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Abstract

The National Institute for Occupational Safety and Health (NIOSH) Dioxin
Registry is a compilation of demographic and work history information for all
U.S. production workers who have synthesized products known to be contaminated
with 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) and/or
hexachlorodibenzo-p-dioxins (HxCDD). Currently, there are fourteen production
facilities and approximately 7000 workers included in the Registry. The first
use of this information is in a retrospective cohort mortality study for which
the comparison group is the U.S. male population. This study will evaluate
the causes of death among the workers exposed to products contaminated with
2,3,7,8-TCDD and/or HxCDD.

The Monsanto Company has a facility in Nitro, West Virginia which produced
sodium 2,4,5,-trichlorophenate (Na 2,4,5,-TCP) and 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T acid). Na 2,4,5-TCP and 2,4,5-T acid have been
ghown to be contaminated with 2,3,7,8-TCDD. These two products were produced
at Nitro from 1948 to 1969. Presented in this report is a historical
compilation of information and data on the operations, personnel, and safety
and health matters for these two production processes. This information was
obtained mainly from documents received from Monsanto, plus interviews with
Monsanto employees or former employees. Most of the figures and some of the
tables are taken directly from Monsanto documents.



Introduction

The National Institute for Occupational Safety and Health (NIOSH), Division of
Surveillance, Hazard Evaluations and Field Studies (DSHEFS), Industrywide
Studies Branch (IWSB), is conducting an investigation of health effects
resulting from occupational exposure to polychlorinated dibenzo-p-dioxins
(PCDD) and in particular 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD)
and hexachlorodibenzo-p-dioxin (HxCDD). The NIOSH Dioxin Registry is a
compilation of demographic and work history information for all U.S.
production workers who have synthesized products known to be contaminated with
2,3,7,8-TCDD and/or HxCDD. The Registry, initiated in 1979, was prompted by
animal studies showing 2,3,7,8-TCDD to be acutely toxic and a chloracnegen, as
well as a carcinogen and a teratogen.l-7 2,3,7,8-TCDD is a contaminant

found in 2,4,5-trichlorophenol (2,4,5-TCP) and/or its sodium salt, which are
raw materials used to produce chemical compounds such as 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T acid) and hexachlorophene. Currently, there are
fourteen production facilities and approximately 7000 workers included in the.
Registry. The first use of this information will be a retrospective cohort
mortality study for which the comparison group is the U.S. male population.
This study will evaluate the causes of death among workers exposed to products

_ contaminated with 2,3,7,8-TCDD and/or HxCDD.

Presented is a compilation of information and data collected from the
Monsanto Company and other sources for their facility in Nitro, West
Virginia. BSite visits to the Monsanto Company (Headquarters and/or Nitro
facility) were made on Dec., 13, 1984; Jan. 2-3, 1985; June 24-25, 1987; and
July 18-22, 1988, The Nitro plant produced Na 2,4,5-TCP which in turn was
used to produce 2,4,5-T scid. Therefore, the workers involved in these
processes are included in the Dioxin Registry.

The history and descriptions for the processes and personnel included in this
report were obtained from Standard Manufacturing Process (SMP) descriptionms,
past studies conducted at the plant, information prepared for litigationms,
other company documents and interviews with company personnel or former
company personnel. SMPs for 2,4,5-T acid production were provided for the
years 1948, 1949, 1953, 1958, 1962-64, and 1966. SMPs for Na 2,4,5-TCP were
provided for the years 1953, 1958, 1960, and .1962. The Na 2,4,5-TCP

production process was a part of the 2,4,5-T acid production process from
1963-1969.

Description _and History of the Facility

The Monsanto Nitro plant is located on the Kanawha River in Nitro, West
Virginia. Nitro, West Virginia is located in Putman, County, 15 miles west of
Charleston and received its name and beginning in 1917 when the U.S.
Government built a large explosives complex in the area. In 1921, following
the end of World War I, the complex was abandoned, divided up and sold to
various organizations. One such organization was the Rubber Service
Laboratories which purchased 30.7 acres of the complex in 1922. The Rubber
Service Laboratories produced chemicals and additives used in the rubber



industry. 1In 1929,. Monsanto purchased the plant from Rubber Service
Laboratories. Over the years, the Nitro plant has diversified and grown such
that as of 1986 the operating area of the plant occupied 69 acres and the
waste treatment plant occupied 42 acres. Production included agricultural
chemicals, nutrition chemicals, paper chemicals, plasticizers, and rubber
chemicals. Figure's 1 & 2 show plant layouts for the Nitro plant for the
years 1945 and 1970, respectively. The numbers on thesé layouts indicate the
location of the various building located at the plant.

Through the years, the Monsanto Nitro plant has grown and diversified in the
amounts and types of chemical products manufactured. Table 1, obtained from
the Chemical Information Services of the Stanford Research Institutea. list
chemical products manufactured at Monsanto Nitro in 1970. Tables 2 and 3 list
chemical products manufactured, building numbers, and departments where these
products were manufactured and the raw materials used to mesnufacture these
products for the years 1952 and 1960. Tables 4 and 5 list chemical products
manufactured, building numbers and departments where these products were
manufactured and the raw materials used to manufacture these products for the
year 1968. These tables were constructed from information obtained from
industrial hygiene survegs conducted by Monsanto on September 1952, March
1960, and April 1968.%:10,11 7T the 1952 industrial hygiene survey, the
workforce was reported to have B04 employees while estimates of 450 and 400
employees were calculasted as the workforce size for the years 1960 and 1968.
The workforce size was reported to be 512 employees in 19B6. :

Monsanto Nitro processes of interest to the Dioxin Registry study are the

Na 2,4,5,~-TCP and the 2,4,5-T acid. Na 2,4,5-TCP and 2,4,5-T acid were
produced at Nitro from 1948 to 1969. Na 2,4,5-TCP was used exclusively as a
raw material to produce 2,4,5-T acid. From April 1948 to September 1948,

Na 2,4,5-TCP and 2,4,5-T were produced on a pilot plant basis in Building 32.
Beginning in October 1948, Na 2,4,5-TCP and 2,4,5-T acid was produced on a
full scale basis in Buildings 41 and 34, respectively. The Na 2,4,5-TCP
process was moved from Building 41 to Building 51 in July 1950. From
October 1948 to July 1963 the 2,4,5-T acid process operated in Building 34.
In November and December 1952, Building 34 was renovated such that all
2,4,5-T acid production activities were now done entirely in Building 34.
Prior to this renovation:from 1948 to 1952, 2,4,5-T acid was dried in
Buildings 34 and 79, to a lesser extent in Building 16 and on some occasions
Buildings 21 and 46. In August 1963, the 2,4,5-T acid process was
consolidated with the Na 2,4,5-TCP process in Building 51 and designated
Building 92. In Building 92, Na 2,4,5-TCP was a batch operation, while
2,4,5-T acid was produced in a semi-continuous operation. The 2,4,5-T acid
operations in Building 34 were discontinued at this time. Production of Na
2,4,5-TCP and 2,4,5-T acid was discontinued at Nitro in August 1969 with some
activity continuing in Building 92 until December 1969. The buildings used,
the products manufactured and the years of production for the processes of
interest are summarized in Table 6.

Production capacities for 2,4,5-T acid and Na 2,4,5-TCP are listed in
Table 7. These capacities were obtained from Standard Cost Sheets in the SMPs
for 2,4,5-T acid for the years 1948-49, 1953, 1958, and 1962-64 and in the



SMPs for Na 2,4,5-TCP for the years 1953, 1958, and 1%60. The production

capacities for 2,4,5-T acid increased from 25,000 pounds of 2,4,5-T acid per
month in 1948 to 400,000 pounds of 2,4,5-T acid per month by 1965. Also
included in Table 7 are the actual production levels for 2,4,5-T acid provided
by Monsanto. Production levels for 2,4,5-T acid were slightly over 200,000
pounds of 2,4,5-T acid per month in 1961 and by 1968 had increased to over
600,000 pounds of 2,4,5-T acid per month. The production capacity for Na
2,4,5-TCP while the process was in Building 51 was between 225,000 and 260,000
pounds of Na 2,4,5-TCP per month. Na 2,4,5-TCP production capacities are not
available for the years 1948 to 1950 when it was produced in Building 41 or
for 1963 through 1969 when Na 2,4,5-TCP production was a part of the

2,4,5-T acid process in Building 92.

Description of the Process

The processes used to produce Na 2,4,5-TCP and 2,4,5-T acid were located in
several buildings and sites at the plant throughout the time they were
operated. The following process descriptions are organized by buildings.
Throughout the years of opetration, the chemistry used to produce Na 2,4,5-TCP
and 2,4,5-T acid remained unchanged. The chemical process for Na 2,4,5-TCP
involved the hydrolysis of 1,2,4,5-tetrachlorobenzene (TCB) to form

Na 2,4,5-TCP in a methanol-caustic-water solution as shown in the following
mechanisms:
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The Na-2,4,5-TCP produced was then used to produce 2,4,5-T acid. Na 2,4,5-TCP
was reacted with sodium monochlorocacetate (NaMCA) to form Na 2,4,5-T. The Na

2,4,5-T was in turn reacted with sulfuric acid to produce 2,4,5-T acid, by the
following mechanisms:
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While the chemistry of these production processes did not change through the
years, the equipment, procedures, and operating conditions did change. The
descriptions to follow will include changes made in the procedures and
operating conditions as well as changes made from one building to another.

Process flow diagrams depicting the Na 2,4,5,-TCP, as well as the 2,4,5-T acid
processes are shown in Figures 3 through 8. Figures 3 through 8 represent the
processes for the eras 1948 through 1950, 1950 through 1951, 1951 through
1953, 1953 through 1957, 1958 through 1961, and 1962, respectively. The six
figures illustrate the evolution of the Na 2,4,5-TCP and 2,4,5-T acid

processes from their start in 1948 until they were consolidated into one
process in 1963,

A. Na 2,4,5-TCP and 2,4,5-T Acid Pilot Process, Building 32.

Initial production of Na 2,4,5~-TCP and 2,4,5-T acid was started in the Pilot
Plant, Building 32, in April 1948. Very little informstion, descriptions or
operating procedures were provided for the Pilot Plant operation. Presumably
the initial operating procedures and conditions used when the ¥Na 2,4,5-TCP and
2,4,5-T acid process were moved to Buildings 41 snd 34, respectively, were
used in the Pilot process. A 35-gallon autoclave reactor was used to produce
¥a 2,4,5-TCP using the raw materials of TCB, flaked caustic (NaOH), and



methanol (MeOH). The resulting Na 2,4,5-TCP (32% solution), 25% NaOH solution
“and monochloroacetic acid (MCA) were mixed cold, heated, and reacted in a
condensation reactor. The crude Na 2,4,5,-T resulting from this reaction was
filtered and washed, dissolved in water, and acidified with 93% sulfuric acid
(Hy804). The resulting 2,4,5-T acid slurry was filtered, washed, and the
resulting cake was dried in tray dryers.

B. Na 2,4,5-TCP Process, Buildings 41 and 51

A full-scale Na 2,4,5-TCP process was started in October 1948 in Building 41.
SMPs for the Na 2,4,5-TCP process for the years 1948, 1953, 1958, 1960, and
1962 were used to write the following process descriptions. The Na 2,4,5-TCP
process was moved to Building 51 in the summer of 1950 and initially was
essentially the same as the process in Building 41. A building layout of
Building 5@ is shown in Figure 10.-

Na 2,4,5-TCP Process flow diagrams for the years 1948 through 1962 are shown
in Figures 3 through 8. Inspection of these figures shows that no significant

changes were made in the Na 2,4,5-TCP process between the years of 1958
through 1962. .

'TCB, excess flaked NaOH and 90% MeDH were charged to a 500 gallon fire heated
agitated steel autoclave reactor and heated 5 to 7 hours at a temperature
range between 165 and 175°C and a pressure range between 300 and 500 pounds
per square inch gauge (psig). The sutoclave contents were then cooled to
120°C and blown by residual pressure through pipes to a MeOH still in
Building 34, 1In the still, excess MeOH was removed while water was added.
Water was added to the Na 2,4,5-TCP solution until the desired 32% Na
2,4,5-TCP solution by weight was obtained.

This procedure of adding mll the reactants to the sutoclave and then heating
the batch to the desired temperature by an open flame resulted in two
incidents of runaway decomposition reactions. The first runaway reaction was
a minor problem that was self-contained. The second of these decomposition
reactions occurred on March 8, 1949 and was of such an order of violence that
almost all of the batch was discharged from the autoclave into the work area.
The batch had built up a pressure from 150 psig to greater than 1500 psig
within ten minutes. This pressure build-up was inadequately relieved through
a hand vent and emergency vent. Orne of the vents twisted off and allowed the
batch to spray into the operating area. A fine black powder and a thick,
sticky, dark brown substsnce coated the working surfaces throughout Building
41. This accident was to have severe consequences to the health of the
workers involved with this process and will be discussed in detail in the Past
Exposure section of this report. The Na 2,4,5-TCP process was shut down until
August, 1949, During this time, Na 2,4,5-TCP used to produce 2,4,5-T acid was
purchased from The Dow Chemical Company.

As a result of the March 1949 accident, several changes were made in the
manner with which Na 2,4,5-TCP was produced. After the accident, MeOH and
HaOH were charged into the autoclave and pre-heated to 170°C. TCB was then



gradually fed to the autoclave solution over a 4-1/2 to 5-1/2 hour time
period. With respect to the TCB, a 50% molar excess of NaOH and 700% molar
excess of MeOH were used. Prior to the accident, as stated previously, the
raw materials were added to the autoclave and then heated. The new procedure
allowed better control of the reaction and was less likely to result in
runaway reactions. The final significant change made as a result of the
accident was the installation and use of steam coils to heat the reactor

rather than use of an open flame, again allowing better control of the
reaction rate.

In the summer of 1950, the Na 2,4,5-TCP production process was moved to
Building S1, where production procedures were essentially the same. Table 8
lists the major pieces of equipment used in the Na 2,4,5-TCP process housed in
Building 51. A 2500-gallon steel autoclave reactor was installed in Building
51, increasing the production capacity for Na 2,4,5-TCP. The reaction
procedures were the same as those in Bullding 41; the reaction temperatures
ranged between 168 and 175°C and the pressures ranged between 300 and 500
psig. A batch charge was made up of B200 lbs of MeOH, 3300 lbs of NaOH, 120
gallons of water and 6000 lbs of TCB. The TCB was gradually fed to the
autoclave contents over a 4-1/2 to 5-1/2 hour period. A cooking time (hold
time) of 3-1/2 hours was used. In October 1951, the Na 2,4,5-TCP filtration
and distillation process (to recover excess MeQOH) was moved to Building 51.
Prior to this time, filtration and distillation were done in Building 34.

Distillation to recover excess MeOH from the Na 2,4,5-TCP reaction solution
was accomplished using a four plate bubble cap distillation column and a still
pot. The distillation was carried out with steam on the still pot jacket.

The reflux ratio was set at 1:1 at the start and the vapor temperature at the
top of the column was maintained under 66°C by increasing the reflux ratio as
the distillation progressed. When the reflux ratio reached 9:1, a weak
alcohol cut was made. After the pot temperature reached 110°C, 500 gallons of
water were added snd the distillation continued until the vapor temperature
reached 90°C or the pot temperature reached 115°C. The finished Na 2,4,5-TCP
batch was adjusted by the addition of water and a final sample was taken. The

average assay of the Na 2,4,5-TCP solution was between 31 and 33% by weight Na
2,4,5-TCP.

From October 1948 to October 1951, the Na 2,4,5-TCP solution was filtered
after MeOH removal in Building 34. From October 1951 to December 1957, Na
2,4,5-TCP was filtered in Building 51. The filter press was pre-coated with a
water slurry of super-filtrol after clean filter papers were installed. The
batch was filtered to the 10,000 gallon settling tank. When the settling tank
was full, the contents were pumped to a 50,000 gallon storage tank.

By 1958, filtration of the Na 2,4,5-TCP solution had been eliminated and the
solution went directly from the MeOH still to the settling tank. Four to five
sutoclave batches were accumulated in the settling tank sfter which they were
transferred to the 50,000 gallon storage tank. The tanks were maintained at a
temperature between 80 and 85°C. The undissolved salt and other solids which
settled out in the settling tank were flushed out with hot water to the sewer
after every transfer from the settling tank to the storage tank.



Time cycles for the various steps in the process are shown in Table 9. Time
cycles for the operation of the Na 2,4,5-TCP process remained the same between
the years of 1958 and 1962 with 15-1/2 hours needed per batch on the autoclave
and 9 hours needed per batch on the MeOH still.

C. 2,4,5-T Acid Process, Building 34

Full scale 2,4,5-T acid production was started in October 1948 in

Building 34. A building layout of Building 34 is shown in Figure 10.
Building 34 also housed Santoflex B, AW, and DD (also known as Ajone C, AW and
DD, respectively), Flectol H, DDK, mercaptan and other processes. SMPs for
the 2,4,5-T acid process for the years 1948, 1949, 1953, 1958, and 1962 were
provided by Monsanto and used to write the following process description.
Process diagrams depicting the 2,4,5-T acid process are shown in Figures 3
through 8. These six figures illustrate when and what process changes took
place while the 2,4,5-T acid process operated in Building 34. Significant
process changes were made in the winter of 1953 and very few changes occurred
from 1954 to 1962. Major pieces of equipment used to produce 2,4,5-T acid in
Building 34 for the years 1948, 1949, 1953, 1958, and 1962 are listed in
Table 10.

From 1948 until 1950, Na 2,4,5-TCP produced in Building 41 was distilled to
remove excess MeOH and filtered in Building 34. The Na 2,4,5-TCP solution in
the autoclave in Building 41 was cooled to 120°C. Residual pressure inside
the autoclave was used to blow the autoclave sclution through pipes to a 1200
gallon agitated, jacketed steel MeOH still. MeQOH was removed from the still
while water was added to keep the Na 2,4,5-TCP in solution. Once the excess
MeOH was removed from the Na 2,4,5-TCP solution, which was approximately 32%
Na 2,4,5-TCP by weight, it was pumped from the still through a 24" Sparkler
clarifying filter to a 1200 gallon agitated, jacketed, steel condensation
reactor. The MeOH distillation step was moved to Building 41 in 1950.

The Na 2,4,5-TCP solution was pumped to the condensation reactor where
recovered 2,4,5-TCP was added to make up a batch. Steam was applied to the
reactor jacket, agitation was started and the reactor was heated to 92-95°C.
The batch was now ready for reaction with sodium monochloroacetic acid
(NaMCA). NaMCA had been prepared previous to this step by reacting MCA with a
25% caustie solution. The NaMCA was fed slowly over a period of 1-1/2 to 2
hours to the Na 2,4,5-TCP solution. The Na 2,4,5-TCP reacted with NaMCA to
form Na 2,4,5-T. v

Periodically, throughout the NaMCA addition the pH of the reactant solution
was checked. Initially the pH was checked using a dip rod and phenolphthalein
paper. Starting in March 1961, the pH was monitored with a pH meter instead
of the phenolphthalein indicator. 1If the batch became too thick water was
added. After the final addition of the NaMCA solution, the contents of the
reactor were agitated for 2-1/2 hours at 92-95°C, to complete the reaction
(starting in 1958, the hold time was reduced from 2-1/2 hours to 1-1/2

hours). The batch was then diluted with water and cooled to a minimum of 50°C
by circulated recovered water through the reactor jacket.



*..The Na 2,4,5-T salt slurry was either pumped from the condensation reactors

" and loaded directly into the centrifuges or pumped to the reactor storage tank
and then to the centrifuges. Initially a 48", center slung, top unloading,
Tolhurst centrifuge was used (see Figure 11). By 1953, a second centrifuge
was added, a 48" suspended bottom unloading Fletcher centrifuge (see

Figure 12). By 1958 the Tolhurst centrifuge had been replaced by a second
Fletcher centrifuge. The Tolhurst was operated such that each charge was
dewatered, washed with a solution made up of two parts water and one part 25%
caustic, dewatered again and the cake was then cut down into small pieces and
shoveled into a Redler hopper. A Redler conveyor was started and the material
was punched from the hopper to the conveyor by means of a shovel or punch
stick. The Fletcher was operated similarly to the Tolhurst except the cake
was cut into pieces and discharged from.the bottom of the centrifuge to the
hopper. The Redler conveyor, shown in Figure 13, carried the wet Na 2,4,5-T
cake to either a storage bin or to the dissolver. When filtration and
dewatering of the Na 2,4,5-T cake became difficult, chenging of the filter
cloth in the centrifuges was required. Before the cloth was changed all
material possible was removed from the centrifuge basket. The cloth was then
washed with the centrifuge running, first with hot water until all solids were
dissolved and then with cold water until cool. The cloths which had been
removed were placed in metal containers with closed lids and twice weekly
hauled to a disposal pit. The filtrate and wash water coming from the
centrifuges were collected in the filtrate receiver and pumped to the filtrate
storage tank where it was later used to recover unreacted 2,4,5-TCP.

The wet Na 2,4,5-T cake was either stored or directly dumped to the dissolver
which contained hot water. The contents of the dissolver were then heated
with agitation to 90-95°C and held at this temperature for 10-15 minutes or
until the solution was complete. From 1948 through 1953, the Na 2,4,5-T
solution in the dissolver was filtered through one of three Alsop filters
either to storage or the acidifiers. Each filter was equipped with a No. 45
cartridge. One filter was used at a time and changed to a clean filter when
filtration slowed. Cartridges were changed as required with the dirty
cartridges being disposed of in closed metal containers which were hauled
twice weekly to a disposal pit. After 1953, filtration of the Ns 2,4,5-T
solution from the dissolver was not done.

Initially, acidification of the Na 2,4,5-T solution took place in a 500
gallon, enamel lined, agitated, steel acidification tank. Na 2,4,5-T solution
was pumped into the acidifier followed by a weighed amount of 93% sulfuric
acid which was slowly added. The resulting solution’'s pH was periodically

- checked and sulfuric acid was added until the pH paper was dark red (pH=2).
After the acidification was complete the acidifier contents were cooled to
40°C by introducing reclaimed water to the acidifier jacket.

As a result of the process improvements made to the 2,4,5-T acid process in
late 1953, two 500 gallon acidification tanks were now used and the procedure
for the formation of 2,4,5-T acid was altered. A weighed amount of sulfuric
acid was pumped into each acidifier, followed by the ¥Na 2,4,5-T solution.
Additional sulfuric acid was added until the pH reached 2. The contents of



" the acidifiers were agitated for 20 minutes and were then ready for
filtration. Cooling water was kept on the acidifier jacket at all times.
Acidification in this manner remained the same throughout the time that the
2,4,5-T acid process was in Building 34,

Filtration of the 2,4,5-T acid solution in the acidifiers was done in two ways
when the process was in Building 34. From 1948 to 1953, the 2,4,5-T acid
solution was filtered using a 3 foot by 6 foot filter box equipped with glass
cloth covered with a large mesh stainless steel screen. From 1953 to 1963,
the 2,4,5-T acid solution was filtered using a 48 inch, bottom discharge,
Fletcher centrifuge with a stainless steel basket.

