperature - 71 °F

E
Cas neter volume at STP (dry cudic feet) = 3%.13
Pc.ccn:a e of nmoisturte in gas strean = 27,75 7
Percent composition of gas stream:

OI\‘.UC1.I......... 6 c"l

YlblODCH-cn.l.... llan

Carbon Dionide... 11.49%

Carbon lionsxida,. PR Ale
Porventzce ol cwcess air = 5.96
D=v molecular teiskt of fns stresn (b./lh--0lae) = 30,00
Ver molecular weisht of gas strenn (1L./ll-cole) = 26,73
Pitot tube coefficient (dirmensimnlezs) = .03
Nurber of pitot tube readinga = &
Averane of squaTe Toots of elec*t" pressuses = L5132
Averasc gas strean tenperature (°T) = 145°T
Gas strean veloeity (2 t/see) = 31,223
Pitot tube zeadiazs:

.20 «30 34 o33 .17 .23 el
27
Stack dizeasiens, cireunlar with dJdiancter (fent) = 1,50
Stacl: area {square fao:) n 1.0%
Volurctzic flou at ST? (cudic {eet/nin) = 2352
|
Yorzle dianeter uscd for somnlins {inches) = 2758
Sxrwling tine ('11.11't..e-=) G4 N0
Heignt of p:r:xcul1:e mactey collected (nilll-taﬁ) = L2
Particulate concentration (1h,/SCY) = NOMANNA
Particulate concentration (zraia/SCF) = .A90I11 a
Particulate eonceatratlon corrected tp 57 % eucess air (l1b./CT) = .70
Particulate concentration eorrccted to 50 7 excess air (praia/cT) AN
solkiactie rate (¢2) 51.23
Mass ce=isslon rate (1h./hc) » N0
ACM CCE4l4
L ]
vaze Fal S 159L
// ﬁ - "7 e
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. W.G. KRUMMRICH PLANT SAUGET.IL 62201.
DATE #HAY 23
STACK SAHPLED-
CALCULATION AND EVALUATION:
THE ISOKINZTIC COMSTANT HO/HMP FOKR TRHIS EQUIPHENT IS
THE TAoLE BILOW SHOWSfNR EACH 7ZONC+THE METER VvOL.

IN ABSOLNTE UNITS. FROA
STACK COMDITIONS aANN DIVIDEN AY TINE TO GIVE THE
v COMPARED VWITH THE ISOKINETIC FLOYW RATE CALCULATED FRUM THE S

AND PRESS.

1975

START TIME

INCIN

NONSANTO INDUSTRIAL. CHEMICALS CO.

ERATOR STACK

PFRC:ATAbt DEVIATIOM 1s RECOPDED.

JZONE TIME

a— -1.—-—. L’ 0..

N

8.0

3

4
;-5
-7

8

0

TOTAL

Ty o

R.0

VEL -

16.6
13.6
13.6
12.4
14.7
"1407
14,7

‘1445~

AV

-15.7 -

SA%PLE/HTACK/AVG.

METFR
29.8
29.8
29.7
79.7
29.7
29.8

“29.8
29.86

»
i

25.8°

AV

PRESS/ AVG.
STACK METER
‘-29.7 553.0
29.7 5A6.5
29.7 575.5
29.7 579.5
?9.7 SR0.0
29.7 S5H1.0
29.7 583.5
29.7 585,0

LAV AV

TOTAL SANPLE VOL. CORKEGTED FROM STACK
44.83 CUBIC FT. OF WET 'GAS
" TOTAL SAMPLE VOL. CARRECTED TO DRY STD

mmem e @d w—— -l e e

s mmmer imw emamm i e @

s emames samandce & o

— fEes @ - s ewmm.. @
‘-
-
- - - -
-
-
L
.

10:30

54640

- - R

{H1S IS C4LCULATED THE tQUIVALc-.

ID NO.
AM -

SOURCE OPERATION.N

E%P/SAMJLF VOL./SAMPLV

63 121 AAC

STACK METER STACK ACTULA|

546.0
546.0

546.0 e

S46.0
546.0
546.0

546.0'

AV

SN
SPWRND

6.1

505

T

4 @ w8 wm emiiesia

546.0-=~6.0" "6k "

FHAroOoOO0MOW

.
Ll

N ..
o SNPUIHIGD

-

CONDITIONS =

ACM

. 831
2447938
AND THE AVG. MITER TZw
v \Gh.
FLOW IN THE| ROZZLE. Tmis
TACK veul0lITy
PATE /P.C.
ISOKIN DIV
0.R0° 0.72 1C.23 -
0.79 [0.77 3.23
0473 (0463 17.49
0,70 - 0,03 12,62
0.72 [0.57 25.03
0.69 0.68‘11-C6
092 -[0.6B 36.74
0,55 [0.68-18.72
~ 0473 [0.67 - 9.05
-. AV AV . AV’

CONDITIONS TO STD COHDITIONS=

267 CU 3IC Fie

cCB4als -
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MOESANTO InOUSTRIkL Cchicaﬁé co.

-

P mas cem Se tnmmm e -

W
~rd
[}

tmme- wes, = Miremm s o e —— - —— e —

ey - —

T W.G. KRU\!RICd PLANT- -SAUGETa IL 62201. 1D NOs 63 121 AAC _ :

DATE OCT 1 1975
STACK SAMPLED-

_ SaMPLING H:THOD EPA METHOD £S5 + DMF AND NAESOB IMPINGERS

START TIME 1:30 PHM

‘ INCINERATOR __ . .- --. . SOURCE OPERATION NO. 831
-7 SAMPLING oons BY NEIL SULLIVAN AND ED HcUHANN

- — —— o . -

TIEST RESULT:

—— o o

DETERMINATION OF Enxssxov RATE OF I .o
S — . A:PARTICULATE,‘ : o
ST s ) B:P.C.B. - TTTTT T
. l . CiCL2 . .
TE=__.0.90 THOUSAND POUNDS_PER HOUR_
JACTUAL CFM AT /sro CFM DRY STD CFM Va
/ STACK CONNITIONS/ AT 70 DEG.F AND 29.%92 IN. HG/ _ .. _ ____
3749.6 3257.1 2353.4

“TSTACK VOLUME

DUSToMIST OR GAS CONCENTRATIUN IN WET & DRY,_ STACK oAS AT STD CONDITION

TCOMPONENT  CUBIC FTY

GRAINS . LAS
PER

ww . MILLION ___.1000. . CUBIC__ _..PER_ __ __
CURIC FT LBS. GAS MFTER MILLION

PER L8S. PER MGS, PER PARTS.

—— o m—— e ————

by — ca— -

a

At 0.0725  10.3520  0.16494 165.9835 135.2310 IN WET GAS
___Al___._ _.0.1006 _ 14,3608 0.1836 229,713 191.2679 I G2Y GAS
g3 0.0000  0.0011 - 0.0000  0.0182  0.0018 IN WET GAS
;.. _B. T 0.0000 . 0.0016 _ 0.0000.___ 0.0252___ 0,0024 IN CRY GA5____.
cs- 10,0079  1.1335  0.0163 18,1570  6.1749 IN WET GAS .
_ €3, __0.0110 ___1.56B7. 0.0201 _ 25.1290 . B.5460 IN DRY GAS  _
EMISSICN RATE: o 1 ' ,
TLBS. PER GRAMS LBS. PER UNIT —
- COMPUNENT" HOUR PER SEC. = OF PRODUCTION -
__. A% 2,0250  0.2551.. . .. . 2e2650_._ ... . ___ . __'.____ _._.._.
g 0.0002  0.0000 .  0.0002
. C3t 0.2215  0.0279 0.2656
1] .- -. :.
- — . : o.-b_\
— e % ' |
N e ’
R e B ey ACM CCEalE -
. -_(-




- e m i WA

. - Tz
- 2T wLe. P""'UAU'D CH PLAMT  SAUGETWIL 02201. 0 [0 KO, 63 121 Asc =~
COv DATE OCT 1 1973 START TIME 1:30 PH
e STACK b‘f-H_?LLD.‘.- JNCIiJ'Eftf\TfJR.... . SOURCE O2ERATICH t:d.- 531
O o
:'.-. FIELD DATA: 1o it e e e ca ¢ e emmr anema W ———— ——— e in e .
O = ORIFICE CONSTANT K=0.506 PITOT TUBE FACTUR FS5= 0,83
_ TEMPS. RECORDED IM FA DEGREES ... _
HETER CORRECTION FACTOR= 102 T
O —— ——— S . - S——— L m— .. —— > ——— N o= :
_. GAS ANALYSIG. Z-NON: e MOLECULAR_WT or 2- 0.0 _
: MOLECULAR WT. OF STACK GAS = 26.83. em e a .. -
O L DRY MOLECULAR WT, OF GAS =  30.22
8] 02 - N2 C02 CO H20 2. VoL W PW WG
',_,_ .0.068 0,818 0.114 0.0 0.277 0.0 304200 .70.89 29.9024%.8
C PARTICULATE DETERMINED BY BY WEIGHT o> = 0.2002 GRAMS
 P.C.Be¢_____.._ . DETERMINED BY . _ BY BTN .= 0.0000 GRAMS
o cLe DETERMINED BY BY TITRATION = . 0,0219 GRAMS
__ LEAK TEST ON EQUIPMENT=0.005 CFM AT_ 15.00_ INJHG. _ . _ __ . _ _ _
~ BAROMETER= 29.90 IN.HG; STACK DIAM= 19,000 INs: NOZZLE DIAM = 0.37 3
A .
S VEL . STACK STAZY TIMZ VOLAT COND  METER TEMP METER PRESS 7. %
HEAD TEMP .PRESS ATEND END  TEMP START FInN  CRIFiZ:
~ONE HP TS H20 20NE ZONE IN ouT HG HG K2
... 0 0e0 149.0 =0.4 0.0 428.50 O 64.0 64.0 0.0 0.0 C.J
! 1 0,200 149.0 =0.4 B.0 431.R4 51,0 68.0 64.0 0.0 0.0 £.253
< 2 0.300 149.0 =0.4 16.0 435.82 S1.0 74.0 64.0 0.0 0.0 0.5%3
.3 0.340 149.0 =0.4 24.0 439,97 S3.0 B0.0 65.0 _ 0.0 . 0.0 1412
. 4 00330 1‘0900 "0-‘0 3200 44".11 55.0 80.0 66!0 0.0 0.0 1-:-’3
o S 0,170 149.0 =0.4 40.0 447,29 53.0 74,0 66.0 0.0 0.0 0.3%53
o8 04230 149.0 -0.4 48,0 450,84 56,0 80.0 66.0__0.0 0.0 0.75)
- - 7 00300 1"‘900 -00“‘ 56.0 ‘05‘?.8" 5600 83.0 68 0 O.ﬂ 0.0 00953
S i 8 0,270 1649,0 =0.4 64,0.458.70 58.0 82.0 6840 o.o 0.0 0.379
oo a )
-~ .
-
s o s s e s S = e = o A _—— - - 'i'— C— ' e =
-:’ . - M
::l -_':’ . \l- ..
_‘“--——-—-——- ——_._._...._ - - - -— — -——avais 1 wes -
T o T e — }
_ Mr—— Rt T -
u':_________ et - - ALM CCB41T =7
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Ve s e . .. " - . . . ea . PRt
° . W.G.  KRUMMRICH PLANT  SAUGET. 1L 62201. 1D 'NO, 63 171 A&C 5."
2D DATE OCT 1 1975 . -  START TIME 1:30 PH ' :
t,. STACK SAMPLED= INCIMNERATOR .......ccoeno. .. SOURCE OPERATION HO.. g3
I CALCULATION AND EVALUATION: o
J_.. THE ISOKINETIC COMSTANT HO/HP FOR TH1S EQUIPMENT IS  13.0116
i.  THE TAALE BELOYW S1OWS»FOR EACH ZONE.THE METER VOL. AND THE AVG. !1Z7zn -
AND PRESS. TN ANSNALUTE UMITS. FRUM THIS IS CALCULATFED THE EGUIVALIw: o
») STACK CONDITIONS AND DIVIDED BY TIME TO GIVE TKE FLOW IN THE NCZ7io:. =
. COMPARED WITH THE ISOXINETIC FLOW RATE CALCULATED FROM.THE STACK Vi_a-
" PERCENTAGE DEVIATION IS RECORDED. L . ;
- ..SAMPLE/STACK/AVG. PRESS/ AVG. TEMP/SAMPLE. voL_,'/.shMpLg RATE . /°.c..
- ZONE TIME VEL. METER STACK METER STACK METER STACK ACTUAL ISOKIN Civ
9 : 1 8. 27.6 29.9 29.9 S25.0 609,0 3.3. 5.5 0.69 1.27-4:,97
.'__2-____ B-'O_ 330830.0 29-9 527.5 609-0. 4.0.--.6.5. -0.814 1056-{47.7:7__
3 BeO 3640 30.0 29.9 S30.8 609.0 4.2 6¢7 0.B4 1.68=45.19
D 4 B:i0 35,5 230.0 29.9 S32.8 609.0 4.1 6.7 0,84 1.63-63,55
—...S... B.0. 25.5. 29.9 29.9 S31.5 609:0 _ 3,2. .5.2 . 0.64 .1.17-45,(3
vo6 a0 29.6 30.0 29.9 S31.5 609.0 3.6 5.8 0,72 1.36-47.19
D7 8.0 33.8 30.0 29.9 534.3 609.0. 4.0 6.5 0.8] 1.5&-42.14
.. B .. .Be0 _32.1 30.0 .29.9 535.3.609.0. _..3.9___6.2.._0.78 1.43-47.35.
TOTAL . . - . P} . !‘
- 64:0 31.7° 30.0 29.9 S531.1 609.0 30.B 49.0 0.77 1.46-47,55
T T AV . AV AV AV AV T T av - &V Ay
_ +DTAL SAMPLE VOL. CORRECTED FROM STACK COMNDITIONS TO STD CONMDITIONS=
» . 42.59Y CUBIC FT. OF WET GAS . : - :
_.TOTaL_SAMPLE VOL. CORRECTED TO DRY STD CONDITIONS =___. _30.78 CUBIC FT.
2. ) .
1_ T S N e —mam o U - — ——— e e eama —_
3 L |
3 I . - . s :-:__ _.‘. - .-_.,'. -'?:'..‘.A T fae . .-. v
¢ L
- L -
J
-~ l : -
~ :
2 . .
- _ ) R G - . — G ¥ EE— % - . \:-—- O B e G ———E - e . S = - - -—
2D
s —_— . . e o e e tmre om e e e e memmmee s ot s e emems s -——
:" »
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e L) . ———— T -
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Facility: Monsanto Company

- W.G. Krummrich Plant
Route 3 -
Sauget, IL 62201

Date ?f Inspection: January 27, 1976
Participants: Monsanto
: Paul Heisler

Clarence Buckley

BEdwin Zylstra

; U.S. Environmental Protection Agency
! John Connell

. : Charles Miller
Backéround:
" Monsanto is the sole manufacturer of PC3 in ths United States. Produztiza
figures for the first nine months of 1975 are listed below:
_ - Aroclor Thousands of Pounds
|~ 1016 : " 10350
; 1242 . . 5la2o
1254 - " 76980

Starting during the latter part of 1972, the only use for PC8 cc&pcunds
is in the manufacture of transformers and capacitors.

Process:

The chlorinator is charged with biphenyl and ferric chloride (catalys:) .
and then heated. Vaporized chiorine is fed into the chlorinator. The
contact time varies from 12 to 36 hours, depending on the type of Arcclor
to be produced, which determines the degree of chiorination. The vazcr
from the chiorinator (KC1 containing PC8) goes to the scrubbar whers iz
is washed with 1iquid Aroclor. The gaseous HCl1 is sent to the puritizzticon

.section of the plant. The crude Aroclor goes to tha Blewer tank :lsra
" {t i{s bloun with dry air for several hours. The air is scrutbzd with

water and vented to the atmosphere through a .demister, the crude preluct
{s'sent to a storage tank whare a few tenths of 1% of alkali is adldea 2

_react uith any remaining hydrogen chioride or ferric chlorice.

\ - - - .

\
-
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The method of distillation of the raw Aroclor varies depending vzsn tha

LR X e

product to be produced. For types 1234, 1242, and 1221, the process is
the same. Each is distilled in a vacuum st111 the condensat= bzing ti2
finished product and the bottems being the Iantars vihich are scns to
incineration. For Aroclor 1016, the crude areclor is distilled in a
vacuum distillation tower. The steam frem the steam jet ejectors is
partially condensed; the condensate being discharged into the plant
dischargs sump and the vapor exhausted to atraspr=r The overhaz2 Tre-
the distillation tower is the product 1016 and is sent to storags. The
bottoms are sent through another chlorination and distillation cycle, Th
overhead from this still is the finished product and the bottcms are trs
Montars which are sent to incinerztion. The three possible placss vhare
PCB can escape into the atmasphere are: vapor from jet ejectors, exhaus:
from the scrubber; and surface area evaporation (in gereral).

i

q}T aroclors are stored at 150°F with a layer of nitrogen on top of the
quid. .

Incineration:
There are three points in the process that go to the incinerator: Monzzrs,

bottoms from separator sumn, collection from all drip pans. In addizicn
waste material from the users of PCB is sent to Monsanto to te dastravzd.,

The type and concentration of these waste are unknown but it is estimated
that they contain about 907 PCB. The amount of contaminated wasta disposs2
of for the first nine months of 1975 is listed below:
'}f=¥§f1r,? RO P | Thousands of Peun:
Customer returns, records exists ' ' 1109
Monsanto, records exists : 322
Total receipts 1431
Destroyed by incineration 2808

The 11qu1d waste stream is steam atomized and fed into the fire box. Tha
feed is incinerated at a temperature above2200°F with natural g2s usez 7:Ir
combustion with 5% excess oxygen and a reiention time of 2-3 seconds. ne

_gases go through 3 quench pot, the exhaust of which passes throuch 2 vant
scrubber and then through a packed tower which is irrigated by the waak

muriatic acid originating from the quench pot. The exhausts are vented

to atmosphere through a demister and are monitored.

\

v
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Loading and Unloading:

The majority of the PCB cemponents and the preducts made using PCB are
Tiquid and are transported in butlk or in steel drums. Bulk shipmants are
made in railroad tank car and tank trucks. Waste material shipsad in fream
other locations in 55 gallon drums or tank trucks are unlecadsd into a
concrete pit; the material in this pit is periodically pumzad to ons of
four 20,000 gallon incinerator waste feed tanks. The vastz material that
is shippad in by rail truck is unloaded into a 500,000 callon storagce tank
and s pumped into the feed tanks when required. In the truck or railcar’
loading area, drainaga is directed into a sm2ll concrete pit which is
periodically pumpad into the basing located in the manufacturing area.
Relief valve linas and atmosphere vents are routed through catch tanks cor
are redirected to undarground settling basins.

[

. . ACM CC8421

N

)

[}

-

-,



A i @ taloa s

SEFP AL FOA Y AQ 1D .
aMaAY ok F” D 7
CSaFrma ar Crw] 1jiarr

' UNITED STATES GOVERNMENT

Memorandum

h

TO * Gerald F, Regan, Chief, Air S_urveillancé DATE: Harch 5; HE
Branch i B B
" FROM :  Technical Advisor, Special Projects Section

Air Surveillance Branch
SUBJECT: Calculation of PCB Air Emissions from Storage and
' Dispensing Operations at the Krummrich Plant of

i Monsanto

t

Potential air emissions from the storage and dispensing of PCB wers
calculated based on information supplied by Monsanto. The resulss
of these calculations are: :

Storage tanks for virgin product = 597.4 kg/year

Product loading = 0.0184 kg/year
Storage and handling waste aroclors = 0.00066 kg/year

G Fom

R. Edwin 2Zylstra

attachment (Caleulations}

.'*'f;} - : ADM  CO084Z2
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Clarence Bucklcy of Monsanto estimated that storage and loading
operations at the plant would displace the following volume of
headspace gases:

1. Storage tanks 635,0C0 3
- 2. Leading 460,000 ft3

Calculation of emissions:

From Fig. 2.2 from the Draft Mitre repart the vapor pressure.of

Aroclor 1242 is 3 mm Hg at 100°C and 10-% at 21°C. The aroclors are
stored at 100°C. [t may be assumed that the temp. in the tanks being

loaded would be approximately 70°F (21°C).

. From Dolten's law of partial pressure:

Bx = Px where Bx = proporticn by volume of a gas ccmponent
P mix.

Px = partial pressure of gas component and

P mix. = absolute pressure of gas mixture.

Bx = 3 = 0,0039 or 3500 ppm at 10C°C

760 i

To change ppm to mg/ﬂ3 use the following formula:

mg/ﬂ3 = ppm x mol. wt.
molecular solume

mol., wt. = 261
molecular volume = 30.62 liters/mel. at 100°C .

mg/H3 = 3900 x 261 = 33242
30.62

Emissions from storage tanks:
Emissions kg/year = Vol. of gas displaced/year x concentration
of PCB

Kg/yr = 635000 ft3 x .0283 M3 x 33242 x _1 kg
. ?E? 100 mg

kg/year = 597.4
Emissions from loading operations:

Bx = PX ‘m io-h

Feix. | —m 1.3 x 10°7 or .13 ppm

mg/H3 = .13 x 225; = 1.4 mg/n3

ACM 0C84c3
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Emissions:

Kg/yr. = 460,000 -x .0283 x 1.4] x 1 kg
! J ) 106 mg

Kg/yr. = 0.0184

Emissions from handling of waste aroclors:
I

Total waste material received into plant as reported by Monsanto
for 9 mos. of 1975 - 1,431,000 1bs. Assume that all this
material is received and stored at 70°F and that it displacad an

equal volume of tank headspace gas at 70°F.

Vo!ume of produce = 1,431,000 1bs. x 11350?;;, x 3.785 1iter

X103 ‘l:‘ers - ‘I‘71 H3 .

gal.

The concentration would be the same as in the lcading creraticn

that is 1.41 mg/M3. -

Emisslions:

Kg/yr. = 471 M3 x 1.4 mg/M3 x* "1 kg
10° mg

’ .
_Kg/yrj'. = .00066
I

ACM CCeac4



SUB,=CT: pCp lonitoring - honsanto, krummreich Plant, Sauget, DATE: F(?B 15127

FROM:

TO:

WA Forn (3208 (Rev, §.72) * : . ACF

—

UNITED STATES ENVIRONIENTAL PROTECTICH AGENCY ISP

s

I111nots. )
Char1es Miller/Ed Zylstra/John Connell, Technical Advisors, SPS

Gerald r. Regan, Chief, Air Surveillance Branch

On January 27 1976, the _SPS field team (r111er. Zy1strg. Cc::=11)

Plant, Sauoet. I111no1s. A1though lansanto presenLTy nanu,ac°ures PLt's
at this facility, production of PCB's is to be gradually phased-out.
[ '

After a brief discussion and orientation period with Fonsanto officizls,
ASB and ILDD personnel tourad the PCB r=nufactur1ng area including the
incinerator facility. The "plant” area where PC3's are manutacture? is rci
an enclosed structure per se. It is an open Structure constructed cf
steel grating {floors, stairs), safety railings, a maze of piping, collecticn
and reaction vessels, valves, etc. all of which are corplately excosed 2

. the elerants. hr. Claire B.bkley of Monsanto was assigned as escert fer

ASB personnel.

Only two locations viere deemed appropriate as sampling sites for PC3's.
Other possibie sites were inaccessible or had recently been tested Ly
Monsanto - ie. - the recent incinerator test results were furnished Sy .
Monsanto. Thase two sampling locations, the cleaning of glassware, eguic-
ment nsed, sampling procedure, samples cbtained, etc. is described balcu:

Site Location £1 {SEG) - Steem Ejector -~ Ground Level.

This steam ejector pipe terminated just abcve a grate which covered a
‘recessed concrete trough in the floor at ground level. For collection of
the samples, the SPS field team used the glass bubblers, Y-cornector with
reducer coupling, U-tubes, cold trap and vacuum pump. The H-frama base,
and 2x4 manifold -support and glass manifold were not used. Sampling was
performed for a one-hour per1od 1046 ~ 1146 hours.

. Site Location 32 (S_;) : Stesm E;A;tor - Top Level or 2nd Level Atave Grou-t.

These twin steam ejector pipes (somewhat of a candy-cane configuraticn)
terminated out beyond the 2nd level safety railing. Sample collecticn was
performed using the same equipment as at Site Location #1 and included the
'H-frame base, one section of 2x4 manifold support, and one section of

glass manifoid. Sampling v@s performed for a one-hour period, 1205 - 1303

“‘hours. _ .

CC8425
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) The'f011owing narrative defines the process for cleaning of th2
sampling glassware, the actual preparation for sampling, and handling
of the samples colletted in the bubbler train.

The ASB, SPS field team cleaned all PCB monitoring glassware via
the following procedure: ‘

1. Thoroughly wash all glassuare with a solution of PCB free detergan:.

The concentration of the detergant is determinad by the manufacturer's

iinstructions.

2. :Rinse thorouéh]y with tap water.

3. |Rinse thoroughly with distilled water.

4. lRinse thoroughly with acetone (ré;gent'gra&e.or better).

5. Rinse with hexane, rinsz each bubbler three times with 50 ml. of
hexane for each rinse and ‘discard. '

6. WHrap all small glass parts in aluminum foil and ensure propar sealing,
. crimping of the foil. Seal all ball joints of ths bubilzrs with
aluminum foil (alternately, appropriate ball joint fittings - ssaled
on one end and thoroughly cleanad - may be clamped in placs insiezd
" of using aluminum foil; the purpose of the above is to prevent
contamination of the now PCB free glassware). :

- Upon determination of a sampling site Tocation, the sampling equizman:
supportive framework is set-up and ail glassware bubbler box, pump, etc.
are positioned. The sampling procedure is as follows:

1. Remove seals (foil or ground joints and clamps) from the bubblers.
2.. Place 300 m]. hexane into bubbler 1, shake; pour into bubSier 22,
shake, pour into bubbler #3, shake, pour into a sample bottile

appropriately designated as a reagent blank. This progecure is
performed for both sides (A.and B? of the sampling train.

. ACM CCB4ce



Pour hexane; 400 ml., 200 ml., and 300 ml. into bubblers #1, 22,
and #3, respectively.

onnact the entire sampling system - U-tube, manifold, relucar
coupling, Y-tube, U-tubes betuean each bubbler and the cozzar tee
{containing hypcdermic neadles - cne for each side), the gquick -
disconnects betwesan tha tea and the cold trap znd between the ¢4
trap and the vacuum pumd. Ensure that all ball joints ars tighity
clampad. Do not use any lubricunt/sealing compcund on the ground

‘glass ball joints.

Fi1l the plywood box (containing 4 of the six bubblers) and tha
cQld trap with crushed dry ice.

Start the vacuum pump; note the time and vacuum gage reading; sampie

. for one-hour. :

At tha conclusion of the one-hour sampling period, noevacuum g
reacding, tisi<ly dsubie the rubbar hose batuwzan the cozzzr 1=
.the quick-discernnect thus si2paing air flow, pull both disco-n
-apart, and releasa ths previously clamped or kinked rutser his
.shut off the vacuum purp.

L k

=]
~
r

g

Discohnect the Y-tube from the train.

Disconnect the bubbler U-tubes and the rubber hose - glass connzctizca -
‘from last bubbler to the copper tee on one side of the train.