From 1948 to 1953, contents of the acidifier were cooled to 40°C and a vacuum
was applied to the filter box by a three stage jet through the filtrate
receiver tank. The 2,4,5-T acid slurry was dropped from the acidifier, with
the agitator running, into the filter box, checking to make sure not to
overflow the filter box. When the flow from the acidifier to the filter box
decreased, the agitator was stopped and the acidifier was washed out with the
wash water going to the filter box. The 2,4,5-T acid in the filter -box was
filtered fairly dry.  Cracks that formed in the 2,4,5-T acid filter cake were
smoothed out with a shovel and the cake was washed twice with water, after
each washing the cake was filtered dry and the cracks smoothed out. The
filter ¢ake was then shoveled from the filter box into clean metal drums and
weighed. The drums of damp 2,4,5-T acid were then moved to drying areas in
Buildings 34, 79, 16, 21, and 46. The filtrate from the filter box was
collected in the receiving tank and subsequently discharged to the sewer.

From 1953 to 1963, the 2,.4,5-T acid solution was filtered using a 48 inch,
bottom discharge Fletcher centrifuge with a stainless steel basket. The
contents of twe acidifiers were loaded into a Fletcher centrifuge operating at
high speed, with the wash water spray on. During the loading of the
centrifuge, which took between 10 and 20 minutes, a wash water spray was

used. After the centrifuge was loaded, the spray wash was continued for
another 20 minutes. The 2,4,5-T acid cake in the centrifuge was dewatered for
15 minutes and was then ready to be dug down. The Redler conveyor was started
and the cake was slowly dug down with a digger while the centrifuge operated
on slow speed. The damp 2,4,5-T acid was discharged from the bottom of the
centrifuge into a hopper which discharged the material on to the Redler
conveyor. At times it was necessary to punch the damp 2,4,5-T acid out of the
hopper and onto the conveyor using a stick or a shovel. The heel was then dug
out of the centrifuge. The Redler conveyor moved the material to the dryer
feed hopper. The filtrate coming from the centrifuge was collected in a
filtrate receiving tank and subsequently pumped to a filter box. The filter
box operated the same as the filter box previously described.

The damp 2,4,5-T acid coming from the filtration step was dried by two methods
while the 2,4,5-T acid process was in Building 34. From 1948 through 1953 the
damp 2,4,5-T acid was dried using tray dryers primarily in Buildings 34 and 79
and to a lesser extent in Buzldxng 16, 21, and 46. From late 1953 until the
process moved to Building 92, in 1963, the damp 2,4,5-T acid was dried using a
rotary dryer.



In 1949, 6~ and 12-~stall tray dryers were located in Buildings 34 and 79,
rvespectively. Each dryer was equipped with a pre-heater for air with a blower
fan, temperature controller, dryer racks with wooden and metal trays, wooden
boxes for dumping material prior to loading it in the tray driers, a paper
cutter for cutting paper used in the trays and a miero-pulverizer with a bar
screen. The 2,4,5-T acid, shoveled from the filter box into metal drums, was
taken to the tray dryers and the material in the drums was dumped in wooden
boxes. The tray dryer's trays were checked and all loose material was
removed. New clean paper was placed in each dryer tray and the damp 2,4,5-T
acid shoveled from the wooden boxes into the trays. Two scoops were loaded
into each tray to a depth of approximately 2 inches thick. The dryer trays
were loaded into the dryer from top to the bottom. After the dryers had been
loaded, the doors were closed, the timer was set, and the steam was turned on
in the dryers. The temperature of the dryers was raised as rapidly as
possible to 100-105°C. The dryers were checked frequently, and when the
2,4,5-T acid was determined to be dry, the steam was turned off and the dryers
were cooled down for 30 to 60 minutes using the blower fan. The trays were
unloaded from the top to bottom of the dryer. The dried 2,4,5-T acid was
dumped into either fiber drums or into large wooden boxes, which were then
emptied into a hopper for the micro-pulverizer. A wooden stick was used to
punch the 2,4,5-T acid into the micro-pulverizer where it was ground, and
packed into fiber drums, 200 pounds net. Sweepings from the dryer room were
collected, screened, and recycled. 100 pounds of screened sweepings were
dissolved in 12 gallons of 25% caustic for reworking in the reactor.

With the renovation of the 2,4,5-T acid process in 1953 came the replacement
of the tray dryers with a rotex dryer. The drying system installed in
Building 34 replaced all the tray dryers and therefore Building 34 housed the
entire 2,4,5-T acid process. The drying system consisted of a storage hopper
equipped with a vibrator, a punch arm and a é-inch screw feed; a 30-inch
stainless rotary dryer equipped with inlet and outlet temperature controls; a
feed shut-off control; three double banks of heating coils; a cyclone
separator; a dust bag collector equipped with an exhaust blower fan and bag
shaker; a Redler conveyor; and a rotex screener equipped with 8 mesh screen.
The Redler conveyor fed damp 2,4,5-T acid from either the 2,4,5-T acid
centrifuge or wet acid storage to the dryer hopper and from there into the
rotary dryer.. The wet 2,4,5-T acid was fed through the dryer to the rotex
screen as fast as possible while maintaining an outlet temperature on the
dryer at or above A5°C. The 2,4,5-T acid coming from the rotex screen was
packaged in fiber drums, 200 pounds net. Each drum was marked with a code, a
lot number, drum number, and the gross, tare and net weights. A sample of the
2,4,5-T acid was collected using a thief tube from each drum.

Filtrate coming from the Na 2,4,5,-T centrifuges was collected in filtrate
storage tanks and contained unreacted Na 2,4,5,-TCP. The filtrate was pumped
from storage to a monel recovery tank where agitation wag started and 93%
sulfuric acid was added until the contents in the recovery tank had a pH of 2
using pH paper until March 1961 and then using & pH meter until 1963. When
the pH of 2 was reached agitation was stopped and the contents in the tank
were allowed to settle into layers for one hour. After the settling period
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the upper or water layer was discharged to the sewer through an adjustable
siphon. After two batches had been processed, the recovered 2,4,5,-TCP was
reacted with 25% caustic and diluted with water to form a thin slurry. The
caustic was added until a pH between 9 and¢ 11 was reached, Samples were
collected and the batch of recovered 2,4,5,-TCP was pumped to a Ne 2,4,5-TCP
weigh tank to make up part of a batch,

No ventilation system was in place until the renovations to the 2,4,5-T acid
process were made in 1953, At that time, the reactors, the Na 2,4,5,-T
centrifuges, the dissolver, the dissolver storage tank, the acidifiers, the
2,4,5-T acid centrifuge, and the filtrate settling box were all operated under
decreasing pressure as supplied from a Roto-Clone fume scrubber wventilation
system equipped with an American Blower fan, Size 23, 1750 RPM, 15 HP. By
July, 1962, the Roto-Clone had been replaced by a Schutte and Koerling venturi
fume serubber (Figure 14) and a Chemico scrubber. The Chemico scrubber
ventilated the dissolver, the TCP recovery tank, the acidifiers, the 2,4,5-T
acid centrifuge, the settling box, and the Na 2,4,5,-T centrifuges. The
Schutte and Koerling venturi scrubber ventilated the reactors, the Na 2,4,5,-T
filtrate receivers and storage tanks, and the MCA weigh tank.

D. Na 2,4,5-TCP and 2,4,5-T Acid Process, Building 92

In August 1963, the 2,4,5-T acid process was consolidated with the Na
2,4,5-TCP process, in.Building 51. Building 51 had to be enlarged to
acconmodate the addition of the 2,4,5-T acid process and was designated as
Building 92. The chemistry and the procedures for producing 2,4,5-T acid
remained essentially the same but the equipment used in the Building 92 was
somewhat different in order to make the process semi-continuous.

Figures 15A-15E are flow diagrams for the processes in Building 92.

Figure 15A shows the Na 2,4,5-TCP process steps while Figures 15B-15D show the
2,4,5-T acid process steps. Figure 15E illustrates the support operations and
the TCP recovery step in the 2,4,5-T acid process in Building 92. Figure 16
is a building layout for Building 92.

Two 2,500 gallon autoclave reactors were used to produce Na 2,4,5-TCP in the
same manner previously described for Building 51. TCB was fed to the sodium
methylate solution in the autoclave over a 4 hour period at a temperature
between 170°C and 173°C and pressure of 150 psig. Following the TCB addition
the autoclave contents were held for 3-1/2 hours with the pressure gradually
rising to between 350.-to 400 psig. Following the hold time the autoclave
contents were cooled until the reactor pressure fell to 100 psig at which time
the bateh was blown through a8 well line to the methanol recovery still using
the reactor's residual pressure.

Methanol recovery was accomplished in the same manner as was done in Building
51, which was previously described. The methanol recovery system in Building
92 was made up of a 2000 gallon steel jacketed tank with an agitator.

Attached on top of the 2000 gallon tank was a 3 ft. 6 inch by 11 ft. 6 inch
steel bubble cap column with four plates each containing 8 caps. The methanol
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vapors coming from the still were condensed in a 16 inch by 18 ft. steel shell
and tube condenser, collected in a 1,200 gallon alcohol receiver and stored in
two 1,400 gallon alcohol storage tanks. The distillation was started with a
reflux of 2 gallons per minute. When the temperature of the still reached
110°C, 500 gallons of water were added and the distillation was continued
until the still temperature reached 115°C at which time it was diluted with
water to a determined outage and transferred to a 50,000 gallon Na 2,4,5-TCP
agitated storage tank maintained at 80-85°C.

Two 2000 gallon steel condensation reactors were used to produce Na 2,4,5,-T.
Na 2,4,5-TCP was pumped from storage into a 500 gallon steel weigh tank and
MCA was added to a 100 gallon glass-lined weigh tank. The Na 2,4,5-TCP charge
was dropped by gravity into the veactors. Agitation was started and recovered
2,4,5,-TCP was added until the pH was adjusted to 8.5. The reactors were
maeintained at 92°C and over a 45 to 60 minute period the MCA and water charge
were fed into the reactors. The pH of the two batches was maintained by
automatic pH control and checked with litmus paper. After the MCA addition,
the batches were held for 90 minutes maintaining a constant temperature of
90°C and a pH of B.5. At the end of the hold period, 25% NaOH was added while
the batches cooled. The batches were pumped to a surge tank and water was
used to wash out the reactor. From the surge tank the Na 2,4,5,-T slurry was
pumped to the filter feed tank maintaining a constant level in the filter feed
tank. The temperatures of the surge tank and the filter feed tank were
maintained at 60* to 70°C.

The Na 2,4,5,-T slurry was then fed by gravity from the filter feed tank to
the filter pan in the Eimco belt filter, shown in Figure 17, The Na 2,4,5,-T
slurry was maintained at a constant level in the filter pan and the Eimco belt
rotated through the Na 2,4,5,-T slurry forming- a cake on. the outer surface of
the belt. The cake on the belt surface was washed by three banks of cold
water to remove residual Na 2,4,5-TCP and impurities. The Na 2,4,5,-T cake
then rotated off the belt and fell through a chute into a Wa 2,4,5,-T slurry
tank where the Na 2,4,5,-T was redissolved in water and maintained at a
temperature between 75° and 80°C. The concentration of the N¥a 2,4,5,-T slurry
in the slurry tank was maintained at 10 to 12% Na 2,4,5,-T using automatic
ratio controls. Wash water and Na 2,4,5,-T filtrate were pumped from the
Eimco belt filter to the primary TCP recovery settler.

Sodium hypochlorite was added to the Na 2,4,5,-T solution in the slurry tank
on a continuous ratio with the quantity of Na 2,4,5,-T cake coming from the
Eimco belt filter. The rate of addition of the sodium hypochlorite was set on
a ratio controller taking its signal from the Eimco cake thickness gauge. The
sodium hypochlorite was added at a rate to give 4 to 6 pounds of sodium
hypochlorite per 100 pounds of Na 2,4,5,-T cake. The sodium hypochlorite was
added to the Na 2,4,5,.-T solution in order to lighten the color of the final
2,4,5-T acid product. The Na 2,4,5,-T solution was then pumped from the
slurry tank to a 2000 gallon glass-lined sgitated jacketed acidification

tank. While the Na 2,4,5,-T solution was charged, 93% sulfuric acid was also
added at 5 ratio to give 300% excess acid and no residual Na 2,4,5,-T. The
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temperature of the acidification tank was maintained between B80* and B5°C.
The feed and discharge of the acidification tank were continuous with
discharge coming from a bottom center nozzle on the acidifier, -

The 2,4,5-T acid slurry coming from the acidifier was fed to a 300 gallon
Haveg tank. From the Haveg tank the 2,4,5-T acid slurry was continuously fed
at a controlled rate to a 6 foot diameter Carpenter 20 Dorr Oliver pan filter
(Figure 18). The 2,4,5-T acid cake which collected in the pan filter was
washed by four hot (70°C) water washes, dewatered and discharged by a screw
type scroll into the dryer feed surge hopper. The wet 2,4,5-T acid was then
fed from the surge hopper to a 4 foot by 20 foot stainless steel rotary dryer
at a controlled rate to keep the outlet temperature at 60°C or higher in order
to get a dry product. The dry 2,4,5-T acid coming from the dryer was
discharged through a8 6" screw conveyor to a link-belt bucket elevator through
a 30 inch Sweco screener and into a 450 cubic foot steel product hopper. The
2,4,5-T acid flowed continuously from the product hopper inte a 275 cubic foot
ribbon blender until the blender was loaded. The ribbon blender was used to
increase the density of the 2,4,5-T acid product. The 2,4,5-T acid product
was then packaged using either a St. Regis fluidizing bag packer or the drum
packaging station. Dust generated in the finishing and packaging steps of the
process was collected in a Dustex primary dust collector. Air coming from the
primary dust collector was again filtered by a Dustex backup dust collector.
Dust collected in the primary dust collector was discharged to the product
hopper while dust collected by the backup was collected in a drum which was
checked twice per shift to detect primary collector leakage. A Mikro-Pulsair
primary dust collector, shown in Figure 19, was also installed to backup the
two Dustex collectors in case of failure. In addition, a Dracco dust
collector was used to collect dust from the product hopper, the blender, the
bucket elevator, the bagger, and the drumming station. Oversize 2,4,5-T
product from the product screener was collected in a drum and reworked through
the dryer. Packaging was done during the day shift and the 2,4,5-T acid was
packaged in either 50 pound bags or 230 pound drums. One blender load was
considered a finished lot and was sampled for final analysis.

Na 2,4,5,-T filtrate and wash water were collected from the Eimco belt filter
in a 10 foot in diameter by 8 foot 6 inch tall Haveg 60 primary settler. The
filtrate and wash water was mixed with 93% sulfuric acid using a mixing jet.
The pH of the overflow acid stream was controlled at a pH of 1.5 * 0.5 pH
units. The filtrate and wash water were added to the primary settler only
when the Eimco filter was running, but sulfurie acid was added as required to
maintain overflow pH. The weak sulfuric acid containing some residual
2,4,5,-TCP was overflowed to a 5000 gallon Haveg secondary settler where the
residual 2,4,5,-TCP was settled out. The recovered 2,4,5,-TCP from the
secondary settler was pumped back to the primary settler either on a
continuous basis or once per shift. The recovered 2,4,5,-TCP from the primary
settler was pumped to the TCP weigh tank for recycling to the condensation
reactor as needed.
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Description of the Workforce

The workforce at the Monsanto plant in Nitro, West Virginia is organized into
departments but is more clearly associated with buildings and production
processes. Workers involved in the production of WNa 2,4,5-TCP and 2,4,5-T
acid are included in the Dioxin Registry study. The buildings associated with
these two processes have changed over the years these processes were

operated. Manufacturing changes which affected worker exposure are summarized
in Table 11. As stated in the History and Description of the Facility section
of this report and in Table 6, the buildings involved were Building 32 for Na
2,4,5-TCP and 2,4,5-T acid in the surmer of 1948, Building 41 for Na 2,4 ,5-TCP
for the time period of October 1948 to July 1950, Building 51 for Na 2,4,5-TCP
for the time period of July 1950 to August 1963, Building 34 for 2,4,5-T acid
for the time period of October 1948 to August 1963, and Building 92 for both

Na 2,4,5-TCP and 2,4,5-T acid for the time period of August 1963 to August
1969.

Job titles and descriptions were obtained from industrial hygiene reports and
SMPs. Additional workforce information came from three industrial hygiene
survey reports for the years 19529. 196010. and 1968, and from SMPs for
2,4,5-T acid for the years of 1958 and 1962 and for Na 2,4,5-TCP for the year
of 1960. Constructed from this information and listed in Table 12 are the job
titles and descriptions for the Na 2,4,5-TCP and 2,4,5-T acid processes
through the years they were operated. In Building 32, which was a pilot plant
for the Na 2,4,5-TCP and 2,4,5-T acid processes, the job titles of operator,
helper, and production utility were used. Operators were responsible for the
operation of the autoclave, the methanol still, the 2,4,5-T acid reactor, and
the 2,4,5,-TCP recovery. The helpers operated the Na 2,4,5-T and 2,4,5-T acid
centrifuges and the drying and packaging operation. The production utility
workers filled in for the operators and helpers.

When the Na 2,4,5-TCP and 2,4,5-T acid processes moved to Buildings 41 and 34,
respectively, and became full scale processes, the workforce size increased as
well as their responsibilities. In Building 34, the 2,4,5-T acid process had
the job titles of head operator, operator, helper, and production utility
associated with it. The head operators were responsible for the operation of
the 2,4,5-T acid reactor, the 2,4,5-TCP recovery system, and preparation of
the NaMCA. The operators assisted the head operators and operated the Na
2,4,5,-T centrifuges. The helpers also operated the Na 2,4,5,-T centrifuges
as well as the acidification, 2,4,5-T acid centrifuges, drying and packaging
operations. The 2,4,5-T acid process was operated for three, eight hour
shifts per day, and there were one head operator, one operator, and three
helpers per shift. Shown in Table 13 are time cycles for the 2,4,5-T acid
process in Building 34. These time cycles obtained from the SMPs were
associated with the job titles used in the 2,4,5-T acid process.

For the Na 2,4,5-TCP process in Building 41, from 1948 to 1950, and later in
Building 51, from 1950 to 1963, the job titles of head operator, operator, and
helper were used. The sutoclave and the methanol still were operated by
either the head operator or operator with the assistsnce of a helper. The
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Na 2,4,5,-TCP process was operated for three eight-hour shifts per day with
each shift having either a head operator or an operator and a helper. Shown
in Table 9 are time cycles for the Na 2,4,5-TCP process in Building 51. The
time cycles obtained from the SMP were associated with the job titles used in
the Na 2,4,5-TCP process. . : '

In 1963, when Building 51 was expanded and became Building 92, the Na
2,4,5-TCP batch process and the 2,4,5-T acid process were combined to make one
gemi-continuous process. Table 14 lists the major pieces of equipment used in
the combined process. The job titles associated with the Na
2,4,5,-TCP/2,4,5-T acid process were head operator, operator, and helper. The’
head operators coordinated the process work activities and worked vacation
relief. The operators ran the autoclaves, ethanol stills, 2,4,5-TCP recovery
system and the 2,4,5-T acid reactors. The helpers operated the filtration
equipment, drying, and packaging machines. The Na 2,4,5,-TCP/2,4,5-T acid
process operated three eight-hour ghifts per day with five workers per shift.
Each shift was comprised of a head operator, two operators, and two helpers.
Shown in Table 15 are time cycles which were associated with the Na
2,4,5,-TCP/2,4,5-T acid process. These time cycles, obtained from the SMP,
were associated with the job titles in the Na 2,4,5,-TCP/2,4,5-T acid process.

Workers in these processes and operations were organized under the United
Steelworkers of America, District 23, Local 12610.

Description of Medical, Industrial Hygiene and Safety Programs

Starting in the 1940's, part-time plant physicians attended to the medical
needs of the workers at the Nitro plant. 1In 1946, Monsanto hired a corporate
medical director who was responsible for the safety and health of Monsanto
workers throughout the company, including the Nitro plant. A year later, an
industrial hygienist was hired by the medical director. These two individuals
began making annual inspections of all Monsanto plants. Also in 1946, the
first safety director for the Nitro plant was hired. Prior to this time, the
personnel manager handled the safety activities for the plant. A formal
safety program was established with the arrival of the safety director in
1946. Also established at this time were four safety committees; a Plant
Safety Committee, a Supervisor's Safety Committee, Departmental Safety Groups,
and a Union Management Safety Committee. By 1952, a full-time nurse was hired
at the Nitro plant while the plant physician remained part-time making
periodic visits to the plant and being on call. Also about this time sn
assistant to the safety director was hired. The medical and safety personnel
at the Nitro plant remained the same during the time the Na 2,4,5-TCP and
2,4,5-T acid processes were operated (until 1969). Industrial hygiene
activities at the Nitro plant remained st the corporate level throughout the
time the Na 2,4,5-TCP and 2,4,5-T acid processes operated and consisted of
plant inspections (usually annually) and recommendations.
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Description of Past Exposure

The first evidence of exposure to 2,3,7,8-TCDD to the Monsanto workers
appeared in the form of chloracne in those workers involved in the clean-up
and repair of the Na 2,4,5-TCP process in Building 41 after the March 8th,
1949 accident. Within hours after the accident in which the autoclave reactor
contents had been sprayed into the operating area, workers began repairing and
cleaning Building 41. The operating areas, including neighboring processes,
were covered with a fine black powder and a thick, sticky, dark brown
substance. In an effort to clean up Building 41 the evening after the
accident, the building and equipment were cleaned with water and steam and the
autoclave was boiled out with caustic and water. Within days of the accident,
workers began to develop chloracne. On March 15, 1949, the contaminated areas
of Building 41 were washed with trichloroethylene. With an increasing number
of people contracting chloracne, Building 41 was sprayed with sodium
hypochlorite on May 27th and 30th and June 24th, 1949. This was done with the
hope that the sodium hypochlorite would oxidize the phenolic materials which
had contaminated the building. On August 3 and 4, 1949, the entire interior
of Building 41 was washed throughly with water and on August 6 and 7, 1949,
the entire interior of the building and surfsces of the equipment were spray
painted with an aluminum paint. By October 1949, the Na 2,4,5-TCP process in
Building 41 was back in operationm.

The development of chloracne cases from this accident marked the beginning of
the medical activities involving workers assigned to the Na 2,4,5-TCP and
2,4,5-T acid processes. On April 1, 1949, the part-time physician for the
Nitro plant reviewed a summary of 21 cases and personally observed three
patients.12:17 poctors from the U.S. Publie Health Service and an

industrial hygienist from the West Virginia Department of Health visited the
Nitro plant for consultation and observation of chloracne patients on August
5, 1949.17 During October 1949, four workers with severe cases of chloracne
were sent to the University of Cincinnati for examinations and laboratory
tests.12 ‘The examinations, tests, and consultations were under the
direction of Drs. William Ashe and Raymond Suskind of the Kettering Laboratory
in the Department of Preventive Medicine, College of Medicine, University of
Cincinnati.