Pour the ébsorbing solutions from one side of the train (3-butblers)
“{nto one sample bottle appropriately identified. All sample bot:le
screv caps must have Teflon liners. Absorbing soluticns and rinsss

. from each side of the train rust be in separate sample bottles - |

Bottle per side of train.

Introduce approximately 50 m1. of hexane into bubbler #1, shake, riur
{nto bubbler #2, shake, pour into bubbler #3, shaxe, and pour irni:
the ‘appropriate sample botile from Step 10 above. PRepeai this wii:
another 50 ml. portion of hexane. Repeat for the second or otiher
side of the'sampling train.

" ACM CCE4z7
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Introduce 300 ml hexane into bubbler #1, shake, pour into bubhler
§2, shake, pour into bubbler £3, shake, -and pour into anather
appropriately identified sample bottle. This is also a reagzant
hlank. Repeat for the other side of the train.

The bubblers can now be properly filled with the designated zmouriz
of hexane (400 ml., 200 ml1., 300 ml.) for the next sampiing periz:.
If additional sampling is not required, the equipment (glassuare)

must be wrapped/sealed as defined in Step #6 of the ¢lsaning pr5

]
’
L)
1
H

Timm
Haligren
Torrez

c Iylstra

Connell
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DATE

The table below defines the varlous sa*ple* collected o
pCcB manufactJrlng Tacility: _

L
¥ et | e

-
—
e

Reagent Blank,
i - .

ACM

CCb4cS

] LOCATION ASD DESIGHATICH L23.

1/27/76 Reagent Blank, Pre (SEG) . 3A-T27-1 76<13335
1/27/76 f'ieagent Blank, Pre (SEG) " 3B-T27-2 76-12337
1/27/76  Sample (SEG) ' 3A~T27-3 76-13533
1/27/76 Sample (SEG) . 3B-T27-4 76-1353
1/27/76  Reagent Blank, Pre (SET) | 3A-T27-5 76:13552
,1/27/76 | Reagent Blank, Pre (SET) " 3B-T27-6 . 76-12251
/27776 ISampTe (SET) | 3A-T27-7 76-13582
V2176 sample (SET) | " 3BT27-8 76-13553
'1/27/76  Reagent Blank, After (S£@) Sample " 3A-T27-9 76-13332
1727776 Reagent Blank, After (SEG) Sample ‘ 3B-Tgf—10 76-13235
1/21/76  Reagent Blank, After (SET) Sample ' 3A-T27-11 76-13855
1/27/76 After (SET) Sample | 3B-T27-12 76-13257
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u. s. r:wmo:::u.umz. PROTLCTION ACERC
& pelIon V, COUTIAL REGIONAL LALORATORY
A18Y2 1. TRRSIING RCAD, CHIHICASO, ILLINDIS GOGDO

. .- Dato
DATA TRANSMITTAL SLIP Feb. 26, 1976

TO:
. Chief, Air Surveillance Branch U
Surv. & Anal, Division

DATA IDZuTIZICATION
Data - Sample Numbers 13652--13667

]
1
i . .

.~ -

& ' .
RECEIVED
F EB 271575
AIR SUR\!EILLA:’ St ERANCH
EPA RaGIG v
REHARNS
{
- FROY _
. Q‘Q &MP:‘I /
DATA COORIINAZTON, CENTRAL GJ-OunL LABCRAITAY
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Monsanto-Sauget, Illinois

Critical

Oriflen
Sample Flowrate o
Sampling Location Nu.p m3/hqu
Site #1
« Stcam Ejector-Ground 76-13658 | 3A-N.71402

Level (SEG)

76~13609

Site £2

Steam Ejector-Top

Level-(SET)

76-13662

76-1366)

JA-0.71402
38-0.63602

38001002

Neaent

12,1/ 8.4

Difference-
Bblank Values Average Sample
Wwlore & After | Reagent Sample Minus Final
i.ich Sanple Blank Values | Values Ave. Blank Value
uefuample ug/sample ug/sample | Value - up/ml
7.0 / 16.8 11.9 31.5 19:6 27.5
Wl /3.3 4.0 25.0 21.6 33.9
N.A. / N.A. 72.5
10.3 N.A. s

CCob434
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val Mpans om st 0,

AR b 4 & % G BmL e St Gess ¢

N

*"Monsanto

Interpretation of tae data chart:-

Column 1- Sampling Location - corresponds to the preceding narrative
defining sampling sites.
i .
Column 2- Sample Numbers - assigned by ASB and for use by the ana-
lytical laboratory.

: ' ,
Column 3- Critical Orifice Flowrate (m3/hour) - calibrated flowrate of
the critical orifice utilized on each side of the sampling train,

Column 4- Reagent Blank Values - Before and After Each Saméle (ug/
sample - defines the analytical results determined for each reagent
blank.

Column 5~ Average Reagent Blank Values - sirnp-ly the average of the two
values m the precechng column.

Column 6~ Sarple Values (ug/ sample) ~ analytical results of the samplzs
submitted.

-Column 7- Difference - Samnple Value Minus Average Blank Value - defines
a value representing only the sample,

- Column 8- Final Value (ug/m3) - defines the final or actual value of

PCB's obtained at the particular sampling location; determined by divid-
ing the true .sampling air flowrate into the corrected value (Column 7).
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Polychlorinated biphenyls (PCBs) have a basic chemical structure as

INTRODUCT ION

follows: |

Cly el .

From one to ten chlorine atoms may be attached to the structure re-
sulting in 210 possible isomers. PCB's have certain physical broﬁerties;
including high heat capacity, chemical stability, and excellent dialgctric
properties which make them highly desirable for a number of industrial
uses. Concern has been expressed in recent years over the widespread -
dispersion of PCB's in the environment. These compounds are suspected

to have significant'adverse effects on organisms at the top of the food
web, including man. Biomagnification of this contaminant in natural
predator-prey food chains has been dogumented by numerous studies. To
complicate the problem, the rate of degradation 6f PCB's in the environ-
ment, particularly the higher substituted isomers..is postulated to 5e
extremely slow. This situation allows for the possibly significant .
accumulation of these persistent chlorinated organic compounds in the'
environment. A thorough-discussion of the problem and of the environ-
.mental data that are available has been presented by Selikoff (1972)°

and the U.S. Government Interdepartmental Tasks Force (1972). |
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In response to the rising concern over PCB's fn the environment, the% *
single domestic manufacturer.of.these materials (Monsanto Co.) has
voluntarily taken two actions'to.reddte the env{ronmenta] hazard. The
trade name for these domestically-manufactured compounds is Aroclor,
Beginning in 1970, the production of Aroclor was'Voluntari1y reduced

by tﬁe manu,factur:ér and supplywas discontinued to those users who

could not control ralease to the environment. Production of the more
highly chlorine substituted Aroclor mixtures has since been curtaileg

or discontinued and a lower-substituted, refined mixture (Aroclor 10*6)
!

has been introduced. Some researchers have concluded that the lower,
substituted PCB isomers do not persist as long in the environment as'

the higher substituted jsomers, and that they may be amenable to bio-
logical degradation. Aroclors are still employed in electrical capacitors,
transformers, vacuum pumps and gas-transm{ssion turbines (Hutzinger,z

Safe and Zitko, 1974). ’
There are a number of foreign producers of PCB. The major foreign
products are listed in Table 1. Some domestic industries, whose supply
of Aroclor has been curtailed by the producer, have turned to foreign
supplied PCB's. The extent of the use of these foreign products in

the U.S: is not know at the present time.

The Environmental Protection Agency, Office of Toxic Substances has :

-undertaken an environmental monitoring program to assess the magnitude

and potential hazard of PCB contamination of the environment and to
assess the effectiveness of voluntary controls on use of these compounds.
The first phase of this mortoring program has been completed. The

initial effort was directed toward the evaluation of PCB contamination
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Table 1.  THE WORLD'S MAJOR PRODUCERS OF PCB*

Producer Country ' Tradename of PC3
Monsanto U.S.A. and Aroclor

Great Britain

Bayer Germany . Clophen
Prodelec France Phenoclor and
Pyralene'

Kanegafuchi Japan Kanechlor

Mitsubishi- : © Japan : Santothe;m
Monsanto ‘

Caffaro Italy Fenclor

Sovol ~ U.S.5.R,

Chemko Czechoslovakia

*after Hutzinger, Safe and Zitko (1974).
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of soils in the vicinity of potential industrial sources and of waste-
|

waters from these sources. !
Soil samples have been taken iﬁ the vicinity of Yates Manufacturing Co.
in urban Chfcago. I1inois; Valcast, Inc. 1in Troy, Michigan, a suburb
of Detroit; and the Monsanto Co., Krummrich Plant in Sauget, I1linois,
near East St. Louis. Prior to 1972, the Yates Manufacturing Co. u;ed
Arociors 5460, 6090 and 5442 in the production of wax mold material

for the investment casting (lost wax) process. These mixtures-contain
both PCB and polychlorinated terphenyl (PCT). Subsequent to 1972, tﬁis
company has been purchasing a PCB of foreign origin. Fenclor DK, a ;
product of Caffero Corporation in Milan, Italy, has been substituted’
for the unavailable Aroclors. Valcast, Inc. is an investment casting
facility. It has been reported that Valcast purchases the necessary:
wax compounding materials from Yates Manufacturing Co. The Krummri?h
Plant of Monsanto Co. is the only PCB production facility in the U.S.

A1l domestic Aroclors are produced at this Tocation.
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. sample representative of the chosen sample point, is illustrated in

EXPERIMENTAL ' " ;

Sampling Methods

Surface soil samples were collécted at each site.from the plant !
bounda}; to a distance of approximately one mile at % mile intervals
in each direction subject to the physical constraints encountered.

At each sample po%ﬁt. five sub-samples were collected within a radius
of 10m to a depth of 2.5 cm over a 100 cm area. This mode of

sampling, which was designed to collect a homogeneous surface soil

Figure 1. Vegetative matter was removed with forceps and the five .
sub-samples were composited and thoroughly mixed. Every attempt was :
made to select sample points where surface vegetation was sparse and
where it appeared unlikely wind scour would be a major soil transport -

factbr. Samples were placed in pre-cleaned, wide-mouth glass jars

with aluminum foil-1ined closures.

Water samples were collected from a drainage ditch adjacent to the .
Valcast plant, of Valcast effluent cooling water and from the sanitary
sewer system downstream of Valcast. Wastewater samples were taken from
the influent and effluent of the Sauget, I1linois sewage treatment
plant. The Monsanto facility uses this treatment plant for wastewater
treatment. These lattef water samples were 24-hour composites. of the
treatment plant influent and effluent; the former were grab samples.

Al samples were taken in 1 1. glass containers, composited and stored

in 4 1, pre-cleaned glass-stoppered reagent bottles.
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Figure 1. Dfagram showing surface soil sampling

method. Not to scale. Five sub-samples

are composited to yield a single sample.
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Extractjon and Condentration

The soil sample is thorough]} mixed and sectiongd into quarters. Two
of the quarters are rejected hnd the remaining quarters are again mixed
and quarteéed. This is continued until a representative sample size of
about 50 g is obgained. This sample fraction is allowed to air dry at
room temperature: PCBs are extracted from the so0il using a soxhlet
apparatus and 75 ml of 1:1 nanograde hexane/acetone for a 10 g soil
sample. The extract is concentrated to 5 m1 on a Kuderna-Danish
apparatus and dried with sodium sulfate. This concentrate is evapo-
rated to dryness under dry No at room temperature then redissolved in

1 ml of nanograde hexane. This procedure basically follows that

described by the EPA (1974).

Water samp]e§ are triple extracted with 15 percent nanograde ehtyl ether‘
in hexane, dried with sodium sulfate, concentrated on a Kuderna-Danish
apparatus, evaporated to dryness under N2 and redissolved in 1 ml
nanograde hexane. This method is similar to that recormmended by the

EPA (1973).

Sample Cleanup

Both the soil and water extracts are cleaned-up by the use of a silica-
gel column. The colunin is eluted with nanograde pentane followed by
nanograde benzene. The PCBs present in the extract appear in the

" pentane fraction; pesticides appear in the benzene fraction. The pen-
tane fraction is further treated with concentrated H»50; to eliminate
unstable organic compounds. The silicagel separation procedure is
described by Snyder and Renert (1971). The sulfuric acid cleanup

was adapted from Murphy (1972).
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Analytical Methods
All analyses are by gas chromatography. A dual-column Varian 2760
instrument is employed with the following conditions:
a) detection and quantifications
lass column, 6" length, 1/8 ID
.53/1.95% 0OV-17/ liquid base
Chvom WA, 80/100 nmesh support
N 38 psn\:z inlet pressure, mi/min
detector temperature 225° C
colum temperature 200° C
Injector temperature 215° C
b) confirmation
stainless steel column, 5' length, 1/8 ID
1.530V-101 1liquid phase
Cyom GHP, 100/120 nmesh support
No 30 psig inlet pressure, 43 mi/min
detector temperature 225°C
colum temperature 205° C
injector temperature 210° C
Detection is by electron capture using a tritium detector. Mess

spectrographic confirmation has also been obtained on selected samples.

The PCB are quantified in a two-step process. First, the elution
pattern is compared to those of standard mixtures and the closest pat-
tern metch is considered to be the R®B present. Tre relative peak
heights in a mixture are a good indication of a metch with a standard,
as iIs the presence or absence of later eluting peaks. Good matches with
standard Aroclor mixtures have been obtained. The presence of
decachlorobiphenyl is easy to ascertain since it is a single peak Qe
the elution pattern is subjectively matched to a standard R®B pattern,
guantification is conducted by electronic integration of pesk areas
using a Hewlett-Packard Integrator Modd 3380A The total area of all
accepted matching peaks in the elution pattern of the sample is compared
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with the total area of the same peaks in the standard mixture and a

sample concentration is calculated.

The Arctlors used for preparation of standards were obtained from the
Monsanto Company and the EPA Southeast Environmental Research Laboratory.

Fenclor DK was provided by EPA Region V personnel.

Sample Replication and Recovery Studies

A number of replicate analyses were conducted to determine the repro-
ducibility of both the analytical method and the sampiing method. The
results of these replications are tabulated in Tables 2 and 3. All
replications conducted to date are of soil samples. Table 2 lists the
results of the analysis of two fractions of a single soil sample.

Table 3 1ists the results of the analysis of replicate samples and, =

hence, represents both sampling and analytical variability.

The results of several PCB recovery studies are tabulated in Table 4.
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Table 2. ANALYTICAL REPLICATES OF SOIL SAMPLES
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Table 3. SAMPLE REPLICATES OF SOIL SAMPLES

Replicate Aroclor 1260 (ppm) Decachlorobigheny! (pon)

Y-1 0.53 1.0
0.40 1.4
mean 0.47 mean 1.2
M-1 9.8 1.3
9.3 1.0
mean 9.6 mean 1.2
M-2 0.12 0.015
0.46 0.069
mean 0.29 mean (0.042
M-3 0.23 0.64
<0.01 0.58
0.12 mean 0.61
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Table 4. RESULTS OF RECOVERY STUDIES FOR PCBs

- PCB Type Percent Recovery
FLC 'ype -

Aroclor 1242 105
Aroclor 1260 85
Aroclor 1260 122
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RESULTS AND DISCUSSION

PCBs were detected in soils at all three sampling locations. The
elution patterns obtained most closely matched Aroclor 1242, Aroclor
1260 and decachlorobiphenyl. Sail concentrations ranged from the

detection limit of 0.001 ppm to over 20 ppm.

Data from Vicinit} of Yates Manufacturing Co., Chicago, IL.

Figure 2 illustrates: a) a chromatogram of Fenclor DK, the foreign
supplied PCB presently used by Yates Mfg. Co. in the production of
investment casting wax compounds; b) a chromatogram of a standard

Aroclor 1260 and; c) a typical chromatogram of a soil extract taken

in the vicinity of the site.

Figure 2a demonstrates fhat Fenclor DK is nearly pure decachlorobiphenyl.
This compound is unusually pure for a technical grade material. One i
minor peak elutes just before the predominate decachlorobiphenyl peak.
The retention time of the minor contaminant peak is such that it may

be expected to be an octachlorobiphenyl since it exhibits the same
retention time as the latest eluting peak in a standard Aroclor 1269
mixture. It js apparent by comparison of peak retention times with the
sample chromatogram, Figure 2c, that decachlorobiphenyl is present in

the soil" sampled. The measured concentration of decachlorobiphenyl in
this particular sample was 1.0 ppm. The presence of decachlorobipheny!
in this sample has been confirmed by mass spectrometry. Figure 3

illustrates a portion of the mass spectrum of the sample and a standard

decachlorobiphenyl obtained from a different source.

The sample elution pattern also indicates the presence of Aroclor 1260

as can be seen by comparison with the Aroclor 1260 elution pattern.
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Figure 2. Typical chromatograms of standard PCBs and of a soil sample taken in
the vicinity of Yates Mfg. Co., Chicago, I1linois.
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The concentratibn of Aroclor 1260 in this samﬁ]e is 0.53 ppm. There is
no indication of degradation of the Aroclor 1260 since virtually all
peaks in the sample chromatogram'are present in the same relative propor-
tion as-in the standard. There are no significant, undefined peaks in
the chromatogram following the acid cleanup procedure. Certain of the
samplé chromatogrﬁms indicate the presence of lower weight PCBs, however

the guantities present tend to be far less than either Aroclor 1260 or

decachlorobiphenyl at this site,

Figure 4 depicts the quantity of Aroclor 1260 measyred in samples taken

in the vicinity of Yates Mfg. Co. There exists no apparent spatial

pattern of Aroclor 1260 distribution over the study site. There is little-
to indicate the source of the Aroclor 1260 contamination is Yates Mfg.Co.
Aroclor 1260 has not, in fact, been used by Yates. Prior to 1972 i
Aroclors 5442, 5460, and 6090 were purchased by this company. Subseguent
to 1972, Fenclor DK and Aroclor 5460 have been in use. Aroclors 5442

and 5460 are terphenyl mixtures with 42 percent and 60 percent chlorine

by weight, respectively. Aroclor 6090 is 90 percent terphenyl and 10 per-

cent Aroclor 1221. Aroclor 1221 does not appear in the soils at this

site.

Figure 5 illustrates the distribution of decachlorobiphenyl in soils near
the Yates facility. The distribution has some elements of a pattern
-of higher levels closer to the Yates facility with decreasing concentraticn
with distance. Such a pattern may be expected if Yates were the source

of the decachlorobiphenyl (or Fenclor DK) contamination.

\
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Figure 4,

Concentration of Aroclor 1260 in soil as a function of distance
from Yates Mfg., Lo. Concentrations are expressed in ppm.
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Figure 5. Concentration of decachlorobiphenyl in soil as a function of distanze
from Yates Mfg. .Co. Concentrations are expressed in ppm.
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Data from Vicinity of Valcast Corp., Troy, MI.

valcast Corp. is an investmeﬁt casting facility located in a small indus-
trial park in suburban Detroit, MI. PCBs are a constituent of the wax
mold compound used to fashion intricate shapes which are to be cast.
Figure 6 is a typical chromatogram of a soil sampie extract taken fron
this Tocation. Aroc]or 1260 is present in many of the soil samples.
Decachlorobiphenyl is absent in the soils. Figure 7 shows the concen-
trations of Aroclor 1260 observed in the vicinity of Valcast Corp. Mo
distribution pattern is evident. The one observed concentration of

18 ppm Aroclor 1242 appears to be anomalously high, however, replicate
analysis yielded values of 16 ppm and 19 ppm, respectively. Aroclor 1242

was not detected in any other spil samples from this area.

A small drainage ditch passes adjacent to the north boundary of the
Valcast facility. This ditch serves to remove stormwater runoff in the
vicinity and receives discharged cooling water from Valcast and other
local small industries. Analysis of the Valcast cooling water at the
point of discharge and of wﬁter in‘the drainage ditch failed to detect
PCB levels greater than the detection limit of 0.1 ug/1. Two bottem
sediment samples taken from this drainage ditch, however, had concentra-

tions as follows:

Aroclor 1242 2.3 ppm 9.4 ppm
Aroclor 1260 6.7 ppm 8.9 ppm
Decach]ordbiphenyl 0.09 ppm 0.11 ppm

Three grab samples of water and bottom sludge were taken from the

sanitary sewer system about‘]/4 mile down stream of the Valcast facility.
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ANALYTICAL RESULTS OF SAMPLES TAKEN FROM THE SANITARY SZWER

Table 5.
- SYSTEM OF TROY, MICHIGAM, AT INTERSECTION OF ELLIOT AND
EXECUTIVE DRIVE.
Date Time Type Sample Aroclor 1260 Decachlorchiphany]
23 Feb 75 1530 water <0.1 ug/1 <0.01 g/l
22 Feb 75 1815 water <0.1 pg/1 <0.01 »q/1
23 Feb 75 1145 water 7.0 ug/1 4.1 pg/1
22 Feb 75 -- bottom sludge 0.11 ppm 0.034 ppm
\
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This sewer systemseﬁves numerous small industries in the area. Resuits
of the analysis of these sampies are tabulated in Table 5. It appears
that some Aroclor 1260 and dec&chiorobiphenyl are finding their way ints
the sewer system. Insufficient information is available to identify

the source of these PCBs.

Data from Vicinity of Monsanto Co., Sauget, IL.

Aroclors have been produced by Monsanto Co. at the Sauget, Illinois

site since prior to 1957. PCB mixtures ranging from 16 percent chlorine
to 68 percent chlorine have been produce& over the years. Production of
the higher percent chlorine mixtures has been voluntarily reduced since
1970 and lower substituted isomers have been introduced. Polychlorinated
terphenyls and chlorinated benzenes have also been produced at this
facility. It is reported (Papageorge, 1975) that terphenyl production -

was suspended in 1971.

A typical chromatogram of a soil sample taken in the vicinity of the
Monsanto facility is shown in Figure 8 along with the chromatogram of
several other PCBs run under the same instrument conditions. This
particular soil sample contains 11 ppm Aroclor 1242, 9.3 ppm Aroclor 1250
and 1.0 ppm decachlorebiphenyl. Lighter chlorinated Aroclor mixtures '
are likely present as well. The instrument conditions employed, however,
do not give adequate separation of these mixtures to permit accurate
quantification. The presence of decachlorobiphenyl at the concentrations
observed is interesting. Decachlorobiphenyl has been regorted as a compo-
nent of only one Aroclor mixture, Aroclor 1268 (Hutzingér. Safe and Zitko,
1974). Whether it may be a tomponent of any of the terphenyl mixtures or

biphenyl/terpheny! mixtures or a by-product is not known.
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Figure 8.

Typical chromatograms of standard Aroclors, decachlorobiphenyl and a soil
sample taken in the vicinity of Monsanto Co., Sauget, Illinois.
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The measured soil cbncentration of Aréclor 1242, Aroclor 1260 and deca-
chiorobiphenyl in the vicinity of the Monsanto facility are depicted

in Figures 9, 10 and 11, respeﬁtively. Figure {2 shows the Tong-term
average win& direction in the area. The distribution of all PCBs

analyzed appears to be higher near the plant site»and generally decreasin;
with distance from the site. Furthermore, there is evidence that generally
higher concentrations are present in the soils located to the southeast.
This corresponds to the predominant wind direction and may suégest an

airborne transport of the PCBs from the facility.

One 15 cm deep core sample was taken 1/2 mile southwest of the Monsanto
site. Analysis of the bottom 11 cm of this soil yielded PCB concentrations

basically equivalent to the top 4 cm.

A 24-hour composite sample from the influent and the effluent of the
Sauget village sewage treatment plant taken beginning 0800 on February 17,
1975, was provided by plant personnel. The Monsanto Co. jointly owns this
facility. Analysis of these samples were as follows:
Aroclor 1242 Aroclor 1260 Decachlorobiphenyl
influent 6.8 ng/1 8.7 u§/1 <0.01 ug/1 .
effluent 4.5 ug/1 4.7 ug/ <0.01 g/l

The treatment plant effects a reduction of 34 percent Aroclor 1242 and

46 percent Aroclor 1260. No decachlorobiphenyl was detected.
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Figure 9. Concentration of Aroclor 1242 in soil as a function of distance
from Monsanto Mfg. Co. Concentrations are expressed in ppm.
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Figure 10. Concentration of Aroclor 1260 in soil as a fun¢tion of distance
from Monsanto Mfg. Co. Concentrations are expressed in ppm.

ACM CCE4TC



1T mi.

Figure 11. Concentration of decachlorobiphenyl in soil as a function of
distance from Monsanto Mfg. Co. Concentrations are expressed
in ppm, -

ALM CCB4171l



“h

P

NwW

L

SW

Figure 12. Ten Year Averaged Wind Rose for St. Louis, Missouri,
January through March, 1951-1960.

Scale:

\
1" = 5% Calm Winds = 2.0%

AP CCcale



REFERENCES

Environmental Protection Agency (1973). Method for Polychlorinated
Biphenyls (PCB's) in Industrial Effluents. NERC, Cincinnati, OH.

Environmental Protection Agency (1974). Analysis of Pesticide
Residues in Human and Environmental Samples, Pesticides and
Toxic Substances Effects Laboratory, Research Triangle Park, N.C.

Hutzinger, 0.; Safe, S.; and Zitko, V. (1974). The Chemistry of
PCB's. CRC Press, Cleveland, OH. 269 p.

Murphy, P.G. (1972). Sulfuric acid for the cleanup of animal tissues
for analysis of acid-stable chlorinated hydrocarbon residues.
JAQAC 55:6; 1360-1362.

Papageorge, W.B. (1975). Personal comunication. Manager, Product
Acceptability, Specialty and Process Chemicals, Monsanto
Industrial Chemicals Co., St. Louis, MO.

Selikoff, I.J. (1972). ed. PCBs - Environmental Impact.
Environ, Res. 5:3; 248-362. ‘

U.S. Government Interdepartmental Task Force on PCBs (1972). -
PCBs and the Environment. NTIS document COM-72-10419.

ACM CCB4T2



COMCLUSTONS
1. The distribution of Fenclor DK suggests that this compound may be
transported to soils in the viciﬁity of Yates Mfg. Co. by way of

airborne emissions.

2. Aroclor 1260-is present in urban Chicago soils. There is no

evidence Yates Mfg. Co. is the source of this soil contamination.

3. Detectable, but lower levels, of Aroclor 1260 are present in soils
in Troy, Hichigan. There is no evidence Valcast Corp. is the source
of the soil contamination. No decachlorobipheny1.(or Fenclor DK) was

detected in soils in the area.

4. Significant quantities of Aroclor 1242 (18 ppm) were observed in

a single-soil sample taken in a residential area near Valcast Corp.

The importance of this single data point should not be over-emphasized.
However, Aroclor 1242, Aroclor 1260 and decachlorobiphenyl vwere also
detected in drainage ditch sediments at much higher concentrations than

the observed PCB levels for soils in the area.

5. The drainage ditch sediments near Va1cﬁst Corp. contained detectable
levels of decachlorobiphenyl. Its source is unknown. A number of small
industries are located in the immediate vicinity, any of which could be

the source as well as intermittent discharge, leakage or runoff from the

" Valcast site or facility.

6. One of three grab samples taken over a period of time from the sani-

tary sewer system near Va{gast Corp. contained detectable levels of

Aroclor 1260 (7.0 ug/1 and decachlorobiphenyl (4.1 ug/1). The other two
samples were below detection 1imits of 0.01 pg/1 and 0.001 ug/1, respectively.