Drs. Ashe and Suskindl? wrote a report dated December 5, 1949 summarizing
their findings from the examinations and tests on the four Monsanto workers
sent to them. In the summary of their report they indicated that, "It is our
opinion that these men are suffering from systemic intoxication from a common
agent arising out of their employment. This intoxication is characterized by
acneform skin lesions, hepatitis, disturbed lipid metabolism, peripheral
neuropathy, and probably mild central nervous system involvement. From the
point of view of the morphologic dermatologist, the type of exposure and the
resultant skin lesions may justify the diagnosis of chloracne. In the cases
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herein reported metabolic and systemic manifestation other than the skin were
prominent.* The doctors also noted in their report that, "when these men are
in a closed room together, there is a strong odor which suggests a phenolic
compound, but cannot be identified with certainty. This odor is definitely
not the odor of sweat nor the odor of the rancid fat in their skin lesions.
While we have been unable to prove it, we believe that these men are excreting
a foreign chemical through their skin.”" This initial examination lead to
further examinations by these doctors.

Reexamination of the four workers previously examined in October 1949, plus
examination of other workers with the same conditions was done by Drs. Ashe
and Suskind in April 195013, similar to the initial examination, the
findings of this examination showed that these workers had suffered from an
intoxication which affected their skin and central nervous system as well as
their respiratory tract, peripheral nerves, hepatic tissue, and sexual aspects
of their endocrine system. The skin manifestations were characterized by a
variety of acneform lesions and in some cases melanosis and phrynoderma. The
central nervous sysiem symptoms were those of irritability, nervousness, and
insomnia. The respiratory problems were dyspnea and wheezing. The
neurological minifestations were characterized by local pain and weakness
which were associated with the histopathologic findings of peripheral
neuropathy. The workers examined were also found to have a loss of libido and
some impotence.

Cases of chloracne began to occur in workers who were not involved in the 1949
accident in Building 41. To address this situation and to follow-up on the
previous work, Dr. Suskindl4 and others from the University of Cincinnati in
April 1953, went to the Nitro plant to study workers with chloracne. Workers
were chosen to represent two situations: 1) chloracne cases arising from
involvement with the 1949 accident in Building 41 and 2) chloracne cases
arising from regular operations of the Na 2,4,5-TCP and 2,4,5-T acid
processes. A total of 36 workers were given examinations, with 11 workers
contracting chloracne as a result of the 1949 accident and 25 contracting
chloracne as a result of working in Na 2,4,5-TCP and 2,4,5-T acid production
operations. The report lists the distribution of the symptoms found among the
36 workers examined: ‘

Clinical Symptoms Rumber of Workers
Cutaneous lesions 35%
Fatigue 21
Aches and pains 27
Dyspnea 9
Nervousness and irritability 17
Loss or decrease of libido 13
Vertigo 4

* One subject complained of pains, fatigue, and irritability, but never
developed acne.
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The conclusions of this study were: "Qur positive findings at this time are
limited to the skin. Symptomatically, it would appear that the substance (or
substances) is capable of exerting a toxic effect on nerves as well as certain
of the endocrines and, perhaps, on the liver. No evidence of hepatic
dysfunction was found in the 36 workers examined, but changes which may have
occurred in the acute or severe phase of the syndrome, could have subgided
completely by the time of these examinations."” In conjunction with the
medical examinations of these workers, industrial hygiene surveys of the Na
2,4,5-TCP and 2,4,5-T acid processes were conducted.

Industrial hygienists from the University of Cincinnati, Kettering Laboratory,
Department of Preventive Medicine and Industrial Health, College of Medicine
conducted industrial hy%iene surveys in Buildings 34 and 51 on April 14, 1953
and January 10, 195615.,16  These surveys were conducted to ascertain

exposure levels for the workers in these buildings to chemicals used in the Na
2,4,5-TCP and 2,4,5-T acid processes. Samples of air were collected at all
locations where workers were stationed permanently or at equipment which
required the frequent attention of the workers. Vapors of halogenated
hydrocarbons were sampled by decomposing the vapor in a Wilson furnace and
collecting the liberated chlorine and hydrogen c¢hloride in a impinger
containing 0.1 N sodium hydroxide and 0.005 gm/ml of arsenious oxide. The
impinger solutions were returned to the university for analysis by a
turbidimetric procedure following precipitation of the chloride by silver
nitrate solution. Because of the hazard of fire from the methanol tised in the
Na 2,4,5-TCP process in Building 51, air samples were collected in Building 51
using a sintered glass impinger containing 95% ethanol. The alcohol sclutions
were analyzed by burning awasy a portion of the alcohol in a device similar to
that used for the determination of sulfur in petroleum products, with

combustion products being collected and analyzed for chloride as described
previously.

The results of the two University of Cincinnati industrial hygiene surveys are
listed in Tables 16, 17, and 18. Table 16 lists the organic chloride
concentration for air samples collected in Building 51 on April 14, 1953. The
concentrations of organic chloride in the four air samples collected in
Building 51 ranged from <0.10 to 18.1 parts chloride per million parts air
{ppm). The 18.1 ppm sample was collected in.the control room where the
operator spent a majority of his time and would represent a concentration of
4.5 ppm if the vapor was composed of TCB or a concentration of 6.0 ppm if the
vapors were Na 2,4,5,-TCP.

Table 17 list the results of the organic chloride concentrations for air
samples collected in Building 34 on April 14, 1953 and January 10, 1956. The
organic chloride concentrations in the 20 air samples collected at the various
operations throughout the 2,4,5-T acid process in Building 34 ranged from
<0.10 to 7.50 ppm. Two of the higher organic chloride concentrations for both
sampling dates were collected on the reastor platform while loading the
reactor with Na 2,4,5-TCP and RaMCA solution and testing the solution pH.
Results showed organic chloride concentrations of 5.60 and 2.25 ppm for the
dates April 14, 1953 and January 10, 1956, respectively. The mean of the nine

samples collected in 1953 was 1.18 ppm while the mean for the eleven samples
collected in 1956 was 1.89 ppm.
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Dust samples were also collected during the industrial hygiene surveys
conducted by the University of Cinecinnati industrial hygienist. The dust
samples were collected using high volume (7 cubic feet of air per minute) air
samples and a paper filter [Whatman 41, 105 millimeter (mm) diameter] in 1953
and a glass fiber filter (105 mm diameter) in 1956. The filters in both cases
were digested with alcohol and the chloride was determined following
combustion of the alcohol as described previously. The results of these
samples are listed in Table 18, and ranged from 0.20 to 2.57 mg of 2,4,5-T
acid per cubic meter of air (mg/m3). Four dust samples were collected in

the drying and packaging areas of the 2,4,5-T acid process in Building 34 in
1953 and gave a geometeric mean value of 1.26 mg/m3. Five dust samples were
collected in the drying and packaging areas of the 2,4,5-T acid process in
Building 34 in 1956 as well as in the centrifuge and acidifier areas of the
ptocgss. The results of these samples gave a geometric mean value of 0.79
ng/m>. :

Several observations, comments, and recommendations were made by the
University of Cincinnati industrial hygienist in reports resulting from the
survey conducted at the Nitro plant in the Na 2,4,5-TCP and 2,4,5-T acid
processes in the years 1953 and 1956. In the 1953 report, the hygienists
noted that the odors of halogenated hydrocarbons were always detected at all
locations in both buildings (Buildings 34 and 51). The hygienists noted that
the workers in these processes invariably wore gloves when working at
locations where skin contact was possible and that rubber boots and aprons
were also worn when suspected equipment was being cleaned (filter press,
Building 51). The greatest opportunity for contact to process materials
occurred when the operators dug down the suspended centrifuge (Figure 12)
removing solid material from the sides of the centrifuge. The hygienist
concluded that skin contact with process materisls provided greater

opportunities for exposure than the suspension of vapors and dust in the
atmosphere.

A comparison of the findings in 1956 survey compared to those in the 1953
survey led the University of Cincinnati industrial hygienist to conclude that
the concentrations of dust and vapors in Building 34, the 2,4,5-T acid
process, had not changed appreciably during this time. Some changes made
which the hygienist felt might reduce exposure to process materials were the
replacement of the filter press in the Na 2,4,5-TCP process with a settling
tank, the elimination of the Alsop filters, the addition of a mechanical
clapper to the throat of the duct leading to the rotary dryer feed hopper in
the 2,4,5-T acid process, and the addition of exhaust ventilation at the
centrifuges, settling boxes and in the reactor room in the 2,4,5-T acid
process.

The West Virginia Stste Department of Health, Bureau of Industrial Hygiene
collected air samples for 2,4,5-T acid in the 2,4,5-T acid process area in
Building 34 on June B, 1954. These samples were collected using
Greenburg-Smith impingers at a sampling rate of one cubic foot per minute. No
information was available on the sampling medis used in the impingers or the
analytical procedures used to measure the concentrations of 2,4,5-T acid. The
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resulits are listed in Table 19. The concentrations of ten 2,4,5-T acid air
samples from various process areas ranged from 0.02 to 1.06 mg of 2,4,5-T acid
per cubxc meter of air (mg/m3) with a geometric mean of value of 0.17

mg/m The highest concentration was found near a centrifuge during

unloading and the lowest concentration was found near a centrifuge during
loading.

In September 1952, a corporate industrial hygienist and the plant safety
director from Monsanto conducted a walk-through survey of the plant. A
report9, from November 1952, resulted from this survey and inventoried the
chemicals used and produced in the various processes throughout the Nitro
plant and reported the number of workers involved with the various processes.
Remarks included in the report pertaining to 2,4,5-T acid and Na 2,4,5-TCP
operations indicated that clothing changes, showers, gloves, and respirators
were provided for the workers involved in the 2,4,5-T acid process.

A survey of the Na 2,4,5-TCP and 2,4,5-T acid process at the Nitro plant was
conducted from November 12 through November 14, 1952 by Drs. Donald Birmingham
and Cleveland Denton of the Division of Occupational Health, U.S. Public
Health Servicel?. The survey consisted of walking through the processes of
interest and dermatological examination of six workers with chloracne of
varying severity. The cases were presented by the plant physician as
representative of about 80 cases present in the plant. The authors concluded
thaet all chloracne cases had, in common, exposure to the physical facility or
to the operation of making the chlorinated hydrocarbon intermediate (sodium
2,4,5-TCP) for the herbicide.

From the walk-through the following observations were made as to where’
dermatologic hazards existed in the Na 2,4,5-TCP and 2,4,5-T acid processes:

Cleaning the filter press in the Na 2,4,5-TCP process.
Cleaning the Alsop filters.

Removing solid materials from the centrifuges.
Drying, grinding, and packaging the 2,4,5-T acid product.

P wWN -

From the dermatological examinations the investigators found those workers
most severely afflicted had comedones, small yellow papules, and yellow
colored cystic lesions about the face, neck, shoulders, and scattered papular
and follicular lesions on the trunk and lower extermities. The workers less
severely affected by chloracne showed comedones and small yellow papules in a
typical symmetrical distribution in the skin overlying the lateral portions of -
the orbits and along each zygoma. Three of the workers with chloracne

' examined complained of malaise, weakness, weight loss. painful joints, and

loss of libide.

Some of the recommendations made by the Public Health Service investigators
included the following:

‘1. The entire operation involving chlorinated hydrocarbons should be isolated

from those workers not directly concermed with these processes
(Na 2,4,5,-TCP and 2,4,5-T acid).
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. Workers associated in any way with the manufacture of Na 2,4,5-TCP should

have a detailed work history record. If possible, the worker should be

- maintained at one specific job.

A complete daily change of work clothing, including underwear, coveralls,
gloves, and caps should be given to each worker. .

The company should continue its practice of laundering all the work
clothes. :

Two lockers should be provided; one for street clothes and the other for
work uniforms.

Wash periods should be scheduled on company time. Workers must wash
before lunch and before leaving work.

Workers should use the eating facilities away from the woerk area at all
times.

In March 1960, a corporate industrial hygienist from Monsanto conducted a
survey similar to the one Monsanto conducted in 195210,  The 2,4,5-T acid
and Na 2,4,5-TCP process were in Buildings 34 and 51, respectively, at the
time of this survey. Recommendations for corrective action made as a result

of this survey and pertaining to the 2,4,5-T acid and Na 2,4,5-TCP processes
are as follows:

1.

2.

Building 34-(2,4,5-T): The hand sticking of the sodium 2,4,5-T reactors
must be stopped.

~ Building 34~(2,4,5-T): There are two Fletcher centrifugals on the sodium

2,4,5-T line that supposedly are ventilated. These centrifugals are
ploughed and finished off by hand. It is recommended that automatic
ploughed centrifugals be utilized in this operation.

Building 34-~(2,4,5-T): The sodium 2,4,5-T slurry storage tank foams
through the agitator packing gland. This foam and the dust from the dried
foam contaminate the area. It is recommended that this packing gland be
replaced with some material that will prevent this foaming out through the
gland,

Building 34-(2,4,5-T): The bagging equipment is not exhaust ventilated.
It is recommended that this be done.

Building 34-(2,4,5-T): When the final product centrifugal is in
operation, vapors and mist are badly splashed and projected all over the
department. This operation, along with the general dust conditions, is
probably the major exposure in this department. It is recommended that
this centrifugal be properly equipped to prevent misting and that
provisions be made to eliminate the necessity for hand digging this
machine. .

Building 34-(2,4,5-T): The dust collection and handling facilities should
be thoroughly checked for leaks and other dust sources and should be
repaired to eliminate these sources as soon as possible.

Building 51-(Na 2,4,5,-TCP): The still autoclave is opened after the
methanol has been flashed off. The contents of the vessel are checked and
water is added to make a sodium 2,4,5-trichlorophenate of a certain
concentration. When the reactor is open, there is very little fuming. No
chloracne cases have been traced to this operation.
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A similar survey was done by Monsanto in 196811, The Na 2,4,5-TCP and

2,4,5-T acid process were housed in Building 92 at this time. Recommendations
made as a result of this survey pertaining to these processes were to keep all
filters closed and that the exhaust ventilation system be redesigned.

Three epidemiological studies have been conducted involving the workers from
the Na 2,4,5-TCP and 2,4,5-T acid processes at the Nitro plant. 1In 1980, Zack
and Suskindl® conducted a standardized mortality analysis on workers exposed
to 2,3,7,8-TCDD as a result of the Na 2,4,5-TCP accident in Building 41 in
1949. One hundred and twenty-one workers were included in this study with a
follow-up of this group 100% complete. The conclusions of the investigetors
of this study were that since the size of the cohort was small and the number
of deaths was relatively small, the results of the study could not be
considered conclusive.

The second epidemiological study conducted on the 2,4,5-T acid snd 2,4,5-T
acid process workers was a clinical epidemiologic study conducted by Raymond
Suskind and V.S. Hertzbergl® in 1979. The clinical study was conducted to
determine the long-term health effects of workplace exposure to the process of
manufacturing 2,4,5-T acid including contaminants such as 2,3,7,8-TCDD. The
population consisted of two cohorts: 204 clearly exposed workers and 163
workers not exposed. There were 176 workers with a history of or the presence
of chloracne. Chloracne occurred more frequently in the exposed workers,
86.27%, as compared to the unexposed workers, 0.00%. Among 86.27% chloracne
cases, clinical evidence of chloracne persisted in 55.7%. None of the
unexposed workers experienced chloracne development. An association was found
between the persistence of chloracne and the presence and severity of actinic
elastosis of the skin. There was an association between exposure and the
history of gastrointestinal tract ulcer. Pulmonary function values among
those who were exposed and who currently smoked were lower than those workers
who were not exposed and who currently smoked. The researchers concluded that
the data assembled in the study indicated no evidence of increase risk for
cardiovascular disease, hepatic disease, renal damage, or central or
peripheral nervous system problems.

A third epidemiological study was conducted by Zack and Gaffey2? in 1980. A
standard mortality analysis was conducted on.844 workers at the Nitro facility
between 1951 and 1977. A subset of 163 decedents exposed to 2,3,7,8-TCDD as a
result of being assigned to an area of the Na 2,4,5-TCP and/or 2,4,5-T acid
production processes was examined in a proportional mortality analysis. The
authors concluded that although lung cancer was somewhat higher in the exposed
group, the proportional mortality analysis of decendents by 2,4,5-T acid
exposure indicated no unusual patterns of mortality in the 2,4,5-T acid
exposed.

Descriptions of 2,3,7,.8-TCDD Concentrations in 2,4,5-T Acid

Monsanto 2,4,5-T acid has been analyzed for 2,3,7,8-TCDD concentrations by
Monsanto and others. Listed in Table 20 are the results of analyses of
Monsanto 2,4,5-T acid obtained from Monsanto, Dow, the U.S. Air Force, and the

U.S. Department of Agriculture. The results listed in Table 20 are summarized
in Table 21.
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"From the documents and data received from the company, it appears Monsanto
began to analyze their 2,4,5-T acid in 1965. The analytical procedures used
to analyze 2,4,5-T acid for 2,3,7,B-TCDD concentration appear to have remained
the same throughout the time the 2,4,5-T process was operated. Ten grams of
2,4,5-T acid product was weighed out and added to 10 ml of chloroform. This
mixture was then shaken for ten minutes, filtered, and washed with 5 ml of
chloroform. The filtrate coming from the filter was collected, 5 ml of

.2 molar NaOH solution was added to it, and the mixture was shaken for ten
minutes. The mixture was then diluted with 10 ml of water, centrifuged, and
the organic layer was drawn off. The organic layer collected from the
centrifuge was evaporated down to 2 ml and 40 microliters was injected into a
gas chromatograph containing a 2 meter column packed with chromosorb and
having an operating temperature of 250°C, an injector temperature of 330°C, a
block temperature of 320°C, and retention time of 2.6 min for 2,3,7,8-TCDD
uging flame ionization detection.

Monsanto saved 2,4,5-T acid samples for the years 1958, 1959, 1960, 1961,
1962, 1963, and 1964 and analyzed them in 1965. These results as well as
results of analyses conducted after 1965 by Monsantoc and other investigators
are summarized in Table 21. From 1958 to 1964, 2,3,7,8-TCDD concentrations in
2,4,5-T acid ranged from 5 to 12 micrograms (ug) 2,3,7,8-TCDD/gram (g)
2,4,5-T acid. Starting in 1965 and continuing until 2,4,5-T acid production
stopped in 1969, Monsanto routinely analyzed their 2,4,5-T acid for it's
2,3,7,8-TCDD concentration. In 1965, 17 analyses of 2,4,5-T acid for
2,3,7,8-TCDD concentration were conducted and yielded results ranging from 5
to 55 ug/g with an arithmetic mean of 23.8 ug/g. Twenty-seven analyses of
2,4,5-T acid were analyzed in 1966 with results ranging from 3 to 28 ug/g and
an srithmetic mesn of 10.5 ug/g. 1In 1967, 117 samples were analyzed with 8
samples yielding non-detectable levels at 8 detection limit of 1 ug/g and 109
results ranging from 1 to 25 ug/g and an arithmetic mean of 9 ug/g. In 1968,
29 samples were analyzed. Twelve of the 29 analyses results were below the
detection limit of 3 ug/g while 17 of the results ranged from 3 to 12 ug/g
with an arithmetic mean of 3.4 ug/g. The last year that Monsanto produced
2,4,5-T acid at their Nitro plant was 1969. Eighty-two samples of 2,4,5-T
acid produced in 1969 were analyzed and all were detectable, ranging from 0.3
to 22 ug/g and an arithmetic mean of 2.0 ug/g.

The Dow Chemical Company analyzed samples of Monsanto 2,4,5-T acid
manufactured before 1965 and in 1969 for 2,3,7,8-TCDD concentration. Thirteen
analyses of Monsanto 2,4,5-T acid by Dow in 1965 had results ranging from 6.5
to 11 ug/g. In 1970, Dow analyzed a sample of Monsanto 2,4,5-T acid for
2,3,7,8-TCDD concentration and found a concentration of 1.4 ug/g. In addition
to these analyses, Dow also analyzed Monsanto Agent Orange (50% 2,4,5-T ester
and 50% 2,4-D ester) for the U.S. Air Force in 1972. Six asnalyses of Monsanto
Agent Orange were done by Dow and the results ranged from 6.9 to 9.3 ug
2,3,7,8-TCDD/g of 2,4,5-T acid and an arithmetic mean of 7.6 ug/g.

Monsanto 2,4,5-T acid and 2,4,5-T ester were ahalyzed for 2,3,7,8-TCDD

concentration by the U.S. Department of Agriculture (U.S.D.A.)21. 1In three
2,4,5-T ester samples manufactured from Monsanto 2,4,5-T acid produced in 1967



the results ranged from 14.1 to 34 ug/g and an arithmetic mean of 20.8 ug/g.
Three Monsanto 2,4,5-T acid samples manufactured in 1968 and analyzed by the
U.S.D.A. had results ranging from 12 to 24 ug/g and an arithmetic mean of 16.3
ug/g. Six samples of Monsanto 2,4,5-T acid manufactured in 1969 were analyzed
with results ranging from 1.9 to 6.8 ug/g and an arithmetic mean of 4.0 ug/g.

Description and Use of Personnel Records

Personnel records were the primary source for identifying exposed workers for
inclusion in the NIOSH Dioxin Registry study. Monsanto supplied the records
to NIOSH on computer tapes. The Nitro cohort consists of all hourly workers
ever assigned to the production of 2,4,5-T or 2,4,5-TCP between October &,
1948, and December 31, 1969. Salaried workers and maintenance workers from
the central pool were not included, since it was not possible to 1dentify
which individuals worked in the relevant processes.

Additionally, as stipulsted in the study protocol, all individuals identified
by the company as having had exposure were included. This included
individuals identified in studies published by the companyl8-20, in
unpublished studies,l2-17 and in several internal company documents.Z22,23
Records of individuals who were identified as having chleoracne not related to
the 1949 accidentZ3 are being reviewed for evidence of exposure. Only those
individuals with a record of exposure will be included in the cohort.
Personnel records for sll hourly employees who terminated after 1955 are
maintained in the Personnel Office. Personnel files were located for all but
4 individuals of the Nitro cohort. The personnel folders contain application
forms, job transfer forms, a service record containing s chronological listing
of all jobs held, and miscellaneous additional information. Most folders have
job transfer forms dating back to the date first employed. For active
employees, the service card is maintained in the Personnel Office separate
from the file. Records for active, retired, and terminated/deceased hourly
employees are maintained in separate files. There are records for
approximately 370 active employees, 320 retired employees, and 310 deceased
and terminated employees. In addition, there is a separate file of
approximately 450 folders for individuals with termination dates prior to
1955. Files for salaried employees are maintained in a separate personnel
office. Similar information is present in the folders of salaried employees,
except there is no chronological listing of job titles.