Sewer sludge contained both Aroclor 1260 and decachlorobiphenyl. These
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materials are apparéntfy discharged to the sewer system on an inter-

mittent basis. The source is unknown,

7. Decachlorobiphenyl is relatively abundant compared to the other PCBs
in soils in the vicinity of the Monsanto facility. Decachlorobipheny!
is not reported to be a major component of any of the Aroclor mixtures.
It may be a by-product associated with Aroclor production which is
eliminated or greatly reduced in the comercial preparations by refine-
ment at the Monsanto facility and may, therefore, find its way into the

environment at this location.

8. Aroclors 1242 and 1260 were also present in soils near the Monsanto
ptant. There appears to be a tendency for higher PCB levels close to
the plant with decreasing concentration with distance. There is some
evidence that h{gher sofl concentrations exist along the northwest to
southeast axis whicﬁ corresponds to the dominate wind direction at
this location. This suggests airborne transport of the PCBs from the
plant with subsequent deposition, of at least the heavier isomers of

PCB, on nearby soils.

9. PCBs are present in Sauget, I11inois wastewaters. The sewage
treatment plant removes less than 50 percent of the Aroclor 1242 and

Aroclor 1260. Decachlorobipheny! is not present in these wastewaters.

*10. Aroclor 1260 was found to be present in the soils of all three

sites sampled. This product is currently used in electrical transforrer
fluids and has been used in the past in hydraulic fluids, plasticizers

and dedusting agents (Hutzinger, Safe and Zitko, 1974). Aroclor 1242
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was found in comparable concentration near the Monsanto facility and in
drainage ditch sediments near Valcast. This product has consistently

been the most heavily produced‘bj Monsanto of all the PCB mixtures.

11. Decachlorobiphenyl may be more widely spread than would be anti-

cipated by projeciion from Monsanto production figures for Aroclors.
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G3ESTIONS FOR CONTINUED STUDY OF PCBS
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Conduct total PCB analysis employing the perchlorination technique
of selected samples on hand.: Determine what fraction of the total
PCE present has been quantified as Aroclors 1242 and 1260 and

decachlorobiphenyl.

Conduct polychlorinated terphenyl (PCT} analysis of selected

samples on hand.

Assess PCB and PCT levels in various urban and non-urban soils

and stream sediments.

Conduct analysis of airborne and precipitation-borne PCB and PCT

in the vicinity of known users.

Evalyate PCB and PCT levels in and near dumps and landfills in

the air, water, soil and groundwaters.

Investigate the potential for chlorination of biphenyl at normal

wastewater and drinking water treatment levels.

Investigate the possibility of chlorinated dibenzofuran, dioxin
and naphthalene contamination of various foreign and domestic

PCB products.

Evaluate the rate of degradation of PCBs in the environment.

ACM CCE4T7
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Mf UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
R, WASHINGTON. D C 20430

September 23, 1975

Dr. Robert E. Keller

Manager, Applied Sciences

Monsanto Industrial Chemicals, Inc.

800 North Lindbergh Blvd. -
St. Louis, Mo. 63166 )

Dear Dr. Keller:

In reference to our Las Vegas conversation, the following
are attached:

1. "Environmental Levels of PCB's™
2. PCB data from the Sauget, Illincis area.

if possible, I would be interested in having a copy of the PCE
list of references you had  compiled. <Call if I can be of
further help. My phone number 1is 202-755-6936.

Sincerely yours,

Vincent J. DeCarlo,

Chief, Monitoring and Information
Systems Branch

Office of Toxic Substances

ACM CCB44c
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WITED STATCS
ESVIRONMENTAL PROTICTION AGENCY
NATIONAL WATER QUALITY LAZORATORY
6201 Conzéon 2oulevard
Duluch, Minnesova 55804

February 25, 1972

Dr. Scott Tucker

Monsanto Company

Organic Chemicals Division
1700 South Second Street
5¢. Louls, Missouri 63177

Dear Dr. Tucker:

On May 22 and 23, 1972, chere will be an informal incer-
agency work session on PC3's in the environment, to be held at
the Holiday Inn at Duluch, Minnesota. Our objectives are to
assess the present state of knowledge and effort, and to identify’
additional study need priorities. You {(or in some cases, a
menber of your -agency) are invited to participate. A copy of

the proposed agenda and time schedule is enclosed.

Please let us know by April 1, 1572, if you will actend.
Additional information will be sent later regarding reservation
times and places.

Very truly yours,

i A - - *
Donald I. Mount, Ph.D.
Direccor

Eacl.

ACM CC8478




INTERAGENCY MEETING OX PC2's IN THZ ENVIRCNUINT

Monday Morainz, Mav 22, 1972

WEILCOME ' Donald I. Mount, Ph.D.
ARANGIIENTS AND ANNOQUNCENEIRTS
STATE OF THE ART
Presentacion of present eiforcs by attendees.
TEZ OUTLOOK

EPA ENFORCEMENT

Monday Afternoon

THRZE CONCURRENT SESSIONS ON NEEDS

This session, after ics discussion regardiag regulation, will =
split with atrtendees going to the session of their choice,
either B or C.

A. Regulation - Head and Srimi

Use of isomer measurements quantificacion of PCB's
Residue tolerances, etc.

Oil-sediment regulations

Discharge permit usefulness

Eec., etc.

B. Analytical = ' S Donaldson and Veith

Separacion of isomer and aroclors
Clean-up
Precision accuracy
Positive identification
Labeled compounds
Monitoring nceds
Scnadtivicy
Type sample
Preservacion

ACM CCB8419



C. Biological Effects = Duke and Schoettger
Additional toxicity sctudies

Aquacie o )
- Terrestrial .
Residue studies aad half-iife
Food chain studies
Interaction with pesticidas

-

Moaday Everninn

INTEREST GROUP Informal Meetings

(about 3)

Tuesday Morning, May 23, 1§72

PRESENTATION BY EACH OF THREE WORK GROUPS '
Head, Donaldson and Duke

MEETING SIMMARY AND IbENTIFICATION OF NEEDS AND PRIORITIES



Monsanto

MQHSINTO INBUST'RIAL CHEMICALS CO.
_ BOO N. mehlrgh Bovlevard

st. Lourg, Missoun 63166

Phone: (314 5£4-1000

January 14, 1976

Mr. Robert D. Kleopfer
USEPA Region VII Laboratory
25 funston Road

Kansas City, Kansas 66115

Dear Mr. Kleopfer:

Per our phone conversation of 1-14-76, I am sending you a copy
of ASTM Method D-3304, which was developed from analytical
methodology provided by Monsanto. I am also enclosing a copy
of my presentation at the National Conference on Polychlorinated
Biphenyls in Chicago on November 19, 1975. _This paper describes
the properties and composition of PCB 'mixtures., The text I
recommended as a reference for further lnformatlon is listed as
reference 1 in the paper.

I hope this information is useful to you.
Sincerely,
fEE}c-v-.CFﬂ ’112¢111A10

J. P. Mieure, Ph.D.
Research Group lLeader

S
.Enclosures(2) - .

beec: R. E. Keller
J. C. Weber
D. Wood

ACM CCE4E]

8 unit of Monsanto Company
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SUBJECT:
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UNITED STATES GOVERNMENT

ENVIRONMEN.AL PROTECTION AGENCY
National Water Quality Laboratory

M 87 n 0 Ta nd um - 6201.Congdon Boulevard

Duluth, Minnesota 55804

See Belov - : ' .
; DATE: May 2, 1972

Director, NWQL,
Duluth, Minnesota

Interagency Meeting on PCB'a in the Environment
-

The progress for the "“Interagency Meeting on PCB's in the Environment"
scheduled for May 22 and 23, 1972 to be held in Duluth, Minnesota has
now been finalized. The program remains essentially the same as the
one which was announced earlier and a copy is enclosed. Starting time
will be 9:00 a.m., May 22, 1972 in the Conference Room at the Duluth
Holiday Inn. .

For the presentation of present efforts by attendees it is requested
that one individual present the efforts of his group or laboratory.
Presentations should be limited to ten minutes or less and be scrictly
informal. We would expect presentations from the following groups:

1. Fish Pesticide Laboratory

2. Southeast Water Laboratory -
3., Perrine Primate Laboratory

4., Chamblee Toxicology Laboratory

5. Momsanto .

6. Justice Department

7. Great Lakes Fisheries Laboratory

8. National Marine Water Quality Laboratory

9. Analytical Quality Control ‘Laboratory
10. Gulf Breeze Laboratory
11, National Water Quality Laboratory
12. Food and Drug Administration .
13, Patuxant Wildlife Research Center, and .
14. Department of Fisheries and Wildlife, Michigan State University.

If other individuals desire to make a presentation of important findings .

‘or facts, please contact John I. Teasley, National Water Quality Laboratory,

Duluth, Minnesota 55804.

For Monday evening a group dinner is beihg planned preceded by a
cocketail hour and followed by the interest group discussion. This will
be an excellent time.to meet other attendees to discucs mutual problems.

b " Buy U.S. Savings Bonds Regularly on the Payroll Sovings Plan
ACF CCE4EZ

PLAINTIFF'S!:
5 EXHIBIT 25 ¢

R i ]




' u//;:. William Papageorge )

Interagency Meeting on PCB's in the Environment 2

Those who do not have accommodations in Duluth as yet can obtain
them directly at the Duluth Holiday Inn (please specify the National
Water Quality Laboratory PCB Meeting), or if you desire, contact
John Teasley who will make the necessary arrangements for you. Likewise,
if possible, a schedule of your arrival time in Duluth would be helpful.

-

'{A)d\’\-— 7
Donald I. Mount, Ph.D.

Attachment:
Program (2 pgs)

TO:
Mr. William T. Donaldson )
Dr. Ronald Webb

Dr. Leo Azarraga ; Southeast Water Laboratory, Athemns, Georgia
Mr. George Baughman )

Dr. Thomas Duke
Dr. Del Nimmo

Mr. Albert Wilson

)
; Gulf Breeze Laboratory, Gulf Breeze, Florida
Mr. John Couch )

Dr. Richard Schoettger ) Fish Pesticide Laboratory,
Dr. David Stalling ) Route fl1, Columbia, Missouri 65201

Mr, August Curley, Chamblee Toxicology Laboratory, Chamblee, Georgia 30341
Dr. Henry F. Enos, Perrine Primate Laboratory, Perrinpe, Florida 33157

Dr. Scott Tucker ) Monsanto, St. Louis, Missouri 63166

Dr. Gilman Veith, University of Wisconsin, Madison, Wisconsin 53706

Dr. Elizabeth Anderson, Environmental Protection Agency, Washingtoa, D.C. 20460
Dr. John Buckley, Eavironmental Protection Agency, Washington, D.C. 20460

Dr. Jerry Burke, Food and Drug Administration, Washingtoa, D.C. :

Dr. Stan Hegre ) National Marine Water Quality Laboratory
Dr. Peter Rogerson ) West Kingston, R.1.

Dr. Howard Johnson, Michigan State Universit st Lansi 4
Mr. William Potter, Food and Drug ALversiey sast Lansing, MI A 48823 .

Mr., Wayne Willford, Great Lakes Fisheries Laboratory, Aann Arbor. MI 48107
Dr. John Hesse, Hichigln Department of Natural Rssource-. Langing, MI 48895

Mr. Jim Lichtenberg )

Mr. Tom Bellar ) Analycical Quality Comtrol Labotatory, Cincinnati, OH

\
\

ACM CGE463



INTERAGENCY MEETING ON PCB's IN THE ENbeDNHENT

Mondaz Morning, May 22, 1972

WELCOME . R Donald I. Mount, Ph.D.
ARRANGEMENTS AND ANNOUNCEMENTS
STATE OF THE ART -
Presentation of present efforts by attendees.
THE OUTLOOK

EPA ENFORCEMENT

Monday Afternoon

THREE CONCURRENT SESSIONS ON NEEDS

This session, after its discussion regarding regulation, will
split with attendees going to the session of their choice,
either B or C. .

A. Regulation - . Walpole and Srind

Use of isomer measurements quantification of PCB's
Residue tolerances,- ete.

Oil-sediment regulations

Discharge permit usefulness

Etc. » €tC.

B. Analytical - Donaldson and Veith

Separation of isomer and aroclors

Clean-up

Precision accuracy

Positive identification

Labeled compounds

Monitoring needs .
Sensitivity
Typs sample

Presarvation

ACM CCb4
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C. Biological Effects - . Duke and Schoettger

Additional toxicity studies
~ Aquatic . .
Terrestrisl ..
Residue gtudies and half-life
Food chain studies
Interactiep wich pesticides

Monday Evening

INTEREST GROUP Informal Meetings
(about 3)

Tuesday Morning, May 23, 1972
PRESENTATION BY EACHE OF THREE WORK GROUPS
Walpole, Donaldson and Duke

MEETING SUMMARY AND IDENTIFICATION OF NEEDS AND PRIORITIES

C . ACM

CCB486
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i\?ﬁ § UNITED STATES ENVIRONMENTAL PROTECTION AGENCY DEC 291375

T

WASHINGTON. D.C. 20460 o W. M

-

- : . Detember 22, 1975
- . OFFICE OF THE
ADMINISTRATOR

Dear Mr. Hanley

-

Por at least five years, the Fedaral Government and the
nanufacturing industry hava been zvare that polychlorinated bipheayls
(PCBs) pose a threat to human health and the enviromrant. Last month,
at EPA's National Confarance on Polychlorinated Biphenyls {n Chicago,
leading exparts clearly documented the fact that PCBs are pervasive in
the eavirenment, are causing disruption and economic harm to
commercial fishing in many areas and are creating a serious potentigl
health hazard to the public. While certain voluntary measures have
been initiated in the past, tha videspread snd persisteant occcurrence '
of PCBa underscores the failure of existing practices to adaquately
control tha escape of PCBs into the eavironment.

Today I announced a broad EPA program of regulatory and non-
regulatory actions to reduce the levels of PCBs in the enviromment,
My statement, (which is enclosed), stated that we must, as a sociaty,
accept and work toward a goal of totally eliminating the productiom,
importaticn and use of PCBs as rapidly as posaible. Toward that end,
1 an asking you, ss & principal mamber of the PCB industry, to commit
yourself to a deliberate and expeditious search for alternatives.

I recognize that this effort will not be easy. A careful
examination and balancing of the environzmental consequences of
alternatives will be required. The economic impacts of the changeover
vill have to be considerad. I also recognize that such an effor:c
cannot be accomplished overmight. Navertheless, I have confidence
that American industry has the capscity to solve this difficult task,
and I solicit your full coopsration and participation in this affort.

So that wva can begin this undertaking as scon as possible, I am
inviting you and other representatives of your industry to mest with
ne on January 14 to discuss this undertaking snd work towards the
development of plans on how it can bes sccozplished as smoothly and
rapidly as poasible.

I have also asksd repressntatives of the principal users of PCE-
containing transformers and large capaciters to meet with me om
January 22 to discuss ways that ve can effectively manage and control
PCBs 1n current use. I am enclosing a copy of my letter to these

. companies. At our meeting oa January l4, we might also diacuss some

of the matters outlined in that laetter.

r

ACM (0084687
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I s= looking forward to meeting with you at EPA in Room 1112,
1921 Jefferson Davis Highway, Crystal Mall #2, Arlington, Virginia, cn
Jasuary 14, from two to five in the afterncon. If you have any
questions concerning the arrangemants for this neeting, you may
contact Dr: I. E. Wallen, (202) 755-6956.

Sincerely yours,

—/

m%:g' /laM‘"

Administrator

Mr. John W. Ranley
President

Monsanto Chemical Coupany
800 N. Lindbergh Boulavard
St. Louis, Missouri 63166

Enclosurss

ADM  CCE4EL
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Ionsanto

SPECIALTY SHEMIZALS 2. /5.0

MONSANTO |NDUSTAIAL CHEMICALS CO.
800 N. Lindbersn Boulevard
- St. Law)s. Missoun 53!58
- Phona: (2!4] 6§34-1000

. Dear Custozer:

Monsanto will stop accepting polycalorinated biphenyl ("PC3")
waste ret urns effective Augus* 31, 1977. We ncw have substanti
volumes of PC3 waste on hand which must be 1nclinerated zlong
with our procdc:ion unis's residue before the incinerzser is
decontaminated znd shutdown later this yezr. For this reason
we are not able to accert any sigznificant vo*u.es batween now
and August 31st.

The American Hlatieonal Standards Institute's publicaticn ANEI £1C0T7.1
-1974 lists the follewing firms &s having incineraticn fzcilicizs
capable of handiing PCB's. .

Chem-Trol Pollution Services, Inc.

P.0. Box 2CQ

1550 Balmer Rcad

Model City, Mew York 14107

Phone: 716~754~5231 .

Rollins Environmental Services, Inc.

P.0. Box 2349 .

Wilmington, Delaware 138599 '

Phone: 3C2-658-3541

It 1s, of course, your responsitility to det e"—inn tha adeguzoy

of the incineration facility for tbe discosal o PC3 waste z2nd

its compliance with applicable laws and regulations.

Sincerely,

9@%“4 A

James A. Alley
Industry Speclalist
Dielectrics

. tme 8 unit of Monsenio Compgny ACM cce4asC



MONSANTO INDUSTRIAL CHEMICALS CO.
800 N. LioafC';*" as-'tvafC

St. lows. M.ssown 53*55

Phon#; 3U, 694-i0CO

June 30, 1977

Mr. George F. Wirth, Chief

Special Chemicals Branch

Office of Toxic Substances (WH-557)
U.S. Environmental Protection Agency
Washington, D.C. 20460

Dear Mr. Wirth: ,x

Enclosed is a letter we are sending to our customers notifying
them that we will stop accepting polychlorinated biphenyl
('PCB'™) waste returns effective August 31, 1977.

Our incinerator was built to dispose of our PCB production
unit"s residue and to assist our customers to dispose of their
waste. This incinerator was designed to handle only ''straight™
PCBs or those contaminated with an organic solvent such as
trichlorobenzene. As stated in our letter, we now have sub-
stantial volume of FC3 waste on hand which must be disposed of,
along with our production unit®s residue and whatever residue
remains from the shut down and decontamination of our PCB
production facility.

This action s iIn line with Monsanto"s announcement to shut
down our PCB manufacturing unit and exit the business by October
31, 1977. If you have any questions, please let me know.

Sincerely

J. Coleman Weber
Manager
Product Acceptability
Specialty Chemicals Division
JCW:rd
Enclosure

cc: J. A. Alley

PLAINTIFF'S
EXHIBIT

# unit of Mbmi"'io comoi'i» ACI* CCo #fcS
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August 4, 1978

Office of Toxic Substances (TF-7%4)
Environmental Protection Agency
401 "M" Street, S5.W.

Washington, D. C. 2C460

ATTENTION: Ms. Joni T. Repasch
Dear Ms. Repasch:

On June 7, 1978, the EPA published a proposed rule in 43
Federal Reglster beginning on page 24,802 covering Manufactur-
ing, Processing, Distribution in Commerce, and Use Bans of
Polychlorinated Biphenyls (PCB's). This letter sets forth
Monsanto Company's comments on the proposed rule. Please
include these comments, with the attachment, in the official
record of this progeeding.

Our comments are divided into two parts. The first part
provides general comments which focus on the EPA's proposed
maximum concentration of S50 ppm and the justifiable need for
a heat transfer system use authorization. The second part
sets forth specific language and recommendations related to
these matters, and to certain other matters in specific
sections of the proposed rule.

GENERAL COMMENTS

The proposed immediate, mandatory removal from service of
heat transfer systems contalnlng fluids whose PCB concentra-
tion equals 50 ppm or greater is not justified in view of

the lack of any significant risk to health or the environment.
To require industry immediately to remove from service and

-drain all these systems or to replace the systems entirely

to meet a SO ppm concentration level is an arbitrary mandate
and will generate a substantial, immediate risk of injury

.and environmental harm from spillage and result in an abrupt,
-massive buildup of PCB contaminated fluid without available

disposal facilities or time to develop orderly plans to
. v \ - .

A
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carry out the disposal. Furthermore, the EPA cites o
evidence in the preamcle of any environmental or healch
hazard to support the prcposed reduction in the regulated
cencentration of PC2's 10 a PCB mixture under Seczion TEL.Z(w)
from 500 ppm to SO ppm, nor does the May, 1978 EPA Support
Document.-Draft Voluntary Envirormental Impact Statement upcn
which the proposed rules are tased support th:is reduct:icn
Therefore, Mcnsanto strongly recommends the ZPA withdraw
this preposed reduction. '

. - .
Tet even with the withdrawal of the 50 ppm concentraticn, it

-

is imperative that an authorization be granted for ccntinuad
use of heat transfer systems contalning residual PCB's. The
evidence conclusively establishes that the heat transfer
system use activity meets the requirements for granting an
authorization to allow continued operation, and Monsanto
requests the EPA to grant such an authorization. On page 42
of the EPA Support Document, the EPA states that before 1t
grants an authorization for continuaticn of a non-totall
enclosed use activity the follewing two requirements must be
met:

(1) the activity authorized must not pose an unreason-
able risk of injury te health or the environment,
and

(2) the ban would cause major and extensive economic
disruptions.

Regarding the first requirement, an analysis of potential

PCB exposure from various sized PCB contaminated heat transfer
systems is illustrative of the insignificant risk of injury

to health or the environment posed by authorizing continued
use of these systems. The highest risk area for leakage in
these systems is in the pump seals, but inspection maintenance
for pump seals is also emphasized because of user awareness

of this risk. A pump seal failure would be rapidly detected
by inspectors or automatic monitoring devices and loss of
fluid would be unlikely to exceed from 1% to 5% of the totail
fluid volume in the system.

For example, a 500 gallon system containing 1% volume of
PCBs has a total PCB content equal to 60 pounds, and a leak

- of 5% of the total fluid (which is unlikely) would release

only 3 pounds of PCB's. Similarly, a 10,000 gallon system
containing a PCB contamination of 500 ppm has a total PCB
content of 60 pounds, and a leak of 5% of the total fluid
(again unlikely) would release only 3 pounds of PCB's. A
leakage of 3 pounds of PCB's is below the EPA's designated

"harmful quantity for PCB spills into navigable waters (10

pounds) under 40 CFR 118.4 issued pursuant to the Federal

ALY
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Water Pollution Control Act and, in Monsante's opinion, dces
not create a significant risk to health or the envircnment.
Furthermore, the above examples are worst case situaticns
because they assume no spill prevention prcgram (for example,
diking) or effluent ccntrol program i1n effect. If such
programs-were in effect it would be highly unlikely for anj

amount of PCB's approaching 3 pounds to escape Lnto the
envireonment.

The proposed immediate, mandatery removal of these systems
from service also meets the standards for the second require-
ment for an authorization by resulting in substantial,
widespread economic disruption. Since the EPA states in the
preamble and the Support Document that it lacks information
necessary to evaluate the impact of the ban on the heat
transfer system use activity, the following information is
presented which is generally consistent with the specific
information requests in 43 FR 24810 relative to hydraulic
die-casting systems, and which clearly and conclusively
demonstrates this economic impact:

1. Number of systems contaminated. It is estimated that

when the sale of PCE heat transfer fluids was discontinued

in 1972 there were 450 heat transfer systems using this
fluid. This estimate is based on (a) the current level
of new systems introduction, (b) the ten year:.-period
(1962-72) during which PCB heat transfer systems were
specified, and (c¢) the total volume of 20 million
pounds of PCBs sold for heat transfer systems from 1962
through 1971 as reported by the 1972 Interdepartmental
Task Force on PCBs COM=-72-10419 pages 6 and 7.

2. The average liguid volume of the systems. It is
estimated that about one-half of all PCB contaminated
heat transfer systems have less than a 500 gallon
liquid volume. Systems greater than 500 gallon volumes
are estimated to average about 2,000 gallons. These
estimates are based upon a review of systems filled in
1977 and 1978 and upon the average system size of
Monsanto units converted in the 1970-72 periecd - a
typical cross section of the industry pattern.

3. The range of liquid volume. Heat transfer systems of
greater than 10,000 gallons are unusual. Small experi-

mental pilot plant units may contain S0 gallons.

4. Fluid to -off. Heat transfer fluids are designed to be
thermally stable within the recommended temperature

range of operation and to operate at low pressure.
Accordingly, routine top-off is minimal. Average top-

A \
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off may be higher because of fluid removal from carts
of the system when maintenance is performed on other
components of the system such as pumps, valves and
heaters or in the event a system malfunction causes a
thermal degradation of‘the fluid. Monsanto's experience
indicates that some systems may require no top-off for
three to five years; other systems may require a top-
off of 50% m one year if major maintenance programs
requiring drainage are undertaken. However, systems
are not routinely drained.

Efforts to reduce PC3 contamination. Wk estimate that
greater than 90% of the plants operating with PCS heat
transfer systems converted to alternative non-PCB

fluids m 1970-72. Some of those converting drained

and refilled the system with non-PCB fluid; some drained,
flushed and refilled; some drained, chemically cleaned
and refilled; and other dismantled and discontinued use
of liquid systems. We estimate that these efforts have
generally resulted in current system PCB levels m the
industry ranging from around 100 ppm to several thousand
ppm. Recovery from heat transfer systems would generally
be expected to be greater than 90%. Note that for the
purposes of these comments the term "recovery" is
defined as the percentage of total system fluid volume
extracted from the system by draining.

Servicing fluids to remove PCB1s from systems. Following
is a review ana analysis of the potential success of
three methods the EPA has considered for PCB removal:

(a) Drain and refill. If small systems (500 gallons
or less) are drained and refilled with a non-PC3
fluid, a 98-99% recovery of dissolved PC3's can be

expected. This service method will not, however,
remove PCB absorbed by the heat transfer system
walls. In the case of systems larger than 500

gallons a 90-99% recovery can be expected depending
upon the complexity of the piping layout and heat
exchanger design.

(b) Distillation is of questionable efficiency in
separating and removing PCB's from heat transfer
fluid due to the similarity in boiling ranges of
PCB's and non PCB heat transfer fluids. The
boiling ranges for these respective fluids are as
follows:

PCB Therminol FR 1 617°F - 690°F
Thermmol FR 2 644°F - 707°F

AC*
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Ncr.-?C3 Thermm ol 55 635 3F 340F
Thermmcl 66 643 3F 663 3F

(c) Carbon treatment experiments to remove ?C3's are
currently being conducted to investigate the
carbon treatment removal method, but no data are
presently available.

Present PC3 levels m systems - We estimate the range
of PC5 concentration levels in heat transfer systems to
be from about 130 ppm to about 30,000 ppm.

Cost of new systems - The cost of a new system could
result m a large dollar expenditure compared to t.te
much lower cost of replacing fluid. Replacing a neat
transfer system may well mean totally rehabilitating a
plant because these systems are integral parts of the
users' plants, and replacement of heat transfer systems
is impossible without replacement of reactors, coolers
and heat exchangers. Such replacement would usually
require a multimillion dollar expenditure. Further,
the costs of lost production would be extraordinarily
high in terms of lost wages, lost sales and product
shortages which could impact a wide area of other
manufacturing industries using finished products during
the length of time required to replace each system.
Thus the immediate, mandatory removal of these systems
from service would result m substantial, widespread
economic disruption m industries using heat transfer
systems and the products produced from processes using
such systems.