Payroll records maintained since 1955 were used by the plant epidemiologist to
verify that the plant personnel records are complete for all persons ever
employed at the plant. Personnel folders for the period 1955 to 1979 were
missing only for approximately 13 people. Since this verification was not
conducted for the 450 folders of individuals with termination dates prior to
1955, NIOSH staff reviewed the contents and concluded that based upon the
small number of hourly workers ever employed at the Nitro facility after 1955
(about 1000), the variety of dates of hire and termination, and the presence
of names beginning with all letters of the alphabet, that the boxes were
poseibly quite complete.
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Monsanto has computerized the content of the service cards for all hourly
workers who worked after 1955. Over the years, several computer tapes were
sent to NIOSH containing the complete work history records for all individuals
in the Witro dioxin cohort. Much effort has gone into verifying the accuracy
of the work history information and the identification of the individuals in
the cohort. 1In 1985, the Monsanto plant epidemiologist conducted an audit of
an 8% =ample of the records computerized for all employees who worked between
1955 and 1977. 1In 1988, NIOSH staff scrutinized a 10% sample of the records
of the dioxin cohort. No errors were found in transeription of information
from the service cards to the computerized system. NIOSH staff slso reviewed
the job transfer slips in the folders of the 10% sample, and compared the
content to the information on the service card. There were no errors,
although one additional temporary assignment was found recorded on a job
transfer slip. Records of 10% of the employees not in the cohort were also’
sampled, but no additional indication of a job assignment to a building
contaminated with 2,3,7,8-TCDD was found.

Description and Use of Records With Medical Information

All medical and worker compensation records are located in the medical
building. Medical records were found for all but 21 individuals in the Nitro
cohort. The files are quite extensive and contain the employees' medical
records (including pre-employment and interim physical reports). Separate
files are maintained for each individual's worker compensation records and for
records relevant to the para-aminobiphenyl monitoring program. Microfilmed
copies of the medical records were sent to NIOSH by Monsanto for members of
the cohort. 1In 1988, NIOSH staff reviewed the medical filesmaintained by
Monsanto to obtain records for individuals for whom no records were received.
Unpublished studies, described earlier in this report, also contained medical
descriptions for some peoplel2-17

The medical and worker compensation records are being reviewed for indications
of chloracne, Monsanto provided a list of individuals who had chloracne
associated with the 1949 accidentl?, and also identified individuals with
chloracne “"not related to" the accident. The list was initially compiled by
Monsanto staff in the late 1940's and 50's from safety memos and from the
daily treatment log of the dispensary. The final list was compiled by a
Monsanto epidemiologist in the 1970's 23 1 addition, another list was_
provided of maintenance men who were exposed following the accident but who
did not develop chloracne.22 Individuals who had choracne will be analyzed
as a separate subcohort, as indicated in the study protocol.

A second (separate) utilization of records with medical information involved
serutiny for entries noting deays of assignment to exposed departments, because
guch assignments appear on many worker compensation forms and accident records
and in some medical reviews. This approach was used to identify assignments
to TCP and 2,4,5-T buildings, and duration of exposure only for individuals
jdentified as exposed by Monsanto, but for whom we had no other record of
asgsignment. A unique NIOSH department code was used to code these
assignments. In many instances the duration of assignment was probably
greatly underestimated, since only the date of the accident report was coded.
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Conelusions

Based on the information, documents and data collected from Monsanto on the
Na 2,4,5-TCP and 2,4,5-T acid production process at the Nitro, West Virginia
plant, the workers involved in these operations are suitable for ineclusion in
the NIOSH Dioxin Registry study. From the personnel and other records, work
histories for those workers involved in Na 2,4,5-TCP and 2,4,5-T acid
operations can be constructed. The SMPs and other process information
provided descriptions of tasks performed in the various processes through the
years they were operated. Analytical data measuring 2,3,7,8-TCDD
concentrations in 2,4,5-T acid are available for the years 1958 through 1969,
With the work history data, the knowledge of the tasks performed, and the
2,3,7,8-TCDD concentration in the 2,4,5-T acid, estimates of exposure to
2,3,7,8-TCDD to the Monsanto Nitro workers relative to the other workers
included in the NIOSH Dioxin Registry will be made.

- 26 -



References

1.

10'

11.

1z.

13.

14,

" Esposito, M.P., Tiernan, T.0. and Dryden, F. (1980) Dioxins, Environmental

Protection Agency Publication EPA-600/2-80-197.

Kimbrough, R., ed. (1980) Halogenated Biphenyls, Terphenyls, Naphthalenes,
Dibenzodioxins and Related Products. Elsevier, New York.

Kociba, R., Keyes, D., Beyer, J., Carreon,E., Wade, C.,et al. (1978)
Results of a Two Year Chronic Toxicity and Oncogenicity Study of
2,3,7,8-Tetrachlorodibenzo-p-dioxin in Rats. Toxicol. Appl. Pharmacol.
Vol.46, pp.279-303.

McConnell, E., Moore, J.A., Haseman, J. and Harris, M. (1978) The
Comparative Toxicity of Chlorinated Dibenzo-p~dioxins in Mice and Guinea
Pigs. Toxicol. Appl. Pharmacol. Vol.44, pp.335-336.

National Toxicolopy Program (1980). Bioassy for

2,3,7,.8-Tetrachlorodibenzo-p-dioxin. National Cancer Institute, DHHS
Publication No. NIH 80-1765.

Nicholson, W.J. and Morre, J.A., eds. (1979) Health Effects of Halogenated
Aromatic Hydrocarbons. Ann. N.¥. Sci. Vol.320, p.1-730.

Poland, A. snd Knutson, J. (1982) 2,3,7,8-Tetrachlorodibenzo-p-dioxin and
Related Halogenared Hydrocarbons: Examination of the Mechanism of
Toxicity. Am. Rev. Pharmacol. Toxicol. Vol.22, pp.517-554,

Eastern Chemical Producers (1971): Chemical Information Services,
Stanford Research Institute. Menlo Park, California 1971.

Wheeler, E.P. and Volz, E.G. (1952): Industrial Hygiene Survey. (November
26, 1952.

Garrett, J.T. (1960): Industrial Hygiene Survey of Nitro, West Virginia
Plant (April, 1960).

Bohl, C. (1968): Industrial Hygiene 3ur0ey - Nitro Plant. (July 11, 1968).

Ashe, W.A., and Suskind, R.R. (1949): Report- Patients from Monsanto
Chemical Company Nitro, West Virginia (December 5, 1949).

Ash, W.A., and Suskind, R.R. (1950): Progress Report-Patients from
Monsanto Chemical Company, Nitro, West Virginia (April 1950).

Suskind, R.R. (1953): Report on a Clinical Survey - Monsanto Chemical
Company, Witro, West Virginia (July 20, 1953).

- 27 -



15.

16.

17.

18.

19.

20.

21.

22.

23.

Cholak, J.; Schafer, L.J. and Yeager, D. (1953): Report on Environmental
Survey Carried Out in the 2,4,5-T Plant of the Monsanto Chemical Company
at Nitro, West Virginia. (July 20, 1953).

Cholak, J.; Schafer, L.J. (1956): Report on Environmental Survey Carried
Qut in the Building 34 of the Monsanto Chemical Company at Nitro, West
Virginia. (February 21, 1956).

Birmingham D.J. and Denton, C.R. (1952): Dermatoses Investigation
(December, 1952).

Zack, J.A., and Suskind, R.R. (1980): The Mortality Experience of Workers
Exposed to Tetrachlorodibenzodioxin in a Trichlorophenol Process Accident,
Journal of Cccupational Medicine 22, 11-1A4.

Suskind, R.R. and Hertzberg, V.S. (1984): Human Health Effects of 2,4,5-T
and Its Toxic Contaminates. Jourmal of the American Medical Association
251: 2372-2380, 1984,

Zack, J.A. snd Gaffey, W.R. (1983): A mortality study of workers employed
at the Monsanto Company plant in Nitro, West Virginia. Environ SciRes
26:575-591, 1983.

Woolson, E.A., Thomas, R.F. and Erson, P.D. (1972): Survey of
Polychlorodibenzo-p-dioxin Content in Selected Pesticides. J. Agric. Food
Chem. Vol 20¢(2), pp. 351-354 (1972).

Chandler, W.E. Memo of August 22, 1949 to Dr. J.R. Durland.

Yung, Jan (undated) Compilation from Safety Memos of Chloracne Cases not
Related to the 1949 TCP Accident.

- 28 -



Appendix A

Monsanto Company
Nitro, West Virginia

Figures 1 through 19
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Building 41

Na 2,4,5,-TCP and 2,4,5-T Acid Processes
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Na 2,4,5,~-TCP and 2,4,5-T Acid FProcesses

Bullding 51 Bullding 34
4 e
| cB 1 MCA Na,CO, il
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Block Flow Diagram
Monsanto Company
Nitro, West Virginia
1951-1953 era
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Figure o
Na 2,4,5,-TCP and 2,4,5-T Acid Processes
Block Flow Diagran
Monsanto Company
Nitro, West Virginia
1953-1957 era
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Na 2,4,5,~TCP and 2,4,5-T Acid Processes
Block Flow Diagram
Monsanto Company
Nitro, West Virginia
1958-1961 era
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Na 2,4,5,-TCP and 2,4,5-T Acid Processes
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. Figure 9
o Building 51 Layout
Monsanto Company
Nitro, West Virginia
1950-1962
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Monsanto Company, Nitro, West Virginia

Figuite 10
Building 34 Layout
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Figure 11

Top Unloading 48" Tolhurst tentrifuge
Monsanto Company

Nitro, West Virginia

48" UNDERDRIVEN
CENTRIFUGE
TOP UNLOADED
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Figure 12

Bottom Unloaaing &8° Fletcher Ce
Monsanto Company

Nitro, West Virginia

ntrifuge

EXAMPLE OF 48" SUSPENDED CENTRIFUGES
BOTTOM UNLOADED

RFORATED BASKET

WITH VIEW OF THE
UNLOADING PLOW

CLOSE UP OF A PE
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Figure 13
RedlerR Conveyor/Elevator 1000 series
Monganto Company

Nitro, West Virginia
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Figure 14

Schutte and Koerling Venturi Scrubber
Monsanto Company
. Nitro, West Virginia
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Figure 154
=TCP and Process Block Flow Diagram
Building 92
Monsanto Company
Nitro, West Virginia
1963-1969 era

Na 2,4,5,
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H Cl H (o]}
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e ‘

— ‘ B o
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q
NaTCP Storage
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Figure 1 5B
2,4,5-T Acid Process Condensation Reaction
Block Flow Diagram
Building 92
Monsanto Company
Nitro, West Virginia
1963-1969 era
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2

Figure 15C
2,4,5-T Acid Process Purification

Bloeck Flow Diagram
Building 92
Monsanto Company
Nitro, West Virginia
1963-1969 era
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2,4,5-T Acid pro

Figure 15D
cess Drying and Packaging

Block Flow Diagram
Building 92
Honsanto Company
Nitro, West Virginia
1963-1969 era
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FlEUTE |5k
2,4,5-T Acid Process Support and TCP Recovery

Block Flow Diagram
Building 92
Monsanto Company
Nitro, West Virginia
1963~1969 era
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Figure 16
Building 92 Plant Layout
Monsanto Cowmpany
Nitro, Weat Virginia
1963-1969
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Cane
Dellector

Crude N3 2451
oNa2 4.5-1
‘Stusry Yanh

Figure 17
Eimco Belt Filter
2,4,5-T Acid Process
Monsanto Company
Nitro, West Virginia
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Figure 18
Dorr-Oliver Pan Filter
2,4,5=T Acid Process
Monsanteo Company
Nitro, West Virginia
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Figure 19
Mikro-PuLsaire Dust Collector

Monsanto Company
Nitro, West Virginia
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Appendix B

Monsanto Company
Nitro, West Virginia

Tables 1 through 21
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Rivison

Agricultural

Inorganic Chemicals

!
Drganic Chemicals

Monsanto Chesical Products
Monsanto Company
Nitro, West Virginia
1970

Chemical Products

2-Chloroallyl diethyidithiocarbamate
5-2.3—Dichloroa11yi diisopropylthioocarbamate
Ethoxyquin
2:3:3-Trichloroallyl

N N-diisopropylthiolcarbamate

Methionine hydroxy analogue

Decylbenzenesulfonic acid, sodium salt

Dodecylbenzenesulfonic acid, sodium salt

2-Benzothiazolethiol, sodium salt

1,3=-Diphenyl=-2-thiocurea

1,3-Bis fz-b.nzothinzothinzolylnorc.ptonethyl)
urea

Eis (dimethylthiocarbamoyl) disulfide

N,N’=Pis (i-ethyl-3-methylpentyl)

p-phenyl enedi anine
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Rivisen

DOrganic Chemicals cont. N,N'-Bis (l-methylheptyl) p

Chemical Products

~henvlenediamine
N-tert-Butyl-2-benzothiazolesul fenanide

é-tert=Butyl-m—cresol and sulfur dichloride
condensate
4,4°-Butylidensebis (é=tert-butyl-m-cresol)
Butyraldehyde-acetaldehyde-aniline condensate
n-Butyraldehyde-aniline condensate
Butyraldehyde~butylideneaniline condensate
Carbon disulfide and
1,1’=-methylenedipiperidine condensate
N-Cyclohexyl~2-benzothiazol esul fenamide
2,5-Di (tert-amyl) Hydroquinone
1,2-Di hydro-é-dodecyl~2,2,4~trimethylquinoline
1,2-Dihydro—-é—ethoxy-2,2,4=trimethylquinoline
1,2-Dihydro-2,2,4~trimethylquinoline
1,2-Dihydro-2,2,4-trimethylquinoline,
polymerized
Dimethyldithiocarbamic.a:id. zinc sait
N-(2,6~Dimethylmorpholino)-2-benzothiazole~
sul fenanide

1,3-Diphenylquanidine
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Dmm |

SBULE A Ly

Ehericel Progucts

Drganic Chemicals cont. 2-Mercaptobenzothiazole

1,3-Diphenylquanidine phthalate
2,2°-Dithiobis (benzothiazole)
4,4’-Dithiodimorpholine
N-Oxydiethylene-2-benzothiazolesulfenamide
4,4°-Thicbis (6~tert-dDutyl-m-cresol)
2=-Thiurad-i-thiotax aixture
o~-Tolybiguanide

Defoamer FC 1244 and 1344

Sythetic resin antioxidant

FPaper sizing agent

Reference: SR]1 International 1971 Directory of Chemical Producers,

USA.
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.. ® Table 2 -
oL Chemical Products, Departments,
Building Numbers and Raw Materials
Monsanto Company
Nitro, West Virginia
1952

Dept. Mo, | Blog. No. | No. of Hourly iNo. of Salarieai Total No. of | Products i terials
! ! Workers !  Morkere ! Morkers ! H Hangied
1 } 3 H 4! —_ ! 4 !A-)-Thipcarbanilide, iAniline, CS2, Ortho-
! . : i | 1&-22-Cond. Prod. of CS2 Litoluidine, Acetalgehyde &
! ! ! : lorthotoluidine & {Asmon1a
i : : ! \Aceta.gehyde assOn1a :
g ! -3 H 12 1 — ' 9 IDipnenylquamiding (DFG) INaCN, HEN, Aniline, :
i 13 (grinding} ! ! ! : 1DPREHCL, H2BD&, KiD-, '
: H d ! ' ‘tirchiorpethylene & DPS !
384 ! 8 : HH _ i 12 'Santoserse {Drying) 1Santoserse slurry, :
H ! ! ' ! 1Santomerse powder & :
: ' : H : iDiethylene glycol '
7, 20, 26, 3¢ 116(Tray orying)i 3 —_ : 13 iSeveral Procucts \Plastic suifur, Sopanox, !
Lpart of 54 | 17(Brinding ! H ' iSantownite, Thiotax, :
! Screentng & | : : ! tSantocure, SA 326, '
' Packaging) ! ' ! ! iThiurad, Santoserse 3 & D,!
! ' ! ! ' {Areskaos, Santovar U & A, !
' H ' H : {Thiocarbanilate, SV-175, !
' i ' ! : 12,4,57 & Clay :
by : 2 : 134 _ ' 17 INiran PSC1Y, Socium ethylate !
: : t ] H iparamitrophenol, Soca ash |
: ' ' : : ' ik Filter aid !
.9 ' ke : 4 —_— ; 4 iPSC1S & Polygiycerol {PCIZ, Suifur (powter & |
: : : : ! isolten), AITL3, Blycemine !
. : : : H & Nale !
3 H 30 : 4! -— : 4 !Socius etnylate tMetallic sociue & :
: : ! ! H iethyl alcohal
Pilot Plart ' 32 : 9! b, 1S iM:scellaneous +Huserous chee:ca.s
4] : A : 16 ! -— ! 16 jAjone C {hcetone & para-aminc-
: H ! | : tbiphenyl
H ' ' H {Ajone P iAjone C & NN'~diohenyi-
: : ! H : ipara-phenylene~diamne
[] (] [ r [ &
1] ] [ ] ] [}
' ! ' : 1Santofiex AN iAcetone & Parashenptadine
42 ! L { 131 —_ ' 13 iFlectol H iAcetone, Aniline, HCl &
H H H H ' IaH
57 i MDEF | 174 -_— ' 17 12,457 N2 2,4,5-TCP, MCA, HDSO4,
- 57 -




Oect.

13

6.

64

53

54

No.

tz

14

Bltio. No. No.

Table 2 cont.

cf Hourly to. o* Salariée:
Morktr* Norkers
40 16
4: =
IC
W 2e
46 e
4t Hv
51 B
54 26
i
60 9

70(qrinding
pacUgmg) >

= v

AQ = =+

No. o4

16

29

13

8

26

9

Procucts

il Aoditives

He~cactoDenrothiarol,
Sociu» MF b Thicta;:

Santocure

Santcwmte

Actaee-

S»all Procucts

Na 2,4,5-tnchlorophenat

Thiourea

Plastic SuHur

Hater;al s
KanClec

NeQM 1 Soci as*i

- wm

Monne, Kerosene, lIsa-

rooanol, IsoD”ooyl 1
CS2, Abate!,
in alconci,

Na>.,

entriate,
P225 Phospnate:
.altes, Ocenol, !
lterriery alvi Diienol 1 !
Wydrooetyl alconol
Anime, CSC, S«!fur, !

fuy & Kk2sos

oc:uff. PiT, Cyclone;;vi-
Na2-, C12,

Na suHite i Sanrccure

«ime,

ftonotertiarycutvli-ee:a- !
Sul fu-
SKellysoive C !

cresci, dichio-ice

,2’-truoc:s- (4,6-dichioro-
CCl 4 » Al1C13,
2,4-tlJicMoroohenol i

phenoi),

HonxbloroPenzene

Acetaldenyce,
Butvraldeide, Creosote
oil. Diiwthylamine,

2-etiyl ne;:anoi, Ocenol.

Toluene, p-toiuene sclfon-
chloride, flethanol,
Trichlorotenrene, NaDH |

Acids

TetracMorooenrene, NaOH,

Hethanol 1 Na 2,4.5-TC3
Thiourea, Calcia»
cyenaeide, Li«e, Na

«ulfoNytfratt, K2SW 1 K2S

SuHur, Su!Tur eono-
chionde fc Br2



Table 2 cont.

¥
.

)
]
]
L]
1
L]
L]
L
[]
L]
L]
’
1
1
)
1
]
]
L]
]
1
1
1

[}
1
1
1
.
(]
14
]
1
[}
'
L]
L]
1
]
'
'
]
t
1
[}
1
\
1
3
]
i
i
'
'
!
!
1

Jeot. No.  «  Bldg. No. ! No. of Hourly iNo. of Salaried: Total Mo, of ! Products ' Paterials
d ! Workers 1 Workers | Workers ! : Handled
'] ] ' 1 [] '
Aesearch, bt ' g2 * | B8 !Many anc varied 1Grous leaders, chesists,
Rubber & H : : ' ! nontechnical and students
nirel Lade ' ; ! i ihandle the qaeyt of
! H : ; ! inaterials encountersd in
! ' ; : : iresearch ang contro. lads.
1 1 ] 1 ] !
X, 5 ' 7. : 91 —_ : § iSantonerses ‘Rlkyl benzene, H2504, Nalk:!
: : ' : ! (Detergents) ‘Na sulfate, Isdorooanci,
' ' ' ! ' iNa hysochlorite, 807 ¢
' \ ' ! ' Butylasine
- ' 2 ; 9! -— ' § !Soray-driec Santoeerse  !Santomerse slurry
: : ! H : land dried orotact
Rt ' 754 ' 81 -—_ H B i5a-326, Sopano: & Orthotoluicine, Ortho-
: J : ; {Santovar A &0 ‘aminodiohenv!, Tertiary
: ! : ' g laryl alcoho!, H2804, HCY,
' ' : ' : «Skeilysolve K, Dicyanai-
: ' ' g ; iapinde, Hyd-oguinone,
1 ! : ' ! \0rthabishenyl, Biguanide &
H ¢ : : ' ialkylated polyhydroryl
' ' ' ' ! iphenoi
0 : T : 8. — ] B !Aikyl benzene & Dodecyl 'Benzel, Skellysolve §,
: ! ! : benzene €12, AICIT & halM
"8 ! 78 ' 16 @ - : 16 iThiofide iNa sercastobenzothiazole,
1759{Tray Dry:agt: ' ' l 012, Nk, Tall oil &
; ; | : ' 18tearic acic
Mechan:ca. § ! -— ' pt- LY 302 iServices & Cratts 1 —_—
Service ; : ' : : :
Totals 608 B4 694
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Table 3
Chemical Products, Departments,
Building Numbers and Raw Materials

Monsanto Company
Nitro, West Virginia

1960

1
1
L]
1
[]
]
1
1
]
[}
1
]
?
L3
t
.
L]
L]
)
1
[]
]
[)
1

Dept. No. | Bldg. No, i Mo, of Wourly INo. of Salaried! Total K. of | Products K vaterials
¢ ! Morkers ! Workers ! Workers ! E Hancieg
817,39 H sl i 21 21 23 INa 2,4,5-TCF sTCB, Med¥ & Flakes haDM
817.47 H S : ! ' 12,4,5T Acid Na 2,4,57CP, I1CA,
! ! : ' ! 1977 H3SDL L 25% Malv
Bi7.4% V17, 860470 12 1 —_— i 12 {Insoiudle Sulfur 60 {Sulfur (polisnec, dry &
' : f ! ' imelted) ¥ Sulfur fono-
! : H ! ! ichloride
Bi7.C2 : 17 ' 9 11 10 {Misc, Grinding Plant iElastooar, #hitex, Santo~
d ' ! ' {Products ivhite Crystals, Thiotax,
! ! ' H i 1Santocure, Thiural,
! : : : ! iAccelerator B & Process
: H H ' : iMineral Dil
817.%7 ' 3 ' 18 ! 2! 20 ‘Flectol H !para-Phensticine
: : : H ! \Dodecylaniline
816,22 ' 34 ] i ! {Santotlex AW 1Aniline
B816.05 ; { ! : H ficetone
BIiE, 28 : ! \ ! i iDiphenyl -par a-phenyl enedi-
' ! . ! H lasine
g:8.28 H Kl ! ! d ‘Santoflex DD i Toluenesul fonic’ Acig
' ! : ! ! 1HC1 (32 Be)
817.68 : 34 : : ! iSantoflex 75 {Dow Corn:ng Defoaser
H H H \ ' 1251 NalH Soiutien
817.50 d 45 : 51 2! 17 iBantocure {tertiary-Butvliasine
' ! : H ] \Cyzlchexylaning
Bi7.8: ‘ £3 : ! : iSantocure NS INaOH (23Y soulution)
! ! : : ' IN2S04 (831}
S. 0 ' 45 d ' : \Bantocure 24 {Chlorine
; ! ! : : {Sodius Hypochlorite
' H ! t ! 12,6-Disethylmorpholine
: i ' . ! INa Percastobenzethiozole
. H H ! H {Sodiua Suléite
H : H ' ' iVictoria blue base dye
817.51 ' TSR ' 124 2 1% 1Sppanox tortho-Tolutdine,
' i : H H {Dicyandianide, HC1(22 Be),
H i ' : H 125% Kak & Na Sulfite
B17.58 : 754 ! ' ! 1Santovar A {Hydroouinone, tertiary=
! ! ' ! b Amyl Alcohol, 931 H2SOA,
H H ! : i Ia2HPO4 L Na2SO3
BL.37 ! 75 H ! H 1Santowhite Powder 1MelH, Butyraldehyde,
! ! H H ! {Clensolene, tertiary~

[}
1
1
]
!
1]
]
1
)
]
1
[}
L]
L]
1
[
1
]
3
1
i
L]
)
Ll
)
L]
1
1
1
¥
1
1
1
|



Table 3 cont.