Cost of draining and refilling systems - W estimate
the cost of draining and refilling systems would be

from S10 million to $30 million, depending upon authorized

PCS level, and based upon the model of an average 2,000
gallon system and the estimated 450 systems in the
industry. For example, PCB reduction to a concentration
level of 500 ppm in a 2,000 gallon system, with a
current 1% PCB volume (10,000 ppm) and assuming a 90%
fluid recovery, would result in a marginal removal cost
of approximately S220 per pound. It is estimated that
to reduce from a 500 ppm level to a 50 ppm level would
require a marginal removal cost of about S30,000 per
pound. Starting with a PCB content m the 2,000 gallon
system of 240 pounds, draining the system (90% recovery)
would leave 200 gallons of fluid containing 2 gallons
of PCB's or 24 pounds. This quantity should, when the
system is refilled with 2,000 gallons of flushing

fluid, result in a PCB concentration of 1500 ppm. A

AL*
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secend draining and refilling with flushing fiuid
sneuld initialliy 3drcp 2C3's %o 2.4 pounds or 132 zoa
Sut This amount would shersly incrsase as SC3's ara
released from the surface walls 1nmes <he flu:d. nce 3
TrIrer concentration nas tesrf stbtained 5 assure the
soncentration remains below 330 gpem, the fiushing fiu:d
wcuid fe drained and the system rai:llsd with non-2I3
neat tTransier fluaxd.

The direct <9st estimates of

fZushing and dra:ining,
excluding ccsts associated with lcst productizn arnd
rasyiting disruption of supply to consumers, are as

fcilows:

(a) Flushing £luid - 2x2,000 gallens at $2.09 per

3allon 33,

(b) New fill of non-PCB heat transfer fluid - 2,000

gallons at $8.00 per gallen sl3

{c) Dispesal of initial drained fluid and 2 flushing
f£luid changes - 6,000 gallons at $§2.26 per

gallon S.§

NAaA
P

,800

Z,OCO

(d) Labor and overhead - 4 men 10 to 15 days Sl
Total $3

This estimate assumes that only two flushings are required
and that draining and flushing proportionately reduces PCB
concentraticn level without a major breakdown of the system
1nvolving gasket replacement or rewelding which could eas:ly
double or triple costs. Based upon this estimate, the cost
of removal of 235 pounds would give a marginal removal cost
of $220 per pound to achieve a residual level below 500 ppm.
To achieve a level of 50 ppm it is likely that at least two
further drain and flush procedures and chemical cleanin
would be required. At $50,000 per procedure, the finai l.¢&
pound removal would carry a marginal removal cost of at
least 530,000 per pound.

The above information relative to environmental and health
injury and economic impact is clear evidence which meets the
two requirements necessary to support the grant of a use
auythorization for heat transfer systems ccntaining residual
PCB's. Accordingly, Mcnsanto recommends the proposed rules
be revised to authorize for a period of 5 years the continued
use and servicing of all 500 gallon capacity or less heat
transfer systems used and serviced in a manner other than a
totally enclosed manner to the extent these systems contain
1% or less by volume of PCB's, provided users attain this 1%

\
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?C3 volume within cr.e year after the effective date of tr.e
rule. For systems witr. greater than SCO gallon capacity.
Monsanto recommends the EPA authorize for 5 years continued
use ana servicing of these systems in a manner other than a
totally enclosed manner to the extent they contain a ?C3
concentration of 500 ppm or less, provided users attain this
5C0 ppm PCS concentration within 2 years after the effective
date of tr.e rule, These transition time periods would
permit an orderly reduction of PC3 levels during which
disposal of fluids by incineration could be planned, merery
avoiding spillage and buildup of PCS contaminated fluid
inventories awaitir.g disposal. Please note that proposed
language for this use authorization is set forth as new
Section 761.31(h) on pages 10-11 of these comments.

Specific Suggested Changes m the Proposed Rules

Sec. 761.2(w) "?C3 mixture." In addition to the proposed
arbitrary 50 ppm concentration, the definition includes any
material, no matter how dilute in PC3 concentration, if the
material is contaminated by a substance containing a PC3
concentration of 50 ppm or greater. For example, if a
gallon of heat exchange fluid containing 500 ppm PC3 were
diluted to 1,000 gallons with a non-PCB flushing fluid
(final concentration 0.5 ppm PCB), the resulting flushing
fluid when drained would still be arbitrarily considered a
PCB mixture. We recommend the definition be changed to
read:

(w) "FC3 Mixture" means any combination of chemical
substances which contains 500 ppm (0.C50 percent on a

dry weight basis) or greater of a PC3 chemical substance.
This definition includes, but is not limited to, dielectric
fluid and contaminated solvents, oils, waste oils, heat
transfer fluids, other chemicals, rags, soil, paints,
debris, sludge, slurries, dredge spoils, and materials
contaminated as a result of spills.

Sec. 751.2(bb) "Manufacture 'for Commercial Purposes.'" W
recommend for clarification the addition of the following
subsection to the definition, which is consistent with the
discussion by the EPA set forth m column 1. 43 FR 24805:

(3) As the desired product. Inadvertent manufacture
as a by-product m the manufacture of another chemical
is not "manufactured for commercial purposes.”

Sec. 761.2(cc) "PC3 Sealant, Coating, or Dust Control
Agent." This term is defined based on the state of the

AO CCcAn7



analytical art. In complex mixtures such as waste 2:1ls,
analysis for PCB 1s nct sens:it.ve because c¢f tackgrcund
interference. we reccmmend that a concentrat:isn -evel ze
set related to the toxicological prepersias of =Z3's and =-a
demecnstrated injury risk assdociated with human and snviron-
mental exposure., sSuch a concentration weuid, 2a2mong other
things, avoird a moving target defainiticon derending upcn the
sophisticazicn oI the analytical eqguipment used.

Sec. 761.2(dd) "Process 'for Commercial Purposes.'" wWe
recommend the addition of the Icllowing subsect:ion to the
definitzon. This i1s consistent with the discussion in
column 1, 43 FR 24805 and our proposed mod:ification of
secticn 761.2(tb).

(3) for means other than PCB removal. Processing
which removes PCB from the material to be used for
commercial purposes does not constitute "processing for
commercial purposes."

Sec. 76l.2(£f) YsSignificant Exposure." This term is defined
based on the state of the analytical art. We believe that
significant exposure should be, as discussed above relative

to Section 761.2(cc), a specific concentration related to

the toxicological properties of PCB's and to injury risk
assocrated with human or environmental exposure. We recommend,
consistent with the 1977 American Conference of Governmental
and Industrial Hygenists publication of Threshold Limit

Values for Chemical Substances in the Workplace, that this
section be amended to read as follows:

(££) "Significant Human Exposure" means any exposure
of humans to PCB chemical substances or PCB mixtures 1in
excess of 0.5 mg/cu. meter TWA for a 40 hour week by an
applicable analytical method.

Sec. 761.1{(gg) “Small Quantities for Research and Development."
The definition of this term is unjustified and arbitrary.

No data are presented in the preamble by the EPA that use in
research has posed any measurable risk of injury to heaith

or harm to the environmment. Monsanto has no evidence of any
adverse effect of PCB's in laboratory use. We suggest as an
alternative replacing section 761.2(£f) with the follcowing
wording taken in part from the TOSCA Inventory Reporting
Regulations, 42 FR 64576, section 710.2(Yy):

- (gg) "Small Quantities for Research and Develcpment'
means any quantity of PCB chemical substance or PCB
mixture manufactured or processed only for purposes ol
scientific experimentation or analysis of chemical

\ .
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r aralysis cf, PC3's, :ncluding
¢r an *;s-a for zhe develorment of a producst
are no greater than reascn abTV necess T
purpcses, and (2) are used by, cr dir
supervision of, a technicaliy gqual:if:
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it weuld also seem appropriate TO incliude as new secticn
751.2(kk) thne deiin:rtion of "Technizally Zual:-Z-ed Individualn
based uron sect.on 710.2(aa) of the TCSCA Inventory RegerTing
Regulations. -
sec. 761.2(hh} "Totally =Znclcsed Manner." Th:s rm is

nslst

-a
defined with reference ts secticn 76l1.2(£f) and, cens:
with our recommended changes above to that secticn, we
suggest secticn 76l.2(hh) be changed to read:

. »

(hh) "Totally Enclesed Manner'! means any manner zha
will ensure any exposure of human beings or the anva
ment to PCB chemical substances will be insignifican

-
-

s
-t ha™

Sec. 761.2(jj) "Applicable Analytical Method. We propose
the following new definition of this term:

(33) "Applicable Analytical Method" means a.method
(other than the perchlorination procedure) which distin-
guirshes PCB Chemical Substance as defined in secticn 761.2(%)
from all other materials.
The basis for exclusion of the perchlorination procedure :s
discussed more fully in the attached letter dated March

1976 from J. Coleman Weber of Monsanto to Dr. I. E. Waller
of the EPA.

a2

L2,

n
-

Section 761l(kk) "Technically Qualified Individual." We
proposed a new definition for this term with the folliowing
wording taken from Section 710.2(aa) of the TCSCA Inventory
Reporting Regulations, 42 FR 64576:

(aa) "Technically Qualified Individual" means a
person (1) who because of his education, training, <r
experience, or a combination of these factors, 1s
capable of appreciating the health and environmental
risks associated with the chemical substance which 1
used under his supervision, (2) who 1is responsibie
enforcing appropriated methods of conducting scient
. experimentation, analysis, or chemical research in
order to minimize such risks, and (3) who is rescecnsible
for the safety assessments and clearances related to
the procurement, storage, use, and disposal of the
chemical substance as may be appropriate or requ:red
\ " .
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within the sccpe of conducting the research and devel:zp-
ment activity. TIhe responsibilities in slause (3) cof
<hls paragraph may e delegated 0 another wndiviudal,
or othar :individuals, as long .as =ach meets the corotar-a
1 clause (1) ¢Z this paragrabn.

Seccicon ‘6; 31(%) Hydraulic die casting systems-use. The
same consilerszilcns that support a use authorizatien f£ar
hydraulic 312 casting systems apply to other industrial
hydraul.c systems.as well. Therefore. we recommend thaz al.>

references in this sectidon to the words "hydraulic die-
casting system" be changed to "industrial hydraulic system."
Secticn 761.31(h) Heat transfer systems - use. We reccmmeni
this new use authorization as follows:

(h) Heat Transfer Sytems - Use. Heat transfer systems
containing PCB mixtures may be used and serviced
in a manner other than a totally enclosed manner
until five years after the effective date of this
rule subject to the following conditions:

(1) One year after the effective date of this
rule no heat transfer systems of 500 gallon
capacity or less may coentain fluid whose PCB
mixture volume 1s greater than l%.

(2) Two years after the effective date of this
rule no heat transfer systems of greater than
500 gallen capacity may contain fluid whose
concentration of PCB mixXxture exceeds 500 ppm.

(3) Ninety days after the effective date of this
rule each person who owns a heat transfer
system containing residual PCB's above the
authorized levels shall report to EPA, and
retain records of, the number of such systems
he owns, the volume capacity of each such
system, and the PCB volume or concentration,
as appropriate, of the fluid contained in
such systems. This report shall ke sent to
the Pesticides and Toxic Substances Enforcement
Division (EN-342), Environmental Protection
AGency. 401 M Street S.W., washington, D. C.
20460. Each person who owns such a system
shall also keep a current record of the dates

, of each draining or refilling and the measured
PCR concentration or volume, as apprcpriate,
of the fluid in the refilled systems on those
dates for each system. If any such system 1ls

A
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sold, the transaction and the parties thereto
shall he reported to EPA by the Seller. At
its discretion, EPA nay require me sumission
of a copy of a person's current record.

- (4) Each report submitted to EPA under parags
(3) of this section shall contain the ¢&=
cation found m 8761.31(fc)(2).

(5) Each person who owns a heat transfer system
containing residual PCB's above the authorized
levels shall develop and implement a plan for
the control of PCB exposures and contamination
m accordance with Annex VII.

Your favorable consideration of the above comments is
respectfully requested.

Sincerely,

W R. Corey
Director, TCSCA Administration

ACP CCcoCl



Dr. I. Z. Wallen

Zrvircrmertal ?ro-ac*“icr Acarcy
Office cf Toxic OUmSwT.

401 11 Street S. M,

Washincten, DC 20460

Dear Dr. Waller.:

‘ior.santo has a concern ever the validity of the perchlcr
nation technique used by EPA and otters to measure ar.c/o
confirm. polychlorinated biphenyls ir. environmental rater

In our investigation of the' perchlcrir.ation method, we have
fcunc that such chemicals as biphenyl, aikylated biphenyl,
and many ether substituted biphenyls, interfere with the
perchlorination teennique. It also appears that various
petroleum components may interfere. If these chemicals were
present ir. environmental materials that v/ere being tested
for PC3’s using the perchlorination, method, erroneously high
PCB concentrations would be reported.

A recent article in the Journal of the ACAC (Vcl.53, No.3,
1975) points out two other limitations of the percnlorir.aticr.
procedure:

1. High and variable reagent blanks, which
cause erroneously high findings.

2. Form.atioa of bror.or.cnachlorobinhenyi ,» which
causes lew recoveries.

A copy of the article is attached.