Deot. No. | Bldg. i No. of Hourly iNo. of Salaried! Total No. of | Products | Materials
H . | Workers Workers Workers ' 4 Hangleg
! ; ! {Butyi seta Cresgl & HC)
B2I.48 ' THA : 1Sulfasan R iMorpholene, Suléur
' ' ! {sonochloricde, Clensolene,
: ! ' 1257 Na0M & Sterox CD
BI7.E3 : B H 9 2 11 iMersize iTall oil rosin, para-
H : ' iforaaldehyZe, Toluene-
: ! H isulfonic Acig, Fumaric
4 : H +Acid, 25% NaOH & MNaCl
Bli7.8% : N : JLaloium WA THHA ACid & Liee
' 1 (methipmine hyaroxy \
: ;analogue) H
Tall 0il  ‘Control Room - 12 2 14 {Rosin Acics iCrude Ta!l Gil
Fractionation | 100 {Fatty Acids '
{0therwise open { g
istructure ! :
821.32 32 9 H 10 IElastooar IN-Nethylaniline, HCI,

(NPethyl-N-dinitroso-
aniline)

Ka Nitrite & 25% NaGH

- - am rm mm wm me mm mw e A @e mE vw e e mw m— - ma W
ce mm mw e - —— -

44

822.50

4

823, 64

L1

gi7.2t

46

BZ3.49

T

P

823.70

44

- —- mm wm T w= e e e -e gw =

18

]
1
]
'
i
[}
1
1
1
L
1
1
1
]
1)
[
|
(]
H
[}
1
.
L}
1
L]
]
1
]
v
]
1
1
]
r
1
]
1
]
'
[}
)
]
4
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Avaoex Contentrate
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‘Diisopropyl amine, HZS04 {
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\Sulfur dichloride
{Skellysolv=C
itertiary-Butyl sets-Crescl
tNHADH
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Table 3 cont.

No. of Hourly Mo, of Salaried: Total No. of

! Mprkers

Products

Bldg. No.

Dlﬁt. m-

' Hg'kers

Norkers

]
L}
1

Monsanto aroeatic naphtha

iDecylbenzene

—- = mm we == == m= &= ®a

'Santoecrse SX

85.30

1
.

Ethylene ¢lyco

iChlorine

[}
1
)
r

iSantoserse 3 Paste

"

82%.31

{Santoserse E Dry

8.2

2

w.&

1Santoserse E 30X Solution

‘Heavy aromatic naadhtha

iEacol A¢ 420

1CoEC

Vegadex

e me = ==

n

23.84

iCrude Avadex

‘Avadex

7%

gaC.67

iMercaptobenzothiozole

{Chlorine
{551 Ralo

iThiofide

8i7.46

iLt. weight Fetroleus oil

iSteric AcicZ
iSterox &Y

iPhthalic Anhygride

{Diphenylguanicine

16uantal

825.75

A= ma Am mm mm == == = = mm e

! Thio

8i7.01

iSare as Thiofide

i (Thiocarbanilide)

i (Main Snos)

[ d
twid
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1
L}
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20!
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1
+
’
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e e e e= an wa am e

oy Sulfur
INaOH & H2SD4
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R

- == wm-

41

iSantolene CP
101l Additives

16 iSantopoid S

N LT

16

- - ew --
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823.55
£23.58
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Table &4
Chemical Products, Departments,
Building Numbers and Raw Materials
Monsanto Company
Nitro, West Virginia

1968.

Dezt. No. 7

Bido. No.

+ No. of Hourly

Workers

No. of Salarieg Total No. of

Workers-

Workers

Products

89501

i3

2

L]
[}
]
1
i
t
L}
)
]
1
[}

24

12,4,5T Acid

Bleg. 7

7: & 71C

24

{Santoaerse §
iSantocerse SX
i{Santoserse J Paste
{Santomerse £
\Avadex

1AvadexBy

iVeqadex
iStabolized CDEC

g¢i7

tMersizes
1Santownite Crystals

Tall Bl

*a

Various Tall Qil Fraction

9: Procucts

bH

1
1
1
L
!
1
1
(]
1
]
L]
]
1
1
1
]
'
r
1
1
]
]
1
1
1
1
1
1]
'
]
)
]
]
t
I
'
'
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1
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1
1
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)
]
'
3
[]
L]
1
[}
'
1
]
)
1
1
)
'
1
t
L]
r
]
1
1
]
L]
1
1
1
)
1

¥
1
:

1
]
1
1
]

1

Santocure MR, PMORI0 & 26
iDefoane~ PLI24L &PUITAY
iDefoaner B 530

‘Rubber Ches. A 32 & 100
1Santowhite Powgter
iSanfasan R, Santonox R
{Thiotax, Accelerator B

B17<1

46

10

!Santowhite Crystals
1Santowhite M

Be3G7

d4

«n
b

57T Avader BK
{DDTC Avadex
tCOEC Vegadex—

89504

4

2

2, Hydroxy-4-Methylthio-
Butyric Acid

89512

12°% 13

i1

13

1,1,2,3-Tetrachlorapropen

L
:
1
L[]
1
!
1
)
.
L]
L]
]
]
i
'
1
1
1
i
1
1
1
1
1
)
1
.

B

16

18

Soasanox, Santovar A
iSantovhite

8-79

B-79

12
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iThiotax AP, Thiomor
iThiofide, EL 60, Guantal

-

1
»
]
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)
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]
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3
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1
1
]
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’
1
)
]
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)
L
1
’
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Table 4 cont.

| No. of Hourly iNo, of Salaried! Total No. of
Norkers

! Products
Workers !

Workers

Bidg. Mo,

8 !Santocure, Santocure NS

¢
&

16 1
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- wmm w= w

B-34

- me e m=

-m am mm mm U w4 mm =

8 1=
] o
w 18
& |
o |3

m [ =
— -
u
d |2
-3 M\V-
x |& |8
—_ = |8
s |3 |¥
K -m —
= )
. L= ]
an e wh == =
o - w
-—

37
B=4¢

]
Ll
)
1
'
]
’

37
P}
B-40

'Rust Inhisitors

tPhosphate &k Malate Esters

20 1

&

.otais

- 64 -



Table 5

Chemical Products, Raw Materials, Departments,

Mousanto Company

Nitro, West Virginia

1968

Intermediats and Building Numbers

Fuilding
Number

Froducts

Raw Materials

L4

Intermediates

g2

2,4,5-T Acaid

NaOH

- . mA m— mw m— m-

TCE, NaOHZI, H2504, MCA %

2,4,5~TCA, NaCl,
Na 2,4,5-TCP & dimethy!
ether

71

& 71C

Santomerse S

lDecy1>Ben:ene. Sulfur

ITrionzide, Ethylene Glycol

iChlorine, 25% NaOHK &
iFilter Aid

71

> B —m mEm ww ma &= em =& am -~

& 71C

‘Santomerse SX

i0lefin Dodecyl Eenzene,
iLigth Aromatic Naphtha,
iSulfur Trioxide, Ethylene

iGlycol, Chlorine, 25%
iNaDH & Filter AicC

71

ne

71C

-

Santomerse I Faste

71

& 71C

Sartomercse E

!Same as Santomerse S5X

iLioth Aromatic Naphtha,

11007 H2504, Di Sodium
iFhosphate, 20% NaDH,
iChiorine & Filter Aid

71

71C

[ d

Avage:

avy Aromatic Naptha;
ade: Technical ¥
grimul A & N1QO

He
Av
A

—. wm "= ewm ==

71

»a
0

AvadexBW

{Avade:: BW Technical,
iAgrimul A & N10QO,
'Solvent Xylene &
tHeavy Aromatic Naptha,

71

71C

ne

iHeavy Aromatic Naptha,
iVegadex Concentrate
iEmcal AD 420 (Witco)

71

ge
~
[

O

Stadbolized CDEC

iVegadex - Technical
tIsodecyl Alcohol

Mersizes

'Rosin, Toluene Sulfonic
iAcid, S0% Formaldehyde,
{Fumaric Acid, Potassium
‘Hydroxide, NaCl & Pot Ash

Santowhite Crystals

‘4, 4’~thio-bis=(6
itertiary meta Cresol)
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(open air)

Tall 0il

Fatty Acid

iSuper Filtrol
lActivated Carbon
17S% Phosphoric Acid

~ W
Table 5 cont.
Building ! Products : Raw Materials ‘ Intermediates
Number | : . i )
"1l 0il ‘Pitch “iCrude Tall Dil :
i (open air)!Rosin H ;
iFatty Acids H !
! Unsaturated : i
i Saturated ' '
Tall Qil iHigh Viscosity Distilled !S50-50 Rosin
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)
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t
t
’
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‘
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]
[]
1

t
Ll
1
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1
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1
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(]
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1
L]
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1
1
)
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1
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[}
1
i
L}
)
L]
(]
L]
L)
L}
v
L}
]
1
1
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91

Santocure MOR

Santocure MOR 90

{Morphline, Chlorine,
iNaOH, Isopropano! %
'Thiomor MET Disulfide

Qi

H
)
)
)
]

t
'
[l
[}
1)
L
]
1

Santocure 26

!Thiomor, Chlorine, NaDH,
iMonochlorobenzene ¥
12,6~Dimethyl Morpholine

’ - —— e e MW g N e TS -

?1

Defoamer FC1244 4FC1344

Defoamer ™ 530

Defoamers, Kerosene,
Ethy! Acrylate,

2 Ethyl HMexzyl Acrylate,
Eenzy. Ferpiide & Toluene

Rubber Chem. A I2

Anilane, Butryl Aldenyde
Acetic Acid

- e ma =W mm mw me -

s‘.

1
'
f
]
]
L]

Rubber Chem, A 100

Aniline, Acetaldehyde,
Butyric Acid, Cresote 0il
% Rubber Chem. A 32

em mm e e~ -

Santowhite Fowcer

tMuriatic Acid, Tertiary
{Butyl meta Cresol,
iPutyraldehyde &
{Stoddard Solvent

Sanfasan R

!Morpholine, Sulfur
iMonochloride, NaOK &
{Stoddarg Solvent

1

Santono: R

{Tertiary Buty! Meta
‘Cresol, Sulfur Dichloride
iTrichloroethylene &
'Stoddard Solvent

93
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v
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e
?
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1
]
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]
1]
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]
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‘
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Table 5 cont.

Fuilding & Frooucts ' Raw Materials ' Intermedi ates
Number | ! ’ ] -

: "7 iSulfide & Texas Dil # Si1!
91 ‘Thiotax iMercapto Eenzol Thiozole,!
H ! & Texas Dil # Sit 1
] ] 1
46 iSantowhite Crystals iTert Butyl meta Cresol, |
1 (4,4’-Thip-bis~(b6~tert- Sulfur Dichloride, :
! butyl-meta-Cresol)) ‘n-Heptane & Aqua Ammonia |

4& {Santownite MK {Same atg Santowhite Crysta:Eglczum Chlor:ide
i (Folmer Santowhite : H
N Crystals) : !
&6 :TDTC Avaogex BEW tAmmOni L Thiocyanate, d
1 !Sulfuric Acid, NaDH, '
i :Diisopropyl Amine, :
: iTetrachloropropene % '
H iCarbonyl Sulfide '
46 'DDTC Avacex iSame as Avade:x EW excent |
H itrichlorpropene for the |
' itetrachloropropene :

46 {CDZC Vegaoex iNaOH, Diethyl Amine, iCalcium Chloride
‘ iCarban Disulfide % '
H 'Dichloropropene !

L& 12, Hydrouy=-4=-Methylthio- !Hydrogen Cyamide, iCalcium Chloride
! Butyric Ac:id iAcrolein, Methyl :
H iMercaptan, Muriatic Acicd,!
H iPyridine & Acetic Acid :
12-Tetra i1,1,2,3- 11,2,3-Trichloropropene, |
13-Control! Tetrachloropropene iChlaorine, NaQOH & !
H : iSulfuric acad !
75 :Soabanoa_A tMuratic Acid, 1
1 (0-Tolybiguanide) ‘0rthotoluidine, [
H iDicyandiamide, Sodium H
i 1Sulfite & NaDH H
75 iSantovar A {Hydroguinone, Tertiary !
1{2,S5,D=-Tertiary Amyl ‘Amylalcohol, Sulfuric '
H GQuincne) lAcid & Sodium Sulfite H
75 iSantowhite Powder !

iMuratic Acid, Butryl-
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Santoflex 75

- AR -

Table 5 cont.,
: Builcing ! Products ! Raw Materials H Intermec:ates
! Number ! ! d
! i {4,4-Butyldienen-b1s~ raldehyde, Tertiary Butyl :
' ! (b-tert-butyl-m-Cresol)) imeta Cresol % '
H : iStoddarcd Solvent i
H 5=-79 ‘Thiota: - MEBET {Sodium, Mercaptobenzo- '
d | ithiazole, Texas 0il #5 & !
! ! iMuratic Acid g
i B=79 IThiomor _—-:Sodtum MET, Chlorine % |
: ' (Benzothiazole Disulfice) INaQH '
! =79 'Thiotice :¥E1omor,-Texas 0il % o
: ' iSteric Acid :
: B=-79 VEL &9 o :HET, Faraformalcdehyde % iTardex
' H !Urea !
! B-79  {bGuantal 'Diphenyl Guanidine ¥ !
: : iPhthalic Anhydride !
tTTTT31'FET (Mercaptobensol \Molten Sulfur, Aniline % [Hydrogen Sulfide
' ! Thiazcle) !Carbon Bisulfide Sulfur Recovery
: - ‘Na MET IMET &% NaCH :
TR iTRigea T {MET :
! 4% 1§antdcufa {N-Cycla- ‘Na- MEBT, Sulfuric Acid, o
H ¢ Hexylbenzothiazole iCyclohexamine, Socium 1
: ! Sulfanamide) tHypochlorite % Socium i
! ' 'Sulfite :
. 45  !'Santocure N5 (N-Tert- iSame as Saﬁtdcure except |
: ! bButylbenzothiazole itertiary butyl amine is !
H i Sulfanamide) iused for Cyclohexylamine !
! B-34 iSantoflex DD (Dodecyl iDedecyl Aniline, Acetone,!
H ¢ 1,2-Dihydre-2,2,4-Tri~ !Paratoluene Sulfonic Acid!
' i methyl Quinaline) iDow Corning Antifoam A |
L [} [) :
{ B-=34 !Santoflex AW (6 Ethoxy !Paraphenetidine, Acetone,!
! } 12=Dihydre-2,2,4=-Tri- !Toluene Sulfonic Acid & !
L + methyl Quinoline) iDow Corning Antifoam A !
! B-34§ ' iDiphenyl Paraphenylene {EBElend

- et AW e W em WE mm mE — R am W= -
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Zable 5 cont.
 puilding | Froducts ! Raw Materials : Intermeoiates

Number | H . ' }
1 iDiamine & Santoflex LD :

E=-34 [Flectel A {Aniline, Acetone, Toluene:
} iSulfonic Acid & Dow ;
' ‘Cornming Antifoam A !

B-24 !Santoouin iSantoflex AW IPurafy

B-34 1Santofie: A-B5 lgg;:oflex AW % Santocuin !Rlend
! iResidue '

F-C4 'Santofie. SOT A 1Santofles A BS & 'Elenc
! ‘Santofle: 13 :

E-T7 IFlectol H ({.2=Dihyecro~ |Flectel A, Muratic Acad, |
loemyl— trimethyl iAgqua Ammonia, Yylene ¥ !
iQuinoline - polymerized) iSteric Acad '

B-27 'Flectol ODF (F,F’ Da- iDiphenyl Amine, :
itert~-octyl=-diphenyl 'D:isobutylene, Aluminum |
rAmine) 'Chlorioe & Muratic Acicd |

pas iCentral Drumming S<ation :(All f:nished procducts from Depts. 14 & 4i)

1 ] : (1

E-a.n 1Santopoic S :Eggg;spanol, Larbon ‘Muratic Acid
: iBieulfide, Flaked NaD4, !
' iChlorine & Kerosene b

E-20  !FT 5o :Ditertamy.phenol % iFhosohate Estere
! iFhesphorus Fento:iide H

BE-40 H T Mixture of N-Octvyl & :
! iN~Decyl Alcohal % '
! IFhosphorus Pentoxide '
1] ] )

E-a0  IRT 2BAA & RTZ2 'Ado. B (Ocenol) & !
! : ‘Phosphorus Pento:xide !

B-40  !RT S2A \Ab1tol & Malic Acid ‘Malate
1 3 1] [ ]

E-40 (RD 1B8-SQ0 iOcenol &% Malic ]
A ] ]
[ ' . 1

£-40 {Santolene CF 'Kerosene, Dimer Acid, {Rust Inhibitors
H iProcess Dil & ‘Blend
d {Tricresylphosphate H
H ]

- 69 -
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Table 5 cont.
Building ! Products_ . Raw Materials i Intermeazates
Nunmber ! H ! i
B~40 :Santolene C ikerpsene, Dimer Acid, iBlend
H ‘Frocess 0il & RT SGA :
=40 1Santplene CX ‘Dimer Acid & Kerosene 'Blend
E-40  !FA 1260 ""iDimer Acid, Kerosene, !
H iProcess 0il & T.C.P. :
E-40 iSantolube 70 Benzene, Dibutyl-p-cresol {Reaction
! iProcess 0il, Oleic Acid, !
' ‘Triethyl-tert-amine & '
; ‘Tetrapropenyl -succinic '
! ‘anhyride g
E-40 1Santoiune 70A iSantolube 70 & :
! iSantelene C :
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Table 6
Na 2,6.5.—'1‘(:? and 2,4,5-T Acid Building
Munbers and Start and End Dates

Monsanto Company
Ritro, West Virginia

Building ! Production i Start End !
Number | Product ! Date Date !
1 ! '

32 ! Na 2,4,5-TCP 7 2,4,5-T acid {01-Apr-4B (30-Sep-4B |

! {pilot plant) H H

34 : 2,4,5-T acid 101-Dct-48 !31-Jul=-637 !

. ! S

rg) ! Na 2,4,5-TCF 101-0ct-48 !Z20-Jun~50 !
5 : Na 2,4,5-TCF 101=Ju1-50 131=Jul=-&7 !
G2 ! Na 2,8,5-TCF 7 2,8,5-T acig {01-Aug-63 I31-Aug-69 |

- 71 -

No 2,4,5-TCF = godium 2,4,5-trichlorophenate
2,4,5-T acid = 2,4,5-trichlorophenoxyacetic acid



Table 7

Production Capacities and Levels for
2,4,5-T Acid and Na 2,4,5,-TCP Production Process

Monsanto Company
Nitro, West Virginia

Late “roguct iFroguction CapacitysiNumber cfi: Date  'Sroouction Level ¥X @
i ! (oound per month) | Workers ! i (cound -cer month) |

' ' ! b ! ;
Jct-48 | 2,4,3~T acid ! 25,000 | 10 i ' ? :
) ) 1 [N ] ’ )

] [ [ ‘! ' ’

Jun-49 ;| 2,4,5-7 acid ! S0,000 10 13 ] 2 :
1 1 1 [ ] ‘I :
Jan-S4 | 2,4,5~T acid | 200,000 | 16 1 ' 7 :
] 1 ] [ [} (]
Feb-Z8 ! 2,3,5-T acid ; 200,000 ! 16 ! : ? !
: ' ! i ' v

Jan=&1 | 2.4.3~T acic | $30,000 | 16 1 May-&1 | 214,500 |
Jan=51 | 2,4,5~T acid ! 160,000 LY S X :
Jan=-&61 | 2,4,3-T acid ! 120,000 10 May-od | 249,430
3ug-s3 | 2,4,3-7 acid ! IR R0 12 11 Jan-63 ! 355,744 !
! ! ' HE Mar-467 ! 276,321

: : : HH : !

Jan-65 ! I,4,5-T acid 400,000 | 16 1} ! 7 :
1 ] 1 rt ] 1

] ) [} ot ‘ ]

: : : Y Oct-67 | 29,050 |

) 1 ] [N ] ' ]

- ! o : ! Oct-&8 : 658,995 !

. ] () [} N 1’

’ 0 ) LI | M ]

Jan-54 | Na I,4,3-TCF | 225,000 | g8 i ! B '
1 1 (] [} i I

" Aor-S8 | Na .4,5-TCF ! T 260,000 ! I : ? :
Aor-58 | Na 2,4,5-7CP | 170,000 | 6 i ! :
. 1 I () L) )

Jan-o0 : Na 2,4,5-TCF ¢ 230,000 ¢ 8 ! : ? :
Jan-&0 | Na I,4,5-TCP ! 157,000 ! 6 i : :
1 ] ] [ | 1 |

' ) ] II___ [l |

2.4
Na

¢
b 3

.o~T acid 2,4,5-trichlorophenoxyacetic acid
2,4,5-TCP sodium 2,4,5-trichlorophenate
production level not provided

data from S.M.F.
= data provided by company

- 72 -
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Table 8

Na 2,4,5,-ICP Process Equipment

Building 51
Monsanto Company
Nitro, West Virginia
1958, 1960, 1962

Process !Building

Year

Quanity

Equipment Description

Process

Step

S1 1958

[N N B O S

12,000 gal. TCB storage tank
10,000 gal. MeOH storsge tank
00 gal. TCB melt tank

+500 gal. autoclave reactor
,000 gal. MeDH still

' x 7'4" MeOH receivers

' x & MeOH weak cut receiver

8
2
2
&
S
10,000 gal. settling tank

(2§

Na 2,4,5-
TCP

1960

HHNHH'—‘HF‘

12,000 gal. TCB storage tank
10,000 gal. MeOH storsge tank
800 gal. TCB melt tank
,900 gal. autoclave reactor
000 gal. MeOH still

x &' MeOH weak cut receiver
0,000 gal. settling tank

2
2,
48" x 7'46" MeOH receivers
5’
1

[N I

Na 2,4,5-
TCP

51 1962

il me il mm me e M me FE @w Tm ew = m- =% mm == AR BE mm we AR - e &2 en =
e ma mm rm ee AR @M mm mE - —a mm Ss e ~. m= ee ww e AR Ee G® Ee Aa W= Re =W ee a2 e S

am Am mm ®m o= eE Aw BE ew mm em mE e m= mEm T® == = wm == Bw = e— == s m-

.‘...N...H.-.HH

2,000 gal. TCB storage tank
110,000 gal. MeOH storsqe tank
1800 gal. TCB melt tank

12,500 gal. autoclave reactor
12,000 gal. MeDH still

&7 % 7’6" MeOH receivers

153” x &’ MeDH weak cut receiver
110,000 gal. settling tank

(X

[}

N

[T

2,4,5-TCP Process steps

1.
2.
3.