PLAINTIFF'S ACP  CCfchC
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Sr. I. Z. wallen- -2- ' waren 13, 1976

) S—
Sinca thes2 lirmicaticns can-lead to significant 2rrors
in Cetermining trzce levels of FC3's ia envircnosntal
3amp.s5, we suzzest thiatw IP& caraluylly raview the valificw
G the serchlorinaticn tscihinigue.  Fesclss that have tsan
ctzainel using Thls technicu2 mTay oot e valil.
= agure - -~ - : < - -7 o= 'y e
IZ any other inTormation is neeced, tlease lex us xngw,
' Singsraly,
J. Colzman ‘eZer
anzger, ProfuctT AasgsTiatilies

ce: Dr., A, C. TraxowsXxi
Lavirenmental 2rotecticn Agency

P
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Limitation on the L>e of Antimony Pentachloride for
Perchlorination of Polychlorinated Biphenyls

WILLIAM J. TROTTER and SUSAN J. V. YOUNG
iinision of Chemistry a*i Phyr.cs, Food ad Dr.g Administration, 7,'jjhtngion, DC

Two contaminants »re present in commer-
cially available antimony pentachloride (ShCH)
used 10 perchlorinaie pol»chlortnaied biphenyls
(PCBs) to decachlorobiphenyl (DCB). DCB ia
found in the SbClj perchlorination reaction
blank in which no PCBs were added. Bromo-
nonachlorobipheny | (BNCB) is found after use
of SbCIj to perchlorinate PCBs. Levels of DCB
found in the SbClj reaction blanks from vari-
ous distributors ranged from 8 to 972 nj DCB/
ml SbClj. The relationship of the formation of
BNCB to amounts of various PCB Aroclors
perchlorinated is examined.

Polychlorinated bipken>l (PCBs) residues are
extracted, cleaned up, and detected by methods
similar to those used for org.inochlonne pesti-
cides. PCB residues are quantitatively deter-
mined by comparing the cas-liquid chromato-
graphic (GLC) response of the multicomponent
residue and commercial PCBs (Arcelor?) or a
mixture of Aroclors producing a GLC response
pattern similar to that of the residue (1). This
approach is limited because the mui:'.component
PCB residue may not have the same propor-
tional composition as the Aroclor or Aroclors
used as the quantitation reference Residues car.
be composed of mixtures of chlerob:pheny| com-
ponents from more than 1 Arcelor Metabolic
and other environmental factors complicate the
description of the PCB residue composition.

There has been considerable work to de\e!op
methods to convert the multicomponent PCBs
to a single derivative on which to base the resi-
due determination. Procedures have been re-
ported to catalyttraHy rtechlorinate PCBs with
hydrogen over palladium or platinum to bi-
phenyl, cyclohevylbenier.e, and bieyclohexyl
(2, 3). A principal disadvantage with that pro-
cedure is that the hydrocarbon product is
determined with a GLC flame ionization detec-
tor, re-ulting in low sensitivity. Attempt? have
been made tq;convrn PCBs to the fully chlor-
inated decachlorobiphenyl (DCB) (3-6). Ar-
mour (0) reported optimum conditions for per-
chlormatir.g PCBs with antimony pentachloride

iibClj). The method provides a cuai.tat
confirmatory procedure for PCS de'erm.rv...
The GLC electron capture de’ec'or reir.or.-e
enhanced becir.;e total PCBs are r_a:..:.es*ed _s
single peak for DC3. In measuring the sr.o
peak for DCB the analyst is cot faced
analytical judgments sura as baseline co:*-r -
method of integration, or discrimination tefve
PCBs ar.d non-PCB components. However, t
necessary to be aware that the various A.*:.,
give rise to different equivalents of DCB
and that the nonchlonr.aied biptenvl false -
as a fungicide) is perchlorinated by ShClj
DCB. Nonetheless, using the perchlonra:
der.va'ization can reinforce the residue vv
determined by measuring a raulticompor-
PCB residue.

During attempts to apply the perchlor nat.
derivatization in determine? low residue M
of PCB and make use of the increa.-ea c:ectr
capture response to DCB, 2 contamipacvs V:
indicated which led to erratic recoveries of DC

Experimental
Rta/inti and Apparatus

fa) Antimony pewarhfonde—Hocker Chem-'
Niagara Fails. NY 14302 (recer. ed ia flass hr-
with Uad-lincd cap); Mnti.esoa Coleman 1 3
(MCB). Notwood. OH 4312 freazent -
Bd:A (Allied Chemical), Morr.itowa. NJ Cr*
(reaceat grade. 99"c): Research O'giaic-Ir.prz;
Chemical (ROC-RIC). Bellevile. NJ G'
(9999<r); and J. T Baker Chemical. Phillipst’-
NJ G55 (Baker Analysed Reagent).

tb) Gn ch'pmalog-'i? \—Searle-Aaal'tie (I
Plaines. IL 63065) Model 5360 »ntn 5’ X 4 r.n
elas? column contaiaioz 1G OV-IClI cn S3-
mesb Chromosorb JV (HP). Operatic? coni:*. *
column flow, 60 ml oitrczea. r.in; coiumn. 202*
dc'ector. 202*C; injector, 22j*C. pm-cup 0e?
electron capture detector with iitaamm *ll |
defector voltace (constant dc) adjusted ro c
one-half full scale recorder deflection nr 07
DCB wii*n full scale «j'sflection ij 1X 10 *'w

(c> ¥n>* sprrirnmett*—Van.m MAT ‘5 2.
72. Spnczfleld. NJ 070iD CH5-DF mu#
etcr (MS) rouplcd to Vartan Aerocruph 27iD



7ROTTLR * YOtUNC PUtCHLORIVATTON* CF ?C3«

ehroxsiocnph via ij-gliii «'fen usinc 'AVsca-
3:f~U3 «epintor. CLC opera: *c

Lizzj: i' x t c_n id tikis column *cali.i.ir 3"
OV-1 c¢: $0-!0 mesh C'-.-’i0iOfh TV 'H?>;
column dew. 60 xI h«i:.m r..a: 2;3’C
MS open«.a? 'fed,.eta t.T\i*n meorv>7D m-;
en_ss.cn current. 300 ,a; nult.rLer e-j:2c* 32 kv.

ReeuJt» »nd Di»cu»»ion

A peak identical :0 rhat of DC3 was found
in the reaction biar.k for :hc \mr:r p*-chlor-
enation procedure (0) tr*h the described GLC
cperatmr conditions The .iej:ificalon of DC3
was confixed by GLC-M5 of a hexane »v'rict
of a hydrolyzed sample cf S°.G, which had not
been subjected to the perohJcnraticn procedure.
Various quantities <02-2 0 mi) of ¢bCli ;Vni
the 5 commercial sources w*r? examined to de-
termine the presence of DC3 5LCL alone was
carried through the percLlonnation reaction (6)
except that no CHCIj wj; present with 5hG,
in the reaction vessel. DC3 was determined by
GLC. Table 1 lists the amounts of DC3 found.

After perchicnnatmg ?CBs with 5bCl;, a
secondary peak -.nth a CLC retention time rela-
tive to DCB of 1.31 was observed similar to that
reported by Huckins tt al. ID. This later eluting
peak is seen in Fig. 1 the chromatogram from
*he 02 ml 5bCI, (Hooker Chemical) perchlor-
ination of 0.50 ui Aroclor 12-1. This peak was
found when SbCIlj from each supplier wa* used.
The peak was determined by GLC-M5 to be due
to bromononachlorobiphenyl (3NCB). BN'CB
was assumed to be a competing product w-rh
DCB arising from a small amount of 5bCI.Br
in SbCI,. so parameters relating to possible
limitation." of the perchlormaiioa procedure were
studied. Vanous quantities i0 510 ue) of Aro-
clers 1221. 1242, 1234, and 1250 in CHCI, were
perchlorinated. Recoveries of ECB and estimates
of the relative amounts of BN'CB formed are
given in Table 2. Calculation of the relative

T«ble 1. OCI (m/mi) j0rmt4 frtm varlauc

. «! ShCI,
ShCl,. ml
Supplier a2 1.0 20 Ay.
Sootier Chemical ir u 47 4]
<*C8 is 42 M ]
A MO 1w 911 972
«0C me 12 1J 12 12
-T. 8«>tr 9 7 7 1

467

FIG. 1— electron c»otur# GLC eurva from rh* 0.2 ml

SbCI, iHoomr Cbam.cai) ptrcMonnal'On of 0.50 _g

Aroclor 1221; 0 31 ng #og.»ai«nt Aroclor 1221 injected.

Reek 1 represent* 0>1 ng DCS. Paak 2 represent«
0.2« ng SNCS.

amounts of BNC3 product formed was based
on comparison of the electron capture GLC peak
height of BXCB with that of a DCB reference.

The amount of DCB determined in the reac-
tion blank was directly proportional to the
‘amount of SbCI, used (Table 1). This indicates
SbClj was the source of the DCB and that
contamination from other possible sources dur-
ing the pcrchJormaiion was negligible. The pro-
cedure for perchlorinaring PCBj specifies the
use of 02 ml ShCIj. SbCl, producing $-972 ng
SbCIj/'ml m the reaction blank would add OS-
65 ppb. based on a 3 g sample.

DCB produced in the reaction blank was as-
sumed to come from PCB contamination of
SbCIj. In an effort to locate the ortgm of this
contamination, SbClI, bottle closures «ere in sti-
gated. GLC analysis of hexane, in which the
plastic caps were soaked for 4 days, did not
reveal PCBs. Hooker Chemical, the sole do-
mestic source of 5bG,. supplied SbG, in glass
bottles with lead-lined caps. This bulk supplier
of SbCI, indicated that the production of chlo-
rine in carbon anode half-ceils with linseed oil
or other organic binders forms certain organic
compounds: however, the destructive oxidative
environment in ihe electrolytic cells would make
the production of PCB unlikely 1«a re«ult of this
pathway On”hc other hand, antimony metal is
commonly obtained as a metallurgical by-prod-
uct by carbon redumon of its oxide: therefore,

ACH
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T»bl* 2. DCS i"d BNCHram p*re*iorlnatlon ol
various Aroclors »>»* 0.2 ml SSCI'*
CCB B.NC3" CCB - 3*<(C3*
Amt, reed, reed, tonsirti

Arodor Vi % % r#C. O
1260 10 16 o 16
1254 13 M 0 24
1212 13 12 4 92
1221 10 87 16 21
1260 4 1 0 11
1254 4 10 0 20
1242 4 71 1 26
1221 4 70 1 22
1260 0.6 19 2 91
1254 0.5 H 6 24
1242 06 72 10 22
1221 0.5 60 11 9

* Hoohor Chemical SaC'j.

‘ Quantify caiculotod oy eomoonson o» *I*ctron ea>
tur* GIC rosoonso to BNCB »*. rosponso to DCB r*f*r-
enc* standard.

it li conceivable that PCBs could be associated
with the antimony metal employed in the SbCl,
process. No heat tran»ter systems containing
PCBs are used in either the chlorine or SbCl;
production facilities, and ShCI* does not come
into contact with plastics in the manufacturing
operation or in shipping container? (Hooker
Chemical and Plaitics Ccrp , 1074. private com-
munication).

Two parameter? (various quantities and vari-
ous Aroclors) were itudied in relationship to
the production of BNCB as a competing prod-
uct of DCB during the pcrchlorin,.”ion of PC3s.
BNCB was calculated by comparison of the elec-
tron capture GLC response to BNCB vs. the
response to DCB. Several factors are considered:
(/) In this reaction hromination * Kir.eticaliy
favored over chlorination. With perchlormation

Jjourmal cf the aok (. 3.N?3 *

of lower amounts of PCBs the re'at. ?
BNCB to DCB .i grea'er bccau.-e :-s ¢**
ating anent is the limiting quant.ty *
mated SbCl,. (J) Brormnation occurs ‘oa !
degree for a given quantity of 'he ¢» c*
nated PCBs such as Aroclors Il-1 a*d
rather than for 1254 and 1260. Ti..i .ikely e
to a greater number of reactive sites t.i
steric hindrance, (i) In the rare? of r 71-
chlormatcd (0 5-10 >ig) in the above :tu,y.
likely that with lower amounts of PCBs
or less chlorinated Aroclors the decrease .n |
recovery is principally due to the incre.u
BNCB formed.

One of the major advantages of perchl:*
tion in determining minute quantities cf ;
is the inherent increase in elective GLC :
tor response. Contaminated SbCl,, as riesc*
here, would preclude its use ig many of *
cases.

Rctxxcncu
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Monsanto

coamc»* ~C iaw 2eB*0*yjc*~

July 27, 1973

Cc Substances (TS-79*0
Protection Agency
S.ow

C. 2QU60

Attention: Ms. Jonl T. Repasch
Dear Ms. Repasch:

This notification Is sent to you In accordance with Instruct-
ions contained in the June 7, 1978 issue of the Federal

Register iIn connection with proposed rules for the Manufacturing,
Processing, Distribution and Commerce, and Use Bans of Poly-
chlorinated Biphenyls.

The instructions require that requests to participate iIn the
hearing, to be conducted August 21, 1978, are to sent to
the above address by July 31, 1978. Monsanto Company does not
at this time plan to present testimony at the hearing. We

do, however, desire to participate in the hearing iIn every
other respect, iIncluding the questioning of witnesses which

do testify. We are, therefore, hereby giving notice to this
effect.

Thank you for including this notification In the record of
this proceeding.

Yours very truly

Phocion S. Park
Environmental Counsel

CC85C7



March 16, 1978

Mr. Ban Leolich

Office of Toxic Substances (TS-788)
Environnantal Protaction Agencv
401 M Streat S.W.

Washington, D.C. 20460

Daar Mr. Lemlichj

Confirming our talaphona convareation of March 14, 1978,
you approval our proposed nodificationa to tha M1 and

Mg label* for PCB"a. Tha M]_ change involved tha "A toxic
environmental ..." statement where "with” in tha second

line dropped to tha third line, "Regulations” to tha fourth
line and "contact" to tha fifth line. Tha M* change concerned
tha 'for proper disposal.statement where "information"
was moved to the first line and "U.S. Environmental” to

the second line with all copy centered right and left.
These modifications afford maxima, overall type aise
utilisation with adequate word spacing in the area de-
fined for these labels by the regulations published in

the Federal Register dated February 17, 1978.

Based upon your approval, we are proceeding to have labels
produc*dlin ordar to .chi.ve the eeriieet pooiM«

compliance.
vahvec trulyi

Kenneth E. Smith. «
Labeling Supervisor