Autoclave reactor
MeDH still
Na 2,4,5-TCP settling tank

- 73 -



b. 2

Table 9

Time Cycles for Na 2,4,5,-TCP Process
Building 51
Monsanto Company
Nitro, West Virginia

Na 2,4,5-TCP Time Cycle 1958, 1960 & 1962 Bldg. 5!

- . - =8 he -

Unit INo. of Unit | CyclesUnit | Capacity
: ' (hours) i (lbs/hour)
Autoclave H 1 i 15.50 ' 372
Still ] t H ?.00 ' 641
Cycles in Detail
Autoclave Still
Load 1.00 hr, Load 1.50 hr.
Heat up 2.75 hrs. Distill 6.75 hrs,
Feed TCB 4,50 hrs. Adjust 0.25 hr.
Hold peripd 3.50 hrs. Transfer 0.50 hr.
~ Cool 2.25 hrs R
Transfer 1.50 hrs, ?.00 hrs,
15.50 hrs.

Na 2,4,5-TCP = sodium 2,4,5-trichlorophenate
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Table 10

2,4,5-T Acid Process Equipment

Building 34

Monsanto Company

Nitro, West Virginia :
1948, 1949, 1953, 1958, and 1962

Prozess 1Building | Year ! Quanity ! Equipment Description . ! Process
{ : ! ' i GStep
2,4,5-7T | 34 I 1948 | ! :
acid ! ' ] 1 11,200 gal. condersation reactor ! 1
! ! ; 1 142" Fletcher centrifuge ' 2
' | : 1 1700 gal. TCP recovery tank : 8
: { ' 1 118" Shriver filter press H 2R
H ' g 1 1500 gal. acidification tank ' 4
i ! ' 1 i13” x 6" fitler box ! S
! ! ! 1 itray dryer i 6
' ! : 1 |Type F Oyratory Sifting Machine ! 7
' g { 1 irecovered alcohal storage tank !
' ' : 1 icentrifuge filtrate storage tank : 2B
' ' ' 1 !Na 2,4,5-T storage tank H <
2,4,5-T | 34 11949 : ' '
acid ! ! ' iDryers ) 6
i ' d 1 IS’ x &’ alcohol receiver !
' ! : 1 130" x 346" alcohol receiver !
! ' i 1 16°6" x 8’ dissolver i 2R
H ! i 1 16’ x 6’7" dissolver storage tank ! 2B
' ' : 1 16" x &’ wringer storage tank : 2C
i ' ' 1 16" x 3’ x 3’ wooden filter box H <
' ] i 1 1S’ x 6’6" wringer filtrate storage tank ! 2
: { g 1 11,200 gal. condensation reactor i 1
' ' : 1 1500 gal acidifier H 4
{ ] ] 1 !micro-pulverizer ] 7
| ! ! 1 148" Tolhurst centrifuge d 2
g ! d 1 :3’3" x 10’ TCP recovery tank ' 8
2,4,5-T ! 34 P19ss ] !
acid ' ' ! 1 110,000 gal. settling tank (Na 2,4,5-TCP)!
! ! ! 1 150,000 gal. Na 2,4,5-TCP storage tank !
' : : 1 {500 gal. Na 2,4,5-TCP weigh tank H
: : : 3 11,200 gal. condensation reactors i 1
! ! ! 1 1500 gal. NaMCA preparation tank '
! : ' 1 11,000 gal. crude Na 2,4,5-T storage tank!
' ' i 1 i48" Tolhurst centrifuge (Na 2,4,5-T) : 2
} ; ' 1 (48" Fletcher centrifuge (Na 2,4,5-T) H 2
! i i 1 ‘Redler conveyar 2R
: ' ' 1 11,700 gal dissoclver ! 3
! { ! 1 filtrate storage tank ' 2B
! ! ! 1 !caustic wash water storage tank v 2C
! ' ! { 12,000 gal. Na 2,4,5-T gstorage tank ! 3A
H ! ' 3 iAlsop filter v 3B
! ! ' 2 1500 gal. acidification tanks ! 4
' ' H 1 148" Fletcher centrifuge (2,4,5-7 acid) | S
' ' ' 1 !Redler conveyor to dryer hopper : S
H ! ' 1 iStorage Hopper (wet 2,4,5-T acid) { 6A

1
L}
»
1
t
[}
1
[}
)
3
'
1
[]
'
|
i
1
'
[}
i
1
1
'
t
1
L
'
[
1
.
’
]
'
[}
1
1
3
1
[
]
'
[}
'
)
'
[}
1
1
+
1
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]
'
1
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t
1
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1
1
[]
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’
[]
]
[]
]
1
!
[]
L
[]
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1
'
L
[]
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1
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1
]
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[]
1
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1
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Table 10 cont.

Process I(Building ! Year ! Quanity ! Equipment Description ! Process
o s s | Stes
H ' : 1 130" rotary dryer d )
! : : { ‘icyclone separator : &B
' i : 1 idust bag collector i 6C
i ' : 1 irotex with 8 mesh screen : 7A
: : 1 1 11,000 gal. Recovered TCP storage tank H B8A
! | : 1 11,000 gal. TCP recovery tank ! B
: ! ' 1 |Roto-Clone ventilation system '
2,4,5-T 1 34 11958 ' ' :
acid d ' ] 1 18,000 gal. MCA storage tank '
' : | 1 150,000 gal. Na 2,4,5-TCP storage tank !
' ; { 1 1200 gal. MCA weigh tank !
' : : 1 1500 gal. MCA neutralizer tank 1
' i i 2 13'6" x 4' NaMCA feed tank :
: ' ' 1 14” x’8° Na 2,4,5-TCP weigh tank '
i : d 3 11,200 gal. condensation reactor : 1
: ' ' 1 16" x 6'6" slurry storage tank : 1A
' i ! 2 148" Fletcher centrifuge (Na 2,4,5-T) H 2
! ! ! 1 126" x 3’3" caustic wash tank 4 2A
: ' ' 1 13’ x 6" salt filtrate receiver ' 2B
H H 1 2 1200 gal. crude Na 2,4,5-T slurry tank ' k]
H : ! 1 676" x 8" Na 2,4,5-T slurry storage tank! 3A
: ' ' 2 1500 gal. acidifier ' 4
: ! ] 1 i3’ x §°6" x 4’ filtrate settling box ‘ 4A
: ' ' 1 12" x &4’ sulfuric acid weigh tank ! 4R
! i : 1 148" Fletcher centrifuge ' S
. ! H 1 'S" wet 2,4,5-T acid Redler conveyor ' SA
' ! ' 1 12'46" x 6’ dryer feed hopper ' A
' ] ] 1 12-1/2 x 20’ Hersey rotary dryer ! &
' ! : 1 !Dracco dust collector 1750 RMP, 1/2 HP ! éB
l ' ' 1 I15" dry 2,4,5-T acid Redler conveyor 174
! ' ! 1 i#1! Rotex screener v 7B
' H ' 1 16” x &” salt filtrate storage tank ' 2C
: : : 1 i15’6" x &’ recovered TCP reactor : 8
! ! ' 1 !Roto-clone fume scrubber 1750 RPM, 15 HP!
2,4,5-T | 34 19462 : : :
acid | : ! 1 18,000 gal. MCA storage tank ]
{ { i 1 150,000 gal. Na 2,4,5-TCP storage tank !
| ' : 1 1200 gal. MCA weigh tank '
: ' ' 1 {500 gal, MCA neutralizer tank d
: ! ! 2 13°6" x 4" NaMCA feed tank H
' ' ] 1 !4’ x’4’ Na 2,4,5-TCP weigh tank !
! ] ! 3 11,200 gal. condensation reactor ' 1
s ! ' t {17’ x 8 slurry storage tank i 1A
i : ' 2 (48" Fletcher centrifuge (Na 2,4,5-T) ' 2
] ' ' 1 12°6" x 3’3" caustic wash tank i 2R
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Table 10 cont.

{Process [Building ! Year | Quanity ! Equipaent Description _ ! Process
E : E i ' ! i Step
! ! : : 1 13" x &' salt filtrate receiver T
H { ! ! 2 1200 gal. ctrude Na 2,4,5-T slurry tank ! 3
{ H ! ! 1 16°6" x 8’ Na 2,4,5-T slurry storage tank! 3A
H i H ! 2 1500 gal. acidifier d 4
H H ' ' 1 13" x 5°&" x &4’ filtrate settling box ! 4a
H ! ] ; 1 !2° % 4’ gulfuric acid weigh tank H 4B
' | i : 1 (48" Fletcher centrifuge : 5
' : ' ' { !S" waet 2,4,5-T acid Redler conveyor i SA
: : } ; 1 136" x &’ dryer feed hopper i 6A
: H ! : 1 12=1/2 x 20' Hersey rotary dryer : )
' ! ' ' 1 !Dracco dust collector 1750 RMP, 1/2 HP ! &R
: ' : i 1 iS" dry 2,4,5-T acid Redler conveyor P74
: ! : : 1 1411 Rotex screener ! 7B
H ! ! H 1 16” x &” salt filtrate storage tank ' 2C
: " v ! 1 15’6" x &' recovered TCP reactor ! 8
' : : : 1 !Roto~clone fume scrubber 1750 RPM, 15 HP!

e em == ma Pm mm e ew = Am = e - m --

-

- 2,8,~T acid Process Steps

1. condensation reactor

2. Na 2,4,5-T filtration
3. Na 2,4,5-T dissolver

4. Acidification reactor
S. 2,4,5-T acid filtration
6. 2,4,5-T acid drying

7. 2,4,5-T acid packaging
8. TCP recovery
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Table 11
Changes in 2,4,5-T Acid Manufacture Which Affected Worker Exposure
Monsanto Company

Nitro, West Virginia

Initial Production - Oct, 1948 - March 1949

Na 2,4,5-TCP in Bldg 41. Methanol recovery and 2,4,5-T acid in Bldg 43.

Exposures

1‘ -

2.

9.
10.

11.

12.'

Handling flake caustic (NaOH), Handling drum methanol (MeOH).

Drum handling sodium monochloroacetate (NaMCA), drum melting and handling
1,2,4,5-tetrachlorobenzene (TCB).

Opening MeOH still for pH checks and samples (dipped).

Clarification filtratiqn Na 2,4,5~TCP; cleaning and changing filter cloths.
Inspection of MeOH sti1ll inner wall for caking, each batch. Clean if
needed.

Opening condensation reactor to check slurry thinkness and after each
batch cleaning cake off the sides of the reactor 1f needed,.

Opening condensation reactor for dip pH checks and dip lab samples.
Opening Na 2,4,5-T centrifuge to check loading, shoveling cake out into
transfer boxes, cleaning b;sket and changing cloths.

Sampling Na 2,4,5~T centrifuge filtrate for solids.

Shoveling Na 2,4,5-T from boxes to elevator for transfer to disolver.

Na 2,4,5~T decolorizing filtration to acidifier - changing cloths.

Acidifier opened for pH and sample dips and level measurements.
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13.
14.

15.

16.
17.

18.

19.

20.

Table 11 cont.

2,4,5-T acid pan filter opened, smoothed, washed and shoveled out cake.

Changed pan filter cloth.

Drying conducted in about four locatione. RBldg.s 16, 21, 34, 46, and 79,
Using tray dryer steps were: (1) scooping wet 2,4,5-T acid onto tray and
spreading; (2) moving cart of wet trays in and dried product out of the
drier; (3) dumping dry products into 2,4,5-T boxes; (4) moving boxes to
mill (Bldgs. 17 and 34); (5) manually feeding wmill and; (6) packing out
containers (Bldg. 34).

Wiping off containers, sweeping up area for 2,4,5-T rework,

Screening sweepings, then dissolving in 25% NaOH for rework.

Opening acidifier for 2,4,5-TCP recovery for level dips, pH dip checks and

sampling.
Drumming off recovered 2,4,5-ICP,.
Sewering of any filtrates, washes, washdown and steam off of area

facilities, handling spills, line leaks and preparation for repairs.

March 8, 1949 ™assive exposure after autoclave over pressurized and

relieved.

March 1949 = Summer 1950

7/49 Changed autoclave processing conditions to avoid overreaction.

11/49 Moved Na 2,4,5-TCP manufacture to Bldg. 51; same process

Summer 1950 - December 1952

3/51 TCB received in tank cars rather than drums

10/51

Operating Process change eliminated filtration of Na 2,4,5-1TCP in B-34
and moved it to B-51.



Table 1l cont.

.11/51 Expansion of Bldg. 51, equipment for MeOH distillation & dissolving

flake NaOR was added.

Fall/52 Shut down Bldg. 34 to install new 2,4,5-T facilities.
1/6/53 Startup of 2,4,5-T acid process after new equipment addition in Bldg. 34
This new facility reduced manual labor, workforce exposed dropped from 32 to

approximately 23 workers.

Exposures Eliminated (see above for description)

A. TCB drum mélting & handling (Elim. 2)
B. One filtration of Na 2,4,5-TCP (Elim. &)

C. Na MCA in drums (Elim. 2)

D. Inspection of MeOH still for residue per each cycle (Elim. 5)

. Inspection of condensation reactor for slurry thickness (Elim. 6)

F. Cleaning cake off condensation reactor walls (Elim. 6)

. Shoveling Na 2,4,5-T into bucket elevator (Elim. 10)

H. Open box filter operation (Elim. 13 & 14)

T. Box transfer of Na 2,4,5-T (part of 8)

. Handling of. 2,4,5-T to and fromldrier and manual mill feeding
(Elim. 15)

K. Screening & dissolving sweeping for rework (Elim. 17)

L. Drum off of recovered 2,4,5-TCP (Elim. 19)

New Equipment Bldg. 34

TICB storage tank and pump

NaMCA feed tanks (2)



Table 11 cont.

MeOH storage tank and pump

Na 2,&,5-TCP.veigh tank

NaOH dissolver and pump

MCA neutralizer and pump

Complete MeOH distillation system, tanks and pumps

Slurry storage tank

Digsolver storage tank

Three condensation reactors

Fletcher Centrifuge (bottom discharge) for 2,4,5-T

Fletcher Centrifuge (bottom discharge) for Na 2,4,5-T
Tolhurst Centrifuge (Manual dig) (above discharge Wa 2,4,5~T)
Redler Conveyor and Screw Conveyor to dissolver (Na 2,4,5-T)

Redler Conveyor to move wet 2,4,5-T acid to drier feed hopper

Alsop filter

Wet 2,4,5-T acid hopper and feed screw

Rotary drier, dust cyclone, Dracco dust collector

Na salt filtrate storage tank and Na 2,4,5-TCP recovery tank

Dry 2,4,5-T Redler Conveyor, Rotex screener, packout drums

Roto-clone dust control system
Fan on Rotex vent hood and on drier feed hopper

Fan on Tolhurst Centrifuge and Alsop filter hood

0ld Exposures Continuing

1-3-7-8-9-11-12-16-18-20
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Table 1l cont.

|
New Exposures Added as a Result of Equipment Additions

21. Stick measurement of TCB melt tank, weighing and charging flake
NaOH to caustic dissolver.
22. Manual charge MCA & Na2C03 to MCA neutralizer
23. pH check of MCA neutralizer
24, Punch Na 2,4,5-T cake from hopper into Redler Conveyor from bottom
discharge. Fletcher Centrifuge and manual cut down of cake.
25, Punch Na 2,4,5-T from hopper to Redler, existing Tolhurst
Centrifuge.
26. Punch Na 2,4,5-T into feed screw to dissolver
27. Alsop filter for Na 2,4,5-T changing cartridges (dissolver to acidifier).
28. Punch 2,4,5-T into drier feed screw; break arches in drier feed hopper.
29. Clean out and change bags in Dracco dust collector

30. Rework oversize from sifter; Check weighing on packout scales.

January 1953 - August 1963

4/53 Z'A'SfT Acid Process Description modified NaOH/MeOH ratio, designed to
minimize chloracnegen formation, following Mellon's identification of
2,4,5-trichloroanisole (2,4,5-TCA) as a chloracnegen

12/53 Begaun tank car delivery of MeOH (eliminated exposure 1)

4/55 Completed arch breaker in wet 2,4,5-T acid drier feed hopper. (minimized

expoure 29)
8/56 1Installed larger exhaust fan in roof of reactor room.
8/56 Acidification carried out 20°C higher at 90°C (increased exposure 12)

7/57 Acidification temperature dropped back to 70°C (decreased exposure 12)
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Table 11 cont.

7/57 Fletcher centrifuge was equipped with a salt slurry tank and pump to
receive cake, transferred directly to dissolver. (segment of Redler conveyor
eliminated, minimizing exposure)

10/57 Fletcher centrifuge installed to replace Tolhurst. Eliminated
shoveling from centrifuge, new machine had bottom discharge to Redler
conveyor, (modified 8)

10/57 Began using molten MCA from Krummrich plant; Sauget, Illinois

10/57 25% NaOH used in preparation of Na MCA, eliminated Na2CO3 (exposure 23)
11/57 Na 2,4,5-TCP solution diluted to 22% before pH adjusted, less fumes.
12/57 Water meter put on Na 2,4,5-T dissolver & slurry tanks (dissolver now
operated closed).

12/57 Corrosion registant fume ducts installed Bldg. 34. At this point there
was no longer filtration between dissolver and acidification.

1/58 Eliminated discharging filtrate from 2,4,5-TCP batches ( slight exposure

increase).

2/58 Feed s;rew to dissolver improved

2/58 New dissolver storage tank

2/58 Mechanical ploughing of cake from centrifuges.

Spring/58 Bag packer replaced container packout (generally considered an

exposure increase).

10/59 Venturi fume scrubber also tied to MCA neutralizer.

10/59 80°C wash water on centrifuge to improve washing.

12/59 Roto~-clone replaced with Venturi fume scrubber (improved veanting).

1960 Second Fletcher Centrifuge equipped with reslurry tank and pump (all Na

2,4,5-T Redler Conveyors eliminated).
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4/60 pH measure and control installed on one condensation reac:ot.(#S unit),

allowed closed kettle operation.

5/60 Polishing filter put on acid centrifuge filtrate (increased exposure;

due to need for cleaning).

6/60 Wa 2,4,5-TCP began to be pumped from weighing tank rather than by
blowing (minimized venting).

7/60 Began receiving 727 NaOH solution rather than flake.

7/60 Dracco dust collector put on drier feed hopper and packout systen

{minimized exposure).

1/61 Coqtinuous system - 2,4,5~TCP recovery from Na 2,4,5-T filtrate
(minimized exposure).

1/61 Fume collector Bldg. 34 tied into acidiffer and 2,4,5-T centrifuge.

1/61 Dracco collector replaced with (Corden) corrosion resistant unit for
drier.

2/61 pH meter on Na MCA reactor-allowed closed, direct neutralization of MCA.
1961 1Installed new hot water spray nozzles to improve 2,4,5-T centrifuge

washing.

9/61 Began continuous neutralization of MCA directly in the condensation
reactor.

1/62 Dry product handling revisions completed.

1/62 Test on Eimco Belt Filter successful.

2/62 Experimental Eimco Belt Filter placed on order.

4/62 1Installed new drier feed hopper with vibratory feeder (decreased dust

exposure)
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Table 11 cont.

4(62 Dry product blender installed (decreased dust exposure).
4/62 Sweco screener feplaced Rotex (decreased dust exposure).

4/62 Improved bagger added (decreased dust exposure).

4/62 Chemico scrubber installed (decreased dust exposure).

10/62 Polypropylene filter cloth replaced cotton for 2,4,5~T centrifuges.

Increased life of cloth from 1 day to 4 days. (reduced exposure).

10/62 Tests on Dorr Oliver pan filter were successful for 2,4,5-T; new unit
retained in service (eliminated high exposures during centrifuge operations).
6/62 Hot water heaters operating on all condensation reactors (minimized
opening).

i/63 Fume removal hood and blower put on Dorr Qliver pan filter (minimized
exposﬁre).

5/63 Improvement made in pumping filtrate from pan filter (reduced

maintenance exposure).

August 1963 - August 1969

New Plant - Na 2,4,5-TCP and 2,4,5-T Acid both in Bldg. 92

Bldgs. 51 and 34 were shutdown and idled. New facilities were designed to
eliminate most of the exposure points.experienced in the previous
manufacturing equipment,

Auto sequence controls of condensation - 2 autnclaves, not automatic.
Semi-continucus opétations; Na 2,4,5-T filtration, acidification of 2,4,5-T
acid filtration, 2,4,5~T acid drying and 2,4,5~TCP recovery.

Bulk handling of raw materials with closed weighing tanks or limited entry

measuring tanks



Table 11 cont.

Two Venturi serubbers used to backup f£ilter and solid settler on Eimco

Packaging 2n day shift only
‘Late/63 Second dust collector put on rotary dryer.

4/64 1Internal spray rings installed to prevent lump formation in condensation
reactors

8/64 Complete vacuum drop indicator accross dust collector.

9/64 Auto feed valve and level control put on pan filter.

7/64 Auto cutoff water meters installed to prevent overfills.

10/64 Second parallel dust collector installed.

11/64 Side agitator put in Na 2,4,5-TCP storage tank (prevented solids from
settling and made cleanocuts easler, less boil outs).

1/65 Auto water level valve & dip probe on dilution of Na 2,4,5-TCP in MeOH
still installed (maintained closed operation - minimized exposure).

5/65 Load accelerator installed on blender to allow restart under load
(minimized cleanout of blender - minimized exposure).

5/65 A new, larger & more effective settler installed for 2,4,5-TCP recovery
(minimized operater & maintenance exposure).

2/66 Surgze bin was put in between pan filter and drier.

4/66 Auto temperature, pressure control and alarm systems put on Na 2,4,5-TCP

autoclaves.

6/66 Level probe was put on 2,4,5-TCP weigh tank to prevent overflowing

(minimized exposure).

6/66 Installed water flow meter on MCA mixer (eliminated overflowing -
minimized exposure).
8/66 Cleaned Venturi fume scrubber ducts and rerouted pan filter wash and

filtrate outside building (minimized operator exposure).



Table 1l cont.

11/66 Replaced #2 primary dust collector with a larger uunit. ‘

7/67 Added automatic batch hold cyecle timers on the two Na 2,4,5-TCP
autoclaves to minimize hold period after TCB addition (minimized exposure).
12/67 Weigh tanks and pumps for MeOH and 72% NaOH to add RMs under pressure
(reduced cvcle time and significant reduction in Mid/68 of 2,3,7,8 -TCDD in Na
2,4,5-TCP). ‘

10/68 Temperature control put on one of the Na 2,4,5-TCP autoclave (minimized

2,3,78-ICDD).

11/68 Agitator installed in Na 2,4,5-TCP weigh tank to prevent crystal
deposition.
12/68 Better hot water system to eliminate wash nozzle plugging and to
lengthen filter cloth life (minimized operator and mainteance exposures).
11/68 GL chromatograph methods issued for:

2,3,7,8-TCDD

2,4,5-TCA

TCB in Na 2,4,5-TCP or recovered 2,4,5-?0?

1/69 U.S. Government ended contract.

- 87 -



- .

loperations

4
Table 12
Job Titles and Description for
2,4,5=T Acid and Na 2,4,5,~TCP Production Process
Monsanto Company
Bitro, West Virginia

tBuilding ! Job Title = Job Description I Effective
! Nusber | : ! Years
H H : !
i 32 iHelper, ist & 2nd Class |Operated centrifugals, drying & { 1948
: : {packaging !
. ¥ !Operator {Operated autoclave, MeOH still, : 1948
! ! ireactor & 2,4,5-TCP recovery H
H ! H '
: 32 iProduction Utility {Relievad Operator & Helpers ! 194B
H 34 'Helper, 1st & 2nd Class !Operated Na 2,4,5-T centrifugal, i 1948 - 1943
H : tacidification, 2,4,5-T centrifugal,!
i : idrying & packaging ' :
H X4 10perator iAssigted the Head Operator & i 1948 ~ 19563
: : ' {operated Na 2,4,5-T centrifugal '
L] 1] ) :
! 34 {Head Operator {Operated reactors and 2,4,5-TCP i 1948 ~ 1963
H ' {recovery system, some tise spent H
H t {preparing sodium monochloracetate |
H 34 iProduction Utility iRelieved Head Operator, Operator & | 1948 - 19463
H H iHelpers !
i~ &1 iHelper, 1st Class tAssisted and relieved Operator 171948 - 1950
' 41 iOperator {Operated autoclave and methanol i 1948 - 1950
H H istill !
H ! ' !
i 41 {Head Operator {Dversan Na 2,4,5-TCP process and ! 1948 - 1950
: H irelieved Operator !
' ! ! !
! 41 {Production Utility {Relieved Operator & Helper i 19468 - 1950
H ! L '
H { l 3 H
T8 {Helper, ist Class {Assisted and relieved Operator ! 1948 -~ 1950
{ t i H
LI } | iOperator {Operated autoclave and asthanpol ] 1948 - 1950
! ! istill !
! H ! t
i S1  tHead Operator {Oversan Na 2,4,5-1CP process and | 1948 ~ 1950
! H {relieved Oparator {
H ! { {
1 i. H H
! 92 {Supervisor {Mas responsible for Dldg. 92 ! 1963 - 19469
H H 1
1 H t




Table 12 cont.

IBuilding ! Job Title H Job Description { Effective-
{ Number ! ’ i H Years )
H { i {

N 7 {Forenan {Was rasponsible for production in | 1943 - 1949
I ! IBldg. 92 {

' H o L i

i 92 {Head Operator " iCoordinated activities in Bldg. 92 ! 1963 - 1949
! : iand worked vacation relief o

i H { {

T 92 {Operator iOperated autoclaves, sethanol stilli 1943 ~ 19469
H ! 12,4,5-TCP recovery & reactors i

(] [ ] [} 1

V92 IHelpers iOperated filtration equipment, {1963 - 1969
' HE itdrying & packaging msachines !

4 [) [ ] [ ]

! 92 {Production Utility 'Relieved Operators and Helpers '

! H ! ) !

2,4,5-TCP = 2,4,5-trichloropheno!

Na 2,4,5-TCP = sodium 2,4,5-trichlorophesnate
2,4,5-T Acid = 2,4,5-trichlorophenoxyacetic acid
Na 2,4,5-T = sodium 2,4,5-trichlorophenoxyacetate
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Table
Time Cycles for 2,4,5-T Acid Process

Building 34
Monsanto Company
Nitro, West Virginia

2,4,5-T Acid Time Cycles 1958 Bldg. 34

Unit iNo. of Unit } Cycle/Unit : Capacity
H g {hours) ¢ (lbs/hour)
R g g
Reactor ‘ 3 H 6.00 : 4017
Na Salt Centrifuge | 2 ' 1.50 ' 400
Dissolver : 1 ] 1,50 { 400
Acidifier ! 2 ! 1.50 : 400
Acid Centrifuge : 1 ! 1.98 i 347
Dryer : 1 i continuous H 417
2,4,5-T Acid Time Cycles 1962 Blda. 4
Unit INo. of Unit | Cycle/Unit ' Capacity
H H (houre} 1 (lbs/hours)
Reactor H 3 ! 5.50 ' SO0
Na Salt Centrifuge | 2 H 1.50 ' 500
Acadifier ' 2 : 1.30 i 450
Acid Centrifuge ! 1 ! 1.30 ' 450
Dryer ' 1 i continuous } 45¢

2,4,5-T Acid = 2,4,5-trichlorophenoxyacetic acid

- 90 -

—— -



Table 14

Na 2,4,5,-TCP/2,4,5~T Acid Process Equipment

Building 92

Monsanto Company

Nitro, West Virginia

1966

- [
\Protess (Building | Year ! Quanjty ! Equipment Description _ | Process
[ E ' : H i Step
iNa 2,4,5-! 92 V1964 H ! '
'TCP/2,4,5! ' ' 1 !Ruggles & Coles Rotary Dryer ! 15
I-T acid | ! i 1 {6’ x &’ Recover Alcchol Receiver #1 !
! i : l 1 INa 2,4,5-TCP settling tank ' J
H : i ' 2 17 x 16'4" Autotlave reactor ' 1
! : ! ! 2 17 x 7" MeOH still ' 2
: i, ' ' 1 {10B" x 25’ TCB storage tank !
H : ' ' 1 150,000gal. Na 2,4,5-TCF storage tank ! 4
! ' ! ! 1 110,000 gal. 72% NaOH storage tank '
: ' H : 1 112,000 gal. TCB storage tank .
' ' : : 1 1800 gal. TCB feed tank ' '
! ! ! ! 1 1470 gal. Na 2,4,5-TCP weigh tank ! S
: ; : : 2 17’ x 7’ condensation reactor ' &
1 ' : ' 2 13,000 aal.Na 2,4,5-T filter feed tank ! 8
' 3 ! : 1 12,000 gal. filtrate hold tank :
! ' : : 1 iDryer feed hopper : 14
i i ' i 1 !Haveg pan filter receiver : 13
: H ! : 1 IEimco vacuum receiver . ! 10
! ' i : 2 110°6" x 12’ reactor surge tank ' 7
: ! H ' 1 {Eimco filter ' ?
' ! ! H 1 (Eimco vacuum receiver :
i ' : : 1 Haveq primary settling tank }
! ! ' i -1 12,000 ’gal. acidifier ' i1
! ! : : 1 !Pan filter ' 12
: | ' : { iMulti-bag Dracco filter !
! ! ! ' 1 {Eimco filter : 9
! ! H : 1 IMikro dust collector ' 2
' H i J 1 |Bagger feed hopper ' 17
: ! H ; 1 (Horizontal blender : 18
: H ! : 1 i8S & K Haveg fume scrubber ;
' H ' ' 1 (Sweco separator : 16
! ! H ' 1 !Dustex dust collector : <
H ' i ! 1 iSt. Regis packer } 19
' H ! ' 1 iVibrax drum packer ' 20
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2,4,5-TCP/2,4,5-T acid Process Steps

Table 14 cont.

1.
2.

.

Autoclave reaction
MeOH recovery
Na 2,4,5-TCP settling

4. Na 2,4,5-TCP storage tank

S.

é.

7.

8.

9l

10.
11.
12.
13.
14.
15.
16,
17.
18.
19.
20.
21.

22.

Na 2,4,5~TCP weigh tank
Condensation reactor

Reactor surge. tank

Filter fesd tank

Eimco Na 2,4,5-T belt filter

Na 2,4,5-T slurry tank
Acidification reactor
2,4,5~-T acid pan filter
Haveg vacuum receiver
Dryer feed surge hopper
Rotary dryer

Sweco screener

Product hopper

Ribbon blender

Bag packaging station
Drum packaging station .
Primary dust collector
Back-up dust collector
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Table 15

Time Cycles for Na 2,4,5,~TCP/2,4,5-T Acid Processes
Building 92 '
Monsanto Coapany
Hitro, West Virginia

Na 2,4,5-TCP/ 2,4,5-T Acid Time Cycle 1966 Bldg. 92

Unit {No. of Unit | Cycle/Unit i Capacity
' i (hours) ¢! (lbs/hpur)
! ' {
Autoclave H 2 ! 13.50 ! 827
Still ' 1 ! 7.00 ' 770
Reactor : 2 ! 4§.00 H BS2
[} . 1 []

Filtration and acidification are considered to have 900 lbs/hr.
capacity continuous operation.

Cycles in Detail

Autoclave Still
Load 1.00 hr. Load 1.00 hr.,
Heat up 2.50 hrs. Distill 5.00 hrs,
Feed TCB 4,00 hrs. Pump out 1.00 hr.
Hold period 3.50 hrs., e
Cool 1.950 hrs. 7.00 hrs.
Transfer 1.00 hrs.
13.50 frs.
Reactor
Load 0.25 hr.
Adjust pH 0.25 hr.
MCA feed 1.00 hr.
Hold period 1.50 hrs.
Adjust pH 0.25 hr.
Pump out 0.75 hr.
4.00 hrs.

Na 2,4,5-TCP = sodium 2,4,5-trichlorophenate
2,4,5-T Acid = 2,4,5-trichlorophenoxyacetic acid
TCB = 1,2,4,5-tetrachlorobenzene

HCA = msonothloroacetic acid
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Table 16
Concentrations of Organic Chloride and
Methyl Alcohol in Building 51
Monsanto Company
Nitro, West Virginia
April 14, 1953

Sample Description? { Organic i Methyl H

| Chloride | Alcohol H

i (ppn) | {ppn) i

H ! !

Control room H i8.1 ¢ 1.06 |
' H ]

At still (adding water) ! <0.10 ! <0.04 |
! ! '

At Filter while filtering ! 4,5 | <0.02 |
Cleaning Filter Press : 3.78 | ==

Organic Chloride = vapors of halogenated hydrocarbons were collected by
passing the air through 957 ethyl alcohol in gas absorption
bottles provided with sintered Qlass dispersers.
Portions of the alcohol were burned, the combustion products
trapped, and the chloride analyzed following precipitation
of the chloride by silver nitrate solution.

Methyl Alcohol = vapors of methyl alcohol were collected with water in a
in a gas wash bottle. Foramaldehyde was produced and estimated
in terms of intensity of the violet color it produced
with chromotropic acid,

pPm = parts analyte per million parts of air
—-= = no sample taken
3 = Samples were collected and analyzed by investigators from the

Kettering Laboratory in the Department of Preventive Medicine and Industrial
Health, Colege of Medicine, University of Cincinnati, Cincinnati, GChio



Concentrations of Orgggiz=ciioride in Building 34
Monsanto Company
Nitro, West Virginia
April 14, 1953 and January 10, 1956

! Sample Descriptions ! Organic | Organic !
: ! Chloride ! Chloride !
H ! (ppm) ! (ppa) :
: { (4714/53) 1 (1/7310/568) !
: H | :
léhile loading Fletcher Centrifuge #2 i 1.11 1 0.455 |
: ! : ;
iWhile loading Tolhurst Centrifuge #1 ' 0.42 ! 0.910 !
: ) ' ! t
iCorner of first level under TCP recovery : —_— O 1.09 |
{ reactor ! P :
: ' L '
{On recovered TCP reactor platform while fo-— 1 1.26 !
! loading reactor = Manhole open H I :
iWhile loading Centrifuge #3 ! 0.41 ! 0.81 !
{Over settling tank while loading Centrifuge | — P 0.45 |
I &) < : [ i
: H I H
{iOn acidifier platfore near Acidifier &1 - ! 0.68 | 0.63 |
{ Manhole open H L H
{0n reactor platform while loading reactor & | 0.90 ! 2.25 |
{ testing pH ! 0.82 | d
' ! S5.60 ! '
' L} 1§ :
iGeneral air in reactor room near Alsop filter! 0.59 i 0.57 !
{In inlet duct (elbow) to Rotoclone ! ——— :1 7.5 1
{In outlet duct from Rotoclone ' ——— :} 4,7 ¢
§ ' ' '
!General air of drying room ] <0.,10 | ' ==—- :
: : ' . {

Organic Chloride = vapors of halogenated hydrocarbons sampled by decomposing
the vapor in a Nilson furnace and trapping the liberated
chlorine & hydrochloric acid in 0.1 N NaOH solution.

The NaOH solution was analyzed by a turbidimetric
procedure following preciptation of the chlor:ne by
silver nitrate solution,

1

ppa = parts organic chloride per million parts of air

= no sample taken

8 = Samples were collected and analyzed by investigators fro- the
Kettering Laboratory in the Department of Preventive Medicine and Industrial
Health, Coleqe of Madicine, University of Cincinnati, Cincinnati, Dhio



déaDie 20 .
Concentrations of 2,4,5-T Acid Dusts in Building 34
Mopsanto Compsuny
Nitro, West Virginia
April 14, 1953 and Jaouary 10, 1956

2‘4|5-T

Building 34

: Sample Descriptions | 244,5-T '
H ! Acid H Acid H
. i (eg/M3) ! (mg/MI) '
H ! (4/14/53) 1§ (1/710/36)
' ! ! '
{In dryer room, 5 ft. from Rotex feeder and ! 1.38 | 2,57 |
ingar the scale ! 0.93 ! ;
iAt the feed hopper on top of dryer H 0.7 ! 0.35 ! f
: : ' H '
INear stairway to acidifier platform : — { 0.20 !
iWhile unloading Centrifuge #1 : —— i 0.76 | .
! ! ! ! I
‘On plant premises, 100 ft. downwind from H — ! 0.07 i

2,4,5-T Acid = Dust samples were collected by means af a large volume
sampler fitted with filter paper (2/14/53) or glass fiber
filters. The filters were desorbed with alcohol and the
chloride determined by a turbidimetric procedure following
precipitation of the chloride by silver nitrate solution.

mg/M3 c milligrams aof 2,4,5~T Acid as measured as chloride per cubic meter of air
-—— = 00 sanple taken
8 = Samples were collected and analyzed by investigators from the

Kettering Laboratory in the Department of Preventive Medicine and Industrial
Health, Colege of Medicine, University of Cincinnati, Cincinnati, Ohio
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Table 1Y
2,4,5-T Acid Air Concentrations in Building 34
Monsanto Company
Nitro, West Virginia
June 8, 1954

' Sample Descriptiong 1 @94y5-T 1
: ' ' Acid :
' i (mg/M3) ‘
{ ! !
tVicinty of top of the reactor ] ¢G.39 1
1 [} 4
Vicinity of recovery kettles : 0.i8 !
1 [ ] 1]
. & 1
‘Loading No. I centrifuge : 0.02 |
1 4 ]
] 1 3
‘Wicinity of No. 1 centrifuge, centrifuge : 0.07 1
{ running ' H
Vicinity of aE;E tanks : 0.12 1
1At No. 1 centr;fuae guring unloading ! 0.11 |
iOn platform at hopper while No. I centrifuge | 0.66 i
! was unlpading H i
: H '
tVicinity of No. J centrifuce during unloading! 0.16 !}
iVicinity of No. T centrifuce during unloading! 1.06 !
iVicinity of drumming operation i .18 !

(] ]

2,4,5-T Acid = Samples collected with Greenburg-Smith impingers at &
sampling rate of one cubic foot of air per minute.

mg/M3 = milligrams of 2,4,5-T Acid per cubic meter of air

& = Samples ceollected by the State Health Department of West V:roxn:a,
Bureau of Industrial Hygiene

- 97 -



@ Table 20
: 2,3,7,8-TCDD Concentrations in Monsauto 2,4,5~T Acid

Monsanto Company
Nitro, West Virginis

—— e e

1958 - 1969
!
Date Sample Description 2,3,7,8-TCDD Source
- : Conc.
' (ug/g?} i

1958 2,4,5-T acid 11 Monsante
1959 2,4,57 acid 11 Monsanto
1960 2,4,5-T acid 8 Monsanto
1963  2,4,5-T acid ] Monsanto
1962 2,4,5 T acid 10 fonsanto
1963 2,4,5-T acid 11 Monsanto
1964 2,4,%5T acid 12 Monsanto
Jan-é5 2,4,5-T acid S Monsanto
Feb-45 2,4,5-T acid B Monsanto
Dec-6% 2,4,5-T acid Lot NE12-026 12 Monsanto
Apr—-4S 2,4,5-T acid 12 Monsanto
Apr=45 2,4,5-T acid 1% tonsanto
Apr-45 2,4,5~T acid 16 Monsanto
Apr-4% 2,4,5-T acid 14 ronsanto
Mar-4% 2,4,5~T acid 17 Monsanto
Apr-6% 2,4,5-T acid 22 Monsanto
May-45 2,4,5-T acid 22 Monsanto
Apr=465 2,4,5-T acic 23 Monsanto
Jul=-£%5 2,4,5-T acid o tonsanto
May-65 2,4,5-T acic 2 Mponsanto
Apr-65 2,4,5-T acac ) Monsanto
Apr-45 2,4,5-T acid 41 Monsantp
Apr-4S5 2,4,5-T acid 44 Monsanto
Apr-65 2,4,5-7 acid 213 Monsanto
Nov-éé 2,4,5-T acid Lot NHI11=-0&0 < Monsanto
Sep~b6 2,4,5-T acid Lot NH0OS-011 > Monsanto
Apr=-&6 2,84,5-T acid Lot NHQ04-02B e S Monsanto
Sep—-66 2,4,5-T acid Lot NH09-0T1 4 Monsanto
Nov-éé6 2,4,5-T acid Lot NH{{-0:0 ] Monsanto
Aug-66 2,4,5-T acid Lot NHOB-014 5 Monsanto
Dec~b6 2,8,5-T acid Lot NH12-009 s tMonganto
Jan-é6 2,4,5-T acid Lot NHO1-024 6 Monsanto
Det-66 2,4,5-T acid Lot NH10-102 7 Monsanto
Dec~66 2,4,5-T acid Lot NH12-0S1 7 Monsanto
Mar=66 2,4,5-T acid Lot NHOI-054 7.5 Monsanto
Sep-b6 2,4,5-T acic Lot NHO9-08S B tonsanto
Apr—46 2,4,5-T acid Lot NH0O4-004 8 tionsanto
Feb-bé 2,4,5-T acic Lot NH02-036 10 Monsanto
Aug=-bb 2,4,5-T acid Lot NHOB-024 11 Monsanto
Dct=66 2,4,5-T acid Lot NH10-092 B4 tMonsanto
May-66 2,4,5-T acid Lot NHOS-033 11 Monsantp
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Table 20 cont.

Date Sanmple Description 2,3,7,8-TCDD Source
: Conc.

- “(ug/g) -
Sep-66 2,4,5-7 actid Lot NHO9-100 12 Monsanto
May-66 2,4,5~T acid Lot NHOS-029 12 Monsanto
ODct-é6 2,4,5-T7 acid Lot NH10-022 12.5 Monsanto
Jun-6& 2,4,5-T acid Lot NHO&-020 13 Monsanto
Oct-46 2,4,5-T acid Lot NH10-052 18 Monsanto
Jun-b6 2,4,5-T acid Lot NHO&~067 17 Monsanto
Oct~-66 2,4,5-T acid Lot NH10-082 18 Monsanto
Jul=b6é 2,4,5-T acid Lot NH07-052 21 Monsanto
Jul-66 2,4,5-T acid Lot NHO7-016 21 Monsanto
Jul=65 2,4,5-T acid Lot NHO7-036 28 Monsanto
Feb-67 2,4,5-T acid Lot NI02~001 <3 Monsanto
Feb=567 2,4,5-T acid Lot NIO2-022 <3 Monsanto
Feb-é7 2,4,5-T acid Lot NI102-010 <3 Monsanto
Oct-67 2,4,5-T7 atic Lot NI10-050Q 1457 Monsanto
Bct-567 2,4,5-T acid Lot NI10-0BO <2 Monsanto
ODct-467 2,4,5-T acid Lot NI1Q-0%¢ <S Monsanto
Oct=-57 2,4,5~7 acid Lot NI10-0&0 141 Monsanto
Dct-67 2,4,5-T acid Lot NIi10-070 141 Monsanto
Mar-67 2,4,5-7 acid Lot NIOZ-0QT0 H Monsanto
Feb-67 2,4,5~T acid Lot NIOZ-040 1 Monsanto
Mar-67 2.,4,5-T7 acid Lot NIQZI=Q01 1 Monsanto
Mar-67 2,4,5-T7 acid Lot NIQ3-010Q 3 Monsanto
Jan=-67 2,4,%-T acid Lot NIQi-0J1 3 Monsanto
Jan-67 2,4,5-7 acid Lot NIOI=-041 > Monsanto
Jan—-67 2,4,5-7 acid Lot NIO1=-0Z! e Monsanto
Dec-67 2,4,5-7 acid Lot NI112-010 > Monsanto
Nov=467 2,4,5-T acid Lot NI1:-020 It Monsanto
Nov=-67 2,4,5-T7 acad Lot N]I11-070 3 Monsanto
Nov-67 2,4,5-7 acid Lot NI11-040 3 Monsanto
Nov-67 2,4,5-T acid Lot NI1:{-060 3 Monsanto
Feb=-47 2,4,5-T acid Lot NIOZ=-020 t Monsantao
Jan-67 2,4,5-T acid Lot NI01-021 J Monsanto
Nov-467 2,4,5-T acid Lot NI{1-080 3 Monsanto
Nov-67 2,4,5-T acie¢ Lot NI11-0%0 3 Monsanto
Jun-67 2,4,5-T acid Lot NI0&-060 [} Monsanto
Aug=-67 2,4,5-T acid Lot NI0B-070 4 Monsanto
Dec=-67 2,4,5-T acid Lot NI12-080 4 Monsanto
Jan-47 2,4,5-T acid Lot NI01-004 4 Monsanto
May-67 2,4,5-T acid Lot NIOS-07¢ S Monsanto
Feb-67 2,4,5-T acid Lot NIO2-070 5 Monsanto
Sep-5467 2,4,5-T acid Lot NI0$-030 S Monsanta
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Date Sample Description 2,3,7,8-TCDD Source
- . Conc.
(ug/g?
Sep-67 2,4,5-T acid Lot NIO9-060 5 Monsanto
Sep-67 2,4,5~-T acid Lot NIO9-010 S Monsanto
Sep~47 2,4,5~T acid Lot NI09-070 s Monsanto
Sep-467 2,4,5-T acid Lot NIO9=020 S Monsanto
Dec-67 2,4,5~T acid Lot NI12-050 S Monsanto
Jul=-467 2,4,5-T acid Lot NIO7-100 S Monsanto
Jun—67 2,4,5-T acid Lot NIO&-070 S Monsanto
Jun=-467 2,4,5-T acid Lot NI0&-010 [ Monsanto
Jun—567 2,4,5-T acid Lot NIQ&-0S0 é Monsanto
Sep-67 2,4,5-T atid Lot N]O9-0B0 é Monsanto
Auo-67 2,4,5-T acad Lot NICB-06&0 b Monsanto
Jun=67 2,8,5-T acid Lot NIQ&=090 [ Moncanto
Jun—-67 2,4,5-T acid Lot NIQ&6-00§ 6 Monsanto
Jun-67 2,4.5-T acid Lot NIQO&-0B0 7 Monsanto
Feb=-67 2,4,5-T acic Lot NI0O2-060C 7 Monsanto
Det-67 2,4,5-T acid Lot NI1Q-QUi 7 Monsanto
Sep-67 2,8,5-T acic Lot NI09-0%0 7 Monsanto
Apr-467 2,4,5-T acic Lot NIO4-0Z0 7 Monsanto
May-67 2,4,5-T acid Lot NIQS~100 7 Monsanto
Mar-67 2,4,5-T acid Lot NIOZT=040 7 Monsanto
Oct-67 2,4,5-T acid Lot NI10-040 7 Monsanto
Jul=67 2,4,5-T atid Lot NIO7-001 7 tlonsanto
Jun=467 2,4,5-T acid Lot NIG&-OZC 7 Monsanto
Nov-467 2,4,5-7 acid Lot NII1i=-050 7 Monsanto
Jul-67 2,4,5-7 acid Lot NI107-020 7 Monsanto
- Jul=67 2,4,5-T acid Lot NIO7-010 7 Monsanto
Jun=£67 2.4,5-T acid Lot NIO&-110 7.5 Monsanto
Oct-47 2,4,5-T acid Lot NI1O-Q10 8 Monsanto
May-67 2,4,5-T acid Lot NIOS-(80 8 Monsanto
Aor=-47 2,4,5-T acid Lot NIO4-Q1S e Monsanto
Jun=67 2,4,5-T acid Lot NI10&-040 e tMonsanto
Mar~£7 2,48,5-T acid Lot NIOS-085 B8 Monsanto
Sep-467 2,4,5-T acid Lot NIO9-110 8 ' Monsanto
Dec-467 2,4,5-T acid Lot NI12-060 e Monsanto
Feb=-47 2,4,5-T acad Lot NIO2-03S 8 tonsanto
Oct~-467 2,4,5-T acid Lot NI10-02G 8 Monsanto
Jul=47 2,4,5-T acid Lot NIO7-060C e Monsanto
Sep=47 2,4,5-T acid Lot NIOS-050 e Monsanto
May-67 2,4,5-T acid Lot NI10OS-040 9 Monsanto
Oct=-467 2,4,5-T acid Lot NI10~030 9 Monsanto
May-b67 2,4,5-T acid Lot NIOS-09C 9 Monsanto
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Date Sample Description 2,%,7,8-TCDD Source
Conc.
B {ug/g)
Feb-67 2,4,5-T acid Lot NI0O2-030 9 Monsanto
Jul=67 2,4,5-T acid Lot NI107-020 10 Monsanto
Jun=467 2,4,5~T acid Lot NI0&~020 10 Monsanto
Apr-67 2,4,5~-T acicd Lot NI04-005 10 Monsanto
Nov=67 2,4,5-T acid Lot NI11=-030 10 Monsanto
Dec-47 2,4,5-T acid Lot N112-040 10 Monsanto
Mar-67 2,4,5-T acid Lot NI04-001 10 Monsanto
Aug=67 2,4,5-T acid Lot NI0OB-010 10 tMonsanto
Aug-67 2,4,5-T acid Lot NIUB~0I0 10 Monsanto
Dec=67 2,4,5-T acid Lot NI12-070 10 Monsanto
Jul-67 2,4,5-T acid Lot NIO7-080 10 Monsanto
Jun=67 2,4,5-T acic Lot NIQ6=100 10 Monsanto
Jul=~&67 2,4,5T acid Lot NIO7-050 11 Monsanto
Jul=-67 2,4,5-T acid Lot NIO7-0%0 11 Monsantc
Dec-67 2,4,57 acid Lot NI12-020 12 Monsanto
Sep-47 2,4,5-T acid Lot NI1O%-100 2 Mpnsanto
Nov-67 2,4,5-T acid Lot NI1!-010C 12 Monsanto
Apr-67 2,4,5-T7 acid Lot NI0G4-0S0 2 Monsanto
May=-67 2,4,5T acid Lot NI0S-060 13 Monsanto
Apr-67 2,4,5-T acid Lot N104-0&0 13 Monsanto
Dec-467 2,4,5-7 acid Lot NII{2-0Z0 13 Monsanto
Jul=-67 2,4,5-T acid Lot NIO7-110 12 Monsanto
Aug-67 2,4,5-T acid Lot NIOB=0S0O X Monsanto
var-67 2,4,5-T7 acid Lot N103-020 14 Monsanto
Mar-67 2,4,5-T acid Lot NIOS-Qs0 15 Monsanto
. Mar-467 2,4,5-T acid Lot NI1Q3-050 1S Mansanto
May-67 2,4,5-T acic¢ Lot NIOS-050 15 Monsanto
for-67 2,4,5-T acic Lot N104=-Q10 1S Moneanto
Jul=-67 2,4,5-T acid Lot NIO7-040 17 Monsanto
Feb=~67 2,4,5-T ac1d Lot NI0OZ=0S50 17 Monsanto
May=467 2,4,5~T acid Lot NI0S-010 17 Monsanto
Sep-67 2,4,5-T acid Lot NI0S-040 18 Monsanto
Aug-467 2,4,5~-T acid Lot NIOB-100 i8 Monsanto .
Apr-467 2,4,5-T acid Lot NI10&-0X0 1B Monsanto
Jul=67 2,4,5T acid Lot NIO7-070 19 Monsanto
May-67 2,4,5-T acid Lot NIOS5-020 20 Monsanto
Apr—=67 2,4,5-T acid Lot NIO4-040 20 Monsanto
May—-67 2,4,5-T acid Lot NIOS-00% 22 Monsanto
Aug-467 2,4,5-T acid Lot NI10B-040 b d Monsanto
Aug-67 2,4,5-T acid Lot NIOB-020 22 Monsanto
Aug-67 2,4,5-T acid Lot NIOB-120 &3 Monsanto
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Date Sample Description 2,3,7,8-TCDD Source
Conc.
- tug/gQ)

May—~67 2,4,5-T acid Lot NIOS-030 24 Monsanto
Oct=-67 2,4,5-T acid Lot N110-110 25 Monsantp
Nov-67 2,4,5-T acic Lot NI11-001 25 Monsanto
Aug-67 2,4,5-T acid Lot NJOB-110 28 Monsanto
Sep—~4B8 2,4,5-T acid Lot NKO9-059 <3 Monsanto
Oct=-6B 2,4,5-T acid Lot NK10=030 <3 Monsanto
Nov~éB8 2,4,5-T acid Lot NK11-023 {3 Monsantpd
May-4E 2,4,5-T7 acid Lot NKOS-050 {3 Monsanto
Aug-68 2,4,5-T acid Lot NKOB-022 £ Monsanto
Dct-&6E 2,4,5-T acid Lot NK10-05B < Monsanto
Jul-6B 2,4,5-T acid Lot NK(07-011 {3 Monsanto
Mar-6E 2,4,5-T acic Lot NKOS-040 <3 Monsanto
Nov-68 Z.4,5-T acac Lot NK1i5018 <3 Monsanto
Sep-68 2,4,5-T acic Lot NuQ9-042 <3 .Monsanto
Aug-68 2,4,5-T acid Lot NKOB-0O0S {3 Monsanto
Apr-68 2,4,5-7 acic Lot NEG4A-010 {3 Monsanto
Apr-68 2,4,5-T acid Lot NEG4-Q20 3 Monsanto
Feb-468 2,4,5-T acid Lot NKQ2-010 3 Monsanto
Jul-68 2,4,5-T atcad Lot NKO7-00Z 3 Monsanto
Mar-68 2,4,5-T acid Lot NKO3I-03Q .t Monsanto
Jan-68 2,4,5-T acid Lot NEO1=-060 it Monsanto
Feb-68 2,4,5-T acid Lot NK0O2-020 > Monsanto
Jan-6B 2,4,5-T acicd Lot NEOI-0SO 3 Monsanto
Apr-68 2.4.5-T ac:d Lot NEQ4-030 3 Monsanto
Jun-48 2,4,5~T acic Lot NKOG&6-010 S Monsanto
_Feb-68 2,4,5-T acad Lot NKO2-030 4 Monseanto
Jan—-68 2.4,.5-T acid Lot NEQI-040 3 Monsanto
May~-b8 2.6,5-T7 aci1d Lot NKOS~040 S Monsanto
May-é8 2,4,5-T acid Lot NEOS-0&0 S Monsanto
Jun-68 2,4,5-T acid Lot NEO6-020 7 Monsanto
Jan-48 2.4,5-T acid Lot NKO1-001 B Monsanto
Jan-68 2,4,5-T acid Lot NKO1-020 12 Monsanto
Jan—68 2,4,5-T acid Lot NKO1=-010 12 Monsanto
Jun-469 2,4,5-T acid Lot NLO&-028 6.3 Monsanto
May-69 2,4,5-T acad Lot NLOS-032 0.5 Monsanto
Jun-49 2,4,5-T acic Lot NLO&=006 0.5 Monsanto
Jun=69 2,4,5-T acad Lot NLOL-038 0.5 Monsanto
Apr=569 2,4,5-T7 acid Lot N_04-029 0.6 Monsanto
Jul=-&69 2,4,5-T acid Lot NLO7-023 0.7 Monsanto
Jun—49 2,4,5-T acid Lot NLO&-023 0.7 Monsanto
Jul-469 2,4,5-T acid Lot NLO7-012 0.7 Monsanto
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Table 20 cont.

Sanple Description 2,3,7,8-TCDD Source
Conc.
- tug/g)
Jul-6% 2,4,5-T acid Lot NLO7-012 0.7 rMonsanto
May=-69 2,4,5-T7 acid Lot NLOS-014 0.7 Monsanto
Jun=69 2,4,5-T atid Lot NLO6-024 0.8 Monsanto
Jun—&9 2,4,5-T acid Lot NLO&-020 0.8 Monsanto
May-69 2,4,5-T acid Lot NLOS-010 0.8 Monsanto
May-469 2,4,5-T acid Lot NLOS-0346 0.8 Monsanto
Jun=69 2,4,5-T acid Lot NLQ&-020 0.8 Monsanto
Jul-69 2,4,5-T acid Lot NLO7-009 0.8 Monsanto
Jul=-69 2,4,5T acid Lot NLO7=-013 0.9 Monsanto
Jul=-69 2,4,5-T acid Lot NLO7-012 0.9 Morisantp
May-69 2,4,5T acid Lot NLOS-003 0.9 Monsanto
Jun=69 2,4,5-T acag Lot NLO&-01TZ 0.9 Monsanto
Jun=69 2,4,5-T acid Lot NLO&-034 0.9 Monsanto
Jul=69 2,4,5T acic Lot NLO7-011 0.9 Monsanto
May-69 2,4,5-T acid Lot NLOS=-013 1 Monsanto
Aug-69 2,4,5-T acid Lot NLOB-02é 1 Monsanto
Aug-69 2,4,5-T aca1d Lot NLOB-012 1 Monsanto
May-69 2,4,5-T acid Lot NLOS-009 1 Monsanto
Jun=69 2,4,5-T acid Lot NLQ&-01S 1.1 Monsanto
Jun—-69 2,4,5-T acid Lot NLO&-030 1.1 Monsanto
Aug=69 2,4,5-T acic Lot NLQB-03O 1.1 Monsanto
Jul=6% 2,4,5-T acic Lot NLO7-010 1.1 Monsanto
Jul-69 2,4,5T acid Lot NLO7-0:3 1.1 Monsante
Aug-69 2,4,5-T acic Lot NLOB-O29 1.1 Monsanto
Jul=6%9 2,4,5-T acid Lot NLO7-024 1.2 Monsanto
Jun=69 2,4,5-T acid Lot NLO&-028 1.2 Monsanto
Jul=-6% 2,4,5-T acio Lot NLO7-029% 1.2 . Monsanto
Jul=-69 2,4,5-T acid Lot NLO7-0T1 1.3 Monsanto
Aug=-69 2,4,5-T acigd Lot NLOB-033 .2 Monsanto
Aug-69 2,4,5-T acid Lot NLOB-0T1 1.2 Monsanto
Aug-69 2,4,5-T acid Lot NLOB-00T 1.4 Monsanto
Rug-69 2,4,5~-T acid Lot NLOB-00é 1.4 Monsanto
Aug-69 2,4,5-T acid Lot NLOB-021 1.4 Monsanto
Aug-69 2,4,5-T acicd Lot NLOB-01% 1.4 Monsanto
fpr=469 2,4,5-T acid Lot NLO4-019 1.4 Monsanto
Jul=46% 2.4,5-T atid Lot NLO7-028 1.5 Monsanto
Jul=-49 2,4,5-T acid Lot NLO7-021 1.5 Monsanto
Jul-469 2.4,5-T acid Lot NLO7-031%9 1.5 Monsanto
Jul=69 2,4,5-T acid Lot NLO7-024 1.6 Monsanto
Aug-49 2,4,5-T acid Lot NLOS-027 1.6 Monsanto
Jun—49 2,4,5-T acid Lot NLO&-003 1.6 Monsanto
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Date Sample Description 2,3,7,8-TCDD Source
gonc.
(ug/gQ)
Jun—69 2,4,5~T acid Lot NLO&-012 1.4 ronsanto
Apr—-69 2,4,5T acid Lot N.O4-013 1.6 Monsante
Aug—569 2,4,5-T acid Lot NLOB-006 1.6 Monsanto
Jul-69 2,4,5-T acid Lot NLO7-020 1.6 Monsanto
Aug—-69 2,4,5-T acid Lot NLOB-02B 1.7 Monsanto
Jul=6% 2,4,5-T acid Lot NLO7-02B 1.7 Monsanto
Aug—69 2,4,5 T acid Lot NLOB-003 1.7 Monsanto
Jun=569 2,4,5-T acid Lot NLO&~0OG? 1.8 Honsanto
May-69 2,4,5-T acid Lot NLOS-00S 1.8 Monsanto
Aug—-69 2,4,5-T acid Lot NLOB-004 1.8 Monsanto
Jun=69 2,4,5-T acid Lot NLO&-OLIT 1.9 Monsanto
Aug-69 2,4,5-T acic¢ Lot NLOB-00: 2 Monsanto
Jun—69 2,8,5-7 acid Lot NLO&-D11 a1 tonsanto
Jun-69 2,4,5-T acid Lot NLO&-(1L 2.1 Monsanto
Jun-69 2,8,5-T acid Lot NLO&-022 2.2 Monsanto
Aug—-6% 2,4,5-T acid Lot NLOB-02S 2.2 Honsante
Aug-469 2,4,5-T acid Lot NLOB-00S5 2.4 Monsanto
Aug-69 2,4,5-T acad Lot NLOB=-020 2.5 Monsanto
Aug-469 2,4,5-T acid Lot NLOB-022 2.6 Monsanto
Aug-469 2,4,5-T acid Lot NLOB-007 2.7 Monsanto
Jul=69 2,4,5-T acid Lot NLO7-01E 2.7 Monsanto
Auo-469 2,4,5-T acid Lot NLOB-Q20 2.7 Monsanto
Jul=6% 2,4,5-T acad Lot NLO7-018 2.7 Monsanto
Jul-469 2,4,5-T acic Lot NLO7-050 2.8 Monsanto
Aug-69 2,4,5-T acic Lot NLOB-OZT 2.8 Monsanto -
Aug-469 2,4,5~7 acid Lot NLOB-02T 2.9 Monsanto
. Aug=-569 2,4,5-T7 acid Lot NLOB-01B 3 Monsanto
Aug-69 2,4,5-T acid Lot NLOB-034 3.8 Monsanto
Mar-69 2,4,5-T acic Lot NLOT-0O7 4.4 Monsanto
Jan-49 2,4,5-T acid Lot NLOI-006 9 Monsanto
Jul=-49 2,4,5-T acid Lot NLO7-014 9.7 Monsanto
Jan-69 2,4,5-T acid Lot NLO1-005 10 tMonsanto
Jul=-69 2,4,5-T acid Lot NLO7-01S 22 Monsanto
Apr-67 Amchem A-95744 (Monsanto) 2,4,5-T ester 14.1 Woolson
Mar-67 Amchem A-94722 (Monsanto) 2,4,5-T ester 14.4 Woolson
Jan-567 Aachem A-81701 (Monsanto) 2,4,5-T7 ester 348 Wool son
Sep-48 Anchem QC-5!9 (Monsanto) 2,4,5-7 acid 12 Woolson
Apr-68 Anchem RC-S79 (Monsanto) 2,4,5-T acid 13 Wogolson
May=-68 Aachem NKOS-036 (Monsanto) 2,4,5-T acid 24 Woolson
Jul=469 Amchem NLO&-01%F (Monsanto) 2,4,5-T acid 1.9 Npolson
May-469 Aachem NLO4-~032 (Monsanto) 2,4,5-T acid 2.3 toolson
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- Date Sample Description 2,%,7,68-TCDD Source
- . Conc. _
(ug/g)

Mar-70 #Monsanto 2,4,5-T7 acid, 07-020 2.3 Woolson
Mar-~70 Amchem NL0O7-018 (Monsanto) 2,4,5-T acid 3.7 Woolson
Mar-69 Amchem NLO3J-013 (Monsanto) 2,4,5-T acid 4 Woolson
Jan-70 Amchem NLO7-018 (Monsanto) 2,4,5-T acid S.4 Woolson
Mar-70 Amchem NLO7-131 (Monsanto) 2,4,5-T7 acid 6.8 Woolson
Feb—45 Monsanto 2,4,5-T acid 10 Dow
Jan-65 Monsanto 2,4,5-T acid (12 samples) 6.5 - 11 Dow
Mar-70 Monsanto 2,4,5-T acid, Lot MLO7-020 1.4 Dow
Nov-72 Monsanto Agent Orange, Bulfport, Miss. 6.9 Dows
Nov-72 Monsanto Agent Orange, Bulfport, Miss. 7 Dows
Nov-72 Monsanto Agent Orange, Gulfport, Miss. 7.2 Dowt
Nov-72 Monsanto Agent Orange, Gulfport, Miss. 7.4 Dows
Nov-72 Monsanto Agent Orange, Gulfport, Miss. 7.9 Dows
Nov-72 Monsanto Agent Orange, Gul¥fport, Miss, 9.3 Dows
Feb-&7 Still TCP ) g Monsanto

2.4,5-T acid = 2,4,5-trichlorophenoxyacetic acid
24547,8-7CDD = 2,2,7,8-tetrachlorodibenzo-p-dioxin
ug/g = micrograms of 2,3,7,68-TCDD per gram of sample

Agent Orange = 507 2,4,5-T butyl ester & S0V 2,4-D butyl ester
Monsanto = Correspondence from Marcie Stravss of Monsanto
to Marilyn Fingerhut of NIOSH, November ‘24, 198é6.
Woolson = Woolson, E.AR. et. al.: Survey of Polychiorocibenso-p-~gioxin
) Content in Selected Pesticides. J. Agr. Food Chem., Vel. 20(2),1972,pp. ISi-354
Dow = Correspondence from E.Micheal Seidel of The Dow Chemical Company
to Davicg Marlow of NIOSH, July 23, 1986.

Dowt = Analyees conducted by The Dow Chemical Company for the US Air Force

under contract No. F 41608-73-C-14629
Still TCP = recovered 2,4,5-trichlorpphenol

- 105 -



. - ' Table 21
, “-“7 of 2,3,7,8-TCID Concentraticns
. in Ibnnnto 2,4,5-T Aci1d :
Monsanto cu-p.ay
¥itro, West Virgials
. L
Year ; Sample Analyte Number | Number | Sample Mean S.D. Analysis
\ Description ; of of Result |ND=LOD/2|ND=LOD/2{ Source |
| Samples | NDs Range (ug/a) :
P ! {ua/a) !
1958* | 2.4 5-T acid | 2.3.7|8-TCDD 1 0 1 i Monsanto i
1959* : 24.5-T acid : 2,3.78-TCDD 1 0 11 — | -—-- Monsanto -
1960~ ! 2.45-Tacid | 2.2,7:8-TCDD 1 0 8 — -— Monsanto
1961* : 2.4.5-Tacid | 2.3,7{8-TCDD 1 0 9 —_— - Monsanio !
1962* | 2.4 5-Tacid | 2,3,7/8-TCDD 1 0 10 -—- o Monsanto |
1963~ | 245-Tacid | 2.3.7/8-TCDD 1 0 11 -—— —— Monsanto
1964~ ( 2.4.5-T acid | 2.3.7|8-TCDD 1 0 12 — -== | Mansanto
1965 | 2.45-Tacid | 2,3,7:8-TCDD 17 0 $-55 23.B 12.7 Monsanto
1965 ' 245-Tacid ¢ 2.3,7,8-TCDD 13 0 i 65-17 1 - —-—— Dow
1966 : 2.45-T acid | 2.3.7,B-TCDD 27 0 3-28 105 6.2 Moncsanto
- 1967 ! 245-Tacid | 2.3.7,8-TCDD 3 0 141 - 34 208 | 114 Woolson
1967 i 245-Tacid | 2.3.7,8-TCDD 117 8 1-25 2.0 | 6.0 Monsanto
1968 | 2.45-Tacid | 2.2,7.8-TCDD 3 o 12-249 163 ! 6.6 Woolsan
1968 : 2.45-Tacid i 2,3.7.8-TCDD 29 12 3-12 3.4 28 Monsanto
1969 - 2,45-T acid | 2,3,7,8-TCDD 82 0 0.3 - 22 2.0 2.8 . Monsanto
11969-70; 2.4.5-T acid | 2,2.7,8-TCDD 6 0 19-6.8 4.0 1.8 "Woolson
1970 . 2.45-T acid | 2.3.7.8-TCDD 1 0 | 14 ——- - Dow
1972 . Agent Oranae | 2,3,7,8-TCDD ! 3 ! 0 i 69-93 7.6 0.9 Dow+

* Samples collected between 1958 - 1964 were analyzed in 1964
2,45-T = 2.4.5-trichlorophenol
2,3,7,8-TCDD = 2.3.7 8-1etrachlbrodibenzodioxin
" ug/g = micrograms of 2.3,7,8-TCDD per gram of sample
Agent Orange = 507/ 2,4, 5-T butyl ester & 50% 2,4-D ester
Monsanto = Correspondence from Marcie Strauss of Monsanto
10 Marilyn Fingerhut of NIOSH, November 24,1986
Woolson = Woolson, E.A. eral.: Survey of Polychlorodibenzo
CGontent in Selected Pesticides. J. Agr. Food Ghem., V0l.20(2),1972 pp.351-354
- Daw = Correspondence from E. Michael Seidel of The Dow Chemical Gompany
to David Marlow of NIOSH, July 23, 1986

Dow+ = Analyses conducted by The Dow Chemical Company for the US Air Force
under contract No. F 41608-73-C-1 629



